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Southeast Fisheries 
Science Center 

SOUTIlEAST FISHERIES� 
SCIENCE CENTER� 

pro Bradfor4 E. Brown, Director 
75 Virginia Beach Drive 
.Miami, Florida 33149 
, (305) 3614286 

The Southeast Fisheries Science Center is 
comprised of six laboratories and a head
quarters office in Miami, Florida. Scien
tists within the laboratories collect data, 
conduct research, and provide scientific 
infonnation concerning the status and well 
being of Iiving marine resources ofsouth
eastern United States, Puerto Rico, U.S. 
Virgin Islands, and in the open Atlantic 
Ocean for large pelagic species. 

BEAUFORT LABORATORY� 

Dr. Ford A Cross, Director� 
101 Pivers Island Rd.� 

Beaufort, North Carolina 28516� 
(919) 728-8724� 

Scientists at the Beaufort Laboratory in
vestigate the location, extent, spatial 
change, fWlctions, and qualities ofestua
rine and marine habitats including natural 
and restored wetland systems. Research 
and stock assessments are conducted on 
menhaden, Atlantic reefresources, coastal 
pelagics, and sea turtles. 

CHARLESTON LABORATORY� 

Dr. Robert R Kifer, Director� 
217 Fort Johnson Road� 

Charleston, South Carolina 29412� 
(803) 762·1200� 

Scientists at the Charleston Laboratory 
investigate fishery issuesdealing with sea
food safety, wholesomeness, fishery man
agement, habitat use, molluscan shellfish, 
and protected species. Research areas in
clude marinebiotoxins, pathogens, chemi
cal contaminants, fishery forensics, 
molecular biology, and marine lipid 
chemistry. 

MIAMI LABORATORY� 

Dr. J~h E. Powers, Director� 
75 Virginia Beach Drive� 
Miami, Florida 33149� 

(305) 3614284� 

Scientists at the Miami Laboratory inves
tigate fisheries for tunas, marlins, sailfish, 
swordfish, sharks, and Gulf and Carib
bean reef resources. Research is also con
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ducted on population dynamics of re
gional fishery resources and protected 
species of sea turtles and manne mam
mals. 

PANAMA CITY LABORATORY 

Dr. Herman E. Kumpfand Dr. Churchill 
B. Grimes, Acting Directors 
3500 Delwood Beach Road 
Panama City, Florida 32408 

(904) 234-6541 

Scientists at the Panama City Laboratory 
conduct research to provide life history 
infonnation such as stock identification, 
age, growth, and reproduction of south
eastern fishery stocks. Laboratory scien
tists also conduct studies of regional 
charterboat fisheries. 

MISSISSIPPI LABORATORIES� 
Dr. Scott Nichols, Director� 

3209 Frederic Street� 
Pascagoula, Mississippi 39567� 

(601) 7624591� 

Scientists at Mississippi Laboratories 
(consisting of facilities at Pascagoula 

and the Stennis Space Center) conduct in
vestigations and surveys using research ves
sels and aircraft of fishery and marine 
mammal resources in the Gulf ofMexico. 
Research is also conducted on space tech
nologyapplications forrecreational and com
mercial fisheries. The NOAA fishery 
research vessels, Oregon II and Chapman, 
are docked at the Pascagoula facility and 
managed for fishery research missions. 

GALVESTON LABORATORY 

Dr. Roger J. Zimmennan, Acting Director 
4700 Avenue U 

Galveston, Texas 77550 
(409)766-3500 

Scientists at the Galveston Laboratory in
vestigate fisheries of shrimp and demersal 
fish. Research is conducted on brown, pink, 
and white shrimp forecasting, stock assess
ment, and on the biological value ofmarsh
lands and estuarine habitats for fishery 
resources. A nursery at the head-start facil
ity is used to rearendan$ered Kemp's ridley 
sea turtles from hatchlmgs taken from the 
natural nesting beach in Mexico. Addi. 
tional research is directed towards turtle 
habitat and physiology. 



Stock Assessment� 
Techniques 

The Southeast Fisheries Science 
Center, with headquarters in Miami, 
Florida, periodically updates its assess
ments of important living marine re
sources in the U.S. Atlantic Ocean, 
U.S. Gulf of Mexico, Puerto Rico, and 
the U.S. Virgin Islands. These assess
ments using data gathered from com
mercial, recreational, and fishery 
independent sources provide detailed 
information for state and federal fish
ery administrators, the fishing commu
nity, and the public in general. This 
report is based on those assessments 
and summarizes the general status of 
fishery resources through 1991. 

The report is divided into three 
major sections: Fishery Trends, Re Gray snapper 
source Surveys, and Species Synopses.� 
The Species Synopses section is com�
prised of ten subsectionswhich discuss� 
the status ofindividual species: oceanic indices ofabundance, as seen by mov�
pelagics, coastal pelagics, shrimp, reef ing vertically along the right side of� 
fish, groundfish, sharks, menhaden, reef Figure 1. A more complex approach� 

is when the catch data are combined invertebrates, marine mammals, and 
sea turtles. Some sections represent with research vessel survey data to 
species groups that are very numerous generate indices ofabundance, as seen 
(e.g., reef fish with more than 300 by moving vertically along the left 
species), and in those sections only side ofFigure 1. Thesetwoapproaches 
selected species are covered. are frequently supplemented with� 

knowledge of the life history gener�
ated from biological data from sam�

OVERVIEW OF pling fisheries and research catches.� 
ASSESSMENT APPROACHES Athirdapproach is to use the infonna�

tion about total stock size and popula�
In fisheries science, assessments tion productivity generated under the� 

are conducted in various ways depend first two approaches to determine the� 
ing on the natureofthe fishery, the type relationshipbetweenproductivity and 
and amount of data available, and the stock size~ this is referred toas produc
information required for management. tion models. Finally, for those species 
Figure I is a diagram ofseveral generic where the age composition can be 
ways in which surveyand catch data. in determined reliably, more detailed 
the lower left and right boxes respec analytic assessments can be devel
tively, can be combined to provide as oped that use the information in the 
sessmentadvice, illustratedat the top of age structure ofthe population and the 
the diagram. The simplest approach is catches to determine productivity. 
when catch data are used to generate 

The different information paths in 
Figure I result in assessment informa
tion having different levels ofsophisti
cation and reliability. The actual level 
ofcomplexity ofan assessment is deter
mined by the amount of inforination 
available and by the amount ofresearch 
required to interpret this information. 

F~HERYMANAGEMENT 

Fisheries occurring primarily in 
the Exclusive Economic Zone of the 
southeastern United States are man
agedunder Fishery Management Plans 
developed by the Gulfof Mexico Fish
ery Management Council (GMFMC), 
the South Atlantic Fishery Manage
ment Council (SAFMC), the Carib
bean Fishery Management Council 
(CRFMC)and ina few instances, under 
PreliminaryFisheryManagementPlans 
or Secretarial Fishery Management 
Plans developed by the National Ma
rine Fisheries Service (NMFS). Fisher
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ies occurring primarily in state waters 
are managed by the individual states or 
under Interstate Agreements under the 
auspicesofthe GulfStatesMariDeFish
eries CommissionortheAtlantic States 
Marine Fisheries Commission. Man
agement plans currently in place are 
shown in Tables 1 and 2. 

DEFINITION OF 
TECHNICAL TERMS 
(Alphabetical Order) 

Biological Reference Point.: 
Fishing mortality rates that may pro
vide acceptable protection against 
growth overtishing and/or recruitment 
overfishingforaparticular stock. They 
areusually calcu1atedfromequilibrium 
yield per recruit curves and stock re
cruitment data. Examples are F-.F0.1, 

and F3O'6SPR' 

Exploitation pa«era: The distri
bution offishing mortality over the age 
composition of the fish, determiDed by 
the type offishing gear and spatial and 
seasonal distributionoffishing, and the 
growth and migration of the fish. The 
pattern can be changed by modifica
tions to fishing gear; for example, in
creasing mesh or hook size, or by 
changing the ratio of harvest by gears 
exploiting the fish (e.g., gill net, trawl, 
hook and line, etc.). 

Exploitation rate: The propor
tion ofa population at the beginning of 
a given time period that is caught dur
ing that time period (usually expressed 
on a yearly basis). For example, if 
720,000 fish were caught during the 
year from a population of 1millionfish 
alive at the beginning of the year, the 
annual exploitation rate would beO.72. 

Fishing mortality rate: The part 
of the total mortality rate applying to a 
fish population that is caused by man'5 
harvesting. Fishing mortality is usu
ally expressed as an instantaneous rate, 
as discussed under Mortality rate, and 
can range from 0 for no fishing to very 
high values such as 1.5 or 2.0. Fishing 
mortality rates are estimated using a 
variety oftechniques, dependingon the 
available data for a species or stock. 

GENERIC STOCK ASSESSMENT� 
SYSTEMS MODEL� 

SCIEN"rIFIC ADVICE 

I� 
CATCH ANDTRENDS IN 1..0 I TRENDS IN RELATIVE

RElATIVE r-C ABUNDANCE ., 
ABUNDANCEABUNDANCE PROJECTIONS I 

4) if 1.1 

EVALUATION Of� 
MANAGEMENT� 

OPTIONS� 

i.~ 

CURRENT ABUNDANCE AND� 
FISHING MORTALITY AT� 

AGE� 
i.;rr. 

I INDICES Of STOCK
INDICES Of STOCK ABUNDANCE CPUE ANDCALIBRATIONABUNDANCE AND LANDINGS

RECRUITMENT 
Ar'j~ 

HISTORICAL ABUNDANCE� 
AND FISHING MORTALITY� 

AT AGE� 
4,1 

CATCH AT AGElSIZE 
MATRIX (NUMBERS» 

? 
AGE-UNGTH KEY SIZE 4- FISHERY 

~ COMPOSITION LENGTW CATCH 
WEIGHT 0 

i.) 
SEA 

SAMPUNG 

FISHERY STATISTICS 
RESEARCH VESSEL AGE AND LA -LANDINGS~ SURVEYS GROWTH - -EFFORT 

-SAMPLING 

FlgIU'e 1. Diagram o/alternative w4Ys in whichflshery-generated data and 
research data (lower right and left boxes, respectively) are combined to pro
vide scientific advice on the status 0/ the stocks. 
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For example, ifF = 1.5, then ap
proximately 1.5/365 or 0.411% of the 
population dies each day from fishing. 
Iffishing were the only cause ofdeath, 
then the number offish that survive the 
fishery over the year from a population 
of I million alive at the beginning ofthe 
year is I million multiplied by e·l.~ or 
223,130 fish. During fishing, there are 
other causes ofdeaththat also act onthe 
population offish, and must be consid· 
ered in calculating the number that die 
from fishing. The number of fish that 
die from fishing is the proportion ofthe 
total mortality that is causedby fishing, 
multiplied bythe numberoffish thatdie . 
from all causes [i.e., FIZ multiplied by 
(1-e'Z) multiplied by I million]. If the 
total mortality rate is 1.7, as given 
above, then this calculation is: 

(1.5/1.7) (1-e'\.7) (1,000,000) 
or 

(0.8824)(0.8173)(1,000,000) 
or 

721,186 

fish that die from fishing. 
F : The rate offishing mortality .ox 

for a given exploitation pattern, rate of 
growth and natural mortality, that re· 
sults in the maximum level ofyield per 
recruit. This is the point that defines 
growth overfishing. 

F0.1: The fishing mortality rate at 
which the increase in yield per recruit 
in weight for an increase in a unit of 
effort is only 10%ofthe yield per recruit 
producedby the first unitofeffort on the 
unexploited stock (i.e., the slope of the 
yield per recruit curvefor the Fo.1rate is 
only 1/10 the slope of the curve at its 
origin). 

FJO% SPR: Thefishing mortality rate 
for a given exploitation pattern, rate of 
growth, natural mortality, and repr~ 

ductive schedule that will reduce the 
spawning potential per recruit to 30% 
of what it would be with no fishing 
mortality. 

Growth overfishing: A range of 
fishing mortality which is above the 
rate of fishing as indicated by an equi· 
librium yield per recruit curve at which 
the loss in weight from total mortality 

NOAA Fishery Research Vessel Oregon II 

exceedsthegain inweightdue togrowth. 
This range is defined as beyond F_. 

Long-term potential yield: The 
largest annual sustainable harvest in 
weight which could be removed from a 
fish stockyearafteryear, under existing 
environmental conditions. This can be 
estimated in a variety ofways, ranging 
from maximum values from produc· 
tion models to average observedcatches 
over a suitable period of years. 

Mortality rate: The rate at which 
fish die from natural causes (disease, 
predation, old age) or fishing. Mortal· 
ity rates can be described in several 
ways. Conceptually the easiest way is 
the total annual mortality rate, the frac
tion ofthe fish alive at the beginning of 
a year that die during the year. For 
example, a total annual mortality rate 
of0.50 means that 50% of the popula
tion of fish died for whatever reason 
during the year. In general, annual 
mortality rates can range from 0 to 1.0, 
that is 0% to 100% mortality. Notethat 
the exploitation rate is the same as the 
annual fishing mortality rate. 

Annual rates are easy to under
stand, but difficult to use when describ
ing the relative contributionofdifferent 
types of mortality, such as fishing and 
natural causes, to the total mortality of 
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fish during a year because they cannot 
be added. One way to describe mortal
ity and overcome this limitation of an
nual rates is by using instantaneous 
rates, although this approachis concep
tually more difficult. An instantaneous 
mortality rate is the fraction of the 
population offish that dies in eachvery 
short period of time. 

The derivation of instantaneous 
rates is mathematically complex, but 
there is a relatively simple connection 
between them and the simpler annual 
rates. Any particular instantaneous 
mortality rate, often denoted by Z, is 
equivalent to one specific annual rate 
A. according to the formula: 

A=I-e'z 

That is, the annual rate is equal to 
e, (this is the number 2.718, the base of 
the natural logarithms) raised to the 
negative power of the instantaneous 
rate,subtraetedfrom 1.0. For example, 
the instantaneous mortality rate of 1.1 
isequivalent to an annual mortality rate 
of0.67, or 67%. In practice, instanta· 
neous rates range from 0 to values as 
high as 1.5 or 2.0, but theoretically 
could take on any large value. Because 
instantaneous rates make comparing 



TlI1Jk 1. FederQI fishery m4IIQ6ement pionsfor marine fisheries ofthe .JOlltheQ6tem continental United States, 
PIIerlo Rico, and u.s. Vi"llin Islands. 

Plan 

Coastal Migratory PeJaaics 
Coral 
Snapper/Grouper 
Spin)' Lobster (Gulf and Ad.) 
Spiny Lobster (Caribbean) 
Swordfish 
Sballow-water ReefFish 
GulfReefFish 
Gulf Shrimp 
Stone Crab 
Gulf Red Drum 
Atlantic Billfish 
Shark 
South Atlantic Red Drum 
South Atlantic Shrimp 
Gulf Butterfish 
Queen Conch 

Responlible 
Ol'lanizadoa' 

GMFMC, SAFMC 
GMFMC, SAFMC 
SAFMC 
GMFMC, SAFMC 
CRFMP 
NMFS 
CRFMC 
GMFMC 
GMFMC 
GMFMC, SAFMC 
GMFMC 
NMFS 
NMFS 
SAFMC 
SAFMC 
GMFMC 
CRFMC 

Date Number 

2113 6 
7/14 1 
9/13 5 
7182 3 
1115 1 
9185 2 
9185 1 
9~ 4 
5/11 6 
9/79 4 

12116 3 
1011& None 
12192 None 
12190 None 

(In preparation) 
(In preparation) 
(In preparation) 

12/92 
2/91 
4/92 
3/91 
4/91 

12/91 
10/91 
5/92 
4/93 
2/91 

10/92 

·GMFMC: Gulf ofMexico Fishery Management Council, SAFMC: South Atlantic Fishery Manalement, Council, 
CRFMC: Caribbean Fishery Management Council, NMFS: National Marine Fiiberies Service, Socretarial Plan 

the relative importance of different 
sources of mortality very easy, as dis
cussed next, they are frequently used by 
fishery biologiits, and are used through
out this report. To aid in interpretation, 
Table 3 shows the relationship between 
instantaneous mortality rate and annual 
percentage mortality. 

Instantaneous rates are used in as
sessments because they are mathemati
cally easy to use (e.g., they can be added 
directly while percentages cannot). Ifa 
year is divided into a large number (n) of 
equal time intervals, Zin i5 the propor
tion ofthe population which dies during 
eachtimeinterv&. F~eumpk,uZ= 

1.7 and a day represents the time inter
val, then approximately 1.71365 or 
0.466% ofthe population is dying daily, 
but the instantaneous rate is constant 
(Actually 0.465% ofthe population dies 
each dayinstead of0,466%becauseaday 
onlyapproximatesan instantaneoustime 
period. Ifhours were used, the approxi
mation would be even closer.) During 
the first day ofthe year, about 4,660 fish 

will die and 995,340 will survive out 
of a population of 1 million. The 
surviv& rate over the year is e·I.7 or 
0.1827. Multiplying 0.1827 by the 
number of fish alive at the be&inning 
of the year (1 million) Jives 182,684 
fish that survive to the beginninl of 
the next year. The proportion that 
actually dies during the year is, there
fore, l-e·1.7 ~ 0.8173. This is called 
theannual mortalityrate (A)which, of 
course, can never exceed 1.0. 

