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opening Remarks

55~ Gulf and Caribbean Fisheries Institute
November 11 -15, 2002

Xel-Hh - Quintana Roo, Mexico

Alejandro Acosta � Chairman, Gulf and Caribbean Fisheries Institute

Ladies and Gentlemen, In behalf of the members of the board of directors for
GCFI, it pleases me to welcome you all to the 55~ annual meeting of the Gulf and
Caribbean Fisheries Institute. We are very excited about this meeting particularly
because we are back in Mexico. Mis is the third time in the last tenyearsthat we aze
having a meeting in this beautiful countzy. We at the GCFI feel fortunate to be
hosting this meeting here in Xel-Hk and to be able to bnng to our members the
opportunity to interact and to exchange ideas with a large number of Mexican
scientists working in aH the areas of interest that we be will discussing during this
meeting. A very important and relevant aspect of this meeting is the locality in
whichthe meeting is taking place, the Mayan Riviera."Ms is anareahighlysensitive
to ecological impacts, in which the coastal resources are under a lot pressuze for
development. Having an entire in&astructure developed for tourism does not only
affect the marine and coastal resources but also impacts the socioeconomic of the
local people. I hope that by interacting with local scientists and managcxs working
in this area aud by trying to keep abalance between development and conservation,
we can all bring some of our expertise and knowledge gained here in the
management and sustainabiTity of coastal resources to our homes in the Caribbean.
During this meeting we will have the opportunity to visit one of the natural wonders
of the area, the Xel-Hk Park. GCFI is extremely tlzankful for the generous support
from the park, whose fimdamental task is to respect and conserve the natural
ecosystem of this area. We will also have the opportunity to learn more about the
park and how their management is getting involved in the community by
encouraging the care of adjacent areas to the park, by developing educational
programs and by implementing biological, enviromnental and social programs.

There has been an obviousizzcreasein the last few years inthe-number of papers
submitted regarding therole of marine reserves and community-baseduumalyment
of marine reserves, as well as in the biology and economic value of spawning
aggregations. This clearly indicates that scientist are now more than ever taking the
responsibihty of providing information aud doing research toward the goal of
managing marine resources in a sustainable manner. The agenda of the following
days covers diverse scientific an institutional aspects of interest in many.areas of
the Gulf of Mexico and the Caribbean. We azu having throe special sessions during
this meeting.

The first special workshop is about Marine Protected Areas hosted and
sponsored by the Marine Resources Assessment Group in association with the
Caribbean Conservation Association, the University of West Indies and the
Caribbean Natural Research Institute  CANARI!. I want to point out that this
workshop is by invitation only. The participants of this workshop are actively
involved in the development and implementation of MPA in the region. The



workshop is intended to focus mainly on the lessons learned &om the in-depth
Caribbean studies lead by e. This workshop foHows as acomplement tothe
GCFI symposium last year of Caribbean Marine Protected Areas. The results &om
last year'ssyinposiumwiHbeavailablenext year as a supplemental issue ofGulf and
Caribbean Research.

Next on the agenda is the Spawning Aggiegation Symposium. This is a very
relevant and important topic throughout the region. Dr. Bill Hayman &om the
Nature Conservancy and Dr. Brian Luckhurst &om Bermuda Division of Fisheries
are organizing this symposium. Both of them have been able to put together a veiy
coinprehensive agenda and, more importantly, this symposium has the representiuion
of members of the Ministry of Fisheries and Director of Fisheries &om Belize,
Govermnent of6cials &om the Bahunas and Honduras as weH as 6shennen &om

Bahamas, Belize, Mexico, Guatemala, Honduras, and the Umted States that have
been active in promoting the protection of this important resource.

Finally, on Friday, we aie having a speci@ symposimn on Queenconch. This
symposium is organized by Dr. DahlaAldana &omCINVESTAV and co-sponsored
by CYTED-CONACYT. Over 20 distinguished-invited scientist &om the Gulf and
Caribbean region as weH as a large number of shidetits &om Mexico wiH be
participating in this event. Ibis is the first time since the 1991 workshop on Queen
Conch in Caracas, Venezuela, that so many experts in this area are gettmg together.

As you aH can see we have a very busy agenda for the next 6ve days. We are
providing a unique opportimity for scientists, government representatives, NGO
representatives and students to interact and to Iearn &om each other.

I would like to highlight someof the major accomplishments of GCFI since last
year. The continued use of the listserver as weH as the web page have facilitated the
communication andthedissemination of information among members and we hope
to continue using electmnicmedia for aH our commumcations. I would like to thank
Mr. David Anderson aud Dr. Bob Ditton &om Texas A L M Univetsity and Bob
Glazer &om Florida Fish 4�Wildhfe�Conservation Commissio for their continuous

support in mamttxiance of the Hst server and the web page respectively. A service
that we are providing in our web page and that is not been used to its full potential
is the GCFI buHetin board.'I%is canbe avery valuable tool to exchange information
and to interact with other scientists in the region. Please take advantage of it. I
would like to thank la empresa del Parque Xel-Hk  Se5ores Francisco Cordova,
Eduardo Briones and Manuel Sanchez and his team3, al program de cooperaci6a
hiteniacional CYTED-CONACYTA and CINVESTAVUmdad Merida especiaHy,
Dr. Dalila Aldana and her team for their leadership, support and vision in bring this
meeting to Xel-Ri

FiuaHy, I would like to remind aH of you that the Gulf and Caribbean Fisheries
Instituteis anon-pro6torgamzationbasedon the work of volunteer memberswhich
serve on the board of directors and work thmughout the year in order to put
together this annual meeting. In order for us to provide a better service to aH ofyou,
we need your input, support and cooperation. Please get involved and participate
throughout the year to promote your organization.

Thank you aH for coming and have a &uitful meeting.



Palabras de Opertura

Damas y cabaHeros; En nombre de los miembros de la junta directiva y de la
menbxesiadel Instituto de Pesquerias del Golfo y el Caribe, Gulf of the Caribbean
Fisheries Institute, me satisface darles la bienvenida a todos a 4 55 xeuni6n anual
Nosotros estamosmuy entusiasmados sobxe esta reuni6n, principalmentedebido al
hecho que estamos de regxeso en Mexico. 0ste es la tercera vez en los ultimos diez
ahos que tenemos nuestxa una xeuni6n en este hexmoso y hospitalario pais.
Nosotxos en el instituto nos sentimos afortunados de poder dar a nuestxos miembxos
la oportunidad de mtercambiar y almnder sobre los avances y trabajos que estrin
haciendo los cientfficos mejicanosque trabajanen todos los campos de intexds que
estaxemos discutiendo durante estaxeuni6n. Un ~ muy importantey relevante
de esta reuni6n es el lugar en el'cual laxeuni6nestk desaxxoHanlo, La Rivera Maya
Esta es un hea altamente sensible a los impactos eco16giicos,en la cual los recursos
costeros y pesqueros estrin bajo Ia pxesi6n del desarroHo. Tener una in&aestructuxa
enteramentedesaxxoHada para el turismo no solamenteafectaa losxecuxsos marino
y costexos pexo tambibn afecta los ~s socio econ6mico de la gente local. Estoy
seguxo que de la iteraci6n con los cientificos locales que trabajan en esta hreayque
estrin txabajando para mantener un equilibrio entre el desaxxoHo y la consemxci6n,
todos poxlrexnos Hevar a nuestros hogaxes la experiencia y el conocimiento
adquiridos aqui encl manejo y aprovechamiento sustexxtabie de xecursos costeros y
pesqueros Duxaxxte esta reuni6n tendremos la oportunidad de visitar una de las
maraviHas naturales del Sea que es precisamente el lugar donde nos encontramos
esta mariana el parque de Xel-KL

El instituto de pesquexiasdel golfo y el Caribe esta sumamente agradecido por
el aporte prestado por los administxadores del parque quienes tienen corno taxea
fuxxdamexxtal el de respetaryconservael ecosistemanaturd de estate+ Estasvisitas
al parque Xel-Hk nos darhnla oportunidadde aprender mais sobre el mismoy corno
sugexencia se involucran con las comunidades cercanas, auspiciandoel cuidado de
las Areas adyacentes al paxque, a si corno desaxmHando programas educa&os,
bio16gicos, ambientales y culturales.

En los ultimos anos en nuestra organizaci6n ha visto corno ha anmentado el
numero de los articulos y pxesentaciones relacionados con el terna de las xeservas
marinas, y su manejo con un enfoque comunitario asi corno temas vincu1ados a la
pmtecci6n de agregaciones xepxoductivas de cspecies demersales. Esto indica
claxaxnente que los cientificos ahora mks que nunca, estrin tomando la
responsabiTidad de generar Ia informaci6n necesaria que nos pexxnita manejar los
recursos marinos y pesquexos de una manera sostenible. La agenda a desaxxoHar
durante Iospr6ximos diascubxeaspectoscientlficoseinstitucionales del mksdiverso
intex6s para nuestros pafses en el golfo de Mexico y del Caribe. Sin embargo
quexemos hacer especial 6nfasis en tres sesiones o taHeres

El primer taller especial esti sobxe las hxeas marinas pmtegidas auspiciado por
el Marine Resources Assessment Group  MRAG!, en asociaci6n con la asociaci6n
de Conservaci6n deI Caribe, la Universidad de West Indies y el Instituto de
Investigaciones Naturales del Caribe  CANARDS. Este taHer es un complemento al



simposio de Areas marinas protegidas que se llevo acabo en la pasada reuni6n del
Instrtuto.

El segundo taller cata dedicado ahts agregacionesn7roductivasde peces. Este
aspecto es muy relevante en toda la regi6n. El Dr. Bill Hayman del Nature
Conservacy y el Dr. Brian Lnckhurst de la Divisi6n de Pesquerias de Bermudas
sermon los anfitriones de este simposio. Ambos han desarroHado una agenda muy
completa e importante y cuentan con lapresencia y representaci6n de los miembros
del Ministerio de Pesca y el Director de Pesquerias de Belice; los oficiales del
gobiemo de las Bahamas y Hondmas asf corno pescadores Bahamas, Belice,
Mexico, Guatemala, Honduras, y los Estados Unidos quienes han sidoactores muy
activos en la proteccion de estos importante eventos reproductivos.

Finalmente, el viemes tenemos un taller esixeial sobre el caracol  Strombus
gigas!. Este simposio esta organizado por el Dr. Dalila Aldana y es auspiciado por
C1NVESTAV Unidad MhidayelprogmnaCYTEDWONACYT. Almdedorde 20
distinguidos cientificos del Caribe y del Golfo de MEjico han sido invitados a
participar en este simposio, quienes tendon la oportumdad de interachm con una
importante representaci6n de estudiantes de Mejicanos quienes tambi6n aterder5n
este simposio. Este taller representalamuy espentdacontinuidaddel taller sobreeste
recurso que tuvo lugar en Caracas Veneneia en 1991

Corno ustedes pueden ver tenemos una agenda muy atareada durante los
pr6ximos los cinco dias. Nuestro foro representaunaoportunidadumca paraque los
cientificos, los representantes de1 gobierno, y ONGs, asf corno los estudiantes de
intercambien ideas y aprendan unos de los otros.

Quisiera terminar destacandoalgunos de los principales logms alcanzadospor
el instituto durante el pasado a5o. EI uso continuo del listserver y del portal de
Internet ha facihtado la comunicaci6n entre los miembros y nosotros eslmamos
continuar usando los medios electr6nicos para todas nuestras cornunicaciones.
Quisiera agradecer a Sr. David Anderson el Dr. Bob Dittion de Texas A and M
University y al Se5or Bob Glazer del Florida Fish and Wildlife Conservtrtion
Commission por su continuo apoyo enestosdosrenglones. Un servicio queestamos
proporcionando en nuestra pagina vreb esnuestro boletinde anuncios el cual puede
serunaherramientamuy vahosa para el intercambio de informaci6nycomunicacion
con otros cientificos en la regi6n. Por favor aprovechen cate servicio.

Me gustaria agradecer a los geretttes del Parque Xel-Hk  Se5ores Francisco
C6rdova, Eduardo Briones y Manuel Sknchez y e1 equipo que les acompa5an!. Al
programa de Cooperaci6n internacional CYTEDWONACYT y al CINVESTAV
UNIDAD Mbrida, y muy especiahnente a la Dra Dahla Aldana y su equipo por su
visi6n, soporte y Iiderazgo en traer este encuentro a XKI Hk

Finaintente quisierarecordarles que GCFI es unaorganizaci6n sin finesdelucm
y esta basada en el trabajo vo'luntario de los miembros de su junta de Dmxtores
quienes desarrollan tareas durante todo el a5o par poder o&ecerles una mejor
reuni6n cada a5o. Para que podamos darle un mejor servicio necesitamos tener sus
opiniones, ayuda y cooperaci6n. Por favor contamos con su participaci6n.

Gracias a todos por venir y espero que dis&uten esta reuni6n.
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Fishery: The Fear Factor in Management

HAL R. OSBURN

Texas Parks and wildlife
4200 Smith School

Austin, Texas 78744 USA

I was visiting a shrimp dealer in Port Aransas this summer when I noticed a
long picture on his wall. It was one of those 2-foot panoramic scroll pictures like
they take of your high school graduating class. But this was a scene of nearly 100
big steel hulled gulf shrimp boats tied together side by side totally blocking Aransas
pass to all boat traKc. It was 1989, and it was just one of numerous port blockades
across the golf. This was to be the largest single protest of marine 6sheries
regulations in US history, and it was all about the newturtle excluder devices  TED!
required in shrimp trawls.

Now the TED had been in development for over 10 years. A huge investment
in time and money had been expended to scienti6caHy develop the best possible
device. The industry had participated fuHy in hundreds of test runs on commercial
vessels. The endangered status of turtles made for a clear resource need. The
Endangered Species Act provided anunequivocal legal mandate. Other options like
closed seasons and areas were much harsher on the shrimping industry. So why the
massive protest that brought the wrath of the coast guard and national marine
fisheries service down on their heads?

Anthropologists have studied this issue intently. There have been dozens of
scienti6c article,s and even whole books written, to try and explain this reaction.
Socio-psychological paradigms have been applied, dependency theory versus
modernizanon theory, urban versus rural power shifts, sum-zero game between
recreational elites and traditional harvesters, and so on..

But in the end I think one word describes what drove the behavior of so many
on all sides: FEAR!

And it was that fear, manifested di6erently for each group, and each person,
that dictated the outcome of the TED wars, just as it has dictated the course of
events in the Florida net ban war, the Texas and Louisiana gill net war, the New
England ground fish war, the west coast salmon wa, the Canadian lobster trap wars,
and on aud on.

Fear is the poorlymanaged componentin fishery management today, which has
so often created unnecessary wars or prevented successful resolution of con6icts.
That is my principal thesis for you today.

Now letmebe honest about mycredentials for speaking to thishuman attribute.
Ibad one Seshman class on inttoduction to psychology in college.... But, I' ve also
watched these 6shery battles fmm the inside and the outside for 25 years... on the
job training you might say.

My second thesis for you today is that, by and large, the profession of marine
6shery management has been a failure. Certainly, these managers have had a lot of
help in creating those Silures, but a6er decades of trying they still have so few
examples of having achieved optimum yield &om our public marine resources.
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My czedentials for this assertion are more formal: several fisheries degrees,
dozens ofjournal and technical scientific articles, years of field sampling, hundreds
of fisher conferences, director of the largest state marine samphng program in the
U.S., chairman of the Gulf of Mexico Fishery Management CounciL I am one of
those fisher managers.

You want evidence that fishery managers are failures? Of the 300 known
fishery stocks harvested in the U.S., 33 Jo are clearly overfished with many more
approaching that status. Of the world's top 200 fishezies, 60 lo are fully exploited
or ovezexploited. In the Gulf of Mexico alone, zed snapper, Nassau grouper,
jewfish, red grouper, sharks, biHfish, king mackerel, and zed drum ate aH considered
overfished.

What if 33/o of the highway bridges inthis country fell down each year? Would
we think bridge engineers were doing the best tbeycould, but it' s just areal difficult
job to keep a bridge in good condition, so we' ll just let them keep on trying?

If you want evidence that some people don't think marine fishezy management
is currently working weH, you might look at the number of lawsuits chaHenging
specific management. actions. Ten years ago there were just a handful of lawsuits,
today there's 112 and growing daily against the national marine fishnies service
alone.

Someone once told me that NOAA stands for national organization for the
advancement of attorneys. But bringing in more attorneys is a natural reaction to
being sued, and do you think being sued strikes fear in the heart of a fishery
manager? Fear of the extra workload, fear of being proven wrong and losing
credibility, fear of personal liability! Do you the think the fear of being sued is
capable of stifling much needed management initiatives? Why risk the hassle and
heartache when you can legitimately claim you need more data or more stakeholder
input before making a decision?

But now the national marine fisheries service has adopted a precautionary
approach to fisheries management. We' re supposed to err on the side of
conservation. How can a lawsuit risk-averse strategy coexist with a resource risk-
averse strategy?

One way is for the managers to make the decision matrix a clean, clear, simple,
yes or no process. Enter the mathematical model. Doing fishery management by
plugging values in a formula If we use the best available data, then the answer that
gets spit out must be the best as weH, right? So what if we aze trying to model a
hugely complex ocean ecosystem that changes constantly.

I want to tell you that I am greatly im~ with the achievements of fishezy
modelers and statisticians throughout our profession. It's aznazing to see Mother
Nature turned into a computer program that actuaHy attempts to predict 6sh
population levels. The question about models, though, is whether they drive the
management train or just provide guidance on which way the train should go.

Like the highway bridge engineer, we fishezy managers want pzedictabHity in
what we build. We want to be fish engineers. We want to take the guesswork our
of this messy management business. Nothing to be zdzaid of if you have a
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statistically defensible position. Crank out a number and end the debate over how
many 6sh can be caught. But let's remember what the acclaimed statistician Dr.
George Box wrote:

"All models are wrong, some may be useful."

Let's consider the modeling efforts on red snapper, which is one of the most
thoroughly studied fish in the gulf. Snapper are overfished, and the recovery
timeline says we need full recovery by 2031. Now, m the process of calculating
what full recovery is and how to get there by 2031, we have to know 6rst how many
6sh are currently being caught, what age they are, and how fast they grow. We also
have to know the number of eggs produced by aH the mature female snapper in the
Gulf of Mexico. Then we have to know the number of those eggs that will survive
the gauntlet ofnatural and 6shing mortaHty to become adult, spawning 6sh. Having
made this simple calculation we now have to do the same thing for each of the new
year classes over the next 31 years. Having now calculated what the snapper
population will be in 2031, we' re now ready to decide how many we can catch today
to make sure we reach our 2031 ~ assuming of course, that nothing changes
in the Gulf currents or habitats, the predator-prey relationships stay the same,
immigration, emigration, by-catch, fishingtechnology, and illegal harvest all stay the
same.

Why are we surprised when managers and stakeholders alike look with
unrestrained horror and fear on placing their careers and their livelihoods in the
hands of this number crunching machine'? Why do we see people who spent their
whole life on a fishing boat suddenly carrying amund laptop computers and trying
to describe how the spawning potential ratio and the maximum 6shing mortality
threshold have been miscalculatedV

But the showmust go on. The national standard guidelines developed byNMFS
demand it. And aiter the number crunching maclune had 6nished digesting its meal,
it revealed to the world that the biomass of red snapper in the Gulf of Mexico in
2031, when maximum sustainable yield was achieved, would be as high as four
billion pounds. For comparison, the biomass at MSY for all the cod and haddock
in the Gulf of Maine and Georges Bank combined is one-tenth that amount.

"All models are wrong, some may be useful."

And it is the scientists themselves that know that the best We are trained to

know that every experiinent has a bias, that the observer may be influencing the
object being observed, and that you cannot ever fully prove the null hypothesis.

The good news is that people, decision makers in particular, stiH desperately
want science to provide definitive answers to problems of the human condition. As
abused and misused as science has been throughoutour history, what is the universal
cry we hear when a debate occurs? Do a scienti6c study, convene a scienti6c panel!
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When fishery management decisions are chaHenged, what is the principal
reason? It's because the science is bazL Let's get better science; let's collect more
objective data Everybody always agrees we need more scientific data With this
backdmp, the scientist should bein the driver's seat, but will scientists step up to the
chaHenge or retreat to the safe, warm confines of some ivory tower? No hard
allocation decisions, no political controversies, no pubHc scientific opposition.

I lmow a professor of terrestrial ecology, one of the best scientists in this Geld
at any university; he told me a story once about how he agreed to serve as a
consultant on a controversial land preservation pmposal. He did his study and he
presented his scientific conclusion But thenhe was puton the witness stand during
a hearing � and there were the lawyers fmm the opposing side challenging his
credentials, his methods, his conclusions, and his very objectivity. They raked him
over the coals with tcehnicalities, even though his results were perfectly valicL He
told me he eouldn't wait to get back to the safety of his office and vowed never to
get involved in public policy issues again. He was afraid.

But if the best minds in our pmfession won't step into the ring and be willing
to defend their science, who wiH'? How will we make the best decisions for the
resource and users if the people with some of the most valuable knowledge are
sitting on the sidelines? And when should our scientists get involved in actively
sharing their results? When the definitive study is finally done � when the last
chapter of the book on the subject has been written? No. Whenever the decision-
makingpmcess needs guidance, that's whenour pzofessionals need to be there. The
fear of applying incomplete science has been one reason for our failures.

Let's return to our shrimper protest of TEDs. What were they afraid of and
what did they zeaHy want'? Dr. Anthony Margavio in his in-depth study of the TED
wars found over 95 /o of the shrinipers feared they would be put out of business.
They feared a huge loss of shrimp fmm their nets. They feared the additional cost
and injury potential of TEDs. They feared that accepting this new rule would just
lead to even more restrictive rules.

It's interesting when Dr. Margavio was conducting interviews; he found that
everyone wanted to talk to him so the "truth" could be heard. We hear that
frequently at council debates. "I'm just looking for the truth." I think that's a sign
that science is still a welcome participant and, in fact, may be able to supply a
common ground, an agreed upon truth, on which stakeholders can build.

But we have our work cut out for us. For every legitimate fishery management
tool, there is a legitimate stakeholder fear that must be dealt with. Size limits wiH
reduce the supply of preferred GHet sizes and we' ll lose our markets to fozeign
suppliers. Trip limits will reduce large vessel efficiency and we'H lose out to the
smaH vessel fleet Closed seasons will disrupt the steady supply demanded by the
market. Closed areas will reduce valuable fishing gmunds and lead to a takeover by
envimnmentalists. Vessel monitoring systems wiH be an invasionofprivacy. Vessel
permits will allow for suspensions for minor fishing violations. Limited entry will
prevent my kids fmm being fishermen. It will lead to a corporate takeover of the
small businessman.
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So what's a poor fishery manager to do'1 Even the good manager, tiying to
regulate for the long term, has to be a&aid of all the future unknowns and the ever-
present law of unintended consequences'7

Science has not been forsaken in fisheries management, but it has been
subjugated by fear and misunderstanding. To fix thi we need to start by recognizing
and managing our fears. Humanness is real. Fear becoming an irrational and
intransient force is real.

And when we find people who have found ways to manage their fears - both in
the scienti6c and Sshing communities- we need to empowerthem. FaciHtate them;
bring them forth as leaders. Let their courage infect their peers. Create an
atmosphere where reason and logic are at least on an equal footing with fear.

I remember tbe Texas Parks and WildHfe's first workshop on implementing a
limited entiy program for commercial finfish fishermen. It was a large crowd of
mostly big, rough, burly men who Hved their hves on the water. Their hvelihoods
were declining because of our old nemesis - the tragedy of the commons-too many
fishermen chasing after too few fish. But still they wanted nothing to do with being
regulated by bureaucrats in Austin. And as their voices rose in opposition, the
crowd grew surly, shouting insults and taunts at the managers. Someone yeHed, "I
bet there's not one real Sshermen in this room that wants Hmited entry." suddenly a
voice spoke &om the corner, "Yes there is. I do." it was a well-known, hard fishing
old-timer. The crowd quieted down. The discussion moved to the details of a
limited entry program, and ayear later the Texas governor signed. the Snfish limited
entry act into law. And that old timer who had the courage to manage his fears is
now the chainmm of my finfish advisory committee.

I thank you very much for allowing me to speak to you today.
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ABSTRACT
In 1991 twelve Caribbean countries launched the CFRAMP Project, with

financial and technical support fium CIDA and ICOD of Canada The overall goal
of CFRAM' was to promote management of the fisheries resources to permit
sustainable use of these resourcesby the people of the region. The specific purpose
of the program was to enlumce the institutional capacity and mformation available
for fisheries management planning and policy formulation. The main activities of
CFRAMP were: training of fisheries ~nnei in areas related to fisheries
assessment and management; establishment of fisheries data and information
management systems; resource assessment studies; preparation of fisheries
management plans; estabhshment of national advisory/decision making mechanisms;
community awareness building and the stiengtliening of fishers groups and
organizabons to increase their capacity to participate in co-management
arrangements inpartiiership with the governments; and establishment ofapennanent
regional fisheries body which wiII continueto provide policy and technical support
and coordination for sustainable fisheries development and management at the
CARICOM level after CFRAMP ends. The CF~ Project has come to an end
after ten years of operation and over $20 million in expenditure. This paper provides
a brief review of the major contribution of the Program to the sustainable
development and management of Caribbean fisheries.
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K! Proyecto CFRAMP: Una dbcada de Contribucibn al
Desarrollo Sostenible y Manejo de las Pesquerias en el Caribe

En 1991, doce pa{ses del Caribe se embarcaron en el Proyecto CF~, con
apoyo t6cnico y financiero de CIDA y ICOD de Canada. La meta principal de
CFRAMP fue el promover el manejo de las recursos pesqueros para permitir el uso
sostenible de esos recursos por parte de la gente de la regiOn. El prop6sito
especifico del programa fue mejorar lacapacidad institucional y la disponibilidadde
informaciOnpesquerapara laplanificaci6n del manejopesquero y la formulaci6nde
politicas. Las actividadesprincipalesdelprogramaCF14QAP fueron: entreamniento
del personal pesquero en las areas relacionadas con evaluaci6n y manejo de las
pesquerias; establecimiento de sistemas de manejo de datos e infoimaciOn pesquera;
estudios de evaluaci6n de los recursos; preparacion de planes de manejo pesquero;
establecimiento de mecanismos nacionales asesores y de toma de decisiones;
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capacitaci6n de la comunidad y fortalecimiento de grupos y organizaciones de
pescadores para inciementar su capacidad en los aneglos de co-manejo en
colaboracion con los gobiernos; yel establecimiento de un cuerpo permanente rector
de las pesquerias regionales el cual continual proveyendo apoyo t6cnico y politico
y coordinaci6n para el desarrollo y manejo sostenible y manejo de las pesquerias a
nivel del CARICOM despubs de finaiizado el proyecto CFRAMP. El proyecto
CFluAIP finalizadespubs de diez a5os de operaci6ny sobre $20millones de gastos
en apoyo al sector. Este documento provee una breve revisi6n de la mayor
contribuci6n del Programs al desarrollo sostenible y al manejo de las pesquerias
caribeflas.

PALABRAS CLAVES: Manejo Pesquero, CFRAMP, Pesquerias del Caribe

INTRODUCTION

With the advent of the Third United Nations Convention on the Law of the Seas

 UNCLOS HI! in 1982, and the practice of coastal states to extend their maritime
jurisdiction to include 200 miles exclusive economic zones  EEZ!, Coastal Sates in
the Caribbean acquired sovereignty and jurisdictional rights over extensive living
mmine resources within their maritime waters. States not only gained legal rights
to these living resources, but they also assumed legal obligations and responsibilities
withrespect to conservation, protection and optimum sustainable utilization ofthese
living marine resource.

In 1982, shortly after the signing of UNCLOS III in Montego Bay, Jamaica,
CARICOM convened the Second Technical Regional Meeting of CAIUCOM
Fisheries Officers in Kingston, Jamaica to disney the situation of fisheries amongthe
Member countries of CARICOM. The meeting recognized the severe constmints
faced by the countries whichrendered them unable toexercise their rights, discharge
their obligations, and take fuH advantage of the new opportunities arising &om
UNCLOS III, owing to their small developing economies, limited capacity, lack of
technology, and limited information regarding the fishery resources. Against this
background, the countries identified the need for a regional project to:

i! Provide an up-to-date scientific assessment of the fish stocks within their
EEZs,

ii! Strengthen the capability of the national fisheries administrations for
fisheries development and management, and

iii! Create aregional fisheries organization to�facihtate closer cooeration and
coordinate support to the countries  CARICOM 1982!.

Following this Meeting, in the mid 1980s, the CARICOM Countries requested
assistance of the Government of Canada to enable them to address the deficiencies

identified. And after extensive studies and discussions among the Canadian
International Development Agency  CIDA!, the International Centre for Ocean
Development  ICOD! and the CARICOM Countries, the CAtuCOM Fisheries
Resouice Assessment and Management Programme  CFRAMP! was conceptualized
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and developed as a cooperative effort involving Canadian and Caribbean fisheries
experts.

In 1991, afier more than six years of discussions and negotiations, CARICOM
and the Government of Canada, represented by ICOD, signed a Memorandum of
Understanding  MOU! officially launching CFRAMP as a development project to
promote sustainable use and conservation of the fishery resources of the region
 CFRAMP 1991!. The goal of the project as documented by the MOU was,

"to promote the management and conservation of fishery resources of
CARICOM countries to permit their exploitation on the basis of
sustainable yield." The purpose was, "to enhance the basic information
and institutional capacity necessary to manage and develop fishery
resources in the CARICOM region."

And the expected outputs were:
i! Strengthened capabilities to manage fisheries resources on a sustainable

basis

ii! Trained personnel at both national and regional levels
iii! Impmved and expanded fisheries management information
iv! Regional fisheries management mechanism installed at the CARICOM

level.

The project was envisaged initially to last for eight  8! years &om 1991-1998,
and financed by a budget of Canadian $20.8 million, with $17.6 million contribute
by the Government of Canada and the remaining $3.2 million by the CARICOM
Countries. However, owing to delays experienced at the commencement of the
project, the Government of Canada  CIDA! agreed to an extension of just over 2
years, to March 31, 2001.

The beneficiary countries were Antigua and Barbuda, Barbados, Belize,
Dominica, Grenada, Guyana, Jamaica, Mon~ St. Kitts and Nevis, St. Lucia,
St. Vincent and the Grenadines, and Trinidad and Tobago.

Organizational Structure
CFRAMP's administrative structure  CFRAMP, 1995! involved the

Government of Canada  CIDA!, which was supported by a Canadian private sector
company as Canadian Executing Agency on the one hand, and CARICOM
Secretariat and CARICOM Member States  represented by their Ministries of
Agriculture and Fisheries Departments! on the other hand. The Standing Cormnittee
of Ministers of Agriculture  SCMA! of CARICOM, which has now been replaced
by the Council for Trade and Economic Development  COTED!, had overall
responsibility for CFRAMP, on the CARICOM side. The SCMA was supported by
a Programme Review Committee  PRC! comprising Permanent Secretaries
responsible for fisheries of each member state, plus representatives &om CIDA and
the CARICOM Secretariat. The PRC met at least once each year to provide policy
guidance and approve the annual work plans. The PRC was supported by a
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Technical Committee made up of independent fisheries experts.
The project activities were planned, implemented and coordinated by the

CARICOM Fisheries Unit  CFU!, an arm of the CARICOM Secretariat, which was
established for the purpose of implementing the project. The CFU was
headquartimd in Belize City and conducted its work through the Behze Of6ce and
two other Resource Assessment Units located in St. Uincent and the Grenadines and

Trinidad and Tobago.
The CFIVdVIP project activities were designed and organized on the basis of the

Logical Framework Matrix with work breakdown structure  WBS!, which for the
technical program consisted of the following:

WBS 300 Fisheries Management Data Systems
WBS 310 Catch and Effort Data System
WBS 320 Licensing and Registration System

WBS 400 Fisheries Resource Assessment

WBS 410 Reef and Pelagic Fishes Assessment
WBS 420 Shrimp and Groundfish Assessment
WBS 430 Lobster and Conch Assessment

WBS 500 Fisheries Resource Management
WBS 510 National Fisheries Management
WBS 520 Regional Fisheries Management
WBS 530 Community Involvement and Education
WBS 540 Long-term Training

The technical activities of CRFAMP commenced with a series of baseline

studies, sub-pmject initiation missions and participatory planning workshops  sub-
project specification workshops!, during which reviews of the situation existing in
the countries at the time were conducted and the interventions to be made by
CFRAMP were discussed and developed through a consultative process involving
CRFAMP staff, the participating countries, external experts and representatives of
regional and international organizations connected to the fisheries sector. The
strengthening ofcollaborafionand cooperationwith other regional and international
organizations involved in fisheries in the Caribbean was recognized as indispensable
in achieving the objectives of CFRAMP. In this connection careful attention was
given to building and maintaining good working relationships with organizations
such as FAO, the Caribbean Fisheries Management Council, the University of the
West Indies, ICLARM, and ICCAT among others.

RESULTS

Fisheries Management Data Systems
The Catch and Effort and Licensing and Registration Subprojects were

implemented in parallel throughout the Project. The activities to be carried out
under these two subprojects were determined through a Subproject Initiation
Mission  Fanning 1992! to the twelve countries in 1991, and further developed
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during the Subproject Specification Workshop  Manwaring and Fanning, 1993! in
June 1992. The main objectives of WBS 310  Catch and Effort Data Collection
System! were to establish national systems to collect, manage, and report on
quantities of catch by species and the effort made to obtain this catch. The main
objectives of WBS 320  Licensing and Registration System! were to establish
national systems to monitor and manage the fisheries by tracking change in numbers
of fishermen, fishing boats, and fishing gear.

Frame surveys were conducted in the countries. These surveys were necessary
as a basis forestablishingcomputerized registration and licensingsystems that could
provide up-to-datelistings of landingsites, fishermen, vessels and gear types as well
as socio-economic information on the fishers. This information was also needed to
obtain estimates of total effort used in estimatin total landings from the sampledata
in the data collection systems.

All twelve participating countries now have basic data collection systems in
place. However, the extent to which the sampling systems and the data have been
collected varies considerably among countries. The systems include Geld sampling
plans, computer hardware, and speciahzed software to support the management and
analysis of data collected, and trained staff to manage the systems and analyze and
interpret the data CFRAMP provided funding to the countries to employed data
collection/management staff for between two to five years in each country, with the
understanding that at the end ofthe funding the countries would take responsibility
for the new staff. The countries were also provided with cusuimized version of the
Trip Interview Program  TIP!, which is used to store, manage and report on their
fisheries catch, effort and biological data, and a computerized Licensing and
Registration System  LRS! program which was developed by CFRAMP. TIP is
owned by the National Marine Fisheries Service of the United States, however,
CFRAMP made extensivemodifications to the original program to create aprogram
that met the needs of the CARICOM countries. Fisheries staff with responsibility
for data management and analysis have been trained in basic data analysis and
statistical procedures. In addition, three regional personnel have been trained to
provide maintenance support for the databases in the countries. National fisheries
statistical reports and atlases are being produced by the countries  CFRAMP 1996,
1997, 2001!.

A new fisheries database soflware program that combines both TIP and LRS
into a windows based program called CARIFIS has been developed to replace the
existing programs and will be distributed to the countries at the end of 2003.

In order to improve access to information worldwide as well as to improve
communication among the countries CRFAMP assisted the countries to connect to
the Worldwide Web. CFRAMP also assisted countries to create their own wed
sites and established a web site, www.caricom-fisheries.corn to serve the countries.

Resource Assessment

The purpose of the WBS 400 Resource Assessment Subprojects was to provide
information regarding the status of commercially important species such as reef
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fishes, large and coastal pelagics, fiyingfish, spiny lobster, queen conch, shrimp and
groundfish to improve their management and sustainable utilization. This was the
largest and one of the most important components of the CFRAMP project, since
the provision of scientific information on the state of the exploited stocks is an
indispensable requirement for management and sustainable development

The assessment subprojects commenced with subproject initiation missions to
the countries, and the preparation of draft research plans, followed by subproject
specification workshops during which the regional research plans were refined and
elaborated, and national implementation plans prepared. Research plans were
prepared for reef and pelagic fishes  CFRAMP 1993, CFRAMP,1994!, shrimp and
groundfish  SAG RAU 1995, 1996, 1997! and lobster and conch  Luckhurst and
MarshaHeck 1995, CFRAMP 1997a!. The research plans involved collection of
biological data, the conduct of specialized studies and reviews and analysis of the
data collected to provide information on the state of the stocks. Close cooperation
was maintained with organizations such as FAO, CFMC, and ICCAT during both
planning and implementation of the project activities.

A biological data collection  BDC! system network was established in the
countries to provide data on the size, age, and state of maturity of selected
commercially important species. National fisheries departments were provided with
supplementary staff to assist with dalacollectionwhere necessary, material and field
equipment for sampling, training in biological data collection, and training in stock
assessment incoHaboration with FAO  CFRAMP 1994, Luckhurst and Marshalleck
1995, SAG RAU 1996, Riise 1996!. The data collected were used as input to stock
assessments, along with the data generatei by the catch and effort data collection
system. Regional assessments workshops were held for reef and pelagic fishes in
2000 and 2002  CFRAMP 2001a!; for the spiny lobster  Pamdirus argus! in 1997
and 1998 in collaboration with FAO  FAO 2001!; for queen conch Strombus gigas!
in March 1999, in collaboration with the Caribbean Fisheries Management Council
 Anon. 1999! and for shrimp and groundfish�in�1997and 199, in collaboration with
FAO  FAO, 1999!.

The International Commission for the Conservation of Atlantic Tunas  ICCAT!
has responsibility for management of large pelagic fishes in the Atlantic Ocean. For
this reason CFRAMP attended ICCAT meetings and activities each year of the
Program to ensure integration of the work of CFRAMP with ICCAT's  Mahon and
Murray 1992, Singh-Renton and Mahon 1993!. This providod the CARICOM
countries with an essential link to ICCAT, and enabled CFRAMP to acquire and
interpret data and information on large pelagics, contribute data and other
information to the ICCAT process, and also participate in joint activities with
ICCAT  Mahon et al. 1994, Singh-Renton and Mahon 1996!.

In a similar manner, a significant part of the assessment work related to shrimp,
groundfish and spiny lobster was conducted in collaboration with FAO/WECAFC,
whereas the work on Strombus gigas was coordinated with the CFMC, and ensured
integration of the CFKQAP activities with initiatives of other states in the Wider
Caribbean that share the resource in question.
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Basic data and information systems have been established at the national level.
Both qualityand quantity ofstatistical and biological dataoncommerciallyexploited
species have been improved; In addition, several specialized resouice assessment
studies and reviews have been conducted including but not limited to the following:

i! Habitat mapping and estimation of potential fish yield in the leeward
islands, on the basis of available habitat;

ii! Underwater surveys of queen conch densities on the fishing grounds in
Belize, Jamaica and Antigua and Barbuda;

iii! Study of fish export fium a marine reserve in St. Lucia;
iv! Economic study of the industrial conch fishery in Jamaica;
v! Biomass surveyof Alice Shoal anofMiorebankwhichisjointlymanaged

by the Governments of Jamaica and Columbia;
vi! Study of trading boat activities in the Grenadines Islands;
vii! The role of drifting objects in pelagic fisheries in the Southeastern

Caribbean;
viii! Study of reproductive seasonality of lobsters in St. Lucia;
ix! ~is and interpretiition of catch and effort data for offshore pelagic

fisheries in and adjacen to the EEZ of several CARICOM States, based on
over 30 years of data obtained &om the ICCAT database in Spain;

x! Pilot project to monitor larval settlement of spiny lobsters in the region;
xi! In collaboration with FAO and the countries along the northeastern coast

of South America, conducted assessment of several species of shrimp and
groundfish

National Fisheries Management Planning
The expected o~ strengthened fisheries managementplans�inplac for each

country as weHas procedures andprotocols are established for stakeholder input the
fisheries managementdecisionmaking. This subproject was initiated with amission
to the countries in 1991 Faulkner et al. 1992!, followed by a Subproject
specification workshop in Jamaica in December 1992  Haughton 1992!. CFRAMP
provided technical assistance to the countries in preparing plans for National
Fisheries Advisory Committees  FAC! and National Fisheries Management Plans
 FMP! for their major fisheri. The fisheries management plans�define the natio
goals and objectives for each fishery, identifying the status and problems for
resolution, the best means of achieving the objectives, and procedures for monitoring
and adjusting the fisheries management�measure implemented. By the end of 1997
all the participating countries had FMPs. These were based on the available
information regarding the status of the fisheries and need to be reviewed and
updated periodically as more and better information regarding the fisheries is
generated &om the resource assessment and information systems subprojects.

Underlying the manageinent approaches is the fact that the resource is limited
and can support, in a sustainable manner, only a limited number of fishers an fishing
boats. These management measures are therefore designed to regulate and control
fishing mortality.
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Fisheries Advisory/Decision Making Mechanisms aie legally required inmost
CFRAMP member countries including Belize, Barbados, and aII OECS States with
the exception of Montserrat. In some countries the Fisheries legislation set out the
terms of reference, mandate, authority, structure, and composition of the FAC, but
is generally silent on the mode of operation of the FAC. Plans for FACs were
prepared for each country.

CFRAMP organized a series of national consultations on the fisheries sector to:
i! improve awareness of the status, plans and potential of the 6sheries sector

in the country;
ii! clarify the role of CFRAMP, and national fisheries administrations; and
iii! generate greater clarity, commitment and coordination among the

organizations and groups working in fisheries in the country to enhance
achievement of the developmental and conservation objectives.

These consultations bmught together stakeholders &om different background
to share their views on fisheries management and are believed to have contributed
to the creation of a more positive environment for fisheries management across the
region  CFRAMP 1997, 1998, 2001!.

Training and Human Resource Development
Human resource development is one of the cornerstones of the CARICOM

countries' long-term strategy for sustainable development. At this time the region
does not have the critical mass of fisheries scientists, managers, and technicians that
is needed for sustainable fisheries development.

The training project started with a needs assessment survey in 1992  O'Rielly
and Clarke 1993!. This was followed by a regional workshop of Chief Fisheries
Officers during which regional andnational training plans were elaborated. Between
1992 and 2001, twenty one �1! long-term scholarships were awarded to fisheries
personnel &om the region to undertake studies leading to Ph.D, M.Sc, B.Sc degrees
and diplomasin fisheriesrelateddisciplines including fisheries and�marine iesource
development and management, resource assessment, statistics, economics, computer
sciences and aquaculture. In addition training material were prepared and more
than 30 short regional and sub-regional training courses were convened, targeting
different categories of fisheries department staff and fishers &om the participating
countries, covering subjects such as data collection, fisheries statistics, fish stock
assessment, fisheries management, extension methodology, communication
techniques, fishing boat inspection and registration, basic computing and general
management for 6sheries personnel. Most persons who have received CFRAMP
scholarship support have returned to their countries and have taken up leadership
positions in their national fisheries administrations. Scholarsbip recipients use their
expertise not only in their country of origin but share their skills with other
CARICOM countries in need through technical cooperation network facilitated by
CRFAMP. Ofthe 21 long-term scholarshipiecipientsonly threepersons have either
moved away &om fisheries or have not returned after completing their training
 CF~ 1996, 1997, 1998, 2001!.
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Establishment of the CRFNI

The creation of a Regional Fisheries Management/Advisory Mechanism  RFM!
was identified as one of the three purposes of CFRAMP. The CRFAMP MOU
defines the rationale for a regional fisheries body in the following terms:

"The Regional Mechanism Sub-Project shall address the need for
sustainable+hery management at the regional level. The management
of shared resources, the sharing of experience and expertise, and
interaction with non-Community neighbours shall all be important
considerations for most Community Member States, which will be
addressed in this Sub-Proj ect.... This Sub-Proj ect shall assist the region
in specifying, and establishing an appropriate inPastructural mechanism
for the provision of these services and assist on-going regional
management." CFRAMP, 1991!

The initiative to define and establish the RFM commenced in 1996 with the
preparation of a concept paper  Mahon et al 1996!. This was followed by several
others studies and numerous regional workshops and working group meetings to
develop and agree on the detailed arrangements for the mechanism, including
preparation of the legal agreement, contribution formula, and strategic plan
 Raiinford and Mitchell 1998, CFRAMP 2000, 2001!

The Legal Agroemcnt for the Guibbean Regional Fisheries Mechanism {CRFM!
was signed by the CARICOM Heads of Government in February2002 and the body
was ofncially inaugurated in March 2003 replacing the CARICOM Fisheries Unit,
which was established to deliver the CFRAMP project {CRFM, 2002!. According
to Article 4 of the Agreement establishing the CRFM, the objectives of the
mechanism are:

i! The scient management and sustainable development of marine and
other aquatic resources within thej urisdictions of Member States;
ii! The promotion and establishment of co-operative arrangements among
interested States for the e+cient management ofshared, straddling or highly
migratory marine and other aquatic resources;
iii! The provision of technical advisory and consultative services to fisheries
divisions of Member States in the development, management and conservation
of their marine and other aquatic resources.
The CRFM is now fully operational and has taken over the projects and

responsibilities previously held by the CARICOM Fisheries Unit.

Community Involvement and Education
The Community Involvement and Education sub-project emerged from the

recognition that, for the sustainable management of the fisheries resources of the
region to succeed, the active support and involvement of the resource users would
be critical. This would entail the mobiTizationof,and provision of,technical support
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for the organization of fishers and other stakeholders; the strengthening of their
organizations, and the building of theircapacities to effectively participate in national
resource management decision making and in community-based co-management
regimes. The Subproject began with a baseline survey of fishing communities in
participating countries, which was followed by a six-week strategy formulation
mission and preparation of a strategic plan  Espeut 1994, Brown 1995!.

Initial efforts in this sub-project were directed at upgrading the national fisheries
extension capability through:

i! Staff training,
ii! Provision of field equipment, aud logistical support for public awareness

and education campaign,
iii! Supporting and developing approaches to co-management through pilot

projects,
iv! Stimulating community awiiieness in fisheries issues by informing fishers

and their communities of the benefits of involvement and of the pros and
cons of fisheries management, and

v! Training of fishers and the leaders of fishers organizations in the region,
The focus of activities then shifted towards working more directly with fishers,

to strengthen and empower their organizations, improve knowledgeofconservation
and fisheries management among the resource users and slrengthening their capacity
to participate in co-management arrangements with governments. The subproject
also conducted public awareness and education programs to build support for
fisheries management at the community level  CFRAMP 1996, 1997, 1998, 2001!.

CONCLUSION

CFRAMP was the first major fisheries project of its type, focused as it was on
sustainable development and management of the region's fisheries. A mid-term
review had this to say,

"CFRAMP stands as an outstanding example of a project not only
carefully thought through, but planned with the full involvement of all the
participating partners"  Gardner et al. 1996!

While it is it stiH early to determine the full impact of the project, it is clear that
major strides have been made by the countries as a result of it The capability of
national fisheries departments and staff have improved substantially; data and
information regarding the abundance, distribution and status of commercially
important fish stocks have also improved significantly; FMPs and FACs have been
prepared, fishers have been mobilized, empowered, and are more involved in
managementplanningin partnership withgovernments; a regional fisheries body ha
been established and is operational, there is much more networking and cooperation
among the CARICOM countries and between the countries and other organizations
and third countries. According to Caddy �001! who conducted the final review of
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the project, "the overall conclusion is that CFRAMP has been an excel/ent program
for the region, and a progressive and pervasively positive influence in all sectors
of work of fisherie departments."

In concluding, through the generouscontributionof the Government of Canada,
CRFAMP brought us together to a new level of cooperation and networking,
allowed us to better understand the fisheries situation in the region, and highlighted
how much more we need to do to ensure sustainable utilization and conservation of
these important resources. CPRAMP has laid a solid foundation for sustainable
fisheries in the Caribbean region.
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A Preliminary Investigation of the Relationships Between the
Legislative Status and Ecological Impacts of Marine Protected
Areas on the Socio-economic Status of Stakeholders in Jamaica
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ABSTRACT

This paper examines the eFects of legislative status, institutional arrangements
for management, and ecological conditions of Marine Protected Areas  MPAs! on
the soci~nomic status of stakeholders. The study sites selected for investigation
were the Negril Marine Park in Jamaica, and the Princess Alexandra Land and Sea
National Park in Providenciales, Turks and Caicos Islands.

The socio-economic data were collected primarily through the use of a formal
questionnaire instrument administerod to the principal user groups. The
questionnaire was used to collect information on demographics, capital assets and
individuals' perceptions of the marine parks. 'Ihe ecological evaluation involved
comparative analyses of the coral reefbenthic structure, urchin and fish cetmase as
weH as a stakeholder interview survey to assess changes inside and outside the
boundaries of the marine parks. The evaluation of the managerial regime of the
MPAs involved a review of the legislative policies and institutional mechanisms
incorporated in the management plans of the study sites.

Results indicated that variation in the institutional arrangements for management
and diFerent management plans has resulted in diFerent effects on the social and
economic characteristics of user groups. For the most part, the unof5cially managed
Neyil Marine Park achieves its management objectives yet exhibits mmunal
economic and social impacts on stakeholders, concurrent with ummnal ecological
improvements. The Princess Alexandra Land and Sea National Park being
designated anon-consumptive use areawithlittle communityparticipation, produces
relatively more social than economic and ecological impacts on stakeholders.

In general, there have been minimal ecological changes associated with the
implementation of the MPAs and minimal economic impacts on stakeholders.
Despite this, there appears to be wide support for the MPAs among stakeholders
and a desire for improved management and community participation.

KEY WORDS: Caribbean, Marine Protected Areas, Socio-economic Impacts
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Investigacibn Preliminar de las Relaciones entre el Kstado
Legislative y los Impactos Kcolbgicos de ~ Protegidas

Marinas en el Kstado Socioeconbmico y los representantes en
Jamaica y las Islas Turk y Caicos

PALABRAS CLAVES: Areas protegidas marinas, impactos eco16gicos, pakticas
directivas

1NTRDDUCTION

Within the Cmibbeanregion, Marine Protected Areas MPAs! have been widely
implemented in support of 6shenes management, conservation, sustainableresource
use, and tourism. However, in anumber ofcases, implementation has not translated
into active management  Geoghegan et al. 2001, Appeldoorn and Limlernan in

Este trabajoexamina el efecto de yrkticas directivas y de impactos eco16gicos
de kme protegidasmarinas en el estado socioecon6mico de tenedores de apuestas.
Los sitios del estudio seleccionados para la investigaci6n eran el pmque marina de
Negril en Jamaica, y la princesa Alexandra Land y parque nacional del mar en
Providenciales, tureos y hs islas de Caicos. Los datos socioecon6micos fueron
recogidos sobre todo con el uso de un instrumento formal del cuestionario
administtado a los grupos deusuario principales. El cuestiomuio fue utiTizado para
recoger la informaci6n sobre demographics, acuvos 6jos y opiniones de los
individuos de los parques marinas. La evaluaci6n ecol6gica implic6 an@isis
cornparativos de los censos bbnticos de la estructura, del piHuelo y de los pescados
del 616n coraHno asi corno comparaciones en los tama5os de las cspecies
comercialmente signi6cativas de los pescmlos dentro y fuera de los Smites de los
parques mmirtas. Laevaluaci6n del z6gimendirectivodel MPAs implic6 larevisi6n
de laspoliticaslegislativas y de los mecanismos institucionales incorporados en los
planes de lagerenciade los sitios del estudio. Los resultados mdicmonque mientras
que ~h getteralmente un unpacto eco16gico mimmo, los vanos planes de la
gereucia de MPA produjeron varios efectos sobje las c mtcteristicas sociales y
econ6micas de los grupos de usuario. Para la mayor parte, el pmque marina
unof5ciaHy manejado de Negril alcanza sus objetivos de la gerencia con todo
econ6micos de los objetos expuestos y sociales los intpactos minimos en los
tenedores de apuestas concunentes con lasventajas ecol6gicasmhimas. Laprincesa
Alexandra Landyel parque nacional del mar queera se5alado un hnano ti'sica del
uso produjerun impactos relativamente rmls sociales comparados a los impactos
econ6micos y eco16gicos en tenedores de apuestas. Fue conctuido que aunque el
6xito de un pmque marina se puede medir por vmiables econ6micas, sociales,
eco16gicas y directivas, la medid» verdadera de bxito miente en encontrar un
equilibrio de todas las variables para proporcionar ventajas equitativas a todos los
tenedores de apuestas.
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press!. Furthermore, the typical approach to MPA implementation has revolved
around the management and regulation of natural resouxce conaxmption with little
attention given to the effects of the MPA on the social, cultural and economic
concerns of stakeholders  Geoghegan et al. 2001!. There are other cases where
resouxce managers have incorporated a panacean approach to MPA implementation,
only to fall short in achieving management objectives through weak institutional
arrangements  UNEP 1996!.

The primary stakeholdexs of the region's MPAs are typica1ly individuals &om
coastal communities with small incomes who subsist on local xesources. As such,
they are likely to be significantly impacted by implementation of MPAs, and their
support will be crucial to the long-term success of any MPA. Stakeholder
resentment towards MPAs can intensify in cases where stakeholders are unable to
perceive or achieve the benefits proclaimed b MPA managers. Consideration of the
impacts on low income stakeholders and improvement of MPA design and
management to benefit these individuals is therefoxe considered important to the
success of the region's MPAs, yet thexe is a dearth of information on this subject.

The specific objectives of the studies reported here were to evaluate the impacts
of the institutional arrangements and ecological changes within two MPAs  Negril
Marine Park in Jamaica, and the Princess Alexandra Land and SeaNational Park in
the Turks 4 Caicos Islands! on the socio-economic status of stakeholdexs. These
studies  see Best 2002, Richards 2002, O' Sullivan 2002, and Francis 2002! are
summarised and synthesised in this paper and form part of a larger project  DFID
4R7976! examining the impact of MPAs on the livelihoods of local communities in
the Caribbean.

METHODOLOGY

Data on the institutional arrangements for the MPAs were collected through a
review of policies and management plans, a management questionnaire, a user
questionnaire administexed to persons at each study site, and interviews with
persons, other than managers, who may have direct or indirect influence on
legislation, policy, or management of the particular MPA. Direct researcher
observationat each MPA was also used to reach certainconclusions. Further details
axe given by Best �002! and Richards �002!.

Impacts of MPA implementation on the local coral reef ecology were assessed
primarily thxough underwater surveys and comparative analysis of benthic cover
data, and urchin and fish abundance inside and outside the boundaries of the MPA.
This was supplemented by a stakeholder interview survey to determine their
perception of changes to the ecology of the area since implementation of the MPA
 see O' Sullivan 2002 for full details!.

Data on the current socio-economic status of MPA stakeholders and changes
in status as a result of the MPA were col1ected primarily through the use of a formal
questionnaire instrument administered to the principal MPA user groups, as
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identified by the MPA irumagers. The soci~nomic assessment was
supplemented by datacoHected through informal discussions with park users, focus
group meetings withuser groups of the park and researcher observation ofactivities
within the environs of the MPA  see Francis 2002 for more details!.

Negril Marine Park
Managenal Status � The Negril Marine Park  NMP!, the marine component of the
Negril Environmental Protected Area, was formaHy declared on March 4, 1998
pursuant to section 5 oftheNatural Resources ConservationAuthority NRCA! Act
of 1991  enacted April 29, 1991!. As stipulated under section 5 of the NRCA Act,
the designation of the NMP was on the recommendation of the Authority, after
consultation with the Jamaica National Heritage Trust. Pursuant to Section 38 of
the NRCA Act, the Natural Resources Conservation Marine Parks! Regulation was
passed in 1992 to provide guidelines to prohibited activities such as disturbance of
corals and other marine organisms and artifacts within designated marine parks,
including the NMP. The NMP has eight zone designations aimed at controHmg
fishing, recreational and boating activities. Fishing is not permitted in the narrow
Swimming Zone, the coastal strips designated for Non-motorised and for Motorised
Crafi, the two relatively large Diving Zones, the four Replenishment Zones, the
Anchorage Zone and the No-Fly parasailing! Zone. However, fishing is aHowed in
the majority of the park area, designated as a Fishing Zone, while tecreahonal
activities are not aHowed.

The National Environment and Planning Agency serves as the lead agency
ultimately responsible for aH protected areas but it has the power to delegate
functions to any agent. The Negril Coral Reef Preservation Society  NCRPS!, an
NGO, has been undertaking the day to day managanent activities of the NMP since
its implementation in 199$, although the official instrument of delegation fium the
Government was only received on October 9, 2002.

The management plan for the NMP supports a number of objectives including
inter alla: the conservation of resources, information sharing with stakeholders,
community participation, and most importantly, enabling the use of the NMP for
multiple purposes with minimal damage to the natural resources.

Ecological Siarus � The survey sites chosen for the benthic analyses at the NMP
study site were Top Sandy Cay  inside the park! and Cousin's Cove  outside the
park!.

Both survey sites were dominated by macroalgae cover, which was found to be
higher �6 %! at Top Sandy Cay than at Cousin's Cove �9%!. By contrast, turf
algae cover and hard eel cover were sigmficantly lower at Top Sandy Cay than at
Cousin's Cove  Table 1!.
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A large number and high species diversity of fish were found at both survey
sites. Furthermore there was no differenc in the overaH density of fish between the
sites  Table 1!, and the top four families  Poinacentridae, Labridae, Scaridae,
Acanthuridae! were the same for each site.

Urchins were abundant at both sites with mean densities of 179 per 80 mi at
Top Sandy Cay and 143 per $0 m' at Cousin's Cove. Of the dominant species
 Echinometra viridis, Diadema antillarum and TripneNstes ventricosus! only the
latter varied significantly in abundance between the two sites with highest values at
Top Sandy Cay  Table 1!.

Results of the interview survey of 40 users on their perceptions of changes in
the area since implementation of the MPA revealed conseiNiis with regard to
decreased fish abimdance and size both within andoutside thepark, decreased coral
cover, increased macroalgae cover and incramd urchin abundance.

Socio-economic Status � The principal user groups identified for the socio-
economic assessment were watersport operators and fishers. Sample sizes and
selected characteristics of these user groups are given in Table 2. Most users had
been in their cunent occupation for a long time  average: 25 years for fishers, 14
years for watersport operators and did not appear to have been displaced &om the
park area, since their average time in the park was 24 years for fishers and 14 years
for watersport operators  Table 2!. Furthermore most fishers �7 /o! aud 25 lo of
watersport operators identified themselves astraditional users ofthe park ar eL Both
fishers and watersport operators are highly dependent on the park area for their
livelihoods, with most fishers �7 lo! and all watersport operiitors deriving between
75 lo and 100 lo of their income from their activities in the park gable 2!.

Interestingly the majority of users  83 '/o of fishers; 75 /o of watersport
operators! did not see a change of salary with the establishment of the park  Table
3!. Just three fishers �0'/o! reported a decline in sahuy, whilst one fisher and 25 '/o
of the watersport operators reported an increase  Table 3!. The majority of fishers
�3 /o! were uncertain of the effect of the park on customer demand, although 33
/o of the watersport operators did indicate an increase in customers after the
creation of the park.

Qualitative investigations revealed that the fishers considered themselves as
being displaced or excluded by the "foreign" hoteliers and watersport operators.
Added enmity between watersport operators and fishers is fuelled by the fact that
some fishers regard watersportop eratcirs as threateningtheir livelihoodbydamaging
fish traps, while watersport operators blame the fishers for over fishing the marine
life. A total of 67 lo of fishers and 42 o/o of watersINMt operators have experienced
intra- and inter-user conflict in the park  Table 3!. Of these, the MPA does not
assist in resolving confiict according to the majority  90 /o! of fishers. This was
contrary to the majority �0 'lo! opinion of watersport operators  Table 3!. lt was
therefore not surprising that only 16 '/o of all fishers and 42 '/o of all watersport
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operators saw the MPA as an avenue for confiict reduction among user groups
 Table 3!.

Ultimately, the majority of users supported the need for an MPA in the area
 Table 3!. Most fishers �0 %! felt that the Negzil Marine Park was a successfizl
MPA, in contrast to wuterspott operators, 75 % of whom felt that it was not. This
is interesting, given that the majority of both user gzuups felt that cozzservation of
zesources was the key indicator of MPA success  Table 3!. A substantial number
of stakeholders were of the opinion that the community was a beneficiazy of the
Negril Marine Park and most of these believed that there was equal distribution of
the benefit throughout the community. Of the few fishers who identified unequal
bene6t distribution, some identified sectors m the tourist industry as being the chief
beneficiaries, with 6shers and the general public as lesser beneficiaries. Likewise,
watersport operators who saw the park as being unequally beneficial, all felt that the
fishers were the lesser beneficiaries while 67% identified themselves as bemg the
main beneficiaries.

The majority of individuals in both principal user groups were dissatisfied with
the current level of management of the park with virtuaHy everyone  93% of fishers
and 100 % of watersport operators! stating that the MPA could serve a more
beneficial role to themselves and their conununity gable 3!. Fishers identified
community participation, improved regulations and improved information transfer
as target areas. The majority of watezsport operators on the other hand saw
impmved regulations as the greatest need, with improved mamigement and
community participation being secondazy.

Princess Alexandra Land and Sea National Park
Managerial Status � The Princess Aleizazidra Land and Sea National Park
 PALSNP! in Providenciales was created in 1992 under the National Parks
Ordinance CAP 89 of 1975, through the National Parks Order which designated
thirty-three protected areas at once. The National Parks Regulations �992! detail
the activities that aze banned withinthe park. These include inter a1ia, the taking of
artefacts, the destruction of, or injury to any animal or phmt, the removal of sand,
rock, coral, coral-rag or any calcareous substance, and anchor daznage to coral reef
structures whether living or dead. As such the entire MPA is a no-tike reserve.

PALSNP is one of thee protected areas managed by the Coastal Resources
Management Pmject  CRMP!, which suuted in Jinuaiy of 1999. Up until this time,
there had been very little active management It has a management plan  Homer,
2000! that is neither legallybinding nor apart of the Physical Development Plan for
Providenciales. According to PALSNP's management plan, the management
objectives revolve around the protection of natuzal and scenic areas stressing the
significance of fishery stock management, recreation and "touristic purposes". User
activities within thepazkhavebeenregulated through thedesignationof specific use
zones  Aquatic Sports, Swimming and Training Zones in four locations; Access
Zones for boats; a Swinuning Zone for swixnzning and snorkelhng only; ands Water-
ski Zone for water-skiing,paraglidiugaud siznilar activities usingmotorised vehicles!



55 Gulf and Caribbean Fisheries institute

as permitted under the National Parks Regulations. Under the CRMP, several Park
Wardens have been employed, butnone of them is legally empowered to enforce the
park's regulations.

Ecological Status � The survey sites chosen for the benthic analyses at the
PALSNP study site were Sellar's Cut  inside the park! and Fort George Cut outside
the paxk!.

Hard coral cover was relatively high at both sites  Table 1!. Significant
differences between the survey sites were found for turf algae cover, encrusting
coralline algae cover, sand, rock, rugosity index and fish density  which were all
lower inside the park!, and macroalgae cover  which was higher inside the park!,
indicating a less healthy reef inside the park  Table 1!. Despite a difference in fish
density between the two sites, the three top ranking fiLmiTies were the same
 Acanthuridae, Haemulidae and Labridae!. Urchin densities were low and there
were no differences between sites gable I!.

Results of the interview survey of 22 users on their perceptions of changes in
the area since implementation of the MPA revealed consensus with regard to no
change in fish abundance, species composition or mean size of fish inside the park,
although there has been a decrease in abundance outside. The majority of
respondents also felt that coral cover has decreased and macroalgae cover has
in~ within the park. They were less sure as to the patterns outside the park.

Socio-economic Starters � The principal user groups identified for the socio-
economic assessment were watersport operators, beach vendors and hoteliers.
Sample sizes and selected characteristics of these user gmups are given in Table 2.
The average length of time in their current occupation for the watersport operators,
hoteliers and beach vendors was 14, 16 and 4 years respectively  Table 2!. The
differences among the user groups axe xefiected in the observation that no hotelier
identified with being a traditional user of the park as compaxed to 9 % of beach
vendors and 26 % of watersport operators. Most users  85 % of watersport
operators, 100% ofhoteliers and 91% ofbeach vendors! are exclusively dependent
on park related activities for income  Table 2!.

Interestingly, most users did not identify a change of salary with the
establishment of the park  Table 3!. Only 30% of watersport operators aud 13 %
of hoteliers acknowledged a salaxy inner since the MPA was established and a
smail percentage of watersport operators � %! reported reduced income. In terms
of business expansion, 70 % of water sports operators, 63 % of hoteliers and 80 %
of beach vendors recorded no business expansion associated with establishment of
the park  Table 3!.
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Conflict within the park was experienced by 30% of water sports operators,
50 % of hofeliets and 36 % of beach vendors. The major confHcting group for the
mttersport operstors was the Blegal fishers who accounted for the conflict
experienced by 67 % of watersport operators. Hoteliers �0%! reported confHct
withbeach vendors and wttterspozt operators and 20% ofhoteHers had confVict with
divers. For beach vendors, aH cases of conflict invol'ved other vendors. ConfHct
resolution was athuned by 20% of water sports operators, 50% ofhoteliers and 25
% of beach vendors. The consensus among respondents �0 % of mNmport
operators, 63 % of hoteliers and' 64 % of beach vendors! was that the MPA had
mininutl effect on the level of conflict  Table 3!. Conversely, 10% of watersport
operators, 13 % ofhoteliers and 9% of beach vendors saw the MPA as an avenue
for conflict reduction among user groups.

Interestingly every watersport operator, every hoteher and 60 % of beach
vendors supported the need for an MPA in the vicinity. However most watersport
operators �5 'Yo! and hoteliers �3 %! reported that the PAI SNP was not a
successful MPA, in contrast with themajority ofbeach vendors�5%! whothought
that it was a success  Table 3!. This may be because the former groups judged
success prinuuilyon enforcesnntt, whereas the vendors had othercriteri Table 3!.

Interestingly, a large number of stakeholders  95 % of watersport operators,
100% ofhoteliers and 55% of beach vendors! see the community as a beneficiar
of the MPA. Of the respondents who associated the MPA with a benefit to the
community 53 % o f watersport operators 86 % o f hoteHets and 100 % o f beach
vendors see the benefit distribution as being equal. Of the watersport operators who
saw unequal benefit distribution, the tourism related industries  e.g. watersport
operators and hotels! were identified as the main beneficiaries, whilst 89 % of
watersport operators ldentified fishers and locals as the lesser beneficlaries. Locsls
were also identified by 100% of the hoteliers as the least benefiting &om the park,
whereas 100% ofhoteliers responded that hotels were the main beneficiaries of the
MPA.

The majority of imHviduals �5% of water sports operators, 75 %ofhoteHers
and 55% ofbeach vendors! were dissatisfied with the management of the Park. To
facihtate improved park management, watersport operators identified improved
regulations �6 %!, improved management �2 %! aud improved community
participation�4%! as beingcrucial. The hoteliers identified improved community
participation �0 %!, improved regulations �0 'Yo!, and improved information
transfer �0 'Yo! as essential elements of park improvement. The beach vendors
identified improved faciHties �7 %!, improved information transfer �8 %!,
impmved regulations�8%!, and improved community participation IS%! asvital
target areas for the Park authority. Virtua11y everyone �00 % of watersport
operators, 100 % of hoteliers and S2 % of beach vendors! was of the opinion that
the MPA could serve a more beneficial role to themselves and their community.
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DISCUSSION

The NegrB Marine Part
The majority of prlnmuy users are dependent on the MPA for their income. As

such there is great potential for the MPA to have significant positive or negative
effects on the stakeholders' economic standing.

Importantly, the majority of stakeholders support the need for an MPA, and
most fishers and some watersport operators feel that the NMP isa successful MPA.
Asubstantial number of stakeholders are also ofthe opinion that the community has
benefited &om the implementation of the NMP. Interestingly more detailed
questioning revealed only a slight economic impact on the primary user groups.
Fishers report minimal change in terms ofbusiness expansion, income or customer
demand. It is no wonder then that the majority ofthemperceive negligible economic
benefits ensuing fiomNMP's establishment. Watersportoperatcus experienced some
increases in these same areas, but the overall economic impact of the park is stiH
relatively low.

The lack of positive economic impacts of the MPA on stakeholders emanating
&om changes in the ecology of the area is not surprising given lack of evidence of
improvement within the park. In fact the reef site inside the park appears to be less
healthy than the site outside the park  less hard coral, more macroalgae! and may
have deteriorated because of tourism infiastntcnne development and heavier use
associated with the park. Furthermore, fish densities appear to be no different withi
and outside the park, again not surprisingly since fishing  albeit under stricter
management than outside! is allowed within a large area of the park.

The file that very few stakeholders have suffered negative economic impacts
is significant, and no doubt helps to explain their general support for the MPA, and
their desne for improved management, particularly improvements to the
implementation of regulations.

The current legislative status and institutional arrangement for management is
constraining the effectiveness of the NMP as a conservation tool. For example,
although the NMP was established in response to decbning ecological conditions,
the development phms advocated by the Urban Development Corporation can
sometimes be entirely contrary to the principles of the NMP's management plan.
Since the NCRPS is forced to accede to the UDC, this can lead to deleterious effects
on the potentially positive ecological impacts of the NMP.

Another area for concern is stakeholder conflict. The social distinctiveness of
each user group  as indicated by average level of education, length of time in
occupation inter alia! plays a great role in their perceptions. There are also at least
some stakeholders who believe that there is social inequity in the distribution of
benefits emanating &omtheNMP and there are fishers who feel disenfranchised and
displaced by 'foreign' hotehers and watersport operators. These factors could
evolve into greater hostility among user groups as well as towards the MPA, as the
existence of the MPA potentiaHy represents a change in the traditional system of
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fishing practices and by extension the culture of the area Therefore the MPA has
a potentially uapoxtant mle to play in facihtatmg conflict resolution. Although
stakeholders report little change in the level of conflict as a result of the NMP, they
also report that the NMP has played a mizumal role in conflict xesolution to date.

The Princess Alexandra Land and Sea National Park
Most of the primary users axe exclusively depezzdent on MPAxelated activities

for their income, making them socially and economically vulnerable to changes
within the MPA. Hie PALSNP appears to have had a degree of impact on the
economic status of the primary users, with some watezspoxt operators and hoteliers
reporting improvements. However, the majority of stakeholders repoxt no change.
Of special interest is thesigni6cantnumberofxepoxtson increased customer demand
and business expansion, tempered by minixaal reports of in~ income. The
disparity may be attributed to strategic bias affecting the individuals' responses. It
is possible that the critical attitude of stakeholders towards the PALSNP translated
into responses aimed at detzzzeting &em any duect economic bene6ts of the park.
However, the lack of any zeal economic gains may also be a reflection of the all-
inclusive tourism that could prevent access to benefits by the primary user gmups.

The ecological evaluation suggests that the uapmtected survey site is healthier
than the pmtected one. Several factors may have contributed to this outcome
includinginxer alia, ongoing touzism in&astruehuedevelopmeatand the inability of
the park wardens to enforce conservation effort. However, the consensus opinion
that fish populations have not changed in the park, whilst they have continued to
decline outside the pazk, indicates that the PALSNP is perhaps having a positive
effect, which could be attributed to its ao-take status. Dramatic improvements aze
not expected given that active management has only been in place siace 1999.

PALSNP has not significantly affected the level of conflict among the park's
user groups, though a few respondents suggested a post MPA increase. For the
most part, individuals did not see the MPA as a means of reducing the level of
confiict within the park, a factor of particular importance because oae stated
objective of the PALSNP management plan is coafiict contml aad reduction.

Importantly, the need for a MPA has wide support among stakeholders, and
most stakeholders see some community benefits accruing &om the MPA. This
perception was shared more so by the watersport operators than by vendors. A
small number of users perceived unequal bene6t distribution amongst the
community, opining that the tourism industry was benefiting at the expense of the
fishers, locals and non-tourist-based businesses. The fishersandlocalsappear tobe
the most disadvantaged becazzse all consumptive use isprohibited in the park, setting
the tone for future coaf/ict between the difFerent classes of stakeholders.

Few users regard the MPA as successful, aad this can be directly correlated to
the high numbers of users who were dissatisfied with how the park was managed.
Indeed, the dissident watersport operators aad hoteliers attributed the management
shortcomings to an ineffectual reguiatozy &amework. On the other hand the
dissatisfied vendors weze vociferous in denouncing the existing system of
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discrimination whereby "tourists can break the rules with impunity", a system that
perpetuates the belief that the MPA exists primarily for tourists. Thus, in terms of
social, economic, ecological, and management variables, PALSNP still has a hng
road ahead before it reaches a state where it is seen to be benefiting stakeholders
equitably.

Commonalities
From the outset it would appear that the NMP and the PALSNP are dissimilar:

the NMP is managed by an NGO, with stakeholder .participation, wliereas the
PALSNP, which is govermnent run, was established without stakeholder input and
for the most part continuesto opnate in this way. Yet a close evaluation shows that
the two MPAs are not so different.

With both MPAs the primary users are highly dependent on the parks for their
income with the majority of users deriving their income solely Sum their park
activities. Both MPAs are therefore in a position to dramatically alter the socio-
economic well being of their stakehoiders. However, only a minority of users in
both casesreportany positive or negative economic impacts fiomthe MPA, and the
majority report no difFerence.

Both MPAs have been established at least m part to conserve the marine
ecology of the area, and yet in neither case has there been anymarkedimprovement.
In fact there has possibly been deterioration, particularly of coral reefs within the
park boundaries. This highhghts the fact that MPA management in the absence of
integrated coastal zone management will not be able to contml sources of pollution
outside the park boundaries with deterioration of water quality and habitat more
than likely. Neither the CRMP nor the NCRPS has a say in development piamung.
Therefore development could occur to the detriment of both the PALSNP and the
NMP, putting them in a position where they are unable to achieve stated
conservation objectives.

Both MPAs have some level of user conflict, with an inlierent juxtaposition of
the disenfianchised fishers and vendors on the one hand, and the watersport
operators and the tourism industry on the other. Although the NMP is managed by
an NGO, many of its users would argue that all stakeholders do not benefit equally
nor have the same voice in how the park is managed. This is similar to the
PALSNP. In both cases the traditional uses of the park seem threatened, indicating
the potential for cultural dissipation. Both parks are likely to experience mcreasing
levels of user conflict, particularly when it seems as if those at the lower echelons of
society will continue to be disadvantaged in favour ofthe perceived upper class and
tourists.

What is abundantly clear is that although the success of an MPA can be
measured by economic, sociaI, ecological, and mauagement variables, the true
measure of success lies in finding a balance of all variables, to provide equitable
benefits among all stakeholders which will ensure sustainability of the MPA.
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La Pesca en Quintana Roo, Mexico
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RES UMEN

Mexico ocupa el dbcimo sbptimo lugar entre los 30 principales paises
productoies de productos pesqueros con un registro de captura promedio de 1.3
millones de toneladas anuales, lo cual ha sido privilegiado con el esfuerzo de
pescadores, industriales y diversos agentes que inciden en la actividid.

Parte de cate esfuerzo se genera en Quintana Roo, en d6nde la pesca
tradicionalmente se ha orientado a la captura de cspecies de alto valor comercial
corno son la langosta, camarbn y caracol, sin embargo, debido a la creciente
demanda en la produccibn de alimentos, en especial los destinados a satisfacer las
necesidades de las mayorfas, la producci6n de cspecies de escama ha tornado
paulatinamente especialrelevanciaaunque los volumenes de capturano bancubierto
la importancia que debiera tener en funcibn del potencial pesquero y de la gran
diversidad de cspecies que existen en el litoral Quintanarroense.

No obstante lo anterior en los filtimos a5os corno consecuencia de un reflejo
natural del crecimiento explosivo de la poblaci6n estatal generada por el auge del
turismo, lapesca se ha intensificado increment6ndose el numero de orgaiuzaciones
socialesypescadores independientes con lo cual destacacomo unadelas actividades
productivas con mayores perspectivas de desariollo en la entidad. Dentro del
contexto nacional, en materia de producci6n, Quintana Roo se encuentra ubicado
en el lugar numero 20 aportando el 0.37/o del total de la producci6n generada en el
pais. Si bien, dentin de los estados con litoral, en este rendu, su representatividad
no es tan importante, si lo es en su aportaci6n en el valor global de la producci6n
dado que ennuestras aguas se explotanpesquerfas comerciales de gran importancia
ecoz6mica corno son Ia langosta, camar6n y caracol y cspecies finas de escama en
las cuales se sustenta la economia pesquera del estado.

PALABRAS CLAVES: Pesca tradicionalmente, Quintana Roo, Mexico

Status of the Fishing Industry in Quintana Roo, Mexico

Mexico occupies the seventeenth place between the 30 main seafood producing
countries with a capture average of 1,3 miHion tons annually, due to the effort of
fishermen, industrialists, and diverse agents who affect the activity. Part of this
effort is generated in�Quintana Ro, where the fishing traditionally has beenoriented
to the capture of species of high commercial value such as lobster, shrimp and
conch. Nevertheless, due to the increasing demand in food production, landings of
less valued species have not kept pace with demand along the coast of Quintana
Roo, Mexico. In recent years increasing population and an explosion in tourism has
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resulted in intensified fishing effort and an increase in the number of independent
social and fishing organizations. Withm the national context, in the matter of
production, Quintana Roo is located in the place number 20 contributing the 0$7Yo
of the totaI of the production gene+ted in the country. Although, within the states
with the coast, in this line, its representativeness is not so important, if it is it in his
contribution in the global value of the production since in our commercial waters
they operate fisheries of great economic importance.

KEY WORDS: Traditional fisheries, Quintana Roo, Mexico

INTRODUCCIAN
Los primeros pobladores que habitaron el Territorio Mexicano desarmllaron

labores de pesca, principalmente aquellos cuya residencia fue en los litorales, sin
embargo las comunidades indigenas del interior, cuya vida transcurria cercana a los
lagos y rlos tambibn emprendieron la pesca corno una practica cotidiana.

En el Mexico del 2002 los mares aun mantienen su importancia no solo por su
extensi6n, sino por la diversa gama de recursos que o&ecen sus aguas, entre los que
destacan los pesqueros. Desde elpunto de vistaalimentario las cspecies mmrtas son
de las mks importantes fuentes de proteina para la poblaci6n, ademhs su
aprovechamiento incide en gran medida en la promoci6n del desanoHo regional y
genera gran impacto en amplios sectores de la economia nacional, es menestm
considerar que Ia pesca corno tal, es finita por tanto el orderumiento y regulaci6n
de la actividad es uno de los puntos meduhues para su fortalecimiento

En Quintana Roo, hkxico, la pesca tradicionalmente se ha orientado a la
captura de cspecies de alto valor comercial corno son h Langosta, el Camar6n y el
Caracol, sin embargo, debido a lacrecientedemandaen laproducci6nde alimentos,
enespecial los destinados asatisfacer lasnecesidades de las mayorias, la pmducci6n
de cspecies de escamabaido tomando especial relevancia aunque los volumenes de
captura no cubren la demanda debido a los requerimientos del sector torismo en el
norte del estado.

En los ultimos a5os corno consecuencia de un refiejo natural del crecimiento
explosivo de la poblaci6n estate generado por el ange del turismo, Ia pesca se ha
intensificado incrementkndose el numero de organizaciones sociales y pescadores
privados con lo cual destacacomo unade lesactividades productivasde importancia
para la entidad.

Corno es del conocimientopublico laregulaci6n parael aprovechamientode los
recursos pesqueros conesponde al Gobierno Federa/, por conducto de la Secretaria
de Agricultura, Ganaderla, Desarrollo Rural, Pesca y Alimentaci6n que a su vez
cuenta con la Comision Nacional de Acuacultura y Pesca  CONAPESCA! para
ejecutar la poHtica en materia de pesca y acuacultura y verificar su cumplimiento.
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MARCO DE REFERENCIA

El estado de Quintal Roo ocupa la porci6n Oriental de la Penhmula de
Y~ contando con una superficie temtorial de 50,843 h16metros cuadrados.
Limita al norte con el Golfo de Mexico; al este con el Mar Caribe; al sur con el Pafs
de BeHce, la Republica de Guatemala y el estado de Campeche; al oeste con esta
ultima entidad federativa y el estado de Yucattin, teniendo una ubicaci6n
especialmente importante corno puerta nacional de acceso a la cuenca del Caribe,
estando constituidopoHticamentepor ocho municipios, de los cuales 7 soncosteros.

Desde el puato de vista pesquero el Estado de Quintana Roo cuenta con 40
kil6metros de litoral en el Golfo de Mexico y 860 en el Mar Caribe; posee 21,000
kil6metroscuadradosdeplataformacontinental, 87$00hectheas de Bahias, Bslnos
y Lagurms y 84,000 hecthreas de cuerpos de agua en Ia parte continental, contando
adnmh con cuatm Islas, Los Bancos de Arrow Smith y Chinchono en el Mar
Territorial y la formaci6n amcifal que corre a todo lo largo del litoral del Mar
Caribe.

La actividad pesquera del Estado se sustenta en cuatro Seas geogrkficas
importantes:

i! Litoral del Golfo de Mdnco � Ahuca la zona costera que va de los
Hmites con el Estado de Yucathn a Cabo Catoche; quedando dentro de esta
brea la Isla de Holbox y la laguna estuarina de Yalahm

ii! LitoralCaribe Norte � Comprende entre la Isla de Contoy y el Hmite Sur
del municipio de Benito Juhmz ahucando Isla Mujeres y Ia Laguna
Estuarirm de Chacmuchuch.

iii! Litoral Caribe Centro � Corresponde a los municipios de Cozumel,
Solidaridady Felipe Camllo Puerto, ubiehdose dentro de estos las Bahias
de la Ascensi6n y del Espfritu Santo y el conjunto iagunar de Chunyaxchb;
destachadose 6ste por encontrarse dentro de la Reserva de la Biosfera de
Sian Ka'an.

iv! Litoral Caribe Sur � Delimitada al Norte por el municipio de Felipe
Carrillo Puerto del cual se incluye unaporci6n y al Sur por la &ontera con
Belice, incluybndose en esta ultima a la Bahfa de Chetumal y
desembocadura del Rio Hondo.

En este marco geogrhfico seubicanaserrtamientospesquerosdetipo urbano en:
Puerto Jmhez, Isla Mujeres, Playa del Carmen Tully Cozumel; suburbanos corno
es el caso de Puerto Morelos, asi corno diversas comunidades rurales ubicadas a lo
largo de la costa, tales corno: Holbox, ChiquM, VigIa Chico, Punta Herrero,
Mahahual e Xcalak.

Cada una de estas Areas costeras guardan particularidades eco16gicas que las
diferencian entre si y es en este marco donde las actividades de captura se llevan a
cabo en nuestro Estado.
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POBLACSN PESQUERA
El xxu1ximo de sociedadescooperativasypermisionariospxivadosselocalizaen

el Litoral del Golfo de Mexico, Caribe Norte y Caribe Centxo del Estado en el cual
se encuentran 21 de las 26 orgamzaciones xegistxadas, lo que xepxesexxta el 8PYo de
este total. Las otras 5 xestantes se asientan en el litoral sur, en los municipios de
Felipe Camllo Puerto y Oth6n Pompeyo Blanco. Esta pohuinei6n del sector se da
en virtud de que en la regi6n antes se5ahxda Ias aguas son de mayor productividad
y por otra parte, se dispone de la mfiaestructxxra bhica para la actividad; menor
poxcentaje existe en la zona sur del Estado.

FLOTA

La flota pesquera en la Entidad estk relxxesentada por 46 embarcaciones
mayoxes de las cuales 20 son camaroneras y 28 escameras de mediana altura, 17
unidadesdemediano porteutiTizadas paratransporte depxoducto yavituaHamiento,
asf corno 791 embarcaciones menoxes, estas ultimas efectuan Ia pesca de ribera que
en su mayo' son de 25 pies de eslora cuya actividad genera el 75% de la
producci6n en el Estado.

En los ultimos 7a5os, la flotapesquerano hatenidounincxemento significativo
toda vez que unicamente se ha dado un proceso de reposici6n de las unidades
deterioradas.

De 1994 a la fecha se ha xestringido la incorporaci6n de mls embarcaciones al
esfuexzo pesquero del Estado.

ARTES Y EQUIPOS DE PESCA
Tradicionalmente la captum decaracol y langosta se harealizado por buceo, ya

seaapulm6n, tanques de aire comprimidooconcompxesoras, tbcnicamuyarraigada
en todo el estado, algunas cooperativas han incoxporado las trampas, sombras o
casitas cubanas y xedes agallexas para la captura del crusthceo. No obstante Io
anterior, la gran mayorla de los pescadoxes j6venes continuan con el buceo.

Existe un especial control en las xedes especializadas para la captura de
camax6n, a fin de no afectar otras cspecies durante las laboxes corno es el caso de
latortuga marina para lo cual es de carhcter obligatorio la instalaci6n de excluidores
en dichas xedes especialxnente dise5ados para la protecci6n del quelonio.

Para el caso de la escama, tibur6n, pulpo y otras cspecies, generalmente se
utilizan redes agalleras, palanyes, jimbas, trampas de atajo, cobra lineas, Hneas de
mano, atarrayas, etc.

El registxo total actual es de 35,551 artes y equipos de peace en todo el Estado

INDUSTRIA PESQUERA
Actualmente la Entidad cuenta con 10 establecimientos entre los mhs

importantes cuya actividad esS enfocada al manejo de pxoductos pesquexos. Del
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total deempresasexistentes 6 son consideradas comoplantas industrialesy 10 estrin
clasificadas corno comercializadoras.

En la etapa de transformaci6n industrial se estima la participaci6n de 350
personas octrpadas en el proceso productivo y en puestos administrativos.

La indnslria pesquera existente en el Estado se ha contrafdo, su capacidad
instalada es mayor en algunos casos a su capacidad aprovechada y sus equipos hsn
sido modemizaufos parcialmente, debido a los altos costos de sus fuentes de
fmanciamiento y en la transformaci6n de la materia prima aun emplesn pmcesos
productivos tradicionales.

PRODUC CION
Quintana Roo, se encuentra ubicado en el lugar nrem 20  aportando el

0.37/o! del total de la producci6n genertula en el Pais, con un promedio de 4,500
toneladas  Tabla 1!. Si bien, dentro de los Estados con Litoral, en este rengl6n, su
participaci6nes menor, suaportaci6nal valor global de Iaproducci6nes importante
dado que en nuestras aguas se explotan pesquerfas comerciales de alto valor
econ6mico corno lo son la langosta, el camar6n, el caracoi y cspecies 6nas de
escama en las cuales se sustenta laeconomfapesquera del Eslado con alrededor de
123 millones de pesos.

Existe una visi6n clara de la situaci6n en que se encuentran las pesquerfas en
laentidad, porun lado laescamaque ptesentaposfbilidadde incrementar susniveles
de aprovechamiento y por otro, aquellas cuya explotaci6n se encuentra en su
nuhimo rendimiento corno el caracol, el canuu6n y la langosta en las cuales se
procura mantener los fndices de producci6n alcanzados en los ultimos affos.

Caracel

En cuanto a cate recurso, participan fundamentahnente tres sociedades
cooperativas en la zona Sur del Estado y una Organizaci6n Social en el banco de
Cozumel de acuerdo con el esfuerzo nubrimo aplicable.

Parael aprovechamientode estaespecie, se haobservado el regimen de captura
pormedio de cuotas mensualesnuu~bndose un volumenapeso desembarcadode
30 toneladas en el Banco Chinchorro y 12 toneladas en Cozumel con base en la
opini6n tbcnica emitida por el Centro Regional de Investigaciones Pesqueras.

Langesta
Langostarepresentaunrecurso importante paralapescaartesanal que serealiza

a lo largo de la Penhsuh de Y~ admmfs de constituirse en una de las
principales pesquerfas que por su alto valor juega un papel importante en la
economia del Sector Pesquero Estatal y Regional. Los voldmenes de captura
registrados en los ultimos a5os oscilan entre las 300 y 350 toneladas a peso vivo,
cifraque tiendeaunaestabihzaci6nen los indices deaprovechamientodel crustkceo.

El Instituto Nacional de la Pesca trabajaen laelaboraci6ndel Plan de Maneje
Pesquere en la Peninsula de Yucatkn para el perfodo 2003-200$
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Camar6n

Respecto al camar6n, no obstante las medidas de regulaci6n que se han
establecido a partir de 1995, cate ha tenido un notable descenso en los uitimos 6
a5os acusando una mazda declinaci6n en 1997 y 1998 con uua cafda en la
producci6n del 60/o respecto a 1996. En 1999 la producci6n se recufma
notablemente con un registxo de 670 toneladas, 120/o superior a 1998, en el 2000
disminuye nuevamente en un 31/o respecto al a5o anterior, en 2001 se registra una
moderada recuperaci6n, sin embargo, Ia pesquerfa aun no alcanza los niveles de
aprovechamiento de a5os anteriores cuyos volumenes oscilaban entre hs 1,200 y
1,400 toneladas auuales, el Instituto Nacional de la Pesca lleva a cabo los estudios
correspondientes a efecto que se disponga de mayor informaci6n cientffica
incorporkndola a la norma oficia respectiva, que se analizay actualizaanuahnente
con los agentes involucrados.

Tiburbn
Tiburon en los ultimos tres a5os laproducci6nhatenido unnotable incremento

con un volumen promedio anual de 300 toneladas, registnfndose una cifra record
para el estado de 431 toneladas en 1999. No obstante lo anterior, esta pesquerfa es
de las menos desarrolladas en el Estado, considerada corno complementaria de las
otras, de alii que los volumenes de captura sean moderados en relaci6n a las deja
pesquerfas que se explotan en Ia entidad. Cabe destacar que de 1992 a 1997 no se
habfa dado un crecimiento en los volumenes de captura, lo cual significa que las
medidas de restricci6n en cuauto al otorgamiento de pennisos y limitar el
crecimiento del esfuerzo pesquero establecido al principio de este perfodo, ha
favorecido la recuperaci6n del recurso, sin embargo, de acuerdo con la Norma
Oficial que regula esta pesqueria, estas restricciones deberhn continuar de manera
indefinida.

Escama
Escama sehamantenido estable en los ultimos 6 a5os con un registro promedio

de captura entte 2500 y 3000 toneladas. A pesar de que no ha sufrido bajas
importantes en los volumenes, tampoco hamantenido uncrecimiento fuerte, lo cual
reflejaun desanollo moderado. Entre las principales cspecies deescama producidas
en la entidad sobresalen el abadejo, boquinete, coronado, chacchi, guachinango,
mojarra, pargo, picuda, robalo y mero que en conjunto representan el 77'/o de la
producci6nde escama; Siendo este ultimo el de mayor aportaci6n, representandoel
43/o del volumen global de este grupo de cspecies y el 33/o del total de escama
producido en el Estado.
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Table 1. Producci6n r rinci les es . Toneladas a vivo 1995-2001

ESP ECIES 1998 1998 1997 1998 19$$2000 2001

3,038 3,026 3,270 2,486 2,595
712 838 787 570 548

2,427 2,008
556 459

44 4715 28 27 52 37

Total

Peso Desembareado
Se refiere al que conserva el producto al ser declarado en sus diversas

modalidades; descabezado, fileteado, eviscerado, en pulpa, y otras.

Peso Vivo
Peso total del producto en el momento de obtenerse de su medio natural; se

determina con base en el peso desembarcado, aplicando factores de conversi6n
establecidos por el Instituto Nacional de la Pesca de acuerdo a la metodologfa
universalmente empleada por la FAO.

lnspecei6n y Vigilaneia
Uno de los aspectos fundamentales en la preservaci6n de los recursos es la

inspecci6ny vigilance Poco efectotienen los programas de investigaci6nynormas
de aprovechamiento si estos no se garantizan con acciones especificas y en6rgicas.

COMPROMISOS Y ACCIGNES

Inspecci6n y Vigilancia Passers  Enero � oetubre de 2052!
Se ban realizado un total de 117 acciones,mediante 47operativos, de los cuales

30 fueron terrestres y 17 marinos, 1 punto de revisi6n y 69 visitas de verificaci6n
fisica y documental de legal procedencia a plantas industriales, productores,
comerciantes, vehiculosyembarcacionesquecapturabano transportabanproductos
pesguefos.

Cameroon

Caracol

Langosta

Tibur6n

Escama
Producci0n sin
Ragistro o$cial
Uso industrial

1,214 810 318 304 670 458 525

315 328 414 308 294 298 266

505 450 392 30T 354 350 340

134 156 136 242 431 315 138

5,933 5,438 5,344 4,269 4,927 4,448 3,T81

Quintana Roo
Total de Actas levantadas = 72

Actas solventadas = 54
Actas en proceso jurfdico = 18
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Retenelones Provlsionales
Se han retenido productos marinos con un volumen de ahededor de 800

kilogramos de cspecies de alto valor comercial corno la langosta y el caracol.
Los bienes retenidos alcanzan un valor aproximado a los 950 mil pesos que

consistenblsicamente en vehiculos marithnos y terrestres, equipos y accesorios de
pesca.

Se ha modifieado el C6digo Penal Federal, eon saneiones mks fuertes
Existe pena de 1 a 9 a5os de prisi6n a quien posea, tiansporte, almacene,

capture o comercialice cspecies en veda, se incrementa a 12 a5os si el delito se
comete en un Area Natural Protegida y se convierte en pena grave sin fianza.

PERSPECTIVAS 2003

i! Fortalecer la Investigaci6n.
ii! Seguimiento las pesquerias regionales.
iii! Vigilar de manera estricta el cumplimiento de las vedas, y se observen

las disposiciones legales aplicables.
iv! Impulsar investigaci6nespeciahzadaparaeficientar laproducci6nacuicola
v! Mantener y regular la poblaci6n y flota pesquera, a efecto de evitar una

explotaci6n inadecuada de las cspecies marinas.
vi! Capacitar a los pescadores para un mejor aprovechamiento de los recursos

pesquefos.
vii! Promover y gestionar in&aestructura pesquera y portuaria que permita

mayor seguridad a nuestxa flota y facilitar las tareas de avituallamiento.
viii! Promover con los estados y los municipios la Pesca deportivo-recreadva

en especial la de liberaci6n corno fuente de ingresos y divisas

En laconservaci6nyaprovechamiento sustentablede los recursospesqueros es
necesario pasar de las buenas intenciones a las acciones, traducir en poHticas
publicas la investigaci6n con los componentes social y econ6mico.
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ABSTRACT

Fisheries management is�ahighly comple and emotive issue in virtuaHy every
country in the world. This paper uses the Turks and Caicos Islands and its fisheries
as a case study to highlight some of the issues that filce fisheries managers though
out the Caribbean. The Turks and Caicos Islands fisheries are dominated by fiee
divers collecting Caribbean Spiny Lobster  I'anularis argus! and Queen Conch
 Stronlbus gigas!, additionaHythere are several boats deploying lobsterpots and fish
traps. There is no significant commercial pressure on the scale-fish stocks, which
make the TCI almost unique in the Caribbean, and there are only severalcommercial
game fishing operations at present within the TCI. Over6shing of the lobster and
conchpopulations isamatorconcemoftheDeparunentofEnvimnment and Coastal
Resoumes  DECR! tasked with rmulaging the natural resources of the TCI.

In order for tbe DECR to meet these chaHenges, the implementation of several
measure are key. These include:

i! The mnoval of lobster fium restaurant and hotel menus during the closed
season

ii! A reduction in the number of foreign fishermen;
iii! Banning of the hook used to catch crawfish;
iv! Development of a method to detect the use of noxious substances used to

catch crawfisIL

In order for these actions to be implemented, the DECRrequires stmngpolitical
support which needs to be fostered through a comprehensive envimnmental
education program aimed at policy makers, fishermen and the general public. This
is especially important because rapid development of the TCI is stretching the
resoumes and capability of the DECR to fu16H its requirements. The rapid gmwth
of the TCI's economy is worrisome for the environment as it is easy to lose sight of
the value and importance of the envimnment both economically in a country where
the tag line is "beautiful by nature" and sociaHy where entire communities are
dependent upon the viabifity of the marine resources for there Hvelihood.
Development needs to occur but at a pace where appropriate importance is placed
on the natural environment The TCI is at a cmssmads right now because its
fisheries are currently in decline but are still among the healthiest in the Caribbean.

I Cunent eddnes: 428B NW 10 Ave., Geinesville, FL 32601
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If the TCI does not learn fmm other Caribbean nations that have aheady been
through a similar zapid development and economic gmwth phase, then the future of
the fisheries resources looks bleak

KEY WORDS: Conch, fishermen, fisheries management, lobster

Una Descripcibn del Manejo de las Industrias Pestlueras en Islas
Turcos y las Islas de Caicos: Una Descripcibn de los Problemas y
de las Sugerencias para la Mitigacibn

LaAdministraci6nde las industriaspesqueras csun�asunto�altamente cornplejo
y muy emotivo en virtualmente cualquier pais del mundo. Este tzabajo utiliza a las
ishLs turcos y las islas de Caicos  TCI!y sus industrias pesqueras corno caso de
estudio para destacm algunas de los asuntos que enfientan los administradozes de
los recursos pesqueros a travbs del Cazfbe. Las pesquezias de las islas Turcos y
Caicos esta dominada por buceadores a pulm6n libre los cuales captura la langosta
espinosadel Carzbe Panularis argus! y el caracol refna StromEws gigas!,yadenh
hay varios barcos que pescan con nasas de peces y langosta. No existe una presi6n
comezcial significativa en la pesquerfa de peces lo que hacen al TCI un caso unico
en el Caribe. Sin embargo la sobre pesca de las poblaciones de la langosta y del
caracol es uua preocupaci6n muy grande para el Departamento del Ambiente y de
los Recursos Costezos  DECR! encargados del manejo de los recursos naturales del
TCI.

En la orden para que el DECR resuelva estos desafios, la puesta en practica de
varias medidas es fundamental. custos incluyen:

i! El retiro de la langosta de menus de restaurantes y del hoteles durante la
temporada de veda;
ii! Una zeducci6n en el numem de pescadores extranjeros;
iii! La prohibici6n del anzuelo de capturar langosta;
iv! El desarmllo de un m8odo para detects el uso de sustancias nocivas para
capturar langosta
Para que estas practicas puedan ser implementadas el DECR zequieze de una

fuerte ayudapoHtica que debe ser fomentado a travbsde un pmgrama de educaci6n
ambieutal compzensivo dirigido apoHticos,pescadoresyalpublico engeneral. Esto
es especialmente importante porque el desarmllo rhpido del TCI esth estizando los
recursosylacapacidaddel DECR para cumplir con sus obligaciones. El czecimiento
rhpido de la economfa de TCI es preocupante para el ambiente pues es Scil perder
de vista el valor y la importancia del ambiente desde el puuto de vista econ6mico y
social, especialmente en un pais donde su emblema es "bello por naturaleza" y que
depende de los zecuzsos marinos para susustento. El desarmllo necesitaocurrirpero
aun paso donde se le de laimportanciaapmpiadaal medio ambientenatura1. El TCI
est@en uua encrucijada ahora pozque sus industrias pesqueras esbhx actualmente en
declinaci6npero todavfaesth entre los mks sano del Caribe. Si el TCI no aprende de
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otras naciones del Caribe que han pasado por una fase similar de dpido desarroHo
y crecimiento econdmico, entonces el futuro de los recursos pesqueros de nueslro
pais parece muy oscuro.

P~RAS CLAVES: Langosta, caracol, pesquerias, manejo de pesquerias

INTRODUCTION

The Turks and Caicos Islands are an archipelagic overseas tenitory of the
United Kingdom located in the British West Indies  Figure 1!  Sadler 1997!. Scale-
fish are caught for subsistence usage as a by-product of the principle commercial
fisheries of lobster and conch  Clerveaux 2001c!;

The e%ctive manatpment of any fishery relies upon the application of
restrictions based on the life histories, location and abundance of target species and
considerations regarding the number and efficiency of fishermen operating in the
fishery. An understanding of thepolitical, social and economic environment that the
fishery operates in is also important  Jennings 2001, King 1995!. This paper uses
the fishery of th Turks and Caicos Islands to highlight some of the pmblems facing
fisheries managers and�suggest some solutions thatmaybe acted upon to ensure the
continued existence of a viable fishery in the TCL

Fi ure 1. The location of the Turks and Caicos islands in the British West indies
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RESPONSIBILITY OF THE FISHERY

The Ministry for Natural Resources controls the management of the
fisheries by delegating day to day responsibility to the Departinent of Environment
and Coastal Resources, encompassing the Fisheries Department  FD! and the
Protected Areas Department PAD!. There are three DECR office throughout the
islands  Grand Turk, South Caicos, and Providenciales! at which Fisheries Officer
operate and a National Environmental Center on Providenciales at which the PAD
is basecL The Director of the DECR is based on Grand Turk  the governmental
administrative center! whereas the Chief Fisheries Officer is based on South Caicos
{the fishing capital!  Bennett 2000!. Both Fisheries Officers and Protected Area
Officers have extensive law enforcement powers. Police Officers and members of
Her Majesties Navy are also conferred the powers of Fisheries Officers. There is a
Marine Branch of the Royal Turks and Caicos Islands Police Force  RTCIPF! that
assists in Fisheries Enforcement with personnel  armed support!, a spotter aircrafi
and ofmiore capable vessels  Table I!. The Environmeiital Health Department is
involved in the management of the fishery by determining an enforcing the sanitary
standards that the processing plants and seafood markets have to operate under.

Table 1. Law enforcement capabilities of the Department of Environment and
Coastal Resources and the location of these assets and personnel throughout the
Turks and Caicos Islands.

Assets/Personnel South Calcos Provldenciales Grand
Turk

Rsheries OScers
Environment GScers
Scientific Oliicers
Perfected Areas CNicers
Research vessels
Protected areas patrol vessels
Fisheries patrol vessels
Pakol vehcies
Administrative onnel

Stakeholder involvement in the management of the fishery is encouraged
through regular public fishermen meetings hosted�by th DECR. In addition to this,
bimonthly meetings are held by the Fisheries Advisory Committee FAC! which are
used to advise the Minister for Natural Resources on activities within the fishery
 Bennett 2000!. The FAC consists of retired and active commercial fishermen,
processing plant owners, a representative from the national parks committee and
representatives &om the Ministry for Natural Resources and the DECR. The FAC
is facilitated by the DECR, but is deliberately not lead by it since the aim of this
committee is to provide stakeholders with an opportunity to assist in the
management of the fishery and to create a forum for stakeholders to raise concerns
within the fishery. The FAC also uses this opportunity to direct research conducted
by the DECR.
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An additional committee involved inthemanagementof the conch fishery is the
Convention in Trade in Endangered Species of Wild Flora and Fauna  CITES!
Management Authority  Bemzett 2000!. The TCI CITES Management Authority
is used to review scientific zeseazch and recommendations by the DECR pertaining
to the annual conch quota The committee sets the: amount of conch that can be
landed; total amount of conch and conch triznmings that can be exported; and
reviews size limits and the closed season for conch, in addition to ensuring that
monitoring of exports and record keeping are conducted to comply with CITES.
The TCI is not a full party to CITES, but adheres to the convention since it exports
viztuaHy its entire conch product to countries that aze fuH parties to CITES  e.g. 99
% to the USA!.

THE FISHERY

The TCI fishezy can be characterized as a predominately commercial fishery
utilizing fioe divers to collect Caribbean spiny lobster and Queen conch  Table 2!
withasmaH amountofscale fishcaughtas aby-product ofthe fieediving�operation
for subsistence usage  Bhaga 2001!. Use of pots and traps by fishermen to catch
lobster and scale-fishzespeclivelyis limite. There are Hmited game fishing activitie
thmughout the islands, primarily onpzovidenciales whereas commercial fishing for
lobster and conch is based on South Caicos and Providencialeswitha smaH number
of fishermen and vessels opending &om Grand Turk  Table 3!. 'Ihere are no
opendional comznezcial, scale-fish/pelagic/aqiumum/live-rock/sponge/b8che-de-
mer fishezies withinthe islands. VirtuaHyaH of the fish sold in restaurants�andhotel
throughout the islands is imported fiom the United States. There is one commercial
conch maricultuze operation located on Pzovidenciales which coHects conch egg
masses &om the wild and then raises the conch for export.

Year Lobster landings Conch landings Scal+4sh landings

2000-2001
1999-2000
1998-1999
1997»1998
1998-1997
1995-1996
1994-1995

810,502
730,770
640,310
781,425
730,935
956,925
946 305

288,852
252,889
310,878
228,285
179,505
307,685
373 880

825
1,084

0
0.

2,065
1,058

13 356
Source: Department of Environment and Coastal Resources landing sheets and
export data sheets.

Table 2. Catch and export figures for the lobster, conch and scale-fish fisheries of
the Turks and Caicos Islands.
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Table 3. Commercial fishi effort within the Turks and Caicoa Islands
South Caleos Provldanelalas Grand

Tuifr
Ucanaa parlod 2001-2002

38
18

8 0

Commercial Fishermen
Commercial fishing vessels
Game fishing vessels
Procassi ants

175
02
28
2

163
76

3 3
Source: Department of Environment and Coastal Resources commercial fishing
vessel license application forms.

Caribbean Spiny Lobster  Puuularis argus!
Caribbean spiny lobsteris the species that fishermen concentrate upon�during it

open season �" August-31" March! due to the high economic value of this species
 approx. $7.22/kg landed live weight at the processing plants!. Lobster  legal size
8.3cm carapace length! are caught by fishermen fic diving using fins and a snorkel
enabling them to reachdepths sometimes inexcessof 1 8m Clerveaux2001c, Bennett
2000, Anon. 1998!. When diving, the fishermen utilize a fishing hook attached to a
fiberglass rod to impale the lobster and bring it to the surface. About 90 /o of
crawfish aie caught during the 2001-2002 season using the hook. This practice-
although illegal according to the Fisheries Protection Ordinance - has been ignored
by the DBCR since the expiration of a temporary waver in 1990. Fishermen utiTize
the hook because this is more efficient than either the buHy and net or the toss.
Unfortunately once a lobster is "hooked" in the abdomen it often dies. Due to almost
total mortality of lobster following hooking, little can be done if the lobster is
subsequently found to be either egg bearing, undersize or tar spotted  possession of
lobster exhibiting any of these traits is prohibited!  Bennett 2000!. Undersize lobster
caught intentionaHy/unintentionaHy are not usually landed at the processingplants, as
this is where Fisheries Officers conduct�most ofthei inspections. Illegal lobsters are
either consumed by the fishermen an their families or sold on the "black market" to
hotels and restaurants which serve the lobster as "lobster hash". To ensure a closed
season, the DECR requires establishments selling lobster to file an annual return on
the last day of the season stating how much lobster they have in their possession  the
aim of this is to remove the "black market" demand for lobster during the closed
season!. However, this does not work Commonly the lobster holdings of the
establishment selling lobster do not diminish. To negate this problem and to reduce
fishing effort during the�closed seasonon�lobser, lobster shouldbe removed f'rom the
menu on restinirants and hotels, as has been done in other Caribbean countries.
Unfortunately this is proving difficult to garner pofitical support for as it is thought
that this may effect tourist revenue � despite the fact that this scenario not been
experienced by other Caribbean nations that do not aHow the sale of crawfish by
restaurants during their closed seasons.

Another deleterious practice occurring commonly in conjunction with the use of
the hook is the use of gasoline, bleach or washing up liquid. The liquid is squirted
into cracks and crevices to irritate the lobster into coming out into the open so they
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can be easily caught. The intmductionofhydrocarbons, chlorine orphosphates fmm
the washing up liquid! may have deleterious effects upon the flora and fauna
comprising the substrate in the immediate vicinity of the use of this hquid  Bennett
2001, Bennett 2000!. The fishing community is highly vocal about this method of
catching lobster, with many of the older fishezmen being opposed to its use and
stating that reefs are dying due to this reason. The DECR is researching a technique
to identify Iobstezs caught with bleach to provide a method of enforcing legislation
that already bans the use of noxious substzuzces to catch marine pmducts. Bleach or
gasoline is also used to wash off the eggs on berried lobster. Evidence of fishermen
usingbleach to catchlobster can oitenbeobservedas the clothes ofthe fishermen ar
often covered in bleach stains  Vaughan 2001 pers. obs!.

Conch  Shzpzzzbzzs gigas!
Conch is the staple pmtein for the population of the TCI  Sadler 1997!. Conch

is collected by free divers and is "knocked"  shelled! onboazd the fishing vessel
 vessels used by fishermen throughout the TCI for the harvest of lobster and conch
are predominately Sm Boston Whaler type hulls with a center console and a 75hp
outboard engine with a crew of three!  Clerveaux 2001c!. The meat is then handed
at pmcessing plants where fishermen are paid appmximately $1.80/kg. Conch is
managed by a closed season for export �5 July-14' October!, size zestrictions and
a quota for 2002-2003 currently set at 747,776kg of landed product  meat plus
trinunings!, which is divided between the five processing plants. The pmcessing
plants then clean the meat obtaining 37 8o meat 10 /o tzlznmings and 43 /o waste
 Bennett2001!. The meat and the trizmnings ar then either sold locally or exported.
Fisheries Officers regularly conduct inspections of M pmcessing plants and the
exported marine product. A backvnmh step in the management of the fishery was
made in 2002 with a decision to revoke a zequiznnent that all exported marine
product had to be inspected and taped by a Fisheries Officer prior to export. This
requirement had been in place for one year and allowed accurate tracking of the
conch export, as well as ensuring that no illegal export of conch could occur.

Illegal Fishing
Poaching  the collection of marine product! by unlicensed fishermen is a

considerable pmblem in the TCI. The pmblem originates fmm two souzces-
fishennen fmm within the islands and fislzezmenbasedoutside of the TCI. Inthe fizst
instzmce, fishermen predominantlyHaitianillegal immigrants! go out to seaand fish
either together or with alicensed foreign commercial fisliezzznn the licensed foreign
commercial fishezznenazeaiso illegallyfishing as they must fish with a "Belonger" on
board the fishing vessel!. These illegal fishennen exert considerable fishing effort
since they also fish even in the worst weather when the DECR aud other Sshing
vessels do not venture out to sea to either apprehend or repor them  Bennett 2001,
Bennett 2000!.

A further pmblem for the TCI fishery and other Caribbean nations is the high
incidence of poaching by fishezmen from the Dominican Republic  DR!. Duzmg the
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2000-2002, nine vessels and approximately forty dinghies with hooka compressors
with a total of one lnnwhed fishermen were apprehended  the captain and engineer
fiom each vessel received custodial seatet tees with the remainder of the crew being
repatriated!. The DECR subsequentlyconfiscatedandeither soldor sunkthe vessels.
The development of a policyunder which each poacher vessel is sunk is desperately
needed since many of these vessels sold to Belongers find there way back to the DR
only to reappear within TCI waters poaching again. The Marine Branch of the
RTCPF conduct joint operations with the DECR utiHzing offshore capable patml
vessels. Location of poaching vessels is achieved using a Fisheries Of5cer as a
spotter in the Police aemplaue that conducts regular patmls of the TCI economic
exclusive zone. A further concern is that foreign fishermenemployedlegallyto assist
TCI fisherrnen gain a great deal of knowledge regardiag the fishin gmunds of the
TCI and can pass on this information to the poachers. The Dominican poachers
conduct their fishing activities using hooka and spear guns  both of which are illegal
in the TCI!. A major problem with illegal fishermen based both in/outside the TCI
is that they plan only to be fishing in the TCI over a limited time fame  months or
hours!. Therefore they do not have a long-term interest in the health of the fishery,
demonstrated by the fact that the majority of their catches consist of undersize, out
of season, berried crawfish taken by illegal methods.

THE STATE OF THE FISHERY

The lobster fishery is exhibiting signs of overfishing, Clerveaux �00lc!
demonstrated that the ratchet effect of increasiag effort to maaaain fishing yields is
occumng with fishermen deploying faster larger vessels and travelling further afield
to land comparable amounts of lobster. Bioeconomic analysis of the lobster fishery
advocates a mduction in the number of 6shing vessels gradually fmm 198 in 2002 to
73 by 2010 with no concomitant increase in vessel size or numbers of fishermen
 Puga 2002!. It is clear fmm mathematical modeling that the MSY for lobster in the
TCI has been surpassed and that uicreased effort mairrtaining catches is actually
masking a decline in the lobster stocks. It is therefore of grave concern that the
lobster fisherywill subsequently crash,placing additional pressures ontheconchand
scale-fish populations iffishing effort is aotreduced. At present theconch stocks ate
healthy and well managed by a quota: determinel by a mcent nationwide visual
census and mathematical modeling  Clerveaux 200la, Clerveaux 2001b, Medley
1999, Ninnes 1994, Berg JR 1989!. However, there is no mom for increasing the
quota, which both processing plant operators and the fisitermen will advocate to
maintain marine pmduct landings and revenue. Furthermore, the high percentage of
legal foreign fishermen and the trend for Beloager fishermen upon retiring applying
for and obtaining permits for foreign fishermen to work for them is a worrying trend
as fishing effort continues to�increas Table4!. Scale-fish populatioas arenot fished
commercially to any extent, offering an opportunity for fishermen to diversify into.
Although for a scale-fish operation to be financially viable, a significant investmen
by fishermen in time and labor is required. There is cunently little expertise in the
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islands amongst the local population to operate a commercial scale-fish, fishing
vessel. For a scale-fish fishing vessel to be economically viable, it must stay at sea
fishing for several days. This is a big hindrance to the local fishing populac who are
used to spending no more than eight hours at sea each day and have no desire to
change this.

Table 4. Number and percentageof licensed commercial foreign %sherman exerting
eifort within the TCI tishe .

Year Commercial
tlshennen

Foreign
Nshermen

2001-2002
2000-2001

52
59

378
350

13
17

Source: Oepartment of Environment and Coastal Resources license application
forms.

APPROACH TAKEN TO MANAGE THE FISHERY

During 2001 a more rigomus appmach to enforcement of fisheries legislation
was taken. The decision to take a top down approach was taken as fishermen were
blatantly flouting the fisheries legislation, especially with regard to the landing of
undersize lobster  up to 70 % were undersize on the 1" of August 2001!. A
successful pmsecution of a pmcessing plant and a Belonger fistiernum lead to a
draniatic reduction in the imdersize lobster being landed  Vaughan 2001 peis. obs.!.
Fisheries Of8cers ate oftenconstrained in theirjobs bysimng family and fishing ties
inherent within the islands, indeed many of the Fisheries Officers are ex~mmercia
fishernMn. Therefore, vnunings are commonly given rather than legal action, acting
as little future deterrent to the fisherma. By stressing that each Fisheries Gf6cer has
adutyto enforce thelegislafion,and establishing an eiivimnmeiital educationpiogram
which started withtheestabiishinentoftwo EnvimnmentOfficers, the DECR started
to take a holistic approach to fisheries management in 2001. The Envimnment
Officers were tasked with�raisingenvimnmental�wareness amongst the general public
and running a turtle taggingj'monitoring program. Awareness of the importance of
leaving undersize lobsterswas stressed by issuingeachcoinmercial fisherman with a
infcumation sheet and a phistic caliper to measure the lobsters carapace length.

To impmve the effectiveness of the extensive MPA system thmughout the
country  established to protect lobster, scale-fish and conch stocks and to provide
managers with a tool to regulate development!, the MPA boundaries were depicted
for the first time in2003�on commercia readilyavailable/affordable navigationchart.
Substantial effort and expense has been channeled into deinsrcating the MPA
boundaries- this pmcess is ongoing. A reviewoftheFisheries Protection Ordiriance
was conducted in 2002. Alterations to tighten up the legislation are under
consideration with the Attorney General. Once reviewed the changes will go to the
FAC fordiscussionandfor thememberstogatherconunents fmm other stakeholders.

The DECR is fairly well funded and equipped compared with other Caribbean
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nations  Gravestock 2002!, nevertheless the extent aud nmnber of MPAs piecludes
thorough and effective management. Indeed, the very fiict that so much of the
territorial waters are protected causes a~eat deal of conflict between the DECR and
fishermen.

Rapid development throughout theislands, andthegovernmental viewthatcruise
ship tourism is the way for the islands to press ahead economically, wiH further
stretch the resources of the DECR; this in turn compromises its' abiTity to secure the
sustainable and wise use of the natural resources of the TCI for future generations
unless the DECR is further strengthened with personnel, equipment and expertise.

CONCLUSION

InordertomaintainaneconomicaHy and ecologicaHy viable fishery, several steps
need to be taken to reduce effort within the fisheiy and to ensure that the local
people, who have along-term stake in the environmental integrity of the fishery, are
those that benefit directly fiom the fishery. Rapid development of the TCI, in
conjunction with rapidly increasing fishing efficiency and effort through the use of
foreign fishermen, larger vessels, larger engines etc. are the main threats to the marine
resources of the islands.

In order to constrain fishing effort emphasis should be on:
i! Theimplementationofacaponthenumberofcommercialforeignfishennen

that are issued licenses - these fishermen should only be issued licenses in
accordance with the existing legislation: i.e. they are to assist an elderly or
infirm "Belonger" 6sherman. The assistance should be limited to one
commercial foreign fishennan to each such person and no foreign fishenmm
should be issued if the "Belonger" ceases to fish.

ii! Removal ofthe powertoissueforeignfishermenlicenses fiomtheMinister
for Natural Resources. This capability should be transfened to the FAC to
negate political pressure being exerted on the Minister each year by
"Belongers" wanting foreign 6shermen to work for them.

iii! Banning hooking to catch lobster, implemented within a year following an
extensive retraining pmgram whereby the older fishermen proficient inthe
use of the toss and the buHy to catch lobster! are used to train fishermen that
have no experience with this gear type.

iv! Continue the process ofdemarcating the boundaries of the marine protected
areas and foHow through with the campaign to raise awareness of their use
and purpose amongst marme resource users.

v! Ban the sale of lobster at markets, restaurants, shops and hotels during the
closed season, thereby reducing the incentive for fishermen to poach off
season since the demand for this product is immediately removed.

Development is already eroding the integrity of the MPA system within the TCI;
this is due to the fact that the islands have become very accessible due to the high
number of scheduled Bights fiom the USA and Europe. Tourism brings with it
benefits for a country's economy, however a country must decide at what part of the
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spectrum is it most suited for economically, eavaoamentaHy and socially. With a
country aiming for exclusive tomism, the economic benefits can�behigh and althoug
the environmental resources per tourist are also high, the overall impact upon the
environment is much lessthan in a situation whereacouatry aims for mass marlreting
and medium/low end tourism, i.e. package holidays and cruise ship developments.
With cruise ships aow docking on a regular basis on Grand Turk, the pressure upon
MPAs amund Grand Turk is mounting. As tourism iacreases throughout the islands
and economics favor the development of scale-fish resources, then this resource wiH
come under pressure. Unfortunately this resoume is likely to be exploited by a select
few people utilizing foreign labor to catch the fish. This, in turn, allows the common
marine resources of the islands to be eroded by those that have little or no Iong-tenn
stake in the envimnmental integrity of the Turks and Caicos hlands.

It is the continued commitment and effort of those people in the TCI actmg as
the stewards of the marineresources that hold thekeyto the long-term pmtection and
utilization of those resources for future geraautions. A holistic alipanich to
management thatencompasses the involvementofstakehoiders thmughtheutihzation
of an effective FAC and regular fislieaiiea's meetings, and the continued active
enforcemeatoffishenes/national parks legislatioathmugha "top down" approachto
manageaient should be contiaueL This, in-conjunction with the envimnmetital
education and o~ appmach bottom up" offers the most hope for the
susttuaable and wise use of the mariae resources of the TCI.
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ABSTRACT

The Grenadine Islands lie on the Gretmiine Bank extending some 120 km
between Grenada and St. Vincent, and occupy about 1,500 km2 of the bank. This
area supports the most extensive coral reefs and related habitats in the south-eastern
Caribbean. The international boundary between Grenada and St. Vincent and the
GrerMuHnes lies about midway down the bank. The largest islands have towns and
communities. Others are resort islands. Most are visited by yachters and fishers.
Tourism and fishing are the major sources of employment in the area. Tourism
development is proceeding apace, while fishery resources appear to be fully or
overexploitaL Governments ofboth countries perceive their GrenMhne Islands as
having high potential for tourism an associated development. They also recognise
the vulnerability of the marine and terrestrial ecosystems of the area to
environmental degradation and that sustainable development depends on
conservation of the resources. There the emerIyng view that the entire area should
be a transboundary World Heritage Site. The Tobago Cays Marine Park has been
established and other MPAs are planned, but a broader approach is needed.
Achieving sustainable livehhoods &om marine and coastal resources will need
organisational change at many levels. There is a complex interplay of local and
internabonal private interests, local, national, and international NGOs, as well as
tensions between main island government and local inhabitants. Therefore,
conventionailyplanned change is dif5cuit to implement. The model ofoqymisational
change that is most likely to be applicable is one based the science of complex
adaptive systems and chaos theory. Intervention should employ 'containers',
'significant differences', and 'transforming exchanges' to increase the capacity for
self-organisation among stakeholders. Understanding of other chaos elements such
as boundaries, butterfly effects, coupling and attractors can be used to encourage
self-organization

KEY WORDS: Caribbean, coastal, livelihoods, co-management, transboundary,
self-organisation, complex adaptive systems, chaos theory
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Recursos y Sustentos Costeros en las Islas de Grenadine:
Facilitando el Cambio en Sistemas

Individuales de Organizacion
Las islas de Grenadine se encunetran en el banco de Grenadine que amplia

alguno 120 ki16metms entre Grenada y St. Vincent, y ocupacerca de 1.500 km2 del
banco. Esta hrea apoya los anecife coralinos tmis extensos y los habitat relacionados
del Caribe south-eastern. El Iimite internacional entre Grenada y St. Vincent y el
Grenadines miente sobre mitad del camino centraa abajo del banco. Las islas mas
grandes tienen ciudades y las comunidades. Otras son islas del recure. Lamayoria
son visitadas por yachters, y los pescadores. El turismo y la pesca son las fuentes
.principales del empleo en el he+ El desanollo del turismo es apace que procede,
mientras que los recursos de la industria pesquera aparecen estar completamente u
overexploited. Los gobiemos de ambospaisesperciben sus islas de Grenadine corno
teniendo alto potencial para el turismo y desarrollo asociado. Tambibn reconocen
la vulnerabihdad del marina y los ecosistemas terresnes del hosea a la degrmlaci6n
ambiental y ese desarrollo sostenible dependen de la conservaci6n de los recursos.
Am la visi6n que emerge que el Area enters debe ser un sitio translronterizo de la
herencia del mundo. Se haestablecido el parque marina d Trinidad y Tobago Cays
y se planes el otro MPAs, pero un acercamiento mhs amplio es necesario. La
realizaci6n de sustentos sostenibles de recursos marinas y costeros necesitarh el
cambio de organizaci6n en muchos niveles. Hay una interacci6n compleja de los
nGOs privados locales e intemacionales de los intereses, locales, nacionales e
internacionales asf corno tensiones entre el gobierno principal de la isla y los
habitantes locales. Por lo tanto, el cambio estructurado, previsto es dificil de poner
en ejecucio'n. El modelo del cambio de oryuuzaci6n que es mhs probable ser
aplicable es uno basado en teorfa del caos y la ciencia de sistemas adaptantes
complejos. La intervenci6n debe intentar aumentar lacapacidad para launo mismo-
organizacio'n entre tenedores de apuestas. Debe identificar elementos tales corno
efectosde lamariposa, envases, eintercambiosquetransformanque desempe5enun
papel en la uno mismo-organizacio'n y con custos para ampli6car efectos positivos
y para humedecer la negativa unas.

PALABRAS CLAVES: Del Caribe, costero, sustentos, co-gerencia, tmts&onteriza

INTRODUCTION

The Grenadine Islands
The areatobe addressed in this project includes the Grenadine islands whichlie

on the Grenadine Bank extending some 120 km between Grenada and St. Vincent
and the adjacent marine habitats of the bank itself  Figures la and b!. In this area,
there are over 20 islands, of which nine have permanent settlements. The largest
islands-Bequia, Canouan, Mayreau, Union I., Petit Martinique and Carriemu have
towns and communities withpublic schools, clinics, utilities! and private supporting
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ixdrastructuxe  Table 1!. Others are resort islands � Pahn I, Petit St. Vincent. Most
others are visited by yachters and fishers.

Table 1. The inhabited Grenadine islands.

island
Bequia

Mustiqus
Canouan
Mayreau
Union I.
Palm I.

Petite St. Vincent
Petite Mar5nique

Carriacou
Total

8.1
5.2
7.8
2.8
8.3
0.5
0.5
2.3
33.7
67.0

4400
1300
1800
200
1900

Resort l.
Resort I.

600
8,000
18300

Development Potential and Problems
The entire Grenadines area is noted for its beautiful scenery, spectacular

beaches, and diverse marine habitats that include coml xeeS, mangroves and seabird
colonies. There, the emerging view by many is that the entire area be declared a
transboundaxy World Heritage Conservation Site.

Marine-based activities are the mainstay of the economy of the area Tourism
is a major source of employment and tourism developxnent is proceeding apace.
Private sector actives include: resorts, hotels, guest houses, restaurants, SCUBA
dive operators, day and longtu-term cruise operators, crafts, and shops. There axe

There is. access by air to Bequia, Mustique, Canouan, Union I., and Carriacou
which have airstrips for smail commuter aircraft The axes is also served by two
passenger and vehicle fexxy systems: one between St. Vincent and the ishmds of St.
Vincent and the Grenadines  SVG!; the other between Grenada and its two
Grenadine Islands. Small cargo vessels and water taxis  speedboats! operate
throughout the area

TTxe area of bank occupied by the Grenadine hlands is about 1,500 km' most
of which is shallower than 50 m. Thus, the area supports the most extensive coral
reefs and related habitats in the south-eastern Caribbean. All islands have a variety
of surrounding Singing, patch and barrier xeeS, and there are numerous offshore
reef shoals on the bank. There axe xeef-related sesgxass and lagoon habitats and
areas of extensive mangrove forests.

The ixxternational boundary between Gxexmla and St Vincent and the
Grexudines runs east to west across the bank between Petit Martimque and Petit St
Vincent  Figure 1!. Nonetheless, the linkages among all the Grenadine Islands on
both sides of the boundary axe historicaliy strong and continue tobe active. Fishing,
informal trade, tourism and island social life proceed with little attention to the
boundary. In both countries 'mainlanders' concede that the connections among the
Gxenadixte islands are in most cases stronger than those with the main island.
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also under-utilised land-based opportunities for earnings through cultural and
heritage developments that would diversify the tourism sector. Fishing is the other
major source of employment in the area and has long been a source of exports to
neighbouring islands  Table 2!.
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Figure 1. The location and details of the Grenadine Islands.
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Table 2. Main source of income for residents in three Grenadine island
communities  from Canada/SVG Fisheries Development Project 1992!

Source of Income Paget Farm - Bequta Canouan CIIIlon
Union I.

Tourism

Fishi
25%
33%

25%
25%

Biodiversity aud Marine Resource Conservation
Marine resource and biodiversity conservationate fundamental to sustainable

livelihoods in the Grejjuuhnes. These are in turn a6ected by the land use practices
on the islands. Thus, it necessary to consider both tenestrial and marine resource
use practices in planning for biodiversity conservation.

The Government of SUG  GoSUG! has established the Tobago Cays Marine
Park  TCMP! as both a major attraction and a means of conserving marine
biodiversity. The TCMP is the focus of marine aquatic recreation  diving, day
sailing, yachting! for the entire area. Private yachts visit the park, and the area in
general, mainly fiom throughout the eastern Caribbean but also &om beyond.

The TCMP was declared a regulated area in 1987 under the Fisheries Act, then
supported by a Marine Parks Act in 1997, and reydations in 1998. There is a
Board of Duoctors, a Park Manager, and a Mimagement Plan. However, there has
been little progress with implementing the Plan and enforcing the regulations. The
extent of involvement of local NGOs in the park and the capacity of the board and
management unit are of concern for the success of the TCMP. Other Marine

The Governments ofboth countries perceive their Grenadine islands as having
high potential for earning foreign exchange through tourism and associated
development. Both Governments also recognise thehigh vulnerability ofthemarine
aud tenestrial resource systems of the area to environmental degnulation and the
dependency of sustainable development on conservation of the resources.

Unplanned development and unregulated use of terrestrial and marine habitats
and resources have already led to signi6cant degradation in many areas. There are
problems with:

i! Overfishing,
ii! Near shore habitat destruction and degradation,
iii! Terrestrial devegetation and overgrazing,
iv! Sedimentation,
v! Solid waste disposal fiom land and boat sources,
vi! Sewage disposal fiom land and boat sources, and
vii! Recreational abuse of coral reefs.
There is no integrated framework within which to pursue development aud

conservation. Local governmental and non-governmental organizations lack the
capacity to develop the &amework or to participate fully in its development
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Protected Areas  MPAs! are being considered in other parts of the SVG
Grenadines.

Several MPAs have also been identified as desirable for the Grenada
Grenadines. These are proposed in an Integrated Physical Development and
Environmental Management Plan for Camacou aud Petit Martinique prepared in
1998. Implementation of this plan has been hindered by lack of stakeholder buy-in
and participation, and the capacity of NGOs to take part. One NGO, The Carriacou
Environmental Committee, has taken the lead in establishing one of the MPAs off
Hillsborough, Carriacou. Support through linkages with other MPAs, organisational
capacity building and access to technical information on MPAs would greatly
facilitate its progress with the MPA.

Summary of the Situation
Inhabitants of the Grenadine Islands area arehighly dependenton the marine

environment for sustainable livelihoods. The area has the potential to sustain these
livelihoods while contributing to the national economies and to regional and global
biodiversityconservation. These potentials arepresentlybeingemdedbyunplanned
and uncoordinated development and continuing negative impacts of the rescmace
users, both extractive and non-ertractive. There is a need to reorient the
stakeholders in the Grenadines towards sustainable use of the marine resources.
I.and-use issues have bearing on this too, and a holistic approach is needed. This
reorientation will involve full engagement of the stakeholders in the process,
including strengthening their capacity to take part in planning and decision-making
processes, as well as in the implementation of the plans.

THE PROJECT

A project to facilitate change is being developed. The goal of the project is:

The integrated sustainable development of the Grenadine Islands area
for the social and economic well being of the people who live there, as a
contributor to the national economies, and to conserve their biodiversity. "

The primary purpose of this project is:

"To develop a participatory integratedsustainable development planning
Pamework for the area and to implement those components of the plan
that are directly associated with uses of the marine resources and
environment. "
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A secondary purpose is:

'7'o develop a model forparticipatoryintegratedsustainable development
in small island systems that can be adapted and applied elsewhere. "

The goal and purpose are entirely consistent with and guided by several of the
"Principles of envimnmental sustainability iu the OECS"  OECS 2001!.

The Project Approach

The project is conceived for implementation in two phases:

Phase 1 � Stakeholder assessment and participatory project development � will
involve stakeholder assessinent and mobiTisadon, including an appraisal of
Government and NGO capacity for participation. A participatory strategic planning
ymcess will be used to develop an integrated &amework, and to generate the
information required to prepare the proposal for the 5-year pmgram to be
implemented in Phase 2.

The oulputs &om Phase 1 will be:
i! Increased stakeholder awaieness and commitment for involvement;
ii! Information on the relative intercepts and capacities of stakeholders;
iii! Strategic and action plans;
iv! Identification of the stakeliolder alliances needed to effect continuous

change towards sustainable development in the Grenadines;
v! Proposal for funding of the of the 5-year core pmject;
vi! Related activities identified for subsequent proposal develoyment.

Phase 2 � Implementation of the main elements of the 5-year core program � is
expected to include asubstantial institutional capacity building component for local
NGOs and government departments. It wiH focus on the establishment of
management and co-manageinent systems required for siistainableresoume useand
management. Theie maybe some elementsofin&astructure development ItwiH also
include the prelxindion ofpmposals for related elements that exceed the budget and
immediate scope of the core pmject

The Desired Impact of the Project
This integrated project is expected to have bmad positive impacts on the

conservation of marine resources and biodiversity in the Grenadines aud on the
sustainability of the livelihoods of the people who depend on those resources. It is
expected to achieve this by:

i! Strengthening the capacity of NGOs, government and the private sector to
work together to develoy and implement projects;

ii! Demonstrating the benefits of comanagement ananlyments where NGOs can
become partners in the management ofresources, such as fisheries and MPAs;
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iii! Increasing, throughout the Grenadines, an awareness of their dependency of
marine resources, the vulnerability ofthe marineenvironmentandcommitment
to conservation and sustainable use;

iv! Enhancing the environment for sustainable economic opportunities and
development of both human and physical capital;

v! Providmgmulti-faceted linkagesbetweenindividual,community,national and
transboundary developmental goals and the means of achieving their specific
objectives;

vi! Improving understanding by 'main island' government partners in St Vincent
and Grenada of the issues and special needs in the Greiiadines;

vii! Promoting the Grenadines nationaHy, regionaHy and globally as a weH-
managed area of special scenic beauty and biodiversity.

CHANGE IN SELF-ORGANISING SYTEMS

Increasingly, the field of organization development is being influenced by
breaktliroughs in physics, biology, chemistry, and chaos theory which spans several
disciplines. A tuining point was in 1977 when Hya Prigogene won the Nobel Prize
in 1977 for demonstratinghowcertain chemical systems dissipative structures! will
regenerate to higher levels of self-organization in response to environmental
demands.

Selfwrganization inhuman systems is explored byOlson and Eoyang �001! in
Facilitating Organizational Change. In Coping with Chaos, Eoyang �997! makes
the point that the17th century Newtonian world view no longer applies to today' s
first-paced organizational dynamics  Figure 2!. Fmm the old view, managers tended
to separate organisafions into hierarchical parts, rely on exerting force for change,
and to plan for a world that was expected to be predictable.

Figure 2. Characteristics of the common Newtonian perspective and the complexity
rs ive on or anisational s ems alter Eo a 199
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Though theuew sciences adifferen world view is emerging-one that focuses
on patterns and connections, and one that regards the whole of things and the
importance of relationships  Wheatley 1992!. When this is applied to human
organizations, change can be seen as a spontaneous, evolving, iterative process in
which patterns emerge and infiuence behavior which then generate new patterns
which influence further change.

Olson and Eoyang �001! note that self~ymization represents the tendency
of a system to generate new slrucuues and patterns based on its own internal
dynamics. Pattern, in this context, refers to any coherent structure that emerges
&om a selfwrganizing process. In this mode, organization change patterns are not
imposedfiomabove or outside but emerge fmm the mteracfions of the agents of the

Because of human pressures and practices in the Greiiadines Islands there has
been some concern about wlietlierlettemsof sustainable developmentareemerging
fiet enough to ofiset environmental degradation. The agents of the system in the
Grenadine Islands are its stakeholders: Government, private sector and civil society
 individuals and NGOs!. This project aimed to bring these agents together and to
stimulate the process of self-organization.

Leit alone, oqpuuzations and groups will selfwrgauize, but there is no
guarantee that those changes will be desirable; i.e. towards sustainable development
in the context of this initiative. However, with an understanding of systems
dynamics a change agent, who is internal or exteniai to the system may consciously
influence the direction in which the system self-organizes.

Conventional changemeasures basedontheNewtonian viewaieleaderdriven,
or to~own, however these measures often fiul when they meet resistance from
other puticipauts in the system. In a self-organizing system the leader plays an
important role, but long-lasting, meaningful change depends on the work of many
individuals at different levels of the system.

Change agents who want to influence a system toward new and innovative
patterns can formulate their inputs withreference to three system characteristics that
are critical determinants ofself-organization container','slgni5cant differenc',
and 'transforming exchanges'  Eoyang 2001!.

The concept of the 'container' refers to the limits that define the self-
organizing system or its sub-systems. A 'container' may be physical, as in a
geographical area, organizational as in an NGO, or conceptual as in an identity, a
shared vision or anoperatingpmcedure. A system maycompriseseveral containers
which may overlap, awareness of these is crucial to influencing change.

'Signi6eant differences' are the differences that occur normally in systems;
namely heterogeneity or diversity. These 'significant differences' may relate to
power, levels of expertise, gender, race, educational background and so forth. The
nature of these 'significant differences', as well as the level to which they are
appreciated may greatly influence the emergence of pat tents and struchire that are
beneficial.
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'Transforming exchanges' consist of the active connections between
participants in a system. These exchanges may include information, money, energy
or other resources that flow fiem person to person resulting in each of them being
transformed in some way. Examples of transforming exchanges include meetings,
emails, financial transactions, phone calls, etc. Feedback loops, or bidirectional
exchanges are particularly high impact 'transforming exchanges'.
The conditions that are most favourable for self-organisation are high diversity and
active feedback  Figure 3!. The Grenadines appears to be in a state of moderately
high diversity and low feedback.

Low diversityHigh diversity

Self-organisation Reinforcement and revitalisationActive
feedback

loops
No feedback

loops
Unresolved conflict

Figure 3. Organisational outcomes resulting from various axnbinations of
o anisationaldivers andfeedback ada tedfromEo a 1SQ

The proposed approach to 'Sustainable Integrated Development and
Biodiversity Conservation in the Grenadine Islands' will seek to encourage
sustainable development by influencing the above three conditions for Greiiadines
stakeholders or system agents. Many of those stakeholders have been working
toward sustainable development inisolation &omeachother. Inparticular, the larger
system which spans the two countries to which the Grenadines belong is a
recognisable, but poorly defined container.

To address the diffuse nature of the efforts thus far, this project will
attempt to define or enhance 'containers' within which the sytem agents can be
brought together. 'Containers' may include the project fiameworkitself, subprojects,
meetings and various interest groups. Aplneciation of the value of 'significant
differences' will be enhancedbybringingtogether anumberofpeople withdifferent
perspectives, experiences and levels ofexpertise. 'Transforming exchanges' will be
facilitated by an emphasis on participatory planning processes  generation of ideas
and consensus building!, and on communication networks.

Other aspects of chaos and complexity science can be applied when trying
to facilitate change toward sustainable development.  Table 3!. Facilitators of
change towards sustainability through self-organisation incomplex systems such as
the Grenadines islands can benefit &om an understanding of chaos and complexity
science as applied to organisations.



INahon, R. etaL GCFI:55 2004

Table 3. Elements of chaos theory that are relevant to organisational change
and how they may be used by change agents  baaed on Eoyang �997!!.

Chaos
element

Bxampte of possible by
cha e nt

'Bulterfiy
eSKf

A small change that can have a
profound posNve or nega5ve effect
on a system An example woukt be
a rumour.

Seek ways to prevent the spread
of nega5ve buttergies and look
for ways to enhance posi5ve
ones.

'Boundaries'

'Attractors'

Coupling

The area that lies ~ parts of
a system that have dilfemnt
characterisbcs. Organisa5onal
examples: cultural backgrounds,
learning styles, gender and
committee I5s5nctions. Changes
Iesui5ng fiom them can be
pleasant or unpleasant. Types
indude: dear and dis5nct, indis5nct,
partia5y permeable and
impermeable. 'Boundaries' can
overl, and can sh5L

Attractors can be used to describe
and understand the behaviour of
complex systems. 'Point attractors'
focus activities to a single point
'Periodic atbadors' inc5cate
Iepe55on of behaviour at regular
time intervals. 'Strange atlractors'
indicate appaten5y random
bshavhur in a system that can
ufiimately be recognised as a
pattefA.

Parts of a syslam may be coupled
in various ways. Vigh5y coupled'
components change greagy, but not
necessarily pledidably, when there
is a change in the other
component 'Loose couples'
respond more gladually to
information exchange. 'Uncouples'
have liNe or no influence on each
olher.

A change agent can incmase
awaISAess In 518 Sytem of
boundaries and their nature. This
can serve to increase
infonna5on 5ows acmss
boundaries. Indisbnct boundaries
between very ilmsrent system
elements can be areas of
innova5on and oeativity.

Goal seNng can provide
produc5ve 'point attractors' for
an organisation. Regular
finandal Iecont keepklg is an
example of a periodic attractor'.
Although 'strange atlradors' are
harder to identify in organisa5ons
a change agent can be
observant to behaviour that is
sggh5y NIfelerri or more
complex than usual and
reinforce it towant the benefit of
the s tern.

Awarermss of awpSny can
assist is determining where a
system Alay be Alost eNSC5veiy
infiuenced. Tight coupkal' can
be managed to enhance
transl'ormlng feedback and
minimise the Sweets of disruptive
unprec5ctabte responses.
Attention can be paid to
enhancing coup5ng in uncouples
that would benefit from i
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ABSTRACT
There is Httle information in the Hterature on the role of women in fishing

communities m the Caribbean and in much of the world. From the information
available, women are involved directlyin some aspects of 6shing, community work
that supports the fishing economy in general, and household work that provides a
support system for fishers. When Fisheries Of6cers in 13 Caribbean countries were
asked their perception and assessment on the role of women in fishing economies,
they ranked women's participation "high" for marketing and processing, "low" for
6shing and "medium" for investing. In the Caribbean, there is little or no
recognition of women's work in fishingcommunities. However, their contribution
to some aspects of the fishing economy may be significant and warrants attenfion.

KEY WORDS: Caribbean, fishing economies, women fishing

Mnjeres del Caribe en la Economia Pestmnera

Las mujeres eneconomias del Caribe de hpesca estrin implicadas activamente
en la comerciaHzaci6n y distribuci6n, procesando, invirtiendo, y pescando en un
grado inferior. En el Caribe, corno el resto del mundo, hay poco o nada de
reconocimiento del trabajo de las mujeres en comunidades de la pesca. Su
contribucibn se ha descrito corno insignificante. Peto estas mujeres insignificantes
e invisibles deben participar en el planeamiento de Ia gerencia de las indushias
pesqueras y poHcy-making, pues son el conm5n de las comunidades de la pesca.

PALABRAS CLAVES: Caribe, economfas pesqueras, pescadoras

INTRODUCTION

%omen in some parts of the world and the Caribbean make mvisible yet
importantcontributionto fishingcommunities Nadel-Klein and Davis 1998, Jentofi
1999!. From the sparse information available in the Iiteratiire, women ate involved
in conununity and household work, personal care, and fishing economies.

In the rest of the world, women's contribution includes community work
 culture, poHtics, social class, hn organization!, household work tahng care of the
family unit!, individual care  self-esteeni, social honour!, and being involved in
fishmg economies {marketing, processing, fishing!. At the community, household,
and individual levels, the roles which women play in establishmg the fiunily and
developing hnship withincommunityare ofien undermted  Jentofi 1999!. Kinship
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is the basis of economic cooperation and social structure  Nadel-Klein and Davis
1998!. Women's non-monetary work within the household and community also
support and strengthen community cohesiveness  Prainanik 1994, 1996, Larkin
1995, Norr and Norr 1997!.

Women' s roles in fishing economies are important contribution to the livelihood
strategies adopted by the household. Marketing and distribution can be specific to
different cultures and/or country. In some fishing communities, women are solely
responsible for the fish once they are landed  Nadel-Klein and Davis 1988,
Schweitzer de Grys 1988, Johnsen 1992, Geheb 1995,Noir and Norr 1997!. While
in other cultures, men are solely responsible formarketing and distributio. Women
are also involved in fish processing, such as gutting, sun-drying, smoking, salting,
canning, and fieezing. In some communities women are wage labourers in fish
processing plants  Muszynski 1987, Nadel-Kleinand Davis 1988, Gulati 19SS, Silk
1994!. Women play an active role in subsistence, non-commercial, and commercial
fishing. They exploit marine and riverine finfish and shellfish  Chapman 1987,
Nadel-Klein and Davis 1988, Pramanik 1994, 1996, Jentoit 1999, WhiteetaL 2000,
PramanikandNandi 2001, Fields, 2001!. Women have been known to captainbcets
 Nadel and Davis 1988!, work aboard vessels as cooks, deckhand and crew Allison
1988!, and perform minor tasks to support fishing activities e.g. net repair and
making  Priunanik 1994, Norr and Norr 1997!. Women active in processing and
marketing have also moved into positions as entrepreneurs who finance their own
boat and gears  Gulati 1988!. Some are involved innon-fishing economic activitie,
part of the economic support system of fishing communities. A few women are
involved in giving loansto fisherme, openiting small enterprises such as smaH snack
stores, bars, restaurants and making and selling alcohol  Norr and Norr 1997!.

As in the rest of the world, Caribbean women play a central role in fishing
communities  Williams 1827, Wojtowicz 1950, Davenport 1954, Comitas 1962,
Aronoff 1967, Rudder 1987, Williams 1990, Smith and Koester 2001!. The
objective of this paper is to sumniarize available information on the roles of women
in Caribbean fisheries and to document the perceived roles of women in Caribbean
fishing economies.

METHODS

A literature review was conducted to obtain information on Caribbean women
in fishingcommunities. Since mformation in the literatiue was sparse, a survey was
undertaken. Directors of Fisheries, Fisheries Officers, and knowledgeable
individuals in 13 Caribbean countries were asked to give their perception on the
roles of women in fishing economies. Officers &om Antigua and Barbuda  ANT!,
Barbados  BAR!, Belize  BZE!, Commonwealth of Dominica  DOM!, Grenada
 GRE!, Guyana {GUY}, Jamaica  JAM!, St Kitts  SKN! and Nevis  NEV!, St.
Lucia  SLU!, St. Vincent and the Greiiadines  SVG!, and Trinidad TRI! 4 Tobago
{TOB! were asked to complete a short questionnaire. The information generated
provided baseline information on women in Caribbean fishing communities. Further
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work is being camedout to obtain information on social and economic contribution
of women in Gouyave, Grenada, as part of a larger study.

Literature Contribution on Women in Caribbean Fishing Communities
In the Caribbean, few studies have been done on women's mles in fishing

communities. Some information was available on women's roles in fishing
economies, but very little of their social contribution. In many instances, the
literature did not separate information by gender.

Community andHousehold 8'ork � There was very little information on women' s
community, individual, and household work in fishing communities. McConney
�995! pointed out that networking and reciprocity seem to differ by gender, but
stated that these concepts have not been applied to eastern Caribbean fishing
industry.

In many fishing communities, the primary occupation of males is harvesting.
Women's roles ate multiple and diverse. They not only participates in increasing the
outputs fmm fishing economy, but they engage in other livelihood activities, such
as, managing household finances�andtaking care ofth fiinniy. Rudder�987! wmte
about "Jean", a45 year old womanwho has 2 daughters and 1 son and lives with her
husband in Vieux Fort, St. Lucia She purchased fish wholesale; managed her
husband's four boats; owned a grocery store, a bakery, and a restaurant, and was a
member of the fisherman's cooperative. In this example, Jean took care of her
family, pmvided employment for community members, and managed the fishing
business.

Fishing Economies � The literature gives many examples of women' s involvement
in marketing and distribution. In Antigua and Barbuda, marketing was the main
activity in which women were engaged  Williams 1990!. Some 63 of the women
interviewed weie involved in marketing offish. Williams, 1990 noted that some 20
of persons who owned large fish-marketing operations, were women. In Lances
Bay Jamaica, there was a pattern of cooperation between fishing crews and women
market agents in the village  Comitas 1962!. In Dieppe Bay, St Kitts, fishers gave
their fish to women who worked full time at selling them  Amnoff 1967!. In St.
Lucia, women were involved in bothwholesale and retail marketing offish Rudder
1987!. In The Virgin Island USA, women would sit all day in the markets with their
straps of 'bright-hued' fish  Wojtowicz 1950!. Williams �990! reported that in
Antiguaand Barbuda80pement of womenin the study were involved in pmcessing.
They used two methods of processing � icing and cookmg. Regarding women
investors, there was little information in the literature. In Barbados, females owned
7.6 of day boats, and 8.5 of the "iceboats"  boats which carry ice and do multi-day
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trips! and longliners  McConney 1995!. In Jamaica 7 of registered boat owners
was female  Fisheries Division 2002!.

Toe lesser extent, women, were also involved in fishing. On the island of Caye
Caulker, Belize, Sutherland �986: 88! reported,

"8'omen may line fish at times, learn to spot lobster traps, or clean the
inside of a boat, but they do not became fishermen .

Williams �990! noted that very few Antiguan women were involved in fish
harvesting. Those actively fishing were involved in spearfishing, SCUBA diving,
beachseine, and sport fishing. In Jamaica only 1 of registered crew members were
female  Fisheries Divisio 2002!. In St. Lucia, women and teenagers often dived for
sea urchins  "sea eggs"!; children would break the shells, and both men and women
prepared them  Smith and Koester 2001!.

Table 1. Perceived ranked order of female involvement in fishing economies in 13
Caribbean countries.

Acttvttiee A B B D G G J S N S S T T N INean
N A Z 0 R U A K E t. V R 0 rank
T R E lit E Y tW N V U G 1 B

Marketing 1 1 2 1 1 2 1 1 2 1 1 2 3 13 1.5
&
Distribution
Processing 2 2 1 2 2 1 2 4 1 2 4 1 1
Investing 3 3 3 3 3 3 2 3 2 3 2
Fishi 4 4 4 4 4 3 4 3 4 4

13 19
11 2.7
10 3.8

 KEY: 1-high involvement to 4-low involvement!

Marketing and Distribution � Caribbean women were mainly involved in
wholesale and retail marketing and distribution of fishery products. In aH 13
countries women retailed fish  Table 2!.

Perception of Women's Roles in Caribbean Fishing Economies
This section presents percivtions &om Caribbean area Fisheries Officers and

Director of Fisheries of women's roles in fishing economies. The main areas of
involvement - mean rank fiom I high involvement to 4 low involvement - were
marketing and distribution �.5!, processing �.9!, investing �.7!, and fishing �.8!
 Table 1!. InBelize, Guyana, Nevis, Trinidad, and Tobago processing was the main
area of involvement.
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Table 2. Perceived women's involvement in marketi and distribution
Activities A B B D G G J S N S S T T

N A Z 0 R U A K E L V R 0 Coutitrles
T R E SI E Y lN N V U G I B involved

N ~13
Wholesale v sg

Retail v v w M M v 4 v 4 4 4 1QQ

Processing � Fishprocessing methods includes icing, salting, smoking, drying, and
the making of fish paste, fish crackers, and fish baHs. Women either ~ wages
inpiucessingplants, or processed fish  gutting, fiHets! in the markets or fish landin
sites. Demersal finfish, fiying fish, and offshore pelagics were the main fish types
processed in plants  Table 3!.

Table 3. Perception of women's activities in fish processing, markets, and fish
ants.

8 T T
V R 0
G I B

b b b
b b
b

Investing � Women invested in boats and gear, processing establishment, export
companies, gear and tackle store, and vehicles for distributiorL Of all the countries
investigated 85 percent reported that women owned boats and gear  Table 4!. This
suggests that although women were not activelyinvolved in fishing, theyowned the
boats fiom which men fished.

Table 4. Perceived investment of women in Caribbean fishi economies
A B D G G J 8 8 8 T T Total
N A 0 R U A K L V R 0 Couatrfes
T R N E Y N N U G l B N~13

Processing
establishment owner
Export company owner

V v 23

15

Demersal finfish
Flying fish
0ff'shore pefagics
Conch
Lobster
Shrknp & groundfish
Shark

Gear & tackle shop

Vehicle owners in
distribution

A B B D G G J 8 N S
N A Z 0 R U A K E L
T R E Iif E Y M N V U

b b b
b

b b
b b
b

V V V 4 1t 4 4 4 V V IP

b
b b

b b b
b
b
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Fishing � Of the four kinds of economic activities, fishing was the least active area
for women's involvement. Eighty-five percent of the countriesreported that women
were involved in 6shing in some way, but only occasionally  Table 5!. OIBcers in
Guyana and Nevisreportedthat women did not fish. Officers in Antigua.Barbuda
 beachseine, gillnet! and St. Kitts  hne, fishtrap! reported that women were usually
involved in fishing. OKcers in the other countries reported that women fished
occasionally. Horsford  Personal Communication 2002! noted that women in
Barbuda would take along their spearipm to catch fish if the occasion arose while
diving for lobster and conch. Guiste  Personal Communication, 2002! pointed out
that there are only two womenin the entire Commonwealthof Dominica that fished.
In Grenada seven of over 200 longline fishers were female  longline fisher,
Grenada!. Of the countries reported that women fished, the main gear types used
were line and beachseine  Table 5!.

Table 5. Perceived women's involvement in Ashi
A 8 0 G J 8 8 S T T Total
N A 0 R A K L V R 0 Countries
T R iN E IN N U G i B involved

l4 ~10

Activities

Une  trolling,
handline, longline!
Beachseine

Gillnet

Shrimp Trawling

Diving

Fish Traps

 KEY: -occasionally; -usually!

DISCUSSION

Accounts in the literature and opinions of Fisheries Officers point to the fact
that womenare involved in asubstantial way in some Caribbean6sheries. However,
the details of the extent of their involvement are unknown. No detailed studies
were available on social and economic contribution of women to 6shing

Other Areas of Involvement � All countries, except Nevis, reported that women
are involved in fishers' association/groups/cooperatives. In Barbados, women were
actively involved in the Barbados National Union Fisherfolk Organization
 McConney, et al. 2002!. Also, in Jamaica woman are members of fisherman' s
cooperative and associations. Barbados and Tobago also mentioned other areas of
women's involvement, e.g. research, management, and training.
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communities. Women were involved in marketing, distribution, processing,
investiiig, and to a lesser extent fishing. But no systematic studies have been
conducted in the Caribbean area on these topics. Although the survey reported in
this paper is based on the perceptions of Fisheries Ofiicers, the results of the survey
can be further supported by my own work in three of the 13 Caribbean countries�
Jamaica, Grenada, «nd Belize.

The mipact of women'scontnbutionto Cmibbean fishin communitiesgeneraHy
goes unnoticed. At times Fisheries OKmxs in the region assumed fisherme
controlled aH fishing operations, and owned and operated the vessels from which
they fished, this is not always so. Take the case of the implementation phase of the
data coHection programme in Pagee, St. Mary, Jamaica Staff at the Fisheries
Division  FD! discussed the data coHection plan, benefits and data use with
fisheimen. Fisheimenayeedto participate with FD staff�during the actua coHection
of catch, effort, and biological data When the data collection started, some
fishermen refused to give information or allowed FD staff to measure their fish.
Later the fishennen told staff tha female boatowneis did not want them to talk with
'govermneut people'. In addition, female vendors told them that they would not
purchase fish handled  weighed and measured! by 'government people'. In many
instNices, the vendors 'own' the fish, i.e. many fishers have informal arrangements
with them. One fisher said that he does not have to wony about the sale of his fish;
he always sold it to one vendor. She takes the catch when demand is high and low.
Sometimes whenhe does not have any money to purchase gas, the vendor gives him
the money and credits it fiom the sale of his fish. At other times when the catch is
bad, the vendor gives him money so he canpiovide for his family. Thus, fishers can
be highly dependent on the vendors. Thus, when providing information on data
collection activities, both male and female boat owners, vendors, fishers and where
appiopnate! processors should be consulted.

Jentofi �999! argued that women's issues, interests, and knowledge are not
integrated in fisheries management. The first Maritime Conference for Women and
the Fishery in Canada, identified the main streiigths and limitations of women
participating in policy making  Larhn 1995!. TTie obstacles identified were: lack of
confidence and low self~teem; fear of defending their rights; and fear of large
companies and international markets that dictates to government how they should
manage resources. '%e strengths identified were: the ability to listen to the
community and fiunHy; role as educators and orgiinizers of their communities; having
a sense of reality; flexibiTity and ability to easily adjust to change; and working for
their communities. These strengths can increase networking and facilitate the
integration of women's concerns in policy-making. In aH the Caribbean countries
studied, except Nevis, Fisheries Ofscers stated that women were involved in fisher
associations, groups, or cooperatives. However, to what extent are they shaping
fisheriespolicies and�mobiTizingcommunities toaiticipate inplanning intheregions
Judging fiom theavailable infonnation, the answer is, "not to any extent"; however,
there are some exceptions. For example, in Jamaica, women were actively involved
in management planning and poficy development of the conch fishery.
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In conclusion, women in the Caribbean, as in much of the world, are actively
involved in fishing communities, but their activities are largely invisible to fishery
managers. If the contributions of women to fishing households, communities, and
fishing economies were taken into consideration, it would improve fisheries
management and policy-making. So the next time you visit a fishing community,
landing site, or fish market, remember the invisible women, observe closely their
activities and contributions.
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ABSTRACT

Shrimping is big business in Texas. In 2001,commercial landings ofall shrimp
species totaled 37,326.3 metric tons with a value of US$195,006,060. This,
however, does not mean that Texas shrimpers are having an "easy time of it." In its
2001 session, the Texas Legislature mandateda study of the shrimp industry and its
fishery resources, including the "social and economic health" of the industry. To
fulfill these requirements, a mail survey was conducted of all Texas shrimp fishers
that held a Gulf, bay, aud/or bait shrimp license in 2001. Rather than trying to get
detailed business information fiom eachlicensee, an indicator approach was used to
gauge how the industiy was doing in social and economic terms. Questions that
would yield conclusions regarding the health of the industry were asked in an effort
to not be too obtrusive. Some reported their operation was profitable �9 ~/o! but
indicators showed the industiy and its participants may be economicaHy nuuginal.
For example, 47 /e indicated they did not have insurance for themselves or their
fiunilies and 63 /o reported no insurance on their primar boat. Further, 83 /o would
not encourage young people to enter the shrimping business. Almost one-half �8
/o! reported a gross household income of less than US$40,000. Results on other
variableswere fairlyconsistent with those from previous social science studiesofthe
shrimping industry in the region.

KEY WORDS: shrimping, socio-economic indicators, Texas

El Estudio de la Industria Camaronera de Tejas Atravez
del Uso de Indicadores Econbmicos

Los camarones son un negocio muy grande en Tejas. En 2000, los aterrizajes
cometciales de todas las cspecies del camar6n sumaton 93.420.567 libras, con un
valor de $267.114.510. Esto, sin embargo, eslo no significa que los camorneros en
Texas esten pasando por un buen periodo. En su sesi6n 2001, de Tejas legislatura
asignb un estudio por mandato incluyendo la de la industria del camar6n y sus
recursos, del social y salud econ6mictL de la industri Para satisfacer estos
requisitos, terinitmmos unaencuesta sobre correo de todo el ~n de Tejas que
ladran los pescadores que sostuvo un golfo, y/o licencia del ctunar6n del cebo en
2001. Mientras que las entrevistas personales pudieiun haber pmducido
understandings as ricos la industria y su estado econ6mico, de los costes y del
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tiempo requeridos eran demasiado grandes para los plazos de lareuni6n impuestos
por la legislatura de Tejas. Mks bien que intentando conseguir la informaci6n
detallada de cada concesionario, que del negocio habria conducido a un
non response nuls alto, utilizamos un acetcamiento del indicadorparacalibrarc6mo
la industria hacia en 0!rminos sociales y econ6micos. Intentamos ser tan discretos
corno sea posible; preguntamos por consiguiente las preguntas que rendirfan
conclusiones con reslecto a la salud de la industria, es decir si tenian seguro en su
negocio y para si mismos y/o sus familias. Los resultados demueslran que la
industria pueden ser segun se informs provechosos para algun  el 49 '/o! peru los
indicadores demostraron esta industria y sus participantes pueden ser
econ6micamente marginales. Por ejemplo, el 47 /o lo indicaron no tenlan seguro
para si mismos o sus familias y 63 /o divulgaron no tener seguro en su barco
primario. Ademks, el 83 /o no animarian a gente joven que incorporara el negocio
shrimping. Casi una mitad  el 48 /o! divulg6 una rents gruesa de la casa de menos
de $40.000. Los resultados en otras variab1es eran bastante constantes con estudios
sociales anteriores de la ciencia de la industria comercial a lo largo de la costa del
golfo. Las recomendaciones para los estudios futums seproporcionan junto con las
implicaciones de la gerencia de los resultados.

PALLAS CLAVES: Industria pesquera del camar6n, indicadores econ6micos,
Tejas

INTRODUCTION

Shrimpingis big business in Texas. In 2001, commercial landings of all shrimp
species totaled 37/26.3 metric tons with a valueofUS$195,006,060 NMFS 2002!.
The Texas commercial shrimp fishery includes the shrimp fishery resource itself,
habitat, harvesters in three license categories  Gulf, bay, and bait!, and those
involved inthe sale  wholesale andbait shrimp dealers!, distribution, and pmcessing
of shrimp for the market place. Just as it is not possible to know everything about
the quaHty and quantity of shrimp resources in one single study, no one study can
provide all possible social and economic insights to the Texas shrimp industry. The
purpose of this paper was to investigate some basic indicators of the social and
economic health of the Texas shrimp fishery.

In its 2001 session, the Texas Legislature mandated a Texas Parks and Wildlife
Department TPWD! sponsored study and legislative report on the "shrimp industry
and resources." In addition to the more traditional study focus on the status of
shrimp populations, marine resoutces, habitat, and conservation measures, the
Legislature addressed the need for a social and economic perspective too, one that
focused on "the economic health of the shrimp industry" and solicited feedback &om
a wide range of stakeholders.
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METHODS

To fulfil the studyrequirements ofthe Texas legislature, amail surveywas sent
to each license holder that held one or more of three commercial shrimp licenses in
2001: a Gulf shrimp license, a bay shrimp license, and/or a bait shrimp license. In
order to complete the study and have a report available to TPWD in June 2002, a
mail survey design was used rather than personal interviews. The latter appmach
has been used most &equently for studying commercial fisheries previously. To
enhance rate ofresponse, since shrimp fishersofienheldmoiethanonelicense, each
sbrimper was sent only onequestionnaue regardleasofhowmany licenses theyheld.

Texas Parks and Wildlife provided uswithacompletelistoftheaforementioned
shrimp license holders for fiscal year 2001 September 1, 2000-August 31, 2001!.
The survey was sent to the entire population of license holders to elicit as large a
sample as possible. This provided each shrimper an opportunity to be heard on the
issues rather than just those able to attend pubhc hearings or those that would have
been selected if we had sampled the population. The questionnaire was developed
in response to the language pmvided by the Texas Legislature and made use of
questions used previously in other studies of commercial fisheries in the U.S. Gulf
of Mexico. Input was also received fmmpenunnel in the TPWD Coastal Fisheries
Division as to their particular data needs in support of the decision making process.
The questionnaire was seven pages in length two legal sized sheets of paper folded
in a booklet format!. The questionnaire was also translated into Vietnamese in an
effort to increase response &om this large segment of the shrimping industry.

Mail survey procedures recommended initially by Dilhnan �978! and further
refined by Salant and Diilman �994! were used. All letters were mailed on Texas
A8hM letterhead designed specifically for this pmject. The envelope also had an
identifier thatmade it clear that itonitaineda "Shrimp Fisherman Study" to enhance
response rate. All mailings were personalized to tbe greatest extent possible; the
names aud addresses were printed directly on the envelope and the letters were
addressed to "Dear Fied:" instead of "Dear Sbrimyer." A postage paid envelope
was included with the questionnaire to facilitate the return of the survey to Texas
A8M University.

The results presented inthis payer are based onrespondents only. Accordingly,
results may be biased if non-respondents were found to differ &om respondents.
Names were randomly selected &om the list of non-respondents and their phone
numbers were located via the Internet. Names were randomly selected and
telephoned until enough non-response surveys were comyleted to minimize Type I
and Type II ermrs when testing for difference between the two groups. Overall,
we co~ 9& non-respondents aud asked only 12 questions &om the
questionnaue to maximize the likelihood they would answer our questions over the
telephone.

There were statistically significant differenc between non-respondents aud
respondents on the following three questions: the number of years they have been
in commercial shrimping  d.f. = 392, F = 8.84, p = 0.0031!, the average size of the
crew on their primary boat "in the previous 12 months"  d.f. = 3$6, F = 6.78, p =
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0.0096! and the type of business organization they have  d.f. = 5, X' = 12.0571, p =
0.034!. Respondents had fewer years of experience in commercial shrimpmg, a
larger sized crew on average, and were more likely to be corporations rather than
sole owners. There were no statistically significant differences on the following
three items which asked "since this time last year": whether theyearned income &om
work other than shrimping, whether their spouse  if mamed! earned income &om
work other than shrimping, and the total number of days they have commercially
shrimped on their primary boat in Texas waters. There were also no statistically
significant differences on the following six items: the percentage of their gmss
household income that comes &omshimping activities, the percentage of their gross
household income that comes &om other commercial fishing activities, the
percentage of their gross household income that comes &om non-fishing activities,
whether they consider themselves to be full-time or part-time shrimp fishers, the
total pounds of shrimp harvested per year, and the estimated value of their primary
boat.

We can make no claims as to the characteristics of non-respondents, only that
there are statistically significant differences between respondents and non-
respondents on those items collected &om both groups. Therefore, generalizations
about the population of shrimp fishers cannot be made.

RESULTS

Of the 2,309 questionnaires mailed to Texas shrimp fishers, responses were
received &om 361 individuals. Only 326 of these were returned usable; 441
questionnaires were returned by the U.S. Postal Service as nonMeliverable. This
resulted in an effective response rate of 19.3 lo. Questionnaires that were returned
but were unusable included refusals or those people that indicated they were no
longer in the shrimping business. This response rate is extremely low compared to
what Dillman �978! indicates &om other surveys using his "total design survey
methodology" and response rates &om other studies completed by the TAMU
Human Dimensions of Fisheries Research Lab.

Most �3 /o! shrimpers were between the ages of 41 and 50, with an average
age of 52 years. A majority  96 lo! were male. Most �8 '/o! graduated &om high
school, with the mean highest grade completed of 11th grade. It is notable that 42
lo did not graduate &om high school. A majority �4 /o! considered themselves
white and a sizable percentage �8'/o! consideredthemselves Vietnamese. Most�8
'/o! have two persons living in their household, with an average of three persons
 Table 1!.
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Table 2. Percent distribution of Texas shrimpers by gross household income and
whether they have health insurance for themselves and/or their family

% n~280 Insurance? % n~311Income
47.5 No Insurance 46.9
40.4 Self only 8.1
8.2 Family only 42
3.9 Self and fami 40.8

Under $39,999
$40,000 to $99,999

$100,000 to $159,999
Above $160,000

100.0Total

Table 3. Percent distribution of Texas shrimpers by whether they or their spouses
earned any income from work other than shrirnping "since this time last year

Their Spouse  n e 311}Themsleves  n ~ 314!Earned
Income 7

43.7
43.1
13.2

Yes
No

No se

40.8
59.2

100.0Total

Table 4. Percent distribution of those Texas shrimpers that bought their primary
boat new  including having it built! or used by the year in which it was bought

Bou ht Used n ~ 195Bou htNew n~112Year
42.57
28.72
15.38
6.15
7.18

24.11
30.36
9.82
13.39
22.32

Older than 1978
1979 to 1984
1985 to 1989
1990 to 1995
1996 to 2001

'l00.00100.00Total

Almost one-half �8 %! reported a gross household income of less than
US$40,000. Most �7 %! Texas shrimp fishers reported that they did not have
health insuratice; 41 % reported that they had health insurance for themselves and
their family Table 2!. A majority�9%! of shrimpers did notearnany income &om
work other than shrimping "since this time last year." There were nearly equal
proportions of shrimpers that indicated that their spouse  if manied! earned income
�4 %! or did not earn income �3 %! &om work other than shrimping "since this
time last year"  Table 3!.

A majority �4 %! of shrimpers purchased their primary boat &om another
owner. For those shrimpers that bought their primary boat new  n = 112!, most �0
%! bought it &om 1979 to 1984; nearly equal percentages bought their boat prior
to 1978 or within the last five years �4 % and 22 %, respectively!. For those
shrimpers that bought their primary boat &om another owner  n = 195!, most �3
%! of the boats were built prior to 1978  Table 4!.
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Most �8 %! reported that between 91 % and 100 % of their household's gross
annual income comes &om shrimping activities. Similarly, a majority  85 %!
indicated that none of their household's gross annual income comes &om other
comnwxcial fishing activitie, and half oftherespondents indicated thatnone of their
household's gross annual income comes fiom non-fishing activities  Table 5!. lt is
notable that 11 % responded that between 91% and 100% of their income comes
from non-fishing activities.

Table 5. Percent distribution of Texas shrimpers by the percentage of their
household's gross annual income that comes from listed act'vities  n = 284!

Percentage Shrlmplng Activities Other Commercial Non4tshlng
Flshl Activities AcIvlties

Total 100.0

A majority �1%! of shrimpers consider themselves tobe full time. A majority
�3 %! of shrimpers do not carry insurance on their primary boat. A majority  83
%! would not encourageyoungpeople to enter the shrimpingbusiness; however, the
majority �7 %! of shrimpers do expect to be shrimpiing in four years. Finally,
almost half �9%! indicated that their shrimping operation is profitable  Table 6!.

Table 5. Percent distribution of Texas shrimpers by sehcted economic indicators

Economic Indicator Yea no
FuN arne  n = 311!
Insurance on primary boat  n = 311!
Encourage young people to enter shrimping business  n = 318!
Expect to be shrimping in four years  n = 317}

is e n=290'

71.4 28.8
37.3 62.7
17.1 82.9
77.3 22.7
48.6 51.4

This item was measured on a 5-point Likert type scale ranging from "Strongly
Disagree' to "Strongly Agree. The percentage was calculatedby summing Agree"
and "Strongly Agree for 'Yes,' and Neutral,"Disagree," and Strongly Disagree
for 'No.'

0
1 to10

11 to 20
21 io 30
31 to 40
41 to 50
51 io 60
61 to 70
71 to 80
81 to 90
91 to 100

9.9
9.2
3.5
7.4
3.2
9.5
5.6
3.9
7.0
2.8
38.0

85.5
5.3

1.4
0.7
1.8
1.4
0.7
0.7
0.4
0.7

3.9
56
4.2
3.9
5.3
2.5
4.2
4.9
4.6
10.9
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DISCUSSION

Despite every effort at making the mail questionnaire as "user-&iendly" as
possible, a relatively low response rate was achieved. The low response rate,
coupled with the differences between the respondents and the non-respondents,
limits the ability to generalize these results to the entire population of license
holders, but does provide valuable information insupport ofdecision-making. Some
shrimp industry leaders have suggested that the comprehensive data coHection and
Iongitudimd analysis approach cunentiy being employed by Baby �000! with a
limited number of Gulf shrimp boat operators on the lower coast might be a more
preferred method for this study. While Haby �000! may provide a more in-depth
profile, it also suffers &om the ability to expand to the entire population and is a
profile based on even fewer respondents. While our response rate is lower than
preferred, it is similar to response rates to mail surveys used in previous commercial
fisher studies  Acheson 2001 [24.5 '/o]; GuiHory et al. 2001 �3 /o!!.

Despite the aforementioned limitations, many of our results are comparable to
those &om other social and economic studies of the commercial fishing industry in
the region. This provides an additional check on non-respondent bias and some
additional comfort with respondent data In terms of the social and demographic
characteristics of shrimpers, for instance, our finding that 74 o/o of Texas shrimp
fishers were between 31 and 60 years of age is comparable to 75 '/o of commercial
blue crab fishers being between the ages of 31 and 59  GuiHory et al. 2001!. This
study found differences &om those of Maril �983! as it reports 18 '/e of Texas
shrimp fishers  overaH! are under 40 years of age. The Maril �983! study reported
that 34 /o of Gulf shrimp fishers are less than 35 years old, periiaps a result of the
time lapse between studies. The mean age of Maril's �995! sample was 42 years
old; the mean age reported for this study was 52 years old. This is plausible given
that the population of shrimpers is aging. Maril �995! also reports that about one-
third ofhis sample were 50 years or older findings for this study indicate 49'/o were
in that category. A study of Louisiana fishers found similar results, as the average
age reported for Louisiana shrimp fishers was 47 years old  Deseran 1997!
compared to 51 years old for Texas shrimp fishers. In Louisiana, less than 17 /o
were under 35 years of age with more than 30 '/o over 54 year of age. FinaHy, the
average age of Texas spotted seatiout and red drum commercial fishers was similar
�4 years of age!  Ferguson 1986! to the average age of shrimpers in this study�2!.

Level of education between our sample and those in previous studies can also
be compared. In Louisiana, 43 /o of the shrimp fishers reported they attained a high
school diploma Deseran 1997! compued to 58 o/o of the shrimpers in Texas. About
30 /o of blue crab fishers did not graduate &om high school  GuiHory et al. 2001!
with slightly more �2 /o! Texas shrimp fishers in this same category. Commercial
gill netters in Florida also reported limited education levels  Thunberg et al 1994!.

MarH �995! reported that his sample of Texas bay shrimpers was 68 '/e white,
15 /o Mexican, 10 /o Vietnamese, and 7 /o black or African-AinericaIL Slinllar
results for aH license holders were found in this study. Texas shrimp fishers license
holders were 64 /o white, 12 /o Mexican-American, and only 1 /o black or A&ican-
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American; 28 /o considered themselves to be Vietnamese. This may be due to an
increasing number of Vietnamese Gulf Hcense holders; Maril �9&3! reported no
Vietnamese Gulf shrimpers in his sample. Also, as Deseran �997! reported, most
�9 %! Louisiana shrimp fishers have two persons in their household, which
compared favorably with the finding that 38 '/o of Texas shrimp fishers have two
persons in their household.

In Louisiana, 37 /o eazned income &om work other than shrimping and 31 /o
of their spouses earned income &om work other than shrimping  Deseran 1997!; 41
/o and 44 /o were reported in these same categories, respectively, in Texas.
Previously, Maril �995! reported that only 24 o/o earned income &om other kinds
of work The heavy dependence on the fishery for income is also comparable to
commercial giH netters in Florida; the average percentage of the household income
fizrm their respective fisher was 73 /o for commercial gill netters  Smith 1994!
compared to 61 '/o for Texas shrimp fishers. The 41 /o of Louisiana shrimp fishers
that shrimp fuH time  Roberts 1989! is in sharp contrast to the 71 o/o of shrimp
fishers that consider themselves full time shrimpers in Texas.

Wlietherornot shrimpershave some form ofhealth care coverageinthese times
of rapidly escalating medical costs should indicate something about their ability to
take care of themselves. While Maril �995! reported that only 1 /o of his sample
had health insurance when he completed his study, 53 /o reported they had some
form of health insurance for themselves and/or their famHies. This may be due to
TexCaze, health insurance fmm the state of Texas for those famHies who make too
muchmoneyto qualify for Medicazebut cannot afford�commezcialhealth insuranc.
It is notable, however, that this type of insurance is only for children. Other
explanations involving inczeased Medicazecoverage could also be the reason for the
improved coverage. Lastly, there may have been differences in the respondents
between the two surveys with a higher percent of those having insurance choosing
to zespond or it could be based on differen survey enumezzrtion techniques.

Prior studies report that the median income for captains on Gulf shrimp boats
was US$22,400�979 doHars, or US$58,500 when adjusted to 2001 doHars!  Maril
1983!, current results izzdicate that most licensed shrimp fishers in Texas earn
between US$20,000 and US$39,999. Maril �995! reported that the average
earnings fiom a bay shrimp boat to be around US$20,000 �988 dollars, or
US$29,900 when adjusted to 2001 dollars!.

Not only is the population of shrimpers aging but so too are their vessels. As
Haby et al. �000! reported, "a large proportion of the boats that comprise the Gulf
shrimp fleet Ne approaching twenty years of service." This is consistent with our
findings: 54 /o of the boats that were bought new were bought prior to 1985 and 71
'/o of the boats that were bought used were built prior to 1985. It is notable that
most Louisiana shrimp boats were built in the 1970s or 1980s, or about the same
time as most Texas shrimping vessels  Desenm 1997!. Maril �995, p.61! reported
that "bay shrimp boats are not usuaHy insured"; we found that 63 4/o of aH shrimp
boats are not msuzed. Whether they are unable to get insurance on their boats or to
pay the high costs of boat insurance, the finding that nearly 2/3 of the boats aze
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uninsured provides insight to the economic health of this industry. Being able to
cover the costs of fuel and labor is essential but apparently financial returns after
expenses are insufficient to cover the cost of insuring their business facility.

The results of this study on some of the social and economic indicators can also
be compared with Texas population estimates fiom the U.S. Census Bureau. For
instance, 58 /o of Texas shrimp fishers reported completing high school. The
percentage of the Texas population age 25 years and over that graduated &om high
school was estimated at 79 %  U.S. Census Bureau 2000a!. Also, it is estimated
that 79'/o of all Texans are covered by some sort of health insurance  U.S. Census
Bureau 2000b!. This is considerably higher than the 53 '/o of Texas shrimp fishers
with some sort of health insurance.

These zesults indicate acertain amount of social and economic marginality for
the shrimping industry, i.e. this is a group that appears to produce goods at a rate
that barely covers production costs. It was surprising that about one-half �9 /o!
reported that their shrimping activity is pzofitable. Other indicators show that they
may not have what some would consider basic necessities of life  i.e., health
insurance!. It is also disturbing that high percentages of this group would not
encourage young people to enter into the business, perhaps a reflection of the
growing complexities of fisheries management and realization that their profits aze
shrinking in an increasingly global economy. While many of the shrimpers and the
industry that they support may not be able to work other jobs due to their lack of
education, the next generation may feel that shrimping is not a viable work
alternative. With the growing number of shrimp licenses being retized due to the
limited entry program in Texas  TPWD 1999!, perhaps they will see their profits wiH
grow in the future. Only with future monitoring of the social and economic
indicators presented here will decisionmakers be able to determine the effects of th
many influences affecting the businesses of these commercial fishers. Regulations,
imports, world markets, costs of fuel, ice, etc. all can affect their profitability and
livelihoods.

MANAGEMENT IMPLICATIONS

If an indicator approach to understanding the nonomic health of the industry
had not been used, but instead a suzveyofdetailed social and economic data like that
provided on income tax ~ the response rate for this study would probably
have been even lower. A common re&sin that was heard when talking about this
survey to industry members was: "The more we talk to people like you university
and government researchers] and provide you with information and data, the moze
Iles and regulations that affect shrimping get put in place." These conversations
and comments provided by respondents and non-respondents indicate a distrust of
government-sponsored studies relevant to this industry.

Due to the issues of mistrust, it may be extremely difficult to collect data with
adequate sample sizes and comparability on this industry through time. Other data
collection methods may have to be examined. Licensing requirements could require
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a higher level of data reporting. Vessel monitoring systems to collect effort data
maybe an alternative to questionnaires. Use and refinement ofthi type of indicator
approach may provide valuable insights into the health of the fishery while being
more palatable to industry.
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ABSTRACT

The Dominican Republic shares the island of Hispaniola with Haiti. The country
has a total area of 48,442 km', a narrow insular shelf of 9,484 km' and an EEZ of
approximately 238,000k'. Amund 10,000 artisanal fishers with a fleet of 3,750
boats, operate from the 1,575 km of coastline to exploit the fisheries resources of
the country. The fisheries sector is made up mainly of artisanal fishers, with high
levels of import accounting for more than 50 /o of local fish consumption. With
average annual production of 11,600 MT, the fishery is beheved to be exploiting the
traditional resources at or beyond their maximum sustainable yields. The main
threats identified in the coastal zone include: overfishing, degradation of critical
habitats; poorly managed boating, recreational diving, increased tourism, and stress
from coastal development and population growth.

In June 2000 the CARICOM Fisheries Unit, in collaboration with the
Government, initiated a program to improve management of fisheries. Preliminary
assessments confirmed that theie are major deficiencies in the institutional and
organizational system for siisuiinable development and managementofthe fisherie
and aquacultureiesources. Significant improvements are needed in: the institutional
anangements and capacity for planning and policy formulation; the systems and
capacity for research and collection'of data; and the arrangements for extension
services, monitoring, control and surveillance. Thete is also a need for greater
organization and mvolvement of fishers in fisheries planning and decision-making
regarding the fisheries. On the positive side there is strong political will to improve
the fisheries sector with the support of national and international partners. In this
paper a review of past and current management measures is undertaken and
recommendations are provided for strengthening the sector.

KEY WORDS: Fisheries management, Domiiiican Republic

Una Revision del Manejo Pestluero en la Republica Dominicana

La Repubiica Dominicaua comparte la isla de La Hispaniola con Haiti. El pais
tiene un Sea total de 48, 442 km', una plataforma insular estmcha con 9, 484 km'
y unazonaecon6micaexclusivade aprmimadamente238,000km . Ceicade 10,000
pescadores artesanales, con una flota pesquera compuesta por unas 3,750
embarcaciones, operan desde los 1,575 km de linea costera para explotar los
recursos pesqueros del pafs. El sector pesquero esta formado principahnente por
pescadores artesanales, mientras el alto nivel de importacihn alcanza mas del 50O/o
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del consumo total de pescado. Con una producci6n anual pmmedio de 11 600 TM,
se consideraque los recursos pesqueros estrin siendo explotados hasta ops all@de
su rendimiento nubtimo sostenible.

Las principales amenazas identificadas eniazonacosteraincluyen: sobrepesca,
degradaci6n de habitats criticos, manejo inadecuado de las embarcaciones, buceo
iecreimvo, incremento en el turismo, y estres debido al desarmHo costem y al
crecimiento de lapoblaci6n. En Junio del 2000 la Unidad de Pescadel CARICOM,
encolaboraci6n con el Gobierno, inici6 unpmgrama para mejorar el ordenamiento
de las pesquerfas. Evaluaciones pieliminares confinnaron que hay grandes
deficiencias en el sistema institucional y organizativo para el desarrollo y manejo
sostenible de los recursos pesqueros y la acuicultura.

Un mejonuniento significativo se hace necesario en lo siguiente: los arreglos
institucionalesylacapacidad para laplani6caci6ny la formulaci6nde politicas; los
sistemas y la capacidad para investigaci6n y colecta de datos y en los arreglos para
los servicios de extensi6n, monitoreo, contml y vigilancia. Hay tambibn una
necesidad de una mayor organizaci6n y envolvimiento de los pescadores en la
planificaci6n y en la toma de decisiones con respecto a las pesquerias. En el lado
positivo, hay un deseo politico fuerte de mejorar el sector pesquero con el apoyo de
agencias de colaboraci6n internacional. En este documento se lleva a cabo una
revisi6n de las medidas de manejo pasadas y presentes y se proveen
recomendaciones para el fortalecimiento del sector.

PALABRAS CLAVES: Manejo pesquero, Republica Dominicana

INTRODUCTION

The Dominican Republic {DR! is located in the Caribbean �9' 00' N, 70 40'
W! occupying the eastern portion of the volcanic island of Hispimiola {the second
largest island on the Antilles! which it shares with Haiti. The total area of the
countty is 48,442 hn' and the total population has been estimated at 8.5 millions.
The Dominican Republic is bordered by the Atlantic Ocean to the North, the
Caribbean Sea to the South, Haiti to the West, and separated fmm Puerto Rico by
the Mona Passage to the east. It has a continental platform of 9,484 km', an
Exclusive Economic Zone of 238,000 tun~ and a coastline of 1,575 km. The
biological diversity of the Dominican Repubfic includes broad areas of coastal
lagoons, mangroves, sea grass beds, coral reefs, soft bottom areas and sandy
beaches.

Under the fisheries component of the European Union funded Integrated
Caribbean Regional Agriculture and Fisheries Development Pmgramme{ICRAFD!
in June 2000 the CARICOM Fisheries Unit {CFU! initiated a pmgnun to improve
fisheries management, in collaboration with the government of the Dominican
Republic. As part of the initiation process a fisheries country pm6le was prepared
based on the literature available on the web and at the CFU library. A team of
6sheries professionals fmm the CFU then visited the Dominican Republic in July
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2000 to assess the situation on the ground, meet key stakeholders and gather
information to prepare a five year work plan to stxnigthen fisheries management in
the DR. The team gathered information through Iiteratuxe review of existing
documents, discussion sessions with the Director and stafF of the fisheries
department, and meetings withpolicymakers and other stakeholders in the fisheries
sector. Information was also collected through a multi-disciplinary survey, which
was initiated during the mission. As axesult of the review, consultations aud survey,
a 5-year work plan was pxepaxed, jointly signed by the Minister responsible for
fisheries and the CFU, and is in the process of implementation.

SURVEY AND LITERATURE REVIEW RESULTS
The fisheries sector contributes approximately 0.5 /o of the country's GDP. Tlie

sector is made up mainly of small-scale operators with an average annual production
of13,000 MT and imports accounting formore than 50 /oof local fishconsumption.
The most important problems in the coastal zone and in the 6sheries sector in the
Dominican Republic are: coastal development and population girth, inadequate
monitoring, control and surveillance; poorly regulated boating, diving and tourism
related activities, lack of economic support for fisheries management, ovexfishing,
and environmental degradation resulting in stock depletion due to pollution and the
use of destructive fishing gears and practices; lack of fimds to acquire suitable
equipment and accessories to experiment with innovative, and sustainable fishing
techniques; lack of effective participation ofxesource users in 6sheries governance;
lack of appropriate technology and in&astxucture for 6sh handling, storage and
distribution of the catch, and pxoblems with marketing the produce during certain
seasons of the year.

Fishing Activities and Fishing Fleet
According to the fisheries delxxxtment, thexe were around 10,000 artisanal fishers

in 2000 who operated Som a fleet of 3,750 boats P!oriesx 2,136 �9 '/o!, Kayak:
1,418 �7.8 /o!, Bore: 117 �.1 /o!, Pivote: 19 �.5 /o!, and Ship: 62 �.6 /o!!
 Colom, et al. 1993; Department of Fisheries, 2002! and axe involved in the
exploitation of the marine fisheries resources of the country. The labor foible in the
secondary sector has been estimated at 2,500 while 46,500 persons are employed
indirectly in the fishing sector. About 50 '/o of 6shers have attained primary level
education. Although fishing activity is mainly artisanal, there are also smaB semi-
industrial and industrial 6sheries that take place in the EEZ, on the high seas or in
the waters of neighboring countries.

Marine fishers land their catch at approximately 200 landing sites in 16 coastal
provinces. Silva �991! xeported that 324 species of fishes �87 bonefishes!,
crustaceaxis and moHusks have been identified in the coastal-artisanal fishexy ofthe
southwestern Dominican Republic. T1ie main species groups targeted by the
commercial 6sheries are lobsters, conch, shrimp, shaHow shelf and deep-slope reef
fishes aud coastal pelagic fishes.
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According to the fisheries department statistics, fiom 1992-2000 the average
annual production was 13,000 MT. For 1999 the import value was US$
87,592,840. During 2001 the DR imported 39,637.80 MT of seafood products
�6,172 MT of finfish, 970 MT of crustaceans, 1,538 MT of mollusks, 957 MT of
fish food, and 23,877,163 units of other specimens  nauphus, larvae, turtles, etc!.
During the same year, the DR exported 393 MT of sea food plus 245,972 units of
crabs, ornamental fishes, coral pieces, turtles, conch shell, etc.  Table 1!

Table 1. Re rted total roductlon from 1992-2000

Production IITIYear.

13,030.9

Aquaculture operation is making a small but increasinglyimportant contribution
to the economy of the Dominican Republic. There are 167 hectares of aquacultme
ponds in operation, 127 hectares of which are managed by the private sector. The
main species cultured are tilapia, carps, and marine and &esliwater shrimps. The
aquaculture production is aimed at supplying both internal and extern@ markets. The
government operates a twenty hectare research and hatcheiy facility to produce
juveniles to replenish dams, rivers and lakes, and also for the promotion of rural
aquaculture. Aquaculture production in 2000 was approximately 488 MT.

Ornamental fishery is a small sub-sector of the marine fisheries. Three
establishments located in Montecristi capture and export approximately 33 species
of ornamental fishes. From 1996- 2002 the average number of ornamental fishes
exported &om the Dominican Republic was 34@17 each year.

STATUS OF THE FISHERIES AND FISHERIES MANAGEMENT

The fisheries of the Dominican Republic are multi-species in nature. As a
consequence, there is limited fiexibility for managing individual species, except for
conch, lobster and large pelagics. Management necessarily will have to be aimed at
optimizing yield Gom the entire shelf and not on a species-specific basis Appeldoorn
and Meyers 1993!. Overfishing, the use of destructive fishing techniques, rapid
growth in fishing effort  number of fishermen, boats and fishing gears! are together
driving a steadyreduclion intheabundance of commercially important species such
as lobster, conch and finfish.

The queen conch  Strombus grgas! was up to the year 2000, the most important

1992
1993
1994
1995
1996
1997
1998
1999
2000

13,189.0
12,949.0
13,028.6
18,661.6
13,192.6
14,538.1
10,069.2
8,518.1

13 153.5
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fishery resource of the Dominican Republic in terms of volume of catch. It is
exploited for both local coritsnnption and export. Local stocks are believed to be
oveifished. Untfi 1995 the onlyspecific regulation�in plac for the queen conch was
Decree 312 of 1986, establishing a syphonal length of 25 cm as the legal minimum
length. As a consequence of recommendMons made by studies conducted by
Appeldoorn and Meyers�993!, Tejeda�994, 1995! and Posadaand Mateo�99$!,
another Decree  No. 269-99! was promulgated in 1999 to strengthen the
management &amework for Strombus gigas. The decree introdiiced several specific
measures to protect the stocks and regulate harvestiug and sale, including
establishing a nation-wide dose season for fishing &om the 1" of July to the 31" of
October each year. The decree aIso prohibits the traffic, sale and export of conch
meat during the close season, and the capture of queen conch, on apermanent basis,
incertain critical habitats, including the Catuano Channel, situated between PahniHas
and Catuano, and between Panta Aljibe andPunta Balaju, ParqueNacional del Este.
Similarly, the decree prohibits conch fishing within the So~ coast of Beats
Island &om the tide line to a depth of 50m.

Although Deam No. 269-99 came into force in 1999, it has not been adequately
publicized and assimilated by the fishers and vendors. Neither the government nor
the local NGOcommunity hasconductedpublicawareness and educationprograms
to sensitize resource users and other stakeholders of the provisions of Decree 269-
99, and consequently the level of compliance with this Decree is very low.

With lobster tail being sold inthe local supermarlhets forthe equivalent US$12.00
per pound, and around 2,000 fishers involved in the fishery, the spiny lobster is the
single most valuable fishery resource of the Dominican fishery. From January to
May 2002 the landings of the spiny lobster amounted to 1,696 MT  Direccibn de
Recursos Pesqueros, 2002!. The main lobster fishin ground is the southwest shelf
amund the area of Pedernales. There are decrees and law  Law 5914 of 1962;
Decree 1345 of 1967; Law 565 of 1970; and law 64-00 of 2000! for the
management of Panufirus argus and other fisheries m the Dominican Republic.
These statues are designed to regulate the fisheiy by controlling the harvesting,
possession aud sale of female lobster &om March 1-August 31 each year,
establishing a minimum size for catch of 24 cm TL; and nation-wide close season
&om April 1" -July 31"

The shrimp fishery in Samank Bay is considered the most important unit of the
coastal fisheryin the Dominican Republic due to the large number of fisher�,000!
&om the surrounduig areas who are dependent on this fishery. Shrimps are caught
using giH, dragging and circiilar nets. The use of dragging and gill nets are
prohibited m Sama' Bay  Decrees 343 of 1987 8h 334 of 1989!, but are stiH
commonly used in the shrimp fishery.

Themsinfinfish families inthecatch are Lutjanidae, Serramdae, Scombridae,and
Haemulidae. The capture of groupers during the spawning season &om January to
June is prohibited by Decree 2099-84; however, groupers «re common in the catch
around the year. Also, the sale of barracudas,  S~hyraena barracuda and S.
picudilla! and the j ack,  Seriola rivolana! is prohibited by Decree 313 of 1986.
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These regulations aze largely ignored and the target species can generaHy be found
in the local markets and restzuuzmts throughout the year.

Fisheries Management Institutions in the Dominican Republic
There are several institutions in the Dominican Republic with overlapping

responsibility for fisheries development and maziageznent, including the foHowing:
i! The Directorate of Fisheries Resources  DOFR! is a part of the Mizustzy

of Environment and Natural Resources which was czeated by Law 64-00
of 2000 after the establishment of the new govermnent in August 2000.

ii! The Director of the DOFR reports to the Sub-secretary responsible for
Coastal and Marine Resources. The Fisheries Department, Minislxy of
Agricultuze�is responsibl for fisheriessizzveiHance,aquaculturepzuduction,
extension and promotion. This departznent is headed by a director of
fishezies.

iii! The Office of a National Coordinator of Fisheries and Aquaculture who is
responsible for overseeing and coordinating aH projects and activities being
undertaken by the 2 main fisheries delertments mentioned above.

iv! The Department of Conservation and the Departznent of Environmental
Education of the Ministry of the Environment are two other government
depaztznents which are involved in management of the fisheries sector.

v! The Navy is responsible for monitoring, surveiHance and enforcement of
fisheries laws and regulations.

The &agmented and overlappingzesponsibHities of thesepublic sector agencies
tend to create inefficiencies and even confusion in some cases. There is clearly a
need for rationalization andimproved coozdinationofactions among these agencies.

The DOFR appears to be the main fisheries management agency. The stated
policy priorities are: sustainable management, fisheries development, full
employment and environmental protection. The DOFR has a staffin of 30-40, and
two main sub-divisions, the Department of Fisheries and the Department of
Aquaculture. In addition there are two speciaHzed regional agencies PROPESCAR-
SUR in the Southwest, and CEDEP in the Northeast, which are responsible for
extension and data coHection activities in their respective locations.

The main functions of the Directorate of Fisheries include:

i! Licensing and zegistzation of fishers
ii! data collection and monitoring of the fisheries
iii! reseazch
iv! development of cooperatives
v! aquacultuze development
vi! management of the ornamental fishery
vii! provision of extension services to the fisheries sector
viii! post-harvest technology, and
ix! quaHty assurance.
The DOFRis currently involved in the establishment of"Stations of Service and
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Fisheries Administration" at different geographical areas across the country. The
purpose of this new organizational system is to decentralize management and
administration to improve sustainable development of fisheries and aquaculture.
Thee new administrative units are expected to assist with mappmg ofhabitat and
resources within the areas under their zesponsibiTity, coHecting basic statistical data
and providing extension services to the commmnty.

Legislation, Monitoring, Surveillance and Enforcement
The main legislation underwhich fisheries operate is the Fisherm Law 5914of

1962. Fislzezmen and fishing boats aze requited by the law to be Hcensed and
registered withthe Ministry of Agriculture butonly about halfof the Ssher and boats
axe believed to be so licensed and zegistezed.

Fisheries smveiHance and enforcement is under the zesponsibiHty of both the
Fisheries Department and the Navy. Both organizations have Fishexyinspectozs who
are responsible for monitoring and enfozcement. The staizelmldezs recognize the
role and authority of both the militazy and the Fisheries Department in respect of
suzveiHance and enfozcement. They, however, consider the Fisheries Department
inefFective in executing thiszesponmbiTity. The miTitazy isconsidexed more effectiv
in enforcement but is also considered unnecessarily violent and arbitrary when
handling offenders. Violators of the Ssheries statutes axegenerally Iuosecuted under
Article 47 of Law 5914 of 1962, but comzption, lack of equipment, insufizcient
logistical suplioxt, and vexy lowfines, undezxnine the effectiveness of the legislation
and management regulations. Enfozceinent offisheriesregulations is genezaHy weak
and compliance of resource users and trade with the regulations is also generaHy
low.

Illegal and umegulated fishing and non-compHance with the laws and
regulations designed to protect and conserve the xesouxces in the Dominican
Republic is zegimled as a major problem that needs to be resolved in the near future
to ensure iong-term sustainability of the fish stocks.

The scarcity of resources to devote to znomtoring, control, suzveilhnce  MCS!
and enforcement activities underscores the need to enhance involvement of fishexs
and their community in development and implementation on measures designed to
protect and manage fisheries. Enfoxceznent Iersonnel should work more closely
with resource users and their communifies to ensure that they share greater
zesponsiMity for zesouzce protection and management Community poHcing
techniques should be encouraged and pzumoted throughout the region  Haughton
2003!.

In March 2000, a proposal for a new Fisheries and Aquaculture Law for the
Dominican Republic was discussed by stakeholders. Ihe main obtective of the
proposed hzw is the estabiishznent of sustzzinable Ssheries systems based on the
principles of responsible 6shing. With this purpose in mind, the legal and
adnzinistrativearrangements related to exploitation of the fishezieszesouxcesshould
be based on the best available scientific information, using the best avaHable
technology and environmental practice, in order to guarantee the sustainability and,
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Policies aad Plan for the Fisheries Sector
Government policies and plans for development and management have been

articulated in thelegislationandnationalplans. Several national fisheriesplanshave
been prepared for the Dominican Republic since the early 1980s.

Fisheries Development Limited �980! in coordination with the Instituto
Dominicanode TecnologfaImhstrial INDOTEC!,preparedacomprehensiveteport
on the fisheries withrecommendations for development, akhessiagsocioeccniomic
and technological issues, harvesting, and resemch. ONAPLAN {1983! provided
recomaieiidations for scientific and technological pohcies for the sector.

The Japan International Cooperation Agency  JICA!, ia collaboration with the
Mmistry of Agriculture conducted a basic study of the cossack 6sheries and psepiued
projects to address some of the issues identified  JICA/SEA 1992!. The most
recent work plan designed for the fisheries of the DR was prepared by CFU �000!
in coHaboration with the Directorate of Fisheries Resources of the Ministry of
Environment and Natural Resource. This plan addresses some of the necessary
actions to improve fisheries management in the DR.

conservation of the ecosystem  COSERENAMA 1999!.
The creation of a new organization, the Dominican Institute of F~ and

Aquaculture, has been proposed to strengthen the national capacity for sustainable
fisheries developmeat. The proposed law also provides for the following measures
and procedures:

i! Regulation of 6shiag achvities and access of foreign fishing boats to
Dominican Republic waters,

ii! Designation of areas for aquaculture development,
iii! Modification, suspension, and denial of fishing permits,
iv! Payment of taxes,
v! General measures for management of lakes,
vi! General prohibitions and measmes for conservation and protection of

aquatic and biological resoutces,
vii! Administration of protected and no-take reserves,
viii! Limitation of fishing effort,
ix! Protection of species,
x! Close seasons,
xi! Minimum length for capture, and
xii! Other measures to ~ the fish stocks.
The new proposal seems to lack, clear definitions about what resources need to

The proposal has been criticized for not providing enough detailed information
about legal minimum sizes, close seasons to adequately protect and conserve key
species, and, lack of specifications with respect to fishing gear permitted. This may
be due to limitations and uncertainty regarding the biological and technical aspects
of the resources in question. In any event such details could be addressed by
subsidiary statutes made under the main law.
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With the exception of the on-going CFU supported work plan the other plans
have focused more on fisheries development rather than on management, and in
consequence, the fisheries have experienced rapid growth during the past two
decades. Itis necessary to prepare and implement clearpolicies for the sector, based
on knowledge of the status of the resources and their natural limitations, with full
involvement of resource users and other stakeholders in the pmcess.

Regional Organizatiensllnstitutions of Fishery Cooperation
The Dominican Republic participates either as a member or observer in the

activities of several fisheries cooperation organizations including: CAIUCOM,
COPESCAL, IOCAIUBE, ACS UNEP, PMJMA, COPACO, OLDEPESCA and
WECAFC. The participation of the Dominican Republic in ICCAT would also be
of great interest to fisheries management and to the protection of pelagic resources
in Dominican waters, the Wider Caribbean and Atlantic Ocean  Rodriquez and
Herrera 2001!.

Policy Priority Areas
According to the results of the multidisciplinary survey conducted by the CFU,

the policy priority areas for the fisheries authorities can be simnnarized as:
sustainable management, fisheriesdevelopment including food self-sufficiency and
full employment! and environmental protection.

Food self-suKciency and full employment would tend to shift strategies in
policy in favor of Ssheiies development, while envimnmental protection and
sustairiable management would lay emphasis coiiservation. The problem is how to
ixilance these twoappareiitcoiitradictoiypositions in the process ofimplementation.
Stmng managerial skills of the fisheries administrators, and the support and
involvement of the resource user groups and stakeholders is critically needed
 Brown 2001!.

There are some transnatioiud issues that the fishing sector of the Donunican
Republic has to resolve. For example, anumber ofboats fmm the DR fishin foreign
waters. Fishermen and fishing boats &om the DR operate in the waters of The
Bahamas, Turks and Caicos hiands,Jamaica, and the Saba Bank  Appeldoorn and
Meyers 1993, CFU 2000!. In some cases dozens of fisherme and other fisheries
workers fmm the Dominican Republic are legauy employed on Bahamian and
Jamaican fishing boats. Unfortunately, that is not always the case, aud the
Dominican fishers are known for IUU fishing. Likewise fishermen fmm Haiti
operate illegally in the Dominican Republic. Conflict resolution among stakeholdeis
of the Dominican Ssheiy industry and other CARIFORUM member states has been
identified as a priority activity to be resolved thmugh consultations and the
establishment ofbilateralagreements. 11ie CFUhas facilitatedpretiminarymeetings
between government officials fmm the DR and Turks and Caicos blends, DR and
Jamaica, and DR and The Bahssnas. These meetings represent a good starting point
to impmve cooperation among the countries and reach formal agreement to fight
IUU fishing.
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The CFU Project
The CAIUCOM Fisheries Unit and the Directorate of Fisheries Resources

preened a five-year work plan in 2000, which is being implemented under the
European Union funded Fisheries Component of the Integrated Caribbean Regional
Agriculture and Fisheries Development Project  CFU 20003. The Work Plan is
being implemented and is seeking to address some of the critical issues affecting the
fishmes sector in the Dominican Republic by focusing on:

i! Development of clear and adequate planning and policies &amework,
ii! Improving the fisheries database, information management systems and

Qow of information to stakeholders for planning and management
decision making, and

iii! Strengthening human and institutional capacities for admizzistration,
fisheries research, resource management and conservation;

As a first step of the ICRAFD work plan for the Dominican Republic, a
strategic review of the organizational structure of the DOFR was completed in 2001
 Rodriquez and Herrera 2001! and resources to assist with the implementationof the
agreed zecommendations havebeenpzovided. Also, acomprehensive zeview ofthe
fisheries datacoHection�system of th DOFR was conducted in 2001 Medley,2001!
and support provided for implemezztation of the zecaszmendations, including the
provision of computer systems and training of datacoHectors. Long and short-term
trainings scholarships have been provided to University stialents and fisheries
officers of the Dominican Republic. A scholarship was provided to a DOFR
fisheries officer to undertake a .Sc. in Management of Coastal Resources m Spain
and two university students are currently conducting of a review of historical
fisheries data of the Dominican Republic. Several short-term training workshops
have beendefivered to fisherie field officers and other stakeholders covering topics
such as capacity building workshops on socioeconomic aspects of fisheries, data
collection and statistics, resource assessment, and resource management. At
present, CFU in coHaboration with the Directorate of Fisheries of the DR is in the
processoffinalizationofa fisheriesmanageznentplan with includes individual plans
for the major fisheries resources. Other on-going activities include a nation-wide
census of conch and lobster fisheries, arrangements for an underwater survey of
lobster and conch, establishment of a national fisheries dialogue group involving
stakeholders in the 6sheries sector  CFU 2001, CFU 2003!.

DISCUSSION AND CONCLUSION
Thecuzzentsituationof fisheriesmanagementinthe Dominican Republic is still

achafienge due to the overlapping functions among several govenunental agencies
and limited resources. Even though there is goodwill fiom the government
authorities to develop the countzy's 6sheries sector, these efforts need to be
coordinated within a national management program; that wiH necessarily require
impmved knowledge of the status of the resources, capacity building and avnueness



Page 100 lwatao, J. and IN.O. Ha GCR:55 2004

LITERATURE CGA

Appeidoorn, R. and S. Meyers. 1993. Marine fisheries resources of Puerto Rico
and Hispaniola Pagesl00-152 in: Marine+hery resources of the Antilles.
FAO Fisheries Technical Paper 326. 234 pp.

Colom, R., Z. Reyes, y Y. Gil. 1991. Censo comprensivo de la pesca costera de la
Republica Dominicana Paginas 3-1 en: S~a de Estado de Agriculture
Sub-Secietaria de Recursos Naturales. Ptoyecto de Pmmocibn de la Pesca
Costeta Artesaiial del Litoral Sur. "Reportes del PROPESCAR SUR:
contribuciones al conocimiento de laspesquerlas en la Republica Dominicana.
Vol.l/PROPESCAR-SUR.- Barahona, R. D.: PROPESCAR-SUR, 1994,

campaigns, empowerment, and greater involvement of the resource users and others
stakeholders in all levels of fisheries management

Nowadays, in many coastal areas tourism is replacing fisheries and agriculture
by providing a new source of income for coastal communities. Yet, the low level
of development, widespread poverty, lack ofbasic services and in&a-striicture, and
environmental degradation characterize the situation of many of the Dominican
coastal communities where large numbers of persons depend on the exploitation and
commercialization of fisheries resources for survival. In many cases, fisheries
continue to be their only source of livelihood.

This situation is further compounded by the lack of:
i! Adequate fisheries legislation, lack of capabiTity for monitoring and

enforcement; lack of financial resources for fisheries prognuns,
ii! Organization and institutional capabiHty for fisheries development and

management, and
iii! Physical ofmce space and facilities.
The budgetary aHocation of the Dominican Directorate of Fisheries is not

enough to allow the fisheries administrators to undertake the necessary programs to
improve fisheries resource management On the positive side, however, the
Dominican Republic is developing closer links with regional and international
missions and oq,anizations that are supporting the fisheries sector with technical and
financial resomces through specialized projects.

Fisheries managers need to continue to develop and implement carefuHy
targeted programs to graduaHy improve the national and local capability for
sustainable fisheyes development and management, and consequentlyenhauce the
contribution of fisheries and aquaculture to the aunomic development of the
country.

Interventions in the fisheries sector by themselves wiH not solve the problems
unless they form part of a larger sustainable development program seeking to
address the larger issuesofimproved governance, impmved productivity, improved
environmental management, and human development. Improvement in the basic
socio-economic conditions and living stiuidard ate needed to reduce the heavy
dependence on the aheady over-exploited 6shery resources for survival.



55 Gulf and Caribbean Fisheries institute Page 101

264pp.
CFU. 2000. Five year week programme for the Dominican Relakhc, April 2000 to

March 2005. Integrated Caribbean Regional Agriculture and Fisheries
Development Pmgramme-Fisheries Component. Project No.7>CP:RPR:385.
CARICOM Fisheries Unit, Belize City, Belize, Sept. 2000. 42pp.

CFU. 20G1. Progress and Financial Report. No 8. April 1999- December 2001.
Fisheries Component of the Integrated Caribbean Regional Agriculture and
Fisheries Development Pmgramme. Pmject No.7:ACP:RPR:385 CARICOM
Fisheries Unit, Belize City, Belize. 71pp

CFU. 2003. Pmgress and Financial Report, No. 12. Fisheries Component of the
Integrated Caribbean Regional Agriculture and Fisheries Development
Pmgramme. Pmject No.7:ACP:RPR:385. CARICOM Fisheries Unit, Belize
City, Belize. 72pp

Comision coordinadora del Sector Recursos Naturales y Medio Ambiente
 COSERENAMA!. 1999. Antepmyecto de Ley General de Pmteccion
Ambiental y de Recursos Naturales. 99pp

Brown, D. 2002. Report of multiWsciplinary survey of the Dominican Republic.
Integrated Caribbean Regional Agriculture and Fisheries Development
Programme - Fisheries Component CARICOM Fisheries Unit, Belize City,
Belize. 84pp.

Dixecci6n de Recursos Pesquems. 2002. Informe de Actividades de la Direcci6n de
Recursos Pesqueros. Secretaria de Estado de Medio Ambiente y Recursos
Naturales. Sub-Sectetariade Renusos Costeros Marinos. Santo Domingo, Julio
2002.

Fisheries Development Limited 1980. Desarmllo pesqttem en la Republica
Dominican Informe preparado por Fisheries Development Limited, 435 pp.

Haughton, M.O. 20G3. Compliance and enforcement of fisheries regulations in the
Caribbean. Proceedings of the Gulf and Caribbean Fisheries Institute 54:188-
201

JICA/SEA l992. Informe del estudio de dise5o bLsico del proyecto de desarmllo
de pesca costera en la Republica Dominicana. Agencia de Cooleraci6n
Intermicional de Jap6n/ S~a de Estado de Agricultura/ D 4 A
Engineering, Co. I.td.,150 pp.

Medley, P. 2001. Review of the data collection system of the Dominican Republic.
Integrated Caribbean Regional Agriculture and Fisheries Development
Programme - Fisheries Component. CARICOM Fisheries Unit, Belize City,
Belize.

ONAPLAN. 1983. Estudio de base del sector pesquero. Secretariado T6cnico de
la Prseidencia Oficina Nacional de Planificacio6n, 111 pp.

Posada, J., and I. Mateo. 1998. Distribution and abundance of juveniles of queen
conch in Parque Nacional Jaragua waters, Dominican Republic. Caribbean
Journal of Sciencies.

Rodriquez, L. and A. Herrera. 2001. Strategic review of the oqpuuzational
structure and operational capability of the directorate of fishery resource in the



Pagu 102 iwatao, J anrt II.Q. Ha ttton QQF]:55 g064

Dominican Republic. CARJCOM Fisheries Unit Belize City, Belize. 37pp.
Tejeda, J.C. 1994. Resultados Prebminares de los Niveles de Captura y

Distribuci6n de Frecuencia de Tallas del Lambf, Strombus gigas  L!, en el
Parque Nacional Jaragua, Barahona, RepttbHca Dominican En: Secretaria de
Estado de Agricultura. Sub-Secretarfa de Recursos Naturales. Proyecto de
Promocibn de la Pesca Costera Artesartal del Litoral Sur. 22 pp.

Tejeda, J.C. 1995. La Pesquerfa del lambf Momus gigas en el Parque Nacional
Jaragua Pags. 04-01. En: Secretarfa de Estado de Agricultura. Sub-Secretarfa
de Recursos Naturales. Proyecto de Promoci6n de la Pesca Costera Artesanal
del Litoral Sur. "Reportes del PROPESCAR-SUR: contribuciones al
conocimiento de las pesquerfas en la Republica Dominicana.
Vol.IH/PROPESCAR-SUR.- Barahona, R.D. PROPESCAR-SUR, 1995.

Silva, M. 1991. Especies identi6cadas en las pesqtmias costeras artesanales del
suroeste de la Republica Dominicana. Pagina 1-1 in: Secretarfa de Estado de
Agricultura. Sub-Secretaria de RecursosNaturales. Proyecto de Promoci6n de
la Pesca Costera Artesanal del Litoral Sur. "Reportes del PROPESCAR-SUR:
contribuciones al conocimiento de las pesquerfasen laRepublica Dominican
Vol.l/PROPESCAR-SUR. Barahona, R.D. PROPESCAR-SUR, 1994,264 pp.



Overview of Puerto Rico's Small-Scale Fisheries Statistics
1998-2001

DAMEL MATOS-CARABALLO

Fisheries Research Laboratory/Puerto Rico DNER
P.O. Bm 3665

Mayagttez Puerto Rico 00681-3665

ABSTRACT

A total of 13,620,481 pounds �,178 metric tons! of fish and shellfish were
reported in Puerto Rico during 1998-2001. The mentioned landings have a market
value of approximately $27,407,302. The most important fish group, in terms of
percentage of total pounds hmded  fish and sheHfish!, for 1998 - 2001, were the
deep water snappers  mainly Lujtanus vivanus and Etelis oculatus! 9 '/o, yeHowtail
snapper  Ocyurus chrysurus! 7 /o, lane snapper  Lutjanus synagris! 7 /o, mackerel
species  Scomberomorus cavalla and Scomberomorusregalis! 5 /o, various species
of tuna 5 '/o, various species of grunts mainly the white gnmt  Haemulon plumieri!
4 /o, dolphinfish  Coryphaena hippurus! 4 '/o, groupers, principally red hinds
 Epinephelus guttatus!, reported 4 /o, parrotfishes 3 /o, and various species of
truukfish 3 '/o. The most important of the shellfish species were the spiny lobster
 Panulirus argus! accounting for 9 /o of total reported landings, and the queen
conch  Strombus gfgas! 8 '/o.

The gear type which accounted for the highest percentage of landings byweight
of the total catch during 1998-2001, were lines  hand line, troH line, long hne and
rod and line! with 40 /o. Lines were followed by traps  fish pot and lobster pot!
with 24 /o, nets  beach seine trammel net, giH net and cast net! with 21 /o and diving
 skin and SCUBA! with 14 '/o. Other gears were < 1 '/o of the total landings
reported.

Highlights of the biostatistical data for most caught species in Puerto Rico's
fishety will be discussed.

KEY WORDS: Biostatistical data, commercial fishery statistics, Puerto Rico.

Description de las Kstadisticas de la Pesca Artesanal in Puerto
Rico 1998-2001

Un total de 13.678.567 libras �.204,6 toneladas m6tricas! de pescados y de
cmshlceos fue divulgado en Puerto Rico durante 1998-2001. Los aterrizajes
mencionados tienen un valor comercial de $26.946.777. Los grupos as
importantes de los pescados de tbrminos del pozcentaje de las libras totales
aterrizadas los pescados y los crusthceos incluidos! para 1998-2001, eran el snapper
de rabo amarillo  chrysurus! de Ocyurus el 9 /o, los snappers profundos del agua
 principalmente vivanus de Lutjanus y oculatus de Etelis! el 7 /o, la especie de la
caballa cavaHa de Scomberomorus y los xegalis del S.! el 5 /o, varia especie del atun
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el 5 /o, dolphinfish  hippurus! de Coryphaena el 4 /o, varia especie de los groupers
 principalmente guttatus de Epinephelus! el 4 '/o, varia especie de parrtofishes el 3
/o y varia especie del trunk6sh el 3 /o. Aterrizado mhs por los crustiiceos del peso
era la langosta espinosa  Panulirus argus! el 9 '/o y conch de la reina  gigas! de
Strombus el 7 /o. Los resultados de los ~jes de la especie por el engruiaje y
por la costa senln demostrados y discutidos. Tambibn, los toques de luz de los
iesultados biostatistical de los datos para la mayoria de las cspecies cogidas senln
discutidos en este papel.

PALABRAS CLAVES: Industrias pesqueras en reducida escala, estadistica de
industrias pesqueras, Puerto Rico.

INTRODUCTION

The Fisheries Research Laboratory  FRL! of the Puerto Rico Department of
Natural and Envimmnental Resources  DNBR! monitors the commercial landings
of fish and shellfish in Puerto Rico. The Fisheries Statistics Pmgram  FSP! was
implemented in 1967 under the Commercial Fisheries Research and Development
Act of 1964  PL 88-309! to collect dsta on the commercial 6shery. Currently, this
pmject is supported by the NOAA/National Marine Fisheries Service  NMFS!
tlmough the State/Federid Coopemtiveand Interjurisdictional Fisheries Pmgrams and
the DNER.

The objective of the Puerto Rico Fisheries Statistics Pmgram is to maintain
reporting services on the commercial finfish and shellfishxesources of Puerto Rico,
as well as manage and disseminate the fisheries statistics thmugh coordination of
activities betwixn NMFS, FRL/DNER and other interested groups. The principal
goals of this program are:

i! Collect landings data fiom the island of Puerto Rico ensuring coverage of
all coastal municipalities and their major fishing centers.

ii! Determine the total weight of principal finfish and shellfish landed in
Puerto Rico each month.

iii! Determine the ex-vessel value of principal finfish and shellfish species
landed in Puerto Rico each month.

iv! Manage, correct, evaluate, sutnmarize data and prepare semiannual and
annual performance reports.

v! Collect and analyze biostatistical data of the Puerto Rico's commercial
fishery.

PROCEDURES

Conimereial Landings Data
Commercial fishery landings datawerecollected fmm Puerto Rico's fishermen,

fish buyersand fishing associations, whom voluntarily cooperatewith the FSP. Four
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port samplers and the principal investigator visited the 42 coastal municipalities
including the islands of Vieques and Culebra, and the 88 identified fishingcenters.
The data collected hn January 1998- December 2002 are presented in this paper.
Efforts were made to collect the following data: fishing date, name of fish buyer,
fisherman and/or helper  to avoid data dupHcation!, municipality; fishing center
 municipality landing area!; number of trips; gear type; fishing effort  hours spent
fishing!; weight in pounds by species or taxonomic family; market value to the
fisherman price in U.S. doHars/pound!; maximum and minimum fishingdepth an
fishingarea. Trip tickets were completed using species commonnames and identifi-
cation was possible by using an amended version of the bilingual technical report
"Common Names of Fishes in Puerto Rico"  Erdman 1987!. A munerical system of
species identi6cation was developed to correspond with species codes used in
Erdman's publication. Fishermen usually landed fishes in the round  not
eviscerated!, except deepwater snapper and large grouper that they usuaHy landed
giHed and gutters Lobster, oyster and octopus were also landed in the round, and
conch weights included meat only. Land crab statistics were reported m number of
dozens with each dozen assumed to produce 1 lb. of meat. Some landings were
reported as one of four classes of fish  first, second, third and "trash" fish! reflecting
their market value: "trash" fish are perceived to have little or no market value.
Classification varied somewhat by region but the following descriptions were used
to characterize each class broacHy: first class fish included large snapper, grouper,
grunt, trunkfish and hogfish; second class included smaH snapper and grouper,
parrotfish, goatfish, and triggerfish; third class included smaller individuals of
second chiss fish and larg squirrelfish. The "trashfish" categoryincludedbutterfly-
fish, angelfish, surgeonfish, smaH squirrelfish and small fishes ofa large number of
species  Matos-CarabaHo and Sadovy 1990!.

Catch per unit of effort  CPUE! was evaluated for landings data by calculation
of total pounds per trip, mahng a subsample by month, using only those landings
trip tickets that clearly indicated a single trip.

Landings data was entered in computer, using Microsoft FoxPro 2.6, checked
against the original landing trip tickets, corrected and analyzed using Microsoft
FoxPro 2.6 and Microsoft Excel. AH data preseirted in this report are raw data. As
in previous years �988-97! a correction factor was used in calculations to correct
for under-reporting. The correction factor was exlnessed as the percentage of
fishermen that regularly coopended with statistics divided by the total number of
active fishermen in the island of Puerto Rico. A total of 1,75$ commercial
fishermen were active during 1994- 1997  Matos-CarabaHo 1996!. The correction
factor for 1998 aud 1999 was 78 '/o, for 2000 was 57 /o and for 2001 was 68 /o.
Correction factors before 1989 are di~ in Matos-CarabaHo and Sadovy�990;
1991! and Matos-CaiabaHo �992; 1993; 1995; 2001!.

Commercial Blostatistleal Data
Biostatistical data of finfish and spiny lobster were coH~ by port agents.

Eachmdividual was identified by species to determine catch composition. Finfishes
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were measured in fork length  FL! and spiny lobster in carapace length  CL!, both
in mifiimeters  mm!, and weighed in grams. Data were recorded on data sheets
form. The form was designed to facilitate entry and processing of effort data
Biostatistical data were entered in Trip Interview Program  TIP! developed by
NMFS Southeast Fishery Science Center. Later, the data stored in TIP was
converted to FoxPro and analyzed using Microsoft Excel. The data coHected
include date, name of fishennan, fishing area, depth, gear, species, length, weight
and effort by gear type. When possible, sex and gonad stage were visuaHy inspected

Commercial Landings Data
In Puerto Rico during 1998, it was estimated that a total of 4,427,467 pounds

of fish and shellfish were landed, with a market value of $8,946,870  using the
correction fiictor of 78 %!. During 1999, it was estimated that a total of 4/65,435
pounds of 6sh and she116sh were landed, with a market value of $8,795,880 using
the correction factor of 78 %!. For 2000, it was estimated that a total of 5,756,130
pounds of fish and shellfish were landed, with a value of $11,793,159  using the
correction factor of 57 %!. In 2001, it was estimated that a total of 5/33,859
pounds of fish and shellfish were landed, with a value of $10,800,657  using the
correction factor of 68 %!. The correction factor of 78 % of total fishermen
cooperabng with the Program in 1998-99 is the highest since 1988 when 56 % of
fishermen cooleriited.

Reported data show that &om January-December 1998, a total of 3,453,424
pounds were reported, in 1999 was a total of 3,327,039 pounds were reported, for
2000 a total of 3380,994 pounds and for 2001 a total of 3,559,024 pounds  Table
1!.

A total of 32,839 trip tickets were collected during 1998, 35,545 throughout
1999, 38,887 for 2000 and 41,949 for 2001. Landings were principaHy comprised
by five species of shefifish and 45 groups of species or fiimiTies of finfish, although
a total of 155 finfish groups an/or species and 10 sheH6sh species wererepoitedby
fishermen.

A total of 13,620,481 pounds �,178 metric tons! of fish and sheHfish were
reported in Puerto Rico during 199$-2001. The mentioned landings have a market
value of approximately $27,407,302. The most important fish youp, in terms of
percentage of total pounds landed  fish and sheH6sh!, for 1998-2001, were the
deepwater snappers  mainly Lutjanus vtvanus and Etelis oculatus! 9 lo, yeHowtaii
snapper  Ocyurus chrysurus! 7'lo, lane snapper  Lujtanus synagris! 7%, mackerel
species Scomberomorus cavalla and Scomberomorusregalis! 5 os, various species
of tuna 5%, various species of grunts mainly the white grunt  Haemulonplumiert!
4 /o, dolphinfish  Coryphaena hlppurus! 4 o/o, groupers, princlpaHy red hinds
 Epinephelus guttatus!, reported 4%, panotfishes 3%, and trunkfishes 3%  Table
1!. The most important of the shellfish species were the spmy lobster  Panulirus
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argus! 9% ot'total reported landings, and the queen conch  Strombusgigas! 8%
 Table l!.

Table 1. Landings reported by species and coast in Puerto Rico during 1S98-2001
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Matos-Caraballo �001! observed that during 1993 - 1997, several fish and
shellfish species that in the past use usually discarded by fishermen, have gained
commercial importance. These species did not have market value years ago, now
are easily sold at reasonable prices. During 1998 -2001 this trend was observed.
For example, Table I shows that the squirrelfish  e.g. Holocentrus ascensionis and
H. rufirs! was sold in 1997 at an average price of approximately $1.29 per pound.
Shellfish species in the same situation are marine crabs, Carpilius cora/linus, and
Mythrax spp were sold at approximately $3.00/pound. On the other hand, species
that have no market in Puerto Rico, Acanthurus spp, Halocanthus ciliaris,
Pomacanthusarcuatus, and P. paru are fished in the municipality island ofVieques,
to be sold in the market of Saint Cmix, USVI.

The gear types as defined in Matos-Caraballo and Tortes-Rosado 1989!, which
accounted for the highest percentage of landings, by weight during 1998-2001, were
lines  hand line, tmll line, long line and md and line together! taking 40 /o of the
total catch  Tables 2-5!. Lines were followed by traps  fish trap and lobster tray!
taking 21 /o of the total reported catch  Tables 2-5!. Traps were followed by nets
 beach seine, gill net, cast net and trammel net! that accounted for 20 /o of the total
reported catch  Tables 2-5!. Nets were followed by diving  skin and SCUBA!, this
gear class fished 19 o/o of the total reported catch  Tables 2-5!.

During 1998 - 2001, prices varied markedly by municipality  Table 6!. For
example, in 1999, the lowest average price per pound for 6sh and shellfish was
obtained on the north coast, in the municipality of lsabela at $1.18, and the highest
average price was obtained in the south coast, in the municipality of Patillas with
$3.17/pound in 2001  Table 6!. The most productive of the 42 municipalities
during 1998-2001, was Cabo Rojo accounting for 18 /o of the total landings, by
weight  Table 6!. The west coast, reported 34 /o of the total weight, being the most
pmductive, followed by the south, 32 /o, the east, 21 /o and the north, 13 /o  Tables
6!.

From a total of the trip tickets collected during 1998-2001, approximately 82
'/o clearly indicated that the catch referred to a single fishing trip number of trips =
1!. Asubsampleof thesedatabymonthwasmade. Fishingtripsaregenerallyof
a half-day duration. The CPUE for landings was 54 pounds per trip  ppt! in 1998,
53 ppt in 1999, 71 ppt in 2000, and 6& ppt in 2001.



Table 2. Landings reported by species and by gear in Puerto Rico during 1998

TOTAL

11 720 Ia
41 SO

ISI
517 01014

11 474
120187

17 I 14t 10

t 104 I 774
~ Sll 41

I IN
Ol 170 I

41 80 $80
17IOI

10 SAN 10 11 ISI
714

10 112 10 801I 17$210

0 10071001 I

ISI I 740

ISI
107 11

I CCO1011 I I I CO

171 7'I OS
10 'I 107

I 1041$ 107 ~

0 I

~ COOS8 1$0

TS

0 I IW0 ISO Sl 14
~ fl

774 I
0 AT

I 810 10

I 10010 AS
1580 11 CSI

55~ Gulf and Caribbean Fisheries Institute Page 1gg

SCN
OISNO



Page 110 GCFI:55 �004!Natos&araballo, D.

Table 3. Landings reported by species and by gear in Puerto Rico during 1999
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Table 4. Landings reported by species and by gear in Puerto Rico during 2000
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Table 5. Landings reported by species and by gear in Puerto Rico during 2001
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Table 5. Landings reported by municipality and by coast in Puerto Rico during 1998
- 2001
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Commercia! Siostatistical Data

A total of 53,027 individuals caught by commercial fishers were measured and
weighed during 1998-2000. Sex determination of6shes in the fieldhas beendifficult
due to the reluctance of fishermen to permit this activity, and the general limitation
in available time for measuring samples, and dif5cuities in as~ any but the
ripest individuals, for sex.

The species most &equentiy measured &om 1998 - 2000 were: Ocyurus
chrysurus, Haemulon plumieri g,utjanus synagris, Panulirus argus, Epinephelus
tulvus, Epinephelus guttatus, Sparisoma chrysopterum, Lujtanus vivanus,
Sparisoma viride and Scomberomorus cavalla.

Figuerola et. al, �998! indicated that Ogncrus chrysurus femalesreach
Minimum Size of Sexual Maturation  MSSM! at around 248 mm FL and males at
224 mm FL During 1998 - 2000, approximately 15 Fo of O. chrysurus individuals
were taken below 224 mm FL

Panulirus argus has been protected under federal and local government
management plans, for approximately the last 18 years. 'Ihese management plans
prohibit the capture and/or possession of P. argus below 89 mm �.5 inches! of
carapace length. During 1998 - 2000, approximately 18 '/o of the total individuals
sampled by FSP were taken below the minimum legal size  MLS!.

Epinephelus guttatus is the most abundant grouper species reported in Puerto
Rico. Sadovy et. al. �994! studied E guttatus &om 1987 - 1992, reporting that
MSSM is 215 mm FL E. guttatus taken below 215 mm FL, were approximately 3
~/o of the biostatistical samples during 1998 - 2000.

Figuerola �991! reported that Luj tanus vivanus females reach MSSM at 410
mm FL Biostatistics data of 1998 - 2000 show that approximately 97 /o of total
individuals of L. vivanus  males and females! were taken below the MMS of 410

DISCUSSION

Commercial Landings Data
The most reported groups by weight in the commercial fisheries landings for

1998 - 2001, showed that snappers, grunts, groupers, panotfishes, mackerels,
dolphinfish an trunkfishes. Reported commercial landings datareported have been
around two millions pounds per year &om 1987 - 94  Matos-Caraballo in press!.
Since 1995, 96 and 97, an iricrease has been observed in the number of fishermen
that cooperated with the F SP, resulting in 3.7, 3.6 and 3.8 miHions pounds reported,
respectively. Stability of this landings reports were consistent for 1998 - 2001.
Approximately a total of 400 more commercial fishermen cooperated with FSP
during 1997 than 1994. One possible reason to explain the increased landings
reported mightbe due to an increase in the number of fishermen cooperated with the
FSP during 1995 - 1997. This increase in participation probably occurred because
the PRDNER and the Puerto Rico Department of Agriculture have provided
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economical help to fishermen who cooperate on a regular basis to the FSP. Usually
a certificatio &om FSP is required. When we compare the landings reported in late
1970s and early 1980s  around 5 million-7 million pounds!, with the reported
landings of 1987 - 1997, an indication of overfishing is observed.

Another symptom of overfishing was observed in several species discarded by
fishermen in the past that now have become commercial species  e.g. Holocentrus
ascensionis, H. rutus and Acanthurussppg. These species are now marketable due
to the decrease in landings of preferred species, and an increase in the demand of
more &esh fish products,

The fish market of Saint Croix USVI puichase the Vieques landings of
Acanthurus spp, Holocanthus ci1iaris, Pomacanthus. arcuatus, P. paru and many
juvenile reef fish species. The mentioned species are subject to severe fishing
prcssure.

The municipality of Cabo Rojo and the west coast have continued to be the
most productive municipality and coastrespectivcly since 1972  Weiler and Suhrez-
Caabro 1980, Collazo and Calder6n 1988, Matos-Caraballo and Sadovy 1990 and
1999, Matos-Caraballo 1993, 1995, 1997!. However, the west coast has shown a
tendency to decrease the percentage of total landings reported &om 52 '/o in 1983
to 37 /o in 1997, aild 34 o/o in 1998 - 2001. For years 2000 and 2001 the south
coast reported more landings that west coast for the first time since 1972. Cabo
Rojo shows the same tendency Table 6!. Biostatistical dataof FSP indicate that the
fishing resources in the west coast are overfished  Matos-Caraballo in press!. The
mentioned tendencies are evidence of the need of effective management and
enforcement to preserve the fishing resources of Puerto Rico.

Pots continued to showa decreasing trendin their catchpercentages since 1982
 Matos-Caraballo and Sadovy 1990 and 1991, Matos-Caraballo 1992, 1993, 1995;
and 1997!, when fish traps alone caught 71.2 /o of the total pounds reported
 Collazo and Caldera 1988! to 24 /o during 1994 - 1997, and contnues decreasing
to 21 /o for the period of 1998 - 2001. On the other hand, an increasing trend was
observed in the percentage of reported landings taken by all lines combined, when
compared with 1982, in which the percentage was 12.4 /o  Collazo and Calder6n
1988! to 44'/o during 1994- 1997, 40 /o for the period of 1998- 2001. Nets have
shown a similar trend. For example, the giH nets and trammel nets caught 2.7 /o in
1982  Collazo and Calder6n 1988!, while in 1998-2001 they caught 20 /o. Young
fishers were observed using SCUBA divers. They are very active, fishing 4-5 days
per week and their main target are conch and lobsters. The diver gears reported 19
/o of the landings during 1998 - 2001.

Average annual catch per unit effort  CPUE! in was estimated to be 63ppt-
80ppt during 1994 - 1997, for 1998 - 2001 was reported 53 - 71ppt Collazo and
Calderbn �988! mentioned that during 1979 - 1982, the CPUE for the vessels of
21-25 fi was 122.74 pounds/trip. It was observed that vessel over 30 feets length
have almostdisappeared &om the Puerto Rico's commercial fishery. This is another
evidence of the overfishing symptoms of Puerto Rico's fishery resources.
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Commercial Biostatistical Data
The commercial biostatistical for L. vivarzusdata indicates that the Puerto Rico

fishery resource is overfishek P. argus in Puerto Rico has a minimum legal size of
89 mm carapace length. During 1994 - 1997, a total of 36 /o of P. argus sampled
was caught below minimum legal size. However, for the period of 199& - 2000,
only 18 '/o of P. argus were caught before minimum legal size. This impmvement
occurred probably due to effective enforcenient by the FMP and because this
resource has a strong resilience to a high fishing pressure.

CONCLUSION

In 1979, reports of landings in Puerto Rico recorded 7312,000 pounds of fish
and shellfish. During the decade of the eighties, landings decreased consistently.
During 1995 - 2001, reported landings ranged between 3.2 million and 3.8 million
pounds of fish an shellfish. The vessels of>30 foot length have been diminishing.
The Puerto Rico Fisheiy Census is in process and pmbably will result in a decxease
of 500 commercial active fishers compared to the 1996 commercial fishery census.
Landings information has shown that several fish an shellfish species that fishermen
discarded in the past because they did not have market value are now easily sold.
These species now have market value because of the decreased landings of the
traditional valuable species. Another symptom of overfishing is evidenced in the
CPUE data. During 1979- 1982, average pounds per trip was 122.73 and in 2001,
it had declined to 68 pounds per trip.

Another set ofpmblems associated with the fisher resources is observed thru
biostatistical data, which show that L. vivapzzzs are consistently taken below the
-MSSM. P. argus is protected by FMP that seems to be working, although this
species is under heavy fishing pressure.

After the analysis of these fiicts, it is concluded thatduring 1998-2001, several
fishery resources in Puerto Rico have continued to decline, despite an increase in the
number of landings reported, due to an increase in the number of fishermen that
cooperates with FSP. The information presented in this report urges the need for
measures to protect the fishery resources ofPuerto Rico, including the impmvement
oftheenfozcementof the existing fishing regulations and�Fishezy Management Plas.
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Caribbean Coastal Resources Co-management � Part 1
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ABSTRACT

Coastal resources co-management is a relatively recent development in the
systems of natural resources governance in the English-speaking Caribbean. There
is much interest in co-management among government agencies and non-
governmental organisations, ranging &om consulting with stakeholders to delegated
and community-based management. Resource users are less familiar with the
concept. The Coastal and Marine Management Program  CaMMP! of the
Caribbean Conservation Association CCA! is implementing aprojecton developing
guidelines for successful coastal resources co-management in the Caribbean. It is
part of the United Kingdom Department for International Development  DFID!
Natural Resources Systems Programme  NRSP! for the Land-Water Interface.
Cases ofco-managementinitiatives in Barbados  sea urchins and Fisheries Advisory
Committee!, Belize  marine protected area and Fisheries Advisory Board!, and
Grenada  lobster and seine net fisheries! are being documented. Less detailed
investigations are being done in other locations; The ecological and institutional
analysis research &amework, some preliminary findings and a few tentative
conclusions are provided here as 'Part 1' in sharing pmject outputs. The project is
expected to conclude in mid-2003, with further outputs to be reported at subsequent
GCFI meetings.

KEY WORDS: Caribbean, coastal, co-management

Recursos Costeros del Caribe Co-gerencia de los Recursos:
Parte I

La co-gerencia costera de los recursos es un desarrollo relativameme reciente
en los sistemas del gobierno de los recursos natures en el Caribe de habla ingle'
Hay inteah mucho en la co-gerencia entre las ageneias de estatal, extendibndose
simplemente de consultar con los tenedores de apuestas al desanollo completo de
la gerencia comunidad-basadL El intmbs tambien esth creciendo entre
organizaciones no gubernamentales, pero los usuarios del rectum tienden para ser
menos familiares con el concepto. El programa costero y marina de la gereneia
 CaMMP! de la asociacion del Caribe de la conservacibn  CCA! esth poniendo un
proyecto en ejecucio'n sobre laspautasque se convierten para laco-gerenciacostera
acertada de los recursos en el Caribe. Es parte del departamento BRITANICO para
el programa de los sistemas internacional de los recursos naturales del desanollo
 DFID!  NRSP! para el interfaz del Tierra-Agua Los casos de las iniciativas de la
co-gerencia en Barbados  Ios pilluelos de mar y comity consultivo de las industrias
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pesqueras!, Belice  hna protegida marina y tablero consultivo de las industrias
pesqueras! y Greiiada  Ias industrias pesqueras netas de la langosta y de la j&ega!
seesthndocumentando. Menos investigaciones detaHadas seestknhaciendo enotras
localizaciones. El marco eco16gico e institucional de la investigaci6n del am8isis,
algunos resultados preliminares y algunas conclusiones tentativas se proporcionan
aqui corno > ia parte 1 = en compartir salidas del proyecto. Se espem que el
proyecto concluya en mid-2003, con > la parte 2 = ser divulgado en la reunion de
GCFI de ese allo.

PALABRAS CLAVES: Del Caribe, costero, co-gerencia

INTRODUCTION

The "Wider Caribbean" includes the northeast coast of South America, the
Caribbean Sea, the Gulf of Mexico, and the south~tern Atlantic coast of North
America. The region is geographically complex with the highest density of separate
states per unit area in the world  ChakalaH et al. 1998!. Across these states, as part
of a global trend, recognition that resource users can play several valuable roles in
coastal resource management has prompted increased efforts at their inclusion in
governance  James and FourniHer 1993, Smith and Berkes 1993, Finlay 1996,
McConney and Mahon 1998!. Such initiatives are termed participatory,
coHaborativeor cooperative management usuaHy shortened to co-manalement! and
include commuuity-based management. De6nitions ofco-maiiagement centre on the
theme of sharing management responsibility and authority between government
agents and stakeholders  McConney 1998, Brown and Pomeroy 1999, Pomeroy et
al. 2001, Berkes et al. 2001!.

DRMNG FORCES

Stakeholder involvement in marine protected area MPA! management is now
a standard guideline  KeHeher and Kenchington 1992, Salm et al. 2000!. But there
are many are "paper parks", with little active or effective management, in the
Caribbean  Geohagen et al. 2001, Roberts et aL 2001!. Because of this, much
attention has turned to measuring management effectiveness  McField 2000!.
Governance and soci~nomic indicators concern co-management.

The Code of Conduct for Responsible Fisheries seeks to ensure that fishers are
integrated into coastal management. MPAs and other managed areas are locations
for such integration and partuerships in governance. Coastal management in some
places incorporates co-management at levels Som research and momtoring  Smith
1994! to community decision-making in management  Berkes et al 2001, McField
2000!.

Coastal resources areimportant to tourism, especiaHyinsmaH Caribbean islands
with few other significant natural resources  CANARI 1999a, Clauzel 2001!.
Coastal conflicts include interactions between 6sheries and tourism. Yet workers in
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each labour force &equently find part-time employment in the other industry
 Heyman and Graliam 2000!. Tourism has many impacts on reefs, mangroves,
seagrass and beaches. Coastal settleinentsengaged in community-basedtourism and
eco-tourism may seek to co-manage these critical habitats that are threatened in
many parts of the Caribbean  CCA 2001, Renaid 1991!.

The Coastal and Marine Management Program  CaMMP! of the Caribbean
Conservation Association CCA! is impleinentinga pmject on developing guidelines
for successful coastal resources oo-management in the Caribbean. The University
of the West Indies and Marine Resources Assessment Gmup are partners. It is part
of the UK Department for International Development  DHD! Natural Resources
System Programme  NRSP! for the Land-Water Interface. Cases of co-
max~ientinitiatives in Barbados  seauxchms and Fisheries Advisory Committee!,
Belize  marine protected area and Fisheries Advisory Board! and Gxexiada  lobster
and seine net fisheries! are being xesearched. This paper, Part 1, intmduces some
interim findings &om the project and refers to previous and continuing work by
other researchers. Final results and conclusions wiH be presented at a future meeting
of the Gulf and Caribbean Fisheries Institute.

CO-MANAGE~ CONCEPTS AND METHODS

What co-management could or should be in theory or potential, and actually is
in practice, has been extensively reseamhed  e.g. Jentoft 1989, Kuperan and
Abdullah 1994, Pomeroy and Berkes 1997!. Co-management encompasses a range
of institutional arrangements often depicted as a scale based on the relative balance
of responsibility and authority between state and stakeholders. Studies of co-
management in A&ica  Noxmann et al 1998! and Asia  Pomeroy et al. 2001! have
used the institutional analysis methodology developed by the International Centre
for Living Aquatic Resources Management  ICLARM! and Institute for Fisheries
Management and Coastal Community Development  IFM!  ICLARM and IFM
1998!. The ICLAIUVf/IFM conceptual &amework and methodology was adopted
for this research. It emphasises three main categories of co-management Figure 1!.

"Consultative co-management" is common in the Caribbean Hteratuxe  Brown
and Pomeroy 1999!. Next is a level of joint action and decision-making. This is
where several countries seem to be headed. The term "collaborative co-
management" is preferred to "cooperative co-management" because it connotes
stmnger relationships of partnership, and "cooperative" may be confused with the
formal organisations of the same name. "Delegated co-management" includes, but
is not limited to, community-based management. Few countries in the Caribbean
appear to be at the latter level, but it is not uncommon in other developing countries
 Baixd 2000!. National co-management structures based on multi-stakeholder
boards or committees are common in fishmes�management in the Englis-speaking
Caribbean  Jacobs 1998, McConney and Mahon 1998!.
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Figure 1. Categories of ~anagement

While these three categories illustratea gradation Sum less to more civil society
empowerment, they are not necessarily phases along a path towards community-
based management. Each category is a suitable goal in its own right Aiming at
community-based management may not be appropriate. However, establishing
successful co-management is seldom immediate, and progression through several
categories of co-management is often apparent as institutional relationships are
developed and mature. Like mostparticipatoryprocesses, this takes time and careful
'tending. Pomeroy �998! recognises three phases of co-management and describes
the sequence of steps within these in detail. A much-simpMed version is in Figure
2.

Figure 2. Phases of co-management

Questions for research include asking: �! What phases of co-management are
cases in the Caribbean at? �! To which category of co-mauagement do they seem
to be headed? �! What can make progress and achievement sustainable?

This project should provide some answers to these questions by mid-2003,
especially for the six detailed case studies. It will provide guidelines for successful
coastal resource co-management in the Caribbean that take into account coastal
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CO-MANAGEMENT IN THE WIDER CARIBBEAN

Language contributes to complexity in the Wider Caribbean. English, Spanish,
Dutch and French are spoken in addition to several creole languages. Language
differences reflect and accompany a variety of economic, cultural, social and
governance systeins. The six case studies of the co-management guidelines project
are confined to the English-speaking Caribbean, but the project also considers co-
management in non-English speaking territories.

Recently there has been considerable networking and collaboration in co-
management studies across the region and languages. The IUCN Working Gmup
on Collaborative Management  CMWG! promotes such exchanges. Over 100
possible cases of coastal co-management �4! or indigenous managed areas �6!
have been compiled based on published literature for Central America and the
Caribbean  Hugh Govan pers. corn.!.

The Caribbean Natural Resources Institute  CANARI! prefers the term
"participatory management"  CANARI 1999c!. Coastal co-management is being
tried at the Samana Bay Biosphere Reserve in the Dominican Republic and at La
Parguera Fisheries Reserve in Puerto Rico  CANARI 1999b!.

The Community Based Coastal Resources Management CBCRM! Program of
IDRC has published outcomes of its first phase of projects with case studies &om
Columbia, Costa Rica, Cuba, Honduras, Mexico and Nicaragua as non-English
speaking countries  IDRC 2002!. The project is in its second phase.

These are only a few of the several co-management research and pilot pmject
initiatives in the Wider CaribbearL Communication amongst them continues to be
a challenge, but this is slowly being overcome.

CO-MANAGEMENT IN SOME CARICOM COUNTRIES

Brown and Pomemy �999! examined fisheries co-management in several
Caribbean Community  CARICOM! countries. Cases surveyed or studied to
date under CORECOMP and the co-management guidelines project include:

Barbados
Sea Urchin Management � The fishery for the white sea urchin  Tripneastes
ventricosus locally called "sea egg"! has collapsed on several occasions. After multi-
year closures to facilitate recovery, followed by declines mainly due to renewed
overIlshmg, the govermnent initiated co-management.

zone management and pro-poor issues. The sections below combine the results of
a survey of CARICOM countries undertaken by CaMMP of the CCA in 2001, under
its Coastal Resources Co-management Pmject CORECOMP!, withresults Imm the
present DFID-NRSP funded pmject
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Belize

MPAs � There are several examples of community-based MPA co-management and
anational example of fisheries c-management. The guidelinesproject includes the
Laughing Bird Caye National Park and Gladden Spit Marine Reserve. These two
MPAs fidl, respectively, underco-management agreementsbetweenthe Forestry and
Fisheries Departments and a community-based NGO. Other MPA co-management
initiatives include Port of Honduras Marine Reserve, Sapodilla Cayes Marine
Reserve; Caye Caulker; etc.

Fisheries Advisory Board � Belize has a Fisheries Advisoiy Board  FAB! that has
been a powerful force in fisheries for over 30 years. lt has not been well
documented as an example of co-matiagement, but is closely linked to strong
govenunent support for fishing cooperatives.