Thepartofthe total mort&ity rate 
applying to a fish population attrib
uted to natural causa i5 usually u
sumed to mean all causa othcrthan 
fishing. These many causes ofdeath 
are usually lumped together for con
venience since they usually account 
for much less thanfishing mortality in 
adult fish. and are usually ofless im
mediate interest. Natural mortality is 
usually expressed as an instantaneous 
rate and can range from 0 to very high 
V&UCS 0.5 ~ 1.0. The correspondinJ 
annual mortality due to natural causes 
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actina alone can be computed in the 
same manner shown for total mortality 
rates. The most important caua are 
prodation, diRalC, canni1*i1lll, and 
pcrhapl iDcrcasinJ1y, environmental 
dep-adation such u pollution. When 
particular mortality faaoCl are ofinter
est, JCparate instantaneoul mortality 
tenns are o1\cn defined Natw'al mor
tality rates have PCOVCll very dilfic:ult to 
estimate, and often valua are auumod 
based on the Jenera! life history of I 
particular fish. 

Followinl the examplu Jiven 
above, M is equal to Z.F or 1.7 -1.5 
0.2. The numberoffisll that die dwiJll 
the year from natural cauICiI is, there
fore, the proportion of total mortality 
(MIZ) due to natural '**'multiplied 
by the total number that lCtuIlly die: 

(MIZ) (l-eoZ) (1,000,000) 
or 

(0.1176) (0.1173) (1,000,000) 



Table 2. State.fishery management plans. 

Piau 

Shellfish Transport 
Spotted Seatrout 
Weakfish 
Summer FlounderlSeabass 
American SbadlHerring 
Atlantic Croaker 
Spot 
Spanish Mackerel 
Atlantic Sturgeon 
Bluefish 
Red Drum 
Striped Bass 
Atlantic Menhaden 
American Eel 

Menhaden 
Striped Bass 
Blue Crab 
Gulf Shrimp 
Oysters 
Spanish Mackerel 
Red Drum/Spotted Seatrout 

(Profile document) 
Black Drum 
Gulf Sturgeon 
Alabama Shad 
Stone Crab 

(profile document) 

Therefore, 96,114 fish or 9.6% of 
the population ofone million die from 
natural causes duringtheyear when the 
fishing mortalityrate is 1.5 andthe total 
mortalityrate is 1.7. Iffishingmortality 
were less, more fish would die from 
natural causes because some fish are 
caught by the fishery before they die 
from natural causes. For example, if 
the fishery did not exist, an M of 0.2 
applied over the year to 1 million fish 
would cause a mortality of (1-e00•2) 

multipliedby 1million or 181,269 fish 
and 18.1%ofthebeginningpopulation. 

Amendmentl 

l)ate Number 

Adautlc States Marlae Filberlel Commiuion 

1989 1 1990 
1984 1 In preparatiQn 
1985 1 In preparation 
1982 2 In preparation 
1985 None 
1987 None 
1987 None 
1990 None 
1990 None 
1989 Under review 
1984 Under review 
1981 Under review 
1981 Under review 

Proposed 

Gulf States Marine Filberiei Commiuioa 

1977 2 1988 
1986 2 In preparation 
1990 None 
1977 None 
1991 None 
1989 None 

1980 Not applicable 
In Progress None 
In Progress None 
In Progress None 

In Progress Not applicable 

Nominitlcatcb: Thesumofeatches number of fish that grow to become 
that have been reported as live weight vulnerable to the fishing gear in one 
orequivalent ofthe landings. Nominal year would be the recruitment to the 
eatchesdonot include such measures as fishable population in that year. This 
unreported discards. Remember these term is also used in referring to the 
are not catches but landings. number or weight of fish from a year 

Quota: Aportion ofaTAC (Total class reaching a certain age. For ex
Allowable Catch) allocated to afishery ample, all fish reaching their second 
or to an operating unit, such as a size year would be age-2 recruits. 
class ofvessels or a country. Spannl Potential Ratio (SPR 

.Recruitment: Theamountoffish, or %MSP): The ratio of spawning 
added to the fishery each year due to potential per recruit under a givenfish
growth and/or migration into the fish ing regime relative to the spawning 
ing area. For example, the weight or potential per recruit with no fishing. 
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Table 3. Relationship between instan
taneous mortality rate andpercentage 
mortality ifno other mortality exists on 
the fish. 

Instantaneous Percentage 
Mortality Rate Mortality 

0.0 o 
0.1 10 
0.2 18 
0.3 26 
0.4 33 
0.5 39 
0.6 45 
0.7 50 
0.8 55 
0.9 59 
1.0 63 
1.5 78 
2.0 86 

The spawning potential ratio assumes a 
density dependence on growth and fe
cundity. Often spawning potential per 
recruit is measured in spawning bio
mass per recruit. 

Recruitment overfishing. The 
rate of fishing above which the recruit
ment to the exploitable stock becomes 
significantly reduced. This is charac
terized by a greatly reduced spawning 
stock, a decreasing proportion of older 
fish in the catch, and generallyvery low 
recruitment year after year. 

Spawning Stock Biomass (SSB): 
The total weight of all sexually mature 
fish in the population. This quantity 
depends on the abundance of year 
classes, the exploitation pattern, the 
rate ofgrowth, both fishing and natural 
mortality rates, the onset of sexual 
maturity, and environmental conditions. 

Spawning Stock Biomass per 
Recruit (SSBIR): The expected life
time contribution to the spawning stock 
biomass for a recruit for a specific age 
(e.g., per age-2 individual) such as the 
spawning stock biomass divided by the 
number of fish recruited to age-2. For 
a given exploitation pattern, rate of 
growth, natural mortality, an equilib
rium value of SSBIR is calculated for 

Blue marlin 

each level ofF. This means that under 
constant conditions of growth, natural 
mortality, and exploitation patterns 
over the life span of the species, an 
expected average SSBIR would result 
from each constant rate of fishing. 

Status or exploitation: An ap
praisal of the status of exploitation is 
given for each stock of each species in 
the Species Synopsis section, using the 
terms unknown, protected, not ex
ploited, underexploited, moderately 
exploi ted, fully exploited, and 
overexploited. These terms are used to 
describe the effect of current fishing 
effort on each stock, and represent the 
assessment scientist's educated opin
ion basedoncurrentdata and the knowl
edge of the stocks over time. 

Sustainable yield: The numberor 
weight of fish in a stock that can be 
taken by fishing without reducing the 
stock's biomass from year to year, as

suming that environmental conditions 
remain the same. 

TAC: Total Allowable Catch is 
the total regulated catch from a stock in 
a given time period, usually a year. 

Total mortality rate: The com
bined effect of all sources of mortality 
acting on a fish population. This is 
conveniently expressed in terms of in
stantaneous mortality rates because the 
total instantaneous mortality rate is sim
ply the sum ofthe instantaneous fishing 
and natural mortality rates. For ex
ample, the total instantaneous mortal
ity rate that is occurring when the 
instantaneous fishing mortality rate is 
0.5 and the instantaneous natural mor
tality rate is 0.2 would be 0.7, which is 
equivalent to an annual rate of 50%. 

Vi rtual population analysis 
(VPA) or Cohort Analysis: An analy
sis of the catches from a given year 
class over its life in the fishery. If 10 
fish were caught each year from the 
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1968 year class for 10 successive years 
from 1970 to 1979 (age-2 to age-H), 
then 100 fish would have been caught 
from the 1968 year class during its life 
in the fishery. Since 10 fish were 
caught during 1979, then 10 fish must 
havebeen alive at the beginninaoftbat 
year. At the beginning of 1978, there 
must have been at 1ea5t 20 fish alive 
because 10 were caugbtill 1978 and 10 
JDOre WQre caupt to 1979. By working 
backward year by year, one can be 
virtually certaiD that at 1ea5t 100 fish 
were alive at the beginning of 1970. A 
virtual population analysis (VPA) goes 
astep furtberand calcuJatesthe number 
offish that must have beenalive ifsome 
fish also died from causes other than 
fishing. For example, if the instanta
neous natural mortalityrate wasknown 
inaddition to the 10fisbcaughtperyear 
in thefishery, then avirtual population 
analysis calcuJatesthe numbertbatmust 
have been alive each year to produce a 
catch of 10 fish each year in addition to 
those that died from natural causes. 

Ifone knows the fishing mortality 
rate during the lastyearforwbich catch 
data are available (in this case 1979), 

then the exact abundance of the, year 
class can be determined in each and 
everyyear iftbecatcbesareknownwith 
certaiDty. Ifthefisbely removes a large 
proportion ofthe stock eachyearsothat 
the population declines quite rapidly 
over time, then an approximate fishing 
mortality rate can be used in the last 
year (1979), and by calcuJating back
ward year by year for the year class, a 
very precise estimate ofthe abundance 
canbe determinedfor theprevious three 
orfour years (1976 or 1975). Acauacy 
depends on the rate of popuIatiOIl de
cline and the correctness ofthe starting 
value of the fishing mortality rate (in 
the most recent year). Normally, the 
starting value is estimated by calibrat
ing the VPA estimates with auxiliary 
information, such as indices of abun
dance. This technique is used exten
sively in fishery assessments since the 
conditions for its use are so common: 
many fisheries are heavily exploited, 
the annual catches for a year class can 
be determined, and the natural mortal
ity rate is known within a fairly small 
range. 

Year CI... (or Cohort): Fish of 
the same stock bom in the same year. 
For example, the 1987 year class of a 
stock includes aU fish ofthat stockbom 
ill 1987, and they would be age-1 in 
1988. Occasionally a stock produces a 
very small or very large year class and 
this group offish is foJlowed closely by 
assessment scientists since it can be 
pivotal in determining the stock abun
dance in later years. 

Yield Per Recruit Aaalylil: The 
expected lifetime yield per fish of a 
specificage (e.g., perage-2 individual). 
Foragiven exploitationpattern, rate of 
growth, and natural mortality, an equi
librium value of YIR is calculated for 
each level ofF. This means that under 
constant conditions of growth, natural 
mortality, andexploitationpatternsover 
the life span ofthe species, an expected 
average YIR would result from each 
constant rate offishing. 
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Fishe!:y Trends� 

~cooperation wlth theeight south
eastern SlateS, the Commonwealth of 
Puerto Rico, and the Territory of the 
U.S. VirginIslands, the SoutheastFish
eries ScienceCenter collectsand main
tains fishery statistics of commercial 
and recreational importance. State and 
federal fishery agents routinely gather 
data on fish and invertebrates landed at 
various ports in the southeastern re
gion. These data are archived and pro
vided to the public through various 
publications of the National Marine 
FisheriesService. Also, fisherydataare 
analyzed and information from the 
analyses are provided along with fish
ery statistics to state and federal agen
cies, Gulf of Mexico Fishery 
Management Council, South Atlantic 
Fishery Management Council, Carib
bean Fishery Management Council, 
GulfStates Marine Fisheries Commis
sion, Atlantic States Marine Fisheries 
Commission, International Commis
sion for the Conservation of Atlantic 
Tunas, and similar organizations COD

cerned with management and conser
vation of U.S. fishery resources. 

Commercial fishery statistics for 
the southeast region are comprised of 
data collected through many sources. 
Typical sources include seafood dealer 
records, weigh-out sheets, commercial 
fishennen interviews, fishennen log
books, and trip-ticket systems operated 
by several southeastern states. 

Theprincipal source ofrecreationaJ 
fishery statistics in the southeastern 
region is theMarine Recreational Fish
ery Statistics Survey. The survey is 
conductedbythe NationalMarineFish
eries Service's Washington, D.C. of
fice. It uses a telephone survey of 
households and an intercept survey of 
anglers at fishing sites to estimate total 
yieldandfishing effortbyspecies. These 
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Fypue 2. Commercial yield by region in the eastern United States. 

estimates do not, however, include COMMERCIAL 
catches made inTexasorcatches made 
aboard headboats (vessels thatare rou Commercialyield in 1991 increased 
tinely chartered by anglers who pay 38.7 thousand metric tons and $810 mil
individually, rather than as a group, to lion over those recorded in 1990. In 
fish). weight landed, menhaden was the larg

Commercial andrecreationalfish est fishery with 514.6 thousand metric 
ery statistics contained in Tables 4-8 tons. Shrimp was the mostvaluable fish
are considered preliminary and can ery with a value of$478.4 million. 
vary slightly as new information is Louisiana led other southeastern 
provided. Also, the statistics can be states in commercial yield with 544.3 
summed in manycategories. For more thousand metric tons valued at $243.6 
current, more detailed, or different million. The largest shrimp yield was in 
aggregations ofstatisticson a particu Texas with 43.5 thousand metric tons 
lar species or geographic area, please valued at $200 million. Mississippi re

o contact:� corded an increase in landings of 25% 
but a decrease in value of 190A.. 

Statistics Office In 1991, spiny lobsterincreased76% 
Southeast FISheries Scieuce in value, Spanish mackerel increased 

Center 43% in value, and shark decreased 23% 
National Marine Fisheries Service in weight landed. Menhaden recorded 

7S Virginia Beach Drive onlyan 8%decreasein weight landedbut 
Miami, Florida 33149 a 390A. decrease in value.� 

Telephone: (30S) 361-4461� 
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Table i/. Commercial and recreational yields in 1991 for southeastern U.S. states. 

CODlDlerdal Commercial Recreatloaal Angler� 
Yield Esvessel Value Yield - Trip.-

State (1000 t) ($1000) (1000 'lIb) (1000 trip.)� 

U.s. Atlaatic Cont� 
North Carolina 96.4 $66,747 7,931 1,774� 
~uQ1 varplina 8.7 28,534 3,435 888� 
peorgia ' 7.3 23,719 2,076 352� 
EastemFlorida 20.6 49,874 17,024 8,858� 

U.s. Gulf of Mexico 
Western Florida 53.2 S112,182 57,440 8,106 
Alabama 9.9 36,697 2,080 409 
Mississippi 108.1 34,297 1,973 464 
Louisiana 540.9 243,600 11,653 2,013 
Texas 49.1 214,410 2,005 n.a. 

·Estimates from the NMFS Marine Recreational Fishery statistics Survey (Catch types A+B.), State ofTexas, and the NMFS� 
headboat survey (n...=not available).�

··Does not include headboat data.� 

RECREATIONAL 

Table 5. Commercialandrecreationalyieldsfor selectedspeciesgroups in 1991 
for u.s. southeastern states. (Note: landings offish, lobster, and shrimp in live TheMarine Recreational Fishery 
weight; oysters in meat weight).� Statistics Surveyestimated recreational 

catch (type A catch) for all regions of 
the United States to be about 63,457 
metric tons in 1991. The southeast 

Commerdal Commercial Recreatloaal region constituted about 56% of that 
Yield Esvellel Value Yield total with 11,690 metric tons from the 

Specie. (1000 t) ($1000) (l000fl.b) U.S. southern Atlanticand23,797from 
the GulfofMexico. 

Snappers 4.1 16,410 4,853� 
King Mackerel 1.9 5,087 1,160 U.S. CARIBBEAN� 
Spanish Mackerel 3.0 3,357 2,753� 
Menhaden. 51 I.l 34,275 n.a.� The fisheries of Puerto Rico and 
Sharks 4.4 3,974 398 the U.S. Virgin Islands are predomi
Swordfish 1.7 13,560 n.a. nantlyartisanal. Mostanglers concen
Tuna 3.6 20,112 659 trate their fishing effort on 
Oysters 6.3 37,368 n." sballow-water reeffish and on a vari
Shrimp 120.4 478,369 n." ety of shellfish, mainly lobster, and 
Spiny Lobster 2.9 27,546 n.a. conch. Landings offish and shellfish 
Stone Crabs 2.9 13,622 n.a. are reported by fishennen, fish buyers, 

and fishing associations around the 
islands, and the statistics are gathered 

Estimates from the NMFS Marine Recreational Fishery Statistics Survey (Catch types by port agents visiting municipalities 
A+B\), State ofTexas, and the NMFS beadboat survey (n.a.=not available). and other fishing centers. 
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TQ/Jle 6.� Shrimp yields in 1991 fOr U.S. states (heads-on weigh/). 
For more information: 

Yield Enelsel Value Barshinger, C.W. 1992. State/federal 
State (1000 t) ($1000)� commercialfishel)' statisticsproject, 

SF-42 (NA90AAHSF228), annual 
summary report. U.S. Virgin Is

U.s. Atlantic: Coalt� lands Department ofPlanning and 
North Carolina 4.9 $18,588 Natural Resources, Divisionoffish 
South Carolill4 4.1 16,781 and Wildlife. 
Georgia 3.9 20,186 Southeast Fisheries Center. 1992. Sta
Eastern Florida 3.7 12,150 w of Fishel)' Resources off the 

SoutheastemUnitedStatesforl991. 
U.s. Gulf Coat NOAA Technical Memorandum 

Western Florida 5.1 $15,674 NMFS-SEFC-306. 
Alabama 6.8 32,n6 United States Department of Com
Mississippi 5.3 20,505 merce, NOAA, National Marine 
Louisiana 43.1 141,461 Fisheries Service. Fisheries ofthe 
Texas 43.5 200,248 United States 1990. Washington: 

GPO. May 1991. 

TQ/J1e 7. 1990 commercial yield in weight (metric tons) and value (dollars) from Puerto Rico. 