Dominica

SouPierelScotts Head Marine Reserve � A multi-stakeholder local area
management authority  LAMA! set up under the fisheries legislation attempts to
~anage this scenic area on the south coast of the island that is heavily used by locals
and visitors. Progress has been hampered by the impacts of humcaues.

Guyana
Fisheries Advisory Committee � This multi-stakeholder consultative body is in its
early stages, constrained by the low institutional capacity of the fisheries authority
in a country beset by social and economic problems.

Grenada

Lobstergshery � At the rural town of Sauteurs government recently started a co-
management project to encourage use of more responsible fishing gear for lobster
harvest. The local fishing co-operative is also presently being revived.

Formalising beach seine traditional rules � The seine net fishery in Grenada is a
case of an attempt by government to systematically document traditional fishing
rules and customs in order to consider incorporating them into formal fisheries
management plans and legislation. Traditional beach seine rules have also been
documented in neighbouring countries.

Fisheries Advisory Committee � Under its 1993 Fisherm Act the government of
Barbados formed a multi-stakeholder Fisheries Advisory Committee in 1995. The
FAC has struggled to define and meet its co-management mandiite. Challenges
include its lack of power and recognition.
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Jamaica

Tourism Product Development Company P'PDCO! � This is an initiative to
organise the fisheries aspects oftourismon the north coast especiaHy. Emphasis has
been on charter boat operations, particularly on registration and standards. The
board includes fishermen's groups, hoteHers and government agencies.

Portland Bight Protected Area � Described as "a bold experiment", a local NGO,
the Caribbean Coastal Area Management Foundation  C-CAM!, has undertaken to
inttoduce co-management to an area of land and sea totalling ahnost 19,000
hectares. The process has taken about seven years of preparation to get to the stage
at which the State is apparently willing to share responsibility.

Negrii Marine Park � The Negril Coral Reef Preservation Society  NCRPS!
recently  October 2002! signed an instnnnent with the Natural Resources
Conservation Authority  NRCA! delegating responsibility under the NRCA Act to
the NCRPS for the conservation «nd management of the Negril Marine Park. The
delegation is for a five-year term, renewable at the end if both parties agree. The
National Environment and Planning Agency  NEPA! wiH monitor and review
implementation of the delegation instrument on behalf of the NRCA.

St, Lucia

SouPiere Marine Management Area � The SMMA is the most thoroughly
documented case of co-management in the eastern Caribbean. Early in 2001 it
changed its legal character to become a, more autonomous, not-for-profit local
company. Although seen widely as a model of success in terms of process, the
people involved still see it as an experiment in progress with many challenges.

Canaries/Ansc la faye Marine Management Area � CAMMA was recently
established, modeHed upon the SMMA. It is at a very early stage of co-
management

St. Vincent and the Grenadines

Tobago Cays Marine Park � Situated in the Grenadines ishnds of St. Vincent, this
MPA under government control is seldom regarded as a co-management case, but
is gradually moving towards greater stakeholder participation.

Sea Urchin Management � Unlike Barbados, the management of sea urchins in St.
Lucia follows the more classic community-based model. The fisheries authority has
engaged the fishing industry m specific locations in monitoring and management of
adjacent areas due to fisheries collapses and closures.
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Surinam

Biggi Pan � This is an emerging case where fishers have set up a slipway in their
fishinglocationand the fisheriesauthorityis considering enlarging their authority to
manage operations in the area byproviding inputs to keep the waterwtrys navigable.
This may or may not fully evolve into co-management.

Trinidad and Tobago
Fisheries Monitoring and Advisory Comnnttee � This is based on a 1997
agreement between government and stakeholders to promote sustainable
mauagementand optimal utilisationof the coastal fisheriesofTrinidad and Tobago.
The MAC provides a forum for stakeholders to meet, resolve conflict, and take
action such as direct input into fisheries policy and decision-making.

Matura Bay sea turtle conservation � The northeast coast of Trinidad is an
important leatherback turtle nesting area. The community-based Nature Seekers
group has engaged in turtle conservation with the WildIife Section of the Forestry
Division that mcludes guided tours and other facets of ecotourism. Turtles are
tagged and nests safeguarded. This is cited as a model for replication.

The above eighteen cases are only a few of the co-management exercises in
CARICGM countries. Several are not documented, even in grey literature. In the
above 18 cases, most �5%! were categorised as collaborative P'igure 3}.

Figure 3. Categories of co-management in cases examined

In applying the &amework of analysis to some of these cases the pattern shown
in Table 1 emerges regarding the types and phases of these initiatives.

Most initiatives were multi-faceted, engaging in several activities as shown in
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Figure 4. All concerned information exchange. All but pre-implementation cases
reported engagement in management. Phmning and enforcement were the next most
common activities, followed closely by policy. However, there is a steady dechne
&om research to interpretation that mimics the typical practise of less stakeholder
involvement in the activities perceived as being technicallscientific.

Table 1. Analysis of co-management by phase and type

Figure 4. Activities undertaken in co-management in cases examined

Government agency satisfaction with the initiatives is illustrated in Figure 5. No
respondent was either completelyor not at all satisfied, leaving this ahnost even mid-
range distribution. However, the proportion of less than satisfied officials is cause
for concern, since high proportions need to be achieved for sustainability.
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Figure 5. Government oflicial satisfaction with co-management in cases

DISCUSSION

Much like A&ican cases  Normann 1998!, the Caribbean cases are mostly in
pre-implementation or early implementation phases ofco-management. A few such
as the Sou&iere Marine Management Area  Renard 2000! may be mature enough
to be labeHed post-implementation. A significant consequence of this is that
comparing "before" and "after" conditions due to co-management interventions is
less feasible in the Caribbean than other locations such as in Asia where much more
work has been done  Pomemy et al. 2001!.

Although the term is used fioquently, and is rapidly gaining popularity in
government and NGO circles, the concepts of co-management are often not well
known or defined, especially among resource users. In many of these initiatives,
building the capacity of stakeholders to participate is a prerequisite for further
progress and sustainability. Associated aspects of govenmnce such as gender,
poverty, alternative or complementary livelihoods and opportunities for the youth
have only recently appeared on the agendas of governments in the region.

Integrated coastal management and fisheries management have transformed in
recent times to give emphasis to the need for govermnent and stakeholder
involvement Co-management is one facet of this trend towards inclusion. We can
therefore expect to see additional co-management initiatives and chances to
systematically document the factors that seem to facilitate sustainable success.
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Harte Research Institnte for Gulf of Mexico Studies:
Initiatives in Marine Science Research

JOHN W. TUNNELL, JR. and SYLVIA A. EARLE
Harte Research institute for Gulf of Mexico Studies

Texas AdUf University � Corpus Christi
6300 Ocean Drive

Corpus Christi, Texas 78412 USA

ABs~cT

The Harte Research Institute  MU! for Gulf of Mexico Studies is a newly
endowed and developing institute at Texas AkM University-Corpus Christi. Its
mission is to support and advance the long-tean sustainable use and conservation of
the Gulf of Mexico. HRI wiH encourage a tri-national responsibiHty and approach
to understanding the Gulf of Mexico ecosystem, including the United States,
Mexico, and Cuba, and it wiH promote exceHence and innovation in interdisciplinary
scienti6cresearch,public policy initiatives, and education of the public. Cooperation
and collaboration with Gulf and tri-national partners will be a hallmark of HRI
activity. A $46 million endowment was given by Mr. Edward H. Harte,
philantbropist and former publisher of the Corpus Christi Ca/kr-Tintes, and the
State of Texas provided an additional $18 million to build a facility to house HRL
To date, a 19-member Advisory Council has been formed, plamnng meetings have
been held in Corpus Christi, Houston, Havana, and Veracruz, and building
construction will start in spring 2003, with move-in slated for January 2005.
Although wide-ranging activity and research are planned after HRI officially
"opens," several early projects are already underway: Veracruz reef studies;
biodiversity of the Gulf of Mexico; Gulf of Mexico GIS; and, "GulfBase," a
Gulfwide research website.

KEY WORDS: Gulf of Mexico, research, tri-national

The Harte Research Institute para Kstndios del Golfo de
Mexico: Iniciativas en la Investigacion de las Ciencias Marinas

El instituto de investigaci6n de Harte  HRQ para el golfo de los estudios de
Mexico es un instituto nuevo yen desarroHoen el camo de la Universidad de Tejas
ARM en Corpus Christi.. Su misi6n que emerge es animar y fomentar el uso
sostenible a largo plazo y conservaci6n del golfo de Mexico. HRI animal una
responsabilidad tri-nacional y se acercarh a entender el golfo del ecosistema de
Mhcico, incluyendo los Estados Unidos, el Mexico, y la Cuba, y promoverh
excelencia e innovaci6n en lainvestigaci6n cienti6ca interdisciplinaria, iniciativas del
orden publico, y la educaci6n del publico. La cooperaci6n y la colaboraci6n con el
golfo y los socios tri-nacionales sermon un seHo de la actividad de HRI. De dotaci6n
$46 miHones fue dada por Sr. Edward Harte, editor del the Corpus Christi Caller-
Timesyphilanthropist,yel estado de Tejas proporcion6 $15 miHones adicional para
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construir una facilidad para contener HRI. Hasta la fecha, se ha formado a un
consejo consultivo 18-member, las reuniones de planeamiento se han celebrado en
Corpus Christi, Houston, La Habana,y Veracruz, y los facilidadesdel edificio seran
terminadas a finales de 2002 y se habilitara en enero de 2005. Aunque la vastas
actividade investigaci6n seplanean despehde HRI oficialmente funcionando varias
los proyectos ya estrin en curso: Estudios de los arrecifes de Veracruz; biodiversity
del golfo de Mexico; Golfo de Mexico GIS; y, "GulfBase", un website para la
investigacibn en todo el Gulfo.

PALABRAS CLAVES: Instituto de investigaci6n de Harte, investigaci6ncientlfica
interdisciphnaria

INTRODUCTION

Texas A8hM University-Corpus Christi  TAMU-CC! became a part of the
Texas ARM University System in 1989, but the founding as a universitywas in 1947
when the University of Corpus Christi, a small Baptist University, was formed on
Ward Island iuunediately after WWII, and the closing of the U.S. Navy's Ward
Island Radar Training Station. ht 1957 the fledging university started its marine
science program under the direction of Dr. Henry H. Hildebrand. After the campus
was almost completely destroyed in 1970 by Hurricane Celia, the university was
transferred &om Baptist to state ownership into the University System of South
Texas. Continuing as a small, primarily teaching institution in the 1970's, graduate
degrees and research began to slowly take hold in the 19&0's, especially with the
formation of the Center for Coastal Studies and the Conrad Blucher Institute for

Surveying and Science. Unfetteredby typical, long-standmgacadetnic traditionsand
with an entrepreneurial spirit, TAMU-CC began inviting state and federal natural
resource agencies to its campus to be co-located with acadanic programL The
gteat synergism developed by this model of operation, as well as the efficiency and
effectiveness of the academic-government partnership, led the S~ of Texas to
build a facility to house the state agencies and academic research centers together
on campus. Presently, 7 state agencies, 3 university research centers, and several
AScM System components are housed in this state Natural Resources Center
building. Funding fora federal Natural Resources Center is currently being sought.

On 19 September 2000, Mr. Bhvmd H. Harte donated $46 million to establish
a new research institute at Texas ARM University-Corpus Christi  TAMU-CC! to
focus on the Gulf of Mexico. Mr. Harte, philanthropist and former owner of the
Corpus Christi Caller-Times newspaper, worked with Dr. Robert R. Furgason,
President of TAMU-CC, to establish the endowment to include endowed research
chairs, endowed graduate research assistantships and an endowed opearting budget.
Subsequently, during the fhll of 2002, the Harte Support Foundation was established
to manage the assets until the institute of5cially "opens its doors" in January 2005.
The Foundation consists of three Trustees, Mr. Ed Harte, Mr. Jonathan M.
Hornblowe, and Mr. David L. -Sinak. In the spring of 2001 during the Texas
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Legislative Session, Dr. Furgason was able to obtain $15 miihon &om the State of
Texas to build a Iacility for the Harte Research Institute on the TAMU-CC campus.
An additional $3 million was added to that amount &om other state building funds
to allow for the construction of four graduate instruction and zesearch labomtories.
These labs, along with eight ofEces, will allow collaboration betweenHarte research
scientists and faculty and students within the Physical and Life Sciences Department
in the College of Science and Technology. Other weli~stablished entities at
TAMU-CC whose strengths wiii be utiTized or merged with HRI include: the Center
for Coastal Studies, the Center for Water Supply Studies, the Conrad Blucher
Institute for Surveying and Science, the Geographic Information Science research
program, and the Texas Coastal Ocean Observation Network.

Mr. Ed Harte, who had been Chairman of the Board for the National Audubon
Society during the 1970's, and again in the early 1990's, was inspired by the book
Sea Change  Earle 1995! in deciding to endow and establish the zesearch institute.
After meetings and discussions between Mr. Harte, President Furgason, and Dr.
Sylvia A. Earle, she agreed to become Program Coordinator and Chairman of the
Advisory Council for the new institute during the summer of 2001. During that
summer, and the following acadeznic year, a highly distinguished Advisory Council
of 19 members was established. Members represent academia, industzy, and
conservation, as well as all three countries surrounding the Gu1f of Mexico, United
States, Mexico, and Cuba  Table 1!. Dr. John W.  "Wes"! Tunnell, Jr. was
appointed Associate Dizector in September 2001, and that fall the new institute was
of6cially named the Harte Research Institute for Gulf of Mexico Studies.

INSTITUTE DEVELOPMENT

The Harte Research Institute  HRI! Advisory Council held four meetings
during the 2001-2002 academic year, and plan to continue holding three or four
meetings per year untT the Institute is in full operation  Table 2!. The December
2001 Advisory Council Meetinginctudeda Workshopofreseazch scientists &om the
U.S., Mexico,and Cuba Figure 1!. This workshopand thesubsequent proceedings
 Tunneil 2002! produced influential and substantial research information and focus
for the HRI Advisory CounciL Highlights of the Proceedings aze shown in Table 3.
Information &om all Advisozy Council meetings, as well as data gathered &om other
leading marine/oceanographic�laboratorie, institutes, and universities, have assisted
in developing the vision and mission statement, as weil as the goals and objectives
of HRI.
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Table 1. Advisory Council Members for Halte Research institute for Gulf of Mexico
Studies representing the United States, Mexico, and Cuba.

Name
Dr. Sylvia A. Eerie, Chair

AIIIiatton
Explorer-in-Residence, National Geographic
Society

Journalist, Nexico City

Environmental Manager, Reliant Energy

Former CEO, DresserlHalliburton

CEO, Kerr NcGee

Ocean Futures Society

Vice President for Research, Texas AEN
University

Dr. Robert R. Furgason

Mr. Terry D. Garcia

Dr. Don Walsh

Dr. Homero Aridtis

Mr. William B. Baker

Mr. William Bradford

Mr. Luke Corbett

Mr. Jean Michel Cousteau

Dr. Richard E. Ewing

Dr. David E. Guggenheim

Mr. William Harte

Ms. Katharine Armstrong-ideal

Sr. Alejandro Junco de la Vega

Dr. Kumar Mahadevan

Sr. Guillermo Garcia Montero

Mr. Pabick F. Noonan

Dr. John Ogden

Dr. Alberto Vazquez de la Cerda

President, Texas ACN University-Corpus
Christi

Executive Vice President, National Geographic
Society

Vice President, Ocean Conservancy

ate Family

Chair, Texas Parks end WNdtitb Commission

Publisher, Nonteney

Executive Director, Note Narine Lsb

Director, National Aquarium of Cuba

Chairman, The Conservation Fund

Director, Rond'a institute of Oceanography

Admiral, lnsbtutO Ocesnograftco, Secretana ds
Nanna, lttexico



Table 2. HRI Advisory Council Meeting dates and locations  as of Fall 2002!.

Location
1. Corpus Christi, Texas, at TAMU-CC

3. Houston, Texas 18
February
2002

4. Havana, Cuba 29-30 April 2002

5. Yeracruz, Mexico

6. Corpus Christi Texas at TAMU-CC

7. Washington, D.C. planned f 2003

Figure 1. Location of invited institutions/marine labs for Planning Workshop for
Harte Research Institute for Gulf of Mexico Studies held at Texas A&M University-
Co us Christi, 12 - 13 December 2001.

Tunnell, J.VlI. and SA,. Eerie GCFI:55 2004

2. Corpus Christi, Texas, at TAMU-CC
- included Gulf of Mexico Workshop
and Proceedings by scientists from
U.S., Mexico, and Cuba

15-17
October
2001
12-13
Oecember
2001

10-11
October
2002
planned
 January
2003!
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Table 3. Synthesis of information and suggestions/recommendations for the new
Hade Research Institute from HRI Gulf of Mexico Planning Workshop  Tunnell
2002!.

i! Hold an annual or biennial Gulf of Mexico Symposium,
ii! Be international or tri-national in collaboration,
iii! Communicate science to public,
iv! Collate, integrate and synthesize Guff of Mexico science,
v! Foster coNaboration between existing entities,
vi! Consider policy,
vii! Develop Gulf of Mexico  bilingual! website,
viii! Develop ecosystem models  conceptual and dynamic!,
ix! Consider conservation biology and biodiversity research focus, and
x Consider all stakehoiders

VISION AND MISSION STATEMENT

It is the vision of the Harte Research Institute for Gulf of Mexico Studies to be

a research center of excellence providing international leadership in generating and
dissetninating Icaowledge about the Gulf of Mexico ecosystem and its critical role
in the economies of the North American region.

The mission of the Harte Research Institute, an endowed research component
of Texas ARM University-Corpus Christi, is to support and advance the long-term
sustainable use and conservation of the Gulf of Mexico. This mission wiII be

accomplished by:
i! Providinganenvironmenttoconductmeaningfulandsuccessfulprograms

inresemh and education withhighly qualified fculty, shdf; and students,
ii! Promoting excellenceandinnovationininterdisciplinaryscientificresearch,

publicpolicy initiatives, and educationofthepubhc concerningthe Gulfof
Mexico,

iii! Encouraging atri-national responsibiTityandai~htounderstandmgthe
GulfofMexicoecosystem, involving the United States, Mexico, and Cuba,

iv! Collaborating and cooperating with other oripmizations that are dedicated
to addressing issues related to the Gulf of Mexico, in order to achieve
common goals, and

v! Disseminating fieely research results to the scientific community,
management agencies, the general public, and policymakers, in order to
foster the wise and appropriate use of the Gulf of Mexico.
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GOALS AND OBJECHVES

The goals and objectives of the Harte Research Institute developed to-date ate:
i! To become a leading research institute and remain conunitted to high-

quality, innovative research on the Gulf of Mexico,
ii! To lead in synthesizing, integrating, and communicating Gulf of Mexico

research,
iii! To monitor and periodically publicize the "State of the Gulf," to uncover

gaps in existing knowledge, and to create initiatives to 6ll those gaps,
iv! To cooperate with state and federal resource management agencies by

providing scienti6callybased knowledge for sound policy and management
of the Gulf of Mexico and surrounding region,

v! To establish partnerships and alhances with educational, governmental,
non-governmental, and private sector organizations interested in long-term
sustainable use and conservation of the Gulf of Mexico, and

vi! To develop strong public education and public pohcy programs, using a
broad diversity of approaches, including:
* A bilingual Gulf of Mexico website of research institutes, research

personnel, research pmjects, and other information about the Gulf of
Mexico.

* A biennial Gulf of Mexico Symposium.
* Conferences on Gulf of Mexico issues, both scienti6c and policy, as

needed at the Harte Research hstitute building at Texas ARM
University-Corpus Christi.

vii! To develop a Gulf-wide Geographic Information System.
viii! To foster tri-national cooperation and collaboration in science and

management of the Gulf of Mexico.
ix! To study the conservation biology and biodiversity of the Gulf of Mexico.
x! To be a leader in exploration of the Gulf of Mexico.
xi! To study the GulfofMexicoas a large marine ecosystem, influenced by the

Caribbean Sea and sutrounding watersheds, requiring monitoring,
modeling, and management.

HARTE RESEARCH INSTITUTE BUILDING
The HRI building was designed by Richter Architects of Corpus Christi and

WHR  Watkins, Hamilton, Ross! Architects of Houston during 2002. The three-
story, 55,000 sq. ft. building with six wet labs, two dry labs, two seawater labs, a
teaching lab, a GIS lab/suite, an education/outreach suite, a hrge conference room
and many associated of6ces will be built on the northwest side of the TAMU-CC
campus on Ward Island, which is located on the south side of Corpus Christi Bay
in Nueces County, Texas  Figure 2!. Construction will begin in spring 2003 and
move-in is projected for January 2005.
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Figure 2. Architectural renderings of the newly designed Harte Research
Institute at Texas A&M Univers' -Co s Christi.

EARLY ACCOMPLISHMENTS

During year-one of planning and development, in addition to the above-
mentioned accomplishments, HRI:

i! Developed a significant and meaningful logo  Figure 3!,
ii! Assisted in funding a book by Dr. Rezneat Damell, Professor Emeritus in

Oceanography, Texas A&M University, on the Gulf of Mexico,
iii! Developed and opened �5 October 2002! a new database website

 GulfBase.org! on Gulf of Mexico research personnel, institutes, and
projects, as well as other Gulf information and facts,

iv! Developed an HRI website to open in late 2002 about the new Institute,
v! Sponsored training on Deep 8'orker and Deep Rover mini- submersibles

as part of the National Geographic Society's Sustainable Seas Expedition
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program at the Offshore Technology Research Center at Texas ARM
University in College Station, Texas,

vi! Sponsored a two«week collaborative research cruise, the "Veracruz Reefs
Expedition", with HRI, National Geographic Society's Sustainable Seas
Expeditions, and the Mexican Navy's Oceanographic Institute aboard their
research vessel Antares; and

vii! Is hosting the first HRI Visitmg Scholar-in-Residence, Dr. Ernesto Chavez,
Irom Mexico.

Harte Research Institute
d'or Culf of Mexico Studies

Fl ure 3. L for Harte Research Institute for Gulf of Mexico Studies.

PLANNED ACTIVITIES
In addition to the above accomplishments, the HRI will be:
i! Starting the Edward H. Harte Distinguished Lecture Series at TAMU-CC

each fall and spring,
ii! Initiatingatri-national initiativetodocumentthe "Biodiversityofthe Gulf

of Mexico," ultimately producing a relationai database and book,
iii! Co-sponsoring and conducting a research cruise to Cuba in 2003;
iv! Developing a Gulf of Mexico GIS, and
v! Holding a biennial "State of the Gulf" Conference.

SUMMARY

The Harte Research Institute for Gulf of Mexico Studies is a newly endowed
and developing institute at Texas ARM University-Corpus Christi. This $46 million
endowed Institute will be housed in an $18 million facility projected to open in
January 2005, and it will focus on tri-national cooperative and collaborative work
with U.S., Mexican, and Cuban entities interested in the long-term sustairiable use
and conservation of the Gulf of Mexico,
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ABSTRACT

There is a growing awareness that fisheries management is really about people
management. It is about influencing the people who utilize and impact on the
fisheries resources to behave in a particular way. It is also about utilizing the
experiences of those people to inform and transform the fisheries management
process, so that the goals of fisheries management ma be reached in amore efficient
and cost effective manner. As a result of this understanding, fisheries management
is evolving into a discipline that is paying more attention to participatory
management of fisheries resources by placing increasing emphasis on utilizing
fisher's knowledge. It is no longer accepted that Government officials or scientists
have all the answers. Other persons need to be involved if we are to find workable
solutions to our problems. If the above premise is true, then it is time that fisheries
managers move away &om relying solely on their technical skills and pay more
attention to improving their people skills. This paper explores a relatively new
concept, that of "emotional intelligence" and demonstrates that by improving our
abilities to relate to people  that is our emotional competencies! we can indeed
become more effective fisheries managers.

KEY WORDS: Emotional intelligence, participatory fisheries management

La Importancia de la Inteligencia Emocional a la Gerencia de
las Industrias Pesqueras

Hay una conciencia creciente de que la administratcion de la industriapesquera
se trata realemente de una admunstration popular. Se trata de infiuenciar a las
personas que utilizan los recursos pesqueros para comportarse de una manera
particular. Se trata tambien de utilizar las experiencias de esas personas para
informar y transformar la administracion del proceso pesquero, de manera que
puedan ser alcanzados los objectivos administrativos de las empresas pesqueras de
una manera mhs eficiente y efectva. Corno resultado de este entendimiento, la
administratcitin de las empresas pesqueras esth evolucionando hacia una disciplina
que treste mayor atenci6n a la administtatcion de forma participatoria de los
recursos pesqueros haciendo mayor dnfasis en la utilizacion del conocimiento de los
pescadores. Ya no se acepta que los representantes del Gobierno o los cientificos
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tengan todas las respuestas. Necesitamos incluir a otras personas si nos disponemos
aencontrar soluciones realmente manejables paranuestrosproblemas. Si lapremisa
antes mencionada es verdadera, entonces es hora que los administradortes de Ia
empress pesquera se alejen de la idea de confiar unicamente en sus conocimientos
tecnicos y presten mayor stencil al mejoramiento de sus propias destrezas. Este
informe exploraun concepto relativamente Nuevo, el de la "inteligencia emocional"
ydenmestra que mejorando nuestras habilidades para relacionamos con las personas
 es decir, nuestra competencia emocional! podemos sin dudas convertirnos en mks
eficientes administradores de la industria pesquera

PALABRAS CLAVES: Inteligencia emocional, la administratcion de la industria
pesquela

INTRODUCTION

The Case for People Management
Who would argue about the need to manage fisheries resources2 The myth that

fisheries resources are inexhaustible has long since collapsed, as have many 6sh
stocks that have been inappropriately managed. It is widely accepted that in the
absence of management, the benefits that the fisheries produce will diminish. Even
though some members of fish species survive, they will not be worth fishing for i.e.
they would have become commercially extinct  Berkes et al, 2001!. In extreme
cases these species may even become biologically extinct.

While many Caribbean fisheries ateorganised and conducted inways which will
inevitably lead to overfishing  Haughton and Singh-Renton 2001!, a future can still
be envisaged whereby fisheries make a sustained contribution to food security,
poverty alleviation, employment, foreign trade, foreign exchange earnings, cultural
development, development of communities, recreation and tourism, and thus, to the
livelihood and sustenance of the people of the region.

However, to attain this vision marine resources must be managed to provide
society with optimal bene6ts without compromising the long-term health of fish
stocks or marine ecosystems. The factors which constrain proper management
include: irresponsible fishing practices; inadequate knowledge of fish stocks, the
marine ecosystem and the social and economic conditions of the fishers; inadequate
long-tenn policies; inadequate human and institutional capacity for research,
planning and decisionmaking; inadequate participation of resource users inplanniug
and decision-making; inadequate monitoring, control and surveillance; inadequate
post harvest handling, processing and marketing; inadequate port and other shore-
based facilities; enviromnental degradation and pollution of the region's marine
waters, and scarce financial resources.

If you think about it, most of the factors cited above ate about people. They are
not about fish. They are about influencing the way people think and behave in order
to achieve specific goals associated with fisheries management. In fact, the goals of
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fisheries management are not about fish either, they are about maintaining and
enhancing the services and products that fisheries resources provide to humans,
whether those services be ecological, aesthetic, psychological, etc.

In essence then, it might be reasonable to suggest that effective fisheries
management is really a matter of how successfully people who participate in the
fisheries sector collaborate with each other in order to achieve particular goals. If
we accept the above, then it is fair to state that while it is important for persons
involved in the management of fisheries resources to have technical skills, it is also
important for them to have "people skills".

These concepts are not new ones, Charles �001! recognised that it is difficult
to place environmental factors as primary considerations in decision-making on the
use of natural resources. The comments of several authors point to insights about
the role of people and people management in the fisheries management. Consider
the following contributions:

l! Haughton and Singh-Renton �001!, indicate that in order to achieve this
goal it becomes necessary to improve awareness of fisheries issues and the
capacity of resources users to work in partnership with government to
jointly manage fisheries,

ii! Nelson �995 cited in Haughton and Singh-Renton, 2001!, states that
"The central issue is that it is the people working in fisheries, their
knowledge of the issues in fisheries and ability to build positive networks
of stakeholders that are the real basis for achieving our developmental
goals", and

iii! Delaney �002! suggests that if we put the "spotlight on the human factor"
we may find that we already have the tools required to better manage our
fisheries resources.

FAO �997!, Bunce et. al. �000! and others including the participants at the
Symposium on Caribbean Marine Protected Areas: Practical Approaches to Achieve
Economic and Conservation Goals, held during the 54 Annual Meeting ofthe Gulf
and Caribbean Fisheries Institute  GCFI 2003!, identified a number of gaps in
management effectiveness. Among the measures suggested to fill these gaps were:

i! Train managers in communications skills;
ii! Understand stakeholders needs via improved stakeholder assessments;
iii! Require ... scientists to meet together with the community ... in order to

understand their needs and share perspectives
iv! Overcome incorrect perceptions.
The above contributions point to the need to travel a management route that is

not just grounded in "stark" science, but instead take a sofier approach that
considers the "people aspects". This often requires more than just a seemingly
objective assessment of the situation. It brings to bear information that we know
intuitively, but not as yet cognitively. It acknowledges that we sometimes have to
use what is ofien referred to as a "gut feeling" about whether a situation is viable or
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a particular stakeholder is trustworthy.
From another perspective, it is recognised that "people who will be affected by

 our actions as managers! must be willing to place their faith, and possibly their
livelihoods, on conclusions drawn by scientists"  Roberts and Hawkins 2000:
parentheses ours!.

In this paper we explore a concept called Emotional Intelligence  El!. We have
chosen this concept because it is a scienti6c way of explaining something that we
always knew, but had not before put words to. We want to encourage discussion
on this topic because we feel that it is relevant. We also want to come closer to
answering some of the questions that we have Figure I.!. We ask you to join us on
this journey, to carefully consider the information that we have presented, and to use
it wheze it can be beneficial. We also ask you to continue to share your experiences
in this area so that, over time, we can increase the collective wisdcun that we have
in this area and use these insights to generate an improved approach to 6shcxies
management.

Figure 1. Some considerations about the role of people in fisheries management

WHAT IS EMOTIONAL INTELLIGENCE?

Emotional Intelligence  KI! - the De6nition
Emotional Intelligence is the ability to use feelings in order to interact smoothly

with others and accomplish common goals  Goleman 1998!. Stated another way,
emotional intelligence is the ability to access, manage and make use of feelings. It
means managing feelings so that they ate expressed appropriately and effectively.
There is a growing view that this ability may be far more important to ongoing
success than intellectual knowledge or technical skill  Harris 200l!. Goleman
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�998! suggests that withincreasing job complexity,emotional inteHigmce becomes
more important; he suggests that it maybe four times more important thm cognitive
abilities in explaining different levels of performance  ibid.!. Goleman �99$! aho
suggests that while technical ability maybe a requuement to enter a particular Geld,
it is emotional intelligence that may determine success. It is important to state that
Emotional Intelligence is reaHynothing new, people have always been aware of the
presence and importance of what we now refer to as El. However, they may not
previously have had the extensive vocabulary now associated with this discipline,
and may have been limited to the use of words such as character and charisma

The concept of EI is based on a long history of research and theory in
psychology  Cherniss 2000!, and has developed out of the advances made in
neuroscience in the last century  Goleman 1995!.

Emotional intelligence involves many competencies or abilities that may be
either personal or social  Boyatzis 1994 cited inBoyatzis etal. 2000!. An emotional
competence is a learned capability based on emotional intelligence that results in
outstanding performance Goleman 1998!. Our emotional competencies showhow
much of that potential we have is tnutslated into on-the-job capabilities.

Personal competencies rest largelyonself-awateness and include characteristics
such as self-control, adaptability, trustworthiness, conscientiousness, creativity, and
innovativeness. Social competencies involveawarenessof others. They may include
empathy, political awareness, the ability to understand others' emotions, and other
talents or skiHs needed to influence, communicate, lead, develop others, manage
conflict, promote teamwork, or catalyze change.

Emotional intelligence is observed when a person demonstrates the
competencies that constitute self-amuatess, self-management, social avvarcness and
social skills at appropriate times and ways in sufGcient frequency to be effective in
the situation  Boyatzis et. al. 2000!.

It is important to note that simply having a high level of emotional intelligence
does not guarantee that a person wiH have learned the emotional competencies that
matter for work, it only means that they have good potential to learn them
Goleman's �99$!. The fact that EI can be learned is imporumt to remember, as it
indicates that people have the potential to improve on their current capabilities and
on their effectiveness in the "workplace".

Emotional Intelligence � the Application
So the above is a lot of "mumbo jumbo", good to hear about � but so whatV

How do we relate this to our daily reality and what is the relevance of this subject
to fisheries management? Let's reflect on some of our coHective experiences and
see if there are any lessons that can be learned from them.

Have you ever been in a meeting/group with specific objectives  say
consideration of a Gsheriesmanagementplan!, and gotten the feehng that the whole
exercise was going nowhere' That while the persons in the room should
 theoreticafly, at least! have the technical expertise and insights to solve the
problems, other things were interfering with the group's ability to achieve its
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purpose?
Have you ever been in a fisheries sector organization whexe you have felt

stifled'? Where you knew that you had the potential to contribute more, but
somehow you were not being allowed?

What about a situation where a person who has excellent technical skills has
been recruited, and you look forward to the promise of their contribution but are
disappointed, because, in spite of their technical expertise their "attitude" and
"appmach" do not allow for their expertise to make the differenc that it should'?

To look at more positive scenarios, have you ever been struggling with a
pmgxam or an assignment and a conversation with a coBeague  possibly with less
technical expertise than you have! has caused you to feel motivated, to txy again
where you would have given up, and to excel where you might have failed'? How
about those  hopefully not rare! occurrences when you walk into a working group
and there is a synergy, a dynamic, that causes the gmup to reach it's full potential,
and to achieve effortlessly what it would otherwise have struggled to do.

While most of us may have at least one of these types of experiences, we may
not necessarily have been able to "put our finger" on the reasons why these
situations occur. We would like to suggest that it is the human factor. As human
beings, we need tobe listened to, valued, empathized with, understood. We perform
best in situations where we axe comfortable, where our needs are met, where we are
encouraged to excel, where we feel empowered.

Good fisheries management plans and pmgxams are not always enough to
ensure successful fisheries management. We need good people, good relationships
and good organizanons, to effect these plans. OAen, "great" written phms are
produced, but never implemented.

Technical expertise, insight, and wisdom together provide an important
platform for change, but in order to actually achieve this change, yeople have to be
involved. In fisheries management, for example, a wide axray of persons fmm
differing backgrounds fishexmen, fish processor, economists, pohticians, fishexies
scientist, lawyers! all have to be able to come to common understandings and, to
agree on and achieve common goals.

In order for so many persons to work together to achieve so much, it is
impoxtant for the individuals and grouys involved to have certain emotional
competencies. The persons must be competent as individuals  personal
competence!, but they must also have certain collective comyetencies  social
competence!. Goleman �998! argues that it is the emotional competencies that
often make the differenc between success aud failure. Competencies such as self-
contml, self-confidence, adaptability, innovation, ability to managehumandiversity,
ability to manage conflict, and ability to manageeffective teamsaxe imporaat in any
job, but even more hnportant m complex jobs, such as the intexdisciplinaxy jobs so
common in fisheries management.

Sinceemotional competencies can be learned Goleman 1998!, byputting forth
some effort, persons can improve their emotional competencies, thereby enhancing
their abilityto copepositively in the wide variety of work-related situations that they
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might encounter. It is not necessary to discuss the entire range of emotional
competencies here: this is done thoroughly by Goleman �998!. However, iu the
next few paragraphs, a few emotional competencies wiH be chosen and discussed
within the context of fisheries management and the fisheries manager.

Emotional Intelhgenee aud the Individual
Every individual has an impact positive or negative! on the individuals around

him or her. Sometimes it only takes one individual who is out of"sync" to destroy
the work of the entire group. This impact is especially significant if the person is the
group leader, or the person who is seen to have the most technical skiHs. It is
therefore important to analyze the emotional competencies of the individual. One
key competence is to know one's strengths and weaknesses and to be honest about
them. In a discipline such as Fisheries Management, it is not possible for one person
to have aH the answers. If one has an accurate idea of one's strengths and
weaknesses, it is easier to understand in what areas one can best contribute to the
goals of fisheries management and where one needs to go for help. This can save
the time energy and money that is lost if one consistently tackles and fails in tasks
that one is not suited for.

Another important competence is that of self~nfidence. Persons who are
confident in their selves and their abilities, are more likely to achieve the goals of
their organizations. Too many persons make the excuse that "I can't make any
difference" or, Ihe Ministers of Government will do what they want anyway".
Such thinking sabotages the creative thought process, as persons resign themselves
to an outcome, rather than seeking a creative solution to the chaHenges that they
face. Confidence and creativity are iinportant in fisheries management. To some
extent, every situation encountered is unique. The same situation occurring in two
different countries may�requir different approaches. Cultural, social, political, and
personality differences can ofien mean that a solution that works successfuHy in one
place is likely tobe a fiuiure in another place. Innovative thinking therefore becomes
an important criteria for success, those who are both innovative and confident are
more likely to be able to achieve the goals of fisheries management.

Emotional Intelligence and Working Groups/teams
In thediscipline offisheries management, itis common to have working groups

and teams of aH types. Fisheries Advisory Committees and Councils, worhng
groups to assess the biological status of fisheries�resource, teams to address certain
pmblems such as fishkiHs, are not only common, but necessary. The trans-boundary
nature of many fisheries resources means that it is common for many of these
working groups/teams to be regional or international. Members of these teamsofien
come &om different cultures, different social and economic backgrounds and
different areas of technical expertise. Ofien, they have to function and make
complex decisions against the backdrop of financial constraints, as well as
constraints of time, information and restrictive mandate.
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In these situations, certain social competencies are necessary. Good leadership
is a must, or the group may be leA Qoundering, or may lose a lot of time before it
finds its way. However, within this ~ there is a need for other emofional
competencies, such as the ability to work together as a team, the ability to
understand each other and to communicate clearly, aud the ability to manage conflict
and to work together towards common goals. While this may seem obvious, far too
ofien team facilitators/leaders may be chosen based on their technical skiHs alone,
or theirpost, with very little reference to their people skills/competencies. This may
have the potential to cause &ustration and lack of trust and may lead to a team that
under performs, or worse still is ineffective.

Emotional Intelligence and Fisheries Organizations
Most fisheries managers function within thecontextofafisheries organization,

whether it is a government organization or a fishers' organization. Often these
organizations have excellent strategic management plans and fisheries management
plans. Far too often these plans are either not implemented, or are implemented in
a time &arne that does not allow the organization to make efficient and effective use
of its resources. It is not uncommon for these organizations to have persons who
are individually excellent in their fields, but fail to tnmslate this into organizational
excellence. Often there are several persons who have the potential to contribute
significantly to the organizafion, but few who actually do. In some cases thousands
of dollars have been invested in training persons, but this training seems to have little
effect on individual and organizational effectiveness.

These examples may point to shortcomings in the emotional intelligence of the
organization. Within most organizations it is the technical and reporting
relationships that are emp~  organizational stnicture!. Recruitment is oSen
based on technical competencies alone. We suggest that fisheries organizations
should pay more attention to the people side of things. Persons should be recruited
based not only on their technical competencies, but on the other emotional
competencies needed for doing the job. Training should be determined on an
individual basis and should seek to build on the emotional competencies necessary
for fulfilling the role that the person plays in the organization. There should be
commitment to the development of persons in the organization i.e. recognizing and
meeting their developmentneeds. There should be a focus onbuildingcolhborative
and cooperative relationships within the organization and with organizations and
persons to whom the organization provides services. Lines of communication
should be open, and persons within the organization should be responsive to giving
and receiving feedback. Feedback should not be seen as a personal attack, but as a
means of helping the organization to move forward.

Flexibility and willingness to change should be hallmarks of the organization,
so that the organization does not become obsolete, but can continue to respond
effectively to the needs of those they serve. Fisheries organizations should be
leanung organizations � making appropriate use of new information and insights, as
well as learning &om experience. Each member of the organization should
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understand the goals of their organization aud they role that they play in the
organization. Commitment to orgaziizational goals can be built by ensuring that
these are aligned with personal goals.

By zepositioning the human being in the process of fisheries management,
fisheries organizations may need to have a human resomce manager on staff, who
can help to ensure that: lines of communication remain open; persons have the
opportunity to air their &ustzutions and have them addressed; and, collaborative
relationships and goodwiH are maintained and/or stzengthezzed. It may also be
necessazy to consider having public relations officers, or some other mechanism of
ensuring that feedback &om the sector  the customers! is obtained in a timely and
efficientmanner,and that customer needs are met. Time spent empathizing withand
understanding the needs of colleagues and co-workers should not be seen as time
wasted away Som work at the desk, but as an opportunity to built empathy, trust
and unproved collabo~ve relationships.

We aze not suggesting that emotional intelligence take the place of technical
knowledge and approach within organizations with responsibility for fisheries
management, but that emotional intelhgence be evaluated for the potential that it has
to contribute to successful fisheries management, and that the concepts learned Sum
a study of emotional inteHigence be used where appropriate to enhance the outcome
of our fisheries management efforts.

Emotional Intelligence and the Resource Users
At least two areas need to be considered in this section: 13 The interaction between
fisheries organizations and the resource user 2! The interactions among resource

Fisheries organizations  in particular government organizations! ofhn play a
lead role in what happens in the fisheries sector. Often an approach is taken where
the Government organization behaves as if it knows everything, and it expects
everyone to do what it says without discussion. Often the organization does not
even take the time to properly explains rationale behind the decisions that it takes.
There is stiH a widespread feeling among resource users that government officers si
in their offices and make decisions without a thorough understanding of realities.
That is, the resource users' experience and wisdom does not seem to count for
much. Another telling comment is that people who do research with the fisheries
sector often come to them for information, but they never know what happens to the
information. Given this, it is not surprising that some persons appear reluctant to
comply with regulations and to give certain information.

We are suggesting, that there is more zuozn for developing common
understandings between resource manager and resource user. There is also zoom
for commitment building, negotiation, empathy and discussion. Fisheries
organizations must be wiHing to respond to the needs and experiences of those that
they serve. This must not only happen at the formal level, but must become a INut
ofhow individuals experience their interactions with other individuals. We are not
necessarily suggesting that government organizations move away &om their
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decisions regarding particular issues, but rather that they spend more time listen and
understanding, rather than directing. The success of the Sou&iere Marine
Management Area in St. Lucia  Figure 2! is indicative of the ef5cacy of such an
approach.

Figure 2. Soufriere Marine Management Area in Saint Lucia: fishers' knowledge
and 'ves contributed in ia measure to its sustainabil
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Very few fisheries can be adequately managed without some level of
coHaboration between the resource manager and the resource user. McConney
�000, see also Berkes et al. 2001! identifies a spectrum of possibiTities for power-
sharing in fisheries, ranging &om full community contml to fuH government
management. Within the Caribbean the trend is towards amore participatory form
of management. Collaboration in these cases, has to be based on principles of
traiisparency and accountability  Berkes et al. 2001!. "As the conventional way of
managing fisheries is graduaHyreplaced by anew, more hohstic and people-oriented
way, there needs to be an emphasis on process. What makes the new management
feasible is not a new formula that replaces the old, but putting into effect a new
process of doing things"  ibid.!. This new process, since it involves ahnost a
"people first" orientation, must utilise an understanding of how people think and
how we as nianagers can relate to them in a way that is supportive of our attempts
to  invariably! change their behaviour. We must share with them a sort of "gut"
appreciation for the things that drive them. As Camey �998! put it: "we should
listen to those with whom we are workmg and learn &om them about their own
objectives, their own understanding of what it means to be in and escape &om
poverty". To ensure that this takes place managers and resource users alike would
be better served if they deal with each other based on accurate interpretations of
emotions.

Emotional inteHigence also has implications for how resource users relate to
each other. In order to properly contribute to the process of fisheries management,
resource users also need to come together to share information and clarify
perspectives. Whether this occurs in the form of temporary interest groups, or as
more well developed organizations, the same principles wiH apply. Group or
organizations would benefit &om the development of emotional competencies, as
this wiH enable persons to interact and share diverse perspectives, with minimum
conflict, bad feeling and &ustriition.

SUMMARY

If we could choose three things that we would want persons to implement afier
reading this paper they would be suminarised as follows:

i! People fust.
ii! Please may I listen to/empathise with you.
iii! Let me help you listen tol empathise with me.

CONCLUSIONS

In conclusion, we are not suggesting a cure-aH for the maladies experienced in
fisheries management. What we are offering is food for thought, and essentiaHy an
alternative approach. What we want to convey is that this approach can and does
work. The evidence and explanations for emotional inteHigence are based on
scientific fact. An understanding of EI or the development of EI competencies,
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allows us to add another set of tools to our tool kit. Like any other tool, use it
where it helps and where it is most effectively applied.
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ABSTRACT

This paper seeks to separate in theory and practice, structural and functional
characteristics of various environmental mediation approaches. These approaches
can be grouped into two basic model types that I call outcome-driven and process-
oriented. I argue that if mediation is outcome-driven rather than processwriented,
factors associated with power disparity wiH negatively influence theachievement of
equal footing in the process. Two cases of environmental negotiations featuring
mediation processes an: examined from apower/process perspective, demonstrating
difnculties that can arise from the reality that some stakeholders are 'more equal'
than others. The formats of negotiation are explored to contrast and compare
strategies employed, and suggestions are made as to the relevance of outcome-
driven and process-oriented mediation approaches to varying types of conflicts.

KEY WORDS: Environmental negotiation, mediation, conflict resolution, natu'
resources management

Igualdad Conducido por Mediacibn? Un Anhlisis de
Negociaciones Medio Ambientalistas

Dentro del contexto del manejo del medio ambiente, el termino "mediaci6n" ha
sido aplicado amuchas estrategias de intervenci6nque intentanresolver las disputas
de los partidos. Esta investigaci6n repasa los estudios sobre la rnediaci6n y
diferencia entre las estrategias que pueden promo ver un balance los partidos y las
que no pueden. Dos perspectives basicas de mediaci6n estrin identificadas:

i! Las orientadas a resultados y
ii! Orientadas al proceso.
Para ilustrar la aplicaci6n de estas perspectivas, tres casos de negociaciones

ambientales se discuten desde una perspectiva de poder/proceso. Estos casos
demuestran las dificultades que surgen de la realidad de que algunos partidos son
"mas equitativos" que otros. Las formatos de negociaci6n son explorados para
contrastar y comparar las esrategias de mediaci6n aplicadas, y se han hecho
sugerencias con respecto a la relevancia que tienen lasperspectivas orientadas a los
reultados y a las orientadas a procesos en las varios tipos de conflictos.

PALABRAS CLAVES: Mediaci6n, estrategias de intervenci6n, negociaciones
ambientales
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ON ENVIRONMENTAL MEDIATION

Mediation might be described as the pzocess that seeks to foster equal footing
for stakeholders. It is a process that nxegnizes the power disparities that place the
investments of interested parties at risk While the term 'mediation' is sometimes
used interchangeably with 'negotiation', there is a significant difference.
Negotiations can occur between two parties, but mediation essentially provides for
the insertion of an intermediary between disputing parties. Mediations can take
many forms � &om large and complex tribunals to much simpler facilitated
discussions; fiom formalized mediation procedures, to informal mediation processes.
Of importance here, are the differences found in mediation pzactices. These
differences ste &om varied approaches topower disparities that occur in and result
&om social tnumetions.

There are any number of external characteristics that inform mediation, Som
culture, histozy, language, politics and hw, to more interpersonal criteria based on
individual personality, power, and status ofboth mediator and disputants. These
characteristics, informing individual worldviews, can be looselygrouped into two
descriptive areas: nature and scope. Cultural characteristics, famBy pndcommunity
traditions, history, values, ethics and beliefs, language and semantics are examples
of attributes that faH into the descriptive area of nature. The role of each mediation
participant, the type of mediation  i.e. negotiatmg, integrative, collaborative,
consensus building!, the duration of the mediation process, number of participants,
complexity of issues andlegality are some attributes that describescope. The nature
and scope of the interaction within the triad of mediator and disputants inform the
mediation process.

Although mediation is often thought synonymous with notions of achieving
equal footing. between unevenly advantaged stakeholders, there is disalpeement as
to whether equal footing is a necessary requirement of confHct resolution  Moore
f996!. Many authors see an advantage to the dynamics of mediation where
imbalance promotes shifb &om positions to interests. The interest-based 'Best
Alternative To Negotiated Agreement'  BATNA! approach  Fisher and Uzy 1981!
suggests Set shifh in outcome perceptions can transform adversarial negotiations
to collaborative efforts. Glasbergen�995! views this transformation process as an
interactive 'cozztzolled change' producing what Gray �989! conceptualizes as an
evolving -nego6ated order. These shiib in perception aze inherently related to
outcome possibilities and the relative cultural capital  or power! associated with
achieving them. The notion of transitioning fiem adversarial to collaborative
negotiations maizmuns the &amework of winners and losers, but shiAs the focus onto
win-WH1 outcomes.

Others wishing to move away Som the adversarial perspective promote the
efficacy of balance in stakeholder groups  lanes and Neumann 1994!, and see the
benefit of a dialogu approach or "aconversation among peers"  Issacs 1999! which
assumes equal footing. Also focusing on equal footing is the Susskind, Levy and
Thomas-Larmer �000! mutual gains approach where professional negotiators aze
hired for the express-purpose of overcoming stakeholder disparity. Wheze
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negotiators and disputants have the common goal of collaboration, the concept of
equal footmg can be actualized. But as Touval and Zartman �985! point out,
disputants can also use professional negotiators in political maneuvering. Mediator
bias and clout can augment the power disparity that will exacerbate the zero sum
game.

The role played by the mediator, as well as the nature and scope of the
mediation process are critically important to whether adversarial or collaborative
methods are adopted in the mediation process. Moore �996! specifies three types
of mediators:

i! Social Network Mediators � who have an established trust relationship
with the disputants;

ii! Independent Mediators � who are chosen on the basis of their neutrality
to the disputants; and lastly,

ii! Authoritative Mediators � who are sought precisely because of their
ability to settle a dispute through influence, authority and/or a vested
interest bias.

Touval and Zartman, �985! provide parallel descriptions of mediator roles:
communicator, fornndator, manipulator. Were is some dif5culty in presenting the
mediation process in such concise packaging, precisely because it is a process � a
changing and sometimes less than neat dynamic. We can however, explore some
broad approaches to conflict resolution within the applied context of mediation.

Fisher and Uiy�981! distinguish between two strategies that defin the relative
perspectives of the disputants, as well as contribute to the nature and scope of the
mediation process, namely, position-based or interest-based. Position-based
strategies often feature obvious displays of power. The status of a lawyer as a
'heavy hitter' can be translated into power capital, useful in gaining negotiative
advantage. Experts can be used in this manner as well, and those participants able
to pmduce 'expert' evidence position themselves more strongly in an arena where
a zero sum game is being played. With the position-based sirategy, both sides have
the ~tion of winning, and both sides compete for a power advantage,
sometimes by building their own power capital  legitimacy, credibiBty, and legal
stance!, and/or by uiidermining the power capital of the opponent. Because a
position reflects perceptions ofitsutiTityfor accomplishing benefit o gain, individual
investment into the position will similarly relate to cost-benefit. Thus, a functional
and inflexible relationship exists between individua1 investmentand position-either
the investment pays off, or it does not

Interest-based strategies focus on the affective investment participants have in
a variety of interests related to issues of contention. Here, co-operation is enhuiced
and there is an expectation on both sides of compromise. Overt displays of power
provide little tactical advantage, so power is expressed in subtler currencies. For
inst'mce, one party might provideinformation that affects te other party's interests,
thereby educating the other party. This tactic is ohen used by natural resources
agencies in negotiating with stakeholder groups. Another is a tactic offered by
Fisher and Ury, in which one party 'attacks the problem' while offering recognition
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and support to the other party. This creates a dissonance in the other party,
encouraging them to move away fiom the problem toward the comfort of solution.
'i%us, one party has precipitated a cognitive shdt in the other party affecting their
interests and resolve.

Figure I illustrates some characteristics generally associated with the two
strategies, but it in no way infers exclusivity of characteristics between the two. In
fact, Fisher and Ury specifically show the linkage in their description of 'hard and
sofV positional bargaining. Their 'principled negotiation' model extracts
characteristics of hard and soft negotiations useful in 'changing the game' to a
hybrid focused on interests and solutions.

Position-based Interest-based

Figure 1. Some characteristics of position-based and interest-based strategies.
Broken lines represent the continuum of degree along which these characteristics
occur.

Fisher and Ury promote an interest-based strategy as the preferred strategy as
it opens up more options for negotiation. But while disputants appear  or are led!
to adopt one strategy over another, the nature and scope of the process cannot
usually be so distinctly categorized as being one stnitegy or another. The mediation
process might travel back and forth fiom position-based to interest-based
negotiations, or start out as a win-lose situation and be modified by a skilled
mediator and wilHng/able disputants, into an interest-based process.

Tlunking within a comparative &ameworkof interest-based and position-based
strategies is useful inconceptualizing themultifiirious~ andscope ofmediation
processes, and the oftencomplex interplay within and between them. The use ofone
stmtegy over another by participants can be a descriptor of the relative types of
investment that various stakeholders mightrepresent inagivenmediation. Strategy
preference can indicate the various levels of autonomy in decision-making that
mediation participants have or perceive themselves to have. As weH, strategy
preference can reveal expectations  i.e. of their role in the process, of outcome, of
time expenditure!, and relative individualexpectation levels heldbyparticipants. In
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a position-based strategy, there is a focus on the outcome, and so we can say that
the mediation is outcome-driven. Here, the strategy is to incorporate displays of
power to drive the adversarial process to victory for one side and loss for the other.

Interest-based strategies are less clear. Even when an interest-based stiategy
is used in conjunction with consensus building methods, the focus maybe outcome-
driven, and not always overtly so. The focus on interests in the 'principled
negotiations' method, is"...explicitly designed to produce wise outcomesefficiently
and amicably"  Ibid.:10!. Environmental negotiations incorporating mediation
tactics provide some good examples in the use of overt and covert yower strategies,
many of which also use the semantics of interest-based consensus. Susskind, Levy
and Thomas-Larmer�000! examine a series ofnegotiatedagreement and mediation
cases which employ various power strategies and BATNA's to orchestrate interest-
based agreements. In a similar vein, Innes, Gruber, Neuman and Thompson �994!
see BATNA as the first step in consensus building � a cost/benefit analysis of
interests to determine compromise.

The deliberation of and shiNng to 'best alternative to negotiated agreement'
 BATNA! immediatelyrecognizes the forfeiture of something substantive, and seeks
a consensual settlement that allows stakeholders to adjust the boundaries within
whichthey will nuurimize benefit and minimize ost in a situation. But whilereachmg
consensual agreement, it is not correct to suggest that participants' eyes are not on
'best and worst case' outcomes. As in the use of BATNA, it is &om these that the
area between is negotiated. From this adjustment, outcome possibilities are
expanded to reflect interests and ensuing deliberations will progressively narrow the
area in which negotiation occurs until agreement is reached  see Figure 2!. In
achieving consensus based on interests, parties have avoided a zero sum
con&ontation. This has obvious advantages in disputes between stakeholders with
on-going aud/or localizedrelationships, indisputes with multiple stakeholders, or in
court-mandated mediations where potential losses could be substantial. In many
situations then, outcome-d'riven mediation, whether yosition-based or interest-based,
provides satisfactory settlement. In others, however, it is less than satisfactory,
resulting perhaps in deferred con&ontations, increasingly convoluted issues,
definitional uncertainties, and unteiiable agreements to name only a few possibiTities'.

Aside &om some apparent difficulties with yost-mediation realizations by
stakeholders of having lost something in compromise, or outcomes of aNeement
that are either untenable in their idealism or so shallow as to be meaningless, there
are situations in which an outcome-driven approach is deeply disquieting and less
than appropriate in finding long term solution. Touval and ~an �985! provide
case studies on U.S. peacemaking mediations, several years in the process and only
nominally successful. In the cases studied, the US  acting as mediator! sought to
induce, compel or persuade foreign parties of longstanding religious and political
conflict to translate these into interests and negotiate a peaceful middle ground.
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0 I
! Consensus on Issues/Interests of A and B � !
I an array of potential outcomes Some issues

or interests have been compromised. I

Figure 2. Outcome-driven approach to position-based and interest-based
Stfat les.
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Some obvious questions arise. Can tradition, culture, and religious belief be
reduced to negotiable interests? Burton �990, 19963 and Moore �996! suggest
they cannot.

In related area, Fr@lhick  in Deudney and Matthew 1999! ' discusses
environmental security issues and conflicts on a global scale, noting that even when
consexxsus has been reached through a mediation body or program  such as the Food
and Agricultural Organization of the United Nations P'AO], United Nations
Environmental Program PJNEP], or the Organization of Economic Cooperation
and Development [OECD]!, the agreements reached cannot be enforced because the
mediating organizations or programs have no legal teeth to compel compIiance.
Certxunly, one purpose of mediation is to faciTitate negotiation of agreements.
Where agreements are recognized by law, and where there is legitimated authority
to compel compliance, the legitimated authority or authorized agent will
subsequently act as police. But here again, questions arise. Should organizations
founded on the notion of international cooperation  such as FAO, UNEP or OECD!
be thinking ofbroadening their role so as to be able to enfoxce agreements between
nations'? Frederick acknowledges that nations are primarily concerned with their
own economic and environmental security.

"... �!t is through the prism of their own national security and hence their
own national interest, that states will analyre the impact of global
environmental problems along with state behavior apt to upgrade the
situation or further harm it"  ibid.:96!.

Is it realistic to think that "beefed up" mandates toward "real powers of
intervention" will accomplish anything save further confiict'?

These examples point to a fundamental dif6culty in the mediation process,
particularly although notexclusivelythoseassociated with global participants-that
of the pervasiveness of essentialist thinking. This is perhaps because mediation
models offered by authorities or negotiators often make only superficial attempts at
accounting for and comprehending the multifarious natuxe and depth of meaning
attached to 'issues' by diverse stakeholders. In other words, mediations involving
diverse identity groups  i.e. race, class, ethnicity, culture, language, politics,
nationality, religion, tradition! often mistakenly engage in translating these
characteristics and associated attributes  i.e. identity definitions, noxms, needs,
interests! by using 'mainstream' standards and definitions foreign to the actua1
groups in conflict. This is done on behalf and purportedly 'in the best interests' of
the conflicting groups. More reasonably, it is to faciTitate the application of the
mediation model and the paxticipationof the negotiatoxs along ideological lines that
inform those 'guiding' the process toward specific resolution outcomes. Meanwhde,
the recognition of basic human needs common to groups in conflict and on which
durable resolution might be built, escapes the process.

Fisher �997!, movingaway from the 'how to' efixciencies of Getting to the Yes
�981!, notes in this more recent work the importance of the distinction made by



Page 162 Norris~ bird,C. GCFI:65 2064

Burton 'between " 'deep-rooted conflict'...not based on negotiable interests and
positions, but on underlying needs that cannot be compromised" and " 'disputes'
about tangible, negotiable interests...". Differences o principle, ethic, nationalism,
religion, and cultural meaning are examples of 'deep-rooted conflict'. Fisher
suggests that these 'deep-rooted' conflicts can be accommozhted by an innovative
mediation technique called integrative conflict resolution.

'ThusICR... can potentialEy provide some integration between the own
conflicting major strategies ofpeace through strength andpeace through
cooperation. 1Ãs potential is because ICR accepts the importance of
power in influencing relationships, appeals to standards of fairness and
justice as espoused by international law and world order models, and
assumes that a fir and cooperative approach to conflict management
will lead to satisfactory outcomes for all parties."  Fisher 1997!

Not unlike Glasbergen's �995! 'network management' scheme, ICR
emphasmm the process of working through confiicts using a variety of methods.
Yet, there is still the focus on 'satisfactory outcomes' 5mn a 'inn and cooperative
approach' that is somewhat tzoubhng. Fisher describes ICR as having a secondazy
role to that of more "substantive negotiations". ICR is "de-escalzzmzy"- useful in
diffusing emotional displays in preparation for more subtle power strategies.
Fisher's perslective on what is substantive does not appear to enthely grasp the
point Burton makes. 'Dented' confiicts are deeply substantive.

Resolution of some environmental conflicts will require the establishment of
coHaborative trust and the security ofbuilding towazd an array of equaHy met needs
� substantive needs. Is it possible for collaborative trust to be equaHy exchanged if
stakeholders are not or do not perceive themselves to be on equal footings Not
likely. Disparate conditions between stakeholdezs  in access to resources, political
associations, level ofinvestment, size oforganization, coherencyofclaims-in other
words, their relative power assets! filter into and influence the process despite an
interest-based orientation. ICR as Fisher describes it, is not meant fo equalize power
� itismeantto diffusethe�emotions ofthosewho�peceive themselvescompzomisecL
Burton �996!, however, claims that " e!motional reactions must be expected and
respected, but not avoidezL" The concept of integration is a good one, and Fisher
notes its potential in a pzeventative role "...in a less chaotic future world". I would
suggest however,that it isonlythzoughapzucessof integration focused on common
human needs and away Som power diffezentials that a less chaotic future world
might be possible.

Withinczeasizzgattentionin publicpolicytowazdsocialjusticeandaccess issues,
thezeis an accompanying focus on'the process'-oftentimes asahuzdle to negotiate
in order to get on with the business at hand of meeting administrative aud legislative
mandates. In some quarlers, fhe mediation process is viewed opportunisticaHy as a
power game  Glasbergen 1995, Fisher and Uzy 1981, Fisher 1997!. Viewed as a
means to anend,process is oozzstrained toaconceptuaHy legalistic, stzzzcturaHy fixed
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format. Inmany mediation situations, this is entirely suf6cient. But in 'deep-moted'
conflicts involving societal needs that cannot be compromised, atteniyts by
mediation to coerce or influence outcomes, or to 'go through the motions' may be
far more damaging in the long run. "Meed, it may weH be that conflicts are
pmtracted unnecessarilyjust because inalienable values are translated into interests
merely to fit into the traditional processes of bargaining and negotiation"  Burton
1987!.

To view process exclusively as a means negates the phenomenon of pmcess
being a means and an end to itself. Process as an end infers a product � soniething
additive and innovative. Thomas'�994! 'power pmcess perspective' addresses the
additive nature of innovation as both the pmcem and product  means and end! of an
interactive dynamic between technological and social worlds. Following after
Granovetter's �985! idea of the 'embxldedness' of tzaiisactional behaviors in the
social realm, Thomas emphasizes the 'mediating role of histozy, structizze, and
power relations', but moves beyond 'embeddedness' by alluding to the influence of
change itself as additive and unpredictable. Similarly Bohm, in Bzyson and
Einsweiler �991!, zzxegnizes the emergence of something new and additive. In
difFerentiating between instrumental rationality utiTity! and substantive rationality
 normative!, he suggests there is a third form, 'adaptive rationahty', that mediates
between instrumental and substantive rationalities. Adaptive rationality has a
'synthesizing'naturethat"...addsthe dimensions ofcreatingnewmeaningsand new
thrusts of achievement through a communicative process that concentzzztes on
understanding the existential interstices of shazed power..." �42!. It is in the
recognition of a pathwaybetween instrumental and substantive rationalities that the
mediation process has the yotential to synthesize a new knowledge grounded on
shared exyerience and power.

If mediation is to make permanent progress toward resolving long-standing,
deep and sometimes violent conflicts, then we must refocus our endeavors on the
larger and deeper issues toward the kind of integration that learns zhrough the
process, and away f'mm the short-term ef6cacy of outcome-driven models in
mediated interventions. In conflicts over deeper issues, more than a temyorazy fix
or a cursory effort at 'pmcess' is required. In the process phenomenon, the dynamic
of interaction is an end valuable in its own experience and creation, for it is thmugh
the shazed experience of the process that we grasp the fuH imyort of our
interdependence and leam fmm it. It is not the case of 'getting into each others'
mindset' but rather the zecognition ofbasic societal needs universally held. It is this
recognition that effectively empowers parties in conflict to move beyond intezests
and work together toward durable solutions by pmviding for their own aud others'
needs. Difference in religion, culture, ideology, tradition, and nationaHsm viewed
as integral to traditionaHydefined confhct, and pmblematic to outcome-driven styles
of mediation, are accepted and respected as components of learning in what I caH
the process-oriented approach model.

Intheprocess-orientedmodel, the additive potential of this integrative dynamic
is nurtured. Asdepicted in Figure 3, the focus ofmediationis on the shared learning
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SELECTED CASES OF ENVIRONMENTAL MEDIATIONS
To underscoze the often subtle difference in mediation approaches and the

significance of these differences to what we understand mediation to be, I have
selected two cases that illustrate ozttcome-driven aad process-oriented appzzMzches
respectively. The case studies selected represent very different mediatio scenarios.
The fizst is an example of the regional interactions between various resource users,
the agency zegulating and znazzaging the resource, and a management council that
perhaps by default, functionally mediates between the two. Ia the second case,
mediations take on global proportions with trazzsaational and transcultural
constituents, a formal United Nations mediatioa process and an NGO acting as
informal mediator within an entirely separate mediation process. While these
mediation scenarios vary in nature and scope, they share one significaat commoa
thzead- both eases involve 'deep-sooted' conflicts. In only one case however, wiII
coercive power be treated as an impediment and neutralized. In this ease, the
facilitator fosters a dialogue that enables 'less equal' stakeholdezs to participate
equally in findiag resolution to conflict issues.

experience andthecreationofnewmeanings and the developmentofunderstaading
that transcends difference. In this model, outcome is secondary to the proces and
because of this, specific outcomes cannot mfluence the process. The power factor
inherent to outcome-driven strategies, does not vanish in the proces~riented
model. Rather, the effect of power disparity is neutralized by makmg this irrelevant
to the process. The role of the mediator is critical in ensuring that coercive power
is diffused, and a place of safe harbor is built so that 'deep-rooted' issues can be
revealed in dialogue. With coercive power neutralized, pmticipants may enter into
the process of dialogue on equal footing. Through dialogue, the practice of
listening, respecting, comprehending, expressing and collaborating fizcilitate equal
empowerment of each participant. Isaacs describes dialogue as "...a coaversation
among peers" {1999!. He notes that an emergeat worldview promoting dialogue
balances the languages of power {action and efficiency!, affect {belief and feeling!,
and meaning {the spirit of truth!. Without a balance of these, he says, there are
corrupt, tyrannical and over-emotive consequences. Isaacs suggests that developing
the capacity for dialogue is necessary for overcoming profound worldview
differences.

In situations of'deep rooted' conflict, it is not sufFzcient to pay lip service to the
semantics ofdialogue while maintainiag the structural constraints of traditional top
down 'driven' communications. It is unacceptable to speak of interests when needs
are the root of the problem. To make progress toward resolution, mediatioas must
be clearly intentioned and responsibly eonstructed by common need-oriented goals.
7he motivation of themediation must be understood and accepted by all participants
and all must be collaborators in the pzocess orientation.

In the foHowiag sections, I examine mediation strategies used in specific cases
to identify, contrast aad compare ozttoome-driven and process-oriented approaches
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Case I - Gulf of Mexico Fisheries Council Meeting'
The Magnusson Act gives Regional Fishezy Councils 'authority' over

designated marinexegions. But while the Councils are mandated to prepare fishery
management plans for their authorized xegions, they are limited to what essentiaHy
amounts to making recommendations that flow thxough the management agency to
the Secretazy. %hen the management agency NMFS-National Marine Fisheries
Service! plans regulation changes within the fisheries, the agency is required to give
public Notice and entertain the recommendations of the 6shery council. One of the
roles of the Gulf Council  GC! then, is to provide a public forum to give "...aH
interested persons the opportunity to be heard..." Magnusson Act [amend. 10/96j

capacity of mediator between NMFS and various stakeholders, its role has evolved
into one that includes information gathering, hearing stakeholder concerns,
considering concerns and confiicting information, making recommendations based
on equity, and acting as facilitator for conflicts to be zesolved.

The Council's regional authority as a'watchdog'entity of fishexyzesouzces has
evolved into the Council acting in abdTering role between contentious stakeholders
and a management agency with firm ideas and direct access to the Secretary. Figure
4.is a simplified relational representation of the Gulf Council, NMFS and fisheries
remuxce stakeholders.

Typically the meetings have several 'closed' sessions regarding items on the
agenda prior to the meetings for public testimony. Resource users are notified by
NMFS of upcoming council meetings and the agenda items. Matters not on the
agenda aze not open for discussion. A democratic format is used with members of
the public registering befoze the meeting to voice their representations before the
configured council meeting. The meeting has a formal courtroom configuration
 Figure 5!.

On May 12, 1999, 'fishermen', business represezztatives, government ofiicial s,
lawyers and other concerned citizens gathered in Austin, TX, for a Gulf of Mexico
Fishery Management Council meeting. This meeting was one of a series scheduled
around the Gulf � the same agenda, but different locales to increase public access.

"Someday science is going to catch up with xeality". This phrase  and similar
words! offered by fishers is heard several times during the meeting. One byone, they
approach the podium to give testimony before the tribunal. Many of the exchanges
are rapid, amidst paper shufHing, discrete consultations between the two tiers of
'oflicial representatives', clerks speaking discretely into ncordmg devices. One of
the debates is on the timing of opening the season for commercial fishezy:
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Kimmer  NMFS!: Fishery has been very co-operative "If they weren' t, they
wouldn't have been able to be so easily closed. Its inappropriate to open on
National Holiday"  MLK Day!

GC member: "Haul happens so fast monitoring's impossible. Weren' t
even any boardings last year - they  fish and wildlife agents! couldn' t
find the boats."

Agency official  NMFS!: Suggests 'leave the dock' time specification for
monitoring.

GC member: Says this is unfair because LA  Louisiana! docks inland. LA
fishermen would lose hours in the derby.

From floor: "Why not open MLK Day2" and "Inelevant whenyou leave the dock
-citations can only occur if gilled fish are found on the boat"  peoplePom the
floor shouting at once, disorder erupts ...several secondspass then a voice over
the din...!

Kimmer  NMFS!: Throws leave the dock time question at Gibson  FL fishennan!
who Kimmer calls "an expert" ...  quieting in the room!

Gibson  FL!: "DifFerences in equipment mean di6erent reasons for going out. We
must make access fair field of play. We' ll  fisher! play by rules...whatever
they are."

Kimmer  NMFS!: Motions for commeicial opening day after MLK Day.  GC
passes motion! Commends GC on their voting.  loud muttering, questions,
confusion on the floor � there has been no clartflcation on opening time, leave
the dock or monitoring issues!

Moderator:  bringing room to order! "I'm just the guy who's lost in the middle of
the road, waiting to be found, looking for some stability within the fisheries."

The physical structure of the meeting is specifically designed to create a power
hierarchy, withthe Gulf Council  GC! members at floor level inside araisedplatform
where government'officials' &om NMFS, Texas Parks and Wildlife, and an armory
of scientific experts and lawyers sit. Removed to the 'public gallery', the citizens
 for whom 'process' is staged! are excluded &om activities in the inner sanctum.
The use of a microphone system means that only 'public' communications will be
heard, yet the presence of covert communications will be seen. Court-like and
adversarial, the 'negotiations' bring win/lose contentiousness. But of greater interest
&om a power/process perspective, are the subtle ways in which power is deployed
and communicated, and what changes result &om this.

The debate on when to open the commercial fishety has direct impact on the
control that NMFS petceives they will be able to exert on this sector. They are
particularly vocal in this exchange. GC members, in an honest attempt to represent
concerns relevant to issues at hand, unwittingly provide a smokescreen to the
maneuverings of the NMFS official who holds 'monitoring' up as a critical
consideration of setting a specific 'leave the dock time'. Arguments &om
stakeholders are rampant, and in the midst Kimmer  NMFS! isolates and blindsides
Gibson a commercial fisherman &om Florida!. Gibson does not know the direction
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Case 2 � The Neptune Group and UNCLOS HI  The Third United Nations
Law of the Sea Conference!, 1973 - 1982 ~

In 1967, a proposal was put before the United Nations by Dr. David Pardo,
UN Ambassador &om Malta, that the seabed and ocean floor be declared the
'common heritageofmaxikixid' and further, that an international, independentagency
be established to "...assume jurisdiction over this area 'as trustee for ail countries',
and control all activities therein"  Glassner 1990!. The General Assembly
immediately set up a task force to work on the 'peaceful uses of the seabed and
ocean floor'. The work of this committee became the foundation ofthe Mxd United

Nations Conference on the Law of the Sea UNCLOS III! convened in 1973 and
ending with the signing of the UNCLOS IH Treaty in 1982. The treaty established
a more precise and extensive delineation of territorial waters than its precedent, and
through this agreement the foundation was laid Irom which closely linked issues
regarding the marine environment, the conservation of 'living xesources', seabed
mining and national security were negotiated.

Kimmer is taking and offers a diplomatic hedge. Having silenced fisher and GC
opposition by using Gibson as a foil, Kimmer makes his motion and it is approved.
There is general confusion regarding the meaning of the motion. This is borne out
by the din in the room and the closing remark of the moderator. The rationale of
NMFS's motion is not revealed at the nMxkng, noraxe the details clarified. This adds
to the perception of secrecy and the significance of the motion;

Power is at once product and means of production as it is gained and lost in
trade and sacrifice between and within stakeholder groups. In these exchanges, the
exertion of power by NMFS  through the GC! is recognized in the actions of those
stakeholders who react to their perceived disempowerment. The proposition that the
GC holds no power is evidenced in the minimal participation of the council in the
debate and the lack of reaction directed towaxxl the council by both NMFS and the
fishermen. Only once does NMFS subtle control seem overwhelmed, and it appears
that the disorder is deliberately calculated, as is its diffusion.

Perhaps because of its inability to exert power over both NMFS and resource
stakeholders, the Gulf Council has filledtheroles of educator, facilitator, negotiator,
and buffer. In areas of contentiousness between NMFS and multiple fishexy
stakeholder groups, the Gulf Council through public forums, assessment panels, and
regulatory recommendations, has attempted to act as an intermediary. But what
appears to be a lack of authoritative legitimization renders many of these functions
impotent.

%hile there is an attempt at the notion of public debate and general agreement
 at least legalistically! on the consideration of stakeholder interests, the pxocess is
unmistakably outcome-driven. Final decisionson fisherymatters are often perceived
as arbitrary; always they are authoritarian. At best, it appears that the Gulf Council
meetings provide opportunities for the appearance of political participation, access
to advisory panels and stakeholder venting.
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The achievements of UNCLOS HI were largely supported by the tenacious
work of the Neptune Group, which emerged as a response to the political
conundrum that engulfed Law of the Sea dehberations. The Neptune Group was an
amalgamation of several NGOs  non-government organizations! spearheaded
primarily by members of the Ocean Education Project  OEP!, the United Methodist
Law of the Sea Project  UMLSP!, and the United States Committee for the Oceans
� all &om the U.S. The individual resources of the NGOs were scarce, but their
worldwide network of secular and non-secular organizations synergized into an
impressive effort  see Figure 6!.

Fi ure 6. A relational representation of the Neptune Group network.
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Initially, the Neptune Group had aspirations of inQuencing delegates to
UNCLOS HI in the direction of equitable international distribution of revenues
gained &om deep sea and continental shelf extraction. Similar myopic approaches
however, had alienated some other environmental NGOs &om UN delegates and
officials. Neptune learned instead to listen intently to the needs expressed by
delegates  Levering and Levering 1999! and to flexibly play multiple roles as
needed.' The group established a reputation for credibility, and as 'honest brokers'
provided a~, useful information in setto@ of recognized neutrality. '

The following quotes &om delegates provide evidence of the enabling effects
of not an equalization of power, but rather the setting aside of it in favor of a kind
of 'safe harbor'.

 Neptune Group 's! strongest suit was in bringing together delegates and
people with real concerns to exchange views and be frank without having
to commit to anyone...to take off coats and talk like human beings.-
fBernardo Zuleta  UN Ogcial!,  ibid.:151-152!]

The Neptune Group provided a neutral setting andit was very useful... It
was possible for many Third IVorld delegates to see the U.S. negotiating
team solve problems with them rather than imposing preconceived
ideas  emphasis mine J because of Neptune 's help; [John Temple Swing
 U.S. Delegate!,  ibid.: 152!]

NGOs were helpfulin facilitating dialogue between the United States and
key G77 negotiators on critical issues, or in getting it going again when
it seemed to be deadlocked- P4arinjs G. Schmidt �989!,  Ibid.:150!]

In contrast, some participants, primarily &nm the U.S., considered the
involvement of the Neptune Group to be anuisance-perhaps even an impediment
to the negotiation process:

 Some colleagues in the U.S. State Department! "were annoyed by the
NGOs" and /;../some o+cials 'felt the Leverings  of the Neptune
Group! were overly nafve about the motives of Third 8'arid countries. "-
IOtho Eskin  State Department!,  Ibid.: 152!]

I thought the brainstorming sessions  arranged by Neptune! were more
helpful at the time than I did in retrospect. They gave more immediacy
to the issues than they deserved. The more people who talked fat the
seminars j, the more they gave the sense that it would work-  George
Aldrich  U.S Negotiator!,  Ibid.:150!]
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The comments above provide a contrast on perspectives &om delegates who
at least broadly share the same interests  those of the United States!. The
comments of Eskin and Aldrich  distrust, superiority, and adjusted recall! reflect
the inability to break away fiom the focus on outcome-driven approaches used in
the formal negotiations under the auspices of United Nations intervention and
facilitation. Swing's comment is sensitive to international perceptions of the
motives andpower strategies exercised byU.S. and appreciative of theopportunity
to transcend issues of nationalist power to deliberate on issues of more substantive
global content. Swing is able to focus his rationale on what he can learn and what
others can learn through the process.

It would be inaccurate to suggest that all roles and activities of the Neptune
Group were process-oriented. They were not. Stateside, members of the Neptune
Group lobbied hard for specificlegislation; very much an outcome-driven endeavor.
It would also be inaccurate to hold the formal negotiations. of UNCLOS HI up as
process-oriented. There is nothing in the literature to suggest that the formal
negotiations were anythingbut outcome-driven. Itis because the Group found itself
in a position where need dictated avery specialized non-paztisan role, that a unique
niche emerged-one outside the formal negotiationprocess but interconnected with
the actors. Only in this niche  while attending the many sessions of the Conference!
did the Neptune Group specifically avoid an outcome-driven approach with its
inherent power displays. Here the roles of honest broker, educator, communicator,
facilitator, were roles of service � nurtured with careful neutrality.

SUMMARY

This paper has presented the separate theoretical underpinnings of interest-
basedandposition-based strategies in mediation. An examination ofthese strategies
has illustzated a fundamental dif6culty in some mediation situations in which the
motivation is outcome-driven. There are many situations in which an outcome-
driven approach is entirely satisfactory. In 'deep-rooted' conflicts where issues are
non-negotiable however, an outcome-driven approach is unsatisfactory. More
troubling is the potential for further injury when attempts aze made to translate
deeply-rooted needs into negotiable interests. It is not enough to develop intezest-
based mediation models that pay lip service to participant equality when power
disparities are pzesent and exercised. Although appealingly scient over the short
term, they aze ineffective in fostering the long-tenn understandings necessary in
lasting resolutions. A process-oriented approach proves far more effective and
durable in the long term, particularly although not exclusively in mediations
associated with global environmental and resource conflicts.

The cases presented have been useful in demonstrating the outcomexhiven and
process-oriented theoretical models discussed in this paper. Case 1 iHustrated the
confusion and fiustzation generated by an outcomedriven public process whose
legislated intent is to provide public access and equality to stakeholders, but where
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the latent intent and practice is social control and maintenance of an authoritarian
status quo. Case 2 exemplified aproces-orientedapproach that emerged as a direct
result of recognition by a mediating organization that an outcome-driven approach
would not work. An entirely separate mediation process developed out of the
inadequacy of the formal outcome-driven negotiations. The success of the process-
oriented approach in diffusing power displays and providing a 'safe' zone for
dialogue, garnered legitimacy for the mediating organization and is evidence of the
appropriateness of this approach for 'deep-rooted' global conflicts.

In many domestic and in international stakeholder conflicts, an outcome-driven
approach will continue to be the expeditious and entirely satisfactory way of
dispatching resolution. In areas of long-standing and 'deep-rooted' conflicts
however, aprocess-oriented mediation approach is urgently needed. Its application
on situations of stakeholder conflict, where 'outcomes' have deep and abiding
consequences on lives aud livelihoods, would appear far more desirable than the
situations of contentiousness that are maintained by present methods of stakeholder
confhct resolution. Granted, it is costly in time and effort. But much of the time
investment would be reduced if participants were brought together as early as
possible after conflictive areas were identified and before these stakeholders became
entrenched in positions that may have Httle to do with the conflict at hand.
Intuitively, the appropriateness for process-oriented mediations as a preventative
measure is clear. This of course would necessitate some vigilance in government
agencies and other organizations to spot potentialareas of deep conflict resulting
from imminent environmental and/or policy changes. On a global scale, the
appropriateness for process-oriented mediations in accomplishing an on-going
dialogue between nations is reasonably the better effort toward participatory and
cooperative resolution to issues.

The complexities of transnational and transcultural conflicts will continue tobe
problematic. The gravity of ineconcilable conflict compels academicians and
professionals to understand and make understood, the ramifications of continuing
to use mediation practices that exacerbate the 'deep-rooted' conflicts they are
intended to resolve. We must ensure that mediation approaches that can foster
equal footing and those that cannot are clearly distinguished in theory and in
practice. It is incumbent upon those working in the area of mediation to understand
the situational context in which a mediation approach is to be applied, clarify the
theoretical content of the mehation approach, and then align intent and practice.
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FOOTNOTES

' See a reply by Stulberg �981! to Susskind �981! on ethical and logistical
uncertainties ofpareto optimal outcomes via consensus, in Bacow and Wheeler
�984: 248-251!; Moore �996! refers to BATNA as 'negative settlement
range' �77!, see also cross-cultural difhculties in setting BATNA's �79!;
Neuman �000! on limitations of consensus.

See also Bacow and Wheeler �984! on negotiations entrenched in convoluted
procedural machinations and used as smokescreens for non-
compliance/accountability; Mansbridge �990:22! on common interest and
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conflict "...we need deliberative processes as well as adversary ones'*.

Fisher cites Burton �965, 1968, 1972, 1979, 1984, 1987, 1990a}. See also
Conflict Resolution: its language and processes  Burton, 1996!.

The material for this case study is taken &om observation notes  May 12/99! &om
the Gulf Council meeting in Austin. TX. and &om thesis research  Norris-
Raynbird, 2000! cited in reference section.

The use of this term is due to the resource users self-naming, and includes male
and female commercial fishers, recreational fishers, charter and party boat
operators. See Norris-Raynbird�000! for semantic details on charter and party
boat operators in the Gulf of Mexico.

Materials for this case study taken &om: Levering and Levering �999!; Glassner
�990!; Buck �998!. For full citation see reference section.

The recognition of neutrality is evidenced in the perceptions of' delegates
responding to the actions and articulations of members of the Neptune Group.
In Levering and Levering �999}, Bleicher �990! notes the "universalist point
of view" taken by the Neptune Group, and Richardson �990! describes the
Neptune Group as having "...reflected a point of view that was aware of the
U.S. interests and which wished to avoid undercutting those interest, but...was
also sympathetic and fair-minded to the Third World point of view". Glassner
�990! notes that the co-operative activitiesofNeptune Gmup helped delegates
in achieving a 'fair and practical' treaty. Political neutrahty is crucial to
cooperative environmental and resource regimes as noted by Buck �998! in
reference to SCAR  Scientific Community on Antarctic Research!. But it is
more than presenting politically neutral rhetoric. Buck  following Weberian
theory! suggests that the appeanuice of neutrality may be more important than
its reality. In the short term, the appearance of neutrahty may have the same or
similar effects. Appearances, however, are difficult to sustain over time and

The Neptune Group donned many roles in supporting the negotiation of a Treaty
over the years. The activities of members when Stateside were often political
as they advocated on behalf or against specific issues and legislation. More
specifically, the nationalist agenda rampant in the U.S. in the 70's, was of grave
concern to the viability of a treaty and members rallied to subdue the effects of
nationalism in favor of a worldview ethic and practice. During the many
UNCLOS IH sessions, however, the Neptune Group adopted a political
neutrality, providing educational and public relations services, faciTitating
meetings and social gatherings for worldwide delegates, pmviding accurate
communications for the media and arranging for independent scientists and
experts to interface with delegates.
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under political pressure. Deudney argues  in Deudney and Macaw�999:214!
that its not enough to 'talk the talk'. "Nationalist sentiment and the war system
have a long~blished logic and staying power that are likely to defy any
rhetorically conjured redirection toward benign ends". The credibility and
legitimacy of the Neptune group was earned by walking the walk' of neutrality
during UNCLOS HI conventions. Maintaining organizational legitimacy means
both 'talking the talk' and 'walking the walk', see Scott �995!.
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ABSTRACT

This study examines the marketdemand for reef fishe &om the artisanal inshore
fishery in the Turks and Caicos Islands  TCg. The rapid growth of tourism in the
TCI has dramatically increased the demand for seafood but, as yet, the reef fish
fishery is relatively undeveloped. Large carnivorous reef fish such as Nassau
grouper, Epinephelusstriatus, are particularly vulnerable to overfishing because of
their biology and their popularity inrestaurants. The local fishing sector is protected
by tariffs up to 40 /o on imported seafood products: theoretically, this should
increase demand for local fishes as it makes imported products comparatively more
expensive. This study uses a paired comparison conjoint survey of TCI restaurants
to assess the effects of changes in the import tariff rate on market demand for &esh
domestic and &ozen imported grouper, and potential substitute products. I find that
the import tariff�significantly increas demand for local Nassau grouper and, hence,
could place increasing fishing pressure on these vulnerable reef fish. The policy
implications and alternatives for Nassau grouperconservation are briefiy examined.

KEY WORDS: Nassau grouper; tariffs; seafood demand; conjoint analysis

Los Efectos de las Tarifas de Importacion de los Mariscos y la
Demanda en el Mercado del Mero de Nassau

en Islas de Turcos y las Islas de Caicos

Este estudio examina la demanda del mercado para los pescados de arrecife
capturados por la pesquerfa costera artesanal en las islas de los turcos y las islas de
Caicos  TCI!. El crecimiento rhpido del turismo en el TCI ha aumentado
dramhticamente la demanda para los mariscos pero, hasta ahora, lapesqueria de los
peces de arrecife es relativamente subdesarmllada Lospescados carnivorosgrandes
del anecife tales corno el mero de Nassau, Epinephelus striatus, son particularmente
vulnerables a la sobre pesca debido a su biologfa y su popularidad en restaurantes.
El sector local de la pesca es protegido por tarifas hasta 40 /o en productos
importados de los mariscos: te6ricamente, esto debe aumentar la demanda para los
pescados locales mientras que hace productos importados comparativamente as
costosos. Este estudio utiliza una encuesta sobre conjunta apareada la comparaci6n
de los restaurantes de TCI para determinar los efectos de cambios en la tarifa de la
tarifa de importaci6n en la demanda del mercado para el mero importado domdstico
y congelado fiesco, y productos substitutos potenciales. Yo encontre que las tarifas
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de importaci6n ponen aumentan la demanda del mero local y por lo tanto, podrian
aumentar la pzesi6n de pesca en estos pescados de arzecife tan vulnerables. Las
implicaciones y las alternativas sobre el manejo y para laconservaci6n del mero de
Nassau son examizzadas brevemente.

PALABRAS CLAVES: Mezu de Nassau; tazifiis; demanda de los mariscos; ae8isis
conj unto

INTRODUCTION

Rapid growth of tourism inthe Turks and Caicos Islands TCI! has dramatically
increased the demand for seafood but, as yet, the reef fish fishery is relatively
undeveloped. This situation is changing, however, as increasing numbers of fishers
&om South Caicos, the center of the commercial lobster and queen conch fisheries,
are increasingly willing to make the 60-km trip across the Caicos Bank to sell reef
fishes to restaurants and hotels. Fishers receive prices mound US $3.25 per kg for
grouper and snapper species &om the South Caicos processing plants, which are
primarily setup forhandling export-oriented queen conch and spinylobster landings
 author's personal observation!. On the resort island of Providenciales, on the other
hand, fishers receive up to $15.00 per kg for the same fish.

Imported seafood products in the TCI are subject to tariffs of up to 40 '/o. This
policy generates revenue for govennnent and should, theorefically, increase income
in the artisanal fishing sector  the de facto social safety net for rural TCI
'Belongers'!. An import tariff makes local reef fish more competitive relative to
expensive imported products. While an import tariff causes some economic welfaze
losses  deadweight losses!, local governments gain tariff revenue and fishers
producer surplus  PS! increases as a result of the tariff Hence, local actors capture
increased resource rents at the expense of consumers � largely foreign tourists in the
TCI-and there are economic incentives for both government and fishers to support
the maintenance or expansion of import tariffs.

Figure 1 illustrates the general effects of a seafood import tari'ff In the absence
of trade, the domestic supply  S ! and demand  D'! curves would determine a
market-clearing equilibrium at their intersection. When izzternational supply is not
subject to tariffs, the supply curve is kinked, forming supply S' at the world market
price p'. Total consumption is q", of which q ' is supplied domestically and the
balance  q" - q '! imported. Total economic welfare under fiee trade is consumer
surplus  CS!, area acd, plus producer surplus  PS!, area def. When an import tariff
is imposed, raising the price of imports to p', the supply curve is given by S'. Total
consumption falls to q", of which q~ is supplied domestically and the balance
imported. PS increases by area dfgh  dark gray!, government captures tariff
revenues, area bghi  medium gray!, and CS frill to area abh. Deadweight losses
under the import tariff are the two lightly shaded triangles, areas hei plus fgh.
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Whether the import tariff'contributes to reef fish depletion depends on three
factors. What is the market demand response to the tariff  i.e., the slope of, and
shifts in, the demand curve
 What is the responsiveness of artisanal fishers to price
signals in the local marketplace  i.e., the slope of the supply curve!? Finally, how
inherently vulnerable are the target stocks  i.e., does the supply curve bend
backwanh, leading to the Gordon-Schaefer open access equilibrium!'? This research
addresses the first question and assesses whether the seafood import tariff increase
domestic market demand for Nassau grouper, Epinephelus strianls, a vulnerable reef
fish  Sadovy 1994, Coleman et al. 2000! that also holds considerable value for the
dive tourism industry  Rudd and Tupper 2002!.

METHODS

A two-part survey was developed for restaurant managers and buyers in the
TCI. In the first section, respondents were presented with open-ended questions
regarding what seafood products they used, whether their buying decisions were
influenced by the import tariff,' and their general observations on trends in the
availability of local fishes. This research focused on the 'tourist' restaurants of
Providenciales and Grand Turk, but the qualitative survey wasalso used to interview
a number of 'native' restaurants catering to TCI "Belongers".

In the second part, a paired comparison conjoint survey was used to assess the
marginal trade-offs that restaurant buyers make regarding key product attributes for
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reef fishes and potential substitute products. Paired comparisons of this type are
designed to elicit maximum information aboutsubtlepzefezence~ffs andhave
long been used in market research  Green and Srinivasan 1978!. The survey was
administered in person by trained student researchers during April 2000.
Respondents weze assured that all information collected wouldremain confidentia.

Each seafood product is composed of a bundle of attributes that provide value
for restaurant buyers  i.e., contribute to pmfitability! but that vary in level between
two profiles. After a pilot survey of selected restaurant owners and managers,
experimental design was finalized. Key attributes and levels that were included in
the final survey instrument included: product form  fiesh or fmzen!; productsource
 local or imported!; product type  gmuper- Serranidae, snapper - I.utjanidae, mahi
or dolphin fish-Coryphaenahippurus, and wahoo-AcanthocybizazzsolandH!; and
purchase price  US $5.00, 6.00, 7.00, 7.20, 8.00, 8.40, 9.60 or 11.20 per Ib!. Price
is one of thezelevantpmductattzibutes, allowing the assessment ofmargina1 pricing
trade-ofI's for other product attributes. It should be noted that almost all local
grouper landed in the TCI and sold to restaurants is Nassau gmuper. Some other
grouper species  e.g., tiger gmuper, Myeteraperca tigris! are occasionally
consumed, but Ciguatera toxicity limits sales of other groupers in restzuzzants.

Paired comparison conjoint surveys are cognitively challenging. The design
space for paired comparison questions rises exponentially with the number of
attributes and levels considered. This survey used two attributes with two levels,
one with four levels, and one with eight levels, yielding a potential design space of
4'2'8' = 16,384 possible paired comparisons. The experimental design challenge
was to select alimited number of questions &om the design space in such a way that
useful information about attribute trade-o6'sis maximized. This was done using the
Sawtooth Sofiware Conjoint Value Analysis  CVA! sofiware  Sawtooth Sofiwaze
1996!.

A nearly orthogonal and balanced experimental design consisting of 20 survey
questions was constructedbychoosingthedesignwiththehighest D-efficiency &om
a pool of 500 candidate surveys. The final survey instrument had D = 0.932  wheze
a score of 1.0 is fully orthogonal and balanced!. Each of the twenty survey
questions  e.g., Figure 2! asked respondents to express their preferences for one
profile relative to another using a rating scale.

The results were collated and analyzed using the CVA sofiwaze. An ordinary
least square  OLS! dummy variable regression was conducted for each survey
zespondent. The regression coeffizcients, known in the marketing literature as part-
worth's  the marginal valuations of choice variables!, were then available for use in
market simulations. See Rudd �003! for a more detailed explanation of the CVA
paired comparison analysis and simulation.

The CVA market simulation module was used to model the market shaze for

various hypothetical seafood products. In these simulations, total utility for each
alternative pmduct was calculated based on the part-worth's for each individual
survey respondent. Each respondent was assumed to choose the seafood product
with the highest overall utility in the simulation. The individual choices were
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Category Option A Optfon B

Product form

Type of Seafood

Purchase Price  U85llb!

Source of Seafood

Frozen

Mahi mahi

Fresh

Grouper

Local Fishery

Fi ure 2. A ired corn rison uestion ratin two seafood ducts

The simulations included six potentially competitive seafood products and used
average prices reported in the qualitative survey:

i! Imported &ozen grouper at US $5.20 per lb;
ii! Local &esh gmuper at $5.75 per lb;
iii! Local &esh snapper at $6.54 per lb;
iv! Imported &ozen snapper at $6.88 per lb;
v! Local &esh mahi at $7.60 per lb; and
vi! Local &esh wahoo at $8.00 per lb.
Market shues were calculated for two simulations in which the price of either

fmzen imported or local &esh gmuper Quctuated. Other prices and pmducts were
held constant acmss simulations.

The first simulation, which varied the price of imported &ozen grouper, simulates
the effects of a change in the TCI seafood import tariff The second simulation,
which varied the price of local &esh gmuper, simulates the effects of a change in
local seafood prices  e.g., due to local depletion or by policies that make fishing
more expensive!. Two-tailed paired t-tests  using Bonfermni adjustment, total a-
level of 0.05! were used to test the hypotheses that the market shares of the survey
respondents for different products were significantly different  e.g., was market

aggregated to determine market share  % of respondents choosing the option! for
each seafood product.
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share for imported &ozen grouper at $5 per lb different &om that of local fiesh
grouper at $6 per lb?!.

RESULTS

Of 25 restaurants surveyed, 24 completed the qualitative surveys and 20
completed full conjoint surveys. These restaurants hkely account for > 90/o of TCI
tourist restaurant consumption and approximately 5PYo of total TCI seafood
consumption.

General Market Observations

Approximately 3@00 kg of fish were�consumed weekly during th studyperiod;
grouper �25 kg! was the single znost popular seafood. This implies the annual
consumption of grouper is about 85 t �2 ~ [725 kg / 0.90j / 0.5!, of which
approximately 50 t �0 /o! is landed locally. Weekly consumption of other types of
seafood was 650 kg spiny lobster, 550 kg queen conch, 440 kg snapper, 400 kg
mahi, 125 kg wahoo, and 265 kg of other products  primarily salmon, tilapia and
tuna!.

Most local grouper consumed was Nassau grouper. Imported grouper consisted
primarily of &ozen filets imported &om Southeast Asia or Central America via
Florida Most mahi and all wahoo was landed by local sport fishing charter boats
and sold directly to local restaurants.

The product mix in native restaurants was much different than in tourist
restaurants. The native restaurants tended to use many more species of local fish
interchangeably-several zestaizrants differentiated their purchases only as small or
large fish. Native restaurant sales volume was variable, but was very high in some
cases  e.g., one 'small' native zestzuirant used as much fish in on week as a large all-
inclusive resort with over 1,000 guests!.

Several restaurant buyers commented on the declining availabiTity of reef fish
in the Providenciales azeL Buyers in Providenciales also noted that inconsistent
quality and defivezy &om local fishers was the main reason that they purchased
imported seafood, despite the import tariffs. Most buyers indicated that the import
tariff did have an impact on their purchase decisions and that a reduction of the
tariff &om 40 /o to 20 /o on finfish, would alter their purchasing behavior.

A cluster analysis characterizing market niches for the 20 zestaimnts that
completed the full survey was conducted using Dinadesk  Velleman 1997!. Four
distinct clusters were identified: seven restaurants for which price was the most
izzipzntant factor  price sensitive 'casual dining' operations!; two restaurants for
which product form  &esh! was the dominant factor; four restaurants that placed
equal importance on product form, type, price and source; and seven restaurants that
put a low priority on source and that shared a characteristic of high entree price
 'white tablecloth' restanzazits that source quality product &om wherever they can
find it!.
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Conjoint Survey and Simulation Results
Regressions were conducted for 20 individual respondents and part-worth's

were calculated for use in simulations. R' for high  > 0.88! for all respondents,
indicating internal consistency in decision making.

In Simulation I, the price of &ozen imported grouper was varied, simulating the
effect of changes in the seafood import tariff. Market shares for various seafood
products in the face of varying imported grouper prices are shown in Table 1.
Frozen imported grouper might be available &om U.S. wholesalers for as low as
$3.15 per Ib, so $4.00 per Ib may already represent an import tariff in the 25 %
range. As the price of the imported grouper rises to $5.00 per Ib, market share for
that product falls &om 30 % to 15 %. As price rises to $6.00 per Ib, market share
falls further to 5%, and &ozen imported grouper is priced totally out of the market
at $8.00 per lb.

Market Share  %! for Sbc Seafood Products

Fresh
local

QfoUPef

Fresh Fresh
local local
mshi wahoo

Frozen
imported
Qrioupef

Fresh
local

snappef

Fmzen
imported
snapper

$4.00 40

$5.00 45

$6.00 50

1030 10 10
Price of
frozen

Ilrl ported
QfoUPef

20 10 1015

20 10 10

 US$Ilb! $7.00 50

$8.00 50

20 10 10

20 10 1010

As &ozen imported grouper market share falls &om 30% to 0%, three other
products gain market share equally: 6esh local groupa; &esh local snapper, and
&ozen imported snapper. The average price of &ozen imported grouper during the
survey period  April 2000! was $5.20 per lb. Reducing the price of imported
product &om the $5.00 range, by reducing the import tariff would lead to reduced
market demand for local grouper and srurpper, potentiallyMucing fishing pressur
on local stocks.

Simulation 2 models the effects of changes in the price of local 6esh grouper.
This could happen if fishing pressure started to deplete local stocks, driving up
prices. It could also happen if the costs of fishing changed, or if the value of grouper
for the dive industry were taken into account, correcting for market distortions
resulting &om fishing externalities. Table 2 shows the market shares for various
seafood products when the price of 6esh local grouper varies.

Table 1. Market share for seafood products when tanff on frozen imported grouper
vance
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Table 2. Market Share for Seafood Products When Fresh Local Grouper Price
Varies

Iiarket Share  %! for Six Seafood Pmlucls

Fresh Frozen Fresh Frmen Fresh Fresh
local imported local imported local local

grouper grouper snapper snapper ma hi wahoo

Price of $5.00 70
frozen
imported $5.00 45
gmupef
 USS/Ib! $7.00 15

20 0 0 5

0 10 10

0 10 10

0 20 10

20

35

30

Table 2 demonstrates that there is a more complex reaction in the market to
changes in the price of &esh local grouper. Buyers are very price sensitive, with
market share falling &om 70% at $5.00 per lb to 0% at $8.00 per lb. All other &esh
local products- snapper, mahi, and wahoo- gain market share as the price of &esh
local grouper rises. Market share for &ozen imported grouper also rises.

Two-tailed paired t-tests were used to test the equivalence ofmarket shares  i.e.,
restaurant buyer indifference between two products! for different seafood products
under different pricing conditions. For instance, the null hypothesis that market
shares were equal for &ozen imported grouper at $5.00 per lb  S,!and &esh local
snapper at $6.54 per lb  S,! could not be rejected  Table 3 � fail to reject H, at total
rx = 0.05, p > 0.05!. Conversely, market share equivalence for &ozen imported
grouper at $6.00 per lb  S,! and &ash local grouper at $5.75 per lb  S,! was rejected
 p = 0.004!  i.e., cheaper &esh local grouper was significantly preferred!.

Table 3 surmnarizes tests for &ozen imported grouper, which has a statistically
indistinguishable market share &om that for &esh local snapper at all &ozen
imported grouper prices &om $5.00 and $8.00 per Ib and &esh local grouper at a
&ozen imported grouper price of $5.00 only. As &ozen imported grouperprice falls
well below $5.00 we should expect to see restaurant buyers increasingly prefer the
importproduct, perhaps to the extent that theequivalence of market sharewith &ash
local grouper could again be rejected  i.e., when &ozen imports are at $6.00, fiesh
local grouper is significantlyprefened bybuyers, whenimports are at $5.00, buyers
are indifferent, and when hnports fall under $4.00, buyers may significantly prefer
the imported product!.
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Market Share Test  H~S, ~ S J ~slue

Fresh
local

wahoo
 $8.00/Ib!

Fresh
local

QioUPer
 $5.75/Ib!

Fresh
local

snapper
 $6.46/Ib!

Frozen
Imported
snapper

 $6.88/Ib!

Fresh
local
Mahi

 $8.0$lb!

Price of
frozen
lniport8d
gfOLIPef
 US$/lb!

$5.00 0.082 0.171 0.001 0.031 0.031

$6.00 0.004 0.110 0.004 0.017 0.017

$7.00 0.004 0.110 0.004 0.017 0.017

$8.00 0.004 0.110 0.017 0.017 0.017

Similarly, Table 4 shows the two-tailed paued t-test results when &esh local
grouper  S,! at various prices of is compared with other seafood products at current
prices. The patterns are more complex than in the previous case. For example,
restaurant buyers exhibitindifference between &esh local grouper at $7.00per lb and
&esh local mahi at $8.00 per lb  'p = 0.666!. However, the equivalence of market
shares is rejected when the price of &esh local grouper falls to $6.00 per lb  p =
0.031, indicating that the cheaper grouper is significantly prefened! or rises to $8.00
per lb  p = 0.042, indicating that the mahi is now significantly preferred to more
expensive grouper!.

Table 4. Tests of equality of profile market shares for fresh local grouper  SJ and
other products  S,!. Two-tailed paired t-test p-values are for total a = 0.05,
individual a = 0.001.

Table 4 demonstrates that &esh local grouper is a substitute for each of the
other five products. At a low price of $5.00 per lb, it is significantly preferred to all
other seafood products. At intermediate price levels, market shares are not

Table 3. Tests of equality of profile market share004s for frozen imported grouper
 SJ and other products  S,!. Two-tailed paired t-test p -values are for total a =
0.05, individual a = 0.001.
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significantly different for &esh local grouper and other products. When the price of
&esh local gmuper rises to $8.00 per lb, all products except &esh local wahoo are
preferred to expensive gmuper. By contrast, &ozen imported grouper can only be
viewed as a substitute for &esh local snapper and grouper.

DISCUSSION

A variety of market niches exist in the TCI restaurant sector. Preferences for
seafood products varies substantially, but total annual seafood consumption in the
TCI probably is in the 325- to 425-tonne range, assuming that consumption in
restaurants during the study period  April! is avemge, our sample accounted for 90
'/o of tourist restaurant purchases, and that tourist restaurants account for about 50
/o of total seafood consumption in the TCI.

Characteristics of Market Demand
Frozen imported gmuper and &esh local grouper are substitute products. In

Simulation 1, a 50 /o change in the import price  fmm $4.00 to $6.00 per lb!
induced a 10 /o increase in market share for both &esh local gmuper and snapper.
Frozen grouper is generaHy viewed as a low-quality product; changes in prices had
no impact on highland local products  mahi and wahoo!, and the main impact of
&ozen imported gmuper on &esh local gmuper market share occurred at prices less
than the current import price  $5.20 per lb!.

Market demand for &esh local gmuper is very price sensitive. A 60/o increase
in price, &om $5.00 to $8.00 per lb, resulted in market share falling &om 70 '/o to
0/o. The biggest market share gainer was fmzen imported grouper  + 30 '/o!, but
&esh local snapper and mahi also increased 20 '/o in market share as &esh local
gmuper price mse over this range. Fresh local gmuper is viewed as a high~uality
product and can substitute for highs mahi and wahoo.

The results ofboth simulations imply that market demand for &esh local Nassau
gmuper in the TCI is quite elastic  i.e., the demand curve is relatively flat!, and that
the curve will shift up or down based on the price of substitute imported grouper,
which is partially hWrmined by the import tariff

Characteristics of Market Supply
What are the next steps that need to be taken in an analysis of Nassau grouper

management options in the TCIV The second step is to assess the response of local
fishers to changes in market price signals. If fishers were profit maximizers, we
would expect to see in~ effort allocated to reef fish capture as demand rises.
Fisher behavior and motivations in tmpical artisanal fisheries are likely more
complex, however, and fiictors such as risk preferences, alternative fishing
opportunities, and revenue goals  rather than pmfit! may come into play. Many
Nassau grouper caught on the South Caicos fishing gmunds, for example, are taken
by lobster divers who opportunistically spear fish  Tupper and Rudd 2002!. Few
data are available &om fisher logbooks regarding the allocation of effort between
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different fishing activities, fishing locations orlanding volumes. Further work on the
supply-side of the market is clearly required.

Policy Implications
Further complications arise in economic analyses of reef fish management

options. First, large reef fish such as Nassau grouper pmvide non-extractive
economic value for the dive tourism industry Williams and Polunin 2000, Rudd and
Tupper 2002! as well as being popular in restaurants. This makes policy decisions
basedoneconomicmaximizationcriteriondifficult because ofnonmarket valuation
challenges. This may also lead to conflicts between policy actors with different
goals. For instance, the finance division of government mayhave a goal of revenue
generation  in the TCI, there are no income, pmperty or business taxes- substantial
government revenue is raised by license fees and import tariffs! while other
departments might have goals of eflicient iesoume utilization, promotion of tourism,
or conservation. Fishers and the dive tourism operators may also have conflicts over
reef fish utilization.

Secondly, thebiologyandecologyofmanyreef fishes, including Nassau grouper,
make them extremely vulnerable to oveifishing  Coleman et al. 2000!. They will
have the classic backward-bending supply curves of the Gordon-Schaefer model
that, in the absence of effective pmperty rights, lead to an open access equiTibrium
where average, not marginal, cost just equals demand  i.e., total rent dissipation!.

When an import tarif'is imposed, consumer surplus fiills. Whenharvest levels are
relatively low, the tariff may increase pmducer surplus as local fishers increase
pmduction and gethigher prices  recall Figure]!. Government gains tariffrevenue.
Once harvests rise above MSY, however, further increases in fisher revenue can be
completely offset by rising costs. Stmng incentives may still exist, however, for
government to maintain or increase import tariff if they are having difficulties
meeting revenue generationgoals. Thus, atlowlevels offishing, goals of increasing
fisher income and generating government revenue may coincide, but this will not
necessarily remain the case as tariffs rise.

Nassau grouper stocks in the TCI are still inrelativelyhealthy condition. In fact,
densities in the TCI are the highest observed in the Caribbean region  Tupper 2002,
Tupper and Rudd 2002!. However, given the particular vulnerability of grouper to
even low levels of fishing  Sadovy 1994, Coleman et al. 2000! and their value to the
dive tourism industry Rudd and Tupper 2002!, it would seemprudent to implement
pm-active policies that effectively protect this valuable resoume as well as meeting
other social and govermnent revenue generation goals.

The optimal policy mix must account for species ecology, fisher behavior,
government revenue generation, and market demand in both the restaurant and dive
tourism sectors. Setting a total allowable catch  TAC! for Nassau gmuyer may be
unfeasible becauseofpmblems monitoring catch. Sinnlarly, minimum size limits are
likely of limited usefulness because of monitoring difficulties and because Nassau
gmuyer are sequential hermaphmdites  see Coleman et al. 2000!  i.e., harvesting
only larger fish could still impair repmductive capacity!.
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Marine protected areas  MPAs! have been advocated for groupers  e.g.,
Coleman et al. 2000!. Tupper �002! and Tupper and Rudd �002! have not found
Nassau grouper to be more abundant within a small MPA near South Caicos,
however. This is likely due to the relatively small size of the MPA relative to the
comparatively large home range of Nassau grouper  the MPA had significant
positive effects on the size, abundance, and biomass of smaller, more sedentary
hogfish, Lachnolaimus maximus!. Full protection of essential Nassau grouper
habitat and spawning migration corridors on the very narrow &inge of the Caicos
Bank would impose economic hardship on local fishers who depend on those areas
for commercial species  spiny lobster! and subsistence fishing. Enforcement, ~
would be problematic, and a large MPA could degenerate into another 'paper park'.

An alternative option may be a commercial trade ban  i.e., no purchase of, or
trade in, Nassau grouper by restaurants, but no restrictions on subsistence fishing!.
This policy could have anumber of pragmatic advantages  Rudd,2003!: local fishers
would maintain access to fishing grounds for lobster and reef fishes other than
Nassau grouper; government would maintains tariffrevenues  a trade ban may even
increase imports of substitute &ozen grouper, increasing overall revenue!;
enforcement efforts could focus on shore-based restaurant buyers, reducing more
expensive fisheries field enforcement costs; and Nassau gtouper conservationwould
continue to provide valuable non-extractive economic value for the dive tourism
mdustry.
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Aproximacibn a la Valoraci6n Socioeconbmica de nn Arrecife
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RES UMEN

El Parque del "Garraf6n" en la costa occidental de Isla Mujeres, Quintana Roo,
tiene una extenn6n de 260 m, y harepresentado durante a5os uno de los principales
atractivosde la isla, donde lapoblaci6necon6micamente activase dedicaal turismo,
comercio y peseta Durante 50 aiios, ha sido utilizado sin contml ni vigilancia por
buzos amateurs, buzos libres y turismo de playa en general, quienes junto con el
efecto ocasionado por huracanes y tormentas tmpicales, han originado una
degradaci6n total, quedando corno un bajo rocoso. Sin embargo, es un brea
reconocidaanivelmundial y sigue siendo visitada Apesar de los altibajos encl flujo
de visitantes, el promedio anual es de 250 visitantes/die Estacomunicaci6nmuestra
corno el valor econ6mico del ecosistema proporcionado por el flujo de servicios y
bienes  capital natural de un stock! y por el flujo de biomasa o servicios  ingreso
natural!, puede llegar mhs alii del estado de salud del ecosistema, su biodiversidad,
su capacidad de asimilaci6n de desechos, protecci6n a fen6menos meteorol6gicos
o la biomasa que de 61 se extraiga, elementos comimmente usados para las
valoraciones de los ecosistemas arrecifales y cuyo resultado es siempre muy
subjetivo. Por concepto de entradas, se generaron durante 1997 ingresos del orden
de 1 575,721.00 US dls, y por el de otms servicios relacionados 175, 536 US dls.
La derrama econ6mica a la isla vfa empleos generados en esta actividad es superior
a los 4miHonesdepesosanuales. Considerando los ingtesos directos ocasionadapor
la visita al parque, el valor bruto del m' de anecife es de 398 US Dls. anuaies. El
valor real es mucho mayor, ya que no se consideraron los valores indirectos corno
puede ser su valor corno estructura fisica que brinda refugio a cspecies de inter6s
comercial y que impide la erosi6n de playa

PALABRAS CLAVES: Valoraciones de los ecosistemas anecifales, parque del
"Ganaf6n"

Approach to the Socioeconomic Assessment of a Reef in the
Mexican Caribbean: The Garrafbn Case

The Ganaf6n Park in the western coast of Isla Mujeres, Quintana Roo, extends
260 meters, and it has represented during years one of the main attractions of the
island, where the economy is dependent upon tourism, trade, and fishing. During
50 years, it has been used without control nor surveillance by scuba amateurs,
snorkeling, and beach tourism. Together with the effect caused by hurricanes and
tmpical storms, the benthos has degraded to a shallow rocky fioor. However, it
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remains apopular tourist area with an annual average is of 250 visitors per day. This
paper describes the economic value of the ecosystem provided by the flow of
services and goods  natural capital of a stock! and for the fiow of biomass or
services  natural income!. Human activity can impact ecosystem health and
biodiversity, exceeds its waste assimilation capacity, protection to meteorological
phenomenons, extraction of biomass, elements commonly used for the reef
ecosystem assessment and whose results are always very subjective. For concept of
entrances, they were generated during 1997 revenues of the order of 1,575,721.00
US dls, and for that of other related services 175,536 US dls. The economic benefit
to the island, primarily through employment generated in this activity, exceeds 4
millionpesos annually. Considering the directrevenues generated through touriszn,
the gross value of the reef m' is of US$39& annually. The actual value of the
ecosystem is much greater when indirect values, such as physical structure that
offers refuge to species of commercial interest and beach protection are factored.

KEY WORDS: Economic value, coral reef ecosystems, '%azrafon" park

INTRODUC CION
Los recursos naturales suministzanbeneficios alahumanidad, a trav' de bienes

y servicios definidos. Su disminuci6n o phdida generan deterioro ambiental,
desaparici6n de cspecies y disminuci6n de la calidad de vida  E. Otaiza 1994!. La
degradaci6nde zecursos ambientales constituye unpzoblemaecon6micoporque trae
consigo la desapazici6n de valozes importantes, a veces de forma irreversible. Sin
embargo corno los bienes y servicios que propozciona un ecosistema no se
encuentran almacenados en los mercados comerciales o no son adecuadamente
valorados en thminos comparables con los servicios y manufactuzas de capital,
tienen un bajo peso especffico en las decisiones polfticas  Costanza 1997!

Cuando un zecurso ambiental pura y simplemente existe y nos proporciona
bienes y servicios sin costo alguno, lo unico que expresa el valor de los bienes y
servicios que aportaesnuestradisposici6napagar por ellos, independientemente de
si realmente pagamos algo o no  Barbier 1998!. Para la valoraci6n de los recursos
naturales, en general sezeconocen dos diferentes bases filos6ficas, laaproximaci6n
antzopochitrica o utilitaria! y laaproximaci6nbioc6ntrica o intrfnseca!. Estas dos
aproximaciones no son mutuamente excluyentes, pezo asignan diferentes valozes a
un mismo recurso en circunstancias similares  Peck 1999!.

Los usos y beneficios de los recursos naturales pueden ser sepazzzdos en tres
categorfas:

i! Uso directo, el cual incluye turismo y cosecha de un recurso natural o un
bleu.

ii! Uso indirecto, donde los beneficios generalmente son obtenidos a travbs
del soporte y protecci6n que otorga a otras actividades econ6micas, a
menudo es refezido corno fimciones natuzzdes o servicios ambientales.

iii! No-uso, se estima corno valor de existencia de acuerdo con el cual puede
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ser excluido de cualquier uso humano comim.
La valoraci6n econ6mica de los servicios ecol6gicos y la biodiversidad de

ecosistemas importantes tales corno los anecifes de coral, representaciertosriesgos.
El acto de deternunar valores para recursos naturales y sus servicios eco16gicos
correspondientes, queen su gran mayorlano tienen precio de mercado, puede Hevar
Scilmente a una sub-estunaci6n de los valores minimos reales. Sin embargo la
valoraci6n econ6mica permite medir y comparar los distintos bene6cios de los
recurms naturales y asi servir corno un instrumento eficaz de facilitaci6n y
mejoramiento del uso racional, del manejo y la gesti6n  Barbier 1998!.

Los anecifes de coral son valorados por muchas razones. Ellos proporcionan
alimentos, ingresos por turismo, protecci6n a las costas y sus habitantes, nuevos
medicamentos para algunas enfermedades que presentan resistencia a las drogas
convencionales, etc.

En el contexto soci~n6mico, el turismo es un sector clave en la economia
de muchos pafses Caribe5os con anecifes coralinos, incluido el nuestro,
&ecuentemente proporciona ahededor del SPYo de su producto interno bruto y
generalmente estk en rhpida expansi6n, en 1990 el turismo Caribe5o gener6 8,900
millones de d61ares y dio empleo a mls de 350,000 personas. En particular para el
Caribe mexicano, Cancun y la Riviera Maya, reciben anualmente ahededor de 2
millones de turistas; se estima que existen 42,000 cuartos de hotel y que panel a5o
2010 se habnhtconstruido un total de 150,000  WWF 2000!. Bajo esta pen>elective,
en el presente documento se valora un peque5o anecife de coral que se encuentra
en Isla Mujeres en el caribe mexicano, y que ha presentado un uso intensivo desde
hace mas de 50 a5os.

MATERIAL Y MTODOS
Isla Mujeres es una isla en la parte norte de la Penfnsula de Yucatdm que tiene

una longitud de 7 hn por 1 hn en su parte mks ancha, el municipio representa el
2.16 '/o del total del territorio estatal y ocupa por su extensi6n el 7' lugar en el
Estado  Gob. de Q. Roo 2002!, la Figura 1 muestra la posici6n y coorclenadas del
sitio.

Para la evaluaci6n del arrecife, se usaron datos de censos realizados por la
administraci6n del PMN en 1997 que consiste en: Numero de visitantes, ingresos
por entradas, Consumo de energia  gas, electricidad, telbfono!, Consumo de
aiimentos y bebidas, Gastos de n6mina, costo total de insumos todos los valores
esbha dados en UD Dls. Los datos de costo por mantenimiento fueron calculados,
sobre la base del costo/m' a5o, proporcionado por el Colegio de Arquitectos A.C.
en Quintana Roo.
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Figura 1. Area de estudio

El m6todo empleado para el analisis fue el valor por uso directo  Recreativo!.
El valor del m'/ aiio de arrecife se calcul6 de la siguiente manera:

Ingresos netos
Vm A � ano

Superf'tcie

Donde:

Ingresos Netos = Ingreso Total - Costo Total

Ingreso Total = Ingreso Entradas + Ingresos Servicios

Costo Total = Costos fijos + Costos variables

RESULTADOS

Los visitantes al parque el Garraf6n, llegan por dos vias, terrestre y maritima;
los resultados de las encuestas muestran que la mayor afluencia se da por via
maritima con un total de 78,200 personas  Tabla l!, la mayor afluencia se da en el
mes de julio para ambas vias  Figura 2!. La Tabla 2. Muestra los ingresos y costos
totales por cada rubro utilizado en la valoraci6n, el costo mas alto se tiene en la
energia, y el menor en los servicios.
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Los valores obtenidos estrin dados en US d61ares por m' de arrecife

IT = $2@11+76
CT = $733~
IN=IT-CT

IN = 2/11+76 - 733~ = 1+7S,067

VnPA = = 35058 LEDls/nP
4500

Table 1. Numero de vlsltantes e i resos or entradas al Pa ue el Garraf6n.
VISITANTES VIA TERRESTRE

Aao 1997 No. Ingrssos Aao 1997 No. Personae Ingmeos
Personae US DL US DL

Table 2. lngresos y costos totales por rubros generates en el parque del
Garraf6n

I reso Anual Costos
Entradas
Servicios
Aiimentos y bebidas
Mantenimiento
Energia

1,575,721.00
175,527.00
560,328.00

280000
32500
130000
36000

275000
733800Total 2311578

Enero
Febrsro
Marzo
Abrii
Mayo
Junio
Juiio
Agosto
Septiembre
Octubre
Noviembre
Didembre

TOTAL

8,239
5,297
7,488
4,497
4,225
3,521
7,986
9,403
3,147
3,344
3,359
4,791
63297

93,585
79,455

112,320
67,455
63,825
52,815

119,790
141,045
47,205
50,180
50,385
71,865
949 905

Enero
Febrwo
Marzo
Abrit
Mayo
Junio
Juiio
Agosto
Sepsembre
Octubre
Noviembre
Diciembre

TOTAL

4,242
4,110
6,318
8,157
7,614
9,825

12,318
10,539
4,369
4,170
3,786
4,754
78 200

33,936
32,880
50,544
49,256
80,912
78,818
98,528
84,312
34,952
33,380
30,288
38,032

625818
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Figure 2. Entrada de los visitantes ai parque de Garraf6n por via marina y
terrestre durante 1997

DISCUSI6N
La valoraci6n por medio del costo - viaje parece ser el mbtodo rmh

apropiado para medir el valor de la demands de un recurso natural, ya que los
usuarios incurren en una serie de gastos para acceder al recurso y te6ricamente
su valor se refieja en la sums de todos los gastos mhs el costo de oportunidad;
sin embargo, la contabilizaci6n del costo de oportunidad por parte de los
usuarios enocasiones resultadi6cil. Inicialmente seconsidero laposibilidadde
ussr este m8odo para la valoraci6n del Ganaf6n; sin embargo al revisar las
bases de los supuestosy lainformaci6n se concluy6 que no cumplfael principal
de los supuestos que le da sustento al mbtodo, ya que los usuarios Hegan al
parque corno un destino secundario o terciario, es decir el visitante no viajapor
acudir al parque, si no que viaja por visitar Cancun y/o la Riviera Maya Por
lo tanto al aplicar el mbtodo de costo-viaje se estarfa en realidad valorando
Cancun, la Riviera Maya o en el mejor de los casos Isla Mujeres.

La informaci6n con la que se cont6, permitio la utilizaci6n del mbtodo de
valoraci6n directs dado que es posible asumir que el valor de un bien o servicio
lo da la disposici6n que se tenga a pagar por hste, menos lo que cuesta
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proveerlo y que el simple hecho de pagar por el uso recreamvo, se le puede
asumir corno la disposici6n al pago que hay por parte de los usuarios,
consecuentemente se realize el an@isis costo - bene6cio, en el que se
consideraron todos los ingresos asociados al uso recreativo del arrecife y los
gastos que genera Este mbtodo tiene la limitante principal que no son
contabilizadas las funciones ecol6gicas de los valores de no uso y los valores
indirectos; sin embargo, debe de quedar claro que al hacer una valoraci6n deuso
dizecto se obtiene el valor mhs bajo, pues en bste hay gran parte de gastos que
no han sido considerados.

La mayor captaci6n directs de ingresos se tiene por las entradas por vfa
terrestreno obstante que la mayor cautidadde personasentranpor viamarftima,
esto ocurre por que el costo del ingreso por via terrestre es mas caro  Figura 2
y 3!. Asimismo se presentaron dos picos a trav6s del a5o que cozxesponden a
las vacaciones de primavera y verano. El mayor Qujo se da en verano, lo cual
se debe a que en primavera el turismo que llega es de estudiantes y las
preferencias no sonexactamentepor los atractivosdetipo SaniTiar, mientras que
en verano al ser el turismo nels de tipo Smiliar el lugar se ve ampliamente
favorecido. En la valoraci6n se tomo en cuenta el ingreso econ6mico captado
por otros servicios estos son el del estacionamiento, rents de casNeros y vents
de alimentos y bebidas partiendo del supuesto que estos no se captarlan si el
visitante no acudiera a hacer uso recreanvo del arrecife.

Olla

thotfember

Figure 3. Ganancias generedes por concepto de ias entradas por vfa marina
terrestre ai a ue de Garraf6n durante 1997
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El valor final calculado para el m' de zona arrecifal es de 358.68 US d6lar
/aIIo que es en t&minos generales casi diez mil veces superior al calculado en
1997 por Cosianza et al. �997! �75 US dl ha/aIIo!, esto a simple vista parece
totalmente despmporcionado. Sin embargo debemos tomar en cuenta que el
valor se da sobretodo por la disposici6n que el usuario tengade pagar, tomando
en cuenta su uso ~vo. Es prudente aclarar que Costanza et al.  op. cit.!
valoran en su totalidad los arrecifes de coral del mundo y si consideramos que
la gran mayorla de la superficie arrecifal valorada tiene valores, de no uso e
indirectos, al promediar el valor de ha arreeife /a5o, conjuntamente con los
arrecifes con usos ~vos, estos ultimos terminan siendo subvaluados.

Sin duda los anecifes mks conservados y de gran bellezaescbnica, con una
alta biodiversidad tienenun gran valorper se. Sin embargo, tal corno menciona
Costanzaet al. �997! "los bienes y servicios queproporcionaun ecosistemano
son adecuadamente cuantificados en thminos comparables con los servicios y
manuhcturas de capital". Lo anterior hace notorias las graves fallas de
mercado queexisten, en donde unanecife impacuulo puede llegar a ser diez mil
veces mks valioso que un arrecife funcional, en t6rminos ecol6gicos.

El Gaxraf6n es un pequeilo anecife de borde no mayor a 4,500m2, se
encuentra altamente impactado por las actividades recreativas que durante
aproximadamente 50 se han hecho en el sin control ni vigilancia y que aunado
al efecto ocasionado por los huracanes Gilberto, Roxana, Opal, etc. comunes
en el Sea, han provocado que este sitio tenga un estado de conservaci6n tal,
que es hoy en dia s61o un bajo rocoso. Sin embargo y aunque pareciera ser
contradictorio este lugar se constituye en un considerable capital natural, que
proporciona un fiujo de servicios a manera de "Ingreso Natural". El ingreso
natural que se tiene por concepto de recreaci6n, hace de este sitio uno de los
lugares mks valiosos del mundo.

Este lugar es un sitio de alto valor econ6mico, no por su producci6n de
biomasa o por la relacibn que pueda tener en thminos indirectos al generar
refugio para organismos de inter6s econ6mico o por que el germoplasma que
contiene sea importante para su conservaci6n; es valioso en funei6n de su
ubicaci6n en uno de los lugares con mayor fiujo turlstico a escala mundial y en
su propia caracteristica corno destino secundario de visita
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La Pesca Deportivo-Recreativa en Quintana Roo, Mexico

ROMAN MEDINA MATOS
Departamento de Fomento Pesquero
Subdelegaci6n de Pesca, SHERPA

Cancun, Quintana Roo, Mexico

RESUMEN

En Quintana Koo la pesca deportivo recreativa del tipo ligera de liberaci6n,
conocida tambibn corno "Fly Fishing", se considera una importante actividad por la
derrama econ6micaque genera en los distintos sectores de la poblaci6n. Se lleva a
cabo con moscas artificiales y con embarcaciones menores de 18 pies de eslora y
motores de 30 a 40 HP.

Las cspecies objetivo que son capturadas en este tipo de pesca son
principalmente: sQmlo, robalo, palometay macabf,.ejemplares que habitan en aguas
someras, de poca profundidad y baja salinidad.

Este tipo de pesca tiene la caracterfstica general de promover y fomentar la
liberaci6n de las cspecies que son capturadas, concientizando a la poblaci6n
deportiva a proteger las cspecies de escama de las lagunas y aguas interiores con se
cuenta.

El estado de Quintana Roo posee apmximadamente 900 km de litoral y 373,097
has de lagunas costeras y continentales, esteros y bahfas en los que se practica este
importante deporte, teniendo su mayor representaci6n en la parte norte y centro de
la entidad, principalmente en los municipios de Lhzaro Gfrdenas, Isla Mujeres,
Benito Juarez, Cozumel y Solidaridad, incluybndoselas Areas Naturales Protegidas
de Yum Balam, Parque Nacional Isla Contoy, Parque Marino Arrecifes de Cozumel
y la Reserva de la Biosfera de Sian Ka'an. En el municipio de Ot6n P. Blanco se
encuentra en proceso de promoci6n en el Parque Nacional Arrecifes de Xcalak.

En el sector social pesquero este deporte es considerado corno una alternativa
de ingresos en la economfa de los pescadores, dentro de las atribuciones de la
SAGARPA se hapromovido la creaci6n de 13 orgatuzaciones con la figurajurfdica
de sociedades Cooperativasde Servicios Turfsticos, parapromoverladiversificaci6n
de las actividades de captura por la presbmi6n de servicios turfsticos y de pesca
deportiva, con la finalidad de fomentar el arraigo de los pescadores en sus
comunidades y para evitar que sean desplazados de la actividad por personal
fonineo, provenientes de otros estados.

PALABRAS CLAVES: Pesca deportivo recm6va, Quintana Roo

Sport and Recreational Fishing in Quintana Roo

In Quintana Roo the recreational sport fishing of the slight type, well known as
Fly Fishing, is an. important activity due to the economic impact that it generates in
the difFerent sectors of the population. This activity is carried out with artificia fiies
and in shallow draft vessels of 18 feet of length and motors of 30 to 40 HP.

The species targeted by these activity are mainly: tarpon, skbalo, snook, robalo,
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PALABRAS CLAVES: Pesca deportivo recreativa, Quintana Roo Pescadeportiva
y recreativa, Quintana Roo

INTRODUC CION
El Estado de Quintana Roo cuenta con aproximadamente 900 ki16metros de

litoral, comparte 40 con el Golfo de Mexico y 860 con el Mar Caribe; posee 21,000
ki16metros cuadradosdeplataformacontinenta1,87,300hecthreasde Bahfas, Esteros
y Lagunas y 84,000 hecthreas de cuerpos de agua en la parte continental.

Debido al gran potencial de recursos pesqueros existente dentto de los litorales
con que cuenta el Estado, las 4 bahias,  de laascensi6n, Espfritu Santo, hla Mujeres
y Chetumal! las 3 primeras con aguas transparentes tipicas del Caribe, por lo tanto
Quintana Roo es considerado un lugar privilegiado para la practica de cata
importante actividad pesquera, clasificada corno estmtbgica y de contribuci6n a ia
generaci6n de divisas para el pais, estiiahndose para el Estado una denama
econ6mica global hacia los distintos sectores de la poblaci6n en 15 millones de
d6lares cada aIIo.

En el sector social de Quintana Roo, cate actividad es considerada corno una
alternativa en la economia de los pescadores, se ha promovido la cieaci6n de 13
organizaciones con la figura juridica de sociedades cooperativas piestadoras de
servicios de pesca deportiva y turisticos, para promover la diversificaci6n de las
actividades de captura por la prestaci6n de servicios, con la finalidad de fomentar el
arraigo de los pescadores en sus comuuidades, contribuyendo en sus ingresos y

permit, palometa and ladyfish, macabi, and other species that live in shallow depth
and low salinity waters.

This type of fishing has the general characteristic to promote and to foment the
liberation of the species that are captured, and as a consequence the sport fishermen
protect the finfish &om the lagoons and interior waters.

The ~ of Quintana Roo has approximately 900 hn of the coastline and
373.097 hectares of coastal and continental lagoons, estuarine and bays in which this
important sport practiced. The areas of greater participation are in the North and
center of the state, mainly in Lhzam Cardenas, Isla Mujeres, Benito Jmliez, Cozumel
y Solidaridad counties including the natural protected areas of Yum Balam, The
National Park Isla Contoy, The Marine Park Arrecifes de Cozumel and the Reserve
de la Biosfera de Sian Ka'an. In OI6n P. Blanco County we are in the process of
establishing the National Park Arrecifes de Xcalak.

In the social sector fishing east deports is considered like an alternative of
income in the economy of the fishermen. The SAGARPA has promoted the creation
of13 organizations with the legal &ame of Cooperative societies ofTourist Services,
with the objective of promoting the diversification of these activities by the benefit
of tourist services and sport fishing. The main purpose is to involve local fishermen
in its communities in order to avoid that they are displaced of the activity by foreign
personnel, originating of other states.



Page 202 INedina Natoe, R. GCFI:55 2004

diversificando sus oportunidades de empleo en sus lugares de origen.
Es una actividad que se practica con Gnes de esparcimiento y que vincula al ser

humano con la naturaleza, principalmente con el mar y sus recursos, es importante
resaltar la promoci6n de la liberaci6n de las cspecies capturadas, se llevaa cabo en
las modalidades de Pesca de altura y Ligera o de Iiberaci6n.

La Pesca de altura, se efectua con embarcaciones tipo yate, en aguas marinas
y a grandes profundidades, se iealiza en una &anja de 50 millas contadas a partir de
la linea de base desde lacual se mide el mar territorial, en las modalidadesde Troleo
y fondo, las cspecies objetivo son. el Marlin azul, Marlin blanco, Pez vela, Dorado,
Wahoo, Sierra, Atun y Barracuda entre otras. Se realiza casi a todo lo largo de la
costa norte y centm de la entidad, en las zonas turfsticas corno son: Cancun, Isla
Mujeies, Cozumel y Solidaridad, lugares donde tiene su mayor desarrollo esta
actividad, requiriendo promoci6n, capacitaci6n e in&aestructura la zona sur del
estado y parte del municipio de Lhasa Ckrdenas en la zona norte.

Cadaa5o nos visitan alrededor de 250yates depescadeportiva, principalmente
durante marzo-junioyNoviembre-Diciembre, mismos que demandanunpromedio
de 100 piezas de escribano por yate por salida

EL ESCRIBANO

Es considerado un recurso potencialmente aprovechable para la realizaci6n y
el desarrollo de la pesca deportiva de altura, un factor importante, ya que es una
especie que contribuye de manera efectiva para realizar la pesca de los picudos, se
cuenta con grandes cantidades del recurso, garantizando con esto una actividad mks
pioductiva y segura.

Es un pez migratorio que durante su ciclo de vida se mueve del Golfo de
Mexico a Brasil y Argentina, es altamente cotizado, por ser utiTizado corno una
excelente caniada para la captura de los peces de pico y para abastecer de carnada
a las marinas y prestadores de servicios de la pesca deportivo-recreanva que
practican este tipo de pesca, es codiciado por los pescadores deportivos,
principahnente los extraujeros que nos visitan.

La pesca ligera con mosca, mejor conocida corno  Fly Fishing! se realiza en
lagunas costeras, estemsybahias, se llevaa cabo con moscas  se5uelos! arti6ciales
y con embarcaciones menores de hasta 18 pies de eslora con motores fuerade borda
de 30 a 40 H.p. y se capturan cspecies corno el Shbalo, Palometa, Robalo y Macabi,
ejemplares que habitan en aguas someras, depoeapmfundidad y baja salinidNL Este
tipo de pesca tiene la caracteristica general de promover y fomentar la pesca
deportiva de liberaci6n y concientizar a la poblaci6n deportiva a proteger las
cspecies de escama de las lagunas y aguas interiors con que se cuenta

Este tipo de pesca a diferencia de otras 5knicas, exige un mayor esfuerzo y
dedicaci6n, no solo deprkcticaconstante, sino tambibn de estud& te6ricoyprkctico,
demanda equipos y accesorios especiales que requieren de esmerada atenci6n y
cuidado. Exige que el pescador posea un mfnimo de habilidad yconocimientos para
dominar las tbcnicas de lanzamiento, reahzar sus nudos en la forma correcta y para
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elaborar Ias moscas o carnadas artificiales que al 6nal de cuentas es el objeto mks
valioso, ya que a trav6s de esta se logm la captunL

La pesca con mosca es una alternativa positiva del "Captttrar y Soltar", pues
permite aplicar de manera re eficiente las t6cmcas desarmlladas para ese fin,
practicar la pesca deportiva responsable.

Recientemente la pesca hgera o de liberaci6n, ha cobrado mayor auge y
desarrollo en las Areas naturales protegidas corno la Reserva de la Biosfera de Sian
Ka an, que abarca los municipios de solidaridad, Felipe Canillo Puerto, Yumbalam,
encl municipio de Lhzam Ckdeuas, especificamenteen la Laguna Yalahau o Conil,
en las lagunas de Plata y Montecristo en Cozumel, Parque Nacional de Isla Contoy
y Laguna Chacmuchuc en Isla Mujeres.

ACCIONES DE CAPACITACIAN Y ASESORfA EN ORGANIZACIAN
Con la finalidad de satisfacer las demandas y requerimientos del sector social

pesquero que incursiona y se constituye dia con dfa en Sociedades Cooperativas
prestadoras de servicios de pesca deportiva y turlstica corno una altemativa de
ingresos, se ha apoyado la constituci6n de las Sociedades Cooperativas: Lanchems
de Ia Bahfa en Punta Herrem, Municipio de Felipe Carrillo Puerto, Bahia Blauca en
Xcalak y Canal de Zaragoza en Mahahual, Municipio de Oth6n Pompeyo Blanco,
Por la Justicia Social y Chacmuch en Isla Mujeres, Aluxes de Pino Selrez y
Arrecifes del Caribeen Tulum, Municipio de Solidaridad, cube mencionar que no se
cuenta con los recursosnecesarios para proporcionar lacapacitaci6n que serequiere
en cate sector, para procurar que cada vez se obtengaunamejorcalidad y excelencia
en los servicios que se presten. Evitando con esto que los pescadores se vean
desplazados de la actividad por personal proveniente de otms estados.

La Asesoria T6cnica y Capacitaci6n para la integraci6n de oportunidades de
conservaci6n y liberaci6n mediante las sociedades cooperativas prestadoras de
servicios de pescadeportivayturistica,que venen la pescadeportivaunaalternativa
de mgresos.

SEGUIMIENTO A TGRNEOS DE PESCA DEPGRTIVA

Cada a5o se realizan en la entidad un total de 26 torneos de pesca deportivo-
recreativa,mismos que son clasificados�en infantiles,2juvenil y 22profesionales,
del total 17 son locales, 7 internacionales y 2 estatales, se menciona que se
proporciona mayor atenci6n y apoyo para la realizaci6n de los torneos donde se
promueve la liberaci6n de las capias, o la liberaci6n de las cspecies de pico,
acci6n mas destacada en los torneos que se reaiizan en la Isla de Cozumel.

Se privilegia la creaci6n de c6digos de conducta dentro del sector deportivo
para proteger y pescar las cspecies destinadas a esta actividad, ya que:
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ACCIONES DE PROMOCSN Y FOMENTO
Encl esquemade lapromoci6nde estaimportanteactividad deportiva, especial

importancia reviste la ninez y los jbveues Quintanarroenses que representan un
grupo social que participa activamente en los eventos de este tipo, por ello cada a5o
se organiza en coordinaci6n con el DIF estatal y los DIF municipales 2 torneos, 1
infantil denominado "El NI5o y el Mar" bajo el lema "Dale uu pez a uu ui5o y
comenk un dfa, eusb5alo a pesear y eomerk toda la Uida" actualmente en su
versi6n XIII y otro juvenil, estando ya en su versi6n IV, en las elimiiiatorias que se
rcalizim a nivel municipal participan anualmente ahededor de 1,500 infantes y
j6venes, en edades de 8 a 12 y de 13 a 17 a5os, provenientes de 14 localidades de
los 8 municipios de la entidad.

Los ni5os y los j6venes son nuestro tesoro, que empiezan a descubrir la vida,
y gaicfas a sus padres pescadores aprenden esta actividad de la pesca, que bien
entendida, los ilevanl a ser as respetuosos de la naturaleza y de la sociedad.

El Ilevar acabo estaactividadde fomento se hacede maneraresponsable ytiene
corno finalidad inculcar este deporte en la ni5ez Quintanarroense, propiciar la
convivencia de los padres con los hijos, con el mar, sus recursos y generar un
espacio para nuestros ni5os menores y j6venes, propiciando la integraci6n familiar
y consolidar una cultura en la pesca deportivo-iecreativa, incuichndose el respeto,
la protecci6n y conservaci6n de las cspecies destinadas a esta importante actividad
pesquera. Contribuyen igualmente para un mejor desarrollo de estos eventos,
cuidado y atenci6n de todos los ni5os y j6venes participantes: el sector pesquero, la
Secretarfa de Marina, Capitania de Puerto y la Cruz Roja Mexicans.

NORMATIVIDAD

Esta actividad esta regulada en base a lo estipulado en la Ley de Pesca, su
Reglamento y la Norma Oficial MexicanaNOM-017-PESC.1994, que determma los
limites mkumos decapturapor especieyembarcaci6npordfa. Establecibndose que
el destino de las capturas realizadas son exclusivamente para consumo, donaci6n o
taxidermia, prohibi6ndose estrictamente sea con fines de comercializaci6n.
Piomoviendo lanormatividad vigente a traves de reuniones previas alostorneos de
pesca deportiva y con los agentes que participan corno prestadores de servicios y
pescadores deportivos. Promovi6ndose iguahnente la expedici6n y tnhnite de los
permisos de pesca deportiva
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ABSTRACT

The USVI DivisionofFish and Wildlife  DFW! throughits ~onal fisheries
assessment program is currently using various methods to gather information fiom
aH aspects oftherecreational fishery. One of the sampling methods that the Division
is cunently evaluating is the use of telephone surveys to gather information fmm
recreational anglers. Ahousehold telephone survey was conducted from December
1998 to July 1999. The USVI phone directory was divided in two stratums: �! St.
Croix and �! St. Thomas/St. John. Attempts were made to contact households
units on each stratum listed in the US Virgin Islands telephone directory on a
monthly basis. The response rate in St. Croix stratum was 75 lo whereas the
response rate in St. Thomas/St. John was 55 /o. Of aH household units contacted,
1 I'/o ofhouseholds in St. Croix and 13.5 '/o of St. Thomas/St. John stratum had at

least one recreational angler. A number of 3/94recreational anglers were esthmited
&om St. Croix and 7,705 ~onal anglers for St. Thomas/St. John stratum.
Based on this survey, St. Croix recreafional fishermen landed an estimated number
of 35+25 pounds annually with a fishing effort of 11,844 hours. St. Thomas/St.
John recreanonal fishermen landed an�estimated number of 1�3,412poundsannuaHy
with a fishie effort of 42,820 hours. The results of this survey indicate that during
this study, 9.2 '/o of the residents of the US Virgin Islands  approximately 11,000
individuals! fished recreationaHy.

KEY WORDS: Recreational fisheries, angler survey, USVI

Kstudio de la Particpaci6n en las Actividades Pesqueras
Recreacionales de los Residentes

de las Islas Virgenes Estadounidenses

Lapescarecreafivade aguasaladaen las islas virgenes estadounidenses es muy
popular y puede se categorize en tres tipos. �!' pesca deportiva en aguas
profundas �! pesca de bote en aguas someras �! pesca de oriHa  mueHe, marinas,
playa!. Un numero estimado de 10,800 pescadores  casi 10.8 Yo de los residentes!
pescaron recreacionahnente a mediados de la decada de los ochenta  Jennings,
1992!. Las areas de pesca al norte de las islas virgenes estadounidenses son muy
reconocidas por la pesca de la aguja. La pesca de la aguja contribuye
approximadarnnte 5.5 miHones de dolares a la economia local  Adams, 1995!

La Division de Pesca y Vida Silvestre del Gobierno de las Islas Virgenes
Estadounidenses dentm de su prot pama de evaluacion de pesca recreativacondujo
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un censo de residentes envueltos en actividades de pesca zecreativa durante
Diciembre 1998 hasta Julio del 1999. Se utilizo el muestzeo de numeros telefonicos

residenciales corno metodologia. Los zesultados del censo indican que en 1999,
9.2/o de los residentes en las Islas Virgenes Estadounidenses
 Aproximadamente,11,000 individuos! pescaron recreativamente. Un punto
interesante fue que latazade pazticipacion de zesidentes envueltos enactividades de
pesca recreativa no ha cambiado mucho durante los ultimos 13 anos. Las
proporciones de pescadores de bote, orilla, y de boto'orilla en St Croix y St.
Thomas/St. Johnpara1999 fuezon bastante pazecidas a los encontradas en 1986 por
Jennings �992!.

Otros resultados del censo indican que la metodologia de muestrear numeros
telefonicos residenciales unicamente no es un metodo suficiente para evaluar una
pesqueria que consiste de muchas cspecies corno la pesca recreational de de Islas
Virgenes Estadounidenses debido a problemas corno la exactitud y exageracion en
los reportes de captura y la identificacion cspecies. Otras metodologias corno el
muestzeo de rampas, marinas  point access! deben ser consideradas corno
alternativas prar obtener informacion exacta y precisa de capture El manejo
efectivo de la pesca zeczeativa en las islas virgenes estadounidenses require una
fuente de datos continuos que puedan describir todos los aspectos de la pesqueria.
Esmuy importante que encualquierelase de pesca se este muestzeando lacoleecion
de datos sea consistente y estadisticamente valida pan que pueda permitir
comparaciones directas de anos previos.

PALABRAS CLAVES: Pesca recreativa, censo de residentes, las Islas Virgenes

INTRODUCTION

Saltwater reczeational fishery in the United States Virgin Islands USVI! is very
popular and can be characterized into three types:

i! Big game fishing  offshore fishing!,
ii! Boat fishing  inshore fishing! and
iii! Shoreline fishing  pier, dock, beach, etc.!.
An estimated number of 10,800 anglers  ahnost 10.8 /o of the residents in the

Virgin Islands! fished recreationally during the mid 1980s  Jennings 1992!. The
fishing grounds north of the USVI have been weH known for its billfish fishery. It
has been estimated that the St. Thomas billfis fishezycontributes approximately 5.5
million of doHars to the local economy  Adams 1995!.

The USVI Division ofFish and Wildlife  DFW! through its zeczeabonal fishezies
assessment program is currently using various methods to gather information &om
all aspects of the ~onal fishery, including logbooks, shozeline roving creel
surveys, docksideinterviews and fishing tournaments. One ofthe samplingmethods
that the DFW is currently evaluating is the use of telephone surveys to gather
information fiom recreationa anglers. Telephones surveys have been widely used
to collect household demographic characteristics  Groves et al. 1988! and have also
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been used in recreational fisheries  Essig and Hollida 1991, Wheitman 1991,
Jennings 1992!. The objective of this study is to evaluate the use of a telephone
survey as a feasible methodology to collect ~onal fisheries data.

METHODS

The telephone survey was conducted &om December 1998 to July 1999,
following a testing period of the questionnaire. The USVI phone directory was
divided in two stzatuzns:  I! St. Croix and �! St. ThomaslSt. John. Currently, there
are 53,110 household units listed in the USVI phone directory; 28,772 household
units in St 'ihomas/St. John and 22,168 in St. Croix  personal communication with
the Virgin Islands Telephone Company!.

Listings ia the Virgin Islands telephone directory were numbered, and survey
respondents were chosen randomly. Using computer generated random numbers,
pages &om the phone directory were selected for each month. One hundred random
numbers were selected &om the total numbers on the selected page in the phone
book as target respondents for that month. During the last week of each month
respondents were chosen for the next month. Attempts were made to contact 50
households on each stratum listed in the USVI telephone directory on a monthly
basis.

Calling periods were selected &om 4:00 PM to 9:00 PM in an effort to
maximize the potential to contact individuals. At least five attempts were made to
each number to screen for households. When a number was dialed, the telephone
was allowed to ring five times before it was classified as no answer. When a
household with an angler was contacted, if the angler was not able to answer the
survey at the time, four additional attempts were made. Ifaphone number had been
disconnected or currently not working, a new number was dialed as a replacement.

Fishing effort of anglers contacted during this survey was divided into three
categories: boat, shore, and boat and shore. Fishing gear among all categories were
divided into rod and reel, hook and line, spear guns, and nets. Difference between
fishing effort and harvest estimates among categories were analyzed by Kruskall-
Wallis One-Way ANovA a&er log x+1! and square roottzansfozmationfiuledto�pas
Kolmogorov-Lilliefors Normality Test  Sokal and Rohlf 1981!.

RESULTS

A total of 1,089phone calls were attempted on the telephone survey; 557 were
made in St. Croix and 532 were made in St. Thomas/St John. The response rate in
St,. Croix was 75 /o, 23 /o were unsuccessful calls and the refusal rate was 2 '/o. The
response rate in St. Thomas/St John was 55 Yo, 44 /o were unsuccessfid calls and
refusal rates were 1 o/o  Figure 1!.

Of all household units contacted, 11 /o of households in St. Croix and 13.5 /o
of St. Thomas/St. John households had at least one recreational angler  Figure 2!.
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A number of 3,294 recreational anglers were estimated &om St Croix and 7,705
recreational anglers for St. Thomas/St. John.

Of the 44 anglers interviewed in St. Croix, 16 �6 /o! Bshed in the last montk
Of 40 persons interviewed in St. Thomas and St John, 20 �0 ~/o! had at least Bshed
once in the latest month. Due to the small sample size of interviews where the
fishing activity occurred in less than a month, an estimate of the average of hours
fished, number of trips and pounds caught were used for subsequent analysis.

Figure 1. Proportion of successful unsub and refusal rates for St Croix  n
=452 andSt.Thomas/St Johnstratums n=300.

Angler effort was characterized into three main components: boat, shore, and
boat and shore. There were more anglers 6shing &om the shore �0/o! than &om
boats �9 /o! in St. Croix, while 21 /o of the anglers in St Croix fished &om boats
and shore. St. Thomas/St. John anglers fished more &om boals �0'/o! than &om
shore �2 lo! and 38 lo of anglers.fished Bum boats and &om shore  Figure 3!.
Thee were no signi6cant difFerences between crew size, fishing trip length and
number of trips per month among categories in St. Croix and St. Thomas/St John
stratums  p > 0.05; df = 2!. However, boat fishing trip duration was signi6cantly
higher than shore in St. Thomas/St. John stratum  p < 0.05; df = 2!. The most
popular fishing activity among St. Croix and St. Thomas/St. John ~onal
Bshermen was bottom fishing �6'/o, 54 /o, reactively!, followed by trolling �0
'/o, 32 '/o, respectively!  Figure 4!. The most common 6shing gear used in by St.
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Croix anglers was the handline �4 /o! followed by rod and reel �3 /o!. The most
common fishing gear used in by St. Thomas/St. John anglers was rod and reel �6
'/o! followed by handline �9 o/o!  Figure 5!. St. Croix recreational anglers prefer to
fish in the evening �3 /o! and early morning hours �3'/o!  Figure 6! on a monthly
basis �7 o/o !  Figure 7!. St. Thomas/St. John recreabonal anglers prefer to go
fishing at night hours �0 /o! and afternoon hours �1 '/o!  Figure 6! on a weekly
basis �5 /o!  Figure 7!.

Although there are many fishing locations around�the USV, some areas seemed
to be more popular than others. Frederiksted pier �4 /o! followed by Altona
Lagoon �0 '/o! were the most common fishing spots among the St. Croix shore
anglers while the boat anglers preferred the offshore waters at the east end of Buck
Island �0 /o! as one of their major fishing grounds  Table 1!. The most popular
shore fishing spot was for St. Thomas/St. John shoreline anglers was the Charlotte
Amalie water&out �3/o!, while boat anglers preferred to fish on the north side of
St. Thomas �0 /o!  Table 1!.

Figure 2. Proportion of households with or without recreational Sshermen for St.
Croix n = 400 and St Thomas/St John n = 295 stratum.
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Figure 3. Proportion of anglers by fishing category for St Croix and St. Thomasl
St John stratums

Figure 4. Proportion of angiers per fishing achvity for St Croix and St.
ThomaslSt.John stratums
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Figure 5. Proportion of fishing gear utilization by St. Croix and St. Thomas/St John
a lers

F ure 6. St. Croix and St Thomas/St.John a era fishi time
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Figure 7. St Croix and St Thomas/St. John angiers seasonal pwfwuncea for
Ssh' activities

Angler Success
There weresignificantdifferences among meanangler suaccm amongcategories

in St Croix and St Thomas/St. John stratum  p <0.05, df= 2!. Anglers who fished
&om boats and shorehad significInitly�highermean�number ofpound harvested than
shore fishermen on both stratums  p < 0.05, df = 2!. Mean angler success by
category ranged Sum 3.04 to 29.1 pounds in the St. Croix and 2.9 to 20 pounds in
the St. Thomas/St. John  Table 2!.

The reef fish species composition in the St Croix inshore ~onal fishery
were dominated by members of the families Lutjanidae and Scaride, where the
yellowtail snapper Ocyuruschrysurus and the stoplight parrotfishhjmisom viride
were reported by local fishermen as the most�commonlycaught specie. The species
most commonly caught &om the offshore fisheries were dolphin  Coryphaenidae
hippurus! and wahoo  Acanthocybium solanderi!  Table 3!. In St. Thomas/St.
John, the species reported as most commonly caught species fiom the inshore
recreational fishery catch were members of the famBies I.utjanidae  yellowtail
snapper Ocyurus duyusurus! and Holocentridae  squinelfish Holocentrus
adcensionis!. The o6shore fisheries species composition were donunated by tuna
and dolphin  Table 3!.

Based on this survey, St. Croix recreational fishermen landed an estimated
number of 35,225 pounds annually with a fishing effort of 11,844, hours  Table 4!.
It was also estimated that St. Croix anglers made 8,823 fishing trips. St 11unMN/St.
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Johnrecieabonal fislieimen�landed an�estimatedumber of137,412 pounds annually
with a fishing effort of 42,820 hours  Table 4! and made approximateiy 19,733
fishing trips.

Approximately 50/o of the anglers queried were opposed for a recreational
fishing license program in both St. Cmix and St. Thoma@St. John stratums. It was
felt that paying for recreational fishing license would reduce the enjoyment of their
fishing experience. They also said that the USVI Government should not regulate
recreational fisheries unless there is proof the stocks are over-fished {Figure 8!.

Table 4. Most Popular fishing sites by St. Croix and St. Thomas/St. John anglers
some an lars cited more than one sdes durl the interviews .

St. ThornsalSt, John Stratum
Number Percent: Sile Number Percent

18 23.2

7 101

5 7.2

5 7.2

5 7.2

4 5.8

2 2.9

2 2.9

2 2.9

Fmderiksted Pier

Aitona Lagoon

Olfshora East Buck Island

West Shoreline

Christiansted Dock

Cramer Park

Cane Bay

Sandy Point

Sprat Hall

15

6 6

3 3 3 3
2

2

TOTAL

Grassy Point

Northeast of St. Croix

Teague Bay

Ham Bluff

Krausse Lagoon

Good Hope

Gnrat.Pond

Lang Bank

Coakhry Bay

Green Cay

Pnncess

Richmond Pier

La Veils

Davis Bay

IVIotassess Dock

244 Watsrtiont

9.7 ':Norlhside

9.7. :Crown

4.8: Sougaride

4.8. :Subbase

4.8 : 'Tropical
4.8:.All Over

3.2 .'FianchCap

3.2: Nagona/Park Seivkxr

3.2 I Saba

3.2. :Water Island

3.2;Airport

1.8 IBVI

1.8:. Lagoon

1.8:. Pissbury

1.8 ifted Hook

1.8: :Hans Lolsck

1.8 John Brevvars Bay

1.6: Krum Bay

ILong Bay
::Vessup

TOTAL

22 2 1 1 1 1 1 1
1 1

89

2.9

2.9

2.9

1A

1.4

'IA

1A

1A

1.4

1.4

1A

1.4

'l.4

1.4

1A

1..4



Page 214 Mateo, l. GCFli55 2004

Table 2. Summary of estimates of fishing effort and harvest parameters during
1999 telephone angler survey on St. Croix and St Thomas/St John {SE = Standard
Error, N = number of es .

St. Croix Stratum St. Ttromas/St John Stratum
Boat Shore Boatandshore Boat -:. Shore l Boatand

shore

When St. Croixanglers wezeasked about what the government agencies can do
to improve recreational 6shinginthe USVI, they had different opinionson effectiv
recreational fishing management. Twenty percent of the respondents cite
enforcement as a major drawback in improving the 6shing quality in the USVI.
Some respondents stated that there were msufficient personnel to put the fishing
regulations into action. Others responded that a strong public educational program
on marine resources was necessary to make people aware about their environment.
Some respondents were concerned about pollution and sewage disposal problems
and how it could potentially affect coastal habitats  Figure 9!. St. Thomas/St John
anglers responded that their major concerns were enforcement issues aud public
access. Additional comments included that foreign longliners were overharvesting
large quantities of fish in the territory, the number of recreational fishing boats
should be controlled, and there should be regulations on unattended gillnets and
fishpots to help reduce "ghost6shing,"  Figure 10!.

DISCUSSION

Angler surveys provide fishery managers with efFort and angler success data
crucial to the management of fisheries stocks. They are also effective in gathering
demographic and socioeconomic parameters in resource management. Several
methods have been used to surveyrecreafiona1 fishermen: on-site methodsincluding
roving creel surveys and point access surveys, while off-site methods including mail
surveys, door to door surveys and telephone surveys. However, each type of
method has its chiastic sampling and non-sampling errors  Essig and Holhday,
1991!. For telephone surveys, the sampling errors can be categorized as non-

Party she INsan

SE

N

Hours Fished Mean

SE

N
Harvest  lb.! Mean

SE

N
Trtp Number Mean

SE

N

1.50 2.50

0.22 0.28

8.00 26.00

4.33 3.50

0.57 0.31

8.00 28.00
14.5D 3.04

8.65 0.92

8.00 26.00

2.00 2.17

0.31 0.38

&.00 25.00

2.40

0.25

5.00

3.20

0.81

5.00
29.10

15.40

5.00
4.75

2AO

4.00

3.15 l 2.75:- 4AO

0.33 6.22 1.43

13.00. :20.00:. 5.00

5.85 4.22 : ;5.60

0.48 0.23 ! 0.93

13.00:. 20.00:. 5.00
19.78 ! 2.95: 20.00

5.31 OA7: 7.74

13.00: 20.00,' 5.00
2.91 l 2.25 : 2.20

0.39:. D.33 l 0.49

13.00:. 20.00: 5.00
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coverage errors when a survey is being taken on incomplete Games. Non-sampling
errors include response and non-response bias. Misreporting of the data and
prestige bias are among the common errors found inresponse bias; whereas, refusals
and non-working numbers are the most common sources of non-response bias.

Table 3. List of common finfish caught in St. Croix and St. Thomas/St. John  some
an ers cited more than one s ies r interview .

Family Common Maine SL Croix St. ThomaslSL
F ue John F uen

Local Name

Olewife

Gar

Flattish'

CrevaNe

Cobbler
0

Silverfish

Wenchman

Virgin Snapper

Goatee

BlueNsh

Gutto

Pink Chump

Macka
0

Robin

Bonito  offshore!
4

Bonito  inshore!

Butterfish
4

Barra

* No local names for these species were found

Acanthuridae

Balistidae

Belonidae

Bothidae

Carangldae

Carangidae

Carangidae

Carangidae

Carangidae

Coryphaenidae

Gerreidae

Haemulidae

Holocentridae

Lutjanidae

Lutjanidae

Luljanidae

MuNidae

Scaiidae

Scaridae

Scaiidae

Scaridae

Scombifdae

Scombridae

Scombridae

Scombridae

Scombridae

Scombridae

Senanidae

Serranidas

Serranidae

Spaddae

Sphyraenidae

Ooctorfish

Queen trigger fish

Houndlish

Flounder

Crevage jack

Permit

Jacks

IGng mackerel

Blue ruimer

Dolphin

Sender mojaria

Grunt

SquinefNsh

Snapper

YeNowtaN snapper

Mutton snapper

Goatffsh

StopNght parrotNsh

Panotfish

RedfaN parioNsh

Midnight parrotNsh

Tuna

Wahoo

Round mackerel

Skipjack

Blackfin tuna

UtNe tunny

Coney

Grouper

Red hind

Porgy

Barracuda

0 0 3 'l
3

2

0

0 3 3
6 5
14

5 2 3 5 3
3

2 1 1
0 3 1
0 0
4

1

2 0 0
0 7
4

3

2 0
10

14

8

18

0 0 1
4 0 0 2
0

2 0 3
0 2 7 3
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Rgure 8. St. Croix and St. Thomas/St. John Anglers attitudes for recreational
fish' license ram im lamentation

Figure 9. St. Crorx angiers opinions on how the government can improve
recreational fisheries in the USVl
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Figure 10. St. Thomas/St.John anglers opinions on how the govemrnent can
im rove recreational fisheries in the USVl

When samples &ames are known, telephone surveys, mail surveys and door to
door surveys are appropriate survey techniques  Brown 1991!. These techniques
have been applied to fishing license holders, boat registration holders and charter
boat captains, The most important step in planning this survey is to select a sample
&arne that can adequately represents the whole population. However, when the
population, represented by sample &ames, is not entirely covered, results of
telephone surveys may be biased by particular exclusion of groups whose fishing
patterns are dMerent &om the actual covered group. In this survey, more than 80%
of the USVI households units have a telephone and only 4% of the household units
with telephone are unlisted in the USVI phone directory. Therefore, the survey had
a slight chance of bias of non-coverage errors.

Non-response bias can be a serious problem in any household survey due to the
different answers between non-respondent and respondent. Adjustments for non-
responses bias phone surveys have not weil addressed in previous surveys. The
telephone response rates for St. Croix �5%! and St. Thomas/St. John �5 %! were
higher in this survey than the previous telephone angler survey  less than 50 %!
 Jennings 1992!. Our study achieved higher response rates because many of the calls
were placed on evening hours when most of the household residents were at home
after their normal working hours.

Telephone surveys along with mail surveys and door to door surveys are all
techniques for collecting angler reported data. They are especially helpful on
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gathering infozmation on angler effort and demographic characteristics. However,
catch reports on any of these surveys should be intezpret cautiously due to the
problems caused by prestige bias  when there is an exaggeration of the catch
reported!, misidentification of the species caught and recall bias {when the angler
interviewed do not remember the details of their last fishing trip!. Nevertheless,
telephone surveys can be very useful for obtaining catch information about
memorable species, speciailyoffshoze species such as dolphin, wahoo, tunas, marlin,
etc. During the survey, anglers who fished offshore were more skillful on identifying
offshore species than zeef species. Most of the fishmnen who fished &om shore
were limited to associate the fish they caught to a punily level, since the inshore
fishery has a high diversity of species. Many anglers surveyed used 'local common
names to repozt their catch. Some difficulties could arise becazzse local common
names for Caribbean marine fishes often differ from accepted common names aud
can also differ between islands  Jennings 1992!. This pxoblem can raise doubts
about the validity of the angler reported catch information.

Pzevious studies on telephone surveys have paid attention to zecail bias  Fisher
et al. 1991!. There have been suggestions that shorter recall periods  two to four
weeks! would give better estimates than extensive recaHing periods  two to four
months!. As a result, infozznation gatlzered &om anglers who had shorter zecaII
periods  less than a month! &om the time they were interviewed; were entered into
the DFW recreational fisher dzztabase. However, only 16 anglers &om 39
interviewed in St. Cmix, and 20 anglers &om 38 interviewed in St. Thomas, fished
in less than a month &om the time they were interviewed, consequently, this data
exhibited a recall bias. Furtheznioze, the harv' rates  PPUE = pound per unit
effort! for boat fishermen phone interviews were rather lower than estimates based
on boat angler logbook and izztezeept interviews. These results were precluded &om
statistical comparison due to low sample size  Table Sa, Sb!.

A household survey of anglers ean tell us demographic duuacteristics as well
as attitudes toward regulation management plans. It can also give a brief estimate
of angler abundance and participation on a large region but with questionable
precision. A major drawback conducting this type of study is that there are not
manypeople who hketo fish~onally an szunpiingaphone directlywill limit
the probability to find an angler who can give reported data In addition, there is
going to be a major limitation of the data especially on catch reports when people
interviewed do not remembervery well their fishing tripnor the species they caught.
A possible recommendation to improve data quality on future telephone surveys is
to develop areczeational license program so the information gatlzezed canbe strictly
direct &om auglers. If catch reports are desired in the survey, they have to be with
shorter zecaB periods and species that are vezy easy to identify. There have been
previous studies that were successful in including catch reports surveying &om an
angler license &arne  Wheitman 1991, Wheitman and Haverland 1991!. However,
a major problem arises because the USVI fishezy is amulti-species one, and most of
these angler telephone surveys have been done in lakes and reservoirs that have a
limited number of species. Another approach is to supplement information &om
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telephone angler surveys with on-site creel surveys. The Marine Recreational
Fisheries Statistics Survey have developed over the years a telephone access design
which consists of two parts: 1.! a random digit dialing telephone survey to estimate
fishing e6ort and 2!. a point access survey to estmiate catch rate. Catch and catch
per unit effort are best estimited on-site where the catch can be inspected, but eFort
may be estimated of-site as well as on-site and an off-site e6ort survey may be less
expensive to conduct  Essig and HoHiday 1991!.

Table 5a. Fishing Effort and Harvest Estimates per Categones for St Croix
Stratum from Telephone Interviews, Roving Shoreline Creel Surveys intervieias and
Non-Charter Angler lnteivi4nss. AN values are Means with standard ermr  SE! in
aienthesis, N = Number of sam, PPUE = Pounds of Fish ht Effort

St. Crotx Phone: SL Ciotx Strabnn Creel Surveys
Interviews Interviews

Table 5b. Fishing Effort and Harvest Estimates per Categories for St. Thomas/St.
John Stratum from Telephone interviews, Roving Shoreline Creel Surveys
interviews and Non4 harter Angler interviews. AN values are Means with standard
error  SE! in parenthesis, N = Number of samples, PPUE = Pounds of Fish Caught

Effort.
SL ThomaslSt. John i St Tlnnnas/St John Creel

Phone Interviews .- S lntenrlewe

Effort  hr! Mean

SE

N

Total Weightgb.! Mean

SE

N

PPUE  Ib Jhr! Mean

SE

Emort  hrl Mean

SE

N

Total Weight  lb.! Mean

SE

N

PPUE gbJhrl Mean
SE

5.00

0.83

10.40

7.58

5.00

2.41

t.91

5.00

5.50

0.59

&.00

21.10

8.57

8.00

3.75

0.92

8.00

3.00 ! 4.92

0.45 I 0.19

4.17 I 81.22

1.97:. 11.87

6.00 i 58.00

1.87 16.92

1.03 I 2.49
6.00 I 58.00

Shee I Ben

4 44: 7.70

0.31 0.09

10.00 293.00

2.70:. 285.98

0.38. :18.98

10.08 291.00

0.71: :37.08

Q.13:. 2.39

10.00 I 291.00

Shee

129
0.'l2

31.00

2.35

0.43

31.00

2.04

0.43

31.00

Shore

1.19

0.10

52.00

1.91

0.59

25.00

2.0Q

0.64

25.00
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CONCLUSION

Thedata suggests that anal fishulgcontuluestobe anlInportantoutdoor
activity for local residents in the USVI. The results of this survey indicate during
this study, 9.2 lo of the residents of the USVI  approximately 11,000 individuals!
fished recreatiouaHy. One interesting finding was that the IuulxMtion of USVI
resident participation in recreational fishery activities has aplxuently not changed
during almost thirteen years. The perceritages of household units with at least a
fishennan in St. Croix and St. Thomas/St. John stratiuns were similar to those found

on the 1986 telephone survey conducted by Jennings �992!. The present survey
also found that the proportions ofboat, shoreline, and boat/shoreline anglers in both
stratums were very similar to those found on the previous survey.

The results &um the telepiione survey show that, due to the recaH bias, species
identification and prestige bias associated with catch reports, a telephone survey is
not an efficient method to access a multi-species fishery, such as the USVI
recreational fishery. Others survey metlxxls, such as point access surveys, should
be considered as an alternative to collect precise and accurate angler catch
information.

Effective management of saltwater 6shing in the USVI requires an ongoing
source of data that can best describe aH aspects of the fishery. It is very important
that whatever angler groups are surveyed, the data coHected should be consistent
and statisticaHy valid to allow for direct comparison to previous years.
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Regimen de Captnra y Esfnerzo en la Pesqnerfa Artesanal de
Especies Pelkgicas en la Isla de San Andres, Caribe Occidental
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'Universidad de los Andes

Bogotd D.C. Colonzbia
~Secretaria de Agrieultura y Pesca

San Andrews Isla Colombia

RESUMEN

La isla de San Andrews formaparte del Archipibhzgo colombianode San And@8,
Pzovidenciay Santa Catalina,ubicado en eloccidentedel Mar Caribe abazcando una
extensi6n de zzuls de 250.000 Km'. Durante el perlodo compzendido entre agosto
de 1998 y juho de 1999 se muestzeazon los desembazques provenientes de 5 areas
de pesca, en la coopezativa de pescadores mh impoztante de la Isla

La captura annal estizzuzda fue 40 ton, siendo las cspecies mbs zepzesentativas
Thunnus atlanticus  bonito! y Acanthocybium solandri  sierra! con el 27.94'/o y
22.944/o zespectivamente, seguidos por Elagatis bipinnulata  ocean!, Sphyraena
barracuda  barracuda! y Coryphaena hippurus  dorado!, mientras que los
Cazcharinidae  tiburones!, Caraugidae  jureles! y Mataira nigricans  marhn!
estuvieron poco zepzesentados. Se encontraron difezencias eu las capturas entre las
dxeas de pesca relacionadas principalmente con cambios en el esfuerzo pesquero y
posiblemente con variaciones en la abundancia de los recursos. Las mayores
capturas se registzaron en la 6poca scca  febrero � julio!, mientras que durante los
meses de agosto y septiembzie se obsezv6 un comportamiento atlpico en la
composici6n de capturas respecto a a5os auteriozes, coincidente con condiciones
meteorol6gicas an6malas.

El esfuerzo pesquezo se mantuvo constante a lo largo del atlo, aunque present6
fuertes variaciones en su distribuci6n espacial, relacionadas principalmentecon Ias
condiciones climatol6gicas y oceanogztdzcas imperantes, y en menor grado con la
distanciaalkeeade pesca, laautonomfade laembazcaci6nyladestreza delpescazlor.

Finalmente se evidenci6 una gran complejidad en los reghnenes de captura y
esfuerzo pesctuero, los cuales dependen de multiples covariables de tipo ambiental,
econ6mico y socio cultural, siendo mdispensable establecer un programa de
monitoreo que permits modehr el sistema y defmir estrategias de ordezmniento
pesquezo.

P~RAS CLAVES: Pesquezfa Artesanal, Especie Pelkgicas, San Azuhbs,
Colombia
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Catch and Knort Regime in Pelagic Small Scale Fishery in San
Andres Island, West Caribbean

San Andrews island makes part of Colombian Archipelago of San Andrews,
Providencia y Santa Catalina, located in the west Caribbean, covering an area of
over 250.000 km'. During august 199g to July 1999, landings fiom 5 fishing areas
weze evaluated at the most important fishers cooperative of the island. Annual
capture was estimated in 40 ton, being Thzmnars atlanricus  black bonito! y
Acanthecybizzzzz solandri  kmg fish! the most representative species, 27.94/o y
22.94/o respectively, followed by Zlugatis bipinnulata  ocean!, Sphyraena
barracuda  barracuda! y Cozyphuena hipparus  dolphin!, while Carclzazinidae
 sharks!, Carmzgidae  jacks! and Makaira nigricans  marlin! were poorly
represented. Difference found in ciiptuzes between fishing areas were dne mainly
to differen fishing efforts and possibly to variations in resource abundance. The
greatest captures were registered during the diy season  February to July!, whereas
during August and September an atypical behavior of the composition, relative to
pastyears, was observed in coincidencewith anomalousmeteorological conditions.

Fishing effort was constant aH year mund, although showing strong spatial
distribiztion variations, related basicaHytoclimatologic and oceanogzaplzicpzevailing
condifions, and in a lesser degree, to distance to the fishing area, boat autonomy and
fishers' abiTity. FinaHy, a great complexity in the catch and effort regimes was
evident,dependinguponmultipleambient,economicandsocicwadtural co variables,
making it imperative to establish a monitoring program that permits modeling the
system and defining fisher ordering strategies.

KEY WORDS: Catch, Effort, Pelagic

INTRODUCCIAN
Las cspecies pelkgicas en el mundorevierten gran intezds comercial y soportan

importantes pesquezias. En America Latina y el Caribe la producci6n de pescazlo
alcanz6 niveles sin pzecedentes en 1994 de 24 miHones de toneladas, equivalentes
al 22/o de total mundial, zepzesentando los peces pelhgicos ahededor del 75 '/o
 FAO 1996!.

En la isla de san Andr& la extracci6n artesanal de peces pelkgicos ha ganado
importanciaen los ultimos a5os corno consecuenciadelaprogzesivadismiznzci6n de
peces demersales dehkbitos arrecifales. Pomare �999! zepoztacapturasanuales de
236.5 toneladas zepzesentando los pelhgicos as del 70 '/o. La flota pesquera estk
integradaapmximadamentepor 80embazcaciones, Iamayoda con eshnasentze4.5
y 7.3 m y mangas entre 1 y 2 m, dotadas de motores fuera de bozda a gasolina de 40
� 60 H.P., tripuladas por 1 6 2 pescadores que realizan faenas diazias empelando
linea monofilamento de mano con anzuelo, camada 6 se5uelo  Gzandas 2002!.

A.pesar de la czeciente importancia de lapesqueria no se cuenta con eshuHsticas
continuas que permitan analizar la tendencia de la misma. Son pocos los tzabajos
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pesqueros desarrolhdo en el Archipibhgo de San Andean, Ptuvidencia y Santa
Catalina, destacdndose los realizados por: Bamga et aL �969!, registran algunas
cspecies de importancia pesquera y alertan sobre la disminuci6n de las cspecies
anecifales; Garcia�980!, diagnostica lapescaartesanal yaporta informaci6nsobre
las calIuras y unidades usuales de pesca; GaHego �997!, describe los artes y
m6todos de extracci6n empleados artesanahnente, y Pomare �999! y Grandas
�002!, identiScan centros de desembarques, describen artes depescayevatuan las
capturas artesanales en la isla de San Ass.

Lainvestigaci6n se realiz6encl marco del Programade Evaluaci6ny Monitoreo
de los Recursos Pesquero ejecutado por la Secrelaria de Agricultura y Pesca del
Departamento Archipelago de San Andean, Providencia y Santa Catalina, entidad
que tiene a su cargo desde el atio 2000 Iaadmmistraci6n de laactividad pesqueraen
la regi6n, y tiene por objeto contribuir en el conocimiento de la pesquerfa,
profundizando en ~s hasta ahora poco evaluados, corno el arallisis espacial y
temporal de la captura y el esfuerzo pesqueros y sus relaciones con algunos
parhnetros ambientales.

MATERIALES Y M&DODOS

Area de Kstudle
La isla de San Andrews y los cayos aledalios Courtown Cay y Albuquerque,

integran el tuea central del presente estudio  Figura 1!, forman parte del
Archipelago de San Andr&, Providencia y Santa Catalina, el cual se encuentra
ubicado en el occidente del mar Canbe  IGAC 1986!, abarcando una extestsi6n de
mls de 250.000 km*de aguas territoriales�y zona�econ6micaexclusivad Colombia
 hkhquezy Phez 1992!.

La Isla de San Anch& ubicada a los 12 32' Norte y 81 41' Oeste es la de
mayorextensi6n con 25 Km'de super6cie; Courtown Cay, tambibnconocido corno
Cayo Bolivar tiene un brea aproximadade 0.77 km* y se encuentra locaHzado entre
los 12 10' Norte y 81 51' Oeste; Cayo Albuquerque alcanza unaextensi6n de 0.18
km* y se encuentra ubicado entre las coordenadas 12 24' Norte y 81' 4l' Oeste
 IGAC 1986!.
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Fi ura 1. Localizaci6n Area de eatudio- modiiicado de Diaz et aL�1S98

MTODO DE ESTUDIO
Se tuaiiz6 un muestreo a 728 desembarques de pescadores artesanales en el

principal nucleo pesqtmo de la isla de San AndrI&, la Cooperativa Roos Carlos
Barker, entre agosto de 1998 y julio de 1999. La unidad de muestreo principal fue
laembarcaci6n y se tom6 mformaci6n referente a la fecha de desembarco, dfas de
faena, ktea de pesca, ninnero de pescadores y captura por especie.

Se realiz6 una atuilisis espacial para identi6car las Areas de pesca que
contribuyeron en mayor proporci6n a las capturas, aqueHas sometidas al mayor
esfuerzo pesquero y las que presentaron mayor pmducci6npor unidad de es&erzo.
El am8isis contemp16 una estrati6caci6n por bmoc de pesca, a saber. Outside bank,
Under the Lee, SouthEndbank, Courtown Cay  Cayo BoHvar! yCayo Albuquerque
 Figuras 1 y2!. En cada una de los estratos se estim6 la captura, esfuerm y captura
por unidad de esfuerzo, y se hicieron comparaciones mediante an@isis de varianza
en una via ANOVA6pruebasde Kruskal%allis con p <0.05!, dependiendo el tipo
dedistribuci6nde los datos. Cuando los aeQisis ANOVAarrojaroncomo tusultado
unadiferenciaestadisticautente signi5cativa, seapHc6el testderangomultiple LSD
95 lo! para establecer grupos homog6neos, entendidos estos corno aqueHos estratos
que no presentan diferencia signi6cativa entre los mismos. La identi6caci6n de Ios
grupos cuando se corri6 la prueba de Kruskal %allis se realiz6 haciendo grhficos
entre fas medianas de tipo "Box and Winkier plot".

La evaluaci6n de las variaciones a lo largo del a5o de muestreo de la captura,
esfuerzo y captura por unidad de esfuerzo para cada uno de los grupos de cspecies
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se hizo mediante un an!Llisis temporal, tomando corno unidad de aeQisis principal
el mes, para lo cual se corrieron Ias mismas pruebas estadisticas descritas para el
an@isis espacial.

Adicionalmente, la captura y el esfuerzo pesquero fueron conelacionados con
algunos pan'anetros meteorul6gicos, especKcamente: temperaturamediamensual,
velocidad del viento media mensual y precipitacibn. Los datos nmhxenh5gicos se
tomaron de los reportes del Instituto de Hidrologia, Meteorologia y Bstudios
Ambientales IDEAM, estacibn aeropuerto en la isla de san Aadr& entre 1959 y
1999.

Fl ura 2. Areas de en la zona aledefla a la isla de San Andrews.

Captura
Lacapturaanual eslimadaen la Cooperativa Roos Carlos Bmker fue de 50.228

kg, representando Ias cspecies ye1kgicas el 81.74 'N, comyuesta por au& de 22
cspecies pertenecientes a Ias famiTias Scombridae, Corylkaenidae, Istioyhoridae,
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Carangidae, SphyraenidaeyCarclzazinidae. Porfacilidaden los azMQisislasespecies
fuemn agrzzpadas de la siguiente maneza:

i! Sierras � reyzesez~oprinciyalmentepor Acanthocybiumsolandri yen
menor ymyorcibn por Scomberonzorus cavalla,

ii! Azunes � apmximadamente el 90 /o cozzesponde a la especie Thunnus
atlanzicus, seguida por las cspecies Xatsuwonus peiaznis y Eurhynus
alletreratus, mientras que Auris thasard, Thunnus obesus y Thunnus
albacares son yoco &ecuentes en las czzpturas,

iTi! Dorado � Coryphaena hippurus,
iv! Marlin � Makaira nigricans
v! Ocean � Slagatis bipinnulata,
vi! Jureles � reyresentados en su mayor pmporcibnpor lasespecies Caranr

lazus y Carangoides ruber, y en menor por Caranxlugubris, C. nysus, C.
hippos, Alectis cilians, SeriolaIasciata y Seriala durmerli,

vii! Barracuda � Sphyraena barracuda, y
viii! Tiburanes � varias cspecies de la familia Cazcharinidae, que no fuemn

posibles de ideutificar por ser fileteados antes del desembazco.
Los atunes y sierras fuemn los gzuyos mks capturados aportando el 27.94 y

22.49/o zespectivamente, seguidos por el ocean �4.05 /e! y la barracuda  8.06/o!,
mientras que los tibumnes, marhnyjurelesestuviezonpocozepzesentados Tabla 1!.

El an@isis espacial de las capturas por medio de la prueba de Kzuskal-Wallis
 p <0.05! azmjb que se yresentan diferencias significativas entre las Areas de pesca,
confozmkndose los siguientes grupos homogbneos:

i! Outside Bank y Cayo BoHvar, que zepzesentan zzMls del 85/e del total
capturado y

ii! Under the Lee, South End Bank y Cayo Albuquerque, comyarativamente
con bajas czzptzzras.

El amQisis referido a cada uno de los gzupos de cspecies muestra por lo general
unesquema similar al anterior, armjando diferenciasestadlsticas signi6cativaspara
los grupos de atunes, sierras, ocean, barracudas y jureles, presentando entre elias
algunas variaciones en el patroon de conformacibn de los grupos homog&eos
relacionadas principalmente con difezencias en la composiciEm yorcentual de los
volumenes de capturas entre las Areas de pesca. Los marhn y tibumnes no
mostramndifezencias significativas, dado que susczzpturas fuemn bajas en todas las
Seas de yesca  Tabla 1!.

Lasmayozes capturas se presentan en el perlodo comprendido entre los meses
de febzero yjulio, aportandomas del 70'/o de las misznas, con picos en los meses de
abril yjunio, mientrasque en el zesto dela5o estas bajanconsiderablemente  Figuza
3!. No obstante, el anklisis estadistico  ANGVA p < 0.05!, no arrojb difezencias
significativas a lo largo del a5o, debido a la alta variabilidad diariade lascapturas al
interior de cada uno de los meses de muestreo.
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Table 1. Capturas de cspecies pelAgicas por Area de peace. Agosto 1SSS a Julio
19SS.

Outshte Under the South Cayo Cayo Total
l.ee End Bolivar Alburquentue

Figure 3. Variacibn temporal de la captura, el esfuerzo pesquero y la capture por
unidad de esfuerzo ara las es es I icas. A osto 1S98- Julio 1999.

El anAlisis temporal en cade uno de los grupos de cspecies most' patrones
diversos  Figura 4!, no encontr4ndose diferencias significativas para los atunes,
sierras, barracudas y jureles. El dorado y el ocean mostraron diferencias
significativas, el primero con picos de captura entre abril y mayo con el 68.95% del
total de las mismas, y el segundo en abril �9.23%! y junio �4.01%!. Eos marlin
y tiburonespor suparte, mostrarondiferencias significativas generadas por periodos
de captors y no captura dado que su extraccibn es ocasional. No obstante, entre los
meses de captors no preseritan diferencias signi6cativas.

Sierras
Atunee

Dora doe
Marlin
Ocean

Barracuda
Juretes

Tlburenes

4878,05
8033,43

1314,22
135,54

2432,89
1598,54
138,04
154,79

238,13
282,08

0
0

126,90
48,15
18,00

0

81,00
195,76
22,50

0
174,72
7,80

0
0

4904,81
5008,89
1505,88
26544
389543
1845,22
366,46
116,37

1194,13
532,70

1'l5

216,30
427,33
552,89
189,75
61,28

11296,12
14032,84
2957,40
617,08
7057,07
4050,39
712,25
332,43
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Figure 4. Variaci6n temporal de tas captures de los principaiesgrupos de cspecies
4 icas osto1998 a Julio 1999 .

Relacibn Capture vs Partbnetres Ambienteles
La temperatura durante el perlodo de muestreo mostr6 lamismaestacionalidad

presentada para los ultimos 40 a5os, resalthndose que se registraron las mhritnas
temperaturas para los meses de agosto y septiembre del periodo referido. Bn general,
se encontr6 una relaci6n inversa entre la temperature y las capturas de cspecies
pelhgicas, observandolas mayores capturas entre febreroyjunio, quecoinciden con
los meses menos eHidos. No obstante, larelaci6nexistente entre las variables no es
muy alta, armjando el Coeficiente de Correlaci6n un valor de - 0.405. El mismo
patr6n se present6 para la mayorla de grupos de cspecies los cuales tuvieron
relaciones inversas y coeficientes de correlaci6n bajos, a excepci6n de las sierras,
marlin y tiburones y el grupo del ocean que mostr6 una relaci6n positive, pero con
un coeficiente de correlaci6n muy bajo. Los coeficientes de correlaci6n para cade
grupo de cspecies fueron los siguientes: Sierras  - 0.836!, atunes  - 0.09!, dorado
 - 0.02!, marlin  - 0.58!, barracuda  -0.00!, ocean   0.03!, tibutunes  - 0.58! y
jureles  - 0.46!.

Al igual que la temperatura, las precipitaciones durante el periodo de muestreo
mantuvieron el patr6n estacional de los ultimos 40 a5os, resalthndose nuevautente
posibles condiciones atlpicas en los meses de agosto y septiembre los cuales
registmron valores bastante bajos. Se encontr6 una relaci6n inverse entre la
precipitaci6n y las capturas de cspecies pelhgicas, con mayores capturas entre
febrero y junio que coinciden con los meses mhs secos. No obstante, la relaci6n no
es muy fuerte, resultando un coeficiente de correlaci6n de-0.474. Al nivel de los
grupos de cspecies, se mantienen las relaciones inversas excepto para hL huracuda
Se presentaron correlaciones muy bajas, salvo las sierras y atunes. Los coeficientes
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de coxxelaci6n obtenidos yara cada gxuyo de cspecies son: Siexxas  -0.462!, atunes
 -0.51!, dorado -0.17!, marlin  -0.05!, baxmmh �.02!, ocean �27!, tibumnes
 - 0.24! y jureles  - 0.31!.

La velocidad del viento pxesent6 un comportamiento estacional caraeteristico,
lastimosamente no se cuenta con regis' para los meses de octubxe y noviembxe
de 1998. Nuevamente cabe destacar condiciones atipicas en el mes de septiembxe
el cual xegistxa las velocidades de vientos mks bajas de los ultimos a5os. Se encontx6
una relaci6n positiva entre h velocidad del viento y hs capturas de cspecies
pelhgicas, yexo con coe6cientes de coxxehci6n xelativamente bajos �.39!. Los
coe6cientes obtenidos para cada grupo de cspecies fuexon: Sierras �.25!, atunes
�.33!, dorado �27!, marhn �.14!, barracudas �.14!, ocean   0.18!, tiburones
�.10! y juxeles �.08!.

Esfuerzo Pesqnere
El esfuexzo estixxxado durante el periodo de muestxeo fue de 1755 faenas/a5o,

sopoxtando todas las cspeciespelkgicas unesfuexzo similardebidoaque h pesqueria
es multiespeci6ca, las cspecies por lo general esthn pxesentes en las misnxas Areas y
el pescador no dirige su trabajo a una especie en particular, excepto cuando se
dedica a h caytura de atua para emylearlo corno carnadaE1 dna de yesca mks
visitada fue Outside bank, recibiendo el 72.14O/edel total de faenas, seguido decayo
Bolivar con el 20.28 '/o, mientras que cayo Albuquerque, South End bank y Under
the Lee fueronpoco visitados  Figuxa5!. Al xeaHzar unanNsis espachl delesfuexzo
pesquero mediante la prueba de Kruskal - Wallis, se encontx6 que existen
diferencias signi6cativas, conformhndose tres grupos homog6neos:

i! Under the Lee - South End � Albuquerque,
ii! BoHvar y
iii! Albuquerque
A escala temporal el esfuerm pesquero se mantuvo xelativamente constante a

lo largo del a5o, no arxojando difexencias signi6cativas  ANOVA p < 0.05!. Los
mayores esfuerzm se registraxon en los meses de agosto, noviembre y maxzo, y los
as bajos en septiembxe  Figura 3!.

Captnra por Unidad de Ksfuerzo
La captura por unidad de esfuerzo calculada para todas las cspecies en el aho

de muestxeo fue de 15.81 kg/pescador/faexxa-dia, y de 12.91 kg/pescador/faenaWa
para las cspecies pelhgicas. Lasmayores CPUE las xegistraxon los atunes y sierras,
seguidos por el ocean y la bamxcuda, mientras que para los demh grupos de
cspecies fueron comparativamente bajas.

A escala espacial, las mayoxes CPUE se registraron en Cayo Albuquex pe y
Cayo Bolivar, encontrando diferexxcias sigm6cativas entre la CPUE de cspecies
pelhgicas  ANOVA, p < 0 05!, integrando por medio de lapxueba de nmgo multiple
 LSD 95/o! los siguientes gruyos homogbneos:

i! South End � Under � Outside y
ii! Albuquerque � Bolivar.



PaQe 232 Grandee Olarte, Y. and E Castro Gonzalez CR:55 2004

El amHisisespacial por gruposde cspecies, mosn6difaenciassigni6cativaspara
Iamayorla. En los atunesy barracudas se observaronmayores CPUE en hs kreas de
BoHvar y Albuquerque, grandes diferencias entre Under 'fbe Lee y Cayo Bolivar
fueronencontradasen el dorado, mientrasque los marhn presentaron valoresmucho
mls altos en Cayo Alburquerque. No se encontraron diferencias signi6cativas para
hs sienas, tiburones y jmeles.

La CPUE presenta un comportamiento temporal similar a hs capturas  Figura
3!, con mayores valoresenelsemestre comprerMlido entre febreroyjulio, y menores
el resto delalo. Elanllisis temporalmostr6quenoexisten diferencias signi6cativas
 ANDEVA p < 0.05! a lo largo del a5o, por lo que no se hace necesario discriminar
el amLlisis temporal paracadaunode los gruposdecspecies, ni reaiizarcorrelaciones
respecto a panhnetros ambientaks, ya que se obtendrian los mismos patrones
resultantes para las capturas.

Figure 5. Eafuetm peaquero en cade brea de peace entre agoato de 1998 y julio
1999

DISCUSI6N DE RESULTADOS
Los resultados del presente trabajo confirman h creciente importancia de las

cspecies pelkgicas en la pesqueria, las cuales aportaton el 81.74 o/o de las cttptLILs.
Pomare �999! reporta que las mismas contribuyeron con cercadel 70/o entre 1994
a 1995. El aumentode laextracci6n de cspecies pelhgicas yen particular oceinicas
corno consecuenciade la sobrepescade cspecies anecifaies sehageneralizado encl
Caribe  Sadner y Ratter 1997, Ratter 1997!. La composici6n poroentmd de las
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capturas fue muy similar a la encontrada por Pomare �999!, dominando los atunes
y sierras. Sin embargo, seobservaroncomportamientosan6malosen los votumenes
de capturas de los jureles, banemdas y ocean durante los meses de agosto y
septiembre, coincidiendo con condiciones meteoro16gicas atipicas.

Las diferencias encontradas a escala especial entre las Seas de pesca estrin
relacionadas con un mayor esfuerzo pesquero en Outside bank y Cayo Bolivar.
Mientras que el amHisis para la CPUE muestra un mayor valor para Bolivar y
Albuquenlue, lo cual permite inferir si considerarnos la CPUE corno un indicador
indirecto de laabundancia,que hay mayordisponibiTidadde recursos en estas Areas
de pesca, esta hip6tesis es respaldada por los pescadores. Las condiciones que
generan esta situaci6n sobrepasan el alcance de cata investigaci6n, sin embargo, se
plantean las siguientes hip6tesis:

i! La plataforma insular de San Anchors ha soportado una mayor prcsi6n
pesqueraque los Cayos Bolivar y Albuquerque, vibndose afectado el stock
pesquero,

ii! Los asentamientos humanos en la isla de San Andrews han generado
desequilibrios en el ecosistema, conHevando a ladisminuci6n de la biomass
de algunas cspecies de importancia comercial, y

iii! Las mayores disponibilidades de recursos en los Cayos Bolivar y
Alburquerque es producto de contar conplataformas insulares mks anchas
que las de la isla de San Anchors.

Elhechode no encontrardiferenciaestadisticamente significativaenel amihsis
temporal no descartadeltodolaestacionalidaden las capias, locual posiblemente
esrefiejode 4altavariabilidadde las capturas desembarrmlas el interior decadauno
de los meses muestreados. Adenals, hay que considerar que la unidad de anklisis
temporal "mes" es definida teniendo en cuenta la forms de agngeci6n de las
estadisticas oficiales y no una condici6n intrinseca del complejo sistemapesquero,
siendo posible que no fuese la mejor manera de estratificar para analizar Ias
variaciones a lo largo del alo.

Las capturascomo eradeesperarseestuvieronfuertementecorrelacionadas con
el esfuerzo pesqmuo en Cayo Albuquerque  r = 0.956!, Cayo Bolivar  r = 0.958! y
Under the Lee �.979!. Llama la atenci6n el caso de Out Side Bank donde no se
encontr6 relaci6n, lo cual posiblemente evidencia una sobrepesca en el brea,
particularmente en el segundo semestre del aho.

No se encontraron fuertes relaciones entre las capturas y los parhmetros
ambientales ana1izados. El patr6n observado de telaciones inversas de las capturas
con respecto a la precipitaci6n y velocidad del viento es Spica de sistemas con
surgencia coster», peto con conelaciones mucho mks altas. Encl hrea un factnrque
podria explicar ademhs del esfuerzopesquero el hecho que se presenten diferencias
espacio-temporales en la captura y CPUE de algunas cspecies peQgicas, son los
procesos de enriquecimiento descritos por Diaz et al. �995!, getmrados por
rmcrosurgencias locales a las cuales se le suman aportes de agua enriquecidas que
Ilegan de la elevaci6n de Nicaragua mfluencialas por descaqye de 1os rios Orirxeo
y Magdalena y de los sistemas de surgencia de la costa de Colombia y Venezuela.
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Si bien el esfuerzo pesquero es prhcticamente constante a lo largo del aNo, no
lo es su distribuci6n, lo cual se con6ima al hacer conelaciones entre el esfuerzo
pesquero y las diferentes hreas de pesca, obteniendo una reiacibn inversa entre el
niunero de faenas realizadas a Outside bank y las efectuadas a Cayo Bolivar  -
0.616!, y un comportamieuto simihe respecto a South End Bank  - 0.498!. El
yatr6n de distribucihn del esfuerzo, sereQeja fuertemente en las cayturas, dado que
se presentan diferencias signiftcativas en la CPUE a escala espacial entre las hreas
de pesca, por ende las mayores caphuas registradas enhe febrero y julio son eu
parte consecuencia de un mayor esfuerzo a cayo Bolivar y por supuesto un mayor
aporte de este a Ias capturas.

El comportamiento yrhcticamente constante del esfuerzo a lo largo del aho,
pero con fuertes difetencias a escala espacial, resulta logico para el sistema
analizado, ya que diariamente se realizan apmxnnadamente e! mismo numem de
faenas, variando el esfuerzo a cada htea de pesca segun las condiciones
meteoroibgicasimyerantes. Bajo condiciones de calmahaypescadoresque siempre
realizan sus faenas a Outside bank y otros a Cayo Bolivar, siendo Ias dos hreas
importMW por la &ecuencia de visitas, peru en condiciones adversas sin ser
extremas la totalidad de yescadores realizan faenas en las hreas mhs cereals a la
isla Lo anterior, evidencia que el mayor numero de faenas en Outside bank es
consecuencia en yrimera instancia de su cercanfa al sitio pesquero Roos Carlos
Barker, facilitando Ia realizacihn de faenas por parte de embarcaciones de poca
autonomfa, pescadores de avanzada edad y bajo condiciones meteorolbgicas
adversas.

El anhiisis realizado demuestra la complejidad del sistema pesquero en
referencia a las relaciones existentes enhu Ia caytura, el esfuerzo y los parhmetrus
ambientales y penniteestablecer queiashteasdepescamhs importantes son Outside
Bank y Cayo Bolivar, nuentras que cayo Albuquerque a pesar de presentar las
mayores CPUE no es tan importante. geng y Sibert �000!, afirman que hreas con
altas capturas son importantes aun cuando su CPUE sea baja, dado que cayhuur
peces es el prop6sito de la pesquerla, asi mismo, hreas con altas CPUE son
importantes solamente si tienen altas cayhuus ycontribuyen signi6cahvamenfe a Ia
produccihn total de layesquerfa, mientrasque hreas con alto esfuerzo se consideran
importantes indepertdiente de su CPUE, ya que son zonas de actividades pico, y
porque un alto esfuerzo con baja CPUE puede iudicar la degradacihu del recurso.
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RESUME

Apres plusieurs bennies d'experimentation les DCP ance' se sont
dbveloppbs dans la CaraM on ils sont souvent mis en a:uvre dans le cadre d'actions
d'ambmigeinent de la psyche chide. Un soutien scienti6que et technique au
dbveloppement durable de la psyche associ& aux DCP ancr6s s'avhe nbt:essaire en
particulier dans les petites Antilles ou cette activity prend de I'importance. Un
groupe de travail mis en place sous I'bgide de la FAO/COPACO avec le soutien de
I'Iiremer apennisd'identifier certainesproblhnatiques scientifiqueset techniques.
Les premiers travaux de ce groupe de travail ont essentiellement portb sur
I'elaboration d'un Stat de r&hence, I'impact de la ybche associ& aux DCP sur les
ressources, les suivis statistiques 4 mettre en place et les soutiens techniques
nkessaires. Denombieux travam scienti6quesdoivent etreentrepris pour apporter
auxp6cheurs et gestionnaires les informations leur permettantd'assurer la durability
decettenouveHeexploitation. Unprognunmed'observation acoustique estlan&par
I'Ikemer afin de dhrire I'influence de I'enviionnement et de I'exploitation
halieutique sur la dynamique des agrbgations autour des DCP annus. Les
scienti6ques de la Caralbe sont soHicit& pour travaiHer sur les questions soulevees
par cette nouveHe activity.

MOTS CLOS: Dcp, Gmuye de Travail, petites AntBles

Working group for the Lesser Antilles on Moored FAD Fishing
Sustainable Development

Experiments on moored FAD's have been undertaken for several decades.
They were oiten used as a means to implement coastal fisheries management
program. Scienti6c and technical support for the suslsinabie deploymentof 6sheries
using moored FADs are necessary in the Lesser Antilles, where this activity is
expanding. To satisfy those needs a working group was established under the aegis
of FAO/COPACO with Ilremer's support. The initial work sessions of the gimp,
were focused on the setting of a reference point, the impact of FAD's 6shingon the
resources, the type of monitoring and technical support needed to meet its
objectives. It identified specific scienti6c studies that were stHI needed in order to
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assist fishermen and managers in the sustainable development of this new activity.
An acoustic observationpzograznis implementedby I&em' to describe the influence
of the environment and the exploitation on the fish aggzegation dynamic amund
moored FAD's. A request is submitted to other Caribbean scientists to focus work
that is required to answer questions arising from this new fishing activity.

KEY WORDS: FAD, working group, Lesser Antilles

INTRODUCTION

Les grands poissons pblagiques sonttzaditionne11ementexploiths par lespetites
unit& de peche de la CaauM, au-dessus des monts sons-mazms ou autourd'byaves
dhivantes oh se concentrent ces espbces. L'absence de condition hydzologique
pouvant favoriserune augmentation de la density des poissonsdansiezayond'action
des petites unit&, est certainznnent la raison de cette peche effectuh: sur les
legations autour d'objets flottants ou de monts sous-marins.

Les premiers essaisde dbreloppeznentdesDCP ancnb sontrelativementanciens
dans Iardgion caralbe. L'objectif &ait dezzzpondreaux besoins des pays de lar6gion
qui 8aient importateurs de produits de la mer avec une deznande, tant de la
population locale que de 1'industrie du tourisme, qui aHait en augmentant. Par
aiHeurs, les zessources des plateaux Scient juggles fortement exploi~. Les
ressources pblagiques paraissaient Are les seules 4 of&ir unpotentiel suf5sant pour
augmenter les dbbarquements des petits pays insulaires et rhtuize le rkficit de leurs
changes extbrieurs. Le v&ultat des exphimentations de DCP a commence k
apparaltze au debut des anabes 1990 avec le dbveioppement de nouvellesp6cheries
dans plusieurs pays.

Les DCP ancW~sententuncertain nombzed'avantages qui ambientspenser
que leur d& eloppement se poursuivra dans la Carinae, au bbnbfice des p&cheries
artisanales. Hs sont utiHses dans beaucoup de cas pour dbtoumer une paztie de
I'effort de peche qui s'exerce sur les ressozzrces benthiques et dhnersales des
plateaux, ghdralement tmbsexploitbes, vers les zessouzcesdu large. L'implantation
de DCP ancrbs est parfois utiiishe pour faciliter la mise en place de zone marine
protbgbe. Ces dispositifs o%ent aux p8cheuzs la possibility de trouver, sans
changement de leur outil de production, un autre moyen de subsistance. Les DCP
ancona sont facilement accessibles aux petites embazcations artisanales. Hs
permettent une exploitation moins ahhtoize des grands poissons pblagiques,
akluisent de fapm sensible la consommationde carlzuzant et les distances parcozzrues
k la recherche d'bpaves dhivantes. Hs pennettent d'amHiorer les rendements et de
diminuer les efforts tant physiques que fmanciers consentis k chaque sortie par
rapport aux types de pLhe traditionneh. La zhhzction de ces pzospections laisse
espbrer un ralentissement du dbreloppement des puissances motrices et une
limitation des incursions des p8cheurs dans les ZEE voisines. Les DCP rendent
1'emploi moins prdcaire en permettant une exploitation contmue des ressouzces du
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large habitueHement p8chbes pendant 6 mois de I'annee autour des bois derivants.
L'instaHationdejeunesp6chezzsauraitbtbzenduepossible par le dbreloplemaztdes
DCP dans certaines iles  Martinique, Guadeloupe!  Reynal et al. 2000!.

LES PREMIERS TRAVAUX DU GROUPE DE TRAVAIL
Au cours de sa premise chorion en octobze 2001, le gzoupe de travail s'est

attache hbtabhr, h partir des donzxSm disponibles par pays, un point de rbfhence sur
lapeche des grands poissonspblagiques auseindes petites Antilles, afinde pouvoir
identifier ultbrieuzement d'bventuel changement pouvant etze mis en relation avec
le dbveloppement des DCP  Looby 2002, Dilzosun 2002, Sebastian 2002, Diaz et
al. 2002, Doray et al. 2002, Baldeo 2002, Heyliger 2002, James 2002, Johnson
2002, LaHa 2002!. Puis un Sat des lieux a 5th r6disb sur le d&re1oppement des
DCP. L'objectif 6tait it la fois de compeer le point de rNhence et d'Identifier pour
chaque pays les bventuels pzoblhnes rencordr6s pour le db eloppement de cette
nouvelle p&he  Looby 2002, Van Buurt 2002, Sebastian 2002, Diaz et al. 2002,
Doray et al. 2002, Baldeo 2002, Heyliger 2002, James 2002, Johnson 2002, LaHa
2002!. Une reflexion a ensuite 8k conduite sur le d&reloppement durable de la

LES CONDITIONS DU DRVELOPPEMENT DURABI.E
En application decode de conduite des peches zesponsables  FAO 1995!, cette

peche en cours de dbveioppement doit faire Pobjet d'attention particulihe afin de
garantir le earache durable de 1'exploitation et le partage bquitable des ressources
hautement migratrices de grands poissons pblagiques. Pour cela, un gzoupe de
travaH Petites Antilles a 8k mis en place par la FAOICOPACO avec le soutien de
1'Ifiemer. Son objectif est de contribuer an dbveloppement duz3bie de la psyche
associ& aux DCP ance'. Ce gzoupe de travail utilisera une approche
pluridisciplinaireet s'intbzesseraaux eqkeesexploibhs autour des DCP, mais aussi
aux espbces et pecheries qui interagissent avec Ia peche associate aux DCP.

Ce gzoupe de travail constitue une organisation de base 4 partir de IaqueHe des
changes pourront se fiure. La mise en place de suivi statistique et Ia conduite de
rechezches sur le systbme psyche modifib par le d6veioppement des DCP sont
n&essaires. EHes devzont apporter aux gestionnaires les infozznations dont ils ont
besoin pour assuzer la durability de I'exploitation des ressources de grands
pblagiques et leur paztage &potable entre utiTisateuzs. Cependant, il n'existe pas de
m8hode pour aborder un champ de questions aussi vaste. Certains axes de travail
ont8bidentifi6s ikpartir depzemihesbtudes d'impact dela p6che associbeaux DCP
ancz6s on de demandes formula par les professionnels de la psyche et par ceux qui
ont en charge le dbve1oppement du sects. Ces premiers travaux ont 6th aborts
lors de la premise rhmion du gzoupe de travzul sur le d&reloppement durable de la
pRhe associate aux DCP ancrbs.
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p&he associ& it ces dispositifs  Singh-Renton 2002!, sur 1'analyse des premiers
impacts de cette psyche et sur les premieres ~nses k apporter aux questions
soulevees.

Tableau 1. Flotmies ciblant iea rands ns uas aux Pebtas AntiNes
FtottNle Longueur Nb potenttet Nb avbr4 T!lpe de Notcwtsatlon

rnoyenne  m! p0che
I

90 Palangre de Diesel inbetrd
surlace

463 Tratne Diesel inboardLigneurs ponbhs
poiyvalents
Pelangriers non
ponMs
Ligneurs non pont'
polyvalent
Ligneurs DCP non
pontes polyvalents

10

Essence
outtoard
Essence
outboard
Essence
ouSoard

109 Palangre de
surface

1242 Tratne4623

2 Trains et
pafangre
verhcaie
daeva nte

2616

Les flottilles ciblant les grands poissons glagiques ont Ab writes a partir du
type d'embarcation et des engins de pRhe mis en ceuvre. Les embarcations pont&+
bquipbes de moteur diesel inthieur ont et' distinguees des uncle non pontes h.
moteur essence hors bord. Les engins mis en a:uvre pour cibler les grands poissons
pblagiques sont essentiellement:la palangre horimntale d&ivante, la ligne de traine
de surface ou sub-surface, la palangre verticale derivante.

La Peche des Grands Poissons PHagiqnes dans les Petltes Antilles  Doray et
Reynal 2002!

Les flottillesde peche des grands poissons pHagiques des Petites Antilles sont
varies et trbs majoritairement artisanales. L'abondance relativement faible de
poissons pHagiques, Vimbrication des nombreuses ZEE et le faible nivean de
dbveloppement global imposb en partie par le caradkre insulaire de ces pays ont
contribute au dbreloppement des p8cheries pHagiques sur le mode artisanal, bien
adaptb aux conditions locales.

Le nombre de pbcheurs pzofessionnels qui seraient susceptibles d'exploiter au
moins une partie de l'ann& les poissons pHagiques hauturiers dans les Petites
An@les s'Hhverait 4 25 894 dont 4 730 pratiqueraient la psyche k plein temps. Le
nombre d'embarcations serait au total de 8 053 se d&omposant en 7 348 unibhnon
ponbhs et 705 pontes. Les embarcations 5@sant effectivement la peche des
pHagiques hauturiers au moins une partiede Pannbe seraient au minimum de 1 904.
Dans certains pays les Qottilles sont pluri-m&ers et le nombre d'unites ciblant
effectivement les pHagiques n'est pas connu  Tableau 1!. La production moyenne
annuelle de grands pHagiques des Petites Antilles au cours de la tkcetmie 90 est de
5 600 tonnes gCCAT 2001!.
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Les ligneurs sont gbnbralement polyvalents. Les lignes de traine sont mises en
a:uvre avec un hamegon et le plus souvent avee des leunes arti6ciels pour caphIrer
les thunnim  thons et bonites! et scombrini  thazards! et des appSts &ais pour
Coryphaena hippurus. Une seule ligne est train& par personne embark%, sauf k
Trinidad oh des tangons en bambou sont utilisbs pour g&er 4 4 6 Hgnes de traine.
La traine se fait soit au large sur bauc Hbre ou sur bois devant soit pcs de c0te sur
des monts sous-marins ou sur les accores. Depuis quelque temps, les ligneurs
preheat autour de DCP muzbs k la ligne de traine oui lapalangre verticale dhivante
munie d'un hams et souvent apple@ Vaide d'une petite bonite vivante pbch6e
en surface.

Les palangriers exploitent entre 30 m et 50 m de profondeur. La principale
espbce cibl& est Zlnrnnur ulbacares. Le nombre d'hamegons utiTieh varie selon le
type d'embarcation; les unites pontbm mettent a 1'eau entre 300 et 1000 hameqons
et les non pontes entre 100 et 250.

D'autrestypes de peche capturent les grandspoissonspblagiques sans que cela
soit leur prise principale, comme les sennes de plage ou les peches de poissons
volants. Des unit& industrieHesexthieuresklazone ont bgalementbtbmentionades
mais leur activity n'est pas connue.

Les donnbes statistiques disponibles sur les pRheries de grands poissons
pblagiques hauturiers au sein des Petites AntiHes, sont imparfaites et ne permettent
pas de faire un point zho trbs detaiHb. Les valeurs de production totale annuelles
sont les donable les plus communhnent disponibles. EHes doivent cependant etre
analysh:s avec pakaution car elles sont souvent d'avantage ~sentatives de
1'etendue de la couverture du systhne de coHecte de doakes que des captures
re Hes.

Le Tableau 2 regroupe les quelques donnbes disponibles sur 1'effort de peche
dbployb et les CPUE enregistr6es par les iles des Petites Antilles. L'effort est en
gbnbral mesmer en heores de sortie  temps de route compris! et les CPUE sont des
prises moyennes par heure de sortie ou iii dhfaut des rendements par sortie. Ce sont
ces demieres donnbes de CPUE qui sont le plus ~uemmentdisponibles, mais pour
comparer les rbsultats des diffhentes Hottilles des di6hentes iles, il faut garder h
1'esprit que les durbes de sortie, les zones de peche et les engins mis en ceuvre sont
diff&eat. Ce sont les palangriers, qu'ils soient pont& ou non, qui r6disent les
rendements par sortie et par heure de sortie les plus Hevbs. Panni les ligneurs, ce
sont ceux des AntiHes &anqaises qui aMsent les captutes par sortie et par heure de
sortie les plus blev&. Les ligneurs non ponW martiniquais travaillant autour des
DCP rhdisent les rendements horaires moyens les plus blev+ proche de ceux des
palangriers pont& de Curaqao.

Les p8cheries de grands poissons pblagiques sont en plein essor aux Petites
Antilles avec notamment le dbveloppement de la peche ik la palangre et de la peche
associke aux DCP ancr6s. Les iles du Sud des Petites AnSlesont un db eloppement
diff&ent  dbveloppement de la palangre horizontale! des iles du Nord qui est rendu
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possible par la remontee saisonnibre d' eau enrichie en mature organique par les
fleuves amazoniens qui attirent les poissons pblagiques hauturiers.

Tableau 2. Donnhes d'effort de pacha et CPUE fournies par les Nes des Petites
Antilles Donndes est lndes en fta  tte

Ftotttltelie Unltb Effort CPUE Captures
d'effort moyen fnoyenne moyennes

par par sortie par sortie
sortie h

Glsnada
Curiae

Pslangllers pontes �1 8 20 m!
Palangriers pontbs 61,6 10,1

Grenada Palangriels non pontes
 8,78 10,7m!

Martinique Ligneurs non pontb polyvalent

135

8,5 807,2

7,2 7,5

15,2 3.2

476,5 8,3

8,8

7,2 101,4

10

hauls de 5,6
Sofbe

0,9

Le 96 eloppement de la Pacha Associate aux DCP Ancr&
D'apres les participants au groupe de travail, au moins 254 DCP ancrds

seraient en activitb dans les eaux des Petites AntBles  Tableau 3!. Mais le niveau et
le mode de dbveloppement de la psyche associ& aux DCP ancnis varient d'une He h
l'autre demesne que le type de dispositif. Le financement publi mtbyal de la pose
et de la maintenance semble etre le seul mode d'organisation qui permette le
maintien de DCP lourds et coiiteux comme i| Curat. Le coGt moins Sieve de DCP
Ibgers laisse h place il l'initiative privb: dans le dbploiement des dispositiS. Les plus
couteux des dispositifs lbgers sontengbnhslmiskl'eau et exploiters par des groupes
formels  Comity des Peches, associations, ... ! ou non de professionnels
 Martinique, Dominique!. Les DCP artisanaux finanebs engbnbral par desp8cheurs
individuels sont les plus rudimentaues. Ce systhne de gestion des DCP semble
favoriser un dbveloppement rapide de cette psyche  Guadeloupe!  Doray et Reynal,
2002!.

Grenada Patangnefs non pontds �,7 tt 6m!
Guadeloupe Ugneufs OCP non pontes

polyvalents
SL Vincent Ugneurs non penta polyvalent
Curiae Ugneufs ponttts polyvalents

9-12 m
Martinique Ligneurs DCP non pontes

polyvalents
Cufaqao Ugneurs pontes polyvalents

7-Sm
Curiae Ligneurs non penta polyvalent

5-7m
Ligneurs OCP non pontes

polyvalents
Curafao Ugneuis non pont' polyvalent

�m

heure de
sorfie
soltte

heure de
sortie
Sortie

heure de
Sortie

heure de
sofli8

heure de
sortie

heure de
sortie
Soltle
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Tableau 3. Etat du dbveto rd des DCP dans les Petites Antilles en 2005
lie Nb DCP connus T de DCP Flnancernent de

Antigue et Barbude
St IQtts
Guadeloupe
Dominique
tVlartinique
Sainte Lucia
Saint Vincent

Tratne sportive
Tratne

Trafne it bldon
Tretne et bicke
Tratne et bidon
Tralne et bidon

Trafne

8
?

> 200
g

> 31
1
0

Artisanal
?

Artieanal
Lager ou artisanal

Lager
Lager et touid

Radeau de
bembou

L4ger ou artisanal
Radeau de

bembou
Lourd

Priv%
Public ou privtt
Pubgc ou prive

Public
Public

Grenade
Trinidad

Tratne

Tahar

Leszbgles d'exploitationdes DCP ne semblentpas &jeune prhecupatim fade.
Les rivalitbs entre types d'uni8s dep6chen'ontpas Sb mentionnb:s. Les unibhnon
pontbes sont pratiquement les seules it exploiter les DCP. Les incompatibilities
d'engins ne semblent pas pour 1'instant poser de pmblbme majeur en raison
vraisemblablement de lour faible diversity. Actuellement, les pecheurs de toutes les
iles utilisent la ligne de traine pour exploiter les poissons agvbgs ~ de la surface

L'intervention des pouvoirs pubfics se fait k diffhents nivesnx du
dbveloppement ou de 1'encadrement de la psyche associ& aux DCP snores. Des
exphimentations ou des actions.de dhveloppement  mise en place d'une premiere
shie de DCP finance par la collectiviR! sont souvent le point de depart des
p&cheriesassocibes aux DCP. L'intervention des pouvoirs publicsest indispensable
pour Pencadrement de Pactivitb par la definition de rbgles:

i! De balisage  respect des rbgles de navigation!,
ii! De pose �6:laration 4 1'administration des lieux d'imphmtation,

declaration aux AVURNAV!,
iii! D'acces aux ressources ~g~ autour des dispositi&,
iv! D'exploitation des ressources.

Les pouvoirs publics interviennent bgalementyar le financement de DCP
sur de longues diodes  plusieurs annires!, comme k Curaqao ou en Martinique.

ll faut noter que 1'accus de tous les p8cheurs 4 tous les DCP situbs dans les
eaux temtoriales de leur He est la rbgle ghthra1ement adoyt6:. Dans le cas des DCP
individuels de Guadeloupe, 1'exploitation du DCP est Mserv& au pmprietaire du
DCP, uniquement lorsqu'il est yrhent. 8 est vraisemblable que les usages soient
ditfhents et qu'en particulier les DCP finance et entzetenus par des grouyes de
p8cheurs soientmajoritairement exploit par eux. Les autres pecheurs subissant la
passion du gmupe pour.participer aux charges d'exploitation du dispositif ou pour
s'en bloigner. Les DCP snores implantbs dans les Petites Antilles semblent Are
x6servbs prioritairement aux professionnels de la pbche  Martinique!, mais aucune
enquire n'a Std conduite sur les rapports entre psyche sportive et pmfessionnelle
autour des DCP.
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autour des DCP. Dans quelques Hes  Guadeloupe 4 Sainte Lucie! la palangxe
verticale dhivante  «bidon»! est utiTisfe your exploiter les couches yrofondes.

Les conditions de r6ussite du dbrelopyement de la y8che associate aux DCP
ance' n'ontyas&b claixement identi6hm au cours de layxemihexhmiondu groupe
de travail. Cinq blhnents peuvent Axe 4vequbs pour leur x6le probablement
h~Annninant dans le ddmaxxage ou le dbreloppement d'une yeche associ& aux DCP
ancl6s:

i! Type de DCP � est une des principalesyahccupations de ceux qui oat en
charge le ckveloppement des DCP. Dans les Petites AntiHes les DCP sont
de conception et de eh@be de vie trih variables. Aucune relation entre
conception et long&ritb des disyositifs ne yeut 8ze 8ablie en raison de
PinsufHsance de doakes disponibles. La maintenance joue d'aiHeurs un
x6le incontestable sur leur phennitb. Cependant, cextains DCP inadapbh
au site d'implantxnion se dAhioxent rapidement C' est ee qui est
pxobablement une cause d'abandon de certaines tentatives de
dkveloppenxent des DCP.

ii! Lieu d'iuxplantation des DCP � est parfois choisi proche de la c6te ou
la mer est plus cahne, de fanon 4 garantir une plus grande longbvitb des
DCP. Ces sites s'avant inad61uats pour les poissons yblagiques
hauturiers qui semblent s'agebger plus sur les DCP silvers hors du plateau
insulaire  par des profondeurs de 1500-2000 m ou plus!.

iii! Rdgles d'accus aur Concentrations de Poissons � conditionnent
bgalement le dhnarrage des yeches associate aux DCP. KHes doivent etre
en harmonic avec le mode de fxnancement et de maintenance des

dispositifs. Lorsque des individus ou gxoupes de y6eheurs Snancnxt sur
fonds propxes un DCP, ils coaqoivent dif6cHement d'avoir les mhnes
dxoits d'acces aux concentrations que ceux qui n'ont pas contributes au
paiement des charges hbm 6 Pimylantationdu disyositif. Auchhnaxxagedes
aches associates aux DCP, lorsque les rhgles d'accus aux concentrations
de poissons ne sont pas btabHes, ils se dbveloppent des conceits parfois
graves qui dhmuragent les acteuxs de pouxsuivre cette activity.

iv! Techniques de Peche Utilizes autour des DCP � dans les Petites AntiHes
sont d'abord les techniques traditionneHes des artisans pbcheuxs, c' est k
dire les lignes de traine de surface ou sub-surface. L'adoption de la
yalangxe verticalehhivante aaugmeatb sensiblemeutlesxendxxxxentsautour
des DCP en yennettant la capture des gxos poissons situbs 4 des
profondeurs ylus blevbes  80 4 150 m!. L'amHioration des nhultats de
peche avec la palangxe verticale dbrivaute, contribue 4 ace86er et 4
pbrermiser la psyche assoc' aux DCP aambs

v! Le Systkme de Gestion des DCP � joue certauxement un role non
nbgligeable dans le dbveloppement de la phhe associate xl ces disyositiS.
Le fmancement privy des DCP  coHectif ou individuel! favorise uue prise
en charge par les p8cheurs eux-moines etpxobablementundbvelopyement
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pills taptde. MBls sans un encadrement tres xlgouleux des pouvons publlcs,
ce mode de gestion des DCP ne permet pas un contr6le et une ~on
aiu«e de I'activit««.

Des travaux restent k faire pour prb:iser les conditions d'utilisation optimales
des facteurs Identi68s. Il estbgaiement probable qued'autres facteurs interviennent
dans h rbtssite ou non des pmgnmunes de d««velopyement de la psyche associb: aux
DCP ance.

Impacts Poteutteh du DbveloppementdelaPgche Associb:aux DCP ancr4s sar
les Rcssources  Reynal et Doray 2002!

L'objectif du d&reioppement de Ia peche associb: aux DCP ancn«s a
gbnhalement Ab Ia preservation des ressources cbti«Lres par un zedbyioiement de h
pkhe sur les ressources du large. Les effets de cette nouvelle pi&he sm les
ressources tant c6tihes que du hrge sont encore dif6ciles iL &nduer en raison du
manque de donnbm chif5bm su6Isamment dhtaiHbu. Aucune donnb: ne pennet
aujourd'hui d'bvaiuer I'effet du dbveloppement de la psyche associb: aux DCP sur
les ressoumes cotihms. Quelques donates sur la peche en Martinique ont pu etre
utilize pour identi6er les espy sur lesqueHes les prises ont augments ou
pourraient s'accmitre 4 I'aveniret ceHes sur lesqueHesdescaphiresdejuvbnBes sent
effectual. L'existence d'dventuels rejets abgalement pu8re vhi6b:. Mais il faut
yuder 4 I'esprit que la p«Lche associb: aux DCP annus est encore en cours
d'evolution dans les Petites AntiHes, H est done possible que de nouveHes espbces
apyaraissent dans les dbbarquements et que Ia pmportion des esybces cap~
dvolue.

Une comparaison des prises par sortie effec~ ces detnihes amies autour
des DCP ancrb«avec ceHes des autres types dep&che des grands poissonspblagiques
n'apu etre faite que sur des donnM non ~sentatives de Ia yecherie. EHe Hvble
une composition spki6que difrhente selon le type de y8che. De 75 k 85 % des
prises des tmis types de p6:he des gnmh poissons yblagiques pratiqub: en
Martinique se font sur deux outmis espbces. Sur les hauts-fonds, sesont Sphyraena
barracuda�3% du yoids «kbarqvb!, ThunnusatlanticusetScomberomoruscavala
qui constituent I'essentiel des dbbarquements. A la traine au large, Coryphaena
h1ppurus domine largement dans les captures  plus de 50 % du poids! avec
Acanrhocybium solandri. Qmmt ik la peche associb: aux DCP ancrbs eHe r6dise 85
% de ses c«tybues avec Makaira nigricans, Thunnus albacares et Thunnus
atlanticus  Tableau 4!.

Les prises de marlin bleu  M nigricans! sont Imyortantes en tonnage et ne se
font qu'autour des DCP. Par consbtuent, le dbveloppement de la y«Lche associb:
aux DCP ancrbs va favoriser une augmentation des captures de marlin bleu. Pour
les autres espy, leurs prises Aoiuemnt selon la Sqon dont I'activitb se r6partira
entre les diffbents types de psyche. 11 est possible d'imagnter plusieurs schhnos
selon que la psyche associb: aux DCP ancnlo se dbveioppe en plus des autres types
de psyche ou qu'elle s'y substitue totalement ou partieHement. Dans ce dernier cas,
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1'effort de p8che devrait dhninuer sur le barranmla  S. barracuda!, ks thazards
 L solandn et S cavala! et sur ladorade corylki~~  C. hippurus! et augmenter sur
les thons noir et jaune  T. albacares et T. atlanticus!.

Tableau 4. Composition spbcifique pond@rale des d@mquements  en %! en
fonction du de donnbes Martini ue, mai 1998 4 mai 2001 .

DC& Tralee su e ttauts4ends
Thunnus elbaceme
Thunnus attenticus
Katsueonus peaimis
MelNils nigncens
Xyphidae et Istiophondee
Cogrpheene htppunIs
Acenthocybium sotendn
Scombwomonu ceveNa
Sphymene benaaste
Autm

8 3 7
3 0
52
22

0 0
4

28
15
5

44
4

2 1
0 0

4
28

4 2 0 5
5
18
33
1

L'examen des tailles des captures en fonction des types de yeche des grands
poissons pHagiques a bgalement Ab rhenish sur des dorm&enon representatives de
dbbarquement de la Martinique. La comparaison des prises shale un clumtpment
de diagramme d'exploitation avec le dbveloppement de lap&che associate aux DCP
ancRs. Celui-ci a entrain' une augmentation des prises de junks de plusieurs
espbces et en particulier de celles dbhuqubes en nombre bkvb comme Thunnus
atlanticus �5 %!, Kat~onus pelamis  gg /o!, Thunnus albacares  93 %! et
secondairernent Euthynnusalleteratus et Coryphaena hippurus. Sur 1'ensembk des
prises, la peche associ& aux DCP ancr6s capture une proportion plus blev& de
juvhBes que la peche ik la traine au large  respectivement 79 et 45 %!. Cette
diff&ence.est due, entre autres, au fait que les techniques de pix:he utilizes autour
des DCP, pour la capture de gros yoissons, font apyel it des spats vivants
constitutes par les petits individus phd& en surface. De ce fait, la proportion des
juveniles ne pent qu'@re suphieute it ceHes des adultes  Tableau 5!.

ll faut noter qu'aucun rejet de la p8che associ6: aux DCP ancr& n'a W observe
jusqu'ici. Des juvh8es de thonidS captuahymbs de la surface servent d'appSt vivant
pour la capture des gms poissons ptofonds  T. albacares et M nigricans!. Lors de
la remontbe des lignes profondes ces yoissons sont conserv& pour ht vente, s'Hs
n'ont pas W consommbs ou abim&, par des pzddateurs.

La potence d'espbces non exploitbes autour des DCP aamh, constituent un
potentiel appr6:iable pour les pecheurs, a yu etre mise en evidence par des p8ches
exphimentales xhdi~ en Martinique et en Guadeloupe. C' est le cas du thon noir
 T. atlanticus!, dont les prises ne sont yas nbgligeables, mais restent faibles par
rapport aux concentrations observes en plong& sons-marine b, des profondeurs
suptvieures it celles exploitdes h la trame par les yecheurs. La taille de ces thous
noirs observ& et capture lors de peches expbrimentales, est suphieure b celle des
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individus yah& par lesyrofessionnels autour des DCP  Taquet et el. 1998 et 2000!.

Tableau 5. Proportion des juveniles dans tes captures de poissons prMagiques
hauturiers en Martin 1998.-2001

Ea paces Pacha aesoclhe arrx Tratne au tac6e Tratrre c864re
Dcp

Tallle de % de TaINe de % de TaNe de % de
Wctraatttton rrvsrrttes ractrarrt6to rrvsatree ractraattttoa aee

38% 814 14% 4871

124

1108

74

25%

42%

0%

85%

2 100%

385 1GG % 70 1GO %Thunnus
eibecams
Thunnus
eNenticus
Istiophondee

TOTAL

75% 202 30% 801 18 %2661

32

4763 76%

Des peches exphrimentales ont rbv88 Ia presence pendant Ia nuit d'espadon
autour des DCP en Martmque et en Guadeloupe alors que cette espbce n'est
qu'exceptionnellement capture par les pecheurs qui ne travaiHent que le Jour
 Taquet et al. 1998, Diaz et al. 2002!. D'autres espbces, capturrres k yroximitk des
DCP, ont un int&8 Ronomique probablement moindre comme TaractichthJs
longipinnis  Taquet et al. 1998!. Des interrogations subsistent sur le yotentiel que
reyaheatent certaines espbces qui ne sont captures que trbs raremerrt par les
pBcheurs des Petites Antilles et dont la prrrserrce est notbe dans la littrrrature et les
prisesenregishhe dans les statistiques depirche rr.onales. Parmi celles-ci, onyeut
citer les thons otiose  Thunnus obesus! et germon  Thunnus alalunga! et dans une
moindre mesure le thon rouge  Thunnus tirynnus!.

Acenthocybium
eotendn
Cnypheene
htppurus
Euthynnus
eNeNrnatus
Katsumwus
petemis
Mekeire
nigncens
Scombenmorus
ceveNe
Sphyreene
benacude
7hunnini

74% 763 56% 51 45%

S 0% 17 5S%

342 22% 48 10%

3 100%

247 2%

20 55 % 1170 68 %
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L'Stat Actzzel des Ressources Exploiters  Reyzel et Doray 2002!
Pazmi les stocks exyloitbs ou potentiels your Ia pbche associ6: aux DCP

ancr6s, ceztains sont &clubs par la Commission Internationalepour la Conservation
des Thonidbs de I'Atlantique  CICTA!, il s'agit de T. albacares, T. alalunga,
K pelanzis, T. thynnus, T. obesus, et des poissons 4 mstze kX nigricans, T. albidus
et X gladius. Une base de donable est elaborate sur d'autzes espbces qui pour
I'instant ne font pas I'objet d'evaluation. II s'agit des zequins oude zessources dont
Ia CICTA yzbconise la gestion 4 un niveau regional ou sub-regional: A. solandri,
Sconzberonzorus spp, A. thasard, E allezrerazus, T. atlanzicus. La CICTA ne pzend
pas en compte la dorade coryphee  Coryphaena hippurus! et les barracudas
 Sphyraena spp.!.

Pazmi les trois principales espbces expires autour des DCP, deux ont fait
I'objet d'une evaluation akente par la CICTA, il s'agit de T. albacares et
M. nigricans. La tmisihne, T. atlanricus, est une espbce dont I'aire de repartition
se limite 4 la Cazalbe.

Les Rsultats des evaluations radishes par la CICTA, sur les espbces zetenues
ci-dessus, sont ~6s dans le Tableau 6. II s'agit d'esybces imyortantes au plan
6conomique et dont la production est pmche sinon dbpasse la production nzaximale
6quilibzbe  PME!. Des mesuzes de gestion de ces ressources ont Std Aablies; elles
visent k rdguler les prises et I'effor et sont parfois compiles par des taiiles
minimales de capture.

Le stock Atlantique de Thunnus albacares est ~ important. Sa pmduction
maximale 6Iuilibr6: est estimate 4 150 000 tonnes par an. Les prises estimates sont
proches de la PME. La CICTA, recommande pour cette especede ne pas augmenter
I'effort de peche effectif au-deli du niveau observe en 1992, mais surtout de
rechercher des moyens efficaces en vue de require la mortality par psyche des petits
individus. Pour cela, un poids minimal de capture de 3P kg a 6th fix. Cette mesuze
devrait done etre applique par les pays des Petites Antilles. Une tolerance de 15
4/o du nombre des individus d6bazqzuzs, de poids inf&ieur k la limite rbglemezztaire a
Otal nhmmoins accozzlbe  CICTA, 2001!.

Scion les donates d'6chantilionnage de Maztinique, les prises de cette esyRe
sont constitutes d'une pmportion Hev6: d'individus n'ayant pas la taille miniznaie
fix&, tantpour les techniques traditionneIIes de tzame autour de bois devant on sur
des hauts fonds �00 /o d'individus sous taille! que pour la psyche assoc' aux DCP
anmbs  85 o/o!. II faut cependant rapyorter ces quantities au total desdHmquements
du stock �35 200 t en moyenne sur la dbcennie 90!. La production annueIIe des Iles
des Petites Antilles est en moyenne de 1 388 t  moins de I ~/o! dont 589 effectuhu
par les palangziers.
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Tableau 6. Lisle des espikes observes autour des DCP ancr4s, niveau
d'e oitation en cours.

Evaluation PINE Production B I ~ F I F~
CICTA  tonne!  tonne!

Non  '!

28 406
�000!

Non
estimate

Non  '! -  Base de
donnee!

Oui 135 200
�000!

1,03144 600
a

152 200
32 600

0,88 a
1,18

Oui 33 134
�000!

2395 �000!Oui 3500 a
7 700

79 000 8
94 000

Oui 98808

Marlin bleu  NaIrajra
nigricans!

Oui 3 155
�000!

2 000
�8

3 000!

Oui 1 300
 900 8
2 000!
13 370

839
�000!

o7
�999!

Oui 11 914 0,65
�999!

1,34

Requins Non   ! -  Base de
donnee

La dernihe evaluation du stock de Mahraira nigricans a mis en &evidence la
faible importance de cette ressource dont la production maximale 6quilibr6: serait
de 1'ordre de 2000 ii 3000 tonnes par an. Les zdsultats des btudes gbnbtiques et de
marquage-recapture ont conduit 6 ate& 1'hypothbse d'un stock atlantique unique
pour la gestion de cette espbce  CICTA 2001!. L'evaluation faite k putn des
donnees disponibles sugghe que le stock se situe 6 40% de la biomasse associh: it
laproductionmaximale 6luilibr6: BPME! etque lamortalitb par p6che est environ

Dorade  Crxyphaene
hippurus!
Brune  Sphyvaena
banacuda!
Thazard batard
 Acanthocybium solandri!
%hazard  Scombenmorus
spp!
Auxis thazard

Thonine commune
 Eulhynnus sIIetteratus!
BorNe S ventre rays  atiant.
ouest!  Katsuwonus pelamis!
Thon noir  Thunnus
air anticus!
Albacore  Thunnus
albacams!

Germon  atlant nord!
 Thunnus elalungs!
Thon rouge  atlant ouest!
 Thunnusthynnus!
Thon obbse  Thunnus
obesus!

Marlin blanc  Tetrapturus
albidus!

Espadon  atian8que nord!
 Xiphias gladius!

Non   ! -  Base de
donnee!

Non P! -  Base de
donnee!

Non  '! -  Base de
donnee!

Non  '! -  Base de
donnee!

Oui

0,68
�999!

0,364 1
�999!
0,57 a
0,63

0,4
�,25-
0,60!

�000!
0,15

�000!

1,10
�999!
1,37 9
2.22

1,50 a
1,82

�998!
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4 fois suphieure k celle associate k la production rmutimale bquilibrbe  FPME!.
Cependant, des incertitudessubsistentsur cette evaluation. Les donnbeshistoriques
de prises et d'effort doivent @re valid&a et des recherches poursuivies sur la
biologic de cette espkce afin de r6Iuire ces incertitudes. Des mesures de r6luction
des dbbarquements ont 86 adopt6es; elles s'appliquent aux p8ches k la paiangre et
k la senne  CICTA 2001!. Les chifBce of5ciels sur les prises de M. nigricans
vhhs6es dans la zone des Petites Antilles repr6sentent 8,6 /ode la PME estim& par
la CICTA. Se pose done avec le dbveloppement de la p6che associ6: mx DCP
ancr6sun problhne de Rpartition descayhuesentre flottilles. Cette espkce estpour
1'essentiel une capture accessoire des palangriers et une espkce cible des p8cheurs
artisans pour 1'alimentation des marches locaux.

Les autres espkces bvaluhs par la CICTA sont peu ou pas exyloitbes autour
des DCP ancrbs, dans les eaux des Petites Antilles. Leurs prises yourraient
augmenter avec le dbvelopyen~t de la psyche associ6e aux DCP ancrbs, c' est la
raison pour laquelle il est n6:essaire de les prendre en compte dks k present, afin
d'identifier celles qui devraient a priori faire I'objet d'attention particulikre.

Les espkces se trouvant dans la zone Atlantique Centre Ouest  FAO 31! et
dont les stocks ne sont pas bvalu& par la CICTA sont en gbtdral des ae qui ont
un impact Ronomiquemoindre k I'6:helle de I'Atlantique. Elles sont exploit&ale
plus souvent par des unites artisanales dont les dbbarquements sont dif5ciles k
6chantillonner. Elles ont par contre un intbsSt non nbgligeable pour les p8cheries
artisanales des Petites Antilles, comme I'iHustre le Tableau 4. C' est ainsi que C.
hippurus repm&enterait plus de 50 '/o des dbbarqtw:ments de la p8che k la traine au
large et A. solandri plus de 20 /o, S cavalla et S. barracada reprbsenteraient
respectivement 18 et 33 /o des dbbatquements de la traine c8tihe k Ia Martinique.
Le bon Stat de ces stocks est done important pour les p8cheries ches des petites
ilesde la CaauM. Des Rfiexions sontconduitesactuellementnotamment auniveau
FAO/COPACO, afin de mieux prendre en compte ces ressourceskune 6:helle sub-
~onale  Walters 2002!.

Le thon noir, T. atlanticus, est I'une des principales espkces cible de Ia peche
associate aux DCP annus. D'apts I'6:hantillonnage des captures r6tiisb en
Martinique, cette esykce reprbsenterait 15 /o en poids des dHerquements de cette
p&he et constituerait la principale espbce capture en nombre d'individus avec 56
/o des prises. T. atlantincs est ~ement fortement repr6sentb dans les prises de la
traine au large ainsi que de la traine cbtihe avec respectivement 8 /o et 27 '/o du
nombre d'individus. Les prises de juveniles de cette espbce seraient imyortantes
autour des DCP �5 /o du nombre des individus d8xuqubs!. La CICTA suggkre
la prise en compte de la gestion de cette ressource k un niveau sub-MgionaL
L'organisation de celle-ci panntindisyensable, compte tenn du fait que IapRhedbjk
importante s'intensifiera certainement sur cette ressource.
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Le Suivi de la PLhe  Doray et al. 2002!
Une analyse des donnees statistiques existantes a bgalement M entreprise au

cours du groupe de travaB de fanon a mieux apprbhender Ieur fiabili8 et formuler
des recommandations sur Ia nature des donates k coHecter pour suivre le
developpement de la pecheries bmergentes DCP.

Les donn6:s disponibles sont des donates statistiques de production, d'une
part et des donnM relatives k I'effort de p&he qui a permis cette production,
d'autre part. Les donnbes de production r6:oltM concernent la quantity de
poissons d&arqeh par esphe ou groupe d'esses mais bgalement la distribution
en ShpencedetaiHe des espbces captiirdes. L'effort depeche est exprimb dans des
unites relativement rudimentaires comme le nombiede naviies, la sortie de puncheon
la dms de la sortie. Quelques doakes plus dAaillhm sur I'effort de psyche ont Std
coHect~ aux Antilles fi3nqaises incluant la composition de I'equipage, les
caractbristiquesde I'embarcationetsamotorisation, Iaconsommationdecarburarit,
I'engin de psyche mis en ix:uvre, Ia nature du dispositif d'~gation ou de Ia
concentration exploits, le temps de sortie et de peche effectif.

Plusieurs systhnes de coHecte dedonn6es sont applique aux Petites AntiHes.
Hs permettent une couverture plus ou moins complete de la p8cherie et des dyes
de precision variables des donndes coHecbks. On pent globalement distingiier 4
systhnes decoHecte: I'RhantiHonnage des dbbarquements iorsqueles moyens sont
insuffisants, il peut ne pas etre rel&sentatif!, I'bchantiHonnage des dbbarquements
commercialisbs en marchb o%cieI, les hvres de bord et I'echantiHonnage dbtaiHb
d'une partie  repnhentative ou non! des dbbarquements.

L'bchantillonnage d'une petite pattie des dbbarquements s'ave ~ressant
pour permettreune bonne analyse ikmicro RheHe des 6 olutionsdel'effort de psyche
effectif exacts sur les stocks. H pent fournir ~ement des donnM permettant
d'aborder I'analyse socio-hmnomique de I'activity. Ces 6:hantiHonnages dbtaiHbs
doiventetrecomplbtbs par des donnbes plus globales sur Ia pecherie. LacoHecte des
donndes sur les engins et techniques utilisbs est apparue primondiale pour
appr&ender les changements rapides de diagiamme d'exploitationet les variations
de I'effort de peche effectif am' sur les diffihentes cohortes. Les donnee sm les
fihtuences de taiHes par espbce sontindispensables pour aborderlespiobihmitiqiies
de sblectivitb qui doivent faire I'objet d'une attention particuiihe autour des DCP.
Laconsommation de carburant est une united'effort de�peche nomina inthessante
pour comparer la productivitb des diff&eat types de plebe artisanaux de grands
poissons yblagiques. La diffhenciation des types de psyche des grands poissons
pblagiques devrait Sate faite sur diff&eat crithes dont la nature du dispositif
d'agnation exploits, car elle influe sur la composition spbcifique des prises. Une
liste d'espbces 4 suivre en raison de leur importance, a btk 8ablie par le gmupe de
travaH, il s'agit de: thazard bastard  Acanthacybr'um solandn!, thazards barni et
tachetb  Scomberomorusspp!, barracuda Sphyraena barracuda!, dorade coryphhm
 Coryphaena hippurus!, albacore  TInmnus albacares!, thon obese  Thunnus
abesus!, thon blanc  Thunnus alalunga!, thon rouge  Thunnus rhynnus!, thon noir
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 Xhunnusatlanticus!, listao Xatsuwonuspelamis!, marhnbleu Mataira nigricans!,
marlin blanc  Tetrapturus albidus!, espadon {Xiphias gladius!, requinset balistes
 balistidae!.

Les @changes Techniques
Les changes techniques permettent de favoriser une harmonisation du

dbveloppement entre les diffbmrts pays riverains et ainsi un partage plus suitable
des ressources. LedbveloppetneIn de Ia pbcheassoci&aux DCP nbxmite dans une
premiereyhaseunaccompagnementtechnique et larechewed'un mode de gestion
adapt' au cot~rte et garantissant un bon usage des dispositiS.

La cenception des DCP et leur co0t sont fonction de leur mode de gestion et
des financements disponibles. Diffhents modhles de DCP existentdanslaCaaube.
Des plans de ces dispositifs ont btb ~bh lors de laymnihe rhmion du groupe
de travail  Van Buurt 2002, Gervam et Diaz 2002, Doray etaL 2002, Johnson 2002,
Lalla 2002!. Afinde Rpondre aux denumdes sans imposer un type de dispositif, un
logiciel d'aide k la conception de DCP est en cours de zhdisation a I'I&emer. Une
modblisationducomportement desdisyositiSen fonction des mouvementsdelamer
estr68isbe. EHe permet 0'&raluer les tensions s'exec@mt sur les cordages ainsi que
la position du flotteur du DCP et son bventuelle immersion en fonction de la houle
et des vitesses du courant 4 di66rents niveaux de pmfondeur {Lebeau 2002}. Une
connaissance des courants marina doit cependant 8re acquise a6n de dbfinir les
ctrract&istiques optimales des DCP dans Ia zone oh ils sont imp~

Les techniques de y8che mises en ceuvre conditionnent le Rsultat de la psyche
autour des DCP. Les techniques de p5che profondes permettettt Ia capture des
poissons adultes de grat tdes tailles, alors qu'en sur5m ce sont essentiellement de
jeunes individus qui se concentrenL L'exIMmentation de techniques de p8che
autour des DCP estnbcessane afind'Araluerleur sHectivitb spkifiqueouyartaiHe.
Enparticulier, il doit Brerecherchbdestechniquesyermettant lacaptme des adultes
sans utilisation des juvhuks comme apyit vivant comme cela se pratique
actuellement. A cet effet, un inventaire des techniques de pkche utihsbes autour des
DCP a btb prben8 au groupe de travail {Prado 2002!.

L'outil de peche gagnerait &garment h etre amblioR grke 4 une meilleure
adaptation de Vembarcahonk cette nouvelleptLche ou klarbaIisation d'btude sur les
conditions de travail et de ekuritb. Certaines phases de la psyche associate aux DCP
ancr6s semblenten effet augmenter les risquesd'accidents. Il s'agit par exemple de
la mise 4 Pean de DCP surtout k partir de petites embarcations ou de la capture 4
1'aide de ligne a main ou de 1'embarquement de grosses prises  poissons 4 metre!.
La concentration d'embarcationsdepbche en activity: de trame sur un espace rebut
peut ~ement favoriser les collisions en mer.

La mise en 0:uvre de prognnmne de formation et de soutien technique pour
1'aide au dbveioppement duraMe de p&cheries associbm aux DCP ascents est
iindispensable your favoriser le transfert et la valorisation des travaux du groupede
travail et inviter ainsi une propagation non raisonne de cette nouvelle p8che. Ces
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actions doivent, conformhnent aux recommandations du groupe, favoriser le co-
management et une approche responsable de cette nouvelle activite incluant la mise
en ceuvre, des le demarrage, des suivis statistiques prRonisbs.

LES PROBLEMATlQUES DE RECHERCHE SUR LE DEVELOPPEMENT
DURABLE DE LA PECHE ASSOCIEE AUX DCP ANCRES

Le systeme const' par la peche associee aux DCP comprend cinq ensembles
qui interagissent. 11 s'agit du milieu marin dans lequel bvoluent naturellement les
grands poissons pelagiques qui se concentrent autour des DCP ancres ou ils sont
captures par les pecheurs qui les vendent aux consommateurs  Figure 1!. Ce
systeme se trouve dans un systeme peche plus large comprenant d'autres types de
peche exploitant les memes espbces, d'autres metiers exploitant d'autres zones de
peche et d'autres especes  ex. exploitation simultanee ou saisonnibre des esses
ddmersales du plateau insulaire! mais aussi d'autres pays. Les questionnements
scientifiques se posent pour chaque ensemble et aux intersections  relations! entre
ceux-ci.