Metric: Eneasel Metric: Eneasel 
Species Toni Value Species TOOl Value 

Tuna 51.1 $96,717 Triggerfish 14.1 $37,544 
Ballyhoo 16.4 37,062 Barracuda 10.8 29,054 
Grunt 63.9 164,703 Porgy 5.9 16,734 
Hogfish 14.1 58,342 Snook 14.8 50,548 
Croaker 0.0 103 tarpon 2.& 3,444 
Trunkfish 22.4 79,393 Goatfish 7.1 22,011 
Dolphin 31.6 90,078 Sardine 11.3 22,653 
Swordfish 0.0 0 Mackerel 4&.0 168,978 
Squirrelfish 4.1 10,126 Shark 20.9 53,608 
Mullet 14.6 35,531 Marple 1.0 2,720 
Jack 18.9 50,159 
Parrotfish 30.9 65,127 Classified 
Marlin 2.7 8,996 First 87.9 264,446 
AmbeJjack: 0.5 950 Second 62.7 133,542 
Grouper Third 28.7 65,361 
Red Hind 25.2 80,902 Trash 3.2 2,439 
Nassau 2. 6,590 OthcrFisb 43.5 0 
Other Grouper 37.7 136,288 

Mojarra 9.2 29.310 QuecnConch 49.1 218,596� 
Snapper Land Crab 2.6 50,184� 
Lane 63.1 228.932 Lobster 96.1 949,736� 
Yellowtail 67.4 265,922 Oysters 0.2 920� 
Silk 75.9 374,107 Octopus 9.1 44,352� 
Mutton 19.1 74,815 Other Shellfish 1.1 8,448� 

Other Snapper 25.6 101,743 
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Tabk B. &timaJedu.s. Virgin Islands United States Department of Com United States Department of Com
commercial yield (July 1990 - June mer<:e, NOAA, National Marine mer<:e, NOAA, National Marine 
1991). 

Specie. 

St. Tbomu aDd St J'oIul 
Snapper and Grouper 
Other Fmtisb 
C~cJt
 
~1k
 
Lobster 
Other Marine Species 

St. Crob. 
Snapper and Grouper 
Other Finfish 
Conch 

Whelk 
Lobster 
Other Marine Species 

Metric TODJ 

81.07 
280.76 

0.00 
0.07 

42.35 
0.00 

77.42 
332.98 
32.37 

0.00 
31.45 
0.04 

Fisheries Service. 1991. MariDc 
recreational fishery statistics sur
vey, Atlantic andGulfcoasts. 1917.. 
1989. Washington: GPO. 

United States Department of Com
mer<:e, NOAA, National Marine 
Fisheries Service. 1992. MariDC 
recreational fishery statistics sur
vey, Atlantic andGulfcoastI, 1990
1991. Washington: GPO. 

United States Department of Com.. 
mcr<:e, NOAA, National MariDc 
FISheries ServiQ:. Preliminaryeatdl 
and trip estimates, 1990, marine 
recreational fishery statistics sur
vey, Atlantic and Gulf COUll. Pre
pared by MRFSS Propam. NMFS, 
1335 East..West Hiahway, Silver 
Spring,MD20910.0ct0ber, 1991. 

Fisheries Service. 1991. Fishing 
trends and conditions in the south
east region 1990. Ed. Kim Newlin. 
NOAA Tecbnical Memorandum 
NMFS-SEC-292. (Contact Kim 
Newlin at the SEFSC, Miami, 
Florida). 

United States Department of Com
mer<:e, NOAA, National Marine 
Fisheries Service. 1992. Fishing 
trends and conditions in the south
east region 1991. Ed. Kim Newlin. 
NOAA Technical Memorandum 
NMFS..SEC..311. (Contact Kim 
Newlin at the SEFSC, Miami, 
Florida). 
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Resource Surveys� 

Since 1972, personnel ofthe Mis
sissippi Laboratories of the Southeast 
Fisheries Science Center have con
ducted routine research trawl surveys 
ofbottom species found on the conti
nental shelf of the northern Gulf of 
Mexico. The longest single time series 
ofdata is collectively known as the Fall 
Groundfish Survey. For most of its 
history, the survey concentrated on the 
north-centralpartofthe GulfofMexico, 
particularly in the region from Ala
bama through Louisiana. The original 
intentofthe surveywasto document the 
declineofmajorbottomfishspecies (pri
marily sciaenids) as reported by the 
industrial groundfish fishery. Of par
ticular concern was the variation in 
spatial distributions. In recent years, 
however, fishery management has re
quired the survey to focus more on the 
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year to year variations in abundance 
and for a much wider range ofspecies 
than in years past. 

All groundfish survey data were 
taken aboard the NOAA research ves
sel Oregon IT using a standard semi
balloon shrimp trawl fished with mud 
rollers and a tickler chain. Sampling 
designs and bottom-trawl times var
ied slightly through the survey years, 
but in 1987a standardized systemwas 
adopted. The standard survey design 
uses a stratified-random sampling 
format with one tow per sampling site 
and a tow length determined by the 
size of the stratum being sampled. 
Generally the survey region includes 
theoffshorewatersbetweenPensacola, 
Florida, and Brownsville, Texas from 
9 to 110 m in depth. 

To illustrate the finfish catch rate 
for 1972-1990 (Figure 3), all data were 
treated as if the trawl samples were se
lected from a completely randomized 
design. In the 17-year time series, 
approximately 800 taxa were reported . 
Most stocks extend well beyond the pri
mary fishing area in an alongshore 
direction, and many species have awider 
depth range than covered by the sam
pling region. 

For more information: 

Nichols, Scott andGilmore Pellegrin, Jr. 
1989. Trends in catch per unit effort 
for 157 taxa caught in the Gulf of 
Mexicofall groundfish survey, 1972
1988. Southeast Fisheries Science 
Center, Pascagoula, MS. 

OL...-.J.....-...I....-...l....-....l....-....l...-....l...-.....L.........................L..-J-----l...---l..---l..----L.----l.---L.----L----l----l� 
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Figure 3. Bottom-trawl catch ratesfor demersalfinfish in the U.S. GulfofMexico (mostly sciaenids; generally does 
not include pelagics. menhaden. coastal herrings, butterfish, most reefresources and sharks). 
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1992 Research 
Accomplishments 

ECOLOGY 

Recruitment Dynamics and the Mi.. 
sissippi River Plume 

Studiesofthedistribution andabun
dance offish larvae, phytoplankton, and 
zooplankton in thevicinityoftheMissis
sippi Riverdischargeplwncshowthatall 
three biological groups are concentrated 
in the mixingzonebetweenplumewaters 
and GulfofMexico shelfwaters. Hydro
dynamic convergence at turbidity fronts 
has been shown to have the potential to 
acCOWlt for the observed concentrations 
offish larvae in frontal waters. 

Mississippi River Plume Trophic b 
lationships 

A concentrationofbiotabetwcen the 
waters of the Mississippi River p1wnc 
and the Gulf of Mexico creates poten
tially rich food resources for fish Iarvac. 
An examination, therefore, was con
ducted of spatial variations in larval 
growth and mortality rates. Several spe
cies; e.g., Spanish mackerel, yellowfin 
tuna, and striped anchovy; appear to 
grow faster in frontal waters and experi
ence higher mortality rates as welI. 

Coastwatch Support 
Computerimagesofseasurfacctem

perature and other marine and atmo
spheric data derived from NOAA 
satellites, buoys, coasta1 stations, and 
vessels are being received, distributed, 
and stored for coastal research. In 1992, 
more than 482 synoptic satellite scenes 
covering the coasta1 ocean from North 
Carolinathrough Floridawere processed 
and stored along with 361 high resolu
tion satellite scenes and 184 high resolu
tion visible images taken off North 
Carolina. To complement the cxistina 
regional Coastwateh site at Beaufort, 

N.C., aregional nodewas installedat the 
National Marine Fisheries Service, 
Stennis facility for the Gulf ofMexico. 
High speed computer 1inks were estab
lished between Stennis and the National 
OCean Survey, Ocean Products CeIltcr 
and the NESDIS sate1lite archive. Real
time satellite images from the Ocean 
Products Centerareprocessedforfishcry 
purposes at the Stennis node. 

Remote Sensinl of Turbidity 
Coastal urbanization greatly in

creases the likelihood of tuJbidity and 
eutrophication in estuaries. Research, 
therefore, is undcrwayto further develop 
remote sensing tcchnolo&V capable of 
measuring turbidity in laqe coastal ar
eas. Satellite images ofPamlico Sound, 
North Carolina arc beina pl'OCeiSCd and 
cahbrated with field samples to deter
minesources ofvariationassociatedwith 
location, time, pigments, suspended sol
ids, and othercharacteristics ofestuarine 
waters. 

OceanoJnlphic and BiolOJical Rela
tionship. 

In a study ofthe effects of the Gulf 
Streamon nearshore marine ecosystems, 
satellite imales are beina used to inves
tigate relationshipi that might exist be
tween the Gulf Stream and toxic 
phytoplankton blooms of the red tide. 

Larval and Juvenile Fish Recndtment 
To study the recruitment of YOUl1& 

fish into the estuaries ofNorth Carolina, 
environmental variables are bcinc corre
lated with the age of larval and juvenile 
fish as they move into the cstuari. to 
grow. Intensive nocturnal sampling of 
Ialvac near Beaufort Inlet, North Caro
lina is followed by ileinJ research to 
determine the aetuaI dates the larvae 
hatched. The hatch dates and ilea arc 

then correlated with oceanographic pa
rameters to study patterns ofrecruitment 
and biological-oceanographic interac
tions. 

OceanicPlanktonMetaiRequirements 
Although plankton require selected 

metals for metabolism, research demon
strates that oceanic plankton can survive 
even in waters with very low metal con
centrations. They accomplish this either 
by lowering their metabolic metal re
quirements and/orby reducingtheir rate 
ofarowth or the size of their cells. 

Iron and Dimethyl Sulfide 
There is acorrelation insome ocean 

speciesbetween alimitation ofiron in the 
marine cnviromnent and the production 
ofdimethyl sulfide. When released into 
theatmosphere, dimethyl sulfide, avola
tile organic compound, can become a 
link to rain seeding. Phytop1ankton pro
duction of dimethyl sulfide in the pres
cnccoflowironconcentrations, therefore, 
might possibly be a new link between 
oceanic metal concentrations and atmo
spheric conditions. 

Marine Manganese Oxides 
When manganese oxides were ex

posedto humic-richwater from theNew
port River, a number of aldehydes and 
organic acids resulted. It appears likely 
that marine manganese oxidizingbacte
riacouldusca similarprocessto generate 
high concentrations of nutritional or
pnicmolccu1esfortheirconsumption. If 
10, this would suggest: the presence ofa 
previously 1U1known contnbutor to the 
marine carlx>n cycle. 

Distributions or Heavy Metals in In
vertebrates 

The normal physiological processes 
in blue crabs, lobsters, and oysters affect 
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tissuedistnbutionsandconcenttations of 
copper, cadmium, zinc, and calcium. 
Distributions of cadmium, copper, and 
zinc at the subcellular level were associ
atedwiththelowmoJecularweight, mdal
binding protein, metallothionein. 
Calcium was associated with a 
calmoduIin-like protein. 

Hemocyanin in Blue Crab, 
JnNorth Carolinablue crabs, hemo

cyanin, a hemolymph oxygen-alJ'l)'ing 
protein, could change in concentlation 
by naturaI environmental factors. Such 
18ctorscould include interactions among 
salinity, tempemtuJ'e, and dissolvedoxy
gen Changes in hemocyanin concentra
tion were caused either by changes in 

. coppermetabolism, since hemocyanin is 
a coppercontainingprotein, orindirectly 
through reduced food intake. These re
sults provide important information for 
Wlderstanding the effects ofhypoxia on 
marine organisms in coastal waters. 

Benthic SunreiUance 
Toxic metal and organic contami

nants in fish and sedimentsare measured 
from selected locations as indicators of 
regional pollution The histology, physi
ology, age, growth. and general condi
tion of fish are studied as indicators of 
stressand habitatsuitability. Contamina
tion is generally lower in the southeast 
than inother regionsofthe nation In the 
southeast, contamination is near or only 
slightly above baseline even in wban, 
industria1locations. Nevertheless. there 
are spots in the southeast with heavy 
concentrations of poIlutants. In these 
spots, metal1ic and orpnic toxins are 
usually associated with fish fin erosion, 
decreased growth rates, and depletion of 
nutritionally essential metals. 

Sargassum 
The importance of Sargassum as a 

marine habitatwas demonstrated by one 
neonate loggerhead turtle and over ten
thousandjuvenile fish found in 179 Sac
gassumsamplestakenduring 14research 
cruises. The juvenile fish represented 60 
different species., 

Seagrass Mapping 
Remote seagrass mapping technol

ogyisbeingdeveloped togenenuedigital 

and bard-<:opymapsofthespatiaI change 
ofsubmerged aquatic habitats in coastaI 
bays and other estuarine areas ofNorth 
carotina. The objectives are to evaluate 
and improve remote sensing tecbnoJogy 
to the point that it is applicabJe and 
reliable for use in natiooal coasaaJ. sur
veys. 

Seagrass, Bycakb and the Live-Bait 
Sbrimp Fishery 

Alive~t shrimp fishery illTampa 
Bay, Florida created DO significant im
pact on seagrass c:omnuwities but did 
create a high mortality of bycatch for 
some fish speclei. Fish such as mojarra 
and spotted seatrout were often caught 
while other species such as pinfish and 
toadfish were DOt. Actual impacts ofthe 
live-bait 1isbery V3l)' both spatially and 
temporally. 

Seagrass Stabilization 
Quantitativephysicalanalysesshow 

that sea grassbeds can effectively reduce 
wave energy. 

Light Peuetration and Seagraa 
A study ofligbtpenetration and the 

distributionof~inHobeSound, 

Florida, indicatesthatcuneatwaterqual
ityJDllDllgemeDtcriteriadonotadequate1y 
protect seagrass beds. 

Natural versus Transplanted Salt 
Marshes 

PreliminaJy results indicate that 
growth rates are not significantly differ
ent between transplanted and natural 
marshes. Survival, however, was greater 
in natura1 marshes. Three 2-year old 
marsh transplants in North Carolina ex
hibit significantly lowerfisbely densities 
than naturaI marshes neadly. 

Day versus Night Marsh Use 
No significant differences were de

tectedbetween night and day densities of 
penaeidshrimps,bluecrabs, orsmallfish 
in the marsh habitat. From these results, 
itseemstheanimaIsareaqivelyseIecting 
the marsh morefor food than protedion 

Seagrass Die-Oft' 
A seagrass die-otr is occurrins in 

FloridaBay. In the die-offareas, there is 
an incn=aseinthediversityofrecolonizing 
plant speciesovertbe speciesthat existed 

in the original turtlegrass habitats. Data 
also show that recolonization may be 
very rapid but also may be transient 

Fish Response to Seagnw Die-Oft' 
The fish commWlity in Florida Bay 

is dominated by rainwater kiIlifish 
(Lucania parva) in healthy Thalassia 
habitat In shalIowwater habitaticreated 
by the die-off, goldspotted killifish 
(Floridichthys carpio) dominate; in 
deqJwater die-off areas, nUnwater killi
fish sIi1l dominate. Faunal densities are 
much lower in disaurbed habitats. No 
seasonaltrendsinoverallabundancewere 
noted, exceptfor declines in Octoberthat 
may be ~ated with the passage of 
tropical storms. 

InvertebrateResponJetoSea&naDie
Off 

Invertebrates in healthy Thalassia 
habitat ofFlorida Bay are dominated by 
bryozoanshrimp(ThorflMdanus). Habi
tats created by the dic-01fare dominated 
by a mixture of bryoZOWl shrimp, pink 
shrimp (Penaeusduorarum), and hermit 
crab (Pagurus maclaughlinae). Faunal 
densities are much lower in disturbed 
habitats. 

Seagraa Tl"aDlplanti 
Ifthedensityoftransp1antcd~ 

ishigh,thetranspJantedbedscanachieve 
resident fiumal density and composition 
thatare almost equivalent to natura1 beds 
in a short period of time. 

Transplanted Sea:nw in Hip-E. 
ergy Environments 

Patch beds ofseagrass that develop 
in high-energy environments can pro
vide important habitatfor fishery organ
isms. Equivalent densitit'S ofshrimp are 
found inbothhigh energy stagI'aSS(Sand 
lower energy seagrass meadows. They 
also provide a quantitative basis for let
ting restoration performance and com
pliance criteria 

Nitrogen Fixation 
Analyses show that nitrogen fixa

tion might be higher in transplanted 
seagrassbeds than innatura1lyoccurrlnl 
marshes. Epiphyticnitrolenfixation may 
be a ~r source for nitrogen fixation 

IS 



Peat Enrichment of Sedimentl 
Augmentationofsedimentswithpeat 

has stimulatedthe development ofinfau
nalconununitiesintransplantedmarsbe:s. 
Such conununities are similar to those 
found in natural marshes. 

Thin-Layer Disposal of Dredled Ma
terials 

Effectsofthin-layerdisposalonfeed
ing and poWfh ofspot are being studied 
in connection with the Gulfport, Missis
sippi Thin-layer Demonstration Project 
Survival of fishes in response to simu
lated thin-layer deposition is being mea
sured in controlled laboratory 
experiments. Additionalexperimentsare 
comparing feeding by different species 
undervmying levels oftuJbidity. 

PROTECfED� 
SPEOES� 

Sea Turtle Habitat SwveYI 
Gill nettingcontinued at CedarKey, 

Florida to determine the use of inshore, 
eastern Gulf of Mexico waters by sea 
turtles. In 1992,54 Kemp's ridleys, 13 
loggerheads, and 1 green turtle were 
captured, measured, flipper and PIT 
tagged. All turtles were immediately re
leased unharmed back into the wild near 
the capture site. Several turtles, 8 ridleys 
and 2 loggerheads, were recaptures of 
animals previously tagged at this loca
tion. 

The Cape Canaveral, Florida trawl
ing survey by the FN Mick2y Ann con
cluded in 1992. In all, 882 loggerheads, 
119 Kemp's ridleys, and 47 green turtles 
were captured, flipper tagged, and re
leased near the capture site. A report 
analyzing the data and summarizing the 
entire six year project was completed. 

Inshore North CaroUua Sea Turtles 
To determine the use of inshore 

NorthCarolinawatersby seaturtles, field 
datafor 1991 revealed 779 reports oflive 
sea turtle sightingsfrom the public. Also 
in 1991, eight volunteer fishennen re
ported species names and sizes for 133 
incidentally captured sea turtles. The 
results ofthe field data and three years of 

aerial surveys were presented to repre
sentatives ofthe North Carolina Depart
ment of Marine Fisheries, National 
Research Council, and the National 
Marine Fisheries Service as they met to 
discuss justification for expanded turtle 
excluderdeviceregulatiolliinthe region. 

SeaTurtle Stnndinl and Salvaee Net
'Work (STSSN) 

The STSSN, initiated in 1980, con
tinues to document sea turtle strandinp 
along theU.S. AtlanticandGulfofMcxico 
coasts, Puerto Rico, and the U.S. Vrr&in 
Islands. The 1992 semi-annual STSSN 
report wascompletedanddistributed; the 
annual report has been drafted. A report 
on the species composition and size class 
distribution of marine turtle strandings 
on the U.S. Atlantic and GulfofMexico 
coasts was published and distributed 
(NOAA-NMFS-SEFSC-lM-315). 

Cooperative Marine Turtie TaDnl 
Program (CMTI'P) 

TheCMITP, initiated in 1980, con
tinues to distn'bute inconel flipper tap 
andapplieatorstoqualifiedfedcraJ, state, 
and university sea turtle research orpni
zations. The CMITP archives all faI
ging data forms and distributes 
tag-recapture information to the partici
pants. The total number of tagged sea 
turtles to date: 8,200 greens, 7,500 log
gerheads, 600Kemp'sridleys, 200hawks
bills, and 110 leatherbacks. A new data 
management system was developed and 
implemented to decrease response time 
to recaptures received. There were 4, 100 
tags distn'buted in 1992. 

Leatherback Turtle DistributiODl iD 
Southeastern U.s. Atlantic 

From an analysis of available data 
on the distn'bution and relative abun
dance ofleatheJ'back turtles, the species 
appearstoaggJ'CgateoffthecentralFlorida 
coast, particularly in the summer. From 
comparisons of these distributions sea 
surface temperatures, it seems leather
backs can be found in relatively cool 
water (l2°C) and are predictably associ
ated with thennal fronts. An hypothesis 
for this is the fionts may concentrate 
resources thus concentrating turtles. 

Kemp's Ridley Head Start Experi. 
ment 

Annually about 2,000 Kemp's rid
ley sea turtles are reared in captivity, 
tagged, and released into the wild. This 
increasessurvivalofthisendangeredspe
cies during the critical first year. Once 
released, the turtles grow and distn'bute 
themselves throughout the range of the 
species. It is hoped they will mature and 
eventually reproduce. 

Dired:ionalSonicTelemetryforTurdes 
In May 1992, a report titled"Evalu

ation of a directional sonic telemeuy 
system to study sea turtle habitatuse and 
localized movements in Core Sound, 
North Carolina" was submitted to the 
U.S. Fish and Wildlife Service. It repre
sents the cooperative efforts of NMFS 
and the U.S. Fish and Wildlife Service. 
The study confirmed that with current 
technology it is possible to track sea 
turtles in inshore waters and correlate 
turtle movements with habitat type such 
as seagrass beds and sediment types. 

Turtle Satellite, Radio, and Sonic 
Trackinl 

Loggerhead sea turtle tracking data 
suggest that turtles spend time near oil 

.and gas structures and have home ranges 
of8O to 260km2

• Dive times varyaccord
ing to the time ofday and season of the 
year. Kemp's ridleyseaturtles fittedwith 
electronic tags along the U.S. Gulf of 
Mexico and Atlantic coasts have not 
demonstrated home-range movements . 
They do, however, demonstrate long
range movements, and in the Atlantic, 
their movement may be in response to 
water temperature and ocean currents. 

SeaTurtles and the Summer li10under 
Trawl Fishery 

Aerial surveys, obscrvercoverageof 
the fleet, and NOAA Coast Watch sea 
surface temperature imagery were used 
for an analysis of the interactions be
tween the winter trawl fishery for sum
mer flounder and sea turtles. Results 
indicate Kemp's ridleys accounted for a 
disproportionateamountoftheturtleeatch 
and that catch rates for all turtle species 
wascomparableto that oftheU.S. Atlan
tic shrimp fishery. It was estimated that 
1,063 turtles were captured November, 
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1991 through Februmy, 1992andthat89 
to 181 died. Thcresultswerepubliibedin 
July, 1992 asaNOAA Technical~ 

randum. 

MEXUS-GulfWorkiag Group 
Mexican and U.S. scientists col

laborated at MEXUS-GuJf meetings in 
Mexico in 1991 and in the U.S. in 1992. 
Research concerning Kemp's ridley 
lUrtles were summarized and discussed 
along with popula1ion status and current 
conservationefforts. CooperativeRSeal'Ch 
plans with llCientists of the Mexican 
InstitutoNacionaI de laPesca were final
ized. 

Protected Species Observer Data 
Observers monitored sea twt1e and 

marine mammals around 140 offshore 
oil and gas structures during 1992. 0b
servers recorded the number of turtles 
and dolphin sighted as well as the turtles 
or dolphin killed from explosives. Also, 
the length and nwnber offish dead and 
:floating were recorded with diver counts 
of twt1es and the weight of explosives 
used. 

Marine Mammal Data Management 
System 

A data management system was es
tablished in North Carolina to compile 
data on marine mammals and to main
taindataonmarinemammal sightingsin 
North Carolina waters. 

MarineMammals andTurtlesStnnd
iogNetwork 

In corporation with personDe1 of 
states, other federnl agencies, and the 
public, personnel of the Marine Mam
mals and Turtles Stranding Network 
chronicle, catalog, record, and dissemi
nate infonnation on the live and dead 
strandingsofmarinemammalsalongthe 
U.S. AtlaoticandGulfcoasts.Therewere 
59 marine mammal strandings in North 
Carolina in 1992 that produced investi
gations of the cause of death. When 
feasible, necropsies were conducted and 
tissues were stored for shipment to other 
scientists for study. 

Marine Mammal Strandings 
Two unusual occurrences ofbottle

nosedolphinmortalitiesoccurredin 1992. 

A full-winter increase in strandings 0c

curred along the west coast' of Florida, 
and aspring increase occurred along the 
Texas coast. Significant resoun:es were 
allocated to investigate the occurrences. 

Forensia Manual for Marine MaID
maJJ 

A draft of the Marine Forensics 
Manual contains specialized protocols 
for tissue coUection from stranded ma
riDe mammals In addition, it specifies 
standani operating procedures for the 
Marine Forensics Program 

TeUi BottIeDOle Dolphin Deathl 
A contact netwodc Was established 

in mid-Texasto support logistical, scien
tific, and lawenforcementeffortsregard
ing a high number ofbottleoose dolphin 
deaths. The Southeast Fisheries Science 
Center's plan for sample collection was 
activatedas wellas on-siteinvestigations 
ofthe strandings. To deternUne the rela
tivehealthofthe remainingdolphinpopu
lation, blood samples were taken from 
live dolphin in the area of high dolphin 
mortalities. 

florida Bottleaose Dolphin Deaths 
Technical support was provided to 

Mote Marine Laboratoryper50nnel con
cemingthe high mortalitiesofbott1enose 
dolphin in the area ofSarasota. Florida. 

11ssue Contamination 
A test was developed for deteding 

polychlorinated biphenyls and chlori
nated pesticides in liver and blubber 
samples from marine mammals An
othertestwasdevelopedforthedetection 
oflead, mercury, arsenic, cadmiwn, and 
selenium from marine mammal livers. 
Numerous samples were taken from 
marine mammals and sea turt1es for 
baseline data. Validation of both tests 
continues. 

Analytical Methodl 
Method validation was conducted 

for determination ofPCB/peslicide resi
dues in tissues ofmarine mammals and 
seatwt1es. Also, methods werevalidated 
for microwave digestionofdolphinlivers 
collected in the Texas die-oft: Subse
quent analysis ofthe digested livers will 

determine the presence and amount of 
cadmiwn, lead, arsenic, and selenium. 

STATISTICAL� 
COLLECfIONS� 

Commercial Fisbery Surveys 
In cooperation with per50lUlel 

of the southeastern states, Puerto Rico, 
and the U.S. Virgin Islands, the South
east Fisheries Science Center maintains 
a complex system for collecting fishery 
statistics and biological samples for im
portant southeastemfishcly species. The 
dataand samplesareused for avariety of 
fishery research and management aetivi- . 
ties. 

Wredaisb Fishery Monitoring 
New procedures and technoloaies 

were developed and implcmented for 
monitoringthewrecldishfishety.Barcode 
scanning devices and mark«nsc read
ers resulted in significant savinp in data 
entryandfilemaintenance. Also, thenew 
systemcapturesadditionalecooomicdata 
that previously were unavailable. Based 
on operational performance, the systcm 
might be considered for other fishcrles, 
particularlythosemanagcdbyindividual 
transferable quotas. 

Snapper-Grouper Fishery Lopook 
A new logbook was developed and 

implemented for the commcrciaI snap
per-grouper fisbcIy. A 1ogbook for mul
tiple fisheries is under development 

Spiny Lobster Tmldl 
Spiny lobster 1991 annuaIlandinp 

were 7.0 million pounds, approximately 
one million pounds more than 1990 and 
the6.1 miIlionpoundaveragcsince 1975. 
A record high of 939,000 traps were 
deployed. Seasonal catch per trap has 
been declining sli&htlY since 1975, avcr
aging 9.2 poundsper trap and downli'om 
a greater than 25 pounds per trap in the 
19605 and 19705. Average commercial 
landings per trip were 169 pounds. Rec
reational harvestwasestimatedat435,OOO 
pounds during the special two day sport 
season and 1,283,000 pounds durin, the 
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first month ofthe regular season. These 
landings combined represented approxi
mately 26% of the commercial harvest 
over the same time period. 

Stone Crab Trends 
Thebiologicalconditionofthe stone 

crab fishety appears healthy, partly be
cause regulations protect the reproduc
tivecapacityofthespecies. TotaIlandings 
haw jncreaseflannuallyfrom2.1 million 
pouOds In 19&5 to 3.1 million pounds in 
1990 and in 1991. Landings averaged 6 
pounds per trap whicb were near record 
lowlevels, suggestingovercapitalization 
of the fishery. The estimated nwnber of 
traps deployed was 617,000 in 1991 and 
has been relatively stable since 1985. A 
greater proportion of the annual harvest 
has occurred earlier in the season in 
recent years, due primarily to increased 
fishing effort (trap hauls per trip) earlier 
in the season. 

Headboat Survey 
The headboat statistical survey pro

vides quantitative estimates of species 
composition, catch, effort, andbiological 
samples for the U.S. South Atlantic and 
GulfofMexico headboatfisheries. In the 
U.S. Atlantic, approximately 2.65 mil
lion ftsh weighing about 1,794 metric 
tons were landed in 1991. Fishing effort 
was about 389 thousand angler days. 
These estimates represent a 904. decrease 
in nwnber,6%increase in weight, andan 
8% decrease in effort from 1990. The 
catch-per-unit of effort decreased from 
6.9to6.8innwnbercaughtandincreased 
from 4.0 to 4.6 kg in weight 

In the GulfofMexico in 1991, about 
two millionfish, weighingaboutl,121 t, 
were landed with 240,654 angler days of 
effort. The catch-per-unit of effort de
creased from 8.4 to 8.3 in nwnber and 
increased 4.4 to 4.7 kg in weight from 
1990. Over 45,000 lengths from more 
than 100 species and over 5,000 otoliths 
from 57 speciesofreeffisbwere collected 
to support biological studies and stock 
assessments. 

Menhaden Survey 
Landings for menhaden, the largest 

U.S. fishety by weight, were recorded 
daily from processing plants in North 
Carolina, Virginia, and thenorthern Gulf 

ofMexico in the United States, and from 
New Bnmswick and Nova Scotia in 
Canada, Also, two international-waleli 
processing ventures were rnonitoRd in 
the coastal waters ofMaine. These ven
tures operate in cooperation with three 
offshoreRussianfactotyvessels. In 1992, 
7,690 menhaden in the Atlantic and 
11,640 menhaden in the Gulf were 
sampledfor sizeand age determinations. 

Menhaden Captain's Reports 
Dailyreports from rneJ1h:lldcnvessel 

captains for 1990-1992 are beina digi
tized. The daily logs record data on each 
menhaden set location, catch estimates, 
and environmental conditions. 

Charterboat Survey 
Catcb andeffort datafrom dailylogs 

maintainedby charterboat captains from 
North Carolina to Texas were collected. 
The data are used for stock assessment 
models and to determine the effects of 
alternative regulations in the coastal pe
lagic and reeffish fisheries. 

Brown Shrimp Production 
Brown shrimp production offTcxas 

in 1991 was high while production off 
Louisiana was only slightly above aver
age. In inshore Texas waters, 1991 pro
duction was just above average while 
inshore Louisiana production was at an 
all time low. 

Pink Shrimp 
In 1991, catches of pink shrimp in 

the Tortups shrimp grounds ofFlorida 
continued to decline. Recruitment was at 
an all time low. 

Bycatcb Report 
Areportentitled"HistoricalReview 

of Shrimp Trawl Fishety Bycatch in 
Galveston Bay" was submitted to the 
Environmental Protection Aaency's 
Galveston Bay National Estuary Pro
gram. 

Bycatcb Observen 
About twenty-five shrimp captains 

agreed to host observers aboard their 
vessels to collect bycatch data in 1992. 
Bothbaitand baycommercial shrimpers 
were represented. Observers colJect 
samplesas the shrimperswork nonnally. 

BUllish Statistics 
Catch statistics were acquired 

fromcountriesoftheeastandwestAtIan
tic. Infonnation was also attained from 
the International Commission for the 
ConservationofAtlanticTunas (lCCA1) 
tageingprogramandfromageandgrowth 
research. 

Tournament Sampling 
Over ninety thousand hours of 

fishing in 144 tournaments in the west
ern, north Atlantic was docwnented in 
1991. In addition, non-toumament sam
pling was accomplished at eight loca
tions in the GulfofMexico. There was a 
aencral declincin tournament participa
tion in 1991. Of the 3,855 bUlfish re
ported caught, 87% were released. The 
average weights for blue marlin, white 
marlin, and sailfish were 340.0, 55.3, 
and 51.5 pounds, respectively. 

MEXUS-Gulf 
Annual shrimp catch statistics and 

recent scientific publications were ex
changed with members of Mexico's 
Instituto Nacional de la Pesca at the 
annual 1991 MEXUS-Gulfmccting and 
with Professors Garcia and Yanez
Arancibia at the annual meetings ofthe 
American Fisheries Society and the Es
tlwine Research Federation. Proposals 
for coordinated fishety and habitat re
search were presented at the MEXUS
Gulfmeeting. 

BIOLOGICAL 
RESEARCH 

Kinl Mackei'd Stock Allocation 
A method for discriminating east

ern GulfofMexico from Atlantic Ocean 
stocksisunderdevelopment Themethod 
analysesotolithgrowth differences using 
discrirninantanalysistechniques. Results 
from the new method will improve stock 
assessment by correctly allocating king 
mackerel caught in the south Florida, 
mixed-stock fishety to the correct Atlan
tic or Gulfstock . 
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!Ideutification of Wild and Hatchery-
Produced Red Dnun 

Otolith daily-increment deposition 
patterns have been used with discrimi
nant analyses to distinguish hatchery
produced from wild red dromjuveniles. 
The method will be used to estimate 
numbers of hatchery fish recruited to 
later life stages and thus contn"bute to 
evaluating the efficacy ofred dmm stock 
~nhan~meJlt programs. 

Striped Bass Tagging 
To distinguish striped bass stocks, 

migration patterns. wintering grounds, 
and age and growth, the NOAA ship 
AlbatrossIVwasusedoffNorthCarolina 
and Virginia in January and February. 
The size range of the 1,017 striped bass 
tagged was 424-991 rom in total length. 
Since this tagging began in 1988, the 
number oflegal-sizedfish of28 inches or 
greater in length has steadily increased. 
The percentage ofIegal :fish in 1988 was 
10%and increased to over 35% in 1992, 
and the highest eatch-per-unit of effort 
was recorded in 1990 when over 3,000 
fish were captured and released. 

Striped Bass Tag Recaptures 
Since 1988, 465 tag returns were 

recorded from NorthCarolinato Canada, 
43% of which were recovered in the 
Chesapeake Bay area. During the 1992 
tagging cruises, 10 recaptures were re
corded. 

Striped Bass Tag Reteution 
To study tag retention in striped 

bass, 429 :fish were double tagged using 
the AmericanLittoral Society"loop" tag 
and the internal anchor tag. 

TIssue Analyses 
The concentration of mercwy in 

wreckflSh muscle samples and thePCBsi 
pesticidesincmdemenhadenoil samples 
are being analyzed. 

Menhaden Production Pilot Facility 
The pilot production facility pro

duces test materialsfrom menhaden oils. 
In 1992, the facility produced 2,895 kg of 
VDFO, 466 kg of N-3 EE concentrate, 
505 g ofEPA, and 109 g ofDHA. These 
test materials are supplied to institutions 

conducting medical studies in coopera
tionwiththeNationalInstitutesofHealth. 