Figure 1. Diff& ents ensembles constituent le systhme psyche associbe aux DCP
ancr6s

Les questions actuelles des professionnels portent essentiellement sur la
connaissance des especes agrees autour des DCP ou leur comportement vis h vis
des dispositifs. lls s'interrogent sur les conditions environnementales et les facteurs
biologiques favorisant 1'exploitation des especes sous DCP: locahsation,
ddplacements journaliers et saisonniers, comportement alimentaire, etc. L'effet de
la position des DCP  pres de cote ou au large! sur Ia nature et 1'importance des
concentrations est dgalement une pMccupation pour les pecheurs. Les interactions
possibles entre differents DCP sont un sujet souvent evoqud, ainsi qu'entre peche
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autour de DCP et ceztains autres types de p6che essentiellement cbtiers, comme la
senne de plage qui capturezait moins de petits thonidbs. La response ibices questions
permettra aux pmfessionnels d'adapter leur outil de production et leur mode
d'exploitation a6n de mieux exploiter les zessources disponibles antour des DCP.

Au niveau de la p8cherie les questions portent essentiellement sur le
renouvellement des ressouzces autour des DCP et sur Poptimisation socio-
hmnomique de 1'activity. Les informations appo~s par les sciezztifiques dans ce
domaine permettraient aux gestionnaires de mettze en ceuvre des outils de
regulation:

i! De 1'activitb de peche en agissant sur les techniques de peche et les
bquipements k employer, les espbces cible  tailles et quzmtitbs! ou sur
Paccks aux BCP  licence, ...!

ii! Du pare de DCP  nombze, position!.
Les DCP sont souvent utiMs pour z6huze Pactivitk de p8che sur les plateaux

insulaizes Axoits des pays des petites Antilles. Il serait par consequent nRessaize
d'Brainer 1'impact de la p&he associate aux DCP sur les zessources benthiques et
dbmersales cbtihes.

LES PROPOSITIONS DE PROGRAMMES SCKNTIFIQUES
ET TECHNlQUES

D'ozes et dbjiI des exybrimentations de nouveaux DCP et de techniques de
peche sont proposes. Des suivis statistiques devraientbgalement 8zeahHs& dans
diffhents pays au fur et 4 mesure du dbveloppement des DCP. Un logiciel a Ab
radish sous Access pour deciliter la saisie et le traitement des donzszes qui seraient
coll~ en dehors des systhnes statistiques nationaux. Ces suivis permettzont de
r6pondze 4 certaines questions des amhegeurs, de mieux cerner le d&reloppeznent
de la peche associate aux DCP and& et d'en beluer ses impacts.

Des propositions de pzogrammes de zecherche ont dgalement 86 faites pour
andre aux premieres interzogations. L'llzemer de Martinique propose de raiser
un pzogzzunme d'~e de la dynamique des ressources en fonction des parambtres
biologiques et environnementaux et des prblbvements de la p&he autour des DCP
ancr&. L'observation des concentrations sera faite principalement par acoustique
et comply par des p8ches expbrimentales autour de trois DCP. positionnbs k des
distances diffhentes de la cue et sur deux hydes znaritimes de Pile.

Aucunhmnoznisten'ayant participle it iapzemihexhmion dugzoupe de tzavaH,
une rNexion est en cours pour initier des btudes socio-hmnomiques sur la psyche
associ6: aux DCP ancr6s. L'impact social et hmnomique de cette nouvelle p8che
est ikbvaluerdans lesdifFhentscontextes6Amomiquesdespays des Petites Antilles.
Une etude socio-6mnomique comparative sur les modes de gestion des DCP est
bgalementsouhaitableafmd'identi6eret bvaluer les avantages et inconvbnients des
diffhents systhnes de gestion des DCP.
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CONCLUSIONS

Alternative k lap&che artisanale sous bois dkrivants, le DCP ance permet aux
petites unites d'acceder toute I'am% k des ressomces de grands poissons
pblagiques. L'emergence de cette nouvelle p8che ~te de travaux conduits
pendant plusieurs decennies dans Ia legion. La psyche associate aux DCP ancrbs
z6pond aujourd'hui aux attentes, ce qui explique sonextensionet son develop pcancsu
rapide dans la Carmbe. Une approche pluridisciplinaire a M adoptb: au sein du
groupe de travail Petites AntiQes mis en place sous I'bgide de la FAO, afin de
rbpondre k la multitude de problbmatiques que soulkve le dbveloppement durable.
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juvh8es et de mieux exploiter les gros yoissons adultes. Une aide k la conception
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de recherche sont entrepris sur la biologic et le comportement des poissons agr6gbs
autour des DCP.

Pour avoir le plus de chances d'atteindre 1'objectif, il seraitsouhaitableque les
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qui souhaitent contribuer k ses tmvaux.
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ABSTRACT
Stable isotopic composition of flora and fiiuna associated with floating

Sargassum mats in the NW Gulf of Mexico was measured to identify the origin s!
of organic matter used by pelagic fishes and determine tmphic relationships of
associated taxa. Stable carbon �"C! and nitrogen �"N! isotopes were quantified
&om tissue samples of the prinuuy autotrophs and several other members of the
Sargassum complex herbivores throughapex predators!. Distinct'"C values were
observed amongautotropbs: Sargassum natans  -17.1 + 0.4%o!, Sargassum jluitans
 -16.3 + 0.2%a!, epifiora  -183 + 0.9%v!, and phytoplankton  particulate organic
matter!  -21.0 + 0.5%o!, suggesting the approach has promise for identifying
source s! of organic matter. In addition, nitrogen stable isotopes indicated that four
distinct trophic levels were present in the Sargassum complex. Spatial and temporal
patterns in 5"C and 5"N values were observed for selected autotrophs and
heterotrophs; however, signatiires were relatively stable over scales investigated.
Based upon expected modification due to &actionation, a simple mixing model
predicted that the majorityoforganic matter reaching top-level consumers originates
&om phytoplankton production. Findings &om this study challenge the theory that
Sargassum is a direct source of energy to pelagic fishes, and therefore the value of
this unique complex may be limited to its role as refuge for pelagic fauna

KEY WORDS: Diet, pelagic fishes, stable isotopes, Gulf of Mexico

Determinacibn Retrospectiva de las Relaciones Trb5cas entre
Peces Pelkgicos Asociados a las Matas de Surgussum en el Golfo

de Mexico

La composici6n isotbpica de la fiora y fauna asociada con el sargazo flotante
en el noroeste del Golfo de Mexico fue medida para identificar el origen 6 origines
de la materia orghnica utilizada por los peces pelhgicos y asi determinar la relaci6n
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tr6fica asociadas a estos grupos taxon6micos. Isotopos estables de earbono �' C!
y nitr6geno �"N! fueron cuantificados en muestras de tejidos pmvenientes de tres
autotrofos primarios y de varios otros miembros del complejo de Sargassum
 herbivoros hasta depredadores superiores!. Valores muy distintivos de �"C!
fueron observados entre los aut6trofos: Sargassum natans  -17.1 + 0.4%o!,
Sargassum fluitans  -16.3 + 0.2%o!, algas epifitas  -18.3 + 0.9%o!, and fitoplancton
 partlculas de materia orgdmica!  -21.0 + 0.5%o!, lo que sugiere que este
acercamiento es prometedor para la identificaci6n la s! fuente s! energ6ticas.
Ademhs, los is6topos estables de nitr6geno indican la presencia de cuatio niveles
tr6ficos dentro del complejo de Sargassum. Patrones de variaci6n temporal y
espacial en las medidas de los O' C y 5' N fueron observadas en un grupo selecto de
aut6trofos y hetemtrofos; sin embargo, las se5ales fueron relativamente estables
dentio de las escalas estudiadas. Partiendo de modificaciones esperadas por
&agmentaci6n, un modelo de mezcla simple predijo que la mayorla de Ia materia
orgkaica que llega a los consumidores superiores se origina en la producci6n del
fitoplaiicton. Este estudio es contrario a ia teorla de que el sargazo  Sargassum! es
la fuente directa de energia para los peces pelhgicos, por lo que el valor de este
complejo esta limitado al papel de proveedor de refugio para la fauna pelhgica.

PALABRAS CLAVES: Sargassum, pecespelkgicos, Golfo de Mexico, composici6n
isot6pica

INTRODUCTION

Sargassum isa fee-fioatmgbmwn alga that is ofparticular interest to scientists
and fishery managers because of its putative value as essentia1 fish habitat. Survey
work indicates that severa1 highly valued species utilize Sargassum mats  e.g.
amberjack, cobia, dolphin, triggerfish, tuna!, particularly during early life  e.g.
Coston-Clements et al. 1991, WeHs and Rooker In press!. Due to the complexity
this habitat affords, Sargassum may enhance early life survival by reducing
predation-mediated mortality aud enhancing prey availability. If thisassumpfion is
valid, survival and recruitment success of certainpelagic fishes wiH be linked to the
distribution and abundance of Sargassum, and these mats will play a critical role
sustaining marine fisheries tluoughout the Gulf. In response, the National Oceanic
and Atmospheric Administration NOAA! recently classifiedSargassum�asessentia
marine fish habitat and recommended that research on ecosystem structure aud
function of pelagic Sargassum was critical for maintaining and enhanciug living
resources in the Gulf  SAFMC 1998!.

In addition to its presumed importance as habitat of pelagic fishes, Sargassum
is one of the few sources of energy for pelagic food webs, and scientists have
speculated that this unique complex  defined bere as Sargassum+ epiphytic algae
+ heterotrophic bacteria! contributes to primary and secondary production in
nearshore and offshore waters  Peres 1982!. Prelimuuuy findings fiom stable
isotope and fatty acid analyses support the premise that aportionoforganic material
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supplied topelagic fishes originates in the�Sargassum comple, indicating these mats
afford more than "refuge" to associated fiuma  Rae 2002!. Despite its potential
value as both habitat and source of organic matter to consumers, we know very little
about the role or significance of this complex. As a result, integrated studies
estabfishlng zelatlozLships ofhabitat use, pllnlazy productivity, trophodyziamlcs, and
biogeochemical cycling aze critically needed.

In this study we examine the structure and dynamics of pelagic Sargassum in
the Gulf of Mexico, and evaluate its ecological value using stable carbon and
nitrogen isotopes. Stable isotopes serve asuseful tracers of nutritional history since
cozzsiuner tissues zefiect the isotopic composition of pzey in a predictable manner
 Peterson and Fzy 1987!. The stable isotope approach is based is based on premise
that priznazy producers take up naturally occumng isotopes of carbon and nitrogen
in different ratio, and the isotopic ratio is conserved to some degree by consumers.
Stable isotope ratios of carbon �"C! provide infozmation on the souzce s! of
organic matter to hetezotzophs while isotope ratios of nitzugen�"N! aze often used
to delineatetrophicpositionsofconsuzners {Michener andSchell 1994, Hobson and
Wassenaar 1999!. The aim of the cunent study is to determine the source s! of
organic matter supporting pelagic fishes and delineate pathways of'energy flow
through the Sargassumcomplex  &omjuvenile fishes to apex�predator! using stable
carbon and nitrogen isotopes. Our working hypothesis is that the Sargassum
complex plays a significant role in primary and secondary production, and is a
primary source of organic matter to pelagic fishes.

METHODS

Natural variation in stable isotope signatures of primary and secondazy
producers was examined for taxa associated with Sargassum in the northwest Gulf
of Mexico in 2000. Flora and fauna associated with Sargassum were collected in
northwest zegions of the Gulf�0-70hn offshore!, and collections were taken over
a 4-month period  May - August! to assess temporal variation in stable isotope
signatures. Several different sampling gears were used to collect piiznazy producers
f Sargassum, epiflora  Cladophora sp.!, phytoplankton  based on < 40 pm size
fiactions of particulate orgamc matter-POM!j and consumers associated with the
Sargassum mats, including plankton nets and purse seines  Wells and Rooker In
pxess!. In addition, large apex predators feeding within or near the Sargassum
complex  wahoo, dolphin, yellowfin aud blackfin tuna! were collected using hook
and line. Plants and anunals were placed on dzy ice in the field and later moved to
&eezers in the laboratory.

Plant and animal tissues were ground and approximately 0.6 mg of material
were used for isotopic determination. Isotopic ratios and percent carbon and
nitrogen were determined using a Finnigan MAT DeltaPlus continuous-flow stable
isotope mass spectrometer attached to a Carlo Erba elemental analyzer at the
University of Texas at Austin Marine Science Institute.
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Stable carbon and nitmgen ratios are expressed as'"C or 5"N according to the
'W 

or "N:"N. Isotopic values of carbon and nitrogen are reported relative to Peedee
belemnite and atmospheric nitrogen standards, respectively. Similar to Herzka and
Holt �000!, accuracy of isotopic measurements was verified using a secondary
standard reference material  chitin of marine origin, Sigma Aldrich Co., USA, No.
C-8908!.

RESULTS

Primary Producers
Stable carbon and nitrogen isotope ratios were estimated for S. fluitans, S.

natans, epiflora  Cladophora sp.!, and POM  Table 1!. Distinct 5' C values  mean
+ 1 SE! were observed for each autotroph, and S. fluitans  -16.3 + 0.2%o!
Sargassum natans  -1 7.1 + 0.4%o! were enriched �-4%o! relative to epiflora  -18.3
+ 0.9%o!, and POM  -21.0 + 0.5%o!. Stable nitrogen isotope ratios of prinuuy
producers varied between 2.3 and 9.1%o, and 5"N of both 8 fluitans �.8+ 0.5%o!
and S. natans �.3 + 1.0%o! were depleted by 6 � 7%o compared to POM  8.5 +
0.8%o! and epiflora  9.1+ 0.5%o!.

Consumers

Consumers exhibited patterns of enrichment in 5"C and 5 "N with increasing
trophic position Table 1!. 5 "C values were most depleted for juvenile shrimps and
crabs  -17.4 to -18.2%o!. A shiA in 5'3C values was observed for juvenile fishes
 blackfin tuna Thunnus atlanticus, yellowfin tuna Thunnus albacares, gray
triggerfish Baiistescapriscus!, and values increased by approximately 1.0 to 1.5%o,'
however,certamtaxamauttainedrelativelydepleted 5"Cvalues: plarmlwad filefishes
Monacanthus hispidus -18.4+ 0.7%o!, greater amberjack Seriola dumerili  -18.3+
0.1%o!, and sargassumfish Histrio histrio  -17.& 0.8%o!. Stable carbon isotope
ratios of adult fishes varied  -15.9 to -17.5%o!, and the heaviest 5"C values were
observed for wahoo Acanthoeybiumsolanderia  -1 5.& 0.4%o!, blue marlin  -1 6.&
0.3%o!, and king mackerel  -16.& OA%o!. Enrichment of 5"N also occurred with
increasing trophic position and patteruswere more consistent than'"C. Again, the
lowest values were observed for juvenile crustaceans: Leander sp. �.5+ 0.4%o!,
Latreutes sp. �AH: 0.7%o!, Portunus sp.  8.7+ 0.7%o!. Juvenile fishes ranged fium
8.0 to 10.2%o with 5"N values over 10.0%o for blackfm tuna, planehead filefish, and
greater amberjack. 8"N values of tertiary consumers ranged &om 11.8 to 15.6%o,
and estimated truphic position was highest for king mackerel Scomberomorus
cavalla, biackfin tuna, and yellowfm tuna �' N ranged: 13.0 to 15.6%o!.
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Temporal Variability
Seasonal variation in 5"C and 5 "N values was evaluated for S fluitans an two

consumers  gzay triggerfish, Balistes capriscus and blue runner Caranr
crysos3 Table 2!. 5"C values of S. fluitans weze similar among months examined;
values ranged &om -16.2 to -17.8%o  ANOVA, p > 0.05!. Monthly diBezences in
5"C values of blue runner were negligible, with mean monthly values ail within
0.1%o  ANOVA, p > 0.05!. Conversely, monthly shifh in 5"C of gray triggerfish
were more alzpazezzt range: -14.5 to-l8.8%o! and a signifzcantdifference in monthly
signatures was detected {ANOVA, p > 0.05!. Seasonal shifh in 5"N values of S.
fluitans ranged Som 2.0 - 4.0%o with vahes lower during June and July;
nevertheless, no seasonal difference in 5"N was obsezved. 5"N values of both
consumers were similar across months investigated  ANOVA, p > 0.05!.

DISCUSSION
Three main autotzophs were present in offshore waters of the Gulf of Mexico

 Sargassum spp., epiflora, and phytoplankton!, aud stable isotopic ratios of these
producers were distinct. Based on 5"C values, Sargassum was the most enriched
producer while epiflora  Cladoplzora sp.! is more depleted � - 2% !. Observed
values for both taxa are within the common range of vahzes observed for marine
marcoalgae {Michener and Scheii 1994, Kaehler et al. 2000!, and both ate markedly
different &om our observed value for phytoplaukton  -21%o!, which is consistent
with the estimate pzuvided by other mearchers in the Gulf of Mexico  Hezzka and
Holt 2000!. 5"C values between -18 to -24%o aze typically observed for marine
phytoplaukton whilenearshozeand estuazinephytoplanlrton aze oftenmozedepleted
 -22 to 30%o!  Fzy and Sherr 1984Pogel et aL 1992, Deegan and Gazritt 1997!.
5"N of primary pmducezs was also distinct with both species of Sargasszan being
depleted�-7%o! relative to phytoplauktonor epiflora, and the large disparity likely
indicates differences in the ability of these plants to fzx Nz Izum the atmosphere
 Peterson aud Fzy 1987!. Marked differences in 8"C and 8"N values of producers
in this study indicate that the approach has promise for delineating trophic
relationships of consumers in the Sargassum complex.
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Enrichment of 5i3C and@"N was observed with increasing trophic position in
the Sargassum community and comparable results have been reported in other
studies exainining multiple trophic levels  e.g. Jennings et al. 1997, Kaelder et al.
2000!. Based on 5"C and 5"N enrichment of approximately 1.5 %e and 3.0 per
trophic level, respectively, signatures of consumers exhibited 5"C and 6"N values
similar to phytoplankton  based on POM signature! and epiflora production. As a
consixluence, the majority of organic matter reaching top-level consumers appears
to originate &om phytoplankton and epiflora production. Unfortunately, 5"C and
5"N values of both producers overlap, thus limiting our ability distinguish the
relative contribution of organic matter provided by each producer to consumers.
5"C and 5"N values exhibited by consumers were not consistent with the
enrichment of organic matter derived &om either S natans or S. fluitans. As a
consequence, fmdings &om this studychallenge the theory that Sargassum is aditect
source of energy to pelagic fishes, and therefore the value of this unique complex
may be limited to its role as refuge of pelagic fauna.

Temporal variation in 5"C is commonly reported for primary producers and
consumers  Wiencke and Fisher 1990, Bouillon et al. 2000, Rolff 2000!. Observed
trends appear related to changes in environmental conditions and several factors
 e.g. CO2 supply, growth rate, temperature! have been shown to modify 5' C of
phytoplankton aud macroaigae  Fry 1996!. No conspicuous seasonal patterns were
observed in this study; however, our seasonal assessment was based on a few taxa
 S. fluitans and two consumers!, and the duration of the study was limited to four
months. In addition, recent data suggests that isotopic signatiires ofphytoplankton
in the Gulf ofMexico vary over spatial and temporal scales  J. Rooker, unpublished
data!. Therefore, precaution must be exercised when interpreting stable isotope
data, and detailed information on spatial and temporal variation is needed to fully
understand energy flow and tmphic relationships within the Sargassum complex.
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ABSTRACT

Previous work has shown that zeef fish populations at Barbados, West Indies,
are largely self-recruiting and that North Brazil Retroflection Current rings
Sequentiy impingeuponthe island and surrounding waters. Inorder to examine the
impact of these rings on the gmwth and survivorship of reef fish larvae, we
examined the otolith record of successful recruits to the island. New zecruits of the

bluehead wrasse, Thalassomabifaciatum, were collected fmmnearslzoze zeefs evezy
two weeks for 1$ months. Examination of the otolith record demonstrated that

larvae encountering rings exhibited slower growth rates, leading to longer pelagic
larval durations. This was especially true for those larvae encouzztering a ring early
in their larval life. Larval gmwth rates were ~ correlated with the sahnity of
nearshoze waters. However,.this generally negative impact ofringson huvalgmwth
sometimes can be countered by in~ larval retention rates dming ring events.

KEY WORDS: Current rings, reef fish larvae, retention rates

CRKCBCIKNTO KN UN MEDIO AMBIKÃTK PELAGICO VARIASLEz
IMPACCION DK "RINGS" SOSRK LARVAS DE PECKS DK CORALKS

Estudios anteriozes ban demostrado que las poblaciones de peces decorales en
Barbados, Indias OccidentaIes, son en gran parte reclutados locahnente, y que
fiequentemente, "zings=anilios" de iazetmfleccion de lacomente Nor Brasil inciden
sobre Ia isla y las aguas que Ia rodean. Para estudiar el impacto de estos "rings"
sobre el czecimiento y la supervivencia de larvas de paces de corales, hemos
examinzzdo el record de los otolitos de los zeciutos exitosos en Ia isla Nuevos

re:lutos de Thalassoma bifaciatum fuezon colectados en las azzecifes costera cada

dos seznanas por 1$ meses. Anahsis de los otolitos demostz6 que las Iazvas que se
encontraron con 'rings" exhibieron un czecimiento mas lento, resultando en un
periodo larval nuls largo. Esto fue mas aplicable para las larvas que encontramn un
eddy temprano durante su vida pelhgicaCrecimicuto larval estuvo dlzectamiente
corelacionado con Ia sahnidad de ias aguos costeras. Sinemborgo, este impacto
generalmicute nagotivo de los "zings" en el czecimiento larval puede ser balanceado
por el aumiento de las tosas de retention duraule los "rings" eventos.
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PALABRAS CLAVES: "rings=aniHos", larvas de peces de corales, las tosas de
retention

INTRODUCTION

As the easternmost island in the Lesser Antilles, Barbados is geographica1ly
isolated &om the mainland or other islands  its nearest neighbor is 140 km to the
east. Lymg within thepredominantlynorthwest fiowing Guyana Current, Barbados
has weHMeveloped coral reefs that support a diverse fish fauna that, due to the
island's upstream location, is consideredtobe Iargelyself-recruited. Larvae settling
to island reefs are likely those that spent their pelagic larval period within
surrounding waters.

Although the ishmdis situated within ageneraHyuni-duecbonal flow, the waters
flushing by the island are uot of uniform consistency. This region is regularly
dominated by significant, oceanographicaHy distinct features: large anti-cyclonic
rings shed at the retroflection of the North E'quatorial Counter Current  NECC! and
the North Brazil Current  NBC!, which move to the northwest along the South
American coast. Rings entrain water low sahnity water fiem the Amazon River and
translate towardthe Lesser Antilles. These low-sahnity rings typicaHy encounterthe
Barbados-Tobago ridge, veer to the north slightly, and pass directly by or around
BarbadoL These low salinity features frequently impact the pelagic environment
surrounding Barbados. Data fiom sateHite altimetry data and tempeBWIe-salinity
recorders moored off the west coast of Barbados reveal that NBC rings may pass
Barbados four to five times each year.

NBC rings potentiaHy influence larval fishes in nearshore waters by affecting
their transport or by influencing their growth and survivorship. This presentation
wiH focus on the hrter. Our worhng nuH hypothesis is that growth rates of reef fish
larvae that encounter a current ring during some portion of their pelagic larval
period will not differ from those that do not experience a current ring.

APPROACH AND METHODS

To examine the effect of major oceanographic features such as the NBC rings
on the growth of pelagic larvae aud subsequent recruitment strength, juvenile
bluehead wrasse, Thalassoina bifasciatant, were censused and collected biweekly
along the west coast of Barbados for 20 months  April 1996-November 1997!.
Thalassoma bifasciatam was selected as the focal species becmxse it is common
throughout the Caribbam and previous studies have doctmwt@xl many ~ of
its life history. For each census at each of three sites, two divers censused new
recruits  IuvenHes< 15 mm SL! in 10 randomly pliced I X 5 m quadrats. To obtain
an accurate age as weH as a record of larval growth, recruits were coHected by
divers usinghand nets andthe anestlteticguinaldine. Specirnens were storod in95%
ethanol until they could be dissected in the IaboaWry.

The otoliths  ear bones! of 17udassoma bifasnahon have an interrtal struchue
that enables calculation of an individual's age, timing of settlement, daily growth
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rates, and relative size at different age. Pxevious studieshaveconfixmedthatotolith
increments in T. bifasciatum are deposited daily and that the transition fiuxn the
pelagic larval stage to the benthic juvenile, including the metamorphic period, is
recorded in the otoliths. Studieshaveshownthat therelationshipbetween fish length
and otolith length is strongly correlated in T. bifasciatwa

To identify theage structuxeofnew recmits, individuals were selected random1y
&om each bi-weeldy collection for otolithanalysis. Standard procedures were used
to dissect, read, and interpret the sagittal otoliths. AH increments were identified
as larval, metamorphic or juvenile andenumerated along the longest radius &um the
otolith core to the edge. From these data, we obtained measures of huval duration,
juvenile age  post-emergence age!, timing of settlement, and otolith growth rates
 increment widths! for the larval and juvenile periods.

Measurements ofthe strength and timingofsettlemexxt were combined to create
a settlement xecoxd for the entire 20-month period %les record then was compared
to the timing of NBC ring impingement at Barbados. The presence of NBC rings
in the vicinity of Barbados was deterxnined &em hydrographic herds 6om a CT
sensor moored off the south coast of the island. A ring was considered to be present
on days when salinities of the 25 m depth bin were less than 34.5 psu.

In order to examine specific growth rates of larvae in the presence or absence
ofNBC rings, individual otohthrecords were examinedon adaily basis. Mean daily
otolith increment widths during the larval period and mean pelagic larval duration
were compared for fishes that had encountered a ring for at least seven days during
the first half of their larval period  during day 1-20!, and those that encountered a
ring during days 21-40, to those that encountered no ring at any time during their
larval period.

Tempemture has the potential to influence larval growth, so to tease apart this
potential effect &om the infiuence of NBC rings, we plotted mean larval otolith
growth against the mean water temperature during each time period. We similarly
examixied larval otolith growth versus mean salinity duxingeach event. Temperature
and salinity values were obtained for the 25 m depth bin &om the CT sensor mooxed
off the south coast of Barbados,

RESULTS AND DISCUSSION

Fishes that encountered a ring during their larval period grew more slowly than
did fishes that did not encounter a ring. These growth differences resulted in a
difference in the length of the larval period Fishes that encountered a ring during
their larval period spent longer in the plankton. This theoretically should result in
lower survivorship. There was no correlationbetween meanincrement width proxy
for larval growth! and water temperature, but otolith growth was iixectly correlated
with salinity.

Examination of the rawsettlement recruitmentrecord demonstrates that the low

growth associated with rings does not always translate into low recruitment events.
Occasionally there are large recruitment events immediately foHowing the passage
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of a NBC ring. This suggests that the generally negative effect of NBC rings on
larval fish growth can be countered by changes in larval transport. Recent work has
shown that depending on the speci6c angle of approach, the impingement of NBC
rings can result in an increase in larval retention at Barbados. Recmitment events
are likely the result ofsuccessM larval growthand survivorship as weH as successful
larval retention or transport events.
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AI3STRACT

In efforts to maintain viable shark populations, the National Marine Fisheries
Service  NMFS, an agency of NOAA! developed the 1993 Fisheries Management
Plan  FMP! for Sharks of the Atlantic Ocean  NOAA 1993!. Ttus plan stresses the
need for monitoring and assessment of shark populations to debmaine the efficacy
of FMP measures. NMFS Mississippi Laboratories  MSL! instituted field surveys
 beginning 1995!, with support fiomtheNMFS Highly MigratorySpecies Division,
to assess distribution and relative abundance of coastal sharks in the western North

Atlantic Ocean and Gulf of Mexico. In order to assess the extent of shared shark

and teleost populations between Mexico and the U. S. within the western North
Atlantic Ocean and the Gulf of Mexico, NMFS and the Instituto Nacional de la
Pesca  INP! of Mexico instituted a cooperative bottom longline research initiative
that operates under auspices of MEXUS-Gulf. The first of a series of cooperative
projects was conducted during sumner of 1997, with subsequent projects during
1998, 2001 aud 2002 [Grace 1997, 1998, 2001 and 2002j. Scientists representmg
INP, NMFS and several Mexican and U. S. based institutions and universities
participate Gear, survey design and project objectives for the Mexico based eEort
was consistent with NMFS U.S. based surveys. One hundred and sixty five bottom
longline stationswerecompleted during 51 survey days. Captures include 97 sharks,
57 other elasmobranches and 248 teleosts. The MEXUS-Gulf bottom longline
surveys havebeen successfid fordeveloping a useful fisheries hidepeixlent data base.

KEY WORDS: Longline, MEXUS-Gulf, Survey
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Estudios Biologicos para Kvaluar la Abnndancia Reladva y
Distribucibn de Tiburones Costeros y Telebsteos del Golfo de

Mexico, 1997, 1998, 200I Y 2002

En un esfueno para mantener viables las poblaciones de tibur6n en aguas de
los Estado Unidos, el Servicio Nacional de Pesquerias Marinas de los Estados
Unidos the National Marine Fisheries Service, NMFS! implemento apattir de 1993
un Plan de Manejo Pesquero pan los Tiburones del Ochmo Atlhntico. Pan evaluar
la eficacia del plan, el Laboratorio de laNMFS en Mississippi condujo una serie de
cruceros de paispecci6n �995 - 2002!, para evaluar la distribuci6n y abundancia
relativa de tibumnes costems en la costa occidental de los E.U. del Ochmo
Atlkntico Norte y del Golfo de Mexico. Para extender la cobertura de los estudios
para varias cspecies del tibur6n, la NMFS y el Instituto Nacional del la Pesca  INP!
iniciamn una serie de cruceros de investigaci6n conjuntos �997, 1998, 2001 y
2002! dentro de Ias aguas temtoriales mexicanas del Golfo de Mexico. El objetivo
fundainental del proyecto del Golfo de Mexico fue desarroilar una base de datos
de pesquerias independiente para el manejo de las diferentes cspecies de tibur6n
 tiburoiies costeros yandes y peque5os! y tele6steos de importancia comeieial
 huachinangos y meros!. Los objetivos secundarios incluyeronestudios de marcado
ymuestreo biol6gico para el conocimiento de las historias de vidade lasprincipales
cspecies.. Encuatm cnicemsconjuntos deinvestigaci6n sereaiizaron165estaciones
de palangre de fondo durante 51 dias del estudio. Las capturas incluyeron 97
tibmones �1 cspecies!, 57 de otros elasmobranquios � cspecies! y 248 tele6steos.

PALABRAS CLAUES: MEXUS- Golfo de Mexico, estudios biol6gico,

INTRODUCTION

Use of longline gear to survey fish populations has historical precedents for
fisheries surveys. However, some longline surveys lacked sound statistical survey
designs or surveys were directed toward a particular species of interest or problem,
therefore, there are Hmitations for the usefulness of historical longline data for
current fisheries management purposes. In order to eomparte fish population trends
it is advantageous for biological surveys to be designed and conducted in a uniform
manor. This is especially true when trying to assess several different species
occupying dissimlar habitats along broad geographical areas. In response to the
need for developing a fisheries indeperident data base that would be useful for
determining the efllcacy of the 1993 Shark FMP, NMFS MSL instituted bottom
longline studies designed to satisfy 5 important assessment principles: stock wide
survey, synopticity, well-defmed sampling universe, controlling biases and useful
precision  Grace and Henwood 1997!. During 1999 survey objectives were
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expanded to include teleosts of U. S. management interests  e.g., red snapper,
Luj tanas campechmms!.

SURVEY DESIGN

All longline sites during all surveys were selected at random. The first
coordmate for random longline site locations was a randomly selected latitude or
longitude  dependent on the perpendicular direction ofbathymetric contours!, with
the second coordinate a random distance &om the minimum survey depth of 9 m �
fin!. Sampling density for each survey was a function of available sea days.
Longline sites were occupied in the most timeefficient mannerpossible and were not
designated day or night sites prior to the survey. Longline locations were allocated

MATERIALS AND METHODS

The timing for the longline surveys was based on resemch vessel availability,
and even though it is known that shark and fin6sh catch rates by species may vary
seasonally no adjustment for seasonal variations was possible. Type and
configuration of fishing gear was based on gear used during NMFS MSL surveys.
Monofilament bottom longline gear was selected for the longline projects because
it is the preferred gear of the conunercial fishing sector, and because comparison of
monofilament longline gear versus rope or "Yankee gear' Branstetter and Musick
1994! indicated that monofilament gear is significantly more efficient A hydraulic
longline teel was used for settingand retrievingthemainline. Radar refiectmgbuoys
were used to mark Ionglme locations. The mainline was weighted �0 kg weights!
at the start buoy, midset and end buoy; additional weights were added between start
and midset, between midset and end! for sites in atlas of strong currents. Longline
gear components included; 1.0 nautical mile of 426 kg �,000 lb! test monofilament
mainline, 43/0 J hooks �997 and 1998! or 415/0 circle hooks �001 and 2002!
baited with Atlantic mackerel  Scorcher scomhrus. 1997 and 199$ surveys! or
Atlantic bonito  Sarda sarda, 2001 and 2002 surveys!, 3.66 m �2 fi! gangions
 leaders! of 332 kg �30 lb! test monofilament. Longline gear �00 hooks! was
6shed for one hour determined as the time duration between deployment of the last
longline set buoy to retrieval of the first buoy to begin haulback Longline gear was
retrieved in the direction of the longline set.

Survey vessels used to conduct the bottom longline surveys were the NOAA
Ship OREGON H �1.5 m length! and the Mexican RV ONJUKU �5.0 m length!.
With minor modifications, these survey vessels proved effective for conducting
bottom longline operations. Survey data recorded to characterize gear and catch
included gear specifics, environmental and biological data. Biological data for
sharks and teleosts included identifications genus and species!, length nun!,weight
 kg!, sex and mortality. Sea surface to sea bottom environmental profiles were
collected at each survey site with a CTD.
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within contiguous 60n. mile sampling zones to assure aHocation tluotighout survey
areas without gapa in coverage.

During 1997statistical zones were aHocated three longline sites with additional
longline sites randomly selected or selected midpoint between extreme distances.
During 1998, 2001 and 2002 aHocation of randomly selected surveys sites was by
proportionalaHocation within 60n. mHe sampling zones based on continental shelf
area; sampling zones in areas with a broad continental shelf were aHocated more
survey sites than sampling zones with a nanow contumntal shelf. The depth range
for longline sites during 1997 aud 1998 was 9 m� Sn! -55 m�05a!; during 2001
and 2002 the depth range was 9 m - 366 m �00 fm!. During 2001 aud 2002, in
addition to the randomly selected sites designated by proportional allocation, 2
longline sites were selected at random not by proportional aHocation! between 183
m �00 5n! - 366 m �00 fm!. 'Ihe survey area for the 2001 and 2002 was defined
by delineating surveyzones along areas ofhighest catchrates for sharks and teleosts
during the 1998 survey. Most bottom longline sets were conducted paraHel to
depth contours unless survey conditions  i.e. oceanic currents, sea surface
conditions! necessitated a different orientation.

RESULTS

During 51 sea days, 165 bottom longline sets were completed  Figure 1 and
Table 1!. Shark captures constituted 24.1% of the total catch, other elasmobranchs
wctu 14.2% and teleosts were 61.7%  Table 2!.

25
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!
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Figure 1. Bottom longline locations for MEXUS- Gulf bottom longline surveys,
1997, 1998, 2001, and 2002.
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Table 1. Survey descriptions, MEXUS - Gulf bottom longline surveys, 1997, 1998,
2001 and 2002.

Survey
and date

Longgne sNes alkeated
wNNn sempNngs mnes, ¹3/0
J, hooks.

U.S. - Mexico
boundary to
Cabo Rojo,
Mexico

gm-55m 25OT-9744
�27!, 8/9
-8/24/97

Longline sites selected by
prcporNonai aNocalion; ¹3/0
J hooks.

OT-9H2 Entire Mexiczm
�31!, 7/24 Gulf of Mexico
� 6/21/98 coast

9 m - 55 m 110

Eastern Bay af 9 m � 366 m 38
Campeche

longline sNes selected by
proportional aNocaNon; ¹15/0
circle hooks.

ONJUKU
6/1�
6/20/01

Longline sites selected by
proportional eNocagon; ¹15/0
cucie hooks.

Eastern Bey of 9 m � 366 m 29
Cempeche

ONJUKU
6/28-
7/5/02

Twelve shark species were captured  97 cap
fzequentlycaptuzed shark the Atlantic sharpnose
blacknose shark �0 captures!. Sixty-eight

Table 2! with the most
�2 captures! followed by the
were tagged and released.

Mortality for shark captures was 12.0'lo. Thee species of other elasznobranchs
 rays! were captzzred with the southern stizzgray the most &equently captured �3
captures!.

Twenty-six teleost species were captuzed �48 captuzes, Table 2!. The most
&equently captured teleost was the zed grouper �29 captures! followed by the
hardhead catssh�4 captures! and the mutton snapper �3 captures!. Mortahty for
teleosts was 2 0 o/o.

'DISCUSSION AND CONCLUSION

Seasonality maybe the primary factor that contributes znost to potential sources
of survey bias concerning catch per unit eFozt CPUE! for sharks. NMFS tag return
information indicates for some sharks  i.e., blacktip sharks! there is a spring shark
migration north Izom the Mexican Gulf of Mexico to the U.S. Gulf of Mexico, with
a return migration to Mexico during faH PCohler 20023. If there is a substantial
U.S. - Mexico Gulf of Mexico shark migration then it is possible the summer time
kame for the MEXUS-Gulf surveys may reflect a zeduced relative abundazzce for
sharks as compared with relative abundance during faH or winter. Though a
migrationevent may beplausible for somesharks, species like the Atlanticshazpnose
shark  the most frequently captured during the surveys! and the blaclmose shark are
not documented to be long-distance migrators. Conducting futuze surveys during
other seasons is a possibility provided zesearch vessel sea days are available.
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The MEXUS-Gulf surveys were not designed to assess a specific shark or
teleost species. The emphasis for the surveys has been to provide data useful for
developing a fisheries independent time series and to provide tagging andbiological
samphng opportunities. Due to high catch variability between surveys and relatively
low catch rates for the multi-species complex encountered by the longline gear it
would be difllcuit to establish any meaningful conclusions concerning relative
abundance or distribution by species. However, as the time series continues to
develop thmugh future surveys the subsequent data should help define important
biological profiles for several species.
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ABSTRACT

Cobia, Rachycentron canadian, are migratory, coastal pelagic fish that are
distributed worldwide in tropical and subtropical seas, except for theeastem Pacifi,
and are abundant in the Gulf of Mexico. Previous research established that cobia
&om the northern Gulf of Mexico could be aged using sectioned sagittal otoliths,
however the coHectionof sagittae &om cobiatypicaHyiequiresremoval of the entire
head for subsequent otolith extraction and sectioning in the laboratory, generaHy a
dif5cult and time-consuming process. In this study, first dorsal spines and whole
sagittal otoliths were assessed as ageing structures for cobia collected &om the
northcentral Gulf recreational fishery. The accuracy of age estimates, based on
counts of opaque bands on whole sagitta and translucent bands on dorsal spine
sections, wasdetennined by comparison with age data &om sectioned sagittae &om
the same fish. Spine sections exhibited concentric translucent bands for most fish,
but outer bands were often closely spaced and dif5cult to interpret. Vascular
erosion of the central core of spines &om some large Qsh obscured the inner  early!
growth bands which required their "ieplacement'*. Vague bands were typical of
many whole otoliths which led to numerous discrepancies in band counts among
readers. Agreement among three readers for the number of bands on sectioned
otoliths, whole otoliths and sectioned spines was 100 lo, 86.1 /o and 97.7 'Yo,
respectively. Age agreement between sectioned otoliths and sectioned spines �1.9
lo! and sectionedotoliths and whole otoHths �1.3 '/o! was generally not satisfactory
for any age category, and some whole otoliths and spines over- and under-estimated
ages by as much as two years. Under- and over-estimations of age obtained &om
whole sagittae and sectioned spines have obvious impHcations in esthnating
mortalities for use in fisheries management. Although dorsal spines were far more
practical in terms of ease of coHection, they do not represent a viable alternative for
deriving age estimates for cobia. This study demonstrated that it is essential to
section sagittal otoliths &om cobia in order to obtain an accurate age.

KEY WORDS: Rachycentron canadutn, age, otoliths, spines



Page 28155 Gulf and Caribbean Fisheries lnstltLrle

Comparacion de la Kdad Kstimada con Otolitos Sagitales y la
Primera Espina Dorsal en Cobia  Ruchyceutren cueadum! en el

Norte del Golfo de Mejico

PALABRAS CLAVES: Cobia, Rachycentron canadum, edad estimada, otolitos

INTRODUCTION

Cobia, Rachycentron canadum, is a migratoty, coastal pelagic fish that occurs
worldwide in tmpical and subtmpical seas, except for the eastern Pacific, and is most
common in the west-central Atlantic region along the southern U.S. coast, including
the Gulf of Mexico  Gulf!  Shaffer and Nakamura 1989!. Cobia are rapid-gmwing
fish with moderat life spans, having been aged to elevenyears for females and nine
years for males in the northern Gulf  Franks et al. 1999!. This species appears to
follow an annual migratory pattern in Gulf waters, typically over-wintering in south
Florida foHowed by a northward migration along western Florida in early spring
 Hendon and Franks 1999!. Fmm spring through fall, cobia range off northwest
Florida to southwest Louisiana, returnmg to south Florida waters in hrte fall. Some
fish in the northern Gulf reportedly do not follow this migratory pattern and over-

Cobia, Rachycentron canadum, es un pez costem pelkgico y migratorio
distribuido en los mares tropicales y subtropicales de todo el mundo, con excepci6n
del Pacifico oriental. Previas investigaci6nes establecieron que la edad de lacobia
capturadarecreacionahnenteencl nortedel GolfodeMejico podriaserestimada con
exactitud utilizando otolitos sagitales seccionados. La colecci6n de sagittae en la
cobia cosechada por los pescadores tipicamente requiere la remoci6n de la cabeza
entera para extraer el otolito y luego su disecci6n en el laboratorio, a menudo un
proceso dificB que consume mucho tiempo. Realizamos unacomparaci6n entre las
edades estitruulas utilizando los otolitos sagitales enteros y seccionados y las
primeras espinas dorsales seccionadas. Los sagittae enteros presentamn las zones
del crecimientoasumidas corno acontechnientos anuales,yias secciones de laespina
dorsal revelamn una sucesi6n de bandas opacas y translucidas alternas, aunque no
validas corno piezas anuales, fuemn utilizadas en Ia valoracion de la edacL Bn
algunos peces grandes, laemsi6n vascular de la base central de las espinas dorsales
obscureci6 las bandas  tempranas! internas de necimento lo que requirio su
memplazo estadfstico. Laexactitud de laedad estinuda con laslecturasde la sagitta
entera y de Iaespina dorsal seccionada fue compmbadacomparando esos datos con
los obtenidos con los sagittae seccionados de los mismos peces. Aunque es nuis
dificil colectar, los sagittae proporcionan unainformaci6n mksdetaiiadade laedad,
sin embargo, las espinas dorsales son mhs prkcticas en thminos de la faciTidad de
colecci6nypueden representar unaalternativa para derivar las estimaciones de edad
para la cobia.
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winter in the northern Gulf in depths of 100 to 125 meters deep  Howse et al. 1992!.
Cobia is highly sought byanglezs in the northern Gulf, where the majorityofU.

S. cobia recreational Ianzhngs occur  Shdfer and Nakamura 1989}. From 1997 to
2000, reczeabonal landings of cobia &om western Florida to Louisiana averaged
over 500,000 kg per year  NMFS pers. comm.!. Although a commercial fishexy for
this species also exists in this region, it is minor  85,000 kg per year over the same
time period! compaxed to its recreational countexlert, and no commercial fishezy
exists in Mississippi where it is illegal to seH cobia caught in state waters or landed
in the state  MDMR, 2001!. Because of its popularity, cobia is manalyd in both
state and federal waters in the U.S. Gulf. Both the xocnx6onal and commercial

cobia fisheries axe reguhited by a 33-inch  837 mm! foxk length  FL! minunum size
limit and a two fish/person daily bag  possession} limit in federal waters  GMFMC,
2001!. Each of the Gulf states has implemented similar restrictions in its state

Because cobia are sought by a wide range of user groups, this fisher in the
northern Gulf must be properly monitozed to ensure the health of the stock, and data
on the age stnzctiixe of the current population are needed to adequately assess the
status ofthe fisher. Previousxesearchestablished that cobia fiom the northern Gulf
recreational fishery could be aged using sectioned sagittal otoliths  Franks et al.
1999!. The collection of sagittae &omcobiatypicaHy requires removal of the entire
head for subsequent otolith extraction aud sectioning in the laboratory, generally a
dificult and time-consuming process. As an alternative to this technique, recent
studies have successfully utilized dorsal and anal spines to estimate age in several
fishezy specie, including albacore tuna Gonzalez-Gaxces and Farina-Pezez 1983!,
little tunny  Cayze and Diouf 1983!, gray triggerfish  Berzzazdes 2002!, swordfish
 Tserpes and Tsimenides 1995! and wahoo  Franks et al. 2000!.

The objective of this xeseazuh was to assess the first dorsal spine, a. more
readily-accessible bony part, from cobia as an ageing structure by comparing age
estimates fiem analyses of sectioned first dorsal spines and sectioned sagittal
otoliths. In addition, the accuracy of age estimates obtained &om whole sagittae
were evaluated by comparison with ages fiom sectioned sagittal otoliths. Although
sectioned sagittal otohths typicaHyxepzesent theideal ageing structure, dorsal spines
are more practical in terms of ease of coHection, particularly for researchers
conducting fishery-dependent  dock-side! surveys, and may represent analternative
for deriving age estimates for cobia

MATERIALS AND METHODS

Cobia were obtained from the northern Gulf recreational fishezy, primarily
during fishing touznanient, &om September 1997 to March 2000. Date of capture;
fork length FL, mm! and sex were recorded for each specimen sampled. The head
and first dorsal fin spine were removed fiom each fish, stored on ice and returned
to the laboratory for processing.
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Laboratory Preparation and Age Determination
Sagittal otoliths were extracted &om cobia heads and, along with first dorsal

spines, were thoroughly cleaned of excess tissue and air-dried. Whole otoliths and
dorsal spines were weighed to the nearest 0.001 g, and dorsal spines were measuxod
&om the condyle base to the tip of the spine to the nearest 0.1 mn. The first dorsal
spine and one otolith &om each fish were embedded in an epoxy resin and sectioned
transversely at 0.3 mm with a Beuhler Isomet low-speed saw. Otobths were
sectioned through the core along a transverse, dorsoventral plane, and spines were
cut  on average! at 30 /o of their length, extending &om the condyle base to the tip.

Sectioned spines and sectioned otoliths were viewed under a dissecting
microscope �0 - 40x magnification! using transmitted light. Whole otoliths were
viewed on a black background with direct light. 'IIie authors were familiar with
reading opaque bands onsectioned sagittae Franks etal. 1999!,however we carried
out an initial training exercise in the reading of whole otohths and sectioned spines
by making counts on a small subsample of those structures and comparing counts
with ages &omsectioned otoliths. Subsequentreadings were carried out blind", i.e.
the readers did not know the size or sex of the cobia By using marginal-increment
analysis, Franks et al. �999! determined that age in years for cobia sampled &om
the northern Gulf was equal to the number of opaque bands observed on sectioned
sagittal otoliths. For purposes of this xeseaxch, age derived &om sectioned otoliths
was considered to be the "actual age" of the fish.

Because it was beyond the scope ofthis study to validate markings on sectioned
spines as true annuli, a "presumed age" was assigned to each dorsal spine by
counting the number of distinctive, concentric translucent bands that appeared to
encucle most ofthe spine'scixcumference. In some instances, particularly for larger
fish, vascular erosion of the central core of spines destroyed the inner early! growth
bands which required the readers to estimate  " replace" ! the number of bands
concealed in this region to arrive at a "corrected age". 11iexefoxe, using an image
analysis system, measurements of the distance &om the spine's coxe to early growth
bands �", 2~ and 3"! observed on legible sections &om snmll spines  young fish!
provided guidance for estimating theapproximate distance ofobscured early growth
bands &om the spine's core on centrally eroded areas of large spines  older fish!.
Also, visual comparison of sections &om larger dorsal spines with those &om
smaller spines exhibiting obvious early growth bands provided additional guidance
for the'replacement" of missing bands. Examination of other dorsal spine sections
&om the same fish &equently resolveddiscrepancies. Spine radius  the stnught line
distance &om the estunated core of the spine section to the right margin of the
section! was also measmed for legible spine sections.

Age estimates using whole otoliths were made by a combination of:
i! Counting the number oftranslucent bands on the distal side of the rostrum,
ii! Counting the number of "ridges" along the distal ventral portion of the

structure, and
iii! Counting the number of "steps" along the suical groove  proximal side!.

Based on the findings of Franks et al. �999! for sectioned cobia sagittae,
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opaque growth zones observed on whole sagittae were assumed to
represent annual marks.

Independent readings of the ageing structures were made twice by each author,
and when disagzeeznent occurredamong readings, amutual assessnientofthe ageing
structure was conducted. If agreement could then not be reached, questionable
strzzctines were disregarded.

Statistical Analyses
The relationship between somatic growth and growth of the first dorsal spine

was determinedby modelmg FL with spine length, spine weight and spine radius for
each sex using linear regression analysis. To test for a positive correlation between
age and spine growth, actual age was compared to spine length, weight and radius
with hnear zegression. Additionally, mean ranks of age estimates were compazed
between structures with the Friedman test, a nonpuzunetric equivalent to repeated
measures analysis of variance  SPSS 1999!, to test for statistical difference and to
determine whether mean age estimates were over- or under-estimated in relation to
actud age. For all analyses, statistical significance was considered at p < 0.05, and
tests were performed with SPSS for Windows, 10.1  SPSS 1999!.

Kxamples of Ageing Structures
Although aH ageing structures considered acceptable by aH thee readers for

deriving age estimates were not of ideal quality, Figures 1, 2 and 3 show examples
of the more legible structures  images not shown at same scale!. The cross-section

Sample CoHections and Reader Agreement
The first dorsal spine and sagittal otoHths were coHected fiom 46 fish, ranging

in size Sum 890 to 1,651 mm FL. Whole otoliths were available for 38 of the 46
fish, ranging in size kom 890 to 1,270 mm. The firstdorsal spine and whole otolith
were umeadable for one fish, which was removed &om further analyses, yielding a
total sample size of 45 for sectioned otoliths and spines and 37 for whole otoliths.
Fish used in this study were sampled during spring months March-May; n= 22! and
in February  n = 10! and September  n= 13!. Females  n= 32! were more abundant
than males, by about a 2:1 ratio.

Initial reader agreement on age estimates was 80.4 % for sectioned otoliths,
51.2% for sectioned spines and 44.4% for whole otoliths. Afier mutual assessment
by the authors, agreement in~ for sectioned otoHths to 100 '/o, sectioned
dorsal spines to 97.7 %, and whole otoHths to 86.1 /o. 'nuee sectioned dorsal
spines �.5 %! and two whole otoHths �.3 %! were deenzed umeadable by the
authors, and mutual agreement on the number ofbands for one sectioned spine and
five whole otoliths could not be reached, resulting in a final sample size of 46
sectioned otohths, 31 whole otoliths and 42 sectioned dorsal spines.
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of a first dorsal spine &om an age-2 cobia is shown in Figure la. The spine's core
region and two translucent bands are identified. Spine sections &om small fish such
as this were used as a general guide to assist readers in locating  replacing! obscured
early growth bands in the core of spines &om larger fish, such as that &om an age-4,
1,150 mm cobia  Figure 1 b!. Figure 2 identifies the opaque bands  annuli! on a thin-
sectioned sagitta and the translucent bands on a ~hole sagitta and sectioned dorsal
spine &om an age-4, 1,150 mm FL female cobia. Band counts agreed among all
structures. Figure 3 identifies the bands on a sectioned sagitta and the evident bands
on a sectioned dorsal spine &om a large cobia �,651 mm FL!. Based on band counts
&om the sectioned otolith, three inner bands are obscured in the core of the
sectioned spine. Although there was complete reader agreement for band counts on
each structure in Figure 3  spine band count = 8; sectioned otolith band count = 9!,
spine age was under-estimated by one year.

Figure 1. Sectioned first dorsal spine from an age-2 cobia �a.! used to assist
readers in the replacement of obscured inner growth bands in spines from larger
fish e,1b.. o = locationofband; C = s inc core.
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Figure 2. Sectioned sagittal otolith, whole sagittal otolith and sectioned first dorsal
spine from an age-4 female cobia �,150 mm FL!. o = location of band; C = spine
core.
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Figure 3. Sectioned first dorsal spine and sectioned otolith from an age-9 cobia
�,651 mm FL!. Note: based on sectioned otolith age, three bands are obscured
in the core of the sectioned spine. o = location ofband; Cl = otoiith margin, not an
o ue band; C=a inecore.

Growth Relationships and Age Comparisons
Mean FL, spine length, spine weight and spine radius did not diAer between the

sexes {p>0.525!, so data for dorsal spines were pooled for regression analyses. Of
the six comparisons between age/FL and spine growth, only three were significant,
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and none showed a strong relationship based on linear regression  Table 1!. Only
spine weight as a function of FL yielded a moderate association  r' = 0.469!.

Table 1. Regression statistics for first dorsal spine measurements relative to FL
and age. Values in parentheses are standard errors. Significant relationships are
indicated in bold. "DS = dorsal ine, and " = actual a

Y~a tbX

X n e b p-value

836.1 19.922 �%.0! �1.5! 0 098 0 131

909.7 731.617 �7 3! �00'8! 0 002 0 480

748.4 272.425 �04 2!  83 0! 0.003 0210

10.6 0.80
�.29! �.33!

0.157 0.029
17  Q Q83!  p Q21! 0 191 0 111

1.063 0.04725 � 160!  p 041! 0.266 0.053

FL DS Length

DS WeightFL

DS RadiusFL

DS Length Age

DS Weight Age

DS Radius Age

The numberof translucent bands counted on individual dorsal spines DS-Age!
matched the actual age for 26 of the 42 fish �1.9 %!, while age estimates &om
whole otoliths  WO-Age! matched actual age for 19 of the 31 fish �1.3 %!. The
accuracy of DS-Age  Figure 4a! and WO-Age  Figure 4b! was relatively high for
age-3 and 4 fish, with slightly higher accuracy for DS-Age. Conversely, DS-Age
was over-estimated for age-2 fish, while WO-Age tended to over-estanate age for
age-2 and 3 fish. Both DS-Age and WO-Age under-estimated age for fish ag-5 and
older, with the exception of WO-Age for aa age-9 fish  Figure 4!.

Overall, mean ranks of age estimates did not dHFer between sectioned otoliths
 actual age! and whole otoliths  n = 31; X' = 0.077; p = 0.782!, but age ranks were
marginal insignificance for the comparison between sectionedotoliths andsectioned
dorsal spiaes  n = 42; X' = 3.556; p =0.059!. Age estiaiates &om sectioned dorsal
spines  x~ = 1.41!, on average, tended to underestimate actual age  s~ = 1.59!.
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Figure 4. Margin of error for band counts of sectioned first dorsal spines  a} and
whole otoliths in relation to actual sectioned otoliths for cobia.
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DISCUSSION

In this payer, we examined the merits of sectioned first dorsal spines and whole
sagittal otoliths to age cobia,Rachycentron canadmm, from the northcentral Gulfof
Mexico. Our results demonstrated that while sectioned spines and whole otoliths
appeared adequate for agemg some fish in our sample, these slructuzes are far less
precise for ageing cobia than aze sectioned otoliths. Dorsal spines showed a
moderately high level of interpzetabiIity, however the position of the first, second
and often the third transparent band could not be detezznined consistently, and outer
bands were often closely spaced and difficult to discern Uague, difficult-to-locate
bands weze typical of many whole otoliths which led to numerous discrepancies in
band counts among readers.

Although the linear relationships between age and spine length, FL and spine
weight, and FL aud spine radius were each significant, there was no strong
association between any of these measurements  z < 0.500!. The lack of a strong
association between age and spine length may be attributed to the non-symmetrical
growth of some spines. Growth in spine length appears to slow as spme width
increases  with inczeased age!, thus reducing the precision of spine length in
predicting age in older 6sh. The weak association between FL and spine weight
could be due to increased internal vascularization of the spine as the fish grows,
since dissimilar rates of vascularization would cause variations in spine weight
among 6sh of similar size. Based on these factors, spine radius would seemingly be
the most accurate measurement for evaluating spine growth, but greater yrecision
relative to the sectioning of spines, i.e. establishing a uniform area on spines for
removal of sections, might have produced more positive FL-spine radius and age-
spine radius relationships.

Because of the small sample size in this study and the preliminazy nature of the
research, we did not calculate estimates of precision  repeatabiTity! or an index of
average percent error  Beamish and Foumier, 1981! for band counts among readers,
but independent zeadings of each of the three ageing structuzes were made twice by
each reader to anive at a percent reader agreement. There was total agreement �00
lo! among readers on counts of opaque bands on sectioned otoliths, which served
asthe basis actua1 age! for comparison ofageestimates derived from whole otoliths
and sectioned spines. Although age agreements between sectioned otoliths and
sectioned spines �L9 /o! and sectioned otoliths and whole otoliths �1.3 /o! were
equally unimpzessive, there was moderate agreement between sectioned otolith and
sectioned spine readings for age-3 and 4 6sh, with di6erences reflected in both
slightly lower and higher age estimates. Agreement between sectioned otoliths and
whole otoliths was satisfactory only forage-46sh and the single age-96sh. Growth
bands were not equally clear or consistent on all legible hard parts, and some whole
otoliths and sectioned spines over- and under-estimated age by as much as two
years.

In summary, we found that whole sagittal otoliths and sectioned first dorsal
spines had limited application in estimating the age of cobia, however the caveat
regarding small sample size should not be forgotten. Although dorsal spines were
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far more practical in terms of ease of collection, they do not represent a viable
alternafive for deriving age estimates for cobia, based on the results of this
prelhninary research. This study demonstrated that it is essential to section sagittal
otoliths &om cobia in order to obtain an accurate estimate of age. Reasons for this
include the readability of sectioned otoliths, the continued growth of otoliths with
increasing fish size and age, the increase in the number of annuli with size, and
indirect validation of opaque bands as annuli  Frauks et aL, 1999!. Annuli on
sectioned sagittae are extremely clear and easy to count, even on those &om large
fish. In contrast, age estimates &om whole otoliths and sectioned spines generally
tended to be greater for smaller fish  actual ages 2, 3 and 4! and lesser for larger
fish  actual ages > 4! when compared with sectioned otolith ages. Rocha-Olivares
�998! reported that the magnitude of the differenc between whole otolith and
sectioned otolith age varies &om species to species, but the general tread is an
underestimation ofages in older fishes. Similarly, Jones and Wells�998! found that
sectioned dorsal spines &om black drum, Pogoniascroniis, tended to under~ate
age, a trend that increased with increasing fish age, and concluded that sectioned
otoliths were the clearest and most precise hard part for interpreting age. The
results of our resouch agree with the findings of those studies. Finally, the under-
and over-estimations of age obtained &om whole sagittae and sectioned spines have
obvious implications in estimating mortalities for use in fisheries managemen, and
further research on the accuracy of these structures is needed before their
implementation as age determinants for fishery assessments.

ACKNOWLEDGMENTS

We thank the directors of Gorenflo's Cobia Tournament, Biloxi, Mississippi,
for allowing us to sample cobia for research purposes, and we are grateful to B.
Lazana and fellow anglers for providing access to specimens of cobia caught &om
northern Gulf waters. Appreciation iscxtended to K Burns and T. DeBruler of
Mote Marine Laboratory, Sarasota, Florida, for access to several otolith specimens
collected during research sponsored by the NMFS, MARFIN grant NA96FL0358.
M. Griggs and A. Garber assisted in the processing of dorsal spines, and G. Zapfe
assisted in the diiptal photography of otolith aud spine images. This research was
funded in part by U.S. Fish and Wildlife Service, Sport Fish Restoration Project
Grant F-91 awarded' to the Gulf Coast Research Laboratory by the Mississippi
Department of Marine Resources.

LITERATURE CITED

Beamish, R.J. and D. A. Fournier. 1981. A method for comparing the precision of
a set of age determinations. Canadian Journal of Fisheries and Aquatic
Sciences 3$:982-983.

Bernardes, R. A. 2002. Age, growth and longevity of gray triggerfish, Balistes
capriscus  Tetraodontiformes: Balistidae!, &om the southeastern Brazilian



Paoe292 Hendon, J.R. et Nl. GCFlz55 2004

coast. Scientia Marina 66�!:167-173.
Cayre, P. M. and T. Diouf. 1983. Esthnating age and growth of little tunny,

Euthynnusalletteratus, off thecoas of Senegal, using dozsal fin spine sections.
Pages 105-110 in: E. D. Prince and L. M. Poulos,  eds.!. Proceedings of the
international workshop on age determination of ocean pelagic fzshes: tunas,
billgshes and sharks. U. S. Department of Commerce, NOAA Tech. Rep.
NMFS S.

Franks, J. S., J. R. Warren and M. V. Buchanan. 1999. Age and growth of cobia,
Rachycentron canadum, &om the northeastern Gulf of Mexico. Fishery
Bulletin 97:459-471.

Franks, J. S., N.J. Brown-Peterson, M. S. Griggs, N. M. Garber, J.R. Warren and
K.M. Larsen. 2000. Potential of the first dorsal spine for estimating the age of
wahoo, Acanthocybium solandri, &om tbe northern Gulf of Mexico, with
comments on specimens horn Bimmi, Bahamas. Proceedings of the Gulf and
Caribbean Fisheries Institute 51:428-440.

Gonzalez-Garces, A. and A. C. Farina-Perez. 1983. Determining age of young
albacore, TIzunnus alalunga, using dorsal spines. Pages 117-122 in: E D.
Prince and L.M. Poulos,  eds.!. Proceedings of the international workshop on
age determination of ocean pelagic ftshes: tunas, bilfj&hes and sharks U. S.
Department of Commerce, NOAA Tech. Rep. NMFS S.

GMFMC. 2001. Recreational fishing regulation for Gulfof Mexico federal waters.
Gulf of Mexico Fishezy Management Council, Tampa, Florida

Hendon, J. R. and J. S. Frank' 1999. Investigations of cobia, Rachycentron
canadum, in Mississippi marine waters and adjacent Gulf waters. Technical
report subznitted to the U.S. Fish and Wildlife Service, Spozt Fish Restoration
Final Report: Proj. No. F-91, Segment No. 10. 49+p.

Howse, H.D., R.M. Overstreet, W.E. Hawkins and J.S. Franks. 1992. Ubiquitous
perivenous smooth muscle cords in viscera of the teleost Rachycentron
cazzadzan, with special emphasis on the liver. Journal of Morphology 212:175-
189.

Jones, C. M. and B. Wells. 1998. Age, growth, and mortality of black drum,
Pogoniascromis, in the Chesapeake Bay region. Fishery Bulletin 96:451 Ml.

MDMR. 2001. A guide to Mississippi saltwater fishin, rules and regulations: 2001-
2002. Mississippi Department of Marine Resources, Biloxi, Mississippi.

NMFS, pers.comm. Personal communication from the National Marine Fisheries
Service, Fisheries Statistics and Economics Division.

Rocha-Olivazes, A. 1998. Age, growth, mortality, and population ctuzracteristics of
the Pacific red snapper, LutIanus peru, off the southeast coast of Baja
California, Mexico. Fishery Bulletin 96:562-574.

Shaffer, R. V. and E. L Nakamura 1989. Synopsis of biological data on the cobia
Rachycentron canadum  Pisces: Rachycentzzdae!. FAO Fisheries Synopsis
NMFS/S 153. U. S. Department of Commerce, NOAA Technical Report
NMFS 82.

SPSS. 1999. SPSS for Windows, Version 10.1. SPSS, Inc., Chicago, Illinois.



65 Gulf and Caribbean I-"isherles Institute

Tserpes, G. and N. Tsimenides. 1995. Determination of age and growth of
swordfish,XiphiasgladiusI., IZ5g,in the eastern Mediterranean usinganal-fin
spines. Fishery Bulletin 93:594-602.



Use of Single-stranded Conformational Polymorphisms  SSCP!
to Detect Species Relationship and Population Structure in the
Atlantic Sharpnose Shark {Ehizopriotsudon terrueltovue! and

the Caribbean Sharpnose Shark  E. porosus!

TERRANCE N. TODD', LILLIAN S. WALDBESER', and ROCKY WARD'
'Texas A&M-Corpus Christi

Physical and Life Sciences CS 242
6300 Ocean Drive

Corpus Christi, Texas 784l2 USA
~Texas Parks and Wildlife

Perry R Bass MRFS
HC 02, Box 385

Palacios, Texas 77465 USA

ABSTRACT

The Atlantic sharpnose shark, Rhizoprionodon terraenovae, and the Caribbean
sharpnose shark, L porosus, are small coastal-temperate and tropical sharks of the
continental shelves that overlap in distributionalong the GulfofMexico, Florida and
around the Yucatan Peninsulato the Caribbean SeL In order to properly distinguish
between the two species, current methods require counting caudal and precaudal
vertebrate. These species used to be highly abundant within their prospective
ranges, but current fishery pressures have caused declines in landing. Assessment
of population size and structure is necessary to dettnnine future management plans
for this species. Use of SSCP is a viable method to differentiate between the two
species and to measure population structure. SSCP analysis was able to detect 11
unique haplotypes in the Atlantic sharpnose shark and 3 haplotypes in the Caribbean
sharpnose. Sequencing confirmed the variation between the species with an
estimated nucleotide divergence as high as 1.08/o.

KEY WORDS: Mitochondrial DNA, population genetics, sharks

Uso de los Polimorfismos Solo-treazados de Conformational
 SSCPs! de Detectar la Relacion de la Kspecie y la Kstructura

de la Poblacion en los de Ehizoprionodolt terruettovue y R,
P01'0$NS

Los tiburones atlknticosde terraenovae el Rhizoprionodon de Sharpnose, y el
tibur6n del Caribe Sharpnose son tiburones costero-templadosytropicalespequeiios
de las plataformas continentales que se traslapan en la distribuci6n a lo largo del
golfo de Mexico, laFloridayalrededor de lapenlnsulade Yucatanal mar del Caribe.
Para distinguir correctamente entre las dos cspecies, los dodos actuales hay que
contar el vertebrado caudal y precaudal. Estas cspecies eran altamente abundantes
dentio de sus gamas anticipadas, pero las presiones actuales de la industriapesquera
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hancausado declinaciones encl aterrizaje. El gravamendeltama5oyde laestructura
de la poblacibn es necesario detezzziinar los planes futuzus de la gezencia paza esta
especie. El uso de SSCPs es un mbtodo viable a distinguir entre las dos cspecies y
para medir la estructura de la poblaci6n. El an@isis de SSCP podfa detectar los
haplotypes unicos indicativos a una especie particular. E1 uso de ordenar confirm6
la variaci6n entre la especie con una divergencia estimada del nucleotide de hasta
1,08/o. El aeflisis de AMOVA que comparaba tiburones athfnticos del sharpnose
zecogi6 en la bahfa de Campeche con las muestras obtemdas a partir de cuatro otzos
sitios a travbs del golfo de M6xico y a lo largo del Octo Athhatico del noroeste
encontr6 que los once haplotypes observados fueron distribuidos unifozmemente a
tzavbs de la gama  ST = 0,022, p = 0.191!. Las diferencias al menos significativas
fueronobservadas en en pazejasazuflisis entzelabahfade Camlechey de otzos sitios.
Estasdiferencias desaparecieroncuandolasmuestzas fuezonexzminadasbasazon en
los datos temporales que sugerfan que el bottlenecking genbtico est@ ocuzriendo en
los terraenovae del R. a lo largo de la costa mejicana.

PALABRAS CLAVES: SSCPs, Tibur6n de atlhntico y del Caribe del sharpnose,
Rhizoprianodon terraenovae, R. porosus

INTRODUCTION

Sharks have been subjectedto intensedizected fisheries�inzecentyearsthathav
caused shark populations to decline. These declines are often attributed to sharks
evolvinga "k-selected" life history inwhich fewyoung are bozn, growth isslow with
maturity occumng afier several years, and long reproductive cycles  Stone et. al.
1998!. Thus, the probability of a stock under exploitation collapsing is high even
with moderate fishing pressure. A collapse of shark stocks in the Gulf of Mexico
would jeopardize the fisheries and entail sigmficant economic and social costs
affecting livelihoods for huzxhods of fiunilies in the region  Bonfil 1997, Mazquez-
Farias and CastiHo-Geniz 1998!. The need to properly assess a particular fishery is
of utmost importance in order to create.proper management plans if this is to be
prevented. Population size, fecundity, immigration, emigration, mortality  both
natural and anthzopogenic!, and genetic composition must be assessed in order to
determine susceptibility to fishezypzessuzes. With advances in molecular biology,
methods are now available that can aid in the assesmzentofa fisher, particularly in
regards to migration and gene Qow. %le use of Single-Stranded Conformational
Polymorphisms  SSCP! is a relatively new method that can yield a tremendous
volume of data regarding population structure at a fraction of the cost using other
methods  Orita et aL 1989, Hongyo et al. 1993!.

Of particular interest in the Gulf of Mexico and the Cazibbam Sea, is the
susceptibiTity of the Atlantic shaqmose, Ebizoprionodon terraenovae and the
Caribbean shazpnose, L porosus, to fishing pressures. These small coastal sharks
aze the most common sharks in the western Atlantic, with the Atlantic sharpnose
occumng from New Brunswick to Florida in the northwestern Atlantic and
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throughout the Gulf of Mexico, being replaced by the Caribbean sharpnose south of
the Yucatan peninsula to Brazil  Springer 1964, Compaguo 1984!. During the early
1990s, landings ofthe Atlantic sharpnose sharkin Mexico and the United States had
increased to unprecedented levels. While the United States implemented a
management plan in 1995 to regulate the fishery, stocks in Mexican coastal waters
remained unprotected. Demographic models predicted that if fishing pressures
remained constant, a crash in the population was inevitable  Cortez 1995, Bonfil
1997, Marquez-Farias and Castillo~ 1998!. Due to the wide distribution of
these species, the need to assess the population stnictiire is important. However,
both species are morphologically similar when examined exteaially. Current
methods for differentiating between the two species require counting of precaudal
vertebrae  Springer 1964, Compagno 1984!. Questions have also been posed
whether the two species are separate, or should be considered subspecies to each
other. The purpose of this study is to characterize the genetic relationship between
L terraenovae and R, porosus using SSCP by testing the hypothesis that two
distinct species exist.

MATERIALS AND METHODS
Fin clippings of R. rerraenovae representing three regions and R. porosus were

obtained &om six differen sampling sites Figiue 1!. Thirteen samples originating
&om offthe coast ofTabasco and Campeche, Mexico, were obtained through Texas
Parks and Wildlife  TPWD!. Thirty-two samples were collected off the Texas-
Louisiana coast and Dauphin Island &om ~on and commercial fishermen
between September 2000 and November 2001. Finally, Thirty-two samples were
coHected with the cooperation of the Virginia Institute of Marine Science  VlMS!
during sharklongliningcruises inthe Chesapeake Bay during July2001 or originated
&om Georgia/South Carolina Coast. Twelve fin clippings &om positively identified
R, porosus were obtained &om the NSUOceanographic Center in Florida, where ten
originated &om Belize, and two were collected offBraziL All finclippings collected
were preserved in 95 % ethanol and stored at room temperature.

The mtDNA was isolated by cutting the fin clippings into small pieces, and
treating the &agments with Proteinase K. The samples were passed through Qiagen
DNAEZ extracbon columns following the manufacturers instructions. The
Polymerase Chain Reaction  PCR! was then performed to isolate the
d-loop and the Cytochrome b  Cyt b! gene &om the mtDNA. Primers �'-
TTGGGTTTCTCGTATGACCG-3'! and�'-AGAGCGTCGGTCTTGTAAACC-
'! were used to isolated the D-loop region, and primers

�'- GCCATAAATCGAAAAACCACCCA -3'! and �'-
AAGTATCATTCGGGTTTGATATG -3'! were used to isolate the Cyt b gene.
DNA amplification was performed using the Gibco/BRLo Platinum High Fidelity
PCR supermix using 100 ng DNA-Template and 0.5 liM of each primer.
Ampli6cation occurred for 30 cycles �0 s at 95' C, 30 s at 50' C, 60 s at 72 C'!.
The PCR products were then purified using the Qiageno PCR purification kit. 600
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ng of PCR product were then digested with either Rsa I  d-loop! or Alu I  Cyt b!
overnight in a total volume of 30 liL. SSCP analysis was performed following
Hongyo et al. �993!. Samples were loaded on to a 20.0 X 20.0 X 0.1 cm 0.5 X
MDE polyacrylamide gel ran at 10' C for six hours at 15 watt constant. The gel
was stained with a 0.5 iig/ml ethidium bromide in 1 X TBE solution for 20 minutes,
followed by destaining in distilled water for five minutes. Fragment size for each
sample was determined by comparing results to a 123 bp DNA ladder and reporting
migration values as relative base pairs  ,bp!. Samples determined to have the same
migration patterns were then assigned a haplotype designation. Two of each
haplotype identified was then sequence using the Beckman-Coulter CEQ2000
Capillary Sequencing system and aligned using the Omiga 1.1 Sequence Alignment
program. AMOVA and Ost pairwise analysis was then performed to look for
statistical differences between the two species using Arlequin statistical analysis
program  Excoffier et al. 1992!.

ION

LING

Figure 1. Location of sites for collection of the Atlantic sharpnose shark, R.
terraenovae, and the Caribbean sharpnose shark, R.porosus.

RESULTS

Cyt b and the D-loop region of mtDNA were successfully amplified &om both
species and produced distinct bands per haplotype. A total of 11 haplotypes were
identified in R. rerraenovae  n = 69! and 3 haplotypes observed in E porosus  n =
12!  Table 1!. Both species never shared a common haplotype. The abiTity to
discern between haplotypes was quite high. A typical gel illustrating the differences
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between haplotype is shown  Figure 2!. Hsplotype diversity in. the Atlantic
shazptmse was high  k=0.$549 + 0.053! compared to the Caribbean sharpnose
 h=0.667 + 0.091!. AMOVA analysis was performed comparing the six samples
sites grouped as two distinct populations  Table 2!. Genetic variation observed
between the two species was moderate�1.42%!, and indicated that genetic material
was not being shared between the two species �~ = 0.113, pc0.001!. The
hypothesis that R terraenovae and R porous are distinct and separate species is
validated since it seems that both species are reproductively isolatecL Further
evidence supporting this conclusion was obtained using pairwise A~analysis Table
3!. Comparision between individual populations within each group produced Os
values that were highly slgnlftcant  p < 0.001! in all cases.

Table 1. Maptotypes designations and haplotype frequencies observed in mtDNA
isolated from the Atlantic sharpnose shark, R. tenaenovae, and the Caribbean
sha ose shark, R. us.

Northwestern Northern. Gutf of Bay of
Haplotype Attanttc Mexico Campeche Cartbheaa

�8} �1! �3  't2!
2

0.154
AY

BY

CX

CY

CZ 2
0.071

1
0.036

1
0.036

OX

FZ 1
0.077

GW 4
0.333

0.500
2

0.167

GV

HU

h 0.831 4 0.053 0.611 t 0.055 0.923 k 0.050 0.6B7 4 0.091

Bold number indicates number of individuals with observed hapiotype at a site.
Lower number indicates frequency of the haplotype at a site.

12
0.429

2
0.071

0.03B
6

0.214

0 036
2

0.071

13
0.419

1
0.032

4
0.129

2
0.065

6
0.193

1
0.032

1
0.032

2
O.OB5

1
0.032

1
0.077

2
0.154

2
0.154

3
0.231

1
0.077

1
0.077
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Source of
Variation

Variance Percentage
Sum of Stiuarea Components of VartaSon

0.1132 Va 21.42Between
Population of

Species

Sample sites

Population of
Species

1.169 0.0078 Vb 1.48

Between
individuals at a

sample site
41A57 0.4073 Vc 77.10

Total 83 36.595

Vc and ibm' P  Random Value < Observed! = < 0.001
P  Random Value = Observed! = < 0.001
P  Random Value = Observed! = < 0.001
P  Random Value > Observed! = 0.134
P  Random Value = Observed! = < 0.001
P  Random Value = Observed! = 0.135 x 0.009
P  Random Value > Observed! = < 0.001
P  Random Value = Observed! = 0.235
P  Random Value = Observed! = 0.235 t 0.011

Vb and rp~:

V, and Acr:

Table 3. Pairwise tp�analysis values and significance levels out of 110
permutations comparing difference between the Atlantic sharpnose shark, R.
terraenovae, and the Caribbean sha nose shark, R. us.

Sample NW Atl N. Goll Campeche Caribbean
Site

0.000

-0.001
0.378 4 0.04

0.036
0.082 e 0.03

0.000N. Gotl

0.036
0.9&2 a 0.01

Campech
e

Caribbean 0.240
< 0.001

= Significant Difference

0.250
< 0.001

0.203
< 0.001

0.000

Table 2. AMOYA design and results with significance tests based on 1023
permutations comparing differences between the Atlantic sharpnose shark, R.
fernrenovae, and the Caribbean sha nose shark, R. s.
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123

Figure 2. SSCP comparing Cyt b between R. porosus and R. terraenovae on a
0.5% MDE el

Sequencing of each observed haplotype indicated that a relative low amount of
nucleotide diversity between the two species existed. 729 bp of the D-loop region
 Figure 3! and 650 bp of Cyt b  Figure 4! were successfully sequenced. 92% of all
nucleotide substitutions involved a transversion &om a purine to a pyramidine
residue. Fifteen nucleotides separated the most distantly related samples when
comparing both genes between species, while five nucleotides separated the most
closely related. This corresponded to a nucleotide divergence ranging &om 0.36 %
to 1.08 %. Phylogenetic inference based on parsimony analysis of the sequencing
data was estimated where it was determined that 24 evolutionary steps were
required for the observed haplotypes to have occurred  Felsenstein 1985! Figure 5!.
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1- .......ATA TACTATGACT ACATCTCATT AATCGATATT CCCCTATATC
51- AT.TACATAC TATGCTTAAT CCACATTAAT CTACTGTCAG CTATTTCATT

101- TIATGTAAAT TATTTAACCC TCATTCAGTT ATAATCAATT ATTTCATAGC
151- ATCAAATTTT TCACTTAACC CTACTTTACA TGGTATTATT TAATGCCGTT
201- GGTAAGAAAC CCCCATTAAC CTCTTGAATG AAPJVVLATTG TACGGTTTGT
251- GGTACATTAC TGTTTTATCC CCTAA.TATT GATCAAATCT GGCATTTGAT
301- TA.TGCTCGA ATTACATATA ATCCTTGAT. CGTATCAAGA ATGCNAGTCC
351- TCTAGTTCCC TTTAATGGCA TATTTA.TCC TTGATCGTCT CAAGATTTAT
401- CTTCCGCCCT ATTTTTTTAG TTCGGTATGA AGCAAATCGC TATTCCCCGG
451- AAGGGCTCAT CTGGTTCATT CAGGTAGACT TGAGCTATCC TCGACACT.A
501- TCCTATCATA TCTCATTACT TATCATTCAG GAGATTAGAT TGTCA.AACT
551- CACCATTACT GAGAGGGATA GAGAATATTA GGACATATAG GACTGGTTTG
601- GG.TTTTTTG ATTAATGCAG CAAATATTGA GAAAAAAACA CTGTTATTAA
651- CCCICCTCGG AAAGAAATCT CCTATAATAG TGCGTGTACA ATGCATTTCA
701- TTATTCITAI CACATTC

Figure 3. Nucleotide sequence of a 729 bp fragment of theD-loop region isolated
from R. terraenovae. Highlighted nucleotide indicates a site where variability may
occur in R. rosus.

1- AGACTATGCC TAATTATCCA AATCCTCACA GGACTTTTCC TAGCTATACA
51- TTACACCGCA GACATTTCCA TAGCCTTCTC CTCAG.TAGT CCATATTTGC

101- CGCGATGTTA AITATGGCTG ACTCATCCGI AATATTCAIG CCAACGGAGC
151- CTCATTATTC TCTACCTTCA IATTGCCCGA GGACTATACT ACGGCTCCTA
201- TTCATTTGIG CCTCTATAAA GAAACATGAA ACATTGGCGT AATCCTCCTT
251- TTCCTATTAA TAGCAACAGC TTTCGTTGGT TACGTCCTAC CATGAGGACA
301- AATATCTTTT TGAGGAGCTA CCGTTATTAC CAACCTTTTA TCCGCATTCC
351- CTTATATTGG AGATATGTTA GTTCAATGAA TTTGAGGAGG CTTTTCAGTA
401- GATAACGCCA CCCTCACACG CTTCTTTGCT TTTCACTTTC TCCTCCCATT
451- CTTAATTCTA GCTTTAACAA TCATTCACCT TCTATTCCTC CATGAAACAG
501- GTTCTAACAA TCCCCTGGG TGTCAACTCT GATGCCGATA AAATCTCATT
551- TCACCCCTAC TTCTCTTAIA AAGACCTACT CGGCTTCTTC GTCTTAATCC
601- TATT CCTAG CCACATTAGC CCTATTCTTA CCTAATCTAC TAGGAGACGC

Figure 4. Nudeotide sequence of a 650 bp fragment of Cyt B isolated from R.
ferraenovae. Highlighted nucleotide indicates a site where variability may occur in
R. rosus.
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Figure 5. Phylogenetic inference based on parsimony analysis of the sequencing
data using PHYLIP. Number at each node represents number of mutational steps

uired for ha lo to be observed.

DISCUSSION

The genus Rhisoprionodon currently exists on both coasts of North and South
America. Roughly three million years before present  BP! the Plieocene rise of the
Isthmus of Panama was completed  Bermingham et al. 1997!. This event would
have led to the geographical isolation of this Genusbetween the Atlantic and Pacific
oceans. Thus, the ancestor of L tenaenovae and R. porosus would begin to change
Irom its Pacific counterpart since it was now reproductively isolated. The behavior
of organisms living in the region would also be affected due to ecological changes
resulting from the differences in geography. nns geological event caused northward
projection of the equatorial current that now contributes to the formation of the Gulf
Stream. Nurseryground, feeding grounds and possibly mating grounds would most
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likely have been affected. Organisms in the area would begin to undergo speciation
and radiate out along the new coastlines entering new niches. Further speciation
probably could have occurred due to glacial-interglacial osciilations. Major glacial-
interglacial oscillations tendto occur on a 100 000 year time scale. Evidence exists
that at the peak of interglacial or glacial intervals, the enhanced changes in
temperature from average levels affec the hydrologic cycles McManus etal. 1999!.
One consequence suggests that as temperatures fall, the flow of the Gulf Stream
would intensify. If this does occur, it may be possible that the current may be
intense enough to cause a temporary barrier to be formed geographically isolating
members of the same species. This may be the mechanism that caused speciation
between the Atlantic sharpnose and the Caribbean shupnose. Examination of the
distribution between the two species seems to follow the boundaries of the Gulf
Stream  Compagno 1984!. A differenc of five nucleotides separated samples os,
porous collected fiom Belize with those of R. terraenovae. Intrinsic rates of
mutations in shark mtDNA have been estimated to occur at a divergence rate of
2;3/o per million years  Martin et aL 1992, Martin 1995!. This suggests that
divergence between the two species could have occurredinaperiod of 90,000 years.
In contrast, the two samples collected &om Brazil was high �.0$ 'lo! compared to
the Atlantic sharpnose and Caribbean sharpnose collected in Belize. However, the
size of sample pool to represent this ares is small. Further studies are needed to
characterize the population structure of the Caribbean sharpnose.

A high amount of nucleotide diversity was observed in the Atlantic sharpnose
covering throughout the range of this organism. A previous study performed by
Heist �994! identified a total of seven haplotypes using Restrictrion Fragment
Length Polymorphisms  RFLP! after screening the entire mtDNA genome  -16.5
kb in length! of the Atlantic sharpnose shark in contrast to eleven haplotypes bing
identified &om just two genes  -1.6 kb in length!. This indicates that SSCP has
higher resolving power compared to RFLP. The &equencies ofhaplotypes tend to
indicate apanmicticpopulationmayexist. This tends to support the finding ofHeis
�994!. However, nucleotide diversity in the Bay of Campeche tends to be lower
compared to other sites. Nucleotide diversity in the Caribbean sharpnose was also
low relative to populations in the Northern Gulf of Mexico and in the northwest
Atlantic. In both cases, the low diversity may be the result of overfishing.
Management plans are in effect off the coast of the United S~ that may help
maintain the gene pool in the conesponding population. In contrast, many fish
populations within other parts of the Gulf of Mexico and Caribbean do not benefit
fiom a comprehensive fishery management plan. Further studies are required to
ascertain the health of populations along coastal Gulf of Mexico to see if genetic
bottlenecking is occurring at localized areas.
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ABSTRACT

The trap fishery in Barbados, which targets nearshore coral reef species, are
believed to be overexploited, particularly along the west and south coasts. In
recognition of this, the recent Fisheries Management Regulations �998! in Barbados
set a minimum mesh size for fish traps at 3.18 cm �'/4"!, and the Fisheries
Management Plan�001-2003! recommends that this be increased to 3.8 cm  I /~"!
mesh over a two-year period to reduce the mortality of juvenile reef fishes.
However, fishers have expressed concerns that not only will catch rates be
significantly reduced by using a larger mesh, but that the 1/*" mesh wue is too soft
for trap construction, such that the fishable life of a trap will be much reduced.

Alternative designs to increasing the mesh size of the entire trap have been
tested in previous studies, and have been partially successful in reducing mortality
of immature fishes. These include the use of: vertical escape slits in conventional
traps which reduce the mortality of immature, deep-bodied fishes; and a single large
mesh �.8 cm! panel incorporated into commercial traps which reduces the mortality
of immature, mund-bodied fishes. This study tests an alternative design {that
includes both a vertical escape slit and a large mesh panel!, and compares the
juvenile catch rates, the size of juveniles captured, and the species composition of
the juvenile catches with conventional small mesh {3.18 cm! traps and large mesh
�.8 cm! traps.

Experimental traps caught fewerjuvenile reef fish than conventional traps, but
significantly more than large mesh traps per haul. Weight of catch per haul also
differed significantly among traps showing the same pattern as number of fish.
Individual size of juveniles  by fork length, body depth and weight! also difFered
significantly among traps with mean size of fish becoming increasingly large fiom
conventional to experimental to large mesh traps. All traps caught primarily deep-
bodied juveniles and relative abundance ofkey species in the juvenile catches did not
difFer significantly among trap designs.

Both the alternative trap designs reduced juvenile catchrates and increased the
mean size ofjuveniles caught, compared with the conventional traps. Experimental
traps did not reduce catch rates as sharply as the large mesh traps and were
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considered much stronger by fishers than the large mesh traps. As such they would
seem to be amore acceptable alternative than the large mesh traps. However, unlike
the large mesh traps, experimental traps failed to reduce the proportion of juveniles
in the catch. Reduced juvenile catches were simply a result of reduced catches
overall, with potentially high short-term economic impacts on fishers. Reducing
gear efficiency does not adequately address the management goal of reduced levels
of juvenile mortality with minimum impact on fishers.

KEY WORDS: Fish traps, juveniles, mesh size

Camparaci6n de Tasas de Captura entre Trampas de Peces
Convencionales y Trampas Diseiadas para Reducir la

Mortalidad de Peces Juveniles

Se cree que la pesca de trampa en Barbados, la cual esta dirigida hacia las
cspecies de coral de aguas costeras, sobre-explota ciertas poblaciones de peces de
arrecife, especialmente en las costas del sur y oeste de la isla Corno consecuencia,
las recientes Regulaciones de Gesti6n de Pesca �998! de Barbados Hmitan el
tama5o de la malla de las trampas a un mhumo de 3.18 cm �'/P!, y el Phm de
Gestion de Pesca �001-2003! recomienda que esta tails de mails sea aumentada a
una 1/~" en un plazo de dos a5os con vistas a reducir la mortalidad de peces de
anecife juveniles. Sin embargo, los pescadores hannuuufestado supreocupaci6nde
que no s6lo la tasa de captura de peces se vera reducida significativamente debido
al uso de estamaQa mas grande, sino que tambien, el alambre de la malla de 1~/~" es
demasiado blando para la construcci6n de trampas, disminuyendo por tanto la vida
de estas.

Estudios anteriores has puesto a prueba varios dise5os en busca de una
alternativa al aumento de la tails de malla de toda la tramps, y han demostrado
ciertos niveles de reducci6n de la mortalidad de peces inmaduros. Estos dise5os
incluyenel uso de: salidasde escape vertical en trampas convencionales quereducen
lamortalidad de peces inmaduros de cuerpos pmfundos; ununico panel de malla de
talla grande � ~/~ "! integrado en las trampas comerciales que reduce la mortalidad
de peces inmaduros de cuerpos redondos. Este estudio pone a prueba un dise5o
alternativo que incluye una salida de escape vertical y un panel de malla de tails
grande integrado en una trampa convencional, y compara las tasas de captura, la
composici6nde lasespeciespescadas, ylaproporci6ndeespeciesjuveniiles pescadas
con trampas convencionales �'/i"! y trampas de mails de talla grande �/2"!. Esta
comparaci6n es usada para evaluar la eficacia de los distintos dise5os alternativos
de trampas de peces con vistas a reducir la mortalidad de peces juveniles. Esta
comparaci6n tambien se extiende a la vida de los dise5os de las trampas y al valor
economico de lascapturasparaevaluar el impactoeconomico del dise5o altemativo
sobre el pescador.
PALABRAS CLAVES: Pesca de tramps, malla de las trampas, la tasa de captura
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iNTRODUCTION

Nearshore fisheiy resources of the Caribbean are of enormous social and
economic importance to low-income coastal communities, and contribute
significantly to food�securit insmaH island states. However, the widespread, largely
umegulated use of fish traps has lead to the overexploitation of reef fish resources
in many countries thmughout the Caribbean  Mmuo 1983, FAO 1993, Mahon and
Hunte 2001! eslxcially amund islands withnarrow shelves Appeldoornetal. 1987!.
Over-6shing, where it has occurred, has been attributed to the combined effects of
excess fishing effort and trap mesh sizes that are too small, resulting in high
mortality of juveniles and a loss of long-tenn potential yield  Sary et al. 1997!.
Furthermore, reefs throughout the regionare also suffering fiom habitat degradation
and reef fish catches are now characterised by low yields, small mean size~lasses,
and a scarcity of larger species  Spalding et al. 2001!. As such, the trap fisheries of
the region are in urgent need of rehabifitation management  FAO 1993!.

The trap fisheiy in Barbados is no exception. It provides a direct source of
income and employment for an appreciable number of fishers and other persons in
the coastal communities, and is an important source of protein, particularly during
the pelagic fishing "off seaso"  July-October!  Barbados Fisheries Division 2001!.

Management of Reef Fish Resources
Regulatoiymanagement appmachesthatdeal with over-fishingof multi-species

reefpopulations include: marineprotectedareas, that prevent fishmg fish size limits,
considered unen&rceableinmostcircumstances; effort limitatio, anappmach that
maybe politically untenable due to the open access nature of the iesource; and trap
mesh size regulation, which is considered to be the most feasible approach despite
its limitations  Mahon and Drayton 1990!. A minimum mesh size is indeed one of
the most popular management measures for trap fisheries in the Caribbean  Mahon
and Hunte 2001!.

Studies on fish trap mesh selectivity show that mesh size is a determinant of
catch rates and the size at which fish recruit to traps  Munm 1983, Robichaud et al.
1999!. Comparative 6shing studies indicate that increasing mesh size not only
results in an overall reduction of catch per trap, but catches will consist of
significantly bigger fish and a smaller pmportion of juvenile fish than smaller mesh
traps  Rosario and Sadovy 1991, Sary et al. 1997, Robichaud et aL 1999!.

In recognition of this, the recent Fisheries Management Regulations �998! in
Barbados set aminimum mesh size for fish traps at 3.18 cm �~/0!, and the Fisheries
Management Plan �001-2003! recommends that this be increased to 3.8 cm  I'/s"!
mesh over a two-year period, to reduce the mortality of juvenile reef fishes.
Implementation of an increase in mesh size has been delayed as fishers have
expressed concerns that not only will catch rates be significantly reduced by using
a larger mesh, but that the 3.8 cm mesh wire is too soft for trap construction,
reducing the fishable life of a trap. As such, the Barbados Fisheries Division is
interested in exploring alternative trap designs that will reduce growth over-fishing



Page 30855 Gulf and Caribbean Fisheries institute

by traps, while at the same time minimising the economic effects on fishers.

Alternative Designs
Onepossible alternative to increasing mesh size of theentire trap is theinclusion

ofa single large meshpanel within a conventional small mesh trap. This has recently
beentestedby Robichaudetal. �999! and was successful inreducing the proportion
of immature, mund-bodied fish species retained by the trap. Another alternative is
the inclusion of vertical escape slits in conventional small mesh fishtraps. This has
recently been tested in the British Virgin Islands and Jamaica, and was success' in
reducing thepxoportionof immature deep-bodied fishcaught Munro etal. inpxess!.

METHODS

Public meetings coordinated by the Barbados National Union of Fisherfolk
Organisations BARNUFO! were held to inform, as well as encourage participation
in this study.

Trap Design
Three txap designs and a total of 12 traps  four of each design! were used in the

study. All traps were of the Antillean arrowhead type with a single horse-neck
funnel  the most common type of trap used in Barhxdos! and were constructed with
the assistance of a local fisher appointed by the Barbados Fisheries Division. All
traps measured 0.61 m � ft! in height, 1.52 m � fi! in width, and 1.22 m � ft! in
length, giving a total volume of 1.13 m'. AII traps were made of galvanised
hexagonal mesh whe  chicken wire! supported by a fame of wooden sticks nailed
and strapped together with wire. All traps were outfitted with a 15.24 x 27.94 cm
� x 11"! lead weighted escape door, fastened shut with biodegradable hemp string,

Study Objectives
In this study we investigated an alternativetrap designthat incorporates thetwo

features previously tested ~arately. The new design included a single large mesh
panel  after Robichaud et al. 1999! and a single vertical escape slit  aAer Munro et
al. in press! built into a conventional small mesh trap. The rationale for this design
was to reduce the proportion of immature fish of both deep- and mund-bodied
species, whilst xetaumg the shmgthand visual image oftheconventional small mesh
trap.

The primary objective of the study was to investigate whether this alternative
experimental design is more effective than the currently recommended large mesh
trap for achieving the management objective of reduced juvenile mortality. In
judging 'effectiveness' of the trap designs, both the degree to which the capture of
inunature fish is reduce, andthe degree ofunnecessaryhardship to fishers through
unintended reduction in catch rates of larger individuals or reduction in the fishable
life of traps! will be considered. A secondary objective was to integrate the
participation of the fishing stakeholdexs within the study.
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as zequired by the current 1998 Fisheries Management Regulations  Selliah et al.
2000!. Traps differed Sum one another only in design details.

Conventional small mesh traps were constnx1ed with 3.18cm wire mesh with
a maximum horizontal aperture of 4.2 cm. Large mesh traps were identical to the
conventional traps, but were constructed with 3.8 cm wire mesh with a maximum
horizontal aperture of 5.9 cm. Experimental traps were identical to conventional
traps except that they were outfitted with both a single escape sht and a single large
mesh panel  Figure 1!. The escape slit dimensions � x 2.5 cm! were selected on the
basis of available information on body depth at maturity fora variety of deep-bodied
species targeted bythe trap fishery in Barbados  Table 1!. A vertical height of 7 cm
was considered to be appropriate for most deep-bodied species  Table 1! such that
a high proportion of immature fish could be expected to escape. All escape slits
were rectangular in shape and cut into galvanised sheeting that was straplred onto
a head panel of the trap with wire  Figure 1!. lhe head panel was chosen based on
the perception of fishers that fish would be most likely to find it at the head of the
trap. The large mesh panel was 0.61 x 0.61 m � x 2 tt! and comprised 3.gem mesh
oriented vertically  max. vertical aperture 5.9 cm! and placed in the adjacent head
panel to the escape slit  Figure 1!.

Figure 1. Diagram of the experimental trap design used in this study shcwing key
features of both a singks vertical escape slit � x 2.5 cm! and a single large 3.8 cm
�.5 ! mesh panel �.61 x 0.61 m! on adjacent head panels of a conventional �.18
cm mesh Antillean arrowhead! tra .
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Sampling Design
AH experimental fishing was undertaken in Oistins Bay, located on the

south coast of Barbados, &om July 2002- September 2002. The 6shing grounds
in Oistins Bay are characterised by a coral-rich, relatively shaHow � - 10 m!, flat
reef system, located within 1 km of the shore.

%lie twelve traps of standard dimensions, but differing in design, were fished
simultaneously and continuously for three months. Traps were set and hauled in
four sets of triplets. Each triplet comprised one trap of each design  i.e. a
conventional small mesh trap, an experimental trap and a large mesh trap!. Traps
within a triplet were set randomly along the reef in similar depth and habitat, and in
relativelyclose proximity to oae another. The rationale for this sampling design was
to control for the effects of variation in the availability of fish at differen trap sites
on catch rates. Each triplet was placed in a different location, but aH traps were
located within the Oistins Bay. Soak time the time over which the trap was aHowed
to fish! was identical for aH members of a triplet and was typicaHy three days, but
varied &om 3-7 days for a total of 225 soaks conducted during the study. Traps
were hauled on 19 occasions, and giving a sample size of 75 replicates per trap
design. However, the data &om the first two hauls of every trap were not used in
the analyses of catch rate on advice &om fishers that the traps were too aew  had
not "tumed colour" ! and would therefore have reduced catch rates. Data &om traps
with a soak time in excess of four days were also not used in catch rate analyses.
Sample size for catch rate analyses was therefore 55 hauls per trap design; A large
number of replicates was included in the sample design in order to increase the
statistical power of comparison testing, given the typicaHy high level of variation in
trap catch rates.

Data Collection

Traps were hauled and reset unbaited every three days in collaboration with
another local fisher based at Oistins. If catch rates were considered low, the triplet
of traps was moved to a new location oa the same fishing ground. For each soak,
the fishing location was recorded by GPS and the weather conditions, water depth,
and substrate type were also noted for each triplet

For each trap hauled, aH fish caught  with the exception of pufferfish! were
retained and stored in separately marked bags. AH retained fish were subsequently
measured onshore with technical assistance &om staff of th Fisheries Division and

UWI, and any interested fishers. The catch was identified to species, and each fish
measured for fork length  FL! and body depth  BD! to the nearest 0.1 cm and wet
weight to the nearest 1.0 g.

Data Handling and Analysis
All catch data were entered into EXCEL spreadsheets by day and trap number.

Statistical analyses were done using the statistical programme SPSS van 10.0.
AH data sets were checked for normaHty using the Shapiro Wilk test, and
homoscedasticity of variance using the Levene test. Standard data transformations
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were used in an attempt to normalise and/or homogenise data that did not conform.
Since at least one data set in every comparison showed a non-normal distribution
and/or hetemscedasticity of variance even after transformation, non-parametric
statistical tests were performed tlirougliout.

The followingparameters were conipared among trap types:juvenile catch rates
 as number and weight of juvenile fish caught per haul!:

i! Percent of juveniles in the catch  per trap haul!
ii! Number of deep-bodied juveniles in the catch  per trap haul!
iii! Size of juveniles for all species  by fork length, body depth and weight!
iv! Body depth of juveniles for any species with an n > 5 in each trap design,

and

v! Species composition of juvenile catches.
Catch rate and size comparisons were undertaken using non-paranietric

ANOUAs  Kruskal-Wallis test! and multiple comparison tests. Nemenyi test for
equal sample sizes; Dunn test for unequal sample sizes; Zar 2000!. Relative species
composition among trap designs was compared using a multiple correlation
technique  Kendall's concordance!.

Fish were classified as juveniles if they were smaller than the mean size at first
maturity  FLJ given in Table 1. Since size at maturity data were not available for
all species taken, only the most important species were classified as juvenile or
mature. As such, nine species accounting for 83% of the total conventional trap
catch  by number! were selected for analysis. These 'key' species  banded
butterfiyfish, blue tang, doctorfish, ocean surgeon, mahogany snapper, princess
panotfish, yellow goatfis! were classified as either deep-bodied ifthey had amean
body aspect ratio  FL/BD! of < 2.5, or mund-bodied if they had an aspect ratio of
> 3  Table 1!. Linear regiussions for the body depth- fork length relationship were
calculated for key species and body depth at maturity  BDg was recalculated using
the literature value of forklength at maturity and our own relationshiplisted in Table
l.

Total Catch

During this study a total of 3,561 finfish fiom 19 Sunilies and 4.1 species were
caught in 225 trap hauls over the three-month period. Of these, 2,078 fish fiom 3&
species were caught in the conventional traps, 1,003 fish &om 25 species were
caught in experimental traps and 480 fish &om 26 species weic caught in largemesh
traps  Table 2!. For the nine key species selected, 1/43 juvenile finfish were
captured, representing 52.8% of the catch of these species. Of these juveniles, 927
fish were caught in the conventional traps,471 inexpemnental traps and 145 in large
mesh traps  Table 3!.
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Juvenile Catch Rates

Juvenile catch rates by number and by weight of fish per trap haul varied
significantlyamong tiapdesigns Kruskal Waliis tests: for number of6sh, H = 99.99,
n = 55, 55, 55, p < 0.001; for weight of fish, H = 90.76, n = 55,55,55, p = 0.001!.
Post hoc multiple comparisons confirme that catch rates by number and weight
differed significantlybetween each trapdesign Table 4!. Experimental traps caught
considerably fewer juveniles per trap haul �.76 fish per haul! than conventional
traps �3.71 fish per haul!, but considerably more juveniles than large mesh traps
�.71 fish per hau!  Table 3!. The weight of juveniles caught by experimental traps
�.573 kg per haul! was also much lower than for conventional traps �.946 kg fish
per haul!, but much higher than for large mesh traps �.149 kg fish per haul!  Table
3!.

Catch rate comparisons among traps for deep-bodied species were similar to
those for all species; differing significantly among traps  Kruskal-Wallis test: H =
97.59, p < 0.001! and between all trap designs  Nemenyi test: p < 0.001 in aII cases;
Table 4!. The experimental and large mesh traps captured too few round-bodied
juveniles to justify statistical comparison. It remains possible however, that the
alternative trap designs may be selecting against mund-bodied juveniles more
effectively than conventional traps

Despite the clear difference in catch rates of juveniles among the different trap
designs, the proportion of the catch comprising juveniles differed among traps
 Kmskal-Wallis test: H = 32.62, n = 55,55,55, p < 0.001; Table 3! but not between
all traps  Table 4!. Experimeiitai traps caught on average 57.2 ' of juvenile fish per
trap haul, and this did not differ significantly &om conventional traps �7.4/o
juveniles!, although both experimental and conventional traps caught a significantly
higher proportion of juveniles than the large mesh traps �0.2'/o!  Tables 3 and 4!.
'Hus indicates that out of the alternative trap designs, only the large mesh trap was
effective in selecting�against juvenile in the catch. Experimental traps caught fewer
juveniles than conventional traps only because they caught fewer fish in general,

Size of Juveniles

Juveniles differed significantly in size  by body depth, fork length, and weight!
among trap designs  Kruskd-Waliis tests, p < 0.001 in aII cases; Table 3!. These
differences were significant between each trap design  Dunn tests, p < 0.001 in all
cases; Table 4!. Juveniles caughtbyexperimental traps were slightlylarger by body
depth, fork length and weight! than those caught by conventional traps, and slightly
smaller than those caught by large mesh traps  Table 3!. This pattern also emerged
for the BD of ail four species examined separately  banded butterflyfish, doctorfiish,
ocean surgeon, blue tang! but was not significantly different among trap designs for
blue tang  Tables 3 and 4!.
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Species Composition of Juvenile Catches
Species composition of tbe juvenile catch of key species indicated that the

majority  96.5/o! of species xetained in all trap designs were deep-bodied and the
predominant species caught were ocean surgeon and doctorfish in all cases  Table
5!. All trap designs caught the same four deep-bodied species, but appeared to
differ in the diversity of mund-bodied species captured. Experimental traps caught
one juvenile mund-bodied species, whereas coaventional traps caught fifiy-throe and
large mesh traps caught aone  Table 5!. However, the relative abundance of key
species within the catchwas similar among trap designs Kendali'sconcoxdance test:
W = 0.735, X = 13.23, n = 3, p = 0.001!, indicating that key species composition
of the juvenile catch is not affected by trap design.

DISCUSSION

The experimental trap design clearly caught fewer juvenile fish of all key
species, fewer deep-bodied juveniles, and larger sized juveniles than the conventional
small mesh trap design currently used by commexcial reef fishers in Barbados. This
is consistent with expectations based on previous stiMhes using larger mesh in traps
 e.g. Rosario and Sadovy 1991, Sary et al. 1997, Robichaud et al. 1999, Mahon aad
Hunte 2001! or escape slits  e.g. Munro et al. in press!. On the fixce of it, therefore,
this alternative trap design would seem to be achieving the maxiagement objective
of reducing juvenile mortality, at least in the key species taken by the trap fishery.
Furthaxnoxe, trap fishers involved in the study perceived that the fishable life of the
experimental trap wouldbe comparable to the conventional trap and wouldtherefore
be acceptable as an alternative. However, the experimental trap design did not
reduce juvenile catch rates to the same extent as the large mesh trap design, nor was
the mean size ofjuveniles as large as those retained in the large xaesh traps. It would
therefore be aless effective desig albeitlonger-lasting! than the large mesh trap in
reducing juvenile fish mortality, although the economic impacts on fishers in the
short-term are likely to be less.

More importantly, the experimental trap design failed to reduce the proportion
of juveniles in the catch compared with the conventional trap design, although the
large mesh trap design was successful in this regard. This illustxxites that the
reduction in juvenile catch rates of experimental traps compared with conventional
traps comes &om a reduction in the overall catch rate of the trap, rather than an
effective selection against the capture of juveniles. As such, the experimental trap
design will be seen as an inefficient gear for the capture of xeef fish, with potenfial
negative economic impacts on fishers. It is therefore unlikely to be acceptxxble as a
viable alternative for the purpose of managing a xeduction ia juvenile reef fish
mortality.
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The low proportion of round-bodied juveniles of the key species taken by aH the
tiaps is interesting, particularly given that the maximum vertical aperture of the small
mesh �.18 cm! is less than that of the BD of aH of the species  Table 1!. This
suggests that the fish are capable of squeezing through mesh slightly smaller thm
their maximum body depth as suggested by Robichaud et aL 1999! and/or escaping
by swimming out sideways, given that the maximum horizontal aperture is 4.2 cm.
The larger BD of french grunt and mahogany snapper compared with the other
round-bodied species  Table 1!, probably explains why these two species were the
most abundant of the round-bodied species in the juvenile catch  Table 5!.

By contrast, more juveniles of the deep-bodied species were retained in the
experimental trap design than was anticipated, given that the BD values for three
of the four deep-bodied species were less than 7 cm  the height of the escape slit!
 Table 1!. This would suggest that they were not using the escape slit effectively.
The lower proportion of juveniles in the catches of large mesh traps  compared with
experimental and conventional designs! is largely exphined by a reduction in the
percentage of juvenHe ocean surgeon, banded butterfiyfish and doctorfish caught
 Table 2!. This is not easily explained by the BD values of these species, especiaHy
for doctorfish with a BD of 8.8 cm, which is considerably larger than the vertical
aperture �.8 cm! or maximum horizontal aperture �.9 cm! of the large mesh.
These results would suggest  contrary to the general findings of Robichaud et al.
1999! that ingress rates for these species are less in the large mesh traps.

The Barbados 2001-2003 Fisheries Management Plan states the importance of
the reef fish resource as primarily for local consumption and employment  harvest
use! and secondarily for tourism  non-harvest use!, and emphasizes the need for
reduced mortality of juveniles. The results of this study indicate that implementing
a move to the large mesh fish trap design would effectively reduce catch rates of
juvenile fish. However, the economic hmMup associated with greatly reduced
overall catches, and the need to replace traps more frequently than the stronger small
mesh traps currently used by fishers is likely to be unacceptably high. The
experimental design would pose less of an economic burden on fishers in terms of
the reduction in catch rates and gear replacement costs, but their failure to select
against the capture ofjuvenHes negates their usefulness as a management option. In
the absence of effort restrictions, fishers could simply fish more of the inefficient
traps to maintain the current overall catch levels. Furthmmre, reducing gear
efficiency does not adequately address the management goal of reduced levels of
juvenHe mortality with minimum impact on fishers. An overall reduction in catch
rates could beequaHy well achieved by more conventional methods suchas limiting
the number of traps used in the fishery, rather than reducing the fishing efficiency of
the gear itself.
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ABSTRACT

Grunts  Haemulidae! are important fisheries species and represent a major
component of reef fish communities in the Greater Caribbean region. To date, little
is known about their recruitment patterns. Data &om more than 2,000 visual fish
counts fiom multiple natural and artificial reef studies in Broward County, Florida,
over a seven-year period, were examined to identify both spatial and temporal trends
in recruitment of juvenile  i.e., < Scm TL! grunts of the genus Haemulon. In
general, data &om these studies indicate that juvenile Haemulon spp. recruitment
increases in the spring and peaks in the early summer months  i.e., June and July!.
Data &om natural reef surveys revealed a predominantly nearshore preference for
recruitment in water depths less than 8 m. However, on artificial reefs, recruitment
commonly occurred at 20 m depths. The biotic and abiotic factors determiriing the
settlement of grunts are not clear and will be examined in future studies.

KEY WORDS: Recruitment, Reef Fish, Visual Census

Patrones Kspaciales y Temporales ea el Reclutamieato de
Juveniles de Roncos  Hoemulon Spp.! em el Sar de Florida

 Estados Unidos de America!

Los roncos  Haemulidae! son cspecies importantes en las industrias
pesquerasdel Caribe. Poco sesabe acercade suspatronesdereclutamiento. Este
estudio examine los patrones espaciales y temporales en el reclutamiento de
juveniles de Haetnuion spp.  < Scm TL! en el condado de Broward, Florida Los
datos indicaronqueel reclutamiento adximo ocum6durante el comienzo del verano
 i.e., junio y julio!. Los resultados tambibn mostraron que en anecifes naturales, el
reclutamiento de Haeniulon spp. ocul en densidades as altas en los sitios mls
cercanos a la orill En los arrecifes artificiales, el reclutamiento de Haetnulon spp.
tambibn mod@ una preferencia por las mnas poco profundas.

PALABRAS CLAVES: Reclutamiento, roncos, Haemulon spp.
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INTRODUCTION

Grunts  Haemulidae! represent a substantial, and in some cases dominant,
component of Greater Caribbean reef fish assemblages. Thee genera comprise the
family Haemulidae in the western Atlantic: Haemulon, Anisorremus, and
Orthopristes. Of these, Haemulon is the most speciose genus with 15 western
Atlantic species  Froese and Pauly 2002!. This genus is also more frequently
encountered in South Florida than the other two genera  Stark and Davis 1966!.
Although the ecology and behavior of adult Haemulon spp. have been documented,
little is known about their settlement strategies.

Like other fishes that associate with coral reefs, Haemulon spp. have a pelagic
larval stage, followed by demersal juvenile and adult stages. Pelagic larval duration
is shorter compared to many other reef fish genera, with one species, the French
grunt  Haemulon flavolinearum!, settling 15 days after hatching  McFarland et al.
1985!. Settlement for this genus has been recorded onavariety ofhabitats including
mangroves, seagrass beds, patch reefs, wormrock, low relief nearshore hardbottom,
and artificial reefs. After settlement, newly settled  < 2cm! juveniles often live
within multicohort, congeneric schools feeding on plankton and trying to avoid the
most common fate of mortality due to predation  McFarland 1980, Shulman and
Ogden 19&7!. Newly settled Haemulon spp. are difficult to identify to species level
because of similar pigmentation patterns  Lindeman 1986!. If newly settled
individuals survive the intense predation pressure, they will grow, enter the early
juvenile stage  -2-5cm!, andundergo an ontogenetic shift in habitat use and feeding
behavior. Early juveniles no longer feed exclusively on plankton. They forage on
infaunal and epifaunal invertebrates  though exceptions exists! and, presuniably as
a result, begin to develop adult coloration patterns  Lindeman 1986!. It has also
been suggested that this ontogenetic change in feeding behavior is associated with
a relatively short migration to a differen habitat  Lindeman 1986!. Once adult
pigmentation pattemsbeginto emerge, Haemulon spp. may migrate further offshore
to deeper waters or continue to live as a member of the shallow reef coinmunity
 McFarland and Wahl 1996!.

This paper examines the temporal and spatial recruitment patterns of juvemle
Haemulon spp. in Broward County, Florida Data analyzed for this paper were
compiled &om data acquired in four previously published studies on both natural
hardbottom and artificial reef modules. AII four studies were designed to test
specific hypotheses, which focused on total fish assemblages  including ail species!.
These studies were not designed to exaniine species-specificdiffeiences amongstthe
haemulids. Due to the ddficultyof identifyingnewly settled and early juvemles and
the time constraints placed on observers using SCUBA, all species in the genus
Haemulon were grouped together in these studies. The present work was designed
as aprehminaryexaminationofHaemulon spp. recruitment in general to gain insight
for the designof a focused, hypothesis-directed investigation ofthe species-specific
cross-shelf spatial patterns of Haemulon recruitment.
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METHODS

Data &om four separate studies in Broward County, Florida were used to
examine the local spatial and temporal patterns of juvenile Haemzzlon spp.
abundance. Because of the unique ontogenetic shift in habitat use and feeding
behavior fishes ofthis genusundergo, dataweze amdyzed, where applicable, in terms
of two life stages: newly settled individuals  <2cm TL! and earlyjuveniles �-5 cm
TL!. Of the four separate studies included in this analysis, three examined artificial
concrete reef modules  Reefball, Gilliam-Spieler [hereafier GS] modules, and
Isolation studies! and one examined natural 1mdbottom. One study used replicate
Reefball. molds to construct replicate patch reefs. For the present study, data
collected monthly &om ten Reefballs  " pallet balls", 1.3 m x 1 m! deployed on a sand
flat at 21 m were compared to ten deployed at 7 m depth over 18 months &om April
1995 to October 1996  Sherman et al. 2002!. No data were collected in October
1995 due to rough sea conditions. For the GS module  aka Fish Condo! study,
replicate 1 mi modules were constructed using concrete block amalgamated with
waste concrete and zebar. Ten GS modules deployed at 21 m and ten at 7 m depth
were censused monthly &om Janmuy to October 1996  Gilliam 1999, Sherman
2000!. The Isolation study, which examined the effects of reef isolation distance on
the assochited reef fish assemblage, also used GS modules as implicate patch reefs
 Jordan 2002, Jordan et al. in prep.!. Modules were positioned at the apices of four
equilateral triangles with side lengths of: 0.33 m, 5 m, 15 m, and 25 m; each with
two replicates. Two additional treatments were used here to examine the effects
reef size  i.e., volume!: a solitary module and two modules side by side. The
Isolation study was performed at only one depth � m! and only used to examine
temporal tzends in Haemulon spp. abundance. In the three studies using artificial
reef modules, data were collected by recording the abundance of every species
present within one meter of the modules. Then, each fish was assigned into one of
five size classes based on total length  TL!: < 2 cm, 2- 5 cm, 5- 10 cm, 10-20 cm,
and > 20 cm. For this paper only, Haemulozz spp. &om the smallest two size classes
were extracted &om the data sets.

Data &om the fourth study were collected using a different visual census
technique. The Natuml Hardbottom study used the Bohnsack and Bannezot �986!
point-count method as the census technique. In this method a diver zemains
stationary at the center of a 15 m diameter cylinder that extends &om the bottom to
the surface. During the initial fiveminutes, all speciespcesmt withinthe cylinder are
recozzled. When the five minuteshave passed, the abundance of each species present
in the cylinder is recorded and, for all species, amean, minizmun and maximum total
length  cm TL! were assigned. For the purpose of the present study, only juvenile
Haemulon spp. with a maximum size of Scm TL were analyzed &om 483 point-
counts. The three reef tracts in Broward County, Florida, USA, run parallel to the
coastline in sequentially deeper water separated by sand. The Inshore zeef ranges
&om 3 m to 5 m depth while the Middle reef crests at 5 m and extends down to 20
m depth. The crest of the Offshore reef is at 15 m with the eastern edge reaching
past 30 m depth. Point-counts were performed on the crest, eastern, and western
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edges of each of the three zeef tracts making a cross-shelf trazzsect with nine point-
counts each. Transects were separated by 0.463 km �.25 nautical miles!  see
Ettinger et al. 1999 for a full description of the study site!. The Deep GS and Deep
Reefball module sets weze deployed in the sand fiat separating the Middle and
OfBhore reef tracts while the Shallow GS, Shallow Reefball, and isolation study
modules were dep'loyed in the sand flat between the Inshore and Middle reef tracts.

Due to the diverse methodologies among studies the data were not combined;
data &om each study were analyzed separately. Prior to ANOVA tests, abundance
data were examined to see if they significantly differed from a normal distribution.
If found to be non-normal, data were log� x+1! transformed to homogenize
variances. A one-way parametric ANOVA was then performers If significant
differences  a = 0.05! were found, a post hoe Newman-Keuls test was used to
identify the differences among means. A T-test for dependent samples was
performed to compare the abundances of newly settled individuals and early
juveniles  Statistica v6, Softstat, Inc. 2001!.

RESULTS

Spatial Distribution

ReePall Stzzdy � In this study  April 1995 - October 1996!, comparison between
Shallow�m depth! and Deep �1 m depth! sets of modules showed the Shallow set
had a significantly greater abundance of newly settled individuals  <2 cm TL! than
the Deep set of modules  Shallow:10.39 * 1.87, Deep: 3.35 ~ 1.01 [mean * 1SE]!.
However, when early juvenile �- 5 cm TL! abundance was compaxed between the
same sets of'modules, no significan difFerences arose  Shallow: 3.13 * 1.06, Deep:
0.80 * 0.25 [mean * 1SE]!.

Gilliam-Spieler  GS! Modules Study � This study  Jan-Oct 1996! compared fish
assemblages at two depths, GS modules demonstrated no significant differenc in
abundance of newly settled Haemulon spp. when comparing sets of modules at 7m
and 21 m depth Shallow: 6.67 * 1.78, Deep: 12.10 * 6.01 [mean ~ 1SE]!. When
the carly juvenile abundance was compared among the same sets of modules at
differing depths, the 7 m depth set had a significantly higher abundance than the
modules at 21 m depth  Shallow: 20.85 * 4.06, Deep: 16.17 * 4.61 [mean * 1SE]!.

Natural Hardbottom Study � Analysis of juvenile Haemzzlon spp.  < Scm TL! data
fzom natural reef sites  Aug 1998 - May 2002! revealed a distinct spatial pattern.
Juvenile Haemzdon spp. abundance appeared to decrease away from shore. The
Inshore reef tract had significantly more juvenile Haemzdon spp. than both the
Middle and OfFshoze reef tracts, which lacked sigriificant difference from one
another  Figure 1!. With the three reef tracts separated into their respective census
sites  i.e., western reef edge, reef czest and eastezn reef edge!, creating a more
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detailed representation of the shelf profile, the apparent trend of decreasing
Haemulon spp. abundance movingoffshor was again present. 'Ihe most nearshore
site, the western edge of the Inshore reef referred to as the Inshore West site!, had
significantly more juvenile Haemulorr spp. than any other census site  Fig. 2!. The
other two Inshore reef census sites  inshore Crest and Inshore East sites! had a
significantly higher�abundance than the remainng Middle and OfFshore reef census
sites, which lacked difference &om one another. In fact, of the 320 censuses
performed on the Middle and Offshore reef tracts, juvenile Haemnlon spp. were
recorded during only 11 counts: six times on the Middle West, thee times on the
Middle Crest, once on the Middle East and OIFshore East, and never on the Offshor
West and Offshore Crest census sites.
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Figure 1. Mean abundance of juvenile  < 5 cm TL! Haemufon spp. on the three
natural reef tracts when pooling all reef census sites. Newman-Keuis grouping
letters that are the same are not 'fican different > 0.05 .

Temporal Distribution

Eeefbull judy � Both newly settled and early juvenile Haemulon spp. abundance
appeared to be tugher m the summer. Although stgmficantly rhfferent, poohng data
fiom Deep �1m depth! and Shallow �m depth! sets of modules suggested that,
with few exceptions, newly settled individuals were normaHy more abundant than
earlyjuveniles Figure 3!. This was substantiated by a T-test for dependent samples
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 p < O.QS!. In fact, early juvenile abundance was qualitatively higher in only three
of a possible IS months: August 1995, March 1996, and October 1996. The
opposite was found on the GS modules  see below!. For the GS module study, early
juvenile abundance was significantly higher�thannewly settle individual abundance
 T-test for dependent samples!.
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Figure 2. Mean abundance of Haemulon spp. juveniles  < 5 cm! on reef census
sites: IW = western edge of Inshore reef, IC = crest of Inshore reef, IE = eastern
edge of Inshore reef�MW = western edge of Middle reef, MC = crest of Middle reef,
ME = eastern edge of Middle reef, OW = western edge of Offshore reef, OC = crest
of Ofl'shore reef, OE = eastern edge of Offshore reef. Newman-Keuls grouping
letters that are the same are not s' %ca different > 0.05 .
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Figure 3. Monthly mean abundance of newly settled and early juvenile Haemulon
s . on Reefball modules olin Dee 21 m and Shallow 7 m sites.

Gilliam-Spieler  GS! Module Study � As mentioned above, the abundance ofnewly
settled individuals lacked significant differences between Deep and Shallow module
sets. When pooling these data, the abundance of newly settled fishes exhibited a
significantly smaller magnitude than early juveniles  T-test for dependent samples!
and lacked significant differences among months  Figure 4!. In contrast, early
juvenile abundance exhibited significant differences between the module sets at
differing depths. Nevertheless, when pooling these data, early juvenile Haemulon
spp. abundance on the Deep set of modules appeared to exhibit a pattern similar to
the Shallow set of modules, although the summer abundance increase was more
precipitous  Figure 5!. From May to June 1996, early juvenile abundance increased
from means 0.10 to 81.00, respectively. After June, abundance gradually decreased.

Isolation Study � In Jordan and coauthors  in prep.!, significant differences were
found for the abundance of newly settled individuals but not for early juveniles
among treatments with different amounts of isolation distance separating the three
modules. However, when pooling all isolation treatments by month, significant
differences occurred for both newly settled and early juvenile abundances. Using
pooled data &om different treatments likely increased the variability of the monthly
means; nevertheless, temporal trends appeared to exist for both life history stages
 Figure 6!. During 1999, the abundance of newly settled individuals appeared to be
higher &om May to July. In 2000, abundance appeared to increase in late
winter/early spring, peaking in March. At the end of this study, the abundance of
newly settled individuals again increased &om July to September, suggesting another
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large settlement pulse. Early juveniles also aplIeared to exhibit atemporal trend in
abundance. Although present for every monthly data collection, the abundance of
early juveniles increased in the spring months, and peaked in the summer months
 r.e., June, July, August!. Examination of 2000 data revealed an increase in early
juveniles coinciding with a decrease in newly settled HaerrIulon spp. This apparent
temporal lag betweennewly settledandearlyjuveniles may bethe result oftransition
of newly settled individuals into early juveniles. As newly settled individuals grew
past 2 cm TL, they entered the earlyjuvenile size category. However, this transition
alone could not account for the abundance increase of early juveniles considering
peak early juvenile abundance is substantially greater than the peak abundance of
newly settled individuals.
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Figure 4. Monthly mean abundance of newly seNed Haemufon spp. on Gilliam-
S ' modules d ed at 21m and Shallow m sites.

Narural Harc&otrorrr Study � Locating temporal trends in abundance of juvenile
Haemrrlon spp. < Scm TL! is problematic in the Natunrl Hardbottom study data
The data were collected sporadically during the year with the majority taken during
summer months, nor was sampling efFort evenly divided among the threereef tracts
throughout the year. Regardless of these obvious sources of error, juvenile
Haemulon spp. abundance appeared to be lower in winter months and higher in
spring and summer months  Figure 7!. Although not substantiated by ANOVA, this
temporal trend appears consistent with the endings &om the other studies.
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Figure 5. Monthly mean abundance of early juvenile Haemulon spp. on Gilliam-
S ielermodulesde lo edatDee 21m and ShaHow 7m sites.
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Figure 8. Monthly mean abundance of newly settled and early juvenile Haemulon
s . on isolation stud .
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Figure T. Monthly mean abundance of juvenile  <5cm TL! Haemulon spp. on
Natural Hardbottom

DISCUSSION

Data &om the four studies, over several different yems, indicated a similar
spatial  cross-shelf! andtemporalpattemofjuvemle Haemulon spp.abimdance. The
study examining fishes on the Natural Hmdbottomrevealedthatjuvenile Haeandon
spp..may show preference for a shallow, nearslioie habitat On reef census sites
deeper than approximately 10m,juveniles werermely recorded. These 6adings are
consistent with the results of other studies. Lindenian and Snyder�999! found that
over SPYo of Sshesrocorded on nemshore hardbottom sites offshor Jupiter, Florida
were juveniles. In St. Croix, juvenile French gnmts  H. flavolineatum! and white
grunts H. plamieri! commonly associated with shallow patchreefs withadjacent sea
grass beds {Ogden and Ehrlich 1977!. It is often postulated that juveniles of a
variety of species use shallow water habitats as a nursery  I.indenum et al. 2000!.
Our data for the Natural Hardbottom portion of this study certainly suggest that this
may be so, however, data Som the ReefbaH and GS module studies me
contradictory. Newly settled and early juveniles were commonly found at 21m
depth on artificial reefs modules. Additionally, arti6cial reef modules deployed at
both 7m or 21m depth had a more than an order of magnitude higher density of
juvenile  < Scm TL! Haemulon spp. than the nearshoze-most hmdbottom in
Broward County, where juvenile abundance is normally highest  Sherman 2000,
Baron and Spieler in review!. Why? The obvious answer would appeartobe refuge
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fmm predators. Artificial reefs deployed in an area where essentiaHy no natural
refuge exists, such as a sand flat, aHow fish to live where they normally would not.
Because newly settled and earlyjuvenile Haenzulon spp. are cayable ofrecruiting to
and living at these depths, it is dd5cult to acknowledge the nearshore envimnment
as essential fish habitat and pmvides a cautionary note to the assumption that
abundance implies preference  Wilbur 2000!. It may be that use of shaHow water
habitats by Haenzulon spy. is not obligatory but simply recruitment to the best
available habitat.

GiHiam �999! found significant izzczeases in newly settled and early juvenile
Haemulon spp. abundance on modules enclosed with caging material that increased
refuge fmm predators, verses uncaged controls. In another study, concrete block
was added to the internal void syaceofReefbaHs toczeate additional refuge Again,
the result was a significant increase in Haemulon spp. abundance when compared
to the contml tzeatment  no block}  Sherman 2000!. Although these studies
demonstrate the importance of refugia, the quantity/quality of refuge cannot be the
only determinant for cmss-shelf distributional patterns of juvenile Haemulon syp.
Vertical pmfile and rugosity, topographical attributes thought to create shelter for
fishes, are substantially higher on the OfMzore and Middle zoef tracts in Bmwazd
County, Florida  authors' unpub. data!. Yet, the results of the Natural Hardbottom
studyindicate the Inshore reef tract has the highest abundazzceofjuvenile Haenzulon
spp. Ifrefugia are the sole determinantofdistribution and refuge is in greater supply
on the OfBhore and Middletracts, why arejuveniles notregularlypzesent there'? We
can only speculate. It is possible that predators aze less abuzzdant or efficient in the
nearshore environment. There is also the yossibHzty that zesidents  e.g., territorial
damselfishes [Pomacentzidae]! aheady residing on the Middle and OIMzoze tracts
competitivelyexcludejuveniles. DiFezences in food supply and varietymay also be
responsible for the distributional patterns. Further experimentation is required
before the determinant s! of Haemulan spp. distributional patterns aze found.

Lighty �977! noted the presezzce of at least thee relict coral ridges, in
sequentially deeper waters, foHowing the coastline of Dade, Broward and Palm
Beach Counties; a pmduct of reef development at difrering sea-levels. At our
current sea-level status, these ridges do not form leeward protected waters lagoon!.
Therefore, patch reefs, by definition, are nonexistent and sengzass beds and
mangmves are limited to the intracoastal waters leeward of the barrier island. In
Curacao, Netherlands AntiHes, juveniles of two grant species  H. parra and H
sciurus! exhibited dependence for mangroves and seagrassbeds Nagelkerkenet al
2001!. In Bmward County, seawaHs commonly border intracoastal waterways
whne mangmves once existed. In a study exanzining the differences in fish
assemblages on natural and mitigated mangmve areas in Bmward County, no
juvenile Haenzulon spp. were recorded  Roberts 1994 unpub. MS thesis!. Although
an extensive ichthyofaunal study of seagrass beds in our area has not been
performed, data collected fmm our area suggest the most densely populated natural
area of juvenile Haeznulon spp. exists on the most inshore hazdbottom habitat
 Baron and Spieler in review!. In Barbados, Tupper�989} also found that juvenile
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haemulids often settle onto reefs. Our results do notnecessarily contradict the study
conducted in Curacao because, in our area, the most abundant juvenile taxa are H
aurolineatum and H. flavoiineatum  Bristol et al in prep.!. In Nagelkexeken and
coauthors�001!, H. aurolineatum was appazently not common enough to warrant
analysis and H. flavolineatum exhibited only slight dependence to mangroves and
seagxass beds. In coxxtrast, to the Curacao study, early juvenile H. parra was one of
the most abundant taxa found in a study examinmg nearshore hardbottom sites
 Lindeman and Snyder 1999!. This finding challenges the results of the Nagelkerken
and coauthors �001! study and implies a fizcultative rather than obligatory
dependence for maxxgroves and seagxass beds for H. purva and probably other
species.

Whilejuvenile Haemulon spp. were present year-round in three of the four
studies  all thxeeused reef modules!, sumzner months had the highestabundances in
all studies, evidence of a possible settlement pulse associated with gzeater
xeproductive activity during certain months of the year  Munro et al. 1973!. In
contrast, most xeef fishes appear to settle during a particular time of year  Williams
and Sale 1981!. Even though data &om the present study indicate znaximum
abundance of juvenile Haemulon spp. occurs in summer months, it is unknownif this
apparent seasonal peak is reflected bya broad time interval of recruitment for all  or
most! species or if it is a composite signal of many species-specific uni- or
multimodal recruitment peaks. Obviously, this information is critical for effective
management.

With the caveat that it is risky to draw conclusions &om small diIF~ in
length data derived &om visual censuses  Sherman et al 1999!, one of the moxe
interesting findings of the present study wss the aplxaxxmt difference in peak
abundance betweennewiy settled mdividuals and early juveniles. Two of the three
studies that used artificial reef modules  i.e., Reefball study, and Isolation study!
showed the abundance ofnewly settled individuals increased and peaked amonthor
two befoxe the abundance of early juveniles peaked  Figures 3 and 6!. This lag in
the abundance of early juveniles is likely due to a transition corresponding with
growth of newly settled individuals. Based on gxowth curve data for H.
flavolineatum, a newly settled individual could be promoted to an early juvenile at
appxoximately 45 days after hatching  Brothers and McFarland 1981!. Since
settlement occurs at approximately 15 days, it would take about one month for a
newly settled juvenile to enter the early juvenile stage. This was best shown in the
Isolation study  Figure 6!. The abundance of newly settled individuals peaked in hzte
spring while early juvenile abundance peaked in the summer. At its peak, early
juvenile abundance on the modules, however, more than doubled the peak of newly
settled individuals. The logical explanation for thisanomaly is emigration fiomother

In conclusion, the results of this study suggest that, overall, newly settled
individual Haemulon spp. primarily associate with the nearshore environment,
exhibiting highest abundance in late spring/early summer. However, these fishes will
settle on artificial reefs in deeper waters at higher densities than the natural
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nearshore hardbottom. The determinant s! for this occurreiice are still unknown and
it is our intention to examine a variety of post-settlement ecological processes
including: predation, competition, and food quality/quantity in future studies.
Without knowledge of what drives the cross-shelf pattenis of settlement, successful
management ofhaemulids will be guesswork, at best.
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RESUMEN

La edad, crecimiento y mortalidad de la Mojarra rayada  Eugerresplumien! en
la Cienaga Grande de Santa Marta  Colombia! y la informaci6n de capturas entre
enero y diciembre 1997 fueron analizados para los sitios I y 2, respectivamente.
UtTiizando EI.EFAN I, la longitud asint6tica  L�! estimada oscil6 entre 40.8 y 40.6
cm de longitud total  LT! y la tasa de crecimiento  K! alcanz6 valores de 0.78 y
0.79/afios; mientras que con el metodo de Wetherall  L�! oscilo entre 45.7 y 41.7 cm
de LT. Aplicando la ecuacion de Pauly, los valores para la mortahdad natural  M!,
por pesca  F! y total  Z! variaron de 1.439 a 1.453/afios, 1.614 a 1.865/afios y 3.053
a 3.318/afios, respectivamente. La longitud de captura  Lc! fue de 20.5 cm LT y la
tasa de explotaci6n  E! fue de 0.53 y 0.57 para ambos sitios, estos valores confirman
que hay sobrepesca sobre el recurso.

PALABRAS CLAVES: Edad y crecimiento, mojarra rayada, Eugerresplumieri,
Colombia

Age and Growth of Striped Mojarra, Eugerres plumierI
 Cnvier!, in the Cienaga Grande De Santa Marta, Colombia

Age, growth and mortahty of the Striped mojarra  Eugerresplumieri! &om the
Cienaga Grande de Santa Marta  Colombia! and the catch's information &om
january to december 1997 were analyzed for sites 1 and 2, respectively. By using the
ELEFAN I, calculated asymptotic length ~ ranged 40.8 and 40.6 cm total length
 TL! and growth rate  K! ranged 0.78 and 0.79 y'. By using the Wetherall's
method, Q ranged 45.7 to 41.7 cm TL. Applying Pauly's equation, the values for
natural  M!, fishing  F! and total  Z! mortalities ranged 1.439 to 1.453 y ', 1.614 to
1.865 y ' and 3.053 to 3.318 y ' respectively. The length at capture  Lc! was 20.5 cm
TL and the exploitation rates  E! were 0.53 and 0.57 and for both sites; this values
confirm over fishing of resource.

KEY WORDS: Age and growth, striped mojarra, Eugerres plumieri, Colombia



Pa9e 335 Olaya4lieto, C. and RS. Appeldoorn GCFI:55 �004!

INTRODUC CION

La Cibnaga Grande de Santa Marts  CGSM!  Figura 1! es h mayor laguna
costera de caracteristicas estwtrinas de Colombia. Hace parte del piano deltaico del
Rio Magdalena, ubicada al noroeste del Departamento del Magdalena en el Caribe
colombiano, con una extensi6n de 452 km'  IGAC 1973!. El grupo de peces mks
frecuente y mhs distribuido son las mojarras  familia Gerreidae!. La mojarra rayada
 Eugerres plumi eri! presents ej emplares casi todos los meses del aho en ambientes
con evidente influencia marina, en la boca de los rios y en el interior de la laguna,
con mayor proporci6n de hembras en las capturas  Arenas-Granados y Acero 1993!.
Tiene dos Seas de alimentaci6n: los arrecifes de guijarros y conchas y los fondos de
arena y arena-fango  Arenas-Granados 1990!, es la principal especie ocupando un
lugar destacado en las capturas y tiene el mayor valor comercial  Gallo 1988,
Arenas-Granados y Acero 1993, INPA, 1993!. Ademks, la problemktica pesquera
y ambiental que ha atravesado la cibnaga durante amos ha introducido cambios en el
desarrollo de su pesqueria.

Figure 1. Ubicaci6n de los sitios de muestreo en ia Cibnaga Grande
de Santa Marta
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Por tanto, los objetivos de cate trabajo son estimar los parkmetros de edad,
crecimiento y mortalidad de la mojarra rayada mediante el anklisis de la frecuencia
de tallas, observando las especificaciones y caracteristicas tkcnicas de las artes y
mktodos de pesca empleados en el krea de estudio para identi6car los puntos criticos
de la pesqueria y poder delinear correctivos que permitan una mejor explotacion y
regulaci6n de su captura.

MATERIALES Y METODOS

Aplicando ELEFAN I  Gayanilo et ak 1988! ala distribuci6n de &ecuencia de
tallas  longitud total! se estim6 la longitud asintotica  L�! y tasa de crecimiento  K!
de la ecuaci6n de crecimiento de Yon Bertalan6'y �938!, la cual se express asi: L,
= L��-e'+"""}, en donde: L, es la longitud media a la edad t, L�es la longitud
asint6tica, K es la constante a la cual se alcanza L�y to es la "edad" a la longitud
cero. to se obtuvo con la ecuaci6n empirica de Pauly �980!: Log«  to! = 0.3922-
0.2752 Log«L�-1.038 Log«K. Las mediciones se tomaron en longitud total  LT!
hasta el milimetro mks cercano y el intervalo de clase utiTizado fue de 1 cm. Para
comparar las estimaciones de los parametros de crecimiento, se calcul6 el Indice de
desempeho del crecimiento  $'! = Log«K+ 2 Log« L !  Pauly and Munro 1984!.
La tasa instantknea de mortalidad total  Z! se estim6 con el mktodo de tallas
convertidas en curvas de captura de Ricker �975! y Pauly �983!. La tasa
instantknea de mortalidad natural  M! se estim6 con la ecuaci6n de Pauly �980!:
Log«M= -0.0066 - 0.279 Log«Lv + 0.6543 Log«K + 0.4634 Log«T, en donde:
T es la temperatura media anual del agua en 'C. La tasa instantknea de mortalidad
por captura  F! se calcul6 con F= Z-M, la tasa de explotaci6n se obtuvo con la
relaci6n  E=F/Z!, la taHa con que entra a la pesqueria y el patron anual de
reclutamiento se obtuvieron con los mood os de Pauly �987, 1982,
respec6vamente!, los cuales son rutinaa de ELEFAN II  Gayanilo et al. 19&8!. Para
caracterizar la pesqueria se observaron las artes y mktodos de pesca y se consult6
toda la informaci6n posible para identi6car los puntos criticos y plantear algunas
medidas que permitan una mejor explotaci6n de la mojarra rayada, apuntando hacia
una regulaci6n de su captura y del ordenamiento pesquero en la CGSM.
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RESULTADOS

Frecvencia de Tallas
La Figura 2 presenta la distribucion para cada sitio de muestreo.

Fi ura 2. Distribucion de frecuencia de tallas ara la mo'arra ra ada.

Parkmetros de Crecimiento

Los valores estimados para L�, K  Tabla I! y t, tueron 40,8  » 0.2! cm LT,
0.78  ~ 0.01! a5o ' y 0.734 {a 0.006! anos, 40.6  a 0.2! cm LT, 0.79  ~ 0.01!/ano
y 0.728  + 0.006! anos, para los sitios 1 y 2, respectivamente, con temperatura
media anual de 30'C y 95 '/o de confianza. El valor de t, es bajo y no
significativamente diferente de cero, asumiendose corno tal. Con los valores
anteriores se obtuvo el Indice de desempeno del crecimiento  $'!, el cual arrojo
valores de 3.113 y 3.115 para Ios sitios 1 y 2, respectivamente  Tabla 2!.
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Table 1. Par6metros de crecimiento y mortalidad estimados para la mojarra rayada
Eu enes /urn/en con ELEFAN 1 el mhtodo de Wetherall.

Metodo I  cm! K  /ahos! Z  /ahos! M  /ahos! F  /ahos!

ELEFAN

Sitio 1 40.8 0.78 3.053 1.6141.439

Sitio 2 40.6 0.79 3.318 1.8651 453

Weath erall

45.7Sitio 1 4.5150.78

41. 7Sitlo 2 3.7610.79

Parametros de mortalidad
Las taHas convertidas en curvas de captura y sus correspondientes regresiones

se observan en Ia Figura 3. La tasa instantknea de mortalidad total  Z! fue estimada
en 3.053  » 0.2!/aiio y en 3.318  » 0.3!/silo  con 95 /o de confianza! para los sitios
1 y 2. El valor de Z estimado con el m6todo de WetheraH �986!, con K igual a
0.78 y 0.79, fue de 4.515/a5o y 3.761/a5o para los sitios 1 y 2, respectivamente
 Tabla 1!. La mortalidad natural  M! se estim6 en 1.439/a5o y L453/silo. La
mortalidad por captura  F! se calculo con F= Z - M, en 1.614aito y L865/allo, para
cada sitio respectivamente  Tabla 1!. La tasa de explotaci6n E = F/Z! estimada fue
de 0.53 y 0.57 para los sitios I y 2.

Patr6n de Selecci6n y Reclutamlento
La Figura 4 muestra la curva de seleccibn de captura de acuerdo con el tamaito

de maHa del arte utilizado en las faenas de pesca. AHi se observa que la taHa con que
ia mojarra rayada es reciutada a ia pesqueria es de 12.0 cm de longitud total,
mientras que la taHa media de captura  Lt~! es de 21.8 y 21.7 cm de longitud total
para los sitios 1 y 2, respectivamente. En cuanto al patr6n anual de reclutamiento,
se nota que la especie recluta durante todo el aho, con dos grandes pulsos y
superposici6n entre eHos.

Caracterizaci6n de la Pesqueria
Las artes y/o m6todos de pesca utilizados en la CGSM presentan una

complejidad de tipo artesanal y, con excepci6n del m6todo del boliche, proceden de
una utilizaci6n generacional con diferencias en la longitud y el tanunio de maHa. El
uso de la red de enmaHe "parada" estk relacionado con el efecto que ocasiona en
areas especiales donde no es posible su operaci6n. El impacto del bolicheo y el
zangarreo se bass en la selectividad y su operacion en areas con poca profundidad,
por lo que el INPA los prohibib. La actividad pesquera es soportada principalmente
por Ia captura de mojarra rayada, abasteciendo un mercado importante del norte del
pais y el distrito capitaL
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El numero de pescadores es 3,215  Mantra y Botero 1993!, la atarraya es el
arte de pesca mks usado con 2,342 unidades �5 /o!, seguida por el trasmallo con
1,993 unidades �0 '/o!  Viloria y Santos-Martinez 1997! y el esfuerzo pesquero lo
concentran el boliche �7.5 /o! y la atarraya �0.5 '/o!. Segun informaci6n reciente,
Ia produccibn se estim6 en 1,227 t �3 /o! entre nov./93-oct./94, 1,010 t �4.0 /o!
para nov./94 - oct./95 y 931 t �3 o/o! entre nov./95 - oct./96 del total de captura
comercial entre 48 cspecies de peces reportadas por las estadisticas pesqueras en la
CGSM  VHoria y Santos-Martinez 1997!.

Figura 3. Taiias convertidas en curve de capture para E. plumieri. Sitios 1  A! y 2
B.
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Fi ura 4. Curva de selecci6n de ca tura de la mo'arra ra ada.

DISCUSION

De acuerdo con los pocos estudios realizados sobre la mojarra rayada  FNgerres
plumieri! se in6ere que en un pez de vida y crecimiento medios y bajas tasas de
mortalidad natural. Anahzando la Tabh 2, los valores de L��0.8 y 40.6 cm I.T!
son-similares a la talla maxima reportada por Cervigon et al. �992!, mayores a las
de Romero y Gonzklez �982! y menores a la estimada por Rubio �975b!, para
machos, hembms y sexos combinados.

Hay notables diferencias entre las tasas de crecimiento y mortalidad total
estimadas en este trabajo con las de Rubio �975b!. Estas tasas pueden variar de
acuerdo con cambios en temperaturas y tallas que se presenten, especialmente si se
comparan tasas para cada sexo vs sexos combinados. Ademks, de acuerdo con el
regimen de pesca que se aplique, la poblacion puede su6ir cambios mayores o
menores en el numero y biomasa total de sus integrantes, en su estructura de edad
o de tails, en su velocidad de crecimiento e inclusive en su capacidad de
reproduccion  Csirke 1980!; con lo arriba citado se in6ere que al reducir la edad
promedio de los individuos de la poblaci6n de mojarra rayada se hace que usta
crezca m1s rlipidamente, lo que no signi6ca que su tanuulo aumente; sino, que por
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el contrario, el tamafio o biomasa total disminuya a consecuencia de la mayor
mortalidad que se presenta.

Lo anterior tambibn es sustentado por los valores estimados para la tasa de
explotacion  E!, pues los obtenidos aqui permiten inferir que la especie elk siendo
sobrepescada actualmente y desde hace mucho tiempo, teniendo en cuenta que el
tama5o de malla del arte de pesca disminuyo hasta 1/2 y 2 pulgadas. Actualmente
oscila entre 1 y 2'/4 pulgadas segun el Plan de Ordenamiento Pesquero concertado
con las comunidades de pescadores en 1996. Este plan se estfi, cumpliendo en parte,
y es posible que la mojarra rayada no haya desacelerado aun su tasa de crecimiento
a la fecha de los muestreos para adaptarse a nuevas condiciones.

El Indice de desempe6o del crecimiento estimado en este trabajo muestra
valores relativamente mayores  Sitiol = 3.113, Sitio 2= 3.115! que los estimados
por otros autores, lo cual puede estar asociado con la productividad de la CGSM,
estimada en 1,690 g C/m'/afios  Hernandez y Gocke 1990!. La talla de entrada a Ia
pesqueria de la mojarra rayada �2.0 cm LT! es menor que las reportadas por Rubio
�975b!, quien estim6 valores de 19.6 cm, 20.8 cm y 20.2 cm de LT para machos,
hembras y sexos combinados, respectivamente. Sin embargo, y extra5amente, es
similar a la informada por Gallo �988!; lo anterior puede deberse a que entre 1988
y 1997 Lc continu6 bajando para luego ascender corno respuesta a Ios cambios
introducidos en el ordenamiento de su pesquerla.

Con la talla media de captura �1.8 y 21.7 cm LT! tambihn se aprecian notables
diferencias con Rubio �975b! quien estimo valores de 25.2 cm, 28.1 cm y 26.7 cm
de LT para machos, hembras y sexos combinados, respectivamente. Comparhndola
con la talla media de captura �0.1 cm LT! estimada por Galio �988! se puede
inferir que a pesar que el ordenamiento pesquero no marcha de forms 6ptima, si se
evidencian signos de recuperaci6n de Ia pesquerla de la mojarra rayada en lo que a
esto se revere.

En cuanto al reclutamiento, analizando la producci6n pesquera a partir de la
informaci6n parcial que se tiene desde 1970 hasta 1994, se puede inferir que el nivel
de captura es afectado por este proceso. Aunque segun diferentes autores, la mojarra
rayada presenta desoves parciaies durante el allo con pulsos intensos en abril-junio
 Rubio 1975a! o desove prolongado entre mayo-agosto  Arango y Rodas 1978!, el
hecho de que esto ocurra en el Mar Caribe, lugar diferente a su residencia, le agrega
mim incertidumbre alreclutamiento mismo porqueestedepende entoncesde muchas
mks variables a que si ocurriera en la CGSM, lo que puede traducirse en
Suctuaciones de la producci6n con respecto al tiempo.

Observando laproblematicapresente en el Sea de estudio, ProCibnaga impulsa
un Plan de Ordenamiento Pesquero, basado en un soporte tbcnico  Acosta et al.
1996! que identdic6 los puntos criticos de Ia pesquerla, deline6 los correctivos para
una mejor explotacion de la especie, apuntando hacia una regulaci6n de su captura
en la busqueda del ordenamiento pesquero de la CGSM. Por tanto, se recomienda
mantener abiertos los caiios que interconectan el Rio Magdalenay el Delta Estuarino
Exterior del RIo Magdalena con Ia cihnaga para permitir la circulacion de agua y de
los peces, sin que haya interrupcion de los procesos alimenticios yreproductivos, los
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rios Frio, Sevilla, Aracataca y Fundaci6n, la Boca de la Barra por ser la
interconexion mks importante entre la cihega y el Mar Caribe. Se deben
reglamentar las capturas de la mojarra rayada, y se recomienda un tamarlo de malla
extendido de 3 pulgadas �.62 cm! que permita la captura de individuos con talla
minima de 22.5 cm de longitud total.
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Caracterizacibn del Ictioplancton a traves del Canal de la
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RESUMEN

Se estudi6 el patr6n de distribuci6n de larvas de peces a trav6s de un gmdiente
horizontal desde la plataforma insular de Puerto Rico hasta la plataforma de Isla
de Mona con muestras colectadas durante un crucero de 3 dias en octubre del
2000. Se muestrearon 15 estaciones usando un sistema de arrastte Tuker provisto
con tres redes de 202 pm. Se identific6 un total de 4.246 larvas pertenecientes a 70
gruyos taxon6micos. Se observ6 un aumento en la abundancia de larvas de peces
en direcci6n a ambas plataformas relacionado con concentraciones mkximas de
clorofila a Las larvas de yeces anecifales de huevos pelkgicos fueron nuls
abundantes en las estaciones ocehucas a 13 y 26hn de laplataformade Puerto Rico
y disminuyemn siguificativamente a 39 hn. La comente media a travbs del Canal
de La Mona fue de 10.08 cm/seg en direcci6n sur-oeste. El brea de mayor
probabilidad de enriquecimiento por dispersi6n hrval es la plataforma insular de
Puerto Rico en su costado oeste favoreciendo el auto-reclutamiento.

P~RAS CLAVE: Disyersi6n, Ictioplancton, Larvas de peces.

Characterization of the Icthyoplankton Across the Mona
Channel with an Emphasis on Reef Fish Families

The distribution pattern of fish larvae across a horizontal gradient &om the
insular shelf of Puerto Rico to the shelf of Mona Island was studied &om samyles
collected during a three days cruise in October 2000. A total of 15 stations were
sampled using a Tucker-trawl system fitted with three nets of 202 pm. A total of
4.246 fish larvae belonging to 70 taxonomic grouys were identified. An mctement
of fish larvae abundance was observed in direction to both shelves, which was
related to maximumcblorophyll-a concentrations. Reef fish larvae fium�pelagic eg
were more abundant in the oceanic stations «t 13 and 26 lan &om the Puerto Rico
shelf and decreased significantly at 39 hn. Mam current across the Mona Channel
was 10.08 cm/sec in a southwest direction. The most fiivorable area for larval
enrichment by dispersion was the west side of the insular shelf of Puerto Rico,
fiivoring self-recruitment

KEY WORDS: Dispersi6n, Fish larvae, IchthyoplanktorL
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INTRODUC CION
Las poblaciones de peces se encuentran directamente zelacionadas con las

interacciones de fen6menos Rsicos, quimicos y biol6gicos que determinan su
abundanciay distribuci6n espacio-temporal. Al respecto, es importante considerar
las etapas pelhgicay nect6nica que caractezizan sus ciclos de vide La infiuencia de
dichos fen6menos es mayor y h~inante durante estadios larvales  Leis 1991!
debidoalaaltatasade mortalidad natural Hempel 1979!, afectando asi los patrones
de reclutamiento de las poblaciones adultas. Dado que los peces adultos se
consideran principalmente sedentarios  Sale 1980!, es el periodo pelhgico de
desanollo larval, la iase mhs pmbable para que ocurra la dispersi6n  Leis 1986!.
Sobze Ia distzibuci6n de peces aneciiales estudios han reportado la presencia de
larvas a gzandes distancias de la costa  Leis 1982, Richards 1984, Victor 1987!, lo
que hallevado aproponer que laspoblaciones de estos son abiertas  Dohezty 1991,
Sale 1980!.

Para la regi6n del Caribe Norte en particular, Roberts �997! propuso un
modelo de dispersi6n inter-regional mediante el cual los patmnes de
zeabastecimiento de las poblaciones de peces anzx:ifales en cada isla dependen de
fuentes externas a favor de la corriente dominante. Sin embargo, investigaciones
zecientes corno Cowen et al. �000! aducen a pmcesos hidmgz46cos  corrientes!
in6uenciados por la batimetria local la retenci6n de larvas de peces cezca de la isla
de Barbados en el Caribe y sugieren que el efecto de la mortalidad natural y la
difusi6nexponencial limitaelpotencialde dispersi6n inter-regional corno principal
mecanismo de zeabastecimiento de las poblaciones de peces arrecifales. Varias las
investigaciones que consideran que existen procesos de retenci6n local que son de
gran importanciaen el mantenimiento de laspoblaciones de peces arrecifales Steves
et al. 1999, Jones et al. 1999, Limouzy-Paris et al. 1997!. Ramizez- Mellay Garcia-
Sais  en pzensa! evidencian la reducci6n exponencial de las larvas de peces
arzecifales en un gzadiente neritico � ocehnico al sur de Puerto Rico, lo que tiende
a apoyar la aplicabilidad del modelo propuesto por Cowen et al. �000!.

E1 pzesente tzabajo fue realizado en la secci6n cate del Canal de la Mons entre
Puerto Rico e Isla de Mona, el cual es un importante umbral del Mar Caribe. La
presencia, abundancia y estado de desanollo de larvas de peces anecifales en el
tzansecto entze la plataforma insular de Puerto Rico e Isla de Mona a tzavbs del
Canal de Mons, en conjunto con el estudio del regimen de comentes en la caps
mixta, podrian indicar que 6stas poblaciones estrin siendo ~ecidas porproeesos
locales. Ademhs, se apoya lahip6tesis de que el canal de Mona actua corno barrera
de dispersi6n y que en caso de existir enriquecimiento por dispersi6n larval, es la
plataforma insular de Puerto Rico en su costado Oeste el brea as probable de
zeclutamiento.
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MATERIALES Y MRTODOS
El Canal de la Mona comunica el Mar Caribe con el Atlkntico Norte, con un

ancho de 65 km y una pmfundidad promedio de 390 m constituye un importante
umbral de la regi6n. Recientes trabajos en el Sea muestran a este Canal corno uno
de los principales pasos de aguas del Atlhntico al Caribe, con un volumen estimado
entre 1.85 Sv+/- 0.25 Sv   Sv = 10 m'/sec - svendrups!  Segura-Torres 2000!. El
pxesente trabajo fue realizado en la seccion este, entre Isla de Mona y MayagQez
 Puerto Rico!. Isla de Mona se encuentra localizada entre los 18'10' y 18' 00'
latitud Norte y 68' y 67' 50' longitud Oeste, a 68 km de Punta Higuero - Puerto
Rico y a 60 km al Hste de Punta Espada, Republica ical

En un crucem del 9 al 11 de octubre del 2000 se establecieron 19 estaciones a
travbs de un transecto entre La Parguera e Isla de Mona: tres en la plataforma
insular de Puerto Rico  B6-N, B4-N, 5N3-N !, tres en el horde externo de la
plataforma  B6-BP, B4-BP, 5N3-BP!, tres en el canal de Mona  una cada 13 km 0-
1,0-2,0-3!, tres en la plataforma insular de Isla Mona  N-l, N-2, N-3!, tres en el
horde extemo de la plataforma de Isla Mona  BP-l, BP-2, BP-3!, dos estaciones
ocehucas al Oeste �-6, 0-7! y dos al Noreste de Isla Mona �4,0-5! a 3.7 km
y 7.4 km respectivamente  Figura 1!. Se realizaron arraslms oblicuos escalonados
entre 0 � 60 m en estaciones ocehucas y entre 0-20 m para las estaciones sobre la
plataforma insular  neriticas!. Las muestras fueronobtenidas en triplicados usando
un sistema Tucker de tres redes con maya de 202 pm. Los arrastres se realizaron a
una velocidad de dos nudos filtrando un volumen promedio de 350 m'. El volumen
agua filtrado se estim6 con -fluj6metros. Las muestras fueron preservadas en
fonnalina al 4 /o identificaci6n. Los datos de abundancia por estacibn se reportan
corno Ind/100m'.

Los datos oceanogrhficos fisicoqufmicos se obtuvieron usando un CTD  SBE
19 de Sea-Bird Electronics, Inc.! con un fiuor6metro integrado para establecer los
perfiles de saHnidad, temperatura, sigma t y clorofila- a Se utiliz6 un metro de
corrientes acdstico ADCP  Acustic Doppler Current Profiler - Broadband Blue
Water - RD Instruarents � 75 Kbz! para medir direccifin y velocidad. El metro de
corrientes estnvo instaiado por 4 meses  mayo 24 a octubre 11/2000! en la estaci6n
ADCP 1 localizada en los 18' 17.390 de latitud nortey 67'48.033 de longitud oeste
a una profundidad de 460m, registry 5029 datos de la velocidad de las corrientes
presente entre 44 y 444 m de profundidad. El estudio de corrientes se centr6 a 44

Los datos de abundancia por familia se normalizaron con transformaci6n al
logaritmo natural  In  x+1!!. Para establecer si existfan diferencias en abundancia
de cada familia por estaci6n y del estado de desanollo se realizamn Anhlisis de
Varianza  ANOVA! con replicados  Sokal y Rohlf 1995! y pruebas de diferencia
significativa paracomparacionesmultiples de promediosde Student Newman Keuls
del programa estadistico Sigma-Stat sofbvare versifin 1.0 �992 - 1994!.
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Figure 1. Maps de estaciones del crucero Mona Challenge. Octubre 9-11,
2000
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RES ULTADOS

Datos Hidrogrkficos
La saiinidad vari6 entre 33.6 y 36.8 ups presentando las valores mfnimos en

superficie en las estaciones sobre la plataforma de Puerto Rico. La variaci6n se
estableci6 para los primeros 50m. Las isohalinaspresenttuonunamayorestabihdad
hasta los 100 m. Los valores superficiales para las estaciones sobre laplatafonnade
Isla de Mona fuemn de 34.6 ups, siendo en una unidad mayor a los registmhs en
la plataformade Puerto Rico. El comportamiento de la temperaturaen la columna
hasta los 100 m es consistente con los perfiles tipicos de aguas ocehnicas para esta
secci6n del Caribe, registradas en la estacion Cats  Caribbean Time Series!
 Corredor y Morell 2001!. La densidad de la columns se presenta fuertemente
influenciadaporlasaiinidadpresentandoel mismopatx6n. Las variaciones desigma
-t a travbs de las estaciones de muestreo se encontraron entre los 21.0 y 24.8,
mostrmdo los mfnimos valores en Ios.primems 50 m de la columna despubs de los
cuales se observ6 estabilizaci6n de las isopignas.

Los valores de clorofila- a variaron entre 2.2 y 0.6 pg/L Las mayores
concentraciones se localizaron en los primeros 30 m de la columna de agua, en las
estaciones de la plataforma y horde de la plataforma de Puerto Rico. En Ias
estaciones oceknicas, se observaron los mhximos de clorofila entre los 70 y 90 m,
con una concentraci6n de 1.7 pg/L Las aguas superficiales de las estaciones al
oeste y las del horde de la plataforma de Isla de Mona yxeentamn los valores
minimos, en los primeros 40 m de Ia columna �.6 pg/L!. En la plataforma de Isla
de Mona se increment6 la concentraci6n a 1.2 pg/L El aumento en la
concentraci6n de clorofila en Isla de Mona con relaci6n a las estaciones ocehucas,
pudiera estar relacionada al efecto de "efecto de masas"  Rissik et al. 1997!.

Los datos de velocidad de corrientes fueron tornados en sus componentes U
 este - oeste! y V  norte - sur! a 44 m. La eshdfstica descriptiva del registro desde
el 25 de mayo hasta el 11 de octubre del 2000 se presenta en la Tabla I. La
trayectoria por vectores progresivos para el registro completo de datos se presenta
en la Figura 2. De las trayectorias obtenidas a partir de vectores progresivos para
los 44 m se establece que en la mayorh de las ocasiones, una particula inerte se
desplazaria en el canal saliendo del mismo por el Iimite sur. El flujo medio a 44 m
de profundidad en el Canal de La Mona durante el periodo de estudio fue
predominantemente hacia el sureste. Cabe notar que en el horde y sobre ht
plataforma oeste de Puerto Rico el flujo es en duecci6n norte con lo que se puede
favorer el reclutamiento de peces en toda la costa oeste de larvas provenientes de
huevos pelhgicos.
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Table 1. Datos estadlstlcos del metro de corrientes ADCP. Mayo 25 �4:00! -Octubre
11 6:00 . Nivel rficial 44 m.

U  Este - Oeste V  Norte - Sur!

OirecctCe promedio

Velocidad escalar promedio

Veiocidad vectorial promsdio
Numero da

31.03417

10.08086
29

Nivel 1- 44 m

-100 0 100 200 XO 400 500 600 700 800 900 1000 1100 1200

Figure 2. Vectores progresivos para 44 m deeda el 25 de mayo hasta el 10 octubre
del 2000

Promedio

Varianza

Oesviaci6n stander

9.00767994

470.99472

21.7024136

%.52564144

640.178955

25.3017578
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Dates Biolbgicos
El ictioplancton del crucero fue clasificado en 70 taxones, que incluyeron 4

ordenes y 66 fitmilias  Tabla 2!. Se capturaron un total de 6, 244 larvas de las que
se identifico el 68 lo. El 18 lo de la captura total correspondi6 a larvas en estado
postflexi6n, las cuales fueron identificadas en su totalidad. Las famiTias as
abundantes a trav6s del transecto fueron Mycthophidae �0 /o!, Gobiidae � /o!,
Scaridae� /o!, Photichtyidae� ~/o! Lutjanidae� to! y Clupeiformes� 'to!,
tepresentando el 41 'io de la captura Las clasificaciones: Labridae, Scombridae,
Carangidae, Perciformes y Blennidae con un 2 /o cada una, se representan el 51 /o
de la alnmdancia total y el 49 4/o restaute estuvo conformado por 59 taxones.

Para visualizar el comportamiento larval a trav6s del transecto los taxones
identificados fuemn agrupados en 4 categorfas de acuerdo a su hkbitat y al fipo de
desove {Leis y Miller 1976!: Grupo 1 - Familias pelkgicas de bahia y neriticas, la
mayorfa con desoves pelhgicos  PB N-DP!, Grupo 2 - Familias de arrecife costeras
con huevos no pelkgicos  AC -HNP!, Grupo 3 - Familias de arrecife con huevos
pelhgim  A-HP! y Grupo 4- Familias ocehicasy bbnticasprofundas con desoves
presumiblemente de huevospelkgicos �-HP!  Tabla3!. Las clasificaciones ennivel
de Orden corno Clupeiformes, Perciformes,'Pleuronectiformes, asf como las fiunilias
que no representaron as del 0.2 6/o de la captura total no fuemn incluidas en el
an@isis.

En el anKsis de la abundancia para las larvas del grupol se observaron
diferertcias significativas entre estaciones para las larvas prefiexi6n {ANOVA, p <
0.05!. La prueba de comparaci6n multiple de promedios Student Newman Keuls
refiej6 diferencias significativas  p < 0.05! entre la estaci6n NP � Neritica Puerto
Rico y las dermis estaciones. Tambi6n para la estaci6n O-l con hs estaciones 0-4,
8-3 y N-2; y la estaci6n N-1 con 8-3. Se establecen diferencias en la estaci6n Nl-
Neritica de Isla de Mona  ANOUA, p < 0.05!.

El comportamiento de las larvas peces del grupo 2  AC -HNP! prefiexi6n y
postfiexi6n fue inverso entre plataformas, la estaci6n de minima abundancia
preflexi6n NP se cuantific6 en 20.4 Ind/100 m3 y para las Iarvas postflexi6n en la
estaci6n nerftica NI 3 Ind/100 m'. Los valores de abuudancia del grupo 2 en el
estado prefiexi6n presentaron diferencias significativas  ANOVA, p < 0.05! entre
la estaci6n NP � Neritica de Puerto Rico y las estaciones de borde de plataforma
814243 y las ocehnicas 04, 05 y 07. Tambibn entre la estaci6n 8-2 y 0-2. En
estado postflexi6n ANOVA,p=0.4437!, se observ6unadistribuci6nrelativamente
homogbnea a travbs del trartsecto.
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Tabla 2. Distribuci6n taxon6mica y abundancia  lnd/100m'! de larvas de peces.

SP 2O.fCL2 SP Nl NgOI 0.3

71 3 2df1.2231.220e 7 l m.y181.1 Ids.gA 117 8 188 4 174.51$1 I 72.6229 4

Blopidae
AIDODdj
AnguiSiformcs

Clupdformes
Ctupeidae
Eomaulidae
Pholichlhyidsc
Mc~
Synodonudm
Parakpufldae
E ennannelSdae
Myuophhlae
Sr cgmluclrnnmc
Ophidiidae
Campidse
ytljidae

Hcalilalaptulmc
Ecocojahc
Mi iapujldm
H ceneldac
Fisndaridse
Sygnadmhe
Srnrhsenidae
Sjtaaldac
Syjphyranoomdse

Agogidae
Camaghhc
Cjyptumidae
fsldeidae

Ryheeldse
hippidae

Opiunasjdddae

TdecyyfMm

Soepe4ht

Oempyade

U entilicd

0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
5.0
IDA
0.0
12
0.4
1.$
0.0
40.7
1.3
D.4
OAI
Otl
0.0
0.0
0.0
0.0
D.O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
OA
0tl
0.0
0.0
OA
OA
0.0
0.0
0. ~
OA
0.4
0.0
0.0
0.0
O.D
0.0
0.0
0.0
2A
3.6
0.0
0.0
1.1
OA
8.5
0.0
0.7
0.0
OA
1.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
04
STB

0.0
0.0
0.0
0.0
0.0
1.9
0.9
O.T
3.0
34
0.0
1.7
0.8
1.2
0.0
30.9
0.0
0.0
0.0
0.0
0.0
0.0
0ti
03
0.0
0.0
3.7
0.0
0.0
0.0
0.3
0.0
0.3
0.0
0.3
04
0.0
1.3
1.0
0.0
74
0.0
1.7
0.0
0.0
03
0.0
24
0.0
00
72
1.2
04
2.0
14
Ofl
32
04
14
L3
0.0
00
D4
Oil
0.0
0.0
0.0
0.0
47A

0.0
1.8
0.0
OA
0.0
IA
0.0
0.0
2.0
SA
0.0
0.7
0.7
2.4
0.0
54.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0
04
0.0
D. ~
1.0
0.0
0.3
0.4
OA
14
0.7
OA
0.0
0.0
OA
3.8
1.0
1.3
~ .I
OA
1.7
0.0
0.0
0.0
OA
3.7
Otl
0.0
52
144
0.0
0.0
6.9
0.0
$.9
0.7
32
0.0
0.0
10.9
O.D
0.0
0.0
0.0
0.3
0.0
0.0
0.0
S2.5

0 ~
0.0
0.0
DA
04
0.0
OA
14
~ .7
10.9
0.0
0.0
0.1
5.3
OA
822
DA
0.4
04
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.4
0.0
0.0
0.0
0.9
0.0
04
OA
0.0
0.0
2.5
2.$
0.0
0.8
2.5
OA
0.8
0.0
0.0
0.0
0.0
32
0.$
0.0
4.4
12.1
04
0.0
D.a
14
4.1
0.0
0.0
0.0
0.0
S.D
0.0
OA
00
OA
0.4
0.0
0.0
0.0
41.3

0.0
OA
0.0
0.4
0.7
2.1
1.0
4.5
0.5
3.5
0.0
0.0
0.9
3.1
04
52.7
0.0
0.5
04
041
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
OA
5.1
12
1.5
04
0.0
0.8
42
0.0
0.7
4.3
0.0
~ .0
0.0
0.0
0.0
OA
1.5
OA
0.0
0.$
1.5
04
22
24
OA
s.Q
1.2
0.0
OA
D.a
24
0.0
04
0.0
D.S
0.4
D.O
0.0
0.0

0.0
0.0
0.0
0.0
0.0
14
0.0
0.0
0.0
1.3
0.0
0.0
0.0
0.0
12.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.3
0.0
0.0
0.3
2.1
0.0
D.S
I.a
0.3
ao
0.0
0.0
0.0
0.$
0.5
0.0
D.O
3.1
3.9
0.0
22
12
0.3
7.1
03
0.3
0.0
2.1
~ .0
0.0
0.0
0.3
D.5
0.$
0.0
0.0
0.0

0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.4
0.0
0.3
0.0
12
0.0
19.2
03
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.9
0.0
0.0
0.7
0.0
1.2
0.0
0.0
0.0
0.0
0.0
04
O.D
0.0
1.4
0.0
0.0
04
0.0
0.0
OA
1.3
0.0
0.0
0.7
1.0
04
0.0
0.9
3.5
5.5
0.7
1.0
0.0
0.0
1.$
0.3
0.0
0.0
0.0
0.7
0.0
0.0
0.0
EES

0.7
0.0
0.0
0.0
0.0
22
72
102
D.O
2.0
0.0
0.0
0.3
1.4
0.0
59.$
0.0
1.1
0.0
0.0
0.0
0.0
0.0
0.9
00
0.0
12
0.0
D.O
0.7
0.0
81
0.0
Ofl
1.1
0.0
5.0
52
0.0
0.0
5.3
2.0
1.0
0.0
DA
0.0
0.0
04
1.7
0.0
3.9
25.0
O.D
0.0
1.0
0.1
$.1
2.0
04
0.0
Ott
9.7
0.0
0.0
0.0
D.O
D.T
04
0.0
0.0
39.7

OA
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
1.1
0.4
0.0
0.0
0.0
00
16.3
0.0
02
0.0
0.0
0.0
0.0
OA
35
0.0
0.0
0.2
0.0
0.0
0.0
0.0
7.7
0.0
0.0
OAI
0.0
2.$
14
0.0
02
4A
0.0
0.0
1.8
0.7
0.0
0.0
2A
0.0
0.0
1.5
2.92
0.0
0.0
2.$
OA
5A
0.2
0.0
0.0
3.2
0.0
0.0
0.0
0.0
02
0.0
0.0
0.0
58.5

0.0
OA
D.O
12
0.0
0.0
1.1
0.0
2.T
13.6
0.4
2.4
0.$
5.2
0.3
~ 6A
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
2.4
0.4
0.0
D.D
0.0
DA
5.1
OA
0.0
22
0.8
0.0
0.0
0.0
0.0
OA
2A
0.0
0.0
2A
13.7
0.0
OA
7.'7
0.0
6.5
0.0
12
0.0
0.0
94
0.0
0.0
0.0
0.0
08
0.0
0.0
04
50.3

0.0
0.0
0.0
0.0
0.0
23.7
1.1
DA
0.0
4A
0.0
0.0
84
0.0
0.0
38.1
0.0
00
0.0
1.1
0.0
24
OA
24
0.0
OA
1.1
22
0.0
10.9
0.0
55
0.0
00
0.0
0.0
04
2.0
22
0.0
112
21.1
0.$
0.0
0.0
0.0
0.0
0.0
0.0
SB
44
22
4.3
'194
0.0
31.1
0.0
0.0
04
0.0
OA
0.0
0.0
D.O
0.0
0.0
Oal
0.0
0.0
187.7

0.0
0.0
0.4
0. ~
0.0
1.2
0.4
0.$
0.0
1.8
0.0
0.0
0.0
0.7
0.0
37.5
2.7
0.5
0.0
OA
0.0
0.0
0.0
D.8
0.0
0.0
0.5
0.0
0.0
1.3
04
D.O
0.0
0.0
00
0.0
0.9
1.1
0.0
D.4
~ .9
04
1.1
0.0
O.D
0.0
0.0
2.2
0.0
0.0
7.9
24.9
0.0
0.0
3.0
14
164
1.7
1.5
0.0
0.0
2.d
0.0
0.0
0.8
12
1.9
0.$
0.0
0.0
37.3

0.0
0.0
0.0
0.0
0.0
1.5
1.0
0.0
0.0
4.3
0.0
00
1.0
0.5
0.0
23.$
0.9
0.5
0.0
0.0
3.0
0.0
0.0
0.0
0.5
0.0
0.9
0.0
0.0
1.0
0.0
0.0
0.9
0.5
5A
0.5
1.0
7.7
04
0.0
10.1
12.1
0.0
0.0
0.0
0.5
1.0
0.5
234
9.0
3.1
0.0
0.0
2.0
0.0
17.5
1.0
14
0.0
04
4.0
0.5
0.0
0.0
0.0
0.6
0.0
0.0
0tl
119 8

00
00
0.0
0.3
0.0
0.8
03
Oft
0.0
1.2
0.0
0.0
D.O
22
0.5
27 5
1.6
0.0
00
0.0
0.0
1.8
0.0
04
0.0
0.0
0.3
04
0.0
0.0
0.0
152
24
0.5
04
04
0.0
2.3
0.0
0.0
10.3
04
5.1
0.0
0.0
0.0
0.0
34
0.0
84
10.5
13.5
ILO
D.O
2.1
1.6
2$.1
0.0
0.0
0.0
0.0
2.7
0.0
Ofl
0.0
04
0.5
0.0
0.5
0.0
88.5

0.0
0.0
0.0
0.0
0.0
05
00
0.0
1.0
$.3
0.0
0.0
0.0
04
05
0.0
1.0
0.0
0.0
1.0
0.0
d4
2.9
0.0
00
0.5
0.0
D.O
0.0
00
0.0
D.O
0.5
0.0
0.5
0.0
1.1
0.0
04
5A
0.0
14
0.0
0.0
0.0
0.0
3.8
0.5
2.'7
0.0
0.0
O.D
0.0
12
0.0
7.5
12
0.0
0.0
0.8
04
0.0
04
00
0.0
0.0
DB
0.0
04
23A

1.7
2.8
0.4
3.1
12
37 8
13.4
18A
19.1
754
0.8
5.3
11 8
25.$
1.9

530.7
7.3
4.8
0.5
1.5
4.0
34
04
10.7
0.5
0.8
12A
2.7
0.3
92 ~ .9
2.9
504
8.$
~ .I
8.3
1.0
144
~ 0.8
4.5
~ .I
752
27.2
30.5
1.8
2.0
04
2.5
2$.8
3.9
414
64.D
147.4
5.5
1 44
51.$
ID.T
167.1
9.0
14.5
12
s.s
65.0
DS
0.4
1.2
2.7
7.1
0.5
0.5
0.5

8484

0.1
0.1
0.0
0.1
0.0
IA
0.5
0.7
0.7
2.8
0.0
02
0.4
1.0
01
19.9
0.3
02
00
0.1
0.2
0.1
0.0
OA
0.0
0.0
0.5
0.1
0.0
0.$
0.1
1.9
0.3
02
0.3
0.0
0.8
1.5
02
02
2.9
1.0
1.1
0.1
0.1
0.0
0.1
1.1
0.1
1.6
2A
5.5
04
0,5
2.0
OA
$.3
0.3
0.5
9.0
D2
2A
0.0
0.0
0.0
0.1
03
0.0
0.0
0.0
31.7
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Tabla 3. Composici6n de Families de larvas de peces coleccionadas por Grupo.
Grupo 1  Pelhgico-estuannas- huevos pel4gicos!; Grupo 2  Costeras � huevos no
pelhgicos!; Grupo 3  Arrecifales-huevospeJ5gicos!; Grupo 4  Oce4nicas-huevos

IA icos
Gru 1 Gru 2 Gru Gru 4
Elopidae

Albulidae
Gobtesocidae

Ophidiidae

Atherinidae

Pomacentridae
Tripteqgiidae

Labliosomidas

Ophichthidae

Sphyraenidae
Bythitidae

Mullidae

Clupeidas
Engraulidae

Gerreidae

Clupeiformas
Carangidae

Apogonidae
Syngnathidae

Blenniidae

Gobiidae

El grupo3  A-HP! se observa corno grupo dominante sobre el 40 /o de
abundancia total en las estaciones del borde de la plataforma de Puerto Rico, en las
estaciones nerlticas de Isla de Mons y en la estaci6n oceihuca 0-2 a 26 Km de
Puerto Rico. Este grupo es de especial inter6s dada la fase pelligica que le
caracteriza y su asociacion con el habitat anecifal, terna centmi de este estudio. En
la plataforma de Puerto Rico la abundancia fue 14.4 Ind/100 m' �0 /o!, siendo
mayor el porcentaje de individuos preflexi6tL Para Isla de Mons se encontr6 una
mayor abundancia sobre las estaciones neriticas 11.5 Ind/100 m �0 /o! que sobre
las del borde de la plataforma 4.1 Ind/100 m' �5 o/o!. La estaci6n ocethnca 0-2 fue
particulatmente abundante en larvas del grupo 3  A-HP! con un valor promedio de
11.3 Ind/100 m' �5 o/o!. Las larvas preflexi6n mostraron la mayor abundancia en
las estaciones ocehnicas 01 �2.1 Ind/100 m'! y 0-2 �A Ind/100 m'! a 13 y 26
km de la platafonna de Puerto Rico, respectivamente. Las larvas postflexi6n
presentaron sus picos de abundancia en las plataformas tanto de Puerto Rico  8.3
Ind/100 m' ! corno de Isla de Mons  8.5 Ind/100 m'!, asi corno en la estaci6n 0-5
�0.13 Ind/100 m'!. Las larvas preflexi6n del grupo 3 moslr6 difezencias

Kyphosidae
Chaetodontidae

Paralichthyidae

Aulostomidae
Scorpaenidae
Muraenidae
Serranidae
Bothtdae
Priacanthidae
Microdesmidae
CaNionymidae
Synodontidae
Holocenbldae
Acanthuridae
Pomacanthidae
Haemutldae
Opislognathidae
Labridae
Lutjanidae
Scaridae

Caproidas

Evermannellidae
Bramidae

Symphysanodontid
ae
Coryphee nidae
Gempylidae

Notosudidae

Bregmacerotidae
Exocoetldae
Gonostomabdae
Paralepididae
Scombrldae
Photichthyidae
Myctophldae
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significativas  ANGVA, p < 0.05! en la estaci6n ocahica 0-1. Para el estab
postflexi6n las diferencias fueron significativas entre la estaci6n NP � Nerftica
Puerto Rico y las esiaciones ocehicas 0-3, ~, 0-5 y neritica N2  ANOVA, p <
0 05! Tabla 3. La estaci6n ocehnica 0-3 se muestra corno diferente a la mayoriade
las estaciones corno consecuencia del bajo valor de abundancia�.2 Ind/100 m'!, el
menor observado. Esta estaci6n se localiza a 39 hn de la plataforma de Puerto
Rico, y a aproximadamente 7 km de la plataforma de Isla de Mona.

El grupo 4 �-HP! fue dominante enlasestacionesocednicas O-6�7.3 Ind/100
m'!, 0-7 �0.3 Ind/100 m'! y en la neritica de Mona Nl �6.3 Ind/100 m'!. Se
observ6 una disminuci6n hacia las plaiaformas de Puerto Rico, Isla de Mona y en
las estauones de borde de plataforma de Puerto Rico. En el aniiisis de abundancia
para este grupo en estado preflexi6n no se establecen diferencias  ANOVA, p =
0.0698!. Las larvas postflexi6n presentan diferencias  y < 0.05! para la estaci6n
nerltica N3  8.9 Ind/100 m3 !.

DISCUSI6N
Laabundanciade la comunidad de larvas de peces en el transecto Puerto Rico-

Isla de Mons presents un patr6n de aumento sobre las plataformas insulares
consistente con los resultados de Ramirez-Mella�000! pea lacosta sumeste en La
Parguera Al respecto, encontramos dos consideraciones importantes:

i! Lasplataformas insulares de Puerto Rico elslade Monasemuestran corno
areas de desoves, a juzgar por la elevada relaci6n de larvas prefiexi6n a
postflexi6n �5:1!. En las estaciones de horde de ylataforma estarelaci6n
fue de 4:1 y en las ocehaicas de 5:1 y

ii! Los incrementos en la concentraci6n de clorofila a, corno indicativo de la
productividad de las aguas muestran mayores concentraciones en las dos
plataformas., peroen Isla de Nona fue relativamente menor, yosiblemente
debido a que los aportes de nutrientes por escorrentfas son minimos.
Consistente a este patr6n, la abundancia de ictioplancton fue
significativamente mayo sobre laplataformade Puerto Rico, con relaci6n
a las estaciones ocehucas al oeste de Isla de Mons.

En el comyonente yostfiexi6n se establecen diferencias significativas entre las
estaciones nerlticas y las de borde de phtaforma, en donde se observan las mayores
concentraciones. Este patr6n es tambi6n similar al reportado por Ramirez-Mella
�000! para las estaciones del borde de la plataforma en La Parguera. El borde de
laplataformaparece ser un hibitat altamente favorable para estas larvasenavanzado
estado de desarrollo ya que las mantiene en Areas de alta productividad comparado
a las zonas ocehaicas, con la ventaja de la ausencia de deprerladores asociados a la
plataforma insular.

Del amBisis de categorfas eco16gicas en cuanto a tipo de desove y hkbitat, el
grupo 1  PBN-DP! se present6 corno un componente importante en la plataforma
de Puerto Rico, representado el 24 ~Po de la abundancia total. En el amihsis de la
abundancia yara larvas preflexi6n se observaron diferencias entre la estaci6n NP-



RoasO,J.and J.ReniGarchl GCFl:55 2004

Neritica Puerto Rico y las damh estaciones. Este esquema estuvo int1uenciado por
el grupo de los Cluyeifozmes, constituido yor las familias Ezlgraulidae y Cluyeidae.
Estas familias son tfyicas de &eas costezas estuarinas y de hkbitos phmctivoros
 Watson 1996!. Su distribuci6n es indicativa de la presencia de hmas de desoves
asociadas a la platafozma de Puerto Rico. Garcia �994! y Garcia et al. �996!
zeportana los Clupeifonnes corno el componentetaxon6mico zmls ablmdante de las
zonas costezas en Puerto Rico con ciclos completos de desanollo larval
yrincipalmente neziticos. Para Ias larvas postflexi6n se establecen diferencias
significativas en la estaci6n Nl � Neritica de Isla de Mone Este patr6n estuvo
influenciado yor la alta abundancia de la familia Carangidae, que represent6 un 17
/e de la abundancia total de la estaci6n junto con otros.taxones con conocidos ciclos
larvales neziticos  y.e. Engzaulidae, Ctupeidae, Geneidae!.

El grupo 2  AC-HNP! se identifica corno el grupo dominante �0 /e! en las
estaciones neriticas de Puerto Rico. Este grupo esthzepzesentado principahnentepor
la familias Gobiidae, Bleniidae,Apogonidae y Labriosomidae. El memo valor de
larvas prefiexi6n de este grupo est@ asociado al horde de la platafozma de Puerto
Rico. Steves et al. �999! observazon que la mayozia de taxones que comyletan su
ciclo de vida en 4zeas de plataforma proviene de huevos no peligicos. El grupo 2
present6 diferencias en el estado preflexi6n significativamente mayores entre la
estaci6n NP � Neritica de Puerto Rico y estaciones de horde de platafonna y
occAIucas.

El gruyo3  A-HP! fueaumhicamente dominante enlas estaciones del horde de
la plataforma de Puerto Rico, en las estaciones neriticas de Isla de Mona y en la
estaci6n ocehica 0-2 a 26 hn de Puerto Rico. Este grupo se encuentra
principalmente zeyresentado por las familias Scazidae, Lutjanidae, Labridae y
Opistognatidae. La alta abundancia de cate grupo en el bozde de la plataforma de
Puerto Rico es consistente con los estudios de Garcia et al. �996! y Ramirez-Mella
�000!. La zelativamente alta abundancia de larvas de peces de anecife con huevos
pelhgicos  gzupo 3! en las estaciones neriticas de blade Mons reflejaposiblemente
la limitada extensi6n de la plataforma insular y una din6znica fuerte de interacci6n
entze las poblaciones costezas y las ocehnicas.

Laobservaci6n de alta abundancia de Iarvas de yeces del grupo 3 en laestaci6n
ocehuca 0-2 es de particular zelevancia Las comentes de deriva a trav' del Canal
de la Mona han sido estinzadas para perlodos cortos en 8.5 cm/seg �.3 tun/dfa!
haciael oeste  Metcalfet aL 1977!. Asumiendo el desove de cspecies de anecife en
laplataformade Puerto Rico con las comentes suyerficiales dederiva, secalcula la
posici6n de las Iarvas con saco vitelino  entre 24 y 48 horas desyubs del desove! a
una distancia entze 7 y 14 hn de la costa. El fiujo superficia se considers el factor
de princiyal influencia en la localizaci6n final de las larvas dado que determina la
direcci6n y magnitud de su desplazamiento horizontal  Capella et al., 1992!. La
estaci6n ocehnca 02 se encuentra a 26 Icn de la plataforma de Puerto Rico y el
fuerte componente de huvas pzefiexi6n en esta estaci6n puede exphcarse corno
consecuencia del tzansporte de huevos desde los limites de laplataforma hacia mar
ablefto.
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Es importante anotar que el patr6n ob.mvado para el grupo 3 esta influenciado
por las familias Scaridae y Lutjanidae dada su abundancia, pero el esquema de
aumento en la estacion 02 es reflejo de aumento de abundancia de 13 de las 24
familias que lo constituyen. Ramfrez-Melia �000! observ6 un pico de abundancia
para este componente a 29 hn. El nuucado descenso de este grupo para la estaci6n
oceiinica 03 a 39 hn de la plataforma de Puerto'Rico parece delimitar el rango de
dispersi6n de este componente a partir de Ias plataformas de producci6n. Un
resultado similar se desprende del estudio de Ramie-Melia y Garefa-Sais  en
prensa! qmenes encontrar6n un mucado descenso en la abundanciade las familias
arrecifa1es a los 46 km fuera de la platafomuL

El gmpo 4 �-HP! fue dominante en las estaciones ocefmicas yen las de horde
externo de la plataforma de Isla de Mons �5 'Ye y 67 '/o!. Se obexv6 una
disminuci6n hacia las plataformas de Puerto Rico �4 %! e Isla de Mons �2 /o!
y en las estaciones de horde de piatafonna de Puerto Rico �4%!. Nuevamente, la
alta abundancia de este grupo en una estaci6n nerltica denota una fuerte influencia
ocehuca en la costa este de Isla de Mone La variaci6n en este grupo estuvo
infhmnciada por un gradiente costero � ocefmco, el cual ha sido documentado por
Leis y Miller �976! y Ramirez-Mella �000!. Este grupo estuvo integrado
principalmente por las famiTias Myctophidae, Photichthyidae, Scombridae y
Paralepididae.

Este estudio muestra la existencia de procesos flsicos que pueden explicar la
distribuci6n de larvas de peces de arrecife con huevos pelkgicos a travbs del
transecto Puerto Rico - Isla de Mona El flujo y direcci6n de las corrientes en la
capa mixta proveen un mecanismo potenciahnente efectivo para el retorno a las
Seas de producci6n. Una vez las Iarvas eclosionan   24 � 48 h! y cambian su
profundidad en la columns de agua corno consecuencia de cambios de densidad, se
desplazan de la secci6n superficial afectada por la corriente de deriva  8.5 cm/seg
hacia el oeste! y encuentran en un flujo de 10.1 cm/seg hacia el sur-este,
favoreciendo el tranqurteyrectutamientode larvas enel hreaoeste de laplataforma
de Puerto Rico. Los resultados de este estudio muestran que el Canal de La Mona
actus corno unabarrera para la dispersi6n larval favoreciendo el rectutamiento local
en la plataforma oeste de Puerto Rico.
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RBSUMEN

El numerode cspecies asociadas a los ecosistemas costeros variaen funci6n de
la complejidad estructural y de la disponibilidad de alimento de cada hlbitat. Las
camas de pastos marinos se encuentran entre los sistemas costeros as complejos.
El presente estudio permite determinar la estructura de la comunidad de peces
asociadas a las praderas de pastos de Thalassia testudinlm en la Laguna Yalahau,
para lo cual se realizaron muestreos quirxemdes durante los meses de junio y julio
del 2001 considerando las fases de luna nueva y Bena Se colectaron un total de 41
cspecies durante los dos meses sobre praderas de T. testttdinum por medio de una
red de barra Ren&o. Las familias as representativas fueron Syngnathidae y
Haemulidae. Lagodon rhomboides represent6 la especie mks dominante tanto en
abundancia corno en biomasa para ambos meses �0.2 '/o!, por su parte Lucania
parva represent6 la segunda especie dominante en ambas lunas del mes de julio. La
mayor riqueza de cspecies se present6 en luna ilena de junio con 28 cspecies,
disminuyendo a 26 durante la luna nueva, mientras que para el mes de julio se
observ6 una disminuci6n a 18 y 16 cspecies en luna Ilenay nueva, respectivamente.
La mayor diversidad se obtuvo en Ia luna nueva de junio mientras que la mayor
equidad sepresent6en luna nuevade julio. La comunidad de peces de hLs camas de
pastos marinos en Yalahau es muy simlar a las reportadas por otros autores en
ecosistemas similares. Finalmente, el ecosistema depastos funcion6 corno Arcade
alimentaci6n, protecci6n y crianza de especimenes de talla peque5a y juvemies de
cspecies de diferente origen ecol6gico. Este conocinuento es importante para
evaluar la importancia bio16gica y eco16gica que representan las camas de pastos
marinos en la laguna de Yalahau.

PALABRAS CLAVES: Pecesjuveniles, estructura de lacomunidad, Quintana Roo,
Mexico

Structure of the community of juvenile fish in the lagoon
Yalahau, Quintana Roo, Mexico during the "Time of Rains"

The number of coastal species associated with coastal ecosystems varies base
on the structural complexity and the ofavailabilityof food ofeach habitat. Ae beds
of marine grass are found among the most complexes coastal systems. The present
study allows as to determine the strucnne of the community of fish associated with
the beds of turtlegrass  Thalassia testudimtm! in the lagoon of Yalahau, for which
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biweekly samplings were made during the monthsof June and July 2001 considering
the phases of New Moon and Full Moon. A total of 41 species were coHected
during both months on beds of turtlegrass with a "Ren&o" net. The most
representative families were Syngnathidae and Haemulidae. Lagodon rhomboides
represented the most dominant species in abundance as in biomass for both months
�0.2 /o!, Lucania parva represented the second species doininant in both moons
of the month of July. The greater number of species appear in FuH Moon of June
with 28 species, reduced to 26 for New Moon, whereas for the month of July a
decrease 18 and 16 species is observed in Full Moon and New Moon respectively.
The greater diversity was obtained in the New Moon of June whereas the evenness
appeared in New Moon of July. The community of fish of the beds of turtlegrass in
Yalahau is very similar to the reported ones by other authors in simHar ecosystems.
The ecosystem of turtlegrass functions as an area of feeding, protection and raising
ofsmaH and juvenile specimens of small size ofspeciesofdifferent�ecological orig.
This knowledge is important to evaluate the biological and ecological importance
that the beds of turtlegrass in the lagoon of Yalahau represent.

KEY WORDS: Juvenile fish, community structure, Quintana Roo, Mexico

INTRODUC CION
Los ecosistemascosteros tropicalesy subtropicalescorno son el arrecifal, pastos

marinos y bosques de manglar, se caracterizan por la diversidad de productores
primariosy de microhkitatsque detenninanla presendadecomunidadesbio16gicas
diversas, tramas fx6ficas complejasconuualto grado de interacci6n entre lacolumna
de agua y el fondo, un gran numero de cspecies generalistas trMcos, y altas tasas
de inteicambio de materia orNhnca y organismos tanto internamente corno con
ecosistemas vminos  Day et a1.,1989!. Estos ecosistemas presentan diversas
caracterlsticas ambientales que influyen en la estnictura de la comunidad  Alvarez
et al. 1990!. La verdadera importancia que estos sistemas tienen para lacomunidad
depeces, se basaen ladiversidadde cspecies queaprovechan la variedadde hkbitats
que encuentran en los mismos; asi corno, la enorme producci6n de recursos- que
junto con los factores dindmicos determinan una variaci6n espacio-temporal en las
poblaciones nect6nicas del piopio sistema, compuestas en su mayoria por larvas y
juveniles  Thayer et al. 1987, Yhaez-Arancibiay Nugent 1988, knez-Arancibia et
al. 1993!.

Apequehaescala factoies corno ladisponibilidad de alimento yel refugio contra
la predaci6n, constituyen elementos esenciales en la variaci6n de la estructura de la
comunidad de peces  Nagelkerken et al. 2000 y 2000a!. Dentro de este contexto de
sistemas eon una gran complejidad estructural yuna alta disponibilidad dealimento
se encuentran las praderas de pastes marinos. Por lo que estos sistemas son
utilizados corno lee de alimentaci6n y crianza por parte de varias cspecies fcticas
especialmente en etapas juveniles  PoHard 1984, Parrish 1989, Robertson y Blaber
1992, Nagelkerken et al. 2000, 2000; 2001!. Se han propuesto varias teorias para
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expHcar la alta abundancia de peces juveniles en estos sistemas, las cuales se basan
en la alta disponibilidad de alimento y la alta complejidad estruchual presente que
les confiere una mejor proteccibn contra los predadores  Parrish 1989, Robertson
y Blaber 1992, Nagelkerken et aL 2000, 2000; 2001!.

El estudio de la estructura de la comunidad de peces en etapas juveniles
permitirAcomprendermejorlarelacibnexistenteentru estos organismosyel sistema
de praderas de Thalassia testudinam.

MATERIAL Y METODOS

Area de estudio. La Laguna de Yalahau tambibn conocida corno laguna Conil se
localiza en la parte noreste de la Peninsula de YucatAn, en el Estado de Quintana
Roo, Mexico, entte los paralelos 21' 26' y 21' 36' de latitud Norte y los 87' 08' y
8T 29' de longitud Oeste  Figura 1!. El sistema Iagunar de Yalahau, se caracteriza
por ptesentar Areas someras con praderasde macr6fitas, dominadas principalmente
por Thafassia testudinum tanto en la parte interna corno en su boca  Espinoza-
Avalos 1996!.

Rgura 1. Ubicecibn del Area de estudio. Laguna Yalahau, Peninsula de
YucatAn, MAxico

En cada sitio de colecta se registraron los parAmetros fisicoquimicos de
salinidad en unidades ups y temperatura en 'C, mediante un multisensor YSI
85/SOFT *0.01!. Para larecolecta serealizaronmuestteos nocturnos considerando
las SNes de luna liana y luna nueva durante los meses de junio yjulio del 2001, que
corresponden a la Apoca de Huvias en la regibn basAndose en la estacionalidad
hidro16gica de la temperatura y sahnidad  ValdAs et al. 1988!. Se reatizamin
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arrasttes horizontales de 30 m sobre praderas de pasto de las tortugas con una red
de barm tipo Rentro de 1.60 x 0.5 m de boca y una luz de mails de 1.00 mm. Las
muestras obtenidas se fijaron en formaldeMdo diluidoconaguade mar al 10~/o. Los
organismos colectados se identificaron a nivel de especie, cada organismo se peso
 gr! y se midis en su longitud esthndar  cm!. Con los datos obtenidos se estimaron
las Buctuaciones promedio de la abundancia y biomass, adexmls la estmctura de la
comunidad de juveniles se anahz6 a partu de sus principales descriptores: riqueza
de cspecies, diversidad, equidad y dominancia  Ludwing y Reynolds 1988!.

RES ULTADOS

Latemperatura promedio fue de 29.35'C presentandose un incremento gradual
a travbs del tiempo, por lo cual la temperatum minima se present6 durante la luna
llena de junio y la mkcima durante la luna nueva de julio. Por su parte la sahnidad
pmmedio dunmte los muestreos fue de 39.98 con un valor minimo en luna liens de
junio y el valor mba alto reportado para este parkmetro fue en ht luna Hens de juHo
 Figura 2!.

Figure 2. Vanaci6n temporal de la salinidad y ternperatura durante las fases
lunares de 'unio 'ulio del 2001

Se capturaron uu total de 1050 individuos representados por 41 cspecies
pertenecientes a 23 familias durante los meses de junio y julio del 2001, aportando
en conjunto una biomass total de 2930.3 gr. La captura promedio fue de 263
individuos con una biomass de 732.6 gr para cada muestreo.
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De las 41 cspecies reportadas el 53.7 % son eurHIHnas y el 36.6 % son
estenohalinas ambas del componente marino, solo el 9.Z % son residentes
l ennanentes {Figura 3!.

Figure 3. Categorfas ecol6gicas de la ictiofauna juvenil registrada en Laguna
Yalahau, Quintana Roo, Ikhxico, de acuerdo a Castro-A uirre et al 1999 .

La mayor abundancia se yresento durante la luna liens de juho y h menor en la
luna nueva del mismo mes, mientras que la mayor biomass se obtuvo en la luna
nueva de junio disminuyendo a en la luna liens de julio  Tabh I!.

Tabla 1. Parhmetros ecot6gicos registrados de la comunidad de peces juveniles
en la una Yalahau durante las fases lunares de 'unio ulio del 2001.

Parhmsbo Usna Junto Nueva Junto Usna Jutto Nueva JuHo
Abundancla {N' de ind!

Biomass  gr!
Riquaza  S!

FamiTias
l3iversidsd {ind,Ibits!

E uidad

254
681.7

28
17

3267
0.092

247
1120.6

26
'l8

8818
0.188

306 243
480.5 647.5

18 16
11 10

4254 4.147
0.210 0.227
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La famiHa Syngnathidae fue la as repzesentativa con un total de 10 cspecies,
seguida de la FamiTia Haemulidae con solo 3 cspecies que en conjunto zepresentan
el 29.3 o/o de las cspecies reportadas en este estudio  Figura 4!. En la tabla 1 se
observ6 que la riquezade cspecies present6 una variaci6n temporal siendo la mayor
durante la luna Henadejunio r =28! diminuyendo gradualmente hastalalunanueva
de julio  S =16.$ El valor xmas alto de diversidad se reporto para la luna nueva de
junio y el menor en la luna Hens de este mes, por su parte la mayor equidad se
reporto para la hma nueva de julio y la menor en la luna liens de junio. La figura 5
represents a las cspecies mls dominantes dentro de los juveniles, teniendo que
Lagoon rhomboides fue la especie mhs dominatrte durante el mueslxeo tanto por
su abundancia corno por su biomass, seguida en este sentido por Lunmiaparva que
en conjunto representaron el 42.3 y 41.8 /o de la abundaneia y biomass
respectivamente. En conjuntolas 7 cspecies nuisdominantes en el sistemade camas
de T. tsstudinum aportan el 72 y 71.8 ~/o de la abundancia y biomass totales para
toda la captura de juveniles en cate sister

FIQura 4. Abundancia relative de las families representatives en la comunidad
uvenil en La na Yalahau durante les fases lunares de 'unio ' o del 2005
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1.19ura 5 Especies dominantes en iaguna Yalahau mediante el tndice de Vahr de
Im rtancia durante las fases lunares de unio ulio del 2001.

Por ultimo la figura 6present6 la tais promedio de captura para cada uno de los
muestreos, donde se observ6 que la menor taHa sepresent6 durante la luna liens de
juho y la tails promedio nuixima se registro en la luna nueva de junio, teniendo en
promedio una taHa de captura de los orgsrusmos durante todo el muestreo de 5.8
crn.

01SCUS16X
La salinidad experhnent6 un aumento durante el mes de julio, debido a una

disminucibn en la precipitaci6n pluvial, aunado a que estalagunanopresenta aportes
de agua dulce por parte de rios o manantiales. Al igual que el pm4nmtro anterior la
temperatura presento un ligero aumento durante el mes de julio, Valdbs et al.
�988!, se5alan que la temperatura aumentadurante el periodo de Huvias, por efecto
de la poca profundidad que junto con los niveles de radiaci6n solar provocan un
rkpido calentamiento de la columns de agua



Page 36955~ Gulf and Caribbean Fisheries Institute

Figure 6. Variaci6n temporal promedio de la talla de capture de ia lctiofauna juvenil
en La una Yalahau durante las fases lunaies de unio 'ullo del 2001.

Las praderas de pastos de las tortugas en la Laguna Yalahau albergan una
amplia variedad de cspecies de origen ecolbgico diverso. La constancia en la
presencia deciertas cspecies refleja la capacidad eurihalinade laictiofauna de estas
praderas, permitiAndoles soportar fluctuaciones en las condiciones ambientales
 Kinne 1967!. En el caso de este ecosistema se reportan en su mayorfa cspecies
eurihalinas yestenohalinas del componente marino en fasejuvenil, una vez que ban
incrementado su tails y peso corporal migran a su hAbitat de adulto fuera de la
laguna alcanzando su madurez sexual y completando suciclo de vida Gunter 1961!.
Muchas de las cspecies report'idas en este estudio son individuos que en su fase
adults habitan en el arrecife adyacente a la ~ mientras que su fase juvenil
indicada por la taHa promedio de los individuos capturados, utilizan a las praderas
de T. tesludinum corno Areas de crianza, alimentacibn y protecci6n que es
proporcionada por la complejidad estructural que presentan este tipo de sistemas.
Nagelkerkenet al. �000, 2000ay 2001! y Garcia�001!,reportancomportamientos
similares en la comunidad de peces de una laguna de la hIa de Curacao y Laguna
Pajarera Central en Isla Contoy.

La comunidad de peces juveniles en este sistema guards una ci~stica en
comim con otras comunidades y es que se encuentra conformada por cspecies
dominantes que residen en ella todo o gran parte del a5o y por cspecies que entran
en ella en ciertos periodos de su ciclo de vida sobre todo en estadios juveniles
 Yanez-Arancibia et al. 1980, Gonzalez 1995, Vega 1998, y Garcia, 2001!. De
acuerdo a YAnez-Arancibia er al. �988!, las cspecies dominantes son importantes
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se ciclode vida alas condiciones ambientales de su habitat, asi corno porlaconducta
tr6fica y biol6gica de cada individuo.

La mayor abundancia durante Ia luna llena de julio se debe al incremento en el
numero de individuos capturados de cspecies forraj eras corno F. polyommus y L
parva, siendo individuos juveniles de cspecies con una alta tasa reproductiva y de
bajos niveles troficoscon altas eficienciaecolbgicas, siendo importantespor el papel
ecolbgico que realizan en la transformacibn y transporte de energia dentro del
ecosistema, al ser alimento disponibie para cspecies de niveles tn5ficos superiores
 Vega 1998!. El aumento en Ia biomas se debi45 a,la presencia de organismos de
mayor talla pero todavia en estadio juveml de cspecies corno E. rhomboides y
Orthopristis chrysoptera, Ias cuales son cspecies generali stas que se ahmentan de
peque5os peces, crustkceos, poliquetos, nanatodos que habitan sobre las praderas
de pastos. Vega et al. �992! reportan en un estudio prospectivo en esta misma
laguna a estas cspecies corno abundantes pero no especifican el substrato sobre el
cual fueron capttmujos. Las cspecies que se presentaron en grandes abundancias son
las que aprovechan mais eficientemente los recursos presentes en el sistema,
resultando dominantes en lascapturas durante la bpoca de Huvias Yinez-Arancibia
et al. 1988!, tesultados simi1axes han sido reportados por GonaHez �995! y V~
�998! para Ia laguna de Celestun y para laguna Pajarera central por Garcia �001!

En conclusion el ecosistema de praderm de pastos de las tortugas en Laguna
Yalahau funcionacomo hrea de alimentacibn, proteccibny crianza para individuos
juvenHes de difetente origen ecol6gico. Este tipo de estudios permiten determinar
laimportanciaecol6gicaybiolhgicaque representuel ecosistemadepastos para los
pecesjuveniIesdentm de sistemas mS complejos como son laslagunascosterasdel
norte de la Penirtsula de Yucatkn.
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ABSTRACT

Tarpon once supported valuable recreimonal fisheries in Texas waters.
Beginning in the late 1940s catch rates began to decline, leading to reductions in
tarpon-related activities including abandonment of lucrative tournaments. Desires
to restore these valuable fisheries in Texas waters have prompted proposals for
management interventions, including culture and stockingofhatchery-reared tarpon.
Texas Parks and Wildlife Department Coastal Fisheries Division policies require
examinations of the genetic consequences of enhancement programs prior to
implementation of any stockings. In order to determine stock structure and estiniate
gene flow in the Gulf of Mexico, tarpon were collected &om sites distributed
between the Bay of Campeche in the southern Gulf and the Florida Keys in the
eastern Gulf. Four mitochondrial DNA  mtDNA! &agments were amphfied using
the polymerase chain reaction. Each &agment was then digested with a suite of
restriction enzymes and the resulting fiugment patterns  RFLPs! were analyzed to
infer population structure and gene flow.

KEY WORDS: Megalops atlanticus, conservation genetics, mitochondrial DNA

Estructura de los Sitios de la Coleccibn en el Golfo de Mexico

deducidos por la Variacion en Polimorfismos del Ditio de la
Restriccibn de la DNA Mitochondrial de Skbalo

El Shbalo mantuvo una pesqueria recreativa de mucho valor economico en las
aguas de Texas. A inicios de los aflos 4G la tasa de captura declino, provocando que
las actividades relacionadas con la pesca del skbalo se redujeran incluyendo el
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abandono total de los torneos deportivos. El deseo de restaurar esa valiosa
pesqueria en aguas de Texas ha motivado plantear medidas de manejo, que incluyen
el cultivo y la reintroducci6n de skbalos provenientes de poblaciones artificiales. El
Departamento de Parques y Vida Silvestre, Divisi6n de Pesquerias Costeras requiere
conocer las consecuencias gen6ticas de los programas de mejoramiento antes de
implementar cualquier actividad de reintroducci6n. Para determinar la estructura
genetica y estimar el Qujo genbtico en el Golfo de Mexico, se colect6 silbalos de
diferentes localidades distribuidas entre la Bahfa de Campeche en el Sur del Golfo
hasta Florida al Este del Golfo. Cuatro &agmentos de ADN mitocondrial  ADNm!
fueron amplificados usando la Reacci6n en Cadena de la Polimerasa  PCR!. Cada
&agmento fue digerido con enziinas de restricci6n y los patrones de restriccion
 RFLPs! fueron analizados para inferir la estructura y el flujo genetico.

PALABRAS CLAVES: Megalops atlanticus, genetica, ADN mitochondrial DNA

INTRODUCTION

The tarpon  Megalops atlanticus! was historically one of the premier game
fishes of the Texas coast, supporting a valuable recreational and tournament fishery.
However, the Texas tarpon fishery collapsed near the middle of the 20~ Century,
resulting in a loss of recreational opportunity and an economic hardship on Texas'
coastal communities. The Texas recreational fishery now focuses on estuarine
species such as red drum  Sciaenops ocellatus! and spotted seatrout  Cynoscion
nebulosus! and offshore species such as red snapper  t,utjanuscampechanus!. The
recreational fishery represents a considerable economic asset for coastal
communities, having recovered &om overfishing in the 1970s  McEachron and
Daniels 1995!. The success of this recovery has renewed interest in attempts to
effect recovery of the tarpon fishery. Proposals have centered on research to better
understand the biology of tarpon and to determine the causes of the tarpon's decline
in the northwestern Gulf of Mexico. In addition, the use of hatchery-spawned
tarpon juveniles to enhance the natural population has been proposed as a possible
management tool to faciTitate the recovery of tarpon in Texas waters.

Marine stockings are considered to be an important component of the recovery
and maintenance of Texas's zecreational fishery  McEachron et al. 1995!. Well
designed enhancement programs may serve as valuable tools in the management of
exploited organisms  Botsford aud Hobbs 1984, Daley 1993!, however poorly
designed or poorly executed stocking programs represent a threat to the community
structure  Courtenay and Moyle 1992!, genetic diversity  Allendorf and Ryman
1987, Harada 1992! and stock structure  Nelson and Souls 1987, Evans and Willox
1991! of natural populations. Protecting the genetic integrity of a native population
impacted by a stocking program requires an understanding of within-population
genetic diversity and among-population genetic divergence of the target species. In
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recognition of the importance of protecting the genetic integrity of managed
populations, the Coastal Fisheries Divisionof Texas Parks and Wildlife Department
 TPWD! has established a policy requiring a thorough investigation of the genetic
structure of a species prior to the implementation of a stocking program. This
research provides the information necessary to implement sound protocols and
safeguards to ensure the protection of the genetic resources of the species.

A series of investigations into the population genetics of tarpon have been
conducted by TPWD biologists and theircollaborators. The presentpaper describes
variation observed in the mitochondrial DNA  mtDNA! of tarpon collected in the
Gulf of Mexico. Variation in mtDNA across the distribution of tarpon has been
reported  Blandon 2002!, with samples &om most regions characterized as highly
diverse geneticaHy. Population structuie was limited, with tarpon &om the western
Atlantic, the Caribbean, and the Gulf of Mexico composing a single population.
Tarpon &om the Bay of Guinea and &om the Pacific Ocean of Panama were
genetically divergent and less diverse than conspecific inhabiting the nonperipheral
part of the species' range. A separate analysis  Garcia de Leon 2002! reached a
different conclusion. This study, which examined variation in allozymes and 12S
mtDNA RFLP data among tarpon &om the western Gulf ofMexico, found evidence
of distinct genetic di6erentiation between tarpon collected above Matagorda Bay,
Texas and those collected &om Matagorda Bay south to Veriicruz. The present
analysis attempts to specifically examine the Gulf of Mexico data contained in
Blandon et al. in greater detail with the goal of resolving the differences between the
earlier analyses.

METHODS

The slmtegy followed in this study was that of Chow et al. �993!. Targeted
regions of the mtDNA genome were PCR amphfied  Saiki et al. 1988! using
conserved primers  Kocher et al. 1989!, then digested with restriction endonuclemm
to produce &agments whose number and size depended upon the presence or
absence of recognition sites. PCR allows analysis of small amounts of tissue
collected by minimally invasive techniques  Whitmore et aL 1992! a characteristic
especially important in tarpon, which are often accessed during recreational captures
requiring minimal handling and release of fish. Samples were primarily scales
obtained &om a variety of sampling sites  Figme 1!. Most Texas samples were
obtainedby TPWD personnel during routine resource samplingor opportunistically
following fish kills. Recreational fishermen au guides &om across the distribution
of the species were enlisted to collect scales &om catch-and-release captures.
Several samples were obtained &om toumaments in Mexico, Texas, Louisiana, and
Florida and &om fish markets in Mexico. For perspective, a sample &om Chetumal,
on the Mexican Caribbean Coast, was included in some analyses. Scales were
placed in 100/o ethanol  diluted to 70/o with DI water!, re&igerated for 24 hours,
then stored at room temperature until shipment to the Perry R. Bass Marine
Fisheries Research Station.
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F ure 1. Tarpon collection localities in the Gulf of Mexico and Atlantic Ocean

Table 1. Genotypic diversity and percent mean nucleo5de sequence diversities
for seven tarpon {Mega/ops at/ant/cus! sampling localibes

Nucleon
diversity

mean+/- SD

Number of
lndlvlduets

Number of
haplotypes

Locality

Florida

Louisiana

Texas � Upper

Texas � Lower

21 0.723+I-0.101

0.758+/-0.101

0.807+/4.060

0.890+/-0.052

0.849+/-0.059

0.731+/%.064

0.667+%.314

0.776+/+.001

20

28

25 14

Tam pico

Versed

27 12

2

43

Genomic DNA was recovered fiom scales using the Puregene DNA isolation
kit  Gentra Systems, Minneapolis, MN!. Four mtDNA &agments were PCR
amplified using primers designed for broad application among teleostfishes Table
1!. Reactions employed Ready-To-Go PCR beads  Amersham Pharmacia Biotech,
Piscataway, NJ! in 25 pl reactions containing 1.0 pl of template DNA and ltd of
each member of the primer pair. Amplifications were performed using Techne
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Genius thermdcyciers  Techne Inc., Princeton, NJ! programmed for the following
profile: 35 cycles at 95'C �0 s!, 48'C �5 s!, 72'C  90 s!, followed by 72'C for
7 min, then a 4'C hold.

A sub-set of amplification products were digested with 26 restriction
endonucleases: AciI, AluI, BfaI, BsaJI, Bsll, BsoFI, BstUX, Cac8I, DdeI, Fnu4HI,
HaeIII, HhaI, Hinfl, MaeIII, MboI, MnlI, MseI, Ms@I, Nwal, NlaIII, N/aIV, Esal,
Sau96I, ScrFI, Taql, and Tsp509I. Digestion protocols provided by restriction
enzyme suppfiers were followed. Results were screened for polymorphism and
quality of digest. Polymorphic RFLP patterns were confirmed through repeat
digestions separated on 2~/o agarose gels. Fragment sizes were determined by
comparison with pGEM molecular weight DNA markers  Promega Corporation,
Madison, WI! and analyzed using the Gene Profiler 1-D Gel Analysis and
Databasing Program  Scanalytics, Inc., Fairfax, VA!.

Nucleotide sequence diversity within samples and divergence among sampling
sites were estimated using the software package REAP  McElroy et aL 1992!.
Phylogeographic relationships of composite haplotypes were exmnined using
minimum-lengthparsimonynetworks. Composite haplotypes were connected based
on similarity of infened restriction site sequences. Changes in restriction site
sequence were assumed to reflect single nucleotide gain, loss, or point mutafion.
Exact tests were used to exainine pair-wise differences in haplotype &equency
 Raymond and Rousset 1995a, Goudet et al. 1996! using the statistical program
ARLEQUIN  Schneider et aL 1999!. Significance of exact test probabiTities was
estimated by resampling 1000 times. Population subdivision was estimated using
the statistical program GENEPOP  Raymond and Rousset 1995b! which cakulated
0  Weir and Cockerham 1984!. ARLEQUIN was used to perform an analysis of
molecular variance AMOVA! generating estimates of genetic variance components
 Excoffieret aL 1992!. The program TREEVIEW Page 1996! was used to generate
a neighbor-joining tree generated &om the matrix of interpopulational  mtDNA!
nucleotide sequence divergence.

RESULTS

Intrapopulational mtDNA nucleotide-sequence diversities  Table 1! ranged
&om 0.667  SD = 0.314! at Campeche to 0.890  SD = 0.052! on the lower coast of
Texas, with a value of 0.776  SD = 0.001! for the combined samples. Campeche,
with a limited sample  n = 3!, had three observed composite haplotypes and
Veracruz was observed to have 17 composite haplotypes. Forty-three composite
haplotypes were observed across the Gulf of Mexico. 11m diversity of encountered
nucleotide sequences is refiected�inthe minimu-length pmsimony network Figure
2!. 1he composite haplotypes  H, M, N, and AL! observed to be most divergent
differe &om the most common composite haplotype  A! by a niininnnn of 3 base-
pair  bp! changes. Three secondary hubs  E, F, and L; in the sense of Gold et al.
1997! were found, each related to composite haplotype A by a minimum of 1 bp.
There is little appment biogeographic correspondence among haplotype lineages.
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Louisiana and Veracruz had representatives ofeaoh of the secondatyhubs. Theonly
apparent biogeographic structuringinvolved the abserxx:ofhub L &om Tampico and
the lower coast of Texas and the rarity of that hub in the upper Texas coast and in
Louisiana.

Figure 2. Minimum length parsimony network for composite haplotypes of tarpon
collected in the Gulf of Mexico. Missing letters represent composite haplotypes not
observed in the Gulf of Mexico

Nucleotide divergence among populations was low Table 2!. The combination
ofhigh within-region genetic diversity and low among-regions genetic divergence
is reflected in the results of the AMOVA  Table 3! which found a strong
preponderance ofthe observed variance to be attributable t within sample diversity.
Estimation of a 8 value of 0.007  p = 0.665! suggests absetux: of biologically
significant population stnxturing among collection regions in the Gulf of Mexico.
However, pairwise examinations ofamong-samphng region genetic differentiation
 Table 2! found diffenmces betwee the northwestern Gulfof Mexico Tampico and
the Texas collections! and the southern and eastern Gulf of Mexico. Though the
struchrre was not pronounced, a neighbor-joining tree generated fiom
interpopulational mtDNA nucleotide sequence divergence values  Figure 3! also
differentiated between the northwestern Gulf of Mexico and eastern and southern
reaches of the Gulf, however distances among nodes were mining.
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Table 3. Analysis of molecular variation  AMOVA! among composite mtONA
ha of tarpon from the Gulf of Mexico.

Vartaece rrt Observed rtttton

Vanance

-0.00980

1.45715

1.44735

%.68

100.68

TxL

0.00

Figure 3. Neighbor-joining tres generated frommatrixof interpopulational  mtDNA
nucleotide sequence divergence. Bar scale below tree represents relative distance
units

DISCUSSION

Gulf of Mexico tarpon are characterized by extensive within-region genetic
variability and by reduced among-region genetic differentiatiorL The exception to
the latter is the northwester Gulf, where tarpon appear to exhibit some degree of
differentiation. This divergence is reminiscent of the conclusions drawn by Garcia
De Lebn et al. �002! which suggested abrerk in the frequencies ofaHozyme aHelic
distributions between the upper and lower coasts of Texas. This discontinuity is
further west in the GulfofMexico thananydifferetwes Mected in the present study,
but that may be a function of di6erent evolutionary histories of the allozyme loci



Page38155 Guifand Caribbean Fisheries Institute

 nuclear! studied by Garcia De Le6n and the mtDNA &agments examined in the
present study.

If tarpon &om the northwestern Gulf of Mexico are genetically distinct &om
conspecifics in the southern and eastern Gulf some mechanism must be found to
account for this differentiation. Tarpon spawn in deep offshore waters, have eggs
and larvae with an extendedpelagic phase, and adults are highly migzatozy Zale and
Merrifield 1989!. This suite of life history traits would predict little or no population
structuring in the absence of physical baniers to gene flow  Gyllensten 1985!. It' s
possible the observed differentiation is attributable to chance geographic variation
in a panmictic gene pool or to sampling error. The geographic cohesion of the
cluster of genetically differentiated sampling regions argues against this
interpretation.

If tarpon of the northwestern Gulf of Mexico are genetically diffezentiated,
stocking stzategies will have to be developed that take this stzucturing into account.
Bmodfish will need to be collected &om the same region into which their offspring
will be stocked. Optimally, broodfish should b collected &om Texas, with possible
contributions &om Louisiana or northern Mexico. Ceruunly tarpon derived &om
broodfish collected in Florida or &om south of Tampico should not be released in
Texas. The high levels of within-sample genetic variation noted in Gulf of Mexico
tarpon require that the numbers of bzoodflsh be extensive and that broodfish
turnover be Sequent It will also be necessary to insure an equal contribution Som
each female broodfish and an approximately equal number of male and female
broodfisIL

The reduced population of wild tarpon targeted for enhancement makes caze in
the design and implementation of culture and stocking strategies critical. The
smaller the effective size of the target population the greater the potential impact,
both positively and negatively, an enhancement program will have if that program
is effective.
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ABSTRACT

In the southern Gulf of Mexico, there is an important shrimp fishery industry
with no recent works on the fish assemblage ecology coming &om the trawling
bycatch. The objective of this work was to seasonally analyze the trophic spectrum
and niche parameters of the most important fish coming fiom the shrimp bycatch.
During 1991 to 1994, 21 two hour trawls were done in the southern Gulf of Mexico
off Veracruz, Mexico at a mean depth of 20 m. The importance value of the food
items, identified to the finest level possible, was used to calculate: the Levins niche
breadth for each species; a cluster analysis, and the Rekonen index for niche overlap
between species for three seasons. During the dry season, 26 fish species were
analyzed which grouped into four clusters based on 24 food items. The highest
Rekonen value  > 53/o! was for species feeding on benthic or zooplankton items.
For the rainy season, 26 species were grouped into three clusters, of which the
benthic feeders presented the highest niche overlap  > 47'/o! and the least number of
species. The northerly winds season was the richest in species �3!, which were
assembled in three groups according to their food items. One group was formed by
two anchovies with a high  > 80/o! niche overlap. Thirty-six species formed a single
group feeding on a variety of items  mainly benthic! with a niche overlap > 50/o.
The high number of species feeding on similar items during the northerly winds
season may be due to a higher productivity in the region produced by the river
runoff. In contrast to the other seasons, the amount of food items are restricted,
thus diminishing the nmnber of possible prey and increasing the niche overlap
between trophic groups.

KEY WORDS: Fish ecology, resource partitioning, shrimp bycatch
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Aniilisis Trofico de la Comunidad de Peces Provenientes de la

Pesca Incidental Camaronera de la Costs de Alvarado, Mexico.

El objetivo de este trabajo fue el de analizar estacionalmente el espectm ti6fico
y los panhnetros del nicho de las cspecies de peces as importantes provenientes de
la pesca incidental deI camar6n. Durante 1991 a 1994 se rcslizaron 21 viajes en el
sur del Golfo de Mexico haciendo arraslres de 2 horas a una pmfundidad media de
20 m. EI valor medio de Ios tipos alimenticios, identificados al nivel mls fino posible,
fue usado para calcular: el Indice de amplitud de nicho de Levins; un amliisis de
clasificaci6nyel Indice de Rekonenparael solapamiento denicho entre Ias cspecies
durante las tres temporadas del allo. Para la temporada de secas 26 cspecies fuemn
analizadas que se agruparon en cuatm grupos de acuerdo a los 24tipos alimenticios
ingeridos. El mayor valor de Rekonen >53~/o! fue para las cspecies que se alimentan
de bentos o zooplancton. Para Ia temporada de lluvias 26 cspecies fueron analizadas
agrupadas en tres grupos, de los cuales las que se alimentaron del bentos presentaron
el mayor valor de Rekonen  >47o/o! y el menor nrem de cspecies. La temporada
de nortes fue la de mayor riqueza especifica �3 cspecies! quienes se dividieron en
solo tres grupos. Uno de los giupos formado por las anchoas y un solapamiento
mayor al 80/o. Otm de los grupos se form6 pot 36 espedes que se alimentan de una
variedadde organismos principalmente bbnticos! conun solapamientodenichodel
50/o. La alimentaci6n de la gran cantidad de cspecies en la temporada de nortes tan
similar puede deberse a una mayor productividad en la regi6n pmducida por el
escurruniento de los rios adyacentes. En contraste la cantidad de tipos alimenticios
de Ias otras temporadas es menor disminuyendo el numero de presas e
incrementando el solapamiento entre los grupos tr6ficos.

PALABRAS CLAVES: Captura incidental, ecologfa de peces, repartici6n de
Iecuisos

INTRODUCTION

Demersal fish community structurehas been studied indiffeient ways atdifferent
locations of the world. For instance, there have been studies deahng with their
diversity  Stobutzki et al. 2001!, seasonal biomass trends  Blanchard, 2001!, and
relation to estuarine areas  Yafiez-Arancibia et al. 1985!. However, along the
Mexican coasts, there are few studies relating to the demersal fish community, with
the exception of Ya5ez-Arancibia and Qnchez-Gil �98$!, and Franco et aI.  in
revision!. The former work analyzes the effects on demersal fish &om shrimp
trawling at the Campeche Bank, and Franco et al.  in revision! analyzes the
community structure and seasonal trends in biomass and abundance. Considering
the importance that the demersal fish community has on the ecology of the
ecosystem, in addition to its importance as an exploited resource, the aim of the
present work was to analyze the trophic relationship of the most abundant species
during three seasons over a four-year paiod.
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METHODS

AII biological material was collected on board the research vessel CET-Mar
Alvarado within the commercial area for shrimp capture and in front of the opening
of the Alvarado Lagoon. The sampling area was located between 18' 45" and 19
00" N and 95'40" and 85' 57" W  Figure I!. Twenty-one trips between May 1991
and November 1994 were performed using a Japanese-type trawl 20 m long, mouth
opening of 2 m and mesh size of 1.75 inches. The trawl was Gshed for 2 h at a
depth of 25 meters. All the sampling dates were divided into the three seasons
occurring in the area; rainy  n = 6!, dry  n = 6! and north winds  nortes; n = 9!.

Figure 1 Study area location and its relation with the coastal lagoon of Alvarado
and the Gulf of Mexico.
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Ten percent of the total fish capture was randomly selected, stored in plastic
bags with 10% formaldehyde, and transported to the laboratory. Fishes were
identified to species, weighed  g!, and measured  standard length; SL; mm!. The
stomach contents were identified to the highest possible taxonomic level using a
stereoscopic microscope. Food items were weighed to the nearest 0.1 mg, and an
importance value was assigned to each item, based on the gravimetric and
volumetric methods  Bagenal 1978!.

Although 159 fish species have beenreported for this area  Franco-L6pez et al.
in revision!, only the species with a biomass greater than 2 kg and an abundance of
more than 100individualscombined for all sampling dates per season were analyzed
in this report. The stomach analysis for the fish were pooled for each season. A
cluster analysis using Euclidean Distance was performed on the stomach content
data in order to identify species guilds for each season. Food niche width was also
calculated for each species at each season usmg the Levins Index  Marshall and
Elliot 1997!. The trophic niche overlap was computed using the Renkonen hidex.

Dry Season
Duringthe dry season,26 species, representing 3,331 fishcoiitaining 24di6etent

food items were analyzed. Trophic niche width, as measured by the Levms Index
mnged from 1 to 4.7, with Micropogonias jurnieri, Cynoscion arenarius and
Sphyraena guachancho presenting values greater than 4, and Anchoa rostralis and
Menticirrhus littoralis values of 1  Table 1!. After the cluster analysis, the
dendrogram was divided into four groups according to their food items  Figure 2!.
The first group, formed by species like Chloroscombrus chrysurus, was a guild of
species feedmg on planktonic organisms. The Levins niche width ranged &om 1 to
4.7 with a mean value of 1.74, and presented a mean Rekonen value for niche
overlap of 54.17%. Ten species feeding primarily on benthic items  polychaets,
stomatopds, and fish! composed the second trophic guild. The mean Levins niche
width was 2.13  range 1 to 3.9!, and the guild was composed of species such as
Haemulos aurolineatum and Harengulajaguana. The Rekonen mean niche overlap
for this guild was 53.71 %. Carnivorous species, such as C. arenarius and Spades
foetens, represented the third group with a mean Levins value of 3.46,  range 2.19
to 4.73! and a mean Rekonen niche overlap of 29.3%. The last group, represented
by six strict carnivorous species feeding on items such as shrimp, crabs, fish, and
squid had a mean Levins value of 2.73  range 1.8 to 3.5! and a mean Rekonen
overlap value of 39.4 %.

Rainy Season
During the rainy season, 26 species, representing 3,023 fish were sampled. The
Levins niche width index varied between 1  Diplectrum bivittatum, Saurida
brassiliensis and Scorphaena plumeri! and 4.5  C. arenarius and S. foetens; Table
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2!. The dendrogram was divided into three guilds  Figure 3!. The first guild
contained seven species using 16 different food items such as'. rostrafis, crabs, and
squid, and had a mean Levius index of 3.52  range 2.5 to 4.5! and a mean Rekonen
overlap value of 22.62 '/o. The second guild relxesented 11 species feeding on IS
different food items, mainly benthic. The mean Levins index value was 2.5  mnge
1 to 3.5!, and the mean Rekonen overlap value was 47.7 /e. The third guild was
composed of five species using planktonic organisms as their main food. Syecies
such as Harengula clupsola and C. chrysurus were part of this guild, which had a
mean Levins value of 2.75  range 1.9 to 3.9!, and a mean Rekonen overlay value of
39. 75 o/o.

Tablet. List of fish a ' for the d season and the Levine Index for niche width
S les Levine Index S Levine Index

North Winds Season

The highest number ofspecies�3! and individuals�/78! were caytured during
the north winds season. The Levins values varied between 1 and 5.9 Table 3!. The
zesulting dendrogram from the food items analysis was divided into ttuee Noups
 Figure 4!. The &st group was composed by two plauktivorous species, Anchou
hepsetus and A. mitcItilli, with a mean Levins niche width of 1.38  ranging &om I
to 5.9!, and a mean Rekonen overlap value of 82.7 /e. The second group was
foimed by a carnivorous guild of four species including DipIectnnnformosum and
S.guuchancho. The mean Levins value for this guild was 1.29  range I to 1.9!, and
the mean Rekoneu overlap value was 69.7 o/e. The third group had the highest
number of species �6!, and the greiitest number of food items �3!, making this
group one of the most diverse. The mean Levins width index was 3.04  range I to
5.9!, and the mean Rekonen niche overlap value was 53.24 /o. This group is a
mixture of species feeding on different items, but predominating thebenlhophagous.

Achirus linestus

Anchos mitcMi

Anchovie rostrslis

Citheiinchthys spSopterus
Chtoroscombrus chrysurus
Conodon nobilis

Cynosclon erensrius
Cynoscion nothus

Diepterus suretus
Engyophrys sents

Heemuton aureolinestum

Herengutej sgusna

Hoplunnis mecrure

3.51

1.83

1.00

2.82
2.00
3.93

4.73
2.73

2.20
2.17

1.37

1.83

t.epopMtium grsellsl

Nenticinhus littoraN's

Micmpogonies fumien

Ponchthys porosissimus
Serdinelle aunts
Seuride brasssiensis

Selar crumenaphthelmus
Selene vomer

Sphyreene guechancho
Synodus toetens

Trachurus lsthemi

Trichsrrus tepturus

Upenevs pervus

1.00

4.74

1.89
1.88
2.83

2.34
1.36

4.22
225

2.19

3.32

377
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Table 2. List of fish species for the rainy season and the Levins Index for niche
width

S Levine IndexLevine Index

Table 3. List of fish species for the north winds season and the Levins Index for
niche width

Levine IndexLevine Index

Cetengraulis ed'entulus

Chloroscombrvs chiysurus
Conodon nobihs

Cyctopsetta chiltendeni

Cynoscion aisnarius

Cynoscton nothus

Diaptervs auratus

Diptectivm bivittatum

Engyaphrys sents

Haemuion aursoilneetum

Harengvia clupeola

Harengulajaguana

Nhropogonias fumieri

Achirus lineatus

Anchoa hepsetus

Anchoa mitchiNi
Caiamr hippos
Chioroscombrvs chrysurus
Conodon nobitts
Cyctopsetts chittendeni

Cynoscion arenerius

Cynoscion no!bus
Diaptsrvs auratus

Diapterus rhombeus
Diplectrvm bivittatum

Diplectrvm fonnosun

Egyophyrys sents

Eucinostomus melanoptervs
Gymnotorrl nigiomargfnatus
Harsngula clupeoh

Harengutajaguana

Lepophidivm gisellsi

Lobotes sunnamensis

Lutjanus campechanus

Micropogonlas fumien

1.28

3.92
3.TO

3.51

4.55

2.53

2.21

1.00

2.08

2.79

1.81

3.09

3.08

3.58

1.54

1.22
1.00
3.59
5.88
1.95

2.52

2.99
1.93

1.T4
1.54

1.92

2.40

4.17
2.29
4.03

5.09

2.90

1.24

1.75

2.52

Porichthys porosissimus

Pristipomoides aquitonans
Sauride bisssiliensis

Scoiphaena plumeri

Selene setapinnis

Selene spbcii

Sphyraena guachsncho

Stellifer lanceolatus

Syactum guntsrl

Synodus foetens

Trinectes maculatus

Vmbrina coroides

Vpeneus parvus

Nlrophys puntatus

Ophidion wetshi

Polydactilus octonemus
Pollchthys poloslssimus
Prionotus rvbto
Pristipomoides aquitonaris
Sardinella aurita

Scorpaena plumeri

Selar crvmenophthalmus
Selene spiv/i

Sphyraena gvachancho
Stellifer lanceolatus

Stenotomus caprinus

Syacium gunteri

Syactum papiYlosum
Symphurvs plagiusa
Synodus foetens

Trachurvs lathami

Trichiurus lepturvs

Umbrina coroldes

Upeneus parvus

2.62

3.46
1.00

1.00

1.92

2.38

2.94

4.17

2.94

4A4

1.10

3.63

333

2.94

2.00

3.41
4.03
2.88
2.24
1.00

3.77

2.00

1.00
3.77

3.43

3.75

278
4.44
2.93

1.80

3.06

5.49

3.57
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Linkage Distance

a 8 8 8 8 8

S. vom

C, chrys

A. mite

U. par

L. gra

P.p

A. rostrais

C. nolhue

S. toetens

S. braesiisreie

S. guachancho

T. tathamt

C. splopterue

E. santa

A. Ineatue

Figure 2. Dendrogram of species according with their food items for the dry season
for the area off Alvarado, Veracruz, Mexico.
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Linkage Distance

o 5 8 8 8 8 8 k

S. brassaensis

E. senta

S. Suachancho

S. Sunten

C. nothus

S. foetens

S. Ianoeolatus

M. furnien

C. arenadus

T. maculatus

S. ptumieri

D. b trittatumlJ
H. iasuana

m

m P. porossisimus
H. aurohneatum

D. auratus

U. ooroides

P. aquilonaris

U. panrus

C. chittendeni

S. setapinns

H. ctupeoia

C. nobili

S. spioi

C. chrysurus

C. edentulus

Figure 3. Dendrogram of species according with their food items for the rainy
season for the area otf Alvarado, Veracruz, Mexico.
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Linkage Distance

8 I 8 o

S.aursa
Amlrchtrr

Ahepsslra
D.trrmosun

Lsurtnamensis
S.guachancho

C.hippos
S.crumenoph
P.orsrrnensrs
G.nigrorrargi

S.trerens
C.norhus
D.rrrelshi

D.rhombeus
D.birlarum

D. aurarus
L carrtrechanus

U.aeides
$. caprbrus

P.aqutcrwis
P! P.nlblo
rn S. paptosum

S.lanceolahs
S.phrmieri
T.leprurus

S.spii
S.pbry'usa

Emelanopraus
C nobis

H.jaguana
H.dupeobr

C.chrrsuna
P.porosssirrsrs

T.leprurus
Esenra

C.ch rrendeni
S.gunreri
U.paws

M.punrarus
Lyaehi
M.trmieri

Alnearus

Figure 4. Dendrogram of species according with their food items for the north
winds season for the area off Alvarado, Veracruz, Aljextco.
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DISCUSSION

The number of species found in the area off Alvamdo was high �59 species! as
expected for a tropical zone  Franco-Lopez, et al. in revision!, but lower compared
to other similar areas, e.g. Australia  Stobutzki et al. 2001!. A tropical system has
a high number of species living within its boundaries, meaning that the resources
they use, mainly food, have to be shared or partitioned between all of them. The
theory in a situation where the resource, e.g. food, is scarce, dictates that
competition should appear between species  Odum 1978!. However, aAer arevision
of available data, Ross �986! proposes that the partition of resources between
species occurs mainly into three difFerent axes: food, habitat or space, and time. In
the case of fish communities, resource partitioning between species is achieved by
a high degree ofomnivory  Gerking 1994! of the species. One of the characteristics
of fishes is their ability to switch food items as the amount them increases or
decreases  Sierra et al. 2001, Gerking 1994!.

The results of the study revealed a difference of resource partitioning between
the fish species between the three different seasons. For the dry and rainy season,
with a similar number of species, the number of trophic guilds, and their type is
similar. That is, although the species were different for each guild for each season
the type of food resource use is the same  e.g. benthophagous, planktivorous!.
Although the similarity in guilds types the Rekonen overlap measure was different
for the same kind of guild between seasons. That is, for the rainy season the
planktivorous guild overlap was lower than that for the dry season. This is
interesting considering that for the dry season there is one more trophic guild, what
can be said of these results is that for the dry season, when the river nmoffs are
small, the amount of food items is reduced, and fish have to partition more the
available preys in order to minimize competition. The opposite occurs in the rainy
season when a higher availability of food exist, and fish can share the items with
minimal competition.

On the other hand, for the north winds season, with a much high number of
species than the previous two seasons, only three trophic guilds &om the chster
analysis were found after cutting the dendrogram at the same level as for the former
two seasons. One of the guilds was composed by two species of the same genus
feeding almost the same items. The biggest of the groups did not present a high
niche overlap value as expected considering the high number of species.
Considering the relatively low overlap value, the dendrogram was divided further
into smaller guilds, pmducing an increase in the food partitioning between species
and a decrease of the niche overlap.

Blanchard �001! suggests that the biomass variability to be related to the
species interactions. In a previous report  Franco-Lopez et al., in revision! it was
argued that the biomass oscillations along the four years study might represent a
balance of fish species and related to the use of the food resources. The results
obtained in this work may support this hypothesis considering that the number of
food items found for each season is related to the productivity, and that fish respond
to it by increasing their omnivory and opportunism. this two characteristics allow
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fish to diminish the competition for food and increase their biomass when the
conditions are adequate.

On the other hand, the higher number of species and their resources are also
related to the nmoff of the adjacent rivers and coastal lagoons during the rainy, dry,
or north winds season. A larger runoff produces an adequate environment for a
higher productivity, which is used by the benthic and planktonic communities helping
the establishment of a certain type of fish communities.

In conclusion, the fish community presented a low degree of food niche overlap
within seasons and amarked difference in the number of species during the seasons.
The differences between seasons might be related to the amount of food available
and the high capacity of fish to share resources between them.
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ABSTRACT

Knowledge of thedistribution and biomass of fishes within an estuarine system
is needed to make effective management use of the concept ofEssential Fish Habitat
 EFH!. Four basic habitat types are recognized in a typical estuary: marsh, marsh
edge, open bay, and channel. Fish distributions and species diversities within these
habitat types can vary with season, tide, lunar cycle, weather, and bottom type.
Resolution of the influence of these and other variables on EFH is confounded by
limitations of traditional sampling gears. Recently, hydroacoustics has been shown
to be a useful sampling tool that avoids some of the selectivity issues encountered
withtraditional gear types. A survey was conducted in coastal Louisiana to evaluate
the quantitative capabilities of hydroacoustics in a shallow water setting. Survey
objectives were to I! determine the nekton biomass associated with two different
habitats  bay and channel!,2! compare hydroacoustic data to concurrentlycollected
wing-net data, and 3! deternune effect and magnitude of ambient acoustic
backscatter on nekton biomass estimates.

Based on acoustic sampling, there was no diurnal difference inchannel biomass;
however, based on channel wing-net samples there was a three-fold greater biomass
at night as compared to day. Based on wing-net data, bay anchovy., Anchoa
mitchilli, dominated the catch 90-97/o! in all sites. Diurnal differences between gear
types was attributed to avoidance of the wing-net during the day. Length &equency
data compared to acoustic data showed a l to 3 dB shift &om Love's equation.
Acoustically derived densities reflected densities &om wing-net data The high
sediment load and plankton abundances common to coastal waters do not bias
acoustic estinuites. The data thus far suggest a positive outlook for the use of
hydroacoustics as a tool for estimating biomass and abundance of nekton in ultra-
shallow systems such as estuaries, coral reefs, and mangroves.

KEY WORDS: Estuary, hydroacoustics, nekton



Pa8e 355 Boswai, K.il. and Q.A. Qglaon GCFI:55 2094!

Comparacibn de Encuestas Hidroacusticas con Mhtodos
Tradicionales de Red de Arrastre para Determinacion de

Biomasa Nectonica en un Kstuario de Louisiana

El conocimiento de la distribuci6n y biomasa de pesces dentro de un sistema
estuarimo es necesario para hacer uso administzativo eficaz del concepto del
"Habitat Escencial para Peces  siglas en ingles EFH!. Se reconocen cuatro tipos
bhsicos de habitat en un estuario tipico: marisma, borde de marsima, bahfa abierta,
y canaL La distribucion de peces y diversidad de cspecies dentro de cada uno de
estos tipos de habitat puede variar dependiendo de la estaci6n, la marea, el ciclo
lunar, clima, y tipo de sustrato. La resoluci6n de la influencia de custos y otras
variables en la definicion de EFH es confundida por las Iimitaciones de los artes
tradicionales del muestreo. Recientemente, el uso de tecnicas hidroacusticas ha
demostrado ser una herramienta util de muestreo, la cuQ evita algunas de los
problemas de selectividad encontrados en los tipos tradicionales del peseta Se
realim unaevaluacion, en las costas de Luisiana costera, de la capacidad cuantitativa
de la tecnica hidroacustica en agues someras. Los objetivos de la evaluacion fueron
1! determinacion de la biomasa nectonica asociada a dos tipos de habitat  bahia y
canal!, 2! comparacion de datos hidroacusticos con los muestreos simultaneous
usando una ala-red, y 3! determinacion del efecto y magnitud de ruido ambiental en
las estimaciones de la biomasa del necton. De acuerdo con datos de la ala-ted, la
anchoveta  Anchoa mitehilli! domin6 la captura  92-97/o! en todos los sitios. Las
diferencias entre muestreos diurnos se pueden atribuir a la evitaci6n de la ala-red
durante el die De acuetdo con el muestreo acustico, no bubo diferencias diurna en
biomasa en el canal. Sin embargo, basado en muestras de la aJa-red, en el canal
habria unabiomasa triple durante la noche que con respecto al dim La comparaeion
de los datos de &ecuencia de longitud con los datos acusticos indicamn un ajuste de
Sdb en la ecuaci6n de Love, donde el tamano fue sobrestnnado basado en las
estimacionesderivadas dela fuerzahorizonta1 del bhmco. Las densidades derivadas
acusticamente corresponden con densidades de datos de la ala-red. Hasta el
momento, los datos sugieren una prognosis positiva para el uso de tecnicas
hidroacusdcas corno herramienta para estimar la biomasay abuttdancia de nectonen
sistemas tales corno estuarios, anecifes coralinos y manglares

.PALABRAS CLAVES: Tecnicas hidroacusticas, distribucion de peces, Louisiana

INTRODUCTION

A quandary with the evaluation of Essential Fish Habitat  EFH! is the
development of a reliable tool to quantify or index EFH as stated in the Sustainable
Fisheries Act. Acoustics have been widely used in rivers  Burwen and Fleischman,
1998!, lakes, andreservoirs MacLennanand Simmonds 1992, Rudstam etal. 2001!,
and deep-water systems  Lima and Castello 1995, Stanley and Wilson 1998! for
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estimates of nekton populations. However, there is a paucity ofhterature on the use
of hydroacoustics in ultra-shallow  -1 - 5 m! systems for estimating nekton
communities  Kubecka 1996!. Split-beam hydroacoustic systems have become
popular in shallow waters  -10 m! because they allow for in situ measurements of
individual acoustic target strength  TS! that enables the estimation of nekton
densities and biomass. Side-looking sonar has an advantage over traditional sonar
due to the beam configuration that provides an extended range of sampling in
shallow environments. Advantages of using hydroacoustics over traditional
biological sampling methods include: reduced sampling effort, reduced gear
selectivity problems inherent in traditional sampling, and reduced biological and
ecological impacts. Recent hydroacoustic surveys of a tidal creek near Port
Fourchon, Louisiana showed promise for the use of acoustic systems in ultra-
shallow water for surveying nekton  Harmon 2001, Karlson, 1999!.

Hydroacoustic themy is based on the analysis of patterns of sound wave
propagation through water. When a target is encounteted by an acousbc wave, a
portion of the incident energy is reflected, ha~ is the acoustic backscattering cross-
section  m !. Volume backscattering cross-section  sr! is the sum of the refiecting
intensity of aH the discrete targets over a given volume  MacLennan et al., 2002!.
The primary output in hydroacoustic data coHection is mean acoustic volume
backscattering strength  S~ in decibels!; this is the summation of the amount of
acoustic energy reflected fiom targets in a given vohune of water divided by the sum
of the samples:

S;- pA%!i ~~  I!

where p, is the density scaling constant and C is the squared digital counts
 Biosonics 1999!. S� is commonly used as a proxy for fish biomass. Instead of
using S~ as a direct measure of biomass, it must first be transformed into the linear
form.