Cooperative Veterans Administration 
Study 

The production pilot facility was 
organized and new equipment installed 
to providetest materialsfor a900 patient 
studyoftheeffectofN-3 fattyacid supple
mentation on the clinical outcome after 
coronary artery surgery. 

Experimental Seafood Processing Fa
cility 

Teclmical assistance in seafoodpro
cessing was provided to aquacultural 
companies suchasDeltaPride, America's 
Catch, Sea Fanos, Sea Chick, Hygiene 
Fish Company. Also, assistance was pro
vided to National Marine Fisheries Ser
vice (NMFS) inspection personnel, anda 
four-day course was provided on sensory 
analysis to the NMFS National Training 
Branch. 

Mexican-American King Mackerel 
Research 

The migration of king mackerel in 
Mexican and American waters of the 
GulfofMexico was descnbed in a paper 
submitted for publication and jointly 
authored by Mexican and American bi
ologists. The paper infers the need for 
consideration offishing mortality in the 
exclusive economic zones ofboth coun
tries for management of the species. 

Gag Reproduction 
Research on gag in the U.S. Gulfof 

Mexico indieatesthespeciesspawnsfrom 
February to May as a "batch" spawner 
every 3 1/

2 
days or 30 times a year. The 

smallest female sampled withfull repro
ductive potential was 7.1 em in total 
length. The fecundity per female was 
estimated at 2.8 - 15.1 million eggs per 
year. Knowledge ofspawning periodicity 
and fecundity are important for analyz
ing the status ofa stock and stock recov
ery rates for management ofthe species. 

Snapper-Grouper Growth 
Length and weight data were col

lected for red grouper, red snapper, and 
vermilion snapper,gag, andscamp. Also, 
otoliths were colIected to develop or im
prove age-length keys, models oflength
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weight relationships, andconversionfor
mulas for fork to total:fish lengths. 

King and Spanish Madlerel Gromh 
Along with length and weight data, 

otoliths were collected, processed, and 
read for king and Spanish mackerel. 
These data were used to convert lengths 
to ages for studies ofmackerel stocks. 

Spanish Mackerel and BluefISh Prey 
A study was completed of the prey 

consumption of Spanish mackerel and 
bluefish. The object of the study is to 
estimate the biomass ofprey species re
quired to sustain a given biomass of a 
particular predator species. 

Juvenile Billfish Sampling 
Samples oflarge predator stomachs 

yielded 38 juvenile swordfish. Otoliths 
from these were extractedforevaIuation 
ofage and growth information In addi
tion, juvenile and small sailfish were 
sampledfor reproductiveorgansand hard 
partsfromextremesizeeategoriesforage 
and growth research. 

Gamefish Tauing 
More than twenty-seven thousand 

fish tags were issued to participants of 
cooperative tagging programs in 1991. 
In that year, nearly sixteen thousand ta, 
releaseswere reportedalongwith341 tag 
recaptures. 

Changes in Reef Fish Community 
Structure 

A North Carolina reeffish commu
nity was resurveyed with SCUBA after 
15 years of heavy fishing pressure to 
determine if changes occurred in com
munity structure. Generally, fishC5 im
portantinthe recreatiooalandcommercial 
fisheries were smaller, and the species 
composition of fishes and invertebrates 
changed to a more tropical community 
indicating a warming trend. 

WreckrlSh Aged 
Sections ofotoliths from wrecldish 

revealed that fish in the catch ranged 
from 4 to 30 years ofage, and most fish 
caught were near 10 years old 



Rock Hind and Red Hind Aged 
Rockhind and redhind, twosmaller 

groupers important to catches in the 
Florida Keys and the U.S. Caribbean, 
wereagedby reading sections ofotoliths. 
Maximum age was 10 years for red hind 
and 12 years for rock hind. 

~EAFOOD 
SAFETY 

Oyster Bacteria 
The effects of time, temperature, 

and salinity on Vibrio vulnificusbacteria 
in oysters is under study. Also under 
study is theeffectiveness offoodadditives 
for V. vulnificus inactivation. 

Microbial Methods Research 
Microbial methodsresearchattempts 

to detect and quantifY hwnanpathogenic 
viruses in enviromnental matrices using 
molecular biological techniques. Under 
investigation are methods for the extrac
tion and analysis of polio, hepatitis A. 
and Nonvalk viruses from mollusks. 

National Indicator Study 
The purpose ofthe National Indica

tor Study is to improve the microbiologi
cal systemusedbystateagenciestoprotect 
the healthofconsumers ofU.S. harvested 
mollusks. Progress has been made to
ward several newand improved methods 
to detect human-specific indicators of 
fecal pollutionandto detectandenumer
ate priority pathogens. Such pathogens 
includethe Norwalk virus-aprevalent 
causeintheUnited Statesofgastroenteric 
illness after one consumes mollusks 
and the hepatitis A virus. A preferred 
detection technologyis nowreadyforfull 
inter-laboratoryevaluationandfield test
ing on a national scope. 

Procedures Manual 
A microbiological procedures 

manual isbeingprepared. The manual is 
for investigators to use to characterize 
mollusksampling sites across theUnited 
States. 

Cultured verses WUd Species 
Technology has been developed to 

distinguishwildfrom culturedfish stocks 
in South Carolina. In addition. the tech
nology exceeded expectations by distin
guishing, with about 7()O/Q certainty, fish 
sampled from five dUferent locations. 
Such methods will help promote U.S. 
aquaculture by allowing the sale ofcul
tured products without jeopardizing the 
conservation of wild stocks of the same 
species. 

Marine Forensics 
Technical support was provided to 

law enforcement personnel with regard 
to the totoaba/vaquita issue at the Mexi
can border in southern California. The 
goal wastoclosethe illegal marketforthe 
endangeredtotoaba, By limiting the ille
gal market, both the totoaba and the 
endangered vaquita are betterprotected. 

Marine Biotoxins 
Mass cultures of Gambierdiscus 

toxicuswereestablished toproducecrude 
toxins. The crude toxins will be purified 
to develop toxin standards. 

Calcium Flux Assay 
Acalciwnfluxassay was developed 

to measure increased calciwn uptake by 
004 cells in the presence ofmaitotoxin. 
The assay is undergoing modification to 
achieve quantitative reliability. 

HeteI'osigma akaslliwo 
Fattyacidsoffive dinoflagellate cul

tures and two pl)'11lDesiophyte cultures 
were analyzed for 18:5n-3, a potential 
marker compound for toxic phytoplank
ton. Only one prymnesiophyte, 
Heterosigma akashiwo, akilleroffiumed 
salmon containedasignificantamountof 
18:5n-3. 

Pesticide Runoff 
A study was conducted from 1986

1990 to evaluate toxicity testing in lab0
ratory verses field conditions. The 
measurement of agricultural pesticide 
nmoff toxicity on marine non-target or
ganisms produced very comparable re
sults when measured under laboratory 
conditions or field conditions. The study 
showed both LCSO Qet.haJ concentration 

50%) and EC50 (effective concentration 
50%)values tobe comparable regardless 
of laboratory or field procedures. The 
study was conducted for the U.S. Envi
ronmental Protection Agency. 

STOCK 
ANALYSES 

Status of Menhaden Stocks 
Status of Atlantic and Gulf stocks 

was reported to federal, state, and indus
try organizations through a variety of 
reports. Preliminary and final forecasts 
were prepared in November, 1991, and 
April, 1992. Status reportswereprepared 
and presentations made at two menha
den National FishMeal and Oil Associa
tion meetings. Similar reports were 
produced for biannual meetings of the 
Gulf States Marine Fisheries Conunis
sion. 

RoanokeRiverStripedBassDataSyn
thesis 

In response to a 1989 Congressional 
Actrequiring astudy ofstripedbassin the 
Roanoke River..Albermarle Sound area 
ofNorth Carolina, a historical data base 
collected by Dr. William W. Hassler, 
ProfessorEmeritusat N.C. StateUniver
sitywasacquiredforexamination. Analy
ses of the data base and other historical 
data will provide information descn'bing 
the ecological system, documenting the 
changes inpopulations, anddetermining 
causes for the stock's decline as required 
by Congress. 

Sciaenid Stock Assessments 
Annual assessments were made of 

the Atlantic red dnun stock for the South 
Atlantic Fishery Management Council 
(1989, 1991, 1992). An assessment of 
Atlantic weakfish was also completed in 
1991 forthe Atlantic StatesMarineFish
eries Commission and is being updated. 

Computer Model of Shrimp Closure 
Acomputersimulationofthe brown 

shrimp fishery indicated a $36 million 
increase would occur with a closure off 
Texas and Louisiana from mid-May 
through mid-July. 
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Shrimp Status 
In 1991, landings, parentstoek, and 

recruitment for brown and white shrimp 
either increased or were similar to 1990 
levels. Landings, parent stock, and re
cruitment for pink shrimp, however, de
creased. 

OverrlSbing Index 
The brown, white, and royal red 

shrimp fisheries were over the species
specific overfishing index level in 1991. 
The pink shrimp fishery was above the 
overfishing index. but it was very close 
and for the past few years it has been 
declining. 

Pink Shrimp Forecast 
The November, 1991 through Octo

ber, 1992 pink shrimp harvest from the 
Tortugas groWlds ofFlorida pointed to 
another poor fishing year. Data for the 
forecast were providedbytheEverglades 
National Park, the National Ocean Sur
vey, National Weather Service, aswell as 
the National Marine Fisheries Service. 
The 1966-1990 avemge is 8.5 million 
poWlds, butlandingsof4.3 to4.7million 
poWlds were predicted. The previous 
year'sforecastof4.1to4.4millionpounds 
was verified with a final tally of 4.5 
million poundsfor the 12 months ending 
in October, 1991. 

Brown Shrimp Forecast 
The July, 1992 through June, 1993 

brown shrimp forecast in the western 
Gulf of Mexico indicated a poor year. 
Data were provided by the Louisiana 
Department ofWildllfe and Fisheries as 
well the National Marine Fisheries Ser
vice. Texas brown shrimp indices of 
abundance all point to a below-avemge 
catchofl8.6to24.1 million pounds. The 
1960-1990 avemge Texas landings were 
27.2 million pounds. Heavy rainfiill, 
record river stages. and cooler than nor
malspringweatherwerelikelycombined 
to cause the decline. Louisiana indices 
also pointed to below avemge levels of 
juvenile brown shrimp. Catches west of 
the Mississippi River should be 26.3 
millionpoWldsandbeiowthe 1960-1990 
avemge Louisiana catch of28.7 million 
poWlds. Although Louisiana received 
near-normal rainfall and had appropri

ate salinities in its extensive marshes, 
recruitment to the nursery areas was low. 

Bluefin TunaAssessment 
Abluefin tunastoekassessmentwas 

conducted in conjunction with the Inter
national Commission for the Conserva
tion of Atlantic Tunas (lCCAT) in 
November,l99lforthewestemAt1antic 
stock, and in November, 1992 for the 
eastern Atlantic stock. Results supported 
10weringthepresentfishingmorta1ityfor 
bluefin tuna. 

YeUowfm Tuna Assessment 
A yellowfin tuna stock assessment 

was conducted in conjunction with 
ICCATinNovember, 1992utilizingJOOd. 
e1s newly developed by the Southeast 
Fisheries Science Center. The assess
ment raised the possibility of excessive 
effortwhich willbeaddressed ataspecial 
meeting in 1993. 

BiUfisb Assessment 
Billfishstockassessmentswerecon

ducted in conjunction with ICCAT in 
November, 1992 and at a July workshop 
of the ICCAT Enhanced Billfisb Re
search Program held in Miami, Florida. 
Fishingmortalitywasexcessiveforwhite 
marlin. For blue marlin, e8rlier heavy 
fishing significantly reduced stocks, but 
although the stocks are now rebuilding, 
they are still below MSY population 
levels. 

SwordfISh Fishery Management Plan 
Stock Assessment Review 

Areportofresowce status relative to 
colllfDon biological reference points was 
prep3red. The review resulted in an esti
mated muge ofallowable harvest for the 
U.S. fleet that is believed to be consistent 
with ICCAT regulations. 

Risk Assessment 
Several risk assessment methodolo

gies were developed and applied to as
sessments of swordfish, bluefin tuna, 
yeUowfin tuna, and blue marlin. 

Menhaden Risk Assessments 
Assessmentmethodologieswere de

veloped for both Atlantic and Gulfmen
baden based on event tree analysis. The 
analysis for gulfmenhaden was in coop

eration with Pennsylvaniay State Uni
versity and Oak Ridge National Labom
tory. 

ReefFish Assessments--GuIfofMexico 
Stock assessments were completed 

for red grouper, vermilion snapper, am
berjack, red snapper, assessment was 
completed. Resultswerepresented to the 
appropriate fishery management coun
cils and other organizations involved 
with reeffish management 

ReefFisbAssessmentl-SouthAtlantic 
Preliminarystock assessmentswere 

completed for 19 species of reef fish 
inhabitingtheregionfrom CapeHatteras, 
NC to the Dry Tortugas, FL. Black sea 
bass, redporgy,white grunt, gmytrigger
fish, tilefisb, redsnapper,vermilionsnap
per, yellowtail snapper, scamp, speckled 
hind. warsaw grouper, and snowy grou
per were regarded as overfished by defi
nition of the South Atlantic Fishery 
Management CoWlcil. Greater amber
jack, lane snapper, mutton snapper, gmy 
snapper, gag,blackgrouperandredgrou
per did not appear to be overfished. A 
multi-year assessment ofblack sea bass 
populations was completed. 

Wreckf"1Sh Assessment 
Assessments ofwreckfish stocks in 

the U.S. south Atlantic have been con
ducted the last two years using virtual 
population analysis. These results have 
been used by the South Atlantic Fishery 
Management CoWlcil to guide in deter
mining quotas on this fishery. 

Reef Fish Assessments-South At
lantic 

Reef Invertebrate Assessments 
Assessments were completed for 

spiny lobster and stone crab stocks. 

Spearf"ashing Analysis 
Analysis of ten years of data from 

reef fish visual censuses taken at Key 
Largo and Looe Key National Marine 
Sanctuaries show significantly higher 
piscivoredensitiesatreefsproteetedfrom 
spearflShing. Some fishes; such as snap
pers and grunts increased exponentially 
in the first few years after a spearfishing 
ban at the Looe Key Marine Sanctuary. 
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Biscayne National Park Study 
An analysis ofdata from 847 visual 

fish census samples taken at ten reefs in 
Biscayne National Palk: will serve as 
baseline information for paJt managers 
in decisions relating tofish management 
goals. The sampling took place from 
1988 to 1991. 

Coastal Pelagic Assessments 
Sfock ~ents were conducted 

forAtJapticJdngmackerel, GulfofMexico 
king Jnackerel, Atlantic Spanish mack
erel, GulfofMexico Spanish mackerel, 
Atlantic cobiaand GulfofMexico cobia 
Results showedthat the statusofAtlantic 
kings remained in good shape and that 
the status ofthe spawning potential ratio 
ofthe Gulfkings and the Spanish stocks 
are improving toward recoveJY from an 
overfished state. Cobia in the Gulf are 
fished at a higher rate than in the AtIan

tic; however, the mortality rates in either 
region do not appear to be excessive. 

Gulf of Meuco Red Snapper Aueu
ment 

The U.S. Gulf ofMexiaJ red snap
perstoekremainsdepreaedwithaspawn
ing potential ratio estimated at 10/.. The 
stock is impacted by the direaed fisheJY 
and by byeatehes in the shrimp fishery. 
Regulations on the directed fisheJY in
clude a commercial quota, recreational 
baglimit,andminimumsizeofl3 inches. 
The 1989yearclasswas strong relative to 
recent years, but a large portion of the 
yearclasswascroppedoffin 1991-1992. 
Fishing mortality remains high, even 
without byeatehes, with directed mortal
ity greater than FOol or F_. 

Gulf of Me:lico Red Grouper AsIeu
ment 

ThepresentGulfofMexicoredgrou
per fishing mortality is approximately 
FOol' If this rate is maintained, then the 

resulting spawner potential ratio would 
be 4Q01o and above the overfishedcriteria 
Yield per recruit analysis showed that if 
releasemortalityexceeds20%, thenyield 
perrecruit couldbe increasedby decreas
ing the minimum size from the present 
18 inches. However, a lower minimum 
size could jeopardize the status ofother 
groupers managed within the same eat
egoJY. 

Vernillion Snapper Assessment 
A virtuaI population analysis was 

conducted on Gulf ofMexico vermilion 
snapper. Results indicate that present 
levels of the fishing mortality is higher 
than Fo.l and F_. However, the spawn
ing potential ratio is 36% assuming a 
release mortality of 330/.. This ratio is 
above the criteria for being over1ished. 
Recent catches have increased, particu
larly in the directedcommercial fisheries 
in response to transfersofeffortfrom red 
snapperfisheries. A minimumsize of10 
inches could increase the yield per re
cruit 
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Species Synopses� 

The following sections contain information on the biology, fishery, yield, and status of 
important species within the jurisdiction of the Southeast Fisheries Science Center. Each 
section corresponds to the following species groups: oceanic pelagics, coastal pelagics, 

. shrimp, reef fish, groundfish, sharks, menhaden, butterfish and coastal herrings, reef 
invertebrates, marine mammals, and sea turtles. . 

Because of the vast diversity of species in the southeast, some of the following sections 
discuss only selected species. Additional information may be obtained by contacting the 
director's office oftbe Southeast Fisheries Science Center. Also, publications listed in the 
synopses may be requested from tbe author at the appropriate laboratory of the Southeast 
Fisheries Science Center. 