The swim bladder is tesponsible for approximately 90-97 o/o of acoustic energy
reflected &om a teleost target  Foote, 1980!. Variations in target strength  TS!
measurements are caused by the behavior of the target with respect to its aspect to
the beam and swim bladder volume due to depth changes  Fleischer et aL 2000;
Romare 2001, Love 1977!. Love�971! reported an empirical relationship between
total length and acoustic cross-section of a fish. He sampled eight species in five
orders. Bay anchovy was one of the species on which Love experimented. From
his expemnent he was able to derive an equation on the general relationship of fish
length and acoustic backscatter. The lateral aspect TS of an individual fish is
determined by:

TSs = 22.8 log L � 2.8 log A, - 32.4, �!

where L is the fish length and X is the wavelength of the transducer, both in feet.
The following is a synthesis of two hydroacoustic experiments that were
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conducted near Port Fourchon, Louisiana over the past year. Our goal is to apply
hydroacoustic techniques for measumig KFH in the ultra-shallow water habitat of
Barataria Bay. The Grst experiment was a comparison study of nekton estimates
derived &om traditional net sampling and hydroacoustics. The second experiment
was designed to quantify the effect and magnitude of ambient acoustic backscatter
&om suspended solids on acoustic based estinuites of nekton biomass. Our
objectives were to:

i! Developanacousticsamphngtechniquetoquantifynektondistributionaud
biomass in ultra-shallow water,

ii! Quantify anddescribethenektoncommunity associated with two conunon
habitat types: semi-impounded bay and tidal channel, by using traditional
net sampling and hydroacoustics, and

iii! Determine acoustic cross-sectional backscatter &om non-nekton somces,
mainly total suspended solids  TSS! and plankton to conclude if
background acoustic noise afFected our estiniates of biomass.

METHODS AND MATERIALS

Study Site
The study was conducted in Bayou Tartellon  channel! and Bay Champagne

 bay! near Port Fourchon, Louisiana. A pontoon boat was used as the sampling
platform at each site off which acoustic and envuonmental monitoring equipment
was deployed. The hydroacoustic array consisted of a Biosonics DE 6000 Scientific
Echosounder, a personal computer to run acquisition software and store acoustic
data, two 420 kHz analog 2' by 6 split-beam horizontally elliptical transducers. In
order to maximize samplingnmge, transducers were deployed horizontally &om the
port and starboard sides of a pontoon boat. Acoustic data were collected at 5 pings
per second with a pulse width of 0.3 ms and a collection threshold of � 55 dB.
Transducers were run for 6ve minute alteniating intervals allowing both to sample
within a relatively sinnlar period of time; a total of 30 minutes per site per sampling
period were recorded. Data were analyzed with StatUiew 5.0 and SAS 8.2. Data
were tested for normality and signi6cance assuming an a-error level of 0.05.

Experiment One
Acoustic data were collected in Bayou Tartellon at night and during the day,

and in the adjacent Bay Champagne during the day. Data were recorded in I m
strata beginning I m &om the face of the transducer, in order to elimiiiate any near-
field interference; out to 12 m, the range of the trimsdium in the ultra-shallow
conditions.

In order to make accurate acoustic estimates of nekton utilizing particular
habitats, biological data on the composition and dislribution of nekton must be
collected in order to ground truth acoustic data. Wing-net trawls were cotiducted
concurrently with acoustic sampling. Two 12.19 m'wing-nets with a net mesh size
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of 2.75 cm and a 0.635 cm nylon mesh insert &om mid-trawl to the cod end were
towed, &om a second vessel with one net on each side of the vessel. Catches &om
both wing-nets combined as one sample with a total sampling volume of &,953 m
per sample. Samples weresortedby species; individual lengths cm! and wet weight
 g! were recorded. Catches with greater than 50 individuals of the same species
were sub-sampled; total abundance, wet weight, and individual lengths of 50
individuals selected at random were recorded.

Acoustic output included S~, TS distribution, and FPCM. Acoustic data
collected beyond 9 m were excluded &om analysis due to interference &om surfiice
and bottom as well as entrained air &om passing boats. Measured length-&equency
data were compared to TS distributions. Nekton density and biomass estimates
from hydroacoustic and net sampling were compared.

Experiment Two
The objective was to determine the backgmund acoustic "noise" attributable to

plankton and suspended sohds. For this study a 1.22 m wide X 1.22 m deep X 3.66
m long semi-enclosed  opening at top of net! box net was used. Net walls were
made of 2 mm nylon mesh, to exclude nekton and allow planktonic organisms <
2mm in diameter and suspended solids to pass through.

The acoustic array and methods used for this study was the same as described
for experiment one. Data &om both transducers were collected &om 1 to 3 m, &om
the transducer face. Si, values that were reported as 0 dB in the output were
manually changed to -90 dB for calculation purposes as this was dh~ied to be
a reasonably low level of acoustic intensity that essentially signified a zero value for
S�We subtracted Sy measurements &om within the net &om Si measureinents
outside the net to calculate a "corrected" S� Rudstam, personal communication!.
Prior to subtraction, S�was converted into FE the linear form using Equation 4.

Plankton samples were collected using a 10 L min ' diaphragm puinp. Ten L
oblique samples were collected and filtered through a 75 iim mesh, concentrated in
a cod end and fixed ina 12% formalin solution. ln addition, 1 L water samples were
taken to measure total suspended sediment  TSS! every 30 minutes. Analyses of
TSS were performed as described by Greerberg et al. �992!.

RESULTS

Experiment One
Based on S�, fish biomass was highest in the channel during the day  Figure 1!;

however, there wasnodMerence infishbiomass between the channel and bayduring
the day. Density estimates varied significantly between sites and sampling period.
Mean TS values were-45.5 dB, -44.4 dB, and -43.8 dB; for channel-night, channel-
day, and bay-day. Based on the means these were all significantly different
indicating that the average size target was smallest in the channel at night.
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Figure $. Biomass by species of catch from wing-net trawls by location and
sam lin riod.

Bay anchovy, Anchoa mitchilli dominated the catch  90-97'/0! at all sites
 Figure 1!. Based on wing-net samples there was a three-fold greater biomass at
night as compared to day  Figure 1!. Anchovy is clearly the dominant species in
terms of both abundance and biomass, as a result we inferred that approximately
900/0 of the biomass is Anchou mitchilli; consequently, data presented &om this
point will be in terms of the contribution of anchovy to the system. Comparison of
hydroacoustic density and wing-net density shows that acoustically derived densities
are similar to densities obtained from net sampling.

Mean bay anchovy length was highest at night in the channel �4.S nun! and
smallest in the channel during the day �1.9 mm!. When compared to anchovy
length data, TS distributions show the opposite trend with smallest mean TS  -45.5
dB! occurring at night in the channel and largest mean TS  -43.8 dB! occurring in
the bay during the day.

Experiment Two
The enclosure net proved to be effective in allowing us to measure the acoustic

"background noise" in waters typical of coastal Louisiana We found no significant
interference &om the suspended solids in the water column indicating that S p was
&om nekton. "Acoustic noise," once converted into the linear form and then
subtracted  corrected!, is negligible. Corrected values either overlap or closely
follow S v values &om outside the net during both sampling periods.
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Neither plankton nor suspended sediment afFected acoustic reflectivity.
Acoustic values were not linearly related to total suspended sohds or plankton
abundance  r' = 0.265!. Plankton were composed primarily of small copepods  
>75 lo!. TSS values ranged &om 47.4 mg/I. to 128.5 mg/L with the highest TSS
values at night.

DISCUSSION

Hydroacoustic sampHng is anon-invasive technique that aHowsdirect estimates
to be made about nekton biomass, size &equency, and distribution. Acoustic
surveys have proven to be effective tools for estimating and describing nekton
communities in various aquatic habitats. Data &em these studies suggest that
hydroacoustic systems can be used in ultra-shaHowwater environments common to
coastal Louisiana for estimating nekton biomass and distribution associated with
different habitats. The use ofhydroacoustics and limited net sampling will provide
a description of nekton utilization of habitats within the Barataria Bay system and
wiH aid in the identification of EFH of those species important to coastal Louisiana.
The largest constraint we anticipate while samphng wiH be weather conditions, as
entrained air f'rom wave action will affect our ability to detect nekton, thereby
limitmg acoustic sampling to conditions without whi~ing. These expemnents
have led to an understanding and identification of the proper coHection and analysis
parameters needed for use of acoustics in turbid ultra-shaHow waters. Results from
these experiments will aid in future endeavors as specific criteria for successful
acoustic sampling are identified and refined.
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RES UMEN

Se analiza la informacidn de campa5as de muestreo por buceo, independiente
de la pesqueria y de los muestreos de la captura comercial por buceo y trampas
durante los meses de junio de 1996 mayo de 1997. Se analizaron Ios registros
o6ciales de lacaptura de 1980-2001. Se calcu16relaci6ncaparaz|m- mano. Schizo
un amQisis compamtivo de las quelas de dos comunidades pesqueras  Campeche e
Isla Arena!. En esta pesqueria segun los registrus oficiales, el sector privado posee
el 7$ /o de las trampas el resto es del sector social �2 /o.!. El mayor /o de manos
regeneradas se present@ en diciembre   73/o! y el menor en junio y julio �/o!..EI
arte de pesca autorizado para ia captura de cangrejo moro es la nasa Peru en la
regimen este recurso en gran poteen se extrae por buceo a pulm6n, sobre todo en la
costa del municipio de Campeche.

Los ejemplares maduros iniciaron su aparicibn en Ia zona de pastizales &cute
a la ciudad de Campeche y conforme transcumb el aho se encontraren mks hacia la
zonade Isla Arena, Catnpeche Lamayor &ecuenciadehembrasconhuevaexpuesta,
se encontr6 de junio a octubre.

Se observan en la captura tanto quelas dereche corno izquierdas, lo que hace
indicaque se extraen ambas manos, annque por en~ lospescadores mandiestan
quitar solo una.

PALABRAS CLAVES: Cangrejo, Menippe, Ribere5a

The Stone Crab Fishery  Menippe Merceneria! in
Isla Arena, Campeche, Mbxico

Independent samples &om the Qshery obtained through a diving campaign
added to the information &om the commercial diving and traps, during the months
of June 1996 to May 1997, are analyzed. Also o%cial catch records &om 19$0�
2001 were reviewed. A claw � shell relationship was estimated, a comparative



Gonzalez delhi Rosa, etal. OCR:55 2004!

analysis ofclaws between two fishing communities Isla Axena and Campeche! was
studied. Accoxding to the official records, the private sector owns 78~/o of the traps,
the rest belong to the social sector �2~to!. The highest percentage of regeneration
of claws was observed in December �3 /o!, and the lowest in June and July �/o!.
The oKcially authorized Mung gear is the trap called "nasa", but in the region it is
caught mainly by lung diving, most of aH in the Campeche county.

Mature specimens started to appear in the grass beds in &ont of' the city of
Campeche, migrating North thmugh the year towards Isla Arena. The highest
frequency of females with exposed eggs occurred throughout June to October.
It was also observed that in the commercial catch both right aud left claws are found,
although this is denied by the fishermen, who claim they only take one.

KEY WORDS: Axtisanal, crab, Nenippe

INTRODUCCION

El cangrejo moxo Menippe mercenaria  Say 1891!, es de la 5unilia Xantidae,
cxusthceo marino, habitante de aguas tropicales y subtropicales. Se ha citado desde
la costa Atlkatica hasta lasBahaxnas. En Mexico se encuentraprincipalmente en el
Golfo de Mexico y vive en fondos lodosos, excavacuevasdebajo de las piedras para
pxotegerse, tiene un caparaz6n aucho, ovalado y dure con ornamentaciones y
puntuaciones en diversas foxxnas y tama5os que le dan un color paxdo que le sirve
decamuflaje,posee dostenazmlhunadascomunmente "manos" las queutilizanpaxa
defenderse, auupar y desgaxrar su alimento y son las que contienen gran parte de la

Estudios de patrones de ocupaci6n de arxecifes entre cangxejo mom, peces
 Balistes capriscus, Centropristxs striata melana! y pulpo  octopus vulgaris!
mostxamn que todos se refugian en las cavidades de los arxecifes y entxe la
vegetaci6n sobxe la arena y que Iaestructuxa de los que hacen sus refugios, depende
del espacio disponible en los ~es, en las zonas de pastos y arena y de la
abundancia de las presas  McConnaughey y ~ 1992!.

Estudios sobxe los efectos de la salinidad en dos cspecies de cangxejo Menipe
mercenaria y M. adina en juveniles de menos de 10 mm de ancho de caparaz6xi,
demostramnque soportan un intervalo de temperaturade 5 -40'C y salinidad entre
10 y 40 %o. Se observ6 un efecto de incxemento de la muda en xebxci6n con el
aumento de la temperixtura a 30'C seguida con un descenso ligem, no asi con la
salinidad  Bmwn et al. 1991!. Trabajos acerca de sobxevivencia en juveniles
mostnuon que Ia temperatura en combinaci6n con la salinidad, tiene efecto en
organismos menores de 10 cm de aucho de caparazbn y sobxevive el 100/o en el
intervalo de 15 a 25'C y de 25 a 40 %o. En la zoea 6 no se observ6 ninguna
influencia de estos factores.

Estaespecie ha sido estudiada desde el puntode vista biol6gico y pesquexo in
Florida, en donde es una pesquexia importante, basada solo en manos y con reglas
para su apmvechamiento. Se ha demostrado que si se les quitan Ias dos manos, Ia
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mortalidad se eleva al 47/o  Savage 1971!. En las quelas tienen la mayor parte de
la carne del cuerpo, por lo que es Ia parte mks aprovechable. Si el organismo es
bien desquelado nomuere por desprendimiento agresivo o por petdida de hemoHnfa
y cuando es regresado al mar regenera la quela y se puede entonces, basar la
pesquerfa en la cosecha de esta parte de su cuerpo.

En Florida se captura con trampas, para desquelar abordo de la embarcaci6n.
El tama5o de quela autorizado es igual o mayor de 7 cm de longitud a partir del
catyo. En Cuba se captura con trampas, con tails mfnuna de caytura de 9 cm de
ancho de caparazon, este tama5o, corresponde a una longitud de quela de 8A cm
 Alvarez y Briquets 1983! y debido al descenso gradual de las capturas se implant6
una veda a partir 1981  Ros, R.M. et al. 1981!

En Campeche, Yucathn y en el estado de Quintana Roo, se han hecho
propuestas para establecer algunas medidas de regulacibn para mantener la
pesquerfa En Campeche, desde 1967, se sugirib una tails irifnima comercial
pmvisional de 86 mm de ancho de cayarazbn o 61 mm en el sentido longitudinal
 Solis, comunicaci6n personal!. En Quintana Roo Basurto y Zarate �995!,
recomendaron no desprender la quela trituradora que es la mbs importante para su
mantenimiento y Re-Regis �997!, detennitibquede mayoaseptiembre se presentan
los mayores porcentajes de hembras maduras.

En Campeche, en los perrnisos oficiales para su captura se especifica el arte de
pesca Hanuufo nasa, sin embargo, la captura se realiza por buceo en la mayorfa de
las zonas de pesca y solamente fiente al puerto de Campeche, con nasas  GonzIliez
y de la Rosa et al. 1996!.

La pesca comercial del eangrejo mom existe en el estado de Campeche desde
la dbcada de los a5os cuarenta. Los registros de captura al inicio correspondfan al
peso del organismo completo y actualmente se refiere solamente a la yroduccibn de
la quela. Se descarga en las comunidades de Isla Arena, puerto de Campeche,
Seybaplaya, Champotbn y Sabancuy. Las dos ultimas con menores registms. A
pesar de serunrecurso con mercado internacional,no exislenmedidas de regulaci6n
oficiales para su captura.

El objeto de este trabajo es caracterizar la pesquerfa de cangiejo mom y
deteriniiiar algunos asyectos de interbs que puedan ser de utihdad pararegular el uso
del ncurso.

MATERIAI.ES Y METODOS

Se recopilaron los registms de Ia captura existente de los a5os 1955-2001. Se
realizamn muesteos aleatorios de la capturacornercial de cangrejo mom porbuceo
durante los meses de abril a diciembre de 1996 en Isla Arena. Durante el mismo

periodo se obtuvieroii muestras de la captura a bordo de las embarcaciones de
yescadores con nasas en aguas frente a la ciudad de Campeche. Se yesaron y
midieron las manitas en ambas pesquerfas y en el caso de la captura yor nasas, se
tomamn medidas del ancho del caparazbn de organismos. Para el cbiculo de la
reiacibn del tama5o del caparaz6n con relaci6n a la mano, se utihzaron solamente
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aqueHas que no eran regeneradas. Se anahza la estadfstica de captura annal del
periodo 1955-2001  Fuente: Subdelegaci6n Federal de Pesca SAGARPA!.

RES ULTADOS
La Pesquerfa

La captura se autorim bajo un permiso con el arte de pesca Hamado nasa
 Fuente: Delegaci6n Federal de Pesca de Campeche, SAGARPA!. El esfuerzo
aplicado sobre este recurso por los pescadores con nasas legalmente acreditados, se
registra a trav6s de los permisos que se otorgan y Ia entrega de avisos de arribo de
captura.

En 1997 se registraron 14,967 nasas para la captura de cangrejo, con 159
embamaciones  Delegaci6n Federal de la SEMARNAP, hoy SAGARPA!.
Actualmente hay ahededor de 80 permisos vigentes para la captura del canyejo
moro con 13,042 nasas registradas, sin emlergo, gran parte de la captura de
cangrejo moro se reaHza por medio de buceo aut6nomo, el sector privado pose: el
78 '/o de hLs trampas y el sector social el 22 /o, segun el censo del aho 2000,
 Delegacion Federal de la SEMARWAP, hoy SAGARPA!.

Equipos y Artes de Pesca
En el Estado y de acuerdo a los pennisos que se emiten en la Delegaci6n

Federal de Pesca, el axte de pesca autorizado para la captmu de canyejo mom es
la nasa. Sin embargo, se debe resaltar que enestapesquerfa gran parte de lacaptura
se realiza por otm grupo de pescadoxes cuya unidad de pesca es una embarcaci6n
con burns a pulm6n, este estilo de captura es muy cuestionado por los demos
pescadores y no esS acreditado corno arte de pesca legal, esto alters el regisbo del
esfuerzo. En algunos casos, sobre todo en la costa del municipio de Campeche se
utiliza una compresora para aumentar el tiempo de estancia bajo el agua, lo que
inflige mayo esfuerzoy daffos ala salud del pescelor, quepermanece mayor tiempo
bajo el agua sin equipo adecuado.

Operaeibn de Pesca eon Nasas  Arte Permitido!
La unidad de pesca consta de una lancha de madera o de flbra de vidrio

generahnente con 2 pescadores, y de 10 a 20 nasas unidas por una lfnea �5 nasas
en pmmedio! y tienden entre 10 y 20 lineas o caminos. Las nasas pueden ser de
bejuco o de ahunbre, se encarna las nasas con desperdicio de pescado, rays, en
ultimas fechas tambi6n usan patas y desperdicfo de poHo. Al Hegar a la zona de
captura las nasas se vantirando atadas entre eHas formando camiuosparalelosentre
sf. Para su localizaci6n se les pone unshod Se dejan encl mar y cadadfa se revisa
la nasa, se vacfa el cangrejo en cubos con agua cubiertos, para pmtegerlos del sol
y posteriormente se desquelan para regresar al mar el organismo.

Las zonasde pescaconnasase locaHzan frentea Tenaboypuerto deCampeche
en la zona de pastizales marmos entre /~ braza a 2 brazas de pmfundidad.

Durante los muestreos se observ6 que e! cangrejo es muy susceptible a la
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exposici6n solar y ala falta de agua, que le producen Ia muerte. Para que sobreviva
al mauejo para la cosecha de lemano, se debe mantenerhmnedo, en la sombra y ser
devueltos de inmediato al mar.

La captura incidental de las trampas se compone de peces, con el arribo del
pulpo a la zona, se eleva Ia captura incidenta1 de estos con las nasas debido a que el
cangrejo moro es uno de sus ahmentos preferidos.

Operaci6n de Poses con Buceo  no Conslderado en el Permiso!
Los pescadores dedicados al buceo, se desplazan en una lancha que lleva hasta

10 buzos. Se alejan de la costa a profundidades de entre 3 y 5 brazas. Una vez en
el lugar seleccionado, los buzos se sumergen con snorkel, aletas, visor, guantes y
bolsL Algunos sacan el cangrejo y lo desque!an en la Iancha, para despu6s
regtesarlo al mar, otros le quitan las manos en el fondo del mar tomando las manos
del cangrejo y haciendo palanca hacia atrh del cuerpo para que el cangrejo las
suelte. Actualmente, pats permanecer mis tiempo bajo el agua, algunos buzos se
ayudan con compresoras, lo que ha ocasionado da5os a su salud. El numero de
pescadores por buceo, es mayor que a los que pescan con nasas.

Tambi6n se observ6 la captura de cangrejos completos de menor tama5o para
su venta corno carnada de pulpo, debido a que su capantz6n es de alta resistencia y
permite a los pulperos, capturar varios ejempiarcs de pulpo, con un solo cangrejo,
raz6n por la que Ios pescadores se resisten a abnnchnar su uso a pesar de ser una
especie de alto valor comercial. Actuahnente se rcstringe su uso corno carnada.

ESTADISTICA DE CAPTURA

El cangrejo moro es otro de los recursos que.se comparte con los pesaMIores
de Campeche y Yucathn, en la zona de Isla Arena, e Isla de Piedra. El esfuerzo de
pesca que ejercen los pescadores de Celestun, Yucathn, no se registraenCampeche,
ya que la captura se desembarca en Celestun, por lo que para conocer Ia producci6n
real de Ia zona es necesario contar con la informaci6n estadistica de la captura que
se registta en esa localidad. En Campeche de acuerdo a los registros de captura
o6ciales �955 a 2001!, que se rocaba en las 06cinas Federales de Pesca  antes
SEPESCA, despu6s SEMQWAP hoy SAGARPA!, Ia terMIerw:ia general es
Iigeramente positiva, peru se observa la presencia de una variaci6n aparentemente
ciclica de +10 a5os entre mhximos de captura, con excepci6n de 1997 �27 t! que
se sepam solo cuatro a5os del mkcimo de captura anterior. El periodo de 1983 a
1986 es el que mantiene Ias captura por amba de las 100 toneiadas, en cate se
incrementa la capturaprobablemente porque se intensifica el buceo, prhcticamente
sin restriccione. Se observa unatendencia positiva con dos minimos: 1981 con 31
toneladas, y 1988 con 23 toneladas. Vuelve a rebasar las 100 toneladas en 1991,
1993 y 1997 con minimos en 1995 con 63 toneiadas y en 1998 cae a 42 toneladas.

Es necesario resaltar que por periodos las autoridades correspondientes
desarrollan acciones para impedir la captura por buceo, come fue en 1988 lo mismo
que a partir de 1996  Figura 1.!, lo que puede estar influyendo Ia baja en la captura
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ya sea por que no se captur6 en la misma intensidad o porque se obvi6 el reporte de
la captura a los medios o6ciales.

RIure1. Estadtstlca de capture anual 1955- 2001  toneladas! de cangrejo moro
Neni menenada Cam .Mexico. 1= alto1955

La porci6n del cuerpo que tiene intenh para consumo humauo es la quela que
represents el 50% del peso del organismo, una ventaja de esta especie es que la
puede regenerar con 6xito cuando se cosecha de manera correct+ En la Figura 2
se zesalta el punto en el cual se recomienda el corte, cuando se mdiza una punci6n
en la base del ischium, el cangrejo suelta la mano por si mismo y tiene mayor
facilidad de cicatrizaci6n. Sin embargo, a pesar de que el pescador conoce el
mbtodo de desprendimiento de la quela por punci6n, la gran mayoria continua con
lacostumbre dedesprender lamanopor quiebre al forzsr el doblez de lamano hacia
la parte dorsal del caparaz6n, que cuando no se tiene cuidado se rompe mas ceres
del cuerpo, con la consiguiente reducci6n en la capacidad de regeneraci6n de la
quela y el aumento de mortalidad por desprendimiento agresivo de la quela y
phdida de hemolinfa

En el caso del buceo, se encontr6 que la mayorfa de las veces se les quitan las
dos manos por lo que eHo induce una mortalidad mas alta sobre la parte de la
poblaci6n en que actda este m8odo de pesca.

Se encontr6que el 50%de las quelas izquierda, estrin por debajo de los 70mm
de longitud, yel 34% de lasderechas. Tambibn se observaron algunos organismos
con appendices en proceso de regeneraci6n.

En la Figura 3 se muestra la longitud prumedio y el peso promedio de mano
izquierda y derecha de mern~ rnercenaria cosechadas en isla Arena, en esta.
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locaHdad, son de mayor tama5o que enCampeche y fue mayorymks pesach laquela
detocha  88 mm y 115 g!, mientras que en Campeche el promedio mhs alto que
tambibn es de h quela derecha, fue de 78 mm longitud y 71 g  Figura 4!.

En la Figura 5 se describe larelaci6n entre el ancho del caparaz6ny la longitud
de la quela de la captura con nasas en las aguas someras &cute a la ciudad de
Campeche. El mayor porcentaje de quelas regeneradas en la muestra mensual de
nasas se present6 en enero �9! y el menor en los meses de mayo, junio y julio.
 Figura 6!.

F ura 2. Tamafio ubicaci6n dei corte de ia uela en el ce moro.

Con laecuaci6n de larelaci6n se estimo lalongitudde laquelaque corresponde
al ancho de caparaz6n de 90 mm, equivalente a 70 mm, longitud que asegura que
el cangrejo se ha reproducido  Figura 7!.

Los ejemplares maduros iniciarun su aparici6n en la zona de pastizales Scute
a la ciudad de Campeche y se recorriemn conforme transnuri6 el aho hacia la zona
de isla Arena, Campeche. W mayor Secuencia de hembras con hueva expuesta, se
observ6de junio a octubre, la coloraci6n de la hueva vari6 denaranja mamey a gris
verdoso, este ultimo se adquiere cuando esta a punto de eclosionar.
En la Figura 7 se muestra la distribuci6n de ancho de caparaz6n promedio de
hembras por estadio gotuldico.
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Figure 3. Longitud promedio de la mano tzquierda y derecha de cangrejo moro
Mani rnercenarra en isla Arena, Cam, Mexico 1966.

Figure 4. Longitud promedio de la mano Izquierda y derecha de cangrejo moro
Merw' mercenana en Cam, Ca . h45xrco f996.
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Figure 5. Relaci6n ancho del caparaz6n y longitud de la quela, Afenippe
meroenaria. Cam, Mexico.

Figure 5. Frecuencia  No.! de manos regeneradas en la muestra de la captura por
nasas de Menippe mercenaria. 1998. Campeche, Campeche, Mexico. �= junio
1998a12=ma o19S7; N=1185o anismos
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Figure 7. Frecuencia de ancho promedio de caparaz6n de hembras de Menippe
melcenaria ca redo r naaaa. Cam he, Alhhxico 1906.

DISCUSION Y CONCLUSIONES

Se observa en la captura tanto quelas derechas corno izquierdas, lo que hace
pensar que desquelan ambas manos, ya que el numero de elias es muy semejante,
aunque, los pescadores mani6estan quitar solo una mano. El perder las dos manos
le reduce la capacidad de defenderse e incrementa la dificultad para alimentarse
 Savage T. Y R. Sullivan 1978!. Por lo que se recormenda reaiizar un programa de
sensibilizaci6n para los pescadores en este sentido.

Con base en los resultados se concluye que la talla minima adecuada para el
corte de la quela es de 70mm de longitud, midiendo desde lapuntade lapinza hasta
el final del segmento Hamado pr6podo, tal corno se muesira en la Figura 2. Esta
longitud de quela estil en relaci6n con el ancho del caparazbn de 90 mm, el que
permite asegurar, que se ha llevado a cabo previamente la reproducci6n. El hecho
de que se observa que el 50 /o de las quelas izquierdas y el 34 /o de las derechas
cosechadas estan por debajo de los 70 mm de longitud, indica que es necesario
implementar medidas de regulaci6n en la captura de esta especie.

La cosecha de las quelas debe hacerse por punci6n en la base del ischium, a fin
de evitar da5os que impidan laregeneraci6n o que causen lamuerte del organismo.

Es interesante resaltar que la hembra despubs de ser fecundada, continua el
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desarrollo interno de huevay no se nota hasta que la hueva pasa a ser expuesta  Re-
Regis C. 1997! por ello es recomendable que no se capture a las hembras en la
6poca de reproducci6n  mayo a octubre!.

En los crusthceos en general es dificil detenninar la edad y esto presenta
dificultades para el cBculo de la mortalidad. En esta pesq~ debido a que solo
se cosechan las manos, no es posible obtener laestructtnapor taHas de lapoblaci6n.
Para ello es recomendable establecer un programa de estudio especifico avocado a
la pesqueria. El potencial verdadero de esta esyede es aun desconocido. Sin
embargo los estudios hastaahoradesarrolladospmporcionanalgunoselementos que
nos indicanque es necesario implementar medidas para que se regule laexplotaci6n
de este recurso, ya que a la fecha no existe ninguna reglamentaci6n.

Se recomienda reactivar las plkticas a la comunidad de pescadores y
empresarios del sector pesquero, para dar a conocer cuales deben ser los cuidados
del recurso con el fin de utilizarlo de una manera responsable,.

Es necesario pmmover el uso de las trampas, para ello se deberhn hacer
experimentos para evaluar el funcionamiento y su eficiencia en los que se integre al
pescador actual del recurso, de esta manera, se obtendrhn mejores resultados en la
adopci6n de los cambios de arte que resulten mds convenientes, tanto para el
recure corno para el pescador, para mantener la pesqueria a largo plazo.

Dado que se encontr6 que el buceo es la forma tradicional de captura que
utilizan los pescadores de Isla Arenas, Campeche en la captura del cangrejo moro
Menippe mercenaria, y algunas cspecies de escama, y que en la comunidad de
pescadores de la ciudad de Campeche tambi6n existe un nucleo de buzos que no
consideran viable la alternativa de las nasas tal corno se operan en la actuaHdad.
Por lo que es necesario desarrollar un proyecto de pesca experimental con trampas
para obtener alternativas tecno16gicas para establecer artes y t6cnicas de pesca que
sean aceptadaspor lacomunidadpesqueraylograr uncambio en laformatradicional
de captura en la regi6n.
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Monitoreo de la Abundancia de Juveniles de Langosta
Panulirus argus: Desarrollo de un Protocolo de Muestreo

Basado en Hkbitats Artificiales

ELOY SOSA-CORDERO y ANGELICA RAMfREZ GONZALEZ
Departamento de Pesquerias Artesanales.

El Colegio de la Frontera Sur  ECOSUR!- Unidad Chetumal.
Carretera Chetumal-Bacalar Em, 2. Zona Industrial No. 2.

Chetumal, Quintana Roo, MEXlCO CP 77000

RESUMEN

Este proyecto se llev6 a cabo en Bahfa de la Ascensi6n, durante dos a5os, con
el prop6sito de aportar bases metodo16gicas y estadfsticas para un pzograma de
momtoreo de la abundancia de juveniles de langosta Panulirus argus, corno fndice
de reclutamiento. La investigaci6n comprendi6 aspectos de tipo prhctico, con el
dise5o y prueba de difezentes artes de muestzeo, para lo cual se com6 un
experimento comparativo entze dos tipos de minicasita levable y el condominio
cubano. Aunque con este ultimo se obtuvo capturas superiores, en la siguiente etapa
se emple6 tambibn la minicasita porque no zequerfa de buceo libre y su zevisi6n
consumfamenos tiempo queel condominio. Seguidamente fueestablecidaenBahfa
de la Ascensi6n una red de 22 estaciones, doce estaciones de condominios y diez
estaciones de minicasitas. A partir de los datos de abundancia registrados en esta
red fue posible efectuar amllisis sobzeaspectos estadfsticos delmuestzeo. En primer
lugar, con evidencia de tipo experimental y observacional, se encontz6 que la
minicasita levable del dise5o probado, present6 un efecto de saturaci6n que le
impidi6 detectar pulsos de abundancia estacionales. Esto la descarta corno arte de
muestreo con fines de monitoreo. En consecuencia, los condominios resultaron un
arte apzopiado para el monitoreo local y regional de abundanciarelativade juveniles
de P. argus, corno fndice de zeclutamiento. Se aplic6 un enfoque de optimizaci6n
que ademtIde suponer laabundancia corno Binomial Negativa, considerae1 tama5o
de la unidad de muestzeo  turn! y restricciones de costos -con tiempo en el mar
corno costo. Segun este amiiisis, el actual turn= 17 min 6 2 condominios/estaci6n,
puede ser reducido a turn~ = 5 min  <1 condominio/estaci6n!. Para costos
zestringidos a tres dias en el mar, y turn = I condominio/estaci6n  9 min! se obtuvo
n = 37 estaciones, con una precisi6n asociada de 27/o en la estimaci6n de la
abundaucia media. Con este ultimo resultado se estiman los costos totales al a5o

para elmonitozeo 6ptimodejuvenilesde langostaencuatzo localidades de Quintana
Roo, donde se ubican las principales Areas de crianza de langosta. De este tzabajo
surge un llamado a hacer el esfuerzo necesario para comenzar pzogramasregionales
de monitoreo, zecuperaci6npoblacional "enhancement" !; asf corno investigaciones
eco16gicas, y acciones de protecci6n, en las principales hmas de crianza de este
valioso recurso regional.

PALABRAS CLAVES: Indice de reclutamiento, precisi6n de muestzeo, tama5o de
muestra, juveniles posalgales de langosta
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Monitoring the Abundance of Juvenile Spiny Lobsters
Purrulirusargus at Local Scale: Developing a Sampling

Protocol Based on Artificial Habitats

The current discussion on key issues regarding reef resources such as
connedivity and the open vs closednatureofpopulations, has led toad-assessment
of the value of recruitment measurements at local and regional scales for reef fish
and invertebrates. In open populations at local scale, the recruitment is decoupled
&om the reproductive activity of adult stock, and generally, the recruits come &om
foreign, often unknown, sources. Due to their life history chanu1eristics -with
early stages having a long pelagic life, and the complexity of the current systems
prevailing in the region, it is very likely that local populations of spiny lobster
Panulirus argus  &om a bay, island or oceanic bank! behave as open populations.
Under these circumstances, it is mandatory to monitor the recruitment because then
recruitment becomes equivalent to natality. We present a progress report on the
developing of a samplingprotocol to estimate the abundance of postalgal juveniles
of spiny lobster as a recruitment index at local level. In particular, we deal with an
index of relative! abundance based on the useofartificial habitas as sampling gears.
Our results include aspects related to the precision of the mdex and sampling under
restrictions due to sampling cost, expressed as days at sea. The fieldwork has been
done at Bahiade hAscensi6n, located in the Biospehere Reserve Sian Kaan; hence,
we also report the spatio-temporal patterns of the abundance of juvenile lobster at
that locality. Finally, we discuss the pros and cons of our sampling protocoL

KEY WORDS: Recruitment index, samplmg precision, sampling size, postalgal
juveniles of spiny lobster

INTRODUCCI6N
La fiuctuaci6n de efectivos  "stocks"! ha sido un terna central en la eiencia

pesquera corno rama de la ecologia aplicada desde inicios de siglo, cuando Hjort
�914! postul6 que la variaci6n interanual de la fuerza de la clase anual a! era
determinada en estadlos de vida tempranos, antes del reclutamiento a la pesquerla,
y b! no era una funci6n simple del ~ del efectivo progenitor. En los 1980s
resuqj6 el interds en temas de reclutamiento y ecologfa de estadios tempranos de
vida en poblaciones de peces  Lasker 1981, Bakun et al. 1982, Sissenwine 1984,
Fogarty et al. 1991! e invertebrados � se refieren s6lo citas de crushkeos de la
familia Palinuridae Kanciruk 1980, Phillips y Sastry1980, Caddy 1986, Hemikind
y Butler 1986, Herrnkind et aL 1994!; De cutie las numerosas pobiaciones marinas
que poseen fases temprauas pelhgicas, es probable que algunas sean poblaciones
abiertas; es decir, a escala local, el reclutamiento y laactividad de los reproduchmm
estrin desacoplados  Caley et aL 1996!. Entonces, a una localidad dada Hegarian
reclutas cuyo origen se locahza corriente amba, y a su vez los propigulos de
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repxoductoms locales abastecen a las dzeas situadas corriente abajo. En esta
situaci6n, se incxementa la necesidad de estimar el reclutamiento en poblaciones
abiertas, en las que el reclutamiento equivale alanatalidado numero de nacimientos
 Caley et al. 1996!.

El reclutamiento a la pesqueria o ingxeso de nuevos individuos al segmento
explotable de la poblaci6n es un proceso aditivo influyente en la abundancia de
poblaciones sometidas a alta presi6n de pesca El xenovado intex6s por el
reclutamiento ha lievado a usar de modo amplio el tbxmino; por tanto es necesario
sellalar con precisi6n reclutamiento a cual fase, estadio o edad hacemos refexencia
 Caley et al. 1996!. La relaci6n efectivo-reclutas persiste aim corno un pxoblema
dificil e importante en evaluaci6n de recursos; sobre todo cuando el colapso de
vaxias pesquerias ha estado asociado con severas reducciones del reclutamiento
 Hilborn y Walters 1992!. El estudio del xeclutamiento demanda contar con datos
no s6lo de lapesqueria Bakun et al. 1982!, sino que requiem tambibn muestmos de
estadios juveniles cuyo habitat y conducts a menudo difiexen del adulto; aunque es
comun emplear indices de ocuxmncia de tailas xnenores en la captura comexcial,
pesca incidental o fauna de acompa6amiento.

La Langosta Pauulirus argus
La langosta P. argus es un recurso soporta una alta pxesi6n por pesca y

alteraci6n de hkbitats en la macro-regi6n del Caribe y Areas adyacentes. Esto se
apliea tambien al caso de Quintana Roo, donde P. argus es el principal recurso
pesquero y soporta un alto nivel de esfuerzo.

Laespecie es de ciclo de vida complejo; con cmco estadiospxincipiles: adulto,
huevo, larva, poslarva y juvenil  Lipcius y Cobb 1994, Herxnixind y Butler 1997!.
La reproducci6n y desove tienen lugar en aguas profundas del arxecife anterior. Del
huevo eclosiona la filosoma, larva pelhgica que pasa 6- 12 meses a merced de las
comentes. De la filosoma surge una poslarva  puerulo! que nada hacia la costa y
se asientaen fondos con vegetaci6n, sobre todo algas rojas Laarencia spp, xaices de
mangle y estructuras de axquitectura compleja. Una semana despubs del
asentamiento, el puerulo se transfoxma en juvenil de vida bbntica Los juveniles
pasan 15 - 30 meses en Seas de crianza, y al crecer se mueven a aguas pxofundas,
lo que genera estratificaci6n de tallas con profundidad y tipo de habitat  Lipcius y
Hexxnkind 1989!.

Reclutamiento y Prediccibn de Capturas en Langostas Kspiaosas
Las fluctuaciones poblacionales en langostas espinosas obedecen a factores

bi6ticosyabi6ticos queactuansobmdifemntes estadios; sudinhmicapoblacional se
supone contmlada por fuerzas estochsticas junto con mgulaci6n densodependiente
 Lipcius y Cobb 1994!. Los factoxes estoc4sticos opexan en larvas y poslarvas, los
densodependientes en juveniles. En lo estochstico, influyen los mgimexls
meteoxol6gico y oceanognifico que prevalecen en unaxegi6n Lipciusy Cobb 1994!.
Acexca de la denso-dependencia, se sospecha la existexmia de "cuellos de botella"
demogxkficos en juveniles, cuando es probable que haya escasez de refugios
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apzopiados  Caddy 1986, Arce et aL 1997, Sosa-Coxdexo et aL 1998!.
El xeclutamiento en palinuxidos se estima por el asentamiento de puerulos en

estructuras artificiales de variado dise5o Witham et aL 1968, Phillips 1972, Booth
1979, Briones-Foizxzhn y Guti&rez Carbonefl 1991!, fndice de sublegales en la
captura  Caputi y Brown 1991!, axrecifes de bloques  de Le6n et aL 1991! y
minicasitas  Azce et al. 1997!. Con otzos fines se han usado diversas estructuras
 Hexxnkind y Butler 1994, Mintz et al. 1994, Lozano-Alvaxez et al. 1994!. Eu este
campo influyen mucho las investigaciones sobxe Panzzlirus cygnus de Australia, ahf
el asentamiento de puerulos en artefactos flotantes-corno indice de reclutazniento-
pexmite prefecir con 6xfto h captura 4 a5os despu6s  Phillips 1986!. Asf, el
xeclutamiento a la pesquerfa 1o detexmina el ingxeso de poslarvas, xzuh que una
limitada capacidad de cazga en las Seas de crfazzza. La pxedfcci6n de las captuxzzs
mejoraal combinar indices de puerulos ydejuveniles  Bxowny Caputi 1991!; ambos
se complementan, el fndice de puerulos apoya la pzedicci6n de captura a mediano
plazo � a5os! y el fndice de juveniles mejora la predicci6n a corto plazo, la captura
del a5o siguiente.

Gbjetivos
El pzesente trabajo presenta zesultados de investigaci6n dirigidas a desarroliar

un programa de monitoxeo de la abundancia relativa de juveniles posalgales de
langosta Panulirus argus, a txav6s del empleo de hfbitats artificiales. Este fndice
serfa un predictor del reclutamiento a lapesquexfa, 1-LS a5os despu6s. Para ello se
abordan aspectos prhcticos corno la selecci6n del arte de muestzeo y ~s
estadisticosquepezmitzmxocolectar coneficienciadatos de abzmdanciadejuveniles.
El txabajo de campo se efectu6 en Bahh de la Ascensi6n durante dos a5os, 1998-
1999. Finahnente, se estim6 el costo de un pxograma de monitoreo regional  
Quintana Roo, Mexico! de la abundancia de langostas juveniles, y se discute el
alcance de los resultados.

METODOS

Muestreo de Juveniles

Los muestzeos mensuales fuexon hechos con una lancha baoenera de fibra de
vidrio, de 8.24 m de eslora y motor fuera de borda �0 HP!. Cada estaci6n de
condommios tenfa dos estructuras que crau revisada por buceo libre, uno a dos
buceadores por estaci6n. Las langostas juveniles eran primero contadas y luego
capturadas con xedes de cuchara Las langostas capturadas exan llevadas a bordo
para tomar datos de talla, longitud de carapacho a la 0.1 mm mls cercana, y
deterzninaci6n de sexo. Los individuos capturados crau xmuztenidos vivos y
liberados uno por uno en hfbitats similares a una distancia de 0.6 - 1 km de la
estaci6n de reco1ecta. Por tanto, en cada ocasi6n de muestxeo las estructuras eran
ci made; lo que tambibn se aplic6 a otzos taxa que ocupaban las estructzzras. Se
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prucur6que lamanipulaci6nde los individuos capturados fueralomenostnunnktica
posible.

En lasestacionesdeminicasitas, con cuatro estructuras cadauna, les estructuras
eran cobradas desde cubierta, serevisabalapresenciade morenaso rayas, ydespu6s
su contenido se vaciaba en cubetas. El contenido era revisado sobre un tamiz de

malla gruesa y se eliminaba el exceso de vegetaci6n en la abertura de entrada La
captura de la minicasitas era procesada de igual fonna que la descrita para
condominios.

La consirucci6n de minicasitas sigui6 el dise5o de la minicasita levable tipo-l.
Esta estructtm tiene un marco meh8ico de varillacorrugada, rectangular de 80 x 70
cm, a la que se adapta una cubierta de concreto sobre la parte superior y en dos
caras laterales, una tercera cara lateral se forra de malla medica inoxidable y
opuestaa esta ultima, lacuartacara lateral constituye laentrada de altura lcm. Esta
dimensi6n es critica para defimr el acceso a la minicasitL La superficie opuesta al
techo de concreto, que hace contacto sobre el fondo tambibn fue forrada de malla
de cribs.

El condominio es una estructura simple formada por 16 bloques de concreto.
Se colocan sobre el fondo los primeros ocho blOque, en un arreglo cuadrangular de
dos bloques por lado; sobre ellos se coloca un segundo juego de ocho bloques en
aneglo similar- a modo de segundo piso. Es crftico el tama5o de los orificios del
bloque; nosotros usamos el bloque mds peque5o disponible en el mercado 40 cm x
20 cm x 10 cm., cada uno con tres orificios 10.2 cm x 3.8 cm. Otra vez, esta
dimensi6n de 3.8 es critics para definir el acceso a los orificios del bloque. Este
bloque posee dimensiones muy similares al usado en Cuba  de Le6n et al. 1991!.

RESULTADOS Y DISCUSIONES

Comparacibn de Condominios vs Minicasitas come artes de Muestreo

Primera etapa: experimento de corto p/azo � Fueron comparadas tres diferentes
tipos de estructuras corno arte de muestreo de langosta: minicasita levabl e- 1,
minicasitalevable-2 ycondominio cubano,enunexperintento de campo con dise5o
de bloques completos aleatorizados BCA Sokal y Rohlf1995!. Los bloques fueron
cuatros sectores o Seas de Bahia de la Ascensi6n: Rio, Vigia Chico, Tres Marias y
Cayo Valencia El dise5o BCA considers aleatorio al efecto de bloques -kate y
admite de entrada que las boreas difieren en factores no controlados abi6ticos: tipo
de fondo, refugio disponible, tempenttura, salinidad; y bi6ticos: asentamiento de
poslarvas, abundancia de predadores y presas. El factor fij o fue tipo de estructura,
cadauna con diferente capacidad de atracci6n, por lo que interesa evaluar c6mo esto
afecta su ocupaci6n por juveniles. El objetivo del dise5o es evaluar la significancia
del efecto del factor fij o, tipo de estructura  tratarmento!. Fueron colocadas cuatro
estaciones, una por sector selecto de la bahia  Tabla 1!. Cada estaci6n con cuatro
estructuras: dos minicasitas levables-l, unaminicasitalevable-2 y un condominio
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cubano. La variable de�respuesta�fue�capturatota acumulada, numerodeindividuos
juveniles de langosta, en las recolectas mensuales de julio a noviembre de 1998
 Tabla 1!. Ussr esta variable, en vez de valotes mensuales, evita la practica
controversial de tomar los datosde oonteos secuenciales corno replicas o mediciones
repetidas independientes.

En la Tabla 1 se aprecian algunas tendencias. De Julio aNoviembte, lacaptura
total de juveniles de langosta fue de 118 individuos; el grueso de esta captors, 78
individuos �6 %!, se obtuvo en condominios cubanos. A su vez, del total
capturado, la mayor parte, el 58.5% �9 individuos!, pmvino de una sola estaci6n:
Cayo Valencia Asf, en cuanto a tipo de estructura, el condotninio cubano tuvo
capturas visiblemente superiotes; y en cuanto a estaciones, destac6 Cayo Valencia
 Tabla 1!.

Tabla 1. Capture total de juveniles de langosta, en numero, acumuiada de jullo a
noviembre de 1998 en las di$erentes estructuras  tratamientos! y estaciones
bl ues en Bahta de la Ascensi6n. Datos sin transformar.

ESTACIONEs tlms na tTratamlentoa}
tWoquas! KsraucruaA Conrlominio

Ninicaalra favaNa-1 Nlnlcaaita lavaNe 2 cabano
a b

1 0Vtgla Chico

0 0Tres Nartaa

358 10CayoValencla

A la captura total se aplic6 un an@isis de varianza  anova! biSetorial, sin
repeticiones. Al dise5o BCAcorrespondeunanovade modelomixto Sokaly Rohlf
1995!. El factor Sj o fue tipo de estructuray el doctor aleatorio los bloques: estaci6n
o brea  Tabla 2!. La captura total, X, fue antes transformada a  X+ 0.5!o'. Las
comparaciones de medias a pesreriori aplicaron las pruebas de Tukey-Kraut
 Sokal y Rohlf 1995!. Segun el anova, bajo un u= 0.05, la captura de juveniles de
langosta vari6 signi6cativamente con el tipo de estruchtra  Fs = 5.89, p = 0.017!
 Tabla 2!. Las comparaciones de medias a posteriori no detectaron cuQes medias
 estructuras! ocasionaron la significanciaen el anova; pero lacaptura, en numero de
juveniles, de los condominios cubanos fue muy superior a las capturas de las
estnxturas restantes, e incluso mayor que la sums combinada de dichas capturas
 Tabla 1!. Losprincipalessupuesiosdel auova fueroncumplidos satisfactoriamente.
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Table 2. Tabla del anova bifactonal' de la capture total de juveniles, X: no. de
individuos, de julio a noviembte 1998, transliormada a X' ={X+ 0.5!'~. Anova de
modeio mixto. El factor Sjo es tipo de esttuctura: tres minicasitas levables, dos de
diseho-1, una dedisefio-2 y un condomi-nio cubano. El factor ahatono, bloque, son
las cuatro eataciones en diferentes Areas de la bahla.

Sama de Cuadradoa
g. de I. Cuadnadoa twadloa F~ P

Fuantade
Vartacidn

3 19.1834 8.3678 5.885 0 0186Tipo de estructura
 Factor filo!

Area o Estacidn
 Sloque!

3 18.2032 5.4011 4.978' 0.0264'

Estfuctura x area
 intamccidn!

9 9.7688 'i.0854

Notes: a! sin repeticiones; b! F; � CMJ CM W.3878t 1.0854 sin suponer
interacci6n nula o no-signlcativa; c! F; � CMA l CME =5.4011I 1.0854, requiere
que la interacci6n sea no-significativa.

Segunda etapa: patrones de abundanciaa medianoplazo � De Marzo a Diciembre
de 1999 fueronmonitoreadas mensualmente 22 estaciones: doce de condominiosy
diezde minicasitas levables  Figural!. Algunas estaciones ubicadas relativamente
cerca entre si; podrian considerarse estaciones pares. Kn el caso de Xoken, Cayo
Valencia y Cedros las estaciones pares, una de minicasitas y otra de condominios,
estaban muy pr6ximas, -0.3 -0.5 hn entre si. Otras estaciones pares, i! Rio  c!-lUo
 m!, ii! Culebras  c!-Canal  m!, e iii! Colonia  c!-Faro  m! tambibn estuvieron
pr6ximas entre si, a distancias de 0.5 a 1.5 hn. Por tanto, los registros de
abundancia de estos pares de estaciones permiten comparar, a mediano plazo, las
dosartes de muestreo. EHo complementaelprimerexperimentocomparativo arriba
descrito, de corto plazo; con diseilo limitado a cuatro bloques, y pequejlo numero
de unidades de muestreo por estaci6n: un condominio y tres minicasitas.
En la Figura 2 se aprecian los patrones temporales de ocupaci6n o abundancia
relativa en estos pares de estaciones. En cuatro de seis casos: Xocen, Valencia,
Cedros y el par Culebras-Canal durante los meses priinaverales los patrones de
abundancia fueronrelativamente similares,peru los notoriospicosdemeses otoihles

El expaimento di6 bases para tomar dos decisiones prhcticas para el proyecto.
Primero, la decisi6n de ussr simulthneamente dos ates de muestreo, minicasitas
levables y condominios en la siguiente etapa del proyecto de monitoreo. El
argumento fue que la ocupaci6n de una estructura es s6lo un criterio, aunque las
minicasitas arrojan menores capturas entre sus ventajas eshln un menor tiempo de
revisi6n y que no dependen del buceo. Segundo, dado el nivel de captura por arte
registrado en el experimento; decidimos que en la segunda etapa, una estaci6n de
condominios la formasen dos condominios y una estaci6n de minicasitas levables
tuviese cuatro minicasitas. El espaciamiento entre los condominios vecinos fue de
25 metros, igual que entre minicasitas a lo largo de una sola Hnea recta.
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s6lo fueron registrados en condominios pigura2!. Encl perfodo otolhl bubo gnm
diferencia, a favor de los condominios, en Iaocupaci6nregistrada encl par de Cayo
Valencia y el par Cayo Culebras-Canal  Figura 2!. Esto serfs un primer indicio de
un posible comportamiento de saturaci6n de lasminicasitas, sobre todo enperlodos
en los que ocurren pulsos estacionales de alta abundancia de juveniles.

Por laevidenciadeunposibleefecto desaturaci6nenhs minicasitas, sobre todo
aaltos valores deabundanciarelativa, se consider6que las rninicasitas levables � del
diseho aqui empleado, no son recomendables corno artes de muestreo para
monitoreo a largo plazo de la abundancia de juveniles de langosta; aunque las
minicasitas fueron ocupadas por un elevado numero de peces y crustkceos pudieran
tener potencial para monitoreo de otras grupos de fauna arrecifal.

Figure 1. Area de estudio, Bahfa de ia Ascensi6n, ias cinco Areas o estratos
considerados y ia red de 22 estaciones de muestreo. Doce estaciones de
condominios ¹ 1 a ¹ $2 diaz estaciones de minicasitm ¹ 13 a ¹ 22 .



55 Gulf and Caribbean Fisheries Institute

IN00NM �!- 0 0I0  m!

Caye Ca00IN00 [0! ~ Q!

Figure 2. Comparaci6n de la abundancia mensual de juveniles de langosta,
individuoslestaci6n, en pares de estaciones vecinas, pero de diferentes artes:
condominios vs minicasitas. Los pares dei lado izquierdo son estaciones mhs
cercanas entre sf, distancia maxima 0.5 Km; que los pares de estaciones del Iado
derecho, con distancia ent!e sf de 0.6- 1.5 Km.

Muestreo en Una Red de Estaciones, Muestreo Aptbao con Condominios

Abril-Diciembre de 1999. Monitoreo en ZZ estaciones � Una vez emplazada la red
completa de 22 estaciones en Bahia de la Ascensi6n  Figum 1!, comenzb
formahnente el monitoreo mensual delaabundanciarelativadejuvenilesdelangosta
Panulirus argus. Por lo tanto, esta fase del monitoreo mensual comprendi6 nueve
meses, de abriladiciembre de1999. Esto permiti6abordar aspectosestadisticos del
muestreo ~in obviar los aspectos pntcticos. Son consideradas algunss cuestiones
sobre indices de precisi6n de las estimaciones de abundancia relativa promedio
mensual, los modelos probabiliticos que puede seguir cata variable abundancia
relativa; el tamatto de muestra n, en numero de estsciones de mueshm
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independientes, y el tama5o de la unidad de muestzm  zzan ! que xepresenta de
manera apzoximada el numero de estzucturas en cada estaci6n.

El muestreo sigui6 un dise5o aleatorio simple  Coehrau 1977!. No obstante,
suponer que las estaciones fuemn emplazadas al azar es una hip6tesis de trabajo
razonable para fines del amQish. En la prActica, la elecci6n de sitios donde se
colocamn estaciones no fue enteramente aleatoric Por un lado, se trat6 de cubrir
ciertos sectoxes o estratos de la bahfa  Figura 1!; en particular, cinco:

i! Exteriordelabahla-Norte,conhAbitatspzopiosdelagunaaxrecifal,desde
Punta Xoken a &cute de los Cayos centrales;

H! Exterior de Iabahia-Sur, hAbitats similares al anterior, desde &cute de los
Cayos Centzales a Punta PAjazos;

iii! Cayos centrales, con hAbitats bbnticos de alta cobertura de macmalgas y
pastos marinos, cerca de mArgenes de manglar;

iv! Interior de la bahia-Norte, hAbitats de menozes cobertura de pastos y
macroalgas, cexca de mArgenes de manglar, peque5as lagunas costezas, y
presencia de fondos fangosos y mcosos; y

v! Interior de la bahia-Sur, similar al anterior pem con pzesencia de varios
cayos, canales y lagunas bordeadas de manglar.

Qued6 fueza una gran pozci6n centxal de la babia; que los pescadozes tampoco
usan corno Area de pesca de langosta por poseer fondos sin vegetaci6n, fango con
mcas dispersas, y sobre todo alta turbidez en todo el a5o.

Por otza parte, la ubicaci6n de estaciones dentm de cada sector, fue de primera
intenci6n aleatoria; conelecci6n denumezos aleatorios paradefinirlas coozdenadas
geogrAficas de cadaestaci6n, peto tambibn fue infiuenciadayor�cuestiones�pxcticas
corno evitar fondos Suzgosos yextensas Areas sin vegetaci6n o arenales. Otm factor
fue encontrar pescadoxes que yermitieran el acceso a sus campos del grupo de
investigaci6nen todo tiempo {vedainclulda!; asi corno un grado de colaboraci6nen
el cuidado de las estaciones de muestxeo.

Abundancia Por estacidn de eandominios: observacianes y madelos � En el
anAlisis demuestzeo 6ptimo, Ia variable central es�laabundanciarelativadejveniles
de langostaPanulirus argus, en nuznem de individuospor estaci6n, exclusivamente
paracondominios. El anAlisisabazcaelyerfododenueve meses, deabril adiciembxe
de 1999, encl que fuezon obtenidos datos de abundancia relativa en lazed completa
de 22 estaciones  Figura 1!.

Cuando se emplean artes activos corno zedes de arrastze y tnuzsectos o
cuadrantes, al Ilegar a laestaci6n se activa el equipo de muestzeo y el fiempo define
el huna5o de la unidad de muestzeo, pozque Aste define el tamalo del Axe baxrida
o volumen filtmdo. En cambio, con artes estacionarios, ocupar una estaci6n
significa revisar estzucturas-condominios, que han oyerado yor cierto tiempo de
calado {"soak time"! y han ejezcido su infiuencia atractora sobxe un Area definida
Esta ultima, depende del dise5o ydimensionesde laestructuraasf corno del numero
de estzzzctuxas por estaci6n. El tiempo de calado, tiempo entre una xevisi6n y otxa,
no se incluye en elpzesente anAIisisporque se mantuvo xelativamezzteconstante, con



55 Gulf and Caribbean Flshsrlss lnstltute PaQe 425

diferencia de yocos dias. Tambibn, en cada muestreo mensual fue uniforme entre
estaciones, -1 dfa de diferencia Por tanto, el tama5o de la unidad de muestreo
 turn! es el numero de estructuras, dos condominios o cuatro minicasitas, por
estaci6n. El tama5o de muestra  n! estuvo dado por el numero de estaciones. El
numero de individuos por estaci6n es un fndice de abundancia relativa porque se
desconoce el tama5o del Sea de influencia de cada eslructura, sobre la que una
estructura de cierto tipo ha operado durante el tiempo de calado.

Si la abundancia relativa es vista corno variable aleatoria, surge entonces la
interrogante de cuk1 modelo o distribuci6n de yrobabilidad sigue. Hay abundante
literatura acerca de c6mo se comporta la abundancia en poblaciones marinas, que
usuahnente sigue distribuciones de tipo asim&rico, o de tipo contagioso corno la
BinomialNegativa parael caso discreto, la log-normal yarael caso continuo  Seber
1982, 1986, Pennington y Volstad 1991, Hilborn y Mangel 1997!.

Se obtuvo la mediana de valores mensuales Xy s' para el perfodo de Abril a
Diciembre; asf corno pmados intervalos: i! baja abundancia: Abril - Agosto, ii! alta
abundancia: Septiembre - Diciembre. De las estimaciones muestrales, cada mes fue
estimado el panhnetro k de la Binomial Negativa por el mbtodo de momentos

 x!
 s � x!

 Elliot 1977, Hilborn y Mangel 1997! para datos de condominios. Fue calculada la
medianade las estimaciones mensuales de k, corno valor representativo de cadauno
de los tres perfodos, ya citados.

Precisidn de la media estimada, indice K � Una yrimera idea de la precisi6n de las
estimaciones mensuales de abundancia media de juveniles de langostaen la red de
22 estaciones de Babfa de la Ascemi6n, es dada por el fndice de precisi6n aplicado
a lamediaestimada Este fndice bien conocido, sedenominacoeficientedevariaci6n
de la media,

Encondominios, los valores mensuales del fndice deprecisi6ntendieronifgeramente
a ser estables de Abril a Agosto, y aumentaron en el siguiente, Septiembre a
Diciembre  Figura 3!.

Lacuesti6n del tama5o de muestran, numero de observaciones independientes
que integra una muestra, a yartir de la que se estiman parhnetros poblacionales, es
unasunto central encl muestreo de poblaciones biol6gicas  EHiot 1977, Seber 1982,
1986, Hilborn y Mangel 1997!. Existen varios mbtodos y aproximaciones para
deterrninar tama5os 6ptimos de muestra.
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Figure 3. Indice de precisi6n K registradas para las medias mensuaies estimadas
de abundancia de langostas juveniles; para estaciones de condominios y
minicasitas. El lndice K estima el coeficiente de variaci6n de la media, a pattir de
estimaciones muestrales de varianza media.

Mueslrea optiIno, Precisicfn, y TantaRo de la Unidad de Mttestreo ante
Restricciones � Por tanto, es de interbs prhctico conocer aproximaciones a la
optimizaci6nde muestreo quehacenexplfcitas lasrestricciones; en particularen dos
situaciones: a! costos fijos, C ~ cuyo caso conviene minimizar K; y b! K fija-en
cuyo caso se busca minimizer los costos. Ada', este enfoque introduce un factor
no incluido en los dodos vistos previamente: el tamaho de la unidad de muestreo
o turn.

Uarios autores han abordado en forms general h cuestion de muestreo con
restricciones  Cochran 1977, Sokal y Rohlf 1995!. En aplicaciones en ecologfa
marina destacan las apmximaciones desarrolladas por Lemuz y Adams �980! y de
Pennington y Volstad �991!. Estos ultimos autores tratan el asunto desde la
perspectivade relevamientos  "surveys"! encruceros dirlgidos estimar laabundancia
poblacional de recursos, donde es conveniente expresar los costos en tiempo de
trabajo en el mar  horas, dias!. En particular, estos autores consideran poblaciones
que siguen la Binomial Negativa, BN m, k! de panhnetros m y k; o poblaciones
cuyos datos de abundancia cumplen la relaci6n de Taylor. En el contexto de este
trabajo, lasituaci6nbajo.an@isis coincide con loplanteado por Penningtony Volstad
�991!. Sin embargo, el presentetrabajotiene unpar de diferencias fundamentales.
Uno, tales autores consideran el uso de redes de anastre; con el tamulo de unidad
de muestreo  ntm! definido por el tiempo en que operan un equipo de muestreo.
Aqui, con artes estacionarias, ocupar una estaci6n aamiste en recuperar -reviser
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estnmturas que han operado por un determinado tiempo de calado  "soak time"!
sobre el Sea de infiuencia del arte. El turn serfa el producto del numero de
estaciones por esta Sea unitaria de infiuencia Entonces, el tiempo en la estaci6n
aqui s61o refieja el tiempo de revisi6n de un numero dado de estructuras. Dos,
Pennington y Volstad �991! represetttan la funci6n de costos vs n, numero de
estaciones, mediante una relaci6n no-lineal. En nuestro caso la relaci6n es lineal.
A partir de estas diferencias, fueron elaboradas extensiones a les ecuaciones de los
autores citados  Sosa-Cordero, no publicado!. Aqui fue empleado tambibn el costo
en tiempo en el mar para expresar los recursos que necesitan los muestreos
efectuados durante el perfodo de estudio, dirigidos a estimar la abundanciarelativa
de juveniles. Para ello, sirvieron de base los registros de tiempo dedicado a
diferentes actividades durante los recorridos mensuales en la red de 22 estaciones,
de Abril aDiciembre de 1999  Tabla3!. Estos datos, clasificados con el enfoque de
Pennington y Volstad �991!, permitieron definir los valores que correspondieron
a los tiempos siguientes:

c, es tiempo  min! de maniobra de ocupar  llegar a! una estacidn, y preparativos
para revisidn;
c~ es tiempo  min! de viafe entre estaciones, expresado en tiempo de viaj elestacicfn,
que supone se ha seguido la ruta de longitud minima;

turn, tama5o de la unidad de muestreo, comprende el tiempo de revisi6n, colecta y
meHci6n en cada estaci6n, al refiejar el numero de estnuWras revisadas, es
descriptor del turn real;

Para las estaciones de condominios, de los registms de campo  Tabla 3! sobre
los tiempos arriba citados, quedaron definidos los valores siguientes: c, = 8 min.,
c2= 22 min., y turn = 17 min. Estos ultimos valoresy las estimacionesmuestmles de
los respectivos parhnetros poblacionales fueron introducidas a las ecuaciones
respectivas para determinar valores 6ptimos de tama5o de muestra  ~ y tama5o
unitario de muestra  turn/. Para ambos casos, si la abundancia sigue la Binomial
Negativa o cumple larelaci6n de Taylor y diferentes mveles prefijados de precisi6n
K, se presentan las estimaciones muestmles de los panhnetros usadas y los
resultados de aplicar las ecuaciones a los datos de abundancia de las estaciones de
condominios  Tabla 4!.

De este atMHisis se desprenden tres resultados principales. Uno, el amHisis
sugiere reducir el tama5o de la unidad de muestreo  turn! en estaciones de
condominio; de hecho, el turn 6ptimo estimado  tumo = 52 min! en thminos
proporcionales significaria revisar menos de un condominio por estaci6n. De ahi
que el anhlisis haya considerado corno opci6n practica usar un turn equivalente a un
condominio  Tabla 4!. Dos, con turn de 9 min., equivalente a un condominio por
estaci6n, es posible alcanzar un nivel de K fijado en 25 /o, con solamente 10
estaciones  Tabla 4!. Extrapolado esto a un turn igual al usado, turn = 17 min 6 dos
condominioslestaci6n; entonces, seria factible cubrir n z 20 estaciones lo que
aumentaria la ptecisi6n  disminuye K!. Tres, con turn = 9 min., para un costo fijo
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en 3 dfas demuestreo sepodrfaalcanzar a= 37estacionesde condominios, asociado
a un K= 0.27  Tabla 4!.

Tabla 3. Tiempos  en min! dedicados a diferentes actividades en las campafias
mensuales de monitoreo de juveniles de langosta. Se indica n, el n0mero de
estaciones de cada tipo que fueron revisadas al mes. Se incluyen estaciones de
dos ti os em azadas en Bahla de la Ascensi6n.

Tlem pal Tiem pal
csin ctdn eetnclbn Tlempo Tlempo

IHes n miniceeltne n condomlnloe de vLI total

10 166 12 229 452 847

368 90710 224

10 128

12 315

Junio 12 154 498 780

Julia 10 175 12 231 552 958

10 244 12 194 362 800

363 822Septiembre 10 189 12 270

Ociubre

Noviembre

Diciembre

10 178

10 150

10 106

10 303 389 870

12 332 376 858

11 149 581 836

En sintesis, bajo la suposici6n que la abundancia por estaci6n sigue una
distribucion Binomial Negativa  BN!, con estimaciones muestrales de media,
varianza y k-BN; con restricci6n de costos, el anhlisrs incorpora el rum, se sugiere
rerfucir el rum de estaciones de condominios  rum = dos condominios o 17 min!,
hacerlo menor a dos condominios por estaci6n. Esto abre laposibilidad de ensayar
nuevos arreglos con los bloques utilizados. En este caso, para una rum de un
condominio por estaci6n es posfbie con n = 10 estaciones alcanzar niveles de
precisi6n de 25 %. A su vez, para costos fijos, por ejernplo fijados en tres dfas de
muestreo en el mar �440 min!, es posible alcanzar una n = 37 estaciones con
precisi6n de 27 %. La aplicaci6n de los enfoques as elaborados ha permitido
develar aspectosque dificihnentepodrfan ser sugeridos si se aplicaran los dodos
usuales para deteaninar tama5o de muestra Estos resultados son de clara utilidad
prhctfca en el proceso de buscar, de proponer alternativas y planes de monitoreo
eficientes en costo-precisi6n; lo que haga mhs factible el monitoreo de los valiosos
recursos regionales.
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Table 4. Tamatio 6ptimo de muestra n~, ngmero de estaciones, cuando la
abundancia sigue la Binomial Negativa en presencia de restricciones  ver secci6n.
Muestreo 6ptimo II!. Dos casos son considerados: a! para un indice Sjo de
precisi6n K, a varios niveles; y b! para un costo fi~ ~ en tiempo en el mar  min, o
dias!. La Binomial Negativa con par4metro k = 0.415. Los valores de tiempo
asociados al muestreo: c,= 8 min, c,= 22 min, turn= 17 min. La media muestral de
abundancia, del perlodo de manor precisi6n obseivada  sept-dic!, f = 7.9 entr6 en
los cklculos corno m = @um. Un tamafio de unidad de muestreo  turn/ de 5.2 min
implicaba menos de un condominio/estaci6n; por io que se incluye chlculos con
turn; � 9 min 6 1 condominio/estaci6n. La telaci6n entre costos C  en min! y n es
lineal: Costos=  c,+turn!n + c, n!.

Precisi6n K a minlmizar costos C
turn; � 5.2 min. turn;- 9 min.

K 0.1 0.25 0.30 0.5 K 0.1 0.25 D.3 0.5

n = 83 13 9 3

Cosio
 min! 3904 625 434 156

 dias! 8 1.5 1 0.5

85 10 7

3074 ' 492 342

8 1 1

123

0.5

Costo C ti o mlnimizar isi6n K
turn;- 5.2 min. turn; � 9 min.

C
dias 4 3 2 4 3 2 1

 min.! 1920 1440 960 480

n 55 41 27 14

K 0.23 0.28 0.32 0.46

192D 1440 960 480

49 37 25

0.23 0Z7 0.33

12

0.46

Monitoreo eficiente del reclutamiento de langosta a escala regional � A partir
de los antiiisis anteriores, se estimamn los costos, en tiempo y dinero, que llevarfa
implantar un programs de monitoreo dejuveniles de langostaa largo plazo en Bahfa
de la Ascensi6n. Asimismo, con los ultimos arnihsis de optimizaci6n del muestreo,
ya puede ser fijado en tres dias el tiempo de muestreo. Habria que decidir si se
mantiene la turn actual, dos condominios por estaci6n, o se haeen arreglos para
reducirlaa 1 - 1.5 condominios por estaci6n. Otra posfbilidad es cambiar el dise5o
del condominio. Constituye un avanceel fijar en tres dfas la duraci6ndel muestreo,
lo que permite programar costos totales en tiempo y recursos  dinero! para el
monitoreo; ademhs deestablecer niveles deprecisi6n de laestimaci6nde abundancia
entre el 25 y 27 %%d; que son aceptables corno meta general en el campo de la
ecologia marina  Sissenwine et al. 1983!.

A continuaci6n se hace un am8isis econ6mico de costos totales del monitoreo

regional que comprende cuatro localidades, Bahia de la Ascensi6n, Banco
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Chinchorro, Cabo Catoche y Cayos-Contoy  Tabla 5!. Las dos ultimas se ubican
en el norte de Quintana Roo, Ia primers y la segunda en las zonas central y sur,
respectivamente. Estas cuatro localidades albergan jas nuts importantes y extensas
tueasde crianzade langosta en Quintana Roo. En sus Areas de peace se Ileva a cabo
el grueso de la actividad pesquera del estado de Quintana Roo.

Table 5. Costos totales por aho en $ US para el monitoreo regional del recurso
langosta, en particular muestreos de la abundancia de juveniles en estaciones de
condominios. Se considers que en laslocalidades norteftas el patron estacional del
reciutamiento es igual al de Cayos-Contoy lo que demanda 9 saMas  8 datos
mensuales!; en les localidades central y aurelia se considers el patr6n de Bahla de
la AscensiCe con 8 salidas al allo 7 datos mensuales .

Z centraV Z surl Z nortel Z nortsl
B. de la Banco Cabo Cayos- Total

Coetos $US Ascension Chtnchorre Catnche Con

8x $225
1,800

9x $300
2,700

9x $350
3,150 9,050

Qx$400
3,600

9x$500
4,500

8x $400
3,200 14,500

Equipo de mueslreo:
artes, GPS, boyas, elc. 2,500
 compra unica!

1,500 2,500 1,500 8,000

Salarios -personal del
proyecS: 4 personas
 una por localidad!.

12x $600 12 x $600 12 x $600 12 x $600

7,200 7,200 T,2007,200 28,800

60,350Coslos Fijos-subtotal 13,700 18,000 18,350

Coetos Variables

Lanch~ufa
Sx4x$T5 Sx4x$75 9x4x $T5 Qx4x$75
2,400 2,400 2,TOO 2,700 10,200

9x$250
1,250 4,500

Sx$250
1,000

9x$250
1350Combustible

8x $400
3,200

Qx$400
3,800

9 x $400
3,600 13,800

6,600

20 900

Coslos Fijos

Viajes a la localidad

Lancha, molor, elc.
 compra o rentahiiaje!

Estancia en campo

Costos Variables
Subtotal

Coetos Totates
Itocalldad

8x$175
1,400

Sx$400
3400

Sx$250
1,000

8x $400
3400

6,600 7,550 7,550 28,300

2 300 23550 23900 88850
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CONCLUSIONES
El condominio result6 el arte de muestreo que di6 mejores resultados, sus

valores de ocupaci6n o abundancia re1ativa de juveniles de langosta tendieron a ser
mhs altas que las de minicasitas. Con este arte si fueron detectados aumentos en la
temporada oto5a4 caracterizada por picos mhximos en Octubre - Noviembre. En
cuanto a tallas este arte incide en los juveniles posalgales, el grupo de taHa objetivo
en este tipo de estudios sobre reclutamiento.

La minicasita levable, del dise5o probado, tuvo un comportamiento de
saturaci6n, por evidencias experimentales y observacionales. Con este arte no fue
detectado el pulso oto5al de alta abundancia en 1999. En consecuencia, no se
recomienda usar minicasitas levables, del tipo probado, en el monitoreo de la
abundancia de juveniles. Lo positivo del efecto de saturaci6n es que probablemente

Este amBisis hace varias suposiciones. En primer lugar, supone que la
variabilidad de Ia abundancia encontrada en Bahia de la Ascensi6n, es semejante y
aplicable a las otras localidades, lo cual parece razonable - al menos para Cayos-
Contoy, la unica localidad que cuenta con antecedentes de abtmdancia relativa de
juveniles  Arce et al. 1997!. Suponetambibn que en cada localidad se considera un
krea objetivo  universo! de muestreo de magnitud equipamble, del orden de los 500
km'. El m6todo supone un dise5o de mueslreo aleatorio simple, por los que 1os
resultados tendrian que ser modificados para otros esquemas de muestreo, corno el
estratificado. Por tanto, este ankHsis quedacomo hnea de base para contrastar otras
posibilidades de muestreo.

Una consideraci6n adicional de tipo poetico, es proponer el muestreo de
juveniles durante un periodo que asegure incluir los meses pico de reclutamiento,
junto con algunos meses-el inicial y el final, de la temporada "baja" en abundaneia
de juveniles. Para esto, es necesario suponer que en la zona norte ocune el patr6n
estacional de Cayos-Contoy  Arce et aL 1997!; donde h temporada de alta
abundancia es de Enero a Septiembre, con picos tmhumos en Abril, Mayo y Junio
 Arce et al. 1997!. Para localidades de esta zona se proponen nueve salidas al a5o,
de Enero a Agosto, que aportarhn ocho valores mensuales de abundancia al a5o.
En cambio, para la zona sur y central; se supone que ocurre el patr6n estacional de
Bahia de la Ascensi6n, con altas abundandas de Agosto a Diciembre, y picos
mkumos en Octubre-Diciembre. En estas localidades, se propone efectuar ocho
salidas al a5o, de Junio a Diciembte, lo que aportarh siete datos mensuales por a5o.

La Tabla 5 contiene los costos totales anualizados para cubrir las costas de
Quintana Roo, con vistas aunmonitoreo regional del reclutamiento de unprograms
de monitoreo del reclutamiento de juveniles de langosta Panulirus argus, que
comprende las Areas de crianza asociadas a las locahdades pesqueras rmis
importantes. Sin rmh comentarios sobre los montos, este ejercicio de anilisis de
muestreo eficiente en costo-precisi6n, representa un elemento esencial para
considerar el monitoreo regional del recurso langosta, enconcordanciacon su valor
social, econ6mico y ecol6gico en la regi6n.
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se deba la competencia o predaci6n dentro de las minicasitas, esto por el alto
numero de juveniles de peces arrecifales que las ocuparon. Por lo tanto, la
minicasita levable funcion6 mejor corno arte de muestreo para juveniles de peces
anecifales.

A partir del comportamiento de los valores mensuales de varianzas y medias
muestndes, el anhlisis se bas6 en la suposici6n de que la abundancia de juveniles
sigue la distribuci6n Binomial Negativa  testa efectuar pruebas de bondad de ajuste
que exige datos adicionales!. Por otro lado, los datos de abundancia de minicasitas
y condominios en conjunto si cumplen satisfactoriamente la ley de Taylor.

Unaaproximaci6nalmuestreo6ptimo, tuvo el prop6sito deoptimizar el tama5o
de muestra n, junto con el tama5o de la unidad de muestreo  hnn!, cuando existen
restricciones de costos. Con costo expresado en tiempo en el mar, corno funci6n
lineal de n. Segun el amQisis, se puede reducir el rum actual, 17 min 6 2
condominios/estaci6n, a un ban, = 6 minutos  < 1 condominio/estaci6n!. Para un
turn alterno de 9 min � condominio/estaci6n!, se obtuvo una n = 10 a una
precisi6n fija de K= 25 /o, asf corno n = 37 para costo fijo en 3 dias de muestreo,
con precisi6n asociada de nivel K= 27 /o. Esta ultima opci6n se considm6 corno
razonable para trabajar en Bahia de la Ascensi6n en particular; y en las costas de
Quintana Roo en general.

A partir de los resultados de muestreo 6ptimo, se hace un amHisis economico
de los costos totales al a5o de unprograma regional de monitoreo de la abundancia
de juveniles de langosta corno indice de reclutamiento. Esto considera costos fijos
y costos variables al a5o pam cubrir cuatro localidades, Cabo Catoche, Cayos-
Contoy, Bahia de la Ascensi6n y Banco Chinchorro, que contienen las Seas de
crianza de langosta y otros recursos arrecifales! mks importantes de Quintana Roo.
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RESUMEN

En las costas de Yucathn, Mexico, la pesquerla de langosta tuvo lugar durante
muchos amos entre las 2 y las 18 braze de profundidad en la zona costera y en el
Arrecife Alacranes ubicado apmximadamente a 70 millas al Notte de la linea de
costa y se utHizaba el buceo corno tb:nica de capturtL En los ultimos afios se ha
incorporado a la pesquerfa el uso de trampas en las zonas arrecifales pmfundas  a
mhs de 20 brazas de profundidad!. El registm de las capturas provenientes de
barcos de pesca que usan trampas para la captura de langosta  pesca exploratoria,
pesca de fomento y pesca comercial!, ha permitido obtener datos de una buena
cantidad de hembras ovfgeras asf corno de las zonas en donde bstas fueron
capturadas. En este trabajo se utilizan los datos provenientes de la captura con
trampas para proponer un modelo de distribuci6n geognlfica de las principales
zonas de reproduccibn de langosta en la Costa de Yucathn.

PALABRAS CLAVES: Mod elo de Areas de reproducci6n de langosta, Plataforma
de Yuca da, Panulirus argus.

Geographic Reproductive Areas Distribntion Model
of Spiny Lobster  Panulirus argus! in

Depth Arrecifal Zones of Yncatnn Coast

Along the coasts of Yucatan, Mexico, spiny lobster fishery is conducted at
depths between 2 and 18 fathoms for both coastal waters and Arrecife Alacranes
area, wich is located at 70 milles fiom shore. The traditional capture method in this
fishery has been diving, however, more recently, the use of lobster traps has been
fiequently used on deep on deep anccifid zones �0 fathoms or more!. Records of
lobster captures fmm traps fishing vessels  exploratory and commercial fishing!
allowed us to obtain data about the number of ovigerous females and the zones
where they were captured. In this study, trap lobster fishing data are used to pmpose
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a geographic distribution model of the main reproduction areas for lobster in
Yucatan coasts.

KEY WORDS: Lobster reproduction areas model, Yucatan Platform, Pamdirxg
CP'gltS

1NTRODUCC16N
Hasta hace alrededor de cinco altos en las costas del Norte de la Peninsula de

Yucathn la pesqueria de langosta se habia llevado acabo en la zona htoxal, desde el
puerto costero denominado el Cuyo hasta el puerto de Celestun y en el Amcife
Alacranes, en profundidades aproximadas entre las 2 y las 18 brazas �Uos et aL
1996, 1Uos et al. 1998!. El buceo libre y con hookah crau las unicas formas de
capturar langosta. Sin embargo a partir de 1997 en la flota mayor que aetna tanto
en laparte somera del axxecife Alacranes corno en zonaspxofundas que lecixcundan,
se ha ido intxoduciendo paulatinamente el uso de trampas corno arte de pesca y
corno resultado, actualmente la flota mayo tiene acceso a nuevas hzeas de pesca en
zonas as profundas  ahededor de las 37 brazas de profundidad!.

La pesqueria de langosta actualmente, puede ser caracterizada por zonas y arte
de pesca utilizado: a! las zonas xxu1s pegadas a la costa, oriente  de Dzilam de Bravo
a El Cuyo! yponiente  Progxeso y Sisal! en donde la t6cnica de captura sigue siendo
exclusivamente el buceo  libre y con hookah! y se capturan pxeadultosy adultos; b!
la zona somera del axxecife Alacranes, en donde la complejidad y profandidad del
anecife solo permite la entrada de embarcaciones peque5as �8 pica con motoxes
fuera de borda o "alijos" sin motor!, el primer mes de la temporada de pesca se
captum solo por medio de buceo libre y despubs se captura con ambos m6todos:
buceo libre y con hookah; en esta zona se capturan principalmente pxeadultos y c!
las zonas anecifales rocosas profundas en donde tiene influencia la flota mayo, se
pesca con trampas y se capturan gran cantidad de adultos  nueva Idea de
explotaci6n!.

Los cambios en la fonna de capturar 1angosta en algunas zonas de la plataforma
de YucaQn, han permitido la extensi6n de las Areas de pesca hacia aguas xxuls
profundas, en donde generahnente habitan langostas grandes que antes no se
atrapaban, esto a originado una modiflcaci6n en la estructura de la poblaci6n
explotada La &acci6n de adultos a hx cual antes no se tenIa acceso, debido a la
limitaci6nquerepresentalat6cmcade capture tradicionalen Yucatkn buceo!, ahora
se ha vuelto significante en los volumenes de captura. Si bien 1a pxoducci6n de
langosta en el Estado se ha incxementado, existe el temor de que se estb capturando
una parte importante de la poblaci6n de repxoductoxes, fundamental para la
persistencia de langosta en las Areas de peseta

Ante este nuevo esquema de explotaci6n de la poblaci6n de langosta en las
costas de Yucatkn, es necesario axxaiizar la pesquerfa de manera diferente a la que
se habia planteado en los ultixnos a5os, tanto para evaluar el recxuso corno para
proponer medidas de manejo. Esta foxma novedosa de amBisis se hace dentro de un
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contexto de metapoblaciones, en donde el anilisis de dimensi6n espacial cobra
importancia Hanski 1999!. Eneste casolapoblaci6nlocal delangosta Plataforma
de Yucatdn! se considera abierta, con intercambio con otras heas de pesca a trav'
de la migraci6n o la dispersion larval. Es necesario entonces entender la dinhmica
local del recure con base en diversos aspectos corno: laevoluci6n de la pesqueria,
el conocimiento que se tiene sobre biologiay ecologla de la especie e incorporando
los conocimientosexistentes sobre geologia, meteorologlay comentes marinas, con
el fin de poder plantear estrategias de manejo lo mks acorde posible con la idealidad
de la sustentabilidad.

Corno parte de todo el trabajo que pretende una visi6n integradora de la
din@mica de la poblaci6n de langostas en la Plataforma de Yucatka, es necesario
abordar el conocimiento de la distribuci6n de las keas de reproducci6n en la
plataforma peninsular, zonas que no se han estudutdo y que actualmente son
importantes Areas de pesca.

El objetivo de este trabajo es proponer un modelo de distribucibn geogrkfica
de Seas de repmducci6n de la langosta  Pmndirus argus! en zonas arrecifales
pmfundas de lacostade Yucatkn, considerando aspectos geologicos, meteorologia,
corrientes marhuws, ciclo biol6gico, distribuci6n de habitat preferencial, migraciones
y estrategias reproductivas.

METODO

En este trabajo se utiliz6 informaci6n existente sobre el origen y conformaci6n
geo16gica actual de Ia Penhsula de Yucathn y el Banco de Campeche o plataforma
peninsular norte, de igual manera se him una revisi6n de las caracteristicas
meteoro16gicas y oceanogrtlficas de la regi6n poniendo 6nfasis en el
comportamiento de las corrientes marinas y los eventos que tienen importancia en
el movimiento de las aguas superficiales y pueden influir en la deriva de las larvas
planct6nicas y por lo tanto exphcar su dinhmica en el brea De manera paralela se
hizo una revisi6n de la informaci6n existente sobre el ciclo biologico de la hmgosta
Panulirus argus centrando el intenhenmigraciones omovimientosde las langostas
adultas, en conocimientos existentes sobre la deriva larval, comportamiento y
procesos de asentamiento de larvas.

Los datos sobte zonas de reproducci6n se obtuvieron de cinco cruceros de
pescaexploratoria realizados durante 1996 y principio de 1997, de barcos de pesca
comercial de langosta�999,2000,2001 y 2002! y de pesca de fomento �002!. En
todos los casos se utilizaron tratnpas para caphuur a las Iangostas en aguas
profundas. Para el 7P/o de los crucems se estim6 laproporci6n de hembras en etapa
reproductiva  con espermat6foro u ovfgeras! y se obtuvieron los pesos medios de
los organismos calvados.

Se incorpora al amBisis informaci6n obtenida mediante el enlace con patrones
de embarcaciones langosteras con una experiencia mayor de diez a5os en la
pesquerh que se realiza en zonas arrecMes profundas, ask corno en la zona costera
oriente y poniente de Yucathn. TambMn se agregan datos procedentes de la
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pesqueria de langosta en el estado de Yucatan.

Los puntos georeferenciados procedentes de los cruceros se archivaron en
formato ascci, se importaron corno vectores al programa Surfer y se desplegaron
sobre un mapa base de la peninsula de Yucatan construido con anterioridad por
Bello y Hernandez, �000!, el analisis de los datos se realizo considerando dos
escalas espaciales, una considerando el area de operacion de cada crucero lo que
permite visualizar la distribuci6n de las langostas en una escala de &acciones de milla
cuadrada y la otra que considera todos los cruceros en la piataforma peninsular y
cuya escala es de varios grados de latitud y longitud, es decir de cientos de millas
nauticas cuadradas . En este caso fue importante que todos los datos se encontraran
en el mismo sistema de referencia para que las operaciones entre capas fueran
posibles  Figura 1!.
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Figura 1. Satimetria y formaciones arrecifaies de ia Piataforma de Yucatan

Partiendo del supuesto de que las langostas se encuentran en estrecha relaci6n
con procesos de dispersi6n larvaria mediados por factores fisicos y patrones de
movimientos y migraciones en busqueda de habitats propicios para persistir. Se
sigue el patron de distribuci6n de areas de reproduccion en la plataforma y se asocia
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a los acontecimientos importantes queocurrenenlaplataforma movimientos de las
masasde aguaa trav&,de las corrienteproveniente del Canal de Yucathn, surgencia,
meteomlogfa, formacibn geol6gica de laplatafonnay ciclo biol6gico de la langosta
del Caribe. Finalmente se plantea un modelo de distribuci6n geogrifica de Areas de
reproducci6n de la langosta  Panulirus argus! en zonas anecifales profundas de la
Costa de Yucathn.

RESULTADOS Y DISCUSION

Geologh
Los fondos marinos de la plataforma continental del Banco de Campeche y el

norte de la peninsula de Yucathn tienen su origen en la acumulacion de materiales
calcheos en su mayorlaprocedentes deprocesos bio16gicos. Asi lapzecipitaci6n de
carbonato de calcio debido a procesos fotosint6ticos corno la asimilaci6n de
carbonatos en estructzzzas duras de los organismos  ~hos, esqueletos, conchas!
y su deposici6n en el fondo despubs de la muerte de los organismos contribuyemn
a la formaci6n de laplatafozmapeninsular Yucateca. Sepiensa que Lz formaci6n de
la peninsula de Yucathn es un proceso paulatino qne se desarmllaen un ambiente de
fluctuaciones del nivel del mar y condicionesmeteoml6gicas querespondenaciclos
de diferente magnitud; asf los procesos de formaci6n de materiales, deposici6n,
emsi6n, cementaci6n, se siguen en ciclos bajo diferentes condiciones que en
ocasiones se zepiten en difezentes escalas de tiempo. Estos eventos que dan origen
a la platafonna peninsular conforman una estnzctura que se caracteriza por la
pzesencia de terrazas de materiales calcheos duros alternados con capas de
materiales menos consolidados todo esto con un suave declive hacia el norte. En un
piano, la estructura peninsular no es homogbnea ni en la parte emergente ni en la
plataforma continental sumergida Desde la Hneade costa hasta el talud continental
la plataforma del Banco de Campeche muestra una conformaci6n hetemgbnea
caracterizadapor lapzesencia de areas de sustzato duro con poco relieve, cavidades
longitudinales de diferente longitud, Seas de material no consolidado corno lodo,
arenas, conchuela, etc. y Areas de una topografia complicada de difezente elevaci6n
con respecto al medio en donde se encuentran locahzadas y que alcanzan altitudes
de hasta ochenta metms sobre la pmfundidad media en donde se localizan. A pesar
de la hetemgeneidad de los fondos la distzibuci6n de las estructuzas sigue patzones
m4s o menos zegulazes. Asi, las elevaciones coralinas fonnan una &anja cezca del
talud continental, en direcci6n a tierra son comunes tezrazas de fondo duro
alternadzzs con parches arenosos y cordilleras de baja elevaci6n y hacia la costa se
forman &anjas paralelas a la costa de mcas planas, cordilleras de diferente longitud
ynormalmente baja elevaci6nymateriales no consolidados principalmentede grano
grande conchuela! y mediano  Lynch 1954, Logan 1969, L6pez Ramos 1976!. Las
mayozes elevaciones coralinas emergen de la superficie del mar y son muy
conocidas, tal es el caso del anecife Alacranes, Cayo Areas, Trikngulos, entre otms.
Otras elevaciones anecifalesno emergena lasuperficie pero son tambi& conocidas
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tanto por los navegantes para quienes pueden representar un peligto corno para los
pescadores que las han utilizado corno bancos pesqueros debido a su gran
productividad  Figura 1!.

Metereelogfs
Los eventos meteorol6gicos de mayor importancia en la Peninsuh de Yucatfin

tienen componentes ciclicos y ocasionales o menos regulares. Entre los eventos
ciclicos se presentan la 6poca de nortes, una bpoca de secas y una6poca de lluvias.
La caracterfstica importante de la 6poca de nortes es la presencia dominante de
vientos fuertes con direcci6n hacia las Seas costeras y que tiene un intluencia
deternnnante en el movimiento de las masas de agua y de los elementos de deriva
que finalmente se dirigen a la costa

Durante la bpoca de sequia los vientos dominantes son vientos de tierra o
suestes que imprimen energfa al agua superGcial con direcci6n mar adentro.

Durante la 6poca de lluvias se alterna la direcci6n de1 viento, lo nmls eomun es
la presencia de vientos de tierra durante una parte del dfa  comunmente la
madrugada y la ma5ana! y vientos procedentes del mar  noreste! durante la otra
parte del dh  comunmente la tarde y parte de la noche!. Durante esta bpoca del a5o
se presents tambibn un proceso de fertilizaci6n de la zona costera debido al aporte
de aguas continentales via conductos subterrhneos que desembocan en lagunas
costeras y en sitiospuntuales dentro de una &anjaimportante de lacostaque alcanza
al menos los diez metros de profundidad.

Entre la bpoca de secas y bpoca de lluvias es comun la ocurrencia de un evento
muy importante en el ambiente costero de la plataforma peninsular. Se trata de una
surgencia de aguas profundas procedentes del canal de Yucatka que fertilizan las
aguas de laplatafonnaincrementando notablemente laproductividadprimmia. Este
evento es anual aunque su intensidad varla y algunos a5os es mks notable.

Aunque las presencia de tormentas tropicales, ciclones o huracanes son
componentes anuales en las aguas del Caribe, no todos los a5os siguen las mismas
rutas ni se presentan con igual intensidad, sin embargo en los tmtimos a5os la
presencia de eventos de gran magnitud ha sido mks notable. Estos eventos tienen
la capacidad de mover grandes cantidades de agua super6cial y de alterar de una
manera considerable la configuraci6n del hibitat costero. Su efecto sobre las
comunidades marinas rompe equilibrios por lo que constituye una fuerza
perturbadora de gran intensidad y poca duraci6n de manera que despubs de
presentarse las comunidades tienden a nuevos equilibrios algunas veces bajo
condiciones considerablemente distintas  Leipper 1954, Merino 1992!.

Corrientes Marines
La corriente marina caracteristica del hna de estudio es la comente de Yucatkn,

esta corriente tiene su origen en la corriente nor - ecuatorial que cruza el Atlhntico
Norte hacia Amhica entre los cinco y veinte grados de latitud norte. Una parte de
esta corriente se une a la corriente sur ecuatorial que cone al norte de Brasil corno
corriente de las Guayanas y penetra al Caribe por el arco antillano y forman la
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comentedel Caribe, el flujo dominanteenel Caribe es haciaelOesteNomestehasta
ambar a las costas de Yucathn. Al sur de la Isla de Cozumel el nucleo de la
corriente tuerce hacia el norte y se alinea con la costa para dirigirse al canal de
Yucathn para formar la corriente de Yucatkn. La velocidad que alcanza es de 4
nudos. A partir de Cabo Catoche el nucieo de la corriente se ahnea con el horde de
la plataforma aunque la posici6n exacta cambia a lo largo del a5o. El nucleo de h
corriente se separa de Ia plataforma en un punto que varfa en relaci6n con h
penetracion y forma la comente de lazo dentm del Golfo de Mexico.
Adicionalmente a esta comente que ba5a la mayor parte del Banco de Campeche
durante todo el a5o, en el Sea se presenta una surgencia con carkcter estacional y
que se presenta con mayor intensidad ~or de Abril y que se ha observado en
Septiembre  Cochrane 1969, Bessonov et al. 1971, Ruiz 1979, Merino 1992,
Mooers and Maul 1996!.

Ciclo de Vide de Ia Langosta del Caribe
El ciclo de vida de la langosta espinosa Panulirus argus se puede rmnnir en

una etapa larvaria plant6nica de una duraci6n aproximada de nueve meses, el
asentamiento y crecimiento de puerulus a juvenil con una duraci6n de un a5o y el
cmcimiento hasta laedad repmductivaen un perfodo de apmximadamente tres a5os
 Kanciruk 1980, Herknhnd and Butler 1986, Cruz et al. 1991, Baisre y Cruz 1994!,
alcanzada laedadrepmchativaseestimaque las hngostaspresentanunalongevidad
aproximada de trece a quince a5os  Zetina y 1Uos 2001!. La reproducci6n de las
Iangostas requiere de Ia c6pula durante h AH el macho "parcha" a la hembra, es
decir, deposita los espermatozoides en una estructura con aspecto de parche
 espermat6foro! que se pega en le regi6n ventral del cefalot6rax de la hembra Cruz
y de Le6n 1992 reportan apareamiento de Febrem a Marzo e incubaci6n de Abril
a Mayo en aguas cubanas!. Cuando las hembras fueron parchadas se mueven hacia
los bordes anecifales o aregiones costeras con abundantes refugios, en estos sitios
se IIeva a cabo la incubaci6n, la eclosi6n de los huevos y la liberaci6n de Ias larvas
al phmcton  Buesa 1965!.

La pmlongada etapa plant6nica de las larvas permite desplazamientos de gran
magnitud que son de "busqueda" de condiciones propicias para el asentamiento,
este parece ser un mecanismo exitoso de sobrevivencia en aguas de poca
productividad yreducidas plataformas continentales e insularesca~sticas de las
aguas del Caribe y ader' ha permitido una ampha distribuci6n de la especie. Es
pmbable que las subpoblaciones de langosta espinosa del Caribe tengan un
intemambio genbtico importante debido a la con6guraci6n de las corrientes y a la
ocurrencia Secuente de perturbaciones cici6nicas que mueven grandes cantidades
de agua superIIciaI, sin embargo enalgunas regiones del Caribe los movimientos de
las masas de agua en giros locales hace suponer que las Iarvas pmceder~ de los
nucleos poblacionales de mayor magnitud nutran mayoritariamente a estas mismas
unidades de poblaci6n.
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Hacia un Modelo de Reprodaccibn de Langosta en 1as Costas de Yucathn

Dindmica de las Corrientes y el Ambiente GeoQgico � La plataforma peninsular
Noroeste que comprende el Banco de Campeche y las reipones anecifales del norte
de Yucathn tienen un regimen de comentes marinas dominadas por dos grandes
sucesos peri6dicos:

i! La entrada de Iacomente de Yucatdn formada por aguas superficiales que
antes atravesaron el Caribe y se movieron por el borde Este de la
Plataforma de Yucatkn. Estas corrientes son hs dominantes
aproxinutdamente de Octubre a Matzo, periodo durante el cakl son
&ecuentes los nortes que mueven Ias aguas superficiales con direcci6n a la
costa.

ii! Las surgencias de agua profunda del canal de Yucathn rica en nutrientes,
Secuentes entre Abril y Septiembre, periodo durante el cell hacen acto de
presencia las perturbaciones cic16nicas. Durante este tiempo las aguas
superficiales se mueven haciael interior del Golfo de Mexico pero "baihn"
las zonas arrecifales situadas mks al norte de la peninsula de Yucatkn,
creando giros locales debido a la presencia de protuberancias arrecifales
que se levantan hasta ochenta metros sobre el lecho marino.

Movimientos de Langostas en el Area � Panulirus argus tiene patrones complejos
de movimiento local y migraciones de largas distancias  Garcia et al. 1992!. Los
conocimientos que se tienen sobre los movimientos masivosde langosta, enlacosta
norte de YucaSn, proceden principalmente de las observaciones relacionadas a la
pesca comercial de estos crusthceos. Se sabe que despu6s del primer norte las
langostas iniciau un movimiento en contra de Ia corriente dirigibndose hacia el
Caribe, este movimiento es aprovechado por los pescadores para pescar utilizando
redes o mediante el buceo, peru lo nhLs comun es el uso de redes. Estos
movimientos masivos seguirhn pulsos durante el invierno  Diciembre-Enero!.

Con menos Secuencia se han observado movimientos de langostas desde las
zonas profundas hacia regiones costeras de complicada estructura arquitect6nica y
estos movimientos se llevan a cabo durante los meses de nortes  Octubre-Matzo!.

Frecuenciade Captura de Hembras Ovigeras � Aunque la informaci6n relacionada
a laocurrenciade hembras ovigeras estklunitada debido aque nose tienen registros
de captura durante el perlodo de veda y hasta hace poco solo se contaba con datos
de organismos capturados por buceo que a lo nuhtimo alcanzaban hs dieciocho

Composicidn de las Capturas en las Zonas Costeras y Zonas Arrecifales de Poca
Pratundidad � La captura por unidad de esfuerzo en la pesqueria de langostas de
Yucathn en Areas someras  captura por buceo! se caracteriz6por dos minos, uno
a inicios de temporada  julio! y otro durante los meses de diciembre-enero. En
ambos casos la composici6n de las taHas caphn3das era similar, lo que haec pensar
en dos cohortes anuales que se integran a la pesqueria.



Rfos Lars, V.etal. GCFt:55 2004

brazas, se sabe que ocurxen hembras ovigeras durante todo el amo peto existe una
bpoca en la que la proporci6n de 6stas se increments y esta bpoca se preset entre
enexo y julio. Los patrones espaciales de distribuci6n de hembxas ovigeras que
muestnm los cruceros de investigaci6n son los siguientes: a! a una escala de
&acciones de mBlas cuadradas se pxesentan varias agrupaciones de langostas a lo
largo de foxmaciones xocosas de configuraci6n variada y que en los datos de los
crucexos se pone de manifiesto por las lineas de mayor densidad  Figura 2!, y b! a
escalade cientosde mHlas el numero de crucexosxesultainsuficiente paradefinir co
nitidezunpatx6nespacial general, sin~omedianteesuxinformaci6nesposible
apreciar la presencia de formaciones rocosas que cubren grandes espacios
 coxdilleras o mkrgenes de terrazas! de fondo profundo, una de estas formaciones
se presents al sur oeste del anecife Alacranesy otraal oestedelmismoaxrecife. Los
datos tambibn muestran la pxesencia de langostas ovigeras en la mayor parte de las
elevaciones axxecifales localizadas ceres del borde de la plataforma peninsular.

Figure 2. Graffco de distribuci6n de concentraciones de fangosta en escala de
fracciones de mille cuadrada  cxucero!: a! t ocalizaci6n de los puntos de xnuestxeo

b inta laciones de densidades

Disxribucidn de la Langosta Espirxosa � La distribuci6n de ia langosta espinosa
Panulirus argus en laregi6n del Caribe y susahededoxes, despubs del asexxtamieutos
de larvas, est@ fuertemente ligada a la distribuci6n de habitat con caxacten&cas
requeridas por la langosta en sus difexentes estadios de cxecimiento y a la
disponibilidadde alimento. Enestecaso tanto la axquitectura corno laextexLu6n del
h8ntat resultan de gran importancia. La Plataforma de Yucatka dadas su
caractedsticas geol6gicas presents boreas complejas en donde se pueden encontxar
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los difezentes tipos de Mutat pmpicios para las difetmfm etapas de crecimiento de
esta especie. Hay Areas de asentamiento, y formaciones zocosas y corahnas de
difezente extensi6n que ymporeionan zefugio a langostas de difezente tama5o. Se
podrfa pensar en un esquema de distzibuci6n en parches dentzo de los cuales las
langostas encuentzaa sitios ympicios paraasentarse, ahmentarse, crecer, refugiarse
e incluso reproducirse. Algunos de los sitios con estas canicterfsticas.son: el anecife
Alacraaes, &anjas costeras del oriente del estado de Yucathn de baja profundidad
corno la Reserva Municipal Actamchuleb  entre 2 y 3 m! en donde se pueden
encontrar puerulus, juveniles, pzeadultos y adultos algunos de los cuales son
hembras ovfgezas, fzente a las Colozadas en profundidades entze las 6 y las 7 brazas
y del lado poniente al nozte de Sisal en donde hay zoass con todos los ambientes
requeridos por la langostas en areas ielativamente "zeducidas"  Figura 1!.

Ocurreneia de izembras ovigeras en el Caribe y en la Plataforma de Yueardn-
Para el Caribe la repmducci6n de Panulirus argus se da durante todo el a5o, sin
embargo hay algunos meses donde se pzesentan mayor numem de langostas
ovfgezas. Hay reportes de otras pesquerfas del Caribe sobre estos zepuntes: en Cuba
se reyortan estos picos durante los meses de Mazzo a Mayo y en el mes de
Septiembre  Cruz y De le6n 1991!, en las costa de Quintana Roo se yzeseatan de
Febrero a Julio  Ramhez 1996!, en Turks y Caicos la pmporei6n de hembras
ovfgeras es alta durante todos los meses del a5o sin embargo las mks altas de 6stas
se zeportan entre marzo y Agosto  Medley and Ninnez 1997!, en Florida entre Abril
y Septiembre  Lyons et aL 1981! yen Nicaragua las mh altas se localizan en Mano
Junio y Septiembze  Casta5o y Cadima �993!.

Aunque en YucatfLn se tienen registios de langostas hembra ovfgeras ceres de
la costa, se ha detectado una mayor concentraci6n de adultos en zonas arzecifales
rocosas ubicadas al noroeste de la Penfnsula entre los 40 y 50 m de pmfundidad. Si
bien no se han llevado a cabo crucems de investigaci6n en los meses de veda, se
conoce a travbs de datos provenieates de los viajes de yesca y exyloratorios que a
finales de Enem y principios de Febzezo empieza a incrementarse la pzesencia de
ovfgeras en facaptura; de entrevistas con pescadores se sabe que hay zefs langostas
en estas condiciones durante los meses de marzo a junio. Segun la informaci6n
colectada a tzav6s de los viajes de yesca y exploratorios se tiene que la presencia de
ovfgeras durante la temporada de pesca es nuls alta en los meses de Febrero y Julio
 que son el ultimo y el primezo de la temporada!, dentm de los cuales quedarfan los
meses de veda Marzo-Junio! y Septiembie, yatz6n muy parecido al zeportado para
Cuba  Tablal!.

El Models
El Caribe tiene aguas con caracterfsticas oligotz6ficas, fuertes coznentes y

zeducidas platafonnas continentales, es decir poco hHritat disponible. En estas
condiciones la deriva larval de las langostas es quiz@el mecanismo estzat6gico que
ha yermitido su sobrevivencia, pem adermin les ha brindado la posibilidad de una
enonne dispersi6n. Las yoblaciones de langosta disyersas en el Caribe
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Table 1. Proporci6n de hembras, hembraa ovlgeras y hembras parchadas,
calculadaa de datos procedentes de cruceros realizados en la Plataforma Yucateca
entre 1996 2002.

INes Allo ProporcSn Proporcl6n P~xmi6n H.P. Zona
de H.C. de HOl TH HPITH +

H.O.
Cayo Areas
Triangulos y

Banco
Nuevo

Alaaanes y
Sur de

Alacranes
Cayo Areas
Alacranes y

Bajos del
Norte

Alacranes
Noreste

Alacranes
Sureste

Ala cranes
Suroeste

Alacranes
Swoeste

Alacranes
Suroeste

Ala cranes
Alacranes

Ninguna
Ning una

1996 0.56 0.05
1996 0.70 0.09

0.05
0.09

Oct.-Ncv. 1996 0.46 Ninguna Ninguna

Ning una
0.02Nov.-Dic. 1996 O.S3

Feb. 1997 0.34
Nin guns
Ning una

0.02
Ninguna

Ninguna
0.43
0.91

Feb.
Feb.

1999 0.52 0.01
2000 0.38 0.38

2000 0.53 0.01

2001 0.26 0.16

2002 0.48 0.39

2002 0.39 0.26

0.53

0.02 003

O.O9
025

Feb.

0.01
027
0.342002 0.39 0.07 027

Una hip6tesis alternative que explica la ubicaci6n de hembras ovigeras en la
regi6n central de Ia plataforma peninsular de Yucabln serfs que las larvas que se
producen locahnente tienen periodos muy corto de asentamiento de larvas de tal
manera que tanto la liberaci6n de huvas corno el asentamiento ocumeran de manera
simultanea en la regi6n.

Los datos y la informaci6n existente en este momento permiten hipotetizar que
existen dos periodos de asentamiento de larvas de langosta en la plataforma
peninsuhr de Yucabln, el primem durante la temporada de nortes y el segundo
durante los afloramientos de primavera verano. El asentamiento de las Iarvas

probablemente tienen una fuerte dependencia de aportes de larvas procedentes de
otras poblaciones cercanas y en menor proporci6n de poblaciones distantes, asi se
explicaiarelativamente rhpidatecuperaci6ndepoblacionesdevastadas poreventos
corno los huracanes, mareas rojas o la pose+ Las condiciones geol6gicas y
oceanogrhficas prevalecientes en la peninsula de Yucatkn y las evidencias de
ubicaci6n de los n6cleos poblacionales de agnes someras y aguas profundas asi
corno los registms de localizaci6n de hembras ovfgeras, sugieren que hs larvas que
alimentan las pobhciones locales de langosta provienen mayoritariamente de
diferentes regiones del Caribe que nutren la corriente de Yucattm y principahnente
de la plataforma peninsular de Yucatkn al norte de Cozumel.
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RESUMEN

Se realiz6 una evaluaci6n de la abundanciay disponibilidad pesquera del pulpo
rojo Octopus maya para recomendar medidas apropiadas de administraci6n del
recurso. Para ello se efectuaron campaiias de muestreos durante los meses de mayo
a julio del 2002 en un Sea de muestreo total de 5,075 km'. La zona de muestreo
fue dividida en cinco esttatos: �! Champot6n - Seybaplaya, �! Campeche-
Tenabo, �! Isla Arenas � Celestun, �! Telchac � Dzilam y �! Rio Lagartos � El
Cuyo. La estimaci6n de la abundanciapoblacional absoluta fue obtenida por medio
del mbtodo de la distancia, cuya informaci6n se obtuvo a travbs de recorrer 191
txansectos por medio de buceo aut6nomo. Asimismo, la disponibilidad del recurso
para la pesca fue obtenida por medio del mbtodo tradicional de pesca usando el
mbtodo de areabanidtL En este ultimo caso se realizaron 40 viajes de pesca dentro
de las cinco zonas descritas. Los resultados obtenidos fueron los siguientes: �! La
mayor densidad de organismos ybiomasapor kil6metro cuadrado fue localizadaen
el estado de Campeche, especialmente en la zona localizada entre Seybaplaya y la
Cd. de Campeche. �! Celestun fue la zona con mayor biomasa susceptible a ser
pescada y �! el am8isis de las tallas de los organismos muestreados nos indicaron
que existe diferencias espaciales y que un porcentaje de la poblaci6n no es
susceptible a ser capturada aun por el arte de pesca, esta &acci6n estani disponible
durante los siguientes meses.

PALABRAS CLAVES: Yucathn Peninsula, Octopus maya, abundancia

Analysis of Red Octopus Octopus muyu Abundance in
Peninsula of Yucatan

Red Octopus Octopus maya abundance and its fishing availability assessment
were realized to recommend an appropriate management measures. Sampling
surveys were realized in May to July 2002, within a total sampHng area of 5,075
hn2. It was divide in five strata: �! Champot6n � Seybaplaya,�! Campeche�
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Tenabo, �!Isla Arenas � Celestun, �! Telchac � Dzilam y �!Rio Lagartos � El
Cuyo. Populationabsolute abundance assessmentwas obtained by applying distance
sampling method. this information was obtained to go through 191 lineal transects
by scuba. Likewise relative abundance  fishing availability! was obtained by
traditional fishing method  "garete" fishing! using swept area methocL 40 fishing
trips were realized in five described zones. The results were: 1! The most high
density oforganisins andbiomass by square kilometer was locate inCampeche state,
specially in the area between Seybaplaya y Campeche city. �! Celestun was the
zone with the most high fishing biomass and �! analysis of the octopus sizes
obtained indicated us that spatial differences exist and a percentage of population
was not susceptible to fishing, this fraction will be available during next months.

KEY WORDS: Yucatkn Peninsula, Octopus maya, distance sampling; abundance

INTRODUC CION
El pulpo, es uno de los recursos mfis importantes de la Penfnsula de Yucatdn,

sus capturas han fiuctuado durante los ultimos cinco afios, entre 14 y 20 mil t
 An6nimo 2000a!. La importancia socio-econ6mica de la pesquerfa, ha hecho
necesario realizar monitoreos continuos anuales a fin de contar con bases de datos

que permitan debxminar medidas de administraci6n pesquera que tengan corno
objetivo una explotaci6n sustentable del recurso  An6nimo 2000b!.

Lapesqueifa del pulpo en lapenfnsulade Yucatkn esta basach en dos cspecies:
Octopus maya  Vossy Solis 1966! y O. vulgaris. De estas dos cspecies O. maya es
la principal debido a que contribuye con el 80 /o de la producci6n de la captura total
del molusco en la regi6n.

En elpresente documento se describcalos resultados obtenidos de los estudios
realizados durante parte del perfodo de veda del 2002, del pulpo rojo  O. maya!, en
la Peninsula de Yucathn. Entre los cuales destacm corno aspectos relevantes de
lapoblaci6n: Patrones dedistribuci6nde laabundanciaysudisponibiTidadpesquera

hCTODOS

Estimacibn de la Biomass
El hea total de muestreo en ladistribuci6n del pulpo rojo, fue divididaen cinco

estratos definidospor su ubicaci6n geogrhficayilieade influenciade lasprincipales
flotas artesanales en la zona. Abarc6 un Sea aproximada de 5,075 km'  Figura 1!.
Para cada estrato, las estaciones se eligieron y distiibuyeron con base a un disefio
sistemfitico con ananque aleatorio  Cochran 1980!. En total se realizaron 191
transectos. En cadapunto se recorri6 a buceo aut6nomo un transceto lineal de 150
m, de acuerdo con la tecnicasugeridapor Buckland et al. �993!. Donde se registr6
ladistancia perpendicular de cadapulpo observado a la linea de transecto, con apoyo
de una cinta m&xica de tela plastics, ademks de anotar cada uno de los realizados:
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hors  entrada y salida!, profundidad  m!, tipos de substrate observados en el lecho
marino, coberturabio16gica, alturadel buzo con respecto al fondoy, visibilidad m!.
A cadapulpo observado y colectado se le midi6 la longitud del manto en mm, peso
en gramos y se le identi6c6 el sexo.

La informaci6n obtenida por buceo aut6nomo  distancias y tasas de
encuentro! fue analizada por medio del M6todo de la Distancia  Buckland et al.
1993!, mismo que permiti6 la evaluaci6n de los diferentes modelos probabilfsticos.
Para el ajuste de la funci6n de detecci6n, se utiliz6 el programs Distance  v.
3.5! Laalm et al. 1998!. Para detalles del m6todo refierase al documento sobre
Arhtlisis de la Abundancia de pulpos durante 2001  phgina electr6nica del INP:
www.in .sernarnat. b.mx .

Los modelos probados fueron: funci6n de tasa de riesgo y normal media El
ajuste se realiz6 utilizando series de cosenos, polinomios ortogonales o polinomios
de Hermite  Buckland y Turnock 1992!. Cada ajuste se evalu6 con base en la
aplicacion de diferentes criterios de informaci6n, tales corno el de Akaike y la raz6n
de verosimilitud. Este mbtodo permite estimar la densidad de pulpos por tuea y la
abundancia absoluta de organismos en toda el Area de distribuci6n.

Figure 1. Area de distribuci6n del pulpo rojo  Octopus maya! y zonas de muestreo
en la Peninsula de YucaQn

Estimaci6n de ls Biomass Susceptible s ls Pesca
Para determinar la biomass susceptible a la pesca se aplic6 el m6todo de bren

barrida  Hernandez et al. 2000!, donde se utiliz6 el arte de pesca tradicional local
denominado "gareteo"  Solis et al. 1997, ArreguIn et al. 2000!, el cual consiste en
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dejar las embarcaciones a la deriva, inclinar el motor fuera de borda sobre la popa
y soltar de diez a 12 lineas pulperas atadas a un costado de la lancha y a las varas de
bambu  jimbas!, estas ultimas con una longitud de influencia de 15 a 17 m, utilizando
jaiba azul Callinecres sp o maaxkil o cangrejo arana Libinia dubia corno carnada,
 Figura 2!. En cada una de estas operaciones se registro la ubicacion, con ayuda de
un GPS  geoposicionador por satelite!, aproximadamente cada 100 m. Con esta
informaci6n se estimo la distancia recorrida  Sparre y Venema 1989!.
Con la distancia estimada, se calcul6 el Area barrida con la siguiente formula:

Donde: A, es el area bamda, d, es la distancia recorrida y W, es la longitud medida
entre cada extremo de las jimbas de proa y popa de la lancha.

En cada garete se anot6: Posicion geografica y numero de pulpos capturados.
A estos ultimos se le tomo: la longitud del manto  mm!, peso  g!, sexo y estado de
madurez de la gonada  ovario! de las hembras, Se anot6 el numero y peso total de
aquellos ejemplares que no alcanzaron a ser muestreados, cuando las capturas
obtenidas fueron muy grandes y no fue posible realizar los muestreos biologicos del
total de las mismas

Para el analisis de lo anterior, se empleo la informaci6n generada en 40 viajes
en total a bordo de embarcaciones artesanales, para los cinco estratos.

OIRECCION OEL VI

Fi ura2. Es uemade la maniobra de pesca experimental "al arete"
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RESULTADOS

Estimaci6n de la Biomasa
Para las estimaciones de la abundancia, los mejores modelos para las

diferentes zonas se encuentran en la Tabla l.

Tabla 1. Resultados de los modelos seleccionados para cada regi6n. Donde: L,
Longitud total de transectos; n/L, numero de observaciones por transecto; Alc,
criterio de informaci6n de Aikake; f�!, funci6n de densidad a la distancia cero y
C.V., coeficiente de variaci6n.

Regl6n L n/L AIC f�! Mod elo C.V.

0.794 normal media/Coseno 30.713300 0.0088 39.95

La distribucion de los valores observados de tasas de encuentro  numero de
pulpos por transecto recorrido, n/L!, nos muestra una mayor cantidad de pulpos en
las costas de Campeche, principalmente entre lospuertos de Seybaplayay Campeche
 Figura 3!. En la zona oriental de la Peninsula, por su parte, tambien se observa una
concentracion importante de pulpos, aunque menor a la anterior, principalmente
&ente a los puertos de Telchac y Rio Lagartos.

22.0'

10

21.0

20.0

19.0'
91.0' 90.0' 89.0' 88.0'

Figura 3. Patrones Espaciales de las Tasas de Encuentro de pulpo  n/L .

Champot6n
- Seybaplaya
Campeche-Tenabo 4950 0.0129

Isla Arena-Celestun 8550 0.0060

Progreso-Dzilam 4950 0.0057

Rip La artos-El Cu o 5250 0.0036

150.13 0.472 normal media/Coseno 24.98

151.43 0.368 normal media/Coseno 10.32

77.39 0.417 normal media/Coseno 27.09

61.34 0.356 Ries o/ Cosine 46.42
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En el rhrea o estrato Celestun e Isla Arena se observa una repartici6n
heterogbnea de pulpos. Frente a Isla Arena es donde se observan dos nucleos
importantes de pulpos. Uno cercano a lacostay el otro mrhs alejado aprofundidades
medias de 5 brazas. En este lugar abundan fondos mixtos con disponibilidad de
refugios para el pulpo. Frente a Celestun, los fondos son tambibn propicios para el
establecimiento de individuos de pulpo rojo, sin embargo, en los transectos
realizados &cute a ese puerto se deteclaron una menor cantidad de organismos.
En la Tabla 2 se presentan las estimaciones de densidad y biomass por hn' y por
regi6n en la Peninsula de Y~. Lasestimaciones mostraron balue lapoblaci6n estk
heterog&eamente distribuida a lo largo de la costa.

Tabla 2. Estimaci6n de numero de pulpos y biomass por km' de les diferentes
estratos.

Estado Densidad Peso promedloRsgl6n

0.666

0.575

1.088

0.510

1.071

Campeche

Campeche

Campeche

Yucatrhn

Yucabhn

2325

1754

1193

601

B91

Kstimaci6n de la Biomass Susceptible a ia Pcsca
La captura promedio por viaje, por embarcaci6n, en las cinco zonas estudiadas

fue de 11.5 kg. por viaje de duraci6n aproximada de cuatro horas.
Segunpuede observarse los valores mris altos de densidad  organismos/km'! se

ubicaron en la zona Campeche y Tenabo, Campeche  Tabla 3!. El peso promedio
de los organismos y la biomass de los organismos susceptibles a la pesca fue mayor
en el brea de Isla Arenas, Campeche y Celestun, Yucathn  Figura 4!.

Table 3. Estimaci6n de numero de pulpos y biomass susceptibles a la peace por
km' de las diferentes estratos.

Estado nlkm Peso promsdio kg
K ca rabMrm*

Regi6n

0.666
0.575

1.088

0.510

1.071

168
212

295

97

121

Cham poton-Seybaplaya 25228
Campeche-Tenabo 369.45

Isla ArenaCelestrjn 271.29

Progreso-Dzliam 189.43

Rlo Lagartos-El Cuyo 113.21

Campeche
Campsche

Campeche

Yucatrhn

Yucabhn

Champoton-Seyba playa

Cam pacha-Tenabo

Isla Arena-Celeslun

Progreso-Ozilam

Rfo Lagartos-El Cuyo

3490.7

3050.6

1098.2

1178.3

644.82



Page 455 Wakida Kvsvnoki, A.T. et al. GCFI:55 �004!

22.0

21.0'

20.0'

19.0'

91.0

Figura 4. Distribucibn de biomasa susceptible a la pesca de pulpo rojo  O. maya!
durante uliodel2002. k /km'X100

Comparando las tallas de los organismos capturados con los diferentes mdtodos
de muestreo estudiados, se aprecio que las mayores se ubican en los muestreos
realizados con el metodo de pesca "al garete". Esto nos indico la selectividad del
arte de pesca  garete!, ademhs de haberse detectado que aproximadamente el 50 'lo
de la poblacion que no era susceptible a ser pescada en el momento de realizar las
campanas de muestreo.  Figura 5!.

DISCUSIONES

La existencia de zonas de mayores densidades de pulpos nos indica,
posiblemente, la calidad del habitat. Aunque en la zona &ente a Celestun, a pesar
de tener fondos propicios para el establecimientos de individuos de pulpo rojo, se
detectaron pequenas cantidades de organismos, lo cual se deba posiblemente, a la
practica de la pesca ilicita durante el periodo de veda.

Las menores concentraciones de pulpo detectadas en Yucathn posiblemente sea
consecuencia de la aparicibn de un fenomeno de marea roja en agosto del 2001 y
que abarc6 gran parte de la zona oeste del litoral de Yucathn. Aunque tambien existe
la posibilidad de que el caso se explique con base a que el esfuerzo que se aplica en
esa area sea mucho mayor que el que se ejerce en Campeche. Otro factor
importante es que las tallas encontradas en las costas de Yucatha fueron mas
pequetlas, por lo que se podria esperar que su detecci6n en el campo sea mas dificil,
teniendo corno consecuencia una subestimacion de la biomasa.
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Flgura 5. Distribuci6n de tallas de pulpo rojo obtenidas con los dos mbtodos de
muestreo.

En cuanto a la biomass a ser pescada, la zona de Isla Arena- Celestun, result6
con los valores mas altos, esto a pesar de no contar altos valores de densikaL Esta
situaci6n es debidaa que el peso promedio de los organismos era mayor qua en otras
zonas. Por lo tanto, se esperarfa que al inicio de temporada los rendimientos sean
mejores en el Sea de Isla Arenas- Celestun.

Es importante destacar, sin embargo, que la comparaci6n de las tallas de los
organismos atrapados con los diferentes m&odos utilizados nos indica que existfa
una porcibn de la poblaci6n que no era susceptible a ser capturada por su tama5o
en el momento del muestreo, por lo que sepodrfa esperar un repunte de las capturas
principalmente en las zonas de Yucatkn.

Las diferencias de tallas de los organismos en las diferentes hxeas muestreadas
nos indica diferencias espaciales y temporales propias del reclutamiento y de la
reproducci6n que presents cata especie a lo largo de la peninsula de Yucathn.
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RES UMEN

Se realizaron censos pesqueros socioecon6micos durante 1998, 1999 y 2002
donde se entrevist6 a pescadores, compradores, personal del gobierno ygente local,
con el objetivo de reportar las areas donde se localiza la almeja Mercenaria sp.,
ademks se describen algunos aspectos de lapesquerfa, corno: equipos y dodos de
captura, horas de trabajo y comercializaci6n. Se encontr6 que en la mayorfa de las
keas visitadas, la extracci6n es esporkdicay su consumo es dom6stica, unicamente
en la Laguna del Carmen, Tabasco existe una pesca comercial incipiente, aunque
existen pequefhs extracciones en Tamaulipas y El Bellote, Tabasco. Las capturas
en la Laguna del Carmen, Tabasco de 1995 a 1998 fueron de ahededor de las siete
toneladas. En esta zona existen 20 pescadores de almeja, todos ellos hombres,
cuyas edades fluctuan entre 15 y 20 affos. Se transportan a las knas de captura en
lanchas de 7.5 metros de longitud. El m8odo de capturaes manual ymedfante tacto
con los pies a una profundidad de 1 y 1.20 m. Cada pescador extrae de 200 a 250
almejas en una jornada de cuatro horas. El precio pagado por almeja a los
pescadores varfa dependiendo del tama5o  $0.40 a $ 0.80 pesos por pieza! y el
precio de venta en los mercados va desde $130 a $2.00 pesos. Los lugares donde
se comercializa son: la capital, diversas ciudades y poblaciones del pafs corno son
Oaxaca, Coatzacoalcos, Veracruz y Parafso. La pesquerfa de esta almeja se
encuentrasubdesarrolladadebido alapocademandalocal. Existe pocainformaci6n
sobre el potencial de los bancos de almeja, asf corno su biologh y ecologfa, por lo
tanto, se recomienda realizar estudios para conocer ladisponibilidad del recurso en
las diferentes zonas para recomendar futuras medidas de administraci6n para su
extracci6n.

P~RAS CLAVES: Almeja, Mercenaria sp., la pesquerfa, Mexico

Fishery of the Clam Mercenaria sp. in Mexico

Surveys were carried out during 1998, 1999 y 2002 when interviews were
performed to fishermen, buyers, government officers, and local people. The main
objective was to describe the existent areas wherethe clamMercenaria sp. is located
and some important fishing issues, such as fishing gears, harvesting methods, labor
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periods and marketing. In most areas, clam harvest is uneven and has domestic
conmnnption, only inCannen lagoon, Tabasco an incipientcommercial fishing exists,
although small extractions exist in Tamaulipas and El Bellote, Tabasco. Clam
production in Carmen Lagoon, Tabasco, fiom 1995 to 1998 was around seven
tons. In this area there are 20 clam fishers, all men, ranging in age between 15 and
20 years. They attend the harvest areas using boats of 7.5 meters of length. The
harvest method is manual, and it comprises "feet touching" to a depth of 1 to 1.20
m. Each fisherman extracts 200 to 250 clams in one single trip of four hours. The
paid price by clam depends on size  $0.40 to $0.80 Mexican pesos by piece! and
the prices of sale in the markets are $1.50 to $2.00 pesos. The clam markets are
Mexico City and other cities and towns, such as Oaxaca, Coatzacoalcos, Veracruz
and Paraiso. Due to the demand on such a small-scale fishery, further development
is likely. However, little information about the potential of clam banks is available,
as well as their biology and ecology. Therefore, it is recommended to carry out
studies to know the resource availability in the di6erent zones to recommend future
management measures for ~on.

KEY WORDS: Hardshell clam, Mercenaria sp., fishery, Mexico

INTRODUCCIAN
En M6xico, en su litoral del Golfo de Mexico, se presentan posiblemente dos

cspecies de la almeja, Mercenaria, M. Campechiensisy M Mercenaria. Laprimera
tiene unamayor distribucibn encl litoral mexicano seguntrabajosrealizados Garcia
-Cubas 1981, Antoli y Garcia-Cubas 1985, Garcia-Cubas y Reguero, Reguero et al.
1991b, Baqueim 1997!, y la segunda posiblemente solo en la parte mas nortefia del
pais. Laguna Madre, Tamaulipas.

Debido a que cate tipo de almeja representa una pesqueria importante en los
Estados Unidos, es posible esperar que en Mexico se presente corno una actividad
potencial en el futuro. Para esto es necesario que se tengan bases cientificas que
permitan su adecuada explotacibn.

Existe muy poca informaci6n sobre la pesqueria y biologia de la ahneja
Mercenaria sp. en Mexico. Por lo tanto en cate trabajo se pretende describir la
pesqueria de la almeja Mercenaria sp en Mexico. La mayorfa de la informaci6n fue
obtenida por medio de visitas a campo .a los lugares donde este organismo es
capturado, ademhs de entrevistas a personas involucradas en la actividad.

1VCTODOS
Durante 1998 y 1999, se realizaron visitas de prospeccibn a diferentes zonas

costeras del Golfo de Mexico, corno lo fueron: Isla Arenas y Isla Aguada en
Campeche, Paralso y Shnchez Magalianes en Tabasco, Coatzacoalcos, Alvarado,
Ver Tuz, Tampamachoco y Tuxpanen Veracruz, Tampico, Carboneras y Mezquital
en Tamaulipas donde se realizaron censos pesqueros socioeconbmicos y se
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entrevistaron a personas involucradas en la pesqueria de la almeja corno lo son:
pescadores, compradores, personal del gobiemo, asf corno a la gente local, con esto,
se obtuvo conocimiento de algunos aspectos de la pesquerfa, sus formas de
comercializaci6n y consumo. Ademhs se revis6 la literatura y se consult6 las
estadfsticas pesqueras en las diferentes oficinas de peseta

RES ULTADOS

Estadfstlcas de Capturas de Mercenarhr sp.
Lacapturareportadas porel gobierno mexicano no sepamnlas diferentes clases

de almejas por lo que los reportes de las mismas vienen mezcladas.
En 1997. Las extracciones de ahnejas en Mexico fueron de &,475 tonmbtricas.

Las costas del Oceano Pacffico contribuyeron con 6,075 ton m&ricas y en el Golfo
de Mexico con 866 t. En las costas del Golfo de Mexico, el estado con mayor
producci6n fue Veracruz con 834 t, Tamaulipas con 15 t y Tabasco con 6 t.
 An6nimo 1998!.

Las producciones de Veracruzy Tamaulipas, estrin constituidas principahnente
por Rangia sp., en cuanto a Tabasco la producci6n reportada es de M.
campechiensis, la cual es extrafda de la Laguna del Carmen &cute a Shnchez
Magallanes.

Lugares Donde se Encuentran las Almejas
La almeja Mercenaria sp. esta presente en costas y lagunas con salinidades

parecidas a la marina  Figure 1!. En el caso de M. Catnpechiensis, en la Laguna de
Terminos, su distribuci6n es muy restringida y es localizada en los Bajos de Punta
Gorda  Gatcfa-Cubas 1981!. Otras lagunas donde la literatura ha reportado la
presencia de esta almeja son las lagunas del Carmen, donde se extrae a nivel
comercial, Tupilco y Tampamachoco.  Antoif y Garcfa-Cubas 1985, Garcfa-Cubas
y Reguero Reguero et al. 1991b!.

Segun estudios y el resultado de las visitas a esos lugares, en las lagunas de
Alvarado, Pueblo Viejo y Camaronera no se encuentran Mercenaria sp.  Reguero
y Garcia-Cubas 1989, 1991a, 1993!.

Estosdebido a lasalinidad presente enlas lagunas que presetuau, lacual esbaja.
En la Laguna Madre, esta almeja se localiza en Carboneras, en la zona de la Pesca
hasta Boca Santa Isabel, aunque se encuentra presente en casi toda la laguna

Los Pescadores
El numero de pescadores varia dependiendo del periodo del a5o, ya que ellos

combinan la captura de almeja con los de otras cspecies.
Los pescadores de ahnejasontodos hombresconbajos ingresos. En Laguna del

Carmen, Tabasco hay ahededor de 20pescadores cuyas edades fiutuhn entre los 15
y 20 a5os, aunque existe algunos con mas de 40 a5os. En Laguna Madre existen
ocho pescadores y cuyas edades estan entre los 20 y 30 a5os  Cruz Jimbnez 2002!.
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Figura 1. Pescadores extrayendo almejas en Laguna dei Carmen, Tabasco,
Mexico.

Metodos de Capture
Esta almeja es pescada solo en lugares especificos a nivel comercial, en la

mayoria de los lugares se extrae de manera esporhdica y domestics, corno ocurre en
la Laguna de Termino, Isla Arenas, Campeche y laguna Madre Tamaulipas.
El lugar donde se extrae de manera importante es: La Laguna del Carmen Tabasco.

Los pescadores pescan la almeja por medio del tacto con los pies, pero tambien
es pescada ocasionalmente con rastrillos por los pescadores de ostion. En la laguna
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Fi ure 2. Pescador con ca a con Rotadores hechos de envases de refrescos.

Los pescadores se transportan al tuea de captura por medio de embarcaciones
de fibra de vidrio de 7.6 metros con motores fuera de borda de 15 HP.

Los pescadozes capturan aproximadamente de 200 a 250 almejas por dia, la
captura diaria depende de la demands que existadel prmlucto. Lacaptura se realiza
de manera diaria y generalmente trabajan 4 horas diarias de 10 a.m. a 14 pm.

del Carmen y Laguna Madre, la principal forms de captors es por medio del tacto.
En laguna del Carmen, se colocan en los pies una especie de botas hechas con
retams de telas corno manera de protecci6n para evitar cortaduras provocadas por
las conchas de osti6n, adamLs algunos usan guantes y visores.

Las almejas son colocadas sobre recipientes de pMsticos con flotadores hechos
con envases vacios de re&esco  Figura 2!.

Cuando son las crecientes de los rios generahnente en los meses de octubre a
diciembre los periodos de pesca disminuyen debido a que el mvel de la laguna
aumenta



Page 464 WakidaKusunoki,A.T. GCR:55 2004

Mereado y Comercializacibn.
El consumo de la almeja es muy limitado en la parte sur de Mhrico, La pesca

de la laguna del Carmen se empez6 a registrar de maneracomercial a partir de 1994
y es comercializada principahnente fuera del estado, peque5as cantidades se
consumen en restaurantes cercanos a Parafso Tabasco, otra peque5a cantidad a
Coatzacoalcos y Villahermosa Peru la mayotia de la producci6n se va al estado de
Oaxaca y Mexico D. F:

La almeja es vendidadependiendo del comprador, si es por kilo esta es vendida
a4.00 pesos, de forma individual suprecio varfadependiendo del tama5o que vade
0.40 a .0.60 pesos. Una almeja de .40 centavos tiene un tama5o de 60 mm de
longitud de concha y una de 60 de 80 mm .

En el mercado municipal de Coatzacoalcos, Veracruz el precio de las almejas
varia entre 1 a 2 pesos dependiendo del tama5o, estas almejas provienen
principalmente de la laguna del Carmen de Tabasco, aunque esponidicamente se
comercializa tambien almejas provenientes de la laguna de Osti6n, Veracruz. Esta
misma almeja se vende en el mercado de mariscos de Villahermosa, Tabasco en 2
pesos  aunque su venta es muy limitada!.

En un restaurante de El bellote Tabasco cerca de Paraiso Tabasco, la cual
compraaproximadamente 3,000 almejas a la senmuut a un precio de 50 centavos. El
c6ctel de almeja conteniendo aproxirnadamente 20 almejas es vendido a 25 pesos,
otros platillos corno la almeja al vapor y ahumada con aproximadamente 16 almejas
es vendida a 20 pesos.

Para evitar que laalmejamueraal no venderse, cata es colocada en sacos en una
laguna Sente a el restaurante al abrir este y nuevamente son guardadas cuando este
cierra con esta maniobra evitan que se descompongan las almejas.

Formas de Consumo Local.

Los pescadores de osti6n generalmente sacan una peque5acantidad de almejas
que son consumidas por ellos mismos. Los pescadores que se dedican a la
extracci6n de la almeja generalmente comen almejas dos veces por sernana

Las almejas son preparadas de muchas formas:
i! En cocktail, las cuales son cocidas ycomidas con lim6n, cebolla, cilantro,
ii! Cocidas al vapor con jugo de lim6n y cebolla kepchup y chile
iii! Ahumadas o cocidas sobre hojas secas de coco,
iv! En sopa de mariscos con pescado, ostion, jaibas   ver foto!, con jugo de

tomate.

Intentos de Cultivo

Los intentos del cultivo de esta especie son incipientes, actualmente se
encuentra en fase experimental para la producci6n de semillas.

La Qnalidad del cultivo es de tener una fuente segura de producto a trav& de1
tiempo ya que existen compa5ias enlatadoras de sopas que se interesan en comprar
la producci6n ya que esta actualmente se importa  Baqueiro corn. pers.!.
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DISCUSIAN
Actualmente laexplotacionde las almejas engeneral en lacostaeste de Mexico

se encuentra subexplotada  con excepci6n de Rangia sp.!, esto debido a que no
existe demanda por el consumo de estos organismos. Ademks existe poca
informaci6nacerca de los bancos existentes de Mercenaria sp en Mexico, asi corno
de su biologiay ecologfa. Por lo tanto es necesario dar inicio a una serie de trabajos
enfocados a estos rubros, que tengan corno finalidad fomentar la explotaci6n
sustentable de esta almeja corno un recurso alternativo a las pesquerias
tradicionales.
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RES UMEN

El cangrejo fantasma  Ocypode quadrata! es muy abundante en las playas
mexicanas y en el tuua de Monte Pio se usa corno carnada para la pesca. Existen
pocos trabajos sobre comportamiento y densidad para esta especie. Nuestm
objetivo es calcular ladensidad y distribuci6npoblacional del cangrejo fantasma en
un playa del Golfo de Mexico, asi corno describir algunos panhnetrosconductuales
y relacionarlos con variables ambientales en la bpoca scca Para lograr estos
objetivos calculamos en primer krmino el area minima de muestreo para estimar la
densidad poblacional, tipo dedistribucion, distribuci6n por talias, patr6nde actividad
y repertorio conductuaL El brea de estudio esta localizada en La Reserva de los
Tuxtlas y abarca unite de 2.8 hn paraleios por 30m perpendiculares a la linea de
costa. Para establecer el brea mhima de muestrm se probaron cuadrantes de
diferentes tama5os desde 0.25 hasta 25 metros cuadrados que fueron trazados
sistemhticamente a lo largo de la playa con una separaci6n de 100 m, contando los
hoyoshabitadoscontenidos encadacuadrante. Esteprocedimiento se sigui6durante
las horas de actividad de los cangrejos. El amHisisdio corno resultado un cuadrante
de nueve metros nudrados corno el Sea minima de muestreo. El horario de
actividad de los caugrejos se estim6 a partir de 66 horas de observaci6n cubriendo
toda la &anja honuia diaria. Durante los meses de muestreo el cangtejo Smtasma
mostr6 una actividad de dos periodos en el tratLscurso del dia para &ta Area, que
fuemn de 9:00 a 14:00 horas y de las 22:00 a 24:00 horas. Los resultados
mostraron que los cangrejos se distribuyenpreferentemente en zonas humedas y de
manera agregada y que la distribuci6n por taHas es al azar. En lugares donde el
efecto del oleaje es fuerte o la arena estacompletamente scca, pr4cticamente no hay
cangrejos. A partir de grabaciones digitales, se elabor6 el repertorio de conductas
de la especie.

PALABRAS CLAVES: Cangrejo Smtasma, conducta, ecologfa.
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Population Density, Distribution, and Activity Pattern
of the Ghost Crab  Oeypode quadruta!

in Montepio, Veracruz, Mexico

The ghost crab  Ocypode quack ata! is abundant in the beaches of Mexico and
in the area of Monte Pio is used as bait to capture fishes. Few works on the
behavior of this species have been done, and their density in this region of Mexico
is unknown. Our objective was to determine population density and to observe the
crab's behavior. It's supposed that an mcrease in the population density will
increase the number ofinter-individual encounters producing different response as
a function of the participant sizes. To test this hypothesis we calculated in first
instance the minimum quadrant size to estimate the crab's population density, size
distribution, activity budgets, and behavioral repertoire. The study area was located
within the Tuxtlas Reserve and the beach is 2.8 hn long by 30 m width. In order to
establish the minimum sampling area, different square sampling areas ranging fiom
0.25 to 25 square meters along the beach separated every 100 m were used for
counting the inhabited holes in each quadrant. This proccxhue was carried out along
the crabs dady activity hours. The analysis of these samplings resulted in a square
ofnine square meters astheminimum samplingarea Theactivitytime for crabs was
estimated based on 66 observation covermg 24 hours observations. During the
sampling months, the ghost crab had an activity distributed in two periods per day
between 9:00 to 14:00 hrs and between 22:00 to 24:00 his. Results indicate that the
distribution of crabs was aggregated in areas where the sand is humid, aud that size
class dispersionis random. Areas withhigh influence ofoceanwaves, or completely
dry areas, were not significantly used by crabs. Based on digital video recording we
elaborated on the behavioi31 repertoire of the crab.

KEY WORDS: Behavior, ecology, ghost-crab.

INIRODUC CION
Laactividad antropoghucasobreplayas arenosas es cadavez mayor, por lo que

la presencia de organismos que habitan en elias se ha visto disminuida El cangrejo
fantasma  Ocypode quadrata! es uno de ellos, y se distribuye en el Atlhntico Oeste
desde el norte de las Carolinas hasta el BrasH, pasando por zonas templadas,
subtropicales hasta tropicales  Brown y McLachlan 1990!. Esta especie ha
presentado una disminuci6n en su densidad poblacional, en playas perturbadas
debido a construcci6n de edificios y caminos, lo que ha ocasionado un deterioro
ecol6gico dificil de restaurar  Fisher y Tevesz 1979, Barros 2001!. Los cangrejos
fantasmaes importanteecol6gicamente al eliminar detritusoryfinicos y participar en
latransferencia de energia entre niveles tr6ficos  Wolcott 1978, Alberto y Fontoura
1999!. El conocimiento y comprensi6n de aspectos conductuales y ecol6gicos de
estos cangrejos, es indispensable en el planteamiento de estrategias de manejo que
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ayuden a disminuir el deteriom ecol6gico en las playas y por lo tanto permitan
proteger a usta y otras cspecies.

Los cangtejos fimtasma son habitantes importantes en las playas, ya que pasan
lamayor parte de su vida en la arena, aunque regresanal mar varias veces al dia para
mantener sus branquias siemprehumedas ypoder respirar. Estos cangrejos excavan
en la arena formando un agujero, que es individual y que usan corno madriguera.
Durante 6ste pmceso, remueven el sustnto permitiendo la aireaci6n y absorci6n de
nutrientes, lo que favorecerk el crecimiento de los pastos intersticiales, importantes
corno refugio de Iarvas de 6sta y otras cspecies. Adicionahnente forman parte de la
red tr6fica Se alimentan de microalgas, detritus, de otms cangrejos y de huevos de
tortuga, y son depredados por otros cangrejos de mayor tama5o, peces, aves y
mamiferos  Backwell et al. 1999!.

Los cangrejos fantasmapresentanunaactividad bhsicamente nocturne, aunque
los juveniles pueden estar activos durante el dia para evitar la depredaci6n por sus
congbneres adultos  Strachan et al. 1999, Fisher y Tevesz 1979!. Por otra parte
tambi6n se ha observado que los animales con diferente grado de madurez habitan
distintas zonas de la playa, estando los animales de mayor talla cerca de la duna
 Fisher y Tevesz 1979!. Este trabajo aborda panhtetms poblacionales locales del
cangrejo fimtasma e intenta determinar algunos aspectos de su conducta relativos a
la topografia y distribucion.

RES ULTADOS

El trabajo se realiz6 en Montepfo, una coIonia del Municipio de San Andrews
Tuxtla dentm de la Reserva de la Biosfera de Los Tuxtlas, Veracruz, Mexico en
una playa con posici6n geogrhfica de 95' 6' 02" W 18' 39' 02" N y 95' 6' 53"
W 18' 39' I I" N  Figura I!.

Densidad Poblacional

Para valorar ladensidadpoblacional se determin6enprimer lugar eltama5o
del cuadrante minimo 6ptimo de muestreo. El m6todo consisti6 en la elaboraci6n
de una serie de cuadrantes concbntricos cuya superficie iba desde los 0.25 m' hasta
los 25 m'  Manly 1992, Krebs 1998!. Para evitar sesgos se diferenciamn en la
anchura de la playa zonas de acuerdo al grado de humedad de la arena
Distinguimos una zona extretnadamente humedapr6ximael mar  zona 3!, una zona
de humedad aun presente pero no tan acusada que se situaba a continuaci6n de la
anterior  zona 2! y una zona scca que se extendia desde usta hasta la duna  zona I!.
El anhlisis de las desviaciones estkndar de las diferentes Sess estandarizadas a un
metro cuadrado, estableci6 corno tamalo 6ptimo el cuadrtmte de 9 m'. Se calcul6
que debian realizarse 15 cuadrantes aleatoriamente distribuidos para conocer la
densidad poblacional del cangrejo fantasma en el lugar de estudio con un ermr del
5 /o. La ci&a de individuos se estim6 en 85714.2  Figure 2!.
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Figure 1. Ubicaci6n geografica de la zona de estudio Montepio, Veracruz en el
Golfo de Mexico

Figure 2. Perfil de la playa desde la duna al mar, ubicando los puntos de
rnuestreo de los cuadrantes concentricos.
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Distribueibn Poblacional

Este parhmetro se determin6 mediante el establecimiento de dos
cuadrantes de 270m'�5 x 18 m! ubicados en zonas humedas de diferente densidad
poblacional. El conteo de hoyos se'realiz6 en cada metro cuadrado dentro de usta
area, dando corno resultado para el primer cuadratne 125 hoyos y para el segundo
238 hoyos. A pesar de lacontinuidad de laplaya, ladensidad de cangrejos fluctuaba
a lo largo de usta por panhnetros que aun nos son desconocidos. La fluctuaci6n nos
permitia delimitar clanunente dos zonas, en las cuales se establcciemn los dos
cuadrantes. Ambos abarcaronladistribuci6n total dehoyos encl puntodemuestreo.
El an11isis greco de ambos cuadrantes pone claramente de mani6esto la existencia
de una distribuci6n agregada de la poblaci6n con una mayor concentraci6n de
individuos en las zonas pr6ximas al mar  Figura 3a y 3b!.

Adicionalmente se tomaronmedidas deldiknetro de los hoyos, las cuales estrin
directamente relacionadasconlatalladel cangrejo Schobery Christy 1993, Alberto
y Fontoura 1999!, en la zona adyacente al mar. Lapresencia de una amplia variedad
de dMmetros sugiere que al menos en esta parte de la playa no existe un grupo de
edad dominante, ajusthndose bastante a una curva normal  Figura 4a y 4b!.

Actividad Diaria

Se muestte6 de modo sistemktico la actividad de los cangtejos para determinar
sus picos a lo largo del dfa. Se realiz6 un conteo de los animales que se hallaban
fuera del hoyo completamenteen uncuadrante de 9m'situado en la zona dermhtima
conccntraci6n de hoyos, a lo largo de ciclos de 24 horas. Encontrando dos periodos
de actividad por dia, uno por la ma5ana de 9:00 a 14:00 hrs. y el segundo por la
noche de las 22:00 a las 24:00 hrs. Puesto que uno de los principales parhaetms que
se relacionan en la literatura con la actividad de los cangrejos es la temperatura,
tambibn se registr6 usta al tiempo de los conteos de actividad para la bpoca secas
 Figura 5!.

Conducta

A partir de grabaciones se estableci6 un repertorio hhico de comporbuniento
del cangrejo fantasma

Limpieza del Hoyo
i! Cangrejo saca arena del hoyo con las patas locomotoras y el quelipedo de

un solo lado arrastrando la masa de arena de manera lateral

ii! Cangrejo saca arena del hoyo con las patas locomotoras y el queHpedo de
un solo lado cargando la masa de arena de manera lateral

iii! Cangrejo saca arena del hoyo con las patas locomotoras y el queHpedo de
un solo lado arrastrando la masa de arena de manera lateral, inclinando el
pedunculo ocular hacia el exttcmo que no lleva la carga.

iv! Cangrejo saca arena del hoyo con las patas locomotoras y el quelipedo de
un solo lado carga la masa de arena de manera lateral acumulhndola en un
solo lado del hoyo.
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v! Cangrejo sacs arena del hoyo con las patas locomotoras y el queHpedo de
un solo lado carga la masa de arena de manera lateral y fuera del hoyo la
arrastra alejandola de la entrada.
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n=7n=4n = runm de indvidx6 n=30=1 0=2n=o

Figura 3. a! Distribucidn espacial del cangrejo fantasma en un Area de 270 m' con
un total de 125 hoyos. b! Distribucibn espacial del cangrejo fantasma en un 5rea
de 270 m'conun total de 238 ho os.
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Figura 4. a! Distribuci6n de los di5metros de SS hoyos en la zona humeda de la
playa. b! Frecuencia de los diferentes diametros de hoyos en cada cuadrante de
muestreo.
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Figure 5. Relaci6n de los periodos de actividad y la temperatura en tres ciclos de
24 hrs. ara la 6 ca de secas.

Posterior a ls Limpieza
i! Cangrejo permanece al horde del hoyo con la mitad del cuerpo hacia fuera

sin hacer movimientos.

ii! Cangrejo permanece al horde del hoyo con Ia mitad del cuerpo hacia fuera
sin hacer movimientos, se limpia solo un ojo con el palpo del maxilipedo
del mismo lado con un movimiento semicircular de afuera hacia dentro.

iii! Cangrejo permanece al horde del hoyo con la mitad del cuerpo hacia fuera
sin hacer movimientos, se limpia ambos ojos con los dos palpos del
maxilipedo haciendo un movimiento semicircular de afuera hacia dentro.

iv! Al acercarse otro individuo a su hoyo el residente sale de su hoyo.
v! Cangrejo permanece al horde del hoyo con la mitad del cuerpo hacia fuera

sin hacer movimientos, al acercarse otro indi viduo el residente eleva todo
el cuerpo abriendo ambos quelipedos.

vi! Al acercarse otro individuo el residente eleva todo el cuerpo abriendo
ambos quelipedos golpeandolo con el quelipedo de mayor tamano.

Alimentacion

i! Cangrejo parado escarbando el arena con los quelipedos y llevandose
particulas a la boca con un quelipedo.

ii! Cangrejo parado escarbando el arena con los quelipedos y llevandose
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particulas a la boca con ambos quelipedos de manera alterum
iii! Cangrejo paradoescarbando el arena con los queHpedos partiendo untrozo

de alimento con ambos quelipedos y al~dolos en su direcci6n a la
boca

iv! Cangrejo caminando lateralmente arrastrando ambos quelipedos.
v! Cangrejo camit~do diagonahnente arrastmndo ambos quelipedos.

DISCUSIAN
Nuestros datos relativos a la distribuci6n local de los cangrejos fantasma en la

playa contrastan fuertemente con los aportados por otros autores. Alberto y
Fontoura �999! en un estudio en Brasil, observan que la maxima concentraci6n de
hoyos se sitha a partir de los 20-30 m de distancia del mar, mientras que nosotros
la encontramos en los primeros 10 metros de arena.

Por otra parte, nuestros datos tampoco justifican la afirmaci6n de los mismos
autores que ubican a los ammales de mayor talla en la proximidad de la duns. En
nuestro trabajo se observa una distribuci6n de todas las categorlas de talla en esta
parte de la playa y una ausencia de hoyos en la zona mais distante del agua.

Los periodos de actividad de los cangrejos se distribuyen para todas las tallas
en dos picos, uno de ellos diurno que es el de mayor duraci6n. Los reportes a este
respecto afirman que Ia actividad es casi exclusivamente nocturna  Strachan et al.
1999!, aunque los juveniles pueden estar activos durante el dia para evitar la
depredaci6nintraeslxeifica Fishery Tevesz 1979!. Nopudimos confirmar ninguna
de estas aseveraciones. Nuestros datos sugieren ademks una fuerte relaci6n entre la
actividad y la temperatura para el mes de marzo.

Es posible que el cangrejo fantasma presente amplias diferencias locales de
conducta que justifiquen todas estas divergencias.
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Cultivo eu el Laboratorio del Gasterbpodo Melongeno corona
bispinosu  Neogastropoda: Melongeuidae!
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Laboratorio dc Biologla y Caltivo de Molascos
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Merida, Yiccatdn, Me'xico

RESUMEN

El gaster6podo Melongena corona bispinosa representa una fuente de trabajo
para los habitantes de Chuburnk Yucathn, Mbxico, donde es explotado
artesanahnente todo el a5o por ribere5os de todas las edades. El 70/o de la
poblaci6n �,000 habitantes! reaHm la pesca de este caracol, extrayendo en
promedio 3 kg de pulpa por persona en jornadas de 8 horas lo que rtyresenta 40
toneladas anuales de peso vivo �2 millones de organismos!.

En el trabajo se determin6 el efecto de dos alimentos a tres raciones sobre el
crecimiento y sobrevivencia de M corona bispinosa. Estos fueron: tejido blando
de la almej a Polymesoda maritima, que es el alimento natural de estos organismos
y alimento para tilapia. Las raciones fueron proporcionadas al 3 /o, 6 /o y 9 /o de
la biomasa humeda de los organismos. Las tasas de crecimiento diario en tbrminos
de longitud de heliconcha y peso hianedo total con el alimento de ahneja fueron: 32
pm/dia y 4 pg/dia al 3 /o, 28 pm/dia y 5 y,g/dia con 6 /o y 29 pm/diay 6 pg/dia con
9 /o. Con el alimento para tilapia, la tasa de ctecimiento fue igual para las tres
raciones, siendo de 12 pm/dh y 3 pg/dia. La sobrevivencia no di6rib entre los
tratamientos. Se realiz6 el am8isis entre dietas y raciones con difetentes indices
fisiol6gicos de condici6n. Los resultados del trabajo aportan bases para su
programa de cultivo.

PALABRAS CLAVES: Alimentaci6n, cultivo, Melongenidae, nutrici6n,
sobtevivencia

Culture of the Gastropod Melongena corona bispinosa
 Neogastropoda: Melongeuide! under Laboratory Conditions

The gastropod Melongena corona bispinosa represents a job source for the
inhabitants Som Chubs@ YucattLn, Mbxico, where it is exploited throughout the
year by hand catching. Approximately 70 /o of the citizens �,000 people! catch
of 3 kg of meat per eight hour day per person, representing 40 tons per year of live
weight. This study determined the growth and survival of M corona bispinosa
provided two feeds with three feeding schedules. Meat of the clam Po/ymesoda
maritima,  natural food of M. corona! and tilapia food  PURINA!. The schedules
were 3 /o, 6 /o and 9 /o of the gastrt~d biomass  wet weight!. The growth rate
in shell length and total wet weight were 32 pm/day and 4 pg/day respectively, with
3 /o of P. maritima, 28 pm/day and 5 pg/day with 6 '/o, and 29 pm/day and 6
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iig/day with 9 '/o. In constrast, the growth rate obtainedfrom tilapia feed was the
same for the three schedules �2 pm/day and 3 iig/day!. Analysis of survival does
not reveal any significant differences between treatments. Analysis between
schedules and foods with physiological conditions index was done. M corona
bispinosa have suitable characteristic for the culture. This work provides the basis
for a culture program for this species.

KEY WORDS: Culture, feed, Melongenidae, nutrition, survival

INTRODUC CION
El cultivo de gastet6podos en el kmbito mundial se ha limitado a haliotidos y

strombidos, ambos herbfvoros. El cultivo de organismos camivoros corno
melongenidos, turbinidos, buccinidos y fisurelidosno se ha desanollado apesar de
su importancia comercial  Davis y Dalton 1991, Fleming y Bewrnevel 1996, Poster
y Hodgson 1998, Foster et al. 1999, Glazer et al. 1997, Oakes y Ponte 1996!.

Los estudios sobre alimentacion de gaster6podos realizados entre 1970 y 1990
han sido con tres grupos: nueve cspecies de hali6tidos, tres cspecies de Strombus y
un tercer grupo que incluye a 45 cspecies de gaster6podos.

Los haliotidos, por su importancia comercial y tipo de alimentaci6n, han sido
el gmpo as estudiado, habibndose deterrninado en los a5os 90 sus fequerimientos
alimenticios UkietaL 1986, Stuart y Brown 1994, Capinpiny Come 1996, Fleming
y Berneveld 1996, Quing et al. 1996!.

Respecto aStrombus sp, la investigaci6n sobre sualimentaci6n de 1970 a 2001
ha sido principalmente para la fase Iarvaria  Aldana Aranda et al. 1989, Aldana
Aranda et al. 1996, Brito y Aldana ~ 1997!.

De las otras 45 cspecies de gaster6podos, los estudios sobre su alimentaci6n
han sido sobre sus pteferencias alimenticias y contenido estomacal  Morton 1986,
Villareal 1989, Fostery Hodgson 1998, Zetina Zarate y AldanaAranda 1998, Foster
et al. 1999!.

En Mexico, M corona bispinosa, se localiza en las Iagunas de Campeche y
Yucathn  Abbott 1974, Flores Andolais 1980, Garcia Cubas 1981, Gonzalez et ai.
1991, Hathaway 1958, Uilhueal Chavez 1989!. El principal sitio de extracci6n eu
Yucatdn, es la cia de Chubumk donde la pesca de este recurso es la actividad
mks importante de la regi6n. Su extracci6n es artesanal durante todo el a5o
generando US$351,000  Kaplowitz 2001, Zetina Zhrate y Aldana Aranda 1998!.
Debido a su importancia econ6mica y a la poca iuformaci6n de su ciclo de vida, es
necesario estudiar su alimentaci6n y reproducci6n para un manejo pesquero y
acuicola adecuado.

En el presente trabajo se determin6 el efecto de dos alimentos a tres diferentes
raciones sobre el crecimiento, sobrevivencia y condici6n fisio16gicade Melongena
corona bispinosa
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MATERIALES Y MTODOS.
El muestreo se realiz6enlaci6nagade Chuburnh,21'l5',21'12' LatitudNorte

y 89'50', 89447', Longitud Oeste  Figura 1!.

$9 47'89 50'

Fi ura1. Sitio de muestreo de Ne ne corona bi inose en Chubum5, Mexico

Durante lamarea baja se colectaron 410 ejemplares de M. corona bispinosa con
una longitud sifonal promedio de 20 + 2.03 mm. En la misma localidad, se
extrajeron 1000 ahnejas de Iaespecie Polymesoda maritime, alimento natural del
gaster6podo. Los organismos se transportaron en recipientes isotbrmicos. Las
medidas de cada acuario fueron de 30 cm de ancho, 40 cm de largo y 10 cm de alto,
teniendo tres litros de agua de mar Sltrada a 20 tun y aireaci6n constante. Los
acuarios con sus respectivas replicas se etiquetaron de acuerdo al tratamiento y
fueron cubiertos con una malia de 2 mm de luz para evitar el escape de los
organismos. La densidad de los organismos fue de 3.3 organismos/Iitro de agua de

Los alimentos fueron la almeja P. maritima  AHmento natural de M. corona y
un granulado para tilapia de la marca PURINA. Estos alimentos se pesamn y
proporcionaron al 3 /o, 6 /o y 9 fo de la biomass hiuneda de los gaster6podos de
acuerdo al tratamiento. Los recambios de agua se realizaron cada tercer dia para
mantener la calidad del agua.

El cneimiento se determin6 por el incremento en Ialonlptud sifonal  LS! peso
humedo total  PHT! y tasa de crecimiento de los organismos. La longitud sifonal
se midi6 con un caiibrador Vernier de 0.5 mm deprecisi6nyel peso conunahiscula
analiticamarca AAD serie HR-120, con una precisi6n de 0.0001 g. Las biometrfas
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se realizaron: Al inicio de1 experimento  dia 0! ye los 15, 47, 76, 99, 140, 168 y 187
dias.

La tasa de crecimiento se determin6 aplicando la f6rmula:

G =  B-A!/ t-1!
Donde:

G = tasa de crecimiento,
B = Longitud sifonal media o peso h6medo total al final del experimento,
A=Longitud sifonal media o peso humedo total al inicio del experimento y
t = tiempo de crecimiento  Garcia Santaelia y Aldana Aranda 1994!.
La sobrevivencia se detennin6 segun la ecuaci6n propuesta por Olvera Novoa

�994!:

S =  Nf/Nj	00
Donde:

S = sobrevivencia,
Nj = numero de organismos al principio del experimento,
Nf = numero de organismos al final del experimento

El estado fisio16gico de M corona bispinosasedetennin6al inicio yal final del
experimento con base en dos indices de condici6n Lucas y Beninger�985!, Mann
�978!.

PCI,=  PSP/PHP	00, PCI2=  PSP/PSC	00
Donde:

PHP = Peso humedo de los tejidos blandos,
PSP = Peso seco de los tejidos blandos,
PSC = Peso seco de la concha

Para laseyaraci6n del tejido blando de la concha se sacrificaron 170 organismo
meti&dolos en un homo de nncro ondas por 15 segundos  Luna 19683. Se registr6
el peso humedo de tejido blando y de la concha Por ultimo, se elimin6 lahumedad
introduciendo ambas partes en una estufa a 70 C por 24 horas para determiiiarles
el peso seco. El estado fisio16gico al final del experimento se determin6 a los
organismos sobievivientes tn&ndolos corno se describi6 anteriormente.

Para el anhlisis estadistico se utilizbel sofbvare Statistics StaSoft 1999!. Alos
datos de crecimiento se les aplic6 an@isis de varianza  MANOVA! de dos vias y
aiulhsis de regresion. Los indices de condici6n fueron evaluados con un anhlisis
multivariadoy las diferencias entre tratamientos con el amllisis LSD. Lalongitud de
la heliconcha fue correlacionada con el yeso hurnedo totaL Los datos fueron
correlacionados para encontrar tendencias en el crecimiento. Los amBisis se
reaiizaron a un nivel de significancia menor o igual a 0.05.
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RESULTADOS

La talla inicial de los organismos fue de 20 + 2.03 mm y 0.94 + 0.27 g de peso
h6medo total  n = 240!. Se encontrb una relaci6n lineal entre la taHa y el peso con
coeficientes de correlaci6n cercanos a uno durante el perfodo de medici6n yen todos
los tratamientos.

Se pudo observar dos etapas encl crecimiento: Laprimera etapa, se caracteriz6
por un escaso crecimiento, la cual comprende del inicio del experimento a 99 dias.
La segunda etapa, comprendida de 99 a 187 dias del experimento, la cual presenta
un crecimiento significativo en longitud y el peso  Figuras 2, 3 y 4!.

El analisis estadistico  p > 0.05! no revel6 difetencia significativa en el
crecimiento en longitud y peso al comparar las tres raciones de un mismo alimento.
Contrariamente, si se encontraron diferencias estadisticas entre las curvas de
crecimiento en longitud sifonal de los organismos alimentados con P. maritima y
alimento para tilapia al 3 '/o despubs de 168 dias de cultivo  figura 2' y 2b
respectivamente!. Los organismos alimentados con P. maritima y ahmento para
tilapia al 6 /o  Figuras 3a y 3b! presentaron diferencias significativas en su
crecimiento en longitud y peso despu6s de 99 dias de cultivo.

Conrespecto al crecimiento de los organismosaHmentadosal 9/alas diferencias
estadisticas se encontraron despubs de 140 dias. En contraste, al realizar el ankhsis
de varianza con los datos del peso humedo total, las diferencias fueron significativas
desde el dia 99, a un nivel de significancia de 0.05  Figuras 4a y 4b!.

El mayor crecimiento obtenido fue en los organismos alimentados con P.
maritima cuya una talla final de 25.92 + 3.09 mm y peso de 1.87 + 0.77 g y el menor
fue para los individuos con alimento para tBapia �2.35 + 1.9 mm y 1.42 + 0.37g
 Tabla 1!.

En cuanto a tasa de crecimiento, los organismos que crecieron rmis nlpido
durante el experimento fueron los alimentados con la ahneja al 3 lo �9 pm/dia! y
los de tasa de crecimiento fueton los que recibieron el aHmento para tilapia al 6 '/o
y 9/o �2 y 13 pm/dfarespectivamente!.

La sobrevivencia no mostr6 diferencias estadisticas  p= 0.7173! en el anQisis
de varianza  Figura 5!.

El indice fisio16gico de condici6n Peso seco de tejidos blandos: Pem humedo
de tejidos blandos se presenta en la Figura 6a El contenido de humedad estk entre
60 y 70 /o. Se estimaron diferencias estadisticas en el indice al inicio y el final del
experimento. Los valoresmas bajos se encontramn con los organismos alimentados
con ia almeja al 3 ro.

Al comparar el indice fisio16gico  Peso seco de la pulpa: Peso seco de la
concha! se observamayorproporci6n tejido-concha en los organismos alimentados
conel alimento paratilapiaque en los ahmentados con alimento natural Figura6b!.
Entre raciones el mayor valor se obtuvo con la raci6n al 9 /o.
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Figure 2. Crecimiento de Melorgena corona bispinosa en Iongitud de la
heliconcha  a! y peso humedo total  b! alimentado con Poiymesoda maritima y
alimento ra 8la ia al 3%,
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Figura 3. Crecimiento de iLfelongena corona bispinosa en longitud de la
heliconcha  a! y peso humedo total  b! alimentado con Fbfymesoda marNma y
alimento ra tila ia al 6%,
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Figure 4. Crecimiento de Melongena corona bispinosa en longitud de la
heliconcha  a! y peso h0medo total  b! alimentado con Polymesoda mari@ma y
alimento ra tila ia al 9%,
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del experimento alimentado con Polymesoda maritima y alimento para tilapia al 3
%, 6 % 9 % * no determinado
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D1SCUS1AX
Existe relaci6n lineal entre la talla y el peso de M. corona bispinosa por lo que

cualquiera de las dos biometrias es util para estudios de crecimiento. Baqueiro et
al. �992! sugieie que la medida comunmente usada para determinar crecimiento
de gaster6podos es la longitud sifonal. Day y Reming �992! sugieren que el efecto
de la dicta encl crecimiento se puede confundir con el efecto de otros factores corno
la temperatura, salinidad, concentraci6n de oxfgeno y densidad. En el trabajo, el
crecimiento obtenido fue por causa de las dietas porque la temperatura, el oxigeno
y salinidad se mantuvieron constantes.

Las curvas de crecimiento por efecto de la raci6n �, 6, 9 /o! no mostmron
diferencias estadisticas, coincidiendo con Knauer et al �996! quienes no
encontraron diferencias en el crecimiento de Haliotis midae ahmentado con
diatomeas y con peHets. Los autores asociamn sus resultados a la variaci6n en las
talhs de los organismos al inicio de suexperimento; situaci6n no encontradaeneste
trabajo  tablal!.

Laraci6n utihzada en este estudio se encuentra dentro de los rangos empleados
por otros autores corno Viana et al. �993! quienes alimentaron con una diets
artificial y la macroalga M pyr ifera ad libitum a Haliotis fidgens. Stuart y Brown,
�994! proporcionaron alimento en exceso ajuveniles de H. iris. Capinpin y Corre
�996!, utilizaron alimento artificial al 5 /o y alimento natural en exceso para
determinar el crecimiento de H. asinina. Knauer et al. �996! alimentaron a H.
midae con alimento artifical a una raci6n de 5.5 '/o. Aldana Aranda et aL �996!
utiliz6 unaraci6n de 2 g/L de un alimentocomercial Fri pakk! para alimentar a post
hrvas de S. gigas.

Las dos etapas encontradas en el crecimiento de M. corona bispinosa
concuenhn con lo reportado por Viana et al �996! quienes caracterizan un
crecimiento lento de H. fuigens durante los primeros 30 dhs de cultivo y
posteriormente una etapa de crecimiento acelerado. Contriiriamente, Viana et al
�993!, se5alan dos etapas en el crecimiento de los organismos observando una
disminuci6nenlasegundaetapadel experimento atribuy6ndo1o aldesconocimiento
de los requerimientosalimenticios deH fidgens. Capinpiny Corre � 996! al obtener
una tendencia en la dismiuuci6n del crecimiento de H. asinina menciona que es
porque el organismo se encontraba en fisc de maduraci6n sexual.

La mayor tasa de crecimiento de M Corona bispinosa fue con la carne de
ahneja  alimento natural!. Viana et al �993, 1996!, Stuart y Brown �994!,
Capinpin y Cone �996!, encontraron mayor tasa de crecimiento en Haliotis sp
alimentados con dietas artificiales que en los abulones que recibieron alimento
natural. El menor crecimiento de M. corona bispinosa con el alhnento para tilapia
se debe a que este no es especifico, no cubriendo sus requerimientos alimenticios.

En experimentos teahzados con melongbnidos, Bowling �994!, aliment6 a M
corona con tejido blando de osti6n  C. virginica! y de mej i116n  Guekensia deInisa!
obteniendo tasas de crecimiento de 60 y 50 pm/dna respectivamente. Brito et al
�99S! aliment6 juveniles recon eclosionados de M. corona bispinosa con un
alimento granulado y obtuvo una tasa de crecimieuto de 9 pm/dh. Zetina Zkute y
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Aldana Aranda �998!, observaron una tasa de crecimiento de 28.13 pm/dia ' al
alimentar a juveniles de M. corona bispinosa con carne del pez Epinephelus morio.
En ese trabajo la tasa de crecimiento fue de 31 pm/dia.

Otro factor importante en elcultivo de unorganismo es la sobrevivencia. Davis
y Dalton �991! obtuvieron una sobrevivencia de entre 80 y 100 /o con juveniles
cultivados de S gigas. Los resultados obtenidos por Capinpin y Corre �996! con
juveniles de Haliotis asinina fueron del 100 /o. Los valores obtenidos por estos
autores son mayores a los obtenidos en este trabajo, sin embargo el grado de
conocimiento de la biologfa de estos organismos es mayor. Con M. corona
bispinosa, Zetina Zhrate y Aldana Aranda�998! obtuvieron una sobrevivencia de
26.55 '/o, Brito Manzano y Aldana Aranda �998! de 100 ~/o y Bowling �994! 95
o/o.

Lucas y Benninger �985! se5alan que los indices de condici6n estiiticos melan
bajas reservas de energia, condiciones estresantes o 6pocas invernales en moluscos
bivalvos. En este sentido, el PCI, de los organismos alimentados con la almeja fue
el mayor comparado con el de los organismos provenientes del medio  inicio del
experimento! y de los organismos ahmentados con alimento para tilapia lo que
seliala una respuesta favorable de los organismos por efecto del alimento,
coincidiendo con los resultados obtenidos en el amHisis de las curvas decrecimiento.

Mann�978! menciona que larelaci6n soma: concha PCS revelael esfuerzo
biol6gico de unorganismo corno reslnrestaa condiciones ambientales operiodos de
reproducci6n. El indice de los organismos al inicio del experimento fue el menor
�0/o! en comparaci6n con el de los organismos alimentados con la P. maritima y
alimento para tilapia de lo que se deduce unarespuesta favorable de los organismos
a las condiciones de cultivo.

El inconveniente encontrado al utilizar ala almeja Polymesoda maritinm corno
alimento para el cultivo de M. Corona bispinosa, es su disponibiTidad.

M. corona bispinosa es un organismo que tiene importancia econ6mica, social
y ecol6gica Este organismo posee caracterlsticas adecuadas para su cuitivo, tales
corno aceptaci6ny aprovechamiento de alimento artificialybumasobrevivencia en
cautiverio. Sin embargo, los estudios realizados hasta el momento nopermiten sun
su domesticaci6n para el cultivo. Por otra parte, la extracci6n sin normativaalguna
pone en riesgo de una sobreexplotaci6n a las poblaciones naturales.
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Morfometrfa de una Poblacibn Inusual de Isognomon afatus
 Gmelin, 17N! en la Reserva de la Bibsfera Banco Chinchorro y

su Relacibn con el Ambiente

ALICIA GONZALEZ, DANIEL TORRUCO, y ALFREDO CORBALA
Centro de Investigacidn y Estudios Avanzados del IPN Unidad Mdrida.

Km 6 carretera anrigua a progreso
A. P. 73 CORDEMX Mdrida Yucatdn, Mexico

RESUMEN

La RB. Banco Chinchorro se localiza en aguas ocehnicas del Caribe Mexicano,
tiene la forma de un atol6n y cata separado de Ia costa de Quintana Roo por un canal
de 1000 m de profundidaL Posee 4 islas: dos al norte, una central y 1a mks pequeLt
en el sur. Poso." gran variedad de hhbitats que incluyen; una laguna arrecifal poco
profunda de 840 km de Sea con parches arrecifales  microatolones! diseminados a
todo lo largo, formaciones coralinas muy desarrolladas en la parte sur y pendientes
muy abruptas que exceden los 500 m. La isla central  Cayo Centro! tiene una red de
islotes de mangle que ha originado un microsistema lagunarconectadospor peque5os
canales de baja profundidad. El descubrimiento ins6lito de una poblaci6n de
Isognomon alatus en un canal interno de Cayo Centro de aproximadamente 100 m
de longitud, llev6 a la investigaci6n de las condiciones ambientales que permitieron
ese asentamiento inusual. Se realizaron obserneiones bimensuales de febrero a

noviembre de 1998, para definir la dimensi6n ambiental tomando en cuenta 12
panhnetros del ambiente y correlacionando el peso, la longitud y la amplitud de la
concha. La parte media del canal fue la de mayor abundancia y la parte inicial la de
menor abundancia. Las regresiones entre peso y los otros panhnetros morfo16gicos
fueron mayores en la parte media alcatmmlo coeficientes de conelaci6n mayores a
0.8. En relaci6n a 1os diferentes panhnetros, la mayorfa presenta valores mks bajos
en la parte final del canal. Esta comunicaci6n presenta cada uno de los panhnetros y
su influencia en la variabilidad poblacional de este molusco.

PALABRAS CLAVES: Isognornon aiarus, morfometria, distribucion

Morphometry of an Unusual Population of Isognomon alutus
 Gmelin, 1791! in the Chinchorro Bank BR and their

Environmental Relationships

The BR Bank Chinchorro is located in oceanic waters of the Mexican Caribbean,
has atoll form, and it is separated &om the coast of Quintana Roo for a channel of
1000 m of. depth. It possesses four islands: two to the north, one in the middle and
the smallest in the south. It possesses great habitat variety that includes: a shallow
reef lagoon of 840 area km' with patches  microatolones! disseminated along its
extent, coralline formations very developed in the south part, and very abrupt slopes
that exceed 500 m. The central island  Cayo Centro! has a network of mangrove
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islands that has originated a lagoon microsystem connected by small, shallow
channels. The unusual discovery of a population of Esognomon aEarus in an internal
channel of approximately 100 m of longitude in Cayo Centzo, prompted an
investigation of the environmental conditions that supported that unusual
establishment. Bimonthlyobservations were uzidertaken &om February to November
in 1998, to define the environmental parazneters taking into account 12 parameters
of the atmosphere and conelating the weight, the longitude, and the width of the
shell. The half part of the channel was that of more abundance and the initial part that
of smaHer abundance. The regressions between the weight and the other
morphometric parameters were greater in the half part reaching correlation
coeKcients greater than 0.8. In relation to the different parameters, most presented
lower values in the final part of the channel. 'Ms paper demonstrates how each
environmental parameter influences the populational variability of this mollusk.

KEY WORDS: Isognomon morphometzic, growth, distribuciones

INTRODUC CION
Los azzecifes de coral estrin ampliamente distzibuidos en la regi6n Atlkntica de

Mexico. Bancos arzecifales peque5os y de bajo perfil, estan dispezsos a tzavbs del
suroeste del Golfo de Mexico; la costa Este de la Peninsula soporta una estruztura
geogrhfica comparativamente continua que oscila entre un incipiente azzecife de
horde y un azrecife de barreza En la regi6n se desazrollan dos sistemas arrecifales en
fozmade atolones: Arzecife Alacranes fuerade lacostanoroestey Banco Chinchozzo,
fuera de la costa suzeste de la Peninsula de Yucatkn  Torzuco 1995!.

En estos ecosistemas, las distribuciones de las cspecies marinas pueden ser
explicadas por eventos vicarios o por las habilidades de dispersi6n y los
requerimientos ecol6gicos de los individuos. Estos uitimos son los causmtes de la
pzesencia o ausencia de eHas en un lugar particular ypueden imitar la distribuci6n de
cspecies a una escala mayor  Fezze-D'Amare 1985!. Aun cuando los arrecifes
coralinos tienen caractezisticas muy semejantes en una zegi6n, pueden pzcsentar
diferencias originadas por un factor simple o por la resultante de la interacci6n entre
varios de ellos  Gonzalez 1989!, tales diferencias son detectadas por algunos
organismos. Los moluscos son unos de los grupos capaces de zesponder a tales
difezencias  Jackson 1974!.

Entre los moluscos, las cspecies que pueden sobrevivir en numerosos hkbitats
tienen tambibn amplias dislribuciones geognlficas. Porelcontrario, las cspecies que
tienen intervalos estrechos, se presentan enh&itats escasos en unaregi6n GouzQez
1995!. Estas diferencias pueden tener consecuencias evolutivas significativas
 Vermeij 1972!. Corno grupo, los Moluscos forman un componente distintivo y
ampliamente distzibuido en los arrecifes coralinos y mueslzan una alta diversidad en
estos ecosistemas  Warmke y Abbott 1962!.

En este contexto y con el descubrimiento de una poblaci6n inusual de
Isognomon alatus en zm canal de una isla de Banco Chinchorro, el presente estudio
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analiza la distribucion espacial de la morfometria de esta especie y su asociacion con
diferentes factores del ambiente, en un intento de identificar la causalidad de los
patrones encontrados.

Fi ura 1. Sitio de muestreo.

MATERIAL Y METODOS

Los organismos fueron colectados de raices de mangle, obtenidas de la parte
media y de ambas desembocaduras del canal. A Io largo de el se tomaron parimetros
fisicos y quimicos y muestras de agua para la determinacion de 12 factores del
ambiente  Strickland y Parson 1972!. Las fluctuaciones de marea se registraron en
ciclos circadianos. Los ejemplares colectados fueron limpiados, medidos y pesados.

AREA DE ESTUDIO
Banco Chinchorro es un arrecife Ocehuco en el Caribe Mexicano, tiene una

laguna arrecifal de 840 km con un gradiente de profundidad sur-norte pronunciado,
que va de 17 a I m en promedio  Torruco y Gonzalez 2000a!. Posee cuatro islas,
de las cuales Cayo Centro es la de mayor Sea. Esta isla presenta un microsistema
lagunar de varias lagunetas conectadas entre si por canales estrechos, la mayorla de
elias estrin rodeadas por arboles de mangle de aproximadamente 20 m, El sitio de
estudio se localiza en el canal Angel, un canal interno que une dos lagunetas: Laguna
Rabios y Laguna Chica, la poblacion de Isognomon alatus fue encontrada solo en ate
canal del microsistema Iagunar  Figura 1!.
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Los valores obtenidos fueron analizmlos bajo regresiones de peso versus longitud y
amplitud, para conocer los descriptores con mejor correlaci6n. Los factores del
ambiente fueron analizados mediante una una regresi6n multiple paso a paso,
tomando en cuenta los atributos de crecimiento de L alatus corno variables

dependientes y los factores ambientales corno independientes  Daniel 1974!. Todos
los amHisis anteriores fueronrealizados de maneradiferencial paracadasegmento del
canal. Los factores del ambiente y los valores puntuales de los atributos de
crecimiento, fueron analizados en un contexto espacial donde los sitios fueron
geoposicionados obteniendo una matriz XYZ, posteriormente se aplicaron tbcnicas
geoestadisticas usando una funci6n de semivariograma lineal con el interpolador
kriging  Keckier 1994!, utilizando el pmgranta Surfer V.7, con ello se contrastaron
cada uno de los patrones espaciales obtenidos  Axis-Arroyo et aI. 2001!.

RESULTADOS

La mayor abundancia de ejemplares se pmsent6 en el brea media y en el extremo
de la laguneta que desembocaba al mar. La fiecuencia de los intervalos de peso,
longitud de Ia concha y amplitud de la misma se encuentran representados en la
Figura 2, donde se muestra una alta relaci6n entre Ias fiecuencias de intervalos
semejantes entre Ia longitud y laamplitud, con altas &ecuencias de tallas entre 4 y 10
cm, los ejemplares mayores son escasos. La parte del canal que desemboca a la
lagunade Rabios ylaquedesembocaalalagunaChica, son las &acciones que marcan
un comportamiento unimodal; la &acci6n de la parte media presenta un
comportamiento de &ecuencias bimodal. El peso tiene uncomportamiento semejante
en la parte media y en la desembocadura a la laguneta Rabios, donde se presentan
grandes &ecuencias de organismos de poco peso, que va decreciendo conforme
aumentan su biomasa. La desembocadura a la laguneta Chica una baja &ecuencia
peru con organismos de todos los tamahos  Figura 2!.

La relacion entre el peso versus Ia longitud y la amplitud de la concha present6
mayores coeficientes en la parte media del canal  R'! 8!, siendo lalongitudel atributo
con mayor correlaci6n  Figura 3!; los pathnetros de las regresiones muitiples se
encuentran en la Tabla I, que muestra un coeficiente mls alto con el peso en la
desembocadura a la Laguna Rabios; en Ia parte media el mayor coe6ciente es para Ia
amplitud y en la desembocadura a la laguneta Chica para la longitud, los iritervalos
de los coeficientes de determinaci6n va desde el rr4Is bajo �.31! para el peso en la
parte media del canal hasta el mayor �.77! con la amphtud en la misma zona. Los
pesos beta de las variables ambientales en relacibn de los atributos de crecimiento se
presentan en la Tabla 2, los valores positivos mhs altos lo presenta Ia marea pan la
desembocadura de la Laguna Rabios yel pH enlaparte mediay en ladesembocadura
de la Laguna Chica, contrariamente en estas areas la marea presenta los valores
negativos mks altos, mientras que Ia salinidad tiene los de la desembocadura de la
Laguna Rabios.
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Figure 2. Distribuci6n de pesas, tel!as, y de las anchuras para cada segmento del
brea del estudio.
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Figure 3. La relaci6n del peso con talla y anchura en cade segrnento del brea del
estudio.

e40

r 30

g 20
10

>20
V
e15

g 10

~ZO4

r 15
4

g 10

40a
r~ 30

e 20

10

eZO
V
m15

F10

20
Q

16V
r
~ 10

5



Page49l

OI

a m
S I

j e
'D 0 K I '6
I 8

Z5
~ 0

EO
~O
I D

JIj e

'6$ I
O

lO

'D lI
D

g Cl
OO

OO

~$
OO

S~k
O O

lO Q
I~

4 D g lO vIA lO
OO O

OO O

55~ Gulf and Caribbean Fisheries Institute



t' < <' c ' s s > t"i s ss' shak' 

Page 498 Gonzalez, A. et el. GCFt:55

!II ~P ~fit
66 bbb 66

cS

I ~ II cp
CO

do oo
M Ql

4

0

666
I IM Q

h� ~~Ql
g cd Io 4l

666
8 co c~c

ooo
I~M

6 br'o
i~MR

66 oob
oom

oo bbo
QI oog

ooo
R eo c~

6 dog ooo

o bbo ooo
oo

hS ho~

bd db6
Rc~~ c X'

P

ooo

~oi 3!g

~~a m

gcu cu io f'
E



Page 49955 Gulf and Caribbean Fisheries institute

Independientemente de la magnitud de los valores, la Tabla 3 muestra la
significancia�estadistica�entre esas variable, dondeel peso es el elemento conmayor
siguificancia en casi todos los parkmetros en la entrada del canal.

Los patmnes espaciales se muestranen Ia figura4, donde se fonnan tres Nupos
que presentann6dulos de altadensidad, uno en ladesembocadurade la laguna Chica
 Figura 4a!, el segundo grupo que presenta valores altos en la parte media  Figura
4b! y los que presentan estos n6dulos en la desembocadura de la laguna Rabios
 Figura 4c!; el peso y la longitud presentan un patr6n de alta densidad en la
desembocadura hacia Ia laguna Rabios, mientras que la amplitud presenta valores
semejantes en todo el canal Figura 4d!

DISCUSIAN
En Mbxico, Isognomon alatus es una especie caracteristica de la porci6n

occidental de la Peninsula  Gonzalez et al. 1991!, intimamente ligada a los mangles
de fianja de lagunas costeras con aportes importantes de agua dulce  Phez-
Rodriguez 1969!, en Banco Chinchorro se encontr6 en un brea con estas
caracteristicas solo que a 35 km de la costa y con un canal de separaci6n de la costa
superior a los 1000 m. La tolerance a la temperatura y a otros fiactores ambientales
juega un papel importante para la detenninaci6n de los patrones latitudinales
caracteristicos de cada especie sobre todo en aspectos comparativos de eurotopia y
estenotopia  Jackson 1974!, las propiedades intrinsecas de las masas de agua:
temperatura, nutrimentos, salinidades y el medio circundante pueden ejercer efectos
controladores que Hmiten la libredistribuci6n de la malacofauna Ward et al. 1978!.
En el grupo de los moluscos se presentan cambios en la diversidad, que podrian
explicarse por la separacion y saturari6n de masas continentales con cambios
concomitantes en la potencialidad del aislamiento gen8ico y competencia
interespecifica; ademas de factores no bio16gicoscomo laestabilidad del ecosistema
 VemeiJ 1972!.

Durban-Gonzalez et al. �984!, comparan las can cteristicas cromos6micas de
poblaciones de Florida, Veracruzy Campeche, encontrando que los especfmenes de
Campeche tenian 26 pares de cromosomas, comparados a los 28 pares de las
poblaciones de Florida y Veracruz. La poblaci6n de Campeche fiene cinco
metacbntricos, seis metacbntricos subalternos y dos cromosomas acrocentricos,
considerando que Ias otras poblaciones tenian cinco metac6ntricos apareadosynueve
pares de metachttricos subalternos para la poblacion de Florida, y cuatro
metacbntricos, siete metacbntricos subalternos y tres acroc6ntricos apareados para
lapoblaci6n del Veracruz, mencionan que estas diferencias cariotipicas puedenhaber
sido el resultado de la separaci6n geogrkfica de las poblaciones y su adaptaci6n a
condiciones medioambientales diferentes. En consecuencia, esta especie ha tenido
dos posibilidades de colonizaci6n en el kma de estudio.
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Figura 4. La distribucion espacial de los factores ambiental y el crecimiento.
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La primera implicarfa que las larvas tendrian su fuente de producci6n en Areas
que se localizan en el sur del Banco, ya que la corriente principal viene del Mar del
Cainuhi y con velocidades superiores a los 2 nudos; dado esto, la distancia podrfa
ser enorme, considerando que una larva de molusco en promedio tiene una vida
plancSnicaentre 15 y40dfas Chiaet el. 1984!. La segundaposibihdadimplicaque
la especie ha tenido la habilidad sufiiciente para encontrar corredores y puentes
eficientes a lo largo de la Penfnsiiia  Tonuco y GonzQez 2001!, por lo que ha
extendido su distribuci6n a lo largo del tiempo hasta esakrea de estudio, utiTizando
las contracorrientes costeras que se hacen presentes en algunas 6pocas del a5o
 Merino 1986!, en este contexto y de ser plausible esta ultima, las caracterfsticas
cariotfpicas de la poblaci6n de Banco Chinchorro, tendrian mayores afinidades con
las poblaciones de Campeche.

Las comunidades de mangle de kanja son muy pmductivas apesar de las bajas
concentraciones de nutrientes en las aguas circundantes  Miller y Twilley 1999!,
como en las comunidades del anecife de coral, las altaspmporciones deproducci6n
deben ser mantenidas por las intensas pmporciones del reciclaje de nutrientes
 Torruco y Gonz@ez 2000b!. MiHery Twiley�999! mencionan la fuerte infiuencia
del amonio de las aguas circundantes en ia espede lsognomon alatus para la
regeneraci6n de nutrientes y el consumo de oxfgeno dentm del ecosistema de
mangle de &anja, y mencionan que podria ser un importante punto metab6lico de
sostbn, para las comunidadesque sepresentanen lasrafces del mangle. La poblaci6n
de ladesembocadura ah laguna Chica en Cayo Centm responde significativamente
a todo el complejo del nitr6geno, ademks del fosfato. La otra &acci6n de la
poblaci6n responde significativamente a la temperatura, salinidad, el calcio y el
magiiesio; ambas porcionestienen significancia con lamare, esposibleque &tasea
el componente que contmle los aportes y deficiencias de los nutrimentos
mencionados y que con las Quctuaciones que presenta tambiW ejerza una fuerte
influencia en la temperatura, la salinidad y el oxfgeno. Hacia la parte media, es
posible que la misma dinhmica de las aguas haga que esta se homogenize por
diluci6n ypierdan significancia todos los parkmetms. Asi mismo, algunos factores
del medio corno los vientos y las pncipitaciones, hacen que las propiedades
intrfnsecas de las masas de agua corno es la temperatura, la salinidad y los
nutrimentos tengan cambios as rhpidos, sobre todo tomando en cuenta la poca
pxofundidad del canal �.3 m en promedio!. Algunos nutrimentos corno el siTicato,
muestrim n6dulos de alta densidad en zonas muy localizadas, donde es posible que
exista una acumulacion de este elemento por la topografia misma del cana1

Otm factor que puede mfluir en la distribuci6n es el substrato circundante
 Benayahu y Loya 1977, Ohlhorst y Liddell 1988, Novak et al. 1992!. Wendt y
Alexander �996!, mencionan que hproductividad del bysus de Isognomon alatNs
es alta en raices, rocas y algas muertas y baja en esponjas, mudas y algas
filamentosasyque los organismos estrin fiMrtemente unidosarafces,mcas, conchas,
algas verdes y algas cafe muertas. En Banco Chinchorm, solo se le encontr6
creciendo solve las raices de Eizophora niangle  L!, con asociaciones ocasionales
con esponjas del genem Cliona, en h mayorfa de las bpocas del a5o, el canal estaba
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limpio, con excepci6n de hojarasca del mangle, que libera taninos en cantidades
consideraMes. Thomas y Daugeubun�994!, mencionantambi& queen Bermudas
se localiza en el mismo substrato preftxesttemente; sin embargo, las densidades
encontradas son mayores que las encontradas en Banco Chinchorro. Ellos
encuentran una abundancia de aproximadamente 250 osttas por raiz, mientras que
en Banco Chinchorro encontramos 45 ostras por rafz en promedio. La pruporci6n
del sexo encontrada en Bermudas fue de 2.6:1 y 6 inh~mdos, en Banco
Chinchorro, encontramos una proporci6n de 2:1 con 12 indeterminados. En
Bermudas las osttas maduras de ambos sexos estaban presentes a lo largo del allo,
peru con la maxima actividad en otollo y un pico en primavera, en Banco
Chinchorro encontramos un pico a &@des de verano. En Bermudas, la biomasa en
peso seco promedio fue de 399.3 g/m', y el total de producci6n somktica gonadal
y de concha fue de 863.9g/m'por allo lo que da una tasa de producci6n de biomasa
de 2.2:1, en ht mna estudiada, encontramos una relaci6n de 98 g/m' en biomasa y
una producci6n total de 268.7 g/m~, lo que da una tasade 2.7:1, cinco dbcimas rruls
alta, lo cual significa que aunque con menor abundancia los organismos son mks
grandes, con una relaci6n de crecimiento exponencial entre el peso y la concha.
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Population Dynamics for Spiny Lobster Pussulirus argus in
Puerto Rico: A Progress Report

IVAN MATEO

Fisheries Research Laboratory /PRDNER
PO Box 3665

Mayaguez, Puerto Rico 00681

ABSTRACT

Estimates of growth and mortality parameters for the spiny lobster Panulirus
argus were estimated &om length &cquency data collected &om Puerto Rico
commercial biostatistical program &om 1999 through 2000 using the FISAT
software package. The corresponding values of L� for female spiny lobsters using
ELEFAN I ranged &om 185 to 191 nun CL, and K values were 0.23 to 0.25. For
males the L�values ranged &om 195 to 197 mm CL, and K value was estimated at
0.24 for both years. The length-converted catch curve total mortality Z estimates
ranged &om 1.32 to 1.35 for males and &om 1.25 to 1.85 for females. The Z
estimated &om Jones length cohort analysis ranged &om 1.01 to 1.02 for males and
&om 1.05 to 1.11 for females. Average exploitation ratios &om the two different
methods were well above the optimum exploitation rate  E = 0.5! suggesting
overfishing. The Beverton relative yield per recruit model analysis for 2000 for
males and females impHes the Puerto Rico lobster fishery is operating very close to
its Maximum Sustainable Yield  MSY! level and that no further increase in fishing
effort is advisable.

KEY WORDS: Growth, mortality, Panulirus argus

INTRODUCTION

The Caribbean spiny lobster  Panulirus argus! is a valuable exploited marine
crustacean inhabiting shallow shelf waters off the Caribbean region, the southern
United States and Bermuda. In Puerto Rico, spiny lobster is harvested principally
by traps and diving. About 15 /o of Puerto Rico catch comes &om the east coast,
45 /o &om the south coast and 35 /o &om the &om the West Coast. The spiny
lobster has consistentlyranked as the most economicallyimportant marine shellfish
species landed in Puerto Rico. Based on data from the Puerto Rico Department of
Natural and Environmental Resources Fisheries Laboratory, for the period 1992
through 1998, spiny lobster value per pound ranged &om 4.50 to 9.00 doHars
 Matos 1999!.

Spiny lobster management in Puerto Rico has been conducted under tenitorial
and federal jurisdictions with a fishery managementplan FMP! administered by the
Caribbean Fishery Management Council  CFMC!. Indications of overfishing were
observed in the US Caribbean during the early 1980s  CMFC 1985!. The
established regulations are:

i! A minimum size of 89 mm in carapace length;
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ii! A prohibition against retaining egg-bearing lobsters;
iii! A requirement to land lobster whole, and
iv! Gear restrictions prohibiting the use of poisons, drugs or other

chemicals as well as spears, hooks explosives, or similar devices in
harvesting spiny lobsters.

Due to concerns caused by the intensive exp1oitationof the resource, the Puerto
Rico spiny lobster fishery and biological datahave beenperiodicaHy re~mined by
the National Marine Fisheries Service  NMFS!, Southeast Fisheries Science Center
 Bohnsack et al. 1992, Bolden 2001!. However, problems with data collection and
database managementprocedures, have so far Iimited the types ofanalyses that were
possible to provide sound stock assessment of this species.

This study attempts to evaluate the use oflength frequency analysis based upon
biostatistical data Sum the Puerto Rico commercial lobster 6shery to esthnate
growth and mortality parameters, and to construct a reliable yield per recruit
analysis.

METHODS

Biostatistical data of P. argus were collected by port agents &om 1999 to 2000.
Carapace length  CL! was measured to the ~0.1 mm and sex was detenuined.
The sample size per month ranged &om 0 to 137 individuals. Biostatistical data
were entered into the Trip Interview Program  TIP! developed by the National
Marine Fisheries Service  NMFS!, Southeast Fishery Science Center. Later, the
data were converted and analyzed in Excel. Toenhancemodai definition for length
&equency analysis, samples were pooled trimonthly for each year and assigned a
single collection date.

Kstimatien of Growth Parameters snd Mortality
Analysis of growth parameters assumes von Bertalanffy growt: L,= L� l-Le""

Q, where L, is the carapace length at time t, L is the asymptotic length an
individual would reach if it lived indefinitely, and k is the rate at which L� is
approached. The growth parameters L�and K were estimated using ELEFAN I
&om the FISAT software package Gayanilo etal. 1995!. Comparisons ofdifferen
estimates of growth parameters were done using the empirical equation of Pauly
and Munro �984!: phi= Log,o K+ 2 Log,o  Lg. Recruitment patterns for males
and females were estimated using the ELEFAN Il Sum the FISAT program.

Instantaneous total mortality  Z!  Beverton and Holt 1957!, fishing mortality
 F! and length at first capture  Lc! were calculated using length-converted catch
curve  Ricker 1975, Pauly 1984!, and Jones length cohort analysis  Jones 1984!.
These analyses were performed by converting the data of each monthly sample to
percent fiequency and then weighting by square roots of the sample size. Giving
all monthly samples equal weight prevents a single large monthly sample fiom being
a major source of bias or fiom overly affecting the total annual sample. Since
estimates of natural mortahty  M! of spiny lobster for Puerto Rico are unknown,
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we are using estimates &om literature for subsequent analysis  M = 0.34!
CF1VAIP/FAO Spiny Lobster Stock Assessment Workshop  CFRAMP 1997!.
Exploitation rates were calculated with the Pauly and Soriano �986! exploitation
rate formula: E=F/Z. Yield per recruit analyses were conducted using Beverton
and Holt yield/recruit relative  Y'/R! and biomass/recruit relative  B'/R! models
 Beverton and Holt 1957!.

RESULTS

Size Distribution

During the period of 1999 - 2000, 2,137 lobsters were measured, of which
1,037 were males and 1,100 females. The size range for males was &om62 mm to
216 mm CL whereas the size range for females was &om 60 mm to 152 mm CL.
The mean CL for males and females were 103.3 mm and 98.3 mm, respectively.
The modes of the length &equency distribution for males and females were 89 mm
and 90 nun, respectively  Figure 1!. Twenty three percent and 17 Jo of all females
and males, respectively, m~ &om 1999 to 2000 were below the minimum
legal size  89.5mm!. Figure 2 shows the recruitment patterns of P argus males and
females. Year round recruitment with a single peak was observed for both males
and females around summer.

Growth and Mortality Parameters
The estunated values of L� for females ranged &om 185 to 191 mm CL  Table

I!, and K values ranged &om 0.23 to 0.25. For males the L�values ranged 195 to
197 mm CL, and K values were estimated at 0.24. Females had higher good fitness
indices  Rn! of ELEFAN L

The length-converted catch curve estimates ranged &om 1.32 to 1.35 for males
and &om 1.25 to 1.85 for females  Table 2!. Length at first capture  Lc! for males
was amund 88 mm and for femmes it ranged &om 86.3 to 87.4 mm. %le Z
estimated &om Jones length cohort analysis ranged &om 1.01 to 1.02 for males and
&om 1.05 to 1.11 for females  Table 2!. The exploitation ratios &om length
converted catch curve were between 0.74 - 0.75 for males aud 0.73 - 0.82 for
females. Whczeas, exploitation rates &om Jones lengthcohort analysis were around
0.66 for males and 0.68 to 0.71 for females. Average exploitation ratios &om the
two different methods were well above the optimum exploitation rate  E = 0.5!
suggesting that Puerto Rico spiny lobster is fully exploited.

The mean fishing mortalities obtained Jones length cohort analysis for fully
recruited length gmups were around 0.67 - 0.68 for males while 0.71 - 0.94 for
females, xespectively. Mortality estimates &om Jones length cohort analysis were
used for the yield per recruit analysis since length catch curve methods tend to
overestimate mortahty pame~ due to variable recruitment and migration of
larger specimens  Baisre and Cruz 1994!.
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Ffgure 1. Length frequency distribution of the spiny lobster PanvIIrvs arrIus,
male and female, by year and von Bertaianffy growth cuwes produced by
ELEFAN l.
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Figure 2. Recruitment Patterns for Panulirus argus, male and female, for year
2000.
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Table 1. Estimates of length  LV!, body growth rate  K!, goodness of fit index
 Rn!, age at birthday  TO! and growth performance index j  phi! by sex for the
s n lobster, Puerto Rico usin ELEFANI.

Sex/Parameters Ur K Rn TO 1 {phl!
Nlale 'f998 197 0.24 0.129 0.38 3.96

2000 'l95 0.24 0.138 0.38 3.96
Female 1989 181 0.25 0.142 0.29 3.96

2000 185 0.23 0.139 0.28 3.89

Table 2. Estimation of fishing mortality  F!, exploitation ratio  E = FlZ!, and
length at first capture  Lc! by sex using t.ength Catch Curves and Jones length
cohort ana is for the s in lobster, Puerto Rico.

Length Catch Curve Jones Length Cohort Analysis
Sex/Parameter Z F E Lc Z F E Lc

Ilele 1999 1.32 0.98 0.74 88.02 1.02 0.68 0.68 87.96
2000 1.35 1.01 0.75 88.35 1.01 0.67 0.68 88.05

Female 1999 1.85 1.51 0.82 87.70 1.11 0.94 0.73 87.45
2000 1.25 0.91 0.73 86.25 1.05 0.71 0.68 86.25

Yield Estimates
The Beverton and Holt relative yield perrecruit model for malesin2000 implies

that with values of E = 0.66 and Lc = 88.05 mm the current lobster fishery is
harvesting approximateiy near 95.6'lo of the potential yield  Figine 3!. Likewise,
the analysis for females show that with a value of E = 0.68 and Lc = 862 mm the
fishery is harvesting 94 j'o of the potential yield in females  Figure 3!. The results
also indicate that the current levels of fishing pressure have not exceeded the
maximum sustainable levels. The~� exploitation retestitsmaximum sustainable
yield! for males and females�.69 and 0.72, respectively! have not been surpassed
by the cunent exploitation ratios �.66 and 0.68!.

DISCUSSION

Information on the general life history, as well as on growth rates, size
&equencies, mortality rates, abundance indices and other panuneters is paramount
for effective fishery�managementof economicallimportant species in Puerto Rico.
Previous this study, no specific estimates of�growth an mortality parameters existed
for spiny lobsters &om Puerto Rico.

On the last spiny lobster stock assessment workshop held by the Caribbean
Fishery Management Council, the scientific panel attempted to build reliable yield
per recruit analysis models using length &equency data &om Puerto Rico
commercial biostatistical data  Bohnsack et al. 1992!. However, reliable estimates
of growth parameters such as L� asymptotic length! and K  body growth
coefficient! were unsuccessfullyestimated for various reasons: data were limited and
carapace measurements were to the nearest one tenth inch, which was too wide an
interval to show distinct size &equency peaks.
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Figure 3. Yield per recruit isopleth for Penulirus argus, male and female, as a
function of exploitation ratio  E! and size at%rat capture relative to asymptotic length

I
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Growth rate is the most studied aspect of spiny lobster biology. However,
accurate growth estimates are problematic due to the difficulty of separating the two
main processes that a8ect spiny lobster growth: molting fiequency and growth
increment per molt. In general, the average growth rate for PanuIirus argus of 5-
8 mm increase in CL per month and there are four molts per year  Munro 1974;
Lipcius 1985!.

There are also artifacts when fitting spiny lobster growth through a von
Bertalan6y growth function. The von Bertalanffy growth model simply describes
the average growth of a spiny lobster cohort rather than the growth of an individual
lobster which would be represented by a stepwise curve as a consequence of the
moulting process  Haughton and King 1992!. In addition, the model does not
describe growth during larval stages. Nevertheless, it is still widely used to model
spiny lobster gmwth although there is gmwing evidence that empirical gmwth
models using moult increment and moult interval allow a better data interpretation
 Baisre and Cruz 1994, Zetina and Rios 2001!.

Growth curves estimated from ELEFAN I represented a rather poor fit to the
peaks in the length frequency data. The goodness of fit  Rn! ranged &om a
minimum of 0.129 to a maximum of 0.142. The relatively poor fit of the growth
curves suggested multiple recruitment pulses probably as a result of spawning year
all round.

Estinmtes of growth parameters &om elsewhere in the Caribbean indicate that
P. argus is long lived, slow growing and has low rates of natural mortality  Munro
1974, Clairovin 1980, Lozano et al. 1991, Phillips et ai. 1992, Haughton and King
1992, Leon et al. 1995!. However, there are several discrepancies when comparing
growth rates by gender. Cruz and de Leon �991!, Lozano et al. �991!, Castano
and Cadima�993!, and Ivo �996! estimated higher K values for females, whereas
other studies report females with lower growth rates than males  Olsen and Koblic
1975, Waugh 1981, Gonzalez-Cano 1991, Leon et aL 1995, Gonzalez-Cano and
Rocha 1995, and Mateo and Tobias 2002!.

Table 3 gives estimates of growth parameters for P. argus from diferent parts
of the Caribbean. Growth coefficients from . argus, sexes combined, are generally
low ranging Rom 0.16 to 0.45. Estimates of L�have been reported to vary fiom
154 to 225 mm. The estimate of growth performance index �.96! &om P. argus
males for year 2000 lie weil within a 95 /o confidence interval �.90 - 4.02! of phi
 cp! based on a mean of 3.96  SE = 0.03!. Similarly, the 2000 estimate of gtowth
performance index for females using ELEFAN I �.89! lie well within a 95 /o
confidence interval �.77 - 3.91! of phi based on a mean of 3.84  SE = 0.03!.

Mortality estimates in P. argus are also difficult to obtain due to the lack of
accurate age-based data  Baisre and Cruz 1994!. Cru~ms have no permanent
hard body parts, such as fish otoliths or molluscan shells, to carry a record of
seasonal or annual changes in growth rates allowing actual ageing or validation of
indirect ageing methods to take place. Age-based assessments of P. argus stocks
are therefore hampered because, the calcified exoskeleton is shed at ecdysis leaving
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no hard bony tissue &om which annual ring markings can be distinguished. Mark
and xocapture methods often tend to overestimate growth and mortahty paraxneters
inpanuliruds due to different sources ofbiases ie higher probability ofrecapture of
tagged individuals, loss of tags, nonreporting of recaptures, etc!  Baisxe and Cruz
1994!. As a result, the fitting of normal curves to polymodal length-&equency
distributions appears to be the most pmmising means available. Size &cquency
distributions in animal populations are ofienpolymodal, each mode iqlesenting an
individual cohort. By separating these distributions into their component size
classes, changes in position of these modes over time allow a population growth
curve to be produced  Bhattachaxya 1967!. In P. argus, this method has moderate
application due to the variability in individual growth; coupled with a slowing down
in rates of growth in theolder age classes, especially mature females  Haughton and
King 1992!.

Likewise, the migratory behavior of the spiny lobster can potentially give biased
estimations of mortality. It is generally accepted that lobsters gradually migrate to
deeper waters as they grow older. If lobsters migrate &om the fishing grounds into
deeper waters whexe they are inaccessible to fish traps and divers, such migrations
would be incorporated in the total mortality value Z which therefore would be
overestimated as well as the fishing mortality and exploitation ratios  Baisre and
Cruz 1994!.

Total mortalities  Z! &om length catch curves ranged &om 1.32 to 1.35 for
males and 1.25 to 1.85 for females. These mortality estimates are more in
agreement with data using length based methods &om other highly exploited lobster
populations in the region such as those of the Baliamas: Z = 1.44  Waugh 1981!;
Jamaica: Z = 2.19 males, 2.88 females  Haughton and King 1992!; Florida: Z =
2.59  Warner et al. 1977}, Z = 4.09  Lyons et al. 1981!, Z = 1.18  Powers and
Bannerot 1984!, Z = 1.85  Powers 1985!; Brazil: Z = 1.27  Fonteles-Filho 1994!,
Cuba: Z = 1.9-2  Baisre and Cruz 1994!, and St Croix, USVI: Z = 1.24-1.91 males,
0.8-1.58 females  Mateo and Tobias 2002!.

However, average Z &om Jones length cohort analysis for males ranged &om
1.01 to 1.02 while females average instantaxieous mortalities ranged &om 1.05 to
1.11. These values are similar with other lobster stock assessment studies using
length/age structured methods such as in Florid: Z = 1.09 for females, Z= 1.19 for
males  Muller et al. 1997!; Mexico: Z = 0.95  Zetina and Rios 1998!; St. Kitts: Z
= 1.09  Goodwin et al. 1986! and St Croix, USVI: Z = 0.83-1.13 males, 0.72- 0.83
females  Mateo and Tobias 2002!.

Exploitation rates &om males and females calculated &om all methods were
greater than the accepted optimum level of 0.5  Pauly and Soriano 1986! and
suggest that spiny lobster fishery in Puerto Rico is under heavy fishing pressure.

The main recruitment seasons detexxnined by ELEFAN are in agxeement with
other studies by Montemosa �986! and Boardman �981! in which spiny lobster
xecruitment in Puerto Rico occurs year around with maximum seasonal pulses
around late summer-early fall.
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Table 3. Comparison of length  Ufi and body growth rate  K! by sex using Pauiy's
equa5on j  phi!  Pauly, 1984! for the spiny lobster from difFerent areas in the
Canbbean

Sex  Ul! K l  pht! Source

St John
 USVI!

Mar 8nique

Cuba

Cuba

Cuba

Cuba

Cuba

Brazil

Brazil

St. Croix
�SVI!

Puerto Rico
2000

Evaluation of different exploitation strategies, in particular the trade-offs
between small size at first capture and large size at first capttne for P. argus males
and females was done with the Beverton yield per recruit analysis. This model
incorporates estimates of growth and mortality rates to estimate potential yield for
any desiredcombinstionof fishery effortandminum size. However, the reliability
of this analysis of size and yield is limited by the quality of the parameters. Some
parameters are not precisely estimated. This is very important because small
changes in some parameters can make large changes in the predicted size at

IN
F

M F
M F
M F
IN
F

M F
M F
M F
M F
M F
M F
M F
M F
M F

M M F
M F

M F F
M F

141 0.34 3.82
148 0.38 3.92
153 0.44 4.01
133 0.32 3.72
190 0.25 3.98
188 0.23 3.91
190 0.26 3.9T
190 0.23 3.92
189 0.22 3.80
139 0.31 3.77
204 0.18 3.87
192 0.15 3.74
142 0.30 3.78
122 0.3 3.65
257 0.2 4.12
215 0.25 4.06
198 0.24 3.97
165 0.22 3.TT
250 0.27 4.23
171 0.39 4.08
210 0.24 4.02
195 028 4.03
189 023 3.82
160 ' 0.40 4.01
190 0.31 4.05
174 0.24 3.88
178 0.21 3.82
171 0.2'I 3.81
185 0.23 3.90
154 0.19 3.65
207 0.26 4.04
182 0.18 3.67
2'}7 025 4.07
146 0.22 3.87
257 0.229 4.02
233 0.236 3.92
'l92 0.25 3.96
172 0.22 3.81
195 0.24 3.96
185 0.23 3.89

Dos Santos et al., 'l964

Olsen and Koblick, 19T5

Claimvin, 1980

Waugh, 1981

Cruz et al., 1981

Evans, 1988

Baez et al., 1991

Arcs et al., 1991

Gonzalez-Ceno, 1991

PhINps et aL, 1992

Haughton and King, 1992

Castano and Cadirna, 1993

Leon et al., 1994

Baez et al., 1994

Leon et al., 1995

Gonzalez~ and Roche, 1995

Gonzalez-Ceno and Roche, 1995

lvo, 1998

Mateo and Tobias, 2002

Mateo, In Ixess
this
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maximum yield. This is particularly true for the estimates of fishing and natural
mortalities, which are the least reliable of aH the necessary parameters. It also
estimates yield &om the available recruitment and does not consider the effect of
variable recruitment  Baize and Cruz 1994!.

Results &om the yield per zecruit analysis suggest there seems to be little
potential for an increase in Y/R if effort were increased with the current length at
first capture. Likewise, increasing length at first capture Lc with the current level of
effort wiH not result in a significant increase of yield per recruit. The results of the
model shows that most of the potential yield might be harvested by maintaining the
current fishing effort at the present level or barely reducing it, However, no account
is taken of the impact of reduction of spawner biomass on recruitment.

According to the Beverton model, yield is directly proportional to yield-per-
recruit over a wide range of fishing mortalities only if it can be assumed that there
is no relationship over a wide range of F and E values between the size of the
parental stock and its progeny. Thus, the values of F or E needed to produce a
maximum yield-per-recruit wiH tend to generate very low yields, because F and
E usually reduce the parental stock to a level at which few recruits are produced.

Although the mortality estimates may be subject to considerable ezzozs as
consequences of violations of some assumptions made during analyses, the present
level of fishing mortality appears to be much gzeater tban the optimumrequized level
for the lobster fishery suggesting that this fishery resource is fully exploited and
current management measures must be revised to sustain and probably optimize
yield.

Our findings, although preliminary, aze in agzeement with a recent study done by
Bolden 2001 in which suggested a continuing trend toward growth overfishing as
first identified by Bohnsack et al �992! 10 years ago. When Bolden compared
historical biostatistical data &om USVI and Puerto Rico &om 1983 to 1999, she
found that PR spiny lobster populations had smaller mean carapace lengths,
&equency distributions centered around a smaller length class, lower fecundity,
skewed sex ratios, and a greater portion of the landings being comprised of sublegal
sized females compared to USVL Another intezestmg finding is that &om
biostatistical data individual trip information, it was found that there has been a
decline in lobster catch rates in Puerto Rico across years.

Management of the spiny lobster in the US Caribbean is comphcated by faHure
to enforce regulations, a lack of local basic information on the biology and ecology
of the species, and a lack of management oriented research. Long-term research
designed to understand the dynamics of different stocks is usuafiy limited to
gathering data and hudly ever reaches the stage of data processing and publication.
Incertain cases, regulations have no clear biological or economical bases and are not
closely enforced. Fishermen cooperation along with fishezy researchers and
govermnent, which is of major importance for the success of sustained management,
has historically depended on political decisions and does not exist for prolonged
periods.
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Regulations for the Spiny lobster in the US Caribbean have not changed in 17
years  CFMC 1985!. The latest NMFS stock assessinent studies Rom Bohnsack
1992 and Bolden 2001, although they provide useful information about the current
status of the spiny lobster, their information &om the biostatistical data have a low
number of observations and have an associated degree of uncertainty. This
associated uncertainty reduces the effectiveness with which the fishery may be
managed. Thus, it is major importance that fully coordinated research involving
fisheries researchers, government, fishermen, and industry be initiated in the near
future to obtain critical data to permit the development of sound management
strategies. At this actual moment, future yield &om the spiny lobster stock seems
dependent on effective enforcement of the minimum legal size Hmif to optimize yield
&om the available recruitment and prevent substantial further declines in spawning
stocks.
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Test of Multi-species Spurning Aggregations
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ABSTRACT

Spawning aggregations are an essential phase in the life history of most
commemially important finfish species of the Caribbean including snappers and
groupers. These aggregations are under increasing threat fmm overfishing. This
special symposium was designed toexamine the ecology of spawning aggregations,
the socio-economics of their exploitation, and examples of their effective
management. Region-wide similarities in theecology ofaggregationsand the threats
to them may mcguire consistency in monitoring appmaches and management
measures.

Belizean fishermen, national fisheries managers, and local and international
conservation organizations recognized declines in the endangered Nassau grouper
 Epinephelus striatus! and have conducted coordinated national monitoring efforts
during 2001 -2003. Data fmm these field surveys confirm that Nassau grouper
stocks are depleted compared to historical records. These surveys also provided
stmng support for the hypothesis that multi-species spawning aggregations
consistently occur at the shelf edge of windward facing reef proniontories that jut
into deep waters.

Withnewunderstanding fiomnation-wide surveys andunanimous support fmm
conservationists and fishers alike, Belize enacted year-round fishing closures at 11
of these multi-species spawning aggregation sites within new Marine Reserves in
November 2002, along with new closed season for Nassau grouper fmm January
through March. This symposium has brought together over 50 aggregation fishers
and a total of 450 scientists and managers fiom around the Caribbean Basin to
address the issue of spawning aggregation monitoring and conservation at local and
regional scales. Ihe goal of the symposium was to foster shared regional efforts to
conserve and manage spawning aggregations throughout the Gulf and Caribbean.

KEY WORDS: Multi-species spawning aggregations, conservation,

Conservacibn de las Agregaciones de
Desove de Mnltiples Especies

Las agregaciones de desove son una fase esencial en la historia de la vidade Ia
especie de mayor importanciacomercial encl Caribe incluyendo los pargosymems.
Estas agregaciones estrin bajo amenazade aumento de la sobre pesca. Este simposio
especial fue diselhdo para examinar laecologiade agregaciones de desove, la socio-
economi'a de su explotaci6n, y para dar ejemplos de un manejo eficaz. A tmv& de
Ia region existen similitudes en la ecologla de estas agregaciones y a las amenazas
para estas estrin expuestas requieren consistencia en el tipo de monitoreo y en las
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medidas de manejo.
Los pescadores de Belize, los encargados nacioaales de lasindustrias pesqizezas,

y las organizaciones conservacioaistas de indole local e iaternacioaal zecoaoce el
decline en el mero de Nassau  Epinephelzzs striatus! una especie que esta puesta
ea la lista de las cspecies en peligro. Estas entidades han conducido esfuezzos de
monitozeo nacionales coordinados durante 2001- 2003. Los datos de estos

muestreos de campo coafizazaa que el stock del mern de Nassau ha sido eliminado
cuando se compaz6 a los expedieates hist6ricos. Estos ex4menes tambibn
propomionaron fuerte apoyo a la hip6tesis que dice agzegaciones de desove de
cspecies multiple ocuzzea constantemente en el bozde de la plataforma de los
pmmontorios de barlovento del azrecife en ves que en las aguas pzofundas.

Con la nuevacompzensi6n de muestzeos a eseala nacioaal y la ayuda unhaime
de conservacionistas y de los pescadozes, Belice decret6 un ciezze total a lo largo
de todo el a5o de la pesca en 11 de estas at pegaciones de muitiples cspecies dentro
del marco de las nuevas zeservas mariaas enNoviembie de 2002, Al mismo tiempo
deczeto una aueva bpoca de veda para el mero de Nassau a paztir de Eaem y hasta
Marzo. Este simposio ha reunido sobre 50 pescadores de las agregaci6nes y un total
de 450 cientlficos y admiaistradores de laregi6a del Caribe para tratar laaplicaci6n
la supervisi6n y la conservaci6n de las agzegacioaesenescahs Iocalesy zegioaales.
La meta del simposio era fomentar esfueizos regionales compartidos pazaconservar
y manejar las agzegaciones de desove 5 tmvbs del Golfo de Mexico y del Caribe.

INTRODUCTION

Fisheries globally are surpassing cazzyizig capacities causing severe depletions;
reef fish fisheries within the Gulf and Caribbean are ao exception  FAO 1994,
Jackson et al. 2001!. Coral reefs thmughout the world are also under duress and
showing declines in diversity and live cond cover. Marine pmtected areas are now
being used to Ial tigate habitat loss, and to assist ln fishery znanagcznezit. In order to
provide maximum benefit for fisheries and biodivezsity protection however, these
protected areas must be supported locaHy, be placed strategicaHy, managed
effectively, supported sustainably, and be-linked by ocean currents into mutuaHy
replenishing networks.

For the sake of ef5cieney, marine protected areas, particularly in the tropics
were multi-species fisheries dominate, should include critical life stages of many
ecologically and commerciaHy important species  Liudeman etal 2000, Robertset
al. 2001!. Spawning aggregations are crucial in the life history ofmostcoazmezciaHy
important reef fishes. Many of the agyegations of snappers and groupers aze
tnmsient ia space and time  Domeier and Colin 1997!, and coHeetively zzyresezzt
100'iooftheaanual zepmductive output for these species Shapim 19g7!. Spawning
agyegations serve as important "source sites" for repmduction. As such, gametes
are released &om thesesites into ocean currents &omwhich they canzepienish other
areas by zecruitment. Source sites are particularly important for protection aad
should be included within marine reserve networks  Roberts 1997!. Studies of the
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marine connectivity between spawning agyegation sites nursery habitats by ocean
currents has become an active areaof research, and wiH help in designing marme
protected areas networks that can be mutuallyreplenishing e.g. Cohn 1995, Cowen
at al. 2000, Lindeman et al. 2001!. Two taIksin this symposium Kjerfve and Paris!
will address this issue speciGcally.

The short duration abundances of Gshes that appear at spawning aggregation
sites have attracted Gshermen to them. As these sites are discovered by Gshers,
anecdotal informationabout the timing and location of spawmng aggregations have
been passed by oral tradition. In some cases, this information is docmnented by
researchers, and is slowly being revealed to biologists and managers  e.g. Clam and
Lindeman 2003, Heyman 1996, Jolaumes 1978, Lindenan et al. 2000! But Gsinng
pressure has caused the depletion of many of these sites throughout the Caribbean
Basin, particularly for Nassau grouper  Epinephelus striatus! {Sadovy 1994!. In
Belize, declines have been sharp in meat years. Nassau grouper was harvested
&om a site at Caye Glory, reaching a peak in the late 1960s when two tons of Gsh
per day were being removed Gum the area  Craig 1969!. Recent surveys indicate
that only 21 Gsh reinained at the site  Paz and Grimsliaw 2001! indicating dramatic
declines. Several studies have documented declines in reef Gsh spawning
aggregations in the Caribbean, particularly groupers, and.highlighted the need for
their protection Anil-Marshalek 1994, Beets and Friedlander 1999, Coleman et aL
1996, Johannes 1997, Luckhurst 2002, Sadovy 1994, 1997, Sala et al. 2002!.

Until recently, descriptions of spawning aggreyitions were genenilly focused
on single species  e.g. Aguilar Perera 1994, Carter et aL 1994, Colin 1992, Smith
1992, White et aL 2002!. However, recent studies in Belize, and other aieas m the
Caribbean ate revealing what Gslierinen throughout the Caribbeanmay have known
for generations. Many spawiiing aggregation sites are utilized by several different
species for spawning throughout various times of the year. Studies in Belize have
revealed, for example that one multi-species spawning site, Gladden Spit, harlxus
spawning aggregations of at least 26 different reef fish species  Heynum 1994;
Heyman and Boucher, in prep. Heyman et al. 2001, Heyman et aL In prep.!.
Collaborative studies conducted with nine marine conservation and management
organizations mBelize,and withthe intimateinvolvement of Gshersrevealed at least
13 sites serve asmulti-species spawningaggielpdions Heyman and Requena2002!.
The study further revealed that these aggregations were geiMrally found at the shelf
break �5-35 m! on windward facing reef promontories that jut into deep > 500
m! water  Figure 1!. Thispattem was so robustas to allow prediction of new sites,
using geo-refereiiced, remotely sensed Laiidsat TM images  Heyman and Boucher
In prep.!. This collaborative research process, including Gshers, and the revealed
patterns of the timing andlocations ofmulti-species spawning aggieynioris,has lead
to the declaration of 1 1 new marine reserves in Belize November 2002! that protect
these areas, and aclosed season for Nassau grouper Sum December throughMarek
These patterns are beginning to be documented in other countries around the
Caribbean, using similar techniques  e.g. Claro and Lindeman 2003, presentations
in this symposiumby Aguilar, Medma-Quej, Tuz-Sulub, and Whaylen!.theseareas,
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and a closed season for Nassau grouper &om December through March. These
patterns are beginning to be documented in other countries around the Caribbean,
using similar techniques {e.g. Claro and Lindeman 2003, presentations in this
symposium by Aguilar, Medina-guej, Tuz-Sulub, and Whaylen!.

A recent Caribbean wide survey of marine protected areas in the Caribbean
revealed that very few spawning aggregations had been specifically included in
marine protected areas  Appledoorn and Lindeman 2003!. To date, few efforts
have been made to bring fishermen actively into the process of research and
conservation of fish spawning aggregations, and their inclusion in marine protected
areas. This symposium invited 50 fishers from around the Caribbean Basin to
participate, including two &om Belize {Young and Cuevas! who wiH speak to the
assembly in support of spawning aggregation protection and the involvement of
fishers in this process. The Nature Conservancy, along with local conservation
organizations in Belize, has promoted economic alternatives for spawning
aggregation fishers, via training in SCUBA guiding, fiy fish guiding. These
alternatives are helping fishers wean themselves &om extractive fishing on
aggregations and have helped to build their support for marine protected areas
declaration and management.

The symposium will be concluded with the ~ords of the Hon. Minister of
Fisheries &om Belize, Daniel Silva, who will offer encouraging words for the future
and draw participants into action.

Figure 1. Multi-species spawning aggregation site at northern Glover's Reef Atoll
in Belize as described in Sala et al. 2002.
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SYMPOSIUM CONTENT

Aguilar, A. - Detection of Fishing Effects on a Nassau Grouper Spawning
Aggregation &om Southern Quintana Roo, Mexico

Luckhurst, B.E. - Current Status of Conservation and Management of Reef Fish
Spawning Aggregations in the Caribbean

Medina-Quej, A. et aL - A Preliminary Survey of the Nassau Grouper  EpinepheENs
striatur! Spawning Aggregation at "El Blanquizai" in the South Coast of Quintana
Roo, Mexico

Young, C. and E. Cuevas � Fishermen perspective on spawning aggregation
rruutagement

Kjerfve, B. et aL � Connectivity of spawning aggregations in the inner Gulf of
Honduras

Paris,C.B. etaL -Modeling Larval Translxutfmm SnapperSpawrung A@pqptions
 Lutjanidae! in Cuba

Rhodes, K.I. � Hong Kong Live Reef fish Trade

Tuz-Sulub, A. et aL - Preliminary Ch aracterization of the Space Distribution of
Several Species of Gmupers  Eyinephelinae: Epinephehni! in a Spawning Site in the
Campeche Bank, Y~ Mexico

Whaylen, L. et al. - Observations of a Nassau Grouper  Epinepbiius stiatus!
Spawning Aggregation Site in Little Cayman, Including Multi-syecies Spawmng
Information

Silva, D. � Minister of Fislterum for Belize � Closing Remarks - Political wiII for
management

SYMPOSIUM RESULTS

The symposium provided an opportumty for fishers and managers &om
amund the region to learn about and discum the physical and ecological dynamics,
and the need for management of sprwning aggregation sites. Talks onconnecfivity
by Paris and Kjerfve indicated that distant sites around the Caribbean are linked by
oceanic currents. Talks by Heyman, Tuz-Sutub, Medina-gus, and Whaylen
underlined that many aggregation sites serve for mulfiple species. Tive talk by
Belizeanaggregation fishers, Young aud Cuevas clearly demonstrated uruhustanding
of present and past conditions and the need to manage these sites. Leaderslny &om
the fishingcomnumityinmanagement, and thedevelopmentofecoruunicaltenu&es
for displaced fishers was a key dement of success in Belize. Luckhurst's talk
offered a regional look at the bleak status of aggregations around the region.
FinaHy, Hon. Minister Dan Silvaoffered anote ofurgerxy and action to the session,
by announcing the imminent and sweeping legislation for the pmtectionofNassau
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grouper and spawning aggregation sites. He signed the legislation twodays aAer the
completion of this Gulf and Caribbean Fisheries Institute Meeting.

DISCUSSION AND RECOMMENDATIONS

Discussions during and aAer the meetings lead to a series of recommendations as
follows:

i! Reduce or eliminate 6shing mortality at vulnerable SPAG sites. A sense
of urgency should be invoked for management /conservation actions

ii! Incorporate known SPAG sites into planning programs for Marine
Protected Areas {MPAs! to provide permanent protection for SPAG sites,.

iii! Develop andimplementmonitoring programs involvingscientists anduser
groups within the community and using standard protocols to evaluate the
effect of management and conservation measures,

iv! Develop commumty-based management programs for SPAG sites to the
fullest extentpossible. Full participation in the management process by all
of the user groups affected by management measures wi8 greatly increase
the probability of succem,

v! Provide viable economic alternatives to those user groups who are
displaced &om SPAG sites as a result of mMutgement action, and

vi! Regional networks of protected areas should be designed using principles
of connectivity.

In lively discussions following the symposium, participants began work on an
implementation phn for this regional strategy, strongly urging the use of electronic
media and the Internet to disseantmte information about SPAGs. A draft regional
policy statement was developed and is online at h://www. c6. 55th c6 htm.
Notes &om the meeting and a downloadable spawning aggregations monitoring
protocol for the Caribbean  Heyman et al. 2002! is available at:
htt://na .o initiatives/marine/work/ 93634tml and comprehensive
monitoring protocol  Colin ot al. 2IN2! is also asm1abto at ~www.sad'ao . It was
further urged that veteran SPAG6shermenplayan increasingrole indatacollection
and conservation process, given their understanding of the ecology and historical
perspective on changes in conditions. It was agteed that more tests of the
applicability of remote sensing to predict the location of SPAGs in the region are
called for. A regional nehvork of marine protected areas, that protect important
multi-species spawning aggregations, could contribute to regional 6sheries
nuuutgement and help to conserve biodiversity.
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ABSTRACT

A total of 35 species in ten famihes are known to form spawning aggregations
in the greater Caribbean. The cuzzent status of reef fish spawning aggregations by
country and species is presented for the region. There appears to be a general
declining trend in the landings &om most spawning aggregation sites. Principally in
the past 10 years, several countries in the region have implemented conservation
measures to protect spawning aggregation sites. The majority of these nzeaszzres
involve seasonally closed areas and there have been positive effects demonstrated
&om active management of spawning aggregations. A number of sites  principally
Nassau grouper! have disappeared in the past 25 years and urgent management
action is required to address increasing Gshing pressure. The elements of a regional
conservation and management strategy for spawning aggregations are
presented as are suggestions for the dissemination of information about spawning
aggregations in the region.

KEY WORDS: Spawning aggregations, Caribbean, management, conservation,
status

Kstado Actual de la Conservacibn y de la Gerencia de las
Agregaciones de Desovo de Feces de Arrecifes en el Caribe

Se zevisa el estado actual de las agregaciones de desove de los pesces de
arrecife encl Caribe. En los ultimos 10 azlos as paises ban puesto las medidas de
conservaci6n en ejecucio'n para protejer los sitios de las agrc~i6n, la mayorla de
estas Areas estan estacionalmente cerradas. Un nimero de sitios han desaparecido
en los ultimos 25 a5os y una acci6n uzgente de manejo es requeridad para poder
tmtar de eliminar la presi6n y el aumento de la pesca en estas Seas. Los elementos
de una estzategia regional de la conservaci6n y de la gezencia sermon discutidos.

PALABRAS CLAVES: Agregaciones de desovo de pe:es, conservaci6n, Caribe
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INTRODUCTION

Reef fish spawning aggregations me documented throughout most of the
Caribbean and Central America but appear to be more common in the northern aud
western portions of this geogtaphical region. The essential element of a spawning
aggregation SPAG! is that it has arelativelyhigh level ofpxedictabilityin space and
time. Domeier and Colin �997! defined two different types of spawning
aggregations, "transient" and "resident" using the following three criteria:

i! The &equency of aggregations,
ii! The longevity of aggregations, and
iii! The distance traveled by fish to the aggregation.
Groupers and snappers form "transient" aggregations with the foHowing

characteristics:

i! Fish fiequently migrate long distances to the aggregation site sometimes
using specific routes  e.g. Nassau grouper, Holden 2000!,

ii! Aggregations typicaHy form for only 1-3 months of the year,
iii! The duration of the aggregation is from several days  e.g. Tiger grouper;

Sadovy et ai. 1994! to a few weeks,
iv! The formation of aggregations is entrained to the hmar cycle, and
v! Aggregations occur during a limited period of the year  envimnmental

parameters such as water tempenrture or rate of change of tempenxture
appear to be important factors in the timing of aggregations!  e.g. Red
hind; Luckhurst 1998!.

In contrast, "resident" aggregations me characterized by their frequency. of
occurrence  often daily!, short travel distances and limited duration  often 1-2
hours!. Most resident" spawning aggregations occur with reef fish species which
me generally non-commercial such as perrotfishes  Scaridae!, wrasses  Labridae!
and surgeonfishes  Acanthuridae!. Spawning behaviour of many of these species is
described in Colin and Clavijo �988!.

Given these differences in the two aggregation types, there mesome
getmatizations which can be made concerning "transient" spawning aggregations.
Both groupers and snappers are comprised of higher trophic level species and the
larger species in each of these two fmnilies tend to form aggregations. It apl@mrs
that aH reproductiveactivity takesplacein these aggregations as there isno evidence
of spawning in these species outside the aggregation Sadovy 1996!. Thus, the total
annual reproductive output of the population occurs at the SPAG sites.

The major threat to SPAGs in the greater Caribbean region is overfishing.
Althoughtheremaybe someevidence that habitat dmnage e.g. hurricanes impacting
on reef habitats! could be a factor, it is clear that overfishing is the factor which
needs to be addressed as a priority. Fishing effort at SPAGs typically removes the
oldest and ~ 6sh from the poladation  Coleman et ai. 2000!. Most grouper

means that the largest fish in the population are generally males  Shapiro 1987!.
The removal of a large nmnber of males tluough aggregation fishing may lead to
disruption of the entire spawning pattern of the species  Coleman et ai. 1999!. A



Page532 Luckhurst, 8. GCFI:55 2004

recent survey of the status of reef fish stocks in the U.S. indicated that 734/o of the
species considered most overfished are protogynous hermayhrodites  Coleman et
al. 2000!.

The depletion of reef fish resources which form SPAGs in the greater
Caribbean region has both negative ecological and soci~nomic impacts, but
these effects are not, as yet, well documented. These impacts can potentially be
mitigated by the development and improvement of marine resource management
measures at both the level of the specific site and at the national level.

RESOURCE MANAGEMENT PRINCIPI.ES FOR

REEF FISH SPAWNING AGGREGATIONS

It is now widely recognized that the management ofmulti-species coral reef and
warm-temperate fisheries using most conventional fishery management tools is
unlikely to achieve the level of success desired by resource managers  Coleman et
al. 1999!. There is rarely a suf5cient level of understanding of interspecific and
community-level interactions to direct management action at a given species
 Lindeman at a1 2000! without negative or unforseen ecological impacts. In the
absence of detailedbiological informationaudunderstanding of the dynamics ofthe
populations of the target species, it is mueasonable and impractical to pursue finely
tuned management programs. However, the formation of SPAGs at weiIMefined
times and locations by a number of different syecies offers a management option
which can be both simple and effective. Although the state of knowledge of the
dynamics of SPAGsislimited,thereexistscompellingevidencewhichindicates that
intense fishing pressure at SPAG sites is not sustainable in the long-term  e.g. Gag
grouper; Koenig et al. 2000!. Therefore, a practical approach to managing SPAGs
is to take management I conservation steps to limit fishing mortality to prevent fhe
depletion of the SPAG. Without timely management action, some SPAGs may
simply disappear. 'Bus is well documented for Nassau grouper at various locations
in the wider Caribbean  Sadovy and Eklund 1999!.

When fishing mortality of males is high, there may be an insuf6cient number of
males available to fertilize all of the spawning females. This can lead to reduced
reproductive output &om the population. In addition, the removal of mites may
cause a greater female-bias in the yopulation sex ratio to develop, further
contributing to the disnrption of the reIMoductive process  Coleman et al. 1999!.
In the case of gonochoristic species such as snappers, the largest females make a
disproportionate contribution to the reproductive output of the population  size-
fecundity relationships areusuallyexponential � or, in other words, "bigger females
produce many more eggs"!  e.g. Red snapper; PDT 1990!. The removal of many
large females due to aggregation fishing similarly reduces the reproductive output
of the population  Coleman et al. 1999!. From the foregoing, it is clear that the
guiding principle for the management of SPAGs is the reductionof fishing mortality
at these sites. At vulnerable sites, the elimination of fishing mortality through
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permanent closure of the site may be the only practical maxxal @ment option if the
site is to remain repxoductively viable.

SUMMARY OF CURRENT STATUS OF SPAWNING AGGREGATIONS BY

COUNTRY OR JURISDICTION IN THE GREATER CARIBBEAN REGION

A list of the species documented to form spawning aggregations in the region
 Table 1! indicates that there are a total of 10 fimiTies and 3S species involved. As
expected, the list is donxinatedbythe commexciaHy impoxtantgroixpexs Sexnnidae!
and snappers  Lutjanidae! with eight and seven species xespectively. However, the
jacks  Carangidae! which are also commerciaHy important in the region, have a
number of species Hstedaltho~relativelyfew observations have beendocumented
of the foxxnation of SPAGs by these species. The other coxnmexciaHy important
families are the grunts  Haemulidae! and the wrasses  Labridae, one species!.
Virtually aH of the species hsted in Table 1 may potentiaHy be captured with non-
selective AntiHian fish traps but there is little directed fishing e6ort for a number of
the reef fish species listed here because they are generally not commercially
exploited.

The evaluation of the number of SPAGs and their status in the xegion Table 2!
is based on the best information available. However, the documentation of SPAGs
in the different countrie inthe region ishighly variable. Evxduationoftheircuxxent
status is even more variable. In some instaxices, there ispubfished infoxxnation and
data on given sites while for anumber of others, thne is only anecdotal information.
With increasing awareness of the importance of SPAGs in the region, the
acquisition of information and data should increase substantiafiy.

It is clear finm Table 2 that the majority of SPAG sites appear to be suffering
declines in landings and that the Nassau grouper in particular has been significantly
impacted by fishing pressure with the disappearance of a number of SPAGs in
different countrie Sadovyand Eklund, 1999!. 'IIxe only species/sites which appear
to be stable are those which have specific�mauagementmeasuxesin plac for SPAGs
 principaHy seasonal area closures!. It is not possible to prove cause and effect but
these findings strongly suggest that active management of SPAGs  centred on
limiting fishing mortality! can be highly beneficial to the poliulations under
exploitation.
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Table 1.. List of species documented to form spawning aggregations in the greater
Caribbean region. The species list is based on published accounts of spawning or
documenta5on by scientNc observers of one or more of the criteria associated with
spawning aggregations. Not aN species included meet the criteria established by
Domeier and Colin �99'! to designate a spawning aggregation species but are
included on the basis of un ublished scientific observations.

Faml

Lutianidas

Haemulidae

Labridae
Balistldae
Ostraciidae

Epinephelus adscensionis
E. guttatus
E. BeNrra
E. striatus
Nycteropeica bonaci
M. microlepis
N. tigris
Af. venenosa
Lutjanus analis
L apodus
L cyenopterus
L gnseus
L jocu
L synagns
Ocyurus chrysurus
Acanthurus behienus
A. coeruleus
A. chirurgus
Anisotremus surinamensis
Haemulon album
H. ptumien
H. sciurus
Pseudupeneus maculatus
Scarus iserti
Sparisoma rubripinne
Camngoidss ruber
Caranx barthobmaei
C. crysos
C. hippos
C. letus
Seriota dumen7i
S. nvoliana
Lachnolaimus maximus
Canthidennis suliiamen
Lactophrys trigonus
L ' ter

Rock hind
Red hind
Goliath Grouper
Nassau grouper
Black grouper
Gag grouper
Tiger grouper
Yetlowfin grouper
Mutton snapper
Schoolmaster
Cubera snapper
Gray snapper
Dog snapper
Lane snapper
Yellowtail snapper
Ocean surgeon
Blue tang
Doctoitish
Black margate
White margate
White grunt
Blue-striped grunt
Spotted goatAsh
Striped panotgsh
Yellowtail panothsh
Bar jack
YeNow jack
Blue runner
Crevalle jack
Horse-eye jack
Greater amberjack
Almaco jack
Hoglish
Ocean triggerNsh
Buffalo trunkNsh
Smooth trunkfish
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Table 2. Summary of current status of spawning aggregations  SPAGs! in the
greater Caribbean area hy country and species. Only commercially exploited
species are listed. Countries with dtxxjmented spawning aggregations are listed
from north to south. Status refers primanlyto documentedmshery landings but may
include fishery independent evaluation of given aggregation sites. Status reflects an
overall trend in recent years but may not accurately reflect the current status �002!
as changes can occur rapkmy at SPAG sites.

Current Status Rel'erence I
 Landings! Sollrce

Nassau Grouper
Nassau Grouper

Disappeared
Decrines
Heavily expi.

Turks and
Calcos Islands
Florida

25 tokrl sites
inckxsng:
Dry Tortugas

Key West area 1 Lane snapper

4 Mutton snapper Declines

2 Schoolmaster snap ?

Yeiiowtsw snap ?

? Black grouper Dedines?

2? Gag grouper

? Scamp

M? Goliath grouper

10 Cubera snapper
�1 total sites!

3 Gray snapper

13 Lane snapper Dedines

55 Gulf and Cartbbean Fisheries institute

Counhyl State Total Species involved
SPAG
Sites

5 Nassau Grouper Ughly exploited

3 Cubera snapper Declines

Dog snapper

8 Gray snapper ?

Lucidiurst,
1996; MS
Luckhurst, 1996
Braynen, pere.
comm.,
Ray et ai., 2000
Clerveaux, pere.

Undeman et al.,
2000
Undernan et aL,
2000
Undeman et aL,
2000
Lindeman et ai.,
2000
l.indeman et ai.,
2000
Undeman et al.,
2000
Undeman et al.,
2000
Eklund el al.,
2000
Coleman et ai.,
1996
Coleman et aL,
1996
Sadovy &
Eidund, 1999
Ciaro and
Lindeman, in
Ixass
Claro and
Undernan, in
press
Ciaro and
l.indeman, in
press
Caro and
Undernan, in
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Table 2 continued
Cunant Statue
 Landings!

5 Black grouper

Dedines

Dedines l 1
Disa ppeanwt
Heavily expl.?
Mod. expi. '?

Mexlco-
Quintana Roo
Cam pacha
Bank

Heavily expl.

Heaviy expl.

Heavily expl.

�3 total sites! 4

Dedines l

Disappeared

I ightly expl?
Lightly expl?
Ughdy expl?
Lightly expl?
Disappeared?

Black grouper
Tiger grouper
Yelowlin grouper
Red hind
Nassau grouperHonduras-

Guanaja

Dedines

Ughtly expl.

Lightly expl.

Heavily expl

Disappeared?

Nassau grouper

Tiger grouper

Mutton snapper

Lane snapper

Nassau grouper

Cayman
Islands

Bush, pars.

Bush, pere.

Aiken, pefs.

Sadovy &
Eklund, 1999

Jamaica

Dominican
Republic

Countfyl Rate Total Species Involved
SPAG
Sites
12 Mutton snapper

9 Nassau grouper

6 Yellowlin grouper

1 White margate

Nassau grouper

Yellowfin grouper
Red hind

Cubera snapper

Dog snapper

Mutton snapper

Yellowtail snap.

Nassau grouper

Claro and
Undeman, in
pfess
Clafo and
Lindeman, in
press
Sadovy 8
Eklund, 1999
Ciaro and
Lindeman, in
pfes8
Claro and
'Lindeman, in
pfass
Aguilar-Perefa
and Davis, 1996
Tuz-Sulub, in
pfess

Heyman, pefs.

Heyman, pefs.

Heyman, pefs.

Heyman, pere.

Paz and
Grime hew,2001
Sale et al.,
2001
Heyman, 2001
Heyman, 2001
Heyman, 2001
.Heyman, 2001
Fine, 1992;
Sadovy &
Ekluncl, 1999
Bush et al, MS
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Current Status Ret'erunce I
 Landings! Source

Puerto Rico

U.S. Vtrmtn ls. 3

Disappeared

Lighay expl.

Lightly expL

Lightly expt.

Brtttsh Vlrtt in
Islands

SUh68ARY OF FISHERIES MANAGEMENT MEASURES RELATED TO

SPA%MNG AGGREGATIONS IN THE GREATER CARIBBEAN REGION

There have been anumber of fisheries managementmeasures implemented for
SPAGs in the region  Table 3! but the majority have only been in place for 10years
or less. Bermuda was the firstjurisdiction to specificaHyptotect SPAGsites in 1974
 Luckhurst, 1996! followed by other mattagement measures some years later. In
many jurisdictions, management and regulations have been put in place "too late",
after significant declines in spawning biomass have occurred. Because the
understanding of the dynamics of SPAGs and the time kame of depletion has been
slow to accumulate:, management action has often not been taken with the urgency
necessary to redress the depletion of populations. Once the spawning population
biomass faHs below some threshold value then recovetyundermanagementmaynot
occur even after a number of years. The rate of recovery is likely to be species
dependent.

The only scientificaHy documented examples of the presumed effects of
management on SPAGs are for the red hind. In three jurisdictions, significant
increases in mean size were observed foHowing the seasonal closure of red hind
SPAG sites- Puerto Rico  Matos-CarabaHo,20D2!, U.S. Virginislands  Beets and
Friedlander, 1999! and Bermuda  Luckhurst, MS!. Similar documentation of the
beneficial effects of site closures for other species forming SPAGs has not yet
appeared in the published literature.

55 Gulf and Caribbean. Fialterhs lnstltttte

Countryl Stale Total SpecteslnwNved
SPAQ
Sites

Red hind

Tiger grouper

Nassau grouper

Mudon snapper

Red hind

Nassau grouper

Red hind

Nassau grouper

White rnargate

Matos-
Carabaiio, 1997
Matos-
Caraballo et al,
Sadovy 8
Mond, f999
Garcta4lotiner,
2000
Beets &
Frledlander, '99
Otsan &
Laplace, $ 978
Ensthee, pere.

Ensthee, pere.

Erhthee, pars.
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Table 3. Summary of exisfing fishenes management measures related to SPAGs by
and cou or urisdicfion.

Man ament Aclon I Year
Bermuda Red hind Seasonal area dosure  May-

August! of 2 sites - 19?4

Protect spawning grouper
biomass
Closures for 3 x 10 day
periods around full moon
Clceures for 3 x 10 day
periods amund fufi moon
Protect SPAG siteFlorida

 Riley'8
Hump!

Protection of mulfi-species
SPAG sfie

Abundaime at SPAG sites
has slowly increased
Dedines in abundance due
to heavy fishtr5I pnrssure
Consenrafion measure

E. Gulf of
Mexico
Mexico
 Yucatan!
Befize

Unprecedented coopera5on
between Govt;, fishers and
NGOs for coneervafion

Reducfion of fishing
morttdfiy by gear
restricfionsl catch limits and
temporal dosuies

No spearfishing at SPAG
sfies, no trapping wfihin 1 nm
of SPAG Protected Area
during spawning season
 Nov. WAar 31! - 19&Os?
Alternate year fishing
strategy staifing 2003, bag
limit 12 fishlboatlday when in
fishi rs

Red hind
Black
glQUPef
Yefiownmuth
gfolgxÃ
Giouper-
Red Nassau,
r~,
Yefiowrin
Grouper and
rockfish
Nassau
grouPef
Nassau
groUP8f
Mufion
snappef

Snapp8ls-
Mutton, Gray,
Cubera, Dog,
Yefiowbal
Goliath
glQUPef
Nassau
gfoUper
Nassau
giouPef
Afi aggreg.
spp-
groupers and
sn8ppeis
Nassau
gioUP8f

6! Seasonal dosureof
addifional SPAG site -1990
2! Seasonal  May-August!
bag fiimit of 10 fish per boat
per day - 1990
Nfinimum legal sizes for
listed species - 1996
Bag fimfi- 1 fish iboat lday,
for bkick and yelkxvrnouth
grouper - 1996
No lakelno possession-
1996

Landing of gieuper < 3 lbs. is
piohibiled - 19&6
Seasonid dosure of High
Cay sitegndros - 'I&98-2001
Seasonal dosuie of 2 sites,
Long Island- 1999-2001
Seasonal dosure  May-tune!
of designated arne- 1998-.
2001
Permanent dosuie of
designated anra-2001

Protected species -1991, no
take, no possession
No spearfishing at SPAG site
Mahahual -1993
SeasorM5 dosure at Glover'8
Reef -1990?-1998?
Permanent dosuie of 13
SPAG sites fivoughout the
counby - 2002'?