Red Gr-mIper (EpinephellU morio) 
Cotu1Uy. Smit1uollitl" /lUtilldioll. NatIoIUIlM_ ofNatural History 
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1 Oceanic Pelagics 

The Atlantic Oceanic pelagic re
$9ur~1l are wJeJe nmging and highly 
migratory, There is a broad array of 
species which comprises the complex 
harvested by international fishing fleets. 
The United States is among the major 
harvesting nationsfor some ofthese spe
cies, includingNorth Atlantic swordfish, 
western Atlantic bluefin tuna, and more 

. recently, yellowfin twla in the western 
Atlantic. U.S. North Atlantic billfish 
harvests are of significance, both in rec
reational harvests and as incidental 
bycatch in fisheries directed at twlaS and 
swordfish. U.S. domestic fisheries range 
throughout the northwestern Atlantic 
Ocean, Gulf of Mexico, and Caribbean 
Sea. Because of their highly migratory 
natureand ocean-widedistributions, both 
national and international management 
bodies are concerned with conservation 
of these resources. 

In U.S. waters, fisheries may nowbe 
regulated under authority of the 
Magnuson Fishery Conservation and 
Management Act as well as by interna
tional agreements through the Interna
tional Commission for the Conservation 
ofAtlanticTunas (ICCA1).The member 
nations ofiCCATincludeAngola, Benin, 
Brazil, Canada. CapeVerde, Cuba.Equa
torial Guinea, France, Gabon, Ghana, 
COte d'Ivoire, Japan, Korea, Morocco, 
Portugal, Senegal, SlIoTome& Principe, 
South Mrica, Spain, Uruguay, United 
States, Russia. and Venezuela Resource 
status evaluations for ICCATare carried 
out by its Standing Committee on Re
search and Statistics (SCRS). 

The Southeast Fisheries Science 
Centerhas lead research responsibility in 
theUnitedStatesforstockassessmentsof 
Atlantic large pelagic resources. These 
assessments provide the scientific bases 
for national and international manage
ment ofthe fisheries. U.S. Fishery Man
agement Plans have been developed for 

Swordfish 

swordfish and billfishes. International 
agreementsfor regulatingswordfish har
vest were implemented in 1991 and 
international restrictions ofbluefmtuna 
harvest have been in effect for nearly a 
decade. Regulations regarding the har
vestofother tunaspecieshave generally 
not been implemented. 

SWORDFISH 

SwordfISh Q{iphius g/adius) are 
the most widely distributed billfish and 
occur worldwide in all tropical, 
subtropical, and temperate seas. They 
appear to have the widest water 
temperature tolerance among the 
billfish, since they are found in waters 
withsurface temperatures rangingfrom 
about 5-27°C. ICCATrecognizes several 
possible stock hypotheses for Atlantic 
swordfish, including a discrete stock in 
theNorth Atlantic. Swordfishpreferred 
habitat is believed to be near the edge of 
continental shelfs in waters from 100
3,000 mdeep, nearoceanicfrontal zones, 
and near seamounts and mid-ocean 
islands. 

Swordfish are considered apex 
predators and as adults are believed to 
eatwhateverpreyisavailable ingreatest 
abundance in their immediate vicinity. 

Their large eyes and predominance of 
whitemuscletissueappeartobeadaptations 
for stalking prey during dark periods and 
at depths to about 600 m. Swordfish are 
thought to be nocturnal feeders, feeding in 
near-surface waters at night. The major 
part oftheir diet consistsofsquids, pelagic 
fishes, and occasionally crustaceans. 

Swordfish grow rapidly and may Jive 
25 or more years. Females are believed to 
mature at about 5 years. On average, 
swordfish attain weights ofapproximately 
14,25,41,61 and 104 kg at ages 1,2,3,4, 
and 5. The recentaverage sizeofswordfish 
harvested by U.S. fishennen before 
minimum size regulations were 
implemented was 38 kg. Approximately 
85% of the recent catch in· numbers of 
swordfISh from the North Atlantic were 
fish less than 5 years old. 

The swordfish fishery is prosecuted 
mainlyby longlinefleets, with theSpanish 
andU.S. fleets dominating recent catches. 
These two nations accounted for about 
76% of the total North Atlantic swordfish 
catch in the most recent three year period. 
Drift gillnets were recently employed by 
U.S. fishermen operating in a relatively 
restricted part oftheNorthAtlanticOcean. 
The drift gillnet fishery operated under a 
36 t quota in 1992. The catch ofand effort 
directed at swordfish in the North Atlantic 
showed a continual increase from 1978, 
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whenthe UnitedStateseasedits mercury
content regulation until peak landings of 
nearly 20,000 t were made by fishermen 
in 1987. North Atlantic landings in 1988 
werenearlyequal to 1987,while landings 
from 1989-1991 declinedtoabout 13,200 
t, due, in large, to a shift ofeffort to just 
south of5° N, the statistical boundaryfor 
theNorthAtlanticswoIdfish management 
unit and the implementation of a 
minimum size measure in 1991. Total 
Atlantic landings of swordfish were 
highestinI989,reachingalevelofSO,500 
t, in comparison to 19,800 t in 1978. 
Since 1989, total Atlantic landings of 
swordfish have declined to about 37,600 
t Landings ofNorth Atlantic swordfish 
for 1989-1991 averaged 15,271 t The 
recent annual yield to U.S. fishermen 
during this period was 5,378 t 

Becauseofconcemoverthe statusof 
the north Atlantic swordfish resource, in 
1990, ICCAT recommended several 
managementmeasures, includinga 15% 
reduction from 1988 levels of Spanish 
and U.S. fishing mortality rates anda 25 
kg (whole weight) minimum size for all 
Atlanticswordfish. ICCAT management 
recommendations were not binding on 
signatory nations until the midcUe of 
1991. 

The 1992 SCRS swordfish 
assessment workshop was held in 
September 1992inMadrid, Spain. during 
which catch and effort information for 
north Atlantic swordfish through 1991 

was analyzed. The results of the 
assessment indicate effort and landed 
catch have been reduced from levels 
estimated for 1987 and 1988, primarily 
as a result of effort reduction andlor 
diversion to other regions ofthe ~ 

and reduction in the landed catch by the 
Spanish and U.S. fleets. Reported landed 
catchfromthestockdeclinedfrom 19,959 
metric tons in 1987 to 13,212 t in 1991. 
This34%decline in weightofthe landed 
catch reflects a corresponding decline in 
the estimated number of fish landed of 
about 41%from levelsestimated in 1987 
and 1988. The 1992 assessment, which 
incorporatesthemost recent information, 
reflects changes in the fishery and the 
assessment indicates that the population 
decline has slowed or stabilizedand that 
fishing mortality rates havealsodeclined 
since peakvalues in 1987 and 1988. The 
assessment indicates that the prospects 
for the north Atlantic swordfish re~ce 

have improvedto some degree relative to 
the condition of the resource in recent 
prior years. 

The most recentassessment includes 
only a 6-month period during which the 
ICCATregulatoryrneasureswerebinding 
on the signatorynations. Data from 1992 
and 1993 will provide more information 
on the effect of the 1990 ICCAT 
recommendations. Ofcritical importance 
to determination of current and likely 
future status of the resource is accurate 
estimation of the effects of the 

management recommendations in tenns 
of actuaI reduction offishing mortality. 
To accurately estimate the effectiveness 
of these recommendations, accurate 
accounting of the total number of fish 
killed as a result of fishing by all the 
fishing nationsis needed, includingthose 
fish caught, but not landed. Measures to 
control the level of swordfish fishing 
mortality rate attributed to nations other 
than Spain and the United States may 
also be needed to avoid loss ofany gains 
in resource status and future potential 
yield due to the present management 
recommendations. 

Twofonnsofana1ytical assessments 
were conducted at the 1992 swordfish 
assessment. These included the 
application of an age-structured model 
(VPA) and a lumped biomass model 
(non-equilibrium stock production 
model). The non-equilibrium stock 
production model applied at the meeting 
provided estimates ofMSY, the fishing 
mortality rate needed to produce MSY 
(FMSY)' annual estimates of fishing 
mortality rates, and annual estimates of 
stock biomass level. MSY represents the 
maximumsustainablelong-termaverage 
yield which might be obtained by the 
fishery, providing the stock is at a level 
that could produce MSY (BMSY) and the 
fishery isharvestingthatbiomassata rate 
equal to FMSY' Analyses conducted at the 
1991 swordfish assessment provided 
estimates ofMSY in the range of 13,100 
to 14,300 t A revised biomass index of 
abundance was developed by 
standardizingdatafromtheUnitedStates, 
Spain. Canada. and Japan. The time 
series extendedfrom 1962 through 1991. 
The 1960s data were primarily from the 
Canadian fishery, although some data 
fromtheU.S.fisheryfromtheI960swerc 
also used in the analysis. When all ofthe 
annual indexvaluesareusedinproduction 
modelling (basecaseana1ysis) themedian 
estimate of MSY, after adjusting for 
poSSIblebias in the estimation procedure 
used, was 14,200 t with an estimated 
standard error of 2,600 t From this 
analysis, the results indicated there was 
an approximate 84% chance that the 
actual value ofMSY is less than 16,800 
t (16% chance it is higher) and 
approximately an 84% chance that the 
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Swordfish� 

Longtenn potential yield 
CWTent potential yield 
Recent average annual yield 

~pt.~ of. exploitation 
Age at 50% maturity 
Generation time 
Natural mortality mte 
Spawning stock biomass per recruit in equilibriwn 
Fishing mortality rate at FO.I 
Fishing mortality rate at Fmax 
Fishing mortality mte in most recent year (1991) 

11,600 - 16,800 t 
8,000 - 14,200 t • 
15,300 t (stocks) 

5,4oot (United States) 
Over exploited 

5 years 
10-15 years 

0.1-0.25 
About 5% 

0.2 
0.4 

0.37-0.66 
(95% CI , mean 0.5) 

0.8 -1.4 
(68% CI, median 0.97) 

0.65 - 1.03 
(68% CI, median 0.84) 

·From production model using FMSyand B92 base case BIBMSy (0.65-1.03). 

actual value of MSY is greater than 
11,600 t (16% chance it is lower). With 
respect to current (1992) condition ofthe 
stock, the median estimate of BdBMSY 

was 0.84 (with an estimated standard 
error of0.19), indicating approximately 
even odds that the stock biomass at the 
beginning of 1992 was either higher or 
lower than 84%ofthat level which could 
produceMSY(approximately 84%ofthe 
estimates were greater than 0.65 and 
approximately 84%were less than 1.03). 
The adjusted estimate ofmedian F91 1FMSY 

was 0.97 indicating approximately even 
odds that the 1991 fishing mortality rate 
was higher or lower than 97% ofthe rate 
that could result MSY (approximately 
84% of the estimates were greater than 
0.8 and approximately 84% were less 
than 1.4). 

The reported landings of north 
Atlantic swordfish in 1991 were 13,212 
t. This value is approximately 1,000 t 
lower than the median estimate ofMSY 
from the base case analysis (14,200 t), 
approximately 3,000 t lower than the 
84th percentile estimate of MSY and 
approximately 1,600 t higher than the 
16th percentile estimate of MSY. The 

1991 reported landings (13,212 t) are 
about the same as the estimated median 
equilibrium yield at current stock size. 
However, it must be recognized that the 
estimates of equilibrium yield include 
that portion ofthe catch which is thrown 
back to the sea dead because of the 
minimum size regulation. Thus, catch 
limits that do not account for mortality 
due to discarding or other forms of 
mortality can result in further decline in 
stock biomass and lower levels of 
production from the stock. 

Exclusion of certain annual index 
values from the production model fits 
were also conducted to evaluate the 
model's sensitivityto these CPUEvalues. 
From these sensitivity analyses, the 
medianestimatesofMSY, afteradjusting 
for possible bias, ranged from 14,300 to 
15,200 t The median estimates of BJ 
B",SY' after adjusting for possible bias, 
rangedfromO.85toO.95. Theseestimates 
are within the 68% confidence ranges 
estimated for the base case analysis. 
Sensitivity of the model to errors in the 
asswned yield, such as possible WIder
reporting of catch during the period of 
mercury restrictions, or unreported 

discard mortality due to the minimum 
sizeregulation werenotconsideredin the 
1992 analyses. 

In all of the models and data set 
combinationsconsidered, itwas assumed 
that thefishery had not changed in terms 
of its pattern ofexploitation from 1962
1991 and that the yield estimates used in 
modelling represented a more or less 
constant proportion of the actual yields. 
Changesintheexploitationpatternofthe 
fishery, such as through the 
implementationofa minimumsize limit. 
thatare notaccountedfor intheestimation 
procedure, can result in errors of the 
estimates ofMSY and FMSY that are not 
obvious. Likewise, changes in the 
proportionofunderoroverreportedyield, 
such as might have resulted during the 
period ofmercury restriction, orfailure to 
account for discard mortality if this 
mortality changes over time can also 
result in errors in estimates ofMSY and 
FMSY' Current status interpretations from 
the stock production model results did 
not take into account poSSIble effects of 
change in selectivity pattern, ~ly 

in the last few years, nor accotJnt for 
discard mortality of undersized fish and 
may be optimistic for these reasons. 
Sensitivity of the model results to these 
and other effects need to be evaluated. 

Theage-structured analytical model 
appliedprovidedestimatesofage-specific 
fishing mortality rates and abundance 
(stock size) of a year-class (all fish born 
in the same year) over the time period 
analyzed. ICCAT swordfish VPAs have 
been limited to the period after 1977, 
because of limited size samples from 
earlieryearsandsincesomeofthe reported 
landings during the mercury restriction 
period of the 1970s are thought to be 
under-reports of actual harvest. VPAs 
have formed the basis of recent ICCAT 
management recommendationsforNorth 
Atlantic swordfish. 

As in previous ICCAT analyses, 
there are alternative biological andlor 
fishery assumptions (Le. sexual 
dimorphism, procedures for estimating 
numbers at age, selectivity patterns, and 
index time series) that could influence 
the results and our perception of the 
status of the resource. These were 
addressed in a more exhaustive number 
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ofsensitivityana1ysesthantheproduction 
model analysis. The sensitivity analyses 
results raise the possibility that the base 
case VPA may impart some degree of 
underestimation ofthe abundance ofthe 
older age fish, but also may impart some 
degree ofoverestimation oftile youngest 
age fish for the most recent years in the 
analysis. 

Results of the VPA indicated that 
st~ size estimates at the beginning of 
the year of age I swordfish (recruits) 
increase gradually from 1978 through 
1987, remainedatthe same level in 1988 
and increased in 1989 and decUned in 
1990. The 1990 year-class (age 1fish in 
1991)maybeconsiderably higherthan in 
previous years, but the estimate is very 
Wlcertain The 1991 year class may be 
smaller than in recent years, but the 
estimate ofthis is even more Wlcertain. 
Stock size ofthe ages 2-4juvenile group 
increasedthroughout theperiod 1978-87 
and hasbeenvariable since then. Theage 
2-4 stock size at the beginning of 1992 
increased substantially due to the 
calculated increase inthe 1990yearciass. 
Adult stock size (ages 5+) declined 
continuously throughout the time series 
to approximately halfof what it was in 
1978. There was a small increase in the 
estimated abWldance ofage 5+ in 1992. 
Thefishingmortalityrateofage 1andthe 
ages 2-4 group fluctuated, but with a 
generally increasingtrend through 1988, 
with a constant decline in 1989·1991. 
Fishing mortality rateon ages 5+appears 
to have increased significantly during 
1978-87 with a gradual decline from 
1988 to 1991. The weighted average 
fishing mortality rate estimated for ages 
2-5+in 1991 is64%ofthe 1988 leveland 
141% of the 1978 level. 

The results ofthe 1992 VPAshowa 
small improvement in adult stock size in 
1992compared to the previousyear. The 
estimate ofabWldancefor age 5+ fish in 
1992 is 56% ofthat estimated for 1978. 
Theiocreaseinage5+abWldancebetween 
1991 and 1992appears tobeduereIatively 
strong recruitment during the late 19808 
and somewhat reduced fIShing mortality 
rates since 1987-1988. Although the 
estimates of current (1991) fishing 
mortality rates have decreased from the 
1987-88, thebasecase VPA suggests that 
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Figure 5. Western Atlantic bluejin tuna yield and stock biomass trajectory. 
Assessments ojstock status using data onlyfrom 1970. 
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current (199 I)fIShing mortalityrate is in 
excess ofFO.l and F_. The VPA results 
indieatethatcurrentharvestlevels(1991) 
could be maintained in the short tenn 
(through 1993) and allow for a stable or 
slightly increased stock size. 