Landings decfined in
fofiowing years before
staMization alter trap ban
1! Inas.ised number of

protected sfies to 3.
2! To fimit sale of fish

caught ifiegafiy at
SPAG sites

To 8ssist in pfotecfiorl of
spawning stock biomass
and to aid in population
recovery
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Table 3 conttnuedr
Seasonal ctorxse of 4 SPAG Increase in CPUE and
sites oN west coast - 1995 mean size, west coast-

19RHQ
U.S. Nkrtton
Virgin ts. snapper

Red hirxl

Seasonal cloewe of SPAQ
site in St. Croix - 1995?
Seasonal closure cf SPAG
site in St. Thomas - 1990
Seasonal ben  Jan - Mar! on
possession cf red hind-
'l999

No dale on elficscti of
measise is available
Mean size increased; sex
ratio less skewed-1997
Bimtnates market for fish
taken at SPAG sites

Brifish Red Hind
Virgin ls.

CONCI.USIONS AND RECOMMENDATIONS
Given the disappearance of a number of Nassau grouper SPAG sites and the

general declining trend of landings at most SPAG sites in the region, the need for
active management and conservation measures is apparertt. In the locations where
SPAGmanagernent has been implemented,there has beena positiveimpact onstock
condition and often in a relatively short time frame. There is growing recognition
of the ecological significance of SPAG sites to the balance of coral reef ecosystems
and the need to corrserve these sites.

The followingrecommendationsare made tomitigate theefFectsofoverfishing
of SPAGs. They are mainly derived fmm the elements outlmed for a Caribbean
Regional Conservation Strategy for Reef Fish Spawning ANpegations g.uckhurst
2002!. The recommendations are generally listed m priority order but should be
adapted to the specific conditions found at each site:

i! Elimirratefishingmortalityat vuhterabIe SPAG sites. If pennanentclosure
of a site is not possible then a seasonal closme should be mvoked. There
should be a sense of urgency for management /conservation action as
SPAGs may show sudden and rapid declines under intense fishing
pressllIC.

ii! Incorporate known SPAG sites into planning programs for Mahm
Pmtected Areas  MPAs! to pmvide permanent pmtection of SPAG sites.
This is ofien the best option for the pmtection of SPAG sites as it has
multiple benefits for the health of the coral reef ecosystem.

iii! Develop and implement monitoringpmgrarnsinvolving scientists and user
groups within the community to evaluate the efFect of management
/conservation measures. Ihe demonstration of the positive efFects of
management to user groups can be a compelling factor in developing
support.

iv! Develop community-based managrunent programs for SPAG sites to the
fullest extent possible. Full participation in the managementprocessbyall
of the user gmups afFected by management measures will greatly increase
the pmbabihty of success.

v! Pmvide viable economic alternatives to those user gmups who are
displaced fmm SPAG sites as a result of management action.
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It is recommended that a network be established of marine resouxce managers,
sciexxtists aud fishermenat ke sites throughout the regionto promote the systematic
collection of information and data about SPAGs. This should enhance our
knowledge of the numbers and diversity of SPAG sites in the region. The use of a
standardized protocol for data coHection should be promoted in order to faciHtate
comparisons amongst sites. The data and information coHected through this
proposed regional network should be provided to an international umbrella
orgxmization such as SCRFA Society for Conservation of Reef Fish Aggregations!
which is developing a global database on SPAGs.

The efficient dissemination of infoxxuation regarding SPAGs to relevant
organizations within the region including government departments, academic
institutions and Non-Governmental Orgaxiizations  NGOs! could be accomplished

W
The annual GCFI meeting could pmvide the ideal forum to evaluate and

coordinate ongoing SPAG-related activities in the greater Caribbean.
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ABSTRACT

In the tropics, spawning agyegations represent ideal opportunities to target
commercially important fishes, to the level that intense and effective fishing can
eliminate much of the population. The commerciaHy important Nassau youper
forms large seasonal spawning agyegations at specific locations along the coral
reefs of the western Atlantic and Caribbean. In the Mexican Caribbean, the effects
of the giHnet fishery on the Nassau grouper, taken during its annual aggregations,
were analyzed &om 1991 to 1997. Fishing eIFects on grouper mean size and sex
ratios were not clear. Mean size for both sexes decreased and later increased

apparently inresponse toboth fishing and variable rocruitment. Thesize-selectivity
of giHnets against both smaH and laq,e individuals may have masked the impact of
fishing on population siz structure. 'Ihe sex ratio was female-biased for the overaH
period and remained close to unity for each individual rqnoductive season, but sex
ratio may not be a good indicator of exploitation in this primarily gonochoristic
species. However, landings substantiallydeclined and the aggregation disappeared
&omitstraditional site; bothoftheseare suggestiveofserious problems. Although
several 6etorscouldbe involved, fishing is stronglyimplicated asprobable cause for
these changes. Fishery managers seriously need to consider the estabHshment of
marine reserves as an alternative to protect all the known Nassau youper
aggregations along the southern coast of Quintana Roo, Mexico.

KEY WORDS: Fishing, Nassau grouper, spawning agyegations, Mexico

Determinacion del los Effectos de la Pesca en Agregaciones de
Desove del Mero de Nassau a lo Largo de la Costa Sur de

Quintana Roo, Mexico

En los to5picos, las agregacionesde desove representan oportunidades ideales
para captumr peces de importancia comercial, a grado tal que Ia pesca intensa y
efectiva puede eliminar gran parte de su poblacibn. El mero de Nassau, de
importancia comercial, forma agregaciones de desove estacionales en sitios
especificos a lo largo del anecife coralino en el Athhitico oeste y Caribe. En el
Caribe mexicano, se analizaron los efectos de la pesca con redes sobre el mero de
Nassau, capturado durante sus agregaciones anuales, de 1991 a 1997. No fueron
claros los efectos de la pesca sobre la taHa media y propotci6n en sexos del mero.
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La taHa mediapara ambos sexos disminuy6 y luego increment6, en respuesta tanto
a la pesca corno a un mclutamiento variable. La selectividad por taHa de las redes
contra individuos peque5os y grandes quill haya enmascarado el impacto de la
pesca sobre la estructuxa yoblacional por tallas. La pmlxuci6n en sexos estuvo
sesgada hacia hembras durante todo el periodo y se mantuvo cexcana a la unidad
para cada estaci6n xeproductiva, pexo la pmporci6n en sexos qmzk no sea un buen
indicador de explotaci6n en cata especie yrimordialmente gonoc6rica. Los
desembaxques disminuyeron substanciahneate y Iaagregaci6n desapaxeci6 del sitio
tradicional, lo que sugiere que existen problemas serios. Si bien, varios factoxes
podrlan esuir involucrados ental desapaxicibn, la pesca queda implicada corno una
causa pmbable de tales cambios. El manejo yesquero necesita tomar seriamente en
consideraci6n el establecimiento de reservas marinas corno uaa altexnativa para
pmteger todas las agtegaciones conocidas del mere de Nassau a lo largo de la costa
sur de Quintana Roo, Mexico.

PALABRAS CLAVES: Pesqueria, el mero de Nassau, agregaciones de desove,
Quintana Roo, Mexico

INTRODUCTION

Traditional sixbsistence fishing is a�widespaml�human exploitative actiity inthe
tmpics. Intense fishing assure affects the targeted xnarine oxgaxusxns Russ 1991,
Jennings and Lock 1996! by reducing their density and abundance Russ and Alcala
1989, McClanahan 1994!, biomass: Jeaaixigs et al. 1995!, altering sex ratios
 Thompson and Munro l983!, and decreasing body mean size and catch rates
 Koslow et al. 1988!. Intense fishing has severe consequences for commerciaHy
important gmuyers because of their longevity, slow gmwth, large age at maturity,
and their agtpegating behavior during reproduction  Ralston 1987, Sadovy 1994;
Coleman et al. 1996!.

In the western Atlantic, several groupers exhibit aa agtpegating behavior:
Nassau grouper, Epinephelusstriaxxxs Smith 1972!, Red hind, Epinephelus guttatus
 Shapixo et al. 1993!, Goliath gmuper, E itajarxx Sadovy aad Eklund 1999, Nelson
et al., 2001!, Tiger grouper, Mycteroperca tigris  Sadovy et al., 1994; Saia et aL,
2001!, Yeilowfm grouper, M venenosu  Sala et al. 2001!, and Black gmuper, M.
bonaci  Ekiund et al. 2000, Sala et al. 2001!. They form briefly, seasonal
aggregations to syawn at predictable times aad places in the coral xeefs  Shapim
1987, Domeier aad Colin 1997!. Such aggregating behavior and high site fidelity
during reproductive seasons may increase chances for their overexploitation
 Coleman et al. 1996!.

The Nassau gmuper, one of the most commercially important,.shallow-water
grouper in the western Atlantic  Munm 1973, Thoxnpson and Mumo 1978, Sadovy
and Eklund 1999!, concxxitrates inhundxedsoreven thousands of individualsat what
seem to be traditional spawning aggregation sites in the coral xeef  Smith 1972;
Olsea and La Place 1979, Sadovy and Mund 1999!. The aggregation foxxns for a
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period of days prior to spawning during full moon days of December and Januazy,
and abruptly dissipates after the reproductiveseason Colin 1992, Carter etal. 1994;
Aguilar-Pereraand Aguilar-Dkvila1996, Sadovyand Eklund 1999, Salaeta1. 2001!.
Many reported Nassau grouper ampegationsites in the western Athmtic show severe
landing declines  Sadovy 1999!, and many have completely disappeared due to
overexploitation Sadovyand Eklund 1999!. Asacmnsequence, the Nassaugrouper
is a candidate for the U.S. Endangered Species List {Sadovy aud Eklund 1999! and
considered as threatened by the American Fisheries Society  Musick et al. 2000!.

In the Mexican Caribbean  eastezn Yucatan Peninsula!, of the seven Nassau
grouper aggzegation sites located along the southern coast of Quintana Roo
 Aguilar-Perera 1994!, one of the most exploited and the only studied is located off
Mahahual, c1ose to northern Belize. F~en heavily exploited Nassau groupers
from this aggzegation site for more than 80 years  Aguilar-Pezeza 1994, Aguilar-
Perera and Aguilar-D&rBa 1996,Aguilar-Perera 2000, Sosa-Cordero and Chr~
Vidal 1996!. Current studies on its stock are relatively scarce as to establish fishery
management zegulations to protect it.

While direct effects of fishing pressure on fishes aze known  Russ 1991,
Jennings and Lock 1996!, and being more critical during spawmng seasons of'
aggregating gzoupers Coleman et aL, 1996!, relatively few is known of the Nassau
grouper in the Mexican Caribbean Aguilar-Perera 2000!. Thus, the primazy aim of
this study was to exmnine its poIiulation slnzctuze based on the commercial
gillnetting catch aud to deterznine if changes in mean size and sex ratio relate to the
effects of persistent and heavy fishezy exploitation.

MATERIAL AND METHODS

Nassau gzoizpers were sampled from the commercial catch meal�8'43'
N; 87'42' %!, southezzz Quintana Roo, Mexico, exclusively during zeproductive
seasons eg., spawning aggzegations! each December and January from 1991 -1997
 except Januazy 1994, 1995 and December 1996, due to logistic constrains!. For
capturing Nassau groupers, the fishezmen used gillnets �5 cm in mesh size! that
regularly set in the afieznoon�500 hrs! and hauled early in the mozmng �500 hrs!
the following day. In sozne cases during mornings, fishermen would remove
groupers as the gillnet was hauled, set it back in the water, and haul it again in the
aftezzioon. Gillnets were deployed in the fore reef, perpendicularly to the reef crest,
southern to the traditional grouper spawning aggzegation site of Mahahual  Aguilar-
Perera 1994, AguHar-Perera and Aguilar-Dkvila 1996!;

Since sampling was entizely fisher-dependent, there were some constraints in
fishing effort that substantiallyprectuded thesampling. Number ofboats, fisherme,
and giHnets were variableevery fishing season. For mstance, in December 1991 and
January 1992, at least six boats with two gillnets �50 m long, 5 m wide each! were
used by fishermen, while in December 1995 and January 1996, only thzeeboats with
one gillnet �00 m long, 5 m wide! were used. Such a decrease in fishing effort was
explained by the dH5culty for the fishezmen in easily finding the grouper
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aggregation.
At the landing site, grouper total length  TL! and staridard length {SL! were

m~ to the nearest centimeter, and body and gonad weights were recorded to
the nearest gram. Fish were sexed either macroscopically by gently squeezing and
externally examining their abdomens or microscopically in laboratory, following
embedding inpara6ui, sectioning at 4-5 pm,and staining inhematoxylinand eosin.
The Kohnogorov-Smirnov two sample test  D!, t-test  t!, X, and ANOVA were
used to compare the fish size-&equency distributions, mean size, sex ratio, and
length variations betweenrepmductiveperiods, respectively Sokal and Rohlf1995!.

RESULTS
'Ihe total sample was comprised by 778 Nassau groupers ranging &om 39 to 88

cm TL {sexes combined!. Of these, 338 �3 4 ~/o! were males {39 to 86 cin TL! and
440 �6.5~/o! were females �6 to 88 cm TL!. A subsample of 412 groupers �2.9
/o, sexes combined! ranged &om 1.3 to 10.2 kg. Of these, 178 were males �.3 to
10.2 kg! and 233 were females�.8 to 9.6kg!. Size-&equmcy distributions between
females and maleswerenotsignificanttydifferent Kohnogoruv-Smimovtwo sample
test!. Mean total length did not differ significantly between sexes within each
repaxluctive season  t-test; Table 1!. However, mean total length for both sexes
combined was significantly different between reproductive seasons  ANOVA, p <
0.0001!.'Aiere was a significant�decrease inmean tota length for males in December
1993, while significant differences for females were found in December 1993 and
1994  Tukey test, p < 0.05!. Mean total length for both sexes slightly increased
during subsequent reproductive seasons.

Size-&equency distributions, sexes combined, showed aslightly shift to smaller
sizes between December and January within a singlereproductive seLen {Figure 1!.
In December 1991,mean size was 58.1 cm, while in January 1992 there was a mean
size of 59.21 cm. However, size-&equeucy distributions were not signi6cantly
different. In contrast, m December 1992 and January 1993, size-&equency
distributions were significantly different  Kolmogorov-Smimov: D = 0226, p <
0.01!. Mean size in December 1992 �7.7 cm! was significantly smaller than thatof
Janumy 1993 �0.8 cm; t-test, p < 0.01!.

The overall sex ratio of females  n= 440! to males  n = 338! was 13: I, which
was significantly biased towards females  X', p <0.001!. Nonetheless, during most
reproductive seasons, the sex ratio was close to unity {1:1!, except for December
91-January 1992  n= 224, X', p<0 001! and December 1995-January 1996  n = 61,
X', p < 0.01!, where a female-biased ratio for the former and a male-biased ratio for
the latter were signi6cant. Sex ratios for each reproductive season are shown in
Table 2.
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Figure 1. Length-frequency distributices of male and female Nassau grouper,
Epinephelus sbiatus, taken from the spawning aggregationby the gÃlnetting fishery
of Mahahual, Quintana Roo, Mexico from ilar-Perera, 2000 .
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DISCUSSION

Nassaugroupermean sizetrend wasnotagood indicatorof fishingeffectsbecaiise
oftheiufiueuceofannualrecruitmentvariability. Pemalesandmaleswere similar inaize,
not onlyfortheoveraH study,butalso during eachteprohictiveseason. However, there
was adeclineinmean size forkxnalesduring December 1993 and 1994, and formales
during December 1993. Anappareiitiiaxeasemmeansizefor both sexes wasobserved
during Decemlxx 1995 and Januaiy1997. Itispossible thatacombinationofpersistent
fishing pressure and gmuper annual recruitment variations could account for such
different inmean siz. Moreover,duringlastmonthsofthe stud sample sizewasso
smaH  around 13 individuals!, due to grouper landing decline,.that it could confound
mean size comparisons with the previous reproductive seasons. There were no more
elements as to conclude that the mean size fluctuations could be solely due to fishing
pressure.

Accordingto Carteretal. �994!,inBeiiizetheNassaugroupermean sizes forboth
sexes were similarwithinagivenarea,orataspecificagyegationsite;thus itispossible
todetectsizedecfineinareasofhigber expioitation. Whentheexplaitationisvery high,
juvemles  < 30 cm TL! largely coinprised the catch  Sadovy and Eklund 1999!. 'fn
Belize, Nassau grotiper mean sizes of exploited aggregations were smaHer  > 42 cm
standard length [SL]!.than those of non~oited aggregations�2 cm SL!  Carter et
aL 1994!. Inthe Mexican Caribbean, although mean sizes appuentlydeclinal,juvemles
were notpresentinthecommetcial catch, and mean size for both sexes was greater than
that of groupers &om Belize. Inapre,vious study inMabahual, Mexico, Sosa-Corderu
aud Chrdeiias Vidal �996! found that mean size between females and males was
significantly differen during 1991 - 1990, with females slightly larger than males.
However,theyconcluded that theiriesuits were ptelimuiary, withsliortcommgsderived
fiom a smaH sample size �80 mdividuals only!.

In the present study of Mahahual, juvenile absence fiom catches could be due to
either giHnet selectivity for larger sizes  > 30 cm! or the preseiice of only mature
groupers. However, acouple ofmdividuals <30cm! wereobserved in the coral reeS
closetheaggregabonsite. One interestmgaspect found inthis study,inrelationtomean
size, is that the size-specific¹ssangmupercatchabiTity ix�the-extent to which astock
is susceptible to fishing! with giHnets would potentiaHy be equivalent for both sexes,
meaning that the fishery was not size-selective for a particular sex.

Sex ratio was not a good indicator of fishing effects. The overall sex ratio of
Nassaugrouperinthe MexicanCaribbeanwassignificantly female-biased�3:1!,but
when viewed for each reproductive season it was close to unity, with two exceptions
 Dexmber 1991 - January 1992; Decernber 1995- January 1996!. The giHnet fisher
refiected a significantlyoveraH female-biased sex ratio. However, most relaoductive
seasons reflected a uniformsex ratio. CranparedtootherNassaugrouper populations
around the western Atlantic, thesex ratw m this study was among the closest to umty,
while the most female-biased�:1! was reported in heavily exploited areas of Cuba
 Claro et al. 1990!.

Ingeneral, the sex mtio is female-biased in exploited populations, while in lightly
orrelativelynor~loitedpopulations isclosetounity, suggestingthat the normal sex
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ratio iu non-fished adult populations is appzuximately 1:1  Sadovy aud Colin 1995,
Sadovy and EUund 19993. However, care is needed when assessing sex ratios at
aggzegzitionsbecauseofpossiblegear selectivity, diffezzszccs between the�sexes m tim
spent at aggregation sites or migzation patterns  Sadovy and Kklund 1999!. In the
Mexican Caribbean,diffezencesbetwomsexesin�tune spent ataggzegatonsitescould
have affected the estimation of sex ratio. According to Banhch �958!,.males may
pzecede femalestospawiimgsites. Iliis may explain thesudden appearance of azinelw
biased sex ratio observed in the Mexican Cazibbeanduring the Decenzber 1995- Januazy
1996. Sosa-Conhro and Chnleuas-Vidal �996! also documented a male-biased'sex
ratio �'. l.5! in Mahahuil during 1990-91.

WhBe the mean size trend and sex ratio were not good indicators of fishing
effects on the Nassau grouper Rom Mahahual, the aggregation distuzlence  i.e.,
disalzpeazance! and hmding declines AguBar-Pezezaaud Aguilar-.Dkvila 1996! were
indicative of serious yzoblems. Such situation is simBar to that of the zest of the
Nassau grouper aggregations in the western Atlantic  Sadovy and Rkhmd 1999!.
In this sense, concerns about the possibility of ovezexploitation of the Nassau
grouper Sum Mahahual are high AguBar-Perera2000!. Fishingat this aggregation
site started in the 1920s, but it attained commercial importance in the 1950s, when
Nassau grouper landings obtained by hook and hne for one season reached about 24
t  Aguilar-Pezera 1994!. Ihe average weight of the groupers caught fmm 1991-
1997 was 4 kg  Aguilar-Pezera, 2000!; thus, 24,000 kg zeluesents around 6,000
individuals. In 1988,4 t �000 individuals! were caught in 1988 using spearfishing
only Aguilar-Pezeza1994!, and 2t�00 individuals! in1992using gillnets  AguBar-
Perera and AguBar-Dkvila 1996!. However, in 1&7 less than 100 kg �5
individuals! wezecaught with gilinets only. It is important to mention that notonly
the fling gear used, but also the nmnber of fishermen varied along this period of
50 years.

During the 1990- 1991 season, a grouper aggregation comprised by 1,000
groupers was found at the traditional site  Aguilar-Perera 1994!, but eventually no
longer appeared at this site, and only sparse fish groups � or 3 of less than 100
individuals! were found at the deep fore reef �5 m!, moving Som south to north
following the deep fore reef contour  Aguilar-Pereza aud Aguilar4MvBa 1996!.
Such a progressive decline in fish abundance at this aggzeipition has greatly
diminished the fishermens' abiTity to exploit it. Moreover, in late 1996the Mexican
Fishery Department applied a severe fishing ban, which not allowed the fishennen
to exploit the Nassau grouper during the aggregation.

In the western Atlantic, of the more than 60 Nassau gzuuper aggregation sites
known, many �5 %! no longer form  Sadovy and Eldund 1999!. Since tbese
aggregations aze found at predictable places and times in short periods, removed
with avariety of fishiug gears, and heavily exploited for morethau 50years, they are
especiaBy susceptible to heavy fishing pressure, and consequently to
ovezexploitation. In the Mexican Caribbean, as in many areas of the westezzz
Athmtic, the fishczznen�mainlyexploitNassaugioupersdurig the zeprodzzctzve ie.,
aggregating! season  December and January!. For more than 80 years, the groizper
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aggregation &om Mahahual was exploited with different types of fishing gears
 Aguilar-Perera1994!, including hand hnes, spearguns,and giHneh Aguilar-Pexexa
and Aguilar-Bhvila 1996!. Spear6shing  Sluka and Sulhvan 1998! and fish traps
 Thompson and Munro 197.! are more devastating for larger and smaller groupers,.
respectively, because bothgears arehighly size-selective. Inthe Mexican Caribbean,
gillnets selected a vast array ofNassau grouper sizes�9 cmto 88 cm TI.! according
to the mesh size used  e.g., 15 cm!.

Fishing effects axe mor strikingon fishes that�aggregat to spawn Coleman et
al. 1996!,since they showhigh site fidelityandconcentratetheir annual relaeductive
activity during aggregations. Heavy selective pressure concentrates on mature
Nassau groupers susceptible to capture fium easily located spawning aggregations.
Since heavy fishing on thes aggregationsis one ofthemaincauses of fish depletio
and stock collapse, a complete protraction for them is stxongly recommended as a
xmuxagement strategy in the western Atlantic  Sadovy 1999!. Suchpxotectionneeds
also to be enforced durmg non-agtpcgating seasons, with addltxonal xnanagelnent
regulations, such as: mmimum sizes, gear restrictions and quota hmits  Sadovy,
1994!. Furthexmoxe, comprehensive studies on biological, fishery, and socio-
economicaspectsaxehnportant for an effective management Sadovy 1994,Aguilar-
Perera 1994!. In the Mexican Caribbean, new xe.eaxeh for the aggregation site off
Mahahual  including the other known sites along the southern coast of Quuxtana
Roo!, must xelyonusing the side-scan sonar technology and geographic information
systexns  GIS! for habitat mapping, and telexnetxy  ultmonic tagging! to determine
the Nassau grouper home range and potential aggregation site sharing along the
Mexican coast  including Belize!.

Recently, a management altexxuxtive increasingly accepted to protect spawnmg
areas involves estabhshing "no-take"  or fully protected! marinexeserves  Jennings
2001, Roberts et al. 2001!. Any identified and documented spawning area
represents a known "source" of huvae for the xeplenishxnent of local popuhxtions,
while the adjacent areas could be "sinks". Thus, both should be protected as a
marine reserve  Robexti 1998!. Density and biomass of larger groupers iu the
Florida Keys and the Bahaxxuxs were significantly greater in marin reserves than iu
heavily exploited areas  Chiappone et al. 2000!. Nassau grouper size, reproductive
output  number of eggs per hectare!, and average biomass inside a marine xeserve
in the Bahamas were significantly greater than those of outside  Sluka et aL 1997!.
Since the Nassau grouper migrates considexxible distances to reproduce  Boldeu,
2000!, anetwoxkofmarinexeserves  including spawningsites! isrecoxnmexxded for
conservation and management'@xxposes. Inadditionto estabhshingreserves for the
Nassau gxoxxper in the Mexican Caribbean, it could be imixmtant to evaluate the
nonextractive value of this grouper as a tourist attraction tluxnxgh diving, offering
the Gshexmen an alternative to obtain economic revenue. In tbis sense, very
interesting perspectives have proposed in Belize  Sala et al. 2001! and Turks and
Caicos  Rudd aud Tupper 2002!.

Avoiding fishing pxessuxe on the Nassau grouper spawning aggregations,
establishing a network of "no-take" marine reserves, aud applying additional



SS Gulf and Car@bean Fisheries Institute

management regulations during nrn~gregating periods, need to be stmngly
enforced to assure that potential recruits could mcrwporate via either pelagic  eggs
and Iarvae! or benthic  adults! stages to replenish grouper populations not only in
the Mexican Caribbean, but also in adjacent countries  e.g.,-Belize and Honduras!
within the Mesoamerican Barrier Reef System.
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RESUMEN
En la costa sur de Quintana Roo, se reconoce actualmente de siete a ocho sitios

de agregacion del mero Epinephelus striatus, que acude anuaImente para realizar el
desove durante tres a cuatro dias antes y desks de la fecha de luna llena en
Diciembre, Enero y Febrero. Con el fin de obtener informacion basica sabre un
nuevo sitio de agregackhn reproductiva conocida corno Blanquizal, cercano a Punta
Gavilkn, dentro del poligono del area protegida "Parque Nacional Arrecifes de
Xcalac", se efectuaron muestreos durante el evento Diciembre de 2001 y Enero de
2002. Por estimaciones visuales  SCUBA! se observaron grupos de meros, que
hacen un total de 200 a 400 individuos en el sitio. La captura de meros se llevo
acabo con cordel y anzuelo por un numero muy reducido de pescadores; la captura
estuvo compuesta por individuos con talla promedio 64.77  cm LT ! y peso
promedio de 4588  g!. La proporci6n por sexos fue de 1.96 H: IM. Ademks de
describir ambos, el evento de agregacion 2001-2002 y las caracteristicas generales
del sitio, se hacen comparaciones con la informacionpublicada de sitios en la regi6n
y el Caribe. La necesidad de reconocer las caracteristicas ecologicas de este nuevo
sitio de agregacion hace necesario la continuidad de las investigaciones, con el fin
de tener las bases para un manejo mas adecuado del recurso y lograr que sea
perdurable su explotacion.

PALABRAS CI.AVES: Mero, Epinephelus striatus, agregaci6n reproductiva,
Caribe Mexicano, desove.

A Preliminary Survey of the Nassau Grouper Epinephelas
Striutus Spawning Aggregation at "Kl Blanquizal" in the South

Coast of Quintana Roo, Mexico

In southern Quintana Roo, currently are acknowledged seven to eight sites
where spawning aggregations of the nassau grouper, Epinephelus striatus, takes
place every year. There, this species aggregates during three-four before and after
the full moon dates of December, January and February. In order to obtain the first
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information on anew spawning agyegation site, locally known as "El Blanquizal",
nearby to other traditional site: Punta Gavilhu, both pertaining to the marine
protected area "Parque Nacional Anecifes de Kcalac" we conduct a preliminary
survey during the event December 2001-January 2002. Through visual censuses
using SCUBA, several groups of groupers were observed an a total nmnber of 200
to 400 individuals was estinuited m the site. Concuaent fishing activity was low,
and the only fishing gear was hook and hne, baited with small and alive haemulid
fishes. The catch wascomprisedofmdividuais having mean size of 64.77 cm LT!,
and mean weight of 4,588  g!. A sex ratio 1.96 8:1M was observed. A first genend
description of both, the aggregation event and the site is made, and our outcomes
are also compared with data available Rom other sites in the region and the
Caribbean Basin. The need to fiuther understanding of ecological features of this
new aggregation site are the main reasons for continue this research. The latter will
provide proper basis for the resource management in order to attain a long-term
exploitation.

KEY WORDS: Groupers, EJpinerphelus striatas, spawning aggregation, Mexican
Caribbean, reproduction

1NTRODUCC1ON

Mhuco presenta aproximadamente unos 10/00 kilbmetros de litoral marino,
estas costas son ba5ados por los Ocbanos Pacifico, Atlhntico y el Mar Caribe,
encontnhdose presentes mas de 100 lagunas costeras  Marin-Guardado 2000!. Lo
heterog6neo de su litoral se debe a factoreslatitudinales yoceanogrkficos presentes
en cada una de estas Areas  Castro 1998!. Una de estas Areas se localize en Ia
Peninsula de Yucatda, que presente en su parte occidental al Mar Caribe, donde
Quintana Roo es el 6nico estado de Mhiico que es ba5ado con estas aguas. Una
caractmstica importante de esta regihn, es que corre paralele a sus costas una
estriicturaarreci&l en forma nutso menos continua, extendibndosedesde el eirtrenio
norte de la Peninsula hasta la Bahia de Chetumal en el sur, cubriendo una distancia
aproximada de 350 km, la cual no considera los ~es de Cozumel y Banco
Chinchorro  Jordha 1979!; y que se extiende otros 300 km &cute a la costa de
Behce. Esta gran estructura forma lo que se conoce actiiahriente corno el Sistema
AxredfalMesoamericano, elsegundoxnh grande delmundo despubsdel arrecifede
Australia Los anecifes coralinos son considerados corno el biotopo de mayor
productividad biol6gica de todos los conocidos, tanto en el mar corno en la tierra y
por tal motivo en ella se ejerce hi explotacibn de sus recursos, abarcando una gran
cantidad de organismoscomo corales, moluscos, pecesyelasmotxanquios. Debido
ala &agi1idad de este ecosistema, se debe decuidar ymonitorear continuamente con
el fin de implementer planes de manejo con el prop6sito de hacer susteritables la
pruductividad de sus pesquerias.

En Quintana Roo {Q. ROO!, la explotacibn de los recursos pesqueros la
reahzan cerca de la costa y en su mayoria es de tipo artesanal, estkn encannruidos a
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cspecies de gran valor comezcial corno son la langosta espinosa Panulirus argus,
caracol msado Stronzbus gigas y camaz6n Syeiona brevirastris y Penaeus
brasiliensis  Sosa-Cordero et. al. 1993!. Actuahnente estos recursos se encuentran
en niveles mhximos de pzesi6n pesquera y estrin sobreexplotados.

En la zona sur de Q. ROO, son de gran importancia los dos primems zeczzrsos,
sin embargo existe una terner pesquerfa que abama al grupo cozmznnzezzte Hamado
escama, que zeIMesenta una actividad de gran importancia para la comunidad
asentada en hz costa Con zespecto a este grupo se pueden mencionar alymas
caracterfsticashabituales: son cspecies que pueden ser captuzadas durante casi todo
el azfo, aunque existe un periodo estacional principahnente para el verano y otofio
en que se agrupanyfozmancazdumenes para Hevar acabo larepmducci6n. Realizan
migraciones hacia el sur penehundo a la laguna azzecifal durante la noche para
alimentarse y es durante este espacio donde se Heva acabo el mayor voiumen de
captura por medio de trampas de atajo conocidas corno trampas de coraz6ny cola
Entre lospzmcipales yhemsyespeciesazptzzzados deescaznas podemosmencionar;
alos pazgos  Lutjanus sp!, meros Epinephelussp!,.abadejos ~teroperca sp.!,
chacchi  Haenzulon sp.!, mojana blanca Gerres cinereus!, macabi  Albulavuipes!,
lisa  Mugil cephalus!.

Unade Ias pzfncipales pesquerfas que se Hevan acaboen el sur de Q. ROO, cata
oxztradaalosorganismospeztenecientesa lafamiTia Sezzazzidae,son individuosque
presentan gran taHa, son apzeciadds por su impoztancia comercfal y pesquera, se
encuentzan ampliamente distxibuidaen la zegi6n del mar caribe, son considerados
depzedadores activos, juega un papel importante en la deznanda alimenticia de Ia
poblaci6n y zepzesenta ingresos muy importzuztes para la comunidad pesquera de
cada regibn. Los miembms zzuls pequeffos de esta fazniha son colectados para hz
industria del acuario  Paz y Grimshaw 2001!. Su pesquerfa es multiespecifica,
siendo unade las mas importantes el mero Epinephelusstriatus, las capturas de esta
especie alcanzan su zmbzima mtensidad durante los eventos de luna Hena de
diciembze yenezo de cada a5o, cuando se Heva acabo la reproducci6n de la especie
en alymos puntos especffzcos del sur de Quintana Roo, Mexico.

La explotaci6npesquera del E. striatus, ha originado un declive comezcial de
sus capturas desde las pasadasd6cadas, a causa del mal manejo de supesquerfa, lo
que a cazzsado que actuahnente este en Ia lista mjade cspecies amenazazlas Aufl-
MarshaHeck 1993; Sadovy 1993!. Unaraz6n de este dechve en casi toda la regi6n
del Caribey Mexico, viene siendo Ia sobreexplotaci6n selectzva sincmzuzadahacia
los sitios de agzegaci6n repmductiva, la cual ocuzze durante laprimera luna Henade
diciembze y enezu de cada azfo y por tal motivo muchas de estas agzegaciones ee el
mar caribe han Hegado o eshhz en el colapso total, a la sobreexplotaci6n y la
desalzarici6nde laespecieenlugares talescomo Puerto Rico, Isla Vfrgenes US, Isla
Cauzuhz, Bermuda, Republica Dominicana, Belicey Mexico Sadovy 1993, Aguilar-
Perera y Aguilar-0@vila 1994, Sadovy y Eklund 1999, Paz y Grimshaw2001!.

El mern E. striatus, es un pez comun de los azzecifes coralinos del atlhntlco
oeste y mar caribe  Sadovy y Eklund 1999!. Son organismos que se encuentran en
las regiones cercanas a la costa hasta los 100 m de pmfimdidad, en los azzecifes
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coralinos, manglares, pastos marinos y estuarios. Es un organismo depredador de
vida solitaria que se puede alimentar de fnvertebrados y peces, de larga vida que
logra alcanzar tallas por arriba de los 800 mm de longitud total y que pueden vivir
hasta cuatro d6eufas  RandaH 1965, Silva Lee 1974; Sadovy y Eklund 1999!.

La reproducci6n es compleja dado que el pez presenta hermafroditismo
protogfno, es decir, las hembras maduras cambian de sexo  Smith 1959, Shapiro
1987, Ciaro et al. 1990!. Es durante este periodo cuando se reunen para mdizar el
dosove, la mayor parte de la captura comercial proviene precisametrte de tales
agregaciones  Johannes 1978!. Las agregaciones estrin compuestas por el
agrupamiento de organismos adultos que van de 2000 a 3000 organismos  Colin
1992!.

En la zona sur de Q. ROQ, es el unfco sitio conocido en Mexico en donde se
lleva acabo las agregacionesdel mern E. striahrr, se cuenta con un registrohist6rico
desde mediados de los 50', en donde se tiene documentado que las capias la
realizaban con redes agalleras, anzuelo y con arp6n; se han reconocido en la
actualidad que existen mas de 7 sitios de desove de gran fmportancia  Aguilar-
Perera 1994!. A pesar que ya se cuentan con algunos estudios previos sobre Ias
agregaciones de esta pesqueria, es escaso aun el conocimiento en cuanto al aspecto
bio16gico y a su hfbitat. En ht actualidad s6lo se tiene bien estudiefo un sitio de
agregaci6nen todo el sur de Q. Roo, este panto viene siendo la zona conocidacorno
Mahahual �8'43'N y 87'42'W!yasehm obtenido un estudio descriptivoyreseffa
hist6rica sobre la pescatradicional enlaagregaci6n de esta especie  Aguilar-Perera
1994!, de igual fonna se ban geneado trabajos sobre la ~refpci6n relnuhtctorade
cata especie en Mahalmal, Q. Roo  Aguilar-Perera et aL 1994, Aguilar-Perera y
Aguilar-DffvHa 1997! y de manera preHminar un estndio sobre la agregaci6n del
mern en la zona conocida corno Mahahual y Xahuaxol  Sosa-Cordero y Cardenas-
Vidal 1992!.

Conociendo de antemano que s61o hay reportes bien documentados de un solo
sitio de ayeyei6n, nos vimos en la necesidad de trabajar un nuevo sitio en la zona
surdel estado, con el simple5nde comparar nuestros resultados con los obtenidos
por Aguilar-Perera y Aguilar-D&rila El brea de trabajo estuvo comprendida en el
"Poifgono Parque Marino Aaecifes de Xcalac", en el punto conocido corno Punta
Gavilkn, sin embargo estamos dando a conocer un nuevo sitio de agregaci6n del
mero E. srriatus en la zona sur del estadoconoeidacomoel Blanquisal, este trabajo
brindara en primer termino un estudio descriptivo y preliminar sobre la situaci6n
reproductiva durante el invierno de 2001- 2002, la investigaci6n inetuye aspectos
biol6gicos corno distribuci6n de -&ecuencias por taHas, proporci6n por sexos,
relaci6n longitud-peso, la realizaci6n de un video sobre el sitio de agregaci6n y
comentariossobre lascaracteristicaseco16gicas dehzonadesove. Sinemlergo hay
que reconocer que es el primer trabajo que se esta realizando en esta zona, la
continuidad deinvestigar este sitioen los pr6ximos a5osnos datsun panorama mas
real sobre la biologfa repmductora, la ecologfa de su hhbitat, la conducta animal y
su pesquerfa; con todos estos puntos a resolver en un futuro, se podran llevar a
cabo planes de manejo sobre la especie con el simple fm de que sea perdurable por
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mucho tiempo.

Ubicaci6u el Area de Kstudio

El establecimiento del Area natural protegida propuesta come Parque nacional
"Axxecifes de Xcalak", Mexico, Quintana Roo, Mexico; se ubicaen la zona sur del
estado de Quintana Roo dentm del mmucipio de Oth6n P. Blanco en la Peninsula
de Xcalak  Figura 1!. Sus limites extremos estrin de6uidos por el paralelo 18 30'
00" N, al sur por el limite internacional entre Mexico y BeHce, al este por el mar
caribe y al oeste en suporci6n surpor la zona costera dentxo de la linea que deHmita
la Zona Federal Maxitimo Terrestxe y en la porci6n norte incluyendo al Sistema
Lagunar 1Uo Huache hasta el tram del proyecto de la caxxetera Mahahual-bacalar
chico. Abaxca una superficie de 17,377 ha de las cuales 13,340 ha coxresponde a
ecosistemas marinos y 4,037 ha a ecosistemas de humedales incluyendo lagunas
penunes e intermitentes. El sitio conocido corno el Blanquizar, se encuentra
localizado aproxuxxadamente a 1000 metros de la oriHa de playa, en el paralelo 18'
19' 25" N y 87' 48'24" 0, se xealizb un poligono con el Gn de detallar mejor el
sitio de trabajo.

MATERIAL Y METODO

Trabajo de Campo
Para cate prop6sito se cubri6 Ia estaci6n de desove de Diciembxe de 2001 y

Enexo de 2002, que comprendi6 los dias de luna llena de cada-xnes. Durante este
periodo se efectu6 el muestxeo de ejemplaxes obtenido de las capbxras comexcial y
de observaciones submarinas de la agregacibn en el axrecife coxalino comprendida
en el Poligono "Paxque Marino Axxecifes de Xcalac" encl sitio de captuxa conocido
corno el Blanquizal.

Se realizaron medidas biom6tricas de adultos reproductores de E. sxriuxus que
se obtuvieron por medio de las capturas comerciales xeahzadas en el brea de
muestreo, hay que mencionar que la captura de este recurso se Heva acabo por
medio de la Hnea o anzuelo del ¹ 1, no se capture ninguu otro organismo por otro
m6todo. Por medio de este mecanismo se logro obtener la Longitud Total  LT!,
Longitud esthndar  LS!, el Peso Eviscerado  WE! y el Sexo de cada organismo.
La duraci6n del muestreo en cada uno de los meses txabajados estuvo en rehci6n
con la pennanencia de la agregaci6n en la zona de trabajo, por lo que en pmmedio
de cada uno fue de siete dias.
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RQura 1. Area natural protegida propuesta corno Parque nacional Arrecifea de
Xcalak

Observaciones Sabmarinas

De igual manerase realtzamn muestrem insltu por medto del buceo SCUBA,
en la zona agregacibn en el anecife coralino, en cade.una de las innmrsiones
realizadas durante los dias de trabajo se contaba el numero orgamsmo, se Shno la
zona de trabajo con ayuda de dos chmnas submarinas, se ubico geogrhficamentecon
ayuda de un GPS el sitio de Ia agregaci6n y se caracterizo la topogra6a del parche
arrecifal.

No se logro obtener ninguna muestra bioldgica extra corno otolitos {para
determiner laedad!ygbnadas  paradeterminarel estadio demaduracibnpormedios
histolbgicos!, debido principalmente a que ya estaba vendido.
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RESULT ADO S

Dates Meristicos y Proporci6n por Sexos
Durante los dos eventos de luna llena trabajados para ia agregacion del mero

E. stnahcs en el PoHgono Parque marino arrecifes de Xcalak, en el ares conocida
corno Blanquizar, se logro ebtener un total de 206 organismos, de los cuales

Caracteristicas de la Zona de Agregacion
La zona de agregaci6n del mero E. sfdatus, localizada en el poligono "Parque

Marino Xcalac" se encuentra en el arrecife anterior a una distancia aproximada de
1000 metros de la linea de costa, mar adentro  Figura 1!. Esta se encuentra cerca
de un parche coralino de gran tamaIIo y alto relieve, esta zona tiene una profundidad
promedio de 30 m, el parche coralino presenta una altura de 8 metros, existiendo
fracturas dentro del mismo parche ocasionando que se formen canales  formacion
tipo canales y macizos! con presencia de arena en la parte central de los mismos, en
la parte lateral de este parche existfan grandes kreas de arenales, este lugar es
conocido por los pescadores corno el blanquizar. Debido a las caracteristicas de cate
parche, se presentaba corales de gran importancia corno Monfastrea sp., Aguricia
sp. esponjas marinas y corales blandos.

Una de las observaciones realizadas durante el evento reproductivo del mero en
esta importante area de trabajo, durante el buceo SCUBA, es que la agregacion
empezo dos dias antes de la luna llena, llegando en un principio algunos organismos
adultos de gran tamailo, contabilizando en un inicio menos de 100 individuos,
posteriormente a la luna llena se logro contar en promedio un total de 250 a 350
organismos en este sitio, este mismo patr6n se presento durante los dos muestreos
tealizados  Diciembre de 2001 y Enero de 2002!. El momento justo del desove no
se pudo observar debido posiblemente a que este ocurre en el atardecer del dia o
inicio de la noche, y que nuestros muestreos reaHzados en estos sitios se llevaban
acabo al medio dia, sin embargo si se logro observar cambios de color de los
organismos pasando de tipicos a bicolor despubs de la luna llena.

Esta zona de agregaci6n ha sido explotada de manera regular en los ultimos
ah, en esta brea de Xcalak, sin embargo el sitio original en donde se capturaba el
mero reconocido corno Punta Gavilkn, se encuentra localindo a mas de 4 km hacia
el norte del lugar en donde llevo acabo la agregaci6n este allo, parece ser que en el
sitio original hubo agregaci6n, pero fueron pocos los organismos que estuvieron
presentes, observhndose que el sitio conocido corno el Blanquizar, fue el lugar
donde se llevo acabo la agregacion y el desove mas importante, ya que siete dias
despubs de la luna liens de febrero, el dia 4 y 5 del 2002, se logro ubicar un
cardumen por los pescadores de la localidad de 2000 a 3000 organismos en la zona
de estudio, a una profundidad de 30 a 35 m y a 70 m del parche coralino estudiado,
debido a lo anterior se podria considerar corno una zona de agregaci6n signi6cativa
de esta especie en el sur de Q. Roo y para el Cmibe en general, si consideramos el
numero de organismos que estuvo presente en esta ultima agregaci6n ya que no ha
sido reportado para ninguna otra zona en Quintana Roo en los ultimos a5os.
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correspondieron a 134 hembras, 71 machos y un organismo juvenil. La proporci6n
por sexos obtenida en este trabajo correspondio a 1.91 hembras: 1 Macho, lo cual
hace referencia a que gran parte de la captura obtenida en este aho de trabajo,
correspondio aproximadamente a una relaci6n de dos hembras por macho.

Tabla 1. Datos meristicos obtenidos durante ei muestreo de mero E. striatus, en
ei poiigono Parque Marino Xcaiak, durante ia agregaci6n efectuada en los meses
de Diciembre 2001 Enero 2002 en Xcaiak Quintana Roo, Mexico.

Hembras Machos Total
Longltud Peso
64.77 4588
7.63 1745
49.0 2400
84.5 9700
203 203

Peso
4714.04
1843.14
2400
9700
133

Longltud
64.44
6.66
53.1
82.5
70

Peso
4397.64
1491.23
2000
8700
70

Longltud
Prom edio 65.14
Oesviaci6n. esNndar 7.79
Mfnimo 49
Maximo 84.5
Oo anismos 133

En la Tabla 1, podemos observar los datos merlsticos obtenidos durante esta
investigaci6n, esta fue dividida por sexo y total, de los 206 datos disponibles solo
tres organismos no fueron incluidos en esta tabla, un macho, una hembra y un
juvenil, esto debido a que no se obtuvieron los pesos de los dos primeros y fueron
desechdos para el anNsis, por lo que respecta el juvenil, cate represento la talla mlLs
pequefia obtenida en la investigaci6n con una longitud de 37.8 cm LT y con un
peso eviscerado de 1,200 g. Regresando un poco con la tabla 1, se puede observer
que las hembras presentaron significativamente tallas promedio mayores respecto a
los machos y fueron mas abundante durante la investigaci6n.

En cuanto a la Figure 2, podemos mencionar la distribuci6n de tallas para los
tres grupos encontrados en la investigacion, en donde podemos observer que las
hembras presentaron la mayores frecuencias durante el trabajo y a la vez la mayor
tallas. En la Figure 3, se observe la &ecuencia por taHas para todos los organismos
muestreados, en donde se detalla que los organismos encontrados dentro del
intervalo de 55 - 60 cm fueron los mas comunes y los mas factibles a ser capturados
durante la agtegaci6n reproductive del mero en Diciembre de 2001 y Enero de 2002
en la zona del Blanquizal.

El anhlisis de regresion longitud-peso, fue efectuado por separado para los dos
sexos y el total; por tal raz6n en la Figure 4, observamos los datos obtenidos de la
relaci6n longitud total  LT! y peso eviscerado  PE!, en machos, con una n=70
organismos durante los dos meses de trabaj o. La Figura 5 se detalla la relaci6n LT-
PE, en hembras con una n=133 organismos y en la Figure 6, se demuestra los datos
LT-PE, de todos los organismos muestreados con un total de 203 organismos, de
acuerdo a nuestros pendiente encontrada en cade una de las graficas presentada, nos
hace referencia que su crecimiento es de tipo alometrico.

El esfuerzo pesquero observado en esta zona de trabajo, fue poco, ya que solo
se pudo observar una embarcaci6n de fibra de vidrio trabajando en esta 6poca, con
un total de tres pescadores, el arte uti6zado por los mismo fue la Hnea y el anzuelo,
la carnada utilizada fue el Chacchi  Haemulon sp.!, se noto la presencia de dos
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lanchas mas pero por la falta de cultura en la captura de cata especie, se retiraban
del lugar, sin haber captumdo ningun organismo. La explotaci6n de este recurso,
inicia desde las 8 de la mathna con la obtenci6n de Ia carnada viva, posteriormente
se dirigen al pesquero, y empieza la captura del mero hasta las 2 de tarde, regresan
a la playa a comer y si queda tiempo vuelven por tarde por dos a tres horas, esto fue
percibido durante los dos meses de explotaci6n de este recurso, la extracci6n total
para cada mes de trabajo fue de una tonelada, lo cual nos da un panorama de que la
agregaci6n en esta zona de estudio es muy importante, que debe de monitorease
para los siguientes a5os venideros, con el de hacerlo manejable y sustentable para
la comunidad de Xcalak.

10

Islmnka de Ionsltu4 t444

Figure 2. Distnbuci6n de frecuencias por tallas para el mero E. Stnatus, por sexo
encontrado en el ll ono Arrecifes de Xcafak

tntervato de longitud  cm!

Figure 3. Distnbuci6n de frecuencia por tallas para el total de organismos
muestreados del mero E. sfriatus, en el brea del Bianquizal, Xcalak, Q.
ROO,Mlt,xico.
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Figure 5. La refackn fongitud fofaf-peso eviscerado def mero E. striatus  hembras!,
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Figure 4. La refacfbn longilud total-peso eviscerado del mero E. striatus  machos!,
en el Area de a aci6n del bfa uizar, Q. Roo, MAxico.
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Lonoltud total  ctn!

Figure 5. La relaci6n longitud total-peso eviscerado del mero E atrrafus  total!, en
el brea de a ci6n del Bla izal, Q. Roo, Mexico.

DISCUSION

En Quintana Roo, la explotaci6n del mero Epinephelus striarur, es conocida
desde principios de 1910 por los pescadores antiguos, en donde utihzabau el arte
del cordel yel anzuelo corno mbtodo de capturaen el hzeaconocidacomo mahahual
Q. Roo  Aguilar-Perera 1994!. Durante mucho a5os esta zona de agregaci6n fue
la mas importante zona de captura de E. srriatus, sin embargo debido a las
caracterlsticas de la zona, por presentar poca profundidad y debido al uso
indiscriminado de artes no permitidos corno redes, arp6n y explosivos durante un
tiempo, provoco qne esta agregaci6n disminuyera a5o tras a5o o desapareciera en
un periodo. Se logro en un principio capturas importantes corno las 24 toneladas
obtenidas en 1960 hasta las 3 tonehrdas capturadas en 1991  Aguilar-Perera et aL
1994!. Por tal raz6n el decremento del producto en los ultimos a5os ha sido en mas
del &8+ este panorama nos hace re8exionar en que estamos provocando la
desapmci6n de este importante sitio agregaci6n eu el sur de Quintana Roo. Esto
mismo cata ocumendo en ciertas zonas de Belice, en donde pronostican la
desaparici6n de sitios de agregaci6n dentro los pr6ximos 10 a5os  Salaet al. 2001!.

Laagregaci6n localizadaenel "Poligono Parque Marino Anecifes de Xcalak",
conocida por los pescadores corno el Blanquizal, cae dentro del panorama
propuesto, en que se dice que tales sitios de agregaci6n se encuentra Iocalizados
cerca de las proyecciones arrecifales, hacia mar adentm del propio contorno genend
anecifal  Colin et al. 19&7!. Por tal motivo este sitio de agregaci6n se encuentra
localizado a unos 1000 m de la linea de costa, laestimaci6n en un inicio en la 6poca
repmductora, se logro contar por medio del buceo SCUBA, a un total de 100



Medlna&ue, A. et al. GCFl:55 2004

organismos hasta alcanzar aproxinmdamente350individuos afinales deeste evento,
en cada uno de los meses del muestreo, sin embargo los mismos pescadores a
principio de febrero de 2002, lograron ubicar un cardumen de 2000 a 3000
organismos, a tan solo 70 m de la zona de capturay aunaprofundidad de40metros,
esto nos da una idea que la agregacibn es importante desde el punto de vista
ecol6gico. Con los datos obtenidos por la pesca con linea y anzuelo, se logro
encontrar, que hay una relacibn Hembra:Macho, por arriba de un orden de
magnitud por parte de las hembras, esto quiere decir que hay mas hembras en los
sifios de agregacibn que machos, esto tambikn a sido observado por varios autores
en el caribe  Colin et al. 1987, Sosa-Cordero y Cardenas-Vidal 1992, Aguilar-
Perera et a1.,1994, Sandovy y Eckland 1999, Paz y Grimshaw 2001!. De igual
forma se conoce que las hembras en este sitio presentaron las taHas mas grandes
referente a los machos, presentando una tendencia igual en varios sitios del caribe
 Colin et al. 1987, Paz y Grimshaw 2001!.

A pesar que este es un primer esfuerzo en cuanto a Ia obtenci6n de datos de
tallas y pesos, podemos mencionar que las tallas encontradas y los pesos,
corresponde a un recurso subexplotado, ya que abarcaron taHas de 49 a 84.5 cm de
LT  Thompson y Munro 1983!. El rango de taHas encontrado en mahahual y
Xahauaxol, estuvieron entre un rango de 52 a 76.5 cm de LT, las taHas promedios
encontrada en este sitio del blanquizar estuvo entre los 64.77 cm LT, mientras que
en otras regiones del caribe y de la costa sur de Q. Roo estkn por debajo de este
rango  Colin et al. 1987, Sosa-Cordero y Cardenas-Vidal 1992, Agui1ar-Perera et
al. 1994, Sandovy y Eckland 1999, Paz y Grimshaw 2001!.

En vista a lo anterior hace la necesidad de implementar un plan de manejo
adecuado, esnecesario continuar con el estudio, esteauiHisis preliminar, yaquenos
proporciono resultados sorprendentes, yaobtuvimos un panorama de cbmo se esta
distribuyendo la &ecuencia de longitud en este hkbitat y la proporcibn por sexo de
la agregacibn. La falta de estudios biol6gicos, oceanogrkficos y sociales, son
fundamentales para un buen plan de manejo sustentables, y que a la vez sirva de
base a los otros sitios de agregaciones de Ia zona sur de Q. Roo.
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ABSTRACT

Historical spawning aggrepptions of mutton  Lutjanus analis!, lane  L.
synagris!, cubera  L. cyanopterus!, dog  L jocu!, and gray  L. griseus! snappers on
the insular shelf of Cubaare examined in terms of the probability oflarval dispersal
Som the source populations to coastal habitats in the Mesoamerican region and
difFerent ecological provinces of the island of Cuba In particular, we examine how
dispersal and recruitmentvarymtra-and inter-annually with oceanographicregimes,
shelf con6guration, and spawning sites. Our modeling approach is based on a
coupled biophysical model incorporating ahigh-resolution oceancitculationmodel
 MICOM!, a Lagrangian scheme with huval sub-grid turbulent motion, larval
sensory capabTiities, and the availability of settlement habitat. Sequential runs
centeredonparticular months and lunar phaseswere used to estimate the likelihood
that each spawningeventcontributes large numbersoflatvae to foreign downstream
populations or to neighboring popuiationson the complex Cuban shelf. The model
results are discussed with regtrrd to historical data. This innovative approach of
estimating larval disyersal &om syawnmg aggregations can enhance stock-based
conservationrecommendationsand optimize the designofmarine reserve networks.

KEY WORDS: Larval transport, snapper, spawning aggregations, Cuba

Modelando el Transporte Larval desde las Agregaciones de
Desove de los Pargos  Lutjanidae! en Cuba

Se analizan Ias agregaciones hist6ricas de desove de los yargos  Luj tanus
analis, L. synagris, L. cyanopterus, L. jocu y L. griseus! de Cuba, en t&minos de
laprobabilidad de dispersii6n de las lame desde el origen de la poblaci6n hacia los
hhbitatcosteros delaregi6nmesoamericanay las provincias ecol6gicas dela isla de
Cuba Se investig6 en yatticular, la variaci6n anual e interanual de la dispersi6n y
el reclutamiento en relaci6n con el Mgimen oceanogrh6co, la con6guraci6n de la
plataforma y los puntos de desove. Nuestro modelo bio6sico incorpora un modelo
de circulaci6n ocehnica de alta resoluci6n  MICOM!, un esquema Lagrangian con
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turbuleacias de rejilla secuadaria para describir el movhaiento de las larvas, las
capacidades seasoriales de estasyiadisponibilidad dehQatat para el aseatamiento.
Seejecutaxoavarias secuenciasdel modelo centradasendetexxnmadosmesesy fases
Iunaxes, y f'ueronutilizadasyaxaestimar Ia probabilidad de contribuci6nde larvasde
cada eveato de desove hacia poblacioaes distantesde otros pafses, u otxas zoaas de
la ylataforma cubana. Los resultados del modelo se analizaa a la luz de los datos
histbricos. Esta fonna ianovativa de amHisis de Ia disyersi6a de larvas desde Ias
agxegaciones de desove, puede contribuir a los esfueizos de conservacibn basados
enlasyoblaciones, yademLs ayudar en Iaoptimizaci6nde lared dexeservasmarixuxs.

PALLAS CLAVES: Transporte larval, pargos, ai~iaciones de desove, Cuba

INTRODUCTION

The snapper family Pisces: Lutjanidae! include Caribbean-wide, reeffishsyecies
known for forming predictable spawning aggregations. Historically, large groups
ofsnappershave beenspawning periodicaIIyatspecific sites within the insular shelf
of Cuba  Clara and Lindeman 2003!. The snapper fishery is the principal fiafish
fishery ia Cuba with the lane snapper as prixnaxy fishing target, being mostly fished
in the Golfo de Batabanb in the southwest of Cuba Mutton snaIiper catches rank
second with largest catches ia the aortixeastern coast. Large decreases in catches
fmm as early as 1975 have been xeyorted  Claxo et al. 2002a! and may be attributed
&om fishing in spawning aggregatioas.

The Cuban platform consists of a main continental island with many smaller
islands. 'Ihe geomorphology of the Cuban shelf is very distinct in that it has a large
and shallow insular shelf surrounded by fimging keys aad xeefs forming a series of
lagoons, while the shelf edge is abrupt aad formed by a seriesof submerged texixxces
 Ciaxo et al. 2002b!. The Cuban platform can be divided in four wide shelf xegioas
separated by areas of aanow shelves: the North West  NW!, North Central  NC!,
South East  SE! and South West  SW!.

The xepxoductive strategy of snappers is species-specific and rather complex.
Spawning aggregations occur at promontories  e.g. Cabo Cruz, C. Coxrieates!, at
the shelf edge  Cayo BreSn!, or even in the inner-shelf  Golfo de Cazones!. A
single or multiple sites may be shared by several species simultaneously or with
different inter- and intra-specific syawaing schedules. Spawning occurs duriag a
narrow window in tune  usually of a couple of months! and ceixtexed on a hmar
phase Table I!. However, intra-specific variations in peak spawning occurs among
regions  CIaxo and Lindeman 2003!. Ia addition, snapper have highly variable within
and among species planktonic larval durations  PLDs!, ranging &om IS - 4S days
 Lindemaa et al. 2000!.

Marine reserves have been suggested as a tool to conserve ecoaomically and
ecologically valuable species fish species like snappers. However, snappers may
xequire particular protection since they are highly vulnerable to fishing activities
during spawning  Luckhurst 2002!. Thus, information on the potential larval
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pathways likely to occur &om specific spawning aggregations may serve to guide
reserve design for maximum effectiveness at ensuring population repienislnnent.
Ordy studies thatmcorporate accurate informationon thecurrents, physical forcing,
spawning locations, and larval behaviors can make such predictions.

Table 1. Subset of spawning aggrega5on sites for larval transport modeling
k s awni month modiTled from Ciaro and Lindeman 2003 .

Species Spawning Moon
Peak

Spawning
Site

Coordinate

INay ~
July'-August

Cayo BreSn 21'07 36
7%31 24'

Bakwe full

FuN to 4

MayQune
F&.-May
Dec&an.

Before fuN
FuN
FuNCabo 2Ã44 43'

Corrientas 84'32 05
FuN to 4

FuN

Corona de 22'54 24
San Carlos 83'36 12

Mutton snapper May-June

Gray and cubera July'VugusL

FuNto 4

MayMne'

INay-June'
May-June'

Lane snapper
Mutton wmrpperC, Cairrutn

Grande
22 45"l2
78452'48

Cabo Cruz 19'49 24' Lane snapper
77 44'36

Mutton snapper
Cubera and gray
snapper
Cubera snapper

C. Diego 22'02'00 Lane snapper
Perez 81 30 25
C. San FeHpe 2155' - 8%36' Mutton snapper

l.ane snapper
Spiny lobster
Nassau grouper

Punta 23'17' 8105 MuHon snapper
Hicacos-Mono

July~.

July'-August.
June -J

Before fuN

FuN to 4
Full

FuN to 4

Before fuN
Full to 4

Behre fuN
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APPROACH AND METHODS

Data Source

It is important to recognize two major sources of information regarding those
spawning aggregations. First, information rnaycome from patriarch fishers, which
knowledge of the spawning sites {e.g. where and when! is usually associated with
observations of adult biology. Fishers can in fact become the most credible of
advocates for the protection of those sites  e.g. Riley's Hump, Florida; Banco
Chinchorro, Mexico!. Another source of information comes 6om local scientists.
They take a critical part in keeping track of historical data and in studying the
ecology of local fish populations as weil as the physical attributes of the region {e.g.
Claro et al. 2002c!.

Spawning Aggregations Sites
The spawmng sites on the insular shelf of Cuba were reported by Claro and

Lindeman �003! and listed in Table I for the mutton  Lmtjanus analis!, hme  I
synagris!, dog  L. jocu!, cubera  L. cyanopterus!, and gray  L, griseus  gray!
snapper. Six major spawning aggregation siteswere selected for the mutton srialrper
 one iu the NW and the SE, two in the SW and the NC! as weil as for the lane
snapper  two in the SE, SW, and NC!. The cubera, dog, and gray snappers were
treated as a species complex because they share both locations and peak spawning
times; for this species complex, four maj orspawningagyegation sites were selected
 one in the NW and the SW, two in the SE!.

Larval Transport Model
Spawning output dispersat and larval trajectories from known spawning sites

within the insular shelf of Cuba  Table 1! was simulated for several species of
snapper  Lujtanusanalis  mutton!, L. synagris {lane!, L jocu  dog!, L. cyanapterus
 cubera!, and L. griseus  gray!!. For this purpose, we used the high resolution  9
km mesh! Miami Isopycnal Coom&ace Ocean Model  MICOM! and a variety of
larval behavior scenarios  e.g. passive and active; Cowen et al. 2003! tocompute a
range of likely transport outcomes under varyingwinds and currents associated with
seasonal conditions. Larval behavior incorporated to the model is based on observed
biophysical retention mechanistns  i.e. ontogenetic vertical migration in low flow
regions; Paris and Cowen In review! as weH as on known swimnuig  Stobutzki and
Bellwood 1999! and ~ capabilities  Kingsford et aL 2002!. These factors
served to define a Retention Zone  RZ! for pelagic larvae-of which the boundaries
correspond to the geographical extent of the biophysical mechanisms experienced
by snapper larvae  see Sponaugle et al. 2002! and were set within 9- 18 km of the
suitable settlement habitat. MortaHty at the end of the transport scenario occurs at
100/o for simulated larvae that are found outside the RZ. Larval transport is
performed under various levels of larval behavior. For example, in the quasi-passive
scenario, transport is passive throughout the pelagic phase and the recruits are those
particles that are at found within the RZ at the end of the PLD. In the active
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scenarios, the onset of active behavior occurs at day 7, 14, or 30 of the pelagic
phase, whereby simulated larvae are allowed to be retained if they are found within
the RZ. Otherwise, they continue their trajectories until they reach a RZ or until the
end of the PLD, whichever comes first. Finally, Spawning Produz<on  SP! is
simulated using sequential runs of 3-day Sequency around amoon phase and during
peak spawning months.

RESULTS AND DISCUSSION

Sensitivity Analysis
Sensitivity analysis was performed on tbe onset of active behavior and on the

width of RZ around settlement habitat. The percentage of SP zzxruiting locally
decreased exponentiallywithdelay ofactive behavior, whilethe width of the RZ did
not have a significant effect on recruitment levels. Similarly, the export levels  /o
SP non-locally recruiting! decreased with delay of active behavior, especially for
clo~by locations  e.g., Bahamas, Cay Sal Bank!. For more distant locations  e.g.
Mexico, Jamaica, Florida!, the export levels were constant for the early onset of
active behavior  day 7 and 14!, but decreased drastically in the quasi-passive
scenazzo.

Local Recruitment

Results indicate that most of the spawning aggzegations benefitted their own
region self-recruitment!, except for the mutton snapper spawning aggregation site
&om the NW which was mostly a source to the NC region. It was also clear that
some regions were more productive than others. For example, the SE sites
contributed to most of the local zecruitment of the cubera-dog-gray complex, while
the SW and NC sites were more important in terms of load recruitment for the
mutton snapper. The NWregion wasconsistently apoor sourceoflocalzecruitment
for all the species, which corroborated with lowest historical catches by region
 Claro et al. 2002c!. There were also site differences within a region, where some
sites represented a better source of local recruitment than others  e.g. in the SW
region, Cabo San Felipe produces more local recruits than Cabo Cozrientes!.

Export by Region
Results indicate that export is about an order of magnitude lower than local

zecruitment. In general, sites &om the northern regions may be connected to the
southern Balzamas, and may contribute to a significan part of the replenishment for
the mutton snapper populations of Cay Sal Bank Sites fiom the SW region aze
connected to Mexico, Cayman, and Jamaica, and to a lesser extent to Belize, while
those fiem the SE are connected to Hispaniola and the eastern Bahamas. Despite
the pzoximity of the Florida Keys fiom the NW sites, none of the spawning
aggregations seemed to contribute to the Florida Keys snapper populations. There
are, however, interspecific difference in the exports.
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PrehminaIy Conclusions
i! Temporal variability such as a lag in spawning schedules leads to spatial

variability in recruitment,
ii! Spawning production Som the insular shelf of Cuba contributes mostly to

local recruitment to the insular shelf of Cuba- total export is an order of
magnitude lower than local recruitment,

iii! Spawning aggregations are sources of recruitment to the region -the NW
region is an exception to self-recruitment � consistent with lowest
historical catches by region 4 the geomorphology of the shelf,

iv! The larval transport model is sensitive to the onset of active behavior in
terms of recruitment but not in terms of dispersal distances - early larval
behavior increases survival for both local recruitment and export. The
quasi-passive scenario pmduces such low level of recruitment that it
hampers detection of any possible spatial variation in recruitment levels.

v! Estunating larval dispersal &om spawning aggtegations can enhance stock-
based recommendations and optimize design of marine reserves, and

vi! The sustainability of snapper populations in Cuba may largely depend on
the conservation of the spawning aggregations.
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RESUMEN
"Bajos del Norte" es un tuea ubicada a 137 millas nkuticas al NE del Puerto de

Progreso, en la parte central del Banco de Campeche. Esta zona esta compuestapor
formaciones, con carhcter arreci&1, que emergen de la platafonna marina hasta
alcanzar yrofundidades entre 5 a 20 m, formando pequeihs "cordilleras" y
"monta5as" subnumnas. En marzo y mayo de 2002 se realizamn viajes a "Bajosdel
Norte", a bordo de una embarcaci6n yesquera, con el objetivo de estudiar el
comportamiento reproductivo de los meros en la zona. In situ, a travbs de mbtodos
directos observaciones submarinas! e indirectos  eapturacomercial!, se analiz6: la
distribuci6n de los organismos y su estado de desarmllo sexual utilizandocriterios
macmsc6picos de lasg6nadas.Ademhs,yardmetmsambientalescomo profundidad,
temperatura, comente, transparencia, salinidad,oxigenodisuelto, y Sselunar fuemn
registradosen el sitio. Once esyecies de mern  gizmos Cephalophohs, Epinephelus
y Mycteroperca! fuemn identificadas por censo visual y/o en la captura comercial.
En particular unade las cordilleras conocido por los pescadores corno "Bajo Chico"
ptesent6 las mayores densidades y estadios demadurez sexual mks avanzados para
M venenosa, M. bonaci, M tigris, E. striatus y M interstitialis. Aunque no se
observ6in situ la emisi6n de gametos, la alta densidad de organismos observados
y la presencia de ovocitos hialinos en sus g6nadas, peanite suyoner que este sitio
corresyonde a un &ca de desove. Asl E. guttatus se encontr6 agregado
principalmente en la cresta arreci&l a una profundidad promedio de 27 m; E.
striatus, M. tigris y M venenosa se agregamn prefererttemente en la pendiente de
la cordillera a pmfundidades entre los 35 y 40 m, mientras que M. interstitialisy M
bonaci ocupamn el lecho marino a una pmfundidad de 55 m.

PALABRAS CLAVES: Mems, Agregaciones de reproducci6n, Banco de
Camyeche.
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Preliminary Characterization of the Space Distribution of
Several Species of Groupers {Kpinephehnae: Kpinephehni! in a

Spawning Site in the Campeche Sank, Yucatan, Mexico

"Bajos Del Norte" is an area located 137 nautical miles northeast of Progreso
Port, in the central part of Campeche Bank. This zone is composed by formation,
with reef characteristics, which emerge &om the marine platform reaching depths
between 5 and 20m, forming a small range of submarine "mountains"  cordilleras!.
In March and May of 2002 trips to "Bajos de Norte" were made on board a fishery
boat with the objective of studying the repmductive behavior of groupers in the
zone. In situ, through direct methods  submarme observations! and indirect
 commercial catch!, we analyzed the distribution of the organisms and its state of
sexual development using macrocospic criteria of its gonads. In addition,
environmental parameters suchas depth, temperature, current,transparermy, sahnity,
dissolved oxygen, aud lunar phase were recorded for each site. Eleven species of
grouyers  genera Cephalopholis, Epinephelus and Mycteroperca! were identified
by visual census and/or in the commetcial catch. One of these "cordilleras" known
bythe fishermenas "Bajo Chico" displayed the gnawer densitiesand advanced stages
of sexual maturity for M venenosa, M. bonaci, M. tigris, E. striatus and M.
interstitialis. Although the emission of Nunetes was not observed in situ, the high
density observed of orymisms and the presence of hyaline oocytes in its gonads,
suggests that this site corresponds to a spawning area Thus E. guttatus aggregated
mainly in the reef crest at au average depth of 27 m; E. striatus, M tigris and M
venenosa preferred the reef slope to depths between 35 and 40 m, wlmeas M
interstitialis and M. bonaci occupied the marine bed at a depth of 55 m.

KEY WORDS: Groupers, Spawning aggregation, Camyeche Bank.

INIODUC CION
Muchasesyeciesdepecestropicales,asociados con arrecifes de coral, se agregan

en lugares y kpocas especificos para Ilevar a cabo la emisi6n de sus garnetosy poder
asl reproducirse. Estas cspecies comyrenden al menos a 11 familias de los yeces
arrecifides mls abundantes, destacarxlo entre elias la Serranidae, Lutjanidae,
Labridae, Scaridae, Acanturidae, Caesionidae, MugHidae, Siganidae entre otras
 Domeier y Colin 1997!. Kstas agregaciones tipicarneute se forman en sitios con
caracteristicas particulates en su geomorfologia, topografia e hidrologia, que en
conj unto contribuyen facilitando el comportamiento reproductor y el desove de los
individuos adultos y ladispersi6nysobtevivencia de los huevos fectmlados Russell
2001!. Los esttahos sobre este tipo de agregaciones de reproducci6n de peces sou
escasos debido a que son eventos de corta duraci6n que ocurren en lugares muy
remotos, muchas veces con condiciones chmkticas desfavorables y cuando ocurren
en sitios de scil acceso estas agregaciones han su&ido grandes estragos en sus
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MATERlAL Y WTODOS
En nuuzo y mayo de 2002 se particip6 en dos salidas de pesca comercial a

Bajos del Norte a bordo de la embarcaci6n pesquera Ckerna 10, propiedad de ia
Sociedad Cooperative de Producci6n pesquera "Jurisdi ccion de Coaperarivas" del
puerto de Progreso, Yucattht. Los pescadores profesionales de~ embarcaci6n se
dedican a la capture de peces de escamas en ~ zona, durante los meses de febrem
hasta mayo en periodos que incluyen los dias cercanos a la luna liens ya que en
estos, los volumenes de captura de ciertas cspecies de mems corno E. guttatus, M.
venenosa, M. tigris, M. bonaci y E siriatus son mks abundantes. "Bajos del Norte"
�3'l0'-23'27' N y 88'40' -88'59' 0! corresponden a una zona de bajos fondos,
con caracteristicasarrecifales, localizadaenlaplataformacontinental yuc ttecaa 137
miHas nhuticas al Noreste del puerto deProgreso. Durante todas les saiidas de pesca

poblaciones debido a la sobreexplotaci6npor la peace Domeiery Colin 1997!. En
el Atlhntico Oeste, varies cspecies de semhudos  meros! forman agregaciones de
desove que van de centenares a miles de individuos, en Areas especi6cas y
relacionadas con las fases lunares. Se tiene el reporte de agregaciones de
repmducci6n tipicas para E adscensianis  Colm et al. 1987!, E guttatus  Colin et
al. 1987, Shapim et al. 1993a,b, Sadovy et al. 1994!, E itajara  Cohu 1994!, E;
striatus  Smith 1972; Olsen y Laplace 1979, Colin et el. 1987, Colin 1992, Aguilar-
Perera 1994, Carter et aL 1994, Sadovy y Cohn 1995, Aguilar-Perera y Aguilar-
Davila, 1996!, M bonaci  Carter 1989, Outer y Pemne 1994, Eklund et al. 2000!,
M. tigris  Sadovy y Domeier 1994! y M. venenosa  Bannerot en Domeier y Colin
1997!.

En el Banco de Campeche la explotaci6n comerciahnente de varies cspecies de
mero confonnanlasegunda pesqueriaen importanciaecon6mica paralaregi6n iNP
1997!. Al menos 21 cspecies de meros de los gbneros Cephalopholis, Epinephelus
yMycteroperca se encuentran distribuidos enestakreadegran importanciapesquera
 Colks-Marrufo et aL 1998, Tuz-Suiub 1999!. A pesar del reporte de la
reproducci6n de algunas de estas cspecies en zonas del Banco de Campeche, corno
E. morio, M. bonaci y M mi croiepis Bndb et aL 1999, Rennin 1999, Colhs-Manufo
y Brut 2000, Rennet et al. 2001!, no se tiene ningun reporte documentado de la
formaci6n de agregaeiones de reproducci6n de meros en esta Area. Mhs aun, para
los litorales mexicanos solamente existe un reporte acerca de la formaciyn de
agregaciones de repmducci6n, la cual es la del mero E. slriarus que ocune en el
estado de Quintana Roo, en aguas del Caribe Mexicano, en ~a de inviemo
 Aguilar-Perera 1994, Aguilar-Perera y Aguilar-Dkvila 1996!. Sin embargo, el
trabajo conjunto conpescadoresyucatecosdelailotatecndicada, hapermitido Hevar
acabo los primems estudios que eshh dando pauta para la determinaci6n de sitios
dondepodrianocurriragregaciones dedesoveene1 Bancode Campeche Tuz-Sulub
et al. En prensa!. El pmpisito del ptusente trabajo fue detertninar y caracteazar la
ocurrencia de agregaciones de repmducci6n de mems en una zona del Banco de
Campeche.
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se explor6 una pequefia cordillera conocida por los pesauhnes corno "Banjo chico",
en lacual haaregistrado capturas masivas de algunas cspecies demeros, laposici6n
exacts de la conQlera fue registrada con ayuda de un GPS   Figura 1!.

Con base al estudio presentado por Domeier y Colin �997!, se utilizaron los
m&odos dnectos e indirectos sugeridos para poder caracterizar los principales
factores ambientales de la zona y determinar si los meros presentes en los sitios
explorados formaban agregaciones de reproduccidn.

Figure 0; Ubicaci6n geognÃca de la regi6n de los BaJos ceISorfe en la platafonna
continental de la Peninsula de YucaMn  Banco de Carnpeche!, en particular ia
ubicaci6n del Ba'o Chico

MBodos Directos
Por buceo aut6nomo, con equipo Scuba, se caracteriz6 el tipo de fondo y de

cobertura del sitio utilizando la t6cnica de videotransecto y los Grandes Grupos
Morfofuncionales  GGMF! descritos por Osborne y Oxley �997! para arrecifes de
coral. Se identific6 a las cspecies presentes con base en sus patrones de coloracibn,
se estim6 el numem de individuos de cade una de eHas, y se observ6 el lwttr6n de
coloraci6n y comportamiento de los organismos, para todo lo anterior se realizaron
una o dos inmersiones diarias, por la nuuiana y/o tarde. Fotografias y 6lmaciones
submarum fueron tomadas con chmaras automkticas de 35 mm y 8 mm,
respecnvamente. Las nnprestones y grabactones fueron utthzadas en laboratoao,
para analizar con mayor detalle, la estmctura del substtato y el comportamiento de
los organismos. Ademks se registnuon los parhnetros de temperatura del agua, a
proximidad del fondo, por medio de uu sensor tbmnco digital y laprofimdidad con.
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ayuda de un profuIMHtnetro manual, el oxigcno disuelto, salinidad y conductividad
fueron determinados con ayuda de un multianalizador Ysy 85/25; se estim6 la
transparencia y velocidad de la corriente de manera cualitativa; los vientos
dominantes se registraron diariamente a travbs de los reportes meteorologicos
radiotransmitidos por la Chmara Nacional de la Industria pesquera  CANAIPES!.

Mbtodos Indirectos

Se analizamn las capturas comerciales reahzadas dumnte los dias de pesca en
la zona. Los organismos fueron capturados con arp6n entre}as 10:00 y15:00 horas,
aprofundidades entre 25 y 30 m, durante inmersiones diarias realizadas con la ayuda
de una compresora de aire. A bordo de la embarcaci6n, se identi6caron a las
diferentes cspecies capturadas y el porcentaje re}ativo de cada especie en los
volumenes de captura.

Por otro lado, los ejemplares de cada especie fucron medidos  iongitud total:
Lt y longitud furcal: Lf!, pesados peso total: Pt ypeso del pez evisccrado: Pe! y sus
g6nadas fueron extraidas y analizadas macrosc6picamente. El sexo y el estado de
desarrollo sexual de estos organismos fueron detenninados uti}izando sigmentes
criterios macrosc6picos, modificados de Sadovy y Colin, �995!  Tabla I!.

RES ULTADOS

Caracterlsticas de la Zona

El brea conocida corno Bajo Chico esta formada por una conmera submarina
con una extensi6n 9 millas de longitud por un amphtud de I }on. aproximadamente,
con una orientaci6n de Norte a Sur �3' 17'N- 88'40' 0 a 23 09'N -88' 45'!. El
sitio exacto donde ocurren }as agregaciones se ubica en la parte norte de esta
cordillera en los 23 17' 30" N y los 88'40' 46"O. El kzea de este sitio tiene una
extensi6naproximadade 2 hn' y profundidades que van de los 27 m en la parte mas
alta y 55 m en-su base, presenta uoa pendiente o ladera muy pronunciada con una
inclinaci6n de 75'aproxinuLdamentc. El sustrato esprincipahnentede tipo anecifal,
de formaci6n reciente, ya que no preserttan gran complejidad estmctura}, con una
cobertura viva con mas del 9 o/o de su superficie. En esta coberuna predominaron
el grupo de los cora}es masivos.�5 o/o!, principahnente del genero Monrasrraea; el
grupo de Octocorales �7 '/o!, principahnente del genem P/exaura; el grupo de
esponjas  8 /o! y el grupo de suelo ca}c4lreo � /o!. La velocidad de la corriente en
el Sea fue casi nula lo que permiti6 tener una visibilidad al 100 ~/o. La salinidad
reportada fue entre los 34.5 y 36.5 %o, con temperaturas que oscilaron entre los
16.1'C y los 17.4'C. El porcentaje de saturaci6n de oxigeno fue registrado entre el
87.5 y 91 '/o. En los dias de muestreos los vientos dominantes provenian del Sur-
Sureste con velocidades entre 20 y 45 km/h, los dias de muestreo incluyeron los de
luna 1}ena y anteriores y posteriores a ella {Tab}a 2!.
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Table 1. Clases sexuaies para la determinaci6n de sexo y estado de desarrollo
sexual en cspecies de sernhnidos, Epinephelinae:Epinephemni. gNodificado de
Sado Colin 1995 ara el desarrollo sexual la sexualidad de E. stnatus .

Caracterhthas rnacroscbphasChse Sexual

G6nad& dense y granuiosa ai tacio, con h m&yoria de sus
ovocitos en vihioganesis, OvocNos Op&cos visibh a slmph
vista; Pared gonrkNca gruesa.
G6n&da turgerde y granuiosa, con gran porcenhie de
ovocitos hiaiinos e simph vista y una &Na vascuhnzaci6n
en la deigada pared gonrtdica
G6n&da Fhkida, con resin de ovocitos opaces y hiaNres a
simph vista, Cavidad central muy noioria.
G6nada compacl8 de color prtNdo y homogbne& ai tacto,
Presench dec&perm& eninlerior de ia g6nada o en emisi6n
direch
G6nada muy r&ducida, de coloraci5nroakea, dondenos se
cNstingue h preaench de ningun tipo de ovocNos ni de
conhnido espernxtgco.

Hembra en Maduraci6n

Hembr& en Desove

Hembra en postdesove

Macho en emisi6n

Indeterminado

Anklisis de las Captxxras Comerciaies
Las captures comesciales demexos xealizadas en la zona estxxviexonconstituida

principalmente por M venenosa, tanto en numero de individuos corno en vohnnen

Deseripcibn de las Especies
Se identi5c6 a ocho cspecies de mexos distribuidos en la zona del Bujo Chico:

C. cruentata, C. fulva, E adscerrsionis, E guttatrIs, M. bonaci, M. interstiriaiis, M
tigris y M venenosa  Tabla 3!. Ejcmplaxes de M. venenosa, M. borraci y M. tigris
presentaron un compoxtamiento gregario y patr6n de coloraci6n tipicas de
agregaci6n en dias de luna Hen& y posteriores a estL M venenosrr paxticulaxmcnte,
pxescnt6 la mayor densidad, con unconjunto de varios centenares de individuos en
los cuales se observaxon dos patxones decoloraci6n: ejemplaxes con una coloraci6n
IxHida en tado el cuexpo y los hordes de las aletas dorsal, anal y caudal de color
oscuro, yejemplaxes que present&ban la parte del dorso dclcucrpo y cabezacon una
coloraci6noscurayel vientre decolor pQidoclaro. Este conjuntode individuos fue
observado en las Iaderas de Ia coxdiHera a pmfundidades entre Ios 30 y 45 m. Un
grupo de 8-12 individuos de M. bonaci, todos con taHa mayoxes a 90 cm, fue
observado en la base de la coxdiHera a una pxofundidad de 55 m, los organismos
mayores pxescntaban bandas oscuras en los boxdes principalmente de Ias aletas
caudal y dorsal. Dos ejemplares dc M tigris, observados cn el inicio de lapendiente
de la cordillera a 30 m de pxofundidad, pxesrnxtaxon una coloraci6n particular, la
cabeza de color IxBida-&maxilla, aletaspectorales negrasy unamanclxablanca en Ia
parte posterior del abdomen. Se observaron algunos ejemplares de E. striatrrsy M
intertirialiscon tall&a mayoxes a los 55cm distxibuidos en les laderasde I&cordillera
sin coloraci6n Hamativa o diferente a la habitual. El 15 de muzo de 2002 a 13 dias

de la luna Hen&, cn toda la cordiHexa no se obscrv6 Ia pxesencia de ningun ejemplar
dc las cspecies antes mcnclonadas.
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de peso eviscerado. En orden de importancia le siguieron M bonaci en peso
evisceradoy M tigris con el numero de individuos. Tambibn se observ6unacaptura
menos sigui6cante de E. guttatus, E. striatus, M interstitialis y un solo ejemplar
para M phenm y E itajara  Tabla 4 !.

Sexo y Kstado Gonadal de los Organismos Capturados
Se anaHzarou un total de 508 individuos de las cspecies de M venenosa, M

tigris, M honaci, E. guttatus, E. striatus y M interstitialis, en orden de
importancia, obtenidosde lacapturacomereiaL Todos losmdividuos capnrrados en
el lugar de pesca fueron anahzados. Para M venenosa, E. guttatus, M tigris y M
bonaci, se observb siempre que entre el 85 y95 % de los ejemplares auaHzados crau
adultos que estaban sexualmettte activos  Tabla 4!. La diferenciaci6n sexual se
caracteriz6 con las hembras en etapas 6ndes de ovog6nesis  ovocitos opacos y
hialinos visibles a simple vista en sus ovarios! y los machos con testiculos Henos de
espermay/o con emisi6n visible. Los pocos organismos en los cualesno fue posible
deternunar el sexo fueron considerados corno sexualmente irunaduros y en su
mayoria fueron ejemplares con las menores tallas.

DlSCUSI6N
A travbs de las observaciones in situ y el aeHisis de las capturas comerciales

para el &ca de Bajo Chico se determin6 la distribuci6n de 11 cspecies de meros de
los gbneros Cephalopholis � cspecies!, Epinephelus � cspecies! y Myeteroperca
� cspecies!. Las altas densidades encontradas para varias de estas cspecies y la
presencia de ovocitos hialinos visibles macrosc6picamente en la mayoria de las
hembras analizadas nos permitierun detenmnar que el bxea de Baja chico
conesponde a un sitio de agregaciones de reproduccion para varias cspecies de
mero. Este ultimo aspecto esconsideradouno de los indicadores indirectos de gran
importancia para la determirutci6n de ayegaciones de desove, segun Domeier y
Colin �997!. AdamLt observaciones personales nos yermiten suponer que Balo
Chico es igual un sitio de desove para otros grupos de peces corno Lutjanidos,
Car6ngidosy Elasmobranqmos. Esteaspecto, de ladistribuci6n especial compartida
por difeentes cspecies en un mismo sitio de reyroducci6n, ha sido reyortado para
varias cspecies de�meros� pargosenotros tugares, por ejemploen las lslas Vfrgenes
 Beets y Friedlanderen Sadovy 1996!, Belice Carter 1989! yen Bermuda Thresher
1984!.
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Las caracteristicas geol6gicas descritas por otms autores para sitios de desove,
corno en Belice  Carter 1989, Carter y Perrine 1994!, Florida  Eklund et aL 2000!,
y Puerto Rico   Shapiro et aL 1993a, Sadovy y Domeier 1994! en general, son
descritoscomo sitios arrecifalescon caracteristicas tipicascomo lapresenciadeuna
cresta arrecifal, un anecife posterior y una pendiente am':ifal; en el case de BaJo
Chico se identifican caracteristicas homologas,ya que seidentificauna cresta y una
pendiente o hwdera. Por otra parte la mayoria de los sitiosde desove ocurren a unas
decenasde kilometros de lacostay genendmente pamlelaaeHa, yen el caso nuestm
el sitio se ubica a mh de 200 kil6meims y es perpendicular a la linea de costa
 Shapiro et al. 1993a, Carter y Perrine 1994, Sadovy y Domeier 1994, Eklund et aL
2000!. Asi tambibn se pone de manifiesto la presencia de grandes complejidades
arrecifales dominadas principalmente por ~ dums y blandos y esponjas
 Shapim et al. 1993, Sadovy y Domeier 1994!. En este aspecto la domiuancia de
los gbnems Montasrrea sp y Plexaura sp, comcide con lo descrito por Sadovy y
Domeier�994! para un sitio de agregaci6n de I tigris en la isla Vieques de Puerto
Rico. La temperatura del agua en sitios de agreppci6n influye para la formaci6n de
eHas, ya que se ha visto que es uno de los factores clave en ia inducci6n del desove
de los gametos  RusseH 2001!. Los limites reportados por algunos autores se
encuentran por debajo de los 25'C  Sadovy y Domeier 1994, Domeier y Colin
1997!; en nuestm caso las temperanuas registradas estrin muypor debajo del limite,
ademhs de que son de las mas bajas encontradas en otros lugares del Banco de
Campeche  Arrecife Alacranes! y otros sitios de Bajos del ¹rte  Tuz-Sulub 1999,
Tuz-Sulub et aL En prensa!. Por otro lado las mayores densidades y los estados mas
avanzados demaduraci6n gomMica se registramn endiasposterioresa la luna Hena,
lo que coincide con lo reportado por Domeier y Colin �997! para varias cspecies
de sen5nidos. La variaci6n de las densidades observadas con relaci6n a los dias
previos yposteriores a laluna Henanospermiten suponer que los organismos Hegan
al sitio antes de eHa y se van en dias posteriores, la probable migracibn de meros a
los sitios de reproducci6n ha sido descrita para E. srriatus, que ha registrado
desplazamientos de hasta mhs de 200 km para Hegar a eHos  Colin 1992, Carter et
al. 1994!.

En particular, M. venenosa presentb las mayores densidades y caracteristicas
macmsc6picas quenospermiten definirlacomo unaagregaci6n dereproducci6ndel
tipo transitoria, tal y corno lo describen Domeier y Colm �997!. La densidad
estimada en varios centenares de individuos de esta especie en Bajo Chico es muy
superior a las observaciones prelimmares hechas en Bahamas y estimada entre 50-
75 individuos por CoHn�992!. La bpocade ocurrencia deeste fen6meno en aguas
yucatecas es de manera similar a la que presentan las poblaciones de M. venenosa
en Jamaica, Puerto Rico y Cuba  Bullock y Smith 1991, Gatcia-Cagide y Garcia
1996! las cuales se repmducen entre los meses de febrem y junio. El patr6n de
coloraci6n exhibido por M. bonaci y M tigris, reportados corno de diferenciaci6n
sexual  Cabtree y Bullock 1998, Sadovy y Domeier 1994!, asi corno la densidad
observada de varios individuos y lapresencia de ovocitos hialinos en las g6nadas de
ejemplares capturados, nos permiten tambien suponer que esta especie forma
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alpegaciones de reproducci6n en esta zonL Por otra parte Ia presencia de ovocitos
hialmos enejemplaresde E. guttatus, E. srriatusy M. inierstitialis noshace suponer
que estas cspecies podrlan estar reproducibndose enBajo Chico o en sitioscercanos
a cate. El periodo de mayor actividad de reproducci6n de M. bonaci es reportado
en el Banco de Campeche entre diciembre y febrero Rein 1999, Rein et al. 2001!
y entre euero y marzo en aguas de Florida  Cabhee y Bullock 1998!. En M tigns
esta actividad ocurre entre diciembre y abril en Puerto Rico  Sadovy y Domeier
1994!. Las otras cspecies endesove encontradas en Bajo Chico durante el periodo
de muestreo, comciden con la 6poca de reproducci6n descritapor Domeier y Colin
�997! para otras poblaciones del Mar Caribe. Esta 6poca comprende el periodo de
fin de invierno-inicio de primavera entre los meses de enem a junio.

Los volmnenes de captura estuviemn dominados en mas del 90 % por
ejemphuesdeM venenosa, siendoestala "especie blanco" de los viajescomerciales
realizados por la embarcaci6n del Chema 10 a el sitio analizado durante los meses
de febrero a mayo  Manzano-Hu Comm. pers.!.

No seconocemucho acercade donde, corno y cuando ocunen las alpegaciones
derelrnxhuxi6n, estetrabajo pone demanifiesto hsprimerasdescripcionesde estos
fen6menos en la platafonna yuaueca, en particular para M. venenosu, M. bonaci y
M. tigris, sin embargo es indispensable realizar esttulios espacio-ternporales mals
completos en esta zona Hasta el momento solamente la embatcaci6n antes
mencionada y exclusivamente entre febrero y mayo explota las agregaciones que
ocuneu en 33ajo. Chico. La localizaci6n precisa de los h&itats crlticos donde se
forman las agregaciones de reproducci6n, el periodo durante el cual hstas ocurren,
y eI seguimiento continuo de estos fenomenos son informaciones de suma
importancia para pretender alcanzar un manejo sustentable y la protecci6n de
cspecies de peces de alto valor comercial y muy vulnerables a Ia explotaci6n
pesquetu, corno son los meros.
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ABSTRACT

The precipitous decline in mass spawning aggregations of Caribbean grouper
and snapper species has been weil documented. One-quarter to one-half of the
known Caribbean aggregation sites are now mactive due to the ease with which
aggregating species are caught Historically, Sve spawnmg locations have been
documented in the Cayman hlands. Today, thee of these sites are dormant or
commercially extmct. In January 2002, an expedition was led by the Reef
Envimnmenfal Education FoundationgKEF! to Little Cayman Ishmd to document
a recently discovered spawning aggrelpdon of Nassau grouper  Epinephelus
striatus! on the island's west end. A team of divers conducted visual and video
surveys on the aggregation site and on nearby reefs for ten days surrounding the fuII
moon. Size and abundance estimates, color phase, aud courtship aud spawning
behavior were documentecL The Nassau grouper at the aggregation site shined Som
mostly white belly phaseearly in the aggregation cycle to predominately dark phase
in the middle of the cycle to mostly bicolor phase at the end. Toward the middle of
the aggregation cycle the number of animals reached amaximum of approximately
5,200 lish Courtship behaviors were documented each night and spawning was
witnessed on four nights beginning five days a8er the full moon. Courtship
coloration and behavior were documented in ten additional fish species. Five of
these species were seen spawning. Hook and hne fishing occurred daily on the
aggregation. The Cayman Islands Department of the Environment reported a total
catch of 1,934 Nassau grouper during the 10-day project, with an average landed
size of 61.9 cm and a female to male sex ratio of 1:1.6 for all landed fish �9/o
females!.

KEY WORDS: Spawmng aggregations, Nassau grouper, Epinephelus stnatus
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Observaciones de nn Sitio de Iireza de Nassau Grouper
 Epinephelus strttxtus! en Little Cayman, fncluyendo

Informaclon de la Frexa Multi-especie

PALABRAS CLAVES: Epinephelus striatus,

INTRODUCTfON

Nassau grouper Epinephelusstriatus! are large sized, long lived fish within the
family Setranidae, subfiunify Epinephalinae. fhe distinguishingchaau~sticsof this
species include a large black saddle near the caudal fin and five dark bars along the

Sexes do aot exfnbIt difference tn color or Shape. However, as with Other
serranids, Nassau grouper can rapidly blanch their color in response to entering
cleaning stations, movement &om one habitat to another, or predator/prey
in~as  Colin 1992, Carter et aL 1994!. Nassau gmuper have an average life
span of 16 years  Sadovy and Ecklund 1999!, can reach a length of 91 cm TL, and

La declinaci6n empinada en agregaciones &ezando de las cspecies del Caribe
del grouper y del st~xr se hadoeumentado bien. Casi una mitad de los sitios del
Caribe sabidos de laagregaci6nest@a inactivo ahora debidoa la faciTidad con lacual
la especie que es tiyicamente sofitaria puede ser cogida mientras que se junta
Hist6ricamente, ciaco localizacioaesde grouper sehandocumentado en fas isfasde
Cayman. Hoy, tres de estos sitios son inactivos o comerciahnente extintos. En
eaero de 2002, la Fundaci6n Ambiental de la Educaci6n del Arrecife  REEF!
condujounaexpedici6n aLittfe Cayman adocumentar fatecientemeate descubierta
agregaci6a fiezando del Nassau gmuper  Epinephelus striatus! en el extremo del
oeste de la isla Ua equipo de buceadores condujo encuestas visuales y de video
sobre la representaci6n encl sitio de la agtegaci6n y losarrecifes pr6ximos por diez
dias que mdeabaa la luna lleaa. Las estimaciones del tama5o y de laabtmdancia, la
fase del color, y el comportauuento del courtship y del grouper fuema
documentados. Los gmuyer de Nassau en el sitio de la agtegacibn cambiaron de
puesto a partir sobre todo de fa fase bfanca del vientre temprano ea el ciclo de fa
agregaci6n a la fase predomiaante oscura en el ceatro del cicfo sobre todo a la fase
bicolor en el extremo. Hacia el ceatm del ciclo el numem de animales afcanz6 un
mhximo de aproximadamente 5.200 pezes. Los comportamieatos de courtship
fuema documentados cada noche y la fieza fue atestiguada por. 4 noches que
comenzaban 5 dias despubsde la luna ffeaa. Lacoloraci6n y el comportamiento de
courtship fueron documentados en diez cspecies adicionales de los pescados. La
fiezadecincode estas especies fue documentado visuahnente. Layescadd gancho
y de la linea ocuni6 diariamente en fa agregaci6n. Bl Departamento del Ambiente
de Little Cayman divulg6 un retina total def Nassau gmttyer de 1.934 durante el
proyecto de 10 dias, coa un tama5o aterrizado medio de los 61,9 em y una hembra
al coeieate masculino del sexo de 1:1.6 para todos fos yezes aterrizados.
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weigh up to 25 kg  Olsen and LaPlace 1979, Domeier and Cohn 1997!. OriginaHy
thought to be piotogynous hentuqduodites, evidence now suggests that Nassau
grouperare gonochorisitic with the capacity tochange sex  Sadovy and Cohn 1995,
Sadovy and Ekhmd 1999!. Sexual maturation is reaclted at approximately 1.87 kg
 Sadovy et al. 1994b! or 40- 45 cm, which is between four and seven years old
 Sadovy and Eklund 1999!. Their geographic distribution includes North Carolina
to Rorida, Gulf of Mexico, Bahamas, and fhe Caribbean to Venezuda Bohlke and
Chaplin 1993, REEF 2002!. HistoricaHy, Nassau grouyer were also found in
Bermuda but the syecies has become locally extinct due to harvest pressure
 Luckhurst 1996!. Adultsare normaHy solitary and temtorial and hveon coral reefs
and rocky bottoms.

Several species of grouper, including Nassau gmuper, are lmown to migrate to
specific sites during the winter fuH moons in order to reproduce in mass
aggregations Domeier and Cohn 1997, Bolden 2000, Salaetal. 2001!. The benefits
of aggreyding to spawn include reduction of egg yredation, increased genetic
exchange, and higher fertilizationrates Domeier and Colin 1997, Bolden2000, Sala
et al. 2001!. Spawning aggregation  SPAG! locations are typicaHy at a reef
promontorynear a drop-off Colin et aL 1987, Colin 1992!. The environment and
social triggers that cause fish to aggretlate are not weH understood, although studies
have suggestedchanginghmar light conditions, water temperature, currettts, learned
behavior, geomorphology, or a combination of multiple factors  Colin et al. 1987,
Carter 19S9, Tucker et al. 1993, Domeierand Colin 1997, Sadovy and Eklund 1999,
Pazand Grimsltaw2001!. While females have been seenrelxsttedlyspawninginone
evening, it is not known if the same fish aggregate in every aggreyrtion month or
even each year  Sadovy and Eklund 1999!..

Five Nassaugrouper spawning aggregation sites existedonthe Cayman Islands:
one each on the southeast corners of Little Cayman and Cayman Brac and three on
Grand Caymau  Tucker et aL 1993!. Of the total Nassau gmuper currently
harvested per year in the Cayman Islands, it is estimated thatfishermen take 90'floor
more fiom aggA~~tlons  P Bush, pefs comm! This mtense harvest 'has resulted m
the commercial extinction or complete dis~eanmce of 3 of these sites. The east
end SPAG on Little Cayman had been fished since 1903 . Colin et al. 1987!. In
1987, four days before the fuH moon in January, fishermen landed 1,000 Nassau
grouper Som Little Cayman's east end SPAG in one evening  Colin et al. 19S7!.
In 1995, this site no longer contained an aggrega6on. '%e east end SPAG on
Cayman Brac had also been6shed'for nearly 100years Colin etal. 1987!. Between
1984 and 1991, the aggregation was dormant. Iri 1992, an aggregation was found
approximately 12 km north of the dormant Cayman Brac site and was intensively
fishedthe foHowing fouryears�993-1996!. Since 1996,catches from this site have
sharply decHned  P. Bush pers. comm!. Tucker et al. �993! documented the three
Grand Cayman syawningaggregations forfive consecutiveseasom�987-1991!and
found declines in harvest yield during this time inat least one site. Since Tucker et
al.'s study of Grand Cayman SPAGs �993!, one has disappeared  southwest
corner!, one has become commercially extinct  northeast corner!, and the third
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 Twelve Mile Bank! yields a variable amountofNassaugrot3per butis fished by only
a few fisherme  P. Bush, pers comm!.

In 2001, fishermen discovered aggregated Nassau grouper on the west end of
Little Cayman Island. That year, fisliermen harveste 2,000 Nassau grouper dunng
the aggregation. In the winter of 2002, the Reef Environmental Educafioa
Foundation  REEF! coordinated an expedition to document this new aggregation
site. REEF slsKaad volunteers coHected mfolmatioa oa the size and spatial extent
of the aggregation over the course of the January/February aggtegatioa cycle, as
weH as behavior of aggregating fishes. In this paper we present the results of this
expedition.

Study Area
'lite Cayraan Islands are a British Crown Coloay located in the western

Caribbean. The three islands, Grand Cayman, Little CaynuLn, and Cayman Brac, He
between 19'15'and 19 45'N latitude and between 79 44'aud 81 27'W longitude.
Little Caymanhes appzoxaaately145 km to the east-northeast ofGrandCaymanaad
is about 10 km Irom Cayman Brac. 'Ihe island is oriented in a northeast to
southwest directiotL The Singing reefs that surround most of the island contain
shallow reef crests  rubble ramparts! as weH as mid-shelf and shelfedge fore reefs
 Blanchon and Jones 1997!. The agpegatioa site documented in this study was
located at the terminus of the southwestern end of the island's shelf. 'Ihe area

features a sloping dmp-off extending 0.6 km Rom shore to the 15 m depth contour
 delineating the shaHow terrace! and then continues as a deeper terrace to
approximately 24m. Benthic habitatof the shelf edgebetween24and 33 m featured
low reHef ridges and plateaus, interspersed with wide �0 m! sand patches. At 33
m the shelf edge precipitously drops off to a sheer waH. Ae.area's cutrents are
complex and range Sum slack to estimated speeds of three knots. Surface water
temperature during the project was 26 C. Horizontal visibTiity ranged &om 20-30

The west end aggregation site was initiaHy. believed to be a new area for
grouper reproduction on the island. However, anecdotal information &om local
fishermen aow indicates that grouper historicaHy aggregated at this site as recently
as the 1960s.

Field Observation

Field work was conducted in Janmuy/February 2002 oa Little Cayraan Island.
Underwater observations began the day before the fuH moon  dbfia! and lasted ten
days  Januaty 27- February 5!. A team of seven divers documented activity atthe
west end aggregation site each night, beginning the eveniag of the fuH moon
 January 28!. Ia addition, stalf &om the Cayman Ishmds Department of the
Environment  CIDOE! and local dive operators accompanied the core team of
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observers on several evenings. The team entered the water 10 to 72 minutes before
sunset  mbs! each night and remained in the water approximately 40 minutes. In an
attempt to iainimize the impact of the divers' presence on the gmupers',activities,
the divers maintained positions approximately 7 m &om the bottom and 10m &om
dense aggregations of fish. Dives averaged 30 m in depth. Five members of the
team estiauited the number of individual Nassau grouper present, estimated color
phase composition, and recorded the presence of disterided abdomens and
courting/spawning behavior. On the evenings when spawning was observed,divers
reported the time ofeach gameterelease. Because the amount ofoverlapofreleases
observed between divers is unknown, the maximum number reyorted by a given
diver is presented here. Observations on the presence and activity of other fish
species were also recorded. Two additional divers took underwater video using
digital video cameiiis without lights.

The dimensions and size of the aggregation were estimated using topographic
reference points and point counts of individuals. Each night, density estimates were
obtamed &om multiple divers and then an average was calculated. Estimates were
generated using counts within visually determined 33 m' 'quadrats'. Multiple
estimates were made for both the plateau and the shelf edge to generate mean
values.

Ia addition to the observations made on the aggregation site each evening, five
members of the team conducted multiple daytime visual surveys on reefs amund
Little Cayman using the Roving Diver Technique  RDT;  Schmitt aad Sullivan
1996!. During RDT surveys, the divers recorded all fish species encountered and
relative abundance categories for each [Single �!, Few �-10!, Many �1-100!,
Abundant  > 100!]. Divers also recorded information oa the size, deyth, color
phase, presence of a distend abdomen, group size  if traveliag with others!, and
direction of movement  if any! for all sighted Nassau grouper.

Fishermen were present on the aggiegirtion site eachday of the project but most
rarely fished on th aggregation afier sunse. The total number ofboatsat any given
time ranged &om one to thirteen and each boat carried two fishermen. All fishing
was artisanal hookand line. No special hcense was needed; however, Cayman Island
law only permits Caymaniaas to fish aggregation sites during grouyer spawning
season. CIDOE sampled catches throughout the aggregiition periodto obtain length
and sex of aggregated Nassau grouper. CIDOE also collected daily landing
numbers.

RESULTS
A total of 67 visual RDT surveys were conducted on 14 reefs amund the island

 Figure 1! during daytime hours, representing 60 hours of survey time. A total of
176 fish species were documerited, including four species of grouper in the genera
Epinephelus and Afycteroperca. Sighting &equency   o/oSF! of the four species
during the visual surveys were 79.1 %  tiger grouper � M tigris!, 62.6 /o  Nassau
grouper!, 41.7 /o  yellowfin grouper � M venenosa!, and 13.4 /o  black grouper�
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M. bonacr!. These values were similar to those cal~ for 153 RDT surveys
collected during summermonths of2000and 2001 &om LittleCsymanreefs{REEF
2002!. However, the mean 2000/2001 summer % SP value for Nassau gmuper was
80.3 %, considerably higher than what was encountered duimg the aggregation
period. The complete data sutnmary for the RDT datacanbe accessed Som REEF's
Website  REEF-GMP 2002!.

The aggregation site Figure 1; Site Al! was surveyed for nine nightsbeginning
on the full moon {Januaiy 28!.

Figure 1. Map of the study area, indicating loca5on of west end aggregaIon site
 At!, the historicai east end aggregation site visited on February 4  A2!, and the 14
reef sites durin the da indicated dots .

Aggregation Characteristics
The average estimated number of Nassau grouper present at the aggregation

site ranged from 408 on the 8a day aiter the fuH moon  da6n!, the last evening. the
aggregation was documented,to 5/00 individuals 2 da6n. During the aggregation
cycle, a total of 1,934 Nassau grouper were harvested &om the aggregation site.
The mean estunated numbers present on the aggregation each night and the total
catch reported each day are shown in Figure 2.

StafF &om the CHXlK ncozded total length of 275 Nassau grouper,
representing approximately 14% offish landed. Based on the individuals sampled,
the average TL ofharvested fish was 61.9 em {47- 86 cm!, which equates to an 8+
year old fish  Sadovy and Eldund 1999!. Approximately 22 % of the catch �31
fish! was sexed. The female to male sex ratio varied through time; the aggregation
was dominated by males early and late in the aggregation cycle with females
dominating just prior to the peik of spavming activity  Figure 3!. The average
female to male sex ratio was calculated to be approximately 1:1.6 �9% females,
166 females and 265 males!. A sub-sample of those sexed was also measured and
little difference was found between males and females �7.5 em and 72.3 cm mean
TL in females and males, respectively!.
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Figure 3. The shift in color phases during the aggregation cycle and the sex ratios
based on catch data. Bars indicate the proportional color phase composition at the
aggregation site. Pie charts show the proportional sex composition, based on
landed fish, with the corresponding sex ratio {female:male! below each pie. Within
each ie, hash marks are male and white is female.
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Nassau Grouper Movements and Coloration

Characteristics and Behavior on Reef Sites � During daytime dives early in the
aggregation cycle � dbfin � 4 dafin!, approximately half of the Nassau grouper
displayed courting colorations  white beHy aud dark! aud had distended abdomens.
Most fish with distended abdomens were in white beHy phase. The majority �5 lo!
of all individuals seen were traveling in a directed manner along the shelf edge
between 19 and 38 m. Of those in transit, most individuals were traveHng in groups
of two to eight individuals. The duection of travel was evenly split between going
southwest  toward the location of the aggregation site! aud going northeast. Most
of the migrating individuals were seen at sites on the northwest side of the isbn
On two occasions, individual grouper were observed changing color phases while
in transit; one barred phase changed to bicolor phase and one dark phase changed
to barred phase.

Surveyors documented the largest number ofgrouper 2dafm, with27 fish seen
during one dive. By the 5 dafm, the number of Nassau grouper seen durmg
daytime dives decreased, and those that were seen were aH in the barred  normal!
color phase and wae not migrating. Mean TL for aH Nassau gtuuper observed
during daytime dives was 42 cm, ranging &om 26 cm to 60 cm. The smallest
individual seen migrating was 32 cm.

Coloration Shigs and Behavior on the Aggregation Site � During the initial days
of observation  full moon-4 dahn!, surveyors documented a consistent pattern of
crepuscularmovement and shift in dominant color phases. Throughout each evening
during this time, the composition of color phases shified to predominantly dark
phase as sunset approached and the entire aggregation would move 6om hovering
1-6 m above the plateau to over the shelf edge Figures 4a and 4b!. Bicolor phase
fish constituted less than�10/o of the fish present betweenthe fuH moon and 4 dafm.
Barred phase fish were observed on or near the bottom along the perimeter and
interior of the aggregation. When present, white beHy phase fish were always near
the bottom of the aggregation near the substrate.
Interactions between individuals during this time period were rare, but when they
occurred, the interaction appeared to be a herding or courting activity in which
one dark phase individual was closely foBowed and partiaHy surrounded by a few
other fish  often bicolor phase!. The closest pursuers would sometimes nudge
the leader on the belly.

As the lunar phase approached 5 dafm, the herding activity becaine common
and the grouper moved more rapidly. In addition, bicolor phase fish dominated
 85 ~/~ of fish present} and the aggregation concentrated over the shelf edge
 Figure 4c, Figure 3!.
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Figure 4. Crepuscular and lunar phase shifts in color phase composition and
location of the aggregation. A and 8} Crepuscular shifts seen earty in the
aggregation cycle  full moon-4 dafm!. Prior to sunset {A!, aH color phases were
present. As sunset approached and passed  B!, most Ssh ware in the dark phase
and the entire aggregation moved from the plateau to over the shelf edge. The
proportion ofbicoior phase5shremainedlow approximalefy10%! during the entire
early period of the aggregation cycle. C! Later in the aggregation cycle � dafm�
8 dafm!, there was no nightly shiit in color phase or location. The aggregation
formed a ace out over the shelf e with most Ssh in bicolor ase.



55 GuN and Carlbboan Fiohorlos Institute

Courting and Spawning Behavior
Nassau grouper spawning was documented on four nights, beginning 5 da6n

 February 2- 5!. On each of those evenings, divers were in the water 6om 28 to 30
mbs to between 7 and 15 minutes after sunset mas!. The highest level of spawning
activity was documented 6 da6n, when at least 30 gamete releases occurred. A
significant level of spawning activity was also docuinented 7 da6n; minimal activity
was seen 5 and 8 dahn. On the two evenings of signi6cant activity, the earliest
spawning was documented 26 mbs and activity ixintinued for up to 15 mas.

On each of the nights that spawning was observed, the grouyer formed a cone,
with the thickest layer amund 33 m, tayeriiig off up to a depth of approximately 18
m.. Several types of pre-spawning movement behavior were seen, inchiding 1!
vertical spirals,2! vertical movement without spiraling, 3! rapidly coining together
aiter a short vertical movement and then radiating outwarId bursts'}, and 4! rapid
horizontal runs near the substratum  Colin 1992!. Gauiete release was only
documented during the radiating outward bursts {ROBs!. Each ROB started with
1 - 7 bicolor fish chasing one dark yhase Ssh. The group, led by the dark phase
individual, would run vertically for 3 - 6 m, resulting in gamete release before
radiating outward. Additional bicolor Ssh would o6en jom in during the ascent.
Most ROBs ranged in size 6om 6- 25 individuals, but up to 50 individuals were
seen in a few ROBs. ROBs often initiated additional ROBs and up to 4 ROBs were
seen within a minute.

Multiple Species Observations
Surveyors documented several other primarily large predatory species of Sshes

at the west end aggregation site. Small, site-attached reef fish were scarce.
Spawning coloration, courting behavior, and/or spawning were witnessed in ten
species � tiger grouper, yeHow6n gmuper, black gmuper, horse-eye jack  Caranx
latia!, barjack  Caranr rubber!, blackjack  Carcun 1ugubris!,yellowj ack Caranx
bartholonraei!, mackerel scad  Decapterus macarellus!, dog siiaplier  Lujtanus

jocu!, and ocean trigger6sh  Canthidermis su+amen!. Of those, actual gamete
release was documented in Sve species  Table 1!.

Tiger grouper were seen in the characteristic tricolor phase known to occur
during courting and spawning  Sadovy et al. 1994a! 4- 8 da6n, and spawning was
documented 5 and 8 da6n. The tricolor phase featured a yale head, w'hite
rectangular ventral blotch, aud a dark dorsal area. 'lhe tiger grouper ROBs
consisted of 5 - 12 individuals; eight da6n, the 6rst ROB was documented at 5 mbs
and a total of six ROBs weio observed before divers exited the water at 1$ mas.
There were approximately 150 tiger gmiiper present in the area and aH wee: in the
tricolor phase at 15 mas. Two small groups of yellowfm gmuper � and 4
individuals! were seen 8 da6n with distended abdomens, but no courting behavior
or color patterns were seen. On two different evenings, a small gmup � - 4
individuals! of Mack gmuyer circled above the Nassau grouyer cone. Seven da6n,
the black gmuper were seen with distended aMomens and were heard booming.
Large schools of ho~e, black, and bar jacks were seen spawning most mghts
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and aB displayed courtship color patterns. Horsewye jacks took on a bicolor
coloration with a dark dorsal and white ventral pattern and a dark tail, black jacks
displayed briHiant white tips on their Wls, and bar jacks displayed ayeHow tail and
would flash dark bars on their body during the release of gametes. Yellow jack,
which are typicaBy solitmy or in smaB ~ wae present in schools-of several
hundred on two evenings and were most likely aggregating to spawn Domeier and
Colin 199T!. Mackerel scad were seen spawning 5, 6, and 8 dafin, between I and
8 mas. A smaB group of dog snapper � individuals! was seen exhibiting spawiimg
behavior  circling each other and performing upend spirals! 4 dafin and aNun 8
dafim. Eight dafin, the snapper also flashed white bars ontheir sides as they courted.
Two and 4 dafin, ocean triggerflsh were seen displaying courting coloration that
featured a dark bar on each cheek that extended fiom below the eye to the jaw.

Seven dafin, a daytime dive was made on the east end of the island to an area
historically known as a Nassau grouper aggregation site  Figure I; Site A2!. This
site has not been fished during grouper spawning since at least 1995. SmaH groups
�- 5 individuals! of Nassau, black, and yeHowfin grouper were seen, along with a
large aggregation �50 individuals! of tiger grouper.

In addition to those species seen courting or spawning, requiem sharks
 Carcharhinidae!, great barracuda {Sphyraena barracuda!, spotted eagle ray
 Aetobatus narinari!, greatm amberjack  Seriola dumerihg bigeye seed  Selar
cruntenophthalnilsi!, and rainbow runner  Slagatis bipinnulata! were aH seen
actively swimming around the Nassau grouper aggregation. The only fish seen
eating gametes of auy species were bigeye scad, which came in a large school to
consume horse-eye jack spawn on one evening. During that same event, several
great barracuda fed on the bigeye scad.

Table 1. Summaty of spawning seen ki other species by lunar date.
Colorations and other courting behavior are noted in the text.

Lunar Date Tfger ~ye Bar Jack Ihck Jack Mackerel
Grouper Jack Seed

2 dsfm
3-defm
4 defm
5dafm
S dafm
7 dafm
8 delm

DISCUSSION

Reproductive aggregations in mobile marine species are conunon, yet poorly
understood. Documenting the location aud spatial ind temporal dynamics of
aggregations, as weH as the behavior of aggregating individuals is of paramount
importance in order to undnstand the reproductive biology of animals that
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aggregate. This is particularly true for species deemed 'at risk' &am a conservation
staad pomt, as aggregatioas tend to increase the vulnerability of individuals to
harvest. Additionally, because animals that exhibit this type of life history rely on
behavioral interactions that maybe mediated by density, dechnes in the number of
individuals may result in disproportionate dechnes in the reproductive potential of
the populatioa  Alee 1931!.

The high number and large size of Nassau grouyer present at the SPAG site on
the southwest comer of I.ittle Cayman, along with the degree to which the
aggiegatioa site is used by other species, sets this site apart 6am other cunently
active Nassau gmuper SPAGs in the Caribbean. It is difScult to say how many
Nassau gmuper used the SPAG site given that fish were undoubtedly both leaving
aad joiaing the aggregation over the course of the aggregation cycle and because the
site was being intensively fished. However, at least 5,000 fish were present at the
aggregation on January 30 based on the visual estimates. Based on thesecounts, the
Nassau grouper spawning aggregation documented here is undoubtedly the largest
known aggiegation cunently in the Cayman Islands. Additionally, the mean size of
aggregating grouper �2 cm TL! was larger than any other'aggregation docuiaeated
in the Cayman Islands or elsewliere  Sadovy and Eklund 1999!. Use of aggregation
sites by multiple species has been documented yieviously  Carter 1989, Aguilar-
Perera 1994, Carter et at 1994, I.uckhurst2001, Paz and Grimsliaw2001!,although
thediversityof syecies docuaieated spawningin this study is unique. This could be
ia part due to the large number of observers yarticipating in the exyedition.
Nonetheless, it is clear that this area has properties that ate of great reproductive
benefit for many species of marme fish.

'IheroleofcolorationinNassau gmuyeraggregatioas has receivedcoasideiable
attention in the hteratuie. There is general agiimnent that both sexes exhibitbicolor
aad white belly phases Colin 1992, Cater et aL 1994, Aguilar-Perera and Aguilar-
Davila 1996!. Colin �992! postulated that the bicolor phase signals submissive
behavior, aad is thus important for hirge schooh of agyegiiting individuals who are
typically territoriaL Paz and Grimshaw �001! suggested that the bicolor and white
belly phases were fonas of cryptic coloration syecific to the unique habitats of the
aggregation site. There has been coafhctiag speculatioa as to whether dark color
phase 6sh are either male Paz and Grimshaw 2001! or female  Colin 1992!. Based
on the results of this study, it seems likely that both sexes exhibit dark phase
coloration at least some of the time. %'e have drawn this conclusion &om the lack
of consistency between the sex ratios of daily fish catches and nightly proportions
of fishes exhibiting dark phase coloration  Figure 3!. For instance, the first night
after the full moon 6shermen caught 56% males, while 90% of the 6shes observed
on that evening were dark phase. All ROBs observed were led by dark phase Ssh
followed by bicolor phase fish, suggesting that at the point of gamete release,
females exhibit dadcphase aud malesexhibit bicolor phase. The shiftin color phase
of fisheach night early in the aggregation cycle to mostly dark individuals has been
previously reported by  Colin 1992!. It may be that early in the aggregation cycle,
when spawning isnotoccurnng, all sexesassumedarkyhase aslight levelsdroy and
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it becomes a more effective cryptic coloration than bicolor or white beHy phases.
Later in the aggregation cycle when spawning is occurring, bicolor phase is

maintained throughout the evening to distinguish and advertise sex among spawners.
The overall sex ratio of 1:1.6 female to maleduring the aggregation period contrasts
strongly with other aggregation sites in the proportion of males present. For
instance, Little Cayman's historical east end SPAG had a smaHer proportion of
males early in the cycle when the proportion of males is expected to be near its
highest point �:0.5 female to male, 4dbfin, Jan 20, 1978!. If protogynous
hermaphroditism plays a bigger role in Nassau grouper's sexuality than
gonochorism, the deference in sex ratios between the historical east end SPAG
versus the west end SPAG could be explained by the differences in fishingpiessures.
In this scemuio, the demography of a fished population would be skewed towards
smaller/younger individuals, ahigh proportion of which would be females who have
not matured enough to undergo sex change. Little Cayman's historical east eud
SPAG was fished intensively until exhausted in 1995. Carter�994! also found that
heavily fishedNassaugrouper.aggregations in Belizeshowedhigher female to male
sex ratios than did unexploited aggvegations. In heavily fished aggregations in the
Bahamas, female to male sex ratios varied &om 1:0.2 to 1:0.3  Colin 1992!. In each
of these examplesthere appears to be a link,perhaps~ between heavy fishing
pressure and a high proportion of females. Mis conclusion is consistent with the
facts that the east end aggregation was mtensively fished for almost 100 years and
had a high proportion of females while the west end aggregation has only been
6shed for the past two years and has a high pmportion of males. It is important to
note that the change in sex ratio typically seen though the spawning cycle can
comphcate comparisons of sex ratios across aggregations, as catch statistics aie
oAen not veported throughout the cathe duration of the aggregation.

Over the past two seasons, the Little Cayman west end aggregation has been
fished heavily. In 2001, fislierinen harvested an estimated 2,000 Nassau grouper
during the aggregation, including 1+00 fish byasingle Cayman Brac fis1ierinan. In
2002, fishermen were present on the aggregation aite each day of the project and
cumulativelyharvestednearly 2,0006sh. 'Ihe majority of vessels were &om Cayman
Brac, two were from Grand Cayman, and three were. from Little Cayman. In 1985,
the Cayman Islands Governor in Council issued a general license for a11 residents to
enter the grouper spawning aveas, but prohibited the use of fish trays, spear guns,
explosives, seine nets orany other form of nets. In late February 2002, the Cayman
Island Marine Conservation Board de6ned a spawning season of November 1�
March 31 and implemented 'no trapping' 1 nautical mile buffer zones around each
designated spawning area, aIOng with an alternate year fishing strategy. During
fishing years  i.e. 2004 and 2006!, only 12 Nassau grouper may be taken per boat
perday. No Nassau grouper maybetaken &omaggregation sitesdming non-fishing
years. While the west end aggregation site has not been designated as a spawning
area yet, it wiH be before the 2003 Nassau grouper aggregation. If new legislation
is property enforced, the strategy should reduce 6shing mortality by half or move.
Given that most of the fishermenexploitingtheaggiegation are from Cayman Brac,
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it seems likely that at least some wiH choosenot to make the 40 km journey to Little
Cayman each day for only 12 fish.

The west end aggregation appears relatively healthy despite fishing pressur in
recent years, given both that males numericaHy domimited the aggregation, and that
the size of harvested fish were large in comparison to other aggregation studies.
Anecdotal evidence suggests that a few patriarchal fishermen were aware of this
spawning aggregation as recently as the 1960s. However, it has not been exploited
since 1987, when the Cayman Island government began monitoring the fishery, and
probably has gone largely unexploited since the 1960s. It is likely that most if not
aH Nassau grouper participating in the west end aggregation are residents on Little
Cayman given the deep waters surrounding aH three islands and the relatively high
abundance ofNassau grouperonLittle Cayman PattengiH-Semmens and Semmens
in press!. Tagging studies would be useful in determining where aggiegatmg
individuals go after leaving the aggregation site. In the Cayman Islands ass whole,
Nassau gmuper stocks have demonstrated some degree of resilience under fishing
pressure perhaps due to the cmnulative effects of inclement weather during
aggregations, recruitment &om proximal offshore banks, possible shifting of
aggregation sites, and the existence of minor satellite aggregation sites that remain
unfished. However, over the last two decades, catch statistics indicate a steady
decline in the Nassau grouper fishery. While smaH, the Cayman fishing fleet is
potent in its effects o seasonal relaodiictive aggregations. Atpresent, the west end
on Little Cayman is the only known Nassau grouper a~pegation in the Cayman
Islands that could reasonably be considered healthy. As such, it is likely that this
aggregation is providing a high proportion of the total local recruitment of Nassau.
grouper to the Caymans. Clearly, maintaining the health of this aggregation is of
paramount importance in order to protect Nassau grouper stocks and the viability
of the fishery now and in the future
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ABSTRACT

Following the last GCFI meeting proposition on gioupers spawning
aggregations fisheries, a survey has been undertaken in Martinique. This survey
reveals that fishing occurs on one species Alphester afer and marginally on
Epinephelus fulvus. This poster presents a first description of the fishing techniques
and their evolution. A rough localisation of these fishing areas is presented.

KEY WORDS: Alphestes afer, groupers, spawning sites

La Peehe sur Fray&re de Merous en Martinique
Vierge Varech  Alphestes afer!

Une enqu6te a Ab r6iliek en Martinique pour faire suite aux propositions
faites lors de la dernihe bunion du GCFI sur les peches sur kayos de mcus.
Cette enqukte rbvele 1'existence de ce type de p6che sur une espbce: Alphester afer
et marginalement sur Epinephelusfulvus Une premihe description des teclmiques
de ybche et de leur evolution est faite. Une localisation grossihre des zones oh se
pratique cette activity est bgalement pr6sentbe.

MOTS CNS: Alphestes afer, mhous, sites de ponte

INTRODUCTION

Groupers are species ofhigh economical value in tropical and subtropical fishing
activities. Most of these speciesare solitary and sedentary. Individuals stay for long
periods in coral reef habitats. This site specificity and their relatively slow growth
rate make them particularly vulnerable to overfishing. Moreover, some groupers
migrate for several kilometers towards localized spawning sites. These sites aie
oAen exploited intensively by local fishermen during the brief spawning period of
one or two weeks. This intensive exploitation is depleting some of the spawning
aggregation sites and leading to overfishing of the concerned species.

There is no publication on spawning sites of groupers available in Martinique.
To contribute to the GCFI reflection on management of gtoupers spawning
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aggregations in the Caribbea, apieliminary surveyhasbeenlaunched in Martiniqiie.
The main objective was to compile an inventory of the concerned species and to
localize the spawning aggregation sites known by fisherme. In addition, it aimed
at describing the fisher's activities on groupers spawning agpqptions in Martimque.

METHODOLOGY

Investigations were conducted with fishermen &om around the island. The
informants were not chosen by random sampling. Persons were questioned afier
spontaneous meeting on landing sites or on fishermen or fisher folk's indications.

The surveys were carried out on an informal mode of conversation, although
managed around a specific theme. The main inquiry utilized underwater colour
photos extracted &om Reef Fish Identification book  Hmnann 1997!. A map with
landmarks and shoa1s of Martinique was used to localize spawning aggregation sites
and fishing areas.

Afier identification of the concerned species, fishing trips on the spawning
aggregation were made with professional fishermen. Monitoring ofthis fishery wa
undertaken on landing points. Fishing techniques, fishing areas, as well as the
qualitative evolution ofthis fisher weredescribed�by�investigation on landing�site,
or at fiishermen's home and by telephone interviews. Thirty-five fishermen were
questioned. Only two fishing trips were carried out due to bad weather during the
spawning season.

Fishing of Groupers on Spawning Aggregation Sites
Martinican fishermen have identified two grouper species that have spawning

aggregation sites: AIphestes afer  Mutton hamlet! and Cephalopholis fulva  coney
seabass!. Fishing targeting Mutton hamlet operates every year at spawning season.
Coney is also caught in breeding phase with Mutton hamlet but in lower quantities
 less than 20 % weight!. Martimcan fishermen are unaware of spawning sites of
other groupers.

Fishing of Mutton Hamlet on Spawning Aggregation Sites
Mutton hamlethas various vernacular names according to landing sites around

Martinique Map 1!. The Mutton hamlet and Coney represent the principal varieties
fished in Martinique. Annual catches were respectively 37.3 and 38.7 metric tons,
in 1987. Alphesres afer represent 27.6% of the landings of groupers and 22.6%
of the trap captures. Mutton hamlet is mainly fished by wire netting traps �7.4%!
and by smaH baited traps built &om wood "Tombs ibvb": 25.2%!. In both cases,
recruitment starts at 12 cm up to 17- 20 cm. The more important Catch Per Unit
Effort  C.P.U.E.! is obtained between 10 and 30 m depth for this inshore species
 Gobert 1991!. They settle among seagrass and seaweed or in crevices where they
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IHa 1. Vernacular names of Al hestes afer in Martini ue

The spawning aggregation sites of Mutton hamlet exploited by fishermen are
located between 10 - 15 m and 25 - 30 m depth between Le Diamant and Trinity
 Map 2!. Mutton hamlets spawn on the outer part of shelf edge reef in February and
March.

The spawning aggregation sites of Mutton hamlet are exploited mainly by
fishermen living between Anses d'Arlet and Trinity. Various fishing techniques are
used to catch Mutton hamlet during the spawnmg season. Bottom nets are used
instead of"Tombs lb'" which are only used by a few fisherme. Adozen fishermen
of Vauclin and some divers along the coast  Tartane, ...! use harpoon fishing to
target this specie. Wire netting traps may be used to catch large quantities during



55~ Gulf and Caribbean Fisheries institute Page 5'1'I

spawning season but this cannot be considered as a target fishing technique. Anglers
also catch Alphestes afer outside spawning sites.
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Map 2. Alphesfes afer spawnin sites in Martini ue

The nets used are mono or multi-mono filament nets of mesh size between 25-
40 mm. Heights range from 2,5 - 4 m and lengths &om 100 - 1500 m. Most
&equently 3 to 4 nets of 300 - 400 m are set for three to seven hours in the
afternoon. This technique is carried on during one month between February and
March. The efficiency lasts a quarter moon. A few fishermen figures that falling
moon gives better results and with rising moon fishing stops. For others, the most
important catches are made three days before and three days afier full moon. Net
fishing landings recorded range &om 25-50 kg per trip. Fish measurements of one
landing at the beginning of the season  probably the first one! showed total length
of Mutton hamlet to be ranging between 18-25 cm  Figure I!. All the fishes �20!
examined were fluent except two of size respectively 19 and 20 cm. It was therefore
possible to establish sex ratio without opening them. Twenty four percent of the
individuals caught were females. This sex ratio is not reliable for landings of this
fishery. According to fishermen, females caught are much more numerous than
males, whichever fishing gears are used.
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Along with Mutton hamlet, fishermen caught large quantities of parrotfish in
their reproductive season. These catches being more abundant and more regular for
a longer period  several months!, the fishermen prefe this fishery. For the same net
length, we have recorded landings around 80 kg of paimtfish per trip.

"Tomb&1& 6" are small woodentrapsof the following size: length 65 cm, width
50cmandheight20 � 25 cm. Meshsizeis approximately25mm. Baits used for
those traps are small pelagic fish fiozen or caught by beach seines, or roasted
octopus is used. With this technique fishermen usually use seven to eight traps.
They are aH set individually. The first one is raised as soon as the last one is set,
meaning 20 or 25 minutes later. This "Tombs lb'" fishing starts in the morning
between 6 anL to 12. Catches used to be around 20 � 25 kg up to 50 kg per trip.
According to one fisherman iti acted round 15 kg per trip since the development
of net fishing. Some fishermen think that this is due to the fiict that &ozen baits are
actually used instead of traditional fiesh baits coming &om seine fishing.

Underwater fishingi practiced inthe morning, fiom Vauclin and lasts for about
three to four hours per trip. The teams aremade up of three to four scuba divers per
boat. Two to three individuals can be caught during one diving session and landing
amounts to 25 kg per diver per trip. The divers describe the fish as passive and with
no reaction towards the divers. They noted abundance of parrotfish on Mutton
hamlet spawning sites. The parrotfish in breeding phase being very alert, they are
more difficult�toharpoonthan�Muttonhamle. According to one scubadiver, typical
aggregation site of Mutton hamlet lies in 10 - 25 m depth on the outer side on the
coral reef covered with seaweed thus allowing hiding places.
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FISHING TRENDS AND THRFMT FOR MUTTON HAMLET STOCK

Assessment of Mutton hamlet fishing�trendson�or outside spawing sites ~
be undertaken &om this prehminary survey. Gobert �991! could not establish a
diagnosis of the Mutton hamlet stock. Annual catch of Mutton hamlet recorded in
1987 with fishing gear used on spawning sites  "Tombs Ibvb", scuba diving, bottom
nets! totalled up to 13,6 '/o of landings of this specie with all type of gears  Gobert
1991!. This means that fishing on the spawning aggregation sites represent only a
small percentage of total catches for this species. Mutton hamlet is most probably
protected due to its small size allowing it to slip through the nets. Fishermen are
unanimous in thinking that Mutton hamletremains abundant In addition, the rough
sea protects the spawning areas during the breeding season. Sale price of Mutton
hamlet is approximately the same as that of other benthic and demersal fish, which
is less than US$10 and slightly less US$8! when landings are important. This does
not incite the fisherman to increase fishing activity on this species.

Only one "Tombs Ibvb" fisherma at Vauchn mentioned a decline in yields
resulting fium netdevelopment. Formerlyabout twenty fishermen used "tombb Ibvb"
traps in Vauclin. Actually, only one fisherman practices this activity with traps
approximately thirty fishermen us bottom nets and 10 scuba divers target Mutton
hamlet in February � March. The increasing trend towards use of fishing nets
instead of traps which are less efficient must be practiced with prudence, namely
because other species like the panotfish will contribute to iimxease fishing effort on
the Mutton hamlet spawning aggregation sites.

Description of the spawning area  geographical limits, period of activity! and
inventory of the species reproducing there should be undertaken. It is important to
monitor fishing in this sensitive area that is favourable to spawning aggregation of
various species of high economical value.
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ABSTRACT

The Madison-Swanson and Steamboat Lumps MPAs were established by the
Gulf of Mexico Fishery Management Council in 1999 to protect spawning
aggregations of groupers. The primary goals of this project were to:

i! Establish baseline estimates of fish abundance, especially for species of
groupers alld silappersi

ii! Describe significant habitat features in the Madison-Swanson and
Steamboat Lumps MPAs; and,

iii! Analyze the relationship between habitat and species assemblages.
The secondary objective was to locate spawning aggregations of gag

 Mycteroperca microlepis!, and scamp  Mycteroperca phenax!. Side scan mosaics
and multibeam bathymetiy were used to stratify each MPA based upon benthic
topography and geology. The Madison-Swanson, and Steamboat Lumps MPAs
were surveyed during 5 cruises between February, 2001 and May, 2002. Gear
employed during the surveys included stationary video camera arrays,  Hi-8 cameras
or digital cameras!, chevron fis traps, and an ROV. Spawning aggregations of gag
and/or scamp were confirmed within the Madison-Swanson MPA in 2001 and 2002.
Species assemblages varied with habitat. At sites along ridges and rocky outcrops,
species observed included gag, scamp, red grouper  Epinephelus morio!, snowy
grouper  Epinephelus ni veatus!, speckled hind  Epinephelus drummondhayi!, red
snapper  Luj tanus campechanus!, silk snapper  Luj tanus vivanus!, vermilion snapper
 Rhomboplites aurorubens!, red porgy  Pagrus pagrus!, knobbed porgy  Calamus
nodosus!, gray triggerfish  Balistes capriscus!, and greater amberjack  Seriola
dumerili!. At sites on sandy substrates, species observed included honeycomb
moray  Gymnothorar saxicola!, bank sea bass  Centropristis ocyurus!, and bandtail
pu6er  Sphoeroides spengleri!.

KEY WORDS: Gulf of Mexico, Marine Protected Area, reef fish
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Estudio de Congregados y Habitat de Peces dentro de
Dos Areas Marinas Protegidas en la

Plataforma de Florida Oriental

PALABRAS CLAVES: Golfo de Mexico, areas marinas protegidas, peces

lNTRODUCTION

The Madison-Swanson and Steamboat Lumps Marine Protected Areas MPAs!
on the West Florida Shelf were established by the Gulf of Mexico Fishery
Management Council  GMFMC! in 1999  Figure 1!. They were established
primarily to protect spawning aggregations of gag grouper  Mycteraperca
microlepis!, which is considered to be at risk since this protogynous species is
attracted to high-relief sites where they aggregate to spawn  Gihnore and Jones

Las hmas protegidas  MPA! de Madison-Swanson y Steamboat Lump fueron
establecidas por el concejo de manejo pesquero del Golfo de Mexico en 1999 para
proteger las agregaciones desovantes demems. Lasprimaasmetas deesteproyecto
fueron:

i! Establecer estimaciones bhsicas de abundancia de ~ especialmente
para las cspecies de meros y huachimnangos;

ii! Describir las caracterfsticas significativas del hibitat en el
Madison-Swanson y Steamboat Lump MPAs; y

iii! Anal' la relacibn entre el hfibitat y los congregados de la especie.
El objetivo secundario fue localizar las agreipeiones desovantes de motdaza

 Mycreroperca micralepis!, y picaro  kfycrerapercaphenm!. Se utlizaron anklisiss
de mosaico por lado y mutiemisi6n batim8rica para estratificar cada MPA basado
en la topografia del bentos y geologic Madison-Swanson, Steamboat Lump y una
arcade control adyacente  hordes gemelos! fuemn muestreados durante 5 cruceros
entre febrero, 2001 y mayo, 2002. El equipo empleado durante los estudios
incluyeron ehnaras de video en form estacionaria  Hi-8 chmaras o ciimaras
digitales!, se5ales de trampas de pesces, yun ROV. Las agregaciones desovantes de
mordazay/opicaro fueron confirmadas dentro del Madison-Swanson MPA en 2001
y 2002. Los congregados de la especie variamn con el habitat. En los sitios a lo
largo de los bordesy los afloramientosmcosos, se observaronespecies que incluyen
al mordaza, picam, mern rojo  Epinephelus ntorio!, mern nevado  Epinephelus
niveatus!, speckled hind  Epinephelusdrununondhap!, huachinango mj o  Lutjanus
campechanus!, huachinango de seda  Lujtanus vivanus!, huachinango ca%
 Rhom&oplires aurarubens!, el red porgy  Pagrus pagrus!, porgy del knobbed
 Calmnusnodosus!, el triggerfish gris  Balistes capriscus !, y el gran amberjack
Periola dulnerili!. En los sitios muestreados sobre substratos arenoso, las cspecies
observadas incluyen la morena apanalado  Gyjnnothorm smicola!, bank sea bass
 Cenrroprisris ocyurus!, y bandtail puffer  Sphoeroides spengleri!.
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1992, Coleman el al. 1996!. These reserves contain areas of reef structure that
support populations of economically valuable reef fish and other reef-associated
fishes and invertebrates  Koenig et al. 2000!. The MPA designations, which included
no-take regulations, went into effect on June 19, 2000. The MPA designations will
expire on June 16, 2004 unless extended by the Gulf Council at their May, 2003
meeting. It is therefore important to document the extent and nature of the reef
habitat within each MPA, document the species composition and relative abundance
of the dominant economically-important reef fishes, and monitor these parameters
for changes which have occurred aAer the reserves were established. Our objectives
were to establish baseline estimates of the fish assemblages associated with bottom
features within each MPA, especially for species of groupers and snappers, describe
significant habitat features in the Madison-Swanson and Steamboat Lumps MPAs,
and document the relationship between habitat and species assemblages. The
secondary objective was to locate spawning aggregations of gag  Mycteroperca
microlepis!, and scamp  Mycteroperca phenax!.

20 30' Madison. Swan
Reserve

Twin Ridges Site
G43ff of Mexico

2F30' Steamboat Lumps
Reserve

28'00' 0 Mil 4|4 80

0 iGlamaiers 120

2T 30'
80'30' 88'00' 85'30' 85'00' 84'30' er00' 83'30' 83'00

Fi ure 1. Location of Madison Swenson and Steamboat Lumps MPAs.
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METHODS

The Madison-Swanson and Steamboat Lumps MPAs were mapped using side-
scan sonar  Scanlon et al. USGS, Woods Hole, unpublished data!, and multibeam
sonar  Gardner et al. 2001!. The MPAs were stratified using bathymelry, acoustic
backscatter, and features appazent on multibeam and side-scan mosaics. Madison-
Swanson was divided into seven strata:

i! Northeast �1 km'!,
ii! Ridge � hn'!,
iii! Central �40 hn'!,
iv! Pinnacles �8 hng
v! Mounds � km'!
vi! Snake feature � km*!, and
vii! Northwest � km'!.

RESULTS
Forty-three sites were exiunined within Madison-Swanson in 2001, and fifiy-one

sites in 2002. Spawning, aggregations of gag and scamp were confirmed at sites
located along the pinnacles in both 2001 and 2002. Substrate at all sites was
dominated by sand-clay, with rock and soft-coral found primarily along a ridge
located at the 74 m isobath  Stratum2!, the pinnacles  Stratum 4! and at a
topographic feature we named the snake  Stratum 6!  Table 1!. A total of 55 taxa
were observed in 2001, and 64 taxa were observed in 2002  Figure 2!.

Steamboat Lumps was divided into five strata:
i! Northeast �05 km*!,
ii! Pits � km*!,
iii! Central �00 hn'!,
iv! South Paleo-shore �2 hn'!, and 5
v! Ridge � hn*!.
The areas  km*! were estimated for each stratutn, and used for stratum weights

in estimators of fish abundance. We used a stationary video camera array to
determine the relative abundance of fish within each MPA. Two different camera

arrays were used. In March, 2001, Madison-Swanson was sampled with an array
comprised of four Sony Hi-8mm video cameras mounted orthogonally at a height
of 30 cm above the bottom of the array. The remaining surveys employed either
Sony VX1000 or Sony VX2000 digital camcorders. The camera arrays were
allowed to soak on the bottom for at least thirty minutes. This ensured twenty
minutes of video tape, which was viewed with aB fish identified to the lowest
discernable taxonomic level. The estimator ofabundance was the maximum munber

of fish of each specie in the field of view at anytimeduringthe twenty-minute video
tape. Stratified means and variances were calculated  Cochran 1977!. We also
employed an ROV, chevron fish trap, and hook and line gear to collect fish for age
and growth studies. However, only used video data is reported in this paper.
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Figure 2. Most frequently observed taxa at Madison-Swanson MPA during 2001
and 2002 surve
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Scamp  Mycteroperca phenm!, lesser amberjack  Seriola fasciata!, greater
amberjack  S dumerill!, blue angelfish  Holacanthus bermudensis!, gag, and red
stialiper  Luj tanus campechanus! were the most frequently observed taxa  Figure
2!. Other species included red porgy  Pagrus pagrus!, vermilion snapper
PRomboplites aurorubens! and red grouper  Epinephelus morio!. Frequency of
occiurence of these species, and most of the top twenty taxa were generaBy higher
in 2002 than in 2001. The abundances of snappers and groupers wne highest at the
ridge, pinnacles and snake features  Table 2!. The mounds and northwest strata
were not sampled in 2002, so those sbata were not used in estimates of stratified
mean abundance. Mean abundance of snappers and groupers ranged fmm 0.1 fish
to 3 fish per site  Table 3!. The estimates of scamp, gag, and red grouper abundance
all increased &om 2001 to 2002.

Forty-three sites within Steamboat Lumps MPA were sampled in 2001, and 20
sites in 2002. Since all sampling was conducted during the summer and afier gag
and scamp spawn, no aggregations were observed. Substrate within all stzata was
dominated by sand~lay  Table 1!. The most diverse substrate composition was
found at the ridge  Stratum 5!. A total of 53 taxa were observed in 2001, with 50
taxa observed in 2002  Figure 3!. Red porgy, tattler  Serranus phoebe!, fiatfish
 Bothidae!, vermilion snapper, and bank seabass  Centropristes ocyurus! were
observed with the highest Sequericy  Figure 3!. Species of grouper and snapper
were observed in the gretdest abundance at the ridge located at the 74-m isobath
 Stratum 5!, and a nearby area with pits  stratum 2!  Table 2!. These areas were
small, with an estimated area of 3 km* for the ridge and 1 km' for the pits  Stratum
2!. Stratified mean abundance for groupers and snappers were lower in Steamboat
Lumps than within Madison-Swanson  Tables 3 and 4!. Mean abundances within
Steamboat Lumps were near-zero for most of the grouper-snapper species. Among
groupers and snappers, scamp had the largest abundance �.5 fish per site in 2002!,
but overaH, red porgy abundance was highest at 4.7 fish per site in 2002.
Abundances were generally greater in 2002 than 2001  Table 4!.
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Figure 3. Most frequently observed taxa at Steamboat Lumps MPA during 2001
and 2002 surve
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Table 3. StratNed mean counts of groupers and snappers observed at
Madison-Swenson MPA dun 2001 and 2002 Strata 1 2 3 4 and 6 on

n INean V~ n Iiean V~
Epinephelus sp.
Snouy grouper
Speckled hind
Red grouper
Mycteroperca sp.
Gag
Scamp
Luj tanus sp.
Red snapper
Vermilion snapper
Red porgy

35 - - 51 0.003
35 - - 51 0.006
35 - - 51 0.148
35 0.397 0.029 51 0.747
35 0.281 0.069 51 0.684
35 0.150 0.017 51 0.787
35 0.982 0.273 51 3.088
35 0.001 0.0001 51
35 1.302 1.254 51 0.332
35 0.089 0.002 51 0.228
35 1.409 0.128 51 2.042

0.00001
0.00002
0.0001
0.0063
0.0002
0.0005
0.008

0.027
0.005
3.636

Table 4. StratNed mean counts of groupers and snappers observed at
Steamboat Lum s MPA durin 2001 and 2002.

n Mean V~ n Mean

Red gmuper
Mycteroperca sp.
Gag
Scamp
Red snapper
Vermilion snapper
Red porgy

20
20
20
20
20
20
20

0.210 0.043
0.004 0.00001
0.002 0.00001
1.489 2.114

0.040 0.0005
4.65 1.12

43
43
43
43
43
43
43

0.002 0.00001
0.005 0.00002
0.003 0.00001
0.019 0.0002
O.OOM 0.00001
0.104 0.0014
0.479 0.080

DISCUSSION

Early work along the west Florida shelf focused on identifying locations of
spawning habitat for gag  Koenig et al. 2000!. Several areas along the west Florida
shelf were considered as possible locations for establishing MPAs for protecting of
gag spawning aggregations  see Figure 1 in Koenig et al. 2000!, with the majority
of the sites known to be established 6shing grounds for the reef-'fish fishery  Moe,
1963!. The Gulf of Mexico Fishery Management Council selected the Madison-
Swanson and Steamboat Lumps areas. The mapping and biological assessments of
these MPAs along the west Florida shelf was a team effort between the National
Marine Fisheries Service, the U.S. Geological Survey  USGS!, Florida State
University, and the University of South Florida USF!. Prior to sampling Ssh, each
MPA was first mapped. Kathy Scanlon  USGS - Woods Hole, MA! produced side
scan maps of the MPAs, James Gardner  USGS - Menlo Park, CA! produced
multibeam maps of major portions of the same areas, and David Near  USF - St.
Petersburg, FL! completed the multibeam mapping of Madison-SwansoiL Both the
mapping work, and the biological sampling efforts we report indicate the distribution
of reef fish is concentrated on hard-bottom features within each MPA. A larger



Page 624 Gledhill, C. and A. David GCR:55 2004

proportion of the bottom within Madison-Swanson was comprised of high-relief,
hard-bottom features than was found at Steamboat Lumps. In Madison-Swanson,
groupers and snappers were among the most fiequently occurring and abundant
tax+ This was not the case for Steamboat Lumps, where red porgy and tattler
dominated the fish assemblage. Scamp were found at Steamboat I.umps, but their
abundance was much lower than at Madison-Swanson. This diIFerence in fish

assemblage stnicture is most likely explained by the greater amount of high-relief
habitat at Madison-Swanson. The MPAs have been in effect for two years. We
have noticed an increee in some species of groupers during this time, however, two
years do not necessarily indicate a trend. Previous work has shown that recovery
of reef fish populations within established MPAs make take ten years or more Russ
and Alcala 1996!.

One problem has been limited enforcement within the two MPAs. We have
noticed during all of our sampling trips commercial vessels fishing within each
reserve. The amount of fishing activity within each MPA is not known. This is of
great concern since the ultimate success of any no-take MPA depends on strict
enforcement of no-take regulations. Recently the US Coast Guard has increased
enforcement patrols in the MPAs which has resulted in reduced levels of illegal
fishing.
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ABSTRACT

Substantial attentionhas beenpaidto the implementation and eKcacy ofmarine
protected azess. As a result, data are available on the in~ abundance of large
piscivorous andcommercially-impoztantfisheswithinmazineprotectedareas. Fewer
studies have evaluated the indizect effects of this build-up, such as the influence on
recruitment and survivorship of young fishes. Higher predationpressures in marine
protected azeas should lead to lower post-settlement survival rates of newly-
recruited fishes as well as higher selective mortalities. For example, surviving
recruits in these areas may exhibit traits such as faster growth rates and larger sizes-
at-age than elsewhere. Due to the constraints of testing these hypotheses in marine
protected areas  e.g. permit restrictions, confounding environmental variables!,
mesocosm tanks were constrizcted in order to run experimental trials in a controlled
setting. Recruits of the bluehead wrasse, Thalassoma bifasciatum, were coHected
Som the field, transplanted in natural densities to replicate experimental tanks and
then subjected to three treatments � high predation or SPA  reflecting predator
densities in marine protected areas!, lower pzedatiou or NSP  reflecting predator
densities in non-protected areas! and control treatments  CON! with no predators.
Survivorship of recruits was recorded and compared among tzeatments to evaluate
differential pzedatioan rates. To evaluate selective moztahty, growth rates of
individual recruits  as recorded in otoliths! were compared between the initial
population of recruits and the survivors of each treatment. Differences in post-
settlement survival and selective mortality among treatments will enhance our
understanding of ecological processes occurring within marine protected areas by
shedding light on factors affecting successful recruitment of fishes to these areas.

KEY WORDS: MPAs, predation, larval fish

Depredacion en las Areas Marinas Protegidas: Efecto sohre el
Crecimiento y la Superviviencia de Larvas de Peces de

Arrecifes Coralinos Recientemente Asentados

La implemeutaci6n y la eficacia de las Areas marinasprotegidas ban sido objeto
de mucha atencibn. Consecuentemente, ahora hay datos sobre el inczemento en
abundancia de grandes piscivoros y de peces de importancia comezcial dentzo de
dichas Areas, peru pocos estudios han evaluado el efecto indirecto de esta
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acumulaci6n,asi corno su influenciasobze lasupervivenciayel reclutamiento de los
peces juveniles. Una mayor presi6n de depzezlaci6n en Areas maruzas protegidas
deberia reducir las tasas de supervivencia post-asentamiento de peces recon
reclutados y aumentar la mortalidad selective Por ejemplo, los zeclutas que
sobzeviven en estas kreas podrlan mosirar tasas de czecimiento mls rhpidas y taHa-
por~ mks grande que en otzos sitios. Debido a limitaciones para poder probar
esas hip6tesis en areas marinas protegidas  e.g. restzicci6n de licencias, variables
ambientales que confunden los zesultados!, se construyezon acuarios mesocosmos
para realizar experimentos en un medio controlado. Reclutas del limpiador cabeza
azul, Thalassoma bifasciatum, se zecolectazon en el campo, se pusieron en
densidades naturales en los aquarios experimentales zeplicados, y luego se
sometieron a tres tratamientos diferentzs-depzedaci6n alta zefiejando la densidad
de depredadores en areas marizuzs protegidas!, depzedaci6n baja  zeflejando la
densidad de depredadores en zonas no protegidas!, y tzatamiento de control sin
depredadores. La supervivencia de los reclutas se midi6 y se compare entre los
tratamientos para evaluar tasas de depzedaci6n diferenciales. Para la evaluaci6n de
mortalidad selectiva, el crt:imiento de reclutas individuales  interpretado de los
otolitos! secompaz6 entre lapoblaci6ninicial de los reclutasy los que sobzeviviezon
cada experimento. Las difezencias entre la supervivencia post-asentamiento y la
mortalidad selectiva entre tratamientos, mejozark nuestro entezzdimiento de los
procesos eco16gicos que ocurren en las kzeas protegidas, al identificar los fizctores
que afectan el reclutamiento exitoso de los peces en esas zonas.

PALABRAS CLAVES: Areas Marinas Protegidas, depzedacion, larvas de peces

INTRODUCTION

Though substantial attention has been paid to the increase in densities of larger,
commercially-important species in marine protected areas, relatively fewer studies
have focused on the possible indirect impacts of this increase. Since larger fishes
tend tobe piscivorous, we would expect that an increase in their density would lead
to an increase in predation pressure for their prey. Higher predation pressures
would lead not only to decreased survivorship of prey species, but also to a possible
higher level of selective mortality. For newly-settled coral reef fishes, which are
particularly vulnerable to predation, an increase in predation pressure could have an
impact on the post-settlement processes infiuencing their survival and growth. As
densities of recruits decrease and selective mortality increases, survivors should
exhibit relatively larger sizes-at-age and higher levels of condition e.g. higher lipid
content, fizster swimming speeds, behavioral advantages!. We hypothesize that
recruits setthng to marine protected areas will indeed be subjected to higher
predation pressures, leading to decreased survivorship, larger mean size-at-age and
GNter larval or juvenile growth rates.
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METHODS

All field research was conducted in the upper Florida Keys, USA within tbe
Florida Keys National Marine Sanctuazy  FKNMS!. Within the reserve, sites are
defined by varying degrees of protection. Sancuzazy Pxeservation Areas  SPAs! are
considered "no-take" zones, in which all collection is prohibited. Other areas are
restricted to general size limits, bag limits, and gear restrictions, with aH forms of
collection permitted except spearfishing.

Due to the prohibition of scientific collection in the SPAs of the FIRMS, an in-
situ study was not possible. To isolate the effect of predation pressure on new
recruits while contzoIHng for asmanyvariables aspossible, mesocosmmauipulations
were necessary. The bluehead wrasse ThaIassoma bifasciatum was chosen as the
study species for this experiment due to the high abundance of recruits on the xeef,
ease of recruit coHection and large amount of information available on its life history.

To determine the effect of various piscivores on the recruitment and post-
settlement survival of T. bifasciazzan, recruits were subjected to different densities
of predators in large aquaria to estimate survival and selective moztaHty under
varying levels of predation pressure. Using survey data of piscivore density &om
both protected and unprotected areas of the FKNMS, three treatments were
estabhshed: SPA, with a higher density of predators reflecting protected area
densities; NSP, with a lower piscivore density reflecting natural densities outside
protected areas; and Control  CON!, with no predators. An equal number of
recruits, also refiecting natuial densities in the field, were transplanted to each
treatment. Each treatment was replicated, resulting in a total of six experiznental
tanks, two of each trezztment.

The most abundant predators in the FKNMS, the yellowtail snapper, Ocyurus
chrysurus, and the gray snapper, LzzzJangsgrisels, were caught using hook and line
and transpoxted to the mesocosm faciHty. Predators were immediately fed and then
starved for a period of two days in order to standardize their level of hunger.
Recruits also were collected fiom the field by SCUBA divers and transported to the
mesocosms. They were transplanted in equal densities  n = 30! to each of the six
tanks and then left to acclimate in the tanks for 24 hours. At the end of thiis perzod,
predators were introduced to the SPA and NSP txeatznents  n = 5 and n = 2,
respectively! and control tanks received no predators. Predation trials ran for 48
hours post-predator introduction. At the end of the experiment, predators were
captured and released while recruits were caught and preserved for further analysis.

Recruits were measured for stzmdazd length and then dissected to obtain their
otoliths. These structures, the "ear bones" of the fish, serve as a zecoxd of both the
age and growth of the recruit throughout its hfe histoxy. By counting the increments
deposited along the otolith as well as measuring the width of each increment, we are
able to obtain measures of larval and juvenile age and otoHth growth during these
periods. Since standazd length of these fishes and otoHth length are significantly
correlated  Figure 1!, we can use the otolith measuxements as a proxy for
understanding the somatic growth of the fish. Half of the fish fiom each treatment
tank were randomly selected for otoHth analysis.
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RESULTS AND DISCUSSION

Mean numbers of survivors recovered &om each experimental treatment show
that fishes subjected to higher levels of predation  SPA treatment! do have lower
levels of survivorship than those not subjected to predation pressure  CON
treatment!  Figure 2!. Levels of survivorship were similar between the CON and
NSP treatments, but error bars indicate higher survivorship may be more Sequent
for those 6sh See from predation in the control treatments.
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Figure 2. Survivorship of fish subjected to high levels of predation pressure  SPA!,
lower levels NSP, and fish free from redation CON
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Analysis of larval growth rates of survivors &om each of the treatments
indicated that recruits subjected to predation pressure in both the SPA and NSP
treatment have a higher rate of larval growth than do recruits in the CON treatment
 Figure 3!. This corroborates the predictions of our working hypothesis � recruits
subjected to predation may show higher selective mortality, indicating those with
some selective advantage wiH survive. In this case, this advaiitage may be conferred
through faster growth rates during larval life. The data also show that these
differences in growth rates translate into larger mean otolith length-at-age.

7 400

Figure 3. Larval otolith growth of fish subjected to high levels of predation pressure
SPA, lower levels NSP, and fish free fruin redation CON

Due to these faster larval growth rates, recruits in the SPA and NSP treatments
were able as larvae to achieve a minimum level of condition or size required for
settlement more quickly. They settled to the reef earlier, resulting in a shorter mean
pelagic larval duration relative to those recruits not subjected to selective mortabty
in the CON treatment  Figure 4!.

While this trend continued during the first three days of juvenile life, this
difference was likely insignificant  Figure 5!.

In order to ascertain that the trends exhibited were a natural phenomenon and
not merely an artifact of the mesocosin manipulations, recruits &om the field were
collected and compared to the experimental survivors. Recruits &om the initial
population were collected just, after emergence onto the reef, and recruits &om the
same population were collected a week later. We would assume that during this
week, recruits were exposed to natural levels of predation on the reef. By
comparing the larval growth rates of the two collections, we see that larval growth
rates were faster for those recruits surviving to the final collection than those initially
collected  Figure 6!. IMs is consistent with our mesocosm findings: the final
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population, exposed to more predation, shows evidence of selective mortality based
on larval traits. Only those fiister growing fishes survived. Similarly, the survivors
had a lower mean pelagic larval duration  Figure 7!.
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Figure 4. Pelagic larval duration of fish subjected to high levels of predation
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Figure 6. Larval growth rates of recruits suiviving to the final cogecbon versus
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IMP UCATIONS

Preliminary analyses showtrends in the data that wiII require further analysis to
indicate the importance of indirect effects actin in marine protected areas. If fishes
recruiting to these areas are indeed subject to higher predation pressures that limit
their survivorship and exert selection on survivors, repercussions for the protected
population as a whole may occur. By decreasing the number of newly-settled coral
reef fishes, there would be a subsequent decrease in recruitment success and overall
diversity. Selective mortality also may potentially change the traits of the surviving
population as a whole. Indirect effects of protection such as these potential
mechanisms should beconsider whenattemptingto manage fishpopulationsusiing
marine protected areas.
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ABSTRACT

Although marine reserves are proving, throughout the world, to be valuable
tools for Gshery management, uncertainty in the timing and magnitude of expected
changes has left some resource managers and many fishers hesitant to accept
establishment of reserves. Trophic models, using Ecopath with Ecosim, can be used
to predict changes in target species, to assess differences in reserve performance
based on inclusion/exclusion of different habitat types, and to predict time &ames
within which changes in species abundance and size distributions can be expected.
A trophic model of a Caribbean coral reef ecosystem, representing the Turromote
reefplatform off La�Parguer, is being generated using both extensivehistorical data
sets and recent Geld data. By using the combination, we can track historical trends
in community changes, evaluate fishing pressure over time, and predict future
changes in fish assemblages. The first stage of model construction, updating and
completing a generalized Caribbean model, is presented along with model
simulations run over space and time. Results of the model simulations can estimate
the effects of a no-take reserve on different target species «nd can predict time
&ames within which benefits should accrue. Future work will continue the

customization of the model and will use changes in field conditions to validate the
model. Reliable predictions should help fisherymanagers to understand the use and
applicability of no-take marine reserves for improvedmanagement and monistic time
&ames for assessing reserve effectiveness.

KEY WORDS: Marine reserves, Ecopath, coral reef ecosystem

Prediciones de Cambios de la Comunidad en las Reservas

Marinas

Aunque las reservas marinas estsn demostrando, a traves del mundo, ser
herramientas valiosas para la gerencia de la industriapesquera, la incertidumbre en
la sincronizaciony lamagmtud de cambios previstos ha dejado algunos encargados
de recurso y muchos pescadores vacilantes aceptar el establecimiento de reservas.
Los modelos troficos, usando EcoIpath con Ecosim, se puedenutilizar para predecir
cambios en cspecies apuntados, paradeterrninar diferenciasen el funcionamiento de
la reserva basado en la inclusion/exclusion de diversos tipos del habitat, y para
predecir los marcos de tiempo dentro de los cuales los cambios en la abundancia y
distribucion de tamano de las cspecies pueden esperar. Un modelo trofico de un
ecosistemadel arrecife coralino del Caribe,representando laplataformadel arrecife
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de Tunomote afuera del la Parguera, se esta generando usando ambos conjuntos
historicos extensos de datos y datos recientes del campo. Usando la combinacion,
podemos seguir tendencias historicas en cambios de la comunidad, evaluar la
pression de lapescaen unciertoplazo, ypredecircambios futuros enensambladuras
de los pescados. La primera etapa de la construccion modelo, poniendo al dia y
terminando un modelo del Caribe generalizado, se presenta junto con el
funcionamiento de simulaciones modelo sobre espacio y tiempo. Los resultados de
las simulaciones ejemplares pueden estimar los efectos de un no toms la reserva en
la especie apuntada diferente y pueden predecir los marcos de tiemp dentro de los
cuales las ventajas deben acrecentarse. El trabajo futuro continuar el arreglo para
requisitos particulares del modelo y utilizaracambios en las condicionesdel campo
para validar el modelo. Las predicciones confiables deben ayudar a encargados de
la industria pesquera a entender el uso y la aplicabilidad de no toma las reservas
marinas para la gerencia mejorada y los marcos de tiempo realistas para detenninar
eficacia de la reserve

PALABRAS CLAVES: Reservas marinas, modelos trophic

INTRODUCTION

Marine reserves  "no-take"! are being used throughout the world as tools to
reduce habitat loss anddegradation, to conserve biodiversity, and to enhance fishery
management. They have found particular utility in tropical settings where fisheries
have been difficult to manage using conventional management regimes. In parts of
the United States, fishers and fishery managers voice doubts about the ability to
accomplish fishery goals through area-based management such as marine reserves.
Although scientist have been able to point to examples of marine reserves
successfully improving fishery conditions throughout the world, resistence has
continued. In instances where marine reserves have been established in the United
States, managers have set time limits, often five to ten years, within which time the
reserve should demonstrate its efficacy.

Trophic models, using Ecopath with Ecosim, can be used investigate some of
these questions and to oKer apredictive method that can beieadily tested in systems
where reserves have been instituted. Ecopath is used to portray the trophic
structure of an ecosystem with the option of including fishing as a type of predation
mortality within the system. The Ecosim module is designed to test the effects of
different fishing management options on the modeled community structure and can
be used to predict changes in target species. The recent inclusion of Ecole has
presented the opportunity to examine the efFects of the Ecosim simulations over
heterogeneous habitat types  Christensen and Pauly!. This can allow the testing of
various hypotheses regarding the dynamics and performance of marine reserves.

This paper is an initial presentation of a multi-year project designed to build a
trophic model of a Caribbean coral reef ecosystem, representing the Turromote reef
platform off La Parguerii, Puerto Rico. It is being generated with current and
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historical dna in order to mimic historical trends in community changes, evaluate
fishing pressure overtime, and predict future changes in fish assemblages. The first
stage of model construction, updating and completing a generalized Caribbean
model, is presented along with sample model simulations. Future work that wiII
allow prediction of reserve dynamics and allow for future validation of simulation
work will be discussed.

MATERIALS AND METHODS

The Ecopath modeling system is a modification and�refinemen of an approach
presented by Polovina �984! for the estimation of the biomass of the various
elements  species or gmups of species! of an aquatic ecosystem. It was modified
with various approaches fmm theoretical ecology, notably those proposed by R.E.
Ulanowicz �986!, for the analysis of flows between the elements of ecosystems.

being updated and improved, and offers a wide variety of helpful routines to help
with model building.

One impmvement in the basic routine of Ecopath is a shiA &om its original
assumption of steady state. Ecopath, instead, bases the parameterization of the
model on an assumption of mass balance over the chosen time period, typically a
year. In its present form Ecopath parameterizm models based on two master
equations, one to describe the pmduction term and one for the energy balance of
each gmup.

The series of equation are developed on the premise that "Mortality for a prey
is consumption for a predator." The first Ecopath equation describes how the
production term for each gmup  i! can be split in components. A box  gmup! in an
Ecopath model maybe a gmup of ecologically! related species, a single species, or
a single size/age group of a given species. This is implemented with the equation,

Productien = Catches + Predation Mortality + Biomass Accumulation +
Net Migration + Other Mertahty

Secondly, the energy input and output of all living groups must be balanced.
The first Ecopath master equation  above! includes only the production of a box.
%hen describing the energy balance of a box, other flows should be considered. So
as to ensure mass balance between gmups, energy balance is ensured within each
gmup using the equation:

Consumption = Production+ Respiration + Unassimilated Food

This equation is in line with%inberg �956! who defined consumption as the
sum of somatic and gonadal growth, metabolic costs and waste products. The main
differences are that Winberg  along with many other bioenergeticists, see Ney 1990!
focused on measuring growth, where Ecopath focuses on estimating losses. The



Page 63T55 Gulf and Caribbean Fisheries lnstltute

Ecopath formulation does not explicitly include gonadal growth. The Ecopath
equation treats this as included in the predation term  where nearly all gonadal
products end up in any case!.

Once a trophic model has been built in Ecopath it can be used directly for
simulation modeling using Ecosim. This approach is fully integrated with Ecapath,
and is a complex simulation model for evaluating the impact of difFerent fishing
regimes on the biological components of ecosystems. One identified short coming
was the lack of a means to investigate habitat mediated di6erences in trophic
relationships. This has been reinedied through the development of Ecospace
 Walters et al. 1998!, a dynamic, spatial version of Ecopath, incorporating all key
elements of Ecosim.

Data sources and reliability are a concern for developing a model that correctly
reflect the relationships and functioning of a complex system. In the case of the
coral reef ecosystem of La Parguera, including coral reefs, mangroves, seagrass
beds, algal plains and other interacting habitats, a large body of research and
monitoring has gone on for the last four to five decades. This has been a focus of
residents and visitors to the Marine Science Department of the University of Puerto
Rico-MayagGez All aspects of the area have been examined in varying detail. Fish
assemblages, benthic communities, and planktonic organism have been examined.
Sedimentology, tidal regimes, and current patterns have been documented. Where
sampling has been done locaHy, information &om the wider Caribbean is generally
available that will complete the data needs of the project. Continuing sampling and
research will allow updating a modification of the model into the future.

RESULTS

The initial work with the Optiz models has begun with evaluation of the
dynamics of the 20-box model produced as a representrdion of a generalized
Caribbean reef &om the Puerto Rican-Virgin Islands area The Opitz model,
modified with representative fishing information, has been run under a variety of
scenarios that examine trophic and fishing interactions. Figures 1, 2 and 3 display
results of different intensities and durations of fishing mortality. Under a constant,
low level of fishing pressure the biomass levels for each species group are stable
over the 20 year run cycle  Figurel!. If fishing mortahty is doubled for a longer
period of time, various biomasses are changed but when fishing pressur returns to
its previous low level, the biomasses return to their original levels, too  Figure 2!.
If, however, the fishing mortality is increased for a slightly longerperiodof time, the
biomasses shiA and do not regain their original relationships even when the model
is run for 50 years instead of 20 years. These are particularly significant in the
interacting groups of competitors, predators and prey.
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Figure 1. Computer screen capture" of mass balanced model from EwE
simulation. Model run with base constant fishing rate. Biomass ratios  compared
to starting biomass! are displayed, all with a ratio of 1.0; al biomass levels remain
constant throu hout the simWation.
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Figure 2. Model run with increased fishing mortality over a relatively short duration.
Notice different biomass res nses of dilferent s cies.
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Figure3. Computer screencapture of EwEsimulationrunwithincreasedfishing
mortality over a longer duration. Notice different biological responses of different
tro hic rou
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DISCUSSION
"Real ecosystems are more complicated than the mass-balance jluxes of
biomass in Ecopath, however large the number of functtonal groups we
include in our models. Real ecosystems also have dynamics far more
complex than represented in Ecosim. The issue to consider, when
evaluating the realism of a simulation software is, however, not how
complex the software and the processes are that are represented therein.
Rather, the questionis which structure allows a representation ofthe basic
features of an ecosystem, given a limited amount of inputs. "

LITERATURE CITED
Christensen, V., CL %'alters, and D. Pauly. 2000. Ecopath with Ecosim Version

4, Help system.
Polovina, JL 1984m Model of a coral reef ecosystems I. The ECOPATH model

and its application to French Frigate Shoals. Coral Reefs 3 I!: l-l 1



Comunidades Inter-mareales de la Costa Rocosa de la Reserva
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RES UMEN

Considerando que la predicci6n de la distribuci6n de cspecies es importante
elemento en la conservaci6n bio16gica y en el manejo de cspecies, se realim una
investigaci6n de campo de las comunidades inter-mareales en dos localidades con
diferente grado de exposici6n al oleaje en la RB de Sian Ka'an, Osho Oasis y Boca
Paila Los muestreos fueron realizado en base a tres transectos por cada sitio con
una periodicidad semestral, colectando los organismos circunscritos a un cuadrado
de 900 cm2. No se present6 ninguna diferencia temporal significativa  p = 0.05!.
Los resultados muestran que el principal componente de estas comunidades fueron
tanto en biomasa corno en abundancia, los gaster6podos y las macroalgas en las
zonas inter-mareales medias. Las tendencias espaciales muestran una distribuci6n
casi exclusiva de moluscos en las zonas intermareales bajas. Se muestnm algunas
corwelaciones negativas significativas entre sitios detectadas entre la densidad de
algunos grupos funcionales y entre algunos parametms ambientales. La variaci6n
de densidad de los grupos funcionales mas abundantes con cada nivel de marea
fueron en la mayoria de los casos abruptos, lo que podria indicar un cambio en las
micro-condiciones ambientales o bio16gicas, a pesar de que no existe ningun patron
de zonaci6n evidente. Los cambios en las condiciones ambientales puede ser la
principal causa de heterogeneidad paisajistica a media  decenas de metros! y
peque5a escala centimetros a metros!. Los patrones de distribucion de similitud de
ensamblajes en los sitios no fue significativamente diferente entre los sectores de
cada uno. El presente trabajo serviria corno el inicio hacia investigaciones de la
consistencia de patrones espaciales en diferentes escalas jenlrgicas.

PALBRAS CLAVES: Comunidades inter-mareales, zonaci6n, Sian Ka'an, Caribe
Mexicano

Intertidal Communities of the Rocky Coast of Sian Ka'an
Biosphere Reservation

Considering that the prediction of the cspecies distribution is important element
in the biological conservation and in the cspecies management, we were earned out
an investigation of field of the intertidal communities in two sites with different
wave exposition in the Sian Ka'an RB, Osho Oasis and Boca Paila. The samplings
were carried out based on three transectos by each site with a biannual periodicity
collecting the organisms bounded to a squareof 900 cm . Any significant temporary
difference was not presented  p = 0.05!. The results show that the main component
of these communities was as much in biomass as in abundance, the gaster6podos and
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the macroalgas in the middle intertidal areas. The space tenclencies show an almost
exclusive distribution of moHusks in the low intertidal areas. Some significant
negative correlations are shown among sites detected among the density of some
functional groups and among some environmental parameters. Hx, density variation
of the most abundant functional groups with each tide level was in most cases
abrupt, what could indicate a change in the environmental or biological
micro-conditions, although any pattern of evident zonaci6n doesn't exist. The
changes under the environmental conditions can be the main cause of iaxxdscape
heterogeneity to middle  dozens of meters! and small scale  centimeters to meters!.
The patterns of similarity distribution of assembhngs in the sites were not
significantly differen among the sectors of each one. The present work would serve
as the beginning toward investigations of the consistency of space patterns in
different hierargical scales.

KEY WORDS: Intertidal communities, zonation, Sian Ka'an, Mexico

INTRO DUCCIGN

La caracterizaci6n de procesos que operan a difexentes escalas espacio
temporales y corno intenxctuan estos procesos para formar patrones, ha sido el foco
central en las investigaciones contemporaneas  Levin 1992!. Entre escalas locales
y regionales, hay una enoxme colecci6n de efectos ocasionados por procesos
diversos en los patxones de composici6n de las comunidades y en Ia abundancia de
las cspecies, que solo son aparentemente clams cuando se comparansitios separados
sobre 10 a 100 km  Leonard 2000!. Estos procesos han empezado a recibir la
atenci6ndeec61ogos marinosytodavia tienenque seranalizxmiosbajo lainfonnaci6n
derivada de estudios locales y regionales  Cannolly and Roughgarden 1998!. El
anklisis de estos procesos a travbs de estas micro y meso-escala espacial soportan
la promesa de proporcionar un marco de txabajo con los cuales los resultados de
estudio a escala local pueden ser usados para hacer pxedicciones acexca de las
respuestas de la oomunidad a trav6s de un gxadiente ambiental a gran escala.
Bajo este contexto, el pxesente trabajo explora la distribuci6n espacial de la
abundanciaybiomasadelafioray fimnaintennaxeal de lacostarocosaenlaReserva
de la Biosfera de Sian Ka'au tanto a una escala local corno a una escala de sitios
sepaxados entre si por 10 km. El objetivo que persigue este txabajo es demostrar si
existe o no alguna vanabilidad fioristica y faunistica en Areas cere.mas con
caracteristicas muy semejantes en cuanto al oleaje, lo pxotegido de sus costas y las
condiciones de temperatura, ypor el otxo lado, conocer la variabilidad intxinseca de
los diferentes grupos de la biota intermaxeal y su relaci6n con la pendiexxte de la
playa y el gxadiente de humedad que podria darse en fimci6n de la cercama al mar
y finahnente comparar la semejanza de los patxones obtenidos con la abundancia
num&ric y ia biomass.
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MATERIAL Y METODOS

Area de Estudio. El estado de Quintana Roo, presenta una linea de costa con
una marcada altemancia de playas arenosas y costas rocosas. Esta linea de costa
caliza esta erosionada extensivamente y proporciona numerosas pozas de marea,
&acturas y crestas que son ocupados por los organismos intermareales. Los sitios
de muestreo se localizan dentro de la Reserva de la Biosfera de Sian Ka'an en el

Caribe Mexicano  Figura I!.

Figura $. Areas de muestreo
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Ea esta parte de la costa no existea rios; sin embargo, la presencia de dolinas
es comun y el aporte de agua del subsuelo eel dixectamente relacionada con las
lluvias que se presentan usualmente en verano, teaiendo un clima calido- huxnedo
entre Aw, y Aw�segun la clasificaci6n modificada de K5ppen por Garcia �973!.
La zona presenta uaa relaci6a precipitacibn-temperatura mayor de 55.3. La
temperatura en la costa es influenciada por los vientos que son predominantemente
Estes o Suxestes con presencia de Nortes en la parte final e iaicial del ano  Garcia
1973, Torruco 1995!. La temperatura media mensual del agua varia entre 25.6'C en
enero hasta 29.1'C en agosto, dando un pmmedio anual de 27.5'C. La marea es
semi-diuma de poca amplitud yla direcci6n de la corriente superficial marina es de
sur a norte  Torruco op. cia!. No obstante por la topografia misma de la costa,
existenpequeihs contzacorrieates locales. La separaci6a entre los sitios de muestxeo
fue de 21 kzxL

El metodo de muestreo utilizado se baso ea tres transecciones perpendiculares
a la playa por sitio, con un numem variable de aiveles. Cada txansecto tenia una
distancia de separaci6a de aproximadamente 25 m  Gonzalez 1995!. El nivel
inferior se localize al inicio de la vegetaci6npionerayel ultimo hasta 2 o 3 mdentxo
de la Hnea de agua Cada nivel estuvo zepresentado por un cuadnido de 25 cm donde
se colectazon y fijamn en formaliaa todos los organisznos circunscritos a esa arcade
los siguientes grupos faunisticos: moluscos, equinodennos, Axtz6podos
malacostiacos. Las algas encontradas tambien fuezon colectadm. Los orgaaismos
fueron pesados e identificados siguiendo difereates autores para los diferentes
grupos  Littler y Littler 1989, Torruco et al. 1992!.

La secuencia aaaHtica aplicada a los datos tanto de biomasa corno de
abundancia fue inicialmente una representaci6n especial de cada tzansizcci6n y un
anklisis de agrupamiento de los niveles por cadatransecto y un agrupamiento de los
diferentes componentes faunisticos y floxisticos, con la finalidad de cuantificar la
variabilidad espacial de los ensamblajesde losorgaaismosepibbnticos interzaazeales.

RES ULTADOS
El numero de cspecies fue de 61 para Boca Paila y de 82 para Osho Oasis

destacando en riqueza los gasteropodos  Figuza 2!; los grupos registzados son 13
�3 enOsho oasis y 8 en Boca Paila!. Lamayor densidad  tanto enabundanciacomo
en biomasa! fue Iocaiizazla en Boca Paila  Tabla I!. En esta localidad, las mayoxes
deasidazles tanto ea biomasa corno en abundancia, se localizan en los niveles mks
cercanos al mar en los dos primeros transectos  Figura 3! en el ultimo, altas
densidades se pzesentan a los primexos metms de la Haea de humedad. Para Osho
Oasis, el patmn cambia, ya que se presentaa cambios a todos los niveles en los tres
transectos  Figure 4!.

Lapendiente de la costa es mucho mayor en Boca Paila �.03 m enpromedio!,
que en Osho Oasis �0 cm enpmmedio!. Una diferencia notable es lacoslade Osho
Oasis que esta sumergida por un espejo de agua de aproximadamente 10 a 20 cm
casi desde los primems niveles  Figuras 5a y 6a!.
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La heterogeneidad de la costa en ambos sitios es alta, conformandose con los
amBisis de agrupamiento en las dos modalidades, numerosos grupos de a6nidades
semejantes, algunos de ellos muy cemmos en el espacio, lo cual muestra un
ensamblaje en mosaico en toda la costa Los grupos conformados con las
abundancias en la mayoria de los casos son corroborados con los de biomasa
 Figuras 5-6b y 5- 6c!.

Lasimilitud de grupos faunisticos tambibnpresentanuna gran correspondencia
tanto en abundancia corno en biomasa en los dos sitios. Los grupos floristicos se
diferencian de los ensamblajes faunisticos en ambas localidades  Figures 5 y 6 d!.

Brown Algae �

Gastropoda �0.0!

Green algae � 6.39!

Malacostraca

Ophluroi

Boca Paila

Red a

Brown algae

Green algae � 4.81!
Gastropoda �3.0!

Octopoda �.23!

Malacostraca �.1 .64!

Echinoderrnata �

Osho Casis

Rgura 2. Proporci6n de las cspecies en los grupos estudiados en la reserva de
la biost'era de Sian Ka'an.
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Table 1. Densidad del ru en las Areas de muestreo
TRANSECTS

Boca Paiia
Abundance Biomass
1 2 3 1 2 3

26 8 1 21 5 0.5
867 943 257 269.3 371.9 223

GROUPS

22 32 8
18 15 3

2 925111

223.6 386.2 78
100 52.5 19

88.5 21.2

1305.5 560 846.5
1666.2 1923 1706

0 126 92

Transect

1 %$$%$$&I%% S ~ 0 I ~ 1I ~ 1 I +%%

Figure 5. Pendientes y semejanzas entre fos niveles y los grupos en Soca Pails.
a. pendiente del Transecto, b. semejanza de la abundancia de los niveles, c.
semejanza de la biomass de los niveles, d. semejanza de la abundancia y la
biomass entre ru

Bivalvia
Gastropoda
Octopoda
Pulmonata

Amphineura
Ophiuroidea

Malacostraca
Polych seta
Pisces larvae

Green algae
Brown algae
Red A e
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Osho Oasis
Abundance Biomass
1 2 3 1 2 3
T 5 13 1'l 4 'l4

147 86 76 248 131 231
1 3
1 - - 2

56 16 17 380 210 62
43 25 71 433 189 791

534 478 356 30 25.6 21.T
754 1081 180 29.8 24.7 10.3
6 3 - 3.4 6

3048 2TTT 190T
214T 2232 126
4808 1T55 2675

i'
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Figure 6. Pendientes y semejanzas entre los niveles y los Qrupos en Osho Oasis.
a. pendiente del Transecto, b. semejanza de la abundanaa de los niveles, c.
semejanza de la biomasa de los niveles, d. semejanza de la abundancia y la
biomass entre ru s..

DISCUSION

La riqueza de cspecies y grupos presentes son comparables a otros estudios del
Caribe  Randall y Martin 1987, Diaz-Martmy Espinoza-Avalos 2000, Koltenrmnn
2000!, donde tambibn se hace presente la riqueza de moluscos en estas areas
intennareales. La mayoria de los grupos encontrados, estrin en asociaci6n con la
presencia de algas, ya que estas proporcionan un recurso alimenticio para muchos
habitantes de la porcibn intermareal de las costas rocosas del area de estudio. Los
moluscos es quiz' el grupo que presents mayor asociaci6n corno lo menciona
Warmke y Almodovar en Puerto Rico {1963!.

Las diferencias en el numero de grupos entre ambas localidades podria ser
efecto de la condicion de sumergencia en los niveles de Osho Oasis; sin embargo,
mayoria de las cspecies se presentan en ambas localidades y los cambios en la
diversidad no son estadisticamente sigaificativos  p = 0.05! Ambos sitios soportan
una relaci6n entre el niunero de cspecies y densidad semejante, a pesar de la
heterogeneidad espacial que presentan sus patrones de abundancia y densidad a la
escala de transecto. Un aspecto importsnte que se debe resaltar es que en Boca
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Pails, labiodiversidad dentro de los niveles de cada transecto aumentaba conforme
se acercaba a la zona de marina, de modo que los niveles con mayor diversidad se
encontraban al final de cada transecto, esto es debido a que en estos sitios la
presencia de algas y restos coralinos aumenta la disponibilidad de ahmento y de
zefugios, ademis de que el efecto de la desecari6n se mmimizL En Osho Oasis por
el contrazio, al pzesentar la mayoria de los niveles sumergidos, se presenta una alta
diversidad desde los niveles iniciales.

Este trabajo da evidencia de que las depresiones humedas presentan una gran
importancia en el mantenimiento de la abundancia de esta fauna. Para la clase mis
abundante, los gastez6podos y dada su movilidad, la concentraci6n de cspecies en
los zefugios se debe principahnente a tres factores:

i! Una busqueda activa de zonas protegidas,
ii! Alta disgzegaci6ny mortalidad en el desalojo Qsico por el fuerte oleajeen

zonas lisas y expuestas y
iii! La disminuci6n considerable de la energfa del mismo en deyresiones

profundas donde el lavado es as pasivo.
Khon y Leviten �976! y posteriormente Buschmann �990! y Williams et al.

�000! consideran que el inczezzzento en la complejidad del hQritat yuede
pzoporcionar zmls caminospazadifezenciarestzategiasalimenticias aniveles locales,
lasdifezcntescalidadesde los zefugios podnancomplementar estaconsideraci6n; de
manera tal que los ensamblajes detectados entze las difezentes cspecies estarian
influenciados en gran medidapor estosprocesos y factozes Lindergarth et al. 2001!.

Enambas localidades, la longitud de la playa es menor en la parte norte que en
la parte sur, donde los niveles se reducen considerablemente, posiblemente sea
efecto de la erosi6n costera por lacorriente que viene del sur, de manera tal que las
playas intermareiles de Quintana Roo, estrin expizestas a fuezte insolaci6n en bajas
mareas y fuezte acci6n del oleaje en altas mazeas y no obstante estas tensiones
Qsicas, altas tasas deproductividad organica caracterizan estos hkbitats  MacQuaid
y Branch 1985, Hutchinson y Williams 2001! que soportan densas poblaciones de
moluscos gastez6podos. Cuziosamente, esta clase de moluscos son mucho as
abundantes en los bancos interznareales que en los zmis complejos y benignos
azrecifesde cond submareales enlasmiszzzas localidades,cuyabiodivezsidad grupal
es considerablemente nul baja Vance 1988,6onzQez 1995, Torruco y Gonzalez
2000!.

Branch�984! y Buschmann�990!, argumentanque filtzadores sbsiles y algas
son competidores por espacio y pueden monoyolizar zipidamente un habitat, en
contrasle herbivoros y carnivoros compiten por alimento, un zecnrso el cual es zmh
di6cildemonopohzar MacLachlanetal. 1981, Lindegazthetal. 2001!, tal situaci6n
pazece se bastante comun en las diferentes areas estudiadas por estos autozes. Para
las comunidades intezznazcales de la costa de Quintana Roo, los depzedadozes y el
disturbio 6sico pazecen jugar un payel importante en Ia prevenci6n de la
monopolizaci6n delhabitatyor un dominante simple; ademfis, otzusautozes Branch
1981, Hawkins y Haztnoll 1983, Lubchenco 1983! postulan que en comunidades
dominadas porherbivozosloscomyetidorespuedencoexistir sin laexclusi6nde una
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especie por otra En los moluscos estudiados, lo anterior podria originar que
algunas cspecies se colocaran en diferentes pianos en el espacio n-dimensional, de
acuerdo a su dominancia en alguna de las caracteristicas de densidad  numero de
individuos o biomasa!, permitiendo su coexistencia.

Un aspect importante de estas consideraciones es que estan referidas a una
escala micro-regional, ya que la separacion entre las localidades es de pocos
kilometms; sin embargo, las condiciones particulares de cada sitio muestran fuertes
diferencias, que probablemente originaran cambios en la consolidaci6n de la
arquitectura de estas comunidades, mhs no de su estructura.
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ABSTRACT

Marine resource managementand related stakeholder confiicts have beenclearly
defined in recent decades as pressing issues worldwide. What most managers
neglect to include in management is social science to inform the development of
more effective marine protected areas MPAs!. This is asignificant problem in the
Meditertiinean where few socio-cultural aud economic studies have been conducts

This paper begins to fiII this knowledge gap by accounting for a comparative study
of thee marine reserves in Sicily, Italy. Using data collected with standard
anthropological field methods, analysis was conducted on how artisanal fishers are
impacted by reserves, the extent of their knowledge regarding regulations, their
opinions on manalmnent, and demographics. The results indicate that while fishers
are aware of the marine reserves where they fish, most fishers were not well
informed of the regulations. Fishers feel alienated from the managementprocess and
would feel more comfortable with reserve managers and regulations if they were
involved in management. The paper concludes by showing how such data could
help to develop more useful and practical management practices.

KEY WORDS: Marine Pmtected Areas, Italy, socio-economic and cultural impact

Pescadores Artesanales de Sicllia: Opiniones de los Pescadores
Artesanales y los Kfectos Socio-culturales de las Areas

Protegidas Marinas

La gerencia de recurso marina y los contlictos relacionados del tenedor de
apuestas se han de6nido ciazamente en Rcadas recientes como presionar ediciones
por todo el mundo. En una escala global, los seres humanos dependen de la
existenciay de la abundanciade recursos rtiarinas para satis&cer sus necesidades y
desean en dimensionesrecreacionales, estbticasyecoa6micas. En a6asrecientes, los
encargados derecurso marinas se hancentrado cadavezmtis en las hreasprotegidas
marinas, reservas de la industriapesqueray ninguno-tomanzonas al reparto con esta
dependencia. Sin embargo, lamayoria de estas areas de la getencia ban con6adocasi
exclusivamenteeulosmejoresdatos bio16gicos disponiblespataaconsejardecisiones
de gerencia gud la mayorla de la negligencia de los encargados incluir es
investigacion cientifica social para informar al desarrollo un MPAs mas eficaz. Esto
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es unpzoblemasignificativo enel mediterraneo donde pocos, si cualesquiera, socio-
culturales y economicos los anguish se han conducido en MPAs. Para comenzar a
llenar este boquete del conocimiento en el meditezraneo, conduje un estudio
comparativo de tres zeservas marinas en Sicilia, Italia. Usando los datos recogidos
con metodos antzopol6gicos estkndazes del campo, analizaba corno las zeservas
afectan a los pescadozes en reducida escala del axtisanal, e5mo esta' bien informado
esnuz sobre las regulaciones en Ia reserva, sus opiniones sobre la gerencia, y
demographics del pescador. Los resultados indican que mientzas que los pescadores
estrin todos enterados de las reservas marinas donde pescau, la mayoria de
pescadores entrevistados con no era informada muy bien de las regulaciones
asociadas. Los pescadores se sienten muy enajenados del proceso de Lz gezencia, y
se sentirian mucho nuts chmodos con los encargadosy las regulaciones de laxeserva
si estuvieron implicados en revisar regulaciones actuales. Muy pocos pescadores
indicaron que la aplicacibn es bastante adecuada evitar que los barcos rastzeadores
ilegales destruyan el habitat bbntico en la reserva. Finahnente, los pescadores del
aztisanal estrin en conflicto constante con los pescadores zecreacionales que se
sienten los estrin exprimiendo fuera de los puertos y estfm tomando todos los
recursos de los fisher's. Estos datos deben ser utiies en converiirse prhcticas de
gezencia mhs utiles y zzuls prhcticas.

PALABRAS CLAVES: Pescadores artesanales, areas pxotegidas marinas,
efectos socio-culturales

INTRODUCTION

Marine resouxce managementand related stakeholder confhcts have been clearly
defined in recent decades as pressing issues worldwide. On a gloM scale, humans
and economies depend on the existence and abundance of marine resources to satisfy
their needs and wants on recreational, aesthetic, and economic dimensions.
Commercial users rely on 6sheries and aquaculture in many regions of the world,
while beaches and rocky cliffs provide for swimming, fishing, beachcombing, and
sunbathing as prominent leisure activities  O'Riozdan and Voisey 1997!. These
areas are among the mostproductive natural systems available tohumaus. They also
include some of the most sensitive ecosystems in the world  Scuza et al 1992!; The
problem of resource depletion ~ exists from conflict between them. In the
case of fishery resouxce, where as many as 25-30'io of species are overfished, and
another 44 /e are fuHy exploited  FAO 1999!. Previous governance efforts to
sustain fisheries have frequently failed and have often exacerbated the problem of
biological overexploitationand economic inefficiency Lancketal. 1998!. Without
pxoper management, the attributes of the coast and marine environment that humans
find attractive wiH be destroyed  Vallega 1999!.

With the realization that traditional fishery governance systems that rely on
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concepts such as maximumsustainable yield andoptimum yield have ofien failed as
evidenced by over-fishing and habitat loss!, a movement has commenced towards
the development of more ecosystem-oriented approaches as opposed to traditional
single species management efforts. As an alternative to the single species approach,
managers aud scientists have rapidly been designing and implementing marine
protected areas  &om here on referred to as MPAs or marine reserves! throughout
the world with the hopes of structuring access to marine resources on an ecosystem
level. Within the last 20 years, MPAs and marine zuserves have become a widely
advocated form of marine conservation for pzotecting these valuable resources and
interweaving fisheries management aud tourism  Agazdy 1997, Bohnsack 1993,
Committee on the Evaluation, Design, and Monitoring of Marine Reserves and
Protected Areas in the United States et al. 2001+eHeher 1995, Ray 1999!. Such
an approach has the potential to effectively addres several management objectives
and allow multiple stakeholders to use the same resources, a must in reducing
conQicts and concerns.

In this paper, I zefer to two terms that commonly have different meanings in the
prinuuy Hterature: marine protected areas and marine reserves. The definition that
I will follow equates the two terms to the following: any area of the marine
environment managed for the primary purpose of preservizzg biodivezsity, aiding in
the recovery of overfished stocks and to ensure the persistence of healthy fish
stocks, fisheries, and habitats either as a multi-use azea or no-take zone. This is a
common definition used for Italian MPAs, the subject of this paper.

Over the past decade, marine resource managers have increasingly realized the
need to incorporate socio-economic and cultural factors into the decision making
process. In many cases, especiaHy in indigenous communities, stakeholder groups
such as local residents and fishers can significantly contribute to management,
providing historical catch trends, relative comparisons in the state of the
envizonment between thepast and pzesezzt,zzewznanagemezzt sbzztegies, and methods
to gain the zespect and trust of the community. Moreover, they can be trained to
teach user groups about the reserve and how they can be involved in the
management. FinaHy, enforcement by the community through peer pressure and
discouragement are normally more effective and less costly than typically used
government enforcement  WeHs and White 1995!.

While there have been many biological scientific studies condzzcted within MPAs
of the Mediterranean, few if any socio-economic or cultural studies have been done
on the impact of MPAs on local populations and visitors. This paper analyzes the
effectiveness of MPA management and regulations in Sicily and how the
management regimes deal with local stakeholder mtezests, principally local artisanal
fishers. The first section provides background information on two MPAs in Sicily.
Section two explains the methodology used in this study. Section three presents the
results and analysis of asurveytakenoflocalartisanal fishers in eac MPA. Finally,
the paper concludes with recommendations on how to improve MPA management
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techmques in Sicfiy, and for MPAs in general, in order to obtain better conservation
results &om management plans.

BACKGROUND INFORMATION

Evolution of the Reserve � The Gulf of CasteHammaxe was established as a fishexy
zeservein 1990,along with two other SiciTianguIS with importantartisanal fisheries,
the Gulf of Cataniaon the centzal eastern coast of Sicily and the Gulf of Patti located
on the northeastern corner of Sicily. The Sicilian Regional Government imposed the
fishery reserves in order to "rebuHd the severely depleted demersal stocks and
eliminate the conflict between the trawlexs and the smaH-scale artismml vessels
operating in the Gulf Whitznarsh 2000!." Over 70commezciaHy viable species are
caught and sold locally.

Since the establishment of the fishery reserves, numerous biological studies
based on annual monitoring of biomass fiuctuation have shown a positive reaction
by the marine environment inside the Gulf of CasteHammaze to the presence of the
fisheryreserve. A study measuring fish biomass increase a&era four-year trawl ban
indicated an increase in biomass for aH species considered, &om ale-fold increase
for the musky octopus to a 497-fold increase for the gurnard  Pipitone 2000!.
Similar results weze found in biomass studies a&er eight and ten years of the trawl
ban  Badalamenti 2000!.

Regulations � In 1990, the Gulf was completely closedoff to trawhng, &om the tip
of Capo Rama south of Terrasini to Tozxe deH'Uzzo north of the town of ScopeHo
on the western side of the Gulf. Cuxxent zeguiation also specifies that aztisanal and
zeczeafional fishers aze the only categories of fishers aHowed to fish within the
boundaries of the zeserve. As a result, the few commercial trawling vessels that
remain are registered in Tenasini and San Vito and can be seen trawling in the outer
reaches of the Gulf as well as trawling dixectly along the limits of the 6shezyzeserve
attempting to catch any biomass spillover.

Gulf of Castellammare Fishery Reserve  GCFR!
The Gulf of CasteHammaze, a broad, czescezzt-shale' bay, is located on the

northwest coast of Sicily west of Palermo  Figure 1!. Its coastline is over 70 km
long and its surface area is appxoxizmzteiy 30,000 ha, making it one of the widest
bays in Sicily  Badalamenti 2000!. The Gulf is bordered by five viHages, &om San
Vito Lo Capo on the Capo San Vito peninsula marizing the westernmost point to
Terrasini at Capo Rama marking the eastezzunost point. Each of these fishing
vlHages has a publicly operated port to accommodate its commercial arid Icctcstkonal
fishers. The majority of the 6shers that are active in the Gulf are small-scale '
artisanal and recreational fishers &om the local villages.
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Ega di
Island

Gulf of Castellammare Fishery Reserve

Egadi Islands Marine Reserve

Figure $. Map of northwest Sicily showing the Egadi Islands and the Gulf of
Castellammare
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Enforcement was designed to incorporate aH local enforcement officials with
access to vessels capable of patzoHing the area Enforcement officials include
members of the Carabinieri  military pohce!, the Guazdia Costiera coast guard!, the
Capitaneria port authority! and the Guardia Finanza charged withprotectionofthe
economic interests of Italy and the EU!. Each is responsible for having at least one
vessel patrolling local waters.

Kgadi Islands Marine Reserve  KIMR!
The Egadi Islands are located directly west of the city ofTrapani at the westem-

most point of Sicily  see Figure 1!. The reserve encompasses three islands,
Favignana, Marettimo and Levanzo, and two rocky outcroppings, Formica and
Maraone. The total length of protected coastline isappzoximately 22 kilometers and
the reserve is approximately 50,000 ha and consists of four zones of increasing
reslzMons  KeHeher et al. 1995!. Fishers in each village have access to ports on
each island provided by the provincial government. As in the Gulf' of
CasteHammare, the majority of Gshers are smaH-scale artisanal and ~onal
Gshers &om the local viHages.

Evolufion of the Reserve � The reserve surrounds the azchipelago of the Egadi
Islands stretching westward &om offshoreofTnqmu in an oval shape encoznpassing
aH Gve of the islands in the azchipelago. Law 979/1982  Agzeeznent on the Defense
of the Sea! was the first attempt by the Itahan government to protect areas of its
national waters. It identified 20 reserves to be established throughout Italy within
two years after the law was written. However, there were not sufficient resources
to make aH20 a~immediately; consequently, the EIMR was notizzstituteduntB
1991. It is the largest marine zeserve established in Italy to date and the second
largest marine reserve in the Mediterranean.

To date, few biological studies have examined the effectiveness of the Egadi
reserve in terms of its ability to increase the biomass oflocal marine organisms, and
none have been published. The consensus of popular opinion, expressed in
interviews with the author, suggests that even though very little research has been
done to determine the effectiveness of the reserve, the reserve is completely
ineffective. Furthermore, nmnmal work has been done to determine the economic
impacts, and no work has been done on the socio-cultural impacts of the marine
reserve on local stakeholders  Bertolino et al. 2001!.

Regulations � Political jurisdiction in the reserve falls under the hierazchy of the
Region of Sicily, the Province of Trapani and the Commune of Favignana. Each of
these entities has somelevel of responsibility inm maipngandcontributing�resource
to the reserve. Until 2000 the reserve was directly managed by the port authority
ofTrapani, which limited itsresponsibilities to administrdiveandbureaucratic work
in the management of the reserve. In 2000, the responsibility of manaiyment was
transferred to the Commune of Favignana. The Commune has become a much more



Page 660 Hlmes, A. GCFl:55 2004

active aud dynamic management body. As an example, it nomniated anew director
of the reserve in 2001, whose first action was to sponsor and promote a research
prognun to determine the efficacy of the current management scheme and the overaH
success of the reserve. The reserve is partitioned off into four zones, A, 8, C and
D, with varying levels of restrictions. Zonation within the reserve aHows for amulti-
use aspect of marine resources in the management plan of any regulated areL The
zone restrictions range from permitting only limited types of activity such as diving,
research and swimming  zone A!, restrictions on navigation within 500 m of the
coast, fishing in general, and prohibition of trawling and spearfishing  zone 8!,
prohibition only of using trawling gear  zone C!, and aHowing almost aH
stakeholders to use the reserve resources to some extent  zone D!.

METHODOLOGY

Sicily is perhaps the ideal setting for an examination of the evolution and
performance of marine reserves in Italy and the Mediterranean. Each reserve in Italy
was established for unique cultural, sociological, economic, and conservation
reasons. There is tremendous diversity in the types of marine resources they are
designed to protect and in the degree to which each has achieved that protection.
Analysis of the effectiveness of marine reserves in Sicily required the collection of
both prunary and secondary data Primary data was gathered through the use of a
series of survey instruments and personal interviews in three marine reserves in
northwest Sicily. Secondary data was coHected through an extensive primary
literature review of articles and reports on the effectiveness of marine protected
areas in general and in the marine reserves in question.

The present study focuses on the opinions of fishers affected by the GCFR and
the EIMR. These three reserves were chosen due to the differences in creation

dates, the level of success that has been reported in each reserve as determined by
the initial objectives and the regulatory structure between nationally and regionaHy
created reserves.

A personal survey was conducted among smaH-scale artisanal fishers in the five
villages surrounding the GCFR. A second, shorter version of the survey was
conducted in the three villages within the EIMR. AH data coHection took place
during the summer of2001. Interviews were conducted in each viHage by the author
and technicians from the Isrituro delle Ricerche Marine e I, 'Ambienre  IRMA!. Due
to the small size of the total and individual village populations, the questionnaire was
directed to the entirety of the fishing population instead of choosing a subset.

In addition, several informal interviews were conducted with fishers to expand
and complete information gathered in the formal survey process. Sampling was
opportunistic, occumng throughout the course of research activities. To
complement these interviews, official documents inctudinglaws, ministerial decrees,
and educational pamphlets provided to the public were used. One fisher was
interviewed per boat Typically, the interview was held with the owner of the boat.



Page 66165 Gulf and Caribbean Fisheries institute

However, on a few occasions, another crew member was interviewed as the boat
owner was not available. The surveys were designed to gather site-specific data
regarding the opinions about and knowledge of the management, enforcement, and
regulations that apply to the reserve. The questionnaires focused on 6ve categories
of questions: demographics, fishing activities, reserve knowledge, legal &amework,
and concerns.

RESULTS AND DISCUSSION

In the Gulf of CasteHammare, a total of 68 of 115 artisanal fishers were
interviewed. This accounts for 59 /o of the total population of fishers in the Gulf.
Three fishers refused to be interviewed. The fewest fishers were interviewed in the
port of Terrasini, where it is speculated that a number of 6shers have retained their
fishing licenses, but have ceased fishing activities. Ilm perceiuage of active artisanal
6shing population interviewed is likely to be higher than 59'/e. In the Egadi Islands,
25 of 32 or 79 ~/o of aH artisanal fishers were interviewed with no refusals. Lack of
data on license holdersprecludes formal analysis of responsebias. However, except
as noted below, it can be assumed that the data sumniarized here is not
representative of the respective sampling populations.

In each MPA, the distribution of population demographics, fishing
characteristics and fishing gear seem to be fairly similar. As aH of the fishers are
smaH-scale artisanal fishers, and this demonstrates aseries of generalities thatcould
characterize ordefine groups of such 6shers in Sicily. Fishers in these reserves vary
widely in age &om 23 to 80, however, fishers' forma1 educational level is generally
very low, and they do not have sources of income other than fishing. Most run
fishing vessels alone or with only one other person, the vessels are aH in the same
size range �.5 - 12 m in length!, and the most utilind piece of fishing gear is the
trammel net with occasional use ofone or two other gear types. In addition, fishers
use purse seines and long-lines to supplement the catch provided by trammel nets.
Other gear types used, although much more in&equently, include drift nets, cages,
line fishing, and set nets.

interviews with local fishers in each MPA brought out similar needs for future
management within each. The present study found four commonahties betweenthe
three MPAs studied in terms of needed management measures. These include:

i! Better communication, especiaHy regarding regulations and boundaiy
delimitation,

ii! In~ enforcement of regulations,
iii! New performance measurements and monitoring along with a commonly

agreed definition of 'success,' and
iv! Increased involvement of local communifies in decision making. The

following is broken up into four sections describing each of these with
regarch to the major 6ndings in this study along with possible solutions to
help resolve each issue.
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Communication
One of the most important components of reserve development and

establishment is informing the people that utilize the area being managed about the
new regulations. This includes explaining where the boundary of the reserve is, any
associated zonation and the regulations associated with the reserve. Fishers were
asked questions designed to show their level of awareness of their local MPA,
including its delimitation, regulations, and management mechanism.

In the Gulf of Castellammare, fishers were relatively weH infozzned. In other
locations, however, there was inconsistent knowledge of the boundary and other
details of the reserve, which, as described in the next section, has contributed to
dissatisfaction withreservemanagement Table]!. Most fishcrsknowof thereserve,
however, vezy few are able to exactly identify the boundary of the reserve.
Responses were evenly spread between fishers that could correctly identify the
reserve boundazy, to aclose approxhnation meaning within a couple of geographic
points of the actual boundary!, incorrectly, and those that could not identify a
boundary at all. Although local fishers were well informed about the establishment
of the fishery reserve, few considered themselves well informed of fishing
regulations in general.

Table 1. Level of User Awareness

100%
47%
17%
13%
23%
23%
43%

97%
21 %
29%
24%
22%
12%
42%

Aware of reserve
Correctly idenNfted the boundary
IdenNfy boundary to dose approximation
Identify boundary incorrectly
Cannot corectly identify the boundary at aN
Feel very informed of regulations
Feel somewhat informed of regulaNons

In the HMR, however, the majority of fishers do not consider themselves very
informed about general fishing regulations or the boundary of the zones within the
reserve, but the majority of 6shers claim that theyknow where the boundaries of the
reserve zones are. Those fishers that could identify the reserve and zone boundaries
of only their island claim that the area they showed on the map was the entire
reserve, excluding the zonesztround the other islands. A fairly equal distribution of
responses was seen when respondents were asked how informed they feel of the
regulations governing activity in the reserve.

It is important for Sshers to understand where aH of the zones of the reserve are
and what the associated regulations are for two reasons. First, once one fisher
understands the regulations, he can pass that information on to anyone that asks.
This might include tourists, 6shers &om outside of the reserve and reczeational
6shers. Once they understand the regulations, they can pass the information on
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acting as apubHc education conduit. Second, most fishers indicated they only fish
around their island or near their village. If'a given 6sher eveatuaHy gains the
technology to 6sh beyond his island and village, he wiH need to know the entize
reserve and zone boundaries and regulations that apply to other parts of the reserve.
In order to accomplish this, educational programs could be developed to help inform
the fishers of the regulations so that they understand them properly.

Involvement in Decisiea Making
Fishers in aH three MPAs were asked questions with regards to their opinions

on the whether they have been involved in local decisionmaking and iftheirintere»W
are represented. In the case of the GCFR, ahnost all fishers beheve that reserve
management is effective and theyhave never felt excluded fmm the decision makmg
process. Local fishiag cooperatives have always been involved in reserve
management. A different story is seen in the EIMR. Fzequeatly, MPAs andfisheries
management practices have failed and becoaze ineffective because they do not
include local stakeholders in the decision making process  Russ and Alcala 1999!.
This has caused emotions of ahenation and anger, as was seen in the Florida Keys
National Marine Sanctuary  Suman et al. 1999!, and decrease compliance, in the
SumHon Reserve in the Philippines Russ and Alcala 1999!. This is the scenario we
see in the EIMIL

The most noteworthy problem in the EIMR is that 6shers' do not think that
they have a say in mazzagement decisions or that they aze listened to when they talk
to the director or the Commune. Commercial fishers, especially fium Marettimo,
repeatedly claimed that the Ministry and local communes were trying to force them
out of a job by taking away the most profitable fishing gmunds. They claim they
have not seen any beaefits &om the reserve, even though it has been in effect for
ahnost a decade, and have concluded that the reserve is just another way for the
government to contml their access to resources. Many fishers also believe that over
the years their concerns have been completely ignored by the director and
Commune. They believe that any pmmises the director makes to them are never
kept and they feel that aH tmsthas been bmken between them and reserve managers.
Successful management of resezve waters will only occur when complete trust is
restored between aH stakeholder groups aad the zeserve director.

Animosity expressed towards the reserve director and the Commune in the
EIMR suggests that stakeholders have not been consulted enough in management
decisions. Development of a co-azanagement or community based management
program could aHeviate this. By involving the local fishers aad community in
reserve management, they caa learn to help others appreciate the &agihty of the
resources that they depend on. Moreover, if 6shezs have a say in regulatory design
they will be less hostHe towards management and tzy to get others to foHow them,
thus increasing compliance  Russ and Alcala 1999, aad Pomemy et aL 1997!. If
locals are aot in agreement with the management institution in place, then no one
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wiH foHow the law. Those locals that do not agree with the regulations will continue
to violate them and the institution in place will be overridden  Jentoft et aL 1998!.

Enforcement
In the GCFR, survey questions were asked concerning the adequacy of

enforcement and if it should be more severe. Responses showed that 20- 50% of
fishers in each viHage beHeve the trawling ban is not adequately enforced. The
majority also feel that enforcement should be increased. These zesponsesreveal that
enforcement officials aze not properly enfozcing the trawfing ban and that
management of6cials should xeevaluate enforceznent practices. However, the Gulf
Reserve is unique in that although enfozcement seems to be inadequate, iHegal
trawling seems to be in&eqzzent enough that it does not negate the bene6ts of the
reserve. Although the reserve can already be considered a success due to the
support of the local 6shers and the overwhelmingincrease inbiomass, 'success' can
only improve by up-scaling enfoxcement.

In the EIMR, the situation is more severe. AH 6shers see is a lack of
enforcement. However, theybelieve that they will be penalized economicaHyif they
follow the law whHe others do not. The lack of enforcement is one of the main

causes of perceived management failure in the reserve for local fishezs. Only two
vessels are available for patrol in the reserve, one associated with the port authority
in Favignana, the other in Mazettimo, neither of which is designated solely for
reserve patrol. Furthezznoze, the local port authority and Commune have not
designated personnel that are dedicated to xeserve enforcement The reserve is
sufficiently large so that two vessels that work only part-time cannot adequately
patrol the entixety of the reserve. But although enforcement is clearly not adequate,
few fishers suggest that enforcement should be more severe. Understazzdably, they
did not want to criticize enforcement for fear that their response wiH backfize and
enfozcement wiH become more severe towards them.

FoHowing the lack of enforcement and a lack of support by the local
community, compliance with theregulations in the EIMR is very low. IHegal fishing
is &equently observed. However, many fishezs suggested that if the manal @ment
regimewasmodifiedso that iHegal trawlezsand other illegal activities were stopped
thxough proper enforcement and stricter regulations, they would be in fuH support
of the marine xeserve. Because they are left with recurring illegal activities, the
fishersazeacting instinctivelydoing whatever ittakes to feed their fiunihesandmake
a living, even if it means iHegaHy fishing in the reserve.

In both case studies it is evident that enforcement should be increased to

impzove the ovezaH '~' of the reserves and meet manalpment objectives.
Without enforcement, compliance will continue to remam low and the expected
benefits of the reserves wiH be difficult if not impossible to achieve. The only case
where benefits have been achieved is in the GCFR where 6shers have followed

regulations enough that an increase in the biomass of local stocks has been
successfuHy reaped.
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Performance Measurements

One of the most important aspects of any MPA is determizzation of success or
failure of the management practices. This can take a variety of forms in what we caH
performance measzzrements that are unique to each case. Most &equently, such
performance measureznents are determined a priori through previously designed
criteriaor based ondefinition that they have constnzcted through experience. What
they fail to look at is how the 'succem' of a protected area is viewed &om different
perspectives within each case. In order to shed Hght on true perceptions of success
in each of the case studies in this study, fishers were asked questions about their
opinionsonmauagementeffectiveness,perceptions ofrelateduzzpacts andproblems
they have experienced as a result of an MPA.

Fishers' opinions ofreserve management institutions fimction�as an indicator o
the effectiveness and overall success of the reserve with regards to the reserve's
objective to iznprove the local fishery. This has been seen in the Apo Island Marine
Reserve in the Philippines  Russ and Alcala 1999! and is expected in the Bunaken
Manado Tua Marine Park in Indonesia  Alder et a., 1994!. By looking at whether
fishers see a reserve as effective &om the inside, we can begin to develop a true
picture of the 'success' of the reserve. Fishers' overaH catch can function as an
indicator of the health of local stocks. In regards to their opinions about
management, fishezs in the GCFR were asked questions regarding their general
opinion of the success of their reserve, whether their interest are represented, and
if the present management scheme is the best way to manage the area. Fishers in the
GCFR tended to respond positively to three questions regarding whether the Gulf
should bere~ in general, whether they like the tzawlmg ban, and whether they
think that the ban should continue. Almost aH respondents answered yes to aH three.
The overwhelminglypositive reactionbyfishers isagoodindication thatthe reserve
is accepted and supported by the local fishers that are heavily affected by its
presence.

Fishers in the ElMRweze asked 'Is the reserve apositive thing for the islands' ?'
In the EIMR, Favignana was the only island wheze the majority of respondents
indicated that the reserve is positive  Table 2!. Fishers indicated that the reserve is
beneficial for the marine envimnment, increases fish populations, prevents
destructive trawling, create stability, and stops the use of damaging fishing gear.
Those fishezs in the islands that do not think it is positive think that it has not done
anything for the islands, it limits where the fishers canworkand extends the distance
that the fishers have to go to fish. Some fishers stated that it is saving the sea for
future tourism. But the majority indicated that it is not areal zesezve became it only
prevents trawlingactivitiesand limits the amountof workthe small-scale fishers can
do.

Closely correlated with opinions aboutmanagement were pezz~ns about the
increase or deczzmse in the amount of fish they catch as a result of a given reserve.
From the artisanal fishers' vantage point, the reserve is only successf'ul to the extent
that they benefit personally and as a user group. Fishers tend to be content if they
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perceive these benefits. Yet wheze fishers do not perceive or zcsp benefit &om the
MPA, they tend to express negative opmions about the reserve and comment on
large negative impacts they have experienced.

Table 2. ls the reserve a ' ' e thin for the islands? As answered in the ElMR.

25%
75%
0%

63%
38%

0%
63%
0%
38%

50%
35%
12%
31%
65%

19%
27%
31%
15%

Yes
No

Don't know
Yes
No

Yes
No

Don't know
Didn' t

Answer
Yes
No

63%
13%
19%
19%
75%

25%
13%
56%
6%

50%
50%
0%
0%

100 %

50%
0%
50%
0%

Is the reserve a
posiTive thing for
the islands?
Enforcement is
adequate

Enforcement
should be more

13%
88%

12%
73%

13%
63%

0%
100%

Interests are
represented

In the GCFR, fishers were asked if the amount of fish they catch has changed
at aH since the czeation of the fishery reserve in the Gulf Table 3!. The majority of
respondents indicated that the amount of 6sh they catch has incre Lsed at least
somewhat. Fishers were also asked iftheybelievedthat this variation was due to the
ban  Table 4!. A notable characteristic of the GCFR is that the small-sade artisanal
6shersof each viHage tend to fishdizectly in &ont of their viHage or to one side. %us
in turn creates a build-up of biomass in the center of the Gulf because no fish aze
being caught there. Because the majority of 6shers &om the villages in the interior
indicated that their catch has inczeased at least some since thecreationof the 6shery
reserve, it seems that the trawling ban has worked to increase their catch.

Conversely, the majority of the fishers &om Terrasini reported that their catch
has decreased since the creation of the reserve. Although Badalamenti et al �000!
showed that there have been dramatic increases in the harvest of almost every
species in the Gulf of CasteHammare; the fishers in Terrasini still are not content. If
we look at the geographic placement ofTerrasini  Figure 1!, we see that it is located
to the immediate north of the zeserve boundazy. Traditionally, in the context of no-
take marine reserves, those not aHowed to participate in the fishezy line up on the
boundary in order to catch any biomass spiHover that may occur. Off the coast of
Tezrasim, where the reserve boundary czosses the mouth of the Gulf, this scenario
occurs ofien, ehminating anybenefitofthe marine reserve to the fishers ofTerrasin.
Gften, trawling vessels &om Terrasini, Palermo and villages in between come to the
eastern edge of the reserve to trawl because fish &om within the reserve move
across the boundary line  pers. comm. with Fabio Badalamenti 2001!.
Consequently, 6shezy resources along the reserve boundary in &out of Terrasini are
more heavily exploited than in the interior of the Gulf, leaving very little fish for the



artisanal fishers registered in the yort of Terrasini. As a result, many have recently
stopped fishing activities becatLse they feel that there are no fish left for them.
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Turning to the EIMR, a similar question was asked: Were your fishing activitie
affected by the creation of the reserve? Overall, there were an equal number of
fishers that indicated that their activities were or were not affected by the reserve.
In Favignana, thzee~uarters of fishers indicated that their fishing activities were not
affected by the creation of the reserve  Table 5!. Those fishers indicated that they
fish more now with the reserve. The affected fishers, however, said that they now
have to go farther &om the coast to fish and commented that now there are more
dolphins in the area that destroy nets while looking for fish. Moreover, they stated
that competition has increased between boats in the islands and those that come
from mainland Sicily to fish in the reserve.

Table 5. Responses in the Egedi Islands to the question: Were your fishing
activities affected b the reserve?

a gnana ga
tstande

19% 50% 100% 48%

The number of fishers in the EIMR has decreased dramaticaHy in zecent years.
For example, within the past two years, at least five fishers &om Levanzo have
stopped fishing and changed�occupation or left the island to find work, leaving only
two active fishers left In Mazettimo, fishers have grounded their vessels and
changed occupations or they have converted their vessels for the tourism trade.
While this has encouraged tourists to visit the islands, which benefits the local
economy, it has left 6shers very bitter.

Another aspect of the EIMR is that there seems to be no build up of biomass
within the reserve. GenezaHy, one of the central objectives of a marine reserve is to
augment the growth of local 6shezies resources and/or local biodiversity that have
been threatened. As seen in the GCFR, fishers generaHy fish only around their
island, meaning that the fishing gmunds mound Levauzo aud Marettimo, where no-
take zones exist, have been limited more than those at Favignana. The central
complaint is that since the most productive fishing grounds have been taken away,
the catch per unit effozt  CPUE! has decreased substantially. Fishers are now fishing
for the same amount of time, but ciitching substantially less. In the areas where they
are allowed to fish, resources are further being exploited by long distance trawling
fleets that iHegally work within the reserve andcontribute to the ovezexploitationof
the fishery's resources. Because foreign fishing vessels aze allowed to fish within the
waters of the reserve, the fishing fieet is exhibiting overcapitalization  Fairlie et al,
1995!.

A final consideration in determining the level of performance in an MPA is the
analysis of the problems and conflicts that local stakeholders perceive tobe ~
by the MPA. A recurrent issue in MPA managemezzt is confiict between
stakeholders. In many, if not aH MPAs, there are confiicts and problems between
different resource users in the area and general resistance to the reserve itself.
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In the GCFR, fishers identified a number of problems associated with the local
fishery and the reserve. Due to differences in dyiuunics in the structure of each
village in the Gulf, fishers in each village identified different problems that were the
most important to them. Fishers &om aH villages indicated that there is a problem
with recreational 6shers taking resomces and 6Hing up the ports and the lack of
regulations that apply to them as compared to commercial fishers. Over the past
decade, the number of recreational fishers in the Gulf has substantiaUy mc~
placing enormous pressure on the fishery resources. This has created enormous
animosity and conflict between the commercial and recreational fishers in the area.
The other nemesis of the artisanal fishers is the trawling feet. Trawling vessels are
&equently seen iHegaHy fishing inside the Gulf reserve boundanes at night. The
purpose of prohibiting trawling in the Gulf was because of its destructive effect on
the mid-water and bentbic ecosystems and the local fishery. Artisanal fishers are
consequently angered that there is not enough enforcement of the 'no trawling'
regulation. However, when asked if they would turn in someone that isin violation
of the regulations, the majority of fishers claimed that they would not. This conflict
is a product of the legge dell 'omerta, a long standing value of Sicilian culture that
says that even if you are aware of something wrong that another has done, you may
not divulge that information without retafiation &om the Mafia if th iHegal activity
was done by an associate of the Mafia, of whom there are reputed to be many in
Sicily. With this problem, fishery management can become ineffective simply
because of the fishers themselves: the iHegal fishers as well as the ones unwiHingto
speak about the iHegal activities of their &iends. In order to by-pass this situation,
the management regime for the GCFR should step up enforcement so that individual
fishers are not put in the position of having to decide whether to turn someone in.
In the EIMR, fishers identified a number of similar problems. These include poor
enforcement of the law, the continued presence of bawling vessels, fishing for
juveniles, decrease in earnings due to bad weather, and decreasing amounts of fish
throughout the reserve. Most 6shers indicated that they have a big problem with
recreational 6shers and the absence of local fish markets. Fishers in Levanzo
indicated that their biggest problem is the poor quality of the port. Those in
Favignana indicated that trawling still exists, and that they must travel further &om
land to fish now. Many also stated that there are no problems. Most Marettimo
fishers claimed that there is nowhere for them to fish anymore or that the amount of
fish they catch has diminished substantially.

In the EIMR,there are many more recreational fishers located in each port than
there are commercial fishers. As discussed above, commercial fishers feel that there
aie not as many regulations for recre6onal fishers and more and nMMe recreational
fishers have been claiming space in the ports, consequently squeezing the artisanal
fishers into smaller areas of the port. By combining the abundance of recreafional
and artisanal fishers and illegal trawlers, without proper management and in~
enforcement within the reserve, the central objectives of the reserve management
plan to protect local biodiversity and augment local fisheries are not being met. This
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is undoubtedly contributing to the ovexexploitation of load fish stocks.
Finally, fishers noted the presence of outside fishing fleets. These vessels are

mainly long-distance trawlers from Trapani, Marsala and Paleimo. Very few
trawlers that actively fish in the EIMR aze of6cially registered in the Egadi Islands.
Due to the lack of enforcement within the reserve, these trawling vessels are

. constantly seen in violation of the regulations. On many occasions, trawlers wiH
come within 300 m of the shoreline consequently interfexmg with dive sites and
destxoying fishing gear set by artisaual fishers  pers. obs.!. Moreover, not only has
trawling been shown to damage the benthic ecosystem Dayton et al. 1995,Jennings
et al. 2001!, but it acts as a dangerous hazard to fishing gear and divers. The port
authority has not stopped aH of the trawlers from entering zones A, B and C. This
could be the cause of decreasing fish catch for local fishers.

CONCLUSION AND POLICY RECOMMENDATIONS

In general, marine reserves have had varied success. The success of a reserve
is often detexzmned a priori through criteria that are detezxnined through previous
experience and natural resource management theory  e.g. ixzcxeased stock biomass,
economic efficiency, etc!  Russ and Alcala 1999, Scovazzi 1999, Chiappone and
Scaly 1998!. %hat is often missed is whetlzer resouxce users internal to the reserve
believe it is a success. Marine reserves commonly are termed paper parks because
stakeholders do not follow regulations and the area that was to be protected is as
disturbed and ovexexploited as before the reserve was instated, in some cases even
more so  Bohnsack 1993!.

'Ihe two case studies presented here show differen scenarios that exist for
MPAs. The first, the Gulf of Castellammaxe Fishexy Reserve, is demonstrative of
a xeserve that is widely supported and accepted by ~ scientists and managers,
where all groups believe that the reserve is helping the local fisher and biological
studies show enormous increases in biomass. Second, the Egadi Islands Marine
Reserve represents a situation wheze neither the management staff nor the fishers
believe that the reserve is successful, but both support it and believe that it would
be good for the islands if managed properly.

%hHe both reserves aze at different stages in working towards true
functionality, interviews indicated that each could bzuiefit from four common
modifications to current management strategies. First of all, communication in both
reserves has not been sufficient enough to inform resource users of reserve
boundaries and regulations. A new line of communication must be created to
effectively disseminate this information, theoxeticaHy xesultmg in increased
compliance as fishers would be able to better identify the boundaries of where they
are allowed to fish.

Second, managers must increase involvement of local communities in the
decision mahng process. This is more the case in the EIMR where stakeholders feel
completely isolated from reserve management; however, relations between
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stakeholder groups in the GCFR could also be impmved through iziczeased
involvement Marine resource managers must recognize that the development of
community based or co-management programs can dramaticaHy increase the
successfulness of marine reserves through improved compliance and inczcased
support of the reserve by user gmups. Resource users frequently do not understand
why certain regulations are needed and, when stakeholders are not included in
management development, they become agitated and angry towards reserve
managers. Fishers, especially, can provide invaluable information to the
management pmcess and can share responsibility and authority to promote effectiv
fisheries and reserve management In the process they become much more
supportive. As representatives of the fishing community, fishers' cooperatives in
each of the reserves in this study could take on this collaborative role consequently
improving their working relationship with managers. Fmthezznoze, managers need
to recognize the need to educate the local community about the importance of their
resources. By developing a common interest in reaching the objectives of the
reserve, the local communitycan become enthusiastic about the reserve, help others
appreciate the environment more and increase compliance with non-fishing
regulations.

Third, increasing enfomement in the GCFR and EIMR should decrease the
number of violations because resource users wiH fear being caught Consequently,
compliance will increase and the objectives of the reserve wiH come closer to being
met. In the case of the Egadi Islands, the existing management institution and
enfozcement regime are inadequate to deal with the specialmMiagementneedsof the
area. With the multiplicity of city governments and agencies that management has
at one time or another been delegated to, successful management has been ignored
and virtually noenfozcementexists. By increasing enforcement,especiaHy to catch
illegal trawlers, the majority of fishers would view the reserve muchmorepositively
and trawling, the most detrimenta1 activity occurring in the reserve would be
substantiaHy deczeasecL To a lesser extent, the same would be true in the Gulf of
CasteHamm ue.

FinaHy, a commonly agzeed definition of 'success' must be created and
additional performance measurements must be designed and tested in each reserve
to verify the overall success of each reserve. The present study showed that overaH
fishers' catch increased in the GCFR as a result of the reserve, but that 6shiu~
activities have generaHy been negatively impacted by the EIMR . Iu addition,
conflicts exist between resource usezsin both MPAs, specifically with the trawling
fleet, recreational fishers and outside fishiing fleets. However, more information is
needed m order to determine the true success of these pmtected areas. Ibis could
take the form of ongoing monitoring and in-depth zeseazch into the individual
definitions of success and relevant measures of success given by differen
stakeholder gmup associated with each zeserve.

These management institutions, however, will never be perfect unless aH
scientific infozznation is known about the ecosystems that they seek to pmtect
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While much research has been done to characterize the environment in the Gulf of

Castellammarc and determine the reserve's overall success, very little has beendone
in the Egadi Islands. Scientists and managers must recognize the need for such
biological research as weH as socio-economic researchcharacterizing the impact of
regulations and the reserve on local environment and communities.
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St. Eustatius Marine Park: A Case of MPA Problems and
Solutions in the Caribbean

KAY LYNN PLUMMER and PETER DE WITT
St. EustatiusNational Av ks Foundation  STENAPA!
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St. Eustatius

¹therlands Antilles

ABSTRACT

The St. Eustatius Marme Park is zehztively obscure in comparison to sister-
island Marine Pazks, Bonaire, and Saba, partly due to its young status. The Mama
Park did not become actively managed until 1998. The park surrounds the island of
St. Eustatius &om the high water mark to the 30 meter depth contour, and contains
two reserves. The park's basic in&astructuze is in place, with over thirty �0! dive
and yacht moorings installed and maintained, and regulations and user fees are in
force. The creation and implementation of the Marine Park occurred without input
&om the local dive shops, 6shers, and other stakeholders. Therefore, STENAPA
has many stakeholder challenges to face and community awareness and education
are now a primary focus of the Marine Park. Cooperative management and
empowerment of stakeholders are slowly being integrated into the park's
management scheme. User fees are not suf5cient to sustain the Mazme Park due to
a lack of substantial tourism, and scarcely cover the cost of two �! fuH-time
employees. Consequently, a worldwide volunteer program was established in order
to carry out many of the tasks needed to manage the park eIFectively. Uolunteezs
use the two �! to six �! month experience as an internship or practical training for
their university. Although the volunteer program is successful, it does not preclude
the need for donors to increase funding availability for permanent stafF and, in
particular, overhead. Carrying capacity is far &om being reached, therefore
promotion of the Statia Marine Park as a dive destination is imperative in order to
realize self-suf6ciency. The Statia Marine Park has excellent potential given its
young status combined with a Srirly comprehensive in&astructuze. If efFectively
managed, it will achieve its goal of resource protection that will allow appropriate
sustainable uses.

KEY WORDS: Reserves, STENAPA, volunteers

Parque Marino De San Eustazluio: Un Asunto De Los
Problemas y Las Soluciones Del Partlue Marino Kn El Caribe

El Pazque Marino de San Eustaquio es desconocido en compazici6n con los
Pazques de las islas hezmana Bonaire y Saba en parte causado pof su juventud. El
Pazque no estaba bien admizzistzzdo hasta 1998. El Pazque Marino envuelve la isla
de San Eustaquio desde la mazca de marea alta hasta la profundidad de 30 metros;
ademh contiene dos reservas. Existe la in&aestructuza basica con rmh de tzienta
ancladerosde subnzarinismoydeyates establecidos ymantenidos. PzeceIWslegales
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y contribuciones financieras estrin en vigor. El Parque Marino de San Eustaquio ha
sido redactado y aatorizado sin participaci6n de los buce mhresprofesionales, ai de
los pescadores ni otros participantes. Se considera El Parque Marmo corno una
dictadura. Por lo tanto el Parque Marino coasidera que es importante desarrollar
la conciencia de Ia sociedad asl corno la educaci6n. En este momento se esta

intmduciendo la administraci6n compartiday participaci6n de los interesados en el
sistema de edministracion.

Las contribuciones finaucieras no alcanzan para sostener el Parque Marino por
falta de turismo esencial, tampoco cubren los gastos de los dos empleados. Por
consiguiente se organizo una campaqa muadial con el fin de entusiasmar a
voluntarios para admiaistrar en realidad los sitios. Los voluntarios aprovechan su
pqctica interna de dos o seis meses corno practices para sus estudios universitarios.
Aunque vinieron mks voluntarios de lo que habia esperado, eso no excluye h
necesidad de encontrar a unos patrocinadores paraque se puedamantener laplantiila
fija y especialmente los gastos generales.
Una campaqa publicitaria es necesario para conseguir que el Parque Marino pueda
valerse por si mismo. Tomando en consideraci6n el poco tiempo de su existencia,
El Parque Marino tiene un potencial excelente combinado con una ia&aestrtmhua
bastante amplia que con una gerencia eficaz alcaazartL sus objetivos de proteger los
recursos.

PALABRAS CLAVES: Parque marino, San Eustaquio

INTRODUCTION

Socio-economic, Geopolitical, and Historical Background
St. Eustatius  commonly referred to as "Statia"! is one offive islands within the

Netherlands Antilles. Curacao, Bonaire, St Maarten, Saba, aad St. Eustatius,
together with~ whichhas separated itself &om the Netherlands Antilles, form
part of the Kingdom of the Netherlands Fiyuel!. The Ceatral Government resides
in Curacao, but there exists a trend towards greater decentralization of government
to the respective Island Territories, whichdecentralizationhasde Seto also included
environmental issues. A Lieutenant Governor who is appointed by the Governor
General on behalf of the ~ and who chairs the elected Island Council as well
as the Executive Council, heads each Island Territory. 11m Island Council has
legislative powers  Van't Hof 1991!.

Tourism is an important source of revenue in St Eustatius, but it has not been
aggressively marketed to reach its potential. Because SCUBA diving offers the
greatest potential for sustained revenues, tourism will depend to a large extent on
the quality of the marine environment  Vaa't Hof 1991!.
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Fi ure 1. Location of St Eustatius

The first proposal to establish a Marine Park in the Netherlands Antilles dates
back to 1971  Van't Hof 1991!. The actual establishment of the first Marine Park
did not take place until almost a decade later in Bonaire. The Central Government
in Curacao recognized the absence of Governmental agencies that could deal
effectively with the planning, establishment and management of Marine Parks, and
island governments were asked to appoint a non-governmental agency to develop
and manage parks. 'Hm St Eustatius National Parks Foundation  STENAPA!
manages the Statia Marine Park, which was created though the Marine
Environment Onhnance St. Eustatius in 1996, but did not become activelymanaged
until 1998. STENAPA also manages the terrestrial Quill National Park and is
developing a Botanical Garden on St. Eustatius  Figure 2!.

Specific Challenges Faced
i! UntilMarch2001,MarineParkboundarieshadbecnmisinhspretedas two

smaH, disjunct areas. STENAPA now manages all the waters surrounding
the island of St. Eustatius &om the high water line to 30 meters in depth,
and the two small areas previously thought to be the ~ Park, are
actually Reserves within the park  Figure 2. !. Although this realization
increased management capabihties, the discovery also posed some
problems Regulations regarding fishing, dive shops, permits, coastal
development, etc. stipulated within the Marine Environment Ordinance
now apply to all waters sunounding St Eustatius, not just those within the
reserves. This created alarm among stakeholders.
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Fi ure 2. Areas on and around St. Eustatius mana edb STENAPA

ii! User fees are in place, but a lack of substantial tourism prevents the Marine
Park &om achieving self-sut5ciency through user fees  Figure3!. The only
source of steady income for the Marine Park derives from park entry fees
 dive fees! and yacht fees  overnight moorings!, but these do not generate
enough income to pay 2 full-time employees, and falls short of covering
any materials and equipment needs or overhead.

iii! Dive shops were not entirely compliant with regulations and Marine Park
entry fees.

iv! Conservation is a fairly new concept for the people of St. Eustatius, and
many islanders resist conservation initiatives.

v! Communication with fishers is difficult. Regulations and information
regarding beneficial results of marine reserves are posted, but many fishers
cannot read and others vowed to never support the Marine Park at its
onset. One fisher was taking between 100 and 500 Queen Conch
 Srrombus gigot! per week and fishers were placing fish traps  pots! inside
reserve boundaries. Both acts are in violation of the Marine Environment
Ordinance.

vi! Regulations are in place, but enforcement is minimal and sometimes non-
existent. The Marine Environment Ordinance states that the Marine Park

will be given a "non-governmental law person," but the Inspector of the
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Police Department is apprehensive about giving law enforcement authority
to the Marine Park.

vii! Scientific research has played an important part in the development of the
St Eustatius Marine Protected Area  MPA!. It has served as the basis for
surveying and designating the Marine Park reserves and for some of the
legislation and regulation involved in protecting the marine environment.
It is imperative that scientific interest is maintained to closely monitor the
health of St Eustatius Marine Park and to undersbmd the linuts and needs
of the local environment in order to legislate accordingly.

Ilncome

Fi ure 3. Diver income and ca ca ' of St. Eustatius Marine Park

METHODS USED TO OVERCOME CHALLENGES AND RESULTS

Lack ef Fundiag for Staff
A worldwide volunteer program was established in September 2001 due to a

lackoffundingand need for Park employees. Seventeen volunteers fiom Gennany,
Fmnce, US., England, Finland and Austria! have completed fiom two to six month
internships orpracticaltraining foruniversities to work in the Marine Park, the QuiH
National Park, and the Botanical Garden. The Botanical Garden facilities were
converted into a communal living area for volunteers. Volunteers make effective,
comprehensive management possible by:
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i! Helping maintain the mooring system,
ii! Diver supervision,
iii! Coordinating the sea turtle tagging and monitoring program,
iv! Bi-weekly clean-up of Zeelandia beach,
v! Assisting the Snorkeling Club, an educational program for local school

children that provides the children with skills and knowledge to enjoy the
marine environment,

vi! Implementing educational projects such as the school coloring contests
and marine science lessons,

vii! Creation and distribution of educational and promotional materials,
viii! Improving STENAPA's image through involvement with the local

commumty~
ix! Erosion control and maintenance of Quill National Park trails,
x! Creating trail leaflets,
xi! Website design and maintenance,
xii! Reestablishmentandimprovementofthe "FriendsofStenapa" Program,
xiii! Assisting in creation of the 6rst employee workbook,
xiv! Helping to write proposals,
xv! Assisting Park manager with of6ce tasks, &eeing up management to

focus on larger objectives,
xvi! Improvement ofgreenhousebypropagatingraoreindigenous plants and

repairing material damaged due to previous neglect and poor planning,
xvii! Improving living conditions at the Botanical Garden for future

volunteers,
xviii! Helping to create draft plans for the Botanical Garden,
xix! Creating an identification booklet of local flora, and
xx! Maintaining grounds  mowing, weed-whacking, etc.!.
The volunteer program also creates problems such as increasing workload for

management, primarily due to more�supervisory responsibiliies. Also volunteers are
generaHy motivated and ambitious, leading to ideas for new projects which require
funding. However, the benefits reaped through the volunteer program far outweigh
these manageable issues.

Dive Shop Compliance
In December 2001, the Executive Council issued power to the ~ Park to

issue permits that require divers to pay visitor fees as well as to provide acctnate
dive statistics. This permit serves three purposes:

i! Provides a control mechanism in case growth of the dive industry needs
to be limited  Van't Hof 1991!,

ii! Enables the Marine Park to set standards for safety and quality of the
services rendered by the operator, and

iii! Enables the Government to revoke or suspend permits of operators who
do not adhere to those standards or do not comply with Marine Park
regulations  Van't Hof 1991!.
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This pxovided the firstzequixcmentof dive shops to be responsible for assuring
each diver in the Marine Park is aware of Marine Park zcgulatioas and that user fees
are paid. Management cannot strictly rely on permits to insure Marine Park
reguMons aze foHowed. The Marine Parkplaces surveys at aH island hotels, which
are to be 6Hed out by every guest. These surveys help to identify gaps in Marine
Park awareness, dive shop compliance, and other information important for
management effectiveness.

Public Relations aad Education

Because the Marine Park was estabHshed without stakeholder input, public
relations and education are now the primaxy focus of the Marine Park. More than
fortypositive articles providing information on STENAPA activitieshavealzpezucd
in regional newspapers within the past eighteen months, informiag the general public
about activities conducted and pmvided by the Marine Park. Volunteers create aad
distribute a tri-annual newsletter. Monthly powcr-point presentations are given in
aH four island schools, educating local youth on conservation issues concerning the
island, the Guibbeau, and globaHy. Prizes are awarded to those students scoring
highest ovcraH on quizzes given at the end of each pzcsezztation. A STENAPA
radio prognunwiH begin in3auuazy2003,providing Statians information regarding
loc81 actlvltlcs, regulations aad cnvlrollalcntal lssucs. 11% commumty ls invited to
beach clean-ups and to assist with the sea tuxtle tagging program. Schools
coHaboxate with the ~ Park on special events. A weekly snorkel club program
introduces children to the marine enviromneat by teaching basic snorkel skills while
providing a general knowledge of marine conservation. Graduates of the Club
receive a PADl Skin Diver certificate. A school-organized work experience
program enables high school studcxzts to gain czxpcrieace in the workplace and
develop a bmader understanding of environmental issues.

Fishers

After reserve areas were outHaed, action was taken to provide a new 6shing
ground for fishers as an alternative to the reserves. STENAPA Reef was created
using small ship wreckage as aa artificial reef for fishing. Of course, this artificial
reef does not pmvide the same catch the two large areas of natural coral reef once
pmvided, and fishers were aot satisfied with the tradeoff Ia early May, the
detrimental harvestiag of thetlueatened queen conch Stromblsgigas! was stopped
by Marine Park management and with the support of the local police an arrest was
made. 'Ihe queen conch is a threatened species, and is protected by the Marine
Envimnment Ordinance. Now that the true boundaries are fiaaHy zecogaizcd by the
appropriat authorities, the Ordinance gave Marme Park management the power to
see that the conch are protected not only in the Marine Park Reserves, but
suxrounding the island of Statia. The taking ofhuadxeds of queen conch weekly had
been ongoing before the Marine Park was established and five yeaxs after, until May
of 2001. Fishers were alarmed and thzeatened Parkmauagement ahaost weekly, aad
once with aknife. Three meetings were held with local fishers in a si-month period
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following the arrest in order to improve relations between the Marine Paxk and
fishers, and to foster a better understanding of Gshing xestricfions and liberties.
However, misinformation continued to spread among the Gshing oonununity. A
Gshers association was discussed, and encouraged, by the ~ Park in order to
channel correct mformation but to date no association has been formed.

One year after the arrest and news of Marine Park boundaries, the Marine Park
found that Gshers xeact well by being shown through direct action that the Marine
Park can be beneficial for them. Park management discovered that when corrective
action must take place  e.g. removal of pots &om reserves! it is best for the Marine
Park to provide the fishexs with some service while working along side one another
 e.g. retrieving lost and abandoned traps!. If these two acts are coordinated
together, Gshers tend to accept the arrangement more easily.

Government and Enforcement Authority Relations
The relationship between STENAPA and the Executive Council has fluctuated

over the yeaxs. Cooperation &om the local Government is, of course, izzzpezative in
order to achieve certain goals. When xelations were good, the GoverMnent granted
partial salazy for one Marine Park employee, ~ authority to the Marine Park
to issue permits, and allowed the Marine Park to place a sign at Zeelandia beach
banning sand mining once an alternative was in place, making the beach a protected
azea for endangexed sea turtles.

STENAPA has been unsuccessful in convincing the Executive Council to
implementan Article inthe MazineEnvironmentOxdinancethatrequixes ships to pay
a fee based on tonnage for anchorage within the Marine Park Vessels using Statia
Terminals &xquently anchor inside Marine Park boundaries and applying this fee
would make the Statia Marine Park self-sufhcient. STENAPA was perhaps too
persistezxt in pursuing this issue, and this could possibly be the cause of a noticeable
decline in Government intezest. Subsequently, the island Government has addressed
serious issues regarding coastal development and waste management without mput
&om STENAPA.

Although legal &amework was in place during the early stages of estabhshmg
the Statia Marine Park the Quctuating political chmate restricts the longevity of
commitments made by govermnental bodies. A solution might be to give
presentations to newly elected government bodies describingtheroleand benefit of
the Marine Park, and contmue a policy of pzumoting tbe importance of MPA's.

The island's social and pohtical envixonmeat occasionally makes it dif5cult for
local law enforcement to honor the legislation outlined in the Marine Environment
Ordinance. The Marine Environment Oxzimance states that the Marine Park will be

given a"non-governmental lawperson" either within Marine PazkstaG7managemezzt,
or &om the police foxce. In order to achieve law enforcement authority, Marine
Park personnel must gain "speci@ police" status. However, this has no yet been
attained.

Once management realized the "special police" authority may not be attained
in the near future regardless a compromise was reached: One enforcement officer
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wiH accompany Marine Park staff on the Marine Park patrol vessel once per week
in order to issue warnings to local users of Park waters  i.e. fishers and dive shops!,
and tickets to fishers &om neighboring islands fishing iHegaHy within Marine Park
boundaries. This compromise aHows some enforcement of regulations, without
Marine Park personnel given enforcement authority.

Scientific Interest

Maintaining scientific interest in the Marine Park is necessazy for St. Eustatius
to insure the future of its unique marine envixonmentand fulfiH the socio-ecozzomic
requixements of the island's tourist industry. The Marine Park recruits scientificaHy
qualified volunteers to engage in marine xeseazch. These volunteers also generate
ideas in terms ofmonitoring the environment and future study withinthe MPA. nze
St Eustatius Marine Park actively encourages scientific research &om outside
organizations and provides them withmanyof the tools necessazy for theirxeseaxch.
It is hoped that the knowledge gained &om within the MPA will increase public and
global awareness of the marine envixonnzent as well as promote the protection and
enjoyment of the St. Eustatius Marine Park.

SUMMARY

Managing an MPA is a balancing act between the needs of the local community
and the sustainable use of the marine envixonment. Regrettably, when the St
Eustatius Marine Park was created it was without the co-operation and support of
the local community, and as a result, much of the work of STENAPA is centered
around the community in order to educate and involve local people in the
conservation of their environment. Education of children is key to assuring the
future success of the MPA and also gains community support by showing an active
interest in the island by providing a variety of activities for children. A strong
volunteer program provides a successful solution to a shortage of staII'due to alack
of funding. Applying amore stringent system of collecting diver fees and amzring
that divers aze aware of the Marine Park and its regulations was nezxssaxy in oxder
to gain dive shop compliance. Recognition that fishers need to see positive direct
action taken by the ~ Park on their behalf, and that workiing along side them
when dealing with fishing gear elizzunates some iH feelings and proves to be amore
successful strategy when communicating, than posted flyers of regulations and
formal meetings. Improving the enforcement authorities' involvement thxough
compromise was imperative in assuring MPA regulations are respected. The
improving relationships with the stakeholders, government, and law enforcexnezxt
aHows the Marut Park to dedicate more time and energy to the study, conservation,
and protection of the local marine environment and more active management ofthe
MPA for sustainable use. The combination of fundingthrough user fees, improving
local relations, and a strong volunteer program enables the Marine Park to fulfiH its
commitment to the envizunment and community. However, the Marine Paxk is far
&om self-suf5cient. Although some problems facing the St Eustatius Mazme Park
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have been solved, many steps need to be taken to develop solutions to ensure the
future of the St Eustatius MPA.

The most effective tool in managing an MPA successfuHy, at least within the
Lesser AntiHes, seems tobe the realization and applicationofflexibHity and creative
thinking when deahng with local Government, communities and shkeholders.
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RES UMEN

Campeche es uno de los cuatro estados de Ia vertiente del Atlkntico que posee
un desarrollo anecilai con caractensticas unicas en el Golfo de Mhcico. El brea de
aruiiisis incluyb una super6cie de 12,437 hn', la zona pertenece a h provincia
fisiogrkficaconocidacomo Carso Y~, enyo accidente fisiogrkficomksnotable
es la barrera coralina que se desanoHa desde anecife Alacranes en Yucatau hasta
Cayo Arenas en Campeche. Se analizan seis estntcturas arrecifales emergentes que
forman un arco desde el oeste hacia el nordeste con crecimientos arrerifales a
18/5,70,80 y 90 m de profundidad. En cada estructura arreriM se realizaron
transectos batimbtricos con equipo de sondeo y radar. A excepcibn de Areas y
Arenas los af1oramientos estrin formados por restos coralinos. El reheve topogr46co
fue de 1.6 m en promedio con pendientes abn@tas a moderadas. La vegetaei6n
insular es diversa con 29 cspecies de plazas, mcluyendo exbticas e mtroducidas, en
algunos cayosarenosos es incipiente o inexistente. La floramarinaestkrepresentada
por 14 cspecies de macro@gas. En la fauna se registraron 30 cspecies de corales
escleractimos, 11 octocorales, 19 esponjas,2hidiuzoarios,2pohquetosyunninnero
considerable de peces, varios de los cayos son zonas de desove para tiburones y
tortugas. En la mayorla de los cayos se presentan poblaciones importantes de aves
marmas principalmente Sula y Fregatas. Estos arreciifes son Areas importuutes para
Ia pesca comercial de Langosta, Guacol y Mero las cuales estin reguladas por leyes
pesquerm vigentes y en donde es necesario una reglamentacibn mhs especificL De
acuerdo a las caracteristicas morfo-fisiogttificas, faunlsticas y floristicas registradas
se define la zonaribn especi6ca del pollgono pmpuesto con zonas nucleo, z. de
amortiguamiento y z. de restauraci6n.

PALABRAS CLAVES: Arrerifes, Areas protegidas, Campeche, Golfo de Mexico.

Diagnosis for Creation of a Biosphere Reserve
in the Reefs of Campeche, Mexico

Carnpeche is one of the four states in Mexico on the Athmtic slope having reef
development unique within the Gulf ofMexico. The area within thisanalysis indudes
a 12,431 km2 surface iu the Yucatan Karst physiographic province, whose most
notable aspect is the coral barrier that runs fium the Alacranes Reef in the state of
Yucatan to Arenas Key in Campeche. Analysis is made of six emergent reef
stnxtures that form an arc &om west to northeast, with reef growths at 18, 35, 70,
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80 and 90 m depth. Using radar and sounding equipment, bathimetric tzansects were
made ofeachzeef structure. Withtheexceptionof Arenas and Areas keys, the ishmds
are fozzned of zxMal remains. Average topographical relief was 1.6m with abrupt and
moderate slopes. Insular vegetation is diverse, including 29 plant species, some
intmduced or exotic; on some of the sand keys vegetation is incipient or nonexistent.
Marine flora is represented by 14 macroalgae species. Marine fauna includes 30
scleractin coral species, 11 octocorals, 19 sponges, 2 hydrozoas, 2 polychetes and
numerous fish; many of the keys aze spawning zones for sharks and turtles. Most of
the keys aze also host to sizable marine bird populations, principally Szzla and
Fregatas. These reefs are important areas for commercial capture of lobster, conch
and grouper, which is cunently regulated by fishing laws, though more specific
regulation is needed. Utilizing the recozdedmozpho-physiographic, faunal and floral
characteristics, adetailed zonation isdefined for the pmposed reserve polygon, with
nucleus, bufFer aud restoration zones.

KEY WORDS: Reefs, Pmtected areas, Campeche, Gulf of Mexico

INTRODUCCIAN
Las costas de Mhcicotanto del Pacifico corno de Atlkntico, poseen ecosistemas

sumazzzente importantes corno son los arrecifes coraHnos, lagunascostezas,estuarios,
humedales y manglazes. Estos zectirsos costems son desde el punto de vista
diversidad y economia un patzimomo esencial para el pais  Ferre-D'Amaze 1985!.

Actuaimente, en la Penhzsula de Yucatdn se han llevado acabo acciones
concretas con zespecto a la cozzsezvaci6n y el desarroHo sustentable de los
ecosistemas mzmnos. El estado de Quintana Roo, ya cuenta con hs siguientes cinco
Areas naturales pmtegidas: hla Contoy, Costa Occidental de Isla Mujeres, Punta
Cazzcun y Punta Nizuc, Cozumel, Sian Ka'an y Banco Chinchozm, en sus
modahdades de PazquesNacionalesy Reservasde 1aBiosferao Reservas Especiales.

En lo que se zefieze al Golfo de M&ico, ya existen Areas azzecifales pmtegidas
corno son el caso del Parque Nacional Azzecifes de Veracruz en ese Estado y el
Parque Nacional Arrecife Alacranes en Y~ En cuanto a los azzecifes de
Campeche, debido a su alto valor ecolbgico, gm8ico, est&co y a sus zecursos
naturales es necesazio todo esfizezzo institucional a nivel: federal, estatal y local, que
aseguze slz conselvacldn, manejo y sustentabihdad en el tzenlpo.

El Laboratorio de Azrecifes Cozalmos de hz Unidad Mhidadel CINVESTAV-

1PN realize los estudios para que el Gobierno de Campeche, por conducto de la
Secretada de Ecologh-Medio Ambiente-Recursos Nattzrales y DesarmHo Pesquero
del estado de Campeche, soHcitark su declaratoria corno un Area Natural Protegida
y su inclusibn en el SINAP  Tozzuco y Gonzalez 1997a!. En el presente trabajo se
anahzala superficie general pmpuestapazasuconservaci6n, asicomo laimportancia
de su amplio potencial ecologico y economico.
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MATERIAL V arkTODOS
El korea esta ubicada en las costas del estado de Caxnpeche que pertenecen a la

provinciafisiognifica conocida corno el Carso Yucateco NovaketaL 1992!. Cuenta
con cuatxo estrtuWras axrecifhles emergentes y suntergidas respectivamente: Cayo
Arenas, Cayo Nuevo, TriYingulos, Areas, Banco Nuevo, Banco Pera, Bajo Obispos
y Bancos Ingleses  Figura 1!.

En h defimci6n de la poligonal del gaea propuesta, fue necesario delimiter las
zonas arrecifixles de las costas de Campeche, los vkxtices se estableciexon mediante
campa5as de muestreo encl Baxco Marsep-I del Cetmar de Campeche. Encada cayo
se realizaron transectos batim8ricos utiTizando el ecosonda y radar FURUNO de la
embaxcaci6n. Adicionalmexue, al inicio y al final de cada cayo ytransecto batim8xico
se obtuvo el posicionamiento satelital con un GPS portal MageHan NAU5000.

Serealizaronperfiles�de�relieve en�loscayo, hdescripcionstxbmarina se xeahz6
mediante fototnmsectos y las observaciones del fondo con buceo libre y aut6nomo
en un intervalo de profundidad de 1 a 50 m  Torxuco 19953. Se utihzamn cartes de
navegaci6n de h Secretaria de Marina  SM 1981 a y b! y topogrhficas del INEGI
 INEGI 1981!. En los cayos se xealizaron perfiles dei reHeve con dodos
topogrk6cos esthndar con el conteo respectivo de aves marinas y cobertuxa vegetal
 Gonzalez y Torruco 2000a!.

RESUI.TADOS

Relieve Topogrif ice
El relieve en todos los cayos es bajo con un pmmedio de 1.6 m y pendientes de

abnxptas a mcxleradas, la mayoria de las islas, son ahugadas con una forma de media
lunaoriginada porhinfiuenciade lascorrientes, hestnxctuxa axxecifalsigue el mismo
patx6nde media hmaen lamayoriade eHos. Todashs islas de Triknydos poseenuna
vegetaci6n incipiente y en algunos casos inexistentes, sin embargo Trihngulos Este
y Sur presentan poblaciones importantes de aves, particularmente p/jjams hobos y
rabihorcados: Su/a spp., Fregatas magniPciens y Larus spp; Pxesentan una
vegetaci6n artery y re@ diversa con algunas cspecies intxoducidas corno:
Casuarinas, Pahnas de coco y Uva marina, entre otras. Su topografia muestra dos
montlculos con dos depxesiones en la ish, los cuales son las Seas pxeferidas porta
rabihoxcados para asentar sus nidos. Los pkjaxos bobos, habitan en la zona central
que presenta una menor pendiente.

Caracterfstiats Biolbgicas
El Arxecife Arenas incluyeasociacionesdelas cspecies: Poritesparttes, Parites

astreoides, Acropora cervicornis, Acropora palmata, Favia Pagum, Diploria
strigosa, Mi/lepora alcicornis, Ha/imeda incrassata y PenicNus dumetosus. Cayo
Nuevo: A. palmata con Pa/ythoa y algas filamentosas. Axxccife Txihngulos: A.
palmata, P. asteroids, F.Pagum, Agarlcia agaricites, algas condinas imnxstantes,
anhaonas coloniales: Palythoa caribbeaerum y Zoanthus sociatux, Ha/imeda,
Dip/oria yMontastrea. Cayo Axcas: formado por A. palmata arboxestmnte, Dip/aria,
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Montastrea, P. porites y A. cervicornis. Banco Nuevo y Pera: son los arrecifes
sumergidos mks cercanos al contirmxte con A. agaricites, Montastrea sp., algas
calchreas del gbnero Li thothamnium, P. astreoides, Dipforia, hidrozoarios del gbaero
Millepora, anhnonas coloniales P. caribbeaerum y Z sociatus. Bajo Obispo: este
sistema arreciSd presenta paredes simples y fusionadas con taludes externos de
fuertes pendientes. Bancos lngleses: son tambibn paredes arrecifales simples y
fusionadas con taludes externos de pendientes moderadas  Torruce y Gonzalez,
1997b!.

F ura 1. Ubicacibn rkhca de los Arrecifes de Campeche, Mexico
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Comparaci6n 816tiea
Los azrecifes de Campeche presentazon207especies con unaaltabiodiversidad

y grado de desazmiio con respecto a: Isla Cozumel, Costa Occidental Isla Mujeres,
Punta Nizuc, Punta Cancun, Alacranes, Isla Contoy, Puerto Mozelos y Tutum, en la
mayorfa de los siguientes grupos funcionales: Hexacorales, Octocorales,
Hidrozoarios, An6monas, Esponjas, Macroalgas, Poliquetos y Eqiinnodermos, es
importante sehalar que estos sistemas pzesentan diferentes esquemas de proteccion
 GonzzBez 2000b!.

Aspectes Histbrieo
La zona presmta una gran importancia sobze todo en los encallamientos de

barcos en los bajos azzecifales. Se registzamn los siguientes 12 pecios con su
geoposicionamiento: Wachos, Don Francisco, Santa F8, Namditos, Atoradero,
Chezoquee, Lozencillo, Cubano, Malujoca, Mario Quenmlo, Jaina, Catalan.

Aspectos Soeioeeon6mieos
Esdificil establecer para losarrecifes coralinos unestatas socioecon6mico real,

sobze todo en los anecifes de Canzpeche en donde su principal gim es la utilizari6n
pesqueza y la extracci6n de czudo  Fezre-D'Amare 1995!. Por otto lado, el azzecife
ysus zonas emezgentesno pzeszmtan unasentamiento humano-permanente, los islotes
de Cayo Nuevo, Trihngulos Este y Sur no presentan ningun asentamiento, los Cayos
de Areas y Arenas son los que presentan una mayor poblaci6n que incluye a dos
guardafams, un destacamento de infantes de marma de cuatzo elementos, que en el
caso de Areas el destacamento es mis numemso: tres infazztes znis y un
radiocomumcador, ademisenambasislasse pzesezztancon &ecuencia pescadozes que
reahzan estancias de poco tiempo, la isla de Trikngulos Oeste tiene solo dos
guar dafams.

Las islas actualmente sirven corno bases esporhdicas de pesca y refugio de
pescadores de escama y de algunos inveztebrados de importancia comezcial. En los
alrededores de Cayo Areas se pzesenta la constzzzcci6n y funciozzazniento de
platafozmas deextmcci6ndecrudoyestaciones de bombeo, dedonde se extzae hasta
el 70/o de la pmduccion nacional. EI uso tradicional de la Aora y fauna en algunos
cayos es inexistente, la fauna generalmente tiene implicaciones aiimezzticias y
ornaznentaies, en algunos casos con cspecies de moluscos ycorales. Es conveniente
considezar que aunque el material arzecifal no es utiiizado para la construcci6n de
edificios o estnzctzIras corno ocum6 en el pasado con otzos sistemas azzecifales, la
mayoria de las islas estrin construidas por zestos coralinos.

Asimismo, no existe algt'mantecedentesobzelapzzexci6ndeI6zea, sinembargo
esta zegida tanto por. Ia ley federal del mar, Ia ley de pesca, la icy general del
equilibrio ecologico y la protecci6n aI ambiente, la ley orghnica de Ia Azzzzada de
M6xico, asi corno las leyes aplicables a estas zonas.
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Flgura 2 a y b. Poligonal propuesta y coordenadas extremas para ei AMP: Arrecifes
Coralinos de Cam he.
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SuperScie Propuest»
Las coordezzadas extremas utilizadas en la formaci6n de los vkxtices del kzea

total propuesta siguieron la isobata de hs 28 brazas �124 m! y son: hacia el norte
22'15'N-91'10%', hacia el sur 20 1 W-92 ON@, al este 22'05'-91'05'% y al oeste
21'15'N-92 25'W, con ello se delimit6 h poligonal con una kxea de 12 437 lzm'
 Figura 2a!. El krea propuesta involucza el 9.6% de la Sonda de Camyeche, lo cual
siguificazia una krea protegida 8.6 veces mayor que h Reserva de h Biosfera de
Banco Chinchozxo, hasta hoy la mks grande en aguas marinas Mexicanas  Torruco
et aL 1996!. No obstante, debido a los problemas que implicaba en cuanto a la
vigilanciay cooahnaci6n de sus acciones, asi corno a la protesta de la CANAINPES
yor hs restricciones a la pesca, fue zzeoesazio zudefinir los limites con diez kreas
nucleo y una krea de amortigzzamiento que interconecta a todas hs kreas, lo que
disminuy6 considerablemente los confHctos con los sectores yesquero e izwhzstrial
 Figura 2b!.

DrSCUSlbN
Estkpropzzestaphnte6 un esqzzeznadezonificaci6nde sus kzeasazzecifales, con

lafinalirhddeprotegermediante zonas mzcleo ahmayorfade lossisteznasxuxecifizle
sumezgidos, lo que implic6 el 37.85 % del total. Estkkzea fue defiuida considezando
sus &onterasconel mar territorial, loqueyennitirkunacontinuidadhacialosarxecifes
en sus procesos ocekmcos y biol6gicos, asimismo yermitirk establecex normas de
utiTizaci6n cozzcretas en zelaci6n a la navegaci6n, txansporte de maferiales y
disposici6n de desechos, entre otxos.

Estks zonas nucleo mctuyen los niveles de biodiversidad mks altos de estos
sistemas axxecifales, ademks de estar ubicadas en yosiciones cercanas a los cayos
emergentes, lo cual es unamedida no:esaxia para larecolonizaci6n y zepoblaci6n de
estas zonas, cuyo papel puede ser de amortiguamiezxto y de utilizaci6n mks izztensL

La ehboraci6n de un pzogauna operativo eficiente es complejo, ya que debe
amalgamar concertaciones con los diferentes sectores que hasta ahoza hacen uso de
estos sistemas azxeciiales, ademks de identificar sectores de utBizari6n racionaL Es
por eHo, que es indispensable la pazticipaci6n activa y compmnetida de todos los
sectozes intern»dos enlaconexvaci6nyaprovechamiento de estas kzeas azxecifales.
Actualmente, secuentaconhcazactezizaci6n,dehzzntaci6nyzonificaci6nconhmites
pzecisos de estos sistemas. No obstante, es de vital imyortancia seguir con el proceso
de su declaratoria e incluirlas en el S1NAP, debido a que son zonas con alta
biodiversidad y ocupan un lugar iznportante con respecto a otras kxeas pzutegidas.
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INTRODUCTION

Marine Protected Areas  MPAs! are seen as a prominent means of addressing
coastal resource management issues in the Caribbean. Studies on the impacts of
MPAs whichhave tended to focus onecological changes,particuhtrlyonabutMhutce
and size of 6shes! have usually shown them to be positive for biodivcality  Dixon
et al., 1993! and 6sheries management  Roberts and Pohmin 1993, Wan6ez et aL
1997!. Atnongst advocates of MPAs there has been a tendency to extol their
potential value in socio-economic terms. In reality, the estabhshtnent of protected
areas often generates deepresentment in communities that 6nd themselvesexcluded
&om resources to which they have traditionally had access, undcmnining the viabihty
of those protected areas  Homli et aL 1996!. Over the last ten years, managemetrt
of MPAs has evolved Som being a preservation tool to integrating considerations
of development, susttututble use of resotnces and stakeholder participation  Meffe
et al. 1997!. With this focus, it is believed that they can play akey role in conserving
natural ecosystems and contribut substantially to sustainable development IUCN
1997!.

The purpose of the research proj ect Institutional Arrangements for Caribbean
Mpas and Opportunities for Pro-poor Management has been to identify current
institutional constraintsto,and deveiolanent optionsfor, successfullyimplententing
MPAs m a way that leads to a sustained improvement in the hvelihoods of poor
coastal conununities in the Caribbean. Akeypremiseof this work isthat successful
implementation and bene6cial stakehower outcomes, including outcomes for the
poor, are inextricably linked, and priority has been given to understanding the
dynamic relationship between processes and outcanms. Pmticular attention hasbeen
paid to systems that include communityparticipation indecision-mahng to see what
bene6ts this brings to the poorer groups and to understand the stnictures and
processes needed to achieve it.
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An ini*tial review of institutional and ecosystem characteristics of'80 MPAs in
the Central and AntiHean biogeographic zones of the Caribbea took place ia 2001
 Geoghegaa et al. 2001! and was followed by an analysis of oyeratiotud and aon-
operational MPA case studies in BeHze, Jamaica, Turks 4 Caicos hlands and
Dominica to investigate factors contributing to successful and unsuccessful
outcomes of MPA management. R~ at the operational MPA case studies
involved evaluation of the impactsof successfuHy implemented MPA management
on poor people' s livelihoods and included PA  participatory appraisal! exercises to
understand poorer gtuups' percepdoas of MPA impacts. A series ofbiophysical aad
socio-economic studies were undertaken by Masters students at the Universityof the
West Indies  UWI! to assess the ecological and socio-economic imyact of MPAs.
A legal aad policy review was also conducted to understand how the external policy
environment inQuences MPA management The project wiH culauaate with
development of guidelines promoting pro-yoor rmuegement of MPAs.

WORKSHOP OBJECTIVES

This one-day workshop oninstitutional arrangements for Caribbean MPAs wa
hosted by MRAG Ltd in association with University of the West Indies  UWI!,
CANARI, and the Caribbean Conservation Association  CCA! at the 55 Annual
Meeting of the Gulf and Caribbean Fisheries Institute  GCFI!. The workshop is a
key activity of the 18-month research project  PR7916! described above that has
been funded by the Natural Resources Systems Programme  NRSP! of'the Uaited
Kingdom Department for International Development  DFID!. There were three
workshop objectives, as highlighted below:

i! To disseminate research 5adings from the case study MPAs;
ii! To verify that the research endings  in terms of what would enable "pro-

poor" management of MPAs! are as complete aad relevant as possible
 through sharing of experience and chechng that issues raised by our
research are relevant to the wider Caribbean!; and

iii! Toidentify or verify that themeaas ofdissernir~onand type of Guidelines
are relevant and accessible.

WORKSHOP ACTWITIES

The workshop was hmited to 43 participants due to the nature of working
group discussions and room space and was divided into four key sessions, as
outlined below:

i! Iatroduction, overview aad setting the scene,
ii! Identifying relevance of poverty to MPA management,
iii! Identifying pro-poor opportunities, and
iv! Guidelines for pro-poor management.
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After introductions, presenuxtionofpxoject activities and anoverview of the 54
GCFI MPA session, the key presentation of Session 1 was a review of Caribbean
legal andpolicy &ameworks. This included international and regional legislationaud
policy as weHas national and local legislative and policy arrangements for the MPA
case studies  Anderson et al. 2002!. Key results fiom pmject activities were
highlighted during this session see also Best 2002, Cummings 2002, Francis 2002,
O'SuIHvan 2002, Richards 2002, Francisetal. in press!. Session 2 commenced with
a pxesentation on opportunities and constraints for successfully implementing pro-
poor MPAs  Garaway and Esteban 2002! which was based on participatoxy
appraisal fieldwork atfour casestudy MPAs. The participants divided into working
groups to focus onidentifyingpro-pooropportxmities in Session 3. Thefinal session
started with feedback &om the working groups and then focused on the GuideHnes
for pro-poor management of MPAs.

CONCLUSION

The workshop pxovided anexceHentopportunityfordiscussionbetweena wide
cross-section of MPA managers, policyxnakexs, reseaxclxers, users and other
interested parties &om 16 Caribbean countries. Discussions focussed on issues
raised during presentations and are reported in the Executive Summary &om the
workshop report  see below!. The workshop report is available on
www~td.corn and is also on the GCFI web site. Feedback on the report, and
information on inifiatives relevant to issues raised during the workshop, would be
very welcome.

EXECUTIVE SUMNIARY

 Excerpt &om Workshop Report: Esteban et al. 2002!

Baclxground
ThisoneMy workshoponinstitutionalarrangements for Caribbean MPAs was

held on 12~ November 2002 as a conctxrxent session at the 55 GCFI Annual
Meeting in Mexico. It was hosted by MRAG Ltd in association with UWI,
CANARI and CCA. The workshop was one of the final activities within the DHD
funded research project Institutional arrangements for Caribbean %Pals and
opportunities for pro-poor management  NRSP R7976!.

The workshop was attended by 43 people, representing 16 countries and 2&
agencies. They included MPA manager.+ fishers, policymakers, donors, NGOs and
scientists. The objectives of the workslxop were to disseminate xeseaxch findings,
assess relevance of findings to the wider Caribbean and identify means of
dissemination.
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Working Group Findings
Five working groups looked atpossibleareas forimpxoving MPAperfoxmance.

Priority was given to areas that would do so by improving impacts on poorer user
groups. These included co-management aud communityempowexment, ICZM and
legal and policyaxxangejtnents for MPAs, funding options, providing alternatives and
improving existing ones, and fisher Hvelihoods.

i! Co-management was seen as a route to addressing needs of pooxcr groups

Research Findings
The workshop focussed on two of the reseaxch activities that were seen to be

particularly xelevant to identifying institutional opportunities for pro-poor MPA
management. These included results of a legal and policy review and results &om
a study investigating the impacts of MPAs on poorer "communities".

Three legal typologies were identified i the Iegxd and policy review: traditional
resouxce conservation laws, adhoc legislation relating to the creation and operation
of specific MPA,and generic regulationsprovidinga &amework for the desiguation
of such areas whilst injecting some degree of Qexibility into the management
armngements applicable to specific MPAs. Whilst the latter may be a preferred
regulatory regime, it is neither suf5cient, nor necessary, for achieving operational
management of an MPA.

Other factors contributing to operational management were found to include
development of systems to implement specific international obligations,
rationalizanon and clarification of govexnance structures, the axticulation and
effective operation ofaxea~ific policie to guide administrative actionin respect
of aH activities impacting the protected area, availabiTity and effective deployment
of human and material resources, and mammiful community participation.

Where it exists, poverty was identified as a factor that, at the very least,
exacxubated management performance and therefore, in these cases, the issue of
poverty shouQ be relevant to MPA managers.

Five specific areas were identified as pxoviding opportunities to address needs
of poorer user groups, thereby improving management performance and ultimately
the natural resource base itself. These areas were:

i! Empowexing pooxcr communities leading ultunately to co-management,
ii! Providing new alternatives,
iii! Improving access to existing ones  in particular tourism!,
iv! hnproving fishery related livelihoods, and
v! Improving the natural envixonment  ~on, health and safety!.
Results 6om case studies suggested that, whilst there were many succemful

initiatives Som which lessons could be learned, there was still a lot to do to address
the needs of poorer gmups, and improvements ~ to be made in all areas and
relationships that makeup MPA management, i.e., relationships between the legal,
poHcy and funding envixonment, the "service delivery" organisations, community
based orgamzations, and user groups.
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but that there wasaneed to xealise that aclzievingco-management was only
the beginning of an ongoing process.

ii! Legislation could have a role in aH axeas of MPA management, &om
xequiring that local communities have a voice in, and bene6t Sem, MPA
management, thxough to the implementation of international agzeements.

iii! Funding was considered a major issue by aH, and a siyzi5cant coxzstraint.
New and innovative approaches to "seHing the MPA pxzzxtuct" were
xequixexL

iv! Tourism has substantial potential to provide altnmtives and therefore
compensate for loss of acct to traditional resources. To do this, creative
financing and capacity building were crucial.

v! The main identified mute to helping 6sbers was involving them at aH
stages. There was a need for improved communication, and for an
undec>branding that ushers have the abiTity to solve their own problems if
they were given the opportunity.

Other Points Raised Throughout Workshop
The term "pro-poor" was not favoured and it was felt that it would not be

useful in conveying project Bndings and Guidelines. Meed, the extent to which
poverty reduction should be an explicit objective of MPA management was
questioned. Whiht there was agreement that sustainable liveHhoods were a
component of sustainable management, the emphasis on poverty was not a priority

Designing areas as Marine Protected Areas as opposed to Intz~ Coastal
and Marine ManagexnentAzeasmaybeasigui5cantdesignBawandlegal constraint.

The pxoject Guidelines should be developed coHabozatively bringing in the
experiences of the wide range ofyarticipants at the workshop.
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ABSTRACT

The inshore environment of Broward County, Florida consists of three reef
tracts, each separated by sand substrate, running parallel to the coastline in
sequ~ deeper water. A wide variety of artificial reef designs have been
deployed in Broward County, many lying in sand fiats between the reef tracts. From
1995 through 2002, over 1,100 visual flsh censuses  predominantly point-counts!
were completed on the three natural reef tracts in water depths &om 3 m to 30 m
and over 1,100 censuses were done on artificial reefs at depths of 7 m to 23 m.
Curiously, the juvenile stages of two deeper-water species of the snapper/grouper
complex, the blackfin snapper  Lujtanus buccanella! and the snowy grouper
 Epinephelus niveatus!, appear to prefer artificial reefs located in the sand fiat
separating the second and third reef tracts to nearby natu' reef areas. Five hundred
and forty blackfi snapper have been recorded in 64 visual censuses and nine snowy
grouper have been observed in seven counts on artificial reefs. Despite the large
volume of visual census data collected thus far, these two species have never been
recorded on nearby natural reef tracts. The reasons for this unanticipated
observation is unclear but it provides an excellent launch-point for an examination
of juvenile habitat requirements, natu' availability of these requirements, and the
potential for artificial substrate to be used in mat+ging these species

KEY WORDS: Artificial reefs, blackfin snapper, snowy grouper

Presencia de Juveniles del Chillo Oreja Negra  Luj tanus
buccannella! y Mero  Epinepkelus niveuhu! en Arrecifes

Artificiales Someros del Sureste de Florida  Kua!

Entre 1995 - 2002, 1100 conteos de peces fueron Hevados a cabo en arrecifes
natural � -30 m de profundidad! en el condado de Broward, Florida. Asi mismo,
1100 conteos de peces tambibn fueron realizados en varios arrecifes artificiales �-
25 m de profundidad! en la misma area. A pesar de las numerosas observaciones,
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buccanella, y mero, Epinephelus niveatus, se han registrado solamente en los
arrecifes artificiaIes del area Estos y parecen preferir habitats aztificiales a los
azzecifes natures as pz6ximos. La raz6n de esta pzefezencia a aun se desconoce
pero puede ser debido a la competencia por recursos a la disponibiHdad alimento
entre los azzecifes naturales y artificiales.

PALABRAS CLAVES: Arrecifes artificiales, chillo oreja negra, mern,

INTRODUCTION

The blackfm szzapper Lutjanidae!,Luzjanur buccanella, and the snowygmuper
 Serranidae!, Epinephelur niveatus, aze econoznicaHy important deepwater species
along the Atlantic coast in the southeast U.S.  Parker and Ross 1986, Pazker and
Mays 1998!. The high demand for these Gsh combined with naturaHy slow gmwth
rates make them extremely susceptible to over6shing. Fisheries data have shown
a steady decline in catch for both species since the early 1980s, and the snowy
gmuper has recently been listed as vuinemble by the International Union for
Conservation of Nature aud Natural Resources  IUCN!  Matheson and Huntszmm
1984, Moore and Labisky 1984, Parker and Mays 1998!.

Commercially important deepwater fish species are the least studied of aH fish
supporting a major fishezy  Parker and Mays 1998!. To properly assess the habitat
characteristics and fish assemblages below a depth of 45 m, costly speciaHzed
equipment is needed. The costs associated with this type of research continue to
limit the infozmation available ondeepwater species MathesonaudHuntsman1984,
Moore and Labisky 1984, Parker and Ross 1986, Parker and Mays 1998!.

Many juvenile fish species display ontogenetic habitat shdts with gmwth,
matzzruzg and then migrating to deeper waters  Hixon 1991, Perrson et al. 1997,
Lindeman 1999, Nagelkerken 2000, Wilbur2000!. However, httle is known about
juvenile habitat requuemeuts of many conunerciaHy iznportant Gsh species and
possible ontogenetic variations in habitat preference. Fisheries managers need to
understand juvenile habitat zequizements to ensure the survival of juveniles, which
may, in turn, increase adult populations  Able 1999!. There aze only a hazMIM of
publications which provide information on blackfin snapper or snowy gmuper
 Sylvester 1974, Grimes et al. 1977, Matheson and Huntsman 1984, Moore and
Labisky 1984, Acezo aud Gazzon 1985, Parker and Ross 1986, Gutherz et al. 1987,
Jones et aL 1989, CueHar et al. 1996, DodriH et al. 1993, Bolmsack et aL 1994,
Tabash and Sierra 1996, Parker and Mays 1998, Wyanski et aL 2000!. Most of
these studies describe repmductive patterns, or age and growth of adults caught
&om recreational or commercial Gsheries. No studies have been published
concermngthejuvenile life history stages of either species. Descriptions ofjuvenHe
habitat for these two species have been sketchy at best and have generally been
described as shaHow hazdbottom areas. We examined 6sh distzibution data sets
fmm Bmward County, Florida USA in order to gain someinsight on thedistribution
of juvenile blackfin snapper and snowy grzzuper in this area
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METHODS

The inshore environment of Broward County, Florida consists of three reef
tracts  inshore, middle, and offshore!, each separabA by sandy substrate, running
paraHel to the coastline in sequentiaHy deeper water  Lighty et al. 2001!. A wide
variety of arti6cial reef designs have been deployed in Broward County and many
lie on the sand flats between reef tracts. Dumzg an eight-year period�995 to 2002!
over 1,100 visual censuses were completed on the three natural zeef tracts at water
depths &om 3 m through 30 m, and weH over 1,100 counts on artificial zeeS at
depths of 7 m through 23 m. The data &om these censuses aze availaMe elsewhere.
Portionsof these data have beenpublished in various scienti6c journals  GiHiam et
aL 1995, Sherman et aL 1999, Sherman et aL 2001a,b!, gray literature  Spieler
1995a,b, Spieler 1998a,b,c, Spieler 2000!, theses and dissertations  Gilliam 1999,
Shezman 2000, Jordan 2002!, or is archived  Spieler 2002!, in manuscript  Baron
and Spieler in prep.!, or iu some combination of the pzeceding.

The census of natural hardbottom consisted of two studies. Between 1998 aud
2002, 751 point-counts  Bohnsack and Bannerot 1986! were completed  Ettinger
et al. 2001, Spieler 2002!. The counts were taken at the edges and nests of all three
reef tracts at 0.463 hn �.25 nautical mHe! intervals along the entize Bzowazd
County shorehne �5.2 km!. The counts weze completed throughout the year but
predominately during summer months. Also, &om June to August 2001, 200
30x2xl m belt transects, 100 point~ts, and 98 rover diver counts weze made in
the fizst 30 m of the nearshoze hazdbottom of Browazd County  Baron and Spieler
m pm!-

The arti6cial reef censizses consisted of five studies &om Browazd County,
Florida From AprH 1995 to October 1996 a total of 584 fish surveys were
completed on 40 smaH artificial reefs, GiHiam-Spieler modules  aka fish-condo
modules!, in 7 m of water  GilHam 1999!. Between March 1995 and October 1996
a total of 144 fish counts on 20 ReefbaH'modules were perfozmed at depths of 7 m
and 23 m  Sherman et al. 1999!. From October 1998 to September 2000 a total of
528 fish counts were also completed in the same shallow inshore area � m! of
Browazd County using various spatial ammgements of 30 GiHiam-Spieler modules
 Jordan 2002!. An addifional study, which began in April 2002, has thus far
completed 120 fish counts on ReefbaHs in 13 m of water  Quinn, uupubL data!.
These four studies documented fish species, total number of individualsper species,
and estimated total fish length  TL! into five size classes �-2, 2- 5, 5 - 10, 10-20,
> 20 cm TL!. Lastly, an ongoing study censizssing the fish assemblages on seven
shipwrecks off Broward County has completed 182 visual point-counts over 19
months Arena unpubl. data!. Data were coHected &om March 2000 to March 2001
and &om March 2002 to September 2002. Six ships were censussed four times
during the year, two ships each month and four monthly surveys have been
completed on the seventh vessel, which was deployed in April 2002. Total
abundance, as weH as mean, minimum, and maximum size of each species was
recorded at each shipwreck site.



RESULTS

Curiously, juvenile stages of two deepwiuer species, the blackfm snapper and
snowy grouper, appear to prefer artificial reeS located in sand flats sep iranng the
reef tracts to nearby natural reef areas.

A total of 586 juvenile blackfin snapper individuals �56 on sunken vessels, 30
on smaH concrete artificial reef modules! have been recorded in 86 visual censuses
and a total of eightjuvenile snowygrouper has been~ed in seven counts Table
1!. Although these are not overwhelmingnumbers, especiaHy for snowy gmuper, no
individuals of either species have been recorded in fish counts on nearby naturd
reefs. The majority of blackfin snapper juveniles  95 %! have been recorded on
sunken vessels. Snowy grouper juveniles are more evenly dispersed between
artificial reef types, but have been seen more often on the smaH concrete modules
 three on sunken vessels and five on small concrete modules!.

Table $. The abundance and size ciass of snowy grouper. RB = Reetbali SV =
Sunken Vessel

Date fmo/yrl Reef Tyye ff She Ctase {cm!

Blackfin Snapper
The minimum size class observed for blackfin snapper on�concrete module was

2-5 cm. The smaHest fish observed on a ship was a 4 cm individual, found on a
newly deployed vessel. The maximum size observed for blackfin snapper was�40c,
this was not typical and was observed for only one fish on a sunken vessel. The
mean size ofblackfin sriapper observed on ships was 19 cm. The largest size class
observed on the smaHer artificial reef modides was >20 cm. The highest abundance
ofblackfin snapper on ships was found &om September to December 2000 Figure
1!. From January to March 2001 the hugest mean sizes ofblackfin snapper o ships
were recorded  Figure 2!. Ninety percent of aH individuals on ships were between
15 cm and 30 cm and of these fish 60% were &om 15 -20 cm. 11ie most common
size class for the smaller artificial reefs was 5 - 10 cm.

721995

9/1995

11/1995

8/1996

10/2000

1/2001

5/2002
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obli ue tine after March esa a tndatacoHecbon.

Figure 2. Bfackfin snapper monthly mean size  +I- t SEss! on a pair of ships. Bar
shades indicate one of three specNc pairs of ships, which were censused
re ed, The obli ue line after Mar. 2001 indicates a in data coiection
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Snowy Grouper
The minimum size recorded for snowy grouper was 10 cm on a sunken vessel

and the 2-5 cm size chss on the ReefbaHs. The maximum size observed was 12 cm
on asunhxi vessel and the 5-10cm sizechss for the Reefbalh. The largest number
of individuals seen in any one countwastwomdividualson the ReefbaHs Table 1!.

Shtddin Snapper
Ontogenetic habitatshifhofjuveniie fish to iritermediate life�stage liabita iwith

increasing size have been recorded for many species  Leis 1987, Kxon 1991,
Lindeman 1997, 1998, Nageikeiken et al. 2000, WHbur 2000!. Based on the size
distribution data of the blackfin snapper, they seem to be utilizing artificial habitats
 primarily sunken vessehin21-23 mof water betvnmi themiddleandoKshorereef
tracts! as an intermediate or secondary nursery habitat. The majority of blackfin
snapper on vessels were in the 15- 30 cm size range. It appears these fish may be
setthng elsewhere and when reaching a certain size  appmximately 15 cm! they
move onto sunken vessels.

Smaller individuals  <10 cm! were recorded on a iecentlydeployed vessel and
smaller artificial reef modules at a depth of 21-23 m, as weH as on ReefbaHs on the
sand terrace of the middle reef tract in 13 m of water. The sand fiats between reef
tracts, as weH as the sand terrace of the second reef tract, contain small sections of
hardbottom aud an abundance of smaH rubble and sheH debris patches  autliors,
personal observation!. These structures may be pmviding microhabitat areas for
settling fish. Lindeman �999! iudicates that Lutjanids settle near interlhces of
hardbottom stnicture and sand; this may be the case for settling blackfin snapper as
weH. The rapid appearance of these smaHer juveniles to newly deployed artificial

DISCUSSION

ThepresenceofjuvenHe blackfinsnapler and snowy gmuper on artificia reefs
aud their aliparerit absence Sum surmunding natural ieefs is an unexpected and
important observation. Hiis one-sided distribution may be an indication that the
artificial structures supply these species with anciHary, possibly unique,
nurseryfjuvenHe habitat in watn depths of less Cion 30 m. The importance of
juvenile nurseiyareasto fisheriespopuhtionsisweH�estabhshaL Many studshave
been condiicted in commonly known nursery habitats, such as maiigmves and
seagrasses  Austin 1971, 'Hmyer et al. 1987, Sedberry and Carter 1993!. Recently,
shallowreeS and nearshorehardbottoxuaxeas have aiso beenshown tohavenursery
potential, and it is now clear that biotope tiTization can be very specific for
individual species and size chsses Lindeinan 1997,Naseikerkenetal.2000,%'ilbur
2000!. It has been suggested that juvenile associations with habitat may be baed
on avoidance of pnxhtors, abiuidaiice of food, and interception of hrvae
 Nagelkerken et aL 2000!. The presenceof the blackfin�suiipper an snowy gmuper
on artificial reefs suggest these habitats meet at least some of these criteria.
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reefs in sand fat areas may be an indication of their presence nearby before reef
deployment.

Specific habitats where the juvenile blackfin sxiaplier are setthng is still in
question,but datacoHected thus far clearly indicatesrecruitmeutof these mdividuals
to artificial reefs at sizes around 15 cmandxesidencyuntH reaching a larger size�0
-40 cm!. The upper size lixmt may be related to sexual maturity. Past studies have
shown bladdin snapper reach sexual maturity at sizes &om 20- 40 cxn  Sylvester
1974, ThompsonandMunroe 1974, Grimesetal. 1977,Boardman and WeHer 1980,
Fxoese and Pauly 2002!. Blackfin snapper may, therefoxe, be utilizmg the axtificial
reefs as ixxtexmedlate nuxsexy habitat, growing to matxlxity and then migrating to
deeper waters.

Vhedata showahighabundanceofjuvemleblack6nsnapperon sunken vessels
during winter months  Sep. - Dec. 2000!  Figure 1!. 1hexe is also an increase in
mean size of juveniles toward the end of this period and in subsequent months
 Figure 2!. This decrease in abxmdance with increasu~ mean size may be due to
predation, fishing mortality or migration of these larger juvende JsexuaHy mature
adults to deeper waters. Bohnsack and coauthoxs �994! found a similar peak in
abundance of juvenile bhckfin snapper  mean size 4.3 cm! &om August to
December 1988, on smaH arti6cial xeef modules m 10- 12 m of water off Miami,
Florida.

The reasons for the association ofjuvenHe blackfin snapper with artificial reefs
could involve a number of factors. Lutjanids are known to be voxacious predators
of newly settled fish  Hixon 1991!. Colonization of newly deployedartificial reefs
is a rapid process and newly settled juvenile blackfin snappier may benefit kern
increased food resoxuces asjuvenile fish setde to this vacant habitat  GiHiam et al.
1995, GiHiam 1999, Sherman 2000!. By xoducing foraging distances juvenHe
blackfin sxxapper may be conserving energy aud xnaximizing growth  Stephens and
Kxebs 1986!.

Predator susceptibiTity is another factor that may be structuring the spatial
distribution of this species. The artificial reef habitats axe aH located on sand flats
between reef tracts and previous studies have revealed lower predation risks at smaH
distances  < 25 m! away &om the reef  Shuhnan 1985!. This habitat may be
reducing predation risks became of its off-reef locality.

ln addition, arti6cial xeef siting may reduce foraging distaxxces for the blackfin
snapper, thereby incxeasingfeedingefficiencyand ultimately growthrates. Snappers
axe known to spend the day on reef and forage among sand flats nocturnaHy  Leis
and McCoxmick 2002!. Pmviding habitat close to food resources increases the
optimal value of the habitat  Stephens and Krebs 1986!.

Deep habitat may also be a factor to consider when trying to understand juvenile
distributions of this species in Browaxd County. The continental shelf of southeast
Florida is extxxxnelynaxxow and drops offquicly to gxeatdepths Chiappone 1996!.
This deepenvixonment appeaxstobe mainly low-reliefhabitat withanabundanceof
fine sediment areas and there seems to be a smaH percentage of suitable habitat
 hardbottom ledges and cliffs! for blackfin snapper  Ken Banks, personal comm.!.
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Juveniles may be utTiizing the shaHow artificial envizonznezit due to the Hmited
availabilityofdeeperjuvenile habitat and increased competition with adultsas space
zequizemezzts overlap  Jones et aL 1989, Hixon 1991!.

'Ihe apparent absenceofblack6n snapper and snowygrouper on shaHownatural
reefs and their presence on aztificial reefs at depths less than 30 m does not appear
to be zestzicted to Browazd County. In a study to the south of Bzoward m Dade
County, Florida, 462 fish counts were completed on smaH artificial reefs and 83
counts on nearby natural ree&  Bohnsack et al. 1994!. Blackfin snapper and snowy
grouper were observed settling on artificial reef sites at depths of 10- 12 m, but
none were recorded on natural reefs. Ihe authors reported that juvenile black6n
snapper did weH and grew atthese sites beforedisappearing, which they~was
due to an ontogenetic migration to deeper water. Another study in the Florida Keys
mhichcensused natural ref fishassemblages off Monzoe County, Floridaobserved
one blackfin snapper f'mm a total of 6,673 surveys  Bohnsack et al. 1999!. Ilze
REEF  Reef Envizonmental Education Foundation! database was also accessed to
compare black6n snapper distributions {REEF 2002!. Their data show aH
observations ofblack6n snappers inBzowazd County wezeat aztificiai eefbcations.
Intezestmgly, contzazy to Bzoward, Dade, and Monroe Counties, REEF's databiise
indicates Pahn Beach Countyhadanevendistributionofbhckfinsnapper onnatural
and aztificial reefs. The natural reef locations were described as high profile reefs.
However, a preference for high profile zeeS does not adeztuately explain the
differences in distribution, asthezeaze alsohighprofile areas in Browazd, Dade, and
Monroe Counties.

Snowy Grouper
Although juvenile snowy gmupers weze seen less fiequently and in lower

abundancesthantheblackfinsnappers, theytoowczeonly Mxszatartificialzeefsites.
Juveznle snowy groupers were observed at several size chisses, but no individuals
were larger than 12 cm. There appears to be some simHarity in habitat selection
between juvenile and adult snowy grouper. The larger juvenHes �0 cm - 12 cm!
were aH otmerved near sunken vessels. AH the juvezules seem to prefer two aztificial
reef types: ReefbaHs and rock/cond covezud burrows near sunken vessels. Both of
these artificial reefhabitats are similar in structure to reported natural adulthabitats.
Adults have been reported from deeper areas in habitat consistingof irregular sized
boulders  Matheson and Huntsman 1984, Parker aud Ross 1986, Gutherz et al.
1987, Parker and Mays 1998!. Thus, ReefbaH stnzctuze may be similar to these
adult habitats. CNuupers Sezzanidae! are heavilydependentonhabitatstrizchzze due
to their sedentary behavior  Leis 1987!. ReefbaH complexity may inzzease the
feeding efficiency of the juvezule snowy grouper, aiding in its ambush style feeding
behavior  DodziH et al. 1993!. Also, fish settling to these smaH aztificial reefs are
presumably easy prey for a juvezule grouper, which may inczzme avaihble food

Adults, as mell as one juvenile have been observed utilizing blueHne tHefish
 Mzziacanthidae!, Caulolatilus microps, burrows as habitat in deeper waters Parker
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and Ross 1986, Jones et al. 1989!. Similarly, aH juvenHe snowy grouper on the
shaHow sunken vessels were observed near burrows in the sand covezed by a small
rock or coral head and would zetzeat into the buxrow when a diver appro~.
Adults have also been reported to utilize wreck habitats in deeper waters on the
upper continental shelf and slope  DodriH et al. 1993!. The preset' of adult and
juvenile snowy grouper on sunken vessels may be related to natural habitat
preferences, as the vertical relief provided by vessels  -10 m! is comparable to the
relief found near natural adult habitats  Parker and Ross 1986, DodriH et al. 1993,
Parker and Mays 199&!.

CONCLUSION

The fish census data collected thus far in Broward County on natural and
artificial reefs zeluesents abaseline of fishpopulations for the region. It is clear that
blackfinsuaplm and snowygzouperjuvenBespzeferartificial substrate to that which
is naturaHyavailable. The reasons for thisunanticipated fact axe unclear butpzovide
anexceHent launch-point for anexaminationofjuvenHehabitat reqzzizeznents,natural
availabiHtyof thesexequireuzents, and thepoteatial forartificial substrate to beused
in managing these species.
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ABSTRACT

Shallow tropical marine habitats are being degraded at an alarming rate and new
science-based approaches are needed to reverse this trend in order to ensure their
long-term conservation. Landscape ecology principles, though rarely tested in
marine systems, have proven extremely useful in addressing "real-world"
management issues in terrestrial systems. In fact, the successful design and
matmganent of many tenestrial reserves is largely dependent on insights gained &om
the application of landscape-level analyses. Tropical coral reef ecosystems, which
exist as a complex mosaic of interacting habitats, e.g., Singing reefs, stnromMhng
seagrass patches and mangrove stands, may be well suited for study using a
landscape ecology approach. We explored the utility of two tenestrially proven
landscape metrics; a measure of adjacent habitat diversity and meastnes of the areal
coverage of critical adjacent habitats, to predict specific characteristics of reef fish
assemblage structure. Adjacent habitat diversity was not a good predictor of total
fish abundance or of species richness. However, the areal coverage of specific
habitat types, seagrass in particular, was positively related to the abundance of
several groups of commonly exploited fishes. Preliminaty results suggest that this
approach might be used to faciTitate the design of marine protected areas, and thus
will be of interest to a broad group of marine ecologists and resource managers.

KEY WORDS: ~ Protected Areas, seagrass habitat, coral reef fishes
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La Significacibn del Habitat de Seagrass a las Knsambladuras
de los Pescados del Arrecife Coralino: ~Son los Efectos
Perceptibles y CuantiTicables en una Kscala del Paisaje?

Al decidir a donde localizar las tueas protegidas marinas  MPAs!, es esencial
que los encargados de recurso entienden obmo su funcionamiento se pudo
infiuenciar por el aneglo de los habitat interior y exterior sus &onteras. Hacia este
extremo, un acercamiento de la ecologia del paisaje fue probado en St. Juan, islas
de la Virgen de los E.E.U.U. para del corno los medios de predecir > los hotspots
= la abundancia de los pescados del filbn y diversidad en una escala apropiada el
disefio de MPAygerencia. Los mapasrecientemente desarroHados, digitalesusados
para cuantificar h distribuci6n espacial del mosaico complejo de los habitat
asociados con arrecifes  e.g., arrecife, camas de los seagrms, mangles! eran la
fundaci6n para desarrollar un espacial-estratificado y analisis robusto para estudiar
estadistico la rehci6n entre los parhmetros seleccionados de la ensambladura de los
pescados del 616n y ~eristicas del habitat traz de imhgenes abreas.
Especificamente, deseamos determinarnos si los habitat adyacentes tales corno el
area total de los seagrass adyacentes o en proximidad cercana a los anecifes se
puedan utilizar para predecir parametros de la ensambladura de los pescados del
filbn. En veinte arrecifesdiscretos�0que &anjany elremiendo 10!, seleccionados
basado en un gradiente del punto bajo al alto grado regional de seagrass, las cuentas
visuales al azar-generadas del punto de los pescados del filon fueron conducidas.
Los resultados preliminares apoyan nuestras hip5tesis generales que la riqueza y la
abundancia totales de laespecie, tan bien corno la estructurade laabundancia, de la
diversidad y del tama5o de la especie apuntada, es decir, roncos, groupers y
snappers, crecientes con el grado regional  m'! de seagrass adyaoente al filbn
remiende. La fuerza de esta relaci6n creciente corno el grado regional de seagrass
encuatrodistancias de los arrecifesdel estudio es decir, 100, 250, 500 y el 1000m!
aumento. Los resultados finales son probables confirmar la importancia de los
acoplamientos del habitat entre los seagrass y Ias comunidades del filon coralino,
proporcionando lajustificaci6n cientifica para hinclusiondelhabitatde los seagrass
en MPAs para proteger laconectividad del habitat requerida para diversas etapas de
la historia de la vida de los pescados del filbn.

PALABRAS CLAVES: Las Areas protegidas marums, habitat de los seagnm, el
6kin coralino pescan.
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INTRODUCTION

The management of tropical marine environments calls for ~ large-scx@e
approaches that require collaboration beyond traditional 6elds Murray et al.1999,
Allison et al. 1998, Bell et aL 1997!. Landscape ecology is interdisciplinary by
nature, with a focus on patterns and ecological processes that occur over broad
spatial scales  Foxman and Godxon 1986!. A landscape refers to a heterogeneous
area composed of interacting ecosystems  Forman 1995! made up of homogenous
units called habitat patches. Habitat patches can differ in their size and slxucnxxe
with consequences on the distribution and abundance of species. The spatial
arrangement i.e. pattern! ofhabitat patches within the landscape, in turn, influences
the function of that landscape, particularly with regard to the flow of energy through
interacting ecosystexns and among habitat patches. Through the use of
georeferenced maps of vegetation, soils and elevation, terrestrial landscapes have
been described with a number of metrics that incoryorate such attributes as patch
size, shape, aud/or habitat complexity  Forman 1995, Turner 1989!. Landscape
metrics quantify large-scale habitat patterns and can be used to more fulIy
understand ecological processes and, in some cases, predict responses such as
dispersal success  Gustafson and Gardner 1996, Schumaker 1996!, abundance
 McGarigal and McComb 1995!, distribution  With and Crist 1995!, and survival
probabiTity  Fahrig 1997! of organisms.

Several landscape metrics have proven to be of value in the design and
management of terrestria reserves  e.g., Simberloff 1986; Diamond 1975;
MacArthur and Wilson 1967! and similar metrics might be used to guide the
development and ixnpiementation of marine protected areas  MPAs! in shallow
tropical waters, especially if the responses of reef 6shes to varying "seascalms" can
be predicted with some degree of con6dence. Until recently, we lacked the
technology to test landscape ecology principles in marine systems. However,
advances in subtidal mapping techniques provide the opportunity to explore the
relationship between habitat patterns and species distxibution  e.g., Irlaudi et al.
1995, Robbins and Bell 1994, Bell and Hicks 1991!. Coral reef environments exist
as complex mosaics of interacting ecosystems  e.g., patch reefs, seal@ass
communities, sand, and &inging mangroves!, which make them logical candidates
for large-scale habitat-basedconservationslxstegies e.g., MPAs!  Wilkinson 2000,
Allison et al. 1998!.

Large-scale xneamxxes ofhabitat diversity have been positively correlated with
terrestria species richness and abundance of birds, butter6ies, xeptiles and
amphibians  Ricklefs and Lovette 1999, Rosenzweig 1995, Rafe et al. 1985! and
with more complex txophic structures  Rahbek and Graves 2001! in virtually all
terrestrial ecosystems  Huston 1979!, proving useful in selection of conservation
reserves. Spatially and temporally diverse areas are considered superior to
homogenous axcas  Meffe and Carroll 1997!, in part because the species-area
relationship is thought to be related to habitat diversity. As size ofan area increases,
so does the diversity of habitat types  Lack 1976, Williams 1943!. Although
landscape-scale measures of habitat diversity have yet to be tested in coral reef
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ecosystems, fine-scale studies have demonstmted a positive relationship with re
fishdiversityand abundanceandhabitathetezogeneity, measuredby parameters such
as spatial complexity  Hixon and Beets 1989!, living coral  Reese 1981!, coral reef
zonation  Friedlander and Parrish 1998!, and reef surface area  Gladfelter et al.
1980!.

This study is one of the first to explore the utility of landscape ecology
principles as predictors of species distribution and abundance in coral reef
environments. Existing reef fish census data made available through the Virgin
Islands National Park, St. John, United States Virgin Islands  USVI!, were used to
examine the relationship of landscape metrics that describe the spatial distribution
of benthic habitats with reef fish assemblage parameters of interest to resource
managers. Two questions were addressed:

i! Is habitat diversity, at the landscape-scale, a good predictor of the
abundance or richness of reef-associated 6shes? and

ii! Are landscape-scale metrics of the areal coverage of specific habitat
types  e.g., measures of the area of seagzass or hard-bottom! predictors
ofabundances of reef fishes within trophic guilds and/or specific taxao
reef fishes?

To validate the use of the existing zuef 6sh data, a seIiarate heterogeneity study
was conducted in 2002 to ensure that our dataset did not violate assumptions
inherent to a landscape ecology appioacIL

METHODS

Existing reef fishmonitoring data &om St. John, USVI was used to explore
the relationship of large-scale measures of habitat diversity and the areal extent of
specific habitats with reef fish assemblage structure parameters of interest to
resource managers; Of 20 reef 6sh monitoring sites available, only 11 reefs with
similar characteristics, i.e. depth, reef morphology, and dominant live coral
 Montosrraea anzzularis!, were selected for further analysis to zeduce variabiTity
associated with reef characteristics and to enhance the ability to detect variation
associated with landscape featuzes  Figure I!. Reef fish monitoring sites were
determined to be sub-secfions of larger mapped reef polygons. To account for the
possible bias of sampling a section of a larger mapped polygon, zeef polygons were
modified using ArcView 3.2 to reflect the standardized 25,000-m' sub-sections
where fish data were collected  ESRI 1996!. In addition, a heterogeneity study was
conducted in 2002 to detcxmine whether reef fish assemblage stizzcture differed
between reef sections and entire polygons. Several precautions helped ensure
assumptions inherent to a landscape ecology approach were not violated. First,
landscape metrics were cal~ with respect to polygon sections where 6sh data
were collected. Second, the areal extent of reef  including adjacent reef! and
original reef polygon size were tested as habitat variables. Third, since patch
dynamics are predicated on assumptions of similar patch shape, a paired saznple T-
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test was used to test whether the Perimeter to Area ratio  P: A! of the reef sections
differed significantly &om the P:A ratio of original polygons  Zar 1984!.

Figure 1. Location of 11 study reefs around the island of St. John, United States
Vir in islands.

Landscape metrics were calculated with ArcView 3.2 software  ESIU 1996!
using benthic habitat maps created from aerial photographs acquired in 1999
 Kendall et al. 2001!. The original map classification scheme  see Kendall et al.
2001! was condensed &om 27 to 9 distinct and non-overlapping habitat classes, i.e.
mud, mangrove, sand, reef, hard-bottom, bedrock, seagrass, macroalgae and deep
water, to be more broadly applicable for resource managers. Reefs served as focal
units, since MPAs are typically designed around individual reefs. A buffer was
placed at 100 m  to include the daily range of most reef fishes! &om the leading edge
of the reef. Buffer shape files and the modified benthic habitat maps were
intersected to quantify landscape metrics for each reef  Table 1!.

Reef-associated fishes were sampled in 1994  Beets and Friedlander, unpubl.
data! using a modified point count census method  see Bohnsack and Bannerot
1986!. The modification involved a reduction in the sample radius &om 7.5 m to 5.0
m. In 2002, reef-associated fishes were sampled using the originally described point
count method  see Bohnsack and Banneret 1986!. During both data coHection
efforts, standard lengths of fishes were estimated to the nearest cm. Mean
abundance values based on replicate samples at each reef site were calculated and
used in subsequent analyses, whether by taxa or trophic guild. Randall �967! and
FishBase �002! were used as references to classify fishes as either piscivores,
herbivores, mobile invertebrate feeders  MIFs!, sessile invertebrate feeders  SIFs!,
planktivores or omnivores. Taxonomic groupings of fishes for commercially and
recreationally important species were also examined. Fishes were further subdivided
into juvenile and adult categories.
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Habitat Diversity
To test the hypothesis that landscape-scale habitat diversity  H'! is a

positive predictor of entire assemblage parameters, a modified Shannon-Weiner
index  Krebs 1989! was employed using the following equation:

O' = - Zp, log p,  eq. 1!

where the proportion of area of each habitat type i within 100 m of the focal reef is
summed for all habitat types. For each 25,000 m' reef section, at least 16 modifie
point countsper replicatereefwere located haphazardlyin July 1994, using the same
five observers. Simple linear regremon was comhicted using the reef fish paramete
of interest as the dependent variable  e.g., species richness, total abundance! and
habitat diversity  H'! within 100 m as the independent variable.

Heterogeneity Study
To asceruun the validityofusmg the existing 1994~ randomtcef fish

samples were conducted in 2002 at the two largest monitoring reef sites, i.e.
Newfound Reef  93300 m ! and Coccoloba Reef �9/00 mQ Each polygon
contained two monitoring sites eg., Newfound polygon iscomprised ofNewfound
and Haulover East, Coccoloba polygon has Coccoloba Reef and Reef Bay!. Each
polygon was redigitized in ArcView and divided into three sections at Coccoloba
Reef and four sections for Newfound Reef, of approximately equal sizes to

nine whelher there were significantdifferences inreef fishabundances between
different, but approximately equal-sized sections of a single mapped reef polygon.
Differences in reef fish parameters between reef sections and entire polygons were
tested using a Poisson Chi-square statistic with a 0.05 level of significance.

Habitat Diversity  H }
Simple linear regression analyses revealed no detectable relationship

between H' and entire assemblage level parameters  e.g., species richness and total

Adjacent Habitats
To test hypotheses that landscape metrics that quantify the areal coverage

of a speci6c habitat are positive predictors of abundances of reef-associated 6shes
by taxa or within trophic guilds, stepwise multiple regression analyses was
conducted. The areal coverage of the seven major habitat types within 100 m of
each reef was used as independent variables for each of the dependent reef fish
variables. P-values for accepting a variable into the model was set at p < 0.15 to
reduce Type 8 error. Results of stepwise multiple regression analyses were used to
test simple linear regression relationships between habitat types and reef fish
assemblage parameters accepted into the stepwie regression modeL
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reef 6sh abundance! {Table 2, Figure 2!. H' values ranged 6om 0.23 to 0.67 for the
1 l reefs, but this intermediate range in variability of 8' may have constrained amore
robust analysis  Figure 2!. There wasa negative reLrtionship between H' and mean
abundance of juvenile herbivores and SlFs  Table 2, Figure 3!. There was a
statistically signi6cant, negative relationship between H' and juvemle serranids,
juvenile haemulids and juvenile scarids  Table 2, Figure 4!. There was no
statisticajly significant positive rejatioriship for any reef 6sh assemblage level
parameter of ~  e.g., entire assemblage level parameters, trophic guilds or
commercially and recicadonally important taxa, except a weakpositive relationship
with meanabundanceofjuvenilepiscivores! with landscape-scale measures of H' at
this scale gable 2!.

Table 2 Results of linear regression analyses indicating the relationship
between habitat diversity and reef fish assemblage parameters. Parameter
estlinates fof statisticai s t «0.1 iona are Ivan.

-2.95

-5524

-53.25

NS = Not Significant; SIF = Sessile invertebrate Feeders; MIF = Mobile Invertebrate
Feeders; J = Juvenile; A = Adult

Total abundarce

Species dchness

J SIF

A SIF

J herbivores

A herbivores

J @IF

A MIF

J piscivores

A plscivores

J serranids

A serrenids

J haemulids

A haemulids

J tutlanids

A Iutjanids

J scarids

A scarids

J acanthunde

A acanthurids

«0.01

0.03

0.10

0.35

0.04
«0.01

0.009

«0.01

0.37

0.00

0.44

«0.01

0.01

0.04

026

004

O.OO

0.09

NS

NS

«0.01

NS

0.06

NS

NS

NS

0.08

NS

0.04

NS

0.03

NS

NS

NS

0.11

NS

l4S

NS
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Figure 2. Relationship of habitat diversity  H'! within 100 m of study reefs  n=1 0!
and species richness and total fish abundance at St John, United States Virgin
ts ands.
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Rgure 3. Simple linear regression results of habitat diversity  H'! within 100 m and
mean abundance within trophic guMs, divided into juvenile and adult components,
sam led on 11 reefs around St. John, United States Vi in Islands.
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Figure 4. Simple linear regression resu!ts of habitat diversity  H'! within 100 m and
mean abundance within taxonomic groupings, divided into juvenife and adult
co nants sam on 11 reefs around St. John, United States Vi ' Islands.

70

860
u50

I
~30

I10
0

0.2

0.6

0.7
u0.6

>0.5

ZI 0.4
~0.3

~+0.2
0.1

0

0.2

30

I 25
20
15

g 10
5

0

55 Gulf and Caribbean Fisheries institute Page?23



P'a9e ~24 Grober&unsinotu, R. et a!. GCFl:55 {2004!

Adjacent Habitats
Stepwise ruultiple regressions revealedpositive relationships between reef 6sh

assemblage parameters e.g., total abundance and species richness! withlandscape-
scale measures of the areal coverage of surrounding habitats  Table 3, Figure 5!
Entire assemblage parameters were positively correlated with the total areal
covemge of seagnm within 100m  Table 3!. Adult MIFs were positively correlated
with the meal coverage of sealpass  Table 3!. In addition, some taxonomic groups
that we predicted based on their life history to be associated with seagrass habitat,
were positively correlated with areal coverage of seagrass, including adult senanids,
adult haemulids, and adult lutjanids  Table 3, Figures 5 and 6!. Juvenile I+anids
were positively correlated with ared coverage of seagrass and deep-water habitats
and juvenile serranids were positively correhted with meal coverage of reefhabitat
 Table 3!. To check for spurious correlations, we veri6ed that there were no
relationships between specific taxa and habitats for which a relationship was not
expected  e.g., SIFs and seagrass!. For statisticaily significant multiple mgremon
parameters, linear regressions illustrate relationships  Figures 5 and 6!.

Heterogeneity Study
There were no statistically sigmficant diffnemm for entire assemblage level or

trophic level measures when comparisons were made between entire reef polygons
and reef sections  i.e. the historic monitoring sites!. However, at Newfound Reef,
there were significantdifferences inmean abundmiceoflutjanids, haemulids, scarids
and labrids between reef sections {W andlor E! and the entire reef polygon  A!;
there were no statisticaliy signi6cant differences for other reef sections {Table 4!.
At Coccoloba Reef, only haemulids were found to differ in abundance between reef
sections  Table 5!. Reef shape, as reflected by the P:A ratio, was not signifiicantly
modi6ed as a consequence of standardizing reef area  t = 4.23, df = 10, p = 0.77!.

DISCUSSION

Habitat Diversity
A strong experimental approach to reef fish ecology has historically resulted in

studies at a smail spatial scale  e.g., meter plots!, leading reef ecologists toconclude
that habitat diversity  defined by various measures ofbenthic community striicture,
complexity and reef rugosity! is a predictor of reef 6sh assemblage structme  Sale
2002, Hixon and Beets 1989, Reese 1981!. Our empirical results suggest that,
contrary to predictions, habitat diversity as a predictor of reef 6sh assemblage
structure may not scale up at the landscape level  i.e. 100's of meters scale!.
Therefore, landscape-scale measures of habitat diversity may not prove useful in
discerning the value of individual reefs as candidates for protection. In fact, there
was SequentIy a negative relationship between habitat diversity within 100 m and
abundances of specific trophic guilds and taxa %'e note, however, that at an even
larger spatial scale  e.g., at the scale of tens of kilometers!, NOAA's Biogeography
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Table 3. Resums of stepwise multiple regression analyses. Input variables consist
of each of the habitat types: hard-bottom, reef, bedrock, seagrass, macroalgae,
sand, deep-water and mud, which occur within 100 m of each reef. Parameter
esbmates for statisticaIy significant  p ~ 0.15! regressions are given. All parameter
estimates are ve where indicated a ative ' in

0.16 0.02

0.42 <0.01

0.79 «0.01

Seagrass

Scag ress

Bedrock {-!
Hard4ottorn

Reef
Hard4ottom {-!

Hard4rottom
Reef

Total abundance

Species richness

J SIF

A SIF 0.88 <0.01

0.56 0.04J herbivores

A herbivores

J MIF

A MlF

J piscivores

A piscivores

J planklivores

0.070.31

0.65 0.05 Reef
Bedrock

Des~sf

Deepwater

Reef

8eagrass

Reef
Hard-bottom

Sea grass

Seagrass
Des~ter
Bedrock {-!

Seagrass
Hard4ollorn

Reef

A planklivores

J serranids

A serranids

J haemulids

0.55 <0.01

0.42 0.03

0.34 0.08

OA7 0.08

A haernuhds

J kajanids

OA4 0.02

0.95 <0.01

A uljanids

J scands

A scarids

0.69 <0.01

0.77 <0.01

SIF = Sessile Invertebrate Feeders; MIF = MoNe invertebrate Feeders; J =
Juvenile; A = Adult

Team has demotistrrrted a positive relationship between reef Gsh diversity and
abundance and habitat diversity  J. Chrislensen, NOAA, pers. comm.3. ibis larger
scale measure of habitat diversity, however, appears to be useful in that it predicts
the location of reef habitat  where reef habitat exists is typically the highest
abundance and diversity of reef-associated fishes!.
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Table 4. Results from Newfound Reef to determine whether there was a
statisticaly significant difference in the mean abundance of target taxa betaieen the
entire reef polygon  A, n = 33! with the subsections  West, n = 14 or East, n = 14!
of the reef used in subsequent analyses. Deviations from a Poisson distnbution
were tested. Mean abundance and standard deviations, given in parentheses, are
presented for each polygon. For labrids, only two species were included for
analyses, the numerically dominant species Thalassoma bifasciafum and
Halichoeies bivittatus

Taxa of Enthe llean Sub- ilean SE Pr. CM-
interest Po on Abundance section Abundance uare

W

W

haemulids

W

W

W

Several factors may have affected our ability to detect relationships between
laiMIscape-scale measures of habitat diversity and reef fish assemblage structure
parameters as defined in this study. The range in habitat diversity values, for
example, may have been too restricted and not reIMesentative of the relationships
across a bmader range of values. In addition, fish censuses were conihcted only
within reef habitat. As a consequence, we only tested the influence of adjacent
habitat diversity on a select assemblage of fishes, i.e. only those 6shes directly
associated with reef habitat during the day. It is possible that fi~scale measines
of microhabitat heterogeneity  e.g., topographic complexity, benthic community
composition such as the percent cover of specific algal and coral taxa, and reef
morphology! withintheteefhabitat maybe the more appropriate scale for describing
and/or predicting measures such as total abundance and total species richness of
benthic reef-associated fishes  see: Wiihams 1991!. It is possible aho, that our
specific definition of landscape habitat diversity may not be the appmpriate
descriptor of the surrounding seascape, and may not capture elements such as the
patchiness of discrete habitat patches, the types of ddferent habitats or the spatial
arrangement of those patches with respect to the focal reef. Finally, although a
single index such as H' is appealing, it does not distinguish the functional bene6ts

1.77
�.13!
1.77

�.13!
0.82
� 98!
0.82

�.98!
8.19

�5.86!
8.19

�5.86!
19.05
 9.53!
19.05
 9.53!
8.08

�.67!
6.08
5.6

0.71 0.3040 0.0029
�.93!
2.93 0.1830 0.0075

�.34!
0.53 0.4300 0.2343

�.72!
0.71 0.3458 0.6561

�.91!
124 0.2241 0.000'l

�.68!
16.00 0.0841 0.0001

�3.44!
22.29 0.0590 0.0001
�2.68!
16.21 0.0725 0.1481
�.44!
4.76 0.1225 0.0712
�.21!
8.50 0.1051 0.0008
6.59
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of different habitat types  e.g., additional reef habitat versus sand which may be
important foraging areas for goatfishes or grunts!.

Juvenile Scaftds a Reef Habitat

40
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g 10

0 0 2 10 12 144 6 8
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Figure 5. Linear regression results of reef fish parafnetefs that that were
statLstically significant in stepwise fnultjple regression analysis wiN areal coverage
of specific habitat types safnpied on 11 reefs around St. John, Uniled States Yirgin
islands.



y = 0.009h + 0.3351

FP = 0.632

0 100 200 300 400 500 600 700 800

Area of Deepwater  ha!

Adult Lutjanlds 8 Seagrass Habitat

25

1.5

C 1

0.5
I

0

0 102 4 6
Area of Seagrass  ha!

Adult Haemulids 6 Seagrass Habitat

104 6
Area of Seagrass {ha!

Figure 6. Linear regression results of reef fish parameters that that were
statistically significant in stepwise multiple regression analysis with areal coverage
of specific habitat types sampled on 11 reef's around St. John, United States Virgin
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Table 5. Results from Coccoloba Reef to determine whether there was a
statistically significant difference in the mean abundance of target taxa between the
entire reef polygon  A; n=33! with the subsections  West; n=14 or East; n=14!of the
reef used in subsequent analyses. Deviations from a Poisson distribution were
tested. Mean abundance and standard deviations, given in parentheses, are
presented for each polygon. For labrids, only two species were included in
analyses, the numerically dominant species Thalasssoma bifasciatum and
Hafichoeres bivtttatus.

Taxa of Entbe Nean Sub- Ncaa Standard Pr Cht-
Interest n Abundance sects Abundance Error narc

0.1977 0.1634

W

0.4454 0.8451

W

0.1082 0.0001haemulids

W

scerlds

labrids

W

'Ihe negative relationship with H' for many taxa, however, suggests that single
habitat types e.g., essential habitats! may be better predictors of abundancesof taxa
associated with a particular habitat during some portion of their hfe histories. For
instance, proximity of deep-water habitat may enhance the abundance of larvae
amruitingto a reef. The amount ofhard-bottom habitat adjacent to a particular xeef
may provide foraging habitat for schools of roving scarids, thereby allowing a reef
to support higher abundances of these fishes. Bellwood and Wainwright �002!,
for example, have suggested that non-reef areas axe important for many fishes, both
evolutionarily and ecologically. In this landscape-sade study, the amount and
proximity of different non-reef habitat types  deep-water, seagrass communities,
hard-bottom! to study reefs was frequently coxxelated with abundances of taxa
associated with specific habitat types.

Adjacent Habitats
Historically, the context of a reef within the surrounding seascape has been

largely ignored. Moreover, the relative importance and functional contribution of
habitats adjacent to reef structures has been little studied  Sale 2002!. Specific
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habitat types  e.g., seagrass! are preferred by zeef fishes for off-reef foraging or as
settlement habitat. Moreover, these habitat preferences may change with ontogeny
 Ogden 1998, Shulman and Ogden 1987!. Though H' was nota consistent predictor
of reef fish assemblage structure at these particular ree8, specific taxa were
frequently correlated with those habitats for which an association was expected;
pazticularlyseagzass with adulthaemuhds, lutjanids and sezzanids. Tropical seagzass
beds are important nursery and feeding grounds for coral reef fishes  Shuhnan and
Ogden 1987, Ogden and Zieman 1977!, critical habitats for larval settlement
 Shulman and Ogden 1987, Ogden and Zieman 1977! and a source of food  e.g.,
benthic invertebrates! for some species of coral reef fishes  Randall 1963!. The
proximity of deep-water habitat was also positively associated with juvenile
abundances of several taxa, which may suggest the importance of having a larval
supply proximal to reef habitat. The total abundazzce of planktivores was also
correlated with the areal coverage of deep-water habitat, perhaps due to the
availability ofplanktoninthe water column. previous studies have demonstrated the
relationship betweenplanktivorous fishes and deep-water, although never before at
this scale. Allen�975! found that plankton feeding species of the damselfish genus
Chromis were largely restricted to outer reef slopes, while Goldman and Talbot
�976! demonstrated that the proportion of plarikton feeders was 2-4 times that of
benthic invertivozes on outer slopes of reef and suggested that this may be related
to the greater availabiTity of food due to strong cuzrezzts. In our study, the areal
coverage of hard-bottom and reef habitat was positively associated with sessile
invertebrate feeders, such as pomacanthids, which forage on sessile invertebrates
associated with hard-bottom habitat such as sponges and herbivozes, which forage
on algal species that colonize hard-bottom habitat. Our results are suggestive of the
potential ecological importance of specific habitats at a landmqe-scale. However,
the relationships betweenindividual habitat types and the abundances oftaxa and life
histozy stages suslected to be associated with these habitat types need to be more
fuHy explored.

If critical habitats can be identified and quantified at a landscape-scale, then
fisheries resource managers may use this information to help de6ne characteristics
of successful MPAs. Simberloff �986! wazned that the unwarranted focus on the
supposed lessons of island biogeography theory detraz~ scientists away fiom the
focal task of refuge plannmg, determimng the critical habitats for the species of
interest to resouxce managers and determinmg how to maint.iin them. Results &om
this research suggest the potential utility of landscape-scale measures of habitat to
predict assemblage level parameters of interest to resozzrce managers. Further
experiments are needed to understand the functional linkages between specific
habitats and their associated tax' Undezstandingtheeffects of specifichabitats and
the arrangement of these habitats on abundance, movement, and growth of specific
taxa is essential as we strive to manage these complex ecosystems.



Page 73155 Gulf and Caribbean Fisheries institute

Heterogeneity Study
Island biogeography theory assmnes patches  or islands! are internally

homogeneous and of equal size and quality, and that patches are either equally
accessible to dispersing individuals or dispersal is restricted to adjacent patches
 MacArthur and Wilson 1967!. Analyses of the heterogeneity study reported herein
confirm that reef polygons are not internally homogeneous; rather, there is within-
patch heterogeneity, which is perceived by some taxa and not by others. For the
purposes of this study, however, the 1994 reef fish dataset proved useful to explore
the relationship of landscape metrics to reef fish assemblage structure. Future
investigators thatmightemploy alandscapeapproach are advised to represen~vely
sample entire polygons to alleviate concerns or issues of within patch hetemgeneity.

CONCLUSIONS

Habitat diversity, defined at a spatial scale on the order of 100's of meters, does
not appear to be a positive predictor of entire assemblage level parameters of reef
fishes in St. John, US Virgin Islands. Theinfluence of specific and possibly essential
habitat types on reef-associated fishes, however, maybe detectable and quantifiabl
at a landscape-scale. The areal coverage of seagrass, hard-bottom, reef and deep-
water habitats were positively correlated with the trophic guilds and taxa for which
an association would be expected. The utihty of landscape-scale habitat measures
require further testing to determine whether they can predict abundances of tmphic
guilds and ddferent life history stages of taxa, where prior ecological knowledge
predicts an association with aparticular habitat. The challenge will lie in testing the
generalities of these initial findings with empirical datasets acmss systems..

The piocesses that structure reef fish communities occur across multiple spatial
scales, and ate influenced by both stochastic aud density-dependent factors.
Ecologists are increasingly looking at data Rom larger spatial and temporal scales
to pmvide a &amework for interprebng local patterns and small-scale experiniental
results  Bellwood and Wainwright 2002!. This shift in scale is, in put, a response
to the current degradation of coral reef communities, which calls for management-
oriented research at spatial scales appmpriate for resource managers  Sale 2002!.
The recent development of benthic habitat mapping technologies has provided an
opportunity to study coral ref processes at large spatial scales. It is important,
however, to determine whether state of the art mapping products are useful for
decision making, specifically for designing and maiiaging MPAs. If the benefits of
essential 6sh habitats are both detectable and quanti6able at a landscape-scale, then
benthic habitat mapping products may be used to delineate the boundaries of new
MPAs or to better understand how an existing MPA functions. Our research
contributes to the development of an emerging discipline, which will help understaiid
both the benefits and the limitations of our state of the art mapping products and
help resource managers apply this technology more appropriately.
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ABSTRACT

The protected waters of mangrove lined estuaries are considered nursery
grounds for many important Gsheries species. In the US Virgin Islands settlement
rates of Panulirus argus pueruli on Witham collectors are much higher in near shore
estuarine habitats than those placed in off shore oceanic waters. In Discovery Bay,
Jamaica, settlement of pueruli and recruitment of other organisms was higher on the
exposed fore reef than in the estuarine waters. The lack of pueruli and the low
recruitment of other organisms on coHectors within the protected waters of the
Discovery Bay estuary may be a function of habitat degradation. While much
attention is given to over fishing around Discovery Bay, degradation of the near
shore nursery habitat of Discovery Bay is seldom considered a major factor in the
decline of local Gsheries.

KEY WORDS: Nursery grounds, lobsters, recmitment, l3iscovery Bay, Jamaica

Evidencia Biologica de la Rednccion en la Capacidad de
Criadero en la Bajia Discovery en Jamaica

Las aguasprotegidas y los estuarios delineadas con manglares son considerados
corno Seas de criadero de muchas cspecies importantes de peces. En las islas
Virgenes de los Estados Unidos la taza de sedimeuto de Panulirus argus pueruh en
los colectoresWitham son altas en los habitkculos estuarianos en aguas someras en
comparacibn a los que son puestos en areas mar afuera Deposicion de sedimentos
en el area delanteray expuesta del anecife en la Bajfa Discovery emmas alta que en
las aguas esharinas de la Bajia Discovery. La ausencia de pueruli en los colectores
dentro de las aguas protegidas del estuario en la Bajla Discovery pueden ser una
funci6ndeladegradacidn de habithculo. Mientras se le damuchaatencibna la sobre
pesca en los ahededores de la Bajia I3iscovery, a la degradacion de los habitticulos
en las areas de cri'deros en Ias aguas somens se le da poca consideracibn corno un
factor major en la reduccibn o decline en la peseta

PALABRAS CLAVES: Panulirus argus, Seas de criadero, la Bajia Discovery,
Jamaica
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METHODS

Site Description
Discovery Bay is located on the north coast of Jamaica The middle of the bay

is 55 m deep with shaHow reefs on the western and along portions of the eastern side
of the bay. In the northetst quadrate of the bay, there are sea grass meadows Gayle
and Woodley 1998!. A shipping channel was dredged in 1964 to increase the
entrance channel depth &om 5 m to 12 m to aHow for large bauxite bearing ships to
leave Port Rhoades in Discovery Bay. Although there is no permanentriver fiowing
into Discovery Bay, fiesh groundwater does continuously enter the bay through
deep cracks inthe basement limestone. This reduces the salinity throughout the bay.

Sampling Design
Puerulus settlement of the western Atlantic spiny lobster, Panulirus argus, was

sampled usingmodifie WithamcoHectorsidentical to those used in Quinn and Kojis
�997! and Kojis et al  in press!. Sites were chosen withm the sheltered waters of
Discovery Bay at Columbus Park �8 28.00'N.; 7W3.62' W.! and Blue Hole
 IW8.04'N.; 7W3.64'W.! and outside the bay at Dairy BuH �8 28.07'N.;
7W3.63.00'W.! and MI �8 28.12'N.; 7'825.00'W.!  Figure 1!. The coHection
sites were inside a Marine Protected Area that existed &om 1996 to 2000 Woodley
et al, in press!. CoHectors were set -3 m above a sandy substrate in water 10-14
m deep near coral reefs. From April 2001 to November 2002, the coHectors were
sampled periodicaHy. AHmotileanimals wereremovedfiomthe collector, identified
and counted.

INTRODUCTION

The sea grass meadows, mangroves and protected waters of sheltered bays and
lagoons are considered to be the nursery grounds for Caribbean fish  Ogden and
Gladfelter 1982, Ogden and Quinn, 1984! and lobsters Hunt et al 1990, Little 1997,
Quinn and Kojis 1997, Qumn et al. 1998, Kojis et al. in press!.

The western Atlantic lobster, Pamrlirus argus  LatreiHe 1804!, is commonly
caught by Discovery Bay, Jamaica fishermen in wite mesh traps  termed "pots"! set
on or adjacent to a coral reef. This study examined the abundance of lobster pueruli
and other motile organisms recruiting to pueruli coHectors placed in the fore reef of
the Discovery Bay Barrier reef and on reefs within Discovery Bay. We hypothesized
that there would be no deference in settlement at sites within Discovery Bay and at
sites outside the bay.
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Fi ure t. Map of Jamaica and sam i sites around Oisco Ba

RESULTS

No pueruli were caught at the two sites inside the bay. Also, the abundance of
other species recorded was low. The mean number of individuals of aH species per
sampling date  MD! �9.4 animals; n = 8; C.V. = 32%! and total number of species
caught  S! �1 species! was the lowest at the Columbus Park site inside Discovery
Bay  Figure 2!. The coHector at this site was so laden with red muddy slit after a
couple weeks that it could not be supported by the float. Visibility at this site was
commonly < 4 m. Although the water is slightly clearer at the Blue Hole  - 6 m
visibility! and the muddy silt was not present, the number of animals was only
slightly greater �5.3 animals; n = 10; C.V. = 24%! and 24 species.



All pueruli were caught either at Dairy Bull �2 pueruli! or at Ml �7 pueruli!,
outside the bay. Ml also had the greatest species diversity with a MID of 61.4
animals  n = 12; C.V. = 41 %! and a total of 37 species  Figure 2!. Dairy Bull had
a MID of 52.1 individuals  n = IG; C.V. = 51 %! and 31 species.
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Figure 2. Comparison of mean number of individuals and total number of
s ies settled in Discov Ba sites.

DISCUSSION

The absence of pueruli within the bay was unexpected. In St. Thomas, US
Virgin Islands 83% and 74% of the settled pueruli in 1993 and 1999, respectively,
were caught in sheltered waters  Figure 3!  Quinn and Kojis, 1997; Kojis et al. in
press!. As pueruli have been shown to be more abundant in near shore Caribbean
habitats  Olsen et al 1975, Heatwole et al. 1992, Little 1997! we suggest that the
lack of pueruli settlement within Discovery Bay and the low abundance of other
organisms on collectors is the result of increased sediment and nutrient loading
resulting in degraded nursery habitat.

Birkeland�997! observed that human activities have been aQecting coral reefs
and tropical coastal ecosystems much more than was generally recognize Many
studies have demonstrated that sediments and accompanying nutrients are one of the
greatest threats to coral reefs  Johannes 1975, Hatcher et al. 1989, Rogers 1983,
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1990, Hallock et al. 1993!. In Queensland, the Quvial discharge rates &om the
coastal rivers is four times greater now than before humans began altermg the
drainage basins thmugh deforestation and Iarming. Presently, appmximately four
times as much sediment, nitmgen, and phosphorus enter the Great Barrier Reef
lagoon than before western agriculture began  Brodie 1995!.

0 Estuarine S Exposed

Figure 3. Comparison of percentage of pueruii caught in Discovery Bay with the
USVi inisianda QuinnandK is1997, K eetal.in

Many reeS near human population concentrations in the Caribbean  Rogers
1985!, the Florida Keys  Jaap 1984!, Bermuda  Dodge and Vaisnys 1977! and the
U.S. Virgin Islands Hubbard et al. 1987! have become degmded by sedimentation
and nutrient inpuL No study makes that association with reefs near Discovery Bay.
However, the ecological consequences of land based nutrient input to coral reefs
communities in the Negril Marine Park have been studied  LaPointe and TItaclm'
2001!. Negril and Ocho Rios have higher nitrogen and phosphorus concentrations
than Discovery Bay  Greenaway pers. comm.!

The sea grass community Thallasia resrudiman! in the bay is not characteristic
of a pristine oiigotrophic bay and clearly shows signs ofanthmpogenic disturbance
primarily throughzeducedlight levels and increased nutrient levels BramweH2000!.
Discovery Bay is impacted by sediruent fmm the bauxite loading faciTity in the bay.
During dry, windy periods bauxite is blown onto the bay waters and surmunding
vegetation and gmund. During heavy rains this is washed into the bay and impacts
the sea grass community and coral reefs by direct contact and indirectly through
reduced light levels.

Although Woodley et al  in press! reported that the reefs within Discovery Bay
were in good condition until Hurricane Allen m 1980, Bonem�975! reported in the
early 1970s that the substrate at Red Buoy Reef was composed of carbonate
sediment with varying amounts of skeletal debris � prunarily Halimeda plates and
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the reef was dominated by Halicona sponges. Hernuitypic corals characteristic of
shallow, clear Jamaican reefs such as Dendrogyra cylindrxts, Acropora plamata,
Siderastrea radians and Diploria spp. among others, were not present. The large
amount of suspended sediment affected and limited coral diversity in the bay by
reducing light penetration and by direct contact  Bonem 1975!. Today a fine muddy
substrate is characteristic of Bonem's Red Buoy xeef site and the western shore of
the bay by Columbus Park.

Wapnick et al. �002! asserted that the branching stag horn coral, Acropora
eervicornis essexitiaily dominated the Columbus Park ree& contmtiously prior to the
1980s similar to the present lagoonal xoefs of Belize  MacIntyre et ai. 2000!.
Wapnick et al. �002! extracted cores 6om the Columbus Park reef, and are
examining whether the transition fiom the acroporid cord to a macroalgal
domuiated community is unique on a centennialor millennial scale. They consider
thatitis likely that these reefs are currently exhibiting a community structure unique
in the past several thousand years caused by extreme levels of both human and
natural disturbance.

It has generally been accepted that the Jamaican north coast shallow coral reef
fish stocks have been overexploited  Roberts 1995, Woodley et al. in press!. This
recognition is largely due to the over dace decades of research on the reefs of
Discovery Bay and resulting numexouspublications whichhave docuuiexxted the fish
stocks  Munro 1983, Aiken and Haughton 1987, Saxy 2001, Sary et al. in press!.
The massive algal overgxowth of the coral reefs near Discovery Bay, which resulted
in a severe loss of the biodiversity and disruption of the ecosystem, is considered
"one of the worst cases known"  Munro 2001!. This environmental change was
initiated by the die off thought to be ~ by a virus, of the black long spined sea
urchin  Diadema antillannn! in 1984 and exacerhxted by the lack of herbivorous
Gsh present to control the algal growth  Hughes 1994!.

Watson aud Munro  in press! found that the larval supply of commercially
important fish species was far lower off the West Fore Reef of Discovery Bay than
at any site in the British Virgin Islands. Together with the observations from the
wire mesh traps set forjuvenile fish, Watson and Munro in pxess! observed that the
larger high-valued species of snappers, grunts aud jacks have almost disappeared
&om the Discovery Bay ecosystem.

Recruitment of juveniles is recognized as a major determinant of community
stxuctiixe in marine ecosystems  Doherty and Williains 1988, Harrison and Wallace
1990!. We hypothesize that the low nmnber of adults of many species is the result
oflow recruitment brought about by the degradation of nursery habitat on the north
shore of Jamaica

While much attention is given to over fishing around Discovexy Bay,
degradation of near shore nursery habitat may be an important contributing factor
to the decline of fisherim  Rogexs 1985, Nagelkerken 2000!. We suggest
monitoring water turbidity and sedimentation levels to document their contribution
to habitat degradation and mitigating non-point source pollution are necessaxy steps
to begin to improve the nursery habitat of Discovery Bay and increase spiny lobster
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ABSTRACT
Traps are used extensively by artisanal fishers in the Caribbean for catching

fishes and cnxstaceans in diverse habitats. An interdisciplinary study incorporating
fisher knowledge and quantitative field surveys was employed to study current trap
fishing prachces in Puexto Rico in order to provide up to date information to
managers and researchers. Here, we xeport on trap fishing methods today and
fishers' perception of current trends and some problems affecting the resource of
Puerto Rico. Forty-seven trap fishers representing 5 regions  North, South, East,
West, and Islands! were interviewed on site about gear construction, effort, habitat
preferences and fishers' perceptions of the main problems in the fishery and their
possible solutions. Materiahused infishtxapcoxxstxxu@onhave beenchanging, over
tixne; however, the main xoutme for setting traps rexxxains generally the same with
some localized variations. Despite its traditional dominance, moxe than half of
fishers have reduced their number of traps; therefore individual effort seems to be
declining. Coral reefs were not reported as a preferred fish trap location, but rather
areas adjacent toreeS sand, seagrass, hard-bottom, aud algal habitats! are targeted.
The main problems repoxted by fishy in Puerto Rico are trap loss and habitat
degrulation, problems that correspond to incxexuing coastal development.
Additionally, conflicts amongusershavepxomotedthe use ofunbuoyed traps, which
in turn may lead to an increase in ghost fishing impacts. Ghost traps are known to
continue fishing long atter they are�lost and maybe cauing undetermined effects on
fishing grounds. Suggestions to alleviate some problems include enforcement of
environmental regulations and zoning schemes.

KEY WORDS: Fish traps, Artisanal fishery, Puerto Rico
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La Pesca de Nasas en Puerto Rico: Situacibu Actual, Cambios
a Largo PixLEo y la Percepcibtt de los Pescadores

Las nasas son utiTizadas en la mayorfa de las islas del Caribe para la captura de
peces y cnxsthceos en diversos h&itats, por lo que tienen un hnpacto sobre hx
dinhmica natural del habitat y de las poblaciones pescadas. En un enfoque
intexdisciplinario describimos lametodologia de lapesca de nasas actual en Puerto
Rico y la percepci6n de los pescadores sobre los cambios y problemas en Ea
pesquexixL Cuaxenta y siete pescadoxesde 5regiones  norte, sur, este, oeste e islas!
fueron entrevistados in situ. El pxop6stio de la encuesta era describir el m&odo de
construcci6n de lasnasas, el tipo de esfuerzo, preferenciasdehibitaty lapexcepci6n
de los pescadores sobre los principales pxoblemas de la pesrpxexia y sus posibles
soluciones. Los resultados indican que el xmxterial utiTizado enlas nasas hacambiado
aunque la manera en que se utilizan se hamantenido igual con algunas variaciones
por localidad. A pesar de ser el arte de pesca tradicional de Puerto Rico, mis de la
mitad de los dueilos de nasas han xeducido el numero de tnmpas, y por ende, el
esfuerzo. Los arrecifes de coral no son la localidad preferida panpescar con nasas,
pero si las areas adjacentes a custos  rastxedes, yerbazales, fondos de algas y
gorg6nios!. Los mayores problemas que afectan a los pescadores de nasas en
Puerto Rico son: el robo de artes de pesca, la phdida de boyas y la degradaci6n
ambiental, entxe otxos. Estos problemas estrin coxrelacionados al aumento en el
esfuerzo pesquexo por parte de los buzos, el aumento en el numero de
embarcaciones recxeanvas en areas pempxeras y el desaxxoBo costero. El amnento
desxegulado de embaxcaciones en las areas de pesca ha causado el uso de nasas
'ahogadas'  sm boyas!, lo que haprovocado un aumeuto en la pbxdxda del arte. Las
nasas pexdidas tienen un efecto en los hkbitats y debe considerarse en las
regulaciones de manejo de pesquerias. Algunas sugexencias para ahviar estos
problemas incluyen vigilancia en el mar y zonificaci6n de aguas costexas.

PALABRAS CLAVES: Las nasas, situaci6n actual, pexcepci6n

ENTRODUCTION

Throughout the twentieth century traps were the most important gear  Jarvis
1932, Abgrall 1975!. Traps are reported as one of the most common 6shmg
metals since the 19 century  Torxes 1969!, and are pxesexxtly considered one of
the dominant 6shing methods in Puerto Rico, responsible for 22 Ye of the overaB
catch in 2001 Matos-Caraballopers. comm.!. Et is estimated that 15,481 traps were
being used during 1995-1996, a 13 % increase &on the 1988 report of the Puerto
Rico Pishexy Census  Matos-CarabaHo 1997!. Nonetheless, the number of traps
used today seems to be declining and the average number of traps per 6sher has
decreased due to competition with trammel and gill nets, and the increasing number
of divers  Grif5th and Valcks-Pizzini 2002!.
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Given this historical pressure on reef-fish stocks, and the dynamics ofhabitats
they depend on, it is necessary to understand the details of this fishing practice to be
able to determine appropriate management actions. Interest in habitat c8ects by
fishing gear has increased recently and the role of fish traps impacting essential fish
habitats such as coral xccS needs to be understood. The purpose of this study was
to investigate the current practices of artisanal trap 6shers of Puerto Rico in order
to better assess both the differences in fishing methcwls and analyze fishers'
perspectives. By understanding the intricacies of this fishexy within and between
landing sites, the problems that fishers and managers confront are revealed. This
information provides a basis for the development of an integrated management
scheme in which the information provided by fishers may lead to their inclusion in
future management decisions.

METHODOLOGY

Study Site
Research was conducted within the Puerto Rican axchipelago, including the

main island �8 N;67' W! and two inhabited satelliteislands, Vicques and Culebia
located 19 and 40 hn, xespectively, to the east of Puerto Rico. Two interviewers
visited 13 coastal sites in a stxatdied sampling scheme during spring of 2002. The
study area was divided into five regions; North  Baxceloneta, Vega Baja and
Arccibo!, South  Juana Diaz, Salmas and Guayama!, East  Fajardo, Naguabo and
Humiicao!, West  Lajas, North and South Cabo Rojo!, and the islands  North and
South Vieques and Culebra!. Two municipalities, Cabo Rojo and Vicques werc
subdivided into North and South sites due to the great extent of the platform and the
increased number of trap fishcrs in these xcgions. Lajas was gmuped with the west
region xathcf tlhln solith dllc to its southwcstcx11 location.

Methods
Verbal interviews were conducted on site with at least three trap 6shexs  if

available! per site, usuaUy at the dock or residence  Table 1!. The survey instrument
was composed of twenty-four items inquiring about the following issues: target
species, fishing grounds, habitat and depth, seasonal trap movement,number oftraps
per fisher, treads in nmnber of traps per fisher, trap construcfion materials, layout
of traps, use of Qoats, habitat preferences, soak time, retrieval mechanism, methods
to find lost traps, similarity ofother fishersmethods, and fishers' perceptions of the
main problems m the fishery and their possible solutions. AII xcsponses wcie
incorporated as given by the fishers.
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Table t. Number of intenriews sile in five r iona of Puerto Rico

Vega Baja

Juana Diaz

East

Naguabo

Humacao

N. Cabo Roio

S. Cabo Roio

Lajas

N. Viequea

S. aquas

Culabra

West

isles

15 47

RESU1.TS

Fishing Grounds
Fishing grounds are located 1 to 40 km offshore depending on the extent of

insular platform available and the fisher's boat or motor size. Traditional knowledge
coupled with landmark was the most common method used to locate fishing sites.

Target Species
Seventy-seven per cent of 6shers targeted both reef fish and lobster, 13 %

targeted fin6sh species alone and 10 % targeted only lobsters. Ae main target
species include the Caribbean spiny lobster  Pamdirus argus!, groupers
 Epinephelusspp.!, shaHow and deep-water snappers  Lutjanusspp.!, trunk and box
fish  Lactophrys spp.!, grunts  Haemulon spp.!, goatfishes  Mulloidichthys spp.!,
triggerfishes  BaBstes spp.! and patrotfishes  Sparvsoma spp. and Scarms spp.!.
Additionally spider crabs  Mythrm spinossissimtIs!, octopus and conch  Strombus
gi gas! are occasionaHy captured in fish traps. Traps varied in size, shape and
materials dependingonthetarget species. Wooden pots "cajones"! are used mostly
for lobster while wire mesh traps  "nasas"! are used for fish and lobsters. Many
fishers didn't identify a single target species due to the high species richness found
in reef-fish communities.
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Only one 6sher reported the use of GPS  Global Positioning System!. Not aB of a
fisher's traps are located together, groups of traps may be several km apart and are
tended on altnnate days.

Traps are set &om 9 to 181 m depth, with an average between 40 � 62 m
Mean depths at which traps are set vary in response to the characteristics of the
insular platform. North coast fishers distribute trays in the deepest range �2-130
m!, while southern fishers ranged between 40 and 51 m, the rest exploit slightly
shallower depths ranging fiom 29-49 m.

Half the 6shers interviewed moved traps in relation to a given season of the
year. The main reasons given for moving traps seasonally were related to sea
conditions, including weather related swells, humcanes, currents and winds. The
second most important reason was related to fish or lobster movements either during
migrations or aggregations of target species.

Habitat Utilization
Coral reefs were not reported as the preferred habitat for trap setting.

However, fishers do target habitats associated with reefs  sand, seagrass, hard-
bottom, and algal habrtats!. Overall, 3& % of fishers selected the "nsstreal" as the
preferred habitat. Rastfeal is the local name given to a hard bottom of low to
medium relief, which may be colonized by gorgonians, algae, sponges, and isolated
coral colonies. Categories reported by the fishers include vegetation, sargassum,
sand, rocks, and others depicted in Figure l. At greater depths fishers are not able
to determine a habitat and the category 'unknown' may be impacting habitats that
are imyortant for deeper water species.

Unknawn

Sargassvm

Pts

Mud

Shelf break

2510 t5 20

NUMSER OF RESPONSES

Fi ure1. Preferredhabitatafortrap }acefnentinPuerto Rico
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Number of traps
The number of traps and pots per fisher ranged &om 10 to 300 and avenged

67 units overaH, although regional variation was observed. On average fishezs on
the southern coast own the greatest number of traps �06!, followed by westezzzezs
�7!, islanders �9!, eashmers �8!, and the northern fishers �6!. Island wide, 55
% of fishers interviewed have experienced adecline in the total number of traps they
own, 13 % have increased the number o f traps and 30% have maintained a constant
number.

Trap Characterization
Most fish traps in Puerto Rico are constzza~ by the 6sher himself or a local

trap builder. Trap &amework is most commonly made with steel �0%!, followed
by wood �4 %!, and plastic � %!, or combinations of these materials. Most traps
are steel zebar  generaHy used for construction! that is cut and welded to the fishers'
specifications. TraditionaHy zed mangzove, Rhizophora mangle, wood was most
common, although substitute woods aze also used. Fishers must request a special
permit to the Department of Natural and Envizonmental Resources to extract
mangrove wood for fishing activities.

AH shapes were reported  azrowhead, "Z", and square!. Traps are usually
covered by chicken wire or similar mesh ranging &om 2.2 to 5 cm diameter, which
may be bare wire  galvanize! or plastic coveted wire "engomado"!. Many fishezs
reported the use of 5 cm hexagonal mesh. Federal regulations limit the mmimum
mesh size at 5 cm hexagonal or 3.75 cm square. Bare wire lasts approximately I
year underwater and plastic covered wire lasts twice as long.

Trap dimensions range Sum 80 to 240 cm  mean=125 cm! length by 45 to 150
cm  mean = 103 cm! width and 32.5 to 60 cm  mean=43 cm! height. The most
common iron rebar trap used in Puerto Rico measures 120 cm long by 90 cm wide
and 45 cm high. Larger traps may zeach 180cm by120cm by 45 cm and are usuaHy
made ofrebar. Smaller tzaps are o&en90 cm by 90 cm by 40 cm and made of wood
&ames weighted with rocks. Plastic &amed traps were reported on the East coast,
and are made of food trays or sliced PVC pipes. Larger metal Same traps are used
for deeper water while smaHer wooden,metal,and plastic traps are used inshaHower
areas. Not aQ fishers bait their fish traps, although some reported leaving by-catch
species inside the trap.

Lobster pots aze usually smaHer �0 x 60 x 120 cm! than fish traps and made of
wooden slats of precut pine or spruce  imported Som U.S.! placed izz paraHel and
may contain wire mesh inside. Pots are weighted with cement or rocks to be kept
upright while setting, and are generaHy baited with animal bones or hide. Ttus gear
is used by a few fishers of each region and is generally less abundant than 6sh traps.

Trap Settiug
Single tzap layouts were reportedby 53% of fisher, wheze each trap is set with

a single line and a series of buoys or f1oats below and at the surface. A total of 22
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Soak time
Traps are tended at 2 to 9-day intervals  mean = 5!. Soak time varies due to

weather, target species fishdie quickly, lobster survive longer! or catch rate. It was
reported that if the catch in that particular area or season were poor, they would
extend soak time. The most commonreason for attending the soak time beyond the
average is the inability of the fisher to reach the trap due to unfavorable weather
conditions.

Haul Mechanism
Sixty-eight per cent of trap fishers reported the use of a winch or other

mechanized apparatus to haul traps; otherwise it is done by hand. More than half
of the fishers �8 /«! reported smaH-scale trap movement after hauHng. Traps are
lifted vertically &om the sea floor as the boat is positioned up current for retrieval.
Iu the case of series of traps, each trap is hauled verticaHy and notdragged along the
bottom. Fishers mentioned that it is counterproductive to drag a trap along the
seaQoor as it can get caught, daniaged or lost if it catches onto coral or rock

Lost Gear
Twenty-four per cent of fishers admitted they abandon traps not found. The

most common way of searchmg for those missing traps is with a grapple hook �4
/«!, foHowed by diving �2 /«! or circhng ropes around the area that the trap was
set. If waters are clear, occasionally they can see the line or trap &om the surface
and attempt to hook it

Fishers' Perceptions
The mampioblems reported by fishers in Puerto Rico are gear loss  due to theA

or unintentional cutting of buoys!, catch theA  surface or underwater!, habitat
degradation  habitat destruction, water poHution, sedimentation, euhropQcation,
etc.!, overfishing and confiicts over space. The most conunon cause of the fisheries
problems is attributed to trap loss, by intentional or unmtentional means.
Commercial and recreational divers remove the catch &om the trap or cut the buoy
Hne underwater. Anothercommon problem is cutting ofbuoys by vessels {tugboats,

fishers {47 «/«! use series  strings! of 2 to 3 traps per line  range &om 2 to 6, mean
= 3.2!. Of those 68 «/«reported using buoys at both ends of each string, whBe the
remaining 32 «/«do not use buoys, a method loca1ly known as ahogado" or
drowned trays. Usually, 36-m to 99-m  equal to or greater than water depth!
polypropylene Hnes connects the traps in series underwater.

Regional patterns can be observed between the use of single and series of traps.
There is a predomitiant use of single traps on the %'est �00 /o! and North �8 «/«!
coasts, while most fishers on the South �0 '/«! and East  80 /«! coast use series of
traps. In the islands both methods were used extensively: 44 /«single and 56 /« in
series. %luce fishers &om the South, three &om the East and one &om the islands
reported the use of drowned traps in series.
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raneationai, and commacial!. Storms were reported as another cause of gear loss
and stmng currents may deflate or shrink buoys by submersion as these become
fouled with epibiota. The economic costs of lost gear and the lack of governmazt
assistance were also mentioned as problems.

Environmental degradation of mangrove and seagrass habitats has reduced
nursay habitats of inshore areas and this in turn has reduced catches in traps.
Overfishing and iHegal forms of 6shing  undersized or gravid lobsters! wae also
mentioned as a problem. Other factors included the health issues affecting fishers,
the lack of enforcement and ovenegulation applied to some local fishers.
Additionally, the increased numbers of recreational vessels and trap loss or catch
theIt in fishing areas have pmmoted the use of unbuoyed traps.

Possible solutions to these problems were predominantly the improvement of
management and enforcement actions. Some fishers suggested zoning schemes,
suchas designated fishmgazeas ormarked vessel traflzc lanes,to help aBeviate these
probleins. A generalized increase in respect or awazeness toward the fisheis would
help reduce trap loss, or perhaps goveizzznent assistance would aHeviate the
economic hardship. Negative habitat effects of other activities  industrial,
commercial, nulitary, sewage, etc.! need to be addressed and fishers would like to
see the enforcement of envimnmental laws and regulations.

DISCUSSION

Target Species
Overfishing may be influencing the catch composition in this fishay as many

6sheis are not targeting species rather than catching whatever is available. 11m
catch of less "primae"  first class species such as groupers and snappers! and more
"segunda"  second class 6shes such as parrot6sh, goatfish, trigger6sh and gnmts!
is associated with changes in species composition in the Caribbean. More
habivorous 6shes and other second-class species aiba being captured and marketed
locaHy in response to these changes. Nassau grouper  Epinephelzzs szriazus} were
caught in aH shallow habitats in fish traps 50 years ago, but aze vay rarely captured
today  Oscar I.ugo pers. comm.!. A similar change in catch composition was
observed in the USVI  Ganien et al. 1998!.

Fishing Grounds
HistoricaHy, 6shing grounds were located inshaHow inshore areas close to land.

Modernization and government support allowed many 6shers to exploit fishing
gmunds further onshore with the acquisition of motorboats  distance! and
mechanized hauling equipment depth!. More mcently, fishers have moved further
oflsbozedue todiminishmgstocksand habitatdei gradation poHution, sedimentation,
eutmphication, sewer outfaHs, etc.! in shaHower coastal areas.

Fishing gmunds and trap positions wae found to vary in relation to catch or
aggzegationsbylean-Baptiste�999!. Vald&-Pizzini etal. �997! described
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seasonal movements dictated by weather  hurricane season!, searching for
productive fishiag grounds, and coaflict avoidance at the southwestern coast of La
PargizenL Both studies conclude that there is territoriality at sea, in which each
fisher is utiTizing a syecific area that is avoided by others. Small-scale  <25 m!
movement of traps seems to be associated to physical conditions such as wind and
currents during tending. Swells, storms, and slmng windy seasons may cause fishers
to move traps closer to shore due to the dMiculty of xeaching deeper areas in small
{<10 m! boats.

Habitat UtiTizatien
Fishers aze exploitingcoral reef associated habitats, aMioughthe reef itselfisnot

targeted ia most cases. Fishers seem tobe targeting low xeliefhard bottom habitats
where the trap will attract and aot compete with the vertical rehef of coral patches
or rocks. Some fishers explained that traps set on coral are not very effective as the
fish have other refuges available and will not enter the trap. They also do not want
to risk entangling in xocky cord habitats where gear can be damaged or lost. Jean-
Baptiste�999! identified sandy algal plains as the most-&ezluently exploitedhabitat
in La Parguera, Puerto Rico. A study by Appeldoorn et aL �000! demonstxated
that most of the traps are on xeef associated habitats, but aot coral, and those
considered in coral xeefhabitat were on sand 30 o/o o f the time. Comparably, over
half of the trays surveyed by SCUBA in St. John USVI were set in algal plain or
gorgonian hard bottom habitats  Gzuxison et aL 1998!. Scaling effects are vezy
important ia the detezminatioas of habitat utiTization by fish traps.

Number of Traps
A centmy ago a single fisher utiTized 6-12 traps yer boat  Wilcox, 1900! and

that was enough for sigaificant catches. In 1930, Jarvis �932! estimated a total of
4/39 traps and more zecent estimates he above 11,000. Despite the historical
izzcxease in the number of traps per fisher, this survey indicates dechning trends ia
which many fishers have axluced the number of traps owned or are retiring
completely &om the fishzuy. This result is suppozted by data fiom the Puerto Rico
commercial fishery statistics pxogram  Matos-Cariballo pers. comm.!.

Trap loss seems tobe theyriacipalxeason for the decline in number oftxuys, and
those that reyorted an izicrease in the number of'traps are trying to coznpensate for
gear loss to mamtain a coastant nmnber of traps. Increase in costs  between $100
and $150! of trays has also influenced the reduction in numbers of traps yer fisher.

Tray Characterization
Caribbean azxowhead is the most common form used inPuerto Rico historically

 Abgrall 1975!. Ia the past most fish traps weze constxzzcted of maalpove
 Ehizophora mangle! wood, with orgamc fibers  pahn, cane, calabash! woven to
construct mesh and ropes and bamboo used as floats  Wicox 1900!. Galvanized
wire or plastic covexed chicken hexagonal! wire was in common use by the 1960s
 Suazez-Caabxo 1969!. Modern traps are raluired by federal regulation to have a
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biodegradable panel that releases catch of lost traps, but not aH 6shers comply with
this regulation. They believe that larger 6sh, corrosion, and impact with rocks due
to sweHs wiH open the trap and few fish wiH be kBIed. In the past this was less
significant due to the organic nature of trap materials that decomposed quickly
unhuwiiter. The use of synthetic materials may incre ise the ghost fishing effect of
lost gear.

Metal traps are heavier and seem less susceptible to movement on the bottom
than wooden or plastic traps. Lighter wood or plastic traps have a greater potential
to cause benthic habitat damage  coHision, abrasion! due to sweHs in shaHow areas.
Pots seem to be more vulnerable to sea swells than traps, perhaps due to the smaHer
size and lighter coaslruction materials. These could potentiaHy cause more habitat
damage in shaHower areas subject to sweHs and currents.

Trap Setting
HistoricaHy, series of traps were set in clear, shaHow habitats where they could

be located visuaHyand zelrieved with grapplehooks. The main reason for not using
buoys on trap series today is due to theft Deterioratmg water quality in ~
regions of Puerto Rico makes finding unbuoyed traps more dif6cult. To locate
unbuoyed series of traps, fishers drag a small grapple hook on the seafloor at slow
speeds untH it catches on the trap Hne that usuaHy Qoats a bit &om the surlace. In
order to do this, they prefer areas with little or no bottom reHef where the grapple
can become entangled.

Soak time

Soak times today � days! are generally longer than historical reports � day!,
although this varies depending on the target species. Presmnably, the effects of
overfishing have increased the soak time for traps as many fishers reported that if
capture rates are low, they extend soak time. During mutton snapper  t.ujtamu
analis! aggregation season, they will check traps more &equently as these 6sh die
quickly. Climatic events wiH extend soak tune in some cases due to dangerous seas
for the small  <10 m! open cra8 vessels trap fishers use in Puerto Rico.

Haul Mechanism

Presently, most fishera are assisted by a mechanized winch to haul traps to the
surge. Withthis equipment fishers have been able to exploit deeper regions of the
platform  AbgraH 1974! and a larger number of traps per fishing unit  boat, fisher
and crew!. Nonetheless a few still had traps by hand and are prone to show
associated health conditions such as hernia and back problems.

Lost gear
The use of grappling hooks for gear recovery potentiaHy damages benthic

habitat as this action may dislodge smaHer colonies of coral, octocoral, sponge,
vegetation etc�which areimportantcomponentsofesseiitial fishhabitat. Gorgonian
and vegetation hard bottom habitats may be impacted although the scars pmduced
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by this mechanism are shaHower and thinner than boating scars, for example. 'Hie
effectsofgrapplinghookspuHedby fishy should be assessed indiverse habitats in
order to quantify the relative damage by trying to recover lost traps.

Fishers' Perceptions
The perceptions reported in this study appear to be a constant concern of local

6dmrs, as reported in other studies  Grifnth and Valdbs-Pizzini 2002!. Habitat
damage by industrial pollution, sewage discharge, and mihtaxy practices are
considered a threat to trap fishing. These activities aie xeportedly affectmg coastal
habitats and have contributed to the decline of fish stocks  Martinez and Valdes-
Pizzini 1997!. The steaHngof other 's trap contents isnotnewto fishmg inthe
Caribbean. Leaving gear unattended has been a cause for the confiict since colonial
times  Tories 1969!. More recently traps have buoy Hnes intentionaHy cut and may
be tended underwater by divers with the aid of SCUBA. In some ~ fishers will
retrieve empty traps with doors wide open. In some cases this has promoted the use
of plastic ties on trap doors so that the fisher wiH know if their traps wexe tampered
with. This may increase the'ghost' fishing effect if the biodegradablepanelissealed
shut. Ghost traps are known to continue fishing long after they are lost  BuHimoxe
et aL 2001! and may be causing significant hnpacts that needs to be considered.

In relation to themainproblem of trap and catehloss there is much enforcexnent
requixed «t sea Local agencies are not equipped to provide this enforceinent and
co-management by fishers associations may be a solution to these problems. In
some cases, fishers have taken the matter into their own hands, which has lead to
violent and destructive actions.

Loss of gear caused by propeHers cutting lines is very common in Puerto Rico.
Increasing numbers ofxecreational and industrial vessels have been aproblem since
the 1970s  AbgxaH 1974!. In the past it was the southern and eastern coasts that
were more affected by ixmhxstrial development and increased maritime txaf5c
 thermoelectric plants, oil refineries, miHtaxy practices, etc.!. Today trap fishers
fmm aH regions of the island are losingbuoys due to increased commercial  femes,
Seight, tugs! and recreational  charters, pxivate, diving! maritime txxdnc. This
confiictmayalsocause increased 'ghost' fishingin specific areas. Some suggestions
to aHevi ite these problems include enforcement at sea and zoning schemes.

An increasinglycommonprobiemaffecting natural resources island wide is the
decreasing quahty of the marine environment. The destnxction of benthic habitats
and water poHution are considered serious threats to the fishexy. Mangxoves are
removed and wetlands filled to construct mdustzial, commercial and xesidential
projects that respond to increasing popuhnions of the islands. Damage to marine
habitats includes dredging, sewage outfiiHs, chemical spills, military activities,and
gxoundings among others. Many nursery and essential habitats critical for species
in the marine ecosystem have been eliniinated and fishexs claim for environmental
justice. Most fishers beHeve that large poHuters should be regulated and enforced
or fined in proportion to the damage they have caused to the environment Several
fishersrecommended thatxesults of water quality monitoring in�estuarine and coasal
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areas should be made available to the public on a timely basis in order for
enviromnenta1 justice to be achieved.

COXCLUSIOXS

The mam impact on habitats by this gear is related to the abundance and
distributionof traps, although the &equency ofhauling seems tobe }ower thanin the
past. Even though coral reefs «re not preferred by ~ isolated coral colonies
and other benthic organisms may be impacted by traps in hard-bottom habitats,
although these are usually dominated by gorgonians which absorb the gt~
impact  pers. obs.!. The ghost fishing effect will impact the populations ofbenthic
organisms and higher consideration should be given to this impact in fishery
management plans.

Current practices ate affecte by anumberof anthropogenic factors that impact
the natural resources that support the activity. Ibis is supported by a panel of
experts assessing humanuses incor@reefs Valdbs-Pizzini 2002!. Conflictinguses
of coastal areas, environmental degradation, and diminishing resources may be
causing a short-term dechne in the trap fishery of Pnerto Rico, afier a steadily
increasing historical trend.

The suggestion given by some fishers of zoning coastal areas may beuseful m
two manners:

i! Zoning at sea cod@ reduce gear loss by avoiding vessel tra%c in fishing
areas and vice versa, and

ii! Establishing fishing or non-fishing zone concepts among users in Puerto
Rico. The designation of management areas could incorporate marme
protected areas in the zoning schemes that could benefit the fishery.
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The Role of Oil and Gas Platforms
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ABSTRACT

The northern Gulf of Mexico  GOM! off Louisiana and Texas currently
produces significant portions of the commercial and recreational harvests of red
snapper Ltj tanus campechanus; however, this has not always been the case. Annual
commercial landings in the five states bordering the GOM indicate a shiit in the
fishery fro the eastern to the more western GOM since 1970 concomitant withthe
placement of several thousand oil and gas platforms into the area Although the
addition of considerable complex steel structtue to the environment and the shift of
the red snapper fishery to Louisiana and Texas may be coincidental, there is stiH a
need to better understandthe role of oil and gas platforms inred snapper lifehistory.

Quantitative estimates of red snapper associated with platforms have been
derivedboth fiom assessmentsoftheeffects ofplatformremoval viaexplosives and
&om hydroacoustic surveys of selected platforms. Based both on these estinuttes
and on the numbers of platforms sited at depth, we estinutte &om 1.2 to 72 million
red snapper live around platfdrms placed at depths of 20- 100m. Many of these ate
relatively young individuals of ages 2- 4 years. These numbers suggest a range of
red snapper abundances refiecting the ubiquitous presence of red snapper at oil and
gas platforms. We intend to continue this line of investigation to detemune if
platforms have become "essential' to the persistence of a large population of red
snapper in the northern GOM.

KEY WORDS: Red snapper, Ltttjanlscampechanus, habitats, oil and gaspiatforms

Kl Papel de las Plataformas Petroleras y de Gas de Proever
Habitat para el Pargo Roj o Luj tonus catstpechanus en el Golfo

de Mexico

El notte del Golfo de Mexico en la parte correspondiente a Luisiana y Texas
actoahnente produce una porcion significativa de las cosechas comerciales y
recreafivasdelapescadel huachinango Lttjtanlscampechanus!. Sin embargo, esto
no siempre ha sido el caso. Las capturas comerciales de los cinco Estados que
bordean el Golfo de Mexico indican una migracion en Iapesqueria de la parte Este
al Oeste a partir de 1970, concomitantemente con la instalacion de varios miles de
plataformas de gas y petroieo en el area. Aunque la aparicion de estntcunas
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metalicas complejas en el ambiente y ia migracion de Ia pesqueria de huachiaango
en Luisiaaa y Texas sea coincideate, existe todavia la necesidad de ampliar el
conocimiento del papel que juegan estas estrt~uas en el ciclo de vida del
huachinaago.

Estimaciones cuaatitativasdehuachiaaagos asociados alasplataformas fueron
derivadas a partir de evaluaciones de los efectos de la remocion de platafonaas
usando explosives y conteos hidroanmticos en sibos selectos. Basados en ambas
estiamciones y en el numero de piataformas situadas en profuadidad, nuestros
resultadosiadicaa entre12a7.2mi8onesdehuachinangosutilizandoestoshabitats
en profundidades de 20 a 100 m. La mayoria de estos individuos son de edades de
2 a 4 a5os. Estas densidades sugieren una abuadaacia que justi6ca el notable
componentede huachinaagos en lacommadadde peces que usan las platafonnas de
explotacion petmlera. Seguuemos ata linea de investigation para determiaar si Ia
prescenciadeplataformas sehahecho "esceacial" paramantermalagran poblacion
de huachinangos en el norte del Golfo de Mexico.

PALBABRAS CLAVES: Huachinango, Lutjanus campechanus, plataformas de gas
y petroleo

INrRODUCTION

The managemeat of the red stepper Le@janus campectumus in the Gulf of
Mexico GOM! remains amongthe more problematic issues facing6shery managers
of the region. Commercial landings increased6om 1950 to 1965 and subseytently
exhibited a constant decline until regulaaoas wctu imposed in the 1990s. Both the
commercial and recreaaonal red snapper 6sheriesarenowcoastramed by size hmits,
creel or trip hmits, seasonal closures, and quotas as formulated by the Gulf of
Mexico Fisheries Management Council in response to reports of over6shing
 Schirripa and Legault 1999!. Shrimp trawlers have also been required to install
bycatch reduction devices ia their nets to curtail mortality among juvenile red
snapper.

Both qualitative and quantitative assessmettts of 6sh populations have shown
that oil aad gas platforms situated in the northern GOM can hold large and diverse
populations of 6sh species. Among these the red snapper repeatedly has been
ideati6ed as a majorcomponent of the platform-assocurted fauna. In visual surveys
conducted by SCUBA divers at platforms off central Louisiana, the species was
characbxized as common by Soanier et aL �976! and as numerous by BuH and
KendaH �994!; Putt �982!, using video cameras, found red snapper to constitute
2 - 4'/o of the total 6shes inhabiting platforms off Texas. The recent fusioa of
hydroacoustic and visual  either with divers or with camera-equipped remotely
operated vehicles! survey methods has produced estimates not only oftotal numbers
of 6shes amund platforms, but also of species composi6on and their numerical or
proportional represenaaion within the total population  Stanley 1994, Stanley and
Wilson 1996, 1997!.
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The benefit of oil and gas platforms to commercial and recreanonal fishing
interests has been questioned as recently as the mid 1970s  Sonnier et al. 1976!.
Also, the question of whether platforms simply agpegate existing fish biomass or
serve to increase hmited habitat andthusproduce additional fish biomass remains t
be resolved. In either case, a significant portion of the recent and current red
snapper commercial and~onal harvests has come 60mthe north centzaIGOM
and at or near oil and gas platforms. Indeed, among 44,465 and 16,762 fishes
caught at oil and gas platforms off Louisiana in 1987 and 1988, respectively, 35'Yo
and 41'/6 were red snapper Stanley and Wilson 1990!. The addition ofconsiderable
complex shel structure to the environment in the western GOM off Louisiana and
Texas undoubtedly has had a tremendous impact on fishes, especially reef-associated
species such as the red snapper. However, there is stBI a need to better understand
the role of oil and gas platforms in red snapper life history.

MATERIALS AND METHODS

A variety of data sources were accessed in the preparation of this contribution.
Commerdal  NMFS 2002a! and recreational  NMFS 2002b! landings of red snapper
were located at websites operated by the Umted States National Marme Fisheries
Service  NMFS!. Numbers of operating oil and gas platforms in the northern GOM
were obtained fiom the United States Minerals Management Service  MMS!, Gulf
of Mexico Region  MMS 2002!. Fishery independent estimates of red snapper
populations around oil and gas platforms come from two sources:

i! Counts of mortalities produced subsequent to explosive removal of
obsolete oil and gas platforms  Gitschlag et al. 2002, Nieland and Wilson
2002!, and

ii! Jn situ hydroacoustic and video assessments of fish population inhabiting
the areas around and beneath oil and gas phtforms  Stanley 1994, Stanley
and Wilson 1996, 1997, 1998, 2000, unpublished data!.

RESULTS

The growth and subsequentdecline of commercial red snapper landings Figure
1! was concurrent with the development of the offshore oi and gas industry in the
northern GOM. Commercial landings by state indicate that the fishery has shifted
from the eastern to the western GOM since 1970. Florida, Alabama, and Mississippi
all have experienced declines in landings since 1965, but Louisiana and Texas have
reahzed increases since the 1970s; this shift is coincident with the rapid expansion
of offshore oil and gas development and the placement of increasing numbers of
platforms  Figure 2!.

Quaatitative estimates of the inhabitation of platforms by red snapper are
pmvided by the National Marine Fisheries Service, which has conducted periodic
assessment of the effects of explosive�platform remova on resident fishpopulations.
Gitschlag et aL �001! collected fish mortalities subsequent to explosive detonations



at nine platforms off Louisiana and Texas �5 - 32 m water depth! and found that
red snapper constituted an average of 15.4 o/o  range = 1.1 -25.6/o! of the total fish
popuhttion per site {Figure 3!. Fully 37/o  n = 373! of the fishmortalities recovere
subsequent to the explosive detonation and removal of the relatively smaH obsolete
platform located m the Ship Shoal  SS! 209 lease Mock were red snapper  Nielmd
and Wilson 2001!. Gitschlag et al. �001!, upon further analysis of the numbers of
mortalities gathered &om the SS 209 detonation, reported 24/o  n = 418! of the fish
population to be red snapper.

The hydroacoustic surveys of fish populations around oil and gas platforms of
Stanley �994! and Stanley and Wilson �996, 1997! showed red snal!per numbers
to vary &om 521 to 8$02individualsat aphtform off westem Louisiana. Similarly,
among estimated total fish populations of -29,000 and -13,000
individuals at two platforms off central Louisiana, 4.4/o and 19.2/o, respectively,
were red snapper Stanley and Wilson 2000!. Red snapper numbers at ten additional
platforms �2-110 m depth, 38 total hydroacoustic surveys! averaged 2,100
individuals or approximately 21O/o of the fish populations  Figure 3! at these sites
 Stanley and Wilson unpublished data!.

Year

Rgure 1. Commercial landings  dosed circles! of red snapper Lufiarrus
campechanrrs from 1950 to 2000  NMFS 2002a! and cumulative number of ol and

as atforms o circles, MMS 2002 in the northern Gulf of Mexican.
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Rgure 2. Commercial landings of red snapper Lujtanus campechanus by state
from 'l950 to 2000 {NMFS 2002a! and cumulative number of oil and gas platforms
MMS 2002 in the northern Gulf of Mexico.
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Figure 3. Percent of total Ssh populations represented by red snapper Lupus
campechanus at oil and gas platforms at venous depths in the northern Gulf of
Mexico. Percentages estimated either from Ssh mortalities recovered following
explosive platform removal  open squares! or from hydroacoustic surveys  dosed
circles .

DISCUSSION

Juvexn1e xed snapper are known to inhabit hard bottom areas of low relief and
shell rubble where they axe vulnerable to capture in trawls  Workman and Foster
1994, Szedhnayer and Howe 1997, S~yer and Conti 1999!. nus behavior is
illustrated in fisher independent trawl data fiom the GOM, specifically the Fall
Groundfish Survey and the Summer SEAMAP Survey, in which the great majority
of red snapper captured are age 0 and 1  Schimpa and Legault 1999!. It has been
hypothesized that the disappearance of age 1 red snapper fiom the trawl data
represents migration to high relief structures such as nato' reefs, wrecks, and
platforms which presumably provide refuge Sum large predators  Render 1995!. It
might also be postulated that platforms, in the absence of other preferred habitats,
are essential habitat for young red snapper.

Estimates of red snapper numbers around oil and gas platforms, regardless of
their source, must be xecognized for what they indeed are � chronological
"snapshots" of the resident populations  Nieland and Wilson 2062!. Previous
research efforts have shown condusively that xed snapper numbers can vary
significantly among seasons  Putt 1982, Stanley 1994, Stanley and Wihon 1997,
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2000! aad among platforms at diffaeat depths  Stanley aad Wilson 1998, 2000!.
Red snapper are also Imown to sbutify by size at diffezent depths around platfozms;
further, larger individuals are less obligate: in their association to platforms than are
smaHer individuals  Render 1995!.

MMS reportsthat there azeappzoximately2500 platforms inthe northern GOM
at depths ranging Som 20 m to 100 m. Based on the estimated nmnbers of red
snapper given above, we may estimate that &om 1.2 to 7.2 million red snapper live
azouadplatfozms placed in this depth raage. Maayof these maybe relativelyyoung
individuals as Nieland and Wilson �001! reported that the zed snapper around the
SS 209 platfozm were predominantly 2- 4 year olds. These estimates are based on
a limited number of surveys,but they suggest a range of red ~per abundanoes that
reflect the ubiquitous presence of red snapper «t oil and gas platforms. We should
continue this line of investigation to determine ifplatforms have become "essential'
to the persistence of a large population of red snapper in the northern GOM.
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ABSTRACT

The marine ecosystems of Tobago are extremely important to the island for
both ecological and socio-economic zeasons. Not only are they needed for coastal

organisms, pzoduction of sand, reduction of poHution  mazzgzoves!; but also as a
source of recreation, Hvelihood, and food It is no great surprise, therefore, that
Tobago's two premier industzies  Tourism and Fisheries! depend on a very healthy
marine environmen for their own survival. The existence and continued formation
of good quaHty reefs in Tobago is contingent on the growth of hezznatypic corals.

Additionally, it must be noted that these tiny unicelluhr oqpuzisms aze very
sensitive to any changes in the deHcate balance of their physical and chemical
environment. Work conducted by both the CARICOMP project in Buccoo Reef
Marine Park  BRMP!, and by Lapointe et al. �0023 in both the dzy and rainy
seasons of 2001 has shown the susceptibiHty of the complex ecosystem to
environmental changes in teznperatuze and nutrients. This review showed some of
the various environmental and anthropogemc impacts affecting the cord reefs. It
also looked at the present status through the ongoing CARICOMP project and the
work of Lapointe et al, where information on the status of the benthos of most of
Tobago's reefs was revealed {cover of hard corais, octacorals, macro algae, turf
algae, coralline algae and sponges!. Information was also obtained on dissolved
inorgazuc nitrogen, soluble reactive phosphorus and N to N" ratios. Based on the
above it was deduced that land-based discharges of nutrients Som deforestation,
sewage, construction andagricultural activitiescontzibuteathzeat to Tobago's coral
IeefL

The Department of Marim Resouzces and Fisheries  DMRF! through its
managementplans, its annual workpzograznmesandvezyenthusiastic butsmaH staff
work conscientiously each year to manage the marine zesource and fisheries of the
island. Am DMRF, however, is unable to zcaHze the desired successes due to the
many constraints it encounters. It is therefore necessary for the state to start
6nancing the DMRF and its programmes; so that it can carry a more holistic
ecosystems-based management programme, as is advised in the two marine areas
management plans and the legal instnzments at its disposal.
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Los Arrecifes de Tobago: Condiciones y Manejo

Trinidad y Tobago es una isla del Caribe pequeila �00 km2! situo el noreste de
aproximadamente 29 ki16metros de Trinidad entre las latitudes 111 8 = y 111 22 =
y las longitudes 601 30 = y 601 51 =. el aproximadamente 70 /o de las aguas
costeras de Tobago's  a lo largo de sus Imeas de la costa del este y del Caribe! son
caracterizados por las formaciones del arrecife de las cuales el arrecife de Buccoo
es el nhls grande y es el unico parque marina protegido en la Republica de Trinidad
y Tobago. Un plan de la gerencia ahora se esth termirmmdo para el segundo sitio mis
grande en Speyside, que se puede pronto considerar para el estado protegido similar
del area corno Buccoo bajo acto del realce y de la preservacifin de 1970. Los otros
sitios principales del anecife coralino alrededor de Trinidad y Tobago incluyen los
arrecifes en la isla de la cabra, poca Trinidad y Tobago y Ia bahia de Ia Hombre-de-
Guerra en el noreste; Bahia de Culloden y Amos Vale en la costa del norte; y el
arrecife del vuelo, el fi16n de Ia salsa de tomate, la tierra del grouper, el fil6n de
Kariwak, el filon del Mt Irvine y el asilo de la piedra ladran en la costa al sudoeste
 Laydoo, 1991!. Estos arrecife son importantes para las induslrias de la pesca y del
turismo de Tobago's. Se cree que sirven en parte corno argumentos del cuarto de
niIIos para algunas de Trinidad y Tobago de cspecies comerciales importantes de s.
La industria de pesca local es peque5a pero es en segundo lugar solamente al
turismo corno Tobago's lamayoriadel adquirente importante delrighto. Laindustria
de pesca abarca uncs 694 recipientes, la mayorfa de los cuales es pirogues mis unos
10 recipientes multiproposito. La blanco del fisherfolk de los island's un ciertas 19
cspecies de pescados y de crust6ceos por once diversos metodos de la peseta Seis
impianto de los pescados procesan la porcion principal del reten y el producto se
empaqueta y se vende localmente, nacionalmentee internacionalmente. Los afImis
de Hirundicthys  Ios pescados que vuelan cuatro-cons alas! y su pelagics grande
asociado son las cspecies principales cogidas. Ademis, el turismo eslk vivo y bien
con los barcos inferiores de cristal que funcionan su excedente de los viajes algunos
de los anecifes, anunciando snorkeling y la visibn del fil6n. Tiene tambi6n sido un
aumento sensible en el numero de los zambuIIidores de la ESCAFANDRA
AUTANOMA que visitan los arrecifes y el nmnero de las tiendas de la zambullida
�1! en la isla tambi6n ha aumentado. Se cree que algun 40 '/o del turismo de Ios
island=s es turismo de la zambullida. Conch, la langostay los pescados se creen para
ser tornados regularmente de las aguas cerca de los arrecifes a los restaurantes
locales de la ayuda y para la pesca de Ia subsistencia. El pote y una cierta pesca de
la lanza se divulgan corno campo comun en algunas areas. Lajoyeria y los recuerdos
tambien se hacen de corales y de otros organismos del arrecife para sostener
negociar turistico. El anclar dentro de las bahias y por Io tanto sobre el filon es
comun. El departamento recientemente establecido de recursos y de industrias
pesqueras marinas de la casa de Trinidad y Tobago de la asamblea ha asumido la
responsabilidad de la gerencia de los recursos marinas y de las industrias pesqueras
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de la isla. Ha emprendido un plan ambicioso de la gerencia de recurso natural
participante, que incluyen las entradas de un numero de tenedores de apuestas
locales, nacionales y regional es, determinado para utilizar las mej ores practicas de
gerencia de asegurar sustainability.

PALABRAS CLAVES: Arrecifes coralinos, Trinidad y Tobago, gerencia

Figure 1. Map showing the Major Reefs around Tobago

INTRODUCTION

Tobago is a small island �00 km ! situated approximately 29 km northeast of
Trinidad between latitudes 11' 8' and 11' 22' and longitudes 60' 30' and 60 51'.
Approximately 70 'lo of Tobago's coastal waters  along its eastern and Caribbean
coastlines! are characterized by reef formations, of which Buccoo Reef is the largest
and is the only protected marine park in the Republic of Trinidad and Tobago. The
other major coral reef sites around Tobago include reefs at Speyside, Goat Island,
Little Tobago and Man-of-War Bay on the northeast; Culloden Bay and Amos Vale
on the north coast; and Flying Reef, Ketchup Reef, Grouper Ground, Kariwak Reef,
Mt. Irvine Reef and Stone Haven Bay Reef on the Southwestern coast  Laydoo,
1991!  Figure 1!.
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These reefs are important to Tobago's Tourism Industry. Glass bottom boats
operate their toms over some of the reefs advertising snorkehng and reef viewing.
There has been a noticeable increase in the number of SCUBA divers visiting the
zeefs. The number of dive shops on the ishmd has increased significantly�2! within
resent years. Conch, lobster, and fzsh are beheved tobe regularly taken frozn water
near the zeefs to support local restazzzants aud for subsistence fishing. Pot and spear

are common activities. Jewehyand souvenirs are also made fromcorals and
other zeef organisms to sustain tourist trading. Anchoring within the bays and
therefore over the reef is common.

The reefs of Tobago are directly and indirectly impacted on by human,
construction development and agriculture activities, which occur in the adjacent
vHlages, towns and estates. Southwest Tobago, with reefs at Mt. Irvine, Bzzccoo
and the general Crown Point area has seen massive building growth and
development in the tourism aud related services sector hotels and guest houses!, as
well as, in residential viHage expansion. The unprecedented buildup has resulted in
increased nutrientenrichment on the complex�mrinc ecosystems {corals, sea~
beds and mangroves! through yoHution from hotel and household efHuent and
snvqp. This nutrient loading has lead to overgrowth of marine macro-algae on the
once sandy bottoms and in the coral areas.

Tropical coastal ecosystems, and coral reefs in particular, are suffering
worldwide from the impacts of land-based nutrient yoHution and eutzoylzication of
coastal waters  NRC 2000!. PoHution &em land-based sources is considered the

e most important threat to the marine environment of the Caribbean and an
impediment to sustainable use of its resources  UNEP 1994!. Sources of nutrient
poHudon known to impact Caribbean reef include poorly treated sewage and gray-
water, domestic and commercial  tourism! outfaHs, fertilizers, deforestation, and
topsoH loss  Lapointe et al. 1990, Lapointe and Thacker 2001, Likens, 2001!.
Throughout the Caribbean SIDS SmaH Island Developing Sties! inappropriate or
non-existent wastewater treatment relzzesezzts amajor source of land-based nutrient
poHution to not only coral zeefs, but also to adjacent sea grass and mangrove
ecosystems as well  NRC 2000!.

The ishmd of Tobago offers an ideal site to study the effects of nutrient
poHution oncoml reefed Approximately 704/oof Tobago's coast@ waters  along its
eastern aud Caribbean coastlines! arecharazxerized�by ree formations, of'which the
Buccoo Reef Complex  BRC! is the largest and the pzeznier Marine Protecte Area
 MPA! in the Republic of Trinidad and Tobago.

SOCIO - ECONOMIC IMPACT

The imyortance of the fzsbing industry to Tobago's economy and social
develoyment cannot be overemphasized. Indeed, in providing opportunities for
employment, food security, and stabihty for rural communities it has a pivotal role
to play in Tobago's development and is by far the main econoznic support for our
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coastal communities. The 6shing industry is second only to toiirism as an income
earner for this ishnd. According to 1998 statistics, the fisheries sector contributed
approximate}y80% to Tobago's agricultura gmss domestic product GDP!. There
are some 35 main landing beaches aroundthe island, including 10 with 6sh landing
centers. There are over 2,000registercdfishennenoperating1603 registered fishing
vessels  including bumboats, piirogues, and ten multipurpose vesseh!. It has been
calculated that these vessels represent acunentcapital investment ofappioximately
41 million TT dollars. Enormous investment has also been made by the private
sector in establishing and developing Tobago's ten processing plants that process
and market high quality fish locally, regionally and internationally and where more
than three hundred persons are employed during the year. Over 180,000 kg of fish
are caught annually and, in 1998 around five million doHars worth of fish was
purchased by fish processors &om Tobago fishermen. In addition, the diving
industry is also a significantcontributor tothe economy of Tobago, contributing an
estinuited gross of 54 mBIion TT dollars in 1998, &om 22 dive shops.

INTERNATIONAL CONVENTIONS, GOVERNMENT POLICIES,
LAWS, AND REGULATIONS

The management of reefs in Tobago are directly influenced by three �! Umted
Nations Conventions, twelve �2! pieces of national legislation and two�! policy
documents  details in APPENDIX} and indirectly by numerous other conventions,
legislation and policies. The Tobago Houseof Assembly through its Departinentof
Marine Resources and Fisheries has the direct respoiisibility for the management of
Tobago's reeS. This network of convenfions, legislabon, and policy provide an
intricate atmosphere for the nmnagement of coral reefs around the islamL For
example, the THA underukes the day to day responsibilities for management while
the Mimstzy of Agriculture, Land, and Marmekesourceshas the IegaIrespommbihty
for the implementation of the Marine Areas  Preservation and EnIMnwement! Act of
1970 and the Environmental Management Authority will legislate activities within
selected reeS throughthe EnviromnentaHy Sensitive Areas Rules 2001. Efiortsaie
being made to harmonize these documents and e6ect much needed maiiaaement
initiatives through the signing of memoranda of uiwlerstanding among the various
entities but progress to date is dismaL

BIOLOGICAU PHYSICAL  IMPACTS/ EFFECTS!
Tobago is heated along the runofi path of several major South American river

systems that have a direct e6ecton the reefs that &inge the island. The runoffbring
with it large quantities of sediments, minerals, and nutrients such as nitrogen and
phosphates that encourage algal growth. This coupled with global problems such
as sea level rise and global warminghnsacacerbated anaheadyburgeoning Iirobiem
on the reefs of Tobago. In 1998, there was a bleaching event that.aiFected 100% of
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the observed xeefs of Tobago  Guppy 2000!. This was part of the worldwide trend
in 1998, widely attributed to the rise in global sea temperatures m that year. Since
then thezehave beenunconfixmedbleachingevents in2000 Guppy 2000!,2001 and
2002  Lum Kong and tuman 2002!. It is feazed that with the change in the climate
these bleaching events wiH become regular occurrences with the added threat of
rising sea levels.

Man's activities negatively impact on the reefs, both dixectly and indirectly.
Anchorage, breaking corals for the tomism trade, over-fishing of reef species and
boat operators dumping garbage ~ onto the reefs axe problems coxnmon to aH
the reefs of Tobago. For over 20 years reef tour operators in Buccoo Reef
encourage visitors to walk upon the corals in an attempt to snorkeL Yachts anchor
around the reef at Man-of-War Bay in CharlotteviHe and have been known to empty
their tanks directly onto the reef. Yacht owners are asked to dispose of their waste
some five kilometzes out at sea, but theze is no enforcezzumt of marine policies and
regulations outside the boundaries of the Buccoo Reef Marine Park.

Construction development on the island is at an aH time high, with numerous
other developments being proposed for the future. In the Marine Park area done,
a zesort has been azzmarked for the adjoining lands in addition to the three major
housing developments, which are already significantly impacting the reef. Ilzis is in
addition to the numerous registered hotels and guesthouses, as well as the other
unzegistezed bed and bzealdast homes already existing in the area. This trend is
being duplicated throughout the island, thus posmg a severe threat to our reefs,
especiaHy in terms of nutrient loading fiom sewage and other sources such as
agricultural runoff, industrial and domesfic wastewater.

'Ihe hzstitzzte of Marine Affairs has the responsibility to monitor the Buccoo
Reef Complex as part of the Caribbean Coastal Marim Productivity CARICOMP!
project. Data coHected over the past fewyears showed that there was ne sigmficant
decxease in the hard and soft coral cover and no izzczease in the algae f'mm 1996 to
2000  Lum Kong and 3uman 2002!. There was, however, a decrease in rugosity
during that period. There are diseases such as dark spot disease, black band disease
and white pox affecting the corals around the island but there is no proven
correlation between the occurrence of diseases in corals and human activities.

MANAGEME&K

Of the 34 zeeS identified, management plans were commissioned for the two
most popular reef systems at Buccoo and Speyside. Recommendations of the
Buccoo Reef Management Plan, formulated in 1995, are yet to be implemented.
The approach seemed to rely heavily on beaurocracy to effect changes. The
management plan for the Speyside Marim Park, completed in 2001, however, has
sought to place an emphasis on coHaborative participatory! management. Present
trends seem to indicate that the recommended approach to the management of reef
systems mound the island may be best addzessed by the formulation and



55 Gulf and Caribbean Fisheries Institute

implementation of a ~ zone management plan, which would incorporate
concerns involved in the 'ridge to reef managexnent concept.

Environmental Education and Public Awareness

There have been several collaborative, public awareness and education
programs initiated by government, government agencies and NGOs over the past
few years. The Institute of Marine Affairs and The Tobago House of Assembly
began a pmgram in Speyside in September 2002 to meet the needs of the Speyside
Reef area Local NGO Buccoo Reef Trust, in conjunction with the Department of
Marine Resources and Fisheries pmduced a video, which highlighted the pmblems
facing Buccoo Reef Complex Ecosystem. There is yet to be a eoxnpxehensive
education program implemented for other coastal communities amund Tobago.

Research, and Moxxitering
To date, some 36 research papers have been written about the Buccoo Reef

Maxine Park. In compariso~ there has been just a few papers written on Speyside
and even less on other the reefs around the island. TraditionaHy, monitoring has
been carried out by the Institute of'Marine Affairs, but the Department of Marine
Resources and Fisheries has recently began regular monitoring the coral cover and
reef species as part of the Reef Check Program. There axe plans to monitor the five
main reefs amund the island.

Confhct Management
With the growth of the tourism industry there has been incxeased competition

for use of the marine resouxces. Tourism in Tobago, as in many other Caribbean
islands, is concentrated along the coast. Traditional beach access is consttuxtly
threatened, aud fishexmenandother local users ofthe beaches are often at odds with
hoteliexs and developers. One prominent example was the recent confhct between
the owners of Club Pigeon Point Beach Resort and the fistumnen that traditionaHy
use the ana. Thiscuhninated with a fatal shooting in March 2000. The Depaxtxxxent
of Marine Resources and Fisheries played amost pivotal mle in the resolution of this
conflict thmugh mediation between the two sides on many occasions.

Enforcement

Currently, the Department of Marine Resources and Fisheries is staffed with
four �! Reef Patmimen that have reslmasiMity for enforcing the regulation
governing the use of the marine park at Buccoo.,The reef patml system lacks
effectiveness as it is in dixe need of appmpriate tools and equipment, as weH as, an
adequate number of properly trained, motivated staff to implement a 24-hour
worhhy, for seven days every week. In an effort to improve the systexn, the DMRF
hosted Phase 1 of a Marine Ranger Training Workshop in July 2001 froxn which
persons wiH be recruited to work with the Departnxent. Plans are also uxalerway to
set up a volunteer marine ranger system, which wHI aHow for the involvement of
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community members in patrolling and monitoring of their local marine resources.
The local Police and Coast Guard personnel have been trained in the legislation
governing the marine areas earlier in 2002.

Work Programs
Each year, as part of the annual budget, the Department of Marine Resources

and Fisheries requests funding for marine areas  e.g. reefs, sea-grasses and
mangroves! management, protection, conservation, research and development.
Some of these projects include reef regeneration, placing signs on the boundaries of
the reefs, public awareness and educationprograms, placing permanent moorings for
anchorage on the reefs, training reef tour operators in coral reef biology, and tour
guide methodology.

Government officials have consistently denied requests for funding of zmf
related projects, as with many other environmental projects. Over the last six years,
funding for reef management was allocated in 1997, 1998 and 2001, with total
allocation representing less than 1 /o ofthe total Tobago House of Assembly budget.
This has allowed for ineffective management as there are insufficient funds to hire
staff,' purchase equipment, or establish a feasible m&astructure.

CONCLUSION AND RECOMMENDATION

Tobago's coral reefs along with its sea gmss beds and mangroves are extremely
important for both ecological and socio-economic reasons. They have been
constantly unpacted over recent decades by not only natural phenomena but also
more so by the sea-based and land-based actions of man. Land-based and coastal
engineering and developmental activities have had numerous devastating effects on
coral reef health. It is therefore recommended that adequate funding be made
available by the State and any donor agency to ensure the annual conduct of the
Department's pmgrammes, thus ensuring the much needed wise-use management
of these important reefs and associated ecosystems.

LITERATURE CITED

Guppy, R. [2000j. Variation of ecological parameters at Eastern Reef, Tobago.
CARICOMP Site Directors Meeting, 2000. Unpublished report.

IMA. 1985. Executive Summary. Ecological Survey of Reefs around Tobago.
Institute of Marine AIFaus, Trinidad and Tobago. 47 pp.

MA. 1994m Final Repmt Physical Oceanographic and Bathymetric Surveys of
Buccoo Reef, Tobago. A Sub-Project of the MAff HA Coral Reef Project-
Phase 2. The Formulation of a Management Plan for the Buccoo Reef Marine
Park. Institute of Marine Affairs Technical Advisory Services. Document
prepared for Caribbean Conservation Association. 95pp.

MA. 1994b. Final Report. IMA/THA Coral Reef Project -Phase 2. The



55~ Gulf and Caribbean Fieheriea institute

Formulation of a Management Plan for the Buccoo Reef Marine Park. Volume
IH- Biological Investigations and Water Quality. Institute of Marine Af6ms
Technical Advisory Services. Document prepared for Tobago House of
Assembly. 5&pp.

IMA. 1994c. Final Report. IMAfIHA Coral Reef Project -Phase 2. The
Formulation ofa Management Plan for the Buccoo Reef Marine Park. Volume
IV- Socio-Econozmc Aspects. Instztute of Marme Affazxs Techlncal Advisory
Services. Document prepared for Tobago House of Assembly. 95pp.

IMA. 1994d. Final Report. IIHAfIHA Coral Reef Project -Phase 2. The
Formulation of a Man zgement Plan for the Buccoo Reef Marine Park. Volmne
V- Public Education and Awareness. Institute of Marine Affairs Technical
Advisory Services. Document pxepazed for Tobago Houseof Assembly. 108pp.

IMA. 1994e. Final Report. MAfIHA Coral Reef Pxoject -Phase 2. The
Formulation of a Management Plan for the Buccoo Reef Marine Park. Vohune
VI- Legislative Control. Institute of Marine Affairs Technical Advisory
Services. Document prepared for Tobago House of Assembly. 3&pp.

IMA. 1995. Final Report. IMAITHA Coral ReefPxoject-Phase 2. The Formulation
of a Maxegement Plan for the Buccoo Reef Marine Park Volume H- The
Management Plan. Institute of Marine AfMzs Technical Advisory Services.
Document prepaml for Tobago House of Assembly. 62pp.

IMA. 1996. Report of Phase I. An Assessment of the Biophysical Enviromnent of
Southwest Tobago. Institute of Marine A@airs TechnicaI Advisory Services.
Document prepared for the Organization of American States. 182pp.

IMA. 1999. Technical Report for the Formulation of a Management Plan for the
Speyside Reefs Marine Park-Legislative Contxol. Institute of Marine Affairs
Technical Advisory Services. Document prepared for Tobago House of
Assembly. 28pp

IMA. 2000m Draft Final Technical Report for the Formulation of a Management
Plan for the Speyside Reefs Marine Park � Public Education and Awareness.
Institute of Mzxrin Affairs Technical Advisory Services. Document prepared for
Tobago House of Assembly. 32pp.

IMA. 2000b. Draft Technical Report for the Fozmulation of a Management Plan for
the Speyside Reefs Marine Park � Biophysical. Institute of Marine AfMxs
Technical Advisory Sexvices. Document prepared for Tobago House of
Assembly. 115pp.

IMA. 2000c. Socio-Economic Technical Report for the Formulation of a
Management Plan for the Speyside Reefs Marine Park Institute of Marine
Affair Technical Advisory Services. Document prepared for Tobago House of
Assembly. 55pp.

Juman, R., R. Guppy, and K. James-Alexander. [2000]. Caribbean Coastal Marine
Productivity Program  CARICOMP!. Buccoo Reef7 Bon Accord Lagoon,
Tobago. Unpublished report.



Page774 Potts, A.C. etal. GCFI:55 2004

Kenny, J. 1976. A Preliminary Study of'the Salybia Reef7 Bon Accord Complex
with special reference to Development and Management. Departxnent of
Biological Sciences. University of the West Indies, St Augustine. 123 pp.

Lapointe, B.E., J.D. O' Connell, and 6.S. Garrett. 1990. Nutrient couplings
betweenon-site sewagedisposal systems, groundwatexs, and near shore surface
waters of the Florida Keys. Biogeochemi~ 10:289-308.

Lapointe, BX., R. Lxuxgton, O. Day, and A. C. Potts. 2002. Integrated water
quality and coral reef monitoring on Ixmgmg reefs of Tobago: Chemical and
ecological evidence of sewage~en eutrophication in the Buccoo Reef
Complex. Paper pxesented attheAmerican Chamlxr of Comnxexce's 6 Annual
Safety, Health and EnviroxunexxtaIConfexence and Exhibition,21-22 May 2002.
Port of Spain, TrinidaL

Lapointe, B.E. and K Thaclxer. 2002. Community-based water quality and coral
reefmonitoringin theNegril Mme Park, Jamaica: Land-based nutrient inputs
and their ecological consequences. Pages 939-963 in: J.W. Porter and K 6.
Porter   eds.! The Everglades, Florida Bay, and Coral Reefs of the Florida
Keys. CRC Press, Boca Raton, Florida USA..

Laydoo, R.S. 1985a. The Buccoo Reef Complex. The Geological Society of
Trinidad and Tobago. 4-7.

Laydoo, R.S. 1985b. In-situ observations on stages of Diadema antillarium mass
mortality in Tobago. Resauch Repoxt Institute ofMarine Affairs, Trinidad and
Tobago. 4 pp.

Laydoo, R.S. 1985c. IMAfTHA Coral Reef Pxoject- Phase 1. The fore-reef slopes
of the Buccoo Reef Complex, Tobago. Research Report. Institute of Marine
Affairs, Trinidad and Tobago. 27 pp.

Laydoo, R.S. 1985d. IMA/IHA Coral Reef Project- Phase 1. The reefs at'Amos
Vale, Tobago. Research Report. Institute of Marine Affairs, Trinidad and
Tobago. 2lpp.

Laydoo, R.S. 1985e. MA/IHACoral Reef Pxoject- Phase 1. The reefs at Culloden
Bay, Tobago. Research Report. Institute of Marine Affairs, Trinidad and
Tobago. 25 pp.

Laydoo, R S. 1985f. IMA/THA Coral Ree&oject- Phase 1. The reefs at Man-o-
War Bay, Tobago. Research Report. Institute of Marine Affairs, Trinidad and
Tobago. 38 pp.

Laydoo, R.S. 1985g. MACHA Coral ReefProject- Phase 1. The reefs at Speyside,
Tobage. Research Report. InstituteofMarine AIIixirs, Trmidad and Tobago. 39
pp-

Laydoo, R.S. 1991. A Guide ro the Coral Reefs of Tobago. Published by the
Institute of Marine Affairs and the Asa Wright Nature Centre, Republic of
Trinidad and Tobago.

Lum Kong, A and R. Juman. 2002. hxternational coral reef Initiative Countxy
Report: Trinidad and Tobago Regional ICRI Workshop for the Tropical



SS Gulf and Caribbean Fisheries institute

Appendix 1. Ibe legal document governing the management of Reefs in Tobago
Document
The Three Chains Act �885!- This Act refers to iand surrounding the coast that is

three chains breadth from the high water mark that
was reserved for the execu5on of forts and
batteries. The Act grants the State the authority over
those areas and the pub5c access through the ttsee
chains. tt essentm5y gives the control of the land
beyond the high water mark around the coast to the
landowners  not the State!. This aIscts lhe
governing of the land bordering the Bon Accord
Lagoon where this land was mangrove in 4865.

Sec5on 3 of this Act states that Ihe donina5on of
the nearshore between the high water and tow
water marks belong to the and is vested in the
State. Coast begins where the shore ends at the
high water mark.
llm Act whichde5nes the Marine Areas, and a5ows
'the Minister' to designate any area in Trinidad or
Tobago a restricted area. lt also gives gene@i
directions on how to manage protected areas.

State Lands Act �918!

Marine Areas  Presewahon and
Enhancement Act �970!

Marille Areas  Restricted Alee!
Order �973!

Designated Buccoo Reef Complex as an area for
preserva5on and protec5on. tt determines that no
person may go into the Buccoo Reef area except as
provided for by the Regula5ons. This Order
demarcates theboundanes of the proposedBuccoo
Reef Na5onel Marine Park inacasately.

Marine Areas   Preservation and
Enhancement Regulations � 974!-

Under Section 6, 'the Minister'has the discreaon to
make regula5ons genera5y for purposes of giving
effect to the Act.

CARTAGENA Convention This is the Convention for theProtectionof
Develo nt of the Marine Environment of the

Americas and the Caribbean  June!.
NRC  National Research Council! 2000. Clean Coastal 8'aters: Understanding

and Reducing the sects of ¹trient Pollution. National Academy Press,
Washington, D.C. USA.

UNEP 1994. Regional overview of land based sources of pollution in the wider
Caribbean region, in Caribbean Environment Program Technical Report f! 33,
UNEP Caribbean Environment Program, Kingston, Jamaica.

Potts, A. 1999  a!. Functions and interest as an Environmental Stakeholder.
Department of Marine Resources and Fisheries, Tobago House of Assembly.

Potts, A. 1999  b!. Speyside Marine Protected Area  SMPA!. Input for the
preliminary Planning workshop. Department of Marine Resources and
Fisheries, THA.
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SPAW Protocol

The United Nations Convention on
B~ Diversity

Environmental Management Act
I'1995!

Tobago House of Asserrrbiy Act
�980!

Amendment to the Consecution Act tf
39 �998!
Tobago House of Assembly Act tf 40
�996!

National Envhonmental Pohcy

Environmental Management Act tf 3
�000!
Environmental Sensrffve Area Rules
�001!

Environmental Sensitive Species
Rules �005!

Technical Agenda for Agricu5ure,
Marine Affairs and the Environment
�001!

Wider Caribbean Region. It was entered into force
in Triridad and Tobago on October 11» 1986.

This is. the Conven5on concerning Specially
Protected Areas and Wik55e to lhe Conven5on for
the Protection and Developnant of the Marine
Environment ofthe VNder Caribbean Region which
was entered inlo force in Trinidad and Tobago on
January 18» 1990
Entered into force on August 01" 1996.
instrumented by the dewriopment of the Na5orW
Biodiversity Strategy and Acgon Plan; which
pnnridm a contextual framework for development
and management of the natural 5ving resources of
the counby.
Provides$ormanagementof theenvironrnentw5hin
Trinidad and Tobago throughtheestabgshment and
operagon of an Envimnmental Management
Au5nrity  EMA!, an Environmenls} Trust Fund, and
an Environmenal Commission, toda5negm powers
and du5es thererri, and for reWed magars. The
THA signed a Memorandum of Undemtanding
 MOU! w5h the EMA in 2001
Sec5on 21 gave the THA the responsibility for
implementing, in Tobago, Government policy
rea5ng touche'cormerva5on and improvement of the
envbonrnent .
Made necessary changes in the consbtution to
etfect THA Act 40 of 1996.
Replaces the Tobago House of Assembly Act
�980!.

Approved by Cabinet and laid in Parliament on
September Z 1998. This provides a national,
prac5cal and compretmnsive framework for
environmental management
Replaces Environmental Management Act 1995.

One of the criteria for designa5on is the
conservabon of natural resources and protec5on of

the environment and the taige5ng of areas for
effec5ve management
Seeks to protect species for the conserva5on of
birriogical cfiverslty. and protection of the
environment
3.4.4 sWes an objective "to consenre and restore
coral reefs of Tobago and their associated fauna .
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ABSTRACT

A detailed charac~on ofhabitat is important to undershuml how organisms
react and use their immediate environm~ and to study many ecological processes
occurring at these scales. However, detailed habitat knowledge needs to be
extended over broad areas to determine the spatial distribution of benthic habitats
and their connectivity. This large scalehabitatassessmentis cmcial to determine the
effects of disturbance, hetaogeneity and dispersalbetween habitat patches on marine
populations. Unforttjmttely, detailed habitat identiGcation over large areas is
unknown for the majority of reef areas. In this work, a total of 60 hn' off La
Parguera, Puerto Rico were surveyed using a Side Scan Sonar {SSS!. The acqmred
imagery has high spatial resolution �.15 m! and allowed the identiGcation of 21
different habitat types. The most structured habitats �! were dominated by corals
and gorgonians, which covered 28o/o of the area. Uegetated habitats 8! represented
13~/o o f the area, while unconsoGdated habitats �! occupied 59~/o o f the areL
Abundant coral patches on a sandy matrix, small coral patches surrounded by a
seagrass halo, dominance of coral limestone patches aligned parallel to the prevalent
waves, deep sand channels, and extensive gorgonian plains are all examples of
previously uncharted habitats. Mangtove habitat could not be mapped with SSS.
Habitats recognized were related to biologically relevant measures -structure,
rugosity, benthic community composition and abundance- that are known to be the
factors affecting Gsh community stnmbue. Therefore, SSS is a particular valuable
technique for quantitative assessments of habitat distributions important for Gsh
management, e.g., habitat abundance and connectivity for essential Gsh habitat or
MPA design.

KEY WORDS: habitat characterization, side scan sonar, small scale habitats, coral
habitats

Identificacion de Habitats de Arrecife de Coral a Peqneia
Escala desde Imkgenes de Sonar Lateral de Alta ResoluciYin

Unacaracterizacibndetalladade h8ritats es importante para entender corno los
organismos reaccionan y usan su ambiente, y para estudiar muchos procesos
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ecologicos que ocuzren a pequena escala. Sin embargo, un conocimiento deta}lado
necesita ser extendido sobze grandes habeas para determinar la distribuci6n espacial
de hibitats y su conectividad. Este asesoramiento de hibitats a mayor escala es
crucial paradetemzinar los efectos de disturbios, hetereogeneidad y dispersi6n entre
parches de habitats sobze las poblaciones marinas. Desafortuzzadamente, la
identificaci6n detallada de Mritats sobze gzandes Areas es desconocida para la
mayoria de las Areas de coral. En este trabajo, un total de 60 kmz afuera de La
Paryzera, Puerto Rico, fae inspeccionada usando un souar hLterai  SSS!. Las
imagenes adquiridas fueron de alta resoluci6n �.15 m! y pezmitiemn la
identificaci6n de 21 habitats difezentes. Los hkbitas mks estnzctuzados �!
estuviemn dominados por coralesygorgonios, loscualesrepzesentamn un2$~/o del
hew Los hkbitas con vegetacion 8! representamn un 13/o, mientras que los h&itas
de sedimentos no-consohdados onzyamn un 59/o del brea. Abundantes parches de
coral en una matziz de arena, peque5os parches azreeifa1es rodeados yor un halo de
pasto marino, dominanciade parchesde coral alineados paralelos al flujo de lasolas,
canales de arena pmfundos y extensas pianos de gorgonios fuemn todos ejemplos
de hhbitats previamente no mapeados. Los manglares no pudieron ser mapeados
con un SSS. Los hkbitats zeconocidos se relacionaron con mediciones biologicas
relevantes � estructura, rugosidad, composici6n de comunidades bbzzticas. y
abundancia- que son conocidos factores que afectan h estructura de la comunidad
de peces. Por lo tanto, SSS fue una t6cnica yarticulazmente valiosa para
asesozamientoscuantitativosdeladistribuci6ndehkbitats importanteyazael manejo
pesquezo, e.g., abuzMIancia de hlbitat y conectividad para EFH 6 AMP.

PALABRAS CLAVES: Canzcterizaci6n de habitats, sonar lateral, hhbitats a escala
detallada, hibitats de coml

INTRODUCTION

Coral reef habitats exist as complex systems, spatially distributed as multiple
patches interactmg with their surroundings at different scales and sezvmgaszefugea,
feeding areas and migratozypathways for many marine organisms, particularly for
reef fishes. Detailed habitat information is essential to understand many ecological
processes such as prey selection, predator detection, shelter choice, and choice of
settlement location. However, this detailed knowledge ofhabitats needs to extend
over a broad area in order to understand pmcesses occurring at larger spatial and
temporal scales, such us the effects of disturbance, hetemgeneity and dispersal
between habitat patches on marine populations. Detailed habitat properties, such
as the spatial distribution of coral zeefhzzbitats, degree ofhabitat fragmentation, and
habitat structure  rugosity! over hrge sections of the shelfare crucial to uzMIerstand
the relationship between reefhabitats and reef fishes, and thus to determine what is
Essential Fish Hab~  EFH!.

Habitat characterizations combining high resolution with broad extent will
require the use of active remote sensors, such as Side Scan Sonar  SSS! and
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Geographic information System  GIS! tools to be able to coBect and analyze
information over the full range of habitats, usually unknown for majority of reefs.
The objective of this work was to identify coral reef habitats present on 60 km of
the insular shelf of Puerto Rico based on high resolution �.15 m! SSS imagery
necessary for further GIS manipulation.

METHODS

Study Area
The study area was located off La Parguera �7' 58' N, 67 02' W! in

southwestern Puerto Rico, representing one of the widest and coral rich sections of
the insular shelf  Figure 1!. AH benthic habitats contained within the area weie
surveyed, covering the entire shelf, &om the shoreline the shelf edge �1.11-12.96
km offshore! in a 5.55 hn swath, for a total of 63.4 km'. The area was divided into
18 squares of 3.5 km' each, and one 0.64 hn .

Data Acquisition and Processing
A 300 KHz transducer horn Marine Sonic Technology, Inc was selected as the

SSS system. Predefined transect lines, spaced 75 m apart, were navigated and SSS
imagery was collected on 50m of either side of each transect line. The resolution of
the SSS imagery was 0.15 m. Data were acquired &om 9 September 1998 to 28
November 1999, although only 21 days were run in 1998, and 27 days in 1999.
Raw imagery was processed to eUmiiiate electromagnetic interfereiices, and to
produce bottom mosaics &om which reef habitats were identified  Prada et al., in
preparation a!.

Ground Truthing
To relate SSS imagery patterns to coral reef habitats, a total of 166 sites

were visited to gather qualitative aud quantitative information, resulting in 5-6
replicates per habitat type. However, the various grass, algae, sand and mud
dominated habitats were each combined into single habitat types resulting in a total
of 11 habitats for quantitative ground truthing. At each rephcate site, we estimated
percent cover of sand, rubble, live cond, dead cond, gorgonians, sponges,
macroalgae, grass and Cyanophyta within four quadrats of 1 m'. Merged habitats
were described based only on quahtative ground truthing, which consisied of diver
observations or of videotaping an average of 3 minutes per location. An additional
12 measurements of rugosity were determitied at each sampled site using a 3-m
chain � cm links!. The surface rugosity index was proportwmially calciilated by
dividing the difference between the extended chain length and the chain length over
the reef contour by the extended chain length.



Page 780 Prada, MA et al. GCR:55 �004}

17'53.5' N

67'05.0' W

17'52.5' N

67'02.0' W

Figure 1. Bathymetric map of study area of 19 samples areas. Squares represent
one square nautical mile exept for p2S, which is only '/* square nautical mile.
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RESULTS

The complexity of coral reef ecosystems within the study area was evidenced
byahigh number ofhabitat types�1! discriminated Som the SSS inutgery {Figures
2- 6!. Ground tnrthing helped to gather biological information and to define the
identi6ed habitat types, as presented in Table 1. Within the habitats having higher
rugosity values  i.e., those of consolidated substrata!, six habitat types were
recognm4 four being dominated by hard corals, and two by gorgomans. The
moderately structuredhabitats included aH vegetated habitats, of which nine habitat
types were recognized, including five dominated by seagrasses and four by macto-
algae. Bat and unconsoHdated habitats having accounted for an additional seven
habinn types, four being dominated by sand aud three dominated by mud.

The unconsolidated habitat types occupied 59 /o of the area, while the
consolidated habitats cover 2$ /o of the area. The remaining vegetated habitats
represented 13 /o of the area. ln~g fiudiugs were the abtmdance of coral
patches on a sandy matrix, small coral patches surrounded by a Halophila decipiens
halo, the dominance of coral limestone patches aligned paraHel to the prevalent
waves, deep sand channels, and extensive gorgonian plains, aH examples of
previously uncharted habitats. However, mangrove habitat, an important nursery
habitat, could not be discriminated &um SSS imagery, and its abundance and spatial
distribution would requ'ue the use of different sensors  passive sensors!.

Besides the advantage of detecting and mappmg several uncharted habitats, the
true value of the SSS technology is that the imagery detects smaH changes in habitat
rugosity and biological cover. Because of the importance of these factors in
determining habitat structure, the identified habitatsrepresentedbiologicaHydistinct
and ecologically relevant habitats. Such habitat information is exlected to be
essential in studying factors affectmg the reef-6sh commumty structme  Kimmel,
1985; Appelddoom et al. in press, Prada et aL in puvaration b!.
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G orgonian PatchCoral Patch Coral ldmcstoneContinuous Corsls

Figure 2. Side Scan Sonar  SSS! imagery of coral dominated habitats off La
Par uera, Puerto Rico

Gorgonian Oomittaigd Habitatn
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% Rubble
u/v lbmonxolidated

Figure 3. Side Scan Sonar  SSS! imagery of gorgonian dominated habitats off La
Par uera, Puerto Rico
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ebrates Grass Halo & Dural

Figure 4. Side Scan Sonar  SSS! imagery of grass dominated habitats off La
Par uera, Puerto Rico

OOminttM Hattitats
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Deep Algae oo Mnd Shallow A I g ac on Rind

Figure 5. Side Scan Sonar  SSS! imagery of algal dominated habitats off La
Par uera, Puerto Rico
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Sand no RippletSand Riplge Bne SandSand 4 Invertebrates

Figure 6. Side Scan Sonar  SSS! imagery of sand dominated habitats off La
Par uera, Puerto Rico

Mud ReefMnd Bare Mud sk Invertebrates

Figure T. Side Scan Sonar  SSS! imagery of mud dominated habitats off La
Par uera, Puerto Rico
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DISCUSSION

SpatiaHy explicit knowledge of the habitat components and their respective
spatial distributions, detected by the high SSS imagery, aBows for thequantificatio
of habitat abundance and patchiness using GIS manipulations and subsequently to
determine habitat connectivity. Such information is necessary for fisheries
management and for developing criteria for siting MPAs. For instance, smaH coral
patches have been found to support higher densities of reef fishes {RandaH 1963,
Ault and Johnson 1998, Chittaro 2000, Prada et al. in preparation b!. These patches
play an important role in connecting settlement areas with adult habitats in
ontogeneticaHy migrating fishes {senm Appeldoorn et al. in press!. Thus, the
possibility of mapping small coral patches is of great value for fishery biologists.

While coral reefs themselves are particularly valuable habitats for conuneiciaHy
important fisheries an the maintenance of system biodiversity, total production and
diversity are likely to depend on a variety of habitat related factors including,
abundance, location, degree of connectivity, and the surrounding matrix of other
habitats  e.g., Appeldoorn et al in press !. Ontogeny of many reef fishes is usually
characterized by shifts in diets/habits  Wissinger 1994! resulting in juvenile fishes
having special and different habitat separate &om adults Lirman 1994, Green 1996,
Appeldoorn etal. 1997, Beukers and Jones 1997, Dahlgreen and Egleston 2000, and
Eagle et al. 2001!. Knowledge of these requirements coupled with high resolution
habitat information can be used to determine where ecological connectivity exists
and to what extent it may occur.

Qualitative differences in rugosity detected in SSS imagery and quantified by
field measurements allowed distinction of benthic habitats in coral reef systems.
Rugosity has been known to be a good predictor of fish abundance {Gladfelter and
Gladfelter 1978, Luckhurst and I.uckhurst 1978, Alveizon et al. 1985, Choat and
BeHwood 1991, Green 1996, Appeldoorn et al. 1997, Coreless et al. 1997, Roberts
1997, Friedlander and Parrish 1998, Syms and Jones 2000, Eagle at al. 2001!. As
such, any improvement in resolving habitat sductme should result m even greater
information and utility of SSS habitat information. Mis would be possible, for
example, if SSS imagery were merged with multi-beam bathymetry  e.g., de
Moustier and Matusmoto 1993!, obtaining greater definition of topographic
complexity, especiaHy at sites with pronounced slope.
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Prelimina~ Results: Fate of Regulatory Discards from the Red
Snapper, Luj tuItus cmepechtxuus, Commercial Fishery in the

Northern Gulf of Mexico
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ABSTRACT

The red snapper,Lutjanuscawpechanus, is one of the most importantand most
controversial fish species in the northern Gulf of Mexico. For stock assessment
nlodels to be as accurate as possible, mortality estixnate+ lzlcludlng those associated
with regulatory discards, should be known or at least estiznated withinaxeasonaMe
margin of error. hi this study, we used observers onboazd zed szzapper commexcial
fishing vessels to determine the number and condition of regulatoxy  undersize!
discards during normal fishing operations. A total of 2,075 discards fiom 108
separate fishing locationsduringeight fishing trips were observed and chanicterized
for release condition. AH were caught with "bandit" multi-hook fishing gear at
water depths of 17 to 85 m  mean = 44 m}; the mean size and age of a razwlom
sampling  n = 202! of discards wexe 13 inches mm TL and 2 years, respectively. Of
the discazds, 363 �7 /o! swam down vigorously, 396 �9 /e! stayed at the sudhce
momentarily before orienting toward thebottom, 794 �8 o/e! were released alivebut
never swam down, and 532 �6 ~/i! were discarded dead Based on qualitative
characteristic of the discard zelease condition, 64 /o of specimens xetuzxied to the
water were dead or near death asevidenced by their failme to re-sizbmerge. Discard
mortality observed in this study was almost twice the current estixuate �3 ~/o! used
in red snaplzer stock assessment models.

KEY WORDS: Discard, Mortality, Red Snapper

El destine de Regnlativo Tira de la PestlaerIa Comercial de
Hnachinango  L.tutus eumpechnnus! en el Golfo

Septentrional de Mexico

El huachinango, Lujtanus caIr pechanus es uno de la mayorfa importante y Ia
mayoria de ia cspecies polhnicas de pez en el Golfo septentrional de Mhrico. Para
modelos de evaluaci6n de acciones para ser tan exacto corno sea posible, las
estimaciones de la mortalidad, inclusive esos asociado con zegulativo tiran, deben
ser sabidas o por Io menos estimado dentzu de un margen raxuzxable del error. En
este estudio, nosotzus usamos onboard de observadozes naves huichinango pesca
depropaganda pazadetezminar el nizzueroylacondici6ndexegulativo  zzulspeqae5o
que legal! tira durante operaciones pesqoems noxmales. Un suma de 2,075 tira de
108 ubicaciones pesqueras separadas durante ocho viajes pesqueros fuexun
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observadosy fueroncaracterizado para lacoadicibnde lahberacidn. Todoseagaxr6
con "bandido" multi gaucho pescando engr«maje en pxofuadidades de agua de 17 a
85 M  medio = 44 M!; el tamaxlo y la edad medio de un azar que prueba  N = 202!
de tira crau 13 inches TLy2 a5os, xesyectivamente. Del tire,363 �7'/o! aadohacia
abajo vigorosameate, 396 �9 /o! permanecido en Ia suyerficie momeatkaeameate
antes oxientar hacia el fondo,794 �8 o/o! fueron Iibexados vivo peto nuaca nadaron
hacia abajo, y 532 y �6 /o! fuexun tixados muerto. Basado ea caracterlsticas
cualitativasdel tiralacondici6nde Ialiberaciba,64~/edemuestrasvuehxa1 aguaera
muerte muerta o cercaao corno evidenciada yor su &acaso a re-sumexge. Tire la
mortalidad observada en este estudio era casi dos veces la corriente estixaa �3 ~/e!
usado ea modelos huachinango de evaluaci6a de acciones.

PALBABRAS CLAVBS: Huachiaaago, mortalidad, tira

INTRODUCTION

The red snapper Lujtanus campectumus is one of the most economically
important Ssh species in the northern Gulf of Mexico  GOM!. Red saapler
commercial fishernxeaaxe cuxrently allowedaGulf-wide qaotaof 2,114 metric tons
�.65 mBlion lb! thatis dividedinto a winter and autumn season. Both seasons are
currently open to red snapper ~ only for the Sxst 10 days of each successive
moath until the quota is achieved. A trip limit of 0.91 metric toa �000 lb! for
holders of fedexaHy issued reef Ssh peaaits aad the modest number of available
fishiag days has resulte in a "derby" Sshexy which necessitates maximum catch in
a mimmumof time. To compete ia this derby Sshery, manycoamxexcial Sslermen
auarimize their fishingtimeduringeach 10-day period by concexxtratingoaaeaxslxoxe
Sshing locations. Thus, the majority of xed straps' ia the commercial Sshexy are
harvested as close to port as is possible  perhaps in relatively shallow water! aad as
soon as they achieve legal size as three to four year olds, or shortly tixexeaAer.
There is Httle Saancial incentive to Sshexxaen to venture Srther offshore to deeper
waters where the larger, older red snapper are presuxned to live.

An unfortunate consequence of this derby style Sshexy is an mcrease in the
number ofxeIpdatory  uadersize! disaxxds. Cuxxentreseaxchhas showathat the vast
majority of red snapper harvested ia the coxamercial Sshexy are at or just slightly
above minaaum legal size Wilson aad Nieland 2000!. The number aad condition
of regulatory discards is poorly uxderstood, but the most recent xed snapper stock
assessaxent�999! asstaaes 33'/o mortality for the commercial Sshexy. Two stutKes
simulatiag techniques used in the red sxMxpyer recreational Sshexy have estimated
discard mortality to range between 1 '/o and 44 '/o depending on depth of capture
 Gitschlag aad Reaaud 1994, Render aad %iisoa 1994!. The National Marine
Fisheries Service iaitiated an observer program ia 1995, aad inchded some trips
aboard coaanercial haadhae vessels. Discard mortality was reported to be only 1.6
/o, but most of the discards had either inflated gas bladders and/or protruding eyes
aud probably suffered delayed mortality  Shimpa and Legault 1999!. A recent,
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more quahtative study of red s118pperdiscmd release condition, based on the Texas
red szzapperxecxeationai headboat fishexy, mdicatcdthataszmmyas 39~/oofdiscards
were xeleased dead or near death  Dorf 2002!. Despite these Ieseaxch dforts, little
informationisavaHableconcerning thenumber aud conditionofxeguhtoxydiscaxds
of the commercial handline fishexy.

For stock assesszneut models to be as accurate as pomble, mortality estimates,
including those associated with regulatory discards, should be known or at least
estimated within a reasoaable margin of error. Should it be shown that discard
IBortalzty 1s 8 slgn16c8ut SGtof Ia thc Icd SMppcf comQBcIC181 fishcry, perhaps 8 re-
evaluation of minimum sizes as part ofanovexaII management strategy would be in
order. The goal of this study was to determine the number aad condition of
regulatory uxzdexsize! discardsofthexed szuqxpcrcomxncrcialhuMNIM: fishexy. Our
specificobjectives were to determine thecatch-and-Iclease mortafityand theage and
length composition of zcd snapper regulatory discaxds.

METHODS

Louxslaaa Sf8tc Umvcrslty pcfsoBncl accoalpaalcd fishcrmcu onboaxd xcd
snapper comnncialhaadlincfishing vessehduriag eigh t6ps &om November 2001
though April 2002. Trips were approximately 2- 5 days in length, with each trip
usually resulting in a catch of up to 0.91 metric tons. Based oa criteria set forth by
Patterson �999!, regulatory discards were categorized as:

i! Ahve and swam down vigorously,
ii! Swam down slowly and/or erratically,
ii*i! Ahve, but fioatcd and remamed at the surface, or
iv! Uaxesponsive or dead.
%'ater depth, capture depth, date of capture, capture locatioa, aud type of

6shiag gear were also Iecoxzhxl Ia addition, approximately 25 discards from each
trip were sampled for age and length analysis. Foxk length {FL! and total length
 TL! in inches  because thc U. S. fishczy is based on a 15 inch minimum size! and
whole body weights  B%} in g were recoxzlcd for each fish. Both sagittal otoliths
were removed and weighed to the neuest 0.1 mg. Scx of each specimen was
recorded when possible. Otolith preparations and ageiug protocols followed
standard pnxeduxes previously described elsewhere  Wilson and Niehad 20M!.

RESULTS AND DISCUSSION

A total of 2,075 red snapper discards fiom 108sepxaxxtc fishing locations during
eight fishing trips were observed aad characterize for release condition. AII
disauds were caught with "bandit" multi-hook fishing gear at waterdepthsof17 to
85 m  mean = 44 m!. Of the discards, 363 �7 e/! swam dowa vigorously, 396 �9
/o! stayed at the surface momentarily befoxe orieuting toward the ~ 794 �8
/o! were released ahve but never swam down, and 532 �6%! were di~ dead
 Figure I!. Based on qualitative characteristics of the discard release condition, 64
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% of specimezzs returned to the water were dead or near death as evidenced by their
faihne to ze-submerge.
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Figure 1. Fate of 2,075 regulatory  undersne} discards from the red snapper
commercial fishery. Oiscazzts were categonzsd as t} aIve and swam down
vigorously, 2! swam down slowly and/or erralicaNy, 3} alive, but floated and
remained at the surface, or 4 or dead.

The mortalityrate observed in this studyisconsiderablyhigher thanthecuxzent
estiznate�3%! used in red snaplier stock assessment models and rates reported by
pxevious studies  Shixripa and Legault 1999!. Two studies sixnulatmg fishing
techniques used in the xed snapper recreational fishery have estimated discard
moxtality to range between 1% and 44% dependingondepth ef capture�itschlag
and Renaud 1994; Render and Wilson1994!. Render and%ilson�994! speculated
that some of the snappers released alive sunned' delayed mortality due to
physiological stress and/or pxedation. A 1&5 study which employed National
Marine Fisheries Service {NMFS! observers onboard sever@ xed snapper
coznnzezcial 6shing trips of&bore of Kouhiana and east Texas zelzoxted a low
incidence of discard mortality�.6 %!, but enxphasized that most ofthediscazdshad
either in6ated gas bladders and/or protruding eyes and probably suKered delayed
mortality  Shirripa and Legault 1999!. Dorf �002! also reported a low mcidence
of actual discaxd moxtaHty �.4%! in the Texas headboat recreational Sshezy; but
again, they too speculated that asmanyas 39%ofdiscazds released "ahve" probably
died aAer release.

Fishing techniquesused in the xed snapperzeczeahond andconnnezciat fisheries
are considerably different and could result in the large discrepancy in discard
moxtahty rates between our study aud previous ones RecTi~&zonal iislzcrmcn
typicaHy use zod and reel gear with one or two hooks per line and exhibit more care
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and attention to the handling of individual fish. In contrast, the commercial Gshery
commonly employs the use of large diameter "bandit" reels with multi-hook  -20!
gear which are capable of bringing fish to the surface much more rapidly than the
standard recreational gear described. In addition, commercial Gsherman are oAen
handling an oakr of magnitude more fish per site than recreational 6shermen,
limiting their capacity to provide undivided attention to individual Gsh. With the
exception of the 1995 NMFS observer survey, aiI previous discard studies were
based on recreational Gshing practices conducted by mcrcationai Gsheimen and/or
resewchers.

The size and age estimates of a random sampling  n = 202! of regulatory
discards indicate an overwhelming majority of two year old snappers  95 % age 2,
4.5% age 3, and 0.5% age 4! with a modal TI. of 13 inches  Figure 2!. This was
not at all surprising considering:

i! The 15 inch minimum size limit for the commercial Gsheiy and
ii! The abundance of three and four year olds  -70 %! harvested in the

commercial fishery  Wilson and Nieiand 2000!.
Over the last decade or so, young red snapper have become increasingly

prevalent in the commercial catch and old red snaliper  up to at least 55 years! have
essentially disappeared Rom the harvest.

50

40

e< w 30

8 o' 20

CL 10 10 11 12 13
Total length  inches!

Figure 2. Total length frequency of a random sample of 202 regulatory  undersize!
discards sam led from the red sna commercial %she .

Our study suggests that as many as 64% of discards suffered mortality during
the course of normal conunercial fishing operations, nearly twice the estimate �3
%! used in the current stock assessment  Schirrippa and Legault 1999!. Ate
majority of these discards were within two inches of the minimum size hmit. The
total weight of discards accounted for roughly 14% of the total catch weight of red
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snappers  8 trips!. There is little incentive, financial or otherwise, to fisherznen to
venture farther offshore to deeper water wheze the larger, older red snapper are
presumed to live. Research has shown that the heavy harvest sustaizzed by the
younger ag~lasses appears to have little effect on the zed snapper population
 Wilson and Nieland 2000!. We suggest that perhaps it is time to ze-evaluate the
minimum size limit for the red snapper fishezy, or in the least, raise the discard
mortality rate used in the next stock assessment to a more appropriate level.
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RES UMEN

La proporci6n de sexos, la talla de primeramadurez sexual y el ciclo sexual del
pargo del Golfo han sido investigados entre marzo de 1999 y febrero de 20Q2,
mediante el anhlish de 1/80 organismos  Longitud total LT = 23.8-85.9 cm!. Los
especimenes de L. Campechanus fueron capturados por las flotas pesqueras de las
costas norte  Progreso! y oeste  Campeche! de la Peninsula de Yucatka. Las
g6nadas de los pargos del Golfo colectados fueron pesadas  calculo del fndice
gonadosomhbco! y examiuadas microscopicamente  clasi6caci6n por estadio de
maduraci6n!. No se observ6 diferencia signi6cativa  p > 0.05! entre la proporci6n
de sexos global observe� �:1.05; macho3xmbm! y lade una pmporci6n desex'
equilibrada�:1!. Latalla minima deprirneramadurez sexual fue de 24.7 cm LT para
hembras y 23.8 cm LT para machos. hnportante proporcion de hembras y machos
 n > 30 /o cada mes! fueron encontrados sextmlmente activos todo el a5o. La
temporada de desove de la especie ocuni6 entre marzo y noviembre, con picos de
emision de gametos en mayo y de agosto a octubre. Se observ6 que las km' de
desove de I Campechanus en el sureste del Golfo de Mexico, se ubican en laparte
norte y noroeste del Banco de Campeche, entre 48 y 117 m de profundidad.

PALABRAS CLAVES: I Ntjanls campechanus, reproducci6n, Golfo de
Mexico, Banco de Carupeche

Reproductive Aspects of the Red Snapper, Lujtunus
campechanus  P. 1860!, from the Continental Shelf of the

Yncatan Peninsula, Mexico

Sex ratio, length at &st maturity, and the sexual cycle of red snapper were
investigated between March 1999 and February 2QQ2, through the ana}yes of 1@80
organisms  Total length Tl = 23.8-85.9 cm!. I campechanus specimens were
caught by the Gshery fleet from the northern  Progreso! and western  Campeche!
coasts of Yucatan Peninsula Collected red snapper gonads were weighed  for
gonadosomatic index calculation! and microscopicaHy examined  for stage of
maturation classi6cation!. Global sex ratio �:1.05; female:male! did not der
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significantly fioma 1:1 sex ratio p>0.05!. Minimum size at firstmaturity wa 24.7
cm Tl for females and 23.8 cm Tl for males. High &equency of females and males
 n > 30 ~lo each month! were found sexuaHy active aH the year mund. Spawning
period of the species occurred between March and November, with gamete release
peaks in May and fmm August to October. Spawzwing areas for zed snapper fmm
the southern Gulf of Mexico were observed in the northern and northwestern parts
of the Campeche Bank, between 48 and 117 m depth.

KEY WORDS: Luzjanus campechanus, reproduction, Golfo ofMexico, Campeche
Bank

INTRODUC CION

El pargo del Golfo Lujtanuscanzpechanus P. 1860! conocido en Mexico corno
huachinango del Golfo o huachinango de castHla, se distribuye a lo largo de la costa
estede Nozte America, desde Massachusetts en Estados Unidos hasta laextzemidad
oriental de la costa nozte de la Peninsula de Yucathn en Mexico  AHen 1985!. Los
adultos viven sobre fondos rocosos entre 10 y 190 m de pzofundidad y los juvenHes
sobze fondos de anna o lodo, en aguas somezas. Esta especie zelnesenta uno de los
lutjauidos mks importantesexplotados por la pesca encl Golfo de Mexico, tanto en
thminos de peso desembarcado corno de valor comezcizd  AHen 1985!.

En Mexico, el estado de Yucathn zepresenta el principal pmductor pesquero de
L canzpechanus paralazegi6ndel Golfo de MMco {DOF 2000, SAGARPA 2001!.
En el periodo 1994 - 1997, su elevado precio unitario {2.94 US$/kg} lo -ubico
econ6micamente en el cuarto lugar con zespecto al valor de la captura total del
Estado  Castro-Suaste et al. 2000!. Actuahnente, la pesqueria de lutjamdos de la
platafozma continental de la Peninsula de Yucatkn  Banco de Campeche} es
considerada aprovechada al mkmno sustcntable  DOF 2000!. Sin embargo, la
tendencia hist6rica en la producci6n de pugo del Golfo en Yucathn, se caracteziza
por un incremento de las capturas hasta alcanzar un mkcimo en 1989 �/13
toneladas! seguido por un descenso progzesivo hasta 2000  832 toneladas!. Asf,
entre 1989 y 2000, las capturas de L. campechanus del Banco de Campeche se
redujeron a un 62 '/o apm>zimadanzente  SEMARNAP 1999, SAGARPA 2G01!.
Con el fin de disminuir los potenciales riesgos de sobreexplotaci6n del zecurso es
necesmo proponer esquemas adecuados deozzlenamiento ymanejo de lapesqueria,
los cuales estan basados en la evaluaci6n del stock y en el conocimiento de Ia
biologfa de la especie explotada

En relaci6n eon la biologia de la repmducci6n del pargo del Golfo, estudios
previos fueron realizados por Moseley �966!, Bradley y Bryan �975! y Futch and
Bruger {1976! para hz poblaci6n del noreste del Golfo de Marco. Mhs
recientemente, ColHns et al. �996, 2001! pzesentaron resultados sobre el periodo
de zepmducci6n, las Seas de desove y la fecundidad de la especie para la regi6n
noreste y nomeste del Golfo de Mexico. Los datos pubHcados sobre la
zeproducci6n de este lutjamdo para la poblaci6n de la regi6n sur del Golfo de
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Mexico son mas escasos. Estos fueron proporcionados a traves de estudios
preliminares res por Camber �955! en el Banco de Campeche y por
Gonzalez de la Rosa y Re-Regis �996! a lo largo de la costa norte del estado de
Campeche.

El proposito de esta investigacidn fue completar y actuahzar la informacion
disponible sobre la reproduccion de L. campechanus en el' sur del Golfo de Mexico
haciendo enfasis en las epocas y areas de desove de la especie en el Banco de
Campeche.

Figure 1. La costa norte de la Peninsula de Yucatan yei Banco de Campeche. Los
sitios de pesca representados de negro  .} indican los lugares donde tueron
capturadas las hembras de L Campechanus en fase de desove  presencia de
ovocitos Vl hialinos yio de folicuios postovulatorios en los ovarios!, entre marzo de
1999 abril de 2000.

MATERIAL Y METODOS

La mayor parte de los ejemplares de L. Campechanus �4.2 - 85.9 cm de
longitud total; n = 1,069! analizados en este estudio fueron obtenidos mensualmente
de las capturas comerciales realizadas por barcos pesqueros del puerto de Progreso,
entre marzo de 1999 y abril 2000. Los organismos fueron capturados con lineas de
mano maniobradas a traves de un equipo llamado "bicicleta"  carrete y manivela!,
sobre fondos duros, entre 44 y 104 m de profundidad, en la region norte  Arrecife
Alacranes-Bajos del Norte! y noroeste  Cayo Arenas-Banco Ingleses-Bajo Nuevo!
del Banco de Campeche  Figura 1!. Otros organismos �3.8 - 39.4 cm de Iongitud
total; n = 211!, procedentes de la pesca riberena de la costa del estado de Campeche
fueron obtenidos en febrero 2002 con el proposito de analizar ejemplares juveniles.
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Para cada esp6cimen colectado, se registramn las longitudes total y furcal  LT
y LF, cm!; los pesos total y del pez eviscerado  PT y PEV, g!, y el peso de las
gonadas  PG, g!. Ademas, se fij6 en solucion de Bouin un &agmento de la parte
media de unade sus gonadas. Se realizo el analisis histologico de todas lasmuestre
de glhndulas sexuales recolectadas, las cuales fueron incluidas enparafina, cortadas
a un grosor de 6 pm, y temda con el tricromo de Masson  Gabe 1969!.

El sexo de los organismos fue determinado a traves del examen microscopico
de las gonadas, y se calculo laproporci6n de sexos global  Machos:Hembras, M:H!
y por clase de tallas de 5 cm de intervalo.

El grado de desarrollo sexual de las hembras y machos fue analizado tomando
en cuenta los estadios de desarrollo celular de la ovogenesis y espermatogbnesis
caracterizados por Moe �969! y Brule et al. �999! para el mero rojo Epinephelus
morio. Segun su estadio microsc6pico de desarrollo gonadal, cada hembra y macho
fueron clasificados en una de las cinco clases de madurez sexual presentadas en la
Tabla l.

Seconsider6 corno tallaminimadeprimeramadurez sexual enhembmy macho,
la longitud total del mas pequeno organismo de cada sexo, observado en los
muestreos, y cuyo estado gonadal correspondia a una de las clases sexuales
siguientes: "2- En reposo", "3 - En maduraci6n", "4 - En desove/emisi6n" o "5-
En postdesove/postemisi6n!

El ciclo sexual fue analizado a traves del seguimiento de la evoluci6n mensual
de los valores individual y promedio del indice gonadosonh1tico �GS =
100*PG/PEV! y de los porcentajes de cada clase sexual definida, tanto parahembra
corno pan macho y sin considerar a los orgauismos inmadums.

Los sitios de pesca en los cuales se capturaron hembras clasificadas corno "4-
En desove" fueron considerados corno areas de probable desove de la especie.

RESULTADOS

Proporcibn de Sexos
Los valores de proporcion de sexos por clase de tallas no fueron

estadisticamente diferentes a los de una proporci6n de sexos equilibrada �:1!,
excepto para la clase 22.6 - 27.5 cm LT, en la cual predominaron las hembras
procedentes de la costa de Campeche  Tabla 2!. La proporcion de sexos global fue
sesgada a favor de las hembras para el muestreo de la costa de Campeche �:1.37!:
Sin embargo, no presento diferencia significativa de una proporcion de sexos
equilibrada el muestreo realizado en el Banco de Campeche �:0.99! y el muestteo
total  I:1.05!.
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TaHa Minima de Primers Madurez Sexual
Las taIIas minunas de primera madurez sexual observadas fueron

respectivamente de 24.5 cm LT y 23.8 cm LT para una hembra y un macho
capturados en la costa de Campeche, en febrero de 2002. Desde la mks peque5a
clase de tallas analizada en el presente estudio �2.6 - 27.5 cm TL!, mas del 68 /o
de las hembras y de los machos observados presentaban g6nadas en fase de
maduracion  clase sexual 3!. A partir de 52.6 cm TL para las hembrasy de 62.6
cm TL para los machos, todos Ios organismos analizados crau adultos  Table 3!.

Areas de 9esove

Laubicacibn geogra6cade los sitiosde pma en loscuales se capturaron hembras
en fase de desove con ovocitos VI hialinos y/o fpo en sus ovarios  clase sexual 4!
se presenta en la Figura 1. Estos sitios se situan en la parte norte �2'45'-23'50'N
y 88'50'-89'l9'0! y noroeste �1'25'-22'20'N y 91'01'-92'30'0! del Banco de
Campeche, entre 48 y 117 m de profundidad.

DISCUS16N
El pargo del Golfo, por ser una especie gonoc6rica  Grimes 1987!, presents

genelaltnente una proporcion de sexos equihbrada  I:I!. Los valores de Ia
proporci6n de sexos obtenidos en este estudio fueron equilibrados, salvo en el caso
del muestreo procedente de la costa de Campeche donde se observ6 un sesgo a
favor de las hembras en la clase de tallas 22.6 -27.5 cm LT. Lapropom6n de sexos
global calculada a partir del muestreo total �.1.05! fue muy similar a las
proporciones de sexos de J Campechanus observadas por Bradley y Bryan �975!
y Futch y Bruger �976! en el noroeste y noteste del Golfo de Mexico  I:1.02 y
I:1.28}, por Camber �955} en el Banco de Campeche  I:1.13! y por Gonzalez de
la Rosa y R&Regis �996! para la costa de Campeche  I:1.06!  Tabla 4!.

Periodo de Reproduceibn
El incremento en los valores del IGS promedio ocurri6 a partir de marzo-abriI

para las hembras y dejuuio para los machos  Figura2!. Los picos de IGS promedio
fueron observados en mayo �.86 /o!, juho �.02 /o! y septiembre �.82/o! para las
hembras y en septiembre �.24 o/o! para los machos. El daxemento del IGS
pmmedio en hembras y machos ocuni6 entre octubre y diciembre. Los valores
m4xuno de IGS mdividual fueron observados entre mayo y septiembre �.20- 3.52
/o! para las hembras y entre Junio y octubre �.99 - 2.40 4/o! para los machos.

Importante proporci6n de hembras y machos  ! 30 /o por mes! fueron
encontrados sexualmente activos  clases sexuales 3 - 5! todo el afio  Figure 3!. Sin
embargo, tomando en cuenta a las hembras que presentaron ovocitos VI  hialino!
y/o fpo en sus ovarios  clase sexual 4!, se observ6 que la temporada de desove de
la especie ocuni6 entre matzo y noviembre, con.picos de emisi6n de gametos en
mayo y de agosto a octubre. Las hembras en fase de poshksove  clase sexual 5!
fueron capturadas entre agosto y noviembre.
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Figure 2. Evotuci6n mensual de los indices gonadosoe4ticos  IGS! individual y
promedio para Ias hembras y machos de L. Campechanus dei Banco de
Carnpeche. Todos los organismos obtenidos entre marzo de 1999 y abnl de 2000,
fueron agrupados por mes de capture y analizados durante un ciclo anual te6nco.
El numero de organismos analizados por mes esta indicado amba de cada valor
del IGS omedio.
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Figure 3. Evoluci6n mensual del porcentaje de las dases sexuales para las
hembras y machos de L Campechanus del Banco de Campeche. Todos los
organismos obtenidos entre matzo de 1999 y abril de 2000, fueron agrupados por
mes de capture y analizados durante un ciclo anual te6rico. El numero de
organismos analizados por mes cata indicado arriba de cada barra de frecuencias
de dases de madurez sexual.
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Las tallasminimadeprimexamadurez sexual parahembrasy machosobservaxhs
en este estudio  V: 24.5 cm LT; d'. 23.8 cm LT! fueron inferiores a las obtenidas
por Bradley y Bryan �975! para lapoblaci6n del noroeste del Golfo de Mexico �:
25.5 cm LE; d': 23.0 cm LE! y por Camber {1955! para los organismos captuxados
cexca de Cayos Areas y ~e Alacranes, en el Banco de Campeche �/cP: 30-32
FL! Tabla 4!. Tomando en cuenta los datos pxesentados por Gonzalez de la Rosa
y Rb-Regis �996!, parece que la poblacibn dd sur del Golfo de Mexico debe
alcanzar suprimeramadurez sexual aunatalhaunmas inferio: 18.9 cm LF paxalas
hembras y 18.5 cm LF para Ios machos.

El periodo dexepxodxxcci6n del pargo del Golfo de Ias costas de la Peninsula de
Yucathn pxesent6 caxacterlsticas semejantes al de hs poblaciones de la parte Norte
del Golfode Mexico: duxaci6nxoxbximade9meses, iniciandoenprimavera maxzo-
abril! y finalizando en oto5o {noviembre~iembxexTabla 4!. Sin embargo, la
poblaci6n del sur del Golfo de Mexico pxesento dos picos de desove  mayo; agosto-
septiembxe! al lugar de uno  junio-septiembre! para las poblaciones del noroestey
noreste del Golfo de Mexico  Moseley 1966, Bradley y Bxyan 1975, Futchy Bruger
1976, Collins et al. 1996, 2001!. Por otxo lado, los xesultados obtenidos en el
presente estudio ponen en evidencia que el periodo de xeproducci6n de L.
Campechamcs deI Banco de Campeche es xxuis extendido que lo descrito
pxeviamente por Camber �955!  julio-septiembre! y que los picos de desove de la
especieocurrende maneraxnh puntual encl tiempoque lo observado por Gonzalez
de la Rosa y Rb-Regis �996!  abril-octubre y noviembxe-febrexo!.

Los datos disponibles sobre hs Seas de reproduccibn de L Campedxanus en
el Golfo de Marco son escasos. Moe  in Bradley y Bryan 1975! obsexv6 Seas de
reproduccibn de la especie a lo largo de Ia costa noroeste de Florida, entre 18.3 y
36.6 m de pxofundidacL Collins etal. �0023 ubicaxon y caracterizaxo varias zonas
de xeproducci6n de este Iutjanido a lo hrgo de las costas de Texas, Louisiana,
Alabama y Horida Estrus estaban situadas entre 23.8 y 122 m de pxufundidad y la
tempexatura del agua pxbxima al fondo fiuctuaba exxtxe 26.5' y 29'C. En el Banco
de Campeche, el pargo del Golfo desova a profundidades muy similares a las
observaxhs por Collins et al. �002!. Las mnas de desove observadas a txavbs del
antis de las capturas comexciales se ubican en la regibn norte y noreste de la
platafoxma continental de h Peninsuh de Yucatha, entre Axxecife Alacranes y Ios
Bajos del Norte, para uua parte, y entre Cayos Arenas, Banco Ingleses y Bajo
Nuevo, para la otra parte.
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Genetic Studies of Red Snapper  Luj taItus campecitunus! in the
Northern Gulf of Mexico

ERIC SAILLANT and JOHN R. GOLD

Center for Biosystematics and Biodiversity
Texas AdcM University, TAMU-2258

College Station, Texas 77843-2258 USA

ABSTRACT

The Gulf zed snapper, Lujtanus campechanus, is a highly exploited marine lish
in the Gulf of Mexico. Currently, management of Gulf red snapper in U.S. waters
is based on a single-stock hypothesis. Herein we report results of a genetic survey
of adults �995 year class! and juveniles �999 year class! sampled oIFshoze Izom
three geographic localities in the northern Gulf: Port Aransas, Texas; Port Fourchon,
Louisiana; and Dauphin Island, Alabama The study employed 19 microsatellites
loci and was designed to test the single-stock hypothesis and estimate efFective
population size in the Gulf. We also assessed a possible genetic impact of shrimp-
trawling on red snapper populations bycomparing genetic variabiTity and relatedness
between juveniles sampled randomly and juveniles sampled in single tows of a
shrimp trawler.

Significant genetic heterogeneity was observed among localities in the 1995
cohort, with the major differences occuzrmg between zed snapper sampled offshore
of Port Aransas, Texas, andthe other two localities. On another hand, no signi6cant
genetic heterogeneity was obsezved among samples Izom the 1999 cohort. These
6ndings, along with the overall very low F~ value �.001!, suggest considerable
genetic mixing within the northern Gulf, consistent with the single-stock hypothesis.
A maximum-likelihood estimate of eIFective population size  Ng ofzed snapper in
the northern Gulf based on the temporal method was 7,075  95 /o CI: 2,933-
>50,000!. This estimate of N, is at least two orders of magnitude lower than current
estimates of census size  N!.

Levels of genetic variabiTity  gene diversity and allelic richness! between
reference control! and bycatchjuveniles were equivalent. Estimates ofthe variance
in genetic relatedness in both zeference and bycatch samples were non-significant;
however, this variance estimate was positive �.001! for one of the bycatch samples
and close to signi6cance  P = O.l! which might suggest the presence of related
individuals in this sample. Further studies employing larger sample size and
additional loci are necessary to assess possible genetic impacts of shrimp trawling
on zed snapper.

KEY WORDS: Luj tanus campechanus, genetic stock assessment, shrimp trawl
bycatch.
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Estudios Gemetlcos de la Kstructura de la PoMabioa del

Pargo mojo  Luj tanus cumpeekanus! em la
Xoiia Norse del Golfo de Mexico

Lurianus campechanus es una especie marina importante para la pesca en el
golfo de Mexico. El presente manejo se basaen la hip6tesis que hay un solo stock,
o poblacion  single-stock!. Reportamos aqui resultados de un inventario genMm
de adultos  cohorte 1995! y juveniles  cohorte 1999! muestreado en tres localidades
en la regi6n norte del golfo de Mexico: Port Aransas Texas, Port Fourchon
Louisiana, y Duaphin Ishmd, Alabama. Dise6amos el estudio para testem el
hip6tesis single-stocky estimamos eltamafi de lapoblaci6n a trav' deanfiHses de
19 loci gen8icos de microsatelites-ADN. Adicionahnente evaluamos un posible
impacto gen&ico de pesca a la rastra para catnamrm en la poblaci6n de L
camrpechanus comparatuh la variabiTidad genKica y la relaci6n gen8ica entre
juveniles muestreados alazar con variabilidad enjuvenBesmuestreadoenunmstreo
deunhucocamamnero. ObservamosEetemgeniedad significativaentrelocalidades
paraelcohorte 1995, con las difererm~mayoresencontrados entre L canyechanus
muestteados fuera de la costa de Port Aransas, Texas y las otras locahdades. En h
otra mano, no bubo hetemgeuiedad significativa entre muestras del cohorte 1999.
Estos resultados, tomando encuentael FST muybajo �.001!, indicanconsiderable
mezcla genetica, consistente con el hip6tesis single-stock Una esthnaci6n de
tama5opoblacional efectiva Ne! de laespecie encl golfonortebasadoenelmetodo
temporal fue 7,075  95 lo CR 2,933 - >50,000!. Este Ne es por lo menos dos
ozdenes de magnitud trdis bajo que estimaciones actutdes del tamaho de censo  N!.
Niveles de variaMidad gen&ica entre juveniles refaencia y juveniles capturado
durante el rastreo fuemn equivalentes. Estimaciones de la varianza en relacihn
gen8ica en juveniles referencia y juveniles capturado durante el rastreo no fuemn
significativamente diferente. Pero, la estimaci6n fue positiva �.001! y casi
significativa  P = 0.10! para uno de lamuestras de rastreo, un resultado que sugiere
la presencia de individuos zelacionados en este muestreo. Futums estudios
empleando mayorestama5os de muestreoymhs loci son necesariosparaevaluar los
posibles impactos genbticosde pescaa larastra paracamamnes en L canqrechanus.

PALABRAS CLAVES: Pargo mjo, Laj tanus campechanus, genbticos

1NTRODUCTlON

The Gulf red snapper, I,rajanus canrpechanus, is a highly exploited marine fish
distributed along the continental shelf of the Gulf of Mexico  Heese and Moore
1977!. Red snapper abundance in the northern Gulf of'Mexico  hereaAer, Gulf! has
decreased by almost 90 /o in the past two decades Goodyear and Phares 1990! due
to overexploitation bycommercialandrecnumonal fisheries,highjuvenHe mortality
due to the shrimp trawl fishery, and habitat change  Christman 1997, GaHaway et al.
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MATERIALS AND METHODS

Adult red snapper belonging to the 1995 cohort were sampled in 1999 and 2000
by angling 25-30 miles offshore ofPort�Aransa Texas!, Port Fourchon Louisiana!,
and Dauphin Island  Alabama!  Figure 1!. Individual fish were aged by otolith-
increment analysis following Wilson and Nieland �001!. Sample sizes for this
cohort were 203  Texas!,286  Louisiana! and 376  Alabama!. Juveniles age 0 fish!
belonging to the 1999 cohort were sampled by trawling during the summer of 1999
in conjunction with a groundfish survey of the National Marine Fisheries Service
 NMFS!. Fish were sampled a few at a time  average of 11 fish per trawl! during
multiple trawls that differed both�spatiallyandtemporaH. Samphng locahties were
offshore of BrownsviHe, Texas  n = 50!, Port Aransas, Texas  n = 47!, Galveston,
Texas  n = 76!, Port Fourchon, Louisiana {n = 77!, and Dauphin Island, Alabama
 n = 63!. Samples fiom BrownsviHe and Port Aransas were pooled and are referred
hereafter as the Texas sample  n = 97!. The sample offshore of Galveston  n = 76!

1999!. Important goals for management of red snapper resources include
knowledge of stock structure for stock assessment and limitation of impacts of
shrimp trawling activities.

Currently, rod snapper resources in U.S. waters are managed under a single-
stock hypothesis  GMFMC 1989, 1991!. This hypothesis is supported by a number
of prior genetic studies that employed aHozymes  Johnson 1987!, mitochondrial
 mt!DNA  Gold et al. 1997!, and microsateHites  Gold et al. 2001!. However, aH
these studies either involved individuals of mixed cohorts  year classes! or were
based on relatively small sample sizes. In this study, we document variation at 19
nuclear-encoded microsateHites within two cohorts sampled at three different
geographic areas along the northern Gulf. Both adults �995 cohort! and juveniles
�999 cohort! were assayed. We also assessed variation in allele &eqiiencies
between the two cohorts in order to estimate effective population size or N, by the
temporal method  Waples 1989!.

A second issue involving red snapper in the Gulf regards impacts of shrimp
trawling on red snapper juveniles. To date, studies on this topic have documented
the volume of the bycatch  GaHaway et al. 1998, GaHaway and Cole 1999!. In this
study, we address the question of whether juvenile rod snappers taken as bycatch
represent a random sample of the genetic pool of the local population Sum which
they were drawn. Briefly, non-random mortality of genotypes could have the effect
of canceling the contribution of the corresponding fimilies, thus reducing the
effective number ofbreedmg adults. This inturn could lower the  genetic! effective
size of red snapper stock s!. To address this question, we documented variation at
11 nuclear-encoded microsateHites and at mitochondrial {mt!DNA among three
samples of red snapper juveniles taken offshore of Galveston, Texas. Two of the
samples were obtained fiom single tows of a shrimp trawler, and one  the reference
or 'control' sample! was obtained by sampling randomly in the same geographic area
during a groundfish survey.
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was used as the 'Reference' in the analysis of possible genetic impacts of shrimp
trawling. For the latter, samples of juvenile red snapper were obtahted Som two
separate shmnl~wl tows offshore of Galveston, Texas: one  ByeatchA! contained
123 juvemles, wMe the other  Bycatch B! contained 40 juveniles.

Texas:
203 adul

97 YOY

Figure 1. SempQng locagties for the analysis of stock structure of red snapper and
the effect of catch on eniies. oAduit sam ~ sam

Tissue samples heart and muscle! were removed from mdividual fish and stored
as described iu Gold et al. �001!. For stock strucnue analysis and estmtates of
effective population size, adults and juvemles of the 1995 and 1999 cohorts,
respectively, were assayed for genotypes at 19 microsateHites, using PCR primers
and methods described in Gold et al. �001!. For analysis of possible genetic
impacts of shrimp tmwling, samples obtained &om shrimp trawls and the samples of
juveniles obtained offshore of Galveston were assayed for genotypes at ll
microsatellites and for sequence variation in two fragments of mitochondrial
 mt!DNA. The mtDNA assay employed single strand conforrnational polymorphism
 SSCP! analysis of a 163 base pair  bp! fragment of the ND-4 gene and a 122 bp
fragment of the ND-6 gene. Amp1idication, electrophoresis, and scoring of SSCP
phenotypes foQowed methods developed in our laboratory  Bunidge and Gold
unpublished!.

Summary statistics, including number of alleles, allelic richness  a measure of
number of alleles independent of sample size!, and unbiased gene  microsateHites!
and nucleon mtDNA! diversity were computed for each locus in each sample, using
F-sTAT, version 2.9.3  Goudet 1995!. Homogeneity of aHehc richness and gene
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N = N, x fC/G!

where N, is the pseudo-maximum-likelihood estimate of variance effective size
obtained following Wang �001!.

Microsatellite genotypes were used to estimate relatedness  genetic relationship!
between pairs of individuals within bycatch and reference samples. Relatedness
 pairwise relationship coef5cients! was computed by using the momentsestimator
of Ritland �996} and the regremon estimator of Lynch and Ritland �999!. A
bootstrap distribution �,000 resamplings, where comparisons between individuals

diversity between pairs of samples was tested via Wilcoxon signed-rank tests.
Departure of genotypic proportions from Hardy-Weinberg equilibrium expectations
was measured within samples as Weir and Cockerham's �984! small f; probabihty
of slgB16cance  P~! was assessed usBlg a Mafkovwhain method  Guo and
Thompson 1992!, as implemented in GevEPOP  Raymond and Rousset 1995! and
using 5,000 dememorizations, 500 batches, and 5,000 iterations per batch.
Genotypic disequilibrium between pairsofmicrosatellites within samples was tested
by exact tests, as implemented in GmEeoP and employing the same Markov chain
parameters. Homogeneity of allele and genotype distributions both among regions
and between cohorts within regions  stock structure analysis!, and among bycatch
and reference: samples  bycatch impact analysis!, was examined via exact tests;
signi5cance of probability values was assessed by a Markov-chain method, as
implemented in GENEPOP  RaJmMMxl and Rousset 1995! and usingthe same Markov-
chain parameters as above. Homogeneity of mtDNA haplotype &equencies among
the bycatch and reference samples was tested using the Monte Carlo simulation
approach of Roff and Bentzen �9893, as implemented in REAP  Mc Ehoy et al.
1992!; sigmScance of probability values was assessed through 1000 bootstrap
replicates.

Pseudo-maximum-hkelihood estimatesofeffectivepopulationsize Ng,based
on the temporal method  Waples 1989!, were gerated following Wang �001!; 95
Fo confidence intervals were obtained as the range of support associated with a drop
of two logarithm units of the likelihood function as mfened Som the likelihood
distribution Wang 2001!. Estimates of N, were generated for individual geographic
samples and for the northern Gulf; the latter was generated by poohng data by year
class {cohort! across sample localities. Life-history data age structure and weights
of males and females belonging to the individual age class! were provided by D.
Nieland and C. Wilson of Louisiana State University and used to compute correction
factors for temporal-method estimates of N,  following Jorde and Ryman 1995;
1996! in order to account for effects of overlapping generations. The correction
cod5cients C and G were estimated as described in Turner et al. �0023 except far
the following modifications: Survivorship S! was estimated to be 0.5 based on the
age-stntcttne data examined. The relative birth rate of each age class was estimated
by the mean weights of males and females of the corresponding class. Values of C
and G obtained were subsequently used to comet N, by:



Saillant, E. and J.R. Gold GCR~ �004!

with identical genotypes were excluded! of estimates of the varumce of pair-wise
relatohme in each sample was used to test whether the observed variance differed
siguificantly &om zero.

Population Structure and Variance Kffective Population Size
Summary statistics{number ofaHeles, aHelie richness, gene diversity; and results

of tests of HW equilibrium! for each samples are given in Appendix 1. Number of
aHeles among samples ranged &om 4-7 at Prs260 to 18-23 at Prs240, the
corresponding Allelic richness range being 2.9-5.3 and 14.3-20.4. Significant
departures &om HW expectations, foHowing Bonferroni corrections  Rice 1989!,
were found in three of 114 tests: Prs275 in Texas 1995, Prs137 in A1abama 1995,
and Prs248 in Louisiana 1999. Signi6cant, non-random association of genotypes
was found in two of 1,026 pairwise comparisons foHowing Bonfenoni correction:
Lca64 and Prs248  p < 0.001! and Prs328 and Lca22  p <0.001! in the sample form
Texas �995!.

Signi6cant difference  p < 0.001! in aHele and genotype distributions were
found among localities in the 1995 yearwlass. The conesponding F~ value was
0.001. Pairwise comparisons indicated that the sample &om Texas differed
significantly {p < 0.002! firun the samples &om Louisiana and Alabama. No
significant difference {p > 0.05! in aHele or genotype distributions were found
among samples &om the 1999 year-class. Both aHele {p = 0.011! and genotype  p
= 0.017! distributions diffeted�between t two year classes sampled offshore &om
Texas; no diffetences {p>0.05! betweenyear classes at the other two locahties were
found.

The pseudo-maximum-likehhood estimate {and 95 % confidence intervals! of
variance effective population size  NP for the three localities were 2,658 �,035-
>50,000!, 8/86 �,418 - >50,000!, and 3+10 �,038 - >50,GOO! for Texas
Louisiana, and Alabama, respectively. The  overaH! estimate for the northern Gulf
was 7,075 �,933 - >50,000!.

Genetic Variation and Relatedness m Sycatch Samples
Sununary statistics for microsateHites  number of aHeles, aHelic richness, gene

diversity; and results of tests of HW equihbrium! for the Reference and two bycatch
samples  Bycatch A and Bycatch B! and analogous data for mtDNA are available
&om the authors upon acquest; Number of microsateHite aHeles among samples
ranged &om 4- 7 at Prs260to 18- 23 at Prs240; aHehc richness ranged &em 2.87-
2.94  Prs260! to 12.G - 13.7  Prs240!. For mtDNA, nmnber ofhaplotypes ranged
&om 9-20, and haplotypic richness ranged &om 9.0-1426. Gene  microsatelhte!
diversities ranged &om 0.179  Lca20 in Bycatch A! to 0.907  Prs 240 in Bycatch
B!; nucleon diversity  mtDNA! ranged &om 0.766 - 0.767. No significant
differences in aHele/haplotype richness �.32 <p < 0.92! or gene/nucleon diversity
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�.18 < p < 0.93! were found in pair-wise comparisons of sampks. Tests of
conformance to HW equilibrium and of genotypic disepnlibrium  microsateHites!
were non-signi6cant foHowing Bonfermni correction. Tests of homogeneity of
aHele and genotype distributions  microsateHites! and haplotype distributions
 mtDNA! also were non-signi6cant foHowing Bonfeironi corrections: �.07 < p <
0.63 for microsateHites; p = 0.18 for mtDNA!.

Estimates of small f  Fu! over aH miciosateHites were 0.021, 0.022, and 0.063
for Reference, Bycatch A, and Bycatch B, respectively. None of these estiiruites
differed significantly &om zero foHowiug Bonfermni correction. Estimates of the
variance  Var 8! in both rehitedness coef6cients was 0 for aH three samples except
for the regression-based coefIicient  Lynch and Ritland 1999! in Byeatch 8. The
variance in this sample was positive  Var II = 0.001! and its probabiTity ofdifferi
signi6cantly &om zem �,000 bootstrap resamphngs! was 0.10.

DISCUSSION

Population Structure and Variance Effective Population Size
Analysis of genetic structure based on 19 independent microsateHite loci

revealed a weak F~= 0.001! but sigmficant differenc among localities in the1995
year-class. However, no genetic difference among localities was found in the 1999
year class. Pair-wise homogeneity tests within the 1995 cohort indicated that the
sample &om Texas differed fmm the samples Imm Louisiana and Alabama. The
analysis of temporal homogeneity revealed that this sampk also differed fmm the
sample obtained in Texas in 1999. Thus the signi6cant heterogeneity in aHele aud
genotype distributions observed heremostlyconcernone sample Texas, 1995year-
class! that differs Irom the othe samples and warrants further investigation. We are
currently analyzing additional year classes at aH three localities. OveraH, these
results are in accordance with most prior genetic studies of red snaliper  Gold et aL,
1997, 2001! and suggest that considerable gene IIow occurs among red snapper in
the northern Gulf. Such a pattern would be consistent with the single-stock model
for ied snapper in the northern Gulf.

The overall estinuite of variance effecbve population size  Ng for the northern
Gulf was 7,075. This estimate isat least thieeordersofmagnitudeskssthancunent
estimates of adult census size  N! � - 20 miHion, J. Cowan, Louisiana State
University, personal communication.!. Such a low ratio of effective size to census
size is thought to be uncAMnmon, as this ratio is expected to be iu the range 0.25-
0.75 in general  Nunney 1996!. However, NJN ratios on the order of those
observed heiehave been reported for other marine fishes Turner et al. 2002, Hauser
et al. 2002!. Potential factor that may lead to very Iow NgN ratios are fluctuation-
in population size  Ã!, variance in individual reproductive success  within and/or
between sexes!, and/or variation in productivity of nursery areas  Turner et aL
2002!. The estimates of N, also differed slightly among the sampled localities,
although 95 % con6dence intervals of estimates at each locality overlapped the
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estimates at the other localities. The analysis of additional cohorts wiH allow to
increase accuracy ofN, estimates. Differences inN, among localities, if confirtned,
might suggest the existence of different demographic units  stocks! that would
require separate management even if genetic stature is very weak or non-
significant Regardless, our finding of such a low NjN ratio for red snapper
suggests that red snalyer genetic resources are much more limited than what one
would expect based on estimates of census size.
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Genetic Variation and Relatedness in Bycatch Samples
No significant differences in allele diversity  allelic/haplotypic richness, in this

case!, gene/nucleon diversity, and allele/haplotype and genotype distribtmoas were
found between the Reference samples and either of the two samples taken &om
single tows of a shrimp trawler. These results indicate that red snapper taken ia the
bycatch do not have reduced genetic variation relative to the local population
 relMesented by Reference sample!, aor do they appear to represent a aon-random
sample from the local population in terms of allele and genotype &equencies.

We also asked whether red saapper taken as bycatch were more closely related
genetically to one another than were individuals drawn at random &om the local
population. Esthnates of the variance  Var R! of two different relatedness
coefficientsdid notdiffer significantly &om zero for one of thebycatch samples and
for the Reference sample. However, the variance of the recession-based coefscient
of Lynch and Ritland �999! was positive aud close to signi6cance  p = 0.01 0! for
the Bycatch B sample. A significantl positive variance would indicate that the
sample included individuals that were closely related genetically.

The interpretation of these results is limited by our sample size significant bias
when estimating genetic relatedness may be introduced &om errors in gene
&equeacy estunation when samples sizes are less than 100  Lynch and RitLmd
1999!. Other parameters such as number ofloci and pattern s! of aHele distributions
at each locus also impact the regression-based coefficient of Lynch and Rithmd
�999!. Further studies exataining larger samples of red stutter Ann shrimp
trawling and examining a larger number of loci are warranted.
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Nnevos Datos sobre el Patrbn de Fecnndidad del Mero

Colorado, Epinephefus gutttttus  Linnaens, 1758!
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RESUMEN

El mero colorado, Epinephelusguttatus es unade las cspeciescomercialesmas
importantes en el Banco de Campeche, contribuyendo con el 33 a 35/o de las
capturas realizadas en Yucathn. A pesar de lo anterior es poca la informaci6n
disyonible acerca de la biologia de Ia reyroducci6n de este serranido. El presente
estudio analiza el patr6n de fecundidad de E guttatus, utilizando organismos
obtenidos a partir de capturas comerciales realinulas en dos probables hreas de
agregaci6n de repmducci6n  Arrecife Alacranes y Bajos dei Notte!, en diciembre
de 1999 y febrero de 2000 y 2001. A bordo de los barcos pesquems se reaHzb una
preselecci6n de 72 hembras a analizar con base al aspecto macrosc6yico de las
g6nadas  ovocitos visibles a simple vista!. Se fijaron las muestras de ovario en
Bouin para el control histo16gico del estado de madurez sexual asi corno para
realizar mediciones de ovocitos y en Gilson para el conteo de los ovocitos. La
totalidad de las hernbras preseleccionadas se encontraban sexualmente activas, con
ovocitos en fin de vitelogbnesis seeundaria en sus ovarios pem sin la presencia de
ovocitos hialinos ni de foliculos postwvulatorios. Unoshistogramas de &ecuencia
de distribucionde dikmetm de los ovocitos fuemnestablecidos apartir de los cortes
histologicos y de los ovocitos enteros conservados en Gilson de ovarios de 12
hembras �1.5 a 43.0 cm de longitud total}. El anhEsis de los grificos permiti6
identificar en los ovarios la presencia de dos lotes de ovocitos separados yor un
hiato ubicado, en promedio, entre los 142 y 234 pm de dihmetro. El dikmetro
minimo promedio calculado yara los ovocitos vitel6genos fue de 96 pm. Estos
resultados, obtenidos tanto a traves del examen histol6gieo corno del amHisis de los
ovocitos entems, confirmamn las hip6tesis anteriorespresentadas sobre el pmbable
patmn de fecundidad deternntuada de la esyecie.

PALABRAS CLAVES: Banco de Campeche, fecundidad, Mem Colorado

New Data on the Pattern of Fecundity of the Red Hind,
Epinephelus guttatus  Linnaens, 1758!

The red hind, Epinephelus guttatus, is one of the more important commercial
species in the Camyeche Bank, contributing 33 to 35o/a of the captures made in
Yucatan. In spite of its importance in the landings, httle information is available
about the repmduc&e biology of this serranid. The present study analyzespattens
of fecundity of E. guttatus, using organisms obtained fmm commercial captures
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made in two pmbable areas of reproductive aggregations  Arrecife Alacranes y
Bajos del Norte!, in December of 1999 and February of 2000 and 2001. On board
of Sshing boats a preselection of 72 females was made to analyze with base to the
macrocospic aspect of the gonads ones visible oocytes at &st!. The ovary samples
were histologicaHy prepared according to Gilson and Bouin for the contml of their
state of sexual maturity as weH as to make the measurement and count of the
oocytes. The totality of the preselected females was sexuaHy active, with oocytes
in late secondary viteHogenesis in their ovaries but without the presence of hyaline
oocytes or post-ovulatorios foHicles. Histograms of &equency of distribution of
diameter of the ovocitos were established &om these samples and of the conserved
whole oocytes in Gilson of ovaries of 12 females �1,5 to 43 cm in total length!.
The analysis of the graphs aHowed to identify in the ovaries the presence of two lots
of separated oocytes by a hiatus located, in average, between the 142 and 234 pm
of diameter. The minimum average diameter calculated for the viteHogenic oocytes
was 96 pm. These results, obtained so much through the histologic examination as
of the analysis of the whole oocytes, con6rmed the previous hypothesis on the
pattern of fecundity determined of the species.

KEY WORDS: Campeche Bank, fecundity, Red hind

INTRODUCE !N
La capacidad de una especie dada para producir gametos yuede estar imyuesta

por las caracterlsticas repmductivas de esa especie. En particular, los modos de
desarroHo y maduraci6n de los garuetos pueden determinar la cantidad que
individuahnente la especie puede producir, ademiLs de la Secuencia con ht que
pueden estar disponibles  Pankhurst 1998!.

Los terminos de fecundidad determirutda e indeterminada son comunmente

utTiizados para describir dos diferentes tipos de estrategia reproductiva La
fecundidades determinadacuandoel niunemde ovocitosqueentranenvitelog6nesis
estk 6jado antes del inicio de la puesta anual  Hunter et al. 1992!. En yeces con
fecundidad detenninada, no hay teclutamiento de ovocitos vite16genos a partir del
lote de r'eserva de los ovocitos previte16genos, durante el perlodo de reymducci6n.
La fecundidad es nxhtermirutda cuando el numem de ovocitos vite16genos no esta
Gjado antes del inicio de la yuesta. Los ovocitos continuan nuMturando a partir del
lote de ovocitos previtel6genos y durante la temporada de repruducci6n de la
especie  Greer Walker et al. 1994!.

Los estudios de reproducci6n de peces se han orientado en la mayor parte de
los casos hacia las esyecies de aguas continentales, estuarinas, de zonas templadas
y de aqueHas detaHas pequeihsen ambientes tropicales. Existenpocos trabajos que
sintetizanalgunos de los aspectosde lasestrategiasreluuductivasyde susrelaciones
con las condiciones ambientales en los yeces tmyictdes de gran tama5o  Sadovy
1996!.
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El mero colorado, Epinephelus guttatus  Linnaeus 1758! es un mero de interbs
particular porque su biologia reproductiva parece encontrarse entre los extremos
exhibidos por sus congeneres. Por ejemplo, son protoginos, forman agregaciones
de desove de corto tiempo y desova en pareja o en agregaciones de un solo macho
con varias hembras. Los individuos pueden vivir 18 anos o mls y, durante la
temporada no reproductiva viven en zonas comunes. Sin embargo, informacion
detallada sobre la actividad reproductiva durante la temporada de reproduccion,
relacibn por sexo en los adultos y sistema de maduracion del mero colorado, es
escasa  Sadovy et al. 1994!. Por lo anterior el objetivo de este estudio se enfoca en
analizar el tipo de fecundidad que presenta Epinephe1us guttatus en el Banco de
Campeche, permitiendo incrementar los conocimientos basicos sobre la biologia
reproductiva de la especie.

MATERIAL Y METODOS

Capturas
Los organismos fueron obtenidos de las capturas comerciales realizadas por

barcos pesqueros. Los peces fueron colectados en dos areas de pesca ubicadas en
el Banco de Campeche; el Parque Marino Nacional Arrecife Alacranes y en los
Bajos del Norte  Figura 1!. En ~e Alacranes las capturas fueron realizadas
de noviembre de 1999 a febrero de 2000, y durante febrero de 2001 en los Bajos
del Norte. Las capturas fueron realizadas con arpon, sobre fondos coralinos y
rocosos a profundidades que oscilaron entre los 7 y 37 m en ambos sitios.

Figure 1. Ubicacibn geografica de las zonas de colecta  Arrecife alacranes y Bajos
del Norte! en la plataforma continental de la Peninsula de Yucatan  Banco de
Cam che .
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Anklisis de las Hembras a Borde

Todos los especimenes fueronmedidos longitud total: Lt!, pesados  peso total:
Pt y peso de pez eviscerado: Pyev!, y sus g6nadas fueron extrtddas y pesadas  Pg!.
Las hembras machmLs se selecctonamn con base al asyecto macmsc6pico de hs
g6nadas  presencia de ovocitos opacos visibles a simple vista en los ovarios!. Se
tomaron dos muestras de hyarte media de una de hs g6nadas: el primem de 1 cm'
ayroxirnadamente, se coloc6ensoluci6nde Bouin, parael an8isishistol6gico BeH
1978! y el segundo, de entre 20 y 30 g de peso, se conservo en iiquido de Gihon
 Bagenal y Braum 1978!.

RESULTADQS

Durante diciembre 99, febrero 2000 y febrero 2001 se colectamn un tota1 de 72
hembras en hs zonas de pesca. Con relaci6n a su tama5o, los organismos se
distribuyemn eu los intervalos de taHas  Lt! siguientes: 36 - 44 cm para Anecife
Ahcranes  n = 36! y 32 - 44 cm para Bajos del Norte  n = 36!. La mayorla se
distribuyeron en la clase de taHa de 38 cru  Figura 2!. El estudio histo16gico de las
g6nadas penniti6 observar que h tutalidad de Ios especimenes se enconhuban
sexuahnente activas, con ovocitos eu fin de viteiogbnesis secundaria estadio V! en
susovarios, pem sinlaynmetciade ovocitoshialinosnide foHculos postovuhtorios.

An@isis de hs Hembras en el Laburatorie

El patr6n de fecundidad de E. guttatus, fue anaHzado por medio de
observaciones de corte histo16gicos de los ovarios y de conteos y medici6n de
ovocitos entems. Para el estudio histol6gico de hs g6nadas se utiiiz6 la thxuca
chica sugeridayor Gabe �968! que consiste en la deshidrataci6n de hs muestras,
inciusi6n en yarafum, corte de 5 a 6 tun, tinci6n de tricmmo en un tiempo. El
examen de los cortes histo16gicos fue realizado tomando en cuenta los criterios
utilizados yor Brut et al. �999! para h caracterizaci6n de los diferentm ~s
histo16gicos de h ovogbnesis. Los cortes fueron auaiizados para:

i! Determirutr el grado de desarmHo golutdal de los orgauismos,
ii*! Observar la preserM:iade foliculos yost ovulatorios,
iii! Medir los diknetms de los ovocitos de cada estadio histol6gico, y
iv! Detcnninar el dihmetm mtuimo de los ovocitos vitel6genos, el cual fue

reaiizado utilizando h thymica proyuesta yor EItirk y Vingerhoed �989!.
Para el conteo y medici6n de los ovocitos entems se utilizo el mdtro

volum&rico pmpuesto yor Bagenal  Kartas y Quiguard 1984!. Las observaciones,
conteos y mediciones fueron realizados a travbs del uso de un microscopio 6ptico
y uno estereoscopio, ambos equipados con chnara de video, uua pantalla de
televisi6n y el sistema de antBisis de imhgenes "Micmmed". Con los valores
obtenidos por ambos dodos se geueramn histognunas de kecuencia de
distribuci6ndeldMmetmde los ovocitos con el fiade observar hpesaeiao no de
un hiato entre los lotes de ovocitos vitel6genos y yrevite16geuos.



El diknetro minimo de los ovoeitos vitelogenos, considerando corno el diametm
al cual el 50 % de los ovocitos analizados presentaban vesieulas de vitelo en el
citoplasma  estadio HI!  Figura 3!. Este dihmetro mlnimo fue de 96 pm para E.
gatrarus del Banco de Campeche.

Figure 2. Distnbuci6n de frecuencia de talfas de ias hembras capturadas en
Arrecife Alacranes  Negro! en diciembre tg98 - febrero 2000 y Bajos del Norte
Blanco, en febrero 2001.

100

96
Dihmetro efectivo  itm!

Figure 3. Distribuci6n de frecuencia del di4rnetro de los ovocitos pravitel6genos
 estadios l y II! y en inicio de vitelogbnesis  estadlo lli! para hembras del mero
colorado, E. uttatus.

Para analizar el patr6n de fecundidad de E. gurrarus se seleccion6 seis hembras
de diferentes clases de tails para cada sitio de estudio. Para Arrecife Alacraues
 Figura4A! a partir del estudio histol6gico se observ6, unadistribuci6n bimodal con

18
16
14
12

C 10
O 8

6
C3

0

80

60
e:

40
0
IL

20

55 Gulf and Caribbean Fisheries Institute

12

10 8 4 2 0.
40 42 44 32 34 36 38

Longltud total  cm!



Falfhn-V4squez, E et al. GCR:55 {2M4

dos lotes de ovocitos, el primero con dMmetros de 30- 150 pm que corresponde a
los ovocitos previtel6genos  estadios I y H! y el segundo de 240 - 390 pm que
corresponde a los ovocitos vitel6genos  estadios IV y V!; adem!Is de la formaci6n
de un hiato ubicado entre los dos lotes. A partir de los datos generados con la
th nica volumbtrica Figura 4B! se observ6 una distribuci6n unnnodal de ovocitos
con dihmetzos efectivos de 360 - 500 pm, los cuales corresponden a ovocitos
vitel6genos de estadios IV y V �40 � 390 imam! observados en los cortes
histol6gicos.
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Figure 4. Histogramas de distfibuci6n de frecuencia del dihmetro de los ovocitos
medidos sobre cortes hislol6gicos  A! y a travt8s del mt5todo volue@trico {8! para
Arfecife Alacranes. I y lL. ovocitos previtet6genos; ill: ovocitos en inicio de
vitek!genesis; IV: ovocitos en inicio de vitelogbnesis secundana y V. ovocitos en tin
de vit t8nesis secundana.
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Para Bajos del Norte  Figura 5A! a partir del estudio histol6gico se observ6,
una distribuci6n bimodal con dos lotes de ovocitos, el primero con diametros de 30
� 150 i2m que corresponde a los ovocitos previte16genos  estadios 1 y 8! y el
segundo de 210- 370 pm que corresponde a los ovocitos vite16genos  estadios 1V
y V!; adenhis de la formacion de un hiato ubicado entre los dos lotes. A partir de
los datos generados con la tecnica volumbtrica  Figura 5B! se observ6 una
distribuci6nunimodal deovocitoscondiametrosefectivosde 360-480 pm,los
cuales corresponden a ovocitos vitel6genos de estadios lV y V �10 � 370 ljjn!
observados en los cortes histol6gicos. En los datos generados con los ovocitos
enteros no se observe el lote de ovocitos previtel6genos debido a que estos se
encontraban unidos en grupos y era imposible separarlos sin mmperlos.
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Figure 5. Histogramas de disbibuci6n de frecuencia del di5metro de los ovocitos
medidos sobre cortes histologicos {A! y a travt5s del mtstodo volumtstnco  8! para
Bajos del Morta. l y II: ovocitos previtelbgenm; lll: ovocitos en inicio de
vitelogtsnesis; lV: ovocitos en inicio de vitelogt5nesis secundaria y V: ovocitos en fin
de vite tsnesis secundaria
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Dlscus@N
El metodo tradicional de medici6n y conteo de los ovocitos permite observar

el caxk~ modal de la distribuci6n de &ecuencia del dihmetro de los ovocitos y
determinar asf el patmnde fecundidadde laespecie Tresierray Culquichic6n1993!.
Sin embargo, es necesario tealizm, un analisis histol6gico de hs hembras maduras
a fin de precisar el estadio de madurez sexual de E. gNrIarus y determmar el
dihmetro minimo a partir del cual los ovocitos entran en viteloghmsis  estab IH!.
El aru8isis bistol6gico de los ovarios, permiti6 determinar que el 100'/o de las
hembras seleccionadas para este estudio se encontraban sexualmente activas, con
ovocitos en fin de vitelog6nesis secundaria  estadio ~ sin ovocitos hialinos, ni
foliculos post ovulatorios. Para esta especie encl Banco de Campeclte, los ovocitos
comienzan a entrar en vitelogbnesis cuaudo tienen un diimetro de 73 pm, Sadovy
et al. {1994! reportan valores simHares a los encontrados en este estudio, ya que los
ovocitos entran en vitelogenesis cuando tienen un dihnetro de 100 pm. Dicho
dihmetro servin1 para cuantificar la fecundidad de hs hembras y de esta rnanera no
subestimar o sobrestimar la fecundidad del mero colorado.

En los histogramas de distribuci6n de &ecuencias del dihmetm de los ovocitos
se observo que los ovarios estuvieron comprendidos por dos lotes de ovocitos
 previte16genos y vite16genos!, exhibiendo un solo lote de ovocitos destinados a la
puesta Con relacion a lo anterior existe poca infotmaci6n referente al yatr6n de
fecundidad de E. guttafus, Sadovy et al. �994! reahzaron un estudio con esta
especie, determirumdo macmsc6picamente el estado de mahrraci6nde las g6nadas,
solo midieron el dikmetro de los ovocitos tran desarmHados  vitelogenos!; con los
datos obtenidos realizamn histogramas de &ecuencia de los cMnetms de los
ovocitos y, finahnente sugirieron que hs hembras presentaban fecundidad
determintxhy que desovaban mks de una vez durante el curso de las agregaciones.

Con respecto a las tallas de los organismos se yudo observar que el yatr6n de
fecundidad es indeyendientedel peso yde la talla; lo mismo sucede con los sitios de
colecta

Con base aestos resultados preliminares, yen las observaciones realizadas yor
Sadovy et al. {1994! para E. guftatus de Puerto Rico, es pmbable que el mern
colorado presente una fecundidad determinada. Sin embargo, informacibn sobreel
ciclo sexual de la especie y sobre h evoluci6n de los estadios histo16gicos de los
ovocitos durante el perfodo de reproducci6n de este mern  fiLse de viteloghmis,
fase de desove y fase de postdesove! son todavia imprescmdibles para ctuacterizar
de manera definitiva el yatr6n de fecundidad de h especie.

La temporada durante la cual se realiz6 el presente estudio corresponde
generalmente a los meses de reyroducci6n de E. gnuarNs {BuHock y Smith 1991,
Colin et al. 1987, Sadovy 1996!. De hecho, bas dos en conocimientos empiricos,
los yescadores explotau losmems en' BajosdelNorteexclusivamente de febrero
hasta mayo, por ser el perlodo mhs productivo del a5o para la pesca de estos peces
en esta regi6n. Tuz- Sulub et al.  en yrensa!, mencionan que cate comyortamiento
gregario puede estar relacionado con la actividad reproductiva de este mero,
indicando que esta zona ptesenta indicios de agtegaci6n. Por lo cual una explotaci6n
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incontrolada de esta especie en sus hteas de agregacibn podria a futuro ymvocar su
desaparicibn e inducir una sobreexplotacibn del reclutamiento del recurso  Coltis-
Marrufo 2000, Tuz-Sulub, corn. pers.!.
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ABSTRACT

The gray snapper, Luj tanus griseus, is a temperate � tropical reef fish that is
found along the Gulf of Mexico And Atlantic coasts of the southeastern United
States. The fishery for gray snapper is rapidly developing in south Louisiana with
the advent of seasonal restrictions on the estaMished red snapper, L. camIn.'chanus,
fishery. We examined the age and growth of gray snapper in Louisiana with the use
of cross-sectioned sagittal otoliths. A total of 374 specimens, �02 males, 156
females, 14 juveniles, 2 unknown sex! were opportimistically sampled &om the
recreational fishery &om July 2001 to August 2002. Males ranged in size kom 308
to 732 mm TL and Sum 0.28 kg to 5.6 kg TW while females ranged &om 298 to
756 mm TL and &om 0.34 kg to 5.6 kg TW. A combined TL-TW regression for
males and females was fit on log tnmsformed data as TW = 1.15 x 10  TL! ~  r'
= 0.97!. Edge analysis of sectioned otoliths suggests opaque annulus formation
during the winter months. Age estimates ranged fiom 3-28 years for malesand 2-25
years for females. V on Bertalanffy growth models derived &om total length at age
are L, = 654.4�- e' ~~'@]! for males and 670.2�-e' '"~ "i! for females.
Each model also included 14 unsexed age-0 fish to pmvide points at the lower end
of the curve to better refiect early growth.

KEY WORDS: Gray snapper, growth, otolith

Evaluacion Preliminar del Edad y Crecimiento del Pargo Gris
 Luj talus griseus! en Agnas de Lonsiana

El pargo gris, Lutjanus griseus, es un pez arrecifal de clima templado-
tropical que se encuentra comunmente en la costa del Golfo de Mexico a traves del
sureste de los Estados Unidos. La pesquerfa del pargo gris esta siendo desarrollada
rapidamente en el sur de Lousiana debido alas vedas estacionales pma lapesqueria
del huachinango  Lujtanuscampechanus!. Se examino laedad y el ciecimiento del
pargo grisen Louisiana mediante el uso de secciones sagitales de otohtos. Un total
de 820 individuos �36 machos, 379 hembras, 5 sexo mdeterminado! fueron
mueslmdos oportunistamente de la pesqueria recreabva de Luisiana durante los
amos de 1998 a 2002 para datos morfometricos y otolitos. Los machos variaron en
tama5o de 222-693 mm de talla total y de 200 a 5,670 gr. de peso totaL Mientras
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que las hembras variaron de 324 � 756 mm. de taih total y de 460 a 5,850 gr. en
peso totaL El anilisis de covarianza no indic6 diferencia significativas en
coeficientes deregresion entre sexos, por lo tanto se uso unareyesion de tendencia
de longitudcombinadaconpesoparamachosyhembras delamanerasiguiente:4.47
X10  TL"2.81! r'=0.92!. El nllisiisdeotolitossugierelaformacibndeanilios
opacos durante el inviemo. Las edades esthnadas mediante otolitos variarion de 1
a 28 anos. La curva de cro:imiento de Von Bertalanffy basados en longitud total
resulto en una estimacion de la edad LT = 634.7  I � E"[-0.22 edad!]!  r = 0.67!
para machos y 6503� � E -021 edad!]!  r' = 0.67! para hembras. La ordenada
al origen fue forzadaa cero pararefiejarmejor el crecimiento envidatemprana Casi
un tercio de todos los machos y hembras fueron de 6 ag ahos de edad con
reclutamiento a la pesqueria recreativa del Golfo ocurriendo a h edad 6 a5os.

PALABRAS CLAVES: Pargo gris, t.uj tanus griseus, edad y crecimiento

INTRODUCTION

The gray snapper, Luj tanus griseus, is a tetnperate - tropical reef fish that is
found along the Gulf of Mexico and Athmtic Ocean of the Southeastern United
States. The fishery for gray snapper is rapidly developing in south Louisiana with
the advent of seasonal restrictions on the established red snappy fishery.

Some backyound information on early life history  Rutherford et al. 1989;
Domeier et al. 1996!, age and growth  Manooch and Matheson 1981, Johnson et al.
1994!, and reproduction  Domier et al. 1996! on this species is available for South
Florida waters and small portions of the northern Gulf of Mexico, but
comprehensive age and growth data &om the Louisiana fishery is nonexistent.

Accurate interpretation of presumed otolith annuh is crucial to successful
management of the gray snapper. Our goal was to collect gray snapper on a
seasonal basis &om the recreation fishery to determine timing of opaque zone
formation in otoliths and develop an age-aize distribution for this species off the
coast of Louisiana.

METHODS AND MATERIALS

Louisiana State University Coastal Fisheries Institute personnel sampled gray
snapper &om July 2001 to August 2002 at charter boat facilities in Fourchon,
Louisiana. Morphometric measurements  fork length  FL! and total length TL! in
mm, total weight  TW! and eviscerated body weight  BW! in g! were taken, both
sagittal otoliths were removed, and sex was determined for each specimen. For
specimens for which TL was unavailable, TL was estnnated &om FL with the
equation TL = 1.048 FL! + 8.35  linear regression, df = 275; p <8.001; r' = 0.98!.

Male and female TL - TW reyessions were calculated &om nabab log
transformed data with the model ln TW = m  In TL! + b. Regression coefficients
were compared between sexes with analysis of covariance  ANCOVA! and test for
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homogeneity of slopes. Age, TL, and TW &equency distributions were examined
in 1 yr, 25 mm, and 0.2 kg increments, respectively. Komolgorov-Smimov two-
sample tests  Sokal and Rohlf 1981! were used to test for diffezencesbetween sexe
in each of the &equency distribution comparisons.

Right and left otoliths were weighed to the nearer O.1mg. The left otolith was
sectioned with a Hillquest, model 800, thin-sectioning machine with a slightly
modified procedure borrowing petmgraphic techniques &om geology as first
described by Cowanetal. �995!. Ininstazzces whezethelefiotolith was unavaHable,
the right was substituted. Otolith cmss-sections wem examizzed with a dissecting
microscope with transmitted light and polarized light filter. Annuli, or opaque
increments, were enumerated along the ventral side of the sulcul groove. Two
readers performed increment counts independently without knowledge of capture
date or morphometric data. In instazzces where the initial count differed the otolith
section was reexamined by both readers.