There is Wlcertainty in the VPA 
results, as intheproductionmodel results. 
Much of the Wl<:ertainty results due to 
questions about the effectiveness of the 
ICCAT minimum size recommendation 
for reducingthe actual mortalityon small 
fish. Becausewehave notyetbeenable to 
estimate discard mortality for the entire 
fleet, this uncertainty cannot be easily 
resolved. To a large extent, the ability of 
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the North Atlantic swordfish stock to 
support current harvest levels and the 
potential for rebuilding depends on the 
effectiveness of the minimum size 
regulations inreducingfishing mortality 
rates on Wldersized swordfish. The 
reductions in fishing mortality and 
posstblechangeinselectivity'pattemfrom 
1988 to 1991 could provide gains in 
realized long-tennyields from the stock 

BLUEFIN TUNA 

Northern bluefin tWla (Thunnus 
thynnus) is a large oceanic pelagic 

Longterm potential yield 
Current potential yield 
Recent average annual yield 
Status ofexploitation 
Age at 50% matwity 
Current spawning potential ratio (SPR) 
Generation time 
Natural mortality rate 
Fishing mortality rate at FO.I 
Fishing mortality rate at Fmax 

3,000 - 13,000 t 
About 2,000 t 

2,850 t (st9Ck) 1,760 t (U.S.) 
Over exploited 

6-& years 
Less than 10% 

16-20 years 
0.1 .0.18 

0.1 
0.14 

Fishing mortality rate in most recent year (1990) 0.35 
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Figure 6. Relative stock size trajectoriesfor western Atlantic bluefln tuna. The 
trajectories shown represent the median values from 1,000 iterations of the 
ICCA T assessment model which incorporates uncertainty in the model input 
parameters. Stocksize isexpressedrelative to the 1982 level which is theflrstyear 
bluefln harvests were restricted based on the 1981 SCRS recommendation. 
Projected stock sizes (after 1991) are based on the 1992 ICCAT management 
program (l0% reduction) and several other yield reduction scenarios. 

scombrid species that is found in the 
Atlantic and Pacific Oceans. In the west
ern Atlantic,bluefinocx;urfromLaborador 
andNewfoundland south into the Gulfof 
Mexico and Canbbean Sea, and also off 
Venezuela and Brazil. In the eastern 
Atlantic, they occur from off Norway 
south to the CanatyIslands, in the Medi
terranean Sea and off Africa. ICCAT 
recognizes two management units of 
northern bluefin tuna in the Atlantic 
separated at450 Wlongitude above lOoN 
latitude and at 25° W below the equator 
with an eastward shift in the boundaJy 
between those parallels. Some inter
change of fish between the eastern and 
western Atlantic is known to occur. The 
management units were defined based 
primarily on the existence of spawning 
areas in the Gulf of Mexico and the 
Mediterranean Sea; additional support
ive evidence included: 1) coastal abun
dance of juveniles on each side of the 
ocean, 2) the high proportion ofjuvenile 
bluefin tagged onone side oftile Atlantic 
and at liberty for at least a y~ which 
were recaptured on the same side ofthe 
ocean, and 3) relativelylowcatch ratesby 
high seas longline vessels in the central 
Atlantic during most time periods. 

Northern bluefinareamonithe Wi
est teleosts. Specimens have been known 
to reach 320 em fork length and up to610 
kg. Bluefin feed on a variety of fishes, 
cephalopods, and crustaceans, depend
ingon seasonal prey availability. Bluefm 
generally grow to larier size at aie than 
the other tWlas. Like many other tunas, 
bluefin tend to be found in schools of 
similar sized individuals. Small bluefin 
also occur in mixed schools with other 
species ofsimilar size, such as alblcore 
and yeIlowfin, bigeye, and skipjack tu
nas. In western Atlantic waters, indi
viduals that reach 196cmfork len&thare 
believed to be approaching 8 years. 
Spawning females in the GulfofMexico 
are thought to be at least 8 years old. The 
recent average size ofbluefin cauiht in 
the western Atlantic in recent years is 
about68kg. Theagecorrespondin,toan 
individual of this size would be about 6 
years. However, the averaie aie offish 
caught in the western Atlantic iscloser to 
2 years because many more small. youna 
fish are caught than are the 1ar&e, older 
fish. 
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In the eastern Atlantic Ocean and 
Mediterranean Sea, bluefin tuna have 
been exploited for thousands of years. 
Bluefin tunain thewestern Atlantic have 
beenfishedprimarilybytheUnitedStates, 
Japan and Canada; substantial catches 
from the western Atlantic were not made 
until the early 1960s when Japanese 
longline vessels and United States and 
Canadian purse seine vessels accOWlted 
for most of~ catch. Small recreational 
fisheries for bluefin existed in the early 
part of this century. However, available 
dataare too sparsefor use in stockassess
mentswhichtracktheeatehessince 1960, 
just after extensive commercial fishing 
began. 

The peak yields ofbluefin from the 
western Atlantic (about 8,000-19,000 t) 
occurred in 1963-1966 when much ofthe 
catch was taken by longlines offofBraziI 
(Figure 5); since then catch rates off 
Brazil have been very low. During the 
late 1960s and 1970s yields avemged 
about 5,000 t In 1982 a catch restriction 
of 1,160 t was imposed; the catch limit 
was increased to 2,660 t in 1983 and has 
been held at that level through 1991. 
Yields genemlly have been within 15% 
ofthe targetcatch levels since 1982. The 
United States generally caught 40-60% 
ofthe totalyieldduring 1960-1975, about 
30% during 1976-1981 and has taken 
about 60% of the yield since 1982. Dur
ing the 1960s and 1970s a North Ameri
can purse seine fishery for juveniles and 
the longlinefishery usually took 70-80010 
of the yield and recreational fisheries 
usually took 10010. During the period of 
catch restrictions a U.S. purse seine fish
ery for adults and the longline fishery 
usually have taken 50-60% of the U.S. 
yield and rod and reel fisheries about 
20%. The balance ofthe U.S. yields have 
been taken by gears such as traps, har
poons, handlines and tended lines. The 
value ofbluefin tuna increased substan
tiallyduring the 1980swiththe increased 
importance ofthe Japanese market. As a 
result, manyofthefish nowcaughtbyrod 
and reel are sold. 

By 1973, ICCATexpressedconcern 
about the decrease in the abundance of 
bluefin tuna in the North Atlantic. In 
response tothisconcem, a minimum size 
regulation was put into effect in 1975. In 

spite of the minimum size regulation, 
west Atlantic bluefin stock abundance 
continued to decline. After conducting a 
series of stock assessments, ICCAT's 
SCRS recommendedin 1981 thateatehes 
from the west Atlantic bluefin stock be 
reduced toas nearzero aspossible tostem 
the decline of the stock. Based on this 
recommendation, allowable landings of 
western Atlantic bluefin have been 
restricted since 1982. 

The most recent assessment ofwest 
Atlantic bluefin tuna status was carried 
out by ICCAT's SCRS in November 
1991, usingcatch andeffort datathrough 
1990. Estimated stock abundance trends 
continued to show that all size classes 
were substantially below the 1970 levels 
(see Figure 6). The assessment showed 
that in the face ofcatch restrictions, the 
fishing mortality mte on both small and 
largebluefin, increased to values as high 
or higher than those estimated 
immediately before implementation of 
catch restrictions. The results indicated 
although it was likely that the ICCAT 
managementstmtegyfor reducingfishing 
mortalityhadbeenapartiaIsu~, recent 
fishing mortality mtcs near record high 
levels for medium and largebluefinwere 
likely cropping the potential benefits to 
the adult stock before they could be 
realized. On the basis ofthis assessment, 
ICCAT implemented regulations to 
furtherrestricteatchlevelsbyanadditional 
10% for 1992-1993. 

Evaluation ofthe future prospects to 
the bluefin stock from the newly 
implemented managementprogram and 
other possible harvest restrictions was 
conducted via a risk analysis, 
incorporating uncertainty in the 
assessment ofcurrent (1991) abundance 
(seeFigure6). The risk analysis focussed 
on the adult (age 8+) and medium size 
classes (ages 6-7). To avoid basing the 
analysis entirelyon assumed recruitment 
levels, the analysis was restricted to the 
time fmme during which year classes 
estimated by the 1991 stock assessment 
were included in the age group being 
examined. Under the assumptions used 
in the analysis, there are approximately 
evenodds that 1997largeflShabundance 
will exceed, and alsoapproximatelyeven 
odds ofbeing below the projected 1992 

abundance level, given a 50% harvest 
reduction scenario. Under the 10% 
reduction scenario simulated (the 1992 
ICCAT management program), the 
results ofthe analysis indicate less than 1 
chancein4that1997largefishabtmdance 
will exceedthe 1992level (approximately 
3chances in 4that it will bebelow 1992). 
Duringtheinterim (1995-96),an increase 
inabundancerelativeto 1994isprojected, 
followed by an expected decline to 1997 
levels under all scenarios simulated. The 
projected increase in abundance in 1995 
is due to the relatively strong 1987 year 
class entering the age 8+ group, but 
becausenosufficientlystrongyearclasses 
follow 1987, theage8+group isprojected 
to decline from the 1995 level under the 
scenariossimulated. Forthemediumfish 
(ages6-7), oscillations inabtmdancewere 
projected under all scenarios simulated. 
In all cases, there are good odds 
(approximately 3 chances out of 4) that 
the 1993 stock size would exceed that 
projected for 1992, although these 
probabilities fell to less than 33% in 
1995, after the relatively strong 1987 
year class was projected to pass through 
this age group. 

Since 1970 theestimatedbiomassof 
bluefin tuna age-2 and older in the west
ern Atlantic has declined (Figure 5). The 
mte of decline slowed with the imposi
tion of catch restrictions in 1982. The 
longtenn potential yieldfor the stockhas 
beenestimatedto rangefrom about 3,000 
to 13,000 t, depending on assumed fish
ingpatterns andassumed natural mortal
ity mtes. Recent estimates of current 
potential yield for bluefin in the western 
Atlantic have been on the order of2,OOO 
t The recent averageyieldfor 1989-1991 
is estimated to have been 2,850 t The 
avemge yield to U.S. fishennen during 
this period was approximately 1,760 t 

YELLOWFIN TUNA 

Populations of yellowfin tuna 
CFhunnusalbacares)arefoundworldmde 
in tropical waters. In the Atlantic their 
distnbution is tropical, cosmopolitan, and 
migratory with the greatest oceanic 
concentrationsfoundbetweentheequator 
and±15° latitudes. However, migrations 
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take place to the north and the south 
along the American coast, and asa result, 
coastal concentrations of yellowfm are 
found seasonally off the northeastern 
United States and Uruguay. In addition, 
substantial concentrations of yellowfin 
arefound intheGulfofMexico, especially 
during the spring and summer months. 
The habitat is mainly oceanic, and the 
distri~utipn of yellowfin is in large part 
detenpinedbythepresenceofpreyspecies, 
mainly small pelagic fishes and squids, 
aswell asby the temperatureofthe water. 

The yellowfin is a fast-growing 
species. It attains a maximum length of 
about 170 em fork length, corresponding 
a weight ofabout 70 kg. Ifan individual 
fish were to live for about seven years, it 
would attain such a size. but such 
specimens are not conunon. Occasional 
yellowfin as large as 180 kg have been 
taken. The average size in the Gulf of 
Mexico longlinefishery is about 140cm, 
corresponding to a weight ofabout 50 kg 
and an estimated age of 3 to 4 years. 

Sexual maturityisattained when the 
fish weigh about 25 kg., an average age 
of 3 years. In the western Atlantic, 
spawningtakesplacemainlyduring April 
through June; spawninggroundsinclude 
the Gulf of Mexico. It is believed that 
largerspawninggrounds are found in the 
eastern Atlantic; however, research 
remains to be done on the spawning 
biology. An individual flSh may spawn 
repeatedly during a single spawning 
season. 
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Figure 7. Western Atlantic yellowfln tuna yield and standardized abundance 
index. The abundance index was developed/or 1980-1988 based on U.S. and 
Oriental high seas longline catch and effort data. 

For assessment, ICCAT's SCRS TheSCRS has notconductedfonnal 
considers Atlantic yellowfin tuna to 
comprise two stocks, one in the eastern 
and one inthewestern Atlantic. Research 
during the ICCAT Yellowfin Year 
Programsupportedthe widelyheld belief 
that somemixingoccursbetweenwestern 
and eastern Atlantic stocks. The degree 
ofmixing is stillunknown. As ofJanuary, 
1993, a total of 16 trans-Atlantic 
movements ofyellowfin (all from west to 
east) had been documented in 
collaborative studies conducted by 
scientists of the United States and COte 
d'Ivoire. 

Yellowfin Tuna� 

Longtenn potential yield 

elUTent potential yield 
Recent average annual yield 

Status ofexploitation 
Age at 50% maturity 
Generation time 
Natural mortality rate 

33.000 t (stock)� 
10,000 -12,000 t(GulfofMexico)� 

Unknown� 
30,000 t (stock)� 

6,200 t (United States)� 
Unknown� 
2-3 years� 

5 years 
0.8 (fish less than or equal to 2 years old) 

0.6 (fish greater than 2 years old) 

assessmentsofwestern Atlanticyellowfin 
stocks,butseveralexploratotyassessment 
models havebeen described. At the 1990 
SCRS meeting, apreliminaty production 
model ofwestemAtlanticyelloOOn,based 
on Venezuelan purse seine effort from 
1972-1989,waspresented. Thatanalysis 
estimated a long-term potential yield of 
33,000 t for the stock and suggested that 
the stock could be near full exploitation. 
However, the yelJowfin tuna working 
group considered the data and 
assumptions underlying the analysis too 
preliminaryto permit conclusive results. 
Furthermore. the analysis may have 
reflected the status of yeUowfin only in 
watersaroundVenezuela. InApril,1991, 
the ICCAT Working Group on Western 
Atlantic Tropical Tunas convened at the 
Southeast Fisheries Science Center's 
Miami LaboratolYtoreviewtheanaIytical 
data base for western Atlantic yellowfm 
tuna. The Group did not conductafonnal 
assessment ofwestern Atlantic yelJowfin 
but did arrive at an agreed data base for 
future assessment work. At the 1991 
SCRSmeeting, anexplorato1)' production 
model of yellowfin tuna in the Gulf oj 
Mexico was presented based on the 
working hypothesisafaclosedpopulation 
intheGulf ThedatabaseandasswnptioDll 
underlying this analysis wereconsidered 
to have many shortcomings, but the 
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estimateoflong-tennyieldfromthe GuIt: 
about 10,000 to 12,000 1, suggests that 
yellowfin in the Gulf may be gradually 
approaching full exploitation. 

About 75% of the yield ofyellowfin 
tuna from the western Atlantic during 
1989-1991 was taken by two countries, 
Venezuela and the United States. The 
average annual yield during this period 
was 30,000 1, of which about 40010 was 
laken in longline fisheries and the 
remainder by surface gear (mainly 
baitboats and purse seines). The average 
estimated yield to U.S. fishennen was 
6,200 1, mainly from 10ngline harvests 
from the Gulf of Mexico. The average 
estimate of annual U.S. recreational 
harvest of yellowfin tuna during this 
period was about 800 1. Figure 7 shows 
the recent yield trajectory and the 
standardized10ng1inecatchperuniteffort 
abundance index developed for 
assessment purposes. 

BILLFISH 

In the Atlantic Ocean, blue marlin, 
white marlin, sailfish, and longbill 
spearfish are a bycatch of the United 
States and foreign commercial tuna and 
swordfish 10ng1ine fisheries. In addition 
to the incidental catches ofbi1lfish in the 
longline fisheries, other major fisheries 
inthewesternAtlanticincludethedirected 
recreational fisheries oftheUnited States, 
Venezuela, the Dominican Republic, 
Senegal, Costa Rica, Mexico, Jamaica, 
Bahamas, and Brazil. Smaller 
recreational fisheries are also found in 
Cuba, Bennuda, Portugal (Azores, 
Maderia), and many other countries in 
the Caribbean Sea and the eastern 
Atlantic. ArtisanaI fisheries for marlins 
and sailfish along the west African coast 
and in the Canbbeanand South America 
areofincreasing local importance. Recent 
developmentandgeographical expansion 
oflonglinefisheries in the GulfofMexico 
for tuna and in the Caribbean Sea for 
swordfishandtunas,andthegeographical 
expansion of the longline fleet offAfrica 
raise concern for billfish. Because these 
areas are known to have significant 
concentrationsofbil1fish,bycatchofthese 
species may increase. The incidental 

bi1lfish catch of some of these fisheries 
(e.g. U.S. and Spanish Iong1ine fleets, 
tropical purse seine fleets) is expected to 
result in increased discard mortalities of 
billfish, which are difficult to document 
and result in uncertainties in basic catch 
statistics. 

AssessmentofAtlanticbil1fishstocks 
has generally been hampered by data 
limitations. In the early 1980s, 
assessments of blue and white marlin 
based on production models (which 
assume equilibrium) using total flShery 
yieldandanindexofabundancedeveloped 
from the Japanese longline fleet were 
attempted. Changes in the method of 
fishing and the main targets of the 
Japanese 10ng1ine fleet in much of the 
Atlantic have prevented the use of these 

data for updated assessments of bi1lfish 
prior to 1992. However, as a result ofthe 
work accomplished at the Second 
Intercessional ICCATBiI1fishWorkshop 
in Miami in 1992, standardization ofthe 
Japanese longline index, as well as 
resolution of other data problems, 
facilitated the first assessments for blue 
and white marlin in over a decade. In 
addition, use of a production model 
(ASPIC), which does not assume 
equilibrium, allowedanalysisofmultiple 
data inputssimultaneously (the Japanese 
index was no longer relied upon 
exclusively) and this resulted in 
assessments which provided a vastly 
improvedview ofthe statusofthe stocks. 

Due to domestic concerns over the 
future prospects for billfish resources, 

Billfish� 

Longterm potential yield 
Current potential yield 
Recent average 8IU1ual yield 

Status ofexploitation 
B,/BMSY 
F./FIolSY 

Longterm potential yield 
CWTent potential yield 
Recent average 8IU1uai yield 

Status of exploitation 
BpIIBMSy 

FJFMSY 

Longtenn potential yield 
CWTent potential yield 
Recent average 8IU1ual yield 

Status of exploitation 

BLUE MARLIN 

1,718 t 
Unknown 

1183 t (stock) 
253 t (United States) 

Over exploited 
0.82 
1.05 

WHITE MARLIN 

593 t 
Unknown 

253 t (stock) 
63 t (United States) 

Over exploited 
0.52 
0.65 

SAILFISH 

Unknown 
Unknown 

619t(stock) 
32 t (United States) 

Moderately exploited 
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Figure 8. Estimated trajectory ofbiomasslbiomass at MSY ratio (B/BMSy) for 
north Atlantic blue marlin. 