Ages were estimated &om increment count and edge condition  Beckman et
al. 1991! with the equation described in Wilson and Nieland �001!; A birth-date
of 1 July was set when calculating age to coincide with previous research indicating
that gray snalzper spawn &om May to September with peak spawning activity
occuning in mid-July Allman and Grimes 2002!. Annulus counting ermr between
the two reader was evaluated a&er the second readings of otolith sectiozzs were
completezL Repmducibility of the resuLmt age estimates was evaluated with the
cod6cient of variation, index ofpmcision  Chang 1982!, and average percent ermr
 Beamish and Fouznier 1981!. Theperiodicity of opaque increment formation was
examined with edge analysis and by plotting the proportions of opaque otohth
margins by month of capture  Beckman et al. 1988, Campana 2001!.

Theoretical growth parameters derived &om TL at age were estuzuzted with
the von Beztalanffy gmwth model and nonHnear regression withleast squares based
on the formula:

wheze t is age in years, L, is TL at age t, L�is the theoretical maximum TL, k is the
gmwth coefficient, and t, is hypothetical age where TL is zem. The resultImt models
fitting panuneters for both males and females were then combined into one fuH six-
parameter model and compared to a reduced model on the pooled data inwhich sex
was not considenxL Each of these models also included 14 unsexed age-0 fish to
provide points at the lower end of the curve. These individuals ranged in size &om
36 mm to 94 mm TL. A Hkeiihood ratio test of the six-parameter and the pooled
data models was used to test for difference between sexes. Plots of residuals were
used to test for normality of the data. A significance level of 0.05 was used for aII
statistical analysis.
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RESULTS

Our personnel collected morphometric data, otoliths, and determined sexes for
374 gray snapper �02 males, 156 females, 14 juveniles, 2 unknown sex!. A
Komolgorov- Smirnovtwo-sample test indicated no sigui6cantdifferencebetween
male and fernale TL &equencies in 25 mm increments  D = 5.38!. Males ranged
&om 308 mm TL to 732 mm TL while females ranged &om 298 mm TL to 756 mm
TL  Figure 1!. Both males and females showed mutimodal distributions of. A
Komolgorov - Smirnov two sample test comparing distributions of TW  in 0.2 kg
increments! did not indicate a significant difference between sexes  D = 5.9!. Both
male and female TW distributions are very similar with males ranging &om 0.28 kg
TW to 5.67 kg TW' and females &om 0.34 kg TW to a maximum of 5.62 kg TW.
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F!gure 1. Total !ength frequency of male {n = 202! and female {n = f56! gray
snapper, LufJanus griseus, in 25 mm increments sampled from the Louisiana
recreational Ssh from Ju 2001 to Au ust 2002.

No signi6cant differences were detected when plotting TL-TW relationships
between sexes  ANCOVA test of homogeneity of slopes, F, », = 0.34; p = 0.56;
ANCOV A test for equal intercepts, F, ~W.31; p = 0.58!. Therefore, one TL � TW
regression was 6t for males and females as foHows:

Log TW  kg! = 1.15 x 10~ Log TL2~!

Examination of the percentage ofotoliths with opaque and translucent margins
by month of capture suggests that opaque increments are formed during the winter
months. Preliminary data suggests that a translucent increment is accreted on the
otolith &om April to October  Figure 2!.

Ages were obtained &om transverse otolith sections of 342 gray snapper �84
males, 142 females, 14 juveniles, 2 unknown sex!. Opaque rings are easily
distinguishable on the ventral side of the sulcul groove  Manooch and Matheson
1981, Shipp 1991, Johnson et aL 1994!  Figure 3!. Readers disagreed on ages for
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only four individuals, so the ages of the more experienced reader  AJF! were used
in all analyses. Both readers agreed on all other counts  N = 338! or 98.8 % of age
estimates after the second reading. The average percent error was 0.5 %, the
coefFicient of variation was 0.001 and the index of precision was 0.0009.
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Figure 2. Marginal increment analysis of gray snapper, Luj tanus griseus, otoliths
sampled from July 2001 to August 2002. Percentages of opaque margin edges are

lotted a ainst month of ca ure.

Figure 3. Photomicrograph of gray snapper, E.utjanus griseus, sagittal otolith
transverse cross section under transmitted li ht.

A Komolgorov-Smirnov two-sample test revealed no significant difference in
age distributions between sexes  D = 8.82!. Males ranged in age &om 3 to 28 years
while females ranged &om 2 to 25 years Males were found in the greatest numbers
at age 4 while females were most abundant at 8 years. The fishery is dominated by
younger fish with 72 % of males and females aged at 10 years or less.
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Data were fit to von BertalanKy growth models and conzpared between sexes.
A likelihood ratio test indicated a sigizificant difference between a full szx-pazzuneter
growth model and the pooled data growth model  X' = 35.93; df = 3~1;p <
0.0001!. Therefore, separate growth models were 6t for each sex  Figure 4!. The
von BeztalantI'y growth models derived &om TLs are:

L, = 654.4{1 � e ~~~"'"}

L,=$"/02{1Female

800

600

8

200
0
I

0

0 5 10 15 20 25 30

Age  yrzz!

Rgure 4. Von Bertalanffy growth models fitting total length at age for male and
female gray snapper, L+anzzs griseus, sampled from July 2001 to August 2002.
Each model includes 14 unsexed veniles ra in from 36mm to 94mm.

DISCUSSION

Gray snapper otohths are very similar in morphology, although much smaller
in actual size, to those of red snapper. Although the opaque increments aze distinct,
the small size of the otoliths and apparent longevity of the species pose some
chaHenges in age estimation. Considerable variability isdisplayedin the position of
the first annulus in gray snapper. A similar pattern, also exhibited in zed snapper
otoliths, 6nds the first annulus variously located fiom somewhat distant &om the
coze to close to and continuous with the otolith coze  Wilson and Nieland 2001!.
Additional problems in otolith interpretation include counting the closely spaced
annuli in older individuals and accurate mterpzz~onoftheotohthmargineondition
among these older specimens.

The lack of data from the months of November through March precludes our
making a defimtive statement of timing of opaque annulus formation based on
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marginal incrementanalysis. However, ourdata suggest that attanslucent inctetnent
is accreted at the otolith edge &om April to October. Burton �001! used marginal
increment analysis to validate the periodicity of gray snapper annulus formation in
Florida waters stating that as opaque annulus is deposited on the otolith edge during
June and July. Burton measured the distance between the distal edge of the last
opaque zone and the otolith edge and then plotted measurement means against
month of capture. He stated that the mean minimum distances, or minima, ~ould
indicate the month of opaque increment formation. However, measurement of the
minimum distance &om the distal edge of the last opaque zone may actually
represent the beginning of the translucent zone and therefore estiuutte a late period
of opaque zone formation.

Our maximum ages are greater then those found in previous studies. Johnson
et al �994! reported maximum ages of 23 and 25 years for males and females,
respectively, and Burton �001! reported a non-sex-specific maximum age of 24
years.

'%e von Bertalan6y growth models estimated a slightly larger nuutimum
theoretical size  Lv! for females than males at 670.2 mm TL and 654.4 mm TL,
respectively. The presence of more large, older fish in our sample population
resulted in the model forming an asymptote at a smaller maximum theoretical size
compared with Johnson et aL �994! who predicted greater maximum theoretical
lengths for both males and females with the regression method of Manooch and
Matheson �981! to back calculate lengths at age. Johnson et al. also had smaller
estimated growth coef6cients  k! than this study. Knight �968! noted the close
inverse cortehdion of pand k and that caution should be taken in interpretation of
these parameter. It should be noted that Johnson et aL �994! had no individuals
below 200 mm TL Burton �001! also estimated growth parameters by fitting
back-calculated lengths at age to predict larger maximum theoretical lengths.
Burton �001! had anumber of fish below 200 mm TL allowing for more accurate
estimates of k and to.
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ABSTRACT

The gray snapper, Lujtanus griseus, is an ecologically and commerciaHy
important fish thmughout the Caribbean. Despite its sigaificant role in the marine
ecosystem and its economic value, relatively httle is known about the early life
history of this species. Lengthoflarval life may influence the geographic botuuhuies
of local populations aad linked to tbis is larval growth rate. Faster growth duriag
larval life may result in shorter pelagic larval durations  PLD! aad may give fish a
survival advantage. Elucidating latitudinal differences in early life�history traits an
the eavironmental conditions leading to faster gmwthoflarval and juvenile snapper
should shed insight into the dynamics of larval life and the potential for population
connectivity. As part of a larger study of polatlation connectivity, young of the year
L griseus were collected &om fiv sites inde soutlteastemUnited States durin Fall
2000and 2001: Florida Ba, Biscayae Bay, SebastiauInlet, and Jupiter, Florida, and
Core Sound, North Carolina. Fish were measured, weighed and~ sagithtl otoliths
removed for aging. Standard otolith aging techniques were used to enumerate daHy
gmwth increments. Results demonstrated significant differences in gmwth rates
among sitesandbetweenyears, whichmaybe correlated withenvixonmeatal ~
such as temperature. There were also significant differences in the PLD ofjuvemles
between years and sites. Despite this, the larval trajectories across sites and years
were simHar. The similarities among larval gmwth trajectories suggest that aH of the
saapler within a given year were either in similar water masses or the same water
massduring thei larval life. The disconnection between larval growth aad PLD may
imply thathabitatavaHabilityduringtraasport, not gmwth, isdehmaimag settletaet<

KEY WORDS: Gray snapper, Luj tanus griseus, gmwth

Diferencias Locales y Latitndinales en el Crecimiento del
Fargo de Manf,le, Luj tNItus griseus, Durante sn Vida Pelagica

El pargo de mangle, Lujtanus griseus, es un pez ecologicalmetae y
commerciahnente importante en todo el Caribe. A pesar de su importante funciba
dentro del ecosistema marino y de su valor econ6mico se sabe muy poco sobre el
crecinuento de estaespecie, especialmeate durante los estadios pelagicos de su vida
. Corno parte de uu estudio de conectividad de poblaciones, los L. griseus mas
jovenes del a5o fuema colectados ea cinco sitios al sureste de los Estados Unidos
durante la temporada de oto5o de los a5os 2000 y 2001: Bahia de Florida, Babia
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de Biscayne, Inlet de Sebastian y Jupiter en Florida, y Core Sound en Carolina del
Norte. Los peces fueron medidos ypesados y los otolitos sagitales fueron extraidos
para determiner la edad. In~tos diarios de crecimiento fueron contados
usando bknicas estandarizadas de edad y la deposicion del incremento diario fue
validada Latasadecrecimiento durante los estadios larvalesyjuveniles, y asi corno
laduracibndelas etapas larvales planctonicasparecenestar influenciadaspor varios
factoies medioambientales a lo largo del gndiante de lathed. Los records de
otolitos indican diferencias en las tasas de crecimiento entre sitios y a5os.
Comparaci6n de estos datos con datos similares colectados en la costa oeste de la
Florida, indican Iaposibilidad quelasdiferencias entre lastasas de crecimiento sean
causadas por el medio ambiente. Los datos de edad colectados a traves de este
proyecto seran utilisados juntos con datos de microquimica para ayudar a dilucidtu
la probabiTidad de conectividad de las ploblaciones de esta especie.

PALABRAS CLAVES: Pargo de mangle, tuj tanus griseus, crccimieuto

1NTRODUCTION

'Ihe gray snapper, Lujtanus griseus is a moderate-sized  to 4.5 kg! widely
distributed fish, found in the westernAtlantic &om Floridathrough Brazil, including
Bermuda, the Caribbean and the northern Gulf of Mexico  Robins et. al. 1986!..
Gray snapper occupy a variety ofhabitats during their life cycle. Adults are found
near complex habitats such as coral reefy shipwrecks, rocky outcroppings and
ledges, and other natural live-bottom areas  Miller and Richards 1980!; they
aggregate on the outer reef tract to spawn dumig fuH moons of late summer months
 Starck and Schroeder 1971!. Once hatched, pelagic larvae are presuinably
dispersed ofixhore, but the specific path they foHow is not known. Eventually, late
stage hrvae enter shaHow seagmss and mangmve nursery areas for settlement. The
estimated pelagic huval duration  PLD! for this species is between 25 to 42 days
 Lindeman 1997!. With this PI.D and the possibility of entrainment into the Gulf
Stream, a broad geographical range of dispersal is possible. Furtherinore, there is
ample time for high mortality. Shortemng this vulnerable stage by growing quickly
may enhance survival. Larvae of some reef fish fishes with fiister growth settle out
of the plankton more quickly and aie therefore less exposed to predation  Searcy
and Sponaugle 2000!. Cunently, it is unknown what occurs during the early hfe
stages of gray snapper. The purpose of this study was to measure a number ofearly
life history traits of snapper settling to a latitudinal range of sites as a first step
towards abetter understaridmg of population emiiectivity in this species. Traits of
interest include: larval growth, size and age at settlement and juvenile growth rate.
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MEIBODS

Daily Age Estimation and Growth
AH the fish &om each location were used for otofith age estimation. Prior to

dissecuon, each fish was weighed and its standard length SL!, total length {TL! and
fork length FL! measured to the nearest0.1 mm usingdigital cahpers. The fish the
were dissected to remove the sagittal otoliths using standard techniques  Brother
1987!. First, aH unclear, abnormaHy shaped  non-hnear growth axis! sagittae were
discarded. One sagittal otolith &om each fish was used for agmg. AH otoliths were
mounted in epoxy, sectioned, sanded and read foHowing standard protocols  Secor
et al. 1991!. Otofiths were examined under a Leica transmitted light microscope at
400X. 'Ihe microscope image was captured with a &arne grabber and displayed on
a computer screen. Using the hnage-Pro image analysis system, we enumerated
increments along the anterior dorsal portion of the otoHth &om the core to outer
edge. Otolith length  radius!-at-age was recorded for every day in the larval and
juvenile periods. Thetimmg ofsettlement was detenmnedby examining otoliths for
optical marks associated with settlement. Fromthis information,thelarval duration,
time of settlement andjuvenile age, as weH as daily growth rates  increment widths!
and size at age during larval and juvenile periods were determined. To obtain a
measure of PLD, two days were added to the number of increments to account for
time to hatching.

Data Analysis
Analysis of covariance  ANCOUA! was used for comparu~ growth rates.

Analysis of variance  ANOVA! was used. to compare PLDs. Where possible
Tukey's multiple comparison test was used to look at site specific differences in
growth rates and PLDs  Zar 1984!. The increment width data  gmwth trajectories!
were analyzed using repeated measures analysis of'variance  MANOVA!.

Sample CoHections
Early-stage juveniles of L. griseus were coHected &om four locations along the

Florida coast  Jupiter, Sebastian Inlet, Biscayne Bay and Florida Bay! and one off
the coast ofNorth Carolina in the vicinity of Beaufort Inlet  Core Sound! during the
year 2000 and 2001. Samples were coHected near the end of the recruitment season
 SeptJOct.! as defined by larval ingress work in North Caroima Tzeng et al. 2002!
and in the Florida Keys. During sampHng, environmental measurements were
collected including: GPS position, bottom type, shore type, water temperature,
salinity, and tidal stage. Collected samples were &ozen and tranqurted to the
University of Miami- Rosenstiel School of Marine and Atmospheric Science for
further analysis.
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RESULTS AND DISCUSSION

The larval snapper growth trajectories were similar across the latitudmal
gradient, especially during the beginning of larval life. %hde there was slight
variationinthese trajectories, the overall trend was very similar. Growth trajectories
are a proxy for somatic growth and also reflect the environment that the larvae were
in. The similar nature of the huval trajectories from the various sites suggests that
fish were in the same or sunilar water masses during their larval life.

Although the larval growth trajectories were similar, pelagic larval durations
were longer for fish settling to northern sites. In reef fishes it has been shown that
faster growth leads to quicker settlement  Searcy and Sporuu~le 2000!. However,
in this case, growth was not faster for those fish with shorter pelagic larval
durations. Even though the growth trajectories were similar, the size at settlement
 based on otolith radius at settlement! was also larger at northern sites because the
fish &om the northern sites were in the plankton for a longer period and should
therefore be larger. The combination of size at settlement, and similarities in larval
growth trajectories, yet dHFering PLDs indicates that perhaps habitat availability
rather than growth uncs or competency may be afFecting settlement.

Thejuvenile stage of gray stutpler showed a very difieren trend &om the larval
stage. Juvemle growth rates werehigherat southern locations compared to northern
locations. This isespeciallyevident when size-at-age isanalyzed. BiscayneBayfish
had a larger size at age than fish &om Core Sound in both years of this study.
IMferences in environmental ~ especially warmer water temperatures at
southern locations, likely contribute to this pattern.

Although gmwthratesat the southermnost site FLB! mayhave been infl~
by the larger size range of fish collected  assuming progressive selective mortality
of slower growers!, there was a consistent trend ofhigher growth at soutlmn sites
relative to northern sites.

In the future, these data will be combined with microchemical analysis of the
other sagittal otolith &om the same fish to develop a model of population
counectivity for L griseus. Because of the important economic and ecological role
of gray snapper in the coral reef and mangrove ecosystem, uruhrsllsnding where
they spawn aud how and where they are disused has important management
implications.
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INTRODUC CION

La pesca es una actividad importante en el mundo, en el estado de Quintana
Roo, la pesca es una actividad que se practica desde hace muchos a5os y se
encuentra entre las mas important' para la sobre vivencia humana. Entre los
organismos con mayor inter6s comercial se encuentra el caracol  Strombusgi gas!,
la langosta  Panulirus argus! y la escama teniendo al mero  Epinephelus tnorio! en
primer lugar, el boquinete  Laclmolaimus tnminnts!, canane, negrillo  Mycteroperca
bonaci! entre otms.

La actividad pesquera de esta zona esta considerada corno una pesquerh
artesanal en donde intervienen lanchas de 6bra de vidrio y motores fuerade borda,
ya que no se alejan mucho de la costa  Miller 1982, Alcalde Moya 1985, Sosa
Cordem 1995!.

El mero es uno de los principalesgbnems de mayor explotacion desde el Banco
de Gunpeche, en donde intervienen Ias fiotas de Estados Unidos, Cuba y
principahnente Mexico, hasta la parte norte del Estado de Quintana Roo.

En M&rico abunda en la platafonna continental &cute a la peninsula de
Yucathn, aunque existe en canfidades menores en otras localidades del Golfo y del
Caribe; se captura de marzo a diciembre a pmfundidades entre las 12 y 20 brazas.
En el Pacifico, la mayor parte de las capturas pmceden de Sinaloa, Nayarit, Sonora
y Baja Californiay con Secuencia sepescan corno fauna de acompalamiento en Ias
redes camamneras.

Una breve descripcibn de su explotacion, en donde los volmnenes de captura
incremento en un 460/o pasando de 1 941 Tn. a 8 929 Tn.  SEC. 1964, DeL Est.
Pesca 1984!. El producto de esta pesqueria akanzo en 1988 un total anual de 13
440 toneladas, correspondiendo al pacifico 115 y el Atlintico 13 325, representa h
pesca de escama de mayor valor comercial en el sureste del paLs. En general se
procesa en fonna de filetes congelados que, en su mayor parte, se envian a Estados
Unidos, donde es muy estimado y solo superarlo por el guachinango. Encl mercado
nacional, gran parte de la captura se consume en fonna de filetes &escos y
congelados; tambibn se comercializa entre eviscerado y en menor proporcion se
expande corno producto seco, saiado.

Los meros, pertenecen a la farmiia Serranidae y se localizan en fondosmcosos
o fangosos de bahlas pmfundas, desde 10 metros hasta los limites de la plataforma
continental; prefieren lugares sombreados y con poca luz y solo excepcionalmente
llegan a los grandes abismos; son carnivoros sumamente voraces y su dicta
ahmenticiasebasaen peces, cangrejos, camaronesymoluscos. Corno ejemplosesta
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el mero pinto o chezna yucateca  Epinephelus morio!, la chema  Epinephelus
itaira!, el mero  Epinephelus szriatus!, el mero itahano  Epinsphetus guasa! y el
mero blanco Epinephelus geneus!.

El objetivo del presente trabajo fue determinar las principales tallas de captura
del mero  Epinephelus morio! en la pesqueria artesanal que se realiza en Ia Isla de
Holbox, asi corno la relaci6n longitud-peso de dichos oryunsmos y de estamanera
poder detezminar los IMmhnetros de crecimiento. Con la realizaci6n del preMszte
trabajo y con laayudade trabajos sobre labiologiade laespecie, Ias condiciones dei
stock peutuezo a travbs del tiempo; se pretende dar a la pesqueria de la zona norte
del Estado de Quintana Roo pzedicciones seguras para tener buenas estrategias
alteznativas de explotaci6n de una de las cspecies de mayor importancia comercial
en la zona corno es el mero  Epinephslus morio!.

ANTECEDENTES

Respecto alaedad yczecimiezzto Moe�969!, realiz6 porprimeravezel estudio
sobze, trabajando con el mero en la costa Oeste de Florida Para el mero del Banco
de Campeche, Gonzalez �974! utilizazzdo el hueso Urhoidal y Muhlia �976!,
utiTizando los otolitosdetezminanlaedadyel czecimieuto al estudiar lapesqueriadel
mero.

Ruiz Dura �97S!, hace uua descripci6n de las caracteristicas del zecurso
Ephinephelus moria asi corno.distribucibn, su situacion actual, la ubicaci6n ecotica
y tallacomezcial. Posteriormente VaIdesy Padz6n�980! al estudiar la pesqueruzs
de palazzgre de la misma zegi6n detezzninazou la edad y el czecimiento utilizando el
hueso Urohial y Doi, MezxHzhbal y Contzeras 19S1 al realizar un analisis pzeliminar
de la poblacibn del mero del Banco de Campeche deterzninazun Ia edad y
czecimiento a partir de la lectura de otohtos.

Rios Gloria, Zetina Moguel, et al. �996!, realizan un am8isis de Ia comumdad
de peces ligados a la pesqueriapalangrezade mero  Epinephelus morio! en el banco
de Campeche ademhs de pubhcar el mismo aio notus sobze la zeproducci6n de la
misma especie en el banco de Camlzeche, Golfo de Musico.

Richazdson y Gold en 1997 realizan un estudio de diversidad del DNA
mitocondrial y estructuza de Ia poblacibn de Epinephelus maria paza el Golfo de
Mexico.

En 1999 Arreguin-Shnchez, Francisco y Tony J. Pitcher, realizan un trabajo
Ilamado "Capturabilidad estimada y su aplicacibn la red grouper  Epinephelus
maria! en la pesqueria del banco de Campeche, para la realizacibn de modelos que
predicen la captuza, el modelo se basa en una matriz de tzansicibn y datos
exIMesados por la estructura de longitudes en captura por unidad de esfuerzo de la
poblacibn.
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AREA DE ESTUD10

La isla Holbox  Figura 1!, se encuentra dentro del area natural protegida, con
caracter de area de proteccidn de flora y fauna denominada Yum Balam, entre los
paralelos 21'l5' y 21'42' de latitud Norte y los meridianos 87'06' y 87 31' de
longitud oeste, en el extremo Norte del municipio de Lazaro Cardenas, sus
dimensiones aproximadas son de 34 km de largo y 2km de ancho, situada a
OmlSNM.

C'liLF GF MKgC.Q
CARIBBEANSOaSaX 'R, =' - gyp: � ' X:

cwclMtm:' .~p: .'
I

Fi ura 1. Area de estudio

Las caracteristicas de esta zona son selva mediana, salva baja inundable,
humedal y manglar chaparro. Las actividades que se desanollan son; el turismo
ecologico, la investigacion y actividad pesquera: captura de escama, langosta y
pulpo. Siendo restringida la pesca en la laguna Yalahau.

A nivel municipio el de clima calido subhumedo AWO! con lluvias en verano,
pero las variaciones en la cantidad de precipitacion anual dan lugar a tres subtipos
de este clima. La oscilacidn termica entre 5 y 7'C. La temperatura media anual es
de 26'C; con lluvias en Julio-Agosto-Septiembrey nortes en Noviembre-Diciembre-
Enero-Febrero.

La precipitacion pluvial corresponde a la clasificacion de regimen tropical
lluvioso con lluvias en verano y en invierno, con lapresencia de los vientos del norte.
Las mayores precipitaciones en la costa de la region alcaazm los 800 mm anuales.
Los vientos dominantes en esta parte del estado son los del norte.
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METODOLOGIA

Los muestrms se efectuamn mensualmente de Septiembre, Octubre, Noviembre
del 2001, Marzu y Mayo del 2002 en la blade Holbox Quintana Roo. Los datos se
obtuvieron de la pesca artesanal, donde se obtenian de maneraazarosa las longitudes
y pesos del mero  Epinephelus morio!, contamos con un icti6metro con precision
de 1 mm y una balanza comercial con precision de 1 gm.

a. Longitud furcal  mm!
b. Peso total  gm!

Los ejemphues fueron tornados de la captura comercial de las embarcaciones
de la flota menor en el puerto de arribo de la Isla de Holbox. E} arte de pesca que
utilizan los pescadores en la captura de dichos organismos es la Imea y el anzuelo.

Relacibn Longitud Peso
Para obtener la relaci6n longitud-peso de los organismos muestreados, se

utilizo la ecuacion siguiente:

donde:

W = peso
L = longitud
a = coe6ciente de condicion

b = parkmetro de ajuste

Para poner los valores de a y b se efectu6 una regresi6n logaritmica con los
datos de longitud y peso de los muestzeos, en el pmgrama Excel.

Crecimiento Tebrico

Para determinar los parhmetms de crecimiento, se ingresamn los datos de
Iongitud-&ecuencia de los datos obtenidos en los muestreos por los cinco meses, la
programs Fisat, en donde, por medio de Ias aplieaciones de ELEFAN y Shepherd
se obtuvieron la Loo y K Para la estimaci6n de las longitudes que presenta el pez
a una edad determinada se aplico la ecuaci6n de Von Berta1an6y �938!.

RESULTADOS

La pesqueria del mero es de importancia en la comunidad de Holbox. En la
Figura 2, se ve refiejada la producci6n durante el periodo comprendido entre
1990-2000.
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Figure 2. ProduccNn anual del mero  Epinephelus morio!

El numero total de organismos muestreados durante los cinco meses fue de
1041 de los cuales solo 668 fueron de longitud y su peso conespondiente. En
cuanto alas tallas, laminunaobservada fuede205 mmy la maxima fue de 650 mm.
Asi corno tambi& el peso minimo de 240 gr y el peso mkxhno muestrettdo de 2000
gr. La desviacion esthndar mayor se registro en el mes de Septiembre  Table 1!

Table 1.

~io
Desv. Estan.
Tmax
Tmln

hC
or 1,000,000.00

e 800,000,00
C

600,000.00

400, 000. 00

a. 200,000.00

Promedio
Desv. Estan.
Tmax
Tmin
M

Septiem 10
371.057803
65.8T72388
595
281
147

Septtem 10
771.904762
590.386562
3150
250
147

Octubre 01
359.846154
48.7234671
500
205
116

Octubre 01
676.810345
226.24957
1550
370
116

Noviemb 01
421.356643
65.'l974688
642
290
31

Noviemb 01
753.870968
261290737
1600
400
31

Marm 2002
330.6¹285T
49.6492864
450
260
84

Marm 2002
475.095238
191.707082
940
290
84

Mayo 2002
334 960486
64.8729172
650
230
290

Mayo 2002
507.5136T8
263.654038
2000
240
290



La distribucibnde los intervalos de &ecuenciapor mes y el total se detallan
a continuacion en el Figura 3.

215 245 275 305 335 385 395 4A ~ 485 515 545 575 805 835 885 895 725

Intervalos �!

Fi ura 3. Distnbuci6n de los intervaios de frecuencia

Al aplicar la relacit3n longitud-peso, es decir el tipo de crecimiento, dando este
un crecimiento alometrico, corno se observa en la Figura 4.
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Relacibn Long-Peso
R =0.8581



Los parhmetros de crecimientoque se obtuvieronpor el programa Fisat, con las
aplicaciones de ELEFAN y Shephnd, asi corno tambiW el calculo de to se pueden
observar en la siguiente tabla  Tabla 2!

Table 2. Parhmetroa de crecimiento del mero, E ine helus mcuio
SHEPHERDELEFAl4

0.368
782

-0.2510
-1.641

0.314
795

-0.2335
-1.712

K
Lao
Log To
To

Las estimaciones de las longitudes que presents el pez a una edad detezminaria
 Von Bertalan6y! se observan en la Tabla 3, y en laFigura 5 se observa la relacion
entre la edad y la longitud que presenta le organismo.

Tabla 3.

0 1
2 3
4 5
6 7
8

9

10

11

12

13

14

15

18

17

18

19

20

SoHo INoguef, K. et al. GCR:55 {2M4!

562030539

255.294773

400.735062

506.981981

584.597342

641.296855

682.716928

712.97507S

735.079234

751.228741

763.022801

771.640048

777.93511

782.533773

785.893184

788.347298

790.140074

791 A49732

792.406462

793.105371

793.615937

88.63N89

287.281586

438.911394

544.067091

618 992861

667.567087

702.640454

726.963933

743.832333

755.530616

763.643408

789.269652

773.171468

775.877388

77T.753952

77S.055354

779.957 &TS

780.583784

781.01 785

781.318876

781.527639
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Figure 5. Curva de crecimiento obtenido con Ios parametros de crecimiento de
Eiefant She rd ara ei mero  E inephelus morio

DISCUSIbN
Los parametros de crecimiento obtenidos por el FISAT, predice una longitud

maxima de 650 nun y un coeficiente de crecimiento "k" de 0314. Estos parametros
de crecimiento comparados con los encontrados por Aguilar Davila �989! en el
Estado de Yucatan, dan corno talla maxima 821 mm yuna k de 0.1350, la diferencia
es notable en ambos parametros, tomando en cuenta que en dicho trabajo el tamano
de la muestra fue mayor �3,068 ind.!, ademhs de utilizar diferentes modelos corno
el de Beverton y Holt para la detenninacion de los mismos.

No obstante, la tasa de crecimiento que muestra Epinephelus morio, se
considera ligeramente alta, con esto se esperarian tasas de crecimiento mas bajas
debido a la biologia de la especie, ya que es un organismo longevo; este resultado
comparado con otros trabajos de cspecies pelagicas de crecimiento rapido, corno:
el macarela Scomberomorus cavalla, K= 0.35; y el sabalo del Atlantico Brevoortia
tyranus, K= 0.391.

Con todo lo anterior se demuestra que el mero  Epinepheius morio! es una
especie de crecimiento lento y vida larga, �5 anos!.

Se obtuvieron datos proporcionados por SAGARPA, que rellejan Ia situacion
de la pesqueria de escama, en las cuales nos avocamos a los valores alcanzados por
el mero en la Isla de Holbox en un periodo de 10 anos �990-2000!  grafica 1!, la
grafica nos indica que la maxima produccion se obtuvo en loa anos de 1991 y 1992,
y no se observa una disminucidn considerable a la fecha, ya que en los anos
restantes se ha mantenido en un nivel similar en cuanto a ala produccion anual.
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Bn el Figura 3 nos arroja la distribuci6a de los intervalos �cm! de Secxumcia
quedando los meses de Septiembre y Octubre con los mveles mas altos de &ecuencia
y coa intervalos de 335, los meses de Noviembxe y Matzo con 365 de intervalo y
Mayo con 305, eso quiere decir que los orgamsmos capturados ea el lapso de-estos
cinco meses estuvieron entre las tallas de 305 a 365cm, siendo estas tallas
encontradas entre las prixneras etapas juveaBes.

Corno se observa en la Figura 4 la relaci6n longitud-peso nos muestxa una
pendiente de de 2.8336 lo que nos indica que la especie estudiada tiene un
crecimiento alom&rico, la relaci6n existente ente hs dos variables R~ = 0.8581
indica que el 85'/o de los organismos se ajustaron a la curva potencial.

En la Tabla 3 se muestran las estunaciones de las longitudes del pez a
determinada edad  Voa Bertalanffy!. En el Figuxa 5 se observa el crecimiento del
organismo a trav6s del tiempo por medio de dos dodos indirectos, donde se
observa que existe cierta semejanza en cuanto a las curvas.
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ABSTRACT

During September 1994-1997,opportunistic samplingofred snapper Lutjanus
campechanus! at a small, artificial structure in the Mississippi Sound estuary
provided information on age, zepzoductive biology, diet and behavior ofjuvemle and
adult red snapper &om inshoze habitat. The study zepresents the first detailed
account of adult red snapper &om a northern Gulf estuary. Red snapper  n = 302!
collected &om the study site ranged in size &om 229 - 714 mm TL; 172 were
retained for laboratory examination, and 130 were tagged and released. Age
estimates for some specimens  n= 36; 326- 713 mm TL! ranged &om 2- 5 years.
Histological assessment of gonads &om a small sample of fish  n = 13! collected
primarily during late summer and M  near the end of the spawning season! revealed
sexually mature males  n= 5; 390-520 mm TL! and females with zegzessed ovaries
 n = 5; 326 - 662 mm TL! or imnature ovaries {n = 2; 326 and 330 mm TL!.
However, ovaries &om a single female collected during July {during the peak of the
spawning season! contained oocytes in the final oocyte maturation FOM! stage, an
indication of imminent spawning. This finding was of great interest since zed
snapper are reported to spawn only in offshor waters. Snapper diet consisted of
6sh, crustaceans and cephalopods. Anchovies  Anchoa hepsetus and A. sp.! and
hardhead catfish  Arius felis!, were the dominant prey in the diet and occiured in 54
lo of stomachs. Gulf crab  Callinectes similis!, other portunid crabs, and penaeid
shrimps were the primary cnzstaceaus in the diet. Tag-recaptzzres  n = 32! were
&om the site of tag-release only and extended &om 1 - 373 days-at-large.
Recaptures documented growth for fisb,primarily juvnules and young adults, at the
study site and suggested site fidelity and overwintering for some fish. Aspects of the
perennial occurrence of adult red snapper in the Mississippi Sound estuazy aze
discussed.

KEY WORDS: Luj tanus campechanus, estuarine habitat, Mississippi Sound
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Asociaciom del Pargo Roj o  Luj tattus campeehattus! con mrna
Pequena Kstructura Arti6cial en Mississippi Sound, un

Kstuario al Norte del Golfo de Mexico

PALABRAS CLAVES: Pargo rojo, Lujtanus campechanus, estructura artificial

INTRODUCTION

Red snapper occur &om the mid~stern coast of the United States through the
Gulf of Mexico {Gulf! to the Yucatan  Hoese and Moore 1998! and support
valuable connnercial and recreational fisheries throughout their range. The red
snapper fishery is the most economically valuable fishery %the snapper/grouper

Durante Septiembre 1994 - 1997, el muestreo oportuno del pargo rojo
 Lutjanus campechanus! en una pequela estructura artificial en el estuario de
Mississippi Sound proporciono informaci6n sobze la edad, biologia reproductiva,
dicta y comportamiento del pargo rojo  juveni1 y adulto! encl habitat costero. Este
estudio representa la primera valoracion detaHada del pargo rojo adulto en un
estuario al norte del Golfo. El pargo rojo  n = 302! colectado en el sitio del estudio
fluctuo en tama5o entre 229 - 714 mm LT; 172 fueron conservados para ser
examinados encl laboratorio, y 130 fueron marcados con etiquetas y liberados. Las
estimaciones de edad para algunos especimenes  n = 36; 326 - 713 mm LT!
Quctuaron entte 2 - 5 ahos. La exauiinacion histol6gica de las g6nadas en una
muestra peque5a de pescados  n = 13! colectados primordialmente a finales del
verano y otoio  cerca del final de la estacidn de desove! revel@ a los machos
sexualmente maduros  n = 5; 390 - 520 milimetros TL! con el esperma en los
16bulos y en el conducto espermatico y las hembras con los ovarios en regtecion  n
= 5; 326- 662 mm LT! o los ovarios inmaduros  n = 2; 326- 330 mm LT!. Sn
embargo, los ovarios de una sola hembra colectada en julio  durante el pico de la
estaci6n de desove! contenia los oocitos en su etapa final de maduraci6n  FOM!,
una indicaci6n del desove inminente. Este descubrimiento fue de gran interes,
particulannente debido a que el desove del pargo rojo es descrito solamente en
aguas alejadas de la costa La dicta del pargo consisti6 en pescados, crusthmos y
cefa16podos. Pescados, sobre todo anchoas  Anchoa hepsetus y A. sp.! y el siluro
de cabeza dura  Ariusfelis!, fueron la presa dominante y ocumeron en el 54 /o de
los estbmagos. El cangrej o azul  Callinectes sapidus!, otras jaibas  portunidae! y
caniarones  penaeidae! fueron los ctusthxes dominantes en la diet+ El calamar
contribuybmuy poco en ladies Recapturas  n = 32! fueron establecidas solamente
en el sitio de Hberacion y fluctuo entre 1 - 373 dias de Hberacion. Recapturas
documentan el crecimiento de cada pez  juveni1es y adultos jovenes! y sugiete no
solamente coneccion a largo plazo con el sitio sino su permanencia dumnte el
inviemo. Los aspectos de la ocurrencia perenne del pargo rojo adulto encl estuario
de Mississippi Sound son discutidos.
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complex in U.S. waters of the Gulf.
The biology, ecology and behavior of red snapper &om the Gulf have been

recently studiedby Comyns and Lyczkowski-Shultz�993! -larvae; Render �%5!,
Collins et al. �996!, Woods et al.  in press! - reproduction; Szedhnayer and Shipp
�994! - habitat; and Wilson et al. �001!, Patterson �999! and Fischer �002!-
age/growth. Life history studies of red snapper typicaHy focused on associations
with offshore arti6cial reefs and petroleum platforms.

Juvenile red snapper are occasionaHycoHected inreseazchtrawl hauls and beam
plankton net hauls associated with 6sheries assessment and monitoring studies in the
Mississippi Sound, a shaHow  x depth = 3 m! northern Gulf estuary, and are
coHected &om �! &om sea grass flats  shoal grass, Halophia sp.!, �! over sand-
mud bottom, and �! hn Dog Keys Pass at Horn Island  IFMAP,2001!. Hastings
�979! observed that adult red snapper rarely move into coastal Gulf waters, and
adult zed snapper have not been reported from the Mississippi Sound.

In September 1994, we encountered an aggregation of large red snapper at a
small, isolated, arti6cial structure within the Mississippi SoumL The inshore
occurrence of large red snapper was considered uncharacteristic for this species
within the region and prompted us to periodicaHy visit the site to investigate
biological and behavioral aspects of red snapper associated with the structure.
Although the Mississippi Sound ~ is not considered essential habitat for red
snapper, our smaH-scale study documented the seasonal occurrence of adult and
large juvenile red snapler within inshore coastal waters of the northern Gulf.

MATERIALS AND METHODS

Study site
During 6sheries sampling activities conducted September 1994 - September

1997, we investigated zed snapper associated with a smail azti6cial structure
 appzoximately2m'in size! which weopportunisticaHydiscoveredinthe Mississippi
Sound on 24 September 1994. The stnzctzue was located in six meters of water at
La@ 30'14'N and Long. 88' 3 PW, 3 hn north of Petit Bois Island and 8 km south
of the mainland {Figure 1!. The structuze lay on the sloping bank of a 14m~
navigation channel, the Pascagoula Ship ChanneL The stnzctuze was tentatively
identifiedas ametaHic object, however, its exact composition, pro6le and size were
not determinezL We did not dive on the site, nor did we deploy underwater cameras
to photo the struz~. The substrate at the site was a mixtzue of sand and mud.
Hydrological data were zecozded during research activities.

Specimen Collection
AH specimens were caught by hook-and-line gear using natu' and arti6cial

baits. Two research teams  including one consisting of the authors and coHeagues!
participated in opportunistic 6eld collections and the tagging of red snalzper 6om
the study site during the four year study. The authors did not have access to the
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overaH catch of snapper for purposes ofbiological sampling, but we did obtain field
coHection data and size data for aH specimens.

Rguxe 1. Map of the study area showing the Mississippi Sound and the study
site location shown star .

Laboratory Processing and Sample Analyses
Most fish examined and sampled in the laboratoxy were measured  nearest 1.0

mm total length, TL!, weighed nearest 1.0 g., TW! and sexed. Ihe gonads of some
specimens were xemoved by other researchers prior to eiuunination by the authors,
and those fish were not sexed. AH lengths axe reported as TL

Reproductive Biology � Macroscopic  gxoss! observations of whole gonads were
recorded for a few specimens. During the summer of 1995 and late sinnmer and fiiH
of 1996, gonads were removed &om a small number of large specimens and
weighed, and a smaH portion of gonad tissue was placed in 10% buffered foxxxialin
for histological assessment foHowing Brown-Peterson et aL �001!.

Age Estimation � Sagittal otoHths werexemoved SomasmaH number of specimens
caught during late summer and fall of 1997. The leR sagitta was processed for
ageing following Fxanks et aL �999!. Opaque bands wexe counted as annuli &om
the core of the otolith to the edge  distal margin! of the otolith in the ventral lobe.
The first opaque mark  smudge! was counted as the Age-1 mark, a decision based
in part on recent red snapper research by Wilson and Nieland �001!.
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Diet � Specimens collected during October and November 1994 were examined for
stomach contents. Snappers were placed on ice tomininiize digestive activity, and
in the laboratory the contents were sorted, identified to the lowest possible
taxonomic level, counted aud measured votumetricaHy to the~0.1ml by water
displacement in a graduated cylinder. Bait was not included in the analyses. Prey
were pooled for aH stomachs and were represented as percent numeric abundance
  ~/oN!, percent volume  %V!, and percent fiequency of occurrence  %F!. Empty
stomachs were excluded &om calculations.

Tag-release
From October 1994 - December 1996 juvenile and adult red snapper were

tagged aud released by study personnel. Fish were tagged. with individually
nmnbered �! HaHprint polypropylene dart tags with an attached streamer which
contained the laboratory's phone number and mailing address, or �! individually
numbered T-bar anchor tags. Tagging date, fish length  mm, TL!, condition of fish
prior to release and any pertuient comments were recorded on individualized tag-
release data cards. Tagged fish were re-captured during subsequent visits to the
study site, and the recapture date and fish length were recorded.

Two coded acoustic tags  Sonotronics, Inc., model CT-82-3, 40-day life! were
used to examine short-tenn movements and site fidelity. One transmitter was
attached externally to an adult snapper �21 mm TL! on 9 December 1994, and
another was implanted into an adult �83 mm TL! on 1 December 1995. Acoustic
scans for the fish were conducted during foHow-up visits to the study site.

RESULTS

From September 1994- September 1997, 302 red snapper were coHected &om
the study site  does not include tag-recaptures!. Twentywne �1! of 24 total visits
 88 %! to the site produced red snapper. The number of fish caught during
individual trips ranged &om 1 - 42. The amount of time each research team spent
during visits to the site varied &om 0.5 - 6 hours. We did not calculate CPUK.

Red snapper caught at the site ranged &om 229-714 mm. Ofthe 302 specimens
collected, 172 were retained for laboratory examination, and 130 were tagged and
released  see secfion below!. Specimens retained for laboratory
examination/sampling ranged &om 252 - 714 mm  x = 524 mm! and 300 - 5,221g
TW  x =2,088 g!. Sex was determined for 89 of those 172 specimens: ma1es
 n = 56; 326 - 713 mm, x=498 mm!; females  n = 33; 380- 696 mm, x=532 mm!.

The majority of specimens �5 %! were caught during September  n = 54; 279
- 711 mm!, October  n = 136, 229 - 714 mm! and November  n = 37; 262 - 686
mm!, and others were collected during January  n = 4; 300- 310 mm!, May  n = 11;
252 -432 mm!, June  n = 7; 330- 381 mm!, July  n =12; 300- 559 mm!, August  n
= 16; 287- 622 mm! and December  n = 25; 287- 483 mm!. The largest fish were
caught &om August - November.

Surface and bottom water temperature at the study site ranged &om 152-24.1'
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C and 16.4- 24.2' C, respectively. Surface aud bottom salinity ranged &om 17.6-
30.0%o. and 24.6- 34.0%o., respectively. Water clarity  visibility! ranged &om <
0.5 m  turbid! to 3.0 m  blue-gzeen!. Tide condition  i.e., flooding, high, ebbing or
low! did not seem to affect the catch of red snapper.

Reproductive Condition

Gross assessments � Macroscopic assessments of gonads &om snapper >430 mm
collected primarily during late summer  August and September!, faH and winter
revealed females withsmaH, reddish-puzple, paztiaHy Qaccidovaries whichappeazed
spent and mdes with small, white testeswhichproduced smaH amounts ofmilt when
squeezed. Numerous females between 275 -430 mm had ovaries that were small
and reddish in color and appeared immature  ovaries of the largest specimens may
have been spent!, and males between 330 - 430 mm had testes that were gray in
color and appeazed immature. The ovaries of one specimen�59 mm;2,111.3g TW!
caught in July 1995 appearedweH developed andyeHowin appearance and weighed
1923 g.  -9 '/o of total body weight!.

Age Estimates
Although the overaH sample of fish &om the study site consisted of specimens

which ranged &om 229-713 zzm, we coHected sagittal otoliths &om only a few fish

HistoJogicaf assessments � Male red snapper  n = 5; 390 - 520 mm! sampled for
hzstologiczd assessment were caught in September  n = 1; 390 mm! and October  zz
= 4; 466- 520 mm!, 1996. AH five males were sexuaHy mature. Four of the five fish
exhibited spermatogenic activity and showed spermatozoa in the lobules and the
sperm ducts. One fish caught in late October had sperinatozoa in the ducts, but
spermatogenic activity had ceased and the testes appeared ahnost spent. The age of
the September fish �90 mm!, the only one of these males examined for age, was
estimated to be two years.

Female red snapper  n = 8; 326- 622 mm! sampled for histological assessinent
were collected in 1995  July, n = 1, 559 mm; August, n = 1, 662 mm; and
September, n = 4, 326 - 483 mm! and 1996  October, n = 1, 430 mm; and
December, n= 1,330mm!. Ovaries &om the July fish wereweH developedand
exhibited final oocyte maturation  FOM!, an indication of imminent oocyte
hydration and spawninI�However, there were no indications of recent spawning by
this fish, i.e. we found no postovulatozy foHicles  POF!. Ovaries &om the August
fish, the largest female examined for relzzoductive condition during the study,
weze found to be regressed and exhibited considerable atresia as did the ovaries
&om the September and October specimezzs, with the exception of the smaH
September fish �26 mm! which may have been immatizre. The December female
�30 mm! appeared regressed, but since there was no evidence ofatresia, may have
been iznmature. The age of the largest September fish�83 mm!, the onlyoneof the
eight females examined for age, was estinuited to be four years.



Page SS955 Gulf and Caril&ean Fisheries Institute

 n = 40; 326- 713 mm!. Of the 40 otoliths processed for ageing, 33  88 '/o! were
considered readable �8 males, 15 females!, and two readers agreed on the number
of opaque bands for those sagittae. Estimated age was assigned as follows: Age-2
 males, n = 2, 326- 390, x = 352 mm; females, n = 1, 430 mm!, Age-3  males, n =
5, 443 - 548 mm, x = 481 mm; females, n = 2, 380-601 mm, x = 491 mm!, Age-4
 males,n=80, 433-675mm, x=599mm; females,n=9, 483-610mm, x=540
mm!, Age-5  males, n=3, 574-713 mm, x = 632 mm; females, n= 3, 581-696,
x = 651 mm!.

Diet

Stomachs of 54 red snapper which ranged &om 360-681 mm  x = 535 mm! and
0.9 - 5.2 kg TW  x= 2.66 kg! were examinecL Forty-one �6 o/o! of the 54 stomachs
contained a total of 151 prey items. The diet was comprised of fish, crustaceims and
cephalopods.

Fishes occurred in 37  90 /oF! of the stomachs and represented 79 /o of the total
number of prey and 70 /o of the total volume ofprey. Anchovies were predominant
among identified fishes in the diet and were represented byAnchoahepsetus striped
anchovy!  n = 10! � loN, 2 /oV, 12 /oF! and Anchoa sp.  n = 52! �4 loN, 5 /oV,
24 /oF!. Ariusfelis  hardhead catfish!  n = 9!, ranked first in /oV �1! in the dieL
Other fishes, due to various states of digestion, could be identified only to genus
 Anchoa sp., Hippocampus sp.!, family  Clupeidae and Botbidae!, order
 pleuronectiformes! or unidentified fish remains, which ranked first in o/oF �3! and
second in /oN �9! and loV �6!.

Crustaceans ranked second in importance, numerically �9 '/oN! and
volumetrically �0 '/oV!, in the diet, and occurred in 54 /o of the stomachs.
Decapods were the primary crustacetm prey, and Calkinectes simiiis  Gulf crab!
 n = 9! was the dominant crustacean in the diet  8 loN, 13 /oV, 22 /oF!. The
iridescent swimnutig crab  Portunusgibbesii! and other decapods identifiable only
to Penaeus sp.  shrimp! and Callinectes sp.  crab!, combined, accounted for only
3 /oN and 2 loV. Decapod remains � /oV! were categorized as being either those
of shrimp or crab and occurred in 20'/o of the stomachs. Cephalopods  n = 3!
were identified as squid remains and were present in 7 /o of the stomachs.

Tag-release
From October 1994- December 1996, 130 juvenile and adult red snapper were

tagged and released at the study site. Tag-released fish ranged &om 230 -660 mm
 x = 376 mm!. Fish were tagged during January  n = 4, 300 - 310 mm!, May  n =
7, 318 - 432 mm!, June  n = 7, 330 - 381 mm!, July  n =11, 300 - 432 mm!,
August n=15, 287 -483 mm! September n = 16, 279 - 389 mm!, October n=
40, 229 - 660mm!, November n=7, 262 -579mm! andDecember a=23,2&7
-483 mm!. The amount of predation on tagged juveniles was unknown. Twenty-
four �4! of the 130 tagged fish were recaptured; four of those were recaptured
twice  double recapture! and two were recaptured three times  triple recapture!, for
a total of 32 recaptures. All recaptures were made at the study site. Most
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recaptures were re-released, all at the study site.
Recaptures oecuzred during January, July, August, September, October and

December. Recaptured fish ranged &om 285 - 610 mm. Time-at-large for
recaptures ranged &om 1-373 days  x=80 days!. The "greatest" time-at-large �73
days! was recorded for a fish which measured 305 mm at tag-release  September!
and 419 mm at recapture  September!. 'Ihe fish ha grownl 14 mm�.31 mm/day!.
The second greatest time-at-large was 300 days recorded for 2 fish: �! 420 mm at
tag-release  October!, 508 mm at recapture  August!, growth = 88 mm �.29
mm/day!; �! 506 mm at tag-release  October!, 610 mm at recapture  August!,
growth = 104 mm �.35 uun/day!.

Follow-up acoustic scans for the two fish  sex unknown! fitted with acoustic
transmitters were positive only for the external tag. Signals indicated the fish was
actively swimming amund the study site during December 1994 and Januazy 1995.

DISCUSSION

Our first encounter with red snapper at the study site occurred while cleaning
fish remains &om the deck of the nine meter research vessel EE/V Seiche as it drifted

along the eastern border of the Pascagoula Ship Channel. We observed
approximately 100zed snappy, pzedominantly large individuals, feeding in a &enzied
action on the remains at the surfizce of the water. Using hook-and-line gear, 20 zed
snapper �57 - 711 mm! vere landed within a period of 0.5 hours.

Our study represents the first investigation of adult zed snapper &om Mississippi
estuarine waters, and apparently is the first suc study in the northern Gulf. Bortone
et al. �994! reported L campechanus as a component of the fish assemblage at an
artificial reef sited in 6.5 m of water in the Choctawhatchee Bay, Florida estuary, but
the size of zed szzapper observed was not reported and no specimens weze reported
as collected.

Other species offish, mciuding small baitfishes anchovies and menhaden!, were
also associated with the study site structure, and the following 18 species were
caught by hook-and-line: Dasyatis sayi, CarcharhinNs EimbatzIs, Rhisoprz onodon
terraenovae, Jlachycentron czuwduw, Scomberomorus maculatzts, Arizzs felis,
Mycteroperca microlepis, Caranx crysos, Sciaenops ocellatus, Pogonias cromis,
Mircopogonius zndulatNs, Archosar gNs probatocephalus I.ut/anus grzseNs,
Lagodon rhomboides, Orthopristis chrysoptera, Chaetodipterus faber,
Paralichthys lethostigma and Opsanas beta. With the exception of A. felis, C
crysos, S oceEEatas, M. Nndulatus, L griseNs, L rhomboides, O. chrysoptera, and
O. beta, the above species were caught only once and were considered transients at
the site. The above fishes comprise an interesting mix of species, most of which
occur in both Mississippi's estzzarine and offshore waters.

Our study prompted numerous questions, including:
i! Did Hornisland Passandtheassociated Pascagoula Ship Channel serve as

the primary conduit for the ingress of snapper emi~ into the estuary
&om offshore juvenile and adult zed snapper habitat;
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ii! Were the size and shape of the bottom structure critical;
iii! What were the factors driving the "ingress and egzess" of the snapper;
iv! Why did adult red sualzper congregate and persist at the inshore site, i.e.,

what were the environmental and/or habitat characteristics of the site and
adjacent area that attracted and zetained adults;

v! Did adult red snapper spawn at the site  only one female specunen gave
such indication!;

vi! Were juveniles  age-l, age-2! at the site merely "stzays" that for some
reason fiuied to remain ofnzore with the zest of their cohort;

vii! Did snapper reach adulthood at the site;
viii! Could the protection and abundance of food provided by estuarine habitat

enhance juvenile gzowth rates and survival rates ze1ative to that
characteristic of oIBhore habitats; and

ix! Did our coHections reflect the size distribution of snapper at the study site.

It is not known if estuarine residency is an integral part of the early life history
of somejuvenile red snapper. Also, it is not known ifadult red snapperarepezennial
residents of the Mississippi Sound, however, anecdotal information provided by
local anglers indicates that large zod snapper  -S kg! congregate during each month
of the year at small, unmarked clandestine!, inshore artificial structures located near
navigation channels within the Mississippi Sound. Despite a high degree of fidelity
demonstrated by some individuals as shown by tag zecaptuzes, there were definite
Quctuations in numbers of snapper caught at the site over the study period. This
may have been zelated to seasonality of snapper occurrence, periodic inQux of
individuals to the site, behavioral changes, harvest by anglers, lack of appropriate
food source, or envizonznental variables.

Lowest bottom temperature at our site was 16.40' C in January, and the
highest bottom temperature was 24.20' C in August, both within the acceptable
range of temperature and salinity reported for red snaplzer  Bu11is and Jones 1976!.
Highest bottom salinity recorded was 34.0 %o, and the lowest bottom salinity
recorded was 24.6 %o., probably the result of &eshwater inflow into the estuary
during a period of heavy rainfall and subsequent river flushing into the eastern
Mississippi Sound.

Age estimates  Age 2-5! assigned a small number of fish n = 33! in our sample
fall within the range of age estimates reported for zed snapper of similar size in
recent studies  Wilson and Nieland 2001, Fischer 2002!, and zed snapper in our
study exhibited a large variability in age at a given TI�as reported by Wilson and
Nieland �001! for red snappy Som Louisiana Length-at-age information for Gulf
red snapper  Wilson and Nieland 2001, Fischer 2002!, size data &om our study,
estimated age for a few of our specimens, and reproductive assessments  Remkr
1995, Collins et al. 1996, and this study!, showed that numerous fish in our sample
were adults.

Red snapper spawning season inthe Gulf extends fiom May to October  Collins
et al. 1996!, and peak spawnmg occurs between June and August  Render 1995!.
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Males sampled for gonad histological assessment  n = 5; 390- 520 mm; September
and October! were sexually mature, although spermatogenic activity was declining
in most fislL The female �59 mm! collected in July was ripe  FOM stage! which
provided evidence that spawning might have occurred at or near the study site, a
tantalizing revelation. Females coHected in late summer and faH were regressed and
most exhibited considerable atzesia.

Our histological assessments of ovaries from fish caught during the spawning
season were limited to eight specimens, and only one of those indicated near-term
spawning. What are the environmental cues and requirements to trigger estuarine
spawning of red snapper? What would be the fate of the fertilized eggs and larvae?

Our finding that fish were the dominant prey of zed snapper generally reflects that
of others who examined the diet of Gulf red snapper  Bradly and Bryan 1975!.
Snapper at the study site most likely fed on organisms which occurred at or very
near the study site.

Since the mean depth at the study site was six meters, there were no obvious
negative effects from the capture and retrieval of fish to be tagged. Tag-recaptures
provided the oppoztunity to examine behavioral aspects of snapper associated with
the study site. None of the fish tag-released at the site were caught  or reported
caught! at any inshore bottom structures or any offshor artificial reeS or petroleum
platforms within the area.

Recaptures of tagged fish suggested that some individuals  juveniles and adults!
resided at the site for long periods of time and some apparently overwintezed there.
The age of the 3 tagged fish which were recaptured in our study after 300  n = 2!
and 373  n = 1! days-at-large was not known, and it is not known if those fish
remained at the tag-release site throughout their entize period at liberty. However,
sacrifice of the specimen which was at large for 373 days  September recapture!
revealed a female with extremely small, regressed ovaries. The fish was 419 mm
at time of recapture  and was likely 3 year old!, suggesting that at 305 mm at time
of tag-release, it was likely a two year-old, immature fish. Did this fish occupy the
study site for it's entire time-at-large and spawn there?

Our study tezmimzted in 1997 when maintenance dredging of the Pascagoula Ship
Channel resulted in the removal of the study site. Use of side scan sonar Edgetech,
model 560A! verified the absence of the structure.

Although our work was based in opportunism, opportunistic discovery has often
led to more extensive study. Identifying and monitoring estuarine habitat utiHzed by
red snapper could improve the abiTity to assess and manage pmductive substrate and
provide additional indicators of juvenile zod smzpler recruitment to estuaries. The
study site reported here probably would not qualify as a "reserve" in the truest sense
of the word, but the creation of a small network of similar, surreptitious sites within
the Mississippi Sound, perhaps within the safety of the "regulated buffer zone" of
the Gulf Islands National Seashore, might serve to provide undisturbed study sites
to evaluate the effectiveness of "smaH estuarine reserves" as red snapper habitat.
Studies at such sites could provide greater insight into enviromnental and biotic
factors associated with the recruitment, growth and survivorship of young red
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snapper associated with estuarine habitat.
Study findings provided her, albeit limited, pertain to theutilindionofestuarin

habitatbyred snapper and contributeinfonnationon the biology and behavior of red
snapper from the northern Gulf, including the simultaneous occurrence of large
juveniles and adults at an inshore arti6cial structure, indications of long-term site
fidelity aud possible overwintering at estuarine habitat, and indications of spawning
within a northern Gulf estuaty.
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Analisis de la Pestlueria de Huachimamgo del Golfo  Luj tanus
cumpechanus! em el Banco de Campeche

P'emporada de Pesca 2001!
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RESUMEN

La pesqueria de huachinango para el estado de Yucatkn es una de las
actividades mas importantes de la Qota yucateca. Esta Qota utiliza tres metodos de
pesca  barcos con alijos, carretes de linea larga y "bicicletas"!. En la temporada de
pesca del 2001, se registr6 una captura de 583 t. Las embarcaciones que utilizan
bicicleta registration la mayor proporcibn de Luj tanus catnpechanus�8.11 /o!, los
barcos que utilizan canete y alijos registraron aproximadamente el 4 '/o. Se obtuvo
una muestra de 9,667 individuos de Luj tanus catnpechanus, capturados con las
diferentes arte de pesca  bicicleta, carrete y alijos! y se realizb un an@isis de la
distribucion de Gecuencia de longitudes  DFL!. Se presento un intervalo de tallas
entre los 21.0 y 87.0 cm de longitud furcal  LF!. La estructtna de la captura total
estinuW por clases de edad, registr6 un intervalo de individuos capturados por las
diferentes artes de pesca de dos a 14anos. Laclase de edad tres present6 la mayor
proporci6n �3 /o!, de ejemplaxes capturados por esta Qota en el Banco de
Campeche. Se estim6 la captura por unidad de esfuerzo  CPUE! por arte de pesca
y se utiTiz6 corno unidad de esfuerzo el viaje de peseta Las embarcaciones que
utilizaron bicicletas registntron el mayor CPUE �11 kg de huachinango /por viaje
de pesca!. El esfuerzo nominal ejercido por la Qota yucateca fue estimado en 4, 269
viajes de pesca y fueron realizados por 440 embarcaciones  con un promedio
mensual de 356 viajes!. En los ultimos tres anos se ha registrado que el 12 /o de la
Qota yucateca utiliza corno arte de pesca la bicicleta y el 45 lo de su captura por
viaj e de pesca es de huachinago  L cafnpechanus, L vivanus, L.bucanella!. Las
embarcaciones que utilizan bicicletas y tienen corno principal objetivo la captura de
huachinango tienden a desplazarse a las zonas de pesca de Cayo Arenas, Bajos del
Norte, Arrecife Alacranes y Triangulos.

PALABRAS CLAVES: Huachinangos, pesquerias, axtes de pesca
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Analysis of the Fishery for the Red Snapper  Luj tunus
eampechanus! on the Campeche Bank  During 2001!

The red snapper  Lujtanus campechanus! 6shery of Yucatan is one of the main
activities of the industrial fleet of this Mexican State. The industrial fleet utilizes
three fishing methods to catch this fish: vessels with small boats  "dmghy"!; vessels
with long lines and vessels with "bicycles". In the fishing season of 2001 the capture
was of 538 k Based upon interviews and catch sampling to the fishing vessels, it was
estimated that those using "bicycles" got the main proportion of the catch �8.11
/o!, while the vessels using long lines and the "dinghy" got amund 4 /a. A sample
of 9,667 individuals of Luj tanus campechanus captured by different methods gong
line, bicycles and dinghy! was obtained. A size distribution analysis of the catch by
fishing method was carried out, presenting a size dislxibution between 21.0 and 87.0
cm of furcal length  FL!. The estimated structure of the catch by age show that
individuals between ages 2 and 14 are captured The age class that presented the
highest proportion �3 /o! was that of age 3, The catch per unit of effort  CPUE!
by fishing method was estimated, using the fishing trip as effort unit. The vessels
using the "bicycles" had the highest CPUE �11 kg of red snapper/fishing trip!. The
nominal effort of the Yucatecan fleet was estimated to be 4/69 fishing trips. This
trips were carried out by 440 vessels, making an average of 356 trips per month. The
54 /o of the 6shing vessels made between 8 and 13 trips for year. In the last three
years it has been register that a 12 /o of the Yucatan fleet use the "bicycle" as fishing
method and captures the 45 /o of the total capture of red snapper. The vessels that
use " bicycles" and have the red snapper as their target species tend to go to Cayo
Arenas, Bajos del Norte, Arrecife Alacraiies, and Trihagu1os fishing banks.

KEY WORDS: Snappers, fishery, fishing methods

INTRODUCCION

En el estado de Yucathn la captura de cspecies de escama  ~dos,
Lutjanidos, Carangidos, Sparidos, Haemulidos, etc.! ha sido una de las actividades
del sector pesquero con mayor impacto social y econ6mico. Esto es debido a los
volumenes de captura, al numero de empleos que genera y por ser una fuente
generadora de divisas para el Estado.

La flota mayor yucateca compuesta por 588 embarcaciones, es muy
hetemgeneas en thminos del tamano de eslora, manga, material del casco, marca,
potencia del motor y dodos de pesca. Esta flota dedica gran parte de su capacidad
a la explotaci6n de cspecies de escama, principalmente a las pesquerias de mero,
huachinango. El comportamiento dinhnico de esta flota registra tanto patrones
especialistas corno generalistas. Estaespecializacibn se manifiesta�en e uso de artes
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y zonas de pesca.
Las embarcaciones que utilizan corno metodo de pesca la "bicicleta" son las que

dirigen su esfuerzo a la captura de huachinango  Luj tanus campechanus!; junto con
esta especie se capturan otras cspecies camo: pargos  L vivanus, L. bucanella, L.
synagris, L.jocu, L. analis, L griseus, L cyanopterus, etc.! meros  E. morio, E
gutarus, M inrerstitialis, M bonaci, M Mocrolepis!, coronado  Seriola zonata! y
mojarras  Calamus sp.!. La proporcion de cada una de estas cspecies en la captura
depende de la zona y arte de pesca utilizada  Monroy et al. 2001!.

El Banco de Campeche es una de las zonas de pesca de mayor importancia para
esta pesqueria. Las zonas de mayor captura se registran en la parte oeste de la
plataforma, entre los 20' a 24' norte y 91' a 93 oeste  Cayo Arenas, Los Triangulos
y Banco Nuevo! y en la zona localizada en la parte noroeste de la plataforma, entre
los 22' a 24' norte y 88' a 91' oeste  Isla Perez, Arrecife Alacranes y los Bajos del
Norte!  Monroy et al. 1996!  Figura 1!.

Figura 1. Banco de Campeche y zonas de pesca de la fiota yucateca con permiso
para ia capture de cspecies de escama y pufpo, {ia parte sombreada, muestra los
cern os s uerosdeia ueria dehuachinan o.
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En el Banco de Campeche se han desarroHado diferentes trabajos sobre la
pesqueria de huachinango  Lutjanus campechanus!. La edad y crecimiento del
recurso ha sido abordado por diferentes autores, a trav' de metodos directos corno
lectura de estruchnas duras y mbtodos indirectos corno an@isis de frecuencias de
taHas. Se han registrado una gama de valores para los diferentes panimetros de
crecimiento  Nelson y Manooch 1982, Nelson et al. 1985, Gonzalez y de la Rosa
1988, Leonce 1995!. Asl mismo se han desarmHado otros trabajos enfocados a la
pesquerla de huachinango del Banco de Campeche. Entre los cuales se encuentran
un aaklisis del esfuerzo y la captura por unidad de esfuerzo ejercido por la flota
yucateca  Monmy et al. 1996!. El estado de salud de la pesqueria en el Golfo de
M&Cico  Gonzalez y de la Rosa et al. 1997, Monmy et al., 2000! y un analisis del
tama5o del stock  Monroyy GardkSo 2001!. En este estudio se analiza informaci6n
de la pesquerfa de huachinango sobre el Banco de Campeche  temporada de pesca
2001!; se hace un analisis de lacaptura, esfuerzo, fiecuencia de longitudes y zonas
de pesca. Asi corno de la captura por unidad de esfuerzo  CPUE!.

Estaerze y Artes de Pesca
Durante el periodo depesca de Enero a Diciembre del 2001, aproxinuulamente

el 12'/o de las embarcaciones de la flota mayor del estado de Yucat5n, dirigieron su
esfuerzo a la captura de huachinango  L. campechanus!. Estas embarcaciones
utilizan corno arte depescalabicicleta, queconsisteen unalfneaque trabajaa trav'
de un mecanismo manual semejante a una bicicleta de la cual penden de 4 a 5
anzuelos tipo huachinanguero del numem 7 y/u 8 que se recobra por medio de una
polea. El numem de bicicletas varia entre 3 y 4 por embarcacibn. Estas
embarcaciones operan sobre el Banco de Campeche, desplanhdose alas diferentes
zonas de pesca, generalmente entre las 40 y 60 brazas de profundidacL

Existen otras embarcaciones que tienen corno especie objetivo el mern, pero
que tambibn registran aunque en forma incidental capturas significativas de
huachinango. Estas utilizan dos sistemas de pescK el primem y nMh antiguo es la
embarcacibn nodriza que Heva de 7 a 10 alijos, embarcaciones de maderade 3 m de
eslora sin motor. Estos Hevan un pescador a bordo el cual manejauna linea de mano
con dos o tres anzuelos y un palangre corto o de mano con 50 a 100 anzuelos,
aproximadamente el 28 '/o de la flota utiliza este m6todo de pesca. El segundo es
el palangre de Hnea larga con carrete hidrhulico, que lleva entre 1,500 y 2,000
anzuelos huachinangueros del numem 5 o 6. En laactualidad el 35 /o de la flota con
permiso para pesca de escama lo utiTiza todo el aflo. Ademhs el 25 /o de la flota
cambia de arte de pesca en el transcurso del a5o  de carrete a embarcaciones con
alijos!.

Tendencia Historica de la Captnra
La captura de huachinango extraida por la flota yucateca ha registrado un

mkcimo his@rico de 1,704 toneladas en 1990, con una tendencia descendente hasta
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unminimo de 789 toneladas en 1995. Posteriormente la capturase incremento hasta
alcanzar las 1,433 toneladas en 1997 y en los ultimos dos a5os la captura ha
fluctuado alrededor de las 685 toneladas  SAGARPA 2001!  Figura 2!.

Figure 2. Tendencia hiat6rica de ia capture de huachinango  II|Ijtanus
Campechanus!, registrada por ia llota yucateca que ejerce au esfuerzo en ei Banco
de Cam e.

METODOLOGIA

La informacion utilizada se obtuvo de muestreos mensuales de las descargas
comerciales en las congeladoras de Progreso, Yucatkn y el Puerto de Abrigo
Yucalpetbn. Se obtuvieron datos sobre la composici6n de la atptura, profundidad,
numen de artes de pesca, dias de viaje, numero de tripulantes y la distribuci6n de
&ecuencia de longitudes  DFL!. Adamh, se utiliz6 infonnaci6n de las bithcoras de
pesca que se aplica a todas las embarcaciones de la flota mayor de Progreso,
Yucathn. Otra fuente secundaria de infoxmaci6n son las estadisticas de captura,
proporcionada por la Direcci6n de Pesquerias y Estadisticas de la Delegacion
Federal de la SAGARPA, en el estado de Yucatin.

Para obtener la estructura de la captura se utiliz6 la captura mensual de las
estadistas oficiales de la SAGARPA. A esta captura se le apHc6 un factor de
conecci6n de acuerdo a lo establecido por Monroy et al. �000!, con el fln de
eliminar el efecto de otras cspecies registradas corno L campeclumus. La
estructura de la captura de L. campechanus fue estimada mensualmente, para ello
se utilizaron los muestreos de desembarco realizmlos de enem a diciembre del 2001.
Con la DFL fue posible obtener la estructura por tallas de la captura de esta flota
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Con la DFL de la captura obtenida de la flota yucateca, se estim6 la estructura
de la captura en peso, para lo cual se utilizo la relaci6n peso-longitud:

8'= 0.0000342L

donde el 8'es el peso eviscerado en kg y L es la longitud furcal en cm  Gonzalez y
de la Rosa 1992!, Para estimar la xelaci6n Edad-Longitud del recurso, se utiTizaron
los parhnetros de crecimiento estimados por Leonce �995!: L~ = 0.92 cm, k =
0.16/allo, to = -0.16/allo . Se xealiz6 un analisis de la DFL por taHas registrado por
los diferentes artes de pesca  bicicleta, carrete y baxcos con alijos!. Para estimar la
captura por unidad de esfuenu  CPUE!, se utiliz6 la informaci6n registrada en las
bitkcoras de pesca y la registrada en los monitoreos a las embarcaciones. Se estimo
Ia CPUE por arte de pesca  bicicleta, carrete y alijo! y se obtuvo corno kilogzamos
de Ia captura total y/o de huachinango por viaje de pesca.

RESULTADOS

Produecion Pesquera del Kstado de Yucatan
Durante la temporada de pesca del 2001 el registro o6cial de la pmduccion

pesquera del estado de Yucathn, alcanz6 un volumen de captura de 29,645
toneladas. Las cspecies de escama registramn el 53.88 '/o de la captura total con
15,972 toneladas, la captura de pulpo con dos cspecies  Octopus maya y Octopus
vulgaris! el 38.67 /o con una captura de 11,464.

La captura de huachinango se xealiza a lo largo de todo el a5o, sin embargo los
meses de febrezo a julio se registramn los mayozes zendimientos de la pesqueria
 Figuza3!. Estacapturaincluye trescspecies, el huachinango del Golfo o de Castilla
 Luj tanus campechanus! que apoxta el 89 /o, el huachinango ojo amarillo  Luj tanus.
Vivanus! con el 6 '/o y el huachinango aleta negra  Lutjanus bucanella! con el 5 /o.
Esta captura es registrada por las difexentes artes de pesca que utiliza la flota
yucateca  bicicletas, caxzete y alijos!.

Proporcibn y Composieibn de la Captura por Arte de Pesea
Se registrb la pmporci6n de cada grupo de cspecies en la captura. Las

embazcaciones que utilizamn bicicletas registraxon el mayor porcentaje�8.9 ~/o!, de
cspecies de la famiTiaLutjanidae  Huachinangos, Pazgos y Rubia-Canane!. Mientxas
que las embarcaciones que utilizan ~ capturan el mayor porcentaje  81 /o! de
cspecies de lafamiliaEpinephelidae mero, negrillo, cabrilla, abadejo, gallina, payaso
etc.!. Asi mismo, se pudo observar que en el transcurso del aio, las embazcaciones
que utilizan alijos cambian la pmporcion y composicion de su captura, de enero a
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julio registxan el 9Q % de cspecies de la familia Epinephelidae y de agosto a
diciembze la mayor proporcibn de su captura es de pulpo �7%!  Table l!.

Ene Feb Msr Abr May Jun Jul Ago Sep Oct Nov Dic

Msses

Figure 3. Capture mensual de huachinango que se registr6 durante ei 2001 en el
estado de Yucahhn  informaci6n con registro oficial!.

Table 1. Proporci6n y composici6n de la capture por grupos de cspecies y artes
de peace que utiliza la fiota mayor del estado de Yucatln sobre el Banco de
Campeche

Artss de Pesca   % jGrupos
de
es les

Alijos
 Ago-Sepj

32.60

TOTAL 100 %

Huschinangos
Pargos
RubiaCanane
Meros
Mojarrse
Corvinato
Coronado
Tihuon-Canhn
Pulpo
Olras Spp.

44.90
3.50
0.50
32.00
1.80

9.20
1.30

6.80

4.65
3.99
2.00
81.16
0.43
2.18
1.18
2.90

1.51

Alijos
 En@Jul!

4.35
1.49
1.23

90.04

'l.74

0.19

0.96
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Se estim6 la proporci6n y composici6n por cspecies la captura registrada por
la flota yucateca que pesca sobre el Banco de Campeche. Las embsxcaciones que
utilizan la bicicleta corno arte de pesca, fueron las que registraron ja mayor
proporci6n de Lutjanus campechanus �$.11 %!. Las embarcaciones que utilizan
carrete relpstran la mayor proporci6n de Epinephelus morio �$.55 %! y para las
embarcadones que utilizan alijos puede ser Epinephe jus morio y/o pulpo con dos
cspecies  Octopus maya y Octopus vulgaris!, segun la epoca del a5o  Tabla 2!.

Tabla 2. Especies registradas en la capture por artes de peace  bicicleta, carrete
y alijos!, en las ernbarcaciones de la tiota mayor yucateca que capturan sobre el
Banco de campeche.

Bicicietss Garrets Aiijos AQios
sJu A ~ic

4.35

1.47
0.03

1.21
84 23
0.09

3.66
0.39
1.67

32.60

1.74

0.19

0.96
67.40

TOTAL

Freeuencia de Longitudes y Estructura de la Captura
Se obtuvo una muestra de 9,667 individuos de Lutjanus campechanus capturados
por la flota yucateca y se hizo un amilisis de la distribucion de frecuencia de
longitudes  DFL!; se present6 un intervalo de tajjasde 21.0 y $7.0 cm de longitud
furcal  LF!. En la Ggura 4 se presents ja DFL obtenida en las embarcaciones que
utilizaron corno arte de pesca la bicicleta La DFL en estas embatcaciones jlesent6
un intervalo entre 21.0 y $70 cm de LF, una media de 40.6 cm y una moda de 35.0

L cempechanus
t bucanella
L vivanus
L jocu
L analis
L gnseus
R eurorubens
L sinegns
O. chrysunIs
E. mono
E. &dscensionis
E drummondhayi
At. bonaci
N. miaahpis
At. interstitiaiis
At. venenose
Calamus bajonedo
L .chemaeteonticeps
Senoia zonate
Tibunm-Carin
O. maya y O. vulgens
Otras Spp.

38.11
2.6&
4.10
0.04
1A6
0.17
1.88
0.31
0.14
12.92
0.06
0.25
6.97
1.41
10.20
0.14
1.83

9.21
1.33

6.79

4.32
0.29
0;04
1.70
2.04
0.21
0.04
0.04
1.96

68.55
1.1T
O.OT
9.21
0.43
1.32
0.42
0.43
2.18
1.18
2.9

1.51
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cm. El 44 'io de los organismos capturados con este arte de pesca, se encumtran por
abajo de la talla minina impuesta a los permisionarios mexicanos por el mercado de
Estados Unidos de 16 pulgadas de Longitud total  LT!, que equivale a 40.6 cm de
LT y 38.4 cm de LF.

Figure 4. Frecuencia de longitudes del huachinango  Linus campechanus!,
obtenida en la captura de las embarcaciones que utilizan bicicieta corno arte de

sca e erce su esfuerzo en el Banco de Cam tern rada 2001 .

En la figura 5 se presenta la DFL rk Luj tanus campechanus; estos organismos
fueron capturados por las embarcaciones que ulilizaron corno arte de pesca el
carrete de linea larga La DFL present6 un intervalo entre 29.0 y 87.0 cm de LF, una
media de 52.2 cm y una moda de 47.0 cm. Con cate arte de pesca el 5 lo de los
organismos captuxados se encontraxon por debajo de la taHa minina de las 16
pulgadas �0. 6 cm de LT y 38.4 cm de LF!.

En la figura 6 se presenta la distribuci6n de &ecueucias de longitudes de
Luj tanus campechanus registrada per las embarcaciones con aHjos que utiTizan una
linea de mano y un palangre corto. La DFL presenth un intervalo entre 21.0 y 69
cm de LF, una media de 37.6 cm y una moda de 33 cm. El 59 to de organismos
capturados por estas embarcaciones se encuentranporabajo de la talla mininade las
16 pulgadas �0. 6 cm de LT y 38.4 cm de LF!.

La prueba t-Student a un nivel de confianza del 95 'ro no mostro diferencias
significativas entre la DFL de las embarcariones que utiTizan bicicleta y alijos,
mientras que la DFL de las embarcaciones con carrete difiri6 significativamente de
los otros dos metodos de pesca,  p < 0.05!. Las embarcaciones que utilizan alijos
son las que capturan la mayor proporcidn de organismos pequenos  Figura 7!.
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Figure 5. Frecuencia de longitudes del huachinango  LuOanus campechanus!,
obtenida en la capture de las embarcaciones que utilizan carrete de linea large
corno arte de peace y ejerce su esfuemo sobre el Banco de Campeche
tern rada 2001 .

Figure 6. Frecuencia de longitudes del huachinango  Lujtanus campechanus!,
obtenida en la capture de las embarcaciones con alijos que pescan en el Banco
de Cam e tern rada 2001 .
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Figure 7. Irnpacto de Ias diferentes artes de peace  bicicieta, carrete y aliios! en
la frecuencia de tallas de la ca del huachin L rrus cern anus .

La estructura de la captura total de I cmnpechanus, estimada por clases de
edad,~ unintervalo de individuoscalrturados por lasdiferentesartesde pesca
de dos a 14 a5os. La clase de edad tres present6 la mayor proporci6n �3 !o!, de
ejemplares capturados por esta flota en el Banco de Campeche  Figura 8!.

Captura por unidad de esfuerzo  CPUK!
Se estim6 la captura por unidad de esfuerzo por arte de pesca bicicleta, carrete

y alijo! y se utiliz6 corno unidad de esfuerzo el viaje de pescL En Ia tabla 3 se
presents el CPUE promedio de la captura total y de huachinango gerrerado por las
embarcaciones con los diferentes artes de pesca

Para estimar Ia CPUE mensual se utiliz6 la informaci6n registrada eu las
bitacoras de pesca; para su anklisis solo se tomaron en cuenta los viajes donde la
captura de huachinango fue mayor o igual al 20 /o de la captura total �84
biticoras!. En latabla4 sepresentala CPUE mensual ysus estadisticasdescriptivas.
Los valores mks bajos se registraron de julio a octubre.



Page 878 Monr, C. et al. GCFI:55 �004!

Figure 8. Numero de individuos por clases de edad en la capture total de
huachinango  Lutianus campecbanus!, registrada por la liota yucateca  temporada
de ca del 2001 .

Table 3. Capture por unidad de esfuerzo {CPUE! total y de huachinango de
las embarcaciones de la flota yucateca que peace en el Banco de Campeche.

Embarcactones n CPU~ CP~~~
ede k de

411
90

86-0

1,079
2,052

2,341 - 4 175

97
75
37

Ksfaerze de Pesca
Para atudizsr la dimhnica de la flota yucateca solo se consideraron las

embarcaciones que tienen permiso para la captura de cspecies de escama y pulpo
�88! y que descargan en el puerto de Progreso Yucathn. Con la informacion
registrada en las bithcoras de pesca se estimo el esfuerzo ejercido  cada bithcora fue
considerada un viaje de pesca!. Se registraron 4,269 viajes de pesca que fueron
realizados por 440 embarcaciones que equivalen al 75% de la Qota y el 25 % de las
embarcaciones estuvieron mactivas. Se estimo unpromedio mensual de 356 viajes
de pesca; el 12% de los viajes utTiizaron bicicleta, el 48% carrete y el 40% alijos
 Figura 9!.



Page 8?755 Gulf and Caribbean Fisheries Institute

Tabla 4. Capture por unidad de esfuerzo mensual de la pesqueria de huachinango
 Lujtanvs campechanus!, en el Banco de Campeche y susestadisticas descriptivas
rnformacibn scores de, 2001 .

CPUE
 kg de huechinango I vtaie de peeca!

Figure 9. Esfuerzo de peace  viajes de peace!, ejercido por la flota yucateca sobre
el Banco de Cam e.

Coma ya se mencioa6 la flota yucateca es multiespeci6ca y ejerce su esfrmmo
sobre las pesquerias de Mero, huachinango y pulpo, esta ultima con veda de enero
a julio. Cuando la temporada de pesca de pulpo comienza, parte de la flota deja de
pescar mero yhuachinangoydirige su esfuerzo a estapesqueria. En estatemporada

Ene
Feb
Mar
Abr
May
Jun
Jul
Ago
Sep
Oct
Nov
Oic

69
86
81
65
79
64
47
33
38
29
44
49

596
615
691
560
542
559
408
273
336
397
572
558

400
600
500
600
300
550
300
300
150
200
400
500

319
440
461
416
309
323
318
264
320
245
416
318
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de pesca se estimo que el 25% de las 440 embarcaciones cambiaron de arte depesca
en el transcurso del aio, principalmente de carrete a alijos. En la tabla 5 se muestra
la asignacion del esfuerzo por arte de pesctL

Table 5. Asignac5n del arte de peace  bicideta, carrete y alijo!, por las
ernbarcaciones de la flota yucateca que estuvieron activas de enero a diciernbre
del 2001.

No. de
embarcaciones

Porcentaje

12
35
28
25

Bicideta
Carrete
Alijos
Carrete ~ Alijos

51
156
121
112

TOTAl

Esf'uerzo y Capture por Zona de Pesca
Para el anllisis de las zonas de pesca, se utihz6 informacibn de encuestas

realizadas directamente a los pescadotes. Las embarcad ones que utilizan bicicletas
y tienen corno principal objetivo la captura de huachinango tienden a desplazarse a
las zonas de pesca de Cayo Arenas, Bajos del Norte, Anecife Alacranes y
Trihngulos  cuadrantes 2, 3, 4, 5, 8, 14 y 15!. Las que utilizan carrete de linea larga
ytienen corno objetivo lacapturade mero ypescan incidentalmente el huachinango,
tienden a desplazarse al noroeste de Progreso y al norte entre Dzilam de Bravo y
convoy  cuadrantes 4, 5, 6, 1, 12 y 13!. Las embarcaciones con alijos y que dirigen
su esfuerzo a la captura del molusco tienden a desplazsrse entre el norte de Pmgreso
y Cabo Catoche  Ios cuadrantes 10, 11, 12 y 13!  Figura 1!.

DISCUSION

El huachinango  t.urJanus campechanus! en el Banco de Campeche, es
explotado por la flota mayor del estado de Yucatkn . Esta flota es multiespecifica
y dirige su esfuerzo a las pesquerias de mero, huachinango y pulpo. Cada una de
estas pesquerias captura incidentahnente otras cspecies y su proporcibn en la
captura depende de la zona y arte de pesca utilizado  bicicleta, carrete y alijos!.

Del analisis de la informaci6n se concluye que una parte de la flota yucateca
dirige su esfuerzo exclusivamente a la capturade huachinango. Las embarcaciones
que utilizaron bicicletas registrsron por viaje de pesca el 45 % de su captura de
huachinango �8 % L. campechanus, el 3 % I bucanella y el 4 % I vivanus!. Sin
embargo, Gonzalez y de la Rosa �988! reportb que en el Banco de Campeche el 90
% de la captura de las embamariones que utilizan bicicleta conespondia a
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huachinango. Esto signifIca que la proporci6n de la captura ha cambiado a traves
del tiempo.

Del anilisis de la DFL de la captura, se observo que el 60% de los organismos
capttnados por la flota yucateca se encuentran por amba de la talla minima de las
16 pulgadas �0. 6 cm de LT y 38.4 cm de LF!, la cual es aplicada a los
permisionarios mexicanos que exportan su producto a los Estados Unidos. La
prueba t-Student mostr6 diferenciasigniflcativa en la estructurade tallasde Lurjanus
campechanus, cuando se ana1izan por arte de peseta Las embarcaciones que usan
carrete capturan organismos mks grandes, con una longitud media mayor que los
organismos que se capturan con bicicleta y alijos. Tambi& fue evidente que las
embarcaciones que utiTizan ahjos capturan en mayor porcentaje a los organismos
mis peque5os.

Si se considera el viaje de pesca, corno la unidad de esfuerzo nominal, se tiene
registrado que esta flota ha mantenido un esfuerzo constante cercano a los 4,000
viajes por a5o, entre 1997 y 2001. Este mismo patron se observa si se considera
corno medida de esfuerzo pesquero al numero de barcos que han estado activos. En
este mismo intervalo de tiempo �997 - 2001!, se ha registrado un promedio 450
embarcaciones activas por ario, con un intervalo entre 409 y 495 emlMtrcaciones.

La asignacion del esfuerzo entre pesquerias hacambiado, buscando maximizar
sus capturas y sus rentas. Hay que considerar que desde 1996 las capturas depulpo
tuvieronunincremento convolumenesmayores alosregistradosena5os anteriores.
Se puede decir que a partir de entonces cuando empieza la temporada de pulpo una
parte de la flota cambi de pesqueria, dejando de pescar mme y/o huachinango para
ir a la captura del molusco. Este cambio tiene un comportamiento a corto plazo
intranual que corresponde al inicio de la temporada de pulpo y otro a largo plazo
entre los a5os que esta relacionado con la demanda y la apertura de los mercados
europeos y orientales sobre el pulpo de aguas yucatecas. Adnmis, de la variabilidad
en la demanda del mercado de Estados Unidos por las cspecies de escama  mero-
huachinango!. En la segunda mitad del a5o existe una estmtegia de incrementar el
esfuerzo, ya sea introduciendo mas embarcaciones, alijos y/o numero de dias en el
mar para mantener y aumentar los beneflcios de la pesqueria de pulpo.

En el trarenmo del ano la asignacion del esfuerzo entre pesquerias se ve
reflejado en una disminucion de la captura de mern y/o de huachinango  Monroy et
al. 2001!. En los uitimos tres a5os se ha registrado que aproxinmlamente el 25 %
de las embarcaciones de la flota yucateca cambian de pesqueriay por lo tantode arte
de pesca ya que dejan de utilizar carrete y/o biciclebt por los alijos. Sin embargo,
una parte de la flota mantiene su esfuerzo dirigido ha la captura de huachinango
durante todo el a5o y por viaje de pesca registran aproxnnadamente el 45 % de
huachinago  L. campechanus, L.vivanus L. bucanella!.
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ABSTRACT

Gag  Mycteroperca microlepis! is one of the grouper species that supports a
major commercial fishery in th Yucatan Peninsula and also arccreahonal one in the
southeastern Umted States. In the state of Yucatan it is a very important fishery
resource since it represents the third most abundant species in the total catch
biomass. Despite its importance, there is scarce information in Mexico about its
population biology, recruitment, and juvenile period. Therefore, this work is
focused on defining the time, age, and size in which settlement and recruitment take
place. During a 19 months survey at the northern coast of Yucatan during 2000 and
2001,92& gags were caught. All of these were juveniles since they have completed
their metamorphosis, lived in a benthic habitat, and were sexually immature.
Otoliths microstrtxtore analysis was done using a polishing and etching technique
and counting the number of annual rings and daily marks ttuough a compound
microscope. In order to authenticate the number and the source of each mark
observation, an image analysis with a SEM was carried out. Two cohorts were
established, the first one takes account of individuals of less than a year old
displaying several daily and hmar marks, as the second one comprises individuals
with two or more years of life, exhibiting two or more annual rings and other source
~arks. The otolith aging techaique points out that recrmtment is discontinuous for
gag in the Yucatan coast and that the determined nursery areas support more than
one annual cohort.

KEY WORDS: Mycteroperca microlepis, age, otoliths, recruitment

Abordando el Reclutamiento de las Poblaciones de
Mycteropercu Microlepis de la Costa Norte de la Peninsula de

Yucatkn t IJn Enfoque de Otolimetria

El Abadejo  Mycteroperca microlepis!, es una de las cspecies de meros que es
explotada por pesquerias comerciales en el sur del Golfo de Mexico, asi corno
pesquerias recrcahvas en el sureste de Estados Unidos. En el estado de Yucatin,
es un recurso pesquero muy importante ya que representa la tercera especie mas
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abundanteen el volumen total de captura. A pesar de su importancia, la informacion
en Mexico sobre la biologia de sus poblaciones, el recultamiento y su fase juvenil,
es muy escasa o inexistente. Por lo tanto este trabajo tiene corno objetivo definir el
tiempo, edad y tamano en el cual se da el aseatamieato y el reclutamiento de esta
especie. Novecientos veintiocho abadejos fueton capturalos durante un penodo de
muestreo de 12 meses, en la costa norte de Yucatkn, durante el 2001. Todos los
individuos fueroncoasiderauhs corno juveniles yaque presenfaroa uaametamorfosis
completa, innuuhrez sexual y se encontraron asentados ea ambientes benticos. La
tecnica de otolimetria utilizada fue la de pulido y descalcificacion, con conteo del
numero de aniHos anuales o marcas diarias a travbs de ua microscopio compuesto
. Para verificar el numero y origen de cada marca observada, se realiz6 un ae8isis
de imagen por medio de un MEB. Se establo:i6 la existencia de 2 cohortes, la
primera con individuos menores a un ano de vida, que presetttaroa varias marcas
diarias y lunares. La segunda cohorte con individuos de 2 o mas anos de edad fue
establecida ya que presentaban 2 o mas aniHos de crecimiento u otras marcas. La
tecnica de otolimetria muestra que el reclutamiento del abadejo en las costas de
Yucathn es discontinuo y que ea las areas de crianzaregistradas sepuedenencontrar
individuos de diferentes cohortes anuales.

PALABRAS CLAVES: Abadejo, Mycreropercu microlepis, el recultamieato,
Peninsula de Yucathn

lNTRODUCTlON

The coastal zone of the Yucatan State in Mexico has exceptional diversity and
abundance of marine resources due to the physical and chemical characteristics
prevailing there. Juvemle gags appear to be dependent on estuaries and near shore
waters. Larvae are pelagic and dridt towards shore with the infiuence of tides and
currents {Rutten in press!. Postlarval gags enter near shore waters where they settle
and stay in these nursery areas for a period of time searching for food and
protection. Settlement is apparently weH synchronized with the spring increase in
primary and secondary productivityinoyster beds, seagrass beds and other complex
habitats. AH of the juvemles are sexuaHy immature. Five to six months later, juvenile
gags leave the nursery area and egress to near shore reefs and wrecks  Koeaig and
Colin 1999!. Changes in weather patterns and/ or rapid changes in water
temperatures may precipitate mass emigratioa of gag Sum the estuaries  Ross aad
Moser, 1995!.

Gags are heavily fished using a variety of gear and in different phases of their
lives  Sadovy 199?!. The fishing pressure on this species ia Yucatan, as ia other
groupers, is greatest on larger individuals that are mainly males, since it is a
protogynous hermaphrodite, resulting in the females changiag sex at a smaHer size
 Koeaig et al. 1996, Coleman et al. 1996!. Juveniles are also captured within the
coastal zone of thestate since there are no management regulations on the minimum
legal size.
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The overfishing of adults and juveniles as well as the destruction or modification
of their nursery have lead the Mycteroperca microlepis to be considered as a
vulnerable specie in the Red List of the UICN  Morris et al. 2000!. It is becoming
generally accepted the only way to effectively protect this specie is by protecting
their habitat. There is a clear need for more and better data on the biology of this
grouper and so this article will provide information on the biology of juvenile gags
and their recruitment. Using an otolith aging technique, time, age and size in which
settlement and recruitment took place in the northern coast of Yucatan will be
determined so as to have more tools to manage this resource.

MATERIALS AND METHODS

All juvenile gags were captured with a small trawl net at Punta Caracol �1'
29.24 N, 87' 30.18 W! and Dzilam de Bravo �1' 25.05 N, 88 52.20 W! in the
northern coast of Yucatan where seagram beds are conspicuous during 19 months
survey &om June 2000 to December 2001  Figurel!. Data registered for each
sampled fish included collection date, location  using a GPS!, total  TL! and
standard length  SL!  cm!, whole  TW! and gutted body weight  GW!  g!. Both
sagittae were carefully removed up through the gills and placed in an aqueous
solution of alcohol for more than a week in order to clean all the membranes off
them. Some gags were too small so the otoliths were not removed and some otoliths
were broken, leaving only 715 pairs able to use and to establish the time in which
settlement and recruitment took place.

Figure 1. Map of the Carnpeche Bank and the norihern coast of Yucatan
Peninsula, showin the two fishin sites where a s were collected.
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RESULTS

From June 2000 to December 2001, 928 gags were caught at the northern coast
of Yucatan in Punta Caracol and Dzilam de Bravo. Lengths for 715 individuals
ranged in size &om 6.2 to 48.7 cm and 5.9 to 43 cm total and standard length

Once clean, the pair of otoliths was stored dry in paper bags. Only the IeR
otolith was chosen, but in case it was lost or damaged the right one was used. Every
pair of sagittae was weighed to the nearest milligram in order to obtain the average
weight. For length and width, one sagitta was measured using a graph paper to the
nearest miHimeter. A correlation between the fish and otolith weight and the
standard length and the otolith length were carried out. For the aging technique, 53
sagittae of 0.5 cm and 0.9 cm length were chosen. Each of the selected otoiiths was
observed by usmg acoinpound bmocular microscope under refiected light nnmersed
in camomil aromatic oil, which acts as a clearing agent. The number of opaque
marks were read &om the nucleus outward along their axis at a magnification of 0.7
X and 2.5 X for each one by two readers and the mean value was taken into
account. It was taken into account that the underlying daily increment pattern is
usually smooth and regular  Campana 1992!.

The number of marks &om each specimen was used to estnnate the age of the
fish in days for the smaHest otoliths. For the largest otoliths, annual rings  annuli!
in each sagitta were counted since the daily marks could not be clearly read. The
same otoliths were cleansed with a paper towel and embedded in transparent epoxy
resin. Each otolith was polished to the sagittal plane with 600 and 1000 grit paper
until the nucleus was exposed. The cross-section was etched with EDTA  9/o
solution! for five minutes for the smaller otoliths and for 15 minutes the larger ones.
The otoliths were then stained with Toludine blue in order to make the marks and

annuli more evident to observe. Although greater time is required per sample, the
quality of samplepreparation and the precision oflater microstructural examination
is enhanced over other methods  Secor et al. 1992!.

Once the source of the mark was established, a back calculation procedure was
performed considering that every seven daily marks stands for a lunar mark and that
the pelagic phase of the gag was 40 days  Koenig and Coleman 1998!. The back
calculation procedure used in this studyonly determinesthe probable settlement and
birth date of each juvenile. Increments or marks were considered daily as they are
formed at a constant &equency, and they often appear as a regular sequence with
smooth transitions in both increment width andmcrementcontrast Cainpana 1992!.

In order to authenticate the number and the source of each mark or annulus

observation, an image analysis with a scanning electronic microscope {Hitachi S
520! was carried out� 10 X to 600 X magnification!. The otohths were rinsed with
alcohol before being rotary coated in a vacuum evaporator with 150 A of gold-
palladium alloy. The image analysis system was used because it provides three major
advantages such as image enhancement, image manipulation and quantification of
annuli  Campana 1992!.



Page 88555 Gulf and Caribbean Fisheries institute

respectively. Whole weight range &om 42 to 1,105.9 g while gutted weight was 3A
g to 1,008.4 g.

Otoliths length ranged &om 0.25 to 22 cm and otoliths weight &om 0.00053
to 0.54629 g. Fish standard length and Ssh weight correlated strongly with sagitta
length  r' = 0.8056!  Figure 2! and sagitta weight  r = 0.7099!  Figure 3!
respectively.
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Figure 2. Regression of 715 gags between standard fish length and
otolith len

The number of marks and annuli were read in 53 chosen otoliths It could be
assessed that 30 sagittae, whose length was 0.5 cm display no annual ring or annuli.
The largest 23 otoliths of 0.9 cm length display one or more annuli aud no lunar
mark was visible. It was established that these otoliths where &om Gshes of two
different cohorts, the smallest ones belonging to a 5rst cohort and the largest to a
second.

Otoliths of fishes in the 6rst cohort, seen with camomBe oil, display several
records &om 5 to 20 lunar marks that represent an individual age of 75 days to 180
days, mcluding 40 days that lasts the larval phase  Table 1!. The 30 individuals
studied were younger than a year. Of these individuals 6 had 4 months, 2 had 5
months, 4 had 6 months, 11 individuals had 7 months and 7 had 8 months of life.
These gags were captured between July 2000and November 2001, and the probable
date of recruitment was April to May for the smallest individuals �0.6cm mean
standard length!. The aging technique points out that juvenBes had been recruited
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primary in April and May to June or August.
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The staxidard length of cohort one  range 7.8- 27.5 cm! was significantly less
than those of cohort two  ranges 10.0 - 28.6 cm!. The relationship between the
standard length of each individual of the cohort one, and the number of marks in
their otoliths was statisticallysigni5cant p =0.142118;a=0.01! but the correlation
between variables was very weak  correlation coeflicient = 0.078074!.

Juvenile gags belonging to cohoxt the second cohort displayed 1 to 4 annuli,
after the pohshing «nd etching technique  Table 1!. These annuh xepresent an age of
one to four years for the juveniles. The standard length for individuals with one
annulus, or one year of age, ranged form 11.5 to 28.6 cm and for individuals with
two annuli ranged &om 20.5 to 28.5 cm. Specimens with thee and four annuli
presented a staxxdard length of 20.0 to 25.7 and 23.8 to 26.5 cm, xespectively. The
relationship between the staxwhxd length of each juvenile and the number of annuh
displayed in each otolith was statistically significant  p = 0.197684; a = 0.01! but
thecorrelationbetween variables was very weak corxelationcoeKcient= 0.07772!.
All of these 23 individuals were capture between July 2000 to October 2001.

For the early recruits, or juveniles belonging to the 6rst cohort, the deposition
of lunar marks was observed every seven days. I was also assessed the number and
source of the annuli seen in individuals of the second cohort, which display one to
thee annual rings. This was authenticated by taking into account the miaostnictuxe
of the otolith seen through the SEM  Table 1!.
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Table 1. Results for the two different cohorts defined. A comperi~ between the
three methods used.

Cainoinlle ON Polishing and
Etching

hnage Analysis
 SEMI

Lunar Mark Annuli Lunar Mark Annuli Lunar Maik AnnuS

Cohort 1 5 - 20 D D 0 520 0

Cohort 2 0 1-3 0 1-3 0 1-3

DISCUSSION

3fycteroperca microfepis is a protogynous hermaphrodite  Bullock and Smith
1991!, which exhibits a bathymetric distribution  Johnson and Collins 1994! and
whose principal environments for their juvenile stage are in shallow water se'igmss
beds Rein In press.!. Through this study it can be assessed that early juvemle gags
require this habitat as a nursery area although dependency for estuaries  Keener et
al. 1988, Koenig and Colin 1999! was not observed since in Yucatan shore there are
no estuaries

The stations where the individuals were captured in this study, Punta Caracol
and Dzilam de Bravo, belong to two different natural protected areas which include
one mile of sea habitat from the coastline. Notwithstanding, when these areas were
decreed, the marine environment was not taken into account, and there are no
management plans or fishing restrictions in any of them.

All of the gags studied were considered as juveniles since they have completed
their metamorphosis, had settled in a beaduc habitat, and were sexually immature
 Kovac and Copp 1999!. Pdagic gags recruited to the sea grass habitat as a single
cohort in April and May after 40 days of pelagic stage, which agree with the time
established by other authors  Koenig and Coleman 1998, Koenig and Colm 1999!.

For these early recruits the deposition of lunar markswesobserved every seven
days. The mean size of the individuals at age 0 or younger than a year �0.6 cm!
determined in this study agreed with the length established by Hood and Schlieder
�992! of 32.2 cm  maximum value TL! for individuals of the same age. The first
individuals from this cohort were captured in July, and with the back-calculation
analysis it could be deteranned that the first individuals mgless to the seagrass beds
in April and May which agrees with the results from other authors  Rutten, In press;
Ross and Moser, 1995!.

From individuals belonging to cohort, two sectioned otoliths showed that annuli
were laid down once a year. Although the validation to assert this was not carried
out, different authors support this by the corisistencyofring location from the otolith
core and the positive correlation of otolith size and fish length  Hood and Schlieder
1992, Collins et aL 1996!. The periods of peak annulus reported was in May to
August, but in order to establish the tune when these rings were formed in the
otoliths studied, a marginal increment analysis is needed  Collins et al. 1987!
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The otolith aging techniquepoints out that recruitment is discontinuous for gag
in the Yucatan coast where there is an evident peak of ingress once a year.
Individuals spend their first years of hfe in these nursery areas where they become
established to feed and protect themselves &om predators  Jory and Iversen 1989!.
The results also determined that these nursery areas support more than one annual
cohort, which indicates that gags are not a threat to each other and that they are
recruitment-limited rather than resource-hmited  Sadovy 1997!.
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Peches Expirimentaies de I 'mil de Baeuf  Etelis ocalutus! aux
Filets Profonds en Guadeloupe  F.W.I.!
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Institut Regional de Peche et de Marine

Riviere-Sens, 97 113

GOURBEYRE, Guadeloupe  F. 8'.I!

RESUME
La modernisation de la QottiHe de peche artisanale de la Guadeloupe autorise

dbsormais I'exploitation desressourcesprofondes dutalus msulaire. Dans les annus
1990, est apparue la peche de I'fail de bceuf  Etelis oculatus! h 1'aide de filets, dans
des profondeurs d'envimn 300 m. Ces ressources 8aient prechhmment exploitees
par les techniques traditionneHes artisanales: les paiangtes profondes. L'arrive de
cette nouvelle technique est h 1'origine de conflits de mbtiers au sein de la
communal de pecheurs. Une bkude a ltd entreprise par I'Institut Regional de
Peche et de Marine  IRPM! afm d'etudier 1'impact de 1'introduction de cette
technique sur ces stocks et les moyens de les preserver de la surexploitation. Une
analyse economique de la rentabilitb cette peche a 6R egalement conduite.

La campagne a permis de mouiHer 28 km de 61ets entre les mois d'avril et
d'octobre 2001, au sud et h. I'ouest de la Basse-Terre, en Guadeloupe. 2 400
individus appartenant i 48 esybces ont et' captures. Les rendements obtenus sont
de 19+ kg/100 m de 6let ou 48 kg par heure de peche.

L'aeil de bceuf, espbce cible, xeprbsente 4? /o des effectifs pour 52 /o du poids
vif et 77 /o de la valeur commerciale. 86 /e des individus caphmbs sont matte.
D'autres especes presentant un potenfiel commercial ont ate capturees
 Gephyroberyx darwini, Polyntixia lowei!.

Les inconnues qui demeurent concernant la reproduction et la croissance de
cette espece incitent 6 recommander 1'elaboration d'une r~ementation speci6que
concert+at cette pecherie. Des Audes compMmentaires concemant 1'analyse des
pecheriescommerciales guadeloupbmnes ainsi que ladbternunation de lacroissance
et des diodes de reproktction d'Etelis ocuEutus vont etre prochainement
entreprises.

MOTS CLEFS: Etelis oculatus, peches profondes, Guadeloupe

Experimental Deep Sea GBl Net Fishery of Queen Snapper
 Etelis oculutus! in Guadeloupe  F.WJ.!

Modernizafion of fishing boats in Guadeloupe now allows deep-sea resources
exploitation of the insular dope. In the mid 1990s, net fisheries targeting queen
snapper  Etelis oculatus!, began at amund 300 m depth. This specie was previously
fished utilizing smaH scale traditional techniques, primarily hook and line. The
introduction of gillnets led to conflicts between communities of professional
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fishermen. A pxogram was undertaken by the regional fisheries institute  lRPM! to
study the impact of net introduction on those stocks in order to pxeventoverfishing.
An economical analysis of the pmfitability of the queen snapper net fishexy was
conducted at the same time.

This experimental campaign lasted seven months, fmm April to October 2001,
in the South and West of Basse-Terre, in Guadeloupe. 28 hn of giH nets, were
soaked in 142 samphug sites, aHowing 2 400 catches belonging to 48 species.
Average CPUE of 194 kg/100 m or 48 kg/fishing hour were obtained.

@veen snapper represents 47 % of the catches, the equivalent of 52% of total
weights and 77% ofcoxnnxercial value. Average individual weight for queen snapper
is 2.6 kg. &6% of the individuah fished were adults. Other commercial fishes were
caught naxaely Gephyroberyr darwini and Polynxixia lowei.

Aspects of the repmduction and gmwth of this specie remains unknown,
leading us to recommend regulation of this new technique. Studies wiH soon be
uxxdextakento assess commercial deep sea fisheries in Guadeloupe and to detcnnine
localization and seasonality of xelnoxhxction as well as growth of queen snapper.

KEY WORDS: Etelis ocukrlm, deep-sea fisherie, Guadeloupe

Pescas Kxperimentides del Pargo Caehucho +felts
ocututus! eon Redes Profundas en Guadeloupe  F.W.K.!

Lamodernizaci6ndelaflotiHade pescaartesanal de Guadeloupe permite ahoxa
laexplotaci6nde losrecuxsosprofundos del pendiente msular. En los aios 1990, est
apareci6 lapesca del pargo cachucho  Etelis occdatxts! con redes, alrededor de 300
m de profundidaxL Anterioxmente, este recursoeraexplotado conartes tradicionales
: palangxes pmfundos. La llegadade aqueHanueva practica fue fuente de confVictos
entre comunidades de pescadores. Un estudio ha sido x6xlizado por el lnstituto
Regional de Pesca y de Marina�RPM!, para estudiar el impacto de la introduccibn
de este nuevo axte de pesca en los recursos para preservarlos de una sobxe
explotacibn. El trabajo incluyetambibn un analisis economicode laxuntabHidad de
esta pesca.

La caxnpa5a de mostxeos permiti6 colocar 28 km de redes alxeddor de 300 m
de profundidad, encl sur~ de Basse Texre, en Guadeloupe, entxe abril y octubre
de 2001. 2 400 individuos perteneciendo a 48 cspecies fuemn capturados. Les
xendimientos obtenidos son de 19,5 kg/100 m de xed o 48 kg por hora de peseta

El pargo cachucho,especie enfocada, representa 47% de los individuos, 52%
del peso total y 77 % del valor economico de la peseta 86 % de los individuos
capturados son adultos. Otxas cspecies con potencial comercial han sido capturadas
en cantidades significativas  Gephyroberyx darwini, Polynxixia lowei!.

Larepmduccibn, el crecimiento yel estado del stock del pargocachucho siguen
poco investigados, Io que nos ha conducido a xecomendar una r@1ementacion
cautelar para esta pesqueria La anihsis de las pescas comerciales del pargo
cachucho programadas en Guadeloupe pexxnitiran adaptar un reglamexxto que
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permita un desaroHo sostenible de esta yesqueria.

PALABRAS CLAVES: Etelis oculatus, pescas profimdas, Guadeloupe

INTRODUCTION

La peche guadelouyeenne, majoritairement artisanale, se concentre sur
I'exploitation des sectetns peu profonds du plateau insulaire, conduisant 4 une
situation de surexploitation des zones cotihes. Depuis une quinzaine d'annus,
I'lnstitut Regional de Peche et de Marine  IRPM!, ~se des travaux ayant pour
objectifla diversificationdes pecheries et le redeploiement d'une pattie de Feffort de
yeche vers I'exploitation denouveHes ressourcesa6nde souiager Ieplateauinsulaire.
Dans ce cadre, FIRPM a conduit, en 2001 et 2002, un programme intituld
"Optimisation de I'exploitation des ressources nouveHes en Guadeloupe, ressources
profondes et DCP". La rentabilik de d'exploitation ces ressources innovantes a etc
ehuhbe en conditions d'exploitation conunerciales, en tenant compte de la nhxssitb
de preserver les capacitbs de renouveHement des espbces  Diaz et al. 2002!.

Diverses techniques et engins de phhe ont Std exyhimenRs:
i! La palangre profonde ciblant particuhhement les requins,
ii! La peche des grands pblagiques antour des DCP,
iii! La peche aux casiers profonds ciblant les Crustacbs.
iv! La peche au Get profond ciblant principalement I'a:iI de bceuf  Etelis

oculatus!
Cette derail technique qui fait I'objetdesdbreloppements suivants. L'etat des

connaissancn concernant I'esyece cible sont rappelbs. Les mat&iels et mbthodes
employs durant I 'Rude sont mentionn&. Les rbsultats globaux sont iHustres avec
un dbveIoppement particulier concemant I'espbce Etelis oculatus, pour conclure k
propos de Ia portage de ce travail sur I'amhegement zbglementaire des yeches en
Guadeloupe.

CONNAISSANCES SUR L'EXPLOITATION DE L'CEIL DE B EUF DANS

LES PETITES ANTILLES

Les Lutjani&s profonds et principalement les espbces Lujtanus vivanus
 «vivaneau»! et Etelis oculatus  «ceil de bceuf »! font I'objet d'une yeche
traditionneHe dans les Petites AntiHes k I'aide de Hgnes de fonda et de palangres
diverses. Ces p&ches sontyratiqubes sur le talus insulaire et sur lesyentes deshauts-
fonds, en dehors de lasaisonde peche despbiagiques. Pour I'espbce Etelisoculatus,
AHen �985! note qu' il s'agit d'une "ressource potentieHe particulierement
abondante aux Bahamas et aux Antilles". Des pechesexperimentalesconcernant ces
ressources ont M menees par IFREMER, sur le talus insulaire de la Martinique
 GuiHou, 1989! et autour des Hes de Saint-Martin et Saint-~lemy  Lorance
1989!. Les tmvaux de Murray �9893, Murray et Charles �991! et Murray et al.
�992! et ont contribue a une meiHeure connaissance de la biologic et de la peche
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d'Etelis ocularus, a partir de I'analyse de Ia pecherie traditionneHe de Sainte-Lucie.
Ces travaux ont86 poursuivis par la mise en place d'une coop6ration Rgionale avec
les iles de Ia Dominique et de Sainte-Lucieconcemant I'exploitation des Lutjanides
profonds. Une synthese des cormussances sur la peche et la biologic de I'espece
Etelis oculatus a 8b produite en 1996  GuiHon et al. 1996!.

On sait de cette espece que sa repartition bathymetrique se situe entre 100 et
600 m  ce qui correspond a des temp6mtures ambaintes comprises entre 10 et
25'C!, qu' il s'agit d'une espece mobile et ~6gaue. Les captures semblent attests
de la presence plus profond des plus gms individus. Son regime alimentaire est
principalement co~ de cahnars et crustarm. Le sex-ratio observ& dans les
captures est de I: I mais il appanut une prhlominance des femeHes parmi les
individus de grande taiHe  >55 cm LF! alors que les males sont plus abonhmtspanni
les individus de petite taBle <55 cm LF!. Lasaisonde reproduction estmal d6finie.
La taille de mature sexueHe se situe entre 43 et 47cm LF pour les femeHes et entre
37 et 42 cm LF pour les males. Les paramelres de croissance de von Bertalanffy
sont les suivants Lg = 102 cm LT et K = 0/90, ce qui est coherent avec la taiHe
maximale observe: 76 cm LF  96 cm LT! pour 6P kg. La longbvitb est
probablement sup&ieure a 30 ans.

L'exploitation de cette espece i I'aide de filets maiHants est apparue, en
Guadeloupe. EHe semble avoir et' initi6: par Iespecheurs de I'ile de la Desirade, sur
le banc Flandres, et s'est developp6:, depuis 1995. Les filets utilises sont des filets
maiHants  maiHe minimum autorish:35 mm ou 70nun &iree!. L'augmetWtion des
puissances des navires et des moyens de levage ont permis I'intensification deces
peches. Ces pratiques et leurs impacts sur les ressources n'ont pas M suivis mais
les pecheurs pratiquant les techniques traditionneHes dbnoncent une rarefaction des
prises qu'ils attribuent a ces nouveHes pratiques. Les pecheurs dbsiradiens
confirment que I'augmentation de la pression de psyche aux filets profonds autour de
la Desirade a rapidement conduit h une diminution sigmficative des captures,
menaqant Ia rentaMitb de cette activity.

MATERIEL ET METHODES

Le navire de peche utilisb, "Le Polka", est un navire pontk d'une longueur de 12
metres, integrant un 6Iuipement Hectronique de bord complet  dont la cartographic
des fonds par sondeur cond au GPS! et un vire-filet d'une puissance de 600 kg a
90 mlmn.

Des reperages cartographiques et bathymetriques ont et' systematiquement
realis&, pahlablement aux mouiHages des filets afin d'identifier le secteurs decale
les plus propices.

Des images sous-marinesont~ement ete rhdisees afin de caracthiser le type
de fond et d'observer Ies espkces in situ.



Page 894 Diaz, N. et al. GCFI:55 �004!

Engins de Peche
Des 61ets droits de maille 60 mm�20 mm etire! ontetb months. Les longueurs

travaillbes sont de 200 m pour une hauteur de 4 m Ces montages ont nkessitb de
nombreux ajustements pour une parfaite compatibilite avec le vire-filet et pour
limiter les pertes et dechirures trop importantes de la nappe en cas d'accrochage au
fond. Ces longueurs de fiiet reduites permettent de cibler precisement les positions
de cale sur les secteurs tres heterogenes prospectus.

Effort de PSehe Experimental
Cinquante-cinqjours de mer ont8b totalises, permettant le mouillage de 28440

m de 61et en 142 stations. Les bathymbtries correspondant aux «yeux de bceuf »
 Etelis oculatus!, aux alentours de 300 m, ont ete privilegibes. Les peches ont ete
conceals sur les pentes des e secs» {monts sous-marins! de Pointe-Noire, de
Vieux-Fort et du sec Path, dans le canal des Saintes, a des profondeurs comprises
entre 195 et 410 m. Quelques cales ont egalement etc realists sur le talus
continental, k proximitb de Basse-Terre.

Les ~es ont et' realisees 6 Ia journee. L'organisation type de cette peche
consiste 4 mouiBer Ies filets en fin d'apres midi et a les relever le lendemain, ipartir
du milieu de matin6:, puis a les remouiller en fin d'apres-midi

Informations Collects
Pour chaque cale, les informations suivantes sont relevbes: les positions, dates

et heures de cale, dates et heures de levee ainsi que les profondeurs de cale. Les
prises sont identifi&s et dhmmbrdes. Des mesmes individuelles sont clement
realists: longueur 6 la fourche  LF! et/ou longueur totale  LT!. Lorsque
1%dentification des especes a et' impossible, des sp6:imens ont W confibs k des
specialistes de I'University des Antilles et de la Guyane ainsi qu'au Mushy National
d'Histoire NaturelIe. Des collections de specimens et photographiques ontegalement
Ab RaIish:s pour chaque eqkce.

Les travaux portant sur la rentabilitb de I'activity ont necessite Ia
commercialisation des captures dans les conditions du marchb local La valeur
commerciale des prises a done bgalement et' relev6:. Les rendements ponderaux
et financiers ont et' extraits par longueur de filetetpar heure de yeche pour chaque

RESULTATS ET DISCUSSION

Resultats Globaux
D'un point de vue technique, ces travaux ont yermis de constater I'aisance de

mise en ceuvre des filets profonds h partir d'une unite de 12 m pontee et equipee
syb:i6quement pour cette peche. Les pertes d'engins ont ete Iimitb.*s I 1,9% des
longueurs mouill&s gt@ce aux rel~ges cartographiques minutieux prealables.

Un total de 2394 captures appartenant h 48 espbces a Std enregistrb, pour un
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poids vif total calcule de 5 624 kg  Tableau 1!.

Tableau 'l. Caracteristiques des espbces captures aux filets profonds pour
l'ensemble de la campagne

LC 0,

74
158
223
295
50

295
86

106
139
84

133
72
75

113
37

88
186
223
295
60

295
116
160
155
1DS
156
102
100
115
46

57
130
223
295
30

2g5
55
76
94
40

105
60
51

110
22
32
12
5

16
19
19
35
40

58
25
37
18
20
21
42
47
32
34
88
43
68
56
98

70
53
65
20
21
22
47
56
35
35
94

24
33
82
43
60
27
61
35
6

T~
Epin

45
55
43
20

14

51
27
51
14

&yttirocfes
mourn
nupnu
late sp

34
14
87
15
62

100

90
20
62
10D
26
22
32
26
29
30

124

93
25
62

100
60
24
51
26
33
30

t24

19
2D
19
26
21
30

t24

Tnglidas
Percidhhyrdas

funande

~ ssper
Cyrmpontfcus savanna
Saruida nonnsni
Brotuta tuutrstu
rirnhbda rowel

Gephyofrelyx dervrfrd
capias
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~ arenetus
Caranv utrutufa
~ caaaetSfus
Decaplwm tatd
Serrate dmnerN

bugfpauhu
nuts aegftsrre58
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La/anus vfvanus
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alaluud
ap f
ap 2
1
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nnusoe sp 0aunef

Pontinus sp
Pnonatus sp
~rope sp
poisson banana

sp
sole-

Unnaeus, 1758
Bfiuan, 1839
Gntfith 8l Smith, 1834
l.inneeus, 1758
Goods et Bean, 1896

, 1810
onstelnh 1788

Banaiene, 1788
et Webw, 1969

loch et achneider, 1801
ene, 1768

Howettuhivrua, 1 S36
Menetl, 1973
Benaag, 1631
Longley, 1935
Bloch 1 tfitt
Gurllher, 1859
Johnson, 1866
t.owe, 1843
Gurllhw', 1860
Goads et Bean, 1896
Gorie, 1829
oey, 1860

Caviar, 1833
Beny, 1968
Risto, 1810
Lcws, 1843
Posy, 1854
Cuvier, t 832
Cocco, 1834
Lessen, 1830
Va Accennea 1828
Cuvier, 1828
Gunlher, 1859
Poll et Cadsnst, 1 S54
rlaA ldenbfise
Aon idenbthhs

idenbfise
Aon ' cnliTiim
ruul I tenfifitre
Atul ldenbfitw
non idensfitw
non utentiTiee
Aon idensfw'e
Aan ~
non utenfifise
non rdenfifise

Scyl artwidas
Odontssfuddse

H~

Squahchw
Squahdae
Squafidas
Squahdae

S~

P lymaudae
Trachichthyidse
Capmidae
Tdglidae
Tnglidae
Pri~
C rangichm
Cranydee

Gmpyidee

L tjarudae
Luljaru des

5mmelichlhyidee

47

2 '1

3T
1
23
5
6

166
4
3T
12
2
12
16
150
43S
6

3
16
22
38
2
2

4
26

9 5
1133
8
13
65
1
2

2 1 t
'l4
6
47

1 4 2

LT
LF
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LF
LT
LF
LF
LF
LT
LT
LF
LF
LF
LF
LT
LF
tF
LF

LF
LF
LF
LF
LF
LT
LT
LT
LT
LT
LT
LF
LF
LT
LT
LT
lT

72,
146,
100,
33,
193,

151,
5lr2,
75,

13?�5
28,8
7,5
6,

28,4
70,2

420,9
1,3
0,5
0,7

16,5
44,S
15,4
1,0

1,6

36,4
134,2
11,5

29172
8,9
2,8

72,5
0,1
7,3
04
4,0
5.0
9.2

40.2
02
1,5
0,6

44,0
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Les principales espbces capturees en effectifs! sont Etelisondatws  Lutjanidae;
1133 individus! suivi de Gephyroberyx darwini  Trachichtyidae; 439 individus!
Le rendement pondbral moyen obtenu est de 19,5 kg pour 100 m de filet Le
rendement economique est de 96 US$/100 m de filet. Par heure de peche  duree du
mouiuage, du virage et du traitement des captures!, ces rendements sont de 47+ kg
ou 235 US$.

Rendem eats
Les rendements mensuels ont vari& de 2,6 kg par heme de peche, en avril, k

48,5 kg par heure de peche, en septembre  Figure 1!. La moyenne est de 24,8 kg
par heure de peche. Ramenbs 4 100 m de filet, ces rendements vont de 1,1 kg, en
avril, R 15,8 kg en septembre, pour une moyenne de 10,1 kg/100m de filet. Les
meilleursrendementscorrespondent Aceuxmentio~par Guillou�989! pour des
captures r68ishm entre -200 et -300 m, sur le banc d'Amerique, a la Martinique:
15,3 kg/100 m de filet. Ea moyenne, pour 1'ensemble de la Martinique et pour des
peches au tr8nail, ces memes auteurs reportent des rendements de 3,36 kg/100 m
de filet en saison humide, et de 5,03 kg/100 m de filet en saison seche, pour une
moyenne de 3,83 kg/100 m. Les resultats obtenus au cours du pahent travail sont
done nettement suphieurs. Toutefois, il faut praiser que dans le cas des aches
experimentales menees en Martinique, la stranigie decale des engins 8ait al~ire
alors qu'eHe ciblait P«ceil de bceuf » dans le cas present.

Cette espbce est manifestement pzbsente sur les secteurs exploites durant toute
laphiode. si 1'onconsidheque les capturesmodestes dumoisd'avril correspondent
k une phase d'essais preTirninaires concernant la technique de peche. Guillou et al.
�996! ne mentionnent pas de variations saisonnieres apparentes de la presence de
cette espece.

Les rendements obtenus sont particulierement 8ev& et prouvent Vabondance
de 1'espece ainsi que I'efficacite de 1'engin de peche. Il faut cependant preciser que
les secteurs explores 6taient vraisemblablement vierges d'exploitation au filet, au
debut de la campagne. Le maintien d'un effort de psyche mod&& durant cette
campagne n'a pas permis de voir apparaitre de diminution des rendements.

R&ultats Concernant Pesphx elble Etelis ocrdurus
Au total, 1 133 individus de 1'espece Erelis oculatus ont et' cap~s, pour 2

918 kg de poids vif et une valeur cotnmerciale 22 236 US$. Les longueurs k la
fourche des captures varient de 6 a 90 cm, pour une moyenne de 55+ cm. Les poids
sont compris entre 10 g et 9,4 kg, pour une moyenne de 2,6 kg. Les «yeux de
bceuf » ont 8b ca~ entre 217 et 340 m pour une profondeur moyenne de 284

Cette espece represente globalement 47 % des effectifs totaux pour 52 /o du
poids vif et 77,5 /o de la valeur conunerciale  Figures I et 2!. 11 s'agit de 1'espece
cible de cette peche en raison de sa forte valeur connnerciale sur marche local �0
US$/kg!, tt Vinstar de tous les Lutjanidbs  «pagres» et «vivaneaux»!.
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Figure 1. Rendement ponderaux par rnois et par espbce de la p4che aux filets
rofonds obtenus durant la cam ne.
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Figure 2. Rendement economiques par mois et par espece de la peche aux filets
profonds obtenus durant la campa ne.
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Repartition par Classes de TaBle
Lareparlitionpar classes de taiHeobtenue hparlirdes mesures de 779 individus

est iHustree sur la figure 3. H apparait un mode principal autour de la classe 62 cm
LF avec 43 individus. Un mode secondaire se d&ache autour de la classe 46 cm LF

avec 26 individus. Les structures de distribution des taiHes par mois n'ont pas
mon& de diffhences significatives au cours de la periode d'echantiHonnage.

R 3. Distribution des tailles de l' Etelis oculatus dans les ca rea.

SHectivitk des Filets
Les plus petits individus captur& mesurent 6 et 8 cm LF. Hs ont Std captmbs

au mois de juin. Le plus grand individu mesure 90 cm LF, cap~ au mois d'aoGt.
Ceci demontre que les filets maiHants de maiHe 60 nun employs s'avhrent peu
s8ectifs en ce qui concerne la taiHe. H est observe que les prises s'emmelent dans
le filet davantage qu'eHes ne se maBIent, ce qui explique la capture d'individus de
tnh petite taiHe. Les prises d'individus de tabs petite taiHe demeurent cependant
anecdotiques. Les captures de petits individus peuvent apporter quelques 86ments
de ~nses quant a la triode de agmduction. La ~sence simultande dans les
captures d'individus trhs petits <1 Oem LF! etd'individusde taiHe moyenne semble
indiquer que diffhentes gbnhations d'individus cohabitent dans le meme miheu.

Si 1'on consider@ une taiHe moyenne de premise maturitb sexueHe des femeHes
de 43 cm LF  taiHe inf&ieure de la plage de variation %finie par GuiHou et al.,
1996!, 92 /o des effectifs captures sont mahues. Si Von considere une taiHe
moyenne de premiere maturite sexueHe des femeHes de 47 cm LF  taiHe suphieure
de la plage de variation dbfinie pa GuiHou et aL 1996!, 86,5 /~ des effectifs cap@ebs
sont matures. Cette peche s'exerce done tabs majoritairement sur des adultes ce qui
est un facteur en faveur de la conservation de la ressource. Des professionnels
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guadelouphns pratiquant cette psyche avec des filets de maiHes 40 mm rapportent
que I'essentiel de leurs peches sont consbtobes d'individus de plus de 50 cm LF. La
taiHe des maiHes ne semble pas avoir une influence d@erminante sur la structure en
taiHe des captures.

Il est apparu que les meiHeursrdsultatsde peche ont bteobtenus aproxuaitb des
secteurs rocheux accidentes sur le pourtour des monts sons-manns. Les peches
rMisees sur les pentes sedimentaires du talus continental, a proximite de Basse-
Terre ont semble etre, globalement, moins productives. Cette espece semble
preferer la proximitb des affieurements rocheux ofirant des possibilities de refuge.

Reproduction
L'Rat des gonades n'a pas et& suivi et analyst au cours de ce travaH, les captures
etant instantanbment vide a bord. Seuis quelques indices qualitatifs ont ate relev&.
Ainsi, des observations de gonades de femeHes k un stade de viteHogemhe avant
ont b8 reali~ en septembre. Cet Stat ne concernait que quelques individus.
Aucun phbnomhe d'activite de reproduction synchronic: et d'envergure n'a et'
relet durant ces travaux.

Des juvMIes de I'esybce � cm LF! ont Ab capha6s en quanta significatives,
aux casiers profonds, a 500 m de pmfondeur, sur les memes secteurs, en janvier
2002 Germann corn. pers.!. H est possible d'imaginer des migrations bathymbtrique
des individus natures qui zegagneraient les secteurs plus profonds pour la ponte,
Whappant ainsi aux peches commetciales.

Autres Especes

Gephyroberyx darwiai  «empereur»! � 439 individus de cette espbce ont ete
captures pour un total de 421 kg. Cette espbce represente globalement 1$,5 o/o des
effectifs totaux captures pour 7,5 /o du poids et 7P /o de la valeur commerciale.

Les taiHes sont comprises entre 5 et 65 cm LF, pour une moyennede-37 cm LF.
Les poids varient de quelques grammes a 4,$ kg, pour une moyenne de 0,96 kg. Les
captures ont ete radishes entre 245 et 380 m de profondeur, pour une moyenne de
310 m. La profondeur de bipartition de cette espbce semble lbgerement suphieure
I ceHe d'Erellsoculaius. Cetteespece ararement Sb rencontree en association avec
Etelis oculatus dans les captures.

Cette espece n'est pas capturee 4 la palangre et est peu presente dans les
captures de la facade Atlantique. Peu connue des consommateurs, un effort de
promotion a ate n6:essaire pour sa commercialisation. Nbanmoins, Ia qualite de sa
chair lui autorise un potentiel commercial indeniable.

Les Sequins � 12 espbces de requins ont ete identifiees dans les captures. L'effectif
total des requins est de 297 individus, pour un poids vif calcule de I 430 kg. Les
requins reprdsentent 12,5 /o des effectifs totaux captures au filet, pour 29 /o du
poids et seulement 6,5 /e de la valeur commerciale, en raison de prix de vente tres
modestes.
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Les priaciyales esyeces rencontrees sont de petite taille: «requin chagrin»
 Centrophorus granulosus, 166 iadividus!, aiguillat cubain  Squalus cubensis, 37
individus!, Hexanchidae  Hcmnchus vitullzN, 6 individus: H. griseus, 5 individus!...
Les pecheurs pratiquant le filet profoad en Guadeloupe rayporteat des captures de
requias en diminution constante depuis le debut de cette activite, au milieu des
ann&+ 90.

Autres � L'ensemble des 34 autzes especeszencoa~ ne presentent qu'un intbret
bconomique mineur ou nul, zt 1'exceptioa, peut-etre, de 1'espece Polymiria lowei
 Polyaaxiidae, 150 iadividus!.

RentabiTith
Ces tzavaux ont parallelement yermis une analyse de zeatabilitb en cozdzontant

les rendements financier horaizes de la peche aux charges d'exploitation d'unnavire
en configuzationde peches commerciales. Des modblisatioasz6zlisdes dans plusieurs
cas de figure  variation de la taille des navires, de 1'@uipage, du temps de p&che et
des rendements...! ontmontrdunepeche assizzmzentplus rentable que Vexyloitation
des autzes pecheries profoades investigates: crustaces profonds au casiers et
requins profonds a la pahngre  Diaz et aL 2002!. Il s'agissait abanazoias d'une
analyse instantanRauvuedes rendements obtenus exphimeatalementet non d'une
rentabilik 4 long tezme, qui implique un auuatien des stocks. Cette demise
condition nRessite une approche pz6cautionneuse du dbveloppement de cette
pecherie passant par une limitation de 1'accks a la zessource.

CONCLUSIONS

Ces travaux devaient deboucher sur des conclusions yragraatiques4destination
des pouvoirs publics et des d6:ideurs concernant les conditions de d&reloppement
durable de cette p6che.

D'nn Point de Vue Technique
Les z6sultats enregisbA ont m~ que la mise en zeuvre des filets ne pose pas

de prob1hnes techniquesparticuliers et que I'acqumtiondehmaMsedecetteyeche
peut etre rapide pour un professioanel d&iraut se convertir k cette yratique. Une
parasite coaaaissance des secteurs exploites et une cartographic dbtaillb: de leur
bathym8riepermetde cibler les stations decaleetdonc d'augmenter les rendements
tout ea mimmisant les pertes d'engins.

Les filets maiBants de mailie cambe de 60 mm �20 mm Rirh:! aa minimum
semblent indiqu&. Des sections de filets rtxluites �00 m! yermettent de cibler
pakishnent les secteurs de cale dans des milieux het&ogbnes. Les secteurs les plus
favorables soat situes zt pzoximite de reliefs acddentes, autour de � 300 m, sur le
pourtour des monts sous-marina. La ~sence de ces ressources est vbrifi6: pour
1'ensemble du talus insulaire et des monts sous-marins de 1'archipel guade1o~
et ne semble pas etze 1'objet de variations saisonmhes significatives.
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Du Point de Vae des Espbees
L'espbcecible, avec 77 /o de la valeur commezciale totale, est indiscutablement

I'«ceil de bceu6> Etelis oculatzzs. D'autzes esyeces o%ent un potezztiel de
valorisation interessant: I'«empezeun>  GepIzyroberyx darwini! ou la «chevre»
 Polymixia lowei!, par exemple. Les captures de zequins semblent en dbclin et n'ont
zepr6sentb que 6,5 % de la valeur commezciale pour 29 /e des poids totaux.

Du Point de Vue de la Rentabilitb

Les rendements pond&aux et financiers obtenns sur les secteurs explo~ sont
pazticulihmnent fiivorables et ont pour cons6luence une rentabilite instantarde de
cette psyche indiscutable.

Du Point de Vue du D4veloppement Durable
En raison d'une aire de ~tion aQuite, ce stock est fore&ment hmitb your

1'ensemble de 1'archipel guadeloupeen. A 1'instar de 1'ensemble des ressources
profondes, les capacious de renouveHement de ces ressources doivent etre
considhbes comme whites, bien que les informations pr6:ises sur la zeproduction
et Ia croissance des esphes scient a compiler. Pour I'heuze aucune etude n'a mis
en evidence les consequences de cette peche sur ces ressouzces. Le dbveloppement
incontrolb de la pratique des filets semble cependant avoir aboutit rapidement a un
nette dimumtion des captures a la Dbsirade.

Ces considerations impliquaient de se donner les moyens de ~er I'e6ozt de
peche et de suivre les bvolutions de 1'activite coznmezciale pesant sur ces ressources.
Cesrecommandations onto' suivies d'effets puisque IanouveHe ~ementationdes
aches, en vigueur en Guadeloupe depuis le mois d'sod 2002, mtroduit un article
specifique 4 lapeche aux filets maiHants profonds. Cet article precise que I'emploi
des filets maiHants 4 des profondeurs de plus de 200 m est interdit. L'emploi de
filetsyeut cependant faizel'objet d'uneautorisationannueHe des autorites maritimes,
sous reserve de la declaration des captures, de 1'emploi de filets de maiHes caxrhm
de 60 mm de cotb au minimum, d'une hauteur maximum de 4 m et de longueurs de
filets de 6 400 m par marin embarqub, dans la Hmite de 1 200 m au totaL

L'instauration d'un sysb':med&laratif est une premiere concemant lespecheries
de Guadeloupe et auguze de lapossibiTitb nouveHe d'un suivi d'une pecherie 4partir
de I'analyse des fiches de peches.
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RESUMEN

La estructura genetica poblacional del caracol rosado Strombus gigas en la
Peninsula de Yucatkn, Mexico, se determm6 mediante la expresion de isoenzimas
en geles de poliacrilamida

Muestras de musculo de cincuentaorganismos, capturados en cuatro sitios de
la Peninsula de Y~ se utilizaron paradetectar la expresion genotipicarevelada
por la expresi6n de cincuenta y cinco loci, corno resultados de treinta sistemas
enzimhticos.

Se utilizo el programa TFPGA { Tools for population genetics analices!, para
efectuar el anhlisis de datos de fiecuencias gbnicasde aloenzimasde laspoblaciones
en su versibn 1.3. Los parametros determinados fueron: Estadistica descriptiva,
Estadistica F, Distancias gen6ticas, Equihbrio de Hardy � Weinberg, UPGMA y el
numero de migrantes corno indicador del flujo de genes.

Los valores de heterocig6sis, en un rango de 0.3240 para la OCTDH 2 y un
valor de 0.0440 para FUM, con un valor de heterucig6sis ptumedio de 0.0366, los
de Fis con un rango de 0.0835 para la OCTDH 2 hasta 0.3600 para la FUM y un
valor promedio de-0.0492, los de Fst de 0.1039 con un rango de 0.0082 para LAP
2 hasta 0.1967 para MDH 2 nos indican una deficiencia de heterocigosis, pero que
corresponden a los reportados para cspecies de invertebntdos marinos. El numero
de migrantes derivado de la ecuaci6n de Slatkin resulto de 2.156 por generaci6n,
que en forum global nos indicanuncierto gradode variabiTidad entre laspoblaciones
y que corroboran los bajos valotes de distancia genbtica de Nei, que con 0.0053 en
el nodo que relaciona a la poblaci6n de Alacrum nos se5alo la separacibn de esta
con las otras poblaciones.

En funcionde los resultados senalados se puede considenr que las poblaciones
de Strombus gigas en el Caribe Mexicano presentan un cierto grado variabiTidad.

PALABRAS CLAVES: Caracol rosado, Strombls gigas, estructura gen&ica
poblacional, Yucatkn, Mexico
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Population Genetics of the queen conch Strombus gig as
on the Yucatan Peninsula:

Implications for its Management and Fisheries

Genetic population structure of the pmk snail, Strombus gigas, in the Yucatau
Peninsula, Mexico, was determined by means of the isozymes expression in
poliacrylamide gels.

Samples of muscle of fifty organisms, captured m four places of the Yucatan
Peninsida, were used to detect the genotypic expression revealed by the nqnession
of fifty five loci, as results of thirty enzynmttic systems.

The TFPGA program was used  Tools for population genetics analyzes!, to
make the analysis of genics &equencies data of the populations in its version 1.3.
The parameters used were: Descriptive statistical, statistic F, Genetic distances,
EquilibrimnofHardy- Weinberg, UPGMA and the number ofmigrantsas indicator
of the gene fiow.

The heterozygosity values, in a range of 0.3240 for the OCTDH 2 and a value
of0.0440 for FUM, with a value ofheterozigosity average of 0.0366, values of Fis
with a range of 0.0835 for the OCTDH 2 up to 0.3600 for the FUM and a value
average of -0.0492, those of Fst 0.1039 with a range of 0.0082 for LAP 2 up to
0.1967 for MDH 2 indicate us a heterozigosity deficiency, but they correspond to
reported for moluscs marines species. The derived number of mignmts of the
equation of Slatkin is of 2.156 by generation indicate a certain grade of variabihty
among the populations in global form and they corroborate the first values of
genetics distance. of Nei that with 0.0053 in the node that relates the population of
Alacranes point out the separation of this population with the others populations.

The results of this study suggest that the populations of Strombls gi gas in the
Mexican Caribbean present a certain gmde of variability.

KEY WORDS: Queen conch, Strombus gigas, population genetics, isozymes,
Yucathn, Mexico

INTRODUC CION
La caracterizaci6n de la estructiua gen8ica poblacional es vital para cspecies

de importancia comercial y eco16gica ya que esta nos indica la heterogeneidad o
homogeneidad de poblaciones sobre grandes regiones geograficas  Bates y hmes
1995!.

El caracol rosado  Strombls gigas Linnaeus, 1758! es un gran molusco
gaster6podo marino de significativa importancia econ6mica para el brea marina del
Caribe. El rango nativo de la distribuci6n de la especie se extiende desde el sur de la
Florida a Venezueh y el este de Amtxica centml a las Bahauuls y Ias Islas Indias del
oeste, uua poblaci6n aislada habita tambibn las aguas costeras de Ias Bermudas.

Sinembargo, y corno resultadodeun severo esfuerzo de pescayladestrucri6ndel
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bkbitat de este molusco, hs pesquerfas de Sgigas en la mayorh de las tegiones del
Canbe Stoner y Ray 1993! se ban visto seriamettte disminuidasyen algunoscasos se
ha Hegado a la desayarici6ndel recurso, lo que motiv6 que S gigas fuera considemda
una esyecie comercialmente amenazada a nivel mundia1 en 1983  Stoner 1994! y
ahadida, en1992, al aphdice 9 del convenio sobrecomeniointernacionalde esyecies
enpeligrodeextinci6n CITES!  Stoneret aL 1996!,pmyicihndose conestamedidaque
lapesquerhde S gigas en keasde Venezneh, Mexico, Belice, Cuba, Colombia y los
Est@dos Unidos hayan sido cenadasestacionahneute por yeriodosmultiatn~s.  Stoner
et aL 1996 !. Este pmblema se agrava debido a la falta de datos sobre la especie en
algunas @me del Caribe, prmcipalmesW aqueHos sobre abundancia de juvenHes y
adultos, h distnbuci6n y abundancia de hrvas y la estructura geetica de 1os mismos.
El recurso caracol, en Mexico se maneja actuahnente con una veda que va de abril
a noviembre y que aparentemente coincide con la temporada repmductiva. Otra
medida reguladora es la taHa minima, que se baj6 de 22 cm a 20 cm de longitud
sifonal debido a presiones de los pescadores. Es clam que esta nueva taHa afecta
tambibnal stock repmductivo y al reclutamiento. Finahnente, hcuotadecaptura de
2.5 toneladas por mes, no es respetada por los yescadores, quienes ademhs
completan sus cuotas con caracoles juveniles.

En este sentido y considerando las caracteristicas de S. gigas en la Peninsula
de Y~ corno son: su desconocimietM genbtico poblacional, su elevada
importanciaecon6micayel alto nivel de explotaci6n a la que se encuentra sometida
la pesqueria, se hizo necesario reaHzm este trabajo el cual con sus resuitados
coadyuvark en la detenninaci6n en fonna conjunta con las dependencias
corresyondientes y al establecimiento de los mecanismos y estrategias que tiendan
a manejar la yesqueria del caracol msado Strombus gigas en el pais, de un modo
cientifico y razonado para que con eHQ se pugne yor pfeservat el recurso en
bene6cio de la economia del pais y de la vida misma.

METODOLOGIA

La colecta de los organismos se reaHz6 en cuatro sitios en las costas de la
Peninsula de Yucathn  Figura 1!. Con la ayuda de yescadores,cincuenta caracoles
de todas las taHas se obtuvieron por medio de buceo a puhn6n en Puuta AHen,
Banco Chinchorro y Arrecife de Alacranes.

Muestras de musculo, se homogeneizaron en un volumen igual de burr de
extraccion consistente de Tris Hcl 12.1 g, EDTA 336 mg, NADP' mg y ajustado
a unpH de 7   Shaklee y Keenan, 19&6!, se centrifugaron a 10 000 rym por 10 min.
a 7 'C en una centrifuga re&igerada. Geles de poliacrilamida al 7.7%, preparados
para ser utilizados con el sistemanativo  Brewer, 1970!, se utilizaron para efectuar
el corrido electroforetico, el revelado histoquimico y la determinaci6n fenotipicade
las muestras.

La presencia fenotipica se determin6 siguiendo los procedimientos dados por
de Shaw y Prasad �970 !, Brewer et al., �970! y Shaal y Anderson �974!. Loci
yresumidos y alelos fuemn designados por medio del sistema de nomenchtura
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utilizado por Shakke y Keenan �986!. Multiples loci de una enzima en particular
sedesignaron num&icamente�33, etc.! considerando el de mls rapids am' baja
movilidad anodaL Alelos de un locus en particular fueron designados por su
movilidad anodica relativa y nombrando al alelo corno 10G y los dents por arriba
ypor debajo de este con los valoresrespectivos. Loci yalelos fuerun designados de
acuerdo al sistema de nomenclatura propuesto por Shaklee y Keenan �986!.
Multiples loci de unaenzimaen particular se designaronnumericamenteenrelaci6n
deism' alta a lambs baja movilidad an6dica Un locus se considerspoHmorfic si
el alelo as &ecuente tiene unaprobabihdad menor que 95 'Fo.  Towsend y Shing,
1984! y el nivel de Heterocig6sis con relaci6n a la ley de Equilibrio de Hardy-
Weinberg.

Se utiliz6 el programs denominado TFPGA  Tools for population genetics
analices!, para efectuar el aeihsis de datos gen&icos de aloenzimas depoblaciones
 Miller, 2000! en su versi6n 1.3. Los diversos parhmetros determinados son:
Eshdhticadescripfiva, Estadistica F, Distancias gen8icas, Pruebas de robustez para
Hardy � Weinberg, UPGMA.

R ura 1. 85o de colecta del caracol Strombus as en ta Peninsula de Yucabhn

RESULTADOS

Los loci que no fueron monom6rficos se utilizaron para detenninar el nivel de
polimorfismo. En la TaMa1 se presentan los resultados promedio de los valores de
heterocig6sis, asi corno los de pohmorfismo en tres foxmas diferentes y Ios valores
globales. El valor de 0.0366 de heterocig6sis global, se puede considerar bajo. Sin



embargo, al efectuar el ae8isis con los loci quepresentaronvariabilidad, 8 en el caso
del musculo se detennin6 que el valor de heterocig6sisutilizando ese criterio es de
0.2203.

Table 1. Resultados de estadistica descriptive para las poblaciones y el total de
musculode&rombus i as

Parhrnetro Nacianes Chin chono Isla Punta Global
Muleres Allen

Tamario promedio 50
d8 muestla

50 50 187.500

Heterocig6sis
prwrledio

0.0375 0.0354 0.0310 0.0155 0.0366

0.0379 0.0313 0.015T 0.0367

0.0353 0.0357 0.0386 0.0181 0.0358

14.8938 8.9T67 18.66679.3023 14.8938

9.3023 14.8936

14.8938

14.8936 8.9767 16.6687

14.8936 6.9767 12.50009.3023

Se presentan los valores de polimorfismo, 9.3023 % para el Arreeife de
Alacranes, 14.8936 % para Baaco Chinchorro, 14.8936 % para Isla Mujeres, de
6.9707 % para Punta Allen con un valor global del 12.5000 % en todas las
poblaciones, no indichadose una diversidad apreciable y una clara heterogeneidad
de las poblaciones.

En laprueba de Chi Cuadrada y de Haldane, sus resullados en forms gIobaI se
aprecian en la Tabla 2, en Ia que se tiene que la EST 2, la G6PDH 2, la LAP 2 y Ia
MDH 2 son los loci que preseiitaron significancia para Ia primers prueba y para la
segunda, efectuada en las mismas poblaciones, nos indic6 que los loci EST 2, LAP
2 y MDH 2 resuitamn ser significativamente diferentes,establecibadose que de los
8 loci que presentaron variaci6n en el tejido de musculo en las cuatro poblaciones
analizadas casi el 50 de ellos se spartan de la condici6n de equilibrio.

Cuando se efectu6 el amliisis de remuestreo utilizando los mbtodos de Monte
Carlo y la Cadena de Marlrov para cada uno de los sitios de muestreo se confirm6
que la EST 2 y la MDH 2 son los loci que presentan variabilidad y establecihxhse
queposiblemente sean les misinas cansas las causantes de labajaheterogeneidaden
las poblaciones.

Heteiocig6sis
pAÃledlo
insesgada

Heterociyhis
pfoAl8dlo directe

% Loci
polimorlicos sin

CAteAO
% Loci

polimorlicos 99 %
% Loci

morficos 95 %

55 Gulf and Caribbean Flstuirles Institute PaQe SP
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TabLs 2. Pruebas de Bonded de ajuste para el equilibrio de Hardy � Weinberg,
Haldane y Chi Cuadrada, en musculo de Sbembus gigas para todas las

blacionea.
Locus Geno5po Observados Esperados Hatdsae X

11
12
22

129.6050
62.7900
7.6050EST 2

11
12
22

160
40
0

162.0000
36.0000
2.0000

191.1013
8.7975
0.1013

69.7225
27.5550
2.7225

189.1513
10.6975
0.1513

0.2285 0.1161

11
12
22

11
12
22

191

9 0
69
29
2

190
9

1.0000 0.7448FUM

1.0000 0.600006PDH 1

11
12
22 0.0317 0.024866PDH 2

110.0817
36.8367
3.0817

11
12
22

107
43
0 0.0444 0.0404

142
36
2

128.0000

8.0000

11
12
22 0.0000 0.0000MDH 2

952017
48.5967
6.2017

99
41
10

11
12
22 0.0735 0.0556OCTDH 2

Los valozes de Fis y los del indice de Sjacion Fst, Tabla 3, van desde O.OS35
para la OCTDH 2 hasta 03600 para la FUM con un valor promedio de -0.0492,
para el primer paahnetro y los segundos presentan un valor promedio de 0.1039
con un rango de 0.0082 para LAP 2 hasta 0.1967 para MDH 2.

Los valores de Distanciagenetica se presentan en fonna resumida en la Tabla
4, todas las poblaciones son comparadas de manerapareada, los establecidos por el
modelo de h distancia insesgada de Nei 197S fueron los que tuvieron los valores
as bajos en todas las poblaciones y los de distancia establecidos con el modelo de
Roger's y modificado por Wright fueron los mayores. Kn el primer caso larelacibn
Banco Chinchono � Isla Mujeres tuvo el valor menor de 0.0011 y la relaci6n
Arrecife de Alacraues- Punta Allen fue el de mayor valor, en el segundo caso la
relacion Banco Chinchono � Isla Mujeres fue el de menor valor con 0.0378 y la
relacion Arrecife de Alacranes � Punta Allen con O.OS34 fue el mayor, e
indepeudientementedecualhsyasiido elmodelo que se utiTizara los valoresmenores
y mayores siempre se mantuvieron entre las poblaciones de Banco Chinchorro-Isla
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Mujeres y la de Arrecife de Alacratms � Punta AHen y ocumendo Io mismo en el
caso de los valores de identidad independientemente del modelo que se utilice.

Table 3. Resultados de estadistico F en musculo de Strombus

EST 2

PGM 2

FUM

G6PDH 2

MOH 2

OCT 2

Todos Los Loci 0.1039

En la Figura 2 se puede ver el Dendograma obtenido del anhlisis Cluster
utilizando el modelo de distancia original de Nei 1972 encl cual el mhxuno valor de
distancia de 0.0053 lo presents el nodo que relaciona a las poblaciones del Arredfe
de Alacranes con las demas y el menor valor lo presents el nodo de Banco
Chinchorro � Isla Mujeres con 0.0015.

2
Aleios totales

2
Aleios totales

1
2

Alelos totales
1
2

Alelos tolales
1
2

Alelos totales

1
2

Alelos totales
1
2

Aleios tolales

2
Alelos totales

-0.2036
-0.2036
-0.2036
-0.0935
-0.0935
-4.0935
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.1667
0.1667
0.1867
-0.1609
-0.1609
-0.1609
0.4667
0.4667
0.4667
0.1924
0.1924
0.1924

0.1189
0.1189
0.1189
0.0555
0.0555
0.0555
0.0816
0.0816
0.0816
Q.0915
0.0915
Q.0915
0.0268
0.0268
0.0268
0.0082
0.0082
0.0082
0 1967
0.1967
0.1967
0.1189
0.1189
0.1189

0.3660
0.3S60
0.3660
0.1577
0.1577
O.1577
0.0&89
0.0889
0.0889
0.1007
0.1007
0.1007
0.1437
0 'l437
0.1437
0.1706
0.17OB
0.1706
03361
0.3361
0.3361
0.0835
0.0835
O.OS35
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Tabla 4. Distancias entices ra musculo de Sfrornbvs as

Relacibn de pobtaciones

Fuenta 1 -2 2-3 2-4 3-41-3 1-4

1. Arrecife Alacranes 2.- Banco Chinchorro 3.- Punta Allen 4.- Isla Mujeres

1.- Arrecife de Alacranes, 2.- Banco Chinchorro, 3.- Isla Mujeres, 4.- Punta Allen

Figure 2. UPGMA Cluster de musculo de Sfrombvs grgas usando la distancia
' inside Nei1972.

Distancia original de
Nei 1972
Distancia minima de
Nei 1972
Distancia minima
insesgada de Nei
1978
Distancta original de
Roger 1972
Distanaa de Roger
modtrrcada Iror
Wri

0.0045 0.0043 0.0070 0.0015 0.0034 0.0022

0.0044 0.0042 0.0070 0.0014 0.0034 0.0022

0.0041 0.0039 0.0068 0.0011 0.0031 0.0019

0.0171 0.0179 0.0220 0.01109 0.01 88 0.01 36

0.0663 0.0646 0.0834 0.0378 O.Q58Q 0.0466



55 Gulf snd Carlbbssn Fishsrhs Instituts

DISCUSIAN
Las cuatro poblaciones de S6ombus gigas analizadas en Ias costas de la

PeuirmIIa de Yucatkn presentau una baja variabilidad y una poca difereneiacion
geogrhficaentreellas, los valores deheterocigosis son relativamente bajoseindican
una cierta deficiencia de heterocigotos, el por ciento de polimorfismo es
relativamente bajo, 12.50% global para el musculo, si se comlera con el 58% en
promedio para invertebrados marinos  Saavedra et aL 1993!.

Estos bajos niveles de variabilidad pueden tener diversos origenes o cansas
desde el poder considerar que sea una causa intrinseca de la especie o bien deberse
a la historia de vida de Ios organismos y al nivel de explotaci6n de Ias pobhciones
en el brea, asi corno a un posibie bajo numero del tama5o de muestra utilizado o
bien aerrores de interpretacion en la resolucibn o conteo de las Secuencias gdnicas
expresadas en los geles  Heist et al. 1995 !.

Los niveles de hetemcigbsis promedio global, de 0.0366 para el musculo,
aunque se puede considerar bajo cae dentm de los tipicamente esperados para
esperies de invertebrados marinos en generd yaque ladeficienciade hetemcigotos
es una caracteristica comun encontrada en estudios en invertebrados marinos
 Mamuri et al. 1998, Boisselier et aL 1999! aunque las can~sticas reproductoras
de muchasde esas especies refiejen el cMsico modelo panmitico de las pobhciones
geneticas  Bierley et al. 1996! y que pudiendo concluir que Ios bajos niveles de
heterocigotos pueden ser debidos al resultado de la mezchde poblaciones  Efecto
Wahalund!, varios tipos de seleccion, Ia presencia de alelos nulos o la phdida de
cromosomas causaudo estimaciones incoaecbe de Ias kacciones fenotipicas
 Creasey et al. 1996!.

Encl caso de S gigas los bajos valores de Fat entre Iaspoblaciones nos indicau
que no se puede considerar al efecto Wahalund corno la causa de cate fenomeno,
aunque se mantiene la idea de que existe la entrada de migrantes �.156! en las
poblaciones. Corno no se considers lapresencia de alelos nulos, esmenesterpensar
que Iaaltenedva factible deque esta ocunieudo en laspoblaciones se debaal efecto
de algun tipo de selecci6n.

No obstante que se ha sugerido y en algunos casos demostrado el Qujo de
genes, los resultados obtenidos mediante el em8isispor Chi � Cuadraday Ia prueba
deHaldanenos indican qua solo unminimode loci sonsignificativamente diferentes.
Asi mismo las pruebas de randomizacibn efectuadas en los loci que mostraron
significaucia tambi& soportarun lo antes establecido, lo cual corrobora que algun
factor desconocido corno puede ser el error de m~, Ia mala iuterpretacifin de
geles, la seleccifin en un locus, entre otrus afectando estos loci podrian ser Ios
responsables para la signi6cancia de Ia prueba.

Aunque el fen6meno de baja heterucigosis observadapuede causmpn&Iemas
con el uso de datos electroforeticos en la discriminaci6n de poblaciones de las
poblaciones de Srrombur gigas, al utiizar parhnetrus corno lo son Ia identidad y la
distancia genbtica estos trabajan bien cuando los valores de heterocigosis
encontrados en cspecies bajo mvestigacifin sonbajos y se tiene un numero suficiente
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de loci, con los cuales se subsana el probiema de contar con un tamano peque5o de
muestra  Bierley et al. 1996!.

Los valores de distancia e identidad para S. gigas en g6nada y los de musculo
nos indican que son valores tipicos para cspecies o poblaciones que se encuentran
bien mezcladas.

Los valores de identidad marcadamente altos, asI corno los similates y bajos de
distancia genbtica son comunes para cspecies con vida ylanct6nica de gran
disyersi6n similares a S. gigas.

Los dendogrkmas generados por las medidas de distanciautiTizadasyel aaBisis
UPGMA Cluster fueron sinulares yetono idhrticos al agrupar las poblaciones. Los
valores de distancias fueron diferentes en todos los casos, sm embargo, en ninguno
se cambio la distribucion de las poblaciones en el anilisis Cluster El cambio
sustancial se tiene al efectuar el analisis en tejidos diferente, la yoblaci6n que
presenta la mayor separaci6n o distancia resyecto a las otras es lade Alacranes.

La poblaci6n de1 Arrecife de Alacranes es la que presenta el mayor valor de
distancia y que en funci6n del anilisis de corrientes que privan encl Area del Golfo
de Mexico, se puede considerar 16gico que la distribuci6n y variaci6n de esta
poblaci6n con Ias otras tres sea lo esperiulo, al ser Ia mhs diferente de las cuatto.

No obstante variaciones estocasticas en la corriente de agua, los vientos de
superlicie, eventos meteoro16gicos y aun remohnos Iocalizados podrian afectar Ia
dispersi6n de Ias larvas y modi5car el reclutamiento de estas en localidades
yarticulares,  Buckliu et al. 1989! corroboraron y concluyeron que tales eventos
pueden mantener el estado de discreci6n de las poblaciones en forma espacial o
temyoraimente, lo que a fmal de cuentas evitan la homogenizaci6n del plancton
durante el transporte y si considerainos el hecho de que en Punta Alien se tiene la
presencia de Ia Bahiade la Ascemi6nse puede yensar en procesos locales que hayan
permitido el asentamiento de Iarvas ysuposterioraislamiento que a final de cuentas
nos de la pauta par establecer Ia diferenciaci6n y valoies de distancia de esta
poblaci6n con las otras analizadas en Ias otras localidades.
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Tabla 1. Valores de FST ares de blacionea.
B. Chinchone

B. Chinchorro
I. Mu'eres

0.61637
0.63703

RESUMEN

La estructura gen8ica poblacional es el parhnetro mis fundamental de
informaci6n para las cspecies que requieren manejo pesquero. En efecto, las
cspecies que constituyen un solo "stock" en un kea muy amplia del ochmo debenln
ser manejadas de manera diferente a aquellas cspecies constituidas por "stock"
discretos que habitan un &ea particular y que raramente migran de un lugar a otro.
De tal manera, el hecho de que existan cspecies altamente migratorias y con fases
inmaduras con amplias capacidadesde dispersi6nhaimpulsado investigaciones cada
vez mas detallada para explicar el fenomeno, provocando gran discusion el saber si
estas cspecies estan estructuradas en subpoblaciones. Estos aspectos pueden
aphcarse al caracol marino  Strombus gi gas, Linnaeus 1758!. Este es un recurso
de considerable importancia econ6mica y amplio consumo en toda la tegi6n del
Caribe. En el presente estudio se realizo un analisis genetico utilizando el ADN
mitocondrial con RFLP's de muestras colectadm en las localidades de Banco

Chinchorros, Isla mujeres y Arrecife Alacranes. Con la finalidad de determirutr la
variabilidad del ADN mitocondrial yanalizar la estrocturagen8icapoblacional del
caracol marino S. gigas, en la Peninsula de Yucattln. Se colectaron un total 123
individuos en el mes de agosto del 2000: Isla Mujeres 41, en Arrecife Alacranes 36
y en Banco Chinchotro 46. Se emple6 la tecnica de PCR para amplificar un
Sagmento 581 pb del ARN ribos6mico  rARN! de las subunidad 16S del ADN
mitocondrial. Se busc6 el polimorfismo enbase aRFLP's usando unabateria de tres
enzinuLs de restricci6n. Los anhlisis estadislicos se efectuaron utilizando el

programa de gen6tica de poblaciones denominado Arlequin ver 2.000. Los
parametros de los FST de %right �965! estimados entre las tres poblaciones
muestran una diferenciacion 6 estntchuaci6n, entre la poblaci6n del Golfo de
Mexico Artecife Alacranes con respectos a las dos poblaciones del Caribe
Mexicano: Isla Mujeres y Banco Chinchorro  Tabla 1!.
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La poblaci6n co< diversidad genetics sigoificativa fue Arrecife Alacranes
 Tabla 2!.

Tabla 2. Vaiores de diversidad entice.
Poblacl6n
A. Aiacranes
I. Mujeres
B. Chinchorro

0.3984 +I- 0.0812
0.3305+I- 0.0817
0.3T10+I- 0.0820

Con zespecto al Qujo gen6tfco es infinito entre las localidades del Caribe  Isla
Mujeres y Banco Chinchorro, y el Qujo gen6tico de las localidades de Caribe  isla
Mujeres y Banco Chinchorro! hacia la localidad del Golfo  Azzocife Ahzcranes! es
reducido Tabla 3!.

Tabia 3. Vaiores de flu o enrico
A. Alacranes B. Chlnchono

B. Chinchorro
l. Mu' res

0.31120
0.28489 ? lnfinlto

Bajo los supuestos anteriores los sitios del Caribe Mexicano pertenecen a la
mismapoblaci6n, y la localidad de Azzecife Alacranes en el Golfo de Mexico aotra
poblaci6n. Estos resultados son una base cientffica para que las autoridades
pesqueras efectuen un manejo adecuado y por separado para cada poblaci6n.

PALABRAS CLAVES: ADN mitocondrial, estructura genbtica Strombus gigas.

INTRODUC CION

El concepto del "stock" es importante pazalasociedad porque ayuda a manejar
los zecursos pesqueros desde un punto de vista razonado y cientffico, para uso
alimenticio y tambihn para preservar la diversidad gen&ca  Booke 1981!. Se han
sondeado numerosas definiciones del concepto "stock" a lo largo de la literatura de
las pesquerfas. Aunque todavfa existen quienes consideran a los "stock" corno
meras unidades de explotaci6n  Royce 1984!, el interds mundial de poder definir el
concepto "stock" con una base biol6gica estk refiejado en las memorias del
Symposium sobre el concepto "stock"   Berst y Simon 1981!. Inssen et al. �981!
defineu "stock" corno un grupo intraespecifico de individuos que se zeproducen al
azar con integridad biol6gica espacial y temporal. Desde un punto de vista
pesquero, cata integridad se refiere a una homogeneidad en ias tasas de
zeclutamiento czecimiento y mortalidad  Cushing 1968!. Desde un punto de vista
genetico, la integridad implies un acervo gen8ico en comun que debe mantenerse
diferenciado de otros "stock"  Kutkuhn 1981!. Aunque en su forms presente el
concepto del "stock" describe las caracterfsticas de una unidad homogbnea de la
poblaci6n queparticularmentees asumida para lospropositos de manejo. Por
consiguiente el concepto "stock" en su forms actual define a grupos semi-discretos
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de peces con algunos atributos definibles de interbs para el manejo  Begg et al.
1999!.

La mayoria de las cspecies consisten de grupos de individuos que estan de
cierta forma aislados uno del otro. Los mecanismos de aislamientos pueden ser:
geognificos, ecol6gicos o eto16gicos y el grado de aislamiento varia entre las
cspecies y sus poblaciones que lo componen. Las cspecies locales tipicamente
exhiben algun grado de diferenciacion genKica, y el patr6n de distribuci6n de estas
diferencias geneticas entre las poblaciones normalmente es denominado estructura
gen&ica poblacional. Esta estructura genbtica poblacional es el pardmetro mds
fundamental de informacion para las cspecies que requieren manejo de sus records
de conservaci6n   Richardson et al. 1986, Slatkin 1987!.

La es~a por conservar la variaci6n genoa dentro de las cspecies depende
de la estructura genetica de cada especie. La extinci6n de una poblaci6n en
particular puede tener un efecto peque5o en los recursos genbticos global de una
especie que s61o exhibe menor o ninguna divergencia entre las poblaciones
constitutivas. En contmste, una extirpaci6n de una especie con estructura genbtica
diferenciadas implica la p6rdida de una porci6n significante del "pool" genetico de
esa especie  Allendorf et al. 1987!.

En efecto, Ias cspecies que constituyen un solo "stock" en un hea muy amplia
de oehmo deberhn ser manejadas de manera difefente a aquellas cspecies
constituidas por "stock" discretos que habitan un brea particular y que raramente
migran de un lugar a otro. De tal manera, el hecho de que existan cspecies
altamente migratorias y con fases inmaduras con amplias capacidades de dispersi6n
ha impulsado investigaciones cada vez mas detallada pan explicar el fen6meno,
provocando gran discusi6n el saber si estas cspecies estrin estruchmtdas en
subpoblaciones   Allendorf et aL 1987 !.

Estos aspectos pueden apHcarse al caracol marino  Strombas gi gas, Linnaeus
1758!. Este organismo es un recurso de considerable importancia economica y
amplio consumo en toda la regi6n del Caribe.

En los ultimos a5os se ban realizado avances significativos�en e conocimiento
de la biologia y potencial de cultivo de cate recurso, al mismo tiempo se han
desarrollado varios programas de manejo, corno las regulaciones que se han
propuesto, las cuales, van desde el cierre total de la pesqueria, hasta el uso de taHa
limite de captura, periodos de veda, cuotas de captura y restricciones en el manejo
en los artes de pesca  Appeldoorn y Rodriguez 1994, Rodriguez 1999!. Todos
estos estudios demanejo son tan importantes como los estudios eientifico basados
en la determinaci6n del manejo del "stock" mediante arh1hsis de la estructura
genoa poblacional de este recurso pesquero.

Por todas estas caracteristicas y con la finalidad de gestionar su pesqueria en la
region del Gran Caribe. Varios investigadores han realizado estudios de gen8ica
depoblacionesde S. gigas alo largo del Caribe. Susresultados indicaron que
el caracol marino constituye una sola poblacion no estructurada, tomando en
cuenta muestrascolectadas desde Belice hasta Santa Lucia en las Antillas Menores,
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aunque sus estudios no incluyeron muestras de la costa de la Peninsula de Yucathn
Mexico,  Mitton, 1989!.

Por esta razbn, el objetivo de este trabajo esta enfocado a determinar la
variabilidad del ADNmitocondrial, anaHzar laestructuragenbticayel flujo gen&ico
por medio de analizar el polimor6smo del ADN mitocondrial mediante los
Polimor6smos en Longitudes de los Fragnmrtos de Restricci6n  RFLP's!, usando
enzimas de restricci6n en poblaciones del caracol marino Strombus gigas, en la
Peninsula de Yucathndemuestras colectadm en diferentes localidades corno Banco
Chinchorm, Isla Mujeres y ~e Alacranes, con la 6nalidad de saber si estas
poblaciones son homog6neas o si estan estructuradas.

MATERIALES Y METODOS

Area de Estudio

Los organismos fueron colectados en tres Areas de la Peninsula de Yucatka.
Parque Nacional Arrecife Alacranes al Norte de la Peninsula de Yucathn, Isla
Mujeres en el Norte de Quintana Roo y la Reserva Ecologica Banco Chinchorro en
el Sur de Quintana Roo.

Arrecife de Alacranes ew las costs de I'ucatan �  Figura 1!, esta situado
aproximadamente 72 millas �30 Km.! de la costa del Norte de la Peninsula de
Yucathn entre los 22'37 y 22'22'Latitud Norte y los 89'33' y 89'48' Latitud Oeste.
Hay seis isles en 61a, la isla principal es Isla P6rez, donde se IocaHza el iaro, hs otras
son: Desterrada, Chica, Pharos, Muertos y Desaparecida, esta ultima ish es una
baterh de arena que aptuece durante mareas bajas, y su altura sobre el nivel del mar
es dada por el sedimento que fluye. En esta brea existen agregaciones de S gigas
peru sobre las cuales desde 1987 la S~a de Pesca ~ h veda permanente
corno medida de protecci6n del recurso  Rodriguez 1994!. Los caracoles se
capturaron en las inmediaciones de Isla Pbrez.

Banco Chiachorro se encuentra en Ia zona Sur de Quintana Roo �  Figura 1!,
esta localizado en los 18' 47 -18' 23' Latitud Norte y 87' 14' -&7'27' Longitud
Oeste. Este banco es un complejo arrecifal localizado &cute a la costa Sureste del
Estado de Quintana Roo, entre las poblaciones de Ri6 Indio y Xcalac. Seencuentm
separado casi 30 km. del continente por un gran canal con profundidades que

Isla Mijeres �  Figura 1!, es uua pequeha isla enclavada en h parte noroeste del
Estado de Quintana Roo y se localiza entre los 21'l1' y 21'15' Latitud Norte y los
86'4l' y 86 45' Latitud Oeste en donde se encuentran agregaciones de caracoles
marinos pero ya muy diezmados debido a la gran presi6n de pesca y a la elevada
actividad turistica de la zona, esto ha propiciado que los organismos se encuentrcn
a profundidades superiores a los veinte metros. En esta zona, la secretaria de pesca
desde 1991 decret6 la veda del recurso  Rodriguez 1994!.
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alcanzan hasta los 1000 m { Jordan y Martin 1987!. Tres zonas bien de6nidas se
encuentran en este arrecife Cayo Lobos, Cayo Norte y Cayo Centro, los cuales es
el sitio de campamento de los pescadores y en cuyas inmediaciones se capturarun los
orl pnismos. Es la unica zona del Caribe mexicano en donde existen las mayores
agregaciones de Srrombusgigas yen donde la capturapor cuota del caracol marino
 Rodriguez 1994!.

Flgura 1. Sitios de colecta de Strombus gigas en la Peninsula de Yucabhn �.
Arrecife Alacranes, 2 Isla Mu'eras 3 Banco Ghinchorro .

C elects
Las colectas se realizaron por buceo libre. Se colectaron un total 123

organismos de forms aleatoric En isla Mujeres 41, en Arrecife Ahtcranes 36 y en
Banco Chinchorro 46. Cada organismo se diseccion6 y se le extrajo el corazon.
Los corazones de cada organismo fueron almaceuados en tubos criogenicos y se
transportaron en nitr6geno liquido al laboratorio de Recursos Marinos y
Agropecuarios del lnstituto Tecnolbgico de Mhida para su Mullisis posterior.
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Kxtraccion del ADN Total

Para la extraccion del ADN total del tejido se utilizo un kit denominado
"Dneasy Tissue" marca  Giagen! siguiendo el protocolo que indic6 el Kit La
concentracibn del ADN total se tealizb por comparacion de bandas en geles de
agarosa al 0.8% y tefiidos con bromuro de etidio.

Tabla 1. Com nentes ra llevar a cabo la a llflcacibn de PCR

Prom ega

Prom ega

25 mM 3.0 pl

10 X 5.0 pl

Gibco BRL 20 mM 2.5 pl

Gibco BRL
Promega
Promega
Promega

Primer ll
DNTP mix
Taq DNA po/imerasa
Agua ultrapura esprit
libre de nucleasas
ADN MOLDE

20 mM
10 mM

5 u/pl

2.5 pl
1.0 pt
0.4 pl
32.8 pl

3.0 iLI

Total 50 Nl

La amplificacidn de este &agmento de ADN se realizo siguiendo los
protocolos reportados por Hillis et aL �996! incluyendo un total de 35 ciclos
conies siguientes temperatures y tiempos  Tabla 2!.

Tabla 2. Caracterfsticas en tern ra tiem del "PCR .
Eta Tem ratura
Desnaturatizacion de ADN

Alineacidn de las cadenas de ADN
Extensien de las cadenas de ADN

94 C por2minutos
94 'C por 30 segundos
48 C por30segundos
72 C por1minuto
72'C r7 ndos

Reaccion en Cadena de Polimerasa
Lautilizacionde los siguientes primers" 16Hl: 5' CTC CGG TCT GAA CTC

AGATCACGTAGG3 y 16LI: 5'CTGACCGTGCAAAGGTAGCGTAAT
CAC T 3  Hillis et al. 1996! sintetizados por la compa5ia  GibcoBRL! los cuales
sirvieron para amplificar�u &agmento de laregibn 16S RNA ribosomal de genome
mitocondrial de aproxinMtdantente 581 bp. La amplificaci6n se reahz6 con un
termociclador Perkin-Elmer Gene Amp "PCR" System 2400!. Laconcentraci6n
de los componentes para una reacci6n 1X con un volumen total de 50 ml e
muestran en la Tabla 1.
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Condiciones de Klectroforesis
La migracion de los productos de "PCR", se realizaron en geles de agarosa

al 0.8 % en una camara horizontal con BuAer TAE 1X a 60 miliAmperes durante
90 minutos. Los &agmentos de ADN fueron estimados con un marcador de peso
molecular �0 pb DNA Step lader, promega!, la tincion se llevo acabo con
bromuro de etidio y visualizado bajo luz UV y fotografiado con film polaroid.
Figura 2!.

g0

30

15

Figura 2. Fotografia que muestra los productos amplificados correspondientes al
segmento 16S rRNA del genome mitocondriai de 20 muestras de caracol marino
Strombus i as. b = ares de bases.

Digestion de los Productos de "PCR"
La busqueda de polimorfismo en el &agmento amplificado, se realizo con 3

enzimas de restriccion siguiendo las especificaciones proporcionadas por el
fabricante  Promega! . La digestion de todas las muestra fue hecha en un volumen
total de 20 pl. Con 2 pl de buffer  proporcionados con las enzimas!, 0.2 pl de
"Bovine Serum Albumin"  B.S.A!, 0.5 pl de enzima�0u/pl 1!,2.0 pl del producto
"PCR'" y 15.3 pl de agua esteril libre de nucleasas. La incubacion se realizo en un
bano maria programable a 37 'C durante toda la noche, con excepcion para la
enzima Taq I que se realizo a 65 'C.

Posteriormente se realizo la visualizacion de los perfiles de restriccion, esto se
llev6 acabo en geles de agarosa al 2 % tefYidos con bromuro de etidio. En los geles
se observaron patrones de bandas correspondientes a los diferentes &agmentos del
ADN obtenido de la digestion. Dicho patrones de bandas se denominan haplotipos
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 Figuras 3,4, y 5!.

A 8 C D P M pb

Figure 3. Fotografia que muestra los haplotipos obtenidos con la enzima de
restriccion Hind ill del fragmento 16S rRNA del ADN del caracoi marino Sfrvmbus
gigas en las tres localidades de la Peninsuia de Yucatan.  Haplotipos = A,B,C, D.r
P = Am lichen; M = Marcador de Talla, b = Pares de bases .

A 8 P M pb.

Figura 4. Fotografia que muestra los haplotipos obtenidos con la enzirna de
restriccion Taq l dei fragmento 16S rRNA del ADN del caracol marino Strombus
gigas en las tres iocalidades de la Peninsula de Yucatln.  Haplotipos = A, 8; P =
~Arc llcdo; M = Marcador~de Tells, b ~ares de bas~es .
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p M pb

Figure 5. Fotograffa que muestra los haplotipos obtenidos con la enzima de
restncci6n Alu l del fragmento 1SS rRNA del AON del caracol marino Strombus
gigas en las tres localidades de fa Peninsula de Yucabhn.  Haplottpos = A, 8, C;
P = lic6n; M = Mafcador de taNa, = res de bases .

Tratamientos Kstadistices
Para los arhllisis estadisticos de los datos del ADN mitocondrial, se utiliz6 el

programs computacional Arlequin  Schneider et al. 2000!, el cual permite calcular
a partir de &ecuencias haplotipicas paahnetros corno la diversidad ger&ica,

Si el pstr6n de bandas obtenido era igual para todos los individuos esta enzima
se consider6 monom6r6ca es decir la enzima no encontr6 sitio de corte en el

fiagmento y por Io tanto, no informativa para el objetivo de diferencisr poblaciones.
AqueHas enzimas que arrojaron patrones de bandas diferentes entre los individuos
se consideran polim6rficas, y por lo tanto, utiles para los fines de genetics de
poblaciones.

La nomenclatura utiTizada para este estudio es la reportadapor  Acus 2000!.
A para el haplotipo as Seaamte
B para el haplotipo menos fiecmsttes
C y D para los haplotipos que siguieron en fiecuencia.

Posteriormente, se tomaron las fotografias de todas las digestiones realizadas
asi corno monomorficas y pohm6r6css sobre un translununador de luz UV  Maria
Ultra Lum!. Posteriormente, con lssenzmms polim6rficas seehboz6unamatriz de
datos enlistando el numero de identificacion del orgsnismo y su haplotipo
compuesto, esdecir, lasumade los haplotipos que arrojsroncadaunade las enzimas
pollmDIficas.
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estructuraci6n genetics de poblaciones utilizando los indices de fijaci6n  F
estadisticos! de Wright�951,1965! ysus estimadoresde Weir y Cockerman�984!.
Tambibn se calcularon distancias geneticas de Reynolds et el. �983!. Fmalmente,
con la informaci6n obtenida se compar6 con las caracteristicas de las corrientes
ocehnicas del Golfo de Mexico y el Caribe con la finalidad de dar una explicaci6n
a los resultados y apoyar o nchazar la hipotesis aqui planteada para este estudio.

Tabla 5. Composici6n genotlpica y patr6n de restricci6n obtenidos a partir de
haplotipos compuestos del fragmento 16S rRNA mitocondrial del caracol marino
Strombus as.
Ha lott Com ici6n Genoti ica Patrdn de RestrtcciOn.
Mt 1
Mt 2
Mt 3
Mt 4
Mt 5
Mt 6
Mt 7

011011100011
011011100111
111011100011
110011100011
110011100111
110111100011
011011111000

Se realiz6 un amlhsis estadistico preliminar   FST por pares de poblaciones!
con elpaquetecomputacional Arlequin Scheneider et al. 2000! para comparar entre
si las poblaciones muestreadas en la Peninsula de Yucathn. Lapoblaci6n del Golfo
de Mexico  ~e Alacranes! ptesent6 valores de FST altamente significativos  
p <0.05! cuando se compar6 con las poblaciones del Caribe  Isla Mujeres y Banco
Chinchorm!. De esta forms el analish indico que existe una separacion entre las
poblaciones del Golfo de Mexico y el Caribe Mexicano  Tabla 6!. Las poblaciones
de Banco Chinchorro e Isla Mujeres no presentaron diferencias significativas  p >
0.05!, esto infiere que no existe una separacion entre estas dos poblaciones.

RESULTADOS

De las 14 enzimas de resiricci6n utilizadas Hind III, Taq I y Alu I, resultamn
ser polim6rficas. Se obtuviemn un total de 7 haplotipos compuestos. La
codificaci6n original fu6 traducida a numeros presencia �! y ausencia �! de
acuerdo a los perfiles de restriccion que presento cada haplotipo. Por ejemplo, los
haplotipos A, B, C y D producidos por digesti6n de Hind Hl  Figure 3! tuvieron
un total de 3 bandas. Los haplotipos A y B de la digestion por Taq I produjeron 4
bandas   Figura 4!. La digesti6n con Alu I produjo los haplotipos A, B, y C, con
5 bandas o &agmentos  Figura 5!. De esta forms se obtuvieron los haplotipos
compuestos  Anexo, Tabla 3!, y finalmente la composici6n genotfpica de cada uno
de los 7 haplotipos corno se muestra en la Tabla 5.
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Tabla L Valores de FST obtenido por la prueba de diferencia por pares de
poblaciones Calculados a partir de les frecuencias de haplotipos del fragmento16S
rRNA del ADNmt del caracol marino Strombus as en la Peninsula de Yucatkn.

Arracifa Nacranas Banco Chinchorro
0.61637
0.63703

Banco Chinchorro
Isla Mu crea

: significativo, nivel de significancia = 0.05.

Variabilidad Genetics Intrapoblacional
A continuacion se detallan los resultados obtenidos del analisis de variabilidad

genetics sobre los haplotipos del &agmento 16S rRNA del ADNmt del caracol
rosado S. gigas en las tres poblaciones de la Peninsula de Yucathn. Se calcularon
los siguientes parametros: el numero de haplotipos por poblacidn  Nh!, las
&ecuencias haplotipicas y la diversidad genetics

En las tres poblaciones se observaron tres haplotipos. En Arrecife Alacranes
se observaron los haplotipos  mt 4, mt 5, y mt 6!; en Isla Mujeres los haplotipos  mt
1, mt 2 y mt 7!; y en Banco Chinchono los haplotipos  mt 1, mt 2, mt 3! corno se
muestra en la Tabla 7.

Tabla 7. Numero de haplotipos por poblaci6n  Nh! para el fragmento 16S rRNA del
ADNmt del caracol marino Strombus as en tres blaciones.

NhPoblacI6n
Anecife Alacranes

Isla Mujeres
Banco Chlnchorro

41
46

Otra forms para la evaluaci6n del polimor6smo genetico en RFLP's es estimar
la &ecuencias con que cada haplotipos se presents en las poblaciones. En este
estudio se calcularon Ias Secumcias haplotipicas  Tabla 8!. Corno se observa en
esta tabla 8, los unicos haplotipos que fueron compartidos son Ios haplotipos   mt
I y mt 2 ! con Isla Mujeres y Banco Chinchorro. Los haplotipos mt 4, mt 5 y mt
6 fueron exclusivos pam el Arrecife Alacranes. Lo que demuestra una clara
diferenciacibn entre la regi6n del Caribe y Golfo de Mexico.

Tabla 8. Frecuencias haplotlpicas para RFLP s del fragmento 16S rRNA del
ADNmt del caracol marino Strombus as en las tres blaciones.

Haplotlpos Aneclfe isla Mujeres Bancho SI5os de
Alacranes Chine horro RestrtccI6n

mt 1
mt 2
mt 3
mt 4
mt 5
mt 6
mt 7

0 0 0.750000
0.~
0.027778
0

0.804878
0.170732

0 0 0 0 0.024390
0.782609
D.130435
0.086957

0 0 0 0
011011'I00011
01101110D111
111011100011
110011100011
110011100'I 11
110111100011
01101 1111000
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Al estimar la diversidad genbtica  Tabla 9!. Se observo que las tres
poblaciones estuvieron en el mismo rango de indice de diversidad genetics, lo cual
para este tipo de marcador es de6nida corno la probabilidad que dos haplotipos
escogidos al azar sean diferentes en la muestra  Nei 1987!.

Tabla 9. Diversidad genbtica del fragmento 16S rRNA del ADNmt del caracol
marino Strombus as en las tres laciones.

Dlvereidad GenbthaPoblaci6n
Arrecifs Alecranes
Isla Mujeres
Banco Chinchorro

0.3984+I- 0.0812
0.3305 +I- 0.0817
0.371 0 +I- 0.0820

Estracturacion Genetics Poblacional
Encl Anklisis de Uarianza Molecular  AMOVA!, setomaron2 Regiones. Las

poblaciones del Caribe  isla Mujeres y Banco Chinchono!, se les agrupo en la
"Regi6n Caribe" por no presentar diferenciaci6n entre pares de poblaciones y la
poblaci6ndel Golfo de Mexico AnecifeAlarxanes!, quesipresent6diferenciaci6n
entre pares de poblaciones con el resto de laspoblaciones se le denomin6 "Region
Golfo de Mexico"  Tabla 10!.

Tabla10. Anhlisis jer6rquico anidado de la variaci6n molecular entre las distancias
gen6ticas de los haplotipos del ADNmt del caracol marino Strombus gigas en las

blaciones de la Peninsula de Yucahhn.
Cornponentes vartantes

??0.95354 81.58

<0.00083 <G.07

0.21479
1.18913

18.37
100 %

El AMOVA, revel6 una mayor variaci6ndelADNmt entre lasdos regiones con
un 81.56 '/o y una porci6n sigaificante de 18.37 '/o fue atribuido a las diferencias
entre les poblaciones, pero la variacion entre poblacionesdentro de les regiones
fue insigniftcante con un porcentaje de variacion de < 0.07 /o.

Distancia Genetics y Estimacibn de Flujo Genetico
Tambi6n con la opci6n Estructura Gen6tica de Arlequin  Scheneider et al.

2000! se calcularon las distancias gen6ticas mediante la formula D = -In �-FST!
de Reynolds et al. �983!. Se observ6 que ambos valores D de Anecife Alacranes
fuemn altamente signi6cativo con respecto a Banco Chinchorro e Isla Mujeres  D
= 0.95809, p < 0.05; D = 1.01345, p < 0.05!, Banco Chinchorro con Isla Mujeres
presentamn valores no signi6cantes. De esta manera podemos decir que no existe
distancia genetics entre las dos poblaciones del Caribe  Tabla 11! pero si existe
comparhndolo con la poblacion de Arrecife Alacranes.

Entre regiones
  Carbs vs Golfo de Msxico!
Entre yobleciones dentro de
fegiones
Oenlro de poblaciones
Total

G.L Sums de Vartancia Poreentale
clladrados de vertaci6n
48.807

0.251

120 25.771
122 74.829



Pa9e 025 Zamora Bustillos, R. et al. GCFI:55 2004

Tabla 11. Distancia ca de Re olds 1983 entre las blaciones en estudio.

Arrecife Alacranes Banco Chinchorro

Banco Chinchorro 0.95809
Isla Mu'eres 1.01345 0.00000

Al estimar el flujo genetico entre las poblaciones se calcu16 el niunero de
migmntes absolutos intercambiados entrelaspoblaciones Nm! utilizando la forma
M =  I-FST!/�FST!, donde M = Nm para poblaciones haploides  Scheneider,
2000!. Al estimar el flujo genbtico se asume que dos poblaciones de tamuto N
intercambian una &acci6n m de migrantes en cada generacion y que el indice de
mutaci6n u es despreciable, comparado con el fndice de mutaci6n m. Valores bajo
de flujo gmetico �.311120 y 0.28489! indican que el numero de migrantes de
Srrombus gr'gas entre las poblaciones del Caribe y el Golfo es reducido, y el flujo
gen6tico entre las poblaciones de S. gigas del Caribe es infinito  Tabla 12!.

Table 12. Valoresde estimaci6n deflu o nhtico entre les poblaciones en estudio.
Aneclte Alacranss Banco Chlnchorro

Banco Chlnchono 0.31120
Isla Mu' 0 28488 lnflnRQ

DISCUSIAN
A continuacibn se discuten los analisis gen6ticos obtenidos de los RFLPs del

ADNmt del caracol marino Srromius gi gas.
El nivel de polimorfismo gen&ico intrapoblacional fue igual para las tres

poblaciones esbmhada ya que todas elias presentaron tres haplotipos. Isla Mujeres
y Banco Chinchorro compartieron los haplotipos  mt 1 y mt 2!. La &ecuencia de
estos haplotipos fue gradual aumentando en direccion Sur-Norte a la largo de
Caribe Mexicano segun el comportamiento de la Corriente de Caribe.

La diversidad genetics es ampliamente conocida corno el mecanismo de
seguridad que le permite aunaespecie lidiar con enfermedades, estray condiciones
ambientalescambiantes. Estadiversidad genetics estimmla, mostr6quelapoblaci6n
mhs diversa es Arrecife Alacranes, seguida por Banco Chinchorro e Isla Mujeres.
Los valores de diversidad genetics encontrado en S gigas en RFLPs del ADN
micondrial es diferente a los reportados para otras cspecies de moluscos corno la
ostra americana, Crassosrrea virgrnica; He = 0.850  Reeb y Avise 1990 !.

Laeslructura genetics encontrada entre las poblaciones sujetas a estudio de S
gigas fue una de los aspectos nub interesantes del presente trabajo. Corno se puede
ver en los resultados Tabla6, Tabla10!, los panhnetrosde los FST estimados entre
las tres poblacionesmostraronuna diferenciaci6n estnxtunei6n! entre lapoblacion
del Golfo de Mexico  Arrecife Aheranes! con respectos a Ias dos poblaciones del
Caribe mexicano isla Mujeres y Banco Chinchorro!.

El flujo gen8ico es infinito entre hs localidades del Caribe  Isla Mujeres y
Banco Chinchorro y el flujo genbtico errtre las localidades de Caribe isla Mujeres
y Banco Chinchorro! comparado con h Iocalidad del Golfo  ~e Alacranes!
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es reducido. La existencia de flujo genbtico tiende a reducir las difezencias
geneticas entre poblaciones locales es decir tienden a la homogeneidad  Siskin
1991!. Bajo este supuesto, las localidades de Caribe pezlenecen a la misma
poblaci6n y la localidad de Anedfe Alaczanes a otra poblaci6n distinta.

Con respecto a las distamias gen8icas, los valores mks signifzcativos de D se
encontraron para ~e Alacranes y Banco Chinchozro  D = 0.95809, p < 0.05!;
Arzecife Alacranes e Isla Mujezes  D = 1.01345, p < 0.05!  Tabla 11!. Para otras
cspecies donde se utiliz6 el ADN mitocondrial, corno el Huachinango  LNzJanus
caznpechanzzs! donde suspoblaciones sedistribuyen alo largo del Golfode Mexico,
tambiba se encontzaron valores de D similares  D = 0.9140!  Gold et al. 1997!.
Esto es debido a la posibilidad de que el Huachinango no presents una sola
poblaci6n en el Golfo de Mexico al igual que el caracol marino, Strozzabars gigas.

Los resultados encontrados en este estudio, son diferentes alosencontrados por
Mitton �989!, quien analiz6 un amplio rango de sitios en el AthMco incluyendo
laregi6n del Caribe, usando corno mazcador gen8ico alas isoenziznas, encontzando
que las pobladones del Caribe son unidades homoghuas y solo la poblaci6n de
Bermudas se difezencia de las poblaciones del Caribe.

La estructuraci6n genetica encontzada en este estudio con Lzs poblaciones
consideradas de las localidades de la Peninsula de Yucatkn con estaespecieha sido
aunamenorescala geogrhfica, esto es considcrando la pozci6n del Golfo de Mexico
cozzespondiente al Estado de Yucatkn y el Caribe Mexicano cozzespondiente al
Estado de Quintana Roo. Por esta razbn, tratzunos de explicar los zesultados
obtenidos. De esta forms se cozzt6 en este estudio con poblaciones que zepzesentan
unicamente a la Peninsula de Yucathn, Mexico.

La mayoria de las poblaciones de organismos marinos invertebrados y peces
viven en unambiente abierto y sinbazrezas6sicas, dondeexisteun Sujocontinuo de
larvas y zmzteriai genbtico. En muchos casos es importante conocer los patzones de
circulacion de las cozrientesoceh6casycosterasquepermitenestetransporte larval
constante dentzo yhaciaafuera de lazegi6n. Es asi, que la dispersi6n Iarva1 a trav'
de conientes ha sido unos de los pznimetzos mls importantes para establecer la
diferenciaci6n gen6nca en las poblaciones marinas.

Tomando en cuenta lo mencionado previamente hay que considerar que la
corriente del Caribe se introduce al Golfo de Mexico atzaves del Canal de Y~
estase dispezsaen dos dizeccionesprincipalmente. Unacozzienteprincipal atraviesa
todo el Golfo hasta llegar a las costas de Lousiana y Mississippi en los Estados
Unidos y la otra hacia el estzecho de la Florida que se denomina Ia corriente del
Golfo de Mexico y llega hasta el Norte de Euzopa.

Parte de la corriente del Caribe llega a la localidad de Banco Chinchozro y
pzedomina esta misma comente del Caribe, en la localidad de Isla Mujeres. En
Arrecife Alacranes Ia coniente del lazo del Golfo de Mbxico y la corriente de
Yucatkn Ilegan con menor intensidad. Esta separaci6nde corrientes entre el Caribe
y Golfo de Maxi'co podria estar provocando la sepazaci6n del caracol marino
Srrombls gigas en dos poblaciones. Los caracoles muestzeado en Banco
Cbinchorro e Isla Mujezes conesponden a la misma poblaci6n, esto puede ser
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debido a que la corriente del Caribe al ser ascendente hacia el norte y al unirse a la
comente de Yucathn en el primer punto que es Isla Mujeres lo cual estarian
propiciando la dispersi6n de larvas de S. gigas dando corno resultados la
homogenizaci6n de estas dos localidades en un sola poblaci6n.

Con respecto a los caracoles colectados en Arrecife Ahtcranes corresponden a
una misma poblacion debido a los altos valores de distancia genbtica, esto puede
atribuirse a que es la localidad mh distante y al comportamiento de las corriente en
la zona; en esta localidad por su situaci6n geogrKcay geologh marina la comente
de Yucathn llega con escasa intensidad, por consiguiente el aporte de larvas es
menor.

En esta regi6n, claramente se observo que el flujo genbtico no estuvo definida
exclusivamente por las comentes superficiales principales que operan en laregi6n,
y podria esperarse que procesos locales hayan permitido el asentamiento de larvas
y su posterior aislamiento que a final de cuentas nos % la panta para establecer la
diferenciaci6nyvalores de distanciade estapoblaci6n con las otras analizadasenlas
otras localidades. Esto ha ocasionado que las costa de los Estados de Campeche y
Yucathn no exista la pesqueria de ninguna poblaci6n de S gigas y solamente para
Yucathn se encuentre en la Localidad de Arrecife Alacranes.

CONCLUSIONES

El aporte cientifico que se obtuvo de la presente investigaci6n es:
i! Lavariabilidadgen8icaintrapoblacionalyladiferenciaci6ngen8icaentre

poblacionesdelcaracol marino Strombus gigas en laPejmtsuiade Yucatkn
estimados a partir de haplotipos de RFLP's de ADN mitocondrial,
permitierondiferenciar dospoblaciones, lapoblaci6n de Arrecife Alacranes
en el Golfo de Mexico y las localidades de Isla Mujeres y Banco
Chinchorm corno una sola poblaci6n en el Caribe mexicano.

ii! Desde una base cientifica de gen&ica de poblaciones permite a las
autoridades pesqueras considerar en sus planes de manejo de este recurso
corno dos poblaciones separadas para la Peninsula de Yucatkn.

iii! Con relaci6n a la diversidad gen8ica, la poblaci6n que mostr6 mls
diversidadgen8ica fue lade Arrecife Alacraues. Esto permiterecomendar
a esta poblaci6n para la pnlctica de la maricultura en todas sus etapas.

El flujo gen8ico y la distancia gen8ica tambibn permitieron establecer la
diferencia entre lapoblaciones de Arrecife Ahacranesylasdel Caribemexicano isla
mujeres y Banco Chinchorro!.
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RES UMEN

El desconocimiento de la estructura poblacional puede jugar un importante
papel en el colapso de las pesquerias, pues las diferencias en las historias de la vida
delassubpoblaciones fiecuentemente�pmpician�a sobrestimaciondel tamafio de las
unidades pesqueras o "stocks" y la consecuente sobrepesca. La inexperiencia de la
medida en que los factores genbticos contribuyen a la formacion de "stocks" es
relevante para la planificaci6n de la explotaci6n del recurso, ya que su
reconocimiento corno unidades de pesca independientes puede lograr evitar la
phdida de caracteristicas poblacionales importantes y la conservaci6n de su
patrimonio gemtico. El presente trabajo se analiza la variaci6n isoetLrinukica del
caracol reina Strontbus gigas  L! en las costas de Quintana Roo con el pmp6sito de
establecer Ias posibles difetencias genbticas entre poblaciones. CinaterttaorN'mismos
fuemn capturados en cada uno de los tres sitios de colecta  Isla Mujeres, zona
Norte; Punta Allen, zona Centm y Banco Chinchorm, zona Sur! rrtediante buceo
aut6nomo, sin considerar tamafio, sexo o peso. Se seccionamn segmentos de tejido
muscular y g6nada, para ser utiiizados corno elementos de estudio El soporte de
electroforesis consisti6 en un gel homog6neo de poliacrilamida al 7.5 lo. La
electroforesis se realiz6 en medio nativo, en una ehmm horizontal colocada en &Io
a una temperatura de O'C. El gel se corrio a 150 V y 68 mAmp durante 5 horas. De
los tres sistemas isoenzimkticos utilizados, AAT, IDH y OPDH en las ttes
localidades, solo la OPDH-2 result6 ser polim6rfica La variabilidad gen6tica
intrapoblacional y la diferenciaci6n gen6tica interpoblacional del caracol reina S
gigas en las costas de Quintana Roo, estinuulos a partir de los tres sistemas
isoeuzin~cos, permifieron establecer uua sola poblaci6n en el Canbe Mexicano.
Es necesario destacm que la poblaci6n locahzada en Punta Allen mostr6 nub
diversidad gen8ica que las otras dos poblaciones; en cuanto al fiujo y a la distancia
genetica tambibn permitiemn establecer la diferencia entre esta poblaci6n  Punta
Allen! con las de Isla Mujeres y Banco Chinchorro, sin embargo, cabe mencionar
que los resultados obtenidos de esta poblaci6n no son lo suficientemente
siguificativos corno para pensar que esta sea una poblaci6n aislada o alopltrica

P~RAS CLAVES: Electroforesis, Isoenzimas, Strombus gigas.
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INTRODUC CION

Desde los inicios de la Ciencia Pesquera en la segunda mitad del siglo pasado
hasta nuestros dias, el concepto de "stock" ha sufrido cambios sustanciales, de una
manera mas simple, los recursos pesqueros o stocks podian definirse en una base
geogn1fica, dependiendo del radio de acci6n de la flota o la distribucion geografica
del recurso, o bien de acuerdo a la vuhierabilidad para cierto tipo de arte de pesca
 Gauldie 1991!. Sin embargo, estas formas de definir a los stocks representaban
formas muy geneses y dejaban fuera todos los aspectos que implican unaidentidad
con un sentido mis biologico. Aunque todavia existen quienes consideran a los
stocks corno simples unidades de explotaci6n  Royce 1984!.

lhssen et al. �981! de6nen "stock" corno un grupo intraespecffiico de individuos
que se reproducen al azar con integridad espacial y temporal, desde un punto de
vista pesquero, esta integridad se refiere a una homogeneidad en las tasas de
reclutamiento, crecimiento y mortalidad  Cushing 1968!. Desde el punto de vista
genetico, la integridad hnplica un acervo gen&ico en comun que debe mantenerse
diferenciado de otros "stocks"  Kutkuhn 1981!. Es importante mencionar que
thminos corno deme, razay subpoblaciones se ban utilizado para describir uuidades
poblacionales equivalentes a stock  HorraH 1981!.

En la conceptuahzaci6n moderna de "stock", la genbtica es importante ya que
la identificaci6n por otros metodos, corno el anilisis de parametros poblacionales,
marcado-recaptura, fisiolo@ay comportamiento, morfometria, meristica, estnxCuras
calcifiicadasy citogenbticatienendificultades implicitas queles restanconfiabiTidad
 lhssen et al. 1981!. Una de estas dificultades es que, en la variaci6n fenotipica, el
medio ambiente ejerce una influencia que en Ia gran mayorfa de los casos es
imposible de cuantificar  lhssen et al. 1981, AHendorf et al. 1987!.

Los estudios de gen6ticade poblaciones hanencontrado eco encl estodio de las
pesquerias, ya que en algunos casos la separaci6n entre poblaciones o "stocks" de
una especie no es muy evidente. A partir de los amos cincuenta los mbtodos
bioquimicos empiezan a incursionar dentro de la problenhltica de diferenciaci6n de
poblaciones, primero corno estudios complementarios hasta ocupar hoy en dfa un
lugar preponderante corno herramienta de trabajo  Utter 1991! y se ha demostrado
lagamadeproblemas especificos que se puedenresoiver Wirginy Waldman1994!.
Sin embargo, todavfa en la dbcada de los ochentas se reconocia una deficiencia en
lainteracci6n genbtica-recursospesqueros  MacLeaay Evans 1981, Allendorfetal.,
1987!. Aunque se insistia que una buena administraci6n de los mnums y los
exitosos programas de conservaci6n no debian de dejar aun lado los aspectos
gen6ticos  Ryman 1981, Allendorf et al. 1987!, parecia ser que esto s6lo 1o sabfan
los genetistas poblacionales. Afortunadamente esta mentalidad esta cambiando, a
medida que se van desarrollando oknicas bioquimicas con mayor resoluci6n en la
identificaci6n de genotipos, aunado con el int~ en el manejo adecuado y la
conservaci6n de los recursos pesqueros  Grijalva 1995!.

El desarrollo de la genetica, con sus diferentes aportes 5knicos hapermitido el
analisis de una serie de productos biologicos en los organismos cuya actividad es
fundamental para la vida de los mismos; con esto nos estamos refiriendo a las
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isoenzhnas, este tbrmino se ha utilizado para designar las multiples formas de una
enzima codificadas por genes diferentes  Kirpichnikov 1981, Ayala 1983, TeHo,
1986!.

Los patrones de tejidos y el desarroHo de la expresion de loci enzumMcos en
diferentes tejidos y durante el desanoHo son frecuentemente caracteristicos de una
especie, genero o tax6n superior y de esta manera son Sci1mente utilizelos para el
estudio evolutivo, laregulaci6n de genesyh gen8ica de poblaciones  Ferris y Whitt
1979!. Estos patrones son similares en cspecies relativamente cexeums y poco
parecidos en las que se encuentran muy distantes.

En general estas proteinas son productos de la expresi6n de un gene y de
acuerdo ah�geneticamendelianapueden�tener dos� omls alternativas de expresarm.
13ebido a los aportes bknicos de la gen&ica molecular, te6ricamente existe la
posibilidad de poder detectar entre un 20 /o a un 50 /o de la informaci6n genetics
presente en un organismo  Ayah 1983!.

La caracterizaci6n de h estructura genetics poblacional es vital para cspecies
de importancia comercid y ecol6gica ya que esta nos iudica la heterogeneidad u
homogeneidad de poblaciones sobre grandes regiones geogrkficas. Esta
heterogeneidad, corno establecen McMiHen et aL �994! han demostrado que es
reflejo delavariaci6ngenetics de los individuos que componen lapoblaci6n,yaque
la variaci6n genetics es uno de los parimetros fundamentales en el proceso
evolutivo.

Los estudios reahzados con isoenzimas se han Hevado a cabo en numerosas
cspecies, tanto animales corno vegetales, terrestres y acuhticos con diferentes
prop6sitos y por investigadores de multiples disciplinas  Hamrick, 1989; Lu y
WiHians 1994, Towsend y Shing 1984, Haylor et al. 1984, TrujiHo et al. 1995,
Wifiians y Benzie 1996!.

Los caracoles marinos no son la excepci6n a esta situaci6n y dentro del
contexto global, ladificultad de establecer la estruchua genbtica poblacional de los
organistnos y lavariaci6n gen8ica de los mismos es otto ejemplo ctmmcteristico del
problema. Estos tipos de organismos, presentan ademks cantcterlsticas propias al
ser organismos de poco movimiento y tener desarroHo larval en cierta etapa de su
ciclo vida lo cual di6culta y ampha la pmblenultica de @~urn e1 nivel de la
variaci6n genetics.

Un caso de sumo inter6s por resolver en pesquerias y que concieme a Mexico
es el recurso del caracol marino, Srrombus gigas. Este caracol es una de hs seis
cspecies de Strombidos, que habitan la Peninsula de Yucatkn, ademks de ser
utilizados corno alimento en el consumo humano, tambi6n son empleados corno
materia prima para la fabricaci6n de artesanias, adornos o joyerias  Soils 1994,
Rodriguez 1994!.

S gigas, es un recurso pesquero de elevado interes econ6mico y en algunas
Areas donde se le emmentra representa sino la unica, una de las mks importantes
pesquerias en el Caribe Mexicano. En Mexico, S gigas se encuentraunicamente en
h Peninsula de Yucatany especificamente enlas costas de Yucathny Quintana Roo
 Rodriguez 1994!, en esta super6cie de aproximadamente 700 km, un reducido
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MATERIALES Y METODOS

El estudio sobre el anilisis genbtico poblacional y muy en particular de la
variaci6n isoenzunaticaen las pobhciones del molusco marino S gigas requiere de
una metodologia relativamente estandarizada por otms autores  Berg et aL 1986;
Sobel, et aL 1988, Mitton, et al. 1989 y Campton, et aL 1992!. Las particuhtridades
de las tbcnicas se describen mls adelante pero a continuaci6n se muestra un
diagrama de flujo que resume los principales pesos del estudio  Figural!.

Colecta de organismos

Procesamiento de la muestra
Praparaci6n dei gel
Desarrotto de la electroforesis

4�
Revelado de actividades enzimhticas

4�

50 organismos

G6nada y tejido muscular

Aplicaci6n de voltaje

Tinct6n espec5ca

Es cancer

lecture dei gel

Aplicar tey de Hardy-Weinberg

4
Detenninaci6n de isoenzimas

4
Pruebas estadtsticas

Catculo de frecuencias genotipicas y ghnicas

Determinaci6n de la variabilidad diversidad

Figure 1. Diagrams de flujo del proceso de electroforhsis enzinmhtica en gei de
iacrttamida

numem de zones de captura ban sido tradicionalmente explotadas y las mayores
congregaciones de caracol se encuentran en estos lugares y poca o nula presencia
en otras areas, existiendo un gradiente de poblaci6n de Norte a Sur de la Peninsula
de Yucattln  Quijano 1988!.

El recurso caracol, particulannmte Sfrombusgigas, muestra sintomasevidentes
de sobreexplotacion en toda su arcade distribuci6n, lo cual es el caso de lamayorla
de los paises del Caribe, situaci6n que ha obligado a algunos de los paises del
Atlantico Centm-Occidental, a declarar la veda permanente del recure  Rodriguez
1994, SoHs 1994!.

Es base a lo anterior y considerando las c~sticas de S. gigas en la
Peninsula de Yucattin, corno son: su desconocimiento gen&ico poblacional, su
elevada importancia economica y el alto nivel de explotaci6n a la que se encuentra
sometida la pesquerfa, se hace necesario realizar este trabajo enyo objetivo es
determiner la variaci6n lavariaci6n isoenzhahtica del caracol reins S. gigas  L! en
las costas de Quintana Roo con el prop6sito de establecer las posibles diferencias
gen6ticas intra e Inter. poblacionales en funci6n de su an@isis genbtico.
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Area de Celeeta

En tres sitios de las costas del estado de Quintana Roo, Mexico: isla Mujeres,
Punta Allen y Banco Chinchorro  Figura 2!, se efectu6 la colecta de 50 organismos
por cada sitio de la especie Strombus gigas. Los organismos se obtuvieron a
profundidades entre 3 y 25 m mediante buceo aut6nomo con ayuda de pescadores
de la region. El substrato predominante fue de arena fangosa y pasto marino
constituido por Siringodium ji liforme y Thalassia testudi num. Estos sitios fueron
elegidos en funci6n de ser considerados sitios tradicionales de capturade la especie,
ademks de su ubicaci6n geognÃca en el estado.

Isla Muj eres � es una peque5a isla enclavada en la parte Noroeste del Estado de
Quintana Roo  Figura 2! y se localiza entre los 21 11' y 21'15' latitud Norte y los
86 41' y 86'45' longitud Oeste en donde se encuentra agregaciones de caracoles
marinos pero ya muy diezmados debido a la gran presion de pesca y a la elevada
actividad turistica de la zona, esto ha propiciado que los orgauismos se encuentren
aprofundidades superiores a los veinte metros. En esta zona, la Secretaria de Pesca
desde 1991 decreto la veda del recurso  Rodriguez 1994!.

Punta Allen �  Figura 2! en donde existe una comunidad dedicada por entero a la
captura del caracol rosado y langosta espinosa, se encuentraen las costas del Estado
de Quintana Roo en las coordenadas 19 47' latitud Norte y 87'28' lougitud Oeste.
Aqui las agregaciones decaracol seencuentranbienrepresentadas encuanto ataHas
y sexos debido sobre todo a que existe una regulaci6n y vigilancia por parte de los
mismos pescadores que corno cosa curiosa ban loti6cado el mar para poder tener en
cada area privada sus propias artes de peseta La veda del recurso en este sitio esta
impuesta desde 1991 por la Secretaria de Pesca  Rodriguez 1994!.

Banco Chinchorro � se encuentra en la zona Sur del estado de Quintana Roo
 Figura 4!, esta localizado en los 18 47' y 18'23' latitud Norte y 87 14' y 87 27'
longitud Geste, es un complejo arrecifal irente a la costa sureste del estado de
Quintatta Roo, entre las poblacionesdel Rio lndio y Xcalac. Se encuentra separado
casi 30 tun del continente por un gran canal con profundidades que alcanzan hasta
los 1000m  Jordan y Martin 1987!. Tres zonas bien de5aidas se encuentran en este
arrecife: Cayo Lobos, Cayo Norte y Cayo Centro, los cuales son el sitio de
campatnento de los pescadores y en cuyas inmediaciones se capturaron los
organismos. Es la umca zona del Caribe Mexicano en donde existen las mayores
agregaciones de Strombus gigas y en donde hasta ahora se pennite la captura por
cuota del caracol rosado  Rodriguez 1994!.
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Figure 2. Area de colecta del caracol roaado, Sttombus gigas  L! en el Canbe
Mexlcano.

MANEJO DE LAS MUESTRAS
Los organismos fuemn sacrificados mediante el "desconcheo", se tomaron

medidas de longitud de la concha  cm!, peso del organismo desconchado  g! y
deterrninaci6n del sexo. Con la ayuda de un bisturf se seccionaron segmentos de
g6nada y tejido muscular para ser utiTizados corno elementos de estudio. Las
muestras se colocaron en viales crioghucos de 4.5 ml, se depositaron en un
contenedor marca Taylor-Wharton �0 LD! el cual contenia nitr6geno lfquido y se
trasladaron al laboratorio de recursos marinos del Instituto Tecnol6gico de Merida,
en donde se ahnacenaron en un congelador marca REVCO a-4'.

Secciones de 1 g de g6nada y tejido muscular fueron homogenizadas con un
buffer de extracci6n nativo pH 7 o buffer de muestra pH 7, en una relaci6n p/v de
1:2 en un mortem y pistilo de porcelana. El homogenimtdo se centrifug6 a $000
rpm por 10 minutos a 7Z en una centrifuga re&igerada marca Bechnan, usando el
rotor F2402H Speed con capacidad para 24 tubos. El sobretMdante fue transferido
a tubos Eppendorf de 2 ml y almacenados a X PC, para su posterior an@isis
isoenzimatico  Tello 1986!.
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Actividades Isoenzlmktieas

El numero de isoenzimas presentes en el gen6ma de cada tejido, se determin6
en funcionde lamigraci6n de las &acciones reveladas y la &acci6n de estaen el gel.
Posterionnente se procedi6 a detenninar el numero de aleIos conespondientes.

Las &acciones fuemn designadas y numeradas, bashndose en su movilidad
relativa  Rf!, arbitrariamente del cQodo -! al hmto +!. Se codific6 corno 100 el
alelo mls comun y a partir de este, valores mayores o menores dependiendo de las
Rf calculadas  AHendorf y Utter 1979!.

Pruebas Kstadfsticas

Se utiHz6 el programa denominada TFPGA  Tools for Population Genetic
Analyses!, el cual es un programa en ambiente Windows que es utTiizado, para
efectuar el analisis de datos geneticos de alozimas de poblaciones  Miller,2000! en
su versi6n 1.3.

Este programa fue alimentado con los datos de las expresiones feno.icas de
los organismos muestreados eu forma binaria y que se consideraban sean
polim6rficosde acuerdo al criterio establecido para este fin, los diversosparhmetros

Kleetroforesls

La electmforesis se realizo en un medio nativo, en donde se utiliz'uon
condiciones no desnaturalizantes. En usta t6cnica, la integridad a~~ural de las
proteinas es mantenida y las enzimas pueden ser identificadas al ser hechas
reaccionar eon un substrato especifico y la posterior tinci6n histoquimicas del
producto resultante. El soporte de eleclxoforesis consisti6 en un gel homogbneo de
poliacrilamida al 73 /o, la soluci6n se verti6 entre dos placas �2.5 x 26 cm! de
vidrio, separadas por un espacio de 0.2 cm.  Hames y Rickwood 1986}.

El corrido electrofor6tico se efectu6 en una cimara horizontal modelo: A 3-1
 Owl Scientific, Inc.Woburn, USA! dotada de un gemmtdor de corriente con un
mhximo de 2500 V, 250 mAmp y 100 W.

La chnara de electroforesis horizontal fue llenada con el buffer del electrodo
antes de colocar en ella el gel; el puente el6ctrico entre el gel y el buffer del
electmdo se efectuo mediante una tela altamente absorbente para asegurar la
adecuada conectividad. El gel fue equilibrado sin la muestra  precorrido o pre-
electroforesis! durante 30 mmutos a 120 V y 35 mAmp. Efectuado el precorrido
electmfordtico, se procedi6arealizar la electmforesis colocando en cada una de las
celdillas volianenesde muestrade18 ml, seadicion6 auna muestra unagotade azul
de bromofenol para visualizar el corrido de la muestra a travbs del gel; durante 5
horas a 150 V y 68 mAmp.

Los mbtodos de tinci6n o revelado para los geles, fueron los propuestos por
diversos autores  Brewer 1970, Shaw y Prasad 1970, Brewer, et al. 1974, Shaklee
y Keenan 1986!. Tres sistemas isoeruin6ticos fueron utiTizados durante este
estudio: aspartato aminotransferasa  ATT}, isocitrato deshidmgenasa  IDH! y
octopino deshidmgenasa OPDH!. Paraunamejormauipulaci6nde los zimograrnas
y almacenamiento por largos periodos de tiempo el gel fue empaquetado.
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determinados se expresan a continuaci6n.

Estadistica Descriptive
Se obtiene infotmacibn con respecto al numero de alelos, &ecuencia de

heterocigotos, la heterocigosis estimada y las estimaciones del porciento de loci
pobmorficos a un nivel de jerarquia previamente establecido y un criterio de 95 /o.
Se proporcionan estimaciones de heterocigosidad directa u observada, la espcmla
bajo el criterio de Hardy-Weinberg y la estimada por Nei  Weir 1990!.

Estadistica de FST de W'right
Se aplican los metodos de la estadistica FST desarrollada por Wright  Sokal y

Rohlf 1995, Weir 1990!. La medida de variacibn entre individuos dentro de las
pobhciones, f = FIS o media de fijaci6n y la medida de variaci6n entre poblaciones,
8 = FST o coeficiente de coancestridad.

Se utilizaron las aiternativas de remuestteo conocidas corno Jacknifing y
Bootstrapping, para con elias remover el posible sesgo obtenido con el muestreo y
establecer estimadores mas confiables a lahorade efechm el aniIisis estadistico. Se

estimaron los resultados para cada locus y para cadaalelo a un nivel de confianzadel
95 /o, con unas 1000 repeticiones para el Bootstrapping sobre todos los loci.

Distaneias Gen8icas
Las medidas de similitud utilizadas por este programa son dadas para las

opciones de: La distancia original de Nei, 1972 y la insesgada de Nei �978! asi
corno las de identidad respectiva.

Las distancias minimas e identidades de Nei �972! y la inseagada de Nei �978!.
La distancia de Wright �978! modificada de la de Rogers �972!. La distancia y
coancestridad de Reynolds et al., �983!. Todos estos panlmetros dados por Weir,
1990.

Pruebas de Robustez para Hardy-Weinberg
En estas pruebas se utilizan dos alterm@vas para prober el equilibrio de la ley de

Hardy-Weinberg, las pruebas de bondad de ajuste de chi-cuadrada  c2!, y las
pruebas exactas de Haldane  Miller, 2000!, considerando la alternativa de agrupar
el anhlisis del genotipo en Ias categorias de homocigotos y heterocigotos para el
alelo mhs comun.

Aunque se presentan los resultados obtenidos por las tres alternafivas se ha
considerado que para los casos en los que solo existan agrupaciones en sitios de dos
alelos, la prueba exacta de Haldane es la que produce la verdadera probabilidad.

Se utilizaron los algoritmos de la eadem de Markov y el mbtodo convencional
de Monte Carlo con el llamado algoritmo de Metropolis, con el proposito de
establecer una aproximacibn entre los datos originales y nuevos juegos de datos
elaborados al azar.
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UPGMA

Se utiliz6 este m6todo por medio del analisis de Bootstrapping para obtener
dendognmas de los resultados de las distancias geneticas y de ellos efectuar
inferencias de las reiaciones posibles entre los sitios analizados  Sokal y Rohlf,
1995!.

RESULTADOS

Los resultados obtenidos durante el desarrollo de la electroforesis de los
sistemas enzunaticos utilizados, asparlato aminotransferasa  AAT!, isocitrato
deshidtogenasa {IDH! y octopino deshidrogenasa  OPDH! en tejidos de musculo y
g6nadade las localidades: Isla Mujeres, PuntaAIIeny Banco Chinchorro, sepueden
observar en la Tabla I. El signo  X! indica la pxesencia o el revelado de la isoenzima
en los tejidos estudiados de las tres localidades.

Tabia 1. Reiaci6n de los sistemas enzimhticos utiiizados y detectados en ias
pobiaciones dei caracol reina Strolnbus gigas  L! de ias costas de Quintana Roo,
Mhxico.

Sistsrrue Enztrnatkos

Localidades
Punla Allen Banco Chinchorro
Te'idos

isla Mujeres

Los resultados de las frecuencias ghucas obtenidas de los sislemas
enzim4ticos en S gigas se observan en la Tabla 2. Y los patrones electroforiticos
de estas isoenzimas en los tejidos de musculo y gonads al parecer resultan de la
expresi6n de seis loci, cinco monom6rficos: AAT 1, AAT 2, IDH, OPDH 1 y OPDH
3 y uno polim6rfrco: OPDH 2, de acuerdo al criterio establecido de que si la
&ecuencia del alelo mis comun era menor o igual al 95 %. Los seis loci fueron
utilizados para el analisis poblacional, independientemente de que si los loci eran o
no pohm6rf Icos.

Aspartalo

arninotransferasa AAT

 EC 2.8.1.1!
isocitrato

deshidrogenasa lOH

 EC 1.1.1.42!
Octopino

deshidrogenasa OPOH

 EC 1.5.'l.15!

Musculo G6nada Musculo G6nada Musculo Gbnada
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Tabla 2. RelaciEe de ias frecuencias ghnicas de los sistemas enzimhticos
revelados en Sbvmbus gigas {L!

Frecuencias Genicas de Ioa Slstemas EnzIma5cos Revelados
en Strombus gigas  Q

Teji dos

LOCUS ALELO M G M G

100 1 1 1 1

1 1 0 0

1 0 0 0

100 1 1 1 1 1 1OPDH 1
MONOMERO
OPDH 2
MONOMERO

100
10000

90
100OPDH 3

MONOMERO

M =musculo y G = g6nada

Los resultados obtenidos en gonada del an@isis estadistico descriptivo
poblacional para cada uno de los tres sitios analizados, tenibndose un total de seis
loci para cada una de las diferentes localidades: Isla Mujeres, Punta Allen y Banco
Chinchorro se observan en las Tablas 3-5.

Los resultados de heteocigosis, heterocigosis insesgada y heterocigosis directa
fueron mayores para OPDH 2 con 0.2262, 0.2285 y 0.1800 respectivamente
mientras que los valores de cero los presentaron los locus AAT 1, AAT 2, lDH,
OPDH 1 y OPDH 3  Table 4!.

AAT 1
MONOMERO
AAT 2
MONOMERO
IDH
MONOMERO

Go ora Gomez, A. et aL GCR:55 2004

Punta AIen Banco Chinchorro
Isla Mujeras

27 1 41 39 14 39
14 7 9 17 11
9 2 2 11 0
0 0 0 1 0 1
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Table 3. Estadfstica descriptiva poblacional para g6nada de Strombusgigas en Isla
Mu'

Obeervaciooee Frecueacla A%ice
1.0000
1.GOOD
D.DODO
1.0000
1.0000

0.0000
0.0000OPDH 3

Nota: Los valores de Heterocigosis fueron de cero para todos los loci

Table 4. Estadistica descriptiva poblacional para g6nada de Strombus gigas en
Punta Allen.
Locus Aielo Obeervaclonee Frecuencia No. de Frecueu6a

AI48ca Heterocl Heleroc otos

OPDH 3

Table 5. Estadistica descriptive poblacional para gbnada de Strombus gigas en
Banco Chinchorro.
Locus Alelo Obeervacioaes Frecuencia No. de Frecuencia

AINca Heteroc otoe H
AAT 1 100 0.0000

AAT 2 0.0000

lDH I

OPDH 1 1

100

0.0000

OPDH 2 1

2

89

'l1

0.8900

0.1100 02200

0.0000OPDH 3 1 0000

Los resultados de heterocigosis para Banco Chinchorro revelhndose que la
OPDH 2 con 0.1958, 0.1978 y 0.2200 presents los mayores valores y los valores de
cern para todos los demas locus.

AAT 1
AAT 2
lDH
OPDH 1
OPDH 2

AAT 1
AAT 2
lDH
OPDH 1
OPDH 2

100
100
100
100
87

13
100

1.0000
1.0000
1.0000
1.0000
0 8700

0.1300
1.0000

100
100
0

100
100

0
0

0.0000
0.000D
0.0000
O.OGOO
01800

0.1800
0.0000
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Tabla 6. Estadlstica descriptive poblacional para g0nada de Strornbus gigas en
todaa laa oblacionea aobre loa loci.
Locus Aieio Observaclonee Frecuencia No. de Frecuencia

A%ice Heterocigotos Hate roclgotoa

AAT 1 300

AAT 2 0.0000

IDH

OPDH 1 1

OPDH 2 1
2

OPDH 3 1

0.0000

276
24

0.9200
0.0600

20
20

01333
0.1333

1.0000 0.0000

Las desviaciones de los valores de Equilibrio de la Ley de Hardy-Weinberg se
probaron mediante dos mbtodos conocidos corno ~has de Bondad de Ajuste de
Chi-Cuadrada X'!. Los resultados de la Pruebade Chi-Cuadrada para Isla Mujeres
se encontm que todos los locus pxesentaron signi6cancia en sus resultados,
mientras que para Punta Allen los loci AAT 1, AAT 2, IDH, OPDH 1 y OPDH 3,
se apartaron del equilibrio. En tanto que en Banco Chinchorro los locus AAT 1,
AAT 2, IDH, OPDH 1 y OPDH 3 son los unicos que se apartamn del equiiibrio,
es decir que presentan signi6cancia al comparar los resultados de los valores de los
organismos observados contra los esperados. Los loci que presentaron
signi6cancia en la mayoria de las poblaciones o bien se apartan del equilibrio
resultaron ser AAT 1, AAT 2, IDH, OPDH 1 y
OPDH3.

El aruliisis global de la estadistica descriptiva poblacional de todos los loci que
presentaron variacidn en todas las poblaciones se presenta en la Tabla 6, en donde
la OPDH 2presento los mayores valores de heterocigosis con 0.1472, hetemcigosis
insesgada con 0.1477 y de hetemcigosis directa con 0.1333, mientras que los
menores valores de heterocigosis con cero se presentaron en los demis loci
restantes.

Los resultados promedio de los valores de heterocigosis, asi corno los de
polimor6smo en sus tres formas diferentes y los valores globales se presentan en la
Tabla 7. El valor de heterocigosis global para las tres poblaciones estudiadas fue de
0.0245.

Los valores de polimor6smo  Tabla 7! con el criterio del 95 %, nos indican
valores de 0.0000 para Isla Mujeres, Punta Allen 16.66%, Banco Chinchorro, 16.66
% y un valor global del 16.66% en todas hs poblaciones.
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Table 7. Resuitadoa de la estadisbca descriptiva para todas ias pobiaciones de
Sbombus as.

50 133.333350

0.0326 0.0377 0.02450.0000

0.0330 0.0000 0.0381 0.0246

0.0367 0.0000 0.0300 0.0222

18.6667 16.666718.6667 0.0000

16.6667

16.6667

0.0000 18.8667

16.6667

16.6667

18.66870.0000

Unamedidapromedio de laposible de6ciencia de hetemcigotos atmo de los
seis loci, es con la prueba de Fst de Wright o mejor conocida corno coe6ciente de
entrecruzamiento o consanguinidad entre cada pobjaci6n, se presentaen la Tabla 8
corno f y nos indica que existe una dispersal o heterogeneidad en sus resultados
dentro de las poblaciones al presenter valores que van desde 0.0622 para OPDH 2
hasta los no registmdos en AAT 1, AAT 2, 1DH, OPDH 1 y OPDH 3, y un valor
promedio de 0.0622, considerando que los valorespositivos de Fat de Writhindican
una de6ciencia de heterocigotos.

El indice de 6jacion, Fst  @! o tambi& conocido corno medida de variacibn
entre las poblaciones  Tabla 8!, nos presenta un valor promedio de 0.0551. Este
valor de 6jacibn se puede considerar bajo, peru segun Hartl �980! cae dentro del
rango de valores de 0 05 a 0.15 para poder considerar alas poblaciones con un nivel
de diferenciacion bajo.

Con los resultados anteriores se estableci6 un nivel de flujo de genes al poder
estimar en funci6n de la ecuaci6n de Reynolds et al� Sjatkin 1985! Nm = �/Fst-
1!/4 y el indice de 6jaci6n, Fst, el numero de migrantes por generaci6n, que en cate
caso fue de 4.29.

La divergencia gen6tica se analizo utilizando modelos, tanto de distancia corno
de identidad, y cuyos resultados se expresan en la Tabla 9. Todas las poblaciones
son comparadas de manera pareada. De los valores obtenidos de distancia, los
establecidos por el modelo original de Nei �972! resultaron ser los mtls bajos en
todas las poblaciones y los de distancia establecida con el modelo de Rogers
modi6cado por Wright los mayores.

Tamafio
Promedio de

Muestra
Heterocigosis

Promedio
Heterocigosis

Promedio
Insesgada

Hetero cigosis
Piomedio Directe

% Loci
Potimortitos sin

Criterio
% Loci

Pohmorficos 99 k
% Loci

Poiimorlicos 95%
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Banco tata Nhrjeree Punta Allen Global
Chtnchono
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Tabla 8. Resuftadosdeestadlstico Fstde Wn ht ara nada de Strwnbus i as.
F F fLoci

AAT 1

AAT 2

IDH

OPDH 1

OPDH 2 0.1139
0.1139
0.1139

0.0551
0.0551
0.0551

0.0551

0.0622
0.0622
0.0622

0.0622

OPDH 3

TODOS LOS
LOCI

0.1139

No hubieron valores

Tabla S. Oistancia e identidades de 6nada en StrombrJs as.
Reiacton Da Pobiaciones

1-2
0.0028

1-3
0.0001

2-3
0.0039

0.99610.9972

-.00030.0025

1.00030.9975 0.9964

0.00330.0275 0.0325

0.0550 0.0650

POBIACIONES: 1. Isla Mujeres, 2. Punta Allen y 3. Banco Chinchorro

Las relaciones jerhrquicas entre todas las poblaciones basadas en los diferentes
modelos de determinaci6n de distancias genbticas seefectuaronmedianteun sencillo
an8isis de Cluster UPGMA o Dendograma  Ward y Andrews 1995!.

En la Figura 3, sc observa el Dcndograma obtenido del anahsis de Cluster,
utiHzando el modelo dc distancia original de Nei 1972  Tabla 10! en cl cual el
mtiximo valor de distancia fue dc 0.0034 prescntandolo el nodo quc relaciona a las
poblaciones de Punta Allen-Isla Mujercs-Banco Chinchorro y el mcnor valor lo
presentb el nodo de Isla Mujeres-Banco Chinchorro con 0.0001.

Distancia Original de
Nei 1972
Identidad Original de
Nei 1972
Distancia Insesgada
de Nei 1976
Idensdad Insesgada
de Nei 1978
Distancia Original de
Roger 1972
Dislancia de Roger
MorNicada por
Wri ht

Alelos totales
1

Alelos totaies
1

Alelos toiales
1

Alelos totales
1
2

Alelos totales
1

Alelos totales
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Table 10. UPGMA Cluster de 96nada en Sflombus gigas usando la distancia
ori inaide Nei 1972.

Diets nels Poblaciones

1 2 3
3

1 2 3
0.0001
0.00034

Nodo Pro rcldn de licas simllaree
0.6690
1.0000

NGrnerode Loci PorcientodelLocl PorcientodelLocl

eoportando el nodo soportando el

nodo
16.67%
66.67%

25.00%
100.00%

0.00011.0002.000

Los resultados provenientes de los extractos de tejido muscular no
aportaron datos su6cientes que puedan ser utilizados corno marcadores geneticos
diferenciales de las tres poblaciones estudiadas en las costas de Quintana Roo.

DlSCUSlAX
Strornbus gigas es un molusco gastet6podo de signi6cativa importancia

economics encl brea del mar Caribe y cuya fase de vida plauct6nica le permite tener
un gran rango de dispersi6n en esta zeip6n, lo cual al mismo tiempo implies un gran

Fi9ura 3. UPGMA Dendogralna de afinidad genetics entre las poblaciones dei
caracol reins Stnvnbus gigas en las localidades de: Isla Mujeres �!, Punta Amen
�! y Banco Chinchorro �!, basado en las frecuencias ai@icas de AAT 1, AAT 2,
IDH, OPOH 1, OPDH2 OPOH 3.
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problema a lahorade detenninar laposicion geografica�de�sos poblacione, elorigen
y patr6n de dispersion de las mismas  Campton, et al. 1992!.

Los resultados obtenidos enesteestudio, son muy similares a los reportados por
Berg et al.�986!, quienes analizaron amplios rangos de localidades en el Atlhntico
incluyendo laregi6ndel Caribe, utibzmdo corno auucador gen6tico alas isoetuimas,
encontraron que las poblaciones del Caribe son poblaciones homogeneas y solo la
poblacion de Bermudas se diferencia de las demas poblaciones del Caribe.

Las tres poblaciones de Strombus gigas analizadas en las costas de Quintana
Roo presentan una baja variabiTidady poca diferenciacion geografica entre elias; el
porciento de polimorfismo global en g6nada es relativamente bajo 16.66 /o, si se
compara con el 58 /o en promedio para invertebrados marinos  Saavedra et al.
1993!.

Estos bajos niveles de variabilidad pueden tener diversos origenes o causas
desde el poder considerar que sea una causa intrinseca de la esperie o bien deberse
a historia de vida de los organismos y a niveles de explotacion de las poblaciones en
el Sea, asi corno a un posible bajo numero del tamaho de muestm utilizado o bien
a errores de interpretacion en la resolucion o conteo de las &ecuencias genicas
expresadas en los geles  Heist et al. 1995!.

Los valores de heterocigosis promedio para la g6nada �.0245!, aunque se
puede considerar bajo cae dentro de los tipicamente esperados para cspecies de
invertebrados marinos en general ya que la deficiencia de heterocigotos es una
caracteristica comun encontrada en estudios de invertebrados marinos  Mamuris et
al. 1998, Boisselier-Dubayl et aL 1999! aunque las caracteristicas reprorh~ras de
muchas de esas cspecies refiejen el clksico modelo panmictfco de las poblaciones
geneticas  Bierley et al. 1996! y que pudiendo concluir que los bajos niveles de
heterocigotos pueden ser debidos a: una mezcla de poblaciones  Efecto Wahalund!,
varios tipos de selecci6n, la presencia de alelos nulos o la perdida de cromosomas
causando estimaciones incorrectas de las &acciones fenotipicas  Creasey et al.,
1996!, fuerzas estocasticas y deterrmnistas que conllevana laconfiguraci6n�g6nic
de cada poblaci6n, tal es el caso de los procesos de mutaci6n, migraci6n, selecci6n
natural yderivagbnicao aotros 5~res, talescomo quecadamuestrahayaincluido
individuos provenientes de s6lo algunas &acciones de la poblaci6n, favorecidas en
lasprimeras etapas de vidapor la oportunidadde facuues ambientalesque leshayan
permitido mayor supervivencia EI grado de participaci6n de cada una de elias
puede ser diferente, ya que es funcion de la biologia de la especie, su posible origen
geogrh6co o, sus prefereneias tbrmicas  Trujillo et al. 1995!. En el caso de
Strombus gigas los bajos valores de Fst entre las poblaciones nos indica que no se
puede considerar el efecto Wahalund corno la causa de este fenomeno, aunque se
mantiene la idea de que existe la entrada de migrantes en las poblaciones �.29!.

Las larvas de S. gigas, segun estudios efectuados acerca de su perrnanencia en
el plancton y su consecuente dispersi6n, pueden permanecer hasta veintiocho cHas
en la columna del agua  Campton, et al. 1992! si encuentran las condiciones
adecuadas para lograr su pruceso de metamorfosis, lo cual les permite ser
transportadas a lo largo de todo el mar Caribe y que en funcion del niunero de
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migrantes obtenidos en este estudio se puede pensar en el proceso de flujo de genes
a trav6s del Caribe y sugiriendo con esto que las larvas de S gigas al tener ese
amplio rango de dispersi6n se propicia que la estructura poblacional, y las
poblaciones que se encuentran en el arcade influencia, sea relativamente comun y
se tenga una esperada variaci6n gen6tica entre las poblaciones, que va de acuerdo
a los resultados de trabajos efechimdos en la zona con este organismo  Mitton et al.
1989, Campton et aL 1992!.

Los resultados obtenidos del flujo de genes, mediante el an@isis de Chi-
cuelrada  X'! y la prueba de Haldane nos indica que s6lo un minimo de loci son
significativamente diferentes.

Los valores de distanciae identidad paraS gigas en g6nadanos indicanque son
valores tipicos para cspecies o poblaciones que se encuentran bien mezcladas. Los
altos valores de identidad, asi corno los similares y bajos de distancia gee%ca son
comunes para cspecies con vidaplanct6nica de gran dispersi6n, similares a S. gigas.

El anhlisis de agrupamiento o UPGMA Cluster de g6nada en Qrombus gi gas
usando la distancia original de Nei, muestra una ligera separaci6n, no tan
significativa entre los fenotipos encontrados en las poblaciones de Punta AHen con
las de Isla Mujeres y Banco Chinchorro. El cambio setiene al efectuar el anIHisis en
tejidos diferentes; los resultados provenientes de los extractos de tejido muscular no
aportaron datos suficientes que puedan ser utilizados para diferenciar poblaciones
de S. gi gas, en g6nada la poblaci6n que presents una baja separaci6n o distancia
respecto a las otras es Punta Allen. Esta baja separaci6n de las poblaciones
aparentemente no tienen 16gicayaque la corriente del mar Caribe al ser ascendente
hacia el norte y pasar por el canal de Yucatkn debe de propaipr la dispersion de las
larvas de S. gigas presentes en la columna de agua, lo que se esperaria que las
poblaciones sean homogeneas y no considerar a la poblaci6n de Punta AHen corno
una poblacion separada o alopktrica

No obstante, variaciones estoctasticas en la comente de agua, los vientos de
superficie, eventos metereol6gicos, disponibilidad de ahmento, temp~
concentraci6nde oxigenoyann remoHnos localizados podrian afectar ladispersi6n
de las hrvas y modificar el reclutamiento de estas en Iocaiidades particulares,
Buddin et al. �9&9! corroborar6ny concluyeron que tales eventos puedenmantener
el estadode discreci6ndelaspoblaciones en fonna espacialotemporalnumte, loque
a final de cuentm evita la homogenizacion del plancton durante el transporte y si
consideramos el hecho de que en Punta AHen se tiene la presencia de la bahfa de la
Ascensi6n, lo que representa un habitat restringido a cuerpos de agua semicerrados,
permitiendo el asentamiento delarvasy su posterioraislamiento quea findecuentas
nos de la pauta para establecer la diferenciaci6n y valores de distancia de esta
poblaci6n con las otras analizadas.

Se considera necesario reahzar un estudio mas amplio, en el que se ensaye con
mayor numero de poblaciones locaHdades! y loci de Strombus gi gas, para tener un
patmamamks completo de laestnrcturay variabiHdad genbtica de tales poblaciones.
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CONCLUSIONES

La variabilidad genetica intrapoblacional y la diferenciacion genetica
interpoblacional del caracol reina Strombus gigas en las costas de Quintana Roo
 Punta Allen, Isla Mujeres y Banco Chinchorro! estimados a partir del numero de
isoenzimas presentes en el genoma de cada tejido, permitieron esb&lecer una sola
poblacion en el Caribe Mexicano.

La baja heterocigocidad detectada y la poca diversidad genetica encontrada
dentro de las poblacionespuede seratribuidaa limitaciones encl tama5oefectivo de
la poblaci6n y a otros factores corno los ambientales y oceanograflcos.

Punta Allen mostt6 nMIs diversidad genbtica que las otras dos poblaciones; en
cuanto al flujo y a la distanciagenetica tambienpermitieron establecer la diferencia
entre estapoblaci6n con las de Isla Mujeres y Banco Chinchorro, sin embargo, cabe
mencionar que los resultados obtenidos de esta poblaci6n no son lo suficientemente
significativos corno para pensar que esta sea una poblacion aislada o aiophtrictL

Los resultados obtenidos de las isoenzimas provenientes de los extractos de
tejido muscular no aportaron datos suficientes que puedan ser utilizados corno
marcadores diferenciales de laespecie S. gigas enlas tres poblaciones estudiadas de
las costas de Quintana Roo.

Lapocadiferencia existente entre las poblaciones de Punta Allen con las de Isla
Mujeres y Banco Chinchorro, apoyadaen los6 loci examinados fue baja, en funci6n
de los valores de Fst de Wright y de la distancia gen&ictL Esta baja o nula
diferenciaci6n entre las poblaciones se debe en muchas ocasiones a la direcci6n de
las corrientes marinas provenientes del Mar Caribe que se introducen al Golfo de
Mexico a traves del Canal de Yucathn.

Es probable que este patron de flujo de agua mantenga las frecuencias alelicas
y genotipicas similares o muy cercanas entre s{.

Las corrientes han sido uno de los parhmetros nhis importantes para establecer
la diferenciacion gen8ica en las poblaciones ntarinas, en el caso de las poblaciones
de Strombus gigas atMdizadas encl presente trabajo, el numero de migrantes en las
poblaciones aunque result6 ser muy bajo, nos indicaque si existe un flujo de genes
y que las poblaciones se encuentran relativamente homog6neas.

Se concluye que tanto los procesos estocIhticos corno de selecci6n natural son
posiblemente los que mis contribuyen a la homogenizaci6n o diferenciaci6n entre
las poblaciones de S. gigas ana1izadas en el presente trabajo, permitiendo a las
autoridades pesqueras, considerar cn sus planes de Iineamientos y estratefpas de
manejo a dicho recurso, corno una solapoblaci6n para el Caribe Mexicano; asi corno
contribuir a resolver problemas de maricultura: en el manejo, cosecha y repoblaci6n
de esta especie.
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RESUMEN

El desarrollo del turismo y la alta demauda han contribuido a la
sobreexplotacion de poblaciones naturales del caracol  Strombus spp.!, los cuales
han mostrado declinaciones drksticas en el Caribe. Mexico no es ninguna
excepcion, y los recursos del caracol han disminuido dramaticamente desde 1982.
El genero Strombus es ~ntado por seis cspecies en el Golfo y Caribe,
Strombus gi gas L., S. costatus Gmelin, S. r aninus Gmelin, S. Pugilis L., S. alatus
Gmelin, S. gallus L. En la Peninsula de Yucathn, Mexico, hay seis cspecies de
gastr6podos comerciabnente importantes. Todos han declinado debido a la
sobrepesca y S. gigas, S costatus y S. Pu gills son las cspecies que han sido mas
explotadas por acr las cspecies de mtLs alto valor comercial. Debido a la sobrepesca
y ante el peligro creciente de la extinci6n del caracol, el gobierno mexicano
prolnbi6 en 198Z la pesca del caracol en el estado de Yucathn y en Quintana Roo
existe veda total permanente en Ia Zona Norte y Centro y solo se permite la pesca
en la Zona Sur regulado por: cuotas de pesca, veda estacional, tama5o y arte de
pesca . Sin embargo, los pescadores contmuan capturando adultos y juvemles,
poniendo a las poblaciones del caracol en niveles criticos de supervivencia. Pero
a pesar de la captura indiscriminada por la pesca ilegal, corno ejemplo, en el caso
de Arrecife de Alacranes algunos pescadores son capturados con SOO kg de peso
blando capturada de dos o tres dias; lo que hace suponer que el aporte viene de
poblaciones de aguas profundas. Esto hecho ocurre ha pesar de haberse impuesto
una veda perrrumente por 1S anos y este es una de Ias razones no se ban recobrado
poblaciones corno se esperaba Comunicaci6npersonal con el CMP en Yucalpeten,
Yucatin, y el CRIP de Puerto Morelos, Quintana Roo, Enero de 1999!. En la
actuahdad existe una fuerte presi6n social por parte de los pescadores para que se
reabra de nuevo la pesqueria y el gobierno de Mexico ante esta situacion a
convocado por medio del fondo sectorial de SAGARPA-CONACYT al
establecimiento del cultivo corno una aiternativa al problems. Ante esta situacion,
el presente trabajo analiza que cspecies son potenciahnente recomendadas para su
cultivo en cada sitio de la costa de la Peninsula de Yucatan e islas tomando en
cuanta varios aspectos corno: biol6gicos, la regi6n, el consumidor, factibilidad
tecnicay econ6mica del cultivo intensivo, impacto social y sa:tores que promuevan
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la investigacibn, pzoduccion y comercializacion.
A pesar de que Ia zegulacion pesquera es uno de los medios de zecuperar las

poblaciones explotadas, la maricultura es una alternativa muy fuerte que debe
considerarse y dentro de esta practica tambibn se consideran en este trabajo las
disciplinas que se han generado en la region y que apoyan su cultivo.

PALABRAS CLAVES: Maricultuza, Szrombus gzgas, S. costatus, S. pugilis

Potential Species of Strombus for its Cultivion in the Coasts
and Islands of the Mexico, Yucatan Peninsula

The development of the tourism and the high demazzd have contributed to the
overexploitatzon of natural populations of the snail  Strombus spp.!, w1uch have
shown drastic declines in the Caribbean. Mexico is no exception, and the resources
of the snail have diminished dramatically Sum 1982. The Szrombus genus is
zepzesented by six species in the Gulf and the Caribbean, Szrombus gigas L., S.
costatus Gmelin, Z ranimzsGmehn, S. pugilis L�S. alazus Gmelin, S. gallus L. In
the Yucatan Peninsula, Mexico, are six species of conunercially important
gastr6podos. AII have declmed due to ovez5shing and S gigas, S coszazusand S.
pugilis is the species that more have been opted being the species of moze high
commercial value. Due to the over6shing and before the increasing danger of the
extinction of the snail, the Mexican govennnent prohibited in 1987 the fishing of
the snail in the state of Yucatan and in Quintana Roo pezznazzent total prohibition
in the North Zone exists and single Centerand allows the 5shing in the South Zone
regulated by: quotas of Gshing, seasonal, so large prohibition and art of 5shing.
Nevertheless, the 5shennen continue capturing adult and youthful, putting to the
populations of the snaB in critical levels of survivaL But in spite of the
indiscriminate capture by the illegal 5shing, like example, in the case of Reef of
Scorpions some 5shezmen are captured with 500 kg of captuzed soft weight of two
or three days; what makes suppose that the contribution comes Som deep water
populations. This fact happens has to weigh to have imposed a permanent
prohibition by 15 years and this is one of the reason have not recovered
populations as it were expected anal Communication with the CRIP in
Yucalpeten, Yucatan, and the CRIP of Port Mozelos, Quintana Roo, January of
1999!. At the present time a strong social pressure on the part of the 5shennen so
that pesqueria reopens again and the government of Mexico exists befoxe this
summoned situation to by means of the sectorial bottom of SAGARPA-
CONACYT to the establishment of the culture like an alternative to the pzoblem.
Before this situation, the pzesent work analyzes that species potentially aze
recommended for their culture in each site of the coast of the Yucatan Pemnsula

aud island taking in whichever several aspects hke: biological, the region, the
consumer, technical and economic feasibiTityofthe intensive culture, social impact
and sectors that promote the investigation, production, and comzzzezziaiizatiozL
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Although the Gshing regulation is one of means to recover the operated
populations, the mariculturais an alternative very hard that must be considered and
within this practice also the disciplines are considered in this work that have been
generated in the region and which they support his culture.

KEY WORDS: Maricultura, Strombus gigas, S.costatus, S. pugilis

INIRODUCCION

El desarrollo del turismo y la alta demanda han contribuido a la
sobreexplotacibn de poblaciones naturales del caracol del ~ero Strombus, los
cuales han mostrado declinaciones drasticas en el Caribe. Mexico no es ninguna
excepci6n, y los recursos del caracol han disminuido dramNcamente desde 1982.

El genero Strombus es representado por seis cspecies en el Golfo y Caribe,
Strombus gigas L., S. costatus Gmelin, S. pugilus L, S. ranmus Gmelin S. alatus
Gmelin, S. gallus L  Rodriguez 1994!.

La distribuci6n geogra6ca abarca prhcticamente toda el brea del Caribe,
desde Floridahasta Venezuela  BrowneH y Stevely, 1981!. En Monaco se localiza
en las Costas de la Peninsula de Yucatkn  Rodriguez, 1994!.

En la Peninsula de Yucathn, Mexico, hay seis cspecies de ~podos
comercialmente importantes. Todos han declinado debido a la sobrepesca y S.
gi gas, S. costatusy S. pugilis  Figuras 1, 2 y 3! son las cspecies que hen sido as
explotadaspor ser las cspecies demos alto valor comercial  Rodriguez et el. 2000!

Las poblacionesde caracol rosado S. gigas, S costatusy S. pugilis a igual que
las otras cspecies de Strombus estrin disminuyendo a travhs de todo el Caribe,
debido en parte a la pesca intense, perdida de habitat y degradaci6n de la calidad
del agua. Las caracteristicas naturaies de estas cspecies, corno movimiento lento,
agregaciones, dependenciaalugarespocoptofundos, hacen de ~s caracolesmuy
vulnerable a la sobre-explotacibn. Las nxlucciones en abundancia de estos
caracoles han sido bien documentadas en todo el Atlkntico occidental tropical
 Gibson et aL 1983, Goodwin 1983, Appeldoorn y Sanders 1984!.

El recurso caracol de la region que comprende los estados de Campeche,
Quiatana Roo y Yucatan, ha registrado variaciones en su abundancia a nivel de
zonas, por lo que, la Secretaria de Pesca establecib medidas de regulacibn que
consideran variaciones regionales y locales  Rodriguez 1994!. Aproximadamente
el 96 - 98 % de las c«uras totales de este reeurso estrin compuestas por caracol
marino S. gigas, que alcanza su talla de primera madurez a partir de los 20 cm de
longitudde concha, por lo que es necesario establecer regulaciones de taHa minima
para garantizar el adecuado aprovechamiento de esta especie  Rodriguez 1994!.
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Figura 1. Morfologia externa del caracol reine Sfrombus gigas  L!. Vistas: ventral
 A! dorsal 8!.

Figure 2. Morfoiogia externa del caracol lechoso Strombus cosfatus Grnelin
Vistas: ventral  A, dorsal 8 lateral C .

C

Figura 3. Morfologia externa del caracol canelo Strombus pugilis  L! Vistas:
ventral  A!, dorsal  8! y lateral  C!.
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Es asi, que la Secretaria de Pesca ha ordenado el no acceso a esta pesqueria
pam el Estado de Yucatkn desde el aho de 1987  SEPESCA 1987!, yen el Norte
de Estado de Quintana Rooen IslaMujeresy Cozumel en 1990 SEPESCA 1988!.
Posteriormente mediante los estudio de dinimica poblacional se reahzaron
evaluacionesdel recursoparaisiaMujeres y Cozumelnotando unarecupuaci6nde
las pobhciones en funci6n de estas evaluaciones y se reabri6esta pesquerla para
Cozumel en 1997  SEPESCA1998!. Actualmente la captura comercial se limita
al Sur de Quintana Roo y para la Is1a de CozumeL

En Banco Chinchorro ubicado at Sur de Q. Roo, se extrae este producto, bajo
una cuota de 45 toneladas, en el banco de Cozumel lacuota de extraccion es de 12
toneladas con una temporada de captura del 1 de mayo al 31 de octubre, en Isla
Mujeres permanece en veda al igual que en los Anecifes los Alacrarms
 SEPESCA1998, Diario o6cial 2000!.

Sin embargo, los pescadores continuan capturando adultos y juveniles,
poniendo a las poblaciones del caracol en niveles criticos de supervivencia.

Actuahnente en el Estadode Yucathnexistencinco reservas,tres federalesque
incluye la Reserva de lpga de Celestun, la de Ria 4qprtos, e Isla Alacranes y dos
estates el Pahnar y Dzihun de Bravo. En Quintana Roo Especial inter6s son: Isla
Holbox, Isla Contoy, Isla Mujeres, Cozumel, Banco Chinchorro, Puerto Morelos,
Mahahual, PuntaAIlen. Pero a pesardehaberseimpuesto usavedapor quince anos
las poblaciones no sehanrecobrado corno seesperaba Comunicaci6npersonal con
el CRIP en Yucalpeten, Yucatha, y el CRIP de Puerto Morelos, Quintana Roo,
2002.

A pesar de que la regulaci6n pesquera es uno de los medios de recuperar las
poblaciones explotadas, la maricultura es una alternativa muy fuerte que debe
considerarse aunada a la regulaci6npesquera y dentro de esta practica estael apoyo
y las facilidadesque las autoridades debenproporcionar pararecuperar esterecurso
ante la fuerte demandade xeeyerar este recurso por varios sectores de la sociedad,
pero principahnente de los pescadores y de la Secretaria de recursos pesqumos y
alimentaci6n SAGARPA! quien en este a5ode 2002 emiti6una convocatoria con
fondos Sectoriales SAGARPA-CONACYT para el cultivo del caracol rosado
Strombus gigas  L!. Ante esta situaci6n el prop6sito de este trabajo es de dar a
conocef que cspecies son potenclalmente Iecomendadas para su cultivo en cada
sitio de la costa de la PenuLsula de Yucatin e islas tomando en cuanta varios

aspectos corno: biol6gicos, la regi6n, el consumidor, factibilidad tkcnica y
econ6mica del cultivo intensivo, impacto social y sectores que promuevan la
investigacion, producci6n y comercializaci6n.

METODOS
Para el desarrollo de maricultura es necesario tomar en cuenta varios aspectos

corno: el ciclo biol6gico de la especie, la regi6n y el sitio donde se instalark el
"hatchery" y las demos etapas del cultivo, asf corno la factibiHdad tbcmca y
economica del cultivo, impacto social y sectores que promuevan la investigaci6n,
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produccioa y comerciahzaci6n. Por lo que, fue aecesario seguir una estrategia de
busqueda de informaci6n en la literaauu citada, encuestas a pescadores, visita a los
sitios de la costa de la peninsula de Yucataa para el recoaocimiento de la
ia&aestruchaa con que se cuentaasi corno las Scilidadesde Apoyo eineentivosdel
Gobierno Federal, Estatal y Municipal para el desarroHo del cultivo con dos
prop6sitos bien de6aidos: el de repoblaci6n y coa 6nes comerciales.

Con lo que respecta al ciclo biol6gico de las cspecies poteaciales para cultivo,
las que se proponen corno Strombus gigas, S. costatus y S. pugilis han sido bien
documerrtadas por varios autores  Davis 1994, Hahan 1989, Rodriguez 1990,
Rodriguez 1994, Rodriguez 1995, Rodriguez 1995a, Rodriguez et aL 2000! y
tecomendadas para su cultivo, siempre y cuaado se cultiven ea las condicioaes
adecuadas.

Con respecto a la regi6nyel sitio jueganunpapel importante suelecci6n, pues
de eHo va a depender que especie se pueda cultivar con 6xito. Por lo que, a
coatinuacion se mencioaan ciertos criterios.

Para Ia regi6n de las costas de Yucathn y Campeche en estas regiones se
encuentraacaracoles de desanoHo indirecto del Geaho Stromiws corno: lalanceta

Strombuscostatus., S. pugt'lus, S. raninus, S. alatas, S. gallus. Kos dos primeros
sondeconsumo alimeatariopara lagente de laregi6ny les conches se utilizan para
trabajos de artesania. Los tres uitimos no los consumen para alimettto y no eshka
regulados por la Norma 06cial Mexicana NOM-013-1994!. Para esta regi6n no
se encueatra la especie Strombusgigtts

Para la regi6n de la costa de Quintana Roo e isles y baneos la principal especie
es Strombus gigas que aporta de un 96 - 98 % del total de este recurso. Para la
regi6ndel Banco e Campechedondequedaa iachadas las islasque le perttatecenal
estado de Campeche y Yucafkx se encuentratambiba S. gigas corno laespecie que
mayor aporta seguida de S. costatusy S. pugilus de intetes comercial  NOM-013-
1994!.

Con respecto al sitio hay que tomar en cuenta que cspecies se encuentraa, la
calidad del agua, la inkaestructura, los servicios y fhcihdades del gabiemo para
establecer el cultivo.

Enrelaci6a ala factibiTidad tbcnicay econ6micahay que establecer un plan de
negocios que deberin incluir los aspectos que mks puedaa incidir en el bxito de ua
proyecto en este sentido se recomieada que se considers lo siguiente:

i! Resumen ejecutivo,
ii! AnHisis de mercado,
iii! AaQisis de la posici6n estrategica de la emptesa,
iv! Estrategia paraeldesanuHo de ventajas competitivas unicas y sostenibles,
v! Factotcs de riesgo,
vi! Plan de mercadotecnia,
vii! Recursos hmnanos y estructtua organizmoaal,
viii! FacttMidad 4kaica,
ix! FactibHidad 5nanciera,
x! Aaalisis de sensibiTidad,
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xi! Direcci6n y gerencia,
xii! Conclusiones y anexos.
En referencia impacto econ6mico y/o social. En la actuahdad existe una veda

total para lapesca de este caracol, unade las formas de contribuir a la recuperaci6n
y pzeservaci6n de este recurso es por medio de su cuMvo, lo cual contnbuirh a que
los pescadores tenganun ingzeso econ6mico y bene6cio social. Al mismo tiempo
que el pescador aprenda la tecnologia para su cultivo y de corno puede mejorar la
pzoducci6u para preservar esta especie en peHgro de extinci6n. Para la cual el
proyecto del cultivo debe involucrar a los sectores publico, social y privado para su
impulso.

RESULTADOS

Uno de los priucipales problemas de la maricultura respecto al cultivo de los
caracolesdel Genero Strombus es la faltade disponibilidad de las puestas demasas
de huevos, pezo esto quedazesuelto con la construccion de enciezzos que funciones
imicamente en la epoca de desove para cada especie. Para Strombus gigas se
recomienda 2 machos: 15 hembras, para un Arcade 40m'con su6ciente alimento,
para Strombus costatus la misma propozci6n de 2 machos y 15 hembras para 20
m', para Strombus pugilus de 2 znachos y cinco hembras en condiciones de
laboratorio   Rodriguez et al. 2000!.

Con relaci6n a la regi6n y sitios de cultivo en la Pemzzszda de Yucathn Ia
secci6n de arzecifes, cayos, bancos e ishLs una parte se encuentran en el banco de
Campecheyotrasen el Carib Mexicano. Se divide parael estado de Campecheen:
Cayo Areas es un conjunto de 3 pequenas ishs entre los Estados de Yucatan y
Campeche. Triangulos sur, este, oeste, y Cayo Nuevo. Para el Estado de Yucatkn
en: Arzecife Alacranes, Cayo Azenas, Arzecife de Sisal, Arrecife de al Serpiente,
y Arrecife de MzIdzzgascar. Para ei Estado de guintazza, Roo en: Isla Holbox, Isla
Contoy, IslaMujeres, Isla Cancun, hla Mujeres, Isla Cozumel y Banco Chmchozro.

Con relaci6n al Estado de Campeche por lasituaci6n geogrKca de sus cayos
y la poca cobeztura y la nula in&emtnzctuza y servicio es muy di6cil por las
condiciones actuales Hevar a cabo el cultivo de las tres cspecies de Strombus
recomendadas. La iunca comunicaci6n es por medio de los bazcos de la Secretaria
de Marina y�d la Seczetaria de Comunicaciones y Transportesque se efectua cada
mes porel cambio degaazdia. Sin embargo, si se toma en cuanta lacostadel Estado
de Campeche, se recomienda por Ias condiciones geogrh6cas los sitios de Isla
Arenas para los cultivos de Strombus costatus y S. pugilis, para S. gigas no se
recomienda, por que no se pzesentan condiciones adecuadas para su cultivo.

Con relaci6n al Estado de Yucathn para las islas solamente Arzecife de
Alacranes mime las condiciones yde las cinco blas que se pzesentan en cate Arrecife
solamente hla Perez se recomienda por presentar condiciones de calidad de agua,
vigilancia,permanenciaconstante del permnalde Ia Seczetazlade Marinay personal
de la Secretaria de transporte. En cuanto a los servicios se cuezzta con un heHo-
puerto, luz y las instalaciones de la Secretzma de Comunicaciones. Las demas
arrecifes no tienen parte terreslm y en Cayo Arenas no hay servicios y la cobertuza
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de su superixcie terrestre es muy peque5a.
El Paxque Nacional Arrecife Alacranes al Notte de la Peninsula de Yucatan,

esta situado aproximadamente 72 milias �30 hn! de h costa del Norte de la
Penixxsuia de Yucatha entre los 22'37 y 22 22' Latitud Norte y los 89'33' y 89'48'
Latitud Oeste. Hay seis ishs en ilia, la isla principal es lslaPbrez, donde se localize
el Suo, las otras son: Desternxda, Chica, Pharos, Muertos y DesaIMxxxx:ida, estas
ultimas islas son una bateria de arena que apaxece durante maxeas bajas, y su altura
sobre el nivel del mar es -dada por el sedimento que fluye. En este sitio existen
agxegaciones de Strombus. gigas, S. costatusy S. pugilis pexo sobre las cuales desde
19&7 la Secxetariade Pesca decreto la vedapermanente corno medidade proteccibn
del xecurxe  Rodriguez 1994!.

Tomando en cuenta la costa del Estado de Yucatdn se xecomiendan los

siguientes puertos: Sisal, Celestun, Santa Clara, Dzihm de Bravo, San Fehpe y El
Cuyo Puestos que presentan los servicios y h calidad de agua para el cultivo de
Stroxubus castatus y S. pugilis, pero no se recomiexMh para S. gi gas.

Con rehcibn al Estado de Quintana Roo para las islas de: Contoy, de Mujexes
y Cozumel se recomiendan para eI cultivo de Strombusgi gas por su calidad de
agua y los sitios que pxesexxtan servicios e ixdxxxestxuctura para su cultivo.
Isla Contoy por h importancia y la diversidad de su fauna, es por decxeto
presidencial desde febxero de 1961 Zona de Refugio Nacional. Esta isla refugio de
aves marinas, es la nuh impoxtante del Caribe Mexicano donde estas aves
encuentran un sitio segum, su6ciente ahmento, lugaxes para anidar y poca
alteracibnhumana. Seencuentxalocalizadaenel Estadode QuintanaRoo, a30 Km
al Norte de Ish Mujeres, aproximadamente a 12.5 Km de la Cosla Noreste de la
Peninsula de Y~ Politicamente pextenece al municipio de Ish Mujexcs. Sus
cooxdenadas geogrk6cas son: 21 27'40" y 21 32'10" Latitud Noxte 86 48'25" y
86 49'05" Longitud Oeste.

La Ish presents una Iongitud de 6.17 lan y es de forma alargada e irregular, la
costa oriental es fuxwhxnentaimente xocosaconplayas axexxosas mks extends ceres
de la punta norte. La costa occidental es xocosa y axenosa encontnlndose por la
boca de tres lagunas, phyas corno Ixmapoit, Toxtugas, Pharos y Cocos. La isla
presents numerosaslagunas internasde gran importanciaya que sirvende criadero
a numerosos organiamos acuaticos y en sus margenes se eucuentxan situadas los
principales sitios de anidacion de aves marinas y palustxes, la texnperatxxxa media
anual es de 27.7 C la media mhs alta se presents en los meses dejulio y Ia mls baja
enenero, h precipithcibnanual esde l400mmaproximadanMate siendo septiembre
el mls lluvioso.

hla Mujeres, es unapequexxa islaenclavadaen la pate Noxoestedel Estado de
Quintana Roo y se localiza entre los 21'l l' y 21 15' Iatitud Notte y Ios 86 41' y
86 45' longitud Oeste en donde se encuexxtra agregaciones de caracoles marinos
pero ya muy diezmados debido ala gran presibn de pesca y a la elevada actividad
turistica de h zona, esto ha pxopiciado que los organisxnos se encuentxen a
profundidades superioress los veinte metros. En esta zona, la Secxetaria de Pesca
desde 1991 decxetb la veda del recurso  Rodriguez 1994!.
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Cozumel es la Isla mas grande del Caribe Mexicano con una extension de 45
kms de largo y 10.5 kms de ancho, sepaxada 1$ kms de la Penizzsula de Yucatin .

hla Holbox ubicada al noxeste de la Peninsula de Yucatan se xecomienda para
el cultivo de Strombuscostatus y yugdis, pero no para S. gigas, yorque, h calidad
de aguaes diferentetiende hacer similar alas aguasdel Golfo de Mbxicoen h Ifnea
de costa. Isla Cancun no se zecomienda por su desarroHo tmistico y porque en un
momento k~ninado se puede contaminar el cultivo por estar cerca de un
desazxoilo urbano queestacreciendo. Con relacion a Banco Chinchorro esun lugar
ideal por su calidad de agua, yezo los servicios, el transporte y los servicios no son
los adecuados hasta este momento.

Banco Chinchorro se encuentraen la zona Sur del estado de Quintana Roo esta
localizado en los 18'47' y 18 23' latitud Norte y 87 14' y 87 27' Iongitud Oeste,
es un comyie~ azzecifal &cute a la costa smeste del estado de Qumtzma Roo, entze
las poblaciones deI Rio Indio y Xcalac. Se encuentra separado casi 30 km del
continente por un gran canal con profundidades que alcanzan hasta los 1000 m
 Jordan y Martin, 1987!. Tzes zonas bien delmidas se encuentrm en este azzecife:
Cayo Lobos, Cayo Norte y Cayo Centro, Ios cuales son el sitio de campamento de
los pescadoxes yencuyas inmediaciones se capturaron los organismos. Es launica
zona del Caribe Mexicano en donde existen Ias mayores agzegaciones de S gi gas
y en donde hasta mayo de 1997 se yezmitia la caytura por cuota del caracol rosado
 Rodriguez 1994!.

Sin embargo, hay que considerar tres puertos mtexesantes en la costa de Q.
Roo el de Puerto Morelos quien tiene los servicios y toda la infraestructuxa para
desarrollar el cultivo corno son hs inslalaciones del Centxo Regional de
Investigacibn pesquera de Quintana Roo  CRIPQR!. Un puerto tambibn muy
intezesante es Punta Allen y Mahahual que ahora ambos presentan los servicios y
h m&aestrucbzza necesaria para desazrollar un yroyecto para cultivo de Strombus
gigas, teniendo en cuenta que el proveedor xzuh grande de puestas de masas de
huevos para el cultivo se tiene a dos horas  Banco Chmchorro! usando lanchas de
25 pies y motor de 60 Hp.

CONCLUSIONES

Las cspecies potenciales de intmbs comercial, las regiones y los sitios para su
cultivo en la Peninsuh de Yucathn son:

i! Para ei Estado de Campeche � a pesar de tener blas y Cayos con
condicionesyroyiciasencuantoa lacahdad de aguaestasnopresentan los
serviciosy hin&aestxucturanecesariaactuahnenteyarapoder desarroliar
el cultivo de cualquieza de las tres cspecies de Strombus recomendadas
 Strombus gigas, S. costatus y S. pugilis. Sin embargo, en la costa de cate
estado Isla Arenas es un lugar propicio para el cultivo de S eostatus y S.
pugzlts.

ii! Para e/Estado de I'ucatan � a pesar de tener varios arzecifes uno es el
que pzesenta las condiciones paza el cultivo de las tres cspecies
recomendadas y es hla Pezez que se encuentxa ubicado en el Pazque
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Nacional de arrecife de Aiacranes. Pero en la costa de este estado hay
varios puertos interesantes corno: Celestuu, Sisal, Santa Clara, DzHamde
Bravo, San Felipe, Rio Lagartos y el Cuyo que se recomiendan para el
cultivo de dos cspecies deStrombus  S. cost Itus y S pugilis! pues dichos
puertos presentau los servicios y la in&aestructura necmtria para el
desanoHo de sus cultivos.

iii! Para el Estado de Quintana Roo � este representa en comparaci6n con
los otros dos estados de la PeninsuhL una ventaja en cuanto a que tiene
mucho tntN sitios con mejores condiciones de calidad de agua e
in&aestntcturayserviciospara el cultivo de las tres cspecies de Strombus
propuestas para su cultivo. Para Strombus gigas se recomiendan las
siguientes Islas. Contoy, Mujeres, Cozumel y Banco Chittchorro. Para S
costatus y S. Intgilis Isla Coutoy se recomienda. Puerto Morelos, Punta
AHen y Mahtdtual se recomiendan tampa pan el cultivo de S gigas.

Estos son algunas regiones y sitios que se reoomiendan peto hay que tomar en
cuenta que es necesario desarmHar un phmde negocios que incluya la factibilidad
bknica, economics y estudio de mercado si se quiere comercializar aunado a la
repoblacion. De cata manera la maricultura es una fuerte herramienta que las
autoridades deben promover para la recuperacibn del recurso aunado al manejo
pesquelo.
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Abundance, Size Frequency, and Spatial Distribution of Queen
Conch, Seombus gigus, in Xel-hk Park, Mexico

DALILA ALDANA ARANDA ', MAI'RJEL SANCHEZ CRESPO, VICTORIA
PATINO SUAREZ�ARTURO GEORGE, ERICK. BAQUEIRO', ELISA

CARILLO and SAITRA PkREZ~
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ABSTRACT

Since November 2001 abundance, size &equency, and spatial distribution of
queen conch, Strombusgigashavebeenmonitored in Xel-Hk Park, inthe Caribbean
Sea of Mexico. Xel-Hk Park showed different bottom sites and different condition
of salinity and temperature, because this park has the spring water. Site one, has a
moderate seagrass benthic coverage �0/e!, in this site queen conch population was
formed 6om juvenHes �0 mm, of shell length! to adults �20 nun, of shell length!.
Site two, is only sand bottom, without seagmss coverage. In this site, were observed
principaHyjuveniles,withan average sheH length of90nun formedthe queen conch
population. Site two, showed scarcely smaH juveniles  low of 50 mm shell length!
and adults. The purpose of this study that was to determine abundance, size
&equency and spatial distribution in Xel-Ha Park showed differences between the
sites.

KEY WORDS: Queen conch, Strombusgigas, population parameters

Abundancia, Frecuencia de Tallas y Distribucihn Kspacial
del Caracol Reina, Sh ombars gigus,

en el Parque de Xe!-Ha, Mexico

A partir de noviembre 2001 la abundancia, &ecuencia de taHas y distribuci6n
espacial de la poblaci6n de Strombus gigas en el parque de Xel-RL en el caribe
mexicano fueron monitoreadas. El parque de Xel-Kk muestra difetentes tipos de
fondos, con difereucias tambibn en la temperatura y en la salinidad, dado que este
parque presenta surlpmientos subterrfineos de agua dulce. El sitio uno, cercano al
mar, se caracteriz6 por tener uua mayor salinidad y presentar fondos de arena y
Thaiassia con una cobertura de un 30'/o. En Este sitio se encontraron juveniles
desde 40 mm hasta adultos enperfectas condiciones con una longitud de concha de
320 mm. El sitio 2, se caracteriz6 por ser un fondo de arena un poco con fango, sin
ninguna cobertura vegetal y con menor saHnidad. En este sitio, Ia poblaci6n de
Strombtts gigas, fue principalmente de juveniles pem de mayor taHa, con un
promedio en 90 mm de longitud sifonal de la concha. No se encontraron juvenHes
por abajo de 50 mm, ni tampoco adultos. Asl, Ia abundancia, Secuencia de taHas y
distribuci6n espacial de Ia poblaci6n de Strombus gigas en el parque de Xei-Hb,
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mostr6 diferencias en funcion del habitat.

PALABRAS Claves: Caracol rosado, Strombus gigas, parhnetms poblacionales

Strombus galeutus: Descripciones Siohigicas de nn Caracol en
Ries go

DAISY ARROYO MORA

Centro de Envestigaci on en Ciencias del Mar y Limnologia
Universidad de Costa Rica

San Pedro de Montes de Oca,
San Jose, Costa Rica

RESUMEN

El Strombusgaleatus es un gasterbpodo marino habitante de la costa Pacifica
tropical. Constituye una especie de importancia econ6mica, dado su consumo
generalizado y jcreciente extraccion tanto de poblaciones naturales corno de Areas
protegidas, lo que la convierte en una especie en riesgo y de inter6s para la
acuicultura Se ha desarroHado los primeros estudios tendientes a la descripcion de
las poblaciones enalgunashmeprotegidasypublicasmarinas del Pacifico�de Cost
Rica Se ha utilizado el metodo de buceo libre y con tanques para efectuar
observaciones biologicas, y con el m8odo de marcado-recaptura se ha procedido
ahacer descripciones biometricas yde biologiapoblacional encadauno de los sitios
visitados. Se ha logrado conocer parte de su biologfa ecol6gica y de describir
preliminarmente la estructura poblacional de esta especie por edades y sexos.
Paralelamente se ha efectuado ensayos para el cultivo de larvas en el laboratorio. De
las observaciones obtenidas en zonas no pmtegidasy por las crecientes incursiones
en las protegidas, se hace indispensable sugerir el mantenimiento y aumento de las
zonas costeras protegidas existentes, por representar areas con poblaciones
reMvamente sanas y repmductivas, asi corno el desanollo de investigacion
tendiente a la optimizaci6n de tecnologiasdel cultivoy de repoblaci6n, paramitigar
la presi6n sobre las zonas establecidas bajo sistemas estatales de protecci6n.

PALABRAS Claves: Strombus galeatus, descripciones bio16gicas

Strotttbus galeatust Biological Descriptions of a Conch in Risk

The Strombus galeatus is a marine gastropod inhabitant of the Pacific tropical
coast. It is a species ofhigh economic value because of its generalized consumption
and increasing extraction &om natural and protected areas, that make it a species in
risk and of aquaculture interest. The first studies for this species have been
developed in order to describe natural populations in protected and pubHc areas of
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the Paci6c coast of Costa Rica Snorkel and scuba diving have been used for
biological observations,. and the mark-recapture method for biometric and
popuhtion biology studies in each of the visited sites. Descriptions for its ecologic
biology and population structtne by size and sexes have been o~ from each
one of the areas. At the same time, some attempts for larval culture in the laboratory
have been made. From the observations taken in public and protected coast@ zones
and after the most common invasion in protected ones, the maintenance and
increase of marine protectol areas is very important, beceLu. "of the existence of
relatively healthful and reproductive populations for this and other species. Besides,
the development of new research to improve larval culture technologies and
repopulation methodologies for this species is indispensable to mitigate social
pressures under protected areas.

KEY WORDS: Strombus galeatus, biological discription

Histologfa del Manto de Shombus gigus  Mesogastropoda:
Strombidae! Linnaeus, 1758

OMAR HERNANDO AVILA-POVEDA '", DALILA ALDANA-ARANDA ' y
ERICK R. BAQUEIRO-CARDENAS

CEIVER Centro de Investigacidn, Educacion y Recreacion
Isla San Martin de Palarales, Islas del Rosario.
Cartagena, Colombia, Sur America. AM 7877

Laboratorio de Biologia Marina, ClNFESTAV-IPItl, Unidad Mdrida
Km 6 antigua carretera a Progreso.

Merida, I'ucatdn, Mdrico. C.P. 97310.
Recursos ¹turales Costeros CICA TA-IPN, Unidad Altamira

Ew I4.5 carretera Tampico Puerto Industrial Altamira
Tampico, Tamaulipas, Mexico. C.P. 89600

RESUMEN

El Caracol Pala Strombus gigas ha sido estudiado desde los 60 en su biologia
blsica por ser un recurso marino de importancia economica en todo el Mar Caribe,
sin embargo, se ha detecto la ausetma de conocimiento en su histologia bhicL El
mantoesunaimportante estructurade laanatomfade los gaster6podos, responsable
de fabricar la concha, de interactuar qufmica y Ssicamente con el ambiente, de
secretar mucus, entre otras. Ademks, el desanollo de la acuaculturay laprotecci6n
de las poblaciones naturales de Strombus gigas es cada dia nuls vulnerables a
enfermedades y contaminaci6n por la disminuci6n de su diversidad gen&ica
requiriendo el conocimiento de Ias ctuacteristicas histol6gicas, que permitan el
diagn6stico de da5os causados por enferaMades, parhitos, conhunirmtci6n y



»9+955 AbstractsofStrombusSesslon GCFI:55 2004

depredaci6n.
En esta investigaci6n se analizan tres machos y tres hembras del Anecife

Alatxanes, Yucatan, Mexico, con una longitud de la concha de 228 mm  + 20! y un
grosor del labio de 16 mm  + 1,8!. Cada animal fue removido de su concha y
muestras de 1 cm' del manto fueron fijadas en Solucion Davidson A.F.A. por cuatro
dias, lavados en akohol al 70 '/o, deshidratadas en alcoholes del 70 /o, 96 /o y 10
0'/o, clarificadas en Benceno y embebidas en Parafina Paraplast. Secciones de 6 im
fueron hechas con un microtomo rotatorio y fueron montadas sobre placas con
albumma de Meyer. Para la tinci6n se uso Hematoxilina de Harris - Eosina
Amarillenta "HHE,", m8odo regresivo. Se describe a magnificaciones de 100x,
400x y 1000x la anatomia microscbpica de cinco zonas que forman el manto desde
su parte externa  adyacente ala concha! hasta su parte interna  pr6xima a la cavidad
del manto! y estk constituido de la siguiente forma:

i! Franja constituida por epitelio escamoso;
ii! Franja de fibras col6geno;
iii! Zona intermedia de tejido conectivo;
iv! Zona de tejido muscular; 5! epitelio transicional. Corno caracteristica

particular se observa que el citoplasma de las cinco zonas que estructuran
el manto es de colkgeno.

PALABRAS CLAVES: Strombus gigas, histologia del manto

Histology of the Mantle of Strowbus gigas  Mesogastropodat
Strombidae! Linnaens, I758

The basic biology of the Queen Conch has been studied ftom the 1960s because
is an economical importance marine resource in all Caribbean Sea; however, an
absence on the knowledge ofbasic histology has been detected. The mantle is avery
important structure of gasttopod anatomy, it is responsible of shell formation, to
interacting both chemically and physically with the enviromnent, to secrete mucus,
and so on. Moreover, the Aquaculture development and the conservation of the
natural stock the Queen Conch everyday are more vulnerable a maladies and
contamination by lessening of its genetic diversity, requiring the knowledge of its
histological characteristic that is necessary toestablish diagnosticsofdamage caused
by diseases, parasites, contamination and depredation.
In this investigations three males and three females were sampled &om Alacranes
reef, 22'22"96'N 89'41 "3'W, North of Yucatan Peninsula, Mexico. They had a
shell length of 228 mm  + 20! and a Hp thickness of 16 mm  + 1.8 mm!. Each
individual were remove from the shell aud a 1-cm' section of the mantle wete fixed
in Davidson's A. F.A. solution for four days, rinsed in alcohol at 70 /o, dehydrated
in alcohol at 70 /o, 96 /o, 100 /o, clarified in Benzene, aud inclusion in Aparaplast.
synthetic paraffin. Six microns sections were made withrotary microtome and were
mounted on glass slides with Meyer's albumin. For staimng was used Harris
Hematoxiline B Yellow Eosine ~, regressive method. Under 100x, 400x and
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1000x magnifications the microscopy anatomy of five layer that form the mantle
&om outside  shell adjacent! until inside  cavity of mantle! were described as follow:

i! A squamous epithelium layer,
ii! A collagen fibers layer,
iii! A middle layer of connective tissue;
iv! Layer of muscular tissue; and
v! Transitional epithelium.
As particular characteristic, it was observed that collagen form the cytoplasm

of aH the five layers that structure the mantle.

KEY WORDS: Strornbus gi gas, histology of the mantle

Microscopic Anatomy of Tegument of the Foot the Queen
Conch Strombus gigas  Mesogastropoda: Stromhidae!

Linnaeus, 1758

OMAR HERNANDO AVILA-POVEDA '~, DAULA ALDANA-AIUWDA y
ERICK R. BAQUEIRO-CARDENAS

' CEINER Centro de Investigacion, Educacidn y Recreacidn
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ABSTRACT

The histology ofhealthy tissues has to be known in detail if the damage caused
by diseases, pollution and maladies is to be identified. Strombus gigas Linnaeus,
1758  Prosobranchia, Mesogastropoda, Strombacea, Strombidae! is a species under
severe stress, caused by the reduction of its populations and pollution of coastal
waters where it inhabits. Epithelia are important structures of gastropod anatomy,
aiding in locomotion, physical and chemical interaction with the environment,
respiration among others. In this investigations three males and three females were
sampled &om Alacranes reef,22'22'96"N89'41'03"W,North ofYucaian Peninsula,
Mexico. They had a shell length of 228 mm  + 20! and a lip thickness of 16 mm  +
1.8 mm!. Each individual were remove &om the sheH and a 1 cm' section of the
mantle were fixed in Davidson's A.F.A. solution for four days, rinsed in alcohol at
70 /o, dehydrated in alcohol at 70 /o, 96/o, 100/o, clarified in Benzene, and
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inclusion in "Paraplast" synthetic panzffin  Avila 2001!. Six microns sections were
made with rotary microtome and were mounted on ghzss slides with Meyer's
albumin. For staining was used Harris Hematoxiline B Yellow Eosine  HHEg,
regremve method  Howard and Smith 1983!.

Were described the diIFerent epithelia found on the side and sole of the foot.
Side epithelia present two ddFerent characteristics: I! Glandular cylindric ciliated
epithelia that forms tubular folds and 2! Cylindrical pseudo-stratifie epithelia
forming irregular sinuosities. The epitheliaof the sole presents two diferent type of
cells: I!. The ceHs contiguous to the foot side are cylindrical, and 2! the sole
presents pseudo-stratifie cylindrical ciliated epithelia, forming twinned low rigs.
The glandular structure of the foot side has a lubricating function, evidenced by
secretion granules and mucus, while the rigs on the sole aid on a caterpiHar sort of
locomotion, characteristics that axe present through the Gastropod class, but have
a difFerent degree of development in the diverse famihes and modes of life.

KEY WORDS Strombus gigas, anatomy, histology, foot, tegument

Anatomia Microscopica del Tegumento del Pie del Caracol
Pala Sfrombus gigas  Mesogastropoda: Strombidae!

Limaaeus, 1738

Lahistologla de los tejidos sanos seria conocida en detaHe si los dahos causados
por enfermedades y poiueide son identificados. 8trombus gz gus Linnaeus, 1758
 Prosobxanchia, Mesogastropoda, Strombacea, Strombidae! es una especie bajo
muchos stzees, causado por la reduccibn de su pobhci6n y por la polucidn de las
aguas donde hibitat. El epitelio es una importazzte estructma de la anatomla de los
gasteropodos, queayudaen Ia locomoci6n, en la interacci6n fisicay quizmcacon el
ambiente, en la zespiracifin,entre otras. En esta investigacibn tres machos y tres
hembras fuezon muestxeados del Arrecife Alacranes, Yucatan, Estados Unidos
Mexicanos, con una longitud de Ia concha de 228 mm  + 20! y un gmsor del labio
de 16 mm  + 1,8!. Cada animal fue removido de su concha y muestzas de I cm' de
la parte anterior del pie fueronfijadasen Solucifin Davidson A.F.A. por cuatro dias,
lavados en alcohol al 70 4/o, deshidratazlas atravbs de una serie de alcoholes del 70
'/o, 96 '/o y 100/o, clarificadas con Benceno y embebidas en Parafina Paraplast
 Avila, 2001!. Secciones de 6 Izm de espesor fueron hechas con un micrbtomo
rotatorio y fueron montadas sobre placas con albumma de Meyer. La tinci6n se
realim con Hematoxilma de Hams - Eosina Amaziilenta AHHE2@ Howard and
Smith, 1983!.
Fueron descritas hs diferencias epiteliales encontradas en el Iado del pie y la suela
del pie. El epitelio del Auto del pie pzesenta dos oriexztaciones difezmtes:  I!
Epitelio cBindzico glandular czTiado  glhndula pedal! formazzdo pHegues tubularesy
�! epitelio ciHndzicoseudo-estzatificado ciHado contiguo ala sueladel pie formando
sinuosidades pareadas con azistas angulares. La szxeAx de/pie presents dos epiteHos
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diferentm l! unepiteliocBindrico�condisposici6n�lmeal�en lpaxtecontiguaal Iado
del pie, y �! un epiteho cilfndrico sa~txatificado con disposici6n lobulada y
pareada en la parte de la suela del pie que se apoya en el lecho marino. Con esta
investigaci6n se demuestxa que hay una especiaHzaci6n al nivel de tejidos entre el
lado y la suela del pie de S. gigas. Se sugiexe que estadifexencia anatomfa es debida
a la fonna de movimiento y al tipo de habitat.

PALABRAS CLAVES: Strombus gigus, histologia del pie, tegument

Mexican Marine Parks as a Fishery Management Tool for the
Queen Coach Shmebus gigus

ERICK BAQUEIRO CARDENAS' DAULA ALDANA ARANDA and
SILVIA MANZANILLA NAIM'

'SEMAENAT, Mhrico
xLaboratorio de Biologih Marina, CllVFESTAV

II'N Unidad uriah

I'Ncardn, Maurice

ABSTRACT

Strombus gigas is a species of primary economic importance to all Caribbean
countries. Its importance comes fiom the high exploitation levels ought to local
dexnand for inner consumption, tourist market and interxxational txade. Given its
limited distribution range and accembiiity, in low energy grass and algal beds, its
populations have been depleted in many areas aud seriously dinu*nislxed in others,
where exploitation is still takmg place. This is the primary xeason why it has been
placed as acoxnmexcially threatened species under CITES  Appendix II!. Ddfexent
measmes have been taken to regulate exploitation, which mctude mimmum size,
based on shell length, weight and lip tlnckness, catch quotas, temporal and
pexxnanent fishing bans, and maxine parks as a measure to preserve reproductive
stocks. The level of protection in the diKexent parks of Mexico ranges &om a total
fishing ban with high xeinfoxcemexxt, to controlled exqxloitation with little to no
reinforcement. The impact of the marine parks on the populations of S gigas is as
variable as the number of parks. The density of populations within the parks is
critical for the xecovexyof the populatiousto its origma levels. Evidenceshows that
the anticipated larval export outside the parks for the restoration of populations
seems not to be significanL Marine parks are of practical use for the conservation
of xeproductive stocks and as a source of juveniles and adults for the rehabilitation
of areas under conxmexcial aqxloitation.

KEY WORDS: Queen conch, Srrombus gigas, marine parks



AbstractsofSttombusaession GCR:55 2004

Parques Marinos Mexicanos corno Herramienta de Manejo de
la Pesqueria del Caracol Reina S~osssbtss gigus

Strombus gigas es una especie de importancia econ6mica encl Caribe, debido
al alto grado de explotaci6n, demanda de mercados locales e intemacional y al
turisrno. Dado su brea de distribuci6n hmitado y lo accesible que es su captura en
pastizales y fondos arenosos, sus poblaciones estrin colapsadas o diezmadas en
aquellas, donde existe aun expiotaci6n. Por lo anterior, seencuentraen el Aundice
II del CITES. Diferentes medidas han sido implementadas pam regular la
explotaci6n de este recurso: Desde una talla minima de captura  longitud de la
concha y grosor del labio!, rara vez se considera el peso de la came, cuotas de
captura, vedas temporales y permanentes y la creacion de parques marinos, para
preservar el stock reproductivo. El nivel de protecci6n en los diferentes parques de
Mexico va de veda total y pertnanente con buena vigilancia o con poca. El impacto
de los parques marinos sobre las poblaciones de S. gigas es tan variable corno el
propio numero de parques. La densidad de sus poblaciones dentro de los parques
es un factor critico para la recuperaci6n de las poblaciones a su nivel-original.
Evidencias muestran que por si solo la exportacion de larvas esperadas fuera del
parqueparalaxenqeraci6ndelas poblaciones no es signiacL Los parques marinos
son de uso pracbco en la conservacion de los stocks reproductivos y corno una
fuente de juveniles y adultos jara larehabiHtaci6n de areas sometidas a explotaci6n
comercial

PALABRAS CLAVES: Caracol rosad, Strombus gigas, parques marinos

Larviculture of Queen Conch Strombus gigus from Reserve of
Biosphere Banco Chinchorro, under Laboratory Conditions

NANCY BRITO-MANZANO y DAULA ALDANA A1V ADA
Lcdw ratorio de Biologia Marina, CINV ESTAV IPN Unidad Merida

Km 6 antigua carretera a Progreso
Merida, Mexico

ABSTRACT

In this work are presented the results obtained in larvicultures of Strombus
gigas, under laboratory conditions in CINVESTAV-IPN. The samphug was realized
during the reproduction season In the Reserve of Biosphere Banco Chinchorro,
Quintana Roo. Nine cultures were realized irom hatching to settlement, to evaluate
the development, growth and survivaL

For aH cultures the same methodology has been used: density of 200 huvae by
litter, feeding with Tetraselmis suecica at a concentration of 1;000 algal cells/ml,
temperature of 29' + 1' C md natural photoperiod. The time of hatching varied
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between 92 and 95 hours with a average of 94 + 1.06 hours after the ovoposition.
The sheH length at hatching was of 296 + 10.23 pm  n = 210 larvae! and the larvae
showed two velar lobes and 1.5 sheH whorls.

Larvae reachedmetamorphosis at 30 days and developed a sheH length between
980 and 988 pm, with a average of 983 + 3.55 pm. The best survival was obtained
in July �2 %! and the low survival in September, with only 13 %. The results
obtained in the cultuns shows that is possible realize the incubation of egg masses
ixom natural ovoposition period and obtaingoodresults in development, growth but
not in survival, under laboratory conditions.

KEY WORDS: SxrombxIs gigas, culture, laboratory conditions

CnMvo de Caracole Rosado Soombus gigasde ht Reserva tie Ia
Biosfera Banco Chinchorro, Bajo Condiciones tie Laboratorio

En 6ste trabajo se pxesentan los xesultados obtenidos en cultivos de SxrombxIs
gigas, bajo condiciones de laboxatorio en el ClNVESTAV-1PN. Los muestxeos
fueronxeaiizados durante latemporadadereproduccion en lakeservadelaBiosfera
Banco Chinchoxwo, Quintana Roo. Nueve cultivos fuexonreaHzados de laeclosi6n
al asentamiento, paraevaluareldesaxxoHo,crecimientoy sobrevivencia Para todos
los cultivos la misma metodologia ha sido empleada: densidad de 200 larvas por
litro, aHmentaci6n con Tetraselmis suecica a una concentmci6n de 1;000 cbhxlas
algales por ml, temperatura de 29'+ 1' y foto periodo naturaL

El tiempo de eclosi6n vari6 entre 92 y 95 horas con un pxomedio de 94 + 1.06
horasdespubs de laovoposici6n. Laloxxgitud sifonal al monxentode la eciosi6n fue
de 296 + 10.23@m  n = 210 larvas! y las larvas pxesejxtaron dos 16bulos del vehun
y 1.5 vueltas deespirade la concha Las larvas akexzaxonlametamorfosis a los 30
dias y desanoHaxon una longitud sifonal entre 980 y 988 p m, con un promedio de
983 + 3.55 pm. La mejor sobxcvivencia fue obtenida en Julio �2%! y lambs baja
en Septlembxe con 13%.

Los xesxxltados obtenidos en los cultivos, muestxan que es posible xealizar la
incubaci6n de masas de huevos pxovenieutes del medio natural y obtener buenos
resultadosen desarxoHo, cxecimientopexono en sobxevivencia, bajocondicionesde
laboratorio.

PALABRAS CLAVES: Stromblsgigas, cultivo, condiciones de laboxxderio
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Catch and Effor in Queen Conch Strombus gigas
 Mesogasteropoda: Strombidae! Fishery in the Archipielago of'

San Andres, Providencia and Santa Catalina, Colombia

ERICK CASTRO GONZALEZ

Secretaria de Agricultura y Pesca de San Andres
Providencia y Santa Catalina. A.A. 733

San Andrds Isla, Colombia

ABSTRACT

In Colombia, commercial extmction of Queen conch is done at Peninsula de la
Guajira and Departamento Archipelago de San Andz&, Pmvidencia y Santa
Catalina, region which has reported the greatest numbers of captures. In recent
years, interest upon this fishery has grown, and several management strategies have
been implemented, such as: catch quotas, protected areas, closed seasons, and
minimum catch weight. This paper presents the results obtained &om the fishery
monitoring between 2000 and 2002, done by the Secretaria de Agricultura y Pesca
of the Departamento Archipelago. In the Archipelago, the fishery is done at
artisanal and industrial scales, depending upon the type of boat used; however, the
extraction method is similar in both scales, manual recoHection by skm diving.
Industrial activity has its action range mainly at Banco Semma, and exceptionally at
Bancos Serranilla and Roncador. Artisanal fishery has lost importance and its
captures are generaHy done at Bajo Quitasue5o, Providencia island and Cayo
Bolivar. Catch ranges around 100 Tons per year, represented in greatest proportion
by the industrial fishery, exerted by 10 - 12 boats, mainly foreigners.

The highest catches are obtained at Cayo Serrana, in coincidence with higher
resource densities inthis platform, when compared withthe other sites. Catch effort
has been practically constant, and it is highly influenced byresource abundance and
the established ordering. The catch per unity of effort is not significantly different
between 6shing areas. Besides this, catch volume behavior for the last 30 years is
analyzed, observing a strong tendency to the fishery collapse.

KEY WORDS: Queen conch, Strontbusgi gas, catch effort, Colombia

Captnra y Ksfuerzo en la Pestlnerka de Caracol PalaStrumbus
gigas  Mesogasteropodat Strombidae! en el Archipielago de

San Andris, Providencia y Santa Catalina, Caribe Occidental

En Colombia, la extraccion comercial de caracol pala se realizaen la Penmsula
de la Guajirayen elDepartarnento ArchipiHago de San Andnh, Providenciay Santa
Catahna, region que ha aportado histbricamente la mayor parte de las capias. En
los ultimo a5os se ha despertado un gran interes por esta pesquerla y se han
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implementalo difexentes estrategias de manejo, tales corno: cuotas de pesca, hxeas
de reserve, 6pocas de veda y pesos minimos de capture. En este articulo se
pxesentanlosxesultadosobtenidosdel monitoreo de hpesquerhentxe los afios2000
- 2002, adehntado por la Secxetaria de Agxicultura y Pesca del Departamellto
Alchlpi6hgo.

En hs islas se desaxxolla h actividad a escahartesanal e industrial, baskadose
6stachsi6caci6nenlascaxactexisticas de laembarcaci6n, sin embargo elmSodode
extracci6n es similar, xecolecci6n manual mechante buceo hbxe a puhxl6n. La
actividad industrial tiene su radio de acci6n principalmente en la plataforma del
Banco Serxana y excepeionshnente en los bancos SerraniHa y Roncador. La pesca
axtesanal hapexdido importanciaysus captures se xealizan por lo general en el bajo
Quitasuefio, la isla de Pxuvidencia y Cayo Bolivar. Las clqmxras se encuentra
ahededor de 100toneladas a5o, xepresexxtadasen mayor propoxci6n pox hactividad
industrial, la cual es ejexcida por 10- 12 embaxcaciones en su mayorh extxanjeras.
Las mayoxes capturas se pxesentan eu el cayo Sexrana coincidiendo con mayoxes
densidades del recurso en su plata&xma, compamtivamente con hs otxas hreas de
peseta El esfuexzo pesqllero semantuvoprhcticamexlteconstante dunuxteel periodo
evaluado y estuvo altamente mfluexlciado por la abundancia del xecuxso y las
medidas de oxdenamiento estabkcidas. La capture por unidad de esfuexzo no
mostx6diferencias signiscativasentre lesareas de pesca. Adicionalmente,seanabzb
elcomportamiento de losvoldmenesde capturasenloskltimos30a5os,observxuldo
una fuelte tentkncia hacia el cohpso de h pesquerfa

PALABRAS CLAVES: Caxacol pale, Strombusgigas, esfueuopesquexo, Colombia

Distribucion Vertical y Morfologh de la Concha de crossbar
gtgus en el Cayo dos Mosquises Sur, Archipi8ago de Los

Rotlues, Venezuela

RGBERTO C1P1UA% ' y JUAN POSADA '
'Departamento de Estudios Ambientales
Departamento de Bialogia de Organismos

Universidad Simon Bolivar
Apartada Postal 89000 Caracas 1680, Venezuela

RES UMEN
La formade hconchade individuosadultosviejos, adultos "piedra" o "stunted"

 en lnglbs! de Strombusgigas y su distxibuci6n vertical, han sugerido hip6tesisque
postuhn su pertexlencia a una especie o grupo pobhcional difexente al del que
pextenecen los de aguas sonleras. Por el contraxio, otras hill6tesis sugiexen que la
distribuci6n de estos individuosen aguas profundas respoxmle a pxesiones de pesca
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o a migraciones. Motivados por esta controversia, en este trabajo estudiamos la
distribuciba vertical de diferentes estadios de desarroHo de Strombus gr'gas en el
Cayo Dos Mosquises Sur. Ea esta localidad, la distxibucibn vertical de los botutos
esprincipalmeate el resultado de factoxesno antropogbnicos,dado que supesqueria
ha sido controlada por el personal de la Estaci6n de Biologia Marina de Dos
Mosquises. Diez variables obtenidas m situ de cada concha  N = 553! fueron
estudiadas utilizando un anQisisde componentes principales. Los individuos fueroa
ideatificados corno juvenil, pxe-adulto, adulto y adulto viejo apaxtir de la apariencia
de la concha yaprioride los an@isis morfolbgicos. Los mtexvalos de yrofundidades
fuexoa agrupados en dos categories: aguas someras  menos de 4 m! y agnes
profundas {- 28 m!. Los resultados del amdisis demuestran que las foxxnas de las
conchas se sobrepoaen en varias de las categorfas, lo que sugiexe que las variables
seleccionadas no expturan toda la variabilidad necesaria para discriminar entxe los
difereates estados de desaxrollo. Sia embargo, las conchas identificadas corno
adultos y adultos viejos se distribuyen tanto en aguas someras corno profuadas ea
estalocalidad,mientrasquejuvenilesypxe-adultossedishibuyen principahnente�e
aguas someras. Estos resultados sugieren que la distribuci6n diferencial en las
localidades reportadas ea la literatuxa puede ser coasecuencia de una intensidad
pesquera mks acentoada ea las zonas someras.

PALABRAS CLAVES: Strombus gigtxs, distribuci6n vertical, morfologia de la
concha

Vertical Distribution anti SheH Morphology of Strombus gigns
in Cayo Dos Mosquises Sur, Archipiilago De Los Rtwlues,

Venezaela

The shell morphology of old, "stuated", or "piedra." adults  in Venezuehm!
of Strombus gi gas and their vertical distribution have lead researchers to suggest
that these individua1sbelong to populations or speciesdifferent fiom those inhabitiag
shallow waters. On the other hand, alternative hypotheses point to differentia
migration rates aad fishing effort as the cause of their distribution. Encouraged by
this controversy, in this paper we study the vertical distribution of different growth
stages of Strombus gigas in Cayo Dos Mosquises Sur. la this locality, fisheries of
Strombus gigas have been under contxol by personnel &om the Marine Biology
Station at Dos Mosquises. Consequently, the vertical distribution of this species is
expected to be sixmlar to that fiom a aon~ploited, natural population. We used a
principal component analysis to study 10 variables, measured irt situ &om each
collected iadividuals  n = 553!. Befoxe this analysis was carried out, each individual
was identified as juvenile, pxe-adult, adult or old adult, according to theawnyliology
of its shell as a whole. Depth iatervals were grouped in two categories: shaHow
waters  less than 4 m! and deep waters  - 28 m!. Results dexaonstxate that some
growth stages overlap in sheH morphology, suggesting that these variables aot
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always discrinunate among growth stages. Adults and oM adults are found
inhabiting shallow and deep waters, wIMzeas juveniles and pre-adults are mostly
found in shallow waters These results suggest that the deep distribution of old
adults reported in the literature may be the conscience of the inexorable
exploitation of Strornbus gigas inhabiting shallow waters.

KEY WORDS: Queen conch, vertical distribution, shell morphology, Sfrotnbus
glgas

Evalnaciones Poblacionales y Manejo Pesqnero Sostenible del
Caracol Reina  StroIttbus gtgas! en las Principales Areas de

Pesca de la Plafaforlna Cubana

MARIO FORMOSO

Centre de Investiganones Pesqueras
Habana, Crea

RESUMEN

De@le 1999 se ejecuta un Proyecto de Investigacibn por el Centro de
Investigaciones Pesqueras dirigido al recurso Strombus gigas en al plataforma
insular cubans. El objetivo principal es conocer el estado actual de Ia abundancia
poblacional en las principales Areas de pesca, siguiendo las regulaciones de C1TES
en su expiotacibny comercializacibn. Setienen los resultados de las evatuaciones y
momtoreos efectuados durante los ultimos tres a5os en Ias guess tradicionales de

pesca. Los aspectos biologicos que se tratan en los tiabajos se hmitan a hs
caracteristicas poblacionales corno tails, peso, edad, desembarques y composicibn
por sexos. Toda la pesca se realiza por buceo libre en "apnea". En el 2002 se
inician estudios bioh5gicos complementarios para establecer las vedas y las
posibilidades reales del maricultivo. Las zonas estudiadas han sido obIeto de
expiotacibn  hasta 1997, cuando se declara Ia moratoria a nivel nacional! por
diferentes empresas pesyreras estatales del pals. Por los resultados de las
densidades de individuos corno Indice de Ia ahmdancia y Ia estructura poblacional
encontrada, corno se puede pxesentar, se han propuesto cuotas de captura anuales
bajo Iicencia, que aicanzanun total de 1 /50 t Qeso entero!, corno suele reportarse
en Cuba, que equivalen a uuas SS t de carne limpiaal 100'/o  foot weight!. Aderrhls,
se definen las estmtegias de manejo pesquero para el uso sostenible de Strombus
gigas en la pesquerla del recure en Cuba, teniendo en cuenta sn conservacian, el
ambiente y la biodiversidad de las zonas costeras, corno rechana CITES y las
autoridades del Medio Arnbiente.
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PALABRAS CLAVES: Caracol reina, Strombus gigas, abundancia poblacional

Population Assessment and Fishery Sustaiaable Managemeut of
Queen Conch  Straltbus gigas! in the Main Fishiag Grounds of the

Cuban Shelf

From 1999 the Fisheries Research Center of Cuba is working on a Project aim
to evaluate the population abundance and ~ stock assessment on Queen Conch
Sttombus gigas in the main Ilshing areas of the Cuban shelf. Investigations were
developed according to know present status of the resource in our waters. We are
workmg under CITES regulations on Conch for exploitation and trading. The
objective is to evaluate the abundance and population composition  juveniles, adults
and seniles!. There are available the resuIts of abimdance indexes and momtoring
for the last 3 years for the whole country fisheries, as we can present Until now,
results are given sizes, weight, conversions, ages, landings, and sex ratios. Fishing
operation is always by See diving. Aqualungs and compressors are not allowed.
At present, year 2002, we started to do some biological studies in order to
determine the closing season for our populations and the possibilities for conch
mariculture. All Cuban areas were fished until 1997, when conch exploitation was
closed by CITES rules. Densities and population structure are showing that it is
possible to propose year quotas under licences up to 1250 metric tons  hving
weight! as reyorted in Cuba, that means 88 tons of 100/o clean meat  foot weight!.
Furthermore, the Iishery management was estabhshed for a sustainabie use of
Strombus gigas in the Cuban shelf, according to its protection, the environmental
conditions and the biodiversity of the coastal areas. CITES claims for that, and the
environmental authorities.

KEY WORDS: Queen conch, Strombus gi gas, population abundance

Education to Rescue Strortsbus gigus in Guadaloupe: Success
for Failure?

LILLIANE FRENKKL

Universite des Antilles et de la Guyane
La Plateau Leroous

F97ZGuadeloupe, FSV

ABSTRACT

Efforts to mitnniize the6shingpressure on &rombusgigasin Guadeloupe, since
more than 15 years associate various regulations, education, and repression.
Successive regulations aim to protect the juveniles, to lower the fishing prcssure on
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deep azeas, and to leave sanctuaries See of any 6shing. It has been ezztezzded this
year &om January to Septeznber. To enforce such various regulations is a heavy
task which is vezypaztiaHy fu16Hed. Forexample, it ispossible to 6ndS. gigas, sold
in the mazket at weekends duzmg the closed season and as weH iHegal size S. gigas
without any reaction of the competent authorities. People have always a good
reason to explaing why they do not comply with the regulation as they aze not
convinced of its usefuhzess and are not threatened by seizure and 6nes except on
very special occasions.
EfForts to offer simple, reliable biological information as weH to 6slzezmen as to
consumezs have beendeveloped for a good uzderstandingof thescienti6c reason of
legal constraints. Biological documents on the life of S gi gas aze pubhshed and
used for educational purposes. Several initiatives aim to educate the children
between 10 and 14 yeasrs as they appear as the most receive ones for
environmental education. Ampli6cation using television and radio broadcasting as
well as local newspalzers is used as 6equently as possible, but it is di6icult to
evaluate the impact of such campaigns. AH the efforts do not appear to lower the
actual iHegal 6shng pressure on S gigas, and it is necessazy to develop a rather
harsh campaign to keep S gigas aHve for the next generation, which may be more
conscious of the importance of endangered species and nature consemztion.

KEY WORDS: Queen conch, Strombzzs gigas, education, conservation

Assessing Populations of Queen Conch from the Mexican
Caribbean: Maximum Sustainable Yield Levels and Stage-

ciassified Demographic Modeh

CARLOS GARCIA-SAEZ' AND M6MCA UALLE-ESQUIVEL2
' 8'orid Wildlife Fund CA

Mesoznnerican Caribbean Reef Programme
Apartado Postal 629-2350

San Francisco de Dos Rlos, Costa Rica
University of Miami, Rosenstiel School of Marine and Atmospheric Science

4600 Rickenbacker Cswy.
Miami, Florida 33I49 USA

The queen conch, Strombus gigas, is a large marine gastropod that is widely
distributed in sea grasses and on sandy bottoms throughout the Caribbean SeL For
centmies it has been one of %e most valuable 6shezies resources in the region,
resulting in heavy stockexploitation. A variety of methods have been used to assess
stock status relative to 6shing pressure, however there aze only a few stuzhes that
incorporate conch Hfe-history and 6shezy parameters to guide the management of
the species.
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Queenconch vital rates and size/age structure depend on growth rate and body
size, and to some extent on sex ratio. Queen conchs grow in shell length only until
the onset of sexual maturity; adults do not grow in shell length but in shell lip
thickness. Furthermore, individuals of the same age differ considerably in size; thus
age and length a1one do not provide sufficient information on fecundity or natural
mortabty, which are importantelementsused m the designofmanagement strategies.
Size increments  in length and Hp thickness! &om 458 marked and recaptured
individuals were used in this study to develop a surge-classi6ed detnographic model
to project differentscenarios ofmortality, fecundity and stage-structured  size-age!
harvest; and to test the sensitivity of the rate of popuhtion increase  R 3 to changes
in those paranmters.

KEY WORDS: Queen conch, Strombus gigas, maximum sustainable yields,
demographic models

Kvalnacion de las Poblaciones del Caracol Rosado del Caribe
Mejicano: Maximos Niveles de Producion Sostenibles y

Modelos demogra5cos Stage-classiTied

El caracol rosado, Strombus gigas, es un gastropodo marina grande que se
distribuye extensatnente en hierbas del mar yen fondos arenosos atraves del mar del
Cafibe. Por slglos ha sldo uno de los Iecursos BhLs vaHosos de las mdustrias
pesqueras de la regs dando por resultado la explotaciEie comun pesada Una
variedad de metodos se ha utilizado para detenninar la presign en relacion con de
la pesca del estado comun, no obstante hay solamente algunos estudios que
incorporan parimetros de la vida-historia y de la industria pesquera del conch para
dirigir la gerencia de Ia especie. Las tarifas vitales del conch de h reina y la
estnrctura de size/age dependen de tarifa de crecimiento y de tama5o de cuerpo, y
a un cierto grado de cociente del sexo. Los conchs de la reinacrecen en longitud de
la cascara solamente hasta el inicio de la madurez sexual; los adultos no crecen en
longitudde lackscara sino engrueso del hbio de lacascara. Ademks, los mdividuos
de lamismaedaddiferencianconsiderablemente detama5o; asi laedady lalongitud
sohunente no proporcionan la su6ciente informaciYm en fecundidad o lamortalidad
natural, que son elementos importantes usados en el dise5o de 1as estrategias de la
gerencia Los incrementos deltama5o  en grueso de la longitud y del labio! a partir
del 458 marcada y de los individuos recobmdos fueron utilizados en este estudio
para desarrollar un modelo demogri6co etapa-clasi6cado para proyectar diversos
panoramas de lamortalidad, de la fecundidadyde hcosechaetapa~structurada de
latama5o-edad!; yparaprobar hsensibilidaddel indice del aumento de lapoblacitbn
 R0! a los cambios en esos parametros.

PALABRAS CLAVES: El caracol rosado, Strombus gigas�producciones
sostenibles manas, modelos demogra6cos
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Physical Properties of the Queen Coach Sbombsrs gigus
{Moliusca Gastropoda! and its Coasetlueuces ou the SheI

Growth Development

A.HERNANDEZ-AYALA, M. ZAMBRANO-A1UONA, J. P. VALCARCEL,
D. AGU1LAR, P. QUlNTANA, D. ALDANA-ARA1%3A,

y J.J. ALVARADO-GK
Laboratorio de Biologt'a Marina

CLVVESTA V IPN, Unidad Merida
Em. 6 Carr. Ant. a Progreso C.P. 97310

Merida, Fucatan, Mdrico

ABSTRACT

The thermal, thermoelastic, mechanical and structural pmperties of the shell of
the Queen conch  Strombus gigas ! is presented. The evolution of these pmperties
as a function of the shell gmwthinmollusks.'Ihermal pmperties showa typical high
conductivity behavior of the aragonite materials, thermoelastic properties show the
interaction of the organic with the inorganic matrix,mechmcal pmperties show the
high toughness of the aragonitebiogenic materialand X-raydi%action study is used
to monitor the texturization.

The consequences of our results on the development and susceptibility to
thermal and mechanical stress is discussed aud proposed an adequate rapport: Shell
size versusdifferent pmpertiesofthe conchshells thermal properties, thrnnoelastic
properties, mechanical pmperties andtexturizahon! in order to propose an adequate
size for the rehabiTittdion programs

KEY 'WORDS: Queen conch, Strornbtts gigas, shell growth

Caracterfsticas Fisicas del Caracol Rosado Strombusgigas
 moluscos Gastropoda! y su Cosetlueucias eu el Desarrollo y ea

el Crecimieuto de la Concha

Las caracteristicas termales, thennoelastic, mecanicas y estructurales de la
ckscam del conch de la reins  gigas de Stmndnts! se present m. La evotucibn de
estas caractensticas en funcibn del crecirmento de la ~ en motuscos. Las

caracterhticas termales demuestran un alto comportamientodpico de los materiales
del aragonite, demostracibnthennoelastic de hconductividadde las carscterlsticas
la intersect del org5nico con la matriz inorgkaica, demostracibn mechanics de hLs
caracteristicas la alta dureza del material biogenico del aragonite y el estudio de la
di&accibn de la radiogra6a se unliza para supervisar la textura. Las consecuencias
de nuestms resultados en el desarrollo y la suscepbbilidad a la tension tennal y
meehuca se discuten y propusiemn una simpatIa adecuada: Descasque el tamano
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contra diversas carteteristicas de las cascaras del conch  caracteristicas termales,
caracteristicas thermoelastic, caracteristicas meahucasy textura! para proponerun
tamano adecuado para Ias programas de la rehabiTitacion.

PALABRAS CLAVES: Caracol rosado Strombus gigas, desarrollo y crecimiento
de Ia concha

Queen Conch  $&ombus gigus!, Genetics Analysis:
Prelinunary Results

FELIX MORALES' and JOSE LOPEZ
' Florida Institute of Technology

150 8'est University Blvd
Melbourne, Florida 32907 UR4

Division of Biomedical Marine Research
Harbor Branch Oceanographic Insdtution

5600 US 1 North

Ft. Pierce, Florida 34946 UX4

ABSTRACT

The queen conch  Strombus gigas! is a western Atlantic Gastropod and one of
the Caribbean species in the family Strmnbidae. It is the most important. mollusk in
the areL Due to the artisatud fisheries that the conch has.supported for centuries in
the Caribbean Sea increased fishing pressure led.to the decline of the stock. Since
the 1970s several private and public efforts are being made to recover the species
fiom commercial exploitation, .but to date queen conch are still considered a
"commercially threatened. species". My hypothesis is that queen conch populations
throughout the Caribbean are interconnected due to larval transport resulting gene
flow. among populationsindifferent locations effectively creating ametapopulation
.of queen conch in the Intra-Americas Sea.. If this is the case, international.efforts
would need to be coordutated to ensure recovery of the species throughout the
Intra-Americas Sea. In a preljminary analysis queen conch samples were collected,
preserved, followed by DNA exp~on and amplification with PCR methods, and
surveyed for amplified &aynent length polymorphisms  AFLP!, a multi-locus DNA
fingerprint technique. Results suggest a relatively genetic uniform species-specific
fingerprint pattern in Strombus gigas &om Andros Island, Bahamas and the
possibility of
working with conch genomic DNA, which are imporumt steps in futute genetic
studies of queen conch.

KEY WORDS: Queen conch, Strombus gigas, genetic analysis
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Ant'thsis de la Genetica del Caracol Rosado Shombus gtgus:
Resttltados Prehmiaares

El caracol msado  Strombusgigas! es un gastrbpodo y atlhntico occidental de
la especie del Caribe en la6unilia Stmmbidae. Es Iamayorla del important.moHusk
en el area debido a las industrias pesqueras del artisanal que el conch tiene el
supported por siglos encl mar del Caribe aumer& el to conducido Ias presiones de
la pesca la dechnacidn de la accion. Desde los aike 70 se estrin haciendo varios
esfuerzos privados y publicos de recuperar la especie de Ia explotaci6n comercial,
reina del but hasta la fecha que el conch todavla se considera "los species
comerciahnente amenazados". Mi hipbtesis es que las poblaciones del conch de la
reina a travhs del Canbe son interconectado debido a las poblaciones del gene
Qow~ong del transporte que rmdtan huval en diversas localizaciones que ctean
con e6cacia un conch de Ia reina del of del metapopulation en el mar de Intra-
Americas. Si ~ es el caso, internationaLefForts necesitaria ser coordinado para
aseI puar la recuperacibn de la espede a trav& del mar de Intra-Ame'ricas. En un
conch de la reina del anaTisis del preHminar las muestras fuemn recoguhLs,
presetvadas, seguidas por la extraccibn de DNA y Ia amph6caci6n con metodos de
PCR, y examinadas pam los pohmor6smos amph6cadosde Ialongitnddel fnlgmento
 AFLP!, unat&nicade lahueHadigitalde la DNA del multi-Iugar geome'trico. Los
resultados sugieren un patr6n species-speci6c uniforme relativamente gen&co de
la hueHa digital en los gigas de Strombus de la isla de Andms, de Bahamas y de la
posibilidad de trabajo con DNA genomic del conch, que son pasos importarttes en
los estudios genNcos futuros del caracol rosado.

PALABRAS CLAVES: Caracol msado, Strombus gigas, anklisis gen&ico

Distribution and Abttadamce of Hawk%'img Coach  S~ottrbus
rturinus, Gmeilm, 1791! Larvae ia the Florida Keys

ALBERTO DE JESUS NAVARRETE, ROBERT A. GLAZER,
and GABRKL A. DELGADO

Florida Fish and 8 ddlife Conservation Commission
Florida Marine Iiesearch Institute,
2796 Overseas Highway, Suite 1I9

Marathon, Florida SSQ5Q GFA

ABSTRACT

We examuMxl the spatial and temporal distribution of larvae of the hawk wing
conch  Strombus raninus!, by conducting plankton samples in four sites in the
Florida Keys &om April 2000 to June 2002. Larvae were coHected usmg a conical
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plankton net�.50 m diameter and 202 1m mesh!. At each site, duplicate 15 minutes
~ plankton tows were made. Two statzons weze sampled at each szte: one was
over the back reef;  approximate 3 m water depth! and the other was approximate
1.5 km onshore  approximate 35 m water depth!. ln the laboratory, samples were
sorted for S. razzinzzr, larvae were counted, measured and classified as early  <500
hn, mid�00-900 1m! and late-stage  >900 lm!. A total of 305 larvae werecoHected
during the sampled period. With exception of Molasses Reef, there were always
moze larvae offshore than nearshoze. Looe Key had the highest percentage oflarvae
�8/o!, followed by Sombrero Reef �0/o!, Molasses Reef � L5/e! and Sand Key
�0.5/o!. Late-stage larvae represented the 99.34/o, wlzereasznid-stage represented
0.66/o. No early stage larvae were found. Even when there was not a defmite
pattern, a higher larvae percentage occurred between April and August, with a
highest percentage in April 2000�9.4/o!, in 2001, the largest nmnber of larvae was
found in August �8.6/o!, whereas in 2002 the highest number occurred in May
�2o/o!. Based upon the larvae size, two recruitment periods could be possible for
the species, one in May and another in September. The lack of early larvae stages
may indicate low hzcal larval prodzzction. Furtlzermoze, the large nmnbers of late-
stage larvae suggest that S. raninus larvae might originate in remote locations.
Further research should examine these hypotheses.

KEY WORDS: Conch, Florida Keys, hawk wing, larvae, Strombus raninus

Distribucibn y Abuudancia de Larvas zlei Caracol ala tie
Halcon  S~oInbnsEaninus, Gmemn, I791!

en los Cayos de Florida

Nosotzos examinamos ladistribucionespaciotemporal de las larvasdel caracol
ala de halcon  Strozabus raninus!, mediante muestras plancton colectadas en cuatro
sitios de los Cayos de Florida, de abril de 20GO a Junio de 2002. Las larvas se
colectaron con una red c6nica de plancton �.50 m de diametro y 202 im de luz de
maHa!. En cada sitio se realizaron arrastres superficialesde 15 minutos deduracion
por duplicado. Dos estaciones fueron muestreadasen cadasitio: unasobreel azzecife
anterior  aproximadauzente 3 m de profundidad! y la otra, aproximadaznente a 1.5
km del arrecife  apzoximadamente 35 m de profundidad!. Encl laboratoriolas larvas
de S raninus se separaron, se contazon, y se midiezon, clasificandose en tres
estadios: temprano <500 pzn!, medio �00-900 hn! yfinal >900im!. Se colectazon
un total de 305 larvas durante todo el periodo de muestreo. Con excepcibn de
Molasses Reef, siempre hubo mayor cantidad de larvas en las estaciones fuerade la
costa que cerca de la costa. Loee Key fue el sitio con mayor pozcentaje de larvas
�8/e!, seguido por Sombzezo Reef �0/o!, Molasses Reef �1.5/o! y Sand Key
�G.S'/o!. El 99.34'/o de las larvas correspondib al ultimo estadio de desarrollo,
mientzas que el estadio medio represento el 0.66/o. No se encontrazon larvas de
estadio tenzprano. Aunqueuohuboun patrondefizndo, el mayor pozccxztajedelarvas
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se presento entre abril y agosto, con un mayor poxcentaje en abrH del 2000�9.4'le!,
en el 2001 el mayor porcentaje ocurxi6 en agosto �8.6%! y en 2002 la mayor
cantidad de huvas se encontrb en Mayo �.2%!. Considerando el terna?o de hs
larvas, puede afxxnxarse que existen dos yeriodos de reclutamiento imyoxtautes de
la especie, uno en mayo y otro en septiembxe. La ausencia de huvas de estadios
tempranos podria indicar una baja produccion local de huvas. Ademhs, el gran
numero de larvas del ultimo estadio sugiexe que las huvas de S raninus podrian
originaxse en sitios remotos. Investigaciones adicionales deberian exaxninar esas
hiyotesis.

PALABRAS CLAVES: Caracol ala de halcon, Strmmbusraninus, Cayosde Florida,
larvas

Proyecto sobre Maricultivo del Caracol Rosado
en la Peninsula de Vacate

C. PADILLA, D. MARTINEZ, R. FAMUL, M. RWERO, y O.'CRUZ
Centro Regional de Investigaeidn Pesquera

Calle Matamoros esq. Av. Hidalgo
Puerto Morelos 77580, Quintana Roo, Mexico

RESUMEN

El caxacol rosado Stronxbus gigas es uno de los yrinciyales�xecxxrsos�pesquero
en el Caribe mexicauo. Sin embargo, layesquexia de este molusco se encxxexxtxa en
serio deterioxu, debido a una sobxe-exylotacibnyor la yesca Hegal. Recienteuxente,
se ha planteado la necesidad de cexxar cata pesqueria a trav' de una veda por
tiempo inde6nido eu todo el estado de Quintana Roo, promovida por el pxoyio
sector pesquexu. Ante tal yroblexnhtica, el CRIP Puerto Moxelos del INP, yretende
retomar su experiencia yxevia en el cultivo del caracol xosado, para yerfeccionar e
implementar thnicas de larvicultivo, manejo de post-larvas yentywdade juveniles
hasta alcanzar la taBa comercial, can h 6nalidad de que los yescaxhwes puedan
cultivar juveniles en coxrales marinos. Otxos estudios hau enfocado sus esfuexzos
en liberar yeque5os juveniles al medio natural yaxa restaurar yoblaciones da5adas,
sin embargo este bene6cio results en una coxnpetencia entre pexmcadoxes legales,
pescadoxes fuxtivos y 1os pxopios depxedadoxes naturales. La ventsja de la
alnmrixnacihn planteada aqui es que se garantiza un bene6cio dixocto para los
pescadoxes legales; contribuyendo de esta manera a la recuyexacibn de las
poblaciones natuxales. La prhnera etapa de esta investigacibn es cultivo a escala
menor, con larvicultivo en 200 its, comparanch la e6ciencia de 2 tRnicas: flujo
continuo y 61tracibn biol6gica, la engoxda de 200 juveniles silvesttes en un corral
marino de 50 mx. La segunda fase coxxesponde a un cultivo a gran ~ con
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Iaxvicu1tivode 1,000 itsy engorda de juvenBes pxoducidos en cultivo; asi corno una
fase de entrenaxniento en la que hs cooperativas de pescadoxes se adieslxaxtm en la
t6:nica de engoxda de juvenBes en corrales. La Dra. I3alBa Aldana, CINVESTAV,
colabozm@evaluando aspectos de Iaecofisiologh hxval y Iaelaboracibnde unadicta
arti6cial optima para engorda de juvenBes. Los xesultados de este estudio sermon el
sustento tbmico para plantear la transferencia de tecnologla a los pescadoxes, y
establecer en el CRIP Puerto Morelos un Centrode abastecimiento de semiHa de
caracol para los acuacultoxes de la regina.

PALABRAS CLAVES: C~i ~o, Sx oW~ g.g, ~c~

A Project for the Maricnlture of the Queen Conch
in the Yucatkn Peninsula

The queen conch, SxromEwsgigas is one of the principal fisheries resources in
the Mexican Caribbean. However, the catch ofthis moHusc is in serious decHne due
to the over-exploita6on as a result of iHegal fishing. Recently, an indefinite closure
of this 6shery has been proposed for the whole state of guintxma Roo, based on
suggestion &em the fishermen, themselves. Faced with this issue, CRIP Puerto
Moxelos of INP, aims to use its previous experience in culturing the queen conch,
to refine and implement techniques of larval culture, to maintain post larval stages
and to raise juvendesuntB they reach legal catch size, with the goal to fishexxnencan
culture juveniles in cages. Another studies have been based on smaH juveniles are
released into the wild to grow to legal size, however this benefit results in a
competition between legal fiisherman with.iHegal fisherman and natural predators.
The advantage of the approach outlined hereis thatit guarantees adirect benefit to
the legal fishermen, thereby contributing significantly to the recovery of the natural
populations. The first stage of this xesemch is smaH-scale larval culture in 200 L
tanks, comparing the dBciency of two techniques: continuous fiow and biological
6ltration. The mising of 200 wBdjuvenBes would-be done in 50m'cages in the sea.
The second phase is on a big scale using 1,000 L tanks for larval and juvenile
culture; as weH as atraining phase, where the fisheries co-operatives are taught how
to raise the juveniles in cages. Dr. DaVilaAldana, CINVESTAV, wiH collaborate m
evaluating aspects of hrval ecophysiology aud the development of an optimal
artificial diet for raising juveniles. The results of this study wiH be the development
of techniques, which can be passed on to the fishexmen, and to esuxblish CRIP
Puerto Morelos as a center for the distribution of larval stages of queen conch to
aquaculturists at the region.

KEY WORDS: Mariculture, queen conch, Sxrombls gxgas
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Estudio Comparativo de la Dinkmica Ahmenticia de Larvas de
S. gigtts, en Funcibn de ia Kdad y de ia Dicta

VICTORIA PATIO SUAREZ Y DALILA ALDANA ARANDA
CLVVESTAV lPN, Unldad Merida

Km. 6 Carr. Ant. a Progreso C P. 97%0
Mdrida, Yucatan, Mdxico

RESUMEN

Se pmsenta un an@isis comparativo de la dinfimica de alimentaci6n de larvas
veHgeras de Strombus gigas de 1, 10 y 18 dias de edad aHmeatadm con cinco
difexentes dietas micxoalgales: T. suecica, T. tetrathele, C keslkri, Chlorella sp. y
C. cerastoporum. La dix~ica alimenticia fue estudiada mediante la obsexvaci6n
dixecta de la ingesti6n de aHmento y su subsecuexxte ~6n, utihzando Iath nica
de microscopia de epifluorescencia. La evoluci6nde los procesos de ingesti6n y
digesti6n fue observada a cada hora durante 8 horas, y a 24 horas despuds
adminisirado el aHmento. Se trabajo a una densidad larval de 100 laxvas/L y a una
temperxxtura de 28'C. Todas Ias observaciones fuexun xealizadas con Iarvas vivas.
Para comparar el comportamiento aHmenticio entre las dietas niicxualgales y edad
larval se utilizaxon dos indices: mdice absoluto de ingestion  I.A.I.!, e hdice
absolutodedigesti6n LA.D.}. Para cadaestadio larval, tanxbien foe posiblexeahzar
un ankEsis cuaHtativo del Henado del est6xnago, en funci6n de Ia dicta utiIizada

Para las tres edades estudiadas, el grado de ingestibiHdad y digestibilidad fue
mayor en las larvas aHmentadas con T. suecicay T. tetrathek. En Ias larvas de I dia
aHmentadas con Chlorella sp. y C cerastoporum no se observ6 ingesti6n, ni
digesti6n. Con estas dietas, las larvas de 10 dias pxusentaxon un IA.K de 25 o/a, y
unky. de cero. A 18 dias, C. cerastoporum fue ingeriday digexida, sin embargo;
el IA I. fue de 6 5% y el LAXK de 40 %. De acxxexxlo con estos xesultados, se
coniixma T. slecica corno diets adecuada para el cultivo larval de S gtgas y se
sugiexe el uso de T. tetrathde corno aHxxxento potencial. Asimismo, no se
recomienda el uso de C. cerastoporum y Chlorella sp. sobre todo en las primeras
etapas de desarxollo Iarval.

PALABRAS CLAVES: Molusco, larva, S. gigas, ingesti6n-digesti6n, microalga

Comparadve Study of Feeding Dynamics of S. gigns Larvae
as a Function of Age and Diet

This study was acompaxative analysis ofieoding dynamic of I, 10and 18days-
old Strombus gigas veliger larvae fed five ddFexent algae diets: T. sleclca, T.
tetrathele, C keslleri, Chlorelkr sp. y C. cerastoporxua Feedingdynamic was studied
by dixect observation of ingestion and digestion pxocess with epifluoxeaences
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micmscopy. The evolution of ingestion and digestion pmcess was observed each
hour during 8 hours, and 24 hours aSer feeding supply. Density was 100 larvae? I'
and tempenmnue was kept at 2$ C. All observations were done with alive larvae. To
comlere feeding behavior betwecst the difFerent algae diets and Iarval age, two
mdices were used: absolute ingestion index  A.IL! and absolute digestion index
 A.M.!. A quahtative analysis of the stomach fiHing was done to each huval stage
according to the ddFerent diets used.

For the three larval ages, ingestibilityaud digestibility were larger in larvae fed
T. suecica y T. tetrathele. It was not observed both ingestion and digestion on one
day-old larvae fed Chlorella sp. y C cerastoporum. Ten dayswld larvae fed these
diets showed au A I3. of 254/o and A.DL of cero. At 18 days-old C. cerastoporum
was ingested and digested; however the A.I.I. was 65/o and the A.D.I. 40O/o.
According to these results, it is confirmed the use of T. suecica as a suitable diet to
rear S gigas larvae, aud it is suggested T tetrathele as a potential feeding. It is not
recommended the used of C cerastoporum y Chlorella sp. mainly in the first stages
of larval development.

KEY WORDS: Mollusk, larvae, 8. gigas, ingestion-digestion, nncroalgae

Abundance of Strotttbus gigas Larvae in the North of the
Yucatan Peninsula

MANUEL PYREX PRREZ '~ DAULA ALADANA ARANDA y VICTORIA
PATINO SUAREZ

'Centro Regional de Investigacidn Pesquera Yucalpeten 1VP SEMAENAP
A.P. 73 Progreso

Yucatdn, Mexico C.P. 97320
Laboratorio de Bioiogt'a Marina

CIlVVESTA V IPN, Unidad Merida
Km. 6 Carr. Ant. a Progreso C.P. 973I0

Merida, Yucatan, Mdrico

ABSTRACT

An abundance study of Strombus gigas larvae was reaHzed at north of Yucatan
Peninsula, between Caribe Sea and the Alacratms reef, into isobaths of 5 m and 50
m. This study was at july and october of 2001 and march of 2002 in 2? sites.
Plankton tows were made for 15 minutes at 1 m/s with a bongo net that had a 0.5
m diameter opening and 202 pm mesh size. Plankton samples were preserved in a
10% neutral formaldehyde-seawater mixnne. In the laboratory, the entire vohune
of each plankton sample was sorted for Strombus vehgers following the descriptions
of Davis et al. �993!. 'He Strombus populations at north of Yucatan Peninsuh are
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included &rombusgigas  Arrecife Alacraaes! and 8 rombur cosratus ail aorth coast
ofPeninstdade Yucatan!. ntehigh abundanceoMrombushrvae�00hrvaeltows!
were collected for july, at NW study area into Alactaaes reef. At NE of Yucatan
Peninsuh we found a density of 4 larvae/tows. At N of study area we do not found
Qrombuslarvae. With the results we concluded that Alacraaes reef is an important
area for larval supply to Strombusgr'gusaursniesin the northofYucatan Peninsula.

KEY WORDS: Sfrombus gigas, abundance, larvae, Alacranes reef

Abuadameia de Larvas del Gbnero Strombus ea Ia Costa Norte
de Ia Penijasuma de Ytteatkm

Se reatizb un estudio de abundancia Iarvana del gbnero Strombus en el Norte
de la Peainsuh de Yucatkn, entre el Mar Caribe yel Anecife Alan Tartes, dentro de
las isbbatas de los 5 m y los 50 m. El trabajo se efectub durante los meses de juho
y octubre del 2001 y en marzo del 2002, en 27 sitios de muestreo. Los arrastres se
xeaViztuoa de forma super6cial con una red tipo Bongo, durante 15 minutos a uaa
velocidad de I metro por segundo. Las muestras obteaidas fuerua Gjadas en
fonnaidehido en agua de mar al IO/s y neutadizadas con Borato de Sodio. Las
larvas de Strombus fueron separadas del xesto de los gaster6podos trunaado corno
referencia lagufa de Davis eral. �993!. Las poblacionesde adultos de Strombusen
el Norte de Yucattia incluyen hs cspecies de Mombusgigas  Aaocife Ahtcranes!
y Strombus cosrarus  Total de la costa Norte de Yueatkn!. La mayor abundanciade
larvas de Strombus �00 hrvas por atrastre! fue encoatrada en el mes de juho, al
NW del ken de estudio dentro de la laguna del Arrecife Ahcranes. Al NE de h
Peninsula de Yucahh, se encontr6 una densidad de 4 larvas por arrastre. Al Nerte
del hreade trabajo, no seobservaroahrvasde Strombus. Los resultados indicanque
el Anecife Ahtcraneses unsitio futtdamental deexistenciadehrvas de Strombus Io
cual lo ubica corno sitio CLAVES para el nuurtenimiento de hs poblaciones de
Strombus ea el Notte de la Peaimuila de Yucahh.

PALABRAS CLAVES: thrombus gigas, abundance, larvae, Alacranes reef
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Improving the Culture Conditions of Juvenile Queen Conch
 Strottxbus gigus Linne! for Restocking Purposes

ASHY Y SPANK'' and MEGAN DAVN
'Florida Institute of Technology, Biology Department

I50 8'est University Blvd
Melbourne Florida 3290I USA

~ Harbor Branch Oceanographic Institution, Aquaculture Division
5600 US I ¹rth

Fort Pierce, Florida 34946 USA

ABSTRACT

Over6shed queen conch stocks in the Caribbean and Florida may bexeplenislted
with the release of hatchery-reared juveniles. In past wild stock enhancement
studies, it was found that the thin shells of the hatchery-reared juvenile queen conch
caused a large number of mortalities. Two factors detexxnined to play a role in the
shell morphology of the juvenile conch include stocking density and tank substrate.
Experiments were designed to test difFerences m growth rate, shell weight to meat
weight ratio, shell strength, survival, aud burying of juvenile queen conch between
ddFexent densities and substrates. Stocking densities were 20, 50, 75,200, and 400
conch/m and the tank substxates included crushed coral aragonite, aragonite chips,
and plastic liner. Consistent with previous reseaxeh, juvenile conch grown in lower
stocking densities statisbcally grew faster in shell length and animal weight than
conch grown in higher densities. However, thexe were no statistical ddferences in
growth rates between conch grown in 200 and 400 conch/m2. Conch grown on
cruslxed coral axagonite grew signi6cantly faster than conch grown on plastic liner
but at similar rates to conch grown on aragonite chips. PxeIiminaxy data suggests
that there are no signi6cant di6exences in shell weight to meat weight ratios or shell
strength between conch grown in different densities. Survival was lowest in conch
grown in high stocking densities and on plastic liner. Burying occurred more
&equently with conch stocked at high densities. In order to increase growth rate,
to lower hatchery costs, and increase shell strength to enhance the chance of survival
aAer release into the wild, it is recommended that juvenBe queen conch be grown at
a stocking density of 75 conch/m on crushed coral axagonite.

KEY WORDS: Queen conch, Strombusgigas, mariculture

Mejorarando las Condiciones ce la Cultura de la Reina Suvenil
Concha  Strotstbsts gigus Linne! para Propositos

que Vuelven a Surtir

La pesca excesiva de la concha de la reina en el Caribe y la Rorida se puede
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m' en aragomte coralinoreina eaten a una densidad de la media de 75 conc
machacado.

P~RASeLAmS: C~d la~Sr om gigas, xnaricultum

Beterminacibn de ht Tasa de Crecimien
Energetico y Gonadal en el Gene

 Mesogastropodat Strom

, Kstndio Fisiol6gico,
Seombus

idae!

A1DAMALIA VARGAS
Universidad de Panamd

Eseuela de Biologx'a
Panama City, Panama

En Panamlx se han xeahzado escape xepoxtes que
afiuntael genero86ombxxs, ni corno dicha riqueza
corno lo hm hecho en diversos paises que esuhx

xxnen sobxe el peligxu que
ser protegidaycultivada,

ando en la repoblaci6u de

reHenar con la siembra de juveniles cxiadexo-alzados. Bn ultimos estudios fue
encontradoque el caparazbn fino dejuveniles�de concha causaronuagrancantidad
de mortalidades. Dos factores que detenninar6n desempe6ar un papel en la
moxfologiadelacaparaz6ndelosjuvenHesde conchaincluyen, densidaddesiembxa
y el substrato del tanque. Los experimentos fuexon dise5ados para pmbar
difexencias en incrementos pxoporcional del cxecuniento, peso del cxxpxxrazon al
cociente del peso de la carne, foxtaleza del caparazon, supervivencia, y el
entexxamintode juvenilesde conchaxeinoentxediversas densidades y los substratos.
Las densidades de hx media eran 20, 50, 75, 200, y 400 concha/mx y el aragonite
coralino machacado incluido los substxatos del tanque, las virutas del aragonite, y
el trazador de lineas plhsticas. Pievias investigaci6n anterior en concha juvenil
cxecido en deusidades xnks bajas de la media cxeci6 estadlstico mhs rhyidmnente en
longitud del capanxz6n y peso del animal que la concha cxecida en densidades mhs
altas. Sin embargo, no habia difexencias estadisticas en incremeutos pxopoxcional
concha cxecida en 200 y 400 concha/m'. La concha cxecida en aragonite coraHno
machacado cxeci6 pexceptibl~ nuts rhpido que concha cxecida en trazador de
lineas plhsticas peru en las tarifas sixnilaxes de concha crecido en virutas del
aragonite. Losdatospreliminares sugiexenque no hay diferexxcias significativas en
peso de la cascara a los cocientes del peso de la carne o fuexza de la cher entxe
concha cxecido endivexsas densidades. La supennvenciafue xeis bajaen h concha
cxecida en altas densidades de la media y en txazador de lfneas phhticas.
Euterramiento ocuxri6 mis con &ecuencia con h concha sambrada en las altas
densidades. Paxaaumentar tariff'a de cxecimiento, xeducir los costos de los criadero,
y aumentar la fortaleza del caparaz6n pua realzm la ocasion de la supervivencia
despuh del lanzamiento en el salvaje, se recomienda que los juveniles de concha
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varias cspecies de la FamiTia Strombidae  Aranda 4 Sahrez 1998, BmwneH, W.N.
1977, Davis 4 Stoner 1994!. Este trabajo es un proyecto complejo, el cuai presents
datos morfolbgicos, fisiolbgicos y bioquimicos para estudiar la relacibn de dichos
panhnetros con el desarrofio gonadal del gastetbpodo Sfrombus ranieus Gmeiin.
Adetnks serealizaunacomparacibndelcrecimietttoyla fisiologia de S rani@us con
S grarilior. Kn este proyecto se colectaron 82 individuos de Ia especie S raninus
enlaCostade Colbn, Mar Caribey28 individuosde 8 gracilior en Playa Chumical,
Oceano Pacifico. Se eligieron al azar 30 animales de S. raninus para determinar el
porcentaje de carbohidratos, lipidos y proteinas a diferentes partes del cuerpo,
mientras que parte de las gbnadas fueron tratadas por mbtodos histolbgicos tejhdas
con hematoxilina 8 eosina y montadas en placas para su observacibn. Otrus 20
uMHviduos de cada especie de S raninus y X gracilior fueron sometidos a pruebas
fisiolbgicas {consumo de oxigeno y excrecibn de amonia! cada 15 dias por un
periodo de 3 meses. Al finalizar los mismos 20 animales de S ramnus fueron
sometidos igualmente a pruebasbioquimicasyobservacibnde Iasgbnadas enplacas.
En este proyecto se espera que los resultados expresen una relacibn entre el
crecimiento, cambios fisiolbgicosybioqumucos conrespectos al estadode madurez
gonadal y determlnar difefenclas fisiolbglcas entre cspecies de ambos mares.

PALABRAS CLAVES: Strombus, datos morfolbgieos, fisiolbgicosy bioquimicos,
tasa de crecimiento

Determination of the Growth Rate, Physiology, Energy and
Gonad Studies within Genus Strombus

There have been few reports in Panama that informs about the risk that faces
the genus Sb"ombus and how can it be protechxi aud cultivated, like it has been done
in other countries that are working in the repopulation of various species of the
Strombidae  Aranda and Suarez 1998, BrowneH, W.N. 1977, Davis and Stoner
1994!.

Thisproject is very complex, iawhichmorphology, physiology,andbiochernical
data is presented to study the relation between the data presented and the gonad
development of gastropod Strombus raninus Gmelin. Furthermore a comparison of
the growth and physiology between the S, raninus and the S. gracilior is also made.
in this project 82 individuals &om the specie S raninus were coHected in the Coast
of Colon, in the Caribbean Sea and 28 indi*vidua}s of the S gracilior were coHected
in Playa Chumical, in the Pacific Ocean. Thirty animals were random selected of S.
ranimss to determined the percentage of carbohydrates, lipids and proteins of
diferent parts of the body, also parts of the gonads were treated on histological
methods, dyed with hematoxiline - cosine and mounted in slides for observation.
Another 20 individuals of each species of' S. raninus and S. gracilior where
submitted to physiological test {consumption of oxygen and auunonia excretion!
every 15 days during a 3 months period. Next the same 20 animals of S. raninus
where submitted to biochemical test and observation of the gonads in sHdes.
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In this pmject is expected that the results express a relabon between the gmwth,
physiology and biochemical changes within the state of the gonad maturity and
deternnned the physiological differences between the species of both seas.

KEY WORDS: Srrombus, morphological, physiological and biochemical data,
gmwth rate

Caracteristieas Fisicas del MQk Conch Strosstbus costatus
 mofnscos Gastropoda! y sn Coseqnences

en el Desarrolo de la Concha

ZAMBRANO-ARJONA, HERNANDEZ-AY~
J.P. VALCARCEL, D. AGUILAR, P. QUINTANA,
D. ALDANA-ARANDA and J.J. ALVARADO-GIL

Laborarorio de Biologiu Marina
CEVVESTAV-IPN, Unidad Merida

Em 6 anti~ca carretera a Progreso.
Merida, I"Ncatdn, M&ico. C.P. 97310

PALASRAS CLAVES: Ordehe el conch, Srrombus gigas, caracteristicas de la
concha.

RESUMEN

Las caracteristicas termales, thennoelastic, meckaicas y estruchnales de la
ehcaradel conch de lareina{StroInbusgi gas! y se presentan. Laevotucibn de estas
caracteristicas en funcibn del crecimiento de la cascara en moluscos. Las
caracteristicasterrm8esdemuestranunaltocomportamientotipicode los materiales
del aragonite, demostracibn thennoelastic de Iaconductividad de Ias cara~ticas
la interacci6n del oryhico con la matriz morghmca, demostraci6n mechuca de Ias
caracteristicas la alta dureza del material biogWco del aragonite y el estudio de la
ddracci6n de la radiogra6a se utiTiza para supervisar 1'a textura. Las consecuereias
de nuestros resultados en el desarmllo y susceptibilidad a la tension tennal y
medica se discuten y pmpusiemn una simpatia adecuada: Descasque el tama5o
contra diversas caracteristicas de las concha del caracol  caracteristicas tennales,
caracteristicas thennoelastic, caracteristicas mechnicasy textura! para pmpormr un
tama5o adecuado para los pmgramas de la rehabilitacibn:
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Physical Properties of the Milk Conch Shxxuxbus cmAztus
 Mollusca Gastropoda! and its Consequences on the Shell

Growth Bevetopxnent

'lhe thexmal, therm«xelastic, mechanical and str«xctxxral properties of the sheH of
the Queen conch  Strombus gigas ! and is presente«L The evolution of these
properties as a function of the sheH growth in moHusks. Thermal properties show
a typical high conductivity behavior of the aragonite materials, thexmoelastic
properties show the interaction of the organic with the inorganic ~ mechanical
properties show the high toughness of the aragonite biogenic material and X-ray
diilxaction study is used to monitor the texxturization.
The consequences of our results on the development and susceptibihty to thermal
and mechanical stress is discussed aud proposed an adequate rapport: SheH size
versus «Mexent properties of the conch shells  therxnal properties, thermoelastic
properties, mechanical properties and texturization! in order to propose an adequate
size for the rehabilitation programs

KEY WORDS: Milk conch, Strombus costatus, shell properties

Potencial para el Transporte y Retencibn de I arvas de
Sfrrpmbus gigns en ll Parque Nacional Archipi8ago de Los

Roques, Venezuela

JUAN M. POSADA

Universidad Simdn Bolivar

Caracas, Venezuela

RESUMEM

Se examin6el potencial para transpozte y zetenci6nde larvasdeStrombus gigas
en el Paxque Nacional Archipielago de Los Roques. Los muestreos se xealizazun
entze el 22 y el 28 de agosto de 1998. Las muestras se colectaron en 18 estaciones,
10 dentro del axchipi«qago y 8 en las aguas exteriores a su piataforma � y 10 miHas,
en direccibn de cadauno de los puntos cazdixxales!. Las colecciones sehiciexon por
duphcado y super6ciales � m!, usando maHas de plancton de 202 'lm de abertura
Se detectxxxon un total de 84 veHger, en 11 de las estaciones evaluadas. Lasmayores
concentzaciones se obsexvaron en las localidades interiores del archipiblago  entxe
3.78 y 6.32 indAOO m3!, encontrandose una importante ~ntaci6n de larvas en
estaciones ocelxucas ubicadas al cate y al suroccidente del archipielago. Fueron
pocas las larvas encontradas al norte de la laguna interxxa, asi corno al sur del
axchipibhxgo. El 47.6oie de los individuos se encontr6 en el intervalo de taHa
coxzespondiente a las larvas reci& eclosionadas  entre 150 y 450 pm!, ubichndose



la mayoria de estos en aguas mteriores, al oeste del archipelago. Un 34.5% de las
larvas, tambibaen aguas interiozes, midio entre 451 y 700 gem,estiznhadose que las
mismILspahfiantener alumimadamente 5 dhsdevida. Laslarvasde mayor tamalo,
algunas cercanas al xeclutamiento se observaxon en las estaciones oceihicas.
Obviaznente, existe un patron intezesante de distzibucibny abundancia de lazvasde
S. gigas en el archipelago, el cuzd debe estar dizectaznente reladouado con la
ubicacidn de los bancos donde se depositan las masas de huevo y los patzones de
coxrientes y contzacozrientes locales, que en de5nitiva se encargan de dispersar y
zetener las larvas dentxo de la plataforma

P~RAS CLAVES: Strombzzs gigas, tzansporte y zetenci6n, Paxque Naciomd
Axchipiblago de Los Roques

Potential for $&ozxsbus giges Larval Transyortatioa anti
Retention in the Los Rotlnes Arehipehago Nahoaal Park,

Venegneh

The potezztial for Sfrombzzxgigas larval transpoztation and zetezztion was study
in the Los Roques Axchipelago National Park. Sampling was conductzxl in august
1998 �2 to 28!. Samples were coHected at 18 sites, 10 withm the archipelago and
8 outside of its platform � and 10 nm ofE in the direction of each cardinal point!.
DupHcate and super5cizd plankton tows were collected using a net with 202 Vm
mesh. A total of 84 veligers were dete~, m 11 of the evaluated stations. The
highest concentrationswezeobsexved wMintheazchipelago bebveen3.78 and 6.32
ind J100 m'!, being an important repzesentzztion of larvae in the oceanic stations
located to the east and southwest of the archipelago. Few larvae were found to the
north of the internal lagoon, nor to the south of the axchipelago. A 47.6% of the
observed individuals were in the size interval corresponding to xecent hatch larvae
 between 150 and 450 pm!, being most of these located in the internal stations. A
34.5% of the larvae, also within the archipelago, measured betweez 451 and 700
pm, being considered to be 5 days old. The larger veHgers, some of them near to
xecruiitmeut, wexeobserved in the oceanic stations. Obviously,anizztexestingpattem
exists for the distribution andabuudanceofS gigasinthe archipelago, which shouM
be directly related with the location were egg znasses azc being lay~ and the
patterns of currents and couzztercuxrents thataxexeslxzn&4e to disperse or retain the
larvae within the platform.

KEY WORDS: Sxrombus gigas, larval transportation and retention, Los Roques
Archipelago National Park
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Kvaluacioa Bio-ecologica y Historico-cultural de los Coacheros
de Botuto  StroIssbus gigus! eu el Partlue Nacional Archipielago

de Los Rotlues, Venemela

%JAN M. POSADA y ANDRZEJ ANTCZAK
Universidad Simon 8ofivar

Caracas, Venezuela

RESUMEN

EI pxesente proyecto de investigaci6n tiene corno objetivo el xescate del valor
cognoscitivo que se encuentraasociado aios enonnes amontcmaxnientos deconchas
de botuto  Slrombus gigas!, dispersos en varios cayos del Archipelago de Los
Roques. La historia de algunos de estos concheros se remontaa mks de 3000 a5os
del presente, mientras que otros son de origenxeciente. Elestudio, Snanciado a dos
a5os por el Pondo Nacional de Ciencia, Tecnologia e hmovaci6n  FQNAC~
involucra la xeconstrucci6n hist6rica de la bio-ecologla y pesqueria del xecurso, a la
vezquerenxperalavahosa infoxmaci6narqueologicaqueatesoran los mismos. Uno
de los aspectos ash intexesante de la propuesta es su carhcter intexdisciplinario, el
cual a permitido xeunir a bi6iogos, ec6Iogos y axqueologos en una unica fonna de
exdxentar la pmblematica Iogisticay estxuctxxral querepxesentael trabajar con estos
mega-conchems, sin afectar el contexto de una de las disciplinas. La metodologia
a emplear involucrael txabajo ixxsixu con los conckems, lo que permitirkestablecer
su ubicaci6n ~ la determine de su vohnneny laestimaci6ndeluumem de
conchas acumuladas en.los dlfexentes pexlodos de explotac16n. Igualmente, se
pmcedera a datar la edad de los conchems de manera absoluta y xehtiva mediante
el uso de carbono 14. El anQisis yobiacional de las conchas en cada estxato
cronolbgico faciTitark en entendimiento de Ios difexentes reghnenes de pesca a los
que se ha visto sometido el xecurso, a la vcz que pexxnitira evaluar los periodos de
recuperacidn del mismo. El amplioespectm de la investigaci6n pernutira formular
zmomendaciones en el orden de manejo pesqxxem, conservaci6n del xecurso,
apmvedumiento econ6xnico, xealce social, rescate histbrico-cultural y desarmllo
clentlflco.

PALABRAS CLAVES: Sxrombus gigas, conehas de botuto, histbrica de la bio-
ecologia y peapmia



Historico-cultural and Ecological Evaluation of the geeen
Couch  SeoNsbus gigus! in the National Park

Archipelago of Los Roqnet, Venezuela.

The present investigation has as an objective to determine the cultural value
associated with the enormous accumulations of sheHs ofbotuto  Strorrrbas grgas!,
dispersed in several keys of the Archipelago of the Rorlues. The histrmy of some of
these conch middens goes back to more- than 3000 years of the present, whereas
others are of recent origiu. The study, financed to two years by the National
Foundation of Science, Technology and Innovacion  FONAC~, involves the
historical reconstruction of the bio-ecology and fishery of the resource,
simultaneously recovering their valuaMe archeological information. One of the
aspects most irrteresting of the proposal is its interdiscip5nary character, which
brings together biologists, ecologists and archaeology psts share in the logistical and
stnrctural chaHenges that represents working with these conch middeas without
affecting the context of one othe disciplines. The methodology to use involves the
work in situ with the concheros, which wiH aHowto estaMsh its exact location, the
determination of its volume and the estirrurtionof the number ofaccumuhLted sheHs
in thedifferent periods fiomoperation. Also, it wiH aHow for an accrurrrrte dating of
the middents &om absolute and relative way by means of the use fium carbon 14.
The population analysis of the sheHs in each chronological layer wiH fircilitate
understandingof the differentzeginresof fishmg &om which has been putunder the
resource, and to evaluate the periods of recovery. A major aspect of the
investigation wiH aHow to formulate reconmrertdations in the order of' fishing
handling, conservrrtion of the resource, economic advarnage, social enhrurcernent,
rescues historical-cultural and scientific development.

KEY WORDS: Strombusgrgas, shells ofbotuto, historical of the biology and
fishery.
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Couch Heritage Network: Preserviug Queen Couch for Future
Generations

AMBER SHAWL, MEGAN DAVIS, ROBERT GLAZER, KEVAN MAIN, and
KENNETH LEBER

Conch Heritage Network Headquarters
Harbor Branch Oceanographic Institution

Aquaculture Division
5600 US I North, Ft. Pierce, Florida 34946 USA

ABSTRACT
The Conch Heritage Network was established in September 2001 with the goal

of working with the comxnunities of South Florida and the Caribbean to help
~e and xestore depleted queen conch, Strombus gigas, populations. It is
comprised of scientists from Harbor Branch Oceanographic Institution  Harbor
Branch!, Mote Marixe Laboratory  MML!, and the Florida Fish and Wildlife
Conservation Commission  FFWCC!.

Restoring overGshed queen conch polaxLxtions will occur with the aid of
Gsheries managemexxt, conservation education, aquaculture, and stock enhancexnent.
Harbor Branchresearchers estabhshed the Gxst captive-breeding program for queen
conch with funding assistance &om Pxoject AWARE. Eggs Ixom captive and wild
adults are being cultured for juvende growth and xestocking studies. With funds
from the Disney Wildlife Conservation Fund, Harbor Branch and MML are
detexmming the optimal culture conditions, such as density and substrate, to improve
the shell strength and survival of conch released in the Geld. The FFWCC has
examined variables that limit the survival of hatchery-reared outplants in order to
establish queen conch stocking criteria for the Florida Keys. Scimtists at FFWCC
together with The Natuxe Conservancy and the U.S. Fish and Wildhfe Service are
also implementing a transplant pxognun to increase the Florida queen conch
spawning stock. They axe also examining the origins of larvae recxmting to Florida
since any restoration effort must address sources of recruits. The Conch Heritage
Network raises awareness of the historical, socio-economic, and environmental
value of queen conch as weII as the importance of best management practices by
conducting lectures and distributing brochures and posters as conservxnion-
education outreach tools. The "Conch in the Classroom" Geld activity is a favorite
bands-on pxogrun for students and teachers visiting HaxborBranch's conch lxatclxexy
aud nursery. An informative website www.savetheconch. docunxentsreseaxch,
student activities, general life history, and cultuxe information on conch.
With a focus on conservation, research, education, and restoration, the Conch
Heritage Network is a successful research andoutxeachprogram,and a voice for the
legacy of the queen conch.

KEY WORDS: Queen conch, Strombus gi gas, conservation
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Conch Heritage Network: Preservantlo ht Comcha Reiaa para
has Geaeracioaes Ftttttras

LaConch Heritage NetworicfueesuxblecidaenSeptiembxe de 2001 con hxmeta
del trabajo con lascomunidades de laFloridadel suryel Caribe aayudarapxeservar
y a restaurar los poblaciones decl conch de Ia xeina, Strombas gxgas. Se abarca de
cientiGcos de HARBOR BRANCH Ocamograplxxc Institution gIarbor Branch!,
Mou: Marine Lab MML!,yla Florida Fish and.WiMlife Conservation Commission
 FFWCC!.

La reslaxxraci6n del conch de h reine que Ias poblaciones que son pescado
excesivo ocurruxln con la ayuda de la gerencia de las industries pesquexas, la
educacionde laconservaci6n, Iaacuacdture, y el xealce comm. Los investigehxres
de Hater Branch establecinon eI primer programa de cautiv~nza para el
conch de Ia xeina conayuda de tlnanciamiento del proyecto AWARE . Los huevos
de los adultos cautivoy salvajes, seestkncultivando parael cxecimientojuvenilylos
estudiosdexellenar. Con los fondosdel Disney WIMIife Conservation Fund, Harbor
Branch y MML est@a detnminmxdo las condiciones 6ptimas de la culture, tales
corno densidad y sxxbstxxxto, para mejorar Ia fuexza de Ia ehcaxa y Ia supervivencia
del conchxeiezar en el campo. El FFWCC haexaminado les variablesque�hmitan�l
supervivenciade losanimalesque son criader-ahuhm,paxaestaMecerioseriterios
de la media del conch de la xeina para los cayos de ia Fhmida. Los cinxti6cos en
FFWCC junto oon la Nature Conserverancy y el US. Pish and Wildlife Semce
tambibn estrin poniendo un pxograma del txaspiante para xaxmnxtar ei conch de la
reinade Ia Florida Tambibnestdaexaminandolosorfgenesde Iashrvasquexectutan
a Ia Florida, puesto que cualquier esfiuxzo de larestauraci6n debe tratar fuentes de
xeclutas. La Conch Heritage Network,tree ah vanguaxdiael conocixnientodel valor
hist6rico, socioecon6mico, y ambiental del conch de la reina tan bien corno Ia
importancia de Ias mejoxes yrhcticas de gnencia conxtuciendo confexencias y
distribuyendo foiietos y caxteles. EI "Conch in the Clamoom" es un pxugxama
pxeferido para los estudiantes y los pxofesores que visitxux eI criadero del conch de
Harbor Branch. Un website infoxmativo  www~etheconch.org! docxmenta la
investigaci6n, actividadesdelestudiante, historiagennaI de hxvida,yiainfoxxnaci6n
de la cultura sobxe conch. Con un foco en h conservaci6n, la investigaci6n, la
educaci6n, y iaxestauraci6n, la Conch Heritage Network es una voz para lahnencia
del conch de la xeina

PALABRAS CLAVES: Conch de Ia reins, Sxrombuxgigm, pxeservar, conservacibn,
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Towarxls a Holistic Strategy to Maaaging Florida's
Queea Coach  StroINbus gigus! Populatioa

ROBERT A. GLAZER and GABRKL A. DELGADO

Florida Fish and 8'ildlife Conservation Commission
Florida Marine Research Institute

2796 Overseas Highway, Suite 119
Marathon, Florida 330$0 USA

ABSTRACT

The Florida Keys once had thriving commercial and recxeational queen conch
Gsheries. ln the mid 1980s, all harvest was banned due to concerns over the
declining population. On its own, the popxdation was slow to recover, therefore, we
began seekinga proactive restoration strategy. AOer evaluating releases ofhatchexy
juveniles, we adopted a ~antation aplnoach based upon research that
demonstrated that non-xepxoductive conch inhabiting the nearshore zone began
reproducing when tmnsplanted offslune into spawxxing aggxegatlous. Fuxtllexxnore,
the conch found nearshore cannot migrate to breeding aggxegations o8shoxe. To
maximize the contribution these conch make to the recovery of the local stock, it is
critical to transplant them mto aggregations where the larvae that are pxothxced there
have a high probability of retention in the Keys waters. Therefore, we axe also
examining the origin oflarvaexecruitingto the Keysbycoxuhxcting plankton surveys
and combining these xesults with satellite imagery and hydrological data All past
and ~xesearchand the implementation of the transplantation pxugxxan uses an
extensive base of community volunteers. Taken together, an approach that
combines transphmtation with metapoptdation theory and is implemented with the
assistance of kxcal volunteers appears to be an effective strategy for xestoring
Florida's conch population.

KEY WORDS: Queen conch, larvae, restoration, stock assessment, recruitment

Hacia una Strategia Hohstica para Restaurar la Poblacibn del
Caracol reima es la Horida

Los Cayos de Horidatuvieronpesquerias comercial y xeereacional! abundantes
para el cobo. En los 1980s toda la pesca fue pxohibida debido apreocupaciones por
uua declinacibn de la poblaciba. La poblacibn fue lenta para recupeaxxse; por lo
tanto, comenzamos a buscar una estrafegia de restauraci6n activa. Despues de
evaluar la e6cacia de soltar juveniles cultivados, hemos adoptado un estxxxtegia de
trasplante basado en uua investigacibnquedemostx6que cobos que habitan la zona
adyacente a la costa nunca se reproducen; toda la repxoduccion ocurxe cerca del
axrecife. Ademks, los cobos que se encuentran en la zona adyacente a la costa no



pueden emigrar a hs agregaciones de crla mks retnotas. Sin entbargo, cobos
ttasplatttados de h zona adyacente a h costaen agrelpeiones ciiadoras connettzan
a relnoducixse despair de aproxmtadamente seis meses. Para maxitnizar h
contribuciba que estos cobos hacen a la xecuyeracibn load, es critico trasphntar
cobos en agregaciones con pmbabihdades altas deque hs hrvas producidas aHi se
recluten a los Cayos. Bstamos examinando el origen de hrvas que xectutan a los
Cayos yor muestteos de ylancton y estamos combmando estos tesultados con
imkgenes de satellite ehidrologla Todahs investit peibnesyasadas, y actuales,y el
yrograma de trasyhnte usan voluntarios. Tornados juntos, este metodo que
combiua el trasplante con la teorfa de metapoMaciones y yuesto en ymktica con la
ayuda de voluntarios locales parece ser una estrategia e6caz para zesttuuar la
poblacibn de cobo en h Horida.

PALABRAS CLAVES: Caracol reins, larvas, restaurar



Situacibn de ht Pesca @el Car.acol, Strombus gigtss,
en Nicaragua

RONALD ESCOTO @ARCH
Centro de Investigaciones Pesgueras y Acuieolas, CIPA-AdPesca

Costado Este Hotel IntercontinentalMetrocentro,
Managua, Nicaragua.

RES UMEN

La pescadel laconchareina &rombusgigas estxllocalizadaen le regibnnoreste
del Caribe nicaragitense. Txadicioualmexxte este recuxso ha sido capturado
"incidentahnente" por buzosque sededicanalacapturade Iangosta. Antes de 1997
los desembarques de concha xeina crau repoxtados junto con los desembaxques de
otras cspecies de poco intexes comexeial. Los desembaxqtxes de carne Hmpia de 8
gigas se ban incxementado de 17 toneladesm8xicas tm! en 1997 a 113 tm en 2001,
y las exportaciones de 8 tm a 45 tm, xespectivamente. Los volumenes de
exportacibn se rigen por cuotas establecidas de acuerdo con ClTES; que en 1997
definib en 20 tm, incxemmtkadose a 45 tm a partir del 2001. Se desconoce el
volumen del consumo local. No existen estudios que definan el potencial
apxovechable. Sin embargo, de acxxexxlo a experiencias xegionales y a xxuxestreos
biolbgicos locales, se considera que el xecurso estk subexplotado y se ha sugexido
uua tails minima de capttm  Iongitud sifoual! de 200 mxxL La adnmustraci6a
pesquera nacional y h empxesa privada hacen esfiumos para evaluar el recurso y
de6nir unanueva cuota de captura de acuerdo a la capacidadbiolbgica del xecurso.
El Gobiexno carece de xecursos y no fiene capacidad para contxoLxr la pesca y el
trk6co ilegal por y hacia paises vecinos.

PALABRAS CLAVES: Caracol reina, Strombusgi gas, pesqueria, Nicaragua

The Status of the Fishery for Queen Conch, $>umbusgigus,
in Nicaragua

The fishing of the snail is located in the northeast region of Nicaraguan
Caribbean; traditionaHythexesourcehasbeencapuxred "mcideutaily" by divers that
dedicate themselves to the lobster catch, reason why the statistics of landings axe
begun to regis' as of 1997, since before this date the few landings vohunes were
registered grouped with other species of Httle ixxtexest. The Ianduxgs of snail  clean
meat! have been increased of 17 ton. iu 1997 to 113 ton. in 2001, and the exports
of 8 to 45 ton for the same years. The volumes of export are governed by quotas
established inagreement with CITES, which were de6ned fiom1997as 20tons. and
increased to 45 tons m 2001. The volume of local consumption is not known.
Studies do not exist that define the usable po~ however, accoxxHng to regional
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experiences and to local biological samplings, it is considered that the resource is
subexploded and a minimum length capture  siphonal length} of 200 mm has been
suggested. HK national fi8hHlg�admmstration an private compmues differ in their
evaluation of the resource and to defme a new quota of capture accordmg to the
biological capacity of the resole. The state does not have capacity to contml the
fishing and the illegal tnd5c by and towards neighboring countries.

KEY WORDS: Queen conch, Sttombus gigas, fishery, Nicaragua
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A PreliIninary Study of the Fisheries Canane  Oeyurus
chrysurgs! in Holbox, Quintana Roo, Mexico

B. AGUIRRE-GARCIA, A. VALENCIA-CETINA,
F. PERERA-BMdW y A. MEDINA-QUEJ

InsNuto Tecnoldgico de Cheiumal
Cheiumal, Quintana Igloo, Mexico

In this study it was considerod in apmiiminary way the age and the growth of
the yellowtail  Ocyurus chrysurus, Bloch 1791! in the Island of Holbox, Quintana
Roo during the period March-May of the 2002. The yellowtail is a characteristic
tropical ftsh of the reef areas, belonging to the family Lutjanidae, this species is
found distributed SomFlorida to Brazil beingmore abundant intheGulf ofMexico.
A total of &71 organism captured by the iuuxtuuufe Qeet of community of Holbox
were obtained, using the hook and line like Gshiag art. For the estimate of the age
and the populational panuneters they used the lenght Sequencies of the three
worked months. It was observed that the biggest capture incidence is among the
sizes 255 and 275 mm FL, with a stocking of 265 mm FL The populational
parameters obtained thmugh the sofhnm FiSAT were for ELEFAN Loo= 500.50,
k= 0.33 and to= -0.19 and by means of Shepherd s Loo= 520.05, k= 0.30 and to=
-0.22. The intervals oflenght &equency werealso used todetenninetherelationship
between lenght and weight with an= 659oqpmisnts; the result of the regression was
W= 0.00004334FL~~' . The curve of growth was carried out for the von Bertahudfy
equation where Lt= 500.5  I-e~"~'~! for ELEFAN and Lt= 520.05  I-e~~~~'!
for Shepherd s. The knowledge of the populational parameters is of supreme
importance to guarantee an appropriate handling of this resource, as well as its
conservation for the future generations.

KEY WORDS: Yellowtail snapper, Ocyurus chrysarus, population parameters

Kstudio Preliminar de la Pesqueria de Canane  Ocyurus
ckrysurus! en Holbox, Quintana Roo, Mexico

En este estudio se estimb de manera preliminar la edad y el crecimiento del
canane  Ocyune chrysIrus, Bloch 1791! en la hla de Holbox, Quintana Roo
durante el periodo Mano-Mayo del 2002. El cananees un pez tmpical caracterlstico
de las zonas arrecifales, perteneciente a la 5uniiia Lutjanidae, esta especie se
encuentra distribuida desde Florida hasta Brasil siendo mks abundante encl Golfo
de Mexico. Se obtuvieron un total de &71 organismos capturados por la flota
artesanal de comunidad de Holbox, utilizando la linea corno arte de pesca. Para la
estimaci6n de la edad y los parhnetros poblacionales se utilizaron las frecuenciasde
longitud de los tres mesestrabajados. Seobservhque lamayor incidenciade captura
se encuentra entre las tailas 255 y 275 mm LF, con una media de 265 nun LF. Los
parknetms poblacionales obtenidos a traves del software FiSAT fueron para
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ELEFAN Loo= 500.50, k= 0.33 y to= -0.19 y por medio de Shephexd's Loo=
520.05, k= 0.30 y to= -0.22. Los intervalos de Secuencia de longitud tambidn
fueron utilizatlos para determiner la relaci6n longitud-peso con una n= 659
organismos; el xesultado de la xegresi6n fue W= 0.00004334LF~"~. La curva de
crecimiento se xeahzb por Ia ecuaci6n de von Bertalanffy donde Lt= 500.5  lw
'""~' '! para ELEFAN y Lt= 520.05  l-e~.~~'! para Shephexds. El
conocimiento de los parimetxos poblacionales son de sums impoxtancia para
garantizar un adecuado manejo de este recurso, asi corno su conservaci6n para las
futures generaciones.

PALABRAS CLAVES: Canane, Qcyurtts chrysurus, panlmetios poblacionales

Oceanographic Features and Zooplankton Community
Structure in Mayaglez Bay, Puerto Rico

MONICA ALFARO and JORGE GARCfA-SAIS
University of Puerto Rico

Department of Marine Sciences
Mayagues, Puerto Rico 00681-9013

This study was part of a multidisciphxy xeseaxch effort aimed to establish a
characterization of the oceanogxxqihic features and the zooplankton community
structure that could serve to evaluate the xesponseofmarine communities to a water
quality restoration initiative. Monthly samplings consisted of conductivity,
temperatureand depth CTD! and chloxophyH-afiuoxescencepxofiles. Grab samples
for nutrients deternimation  NO,/NO, organic N, NH,' and PO, '! arid
Secchi transparency. ZooplanktonwascoHectedbyobliquetows using
a 1m5 Tucker Trawl System with three nets of 0.202 mm mesh. Sampling pxogrtm
included twelve cruises &om February, 1997 thxough January, 1998 at six stations.
Density profiles at Ocean station showed pernxanent stmtification with weH-
developed pycnoclines associated with increasing salinity and dechnes of water
temperahxxe with depth. Inshore stations had weH-mixed water columns, vertical
stratification associated to &eshwater lenses at the surface during large minfaH
events. Maximum water column chloxophyH-a concentrations were consistexxtly
higher at Atuneras and AAA stations. ChlorophyH-a concentration was positively
correhted with streamflow at Manchas and Rodriguez, but varied independently
&om stxcamfiow at the other stabons. Organic nitrogen  Org-N! was the nutrient
in highest concentration, followed by ammonium-ion  NH;! and nitrate  NO,-N!.
Concentrations of orthophosphate  PO~ BP! were only detected during April in
Ax|asco. These data suggests that phosphate maybe regulating planktonproduction
at stations with good fight penetration. Secchi transparency penetrated less than 50
~/o of the water column at Atuneras and AAA stations.
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Total zooplankton ahmdance varied between 82882,135 iad/m' during the dry
season and between 1365 - 3,040 md/m' during the rainy season. Zoophnkton
abundance was higher at inshore stations �,905-2,588 iad/m } compared to Ocean
station�,097 ind/m'!. Memplankton represented less than 5'/o of total zoophmkton
almndance. Principal componeat analysis indicated that merophmkton abundance
at Ocean stationexplained 85/oofthe variation ofmeroplanktontaxonomic gmups.
Higher abundances of fish larvae &om the families Clupeiformes, Pomacentridae,
Haemulidae and Holocentridae accounted for the separation of inshore station.
Clupeiformes weremore abundant during heavy rairdan events aud during night-time
collectioas.

KEY WORDS: Ckxmographic processes, zooplankton, Puerto Rico

Caracteristicas Oceanograficas de ht Kstructura de ht
Comunidad Xooplauctouica en Mayagmcz Bay, Puerto Rico

Este estudio fue parte de unesfuerzo de investigacibnmultidisciplinario con el
fin de establecer una caracterizaci6n basics de los procesos ocearmgrh6cos y de la
estructura de la comunidad de zooplancton que pueden servir para evaluar las
reslamstas de lascomunidadesbiol6gicasmariaas auaaimciativaderestauraci6n de
la calidad del agua De los muestreos raeasuales se obtuvieron per6les de
coaductividad, temlerahua,pmfundidad CTD! yclorofila-a Quoresceate. Ademks,
se colectamn mueshm para ladeterauaaci6n de nutrientes  NO~0�N-Orghnico,
NH4+ y PO,'! y lecher de transparencia Secchi. El zooplancton se colect6
mediante arrastres oblicuos usando un sistema Tucker provisto con tres redes de
0.200 mm. El programa de muestreos incluy6 doce crucems desde febrem 1997
hasta eaem, 1998 ea seis estaciones. Los perfiles de densidad en la estaci6a
oceinica mostraron estratificaci6n permanente con picnoclinas bien formadas
asociadas a incrementos de salinidad y a la disminuci6n de la temperatura del agua
con la pro5mdidad. Las estaciones iaternas mostraroa coluamas de agua bien
mezclada, con estratificaci6n vertical asociada a lentes de baja saliradad en la
superficie durante los eveatos de lluvia fuertes; La concentraci6n mMma de
clorofila-a en h columna de agua fue mhs elevada en hLs estaciones de Atuneras y
AAA. La conceatraci6n de clomfila-a estuvo positivamente correlacionada con el
Qujo de los rios en las estaciones de Manchas y Roddguez, pem vari6
iadepeadientemente con el flujo de los rios en las otras estaciones. El nitrogeno
orghnico  N-Org! fub el nutriente de mayor coacentraci6n, seguido por el i6n
amonio ~'! y el nitrato  NO, !. La presencia de ortofosfato  PO, '-P! s61o se
detect6 durante abril en la estaci6n de A5asce. Eslos datos sugieren que el
ortofosfato puede estar regulando la producci6n de fitoplancton ea las estaciones
que tienea una buena peaetraci6n de luz.

La abundancia total de zooplancton vari6 entre 828-2,135 ind/m' durante la
epoca scca y entre 1,365 - 3,040 iad/m durante la estacion de lluvia. La abundancia
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de zooplancton fue re alta en las estaciones itrternas �,905 - ASS ind m'!
comparado con la estaci6n ocehuca �,097 ind/m'!. Ef merophncton telnesent6
menos de un 5'/o del total de la abundancia total de zooplancton. El ana1ish de
componentes principales mdic6 que la estaci6n ocehica exphca el 85~/o de la
variaci6n de los grupos taxon6micos de meroplancton. Una abundancia mayor de
larvas de peces de las fatniTias Ctupeifornes, Pomacentridae, Haemulidae y
Holocentridae feb responsable por la separaci6n de las estaciones intemas. Los
clupeiformes fueron mh abundantes durante los eventos de lluvia fuerte y durante
colecciones hechas en la noche.

PALABRAS CLAVES: Pprocesos oceanogrkficos, zooplancton, Puerto Rico

Using Sidescan Sonar to Assess the Impact and Persistence of
Natural and Anthropogenic Disturbance to Low-relief Oyster

Habitats in Coastal Louisiana

YVONNE ALLEN, CHA1KRS %1LSON, H. ROBERTS, and JOHN SUPAN
Oyster Geophysics Program

Department of Oceanography and Coastal S'ciences, SCkE
Louisiana State University

Baton Rouge, Louisiana 70803 URf

Traditional methods used to assess oyster reef distribution and condition are
only able to provide subjective point information which is often poorly
georeferenced. Maps of oyster habitat in shaHow waters are therefore typicaHy
extremely generalized, giving few details about the true distribution, character and
dynamics of reefs. Sidescan sonar offers a significant advantage for oyster reef
assessment in the turbid waters of coastal Louisiana. We used sidescan sonar in

ultra-shallow  Chn! watch to completely image over 19 000 ha in Louisiana
estuaries in advance of an impending fieshwater diversion project. We also
conducted four years of intense annual surveys in a more restricted area �20 ha!
with a diversity of reef types and cultute intensity to examine natural and
anthropogenic impacts on oyster reef extent and character. Our intensive surveys
identified oMer stable reefs which had not been actively worked. SheB abundance
and struchtre on these reefs were high, but oyster meat productivity was low. Areas
of intense oyster culture were characterized by low relief reefs that fiequently
showed distinct evidence of scarring &om dredging and other anthropogenic
sources. Smaller scars caused by oyster dredgingtypicaHyhealedthrough the within
time period of our study while larger anthropogenic scarring did not diminish over
the four years. We also deployed the sonartowfish over an ateaimmediately before
and after both seeding and harvesting to establish a quantitative relationship with
sonar reflectance. These relationships can be further used to predict the impact of
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harvestiag and seeding on the extent oyster habitat Demographic cotaparison of
red snapper  Latjame campechanus! &om the Atlantic and Gulf of Mexico.

KEYWORDS: Sideman sonar, oyster habitat, Louisiana

Ki Uso de Sonar se Sidescan para Determinar el Impacto y la
Persistencia de Bistnrbios Nataraks y Anthropegenicos en los

Habitat tie Poco Relieve en ht Costa de Lnisiana

Losa~s tradicioaslesusadospamdeteaaiaar ladistnbucibayhcondiciba
del filbn de h ostra pueden sohunestte-pmporcioaar h iafonaacibn subjetiva del
punto que estk a meaudo georeferenced mal. Los mapas del habitat de h ostra en
aguas bajas por 10 tanto se geaerallzan tfpicameate extreraadamente, dando pooos
detaHes sobre la distribuci6n verdadera, el can@ter y la dim uaica de anecifes. Kl
sonar de Sidescan o&ece una veataja siguificativa para el gravamen del filbn de h
ostra en hs aguas turbias de Luisiana coster' Utilizamos el sonar sidescan en  de
losaguasultrabajas <2m! totldmeate a laimagensobre 19 000has eu los estuarios
de Luisiana por adehatado dean pmyecto de agua dulceiaminet ttede la diversibrL
Tambihn condujimos cuatm a5os de aahnenes auuales iateusos en ua brea ash
restricta �20 has! con una diversidad de los tipos del fik'my de h iateusidad de la
cultura para examiaar iagectos naturales y aaHtmfmgenic en grado y carhcter del
655n de hostra Nuestmsaahnenes inteasivos ideatificamnarrecifes estables mhs
viejos que no habfan sido trabajados activamente. Laabundancia y laestructura de
la c5scars en estos anecifeseran altas, yern la pmductividad de la came de h ostra
era baja Las areas de h cultura iatensa de h ostra fueron caracterizadas yor los
anecKesbajosdelarelevatibnquedemostramacon &ecuencialaevidenciadistinta
de marcar con una cicatriz fuentes de dragado y de otras aathmpogenic. Las
clcatIlces mls peque58s causadas por la oslra que dragaba tfytcaIneute curamn con
deutro el perfodo de nuestm estudio mientras que el marcar coa una cicatriz
aathmpogeaic mks grande no disminuy6 sobre los cuatro a5os. Tambi&
desylegamos el towfish del sonar sobre un&ca iamediataateate antes y desfaah de
la sembmr y de cosaHutr para establecer una rehci6a cuantitutiva con la reQexibn
del sonar. Estas relaciones se pueden utilizar mks a fondo para predecir el imps
de cosechar y de la seaabradura en el habitat de la ostra del grado. Compmacibn
demogrkfica del saapyer rojo  campechaaus de Lutjaaus! del AtVintico y del golfo
de Mexico.

PALABRAS CLAVES: Sidescan Sonar, habitat de h ostra, Luisiaaa
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Growth and Survival of American Oyster Crassosh ea virginia
on Laguna de las Pilas, Laguna de Thrminos, Campeche,

Mexico: Preliminary Evaluation

LUIS E. AMADOR DEL ANGEL', PATRICIA CABRERA RODRfGUEZ,
EMMA GUEVARA CARRIE' MARCELA CASANOVA BROCA' y

'Laboratorio de Biologia Antatica, FacNitad de Ciencias Pesqueras
Universidad Autcfnonta del Cartnen, Mdrico

"Laboratorio de Biologia Marina
CI~AV-IPN Unidad Merida, Mdxico

American oysters Crassostrea virginica of 2.64 a 0.57 cm average height were
cultured by 70 days in contiguous waters to the Pilas lagoon, in Terminos Lagoon,
Campeche. Biweekly, growth and survival were measured and the incorporation of
seeds in the box of culture  fixation! was registered. A average gmwth of 0.84
cm/month was presented, reaching 4.62 * 0.63 cm of avemge height after 70 days
of cultivation, where 78.75'/o of oysters ~ed between 3.8 and 4.8 cm and
17.5/o between 5.5 aud 5.8 cm of average height. Survival was of 80o/o. An
incorporation of oysters in the culture boxes was registered fixation!, starting &om
final of October until the end of the experiment, with values between 35 and 55
seeds. Highest fixations were in�end of October and erlier November. Temperature
stayed between 27 and 30'C, while the salinity presents a variation between 18.15
and 29.06 ppt, with maximum values in September and minimum at the end of
November. Gmwth and survival results demonstrate that oyster culture in this
Lagoon is feasible biologicaHy.

KEY WORDS: Oyster culture, recruitment, Crassostrea virginica, Laguna de
Thminos, Campeche, Mexico

Evaluacibn Prehminar del Crecimiento y Sobrevivencia del
Ostibn Crussosuen virginicu en la Laguna de las Pilas, Laguna

de Thrminos, Camyeche, Mexico.

Ostiones  Crassostrea virginica! de 2.64 ~ 037 cm de altura promedio fuemn
cultivados en aguas contiguas a la laguna de las Pilas, en la Laguna de Thminos,
Campeche. Quincenalmente el crecmuento y supervivencia fueron medidos y la
incorporacidn de sennllas en les cajas de cultivo  reclutamiento! fue registrada Se
preset& un crecimento pmmedio de 0.84 cm/mes, alcanzando 4.62 * 0.63 cm de
altura pmmedio despubs de 70 dias de cultivo, donde el 78.75 /o de los ostiones
fiuctuaba entre 3.8 y 4.8 em y el 17.5 '/o entre 5.5 y 5.8 cm de altum promedio. La
supervivencia fue del 80 /o. Se registm una incorporacion de ostiones en Ias cajas
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decultivo reclutamiento! a partir de finales deoctubre hasta el findel experimerrto,
present&@lose valores entre 35 y 55. Las mayores fijaciones a fmales de octubre y
principios de noviembre. La temperatum se mantuvo entre 27 y 30'C, mientras que
h salinidad presents una variacibn entre 18.15 y 29.06 ppm, con valores memos
en septiembre y mhnmos a finales de noviembre. Los resultados de crecimiento,
sobrevivenciayreclutamiento demuestranque esbio16gicamente factible el cultivo
de ostibn en esta Laguna.

PALABRAS CLAVES: Cultivo de ostibn, reclutamiento, Crassostrea virginica,
Laguna de Tbrminos, Campeche, Marco

Experimental Culture of Hooked Mussel Ischadium Iecurvun!
 Rafinesque, 1820! in a Suspended System in the Laguna de

Tbrminos, Campeche, Mexico

LUIS E.AMADOR DEL ANGEL', PATRICIA CABRERA RODRIGUEZ,
EMMA GUEVARA CARRIE ENRIQUE MORENO PERALTA L' JOS

VIVEROS TRINIDAD', y A. ALONSO DE LA CRUZ QUIN KNEZ'
'Laboratorio de Biologia Acudtica, Facultad de Ciencias Pesqueras

Universidad Autonoma del Carmen, Mexico
Laboratorio de Biologia Marina

CEVVESTAV-IPN Unidad Mhida, Mexico

The initial growth ofhooked mussel Ischadlumrecurvum was evaluated in the
Terminos lagoon, Carnpeche, Mexico, starting from spats of 18.7 + 4,4 mm. 11te
spats were placed in Nestier boxes suspended in a system 1~ about to 200m of'
the coast. Biweeklyregistry the total heightof the shell, to all the individuals, as well
as the following physical chemical parameters: temperature, salinity, pH and
dissolved oxygen. The growth pattern of the shell maintains a rate of growth
continuous �.73 mm/month!, reaching a total height of shell 32.8 + 4.7 mm and an
accumulated mortality of 20 '/o, after 70 days of culture. The results show an
adaptation of spats of I. recurvum to the suspended culture, thus we considered that
it is possible to develop his culture until commercial size �0 mm! in six months in
the Terminos lagoon.

KEY WORDS: Mussel culture, Ischadium recurvum, Terminos Lagoon,
Campeche, Mexico
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Cnltivo Kxperimental del Mej iHon Cnrvo lschadiutu mcurvum
 Ra5nesqne, 1820! en nn Sistema Snspendido en la Lagnna de

Terminos, Campeche, Mexico.

Se evalu6 el crecimiento inicial del mejil16n curvo Ischadium recurvum en la
Laguna de Terminos, Campeche, Mexico, a partir de semillas de 18.7 + 4.4 mm.
Los juveniles fueron sembrados en cajas Nestier suspendidas en un sistetna ubicado
a unos 200 m de la costa. Quincenahnente se registro la altura total de la concha,
a todos los individuos, asf corno los siguientes pamnetros fisicoquimicos.
temperatura, salinidad, pH y oxigeno disuelto. El patr6n de crecimiento de la
concha mantuvo unatasa de crecimiento continua�.73 mm/mes!, alcanzando una
altura total de la concha 32.8 + 4.7 mm y una mortaHdad acumulada del 20 /o,
despubs de 70 dias de cultivo. Los resultados muestran una adaptaci6n de los
juveniles de I. recurvum al cultivo suspendido, por lo cual consideramos que es
posible desarrollar su cultivohastatallacomercial �0rum! en 6 meses en la Laguna
de Tef nnnos.

PALABRAS CLAVES: Cultivo de mejillon, Ischadium recurvum, Laguna de
Tbrminos, Campeche, Mexico

Distribution and Abundance of Larvae Callinectt.s rathbunae in
Atasta Lagoon, Terminos Lagoon, Campeche, Mexico

LUIS E. ~OR DEL ANGEL', JOSE VIVEROS TRINIDAD',
MARCELA CASANOVA BROCA', PAIICIA CABRERA RODRIGUEZ',

and ZEHILA E. REYES FERNANDEZ

'Laboratorio de Biologia Acudtica, Facultad de Ciencias Pesqueras
Universidad Autdnoma del Carmen, Mdrico

' Laboratorio de Biologia Marina
CIVVZSTA V-IPX Unidad Mrida, Mexico

Laboratorio de Ecotoxicologia, Facultad de Quknca Universidad Autonoma
Ciudad del Carmen, Mexico

In the last years the cmb fishery in the region of the Lagoon of Terms has been
increased remarkably. With the purpose of knowing some prelimimuy aspects the
reproductive time and sites of spawning of Callinectes rathbunae superficial
zooplankton samples were made in 6 stations distributed in the lagoon of Atasta
during five campaigns  April, July, September and December of 2001 and February
of 2002!. The month with greater number of collected zoeas was April with 67.45
larvae/m', associated to temperatures between 27,5 and 28,5 1'C and salinities
between 0.9 and 3.7%o. The station with greater incidence of larvae was number 2
located in the center of the hgoon, which this irdluenced by the currents, which can
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transport the larval stages towards that place thus inQuencing in the recruitment.

KEY WORDS: Crab larvae, Callinectes rathbunae, Laguna de Atasta, Laguna de
Tbrminos, Campeche, Mexico.

Distribuci6n y Abundanciade Larvas de Cullinectesruthbustaeen
la Laguna de Atasta, Laguna de Terminos, Campeche, Mexico

En Ios ultimos a5os la pesqueria de jaiba en la region de la Laguna de Terminos
se ha incrementado notablemente. Con la 6nalidad de conocer algunos aspectos
preliminares de la~ repmductivaysitios de desove de lajaibaprieta Callinectes
rathbunae se realizaron anastres de zooplancton super6cial en 6 estaciones
distribuidas en la laguna de Atasta durante cinco campa5as  abril, julio, septiembre
y diciembre de 2001 y febrem de 2002!. El mes con mayor numero de zoeas
colectadas fue abril con 67.45 larvas/m', asociado a temperaturas entre 27.5 y 28.5
1'C y salinidades entte 0.9 y3.7%a. Laesutcibn con mayor incidencia de larvas fue
la numero 2 situada en el centro de la laguna, la cual esta inQuenciada por las
comentes las cuales pueden transportar los estadios larvales hacia ese lugar
inQuyendo asf en el reclutamiento.

PALABRAS CLAVES: Larvas de jaiba, Callinectes rathbunae, Laguna de
Atasta, Laguna de Tdrminos, Campeche, Marco.

Spatial and Temporal Distributions of Larvae
Callinectes ruthbuItae in the Pom Lagoon,

Terminos Lagoon, Campeche, Mexico

LUIS E. AMADOR DEL ANGEL', MARCELA CASANOVA BROCA',
JOSE VIVEROS 'I RINIDAD', PATRICIA CABRERA RODRIGUEZ', y

ZEHILA E. REYES FERNA'NDEZ'
'Laboratorio de Biologia Acudtica, Faeultad de Ciencias Pesqueras

Universidad Autonoma del Carmen, Mexico
Laboratorio de Biologia Marina

CIIVVKSTAV-IPN Unidad Mdrida, Mhrico
Laboratorio de Ecotoxicologia, Facultad de guimica

Universidad Autonoma del Carmen, Mexico

The crab 6shery in the region of the Terminos Lagoon, it has been developed in
a considerable way in the last 10 years and it is considered the second resource in
single importance after the shrimp, generating employment sources and foreign
currencies product of the export of the crab meat. In spite of the above mentioned
it is considered that the studies of the biological and 6shing aspects of the crab in the
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region are limited but necessary to order the fishery. The main objective of the
present work was this way to carry out an analysis of the planktonic abundance of
the crab Callinectes rathbunae, with the purpose of contributing to the knowledge
of some preliminary aspects of its reproductive time and the recruitment sites in the
Pom Lagoon, to the west of the Terminos Lagoon. They were carried out
superficial samples of zooplancton in 6 stations distributed in the lagoon during five
campaigns between April of 2001 and February of 2002  April, July, September,
December and February!. Simultaneously were obtained the variables: temperature,
salinity, dissolved oxygen and pH by means of multi parametric Sonde Hidrolab
Datasonde. The stations with smaller larval densities during the five campaigns were
5 and 6 located in the mouth of connection with the Atasta Lagoon, while the
maximum densities of zoeae were in the month of July with 166.03 larvae/m' and
82.06 larvae/m' for stations 3 and 4 respectively, which are located to the end of the
lagoon, this due to the currents which infiuence in the recruitment when transporting
the larvae until that place. The parameters physical-chemistry associated to these
high densities was: temperature 30 + I 'C; pH 8.63; salinity between 0.7 and I I %o
and oxygen dissolved between 4.17 and 7.4 mg/1.

KEY %'ORDS: Crab larvae, Callinectes rathbunae, Laguna de Pom, Laguna de
Tbrminos, Campeche, Mexico

Distribucion Kspacial y Temporal de Larvas de Cullinecte
rathbunae en la Laguna de Pom, Laguna de Terminos,

Campeche, Mexico

Lapesqueria dejaibas en la region de Ia Laguna de Terminos, sehadesarrollado
de manera considerable en los ultimos 10 anos y se considera el segundo recurso en
importancia solo despues del camar6n, generando fuentes de empleo y divisas
producto de la exportacion de la pulpa de jail A pesar de lo anterior se considera
que los estuchos de los aspectos biol6gicos y pesqueros de la jaiba en la regi6n son
limitados pero necesarios para ordenar Ia pesqueria. Asi el principal objetivo del
presente trabajo fue realizar un amBisis de la abundancia planctonica de la Jalba
Callinectes rathbunae, con el fin de contribuir al conocimiento de algunos aspectos
prelimiriares de su bpoca reproductiva y los sitios de reclutamiento en la laguna del
Pom, al poniente de la Laguna de Terminos. Se realizaron arrastres superficiales de
zooplancton en 6 estaciones distribuidas en la laguna durante cmco campa5as entre
abril de 2001 y febrero de 2002  abril, julio, septiembre, diciembre y febrero!.
Simulthneo a los arrastres se obtuvieron las variables temperatura, salinidad, oxigeno
disuelto y pH mediante una Sonda multiparametrica Hidrolab Datasonde. Las
estaciones con menores densidades Iarvarias durante las cinco campafias fueron la
5 y 6 situadas en la boca de conexi6n con la Laguna de Atasta, mientras que las
densidades mhximas de zoeas seencontramnen el mesdejulio con 166 03 larvas/m'
y 82.06 larvas/m'para las estaciones 3 y 4 respectivamente, las cuales elhi situadas
al fondo de Ia laguna, esto debido a las corrientes las cuales influyen en el
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reclutamiento al transportar las larvas hasta ese lugar. Los parametros fisico-
qufmico asociados aestas altasdensidades fueron: temperatura 30+ 1'C; pH 8.63;
salinidad entre 0.7 y 1.1 %o y oxigeno disuelto entre 4.17 y 7.4 mg/l.

PALABRAS CLAVES: Larvas de jaiba, Calli nectes rathbunae, Laguna de
Atasta, Laguna de Terminos, Campeche, Mexico

The Sea Urchin Fishery of Saint Lucia, West Indies:
A Challenge to Management Authorities

SUSANNA DE BEAUVILLE-SCOTT
Deparhnent of ftsheries

Ministry of Agriculture, Forestry and Fisheries
Pointe Seraphine, Castries, Saint Lucia, 8'. L

Sea urchins, a once popular resource, declined considerably inthe early 1980=s
due to over harvesting. A 3-year ban imposed by the Department of Fisheries and
regular monitoring of stocks by this Department in collaboration with Caribbean
Natural resource Institute and resource harvesters allowed stocks to recuperate. In
addition, a community approach to management was implemented. Thisapproach
offered considerable potential since it placed much of the responsibility for resource
conservation on the harvesters themselves. In the 1990s, this type of management
proved quite successful in this fishery, as harvesters came forward on a number of
occasions to give information on the status of the stock in their respective areas.
However, in 1993 - 1999 unknown factors, not believed to be associated with
harvesting activities, caused a markedly low recruitment of juveniles.

After this period of low recruitment into the sea urchin fishery, ongoing
monitoring revealed thatduring theperiod November,2000to February,2001 there
was a high level of recruitment. The adult populations were also relatively high as
compared to previous years. As such, the Department of Fisheries, along with some
of the more active harvesters, agreed that the numbers were high enough to
withstand a harvest period

However, since the harvest period in mid-September, 2001, illegal harvesting
has continued to such an extent that post harvest sea urchin surveys reveal that the
fishery has been decimated in most areas.

The paper discusses how factors such as, manpower constraints within key
agencies, weak collaborative arrangements among key institutions, large number of
harvestable areas, and poor memory of pasts events, can affect the effectiveness of
management authorities.

KEY WORDS: Sea urchin, community based management
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La Industria Pesquera del Erizo de Mar de Santa Lucia, West
Indias: Un Desafio a 1as Autoridades Encargadas de su

Man ejo

El erizo de mar, una vez que recurso popular, declinado considerablemente en
el 1980s temprano debido a cosechar del excedente. Una interdiccion de tres anos
impuso por el departamento de industrias pesqueras y la supervision regular de la
accion por este departamento en la colaboracion con el instituto del recurso natu'
y las maquinas segadores del Caribe del recurso permiti6 que la acci6n recupertua.
Ademas, un acercamiento de la comuuidad a la gerencia fue puesto en ejecucio'n.
Este acercamiento ofreci6 potencial considerable puesto que puso mucha de la
responsabilidad de la conservacion del recurso en las maquinas segadores ellos
mismos. En los anos 90, este tipo de gerencia prob6 absolutamente acer4do en esta
industria pesquera, pues las mhquinas segadores vinieron adelante en un numero de
ocasiones dar la informaci6n sobre el estado de la acci6n en sus areas respectivas.
Sin embargo, en 1993 - 1999 factores el desconocido, no creidos ser asociado a
cosechar las actividades, causadas un reclutamiento marcado bajo de juveniles.
Despues de este periodo del reclutamiento bajo en la industria pesquera del piilluelo
de mar, la supervisi6n en curso revelada eso durante el periodo noviembre de 2000
a febrero de 2001 al/i era un alto nivel del reclutamiento. Las poblaciones del adulto
crau tambien relativamente altas con respecto a a5os anteriores. Corno tal, el
departamento de industrias pesqueras, junto con algunas de las maquinas segadores
mhs activas, convino que los numeros crau arriba bastante soportar un periodo de
la cosecha. Sin embargo, desde el periodo de la cosecha en septiembre mediados de
de 2001, el cosechar ilegal ha continuado hasta tal punto que las encuestas sobre
pilluelo de mar de la cosecha del poste revelan que la industria pesquera se ha
diezmado en la mayoria de las hreas. El papel discute tales corno c6mo los factores,
los apremios de la mano de obra dentro de Ias agencies dominantes, los arreglos de
colaboraci6n debiles entre las mstituciones dominantes, el numero grande de areas
harvestable, y la memoria pobre de los acontecimientos de los pasta, pueden afectar
la eficacia de las autoridades de la gerencia.

PALABRAS CLAVES: El pilluelo de mar, comunidad bas6 a gerencia
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Use of Biochemical and Molecular Genetics Techniques to
Distinguish Two Closely Related and Morphologically Similar

Carcharinid Shark Species- Carchtsrhiaus brevipirsrsa and
Curcharhinus limbutus

IVONNE R. BLANDON, ROCKY WARD, W. J. KAREL, and B. MOBLEY
Perry R. Bass Marine Fisheries Research Station

Texas Parks and 8'ildiife Department
Palacios, Texas 7746$ USA

Species identification for closely related, morphologically similar shark species
is difficult under field conditions or when using processed samples. Various
molecular markers have been utilized to distinguish among easily misidentified
sharks. Current research at Perry R. Bass Marine Fisheries Research Station has
required the examination ofblacktip shark fin clips obtained fmm diverse localities.
Some samples were collected by local fishermen. Due to the possibiTity of confusing
blacktip sharks with spinner sharks the utility of various protein and DNA markers
have been explored to distinguish between these species. hoelectric focusing {IEF}
and sequencing of PCR amplified nuclear &agments were investigatcxL

KEY WORDS: Carcharinid sharks, biochemical and molecular genetic techniques

La identificacion de cspecies de tibur6n que son morfologicamente similares es
dificil enmuestrasprocemlascolectadas enmercados. En esteestudio seutilizaron
varios marcadores bioquimicos y moleculares  DNA} para la identificacibn correcta
de tiburones que pueden confimdirse fhcilmente corno C. limbatus y C. bevipinna
En la actualidad la Estacidn de Investigaci6n de Pesqueria Costera Perry R. Bass
estk conduciendo un estudio en genetica de poblaciones de tibumnes punta negra
collectadas por pescadores en diferentes localidades. Dada la posibiHdad de
tiburones punta negra pueden ser confundidos con tibumnes spinner las muestras
fueron analizadas con isoelectroforesis de pmteinas y sequenciaci6n de fisgmentos
de ADN nuclear amphficados con PCR reaccion en cadena de polimerasa

PALLAS CLAVES: Tiburones, biochemica y geneticas
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Aspects of the Reproduction of Large Pelagic Fishes in the
Northern Gulf of Mexico

NANCY J. BROWN-PETERSON', JAMES S. FRANKS,
BRUCE H. COMYNS', LISA A. HENDON, ERIC R. HOFFMAYER,

J. READ HENDON', and RICHARD S. WALLER'
'Department of Coastal Sciences

Center for Fisheries Research and Development
College of Marine Sciences, The University of Southern Mississippi

703 East Beach Dr.

Ocean Springs, Mississippi 39564 USA

Information on the reproduction of large pelagic fishes in the northern Gulf of
Mexico is almost non-existent. Species such as blue marlin  Makaira nigricans!,
yeIIowfin tuna  Thunnus albacares! and bluefin tuna  T. thynnms! are captured by
both commercial andrecreational fishers in th northern Gulf. Blue marlin are taken
during the summer May- September!, btuefin tuna ar found Sum January through
June and yellowfin tuna are captured almost year-round. Histological examination
of gonads ofblue marlin captured during June 2000, 2001 and 2002  n = 5! showed
ovaries were in the regressed or early maturation classes. Collections of istiophorid
larvae in the northern Gulf indicated that spawning by billfish was at a low level in
May and increased during the summer months. Collections of female bluefin tuna
during June 2000 and 2001 n = 2! showed ovaries in the late maturation class,
capable of spawning. Furthermore, the ovaries of one of the specimens examined
contained 24 h postovulatory follicles  POF!, suggesting spawning occurred within
the past 24 h of capture. Male bluefm tuna  n = I! had testis in the mid maturation
class with spermatozoa evident in the sperm ducts. Collections of bluefin tuna
larvae refiected a similar tempoml pattern of late spring/early summer spawning; all
larvae  n = 33! were collected in May. Yellowfin tuna were collected during June
2000 and 2002, aud most specimens were male  n = 9!. The majority of the males
�6 /o! were in the mid maturation reproductive class and all males contained
spermatozoa in the sperm ducts, indicating aII 6sh were in spawning condition.
Yellowfin tuna appear to have a slightly later spawning season than bluefin tuna in
the Gulf, as only 50 /o of the females were in spawning condition, however, all
females in the late maturation class  n = 2! had POF in the ovaries. This is the first
report of yeIIowfin tuna spawning in the northern Gulf. Larvae of yellowfin tuna
are more difficult to identify than bluefin tuna and have not yet been recognized in
USM/COMS plankton collections. These preliminary results suggest the northern
Gulf of Mexico is an important spawning ground for many large pelagic fishes.

KEY WORDS: Large pelagic fishes, reproduction, northern Gulf of Mexico



55 Gulf and Caribbean Rslzerles Institute

Aspectos de la Reproducci6n de Peces Peligicos Graades em el
Norte del Golfo de Mejico

La informacion sobze la reproducci6n de peces pelhgicos grandes en el norte
del Golfo de Mbjico es casi inexistente. Las cspecies corno aguj a azul  Makaira
nigricans!, rabil  Thunnzzs albacares! y atun  T. thynnzzs! son capturadas por hs
pescadores comerciales y recreacionales en el norte del Golfo. La aguja azul se
pesca durante el verano  Mayo- Septiembze!, el atun se encuentra a partir de enezo
hasta Junio y el rabil se captura casi durante todo el az|o. La exazninaci6n
histo16gicade las g6nadasde laagujaazul, capturadas durante Juuio del 2000,2001
y 2002  n = 5!, exhibieron ovarios en estado de regresi6n o etapa temprana de
maduraci6n. Las colecciones de huvas del istiophorid en el norte del Golfo
indicaronque el desovede laagujaazulestabaenunnivel bajo en Mayo yczeciente
durante los meses del verano. Las hembras del stun colectadas durante Sumo del
2000 y 2001  n = 2!, mostzuzon ovarios en los estados finales de maziuzaci6n, con
capacidad de desove. Ademks, losovarios de uno de los especimenes examinados
contuvieron foliculos post-ovulatorios  FPO! de 24h, sugiriendo que el desove
ocurri6 en las 24 K pzevias a la capture El atun macho  n = 1} tenia testis enestado
intermedio de maduraci6n con los eslzezznatozoidesen los conductosespezzzztztizxzs.
Las colecciones de larvas de atun zeflejazon un patz6n temporal de desove simihr
a finales de la primavera/prmcipios de verano; todas las larvas  n = 33! fuezon
colectadasen Mayo. RabH fue colectado en Junio del 2000 y 2002, la gran mayorla
de estos fuezon machos  n = 9!. La mayor' de los machos  el 56 /o! presentaban
un estado intermedio de maduraci6n reproductive Todos eHos contuvieron
espermatozoidesenlosconductos espezzzulticos, leque indicaque los pecesestaban
en la condici6n de desove. Rabil pazece tener uua estaci6n de desove levemente
mas tardia que la agnja aml en el Golfo, solamente 50 o/o de las hembras estaban en
la condicion de desove. Sin embargo, todas las hembras en el estado tardio de
machzraci6n  n = 2! tenian FPO en los ovarios. Larvas de rabil son mas dificiles de
identificar que las de atun y basta ahora no han sido idezztificadas en el planlzton.
Este es el primer reporte sobre el desove del rabH en el norte del Golfo.Estos
zesultadospzeliminares sugierenqueelnorte del Golfode Mejico es unaimpoztante
zona de desove para muchos peces pehlgicos grandes.

P~RAS CLAVBS: peces peldgicos grandes, reproducci6n, orte del
Golfo de M6jico
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Kstructura de la Pesqueria Artesanal de Kspecies Pelagicas en
la Isla de San Andres, Caribe Occidental

ERICK CASTRO GONZALEZ' y YOLIMA GRANDAS OLARTE~
'Secretaria de Agricultura y Pesca

San Andrews Isla Colombia

Universidad de los Andes

Bogota D.C. Colombia

En la isla de San Andes, Colombia, la extraccibn de cspecies pelagicas ha
ganado importancia en las ultimas db:adas corno consecuencia de la dismmuciYm
de peces ameifaies de inteHs comercial, representando encl periodo comprendido
entreagosto de 1998 yjulio de 1999el 80/o del total de las capturas desembarcadas
por pescadores artesanales.

Participan en la pesquerfa 78 embarcaciones distribuidas en cinco lugares de
desembarque localizados ahededor de la isla. La embarcaribn mhs utilizada es la
denominada "King Fiver" fabricada en 6bra de vidrio con dimensiones de 25 pies
de esloray 5 pies de manga, dotada para su propulsion de un motor fuera de borda
a gasolina de 40 hp. La mayoria no cuenta un sistema para el almacenamiento en
Irio de los productos capturados.

El arte de pesca predominante es la linea de mano, la cual es empleada de
diferentes formas dependiendo de Ias cspecies a capturar. Se utiliza corno carnada
seiuelos arti6ciales o trozos de atunes o land 6sh  Carangidae!. Las faenas de
pesca duran entre 5 y 10 horas, participan dos pescadores por embarcacibn y se
realizan principalmente detach de la barrera arrecifal, al noroeste y sur de la isla, y
en los cayos Bolivar y Albuquerque. El manejo post captura es mlnimo y la
comercializacion de los productos es a pequei|a escala en los lugares de
desembarque.

Las cspecies as importantes son Thunnus atianticus, Acanthocybium
solandri, Elagatis bipinnulata, Coryphaena hippurus y Sphyraena barracuda, las
cuales son capturadas durante todo el aio,presentando algunas de elias variaciones
estacionales asociadasposiblemente con cambios enlascondiciones ambientales.

PALABRAS CLAVES: Pesquerla artesanal, estuaries pelhgicas, Colombia

Structure of Pelagic Small-scale Fishery in
San Andres Island, Occidental Caribbean

In San Andres Island, Colombia, pelagic species extraction has gained
importance throughout the last decades, as a consequence of diminishment in reef
species of commercial interest, representing 80/o of the total capture landings by
smaH-scale 6shenxen, between August 1998 and July 1999.

78 boat participate in the 6sheries, distributed in Sve landing places around the
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island. The most common boat is the so-caHed AKing Fiver@ glass-fiber made,
25ft long and 5ft wide, propeHed by an off board 40 hp gasoline motor. Most of
them lack a cold storage device for captured products.

The prevailing fishing skill is the hand line, which is used in different manners,
according to the species to capture. An artificial bait can be used, or tuna or land
fish  Carangidae! pieces. The fishing task lasts &em 5 to 10 hours, two fishermen
per boat, and it is done mainly behind the reef barrier, northwest and south of the
island, and at the Bolivar and Albuquerque cays. Post capture management is
minimum and there is smaH-scale product commercializing at the landing places.

The most representative species are Thumurs atlanticus, Acanthocybium
solandri, Elagatis bipinnulata, Coryphaena hippurus y Sphyraena barracuda,
captured aH year-mund, some of them showing seasonal variation possibly
associated to envimnmental conditions changes.

KEY %ORDS: Artisanal fishery, pelagic species, Colombia

Local and Latitudinal Differences in Growth During the
Early Life History of Gray Snapper, Luganus griseus

KELLY DENIT and SU SPONAUGLE
University of Munni- Rosensriel School of Marine and Atmospheric Science

4600 Rickenbacker Cswy.
Miami, Florida 33149 USA

The gray snapper, Lujtanus griseus, is an ecologicaHy and commerciaHy
important fish throughout the Caribbean. Despite its significant role in the marine
ecosystem and its economic value, relatively little is known about the growth of this
species, especiaHy during its early life history stages. As part of a huger study of
population connectivity, young of the year I. griseus were coHected fmm five site
in the Southeastern United States during FaH 2000and 2001: Florida Bay, Biscayne
Bay, Sebastian Inlet, and Jupiter in Florida, and Core Sound, North Camlina Fish
were measured and weighed and the sagittal otoliths removed for aging. Daily
growth increments were enuinerated using standard otolith agmg techniques and the
deposition of daily rings validated. Larval and juvenile gmwth rates as well as the
planktonic larval duration PLD! appear to be influenced by various environmental
factors acmss a latitudinal gradient. Otohth records indicatedifferences in growth
rates among sites and years. Comparison of these data with similar data coHected
along the west coast of Florida provides further insight into environmentaHy
induced differences in growth rate. The age data coHected during this project
eventuaHy will be used in conjunction with otolithmicmchemistry to help elucidate
the likelihood of population connectivity in this species.
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KEY WORI3S: Gray snaplm, Lutjanus griseus, growth

Diferencias Locales y Latitudinales en el Crecimiento del
Pargo de Mangle,

Luj taltus griseus, Durante su Vida Pelagica

El pargo de mangle, Lutjanus griseus, es un pez ecologicahnente y
commerciahnente importante en todo el Caribe. A pesar de su importante funcion
dentro del ecosistema marino y de su valor economico se sabe muy poco sobre el
crecimiento de esta especie, especialmente durante los estadios pelhgicosde su vida
. Corno parte de un estudio de conectividad de pobiaciones, los L. griseus mas
jovenes del ano fueron colectados en cinco sitios al sureste de los Estados Unidos
durante la temporada de otono de los a5os 2000 y 2001: Bahia de Florida, Bahia
de Biscayne, Inlet de Sebastian y Jupiter en Florida, y Core Sound en Carohna del
Norte. Los peces fueron medidos ypesados y los otolitos sagitales fueron extraidos
para determiner la edad. Incrementos diarios de crecimiento fueron contados
usando tb:nicas estandarizadas de edad y la deposici6n del incremento diario fue
validada. La tasa de crecimiento durante los estadios larvales y juveniles, y asi
corno laduracion de las etapas Iarvalesplanctonicas pareceu estar influenciadas por
varios factores medioambientales a lo largo del gradiante de latitud. Los records
de otolitos indican diferencias en las tasas de crecimiento entre sitios y anos.
ComparaciQn de estos datos con datos similares colectados en la costa oeste de la
Florida, indican laposibiTidad que las diferencias entre las tasas de crecimiento sean
causadas por el medio ambiente. Los datos de edad colectados a traves de este
proyecto seran utilisados juntos con datos de microquimica para ayudar a dilucidar
la probabilidad de conectividad de las ploblaciones de esta especie.

PALABRAS CLAVES: Pargo de mangle, Lutjanus griseus, crecimiento

Kstructura de la Comunidad de Peces Juveniles en la Laguna
Yalahau, Quintana Roo {Kpoca de Lluvias!

VICTOR GARCIA-HERNANDEZ y URIEL ORDANEZ-LOPEZ
C1NVF~AV-IPN, U. Mdrida

Km. 6, carr. a Progreso. A. P. 73, Cordemex.
C. P. 97310 Merida Yucatdn, Mexico.

El numero de cspecies asociadas a los ecosistemas costeros varia en funcion
de la complejidad estructural de cada habitat Las camas de pastos marinos se
encuentran entre los sistemas costerosmas complejos. El presente estudio perrmte
determinar h estructura de la comunidad de peces asociadas a las camas de pastos
de Thalassia testudinum en la Laguna Yalagau, para lo cual se realizaronmuestreos
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quincenales durante los meses de junio y julio del 2001 considerando las fases de
luna nueva y Hena Se colectaron un total de 42 cspecies durante los dos meses en
2 zonas del ecosistema por medio de una red de barra Ren&o. Las famiHas mas
representativas fueron Syngnathidae y Haemulidae. Lagodon rhomboides
represento la especie mas dominante tanto en abundancia corno en biomass para
ambos meses �0.2 fo!, seguido de Syngnathus floridae en luna Hena de junio y
Ortopristis chrysoptera en luna nueva del mismo mes, por su parte Lucania parva
represento lasegundaespecie dominante enambas lunasdelmesdejulio. Lamayor
riqueza de cspecies se present6 en las lunas de junio con 28 cspecies, mientras que
para el mes de julio se observ6 una disminucion a 18 y 16 cspecies en luna Hena y
nueva, respectivamente. La mayor diversidad se obtuvo en la luna nueva de junio
mientras que la mayor equidad se presents en luna nueva de julio. La comunidad
de peces de las camas de pastos marinos en Yalahau es muy similar a las reportadas
por otros autores en ecosistemas similares. Finalmente, el ecosistema de pastos
funcion6 corno arcade alimentacion, proteccion y crianza de especimenes de taHa
pequena y juveniles de cspecies de diferente origen ecol6gico. Este conocimiento
es importante paraevaluar laimportancia biolbgicay ecol6gica que representan las
camas de pastos marinos en Ia laguna de Yalahau.

PALABRAS CLAVES: Ecosistemas costeros, estructura de la comunidad de
peces, Laguna Yalagau, Mexico

Structure of the Commuaity of Juveaile Fish in the Lagoon
Yalahau, Quntana Roo  Rally Season!

A number of coastal species associated with coastal ecosystems varies based
on the structural complexity of each habitat. The beds of marine grass are found
among the most complexes coastal systems. The present study aHows as to
determine the structure of the community of Gsh associated with the beds of
turtlegrass  Thalassia testudinum! in the lagoon of Yalahau, for which biweeldy
samplings were made during the months of June and July 2001 considering the
phases of New Moon and FuH Moon. A total of 42 species were collected during
both months in 2 zones of the ecosystem with a Redo net. The most
representative families were Synguathidae and Haemulidae. Lagodon rhomboides
represented the most dominant species in abundance as in biomass for both months
�0.2 ~/o!, foHowed of Spngnathusfloridae in Full Moon of June and Orthopristis
chrysoptera in New Moon of the same month, on the other hand, Lucania parva
represenst the second species dominant in both moons of the month of July. The
greater number of species appear in moons of June with 28 species, whereas for the
month of July a decrease 1& and 16 species is observed in FuH Moon and New
Moon respectively. The greater diversity was obtained in the New Moon of June
whereas the evenness appeared in New Moon of July the community of 6sh of the
beds of turtlegrass in Yalahau is very similar to the reported ones by other authors
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in similar ecosystems. The ecosystem of turtlegrass functions as an area of feeding,
protection and raising of smaH and juvenile specimens of small size of species of
different ecological origin. This knowledge is important to evaluate biological and
ecological importance that represents the beds of turtlegrass in the lagoon of
Yalahau.

KEY WORDS: Coastal ecosystems, community structure of 6sh species, Laguna
Yalagau, Mexico

Asociacion Tro6ca de Feces Dominantes en la Laguna De
Terminos, Campeche

EMMA GUEVARA CARRIE', CARLOS ROSAS VAZQUEZ, y ALBERTO
J. SANCHEZ'

'Facultad de Ciencias Pesqueras
Universidad Autonoma del Carmen

2Facultad de Ciencias

Universidad Nacional Autonoma de Mexico

Division de Ciencias Biologicas
Universidad Juarez Autonoma de Tabasco

Se estudi6 la ecologia trMca de 3,927 individuos pertenecientes a siete
cspecies de peces dominantes en una zona de vegetacion sumeqpda en la Laguna
de Terminos: Eucinostomus gula, Lujtanus griseus Sphoeroides testudineus,
Cathorups melanopus, Achosargus rhomboidalis, Cichlasoma urophthalmus y
Opsanus beta. El muestreo incluy6 la variaci6n espacial  sustratos con y sin
vegetacion! y la variaci6n temporal  dia y noche y tres estaciones cHmkticas!,
durante un ano. Se estim6 la abundancia  individuos m'y g m'!. Se analizaron
los est6magos de 2,505 individuos y se calcularon los indices de importancia
relativa  IIR! y amplitud de dicta. Se determino el grado de interaccion entre las
dietas mediante un indice de similitud al igual que la distribuci6n y preferencia de
habitat. La abundancia de A. rhomboidalis y C. urophthalmus fue independiente
de la salinidad y la temperatura. E. gula, A. rhomboidalis, C. uropthalmus y O.
beta se encontraron sobre vegetaci6n de dia y de noche, L. griseus se encontro
sobre vegetaci6n y por la noche, C. melanopus sin vegetaci6n y de noche y S.
testudineus fue &ecuente en las cuatro condiciones analizadas. C. melanopus no
form6 asociacion con el resto de las cspecies estudiadas. La sobreposici6ndedietas
entre cspecies tuvo corno resultado una uni6n entre C. melanopus y S. testudineus
�.78! y con C. urophthalmus �.65!. Se encontr6 ademhs relacion entre las dietas
de A. rhomboidalis y S testudineus �.51! y de L. griseus y O. beta. Se
encontraron cambios ontoghucos con relacion a las dietas de las cspecies y una
tendencia hacia una mayor especi6cidad. Apareciemn los mismos cornponentes en
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los estbmagos para cada una de las cspecies por lo que las variaciones estacionales
de las dietas se relacionaron alas variacionesen las proporciones enpesoy numero
de los componentes tr66cos. Esto es unaconsecuencia de la estabilidad de la zona
que presenta gran influenciamarinay altaabundanciay diversidad especifica de las
comunidades de invertebrados bent6nicos.

PALABRAS CLAVES: Ecologia tr6fica de peces, abundancia y diversidad,
Laguim de Terminos, Mexico

Trophic Association in Dominant Fishes Species from Laguna
De Terminos, Campeche

Results of a study of the tmphic ecology of 3,927 individuals &om seven 6sh
species  Eucinostomusgula, Lutjartusgriseus, Sphoeroides testudlneus, Cathorups
melanopus, Achosargus rhomboidalis, Cichlasoma urophthalmus aud Opsanus
beta! which are dominant in a zone with subinerged vegetation at Laguna de
Terminos are presented. The investigation was accomplished according to an
intensive-sampling scheme that followed a spatial scale  bottoms with and without
vegetation!, and temporal scale includingday and night, and three climatic periods!
with sampling throughout a year. Abundance  individuals m 2 and g m'! was
estimated. Diet composition of each specie was determined by the analysis of 2,505
stomach contents. The index of relative importance  HU! and the trophic niche
range index were calculated. Af5nities among each species diet, their distribution,
and habitat preferenceswereanalyzed using asimilarity index.A. rhomboidalis and
C. urophthalmus abundance was independent of tetnperahue and salimty.E. gula,
A. rhomboidalis, C. uropthalmus and O. beta occurs on bottoms with vegetation
during day and night. L. griseus has preference for habitats with submerged
vegetation and has nocturnal habits. C. melanopus was collected mainly on
bottoms without vegetation during the night, and S. testudineus was found in the
four sampling conditions. Cluster analysis showed relation in diets between C.
melanopus and S. testudineus �.78! and with C. urophthalmus �.65!.
rhomboidalis and S. testudineus were related at 0.51, and L. griseus and O. beta
diets were related at a low level. There were found ontogenetic changes in diet
composition with a tendency to grater specificity. Seasonal variations in diets of aH
species were related to changes in weight and numerical proportions of the food
items due to the stability of the studied area, which presented strong marine
influence and high abundance, and diversity ofbenthic invertebrates, which provide
the food basis for many local fish species at some point in their life cycles.

KEY WORDS: Trophic ecology, abundance and diversity, Laguna de Terminos,
Mexico
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Biological Surveys to Assess the Relative Abundance and
Distribution of Coastal Sharks and Teleosts of the Mexican

Gulf of Mexico, 1997, 1998, 2001 and 2002

MARK A. GRACE, DAVID E. DE ANDA FUENTES' and LEONARDO
CASTILLO-GENIZ'

NOAH/NMFS, Mississippi Laboratories
P.O. Drau er 1207

Pascagoula, Mississippi 39568-1207 USA
' Instituto Nacional de la Pesca

CRIP Yucalpeten
A.P. 473 Progreso

Yucatan, Mexico C.P. 97320

Laboratorio de Ecologia Pesquera
CICESE

Ensenada, Baja California
Mexico C.P. 22800

In an effort to maintain viable shark populations in U.S. waters, the National
Marine Fisheries Service  NMFS, an agency of NOAA! developed the 1993
Fisheries Management Plan  FMP! for Sharks of the Atlantic Ocean  NOAA 1993!.
To determine the efficacy of the1993 FMP for sharks, NMFS Mississippi
Laboratories instituted field surveys �995 - 2002! to assess the distribution and
relative abundance of coastal sharks in the western U.S. North Atlantic Ocean and

U.S. Gulf of Mexico. Iu order to expand survey coverage for several shark species,
NMFS and the Instituto Nacional de la Pesca  IMP! initiated a series of cooperative
research projects �997, 1998, 2001 and 2002! within Mexican territorial waters of
the Gulf of Mexico. The primary objective of the Mexican Gulf of Mexico project
was to develop a fisheries independent data base for shark management species  i.e.,
large and small coastal sharks! and important teleosts  i.e., snappers and groupers!.
Secondary objectives included tagging studies and biological sampling. Two-
hundred and three bottom longline stations were completed during 44 smvey days.
Captures included 97 sharks �1 species!, 63 other elasmobranchs � species! and
246 teleosts �0 species!.

KEY WORDS: Bottom longline, fisheries-independent, Mexico

Estudios Biolbgicos para Evaluar la Abundancia Relativa y
Distribucion de Tiburones Costeros y Telebsteos del Golfo de

Mexico, 1997, 1998, 2001 Y 2002

En un esfuezm para mantener viables las poblaciones de tiburon en aguas de los
Estado Unidos, el Servicio Nacional de Pesquerias Marinas de los Estados Unidos
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 the National Marine Fisheries Service, NMFS! implemento a partir de 1993 un
Plan de Manejo Pesquero paralos Tiburones delOc6ano Atlhntico. Para evaluar la
eficacia del phm, el Laboratorio de la NMFS en Mississippi condujo una serie de
cruceros de prospecci6n �995 - 2002!, para evatuar la distribuci6n y abundancia
relativa de tiburones costeros en la costa occidental de los E.U. del Oceano
Atlhntico Norte y del Golfo de Mexico. Para extender la coberturade los estudios
para varias cspecies del tibur6n, Ia NMFS y el Instituto Nacional del la Pesca �NP!
iniciaron una serie de cmcems de investigaci6n conjuntos �997, 1998, 2001 y
2002! dentro de las aguas territoriales mexicanas del Golfo de Mexico. El objetivo
fundamental del proyecto del Golfo de Mexico fue desarrollar una base de datos
de pesquerias independiente para el manejo de las diferentes cspecies de tibur6n
 tibumnes costeros grandes y peque5os! y teleosteos de importancia comercial
 huachinangos y meros!. Los objetivos secundarios incluyeron estudios de marcado
y muestreo biologico para el conocimiento de las historias de vida de lasprincipales
cspecies.. Encuatrocruceros conjuntosdeinvestigaci6nserealizaron 203 estaciones
de palangre de fondo durante 44 dias del estudio. Las capturas incluyerun 97
tiburones �1 cspecies!, 63 de otros elasmobranquios � cspecies! y 246 tele6steos
�0 espeies!.

PALABRAS CLAVES: Tiburones, distribuci6n estacional, pahugre, marcado,
pesquerias, Golfo de Mexico

A Comparison of Age Estimates from Sagittal Otohths and the
First Dorsal Spine for Cobia  Ruchycentron cueudgm! from the

Northern Gulf of Mexico

J. READ HENDON, JAh6$ S. FRANKS, and DYAN P. GlBSON
'The University of Southern Mississippi, College of Marine Sciences

Center for Fisheries Research and Development
703 East Beach Drive

Ocean Springs, Mississippi 39564 USA

Cobia, Rrrchycentron coma%an, are migratory, coastal pelagic fish that ate
distributed worldwide in tropical and su8xopical seas, except for the ~ Pacific.
Previous research established that cobia fiom the northern Gulf of Mexico
recreational fishery could be exactly aged using sectioned sagittal otoliths. The
collection of sagittae &om cobia harvested by fishers typically requires removal of
the entire head for subsequent otoHth extraction and ~oning in the laboratory,
often a difficult and time consuming process. We conducted a comparison of age
estimates obtained &om analyses of whole and sectioned sagittal otoliths and
sectioned first dorsal spines. Whole sagittae contained growth zones assumed to be
annual events, and dorsal spine sections revealed a succession of alternating opaque
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and translucent bands that, although not validated as annuli, were used in age
estimations. Vascular erosion of the central core of spines &om some large fish
obscured the inner  early! growth bands which required their statistical replacement.
The accuracy of age estimates &om readings of whole sagitta and dorsal spine
sections was ascertained by comparison with age data &om sectioned sagittae &om
the same fish. Althoughmoredifficult to collect, sagittae provide more detailed age
information, however, dorsal spines are more practical in terms of ease of collection
and may represent an alternative for deriving age estimates for cobia.

KEY WORDS: Cobia, RaeIrycenrron canada, age estimates, otoliths

Comparaciom de la Kdad Kstimada con Otolitos Sagitales y la
Primera Kspima Dorsal em Cobia  Rachycentron conadunt! en el

Norte del Golfo de Mejico

Cobia, Rachycentron canadlm, es un pez costero peligico y migratorio
distribuido en los mares tropicalesy subtropicales de todo el mundo, con excepci6n
del Pacifico oriental. Previas investigaciones establecieron que la edad de la cobia
capturadarecraeionalmente encl norte del Golfo de Mejico podria ser estimada con
exactitud utilizando otolitos sagitales seccionados. La colecci6n de sagittae en la
cobia cosechada por los pescadores tipicamente requiere la remoci6n de la cabeza
entera para extmer el otolito y luego su diseccion en el laboratorio, a menudo un
proceso dificil�que consume mucho�tiemp. Realizamos unacomparaci6n entre las
edades estimadas utilizando los otolitos sagitales enteros y seccionados y las
primeras espinas dorsales seccionadas. Los sagittae enteros presentaron las zonas
del ~ento asumidas corno acontecimientos anuales, y las secciones de la espina
dorsal revelaron una sucesi6n de bandas opacas y translucidas altemas, aunque no
validas corno piezas anuales, fueron utilizadas en la valoracion de la edad. En
algunos peces grandes, la erosi6n vascular de la base central de las espinas dorsales
obscurecio las bandas  tempranas! internas de crecimiento lo que requirio su
reemplazo estadistico. Laexactitudde laedad estimada con las lecturas de la sagitta
enteray de la espina dorsal seccionada fue comprobada comparando esos datos con
los obtenidos con los sagittae seccionados de los mismos peces. Aunque es mis
dificil colectar, los sagittaepmporcionanuna informaci6n mls detaHadade laedad,
sin embargo, las espinas dorsales son mis pricticas en t&minos de la facilidad de
colecci6nypuedenrepresentar unaalternativa paraderivar las estimaciones de edad
para la cobia

PALABRAS CLAVES: Cobia, Rachycentron canadum, edad estimada, otolitos
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Documentation of Traditional Knowledge in the British Virgin
Islands: Filling the Information Gap in Fisheries Management

CAROL HENRY'S ROSEMARY DELANEY2 NEWTON ERISTHEE2 and
HAZEL OXENFORD'

University of the 8'est Indies,
Cave Hill Campus, Barbados.

Conservation and Fisheries Department
British Virgin Islands

Caribbean Gsheries oiten have poor scientific knowledge and limited resources
to implement conventional management tools. Yet fishers possess a wealth of
knowledge on where and when fish migrate or aggregat, how they behave and how
marine environmental conditions have changed over time. Fishers spend more time
at sea than Gsheries scientist and have built up a complex knowledge bank over the
years. It is therefore important that this traditional Gsheries knowledge be
systematically collected, organized, and then evaluated.

This paper gives the results of a three-month documentation exercise on the
traditional knowledge possessed by the local fishers in the British Virgin Islands.
Seventy-one fishers with 10 to 70 years of Gshing experience &om five of the
inhabited islands; Tortola, Virgin Gorda, Anegada, Jost Van Dyke, and Copper
Island, were interviewed. Information was recorded on Gsh ecology, Gshing
methods, changes in social conditions, imposition of regulations and how fishers
adjusted.

KEY WORDS: Traditional fisheries knowledge, poor scientific knowledge,
documentation
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The Effects of Trap Fishing in Coral Reef Hahitats: A
Preliminary Analysis

R.L HILL', P. F. SHERIDAN', R.S. APPELDOORN,
T.R. MATFHEWS3, and BL KOJIS

'NOAH/Vational Marine Fisheries Service
Southeast Fisheries Science Center

4700 Ave. U

Galveston, Texas 77551 USA
'Dept. of Marine Sciences

Univ. of Puerto Rico-Mayaguez
P.O. Box 908

Laj as, Puerto Rico 00667
FIVC/Florida Marine Research Institute

2796 Overseas Hwy, Suite 119
Marathon, Florida 33050 UR4

'Div. of Fish and 8'ildfife
USVI Dept. of Planning and Natural Resources

6291 Estate Nazareth 101

St. Thomas, Virgin Islands 00802

Trap fishing is common near coral reefs in Florida and the U.S. Caribbean but
the effects of traps on reefs or reef-associated habitats have not been well
documented. A cooperative study between NOAA Fisheries, local resource
agencies, academic researchers, and the 6shing industry has completed its firstyear
investigating such effects in the Florida Keys  lobster and stone crab traps! and in
Puerto Rico and the U.S. Virgin Islands  fish and lobster traps!. The project design
includes: 1! mapping the distribution of traps, 2! quantifying trap densities by
habitat, and 3! quantifying damage to corals and other structural organisms.
Preliminary findings suggest that a relatively small percentage {<20'/o! of the traps
set in shdlow water  < 30 m! actually contact hard corals. More are found in
contact with gorgonians or sponges. In this preliminary analysis, patchy damage was
documented mainly on hard corals, at a scale less than the total trap foot print.
Continued research will assess whether these preliminary findings are representative
of coast-wide trap fisheries and will provide more precise data on trap fishing
intensity by habitat type, seasonal movement of traps among habitats, and the
potential for gear impacts to associated habitat components such as seagrasses,
macroalgae, and sponges. Understanding trap-fishing effects on essential fish
habitats like cord ree& atlarger thanlocal scales wiB improve resource management
and lead toward more sustainable 6sheries.

KEY WORDS: Trap 6shing, cord reef habitats
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Los Kffectos de la Pesca con Trampas en los Arrecifes de Coral
y en los Habitat Associados con estos: Analysis Prehminares

Lapescade latrampa en los arrecifes coralinos cercanos comunes en laHorida
y los ESTADOS UNIDOS el Caribe pero los efectos de trampas en los arrecifes o
los habitat asociados con anecifes no se han documentado bien. Un estudio

cooperativo entre las industrias pesqueras de NOAA, las agencias locales del
xecurm, los investigadozes acadbmicos, y la industria de pesca ha terminado su
primer ano investigando tales efectos en las Haves de la F1orida  las trampas de la
langosta y del cangrejo de ia piedra! y en Puerto Rico y las islas de la Virgen de
ESTADOS UNlDOS  las trampas de los pescados y de la langosta!. El diseno del
proyecto incluye: 1! traz ladistnbucibn de trampas, 2! cuantificando densidades de
la tramps por el habitat, y 3! cuanti6cando da5o a los corales y a otros organismos
estructurales. Los resultadospreliminares sugierenque unporcentaje relativamente
peque5o  el < 2PYo! de las trampas fijara en agua baja  < 30 m! entran en contacto
con realmente coraies dmos. Mks se encuentran en contacto con los gorgonians o
las esponjas. En este amQisis pzeliminar, el da5os desigual fueron documentados
principalmente en corales duros, en una escala menos que la impresibn total del pie
de la tramps La investigacion continuada determinan1 si estos xesultados
preliminares sonrepresentaatedelas mdusttiaspestpwras costa-anchasde latrampa
y proporcionarti datos mhs exactos en intensidad de la pesca de la tramps por el tipo
del habitat, el movimiento estacional de trampas entre habitat, yelpotencial para los
impactos del engranaje a los componentes asociados del habitat tales corno
seagrasses, macroalgae, y esponjas. Los efectos de la atrapar-pesca que entienden
sobre habitat esenciales de los pescados corno los arrecifes coralinos en las escalas
rais en gran parte que locales mejoraran la gerencia de recurso y conducirhn hacia
industrias pesqueras mis sostenibles.

PALABRAS CLAVES: Pesca con trampas, habitat del arrecife coralino

Aspectos Reproductivos del Robalo
 Cenfropomus undecimalis! en la Bahia de Cispata, Colombia

GERMAN E LOZANO' y CHARLES W OLAYA-NIETO'
'Instituto Nacional de Pesca y Acuicultura  INPA!

Carrera 4 No 33-72, Otic. 4.
Monteria, Colombia

Laboratorio de Investigacion Biologico Pesquera  LIBP!.
Departamento de Acuicultura. Universidad de Cordoba

A. A. 895. Monteria, Colombia

Para estimar la taHa de primera madurez, el indice gonado-somhtico y la ~a
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de desove del Rbbalo  Centropomus undecimalis! se colectaron 247 ejemplares
entre abril 1999 y marzo 2000 en la Bahia de Cispath, Colombia Las talias
oscilaron entre 28.0 y 88.0 cm de longitud total  LT!, el peso total entre 110.0 y
8,000.0 g, y el peso de las gonadas entre 0.100 y 301.00 g. La proporcion de sexos
machos:hembras fue de 3: I, y el indice gonado-somatico estimado fue 0.111, 2.107
y 1.109 para machos, hembms y sexos combinados, respectivamente. La 6poca de
reproduccion se presenta entre marzo y octubre, con un mkmno pico en abril. Las
tallas medias de madurez sexual estimadas fueron 57.5, 67.8 y 62.2 cm LT para
machos, hembras y sexos combinados, respectivamente. Debido a que el Robalo es
hermafrodita prothndrico y cambia de sexo de macho a hembra, la mayoria de
individuos pequenos son machos y la mayoria de grandes son hembras.

PALABRAS CLAVES: Robalo, Cenrropomus undecimalis, aspectos reproductivos,
Colombia

Reproductive Aspects of Common Snook
 Centroponrus undecimalisj ia the Cispata Bay, Colombia

In order to estimate the length at first maturity, the gonad-somatic index and the
spawning season of the common Snook  Cenrropomus undecimalis!, 247 samples
was coHected between April 1999 and March 2000 in the Cispata Bay, Colombia.
The sizes oscillated between 28.0 and 88.0 cm in total length  TL!, the total weight
between 110.0 and 8,000.0 g, and the gonads weight between 0.100 and 301.00 g.
The proportion of sexes males:females was of 3: I, and the gonad-somatic index was
0.111, 2.107 and 1.109 for males, females and combinated sexes, respectively. The
spawning season occurs &om march to october, with peak activity in ApriL The
length at first maturity estimates were 57.5, 67.8 y 62.2 cm TL for male, female and
combinated sexes, respectively. Because to the common Snook is protrandic
hermaphrodite and change sex Irom male to female, the majority of small common
snooks are males and the majority of large common snooks are females.

KEY WORDS. Common snook, Centropomus undecimalis, aspects of reproduction
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Population Parameters of Spiny Lobster, Panulirus argus, from
the Pnerto Rico's Commercial Fishery

IVAN MATEO RABELO

Puerto Rico Department of Natural and Environmental Resources
P.O. Box 3665

Mayaguez, Puerto Rico 00681-36555

Estimates of growth, mortality and yield per recruit patters of spiny lobster,
Panulirus argus, were investigated using length &cquency data &om Puerto Rico=s
Commercial Fishery data. Computer based methods of length &equency analysis
 FISAT! were used. For males asymptotic length  L4! was 197, body gmwth rate
 k! was 0.25, and total mortality  Z! was 0.70. Results &om the exploitation rates
and yield per recruit analyses indicate Puerto Rico=s spiny lobster stock is currently
heavily 6shed.

KEY WORDS: Spiny lobster, Panulirus argus, commercial fishery, Puerto Rico

Landings Allocation between Different Segments of the
Spiny Lobster Fishing Community in Florida

THOMAS R. MATTHEWS, WILLIAM C. SHARP, and RICHARD W.
BEAVER

Florida Fish 4 8"ildlife Conservation Commission
2796 Overseas Hwy, Suite 119
Marathon, Florida 33050 USA

In Florida, the Caribbean spiny lobster, Panulirus argus, supports both an
intensive commercial 6shery and a popular ~onal dive fishery. The fishety has
been dominated by the use of wooden-slat traps since the 1950's. From the early
1970s to 1991-92 fishing season, the numbers of tmps increased dramatically &om
approximately 200,000 to 939,000. The State of Florida implemented a trap
reduction program in the 1993 - 1994 fishing season that reduced the numbers of
traps to 530,000 by the 2001 - 2002 6shing season. Additional reduction of the
number of traps to 400,000 is scheduled. Commercial lobster landings have been,
on average, higher since the implementation of trap limitation than any previous
eight-year period. However, the proportion of total landings by commercial trap
fishermen decreased progressively soon after the implementation of the program
&om a high of 77 /o in the 1994 - 1995 6shing season to 62 '/o in the 2001 - 2002
6shing season, while the proportion of the landings by commercial divers iiMTeased
&om 3 /o to 11 /o. The proportion of the total landings by recreational divers has
also increased by several percentage points in recent years. Such a shift in landings
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away &om the commercial trap Gshery toward commercial and recreahonal divers
was recognized as a potential, but unintended, effect of restricting the number of
traps. Fishery managers must now consider the implications of trap linutation on the
historic landings allocations between Gshing groups.

KEY WORDS: Spiny lobster, Panulirus argus, landings allocation

Asignacion de Desembarcos entre los Diferentes Segmentos
de la Comunidad de Pesca de I angosta en Florida

En Florida, lalangostaespinosa, Panulirus argus, sostiene tanto unapesqueria
comercial corno una pesqueria de buzeo axTeacional. El empleo de trampas de
madera ha dominado el pesqueria desde los at|os 1950. De los anos 1970 a la
temporada de pesca de 1991- 1992, el numero detrampas aument6 dramkticamente
de aproximadamente 200,000 a 939,000. El estado de Florida puso en practica un
programa de reducci6n de trampas en la temporada de pesca de 1993 - 1994 que
redujo el numero de trampas a 530,000 en la temporada de pesca de 2001 - 2002.
Una reducci6n adicional a 400,000 trampas esta programada. Los desembarcos
comerciales de langosta han sido as altos desde la reducci6n de trampas que en
cualquier periiodo anterior de ocho anos. Sin embargo, la proporcibn de
desembarcos totales por pescadores de trampas comerciales disminuyb de 77 /o en
la temporada de pesca de 1994 - 1995 a 62 '/o en la temporada de pesca de 2001-
2002, mientras que la proporci6n de desembarcos por buzos comerciales aument6
de 3 '/o a 11 /o. La proporcion de desembarcos totales por buzos recreacionales
tambiW ha aumentado en anos recientes. El cambio en desembarcos de lapesqueria
de trampa comercial haciabuzos comerciales y recreadonaies fue reconocido corno
un efecto de la reducci6n en el niunero de trampas. Los gerentes de la pesqueria
ahora deben considerar las implicaciones de la reducci6n de trampas sobre las
asignaciones de desembarcos histbricos entre los go@os de pesca.

PALABRAS CLAVKS: Langosta espinosa, PanuIirus argus, las asignaciones de
desembarcos
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Analisis Preliminar de la Distribucion y Abundancia de la
Comunidad de Peces Asociados al Arrecife de Tipo Borde en

Mahahual Quintana Roo, Mexico

KELLY B. MOGUEL, JBK ALV~HERNANDEZ,
J34L CASTRO, P., y J.L. LORENZO
Instituto Tecnoldgico de Chetumal

Av. Insurgentes No.330 Esq. Andrtts Quintana Roo
Col. David Gustavo Gutierrez, Chetumal Quint~ Roo

Se realizo el arbilisis de la comunidad de peces asociados a la laguna arrecifal
en el arrecife de Mahahual, ubicado en la parte Sur del estado de Quintana Roo,
mediante censos visuales. Para lo cual se dividio la laguna en dos habitats, la parte
medias de la laguna y la crests arrecifid. En cada uno de estos se realizaron
transeptos perpendiculares a lacosta. Los muestreos se desarmllaron en la bpoca de
nortes   septiembre a diciembre! del 2000. Se registraron un total de 67 cspecies,
pertenecientes a 23 familias, de las cuales las familias mls importantes en cuanto al
numero de cspecies fueron Lutianidae, Pomacentridae, Guerreidae y Carangidae.
De los dos habitas analizados la crests arrecifal presento un total de 59 cspecies
divididas en 17 familias, delas cualesla familiaPomadasyidae presento 10especies,
la Labridae con 7 cspecies y las familias Pomacentridae y Scarridae con 6 cspecies
cada una . En la parte media de la laguna arrecifal, se registraron un total de 42
cspecies repartida en 17 familias, de las cuales la familia Scaridae presento 6
cspecies. Las cspecies que presentaron mayor coeficiente simple de dominancia
fueron Haemulon sciurus, Abudefdufsazantilis Stegastes fuscusy Lutjanusqpodus
con un 70/o. Se registm un valor general de diversidad de 5.091 bitslind, con un
valor minimo para la estaci6n 1 de 2,760 y un nuiximo de 4.638 bitslind para la
estacion 8. Estos resultados prelitninares resultan acr similares a los reportados por
otros autores para la regi6n del Caribe mexicano.

PALABRA CLAVES: Arrecife, Mahahual, peces, diversidad, comunidad

Preliminary Analisis of the Distribution and Abundance of the
Community of Fish Associated to the Reef Lagoon in Mahahual

Quintana Roo, Mexico

An analysis of the community of fish associated to the reef lagoon in the reef
of Mahahual, located in the South part of the state of Quintana Roo, by means of
visual censuses. For which the lagoon in two was divided habitats, the part average
of the lagoon and the arrecifal crest. In each one of these transects perpendicular to
the coast were made. The samplings were conducted in September to December
2000. A total of 67 species, pertaining to 23 families was registered, of who the
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most important families as far as the number of species were Lutjanidae,
Pomacentridae, Gueneidae and Carangidae. Of both areas analyzed, the reef crest
displayed a total of 59 species divided in 17 famiHes, of who the Pomadasyidae
family had 10 species, the Labridae with 7 species and the families Pomacentridae
and Scaridae with 6 species eacIL In the average part of the reef lagoon, a total of
42 species distributed in 17 families was registered, of who the Scaridae family had
6 species. The species that had the greater simple coef6cient of dominance were
Haemulon sciurus, Abudefduf saumtilis, Stegastes fuscus and Lujtanus apodus,
with a 70/o. Registry a general value of diversity of 5,091 bits/md, with a minimum
value for station 1 of 2.760 and a 4,638 maximum of bits/ind for station 8. These
preliminary results turn out to be similar to the reported ones by other authors for
the region of the Mexican Caribbean.

KEY WORDS: Reef, Mahahual, fish, diversity, comunida

Peces de ht Laguna la Esperanza, Laguna de Terminos,
Camyeehe

GEORGE PACHECO, CRISTINA LAGUNES, LUIS E. ~OR DEL
ANGEL, SANDRA LAFFON, VERONICA RIVAS,

y EMMA GUEVARA CARRIO
Laboratorio de Biologia Acuatica, Facultad de Ciencias Pesqueras

Universidad Autdnoma del Carmen

Ciudad del Carmen, Mexico

Los patrones de abundancia de las cspecies de peces dominantes de la laguna
La Eslxmnza fueron analizados durante las epocas de lluvias, "nortes" y secas en el
periodo comprendido entre septiembre del 2001 hasta junio del 2002. Las colectas
serealizaronmediante unared de pruebacamaroneracadames hasta completar diez
muestreos. Los valores de la salinidad variaron desde 36%oen septiembre del 2001
hasta 18 %o en noviembte del mismo atio y la temperatura vari6 desde 30 'C en
septiembre del 2001 hasta 23 C en febrero del 2002. La comunidad integra 37
cspecies correspondientes a 23 familias, las cspecies dominantes resultaron:
Eugerres plumieri, Sphoeroides testudineus, Cathorups melanopus, Archosargus
rhomboidalis y Bairdiella chrysura. Las fluctuaciones de densidad y biomasa, asI
corno, la &ecuencia de las cspecies en el brea estuvieron relacionadas con el
comportamiento ambiental del sistema, excepto S. testudineus y A. rhomboidalis
que fueron independientes de las variaciones de salinidad y temperature Las
cspecies dominantes en el Sea desarrollan estrategias de comportamiento que
minimizan la competencia entre elias.

PALABRAS CLAVES: Peces, abundancia, laguna La Esperanza, Campeche
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Fishes from Laguna la Ksperanza,
Laguna de Terminos, Campeche

Abundance patterns of doruinant fishes species m La Esperanza lagoon in the
three climatic periods, rainy, "nortes', and dry, were analyzed. Ten fish coHections
were made &om September 2001 to June 2002. Samples were obtained by otter
trawl. Salinity range &om 36%o in September 2001 to 18%o in November 2001,
aud temperature were among 30 C in September 2001 and 23 C in February 2002.
Community was formed by 37 fish species conespondmgto 23 families. Dominant
species were: Eugerres plumieri, Sphoeroides testudineus, Cathorups melanopus,
Archosargus rhomboidalis, and Bairdiella chrysura. Fluctuations of density,
biomass, and &equency of this species in the studied area were related with the
environmental behavior system, except S testudineus and A. rhomboidalis which
behavior resulted independent &om salinity and temperature variations. Dominant
fish species in the studied area developed behavioral strategies thanmimmized inter
specific competition.

KEY WORDS: Fish, abundance, La Esperanza Lagoon

Identification of Small Scale Coral Reef Hahitats from High
Resolution Side Scan Sonar Imagery

MARTHA C. PRADA', RICHARD S. APPELDOORN', and JOSS A.
RIVERA

' Department of Marine Sciences
University of Puerto Rico

Mayaguer, Puerto Rico OD681-9013
~ NOMA/National Marine Fisheries Service

Miami Laboratory-Biodiversity and Protected Resources Division
Cabo Rojo, Puerto Rico

A detailedcharacterizationofhabitat is important to understandhoworganisms
react and use their immediate environment and to study many ecological processes
occurring at these. However, detailed habitat knowledge needs tobe extended over
broad areas to determine the spatial distribution of benthic habitats and their
connectivity. This large scale habitat assessment is crucial to determine the effects
of disturbance, heterogeneity and dispersal between habitat patches on marine
populations. Unfortunately, detailed habitat identification over large areas is
unknown for the majority of reef areas. In this work, a total of 60 km2 off La
Parguera, Puerto Rico were surveyed using a Side Scan Sonar  SSS!. The acquired
imagery has high spatial resolution �.15 m! and allowed the identification of 21
different habitat types. The most structured habitats �! were dominated by corals
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and gorgonians, which covered 28 /o of the area. Vegetated habitats  8! represented
13 /o of the area, while unconsolidated habitats �! occupied 59 /o of the azea.
Abundant coral patches on a sandy matrix, small cozal patches surrounded by a
seagzms halo, dominance of coral limestone patches aligned parallel to the prevalent
waves, deep sand channels, and extensive gorgoman plains are all examples of
previously uncharted habitats. Mangrove habitat couM not be mapped with SSS.
Habitats recognized were related to biologically relevant measures Bstructuze,
rugosity, benthic community composition and abundance- that are known to be the
factors affecting fish community structure. Therefore, SSS is a particular valuable
technique for quantitative assessments of habitat distributions important for fish
management, e.g., habitat abundance and connectivity for essential fish habitat or
MPA design.

KEY WORDS: Habitat characterization, side scan sonar, small scale habitats, coral
habitats

IdentiTicacioa de Habitats de Arrecife de Coral a Peqaeoa
Escala desde Imigenes de Soaar Lateral de Alta Resoltwcibn

Una caracterizaci6n detalladade hibitats es importante para entender corno los
organismos reaccionan y usan su ambiente, y para estudiar muchos procesos
ecol6gicos que ocurren a pequena esca' Sin embargo, un conocimiento detallado
necesita ser extendido sobre grandes tueas para determinar la distribucion espacial
de habitats y su conectividad. Este asesoramiento de habitats a mayor escala es
crucial para determinar los efectos de distuibios, hetereogeneidad ydispersion entre
parches de hkbitats sobre las poblaciones marinas. Desafortunadamente, la
identificacion detallada de habitats sobre gzandes areas es desconocida para la
mayoria de las Areas de coral. En este trabajo, un total de 60 km afuera de La
Parguera, Puerto Rico, fue inspeccionada mando un sonar lateral  SSS!. Las
imkgenes adquiridas fueron de alta resoluci6n �.15 m! y pezmitieron la
identificacion de 21 habitats difezentes. Los habitas mls estructurados �!
estuvieron dominados por corales y gorgonios, los cuales zepresentaron un 28'/o del
kxa, Los hkbitas con vegetaci6n  8! reluesentaron un 13 '/o, mientras que los
habitas de sedimentos no-consolidados ocuparon un 59 o/o del brea. Abundantes
parches de coral en una matriz de arena, pequefios parches azrecifales rodeados por
un halo de pasto marino, dominancia de parches de coral alineados paralelos al flujo
de las olas, canales de arena pzofundosy extenso' pianos de gorgonios fuamtodos
ejemplos de lhibitats pzeviamente no nuzpeados. Los manglares no pudieron ser
mapeados eon un SSS. Los habitats reconocidos se relacionaron con mediciones
biologicas relevant' B estrzzctuza, zugosidad, composici6n de comunidades bbnticas
y abundancia- que son conocidos fizctores que afectanlaestructumde lacomunidad
de peces. Por lo tanto, SSS fue una tbcnica particulazmente valiosa para
asesoramientos cuantitativos de ladistribucion de hibitats importante para el manejo
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pesquero, e.g., abundancia de htibitat y conectividad para EFH o AMP.

PALABRAS CLAVES: Caracterizaci6n de h1bitats, sonar lateral, hibitats a escala
detallada, hkbitats de coral

Vertical Distribution of Larval Fishes off La Parguera,
Southwest Puerto Rico

JENNlE T. RAMfREZ-MELLA' and JORGE R. GARCfA-SAIS'
' Department of Biology

Interamerican University, Ponce
104 Porque Industrial Turpo

Mercedita, Puerto Rico 00715-1602
Department of Marine Sriences

University of Puerto Rico, Mayaguez
P.O. Box 908, Lajas PR 00667

The vertical distribution of fish larvae &om the southwestcoast of Puerto Rico
were described fiom samples collected during twocruises, Feb/95 and May/96 along
three meridional  North-South! transects �7 00'; 67 03; and 67 06 %! running
perpendicular to the coastline off La Pargiiera. The shelf-edge  SE-13! and three
offshore positions  OC-17, OC-29 and OC-46! were occupied along each transect,
for a total of 12 stations per cruise. These stations were sampled in vertically
stratified, step-oblique tows at three discrete depths  surf 0-20, mid 21-40 and deep
41-60 meters! within the surface mixed layer using a 1 m' Tucker Trawl fitted with
three 202 im mesh nets and standaid Qow meters. Conductivity, temperature, depth,
and chlorophyll-a concentrations were measured using a CTD profiler with an
integrated Quorometer. Water column density profiles at the different stations for
February and May cruises showed permanent stratificatio with well developed
pycnoclines associated with increasing salinity and a decline of water temperature
with depth.

A total of 15,638 fish larvae representing 82 famiTies were identified during the
study. Pre-Qexion coral reef fish larvae did not show any statistically significan
pattern of abundance in their vertical distribution within the surface mixed layer.
Only a few families atpost-Qexion stage showed statistically significant differences
of abundance between depths, or between day and night samplings. While a more
comprehensive vertical sampling program based on a largernumber of samples may
be required to provide definitive conclusions on reef fish vertical distributions for
some taxa, some trends were apparent. Abundance of oceanic type larvae, such as
myctophids, gonostomatids and photichtyids increased with depth, as well as coral
reef fish larvae of the Gobiidae and Scaridae famifies. Conversely, Clupeiformes,
Pomacentridae, Haemulidae and Holocentridae were more abundant at shallower
depths within the surface mixed layer. Lutjanidae were found mostly in mid water.
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The level of taxonomic analysis  Family! used in the present study may have
masked species-specific trend in vertical distribution. FurQM:rmore, patchiness was
relativelyhigh, and imposed alarge margin of variabiTityin mean ahundance at each
depth.

KEY WORDS: Fish larvae, vertical distribution, Puerto Rico

Distribucion Vertical de Larvas de Peces Fuera de La

Parguera, al Suroeste de Puerto Rico

La distribucion vertical de las larvas de peces fueron descritas de las muestras
colectadas estrati6cadas verticalmente, por medio de arrastres escalonados a tres
profundidades dentro de la capa mixta superficial  superficie 0-20m, profundidad
media 21-40m y zona profunda41-60m!. Los per6les de densidad de aguapara los
meses de febrero y mayo muestran una ~caci6n permanente con picnoclinos
bien formados asociados a un aumento en salinidad y una disminuci6n en la
temperatura con mayor profundidad. Las larvas de arrecife de coral en etapa de pre-
flexi6n, no mostraron diferencias estadisticamente significativas en los patrones de
abundancia en su distribuci6n vertical dentro de la capa mixta. Solo unas cuautas
famiTias de larvas enlaetapapost-Qexi6n mostrarondiferencias significativas ensu
abundancia para las distintas profundidadeso entre el dlay lanoche. Laabundancia
de las larvas de las fauuTias oceduncas Myctophidae, Gonostomatidae y
Photichthyidae aumentamn con profundidad al igual que las larvas de arrecife de
coral de las farnihas Gobiidae y Scaridae. Por el contrario las larvas de peces del
orden Clupeiformes y las familias Pomacentridae, Haemulidae y Holocentridae
fueron mas abundantes en la zona de superficie dentro de la capa mixta Las larvas
de la 5anilia Lutjanidae fueron encontradas mayormente en la profundidad media.

Elniveltaxon6mico deam1lisis Familia! ~o en cate estudiopuedenhaber
enmascarado las teudencias en distribuci6n vertical a nivel de especie.

Ademis, la distribuci6n en agregado fue muy alta e impone un alto margen de
variabilidad en la abundaucia promedio en cada profundidad.

PALABRAS CLAVKS: Las Iarvas de peces, distribuci6n vertical, Puerto Rico
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Kstimaciones de la CPUE de la Flota Camaronera de
Campeche  Golfo De Mexico! A Trav' de nn Modelo Lineal

Generalizado

l. RAMOS-MlWNDA., F. GOMEZ-CIUOLLO, A. SOSA-LOPEZ, y D.
FLORES-HERNANDEZ

Centra EPONEX; Universidad Autdnoma de Campeche
Av. Agustin Melar sin

CanxPeche 24030, Camlpeche Ndrico

En el presente estudio se xealiz6unamQisis de la CPUE perteneciente ala flota
camaxonera de Campeche durante la temporada de pesca 1997 en el Golfo Monaco
mediante la aplicaci6n de un Modelo Lineal Generalizado  MLG!. Se utilizaron
240 bitkcoras de pesca pertenecientes a 171 barcos camaronexos, obtenibndose 33
940 xegistxos por lance de caphmL Adicionalmente se utiliz6 la informaci6n
correspondiente a las can~sticas de la flota camaxonera y en combinaci6n con
la informaci6n de las bitkcoxas se realiz6 una matriz con la siguiente informaci6n:
nombre de la embarcaci6n, fecha de salida y por lance, hors de inicio y t6rmino,
zona de pesca  latitud longitud!, profundidad, captura por especie y caracteristicas
de bmco: eslora, potencia de motor, a5o de construcci6n, capacidad de bodega,
axqueo neto y bruto y material de casco. Iuicialmente con el fm de evaluar la
relaci6n entrelascaracteristicas fisicas�de lsembaxcaciones variable indepexuheute!
y la CPUE  Kgfdlas efectivos de pesca por mes, corno variable dependiente!, se
xealiz6unmodelo de xegxesi6nmultiple obtem6ndose solamenteel axqueo neto y la
capacidad de bodega corno signifxcativos. Estas c~sticas junto con las
variables de las bitkcoras de pesca y sus xespectivas variables ADunmxy. fuexon
utilizadas en el MLG, para esto se consider6 lo siguiente: la captura de camar6n
total mensual, 5 niveles de capacidad de bodega �-15 ton, 16 a 30 ton, 31 a 40 ton,
41 a 50 ton, > a 51 ton!, tres niveles de axqueo: 39.5 a 70 ton, 71 a 90 ton, 91 a 110
ton!, tres niveles de profumhdad  < a 20 brazas, 20- 40 ~ 40 a 100 brazas y
0-100 brazas! tres kens depesca� = Regi6n entre Tamaulipas y norte de Vexxxcxuz,
2 = Sonda de Campeche y 3 = Contoy! obtenibndose que el modelo se explica
significativamente  p < 0.05! en un 42 /o  r = 0.42!. Para xealizar el modelo se
utiliz6 corno mes de referencia agosto por ser el mes de mayor capture Este
modelo penniti6calcular el Poderdepescaylacorxespomhente CPUE ajustadapara
cadames, pxofundidadycapacidaddebodega, observdndoseque el comportamiento
de la CPUB es diferente a nivel espacial con mayor captura en la regi6n 1 y 2 y esta
influenciado directamente por la temporada de veda ya que la mayor captura
obedece directaxnente a la apertura de la temporada de pesca.

PALABRAS CLAVES: CPUE, Golfo de Mexico, Flota camaronera
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CPUE Estimations of the Campeche Shrimp Fleet  Gulf of
Mexico! Using a Generalized Linear Model

In the present work CPUE data of the Campeche shrimp fleet operating in the
Gulf of Mexico were analyzed for the year 1997 using a Generalized Linear Model
 GLM!. Data were extracted &om 240 logbooks of 171 shrimp vessels that
summarized 33940 records of landmg-catch. Additionally data included vessels
characteristics  vessel name, overall length, horsepower, age built, gross tonnage,
net tonnage, carrying capacity, hull material! landing location  Longitude and
latitude!, depth, fishing area and catch by specie. This information was integrated
in a matrix including CPUE  Kgleffective day of fishing! as the dependent variable.
A preliminary multiple regression analysis showed that net tonnage and c urying
capacity were significant vessel characteristics. These variables plus landing
locations, fishing area and depth were included as ranges codified in the GLM as
follow: Shrimp monthly catches, five levels of ~g capacity �-15 tons, 16-30
tons, 31-40 tons, 41-50 tons, > to 51 tons!, three levels of net tonnage �93-70
tons, 71-90 tons, 91-110 tons!, three levels of depth  < to 20 fathoms, 20-40
fathoms, 40-100 fathoms and 0-100 fathoms! three areas of fishing � = Region
between Tamaulipas and north of Veracruz, 2 = Campeche Sound y 3 = Contoy
zone!. The GLM resultant was sigmficant  p > 0.05!, explaining a 42 /o  R'=0.42!
of the shrimp monthly catches. To carry out the eslhnations, August catches were
used as reference since it was the month with the highest shrimp catch. This model
allowed us to estnnate the fishing power and fitted CPUE values by month, depth
and carrying capacity. We could observe that CPUE changed withrespect to spatial
strata with!he greatest on the regions 1 and 2. These regions are influenced directly
by the fishing restricted period. The highest catches were observed after restricted
6shing period is opened.

KEY WORDS: CPUE, Gulf of Mexico, shrimp feet

Peche sur les Frayeres de Merous en Martinique

L REYNAL

1fr emer, Pointe Fort, 97231
Le Robert, Martinique  Antilles Pangaises!

Une enquete a et' ~ en Martinique pour faire suiteaux propositions faites
lors de la derniere reunion du GCFI sur les y6ches sur kayos de ious. Cette
enquete revile 1=existence de ce type de psyche sur une esphce: Alphester afer et
marginalement sur Epinephelusfulvus. Une premiere description des techniques de
peche et de leur evolution est faite. Une localisation grossiere des zones ou se
pratique cette activity est bgalement yrbsenth:.
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MOTS CLES: Frayeres de Mhous, peche

Groupers Spavin ning Aggregation Fisheries In Martinique

Following the last GCFI meeting proposition on groupers spawning
aggregations fisheries, a survey has been undertaken in Martinique. This survey
reveals that fishing occurs on one species Alphester afer and marginally on
Epinephelus fulvus. This poster present a first description of the fishing techniques
and their evolution. A rough localisation of this fishing areas is pzesented.

KEY WORDS: Grouper spawning aggregation, fisher

The Use of Fish Traps in Puerto Rico: Current Practice, Long
Term Changes, and Fishers' Perceptions

M. SCHAI~' M. PRADA' R. APPELDOORN' R. HILL
P. SHERIDAN', and M. VALDkS-PIZZINI'

'Departtnent of Marine Sciences
University of Puerto Rico

Recinto Universztdrio de Mayaguez
hkryagNez, Puerto Rico NM1

National Afarine Fisheries Service, NOAA
4700Ave. U

Galveston, Tezas 77551 UR4
Center for Applied Social Research

University of Puerto Rico
Recinto Universztdrio de Mayaguez

Mayaguez, Puerto Rico 00681

Traps are used extensively in the Caribbean region for catching fishes and
crustaceans in diverse habitats, and traps may affec the natural dynamics ofhabitats
as well as exploited populations. An interdisciplinary study incorporafing fisher
knowledge and quantitative field surveys is investigating the habitat effects of traps.
Heze, we report on trap fishing methods today and fishers' perception of current
trends and localized problems in Puerto Rico. Forty-seven trap fishers representing
5 regions  north, south, east, west, and islands! were interviewed on site about gear
construction, effort, habitat preferences and fishers' perceptions of the main
problems in the fishezyand theirpossible solutions. Materials used in 6shtraps have
been changing, over time; however, the main routine for setting traps remains
generally the same with some localized variations. Despite its traditional dominance
in local artisanal fisheries, more than half of the interviewed trap fishem have
reduced their number of traps; therefore individual effort seems to be declining.
Coral reefs were not reported as a preferred 6sh trap location, but rather areas
adjacent to reefs  sand, seagrass, gorgonian, and algal habitats! are targetezL 'Ihe
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main problems reported by fishers in Puerto Rico are trap theft, loss of buoys, and
envimnmental degradation, problems that correspond to increasing effort by
commercial divers, increasing numbers of mcreational vessels in fishing areas, and
coastal development. Additionally, the numbers of unregulated recreational vessels
and the increase in trap/catch theft in fishing areas have promoted the use of
unbuoyed traps, which in turn leads to an increase in ghost traps. Ghost traps are
known to continue fishing long after they are lost and may be causing unknown
effects on fishing grounds, therefore trap loss needs to be considered in fisheries
management regulations. Some suggestions to alleviate these problems include
enforcement at sea and zoning schemes.

KEY WORDS: Fish traps, practices and perceptions, Puerto Rico

La Pesca de Nasas en Puerto Rico: Situaci6n Actual, Cambios
a Largo Plazo

y la Percepci6n de los Pescadores
Las nasas son utilizadas enlamayoriade las islas del Caribeparalacaptura

de peces y crustaceos en diversos hibitats, por lo que tienen un impacto sobre la
dinamica natural del lhlbitat y de las poblaciones pescadas. En un enfoque
interdisciplinario describimos lametodologia de la pesca de nasas actual en Puerto
Rico y la percepcion de los pescadores sobre los cambios y problemas en la
pesquei1a. Cuarentay siete pescadores de 5 xegiones  norte, sur, este, oeste e islas!
fueron entrevisnidos in situ. EI pmp5stio de la encuesta em describir el mbtodo de
construcci6n de las nasas, el tipo de esfuerzo, preferencias de hlbitaty lapercepcibn
de los pescadores sobre los principales problemas de la pesqueria y sus posibles
soluciones. Losresultadosindicanqueel material ubTizado enlas nasashacambiado
aunque la manera en que se utilizan se ha mantenido igual con algunas variaciones
por localidad. A pesar de ser el arte de pesca tradicional de Puerto Rico, mas de la
mitad de los duenos de nasas han reducido el niunero de trampas, y por ende, el
esfuerzo. Los arrecifes de coral no son la localidad pieferida para pescar con nasas,
pero si las Seas adjacentes a custos  rastreales, yerbazales, fondos de algas y
gorg6nios!. Los mayores pmblemas que afectan a los pescadores de nasas en
Puerto Rico son: el robo de artes de pesca, la perdida de boyas y la degradaci6n
ambiental, entre otros. Estos problemas estrin correlacionados al anmento en el
esfuerzo pesquero por parte de los buzos, el aumento en el numem de
embarcaciones recreafivas en Areas pesqueras y el desarroHo costero. El aumento
desregulado de embarcaciones en las areas de pesca ha causado el uso de nasas
'ahogadas'  sin boyas!, lo que haprovocado un aumento en la phdidadel arte. Las
nasas perdidas tienen un efecto en los hibitats y debe considerarse en las
regulaciones de manejo de pesquerias. Algunas sugerencias para aliviar estos
pmblemas incluyen vigilancia en el mar y zonificacion de aguas costeras.

PALABRAS CLAVES: Las nasas, situacion actual, percepcion
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Cultivo en el Laboratorio del Gasterbpodo
Melongena corona bispinosu  Neogastropoda: Melongenidae!

MIGUEL ANGEL TAPIA ARJONA y DALILA ALDANA AIU&1DA
Laboratorio de Biologz'a Marina C11WVESTAV IPN, Unidad Mdrida

Em 6, Ant. Carr. A Progreso, C.P. 97310
Mdrida, Fucatdn, Mdxieo

El gastez6podo Melongena corona bispinosa zepresezzta una fuente de tzabajo
para los habitantes de Chubumfi Yucatka, Mexico, donde esexplotado durante todo
el allo de manera artesanal por res de todas las edades. El 70 '/o de la
poblaci6n �,000 habitantes! realiza la pesca de este caracol, extrayendo en
promedio 3 kg de pulpa por persona en una jornada de 8 horas dando un total de 40
toneladas anuales de peso vivo y la captura de 12 millones de organismos.

En el trabajo se debmun6 el efecto de dos alimentos a tres raciones sobre el
czecimiento y sobzevivencia de Melorigena corona bispinosa. Estos fuemn: tej ido
blando de la almeja Polymesoda maritima, que es el aHmento natural de estos
oq pmismos y alimento para tilapia Las raciones fuezon pmporcionadas al 3 /o, 6
/o y 9'/o de la biomass humeda de los orlznismos. Las tasas de czecimiento diario
en''.zminos de longitud de laheliconcha de M corona bispinosa aHmentada con la
ahneja fuemn: al 3 /o, 32 cm/dia y 4 pg/dia en peso hdmedo total. Al 6 /o, 28
cm/dfay 5 pg/diay al 9 /o, 29czn/dfay 6 pg/die Con el ahmento para tilapia, la tasa
de ~ento obtenida fue igual para las tres raciones, siendo de 12 cm/dIa y 3
pg/dim La mayor sobrevivencia se obtuvo con el lote de organismos amentados con
alimento para tilapia al 6 '/e. Se zealiz6 el amllisis entre dietas y raciones con
diferentes indices fisio16gicos de condici6n.

M corona bispinosa posee caractezisticas adecuadas para su manejo, aportando
este trabajo algunas de las bases para un pzogzama de engorde y cultivo.

PALABRAS CLAVES: Gaster6podo, Melongena corona bispi nasa, alimentaci6n,
cultivo

Culture in the Laboratory of the Gasteropod Mefongena
crowns bispinosa  Neogastropoda: Melongeuidae!

The gastezopod Melongena crowns bispinosa represents a souzce of work for
the inhabitants of Chubuznl Yucatan, Mexico, where artisanal fishing is cozwhzcted
thzough the year. Seventy pezcent of the population �,000 inhabitants! make the
fishing of this snail, extractzng in average 3 kg of pulp per person in a day of 8 hours
giving a total of 40 tons annual of alive weight and the capture of 12 million
organisms. In this work the effect two diets, at three ration levels, was determined
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on the growth and survival of Melongena crowns bispinosa. These werc: soft tissue
of the marine clam Polymesoda, that is the natural food of these organisms and the
second was tilapia feed . The rations were provided to 3 /o, 6 /o and 9 /o of the
meat biomass of the organisms. The rates of daily growth in length terms of
heliconcha of M. crown bispinosa fed with the clam were: to 3 /o, 32 mm/dia and
4 gg/diain total wet weight. To 6 /o,28 mm/dla and 5 pg/diaand to 9 /o,29
mm/dia and 6 pg/dia. With the food for tilapia, the obtained rate of growth was
equal for the three rations, being of 12 mm/dia and 3 pg/dia The greater survival
was obtained with organisms fed with food for tilapia at 6 '/o. It was made the
analysis between diets and rations with dif5mmt physiological indices &om
condition. M crowns bispinosa has characteristics adapted for their handling,
contributing some of the bases for a culture program to enhance yield

KEY WORDS: Gasteropod, Melongena crowns bispinosa, feeding, culture

Caracterizacion de los Paisajes que Integrau la Estructura
Bentonica de la Zona Costera de Chabihau, Yucatkn, Mexico

R. TEJA-GARCIA, D. VERA-MA'NRIQUE, y E. BATLLORI-SAMPEDRO
Laboratorio de Hidrobiologia, CIVVESTA V I P.N. Unidad Merida

Antigua carretera a Progreso km 6 SÃgpdo.
Postal 73, Cordemer, C.P. 97310

Mdrida, Yucatdn, M&ico

El objetivo de este tmbajo fue estudiar los diferentes paisajes bent6nicos que
conforman el ambiente marino de la zona costem de Chabihau, Yucathn, Mexico.
Se estudi6lacomposici6ngeo-morfofimcional del bentosmediante latomayan@isis
de video-transectos. Esta Oknica es un mbtodo que permite analizar comunidades
bentonicas sin deteriorar su ambieute. Para observar tendencias de agrtqmniento
se aplico a los datos un mbtodojerhrquico de agrupamiento y el indice de similitud
de Gower. Se observaron tres principales paisajes subacuaticos: cama de pastos,
coberturas algales y blanquizales. Con estos datos, se reaiim la clasificaci6n
supervisada de una imagen satelital ~SAT TM de la zona de estudio, se
ubicarongeograficamente los diferentespaisajesy se realizo unaestimaci6ndel Brea
comprendida por cada uno de estos. La zona de estudio posee un arnplio potencial
productivo porla presenciadenumerosas cspecies de importancia socio-econ6mica,
corno el camar6n, que se reproducen y crian en Ia zona de humedales adyacentes,
para finahnente habitar los diferentes paisajes marinos de Iaregi6n. La informaci6n
aqui generadaproporciona un amplio panorama sobre los paisajes que conforman
la zona y constituye el conocimiento hhico para la realizaci6n de estudios futuros
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enfocados en la planificacion y manejo sustentable de Ios recursos en esta regi6n.

PALABRAS CLAVES: Ecologiadel paisaje, paisajes subacuaticos, video-transecto,
camaron, manejo sustentable

Characterization of the Benthic Landscape and Structure of
the Coastal Zone of Chabihau, Yucatkn, Mexico

The objective of this work was to study the different bent6nic landscapes that
they conform the marine environment of the coastal zone of Chabihau, Yucatan,
Mexico. We studied the geo-morfofunctional composition of the benthosby taking
and analyze of video-transects. This technique is a method that allows to analyze
bentonic communities without disturbing its environment In order to observe
group tendencies we applied to the data a hierarchic method of group and the index
of similarity of Gower. Three main subaquatics landscapes were observed: bed of
grass, seaweed and sandy covers. With these data, we made the supervised
classification of a satellite image of LANDSAT TM of the zone of study, the
different landscapes were located geographically and we made an estimation of the
represented area by each one of these. The zone of study has an ample productive
potential by the presence of numerous species of socioeconomic importance, hke the
shrimp, that reproduce and raise in the zone of adjacent wetlands, finally to inhabit
the different marine landscapes fium the region. The Information generated in this
study provides a wide panorama on the landscapes that conform the zone and
constitutes the basic knowledge for the accomphshment of future studies focused
in the planning and sustainable handling of the resources in this region.
KEY WORDS: Ecology of aquatic landscapes, video transects, shrimp, sustainable
management
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Use of Single-stranded Conformational Polymorphisms
 SSCPs! to Detect Species Relationship and Population
Structure in Ehizoprionodort terraenovue and R, porosus

TERRANCE N. TODD', ROCKY WARD', and LEMAN WALDBESER'

'Texas 2 k M University
6300 Ocean Drive

Corpus Christi, Texas 78412
Perry R. Bass Marine Fisheries Research Station

Texas Parks and 8"ildlife Department
Palacios, Texas 77465 USA

The Atlantic Sharpnose Shark, Rhizoprionodon terraenovae, and the Caribbean
Sharpnose Shark are small coastal-temperate and tropical sharks of the continental
shelves that overlap in distribution along the Gulf ofMexico, Florida and amund the
Yucatan Peninsula to the Caribbean SeL In order to properly distinguish between
the two species, current methods require counting caudal and precandal vertebrate.
These species used to be highly abundant within their prospective ranges, butcurrent
fisherypressures havecaused declines in landing. Assessment ofpopulationsize and
structure is necessary to deternnne future management plans for this species. Use
of SSCPs is a viable method to differentiate between the two species and to measuie
population structure. SSCP analysis was able to detect unique haplotypes indicative
to a particular species. Use of sequencing confirmed the variation between the
species with an estimated nucleotide divergence as high as I.08 /o. AMOVA
analysis comparing Atlantic sharpnose sharks collected in the Bay of Campeche with
samples obtained &om four other sites throughout the Gulfof Mexico and along the
Northwestern Atlantic Ocean found that the elevenhaplotypes observed wereevenly
distributed throughout the range {Osr = 0.022, p = 0.191!. However significant
differences were observed in pairwise analysis between the Bay of Campeche and
other sites. These differences disappeared when samples were examined based on
temporal data suggesting that genetic bottlenecking is occurring in the R.
terraenovae along the Mexican Coast.

KEY WORDS: SSCPs, Atlantic and Caribbean sharpnose shark, Rhizoprionodon
terraenovae, R. porosus
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Uso de los Polimorfismos Solo-trenzados de Conformational
 SSCPs! de Detectar la Relacion de la Kspecie y la Estructura

de la Poblacibn en los de Rhizoprionodon terruenovue y R.
porosgs

Los tiburones atlanticos de tenaenovae el Rhizoprionodon de Sharpnose, y el
tibumndel Caribe Sharpnose son tiburonescostem-templadosytmpicalespequeilos
de las plataformas continentales que se traslapan en la distribucibn a lo largo del
golfo de Mexico, la Florida y alrededor de la peninsula de Yucatan al mar del
Caribe. Para distinguir cotrectamente entre las dos cspecies, los mbtodos actuales
hay que contar el vertebrado caudal y precaudal. Estas cspecies eran altamente
abundantes dentm de sus gamas anticipadas, pero las presiones actuales de la
industria pesquera han causado declinaciones en el aterrizaje. El gravamen del
tamano y de Iaestructurade Ia poblaci6n es necesario determiner los planes futuros
de la gerencia para esta especie. El uso de SSCPs es un metodo viable a distinguir
entte las dos cspecies y paramedir laestructura de lapoblacion. El emesis de SSCP
pea detectar los haplotypes unicos indicativos a una especie particular. El uso de
ordenar confirmb la variaci6n entre la especie con una divergencia estineda del
nucleotide de hasta 1,08 /o. El ar41iisis de AMOVA que comparaba tiburones
athhdicos del sharpnoserecogi6enlabahiade Campeche con les muestras obtenidas
a partir de cuatro otros sitios a travbs del golfo de Mexico y a lo largo del Octo
Athintico del nomeste encontr6 que los once haplotypes obscrvados fueron
distribuidos uniformemente a trav&, de la gama  ST = 0,022, p = 0.191!. Las
diferencias al menos signiificativas fuemnobscavadas en enparejas analisis entre la
bahia de Campeche y de otms sitios. Estas diferencias desaparecieron cuando las
muestras fuemn examinadas basaron en los datos temporales que sugerian que el
bottlenechng genetico estk ocumendo en los ternmuvae del R. a lo largo de la
costa mejicana

PALABRAS CLAVES: SSCPs, Tibm6n de atlantico y del Caribe del sharpnose,
Rhizoprionodon terraenovae, L porosus.
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Large Eddy, Small Eddy: Supplying Recruits to the South
Florida Ecosystem

CYNTHIA YEUNG', JOHN LAMGhP, DAVID JONES', MARIA CRIALES',
and WILLIAM RICHARDS'

'Cooperative Institute of Marine and Atmospheric Studies
Rosenstiel School of Marine and Atmospheric Science

University of Miami
4600 Ricltenbaciter Causeway
Miami, Florida 33149 USA

~NOAA Fisheries, Southeast Fisheries Science Center
75 Virginia Beach Dr.

Miami, Florida 33149 USA

Where spawning and juvenile habitats are spatially disjoint iu marine
populations, connectivity is important to ensure sustainability. In the diverse
subtropical marine ecosystem of South Florida, keystone species such as snappers
 Lutianus spp !, spiny lobster Panulirusargus!, and pink shrimp Farfantespenaeus
duorarum! use the shaHow, estuarine Florida Bay for nursery. Aprincipal spawning
ground lies in the Dry Tortugas archipelagos some 150 km upstream of the Bay. A
large, semi-permanent cyclonic eddy &equently resides at the Dry Tortugas for
periods of 1-3 months. Its evolution is modulated by the flow configuration of the
Loop Current upstteam in the Gulf of Mexico. Eventually, the Tortugas eddy
moves eastward from the Dry To~ propagating downstream in the form of a
transient eddy towards the coastal waters offshore of Florida Bay. The eddy
diminishes in dimensions with progress and ultimately disintegmtes. The evolution
of the Tortugas eddy provides a mechanism for the retention and nourishment of
early life stages at the spawning source. The subsequent progress of the eddy
downstream provides tratmport to the juvenile nursery. The association of eddy
formation with the major boundary current in the Intra-Americas Seas also implies
possible connections to Caribbean sources of recruits further upstteam To
determine the significance of the eddy process to the supply of early life stages to
the South Florida ecosystem, we followed the evolution of the Tortugas eddies
using ~llite SST and SSH imagery, and sampled within and around these eddies
on separate occasions. We expect to find high concentrations of early life stages
along the edge of an eddy, to indicate retention; when an eddypasses offshore of the
channels that connect coastal waters with Florida Bay, we expect to find high influx
of early hfe stages through the channels, as evidence of onshore transport.

KEY WORDS: Recruitment, eddies, Florida Bay
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Giros grandes, Giros pequeSos- Proveen Recletas al
Kcosistema del Sar de la Florida

En el ecosistema marino, subtropical y diverso del sur de Ia Florida, cspecies
CLAVES corno pargos  Luj tanus spp.!, langostas  Panulirus argus! y camarones
 Farfantespenaeas duorarum! usan las aguas someras de la Bahla de la Florida
corno Seas de cria para sus juveniles. Una de las ham principales de desove se
encuentraubicadaen el archipelago de Dry Tortugas aunos 150 hn comente arriba
de la Bahia. En dicha hna se presenta un giro grande ciclonico que reside por
periodos de 1-3 meses. Su evoluci6n es modulada por la con6guraci6n del Qujo
hacia arriba de la comente del Golfo de Marco. Eventualmente, el gim de las
Tortugas propagdndose comente abajo en forma de un giro transitorio hacia las
aguas costeras de la Bahia de la Florida, disminuyendo progresivamente su
dimensi6n hasta que finalmente se desintegra La evoluci6n del giro de Tortugas
proporciona un mecanismo para la tetenci6n y alimentaci6n en los estadios
tempranos de desarroHo para aquellas cspecies que utiTizan corno areas de desove
las cenmnas al giro. El progreso subsiguiente del giro proporciona el transporte a
los habitas de desarrollo de juveniles. La asociaci6n de la formaci6n del giro con la
corriente mayor en los mares Inter-Americanos ademks reluesenta posibles
conexiones a fuentes de reclutas comente am' Para detenninar el papel del
proceso del giro en el suministm de etapas tempranas de vida al ecosistema del sur
de la Florida, sb monitoreo la evoluci6n de los giros de Tortugas por imkgenes
satelite de SST e SSH, muestrehadose dentro y alrededor de estos giros en
ocasiones separadas. Esperamos encontrar concentraciones altas de etapas
tempranas de vida a lo largo del paso del giro corno un indicador de retenci6n. El
paso de un giro cerca de los canales que conectan aguas costeras con la Bahia de la
Florida suponemos produzca una entrada alta de etapas tempranas de vida a los
canales, corno evidencia del transporte a la Bahia

PALABRAS CLAVES: El giro, Bahia de la Florida
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Coberturas Subacuaticas de la Zona Marina Costera De

Chabihau, Yucatkn, Mexico: Analisis de una Imagen Satelital
TM del Ano 1997

D. VERA-MANRIQUE, E. BATLLGRI-SAMPEDRG,
E. ~OZA, y G. AVILES

Laboratorio de Hidrobiologia, CINVESTAV I.P.N. Unidad Merida
Antigua carretera a Progreso km 6 S/N
Apdo. Postal 73, Cordemex, C.P. 97310

Merida, Yucatin, Mexico

Se realizo unestudio cualitativoy de distribuci6n de las coberhnus subacuhticas
que conforman el fondo marino de la zona costem de Chabihau, Yucathn, Mexico,
a partir del registro visual de 24 estaciones y de la clasificaci6n supervisada de una
imagen de satellite Landsat TM  Thematic Mapper! del area de estudio, tomada en
el allo 1997. Fueron identificados seis coberturas diferentes: �! came de pastos de
Thalassia sp, �! cama depastos de Syringodium, �! pastos escasos de Thalassia sp,
�! Algas escasas, �! Algas densas y �! blanquizales. La cobertura pmlominante
fue la cama de pastos de Thalassia sp, la cual represento el 31.49/a del area total.
Este trabajo constituye un esfuerzo complementario en la creacibn de un Sistema de
mformacidn Geogrhfica SIG! de laporci6n marina de estahreay forma parte de un
estudio integral que pretende obtener el conocimiento basico que permita alcanzar
un manejo sustentable de los recursos naturales de la regi6n.

PALABRAS CLAVES: Ecologia del paisaje, coberturas subacuaticas, manejo
sustentable, percepcidn remota, Sistemas de informacion geogrAfica.

Subaquatic Covers in Marine Portion of the Coastal Zone of
Chabihau, Yucatan, Mexico:

Analysis of Satellihd Image TM from 1997

A qualitative and distribution study about subaquatic covers was achieved in the
marine portion of the coastal zone of Chabihau, Yucatan, Mexico, fiom visual
samples of 24 localities and Irom the supervised classification of an satellite image
Landsat TM  Themafic Mapper! of this study zone &om 1997. Were identified six
different subaquatic covers: �! seagrass beds of Thalassia sp, �! seagtms beds of
Syringodium, �! scarce seagrass of Thalassia sp, �! scarce seaweeds, �! dense
seaweeds and �! sand flats. The seagrass beds of TI&assia sp was the predominant
landscape, with 31.49 '/o of cover. This work represent a complementary effort on
the creation of a Geographic Information System  GIS! about the marme portion of
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this area, and form part of an integral study that intend to obtain the basic
knowledge that allow to reach a sustainable management ofthe natural resources of
the region.

KEY WORDS: Landscape ecology, subaquatic covers, sustainable management,
remote sensing, Geographic Information Systems.

Cohort Strength and Size at Age of Red Dram Sciaentpps
ocelENtus from the Northern Gu}f of Mexico: 1986-1988 and

1997-1998

CHARLES A. WILSON'~ and DAVll3 L. MELAND'
'Department of Oceanography and Coastal Sciences

Coastal Fisheries Institute

School of the Coast and Environment
Louisiana State University

Baton Rouge, Louisiana 70803-7503 UZI

Red drum Sciaenops ocellatus were randomly sampled &om among large
schools captured with purse seine gear during the National Marine Fisheries Service
tag-recaptine efforts of 1986-1988 �980s! and 1997-1998 �990s! in the northern
Gulf of Mexico. Totals of 1,352 specimens &om the 1980s sampling and 929
specimens &om the 1990s sampling wereprovided for age analysis. Ages estimated
&om counts of otolith annuli ~ &om 2 to 35 years and &om 2 to 42 years in the
1980s and 1990s, respectively. The 1980s sample population was dominated by
individuals &om the 1971-1974 cohorts while the 1990s population was largely
composed of specimens &om the 1990-1993 cohorts. Fork length data indicate a
recent decrease in size at age amongyoungerred drum. Compared during maximum
growth early in life  age 3.5 - 6 years!, red drum caphued in the 1990s were on
average 91 o/o - 93 o/o the length o f ~ens taken in the 1980s.

KEY WORDS: Red drum, Sciaenops oceltatus, age estimates

Fuerza y Tamano de la Cohorte en la Edad de ia Corvina
Roja Screenops ocellutus dei Noroeste del Golfo de Mexicot

1986-1988 y 1997-1998

Especimenes de corvina  Sciaenops ocellatus! fueron seleccionados al azar de
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colectas realizadas mediante una red de cerco durante los muestreos de captura y
recaptura por el Servicio Nacional de Pesquerias Marinas en 1986-1988  80s! y
1997-1998  90s! en el norte del Golfo de Mexico. Un total de 1352 individuos
provenientes del muestreo de los 80s y 929 individuos del muestzm de Ios 90s
fueron analizados en su edad. Las edades fueron estimadas a partir de conteos de
otolitos anuales con un rango de 2 a 35 aiios para los 1980s y de 2 a 42 anos para
los 1990s. La poblacion muestzeada en los 19$0s estuvo dominada por individuos
de las cohortes de 1971 a 1974, mientras que la poblacion de los 90s estuvo
compuesta en su mayoria por individuos de la cohorte de 1990 a 1993.
Recientemente, la longitud fuzcal indica una disminuci6n de Ias tallas de la misma
edad entre los individuos mas j6venes de corvina. Una comparacion de crecimiento
maximo en los estadios tempzanos {edades de 3.5 a anos!, seziala que las corvinas
capturadas en los 90s alcanzaron solo, en promedio, un 91 a 93 'io del largo de los
especimenes capturados durante el muestreo de los 1980s.

PALABRAS CLAVES: Corvina, SciaenoIzs ocellatus, las edades fueron
estimadas

La Pesqueria de la Almej a Mercenuriu sp. ea Mexico

ARMANDO T. WAKIDA KUSUNOKI ' y CLYDE L. MACKENZIE, JR. '
'Instituto ¹cianal de la Pesca

Centro Regional de Investigacion Pesquera de Cd del Carmen.
Ave. Hh oes del 2I de Abril sin Col. Playa Norte.

Cd del Carmen, Campeche, Mexico
James J. Howard Laboratory

Northeast Fisheries Science Center National Marine Fisheries Service, NOAA
74 Magrlder Road,

Highlands, New Jersey 07792 UX4

Se realizaron censos pesqueros socioecon6micos durante 1998, 1999 y 2002,
donde se entrevisto apescadores, compradores, personal del gobiemo y gente local,
con el objetivo de reportar las areas donde se localiza la ahneja Mercenaria sp.,
ademks se describen algunos aspectos de lapesqueria, corno: equipos y metodos de
captura, horas de trabajo y comercializaci6n. Se encontzo que en Ia mayoria de las
&eas visitadas, la extzacci6n es esponidica y su consumo es domestica, unicamente
en la Laguna del Carmen, Tabasm existe una pesca comercial incipiente, aunque
existenpequeihs extracciones en Tamaulipasy El Bellote, Tabasco. Las capturasen
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la Laguna del Carmen, Tabasco de 1995 a 1998 fueron de ahededor de Ias siete
toneladas. Enesta zona existen 20pescadores de ahneja, todos ellos hombres, cuyas
edades fiuctuan entre 15 y 20 anos. Se trarmportan a las areas de captura en lanchas
de 7.5 metros de Iongitud. El m8odo de captura es manual y medi~ tacto con los
pies a una profundidad de 1 y 1.20 m. Cada pescador extrae de 2DG a 250 almejas
en una jornada de cuatro horas. El precio pagado por almeja a los pescadores varia
dependiendo del tamano  $0.40 a $0.80 pesos por pieza! y el precio de venta en
los mercados vadesde $1.5D a $2.00 pesos. Los lugares donde se comercializa son:
la capital, diversas ciudades y poblaciones del pais corno son Oaxaca,
Coatzacoalcos, Ueracruz y Paraiso. La pesqueria de esta ahneja se encuentra
subdesarrollada debido a la poca demanda local. Existe poca informacion sobre el
potencial de los bancos de almeja, asi corno su biologia y ecologia, por lo tanto, se
recomienda realizar estudios para conocer la disponibilidad del recurso en las
diferentes zonas para recomendar futuras medidas de administracibn para su
extraccion.

PALABRAS CLAVES: Almeja, Mercenaria sp., la pesqueria

Fishery of Clam Mercenuriu sp. in Mexico
Surveys were carried out during 1998, 1999 and 2002, interviews were

performed to fukermen, buyers, governmento15cers and local people. With the main
objective to report the existent areas where the clam Mercenaria sp. is located,
some important fishing issues as 6shing gears, harvesting methods, labor periods and
marketing were described. In most areas, chan harvest is uneven and has domestic
consumption, only in Cannen lagoon, Tabasco an incipientcommercial fishing exists,
although small extractions exist in Tamaulipas and El Bellote, Tabasco. Clam
harvest pmduction in Carmen Lagoon, Tabasco, &om 1995 to 1998 were around
seven tons. In this area exists 20clam fishennen, all are men, which age fiuctuation
is between 15 to 20 years. They attend the harvest areas using boats of 7.5 meters
of length. Harvest method is manual and it comprises "feet touching' to a depth of
1 to 1.20 m. Each fishera~ extracts 200 to 250 clams in one single trip of four
hours. The paid price by clam depends on size  $0.40 to $ 0.80 Mexican pesos by
piece! and the prices of sale in the markets are $1.50 to $2.00 pesos. Marketing
clam places are: Mexico City and other cities and towns such as Oaxaca,
Coatzacoalcos, Veracruz and Paraiso. Due to the demand's small scale, fishery is
underdeveloped. Few information about the potential of clam banks is available, as
well as their biology and ecology. Therefore, is recommended to carry out studies
to know the resource availability in the different zones to recommend future
management measures for extraction.
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KEY WORDS: Hardshell clam, Mercenaria sp., fishety

Ciclo Gonadico y Condicion Fisiologiea del Mejilion Tropical
Ischadium recurvum  Bivalviatmytilidae!

en el Snreste de Mexico

ARTURO GEORGE ZAMORA and DALILA ALDANA ARANDA

CINVFSTAV IPN Unidad Merida

Antigma Carretera a Progreso km 6.
Merida, Yucatan, Mexico. C P. 97310

En Mexico, layroducci6n de meji116n es reducida Esta pesqueria estk presente
solamente en la Pemnsula de Baja California. Los mejillones en M6xico han sido
poco valorados, pero con una explotaci6n local a lo largo de las costas del pais. El
mejillon curvado Isehadium renuvum se consume a escala regional y presenta un
potencial acuicola en la costa del Golfo de Mexico. En este trabajo, se determino
el ciclo gonk5co y tres indices de condici6n con el fin de establecer el periodo de
desove y la condicion fisio16gica de la poblaci6n de I. recurvum en la laguna de
Mecoacan, en el sureste de Mexico. Las muestras fueron obtenidas mensuahnente
durante un a5o. Se fijaron en bouin, se embebieron en parafina y se obtuvieron
cortes de 6 um de espesor. Las preparaciones se ti5eron con hematoxilina-eosina,
con las cuales se determin6 el ciclo gonhdico. Se defmieron cinco fases del
desarrollo gonhdico: gametogenesis, madurez, desove, postdesove e indiferenciado.
Los indices de condici6n fueron: yeso seco de tejidos/cavidad interns de h concha
 PST/CIC!, peso seco de tejidos / peso seco de la concha  PST/PSC! y peso seco
libre de cenizas / yeso seco de la concha  PSLC/PSC!. Se determiruuon dos
periodos de desove prolongados, de enero a mayo y de julio a octubre, con picos de
30 /o  marzo! y 40 /o  septiembre!, respectivamente. El patr6n de desove y
gametog6nesises similar aotrosmejilionestropicaies. El indicedecondicionmostr6
un incremento significativo en el perido octubre-marzo, indicando una produccion
somktica alta en este mitOido, comparado con otros mejillones.

PALABRAS CLAVES: Ischadittm reclrvum, ciclo goekhco, mejiI16n, Mexico,
Ieproducc16n.

Gonadic Cycle and Condition Index of the Tropical Hooked
Mussel Ischudium recurvum  Sivalvia: Mytilidae! in Southeast

Mexico

In Mexico, mussels production is almost inexistent. This fisher is present only
in Baja Cahfornia peninsula Mussels in M6xico had been low valued, but with local
exploitation along country s coasts. The hooked mussel Ischadium recurvum is a
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species consumed in a regional scale and with aquacultural potential in Gulf of
Mexico coast In this work, the gonadic cycle and three condition index of L
recarvum was determined for stabhshing, the spawning period and the physiological
status of I. renovum population in Mecoachn lagoon, m the Southeast of Mexico.
The samples were obtained monthly during a year and fixed in bouin, embebed in
parafin and cut for obtain 6 um thick slides. The staining method used was
hematoxihn and eosin. "Ae gonadic cycle was based in observations &om these
histological preparations. It was defined five phases of gametogemc development:
gametogenesis, matury, spawning, postspawnmg and indifferent. Physiological
condition index were: tissue dry weigh/shell cavity volume TDW/SCV!, tissue dry
weigh / sheH dry weigh  TDW/SDW! and ash &ee dry weigh / sheH dry weigh
 AFDW/SDW!. Two protracted spawning periods was determined, &om January to
May and &om July to Ochher with peaks of 3Q /o Match! and 40 /o  September!,
respectively. The patron of spawning and gametogenesis is shnilar to other tropical
mussels. The condition index showed a significative increment during Octuber-
March period, indicating a high somatic production for this mytihd, compared with
other mussels.

KEY WORDS: Ischadium recurvum, gonadic cycle, mussel, Mexico, reproduction