U. S. restrictionsofbillfish landings were 
implemented in October, 1988 under the 
U.S. Fishery Management Plan for 
Atlantic Billflshes. The Plan eliminates 
possession and sale of billfish by 
commercial flShennen and restricts the 
allowablecatch ofbillflshby recreational 
gear (rod and reel) by size limits. U.S. 
catchofeachbillfishspeciesare estimated 
from various data sources. Because the 
Management Plan imposed no sale and 
no possession regulationsoncommercial 
fisheries, no official U.S. commercial 
landingshavebeen reportedforanyofthe 
three Atlantic species since the plan was 
implemented. Estimates of bycatch 
mortality, known to occur in the U.S. 
longline fleet, are made using data 
reported by U.S. captains and vessel 
owners pennitted to fish for Atlantic 
swordfish and datafrom limitedobselVer 
coverage on thesevessels. Theestimated 
proportion of billfish retrieved dead on 
longline gear ranges from 0.30 to 0.68, 
depending on species and geographical 
area. Estimates of capture·induced 
mortality of billfish reJeased by 
recreational angJers are genera)Jy not 
availabJe, althoughthissourceofmortality 
is believed to be Jow. 

Blue Marlin 
Blue marlin (Makaira nigricans) 

are sparely distributed over wide areas of 

the tropical and temperate waters of the 
world oceans. In the Atlantic Ocean, the 
latitudinal range varies seasonally from 
about 40"N to about 35° S. Two main 
seasonal concentrations appear to occur 
in the Atlantic; from January through 
ApriJ in the southwestern Atlantic and 
from June through October in the 
northwestern Atlantic. Transatlantic 
movements have been documented from 
the western to eastern Atlantic, along 
with the seasonal migrations which 
correspond tocoolingoftemperate waters 
during the winter. 

The types of food eaten by bJue 
marlin vary somewhat with the region 
where they occur. The diet ofblue marlin 
is mostly piscivorous (particularJy tuna
like fishes), but also frequently contains 
cephalopods. The range in size of food 
items can vary from large tuna (greater 
than 30 kg) to postJarval teJeosts. Blue 
marJin, Jike all istiophorids, often extend 
their stomach outside of their mouth 
when hooked in an attempt to avoid 
capture. This reaction also empties the 
stomach so information on the diet is 
fragmentary and not weJl quantified 

BJue marlin are one of the fastest 
growingofall teleosts, particuIarJy during 
the first year of life when maximum 
growth can be as high as 16 mm per day. 
Sustained growth rate during the first 
100 days can average about 10 mm per 
day. Blue marlin are Jong Jived and are 
reported to attain ages of at Jeast 25-30 
years. BJue marlin are also one of the 
largest marine teleosts; in the Atlantic 
they can reach a length ofover 4.5 mand 
weight ofover 600 kg. 

The age at 50% maturity for blue 
marlin is difficult to detennine, in part 
.due to'the difficulty of examinin& w&e 
numbers ofspecimensandthesubstantial 
difference in sexually dimorphic &Towth 
betweenmalesandfemales.Maturemales 
in the Atlantic Ocean have been reported 
as small as 35 kgand the smallest mature 
females were 44 kg. 
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Figure 9. Yield trajectoriesjOr north Atlantic blue marlin. 
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There appears to be two widely 
separated concentrations ofblue marlin 
spawning in the western Atlantic. In the 
northAtlantic,blue marlinspawnmainly 
in the Canbbean Sea during the summer 
butoftenbaveasmallerpeakofspawning 
intheearlyfall. Inthesouth-westAtlantic, 
spawning occurs primarily in January 
throughMarch. Thearenodataindieating 
that blue marlin change their sex (i.e. 

. prOf311dry~. 
. ICCAT recognizes several poSSIble 
stadestructurehypothesesforbluemarlin, 
including a north and south Atlantic 
stockandatotalAtlanticstock. Thenorth 
Atlantic-wide catch of blue marlin 
increased rapidly after 1960, reaching a 
peak of more than 5,000 t by 1963. 
Thereafter, landings declined 
substantially. Production model fits to 
data from 1960-1980 suggested that by 
1980, the sizeofthe north Atlantic stock, 
at best, had been reduced to about the 
level expected to produce its long-term 
potential yield. The worst case 
interpretationwas thatthe stockhadbeen 
over exploited by the late 1970s. 

Updated assessments included an 
additional 10 years ofdata compared to 
previous assessments. Inaddition, amore 
flCX1ble model (ASPIC) was used which 
does not assume equilibrium and aIJows 
analysis of several data series 
simultaneously. Since this model 
estimates relativelevelsofbiomassbetter 
than absolute levels, these data are 
illustrated in terms of ratios relative to 
optimal biomass (BMSY)' General results 
from the updated assessments indicate 
thatbiomasstrajectories werebelowBNSY 

(i.e. stockbiomassthatcanproduceMSY) 
after 1966(Figure8). Longtermpotential 
yield for north Atlantic blue marlin from 
this assessment were estimated to be 
1,718 t. The last few years were more 
optimistic anddid show signsofamodest 
recovery in biomass level, although 
estimatedbiomass isstil1belowthatwhich 
could produce MSY (Figure 8). Several 
sensitivity runs were made to assess the 
effect of under-reporting on the 
assessment results. As expected, 
proportional increases in estimates of 
MSY were observed but estimated 
trajectories did not change in pattem 
Based on these results, ICCAT presently 
considers the north Atlantic stockofblue 
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Figure 10. Estimated trajectory ofbiomass!biomass at MSY ratio (BlBurrJfor 
north Atlantic white marlin. 

marlinoverexploited. However, apparent White Marlin 
stabilization in some CPUE indices and White marlin (Tetrapturus albidus) 
production model results showing signs are distrIbuted over nearly all of the 
of a modest recovery during the most Atlantic Ocean from 35° S to 45° N, 
recent years, are encouraging. including the Gulf of Mexico and the 

The recent average yield of north Canbbean Sea. Their distribution varies 
Atlantic blue marlin for 1989-1991 is seasonally, reaching into the higher 
estimated to have been 1,183 The latitudesduringthewarmsummerperiodst. 
average yield to U.S. fishermen during of either hemisphere. In general, white 
this period was approximately 332 t marlin are found in waters areater than 
(Figure 9). About 82% of the recent 100 m deep with swface temperatures 
average yield (1989-91) to the United over 22°C. In contrast to blue marlin, 
States has been as a bycatch on longline white marlinreach higherlatitudesin the 
gear, the remainder of the U.S. yield wann summer months and tend to 
results from recreational harvest congregate in areas accessible to shore
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Figure 11. Yield trajectories for north Atlantic white marlin. 
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basedfisheries in much greater numbers. 
Along the U.S. Atlantic coast, white 
marlin are seasonally abundant from 
North Carolina to Massachusetts. White 
marlin concentmteo:!fVenezuela during 
the winter, and in spring some fish from 
this area are thought to move northward 
tofeeding grounds inthe northernGulfof 
MexicoandU.S. eastcoast. Whitemarlin, 
like blue marlin, are found in the 
CarlOJ>ewl region throughout the year. 
White marlin are thought to be mainly 
daytime feeders. Their diet, like other 
species in this unit, varies depending on 
location and availability of prey. Squid 
and smaller pelagic fishes tend to 
predominate in their diet 

As with blue marlin, the modal age 
atfirst reproduction is notwell knownfor 
white marlin. However, female white 
marlin are thought toreach maturityatan 
eyeorbit to fork lengthofabout 130emor 
20 kg body weight. Spawning for white 
marlin in the western north Atlantic is 
believed to occur throughout the 
CarIbbean, in the GulfofMexico, and in 
the Straits of Florida during April and 
May. LaJval collections and relatively 
high catch rates oflarge white marlin in 
pelagic longline fisheries suggest that 
spawning by this species in the north 
Atlantic may occur between 100 N and 
20° N for as long as November through 
JWle. 

As for blue marlin, ICCAT 
recognizes several stock hypotheses for 
whitemarlin, includinganorthand south 
Atlantic stock and a total Atlantic stock. 
The north Atlantic-wide catch of white 
marlin peaked in 1965 with a yield in 
excess of2,000 t Catch has been below 
that level since, generally fluctuating 
between 243 and 1,500 t. Production 
model fits for 1960-1980 data, based on 
the Japanese longline index, suggested a 
sharp decline in biomass from the early 
1960's through 1970, with continuedbut 
more moderate declines (with variation) 
to low levels through 1980. The stocks 
were considered by ICCAT to be at least 
fully exploited and likely over exploited 
by the later partofthis time series (mid to 
late 1970's). The U.S. index showed a 
continuous downward trend from 1980 
to the end of the available standardized 
effort series in 1990. Catch perunit effort 

information from the Venezuelan 
recreational fishery indicates a similar 
trend, as does the U.S. recreational index 
since 1980, but continues to historic lows 
by the end of the time series (1990). 

The differences between early 
assessments (1979-82 SCRS) and those 
presented to the 1992 SCRS, in terms of 
methodologyandavailabledata,for white 
marlin are the same as stated previously 
for blue marlin. Analysis using a non
equilibriwn production model (ASPIC) 
were initially conducted for the entire 
time series (1961-1990). However, the 
north Atlanticmodel would notconverge 
to a solution, due to the large variation in 
CPUE's during the first five years. 
Therefore, thedatawere consideredfrom 
1966-1990 and the model again applied. 
The general results (Figure 10) from the 
analysis illustrate declines in stock 
biomass to levels well below estimated 
BMSrAlthoughtherewasaslightupswing 
in estimated biomass in the lastfew years 
(Figure 10), ICCAT considered this a 
slowing ofthe downward trend and not a 
sign ofrecovery. White marlin results in 
thiscasewerelessoptimistic thanfor blue 
marlin Longtermpotentialyieldfornorth 
Atlanticwhite marlinwasestima1edto be 
593 t. Nwnerous sensitivity CWlS were 
made to gain insight into how Wlder
reporting of landings might affect 
assessment results. As with blue marlin, 

proportional increases in estimates of 
MSY were observed but the biomass 
tmjectories were virtually unchanJed 
Also, since the first five years of data, 
which include the largest declines in 
CPUE's, could notbe used in this model, 
these results could be considered 
conservative. The model estimates that 
for decadesstockbiomass hasbeen below 
that which could produce MSY (Figure 
lO)andfishingmortalityratesaretohigh 
to allow a rapid recovery. As a result, 
ICCAT considers these stocks tobe over 
exploited. 

The recent average yield of north 
Atlantic white marlin for 1989-1991 is 
estimated tohavebeen253 t. Theaveraae 
yieldtoU.S. fishermen during this period 
wasabout 63 t (Figure 11). Approximately 
79% of the recent average yield (1988
9O)fortheUnitedStateshasbeenbyeatch 
on longline gear, the remainder of the 
U.S. yield is due to low recreational 
harvest. EstimatedU.S. 10ngIinebycatch 
ofwhite marlin has decr~ from total 
of72 t in 1989 to 38 t in 1991. 

Sailfish 
Sailfish(Istiophorusplatypterus)are 

circwntropical in distribution, occurrinJ 
in all warm marine waters of the world 
Sailfish generally have a more coastal 
distribution than blue andwhitemarlins, 
althoughtheyareaOOcapableofextensive 
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Figure 12. Yield trajectory for west Atlantic sailfish and spearfish, 
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open water movements. In the western 
Atlantic, sailfish usually range between 
300 Sand 30"N, althoughfish thought to 
be stragglers occasionally occur outside 
ofthese latitudes. In the eastern Atlantic, 
the latitudinal range for saiUish is more 
restricted, with fish generally occwring 
between 10" S and 20" N. During the 
colder months, sailfish concentrate in 
wanner water areaswithin these latitude 
ranges andfomy intothe higher latitudes 
duringwannmonths. Forinstance,along 
the U.S. Atlantic coast, there is a 
concentrated abundance of sailfish near 
theFlorida coast, and fish remain in that 
areayear-round. However, inspringwith 
warming waters to the north, large 
nwnbers movenorthwardalongthecoast 
toward CapeHatteras. Conversely, in the 
fall withcoolingwatertempera1ures,fish 
move again to the south. Sailfish are one 
of the smaller members of the billfish 
family. Fish caught along the eastern 
U.S. coast generally average aroWld 18 
kg, although they can range upwards to 
64 kg. Sailfish are believed to have a 
relatively high rate of natural mortality 
(estimatesofMrangeupwardfrom O.35). 
MostoftheAtlanticfishcaughtinfisheries 
are thought to be less than 4 years old. 
Like the other billfishes. sailfish are 
thought tobefilirIyopportunisticfeeders, 
although fish and squid form the major 
part oftheir diets. 

ICCAT recognizes eastern Atlantic 
and western Atlantic stock hypotheses 
for sailfISh. As indicated earlier, the 
catches of sailfish and spearfish are not 
generally separated in the statistics 
provided by the high-seas longline 
nations. Attempts have been made by 
ICCATscientiststoseparatethehistorical 
catches into east and west categories, 
most recently at the 1992 intercessional 
ICCAT billfish workshop. Catch of 
western Atlantic sailfish and spearfish 
have increased steadily, to a peak ofover 
l000tin 1988,althoughthe 1989reported 
catch was approximately 500 l Recent 
U.S. recreational harvests are not well 
estimated and reports are conservative. 
Assessmentsofstockstatus completed in 
1983, based onyieldper recruit analyses, 
indicated that the sailfish resource in the 
westemAtianticwasmoderatelyexploited 
atthattirne.Althoughattemptstoestirnate 

long-term potential yield for western 
Atlantic sailfish have been made, the 
data have not been sufficient for that 
purpose. The recent average yield of 
western Atlantic sailfish for 1989-1991 
isestimated at 619l The average yield to 
U.S. fishermen during this period was 
about 32 t. However, the estimate ofu.S. 
recreational harvest estimate for this 
period is likely conservative. Figure 12 
shows the recent sailfish and spearfish 
harvest trajectory inthe western Atlantic 
through 1991. 

BIGEYETUNA 

Bigeye tuna (Thunnus obesus) are 
cirauntropical in distribution, occurring 
in all ofthe world's oceans. In the Atlan
tic they are widely distributed in tropical 
andtemperate waters,between 45°N and 
45° S. Bigeye, like other similar-sized 
tunas, feed on a variety offish, cephalo
pods, and crustaceans, depending on 
availability. Feeding is believed to occur 
in daytime as well asat night. Bigeyeare 
considered a largetuna, althoughtheydo 

Bigeye Tuna� 

Longtenn potential yield 61.200 - 74,000 t 
ClUTent potential yield Unknown 
Recent average 8IUlual yield 69.200 t (stock) 

782 t (United States) 
Status ofexploitation Fully exploited 
Age at 50% maturity 3-5 years 
Generation time 6-9 years 
Natural mortality rate 0.8 (9 years), 0.6 (>2years) 
FJF. 0.7 -U5 
B911B~ 1.33 -0.96 
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Figure 13. Yield and relative abundance trajectories/or Atlantic bigeye tuna. 
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Albacore� 

Longterm potential yield 
Current potential yield 
Recent average annual yield 

Status of exploitation 
Age at 50% matwity 
Current spawning potential mtio (SPR) 
Genemtion time 
Natural mortality rate 
Fishing mortality rate at FO.I 
Fishing mortality rate at Fmax 
Fishing mortality mte in most recent year 

38,300·58,400 t 
Unknown 

31,000 t (stock) 
330 t (United States) 

Fully exploited 
4-5 years 
20-40% 

8-10 years 
OJ 

About 0.3 
About 0.5 

0.35 

not reach the sizes of northern bluefin. 
On average, bigeye grow to a maximwn 
fork length approaching 285 cm. and 
approaching 450 kg. However, individu
als of this size are quite unconunon. 
Individuals that reach 175 em and about 
115 kg are believed to be at least 8 years 
old. The recent average size of bigeye 
takenbyU.S. fishennen isapproximately 
44 kg, corresponding to a forle length of 
about 125 em and anage ofabout4 years. 
Bigeye are thought to mature after 4-5 
years. Spawning ofthis species is known 
to occur throughout the year in the tropi
cal band from 15° N to 15° S. The only 
known nursery area in the Atlantic for 
small bigeye is in the GulfofGuinea. off 
the west African coast. 

ICCAT recognizes a single Atlantic 
stock hypothesis for bigey"e tuna. Bigeye 
catch has increased from the levels seen 
in the early 1960s to a peak of74,500 t in 
1985. Roughly two-thirds ofthe catch is 
taken in longline fisheries with the re
mainder taken by surfuce gear. Japan is 
the major longlineharvesting nation tak
ing Atlantic bigeye. Japanese longliners 
accounted for slightly more than 40% of 
the totaIlandings in 1991. The long-tenn 
potential yield for Atlantic bigeye has 
been estimated, based on production 
model analysis using Japanese longline 
catch per unit effort and total landing 

statistics for 1% 1-1990, to range from 
61,200 - 74,000 t depending upon as
sumptions made about the effectiveness 
of Japanese longline gear. The recent 
average yield ofAtlantic bigcye tuna for 
1989-1991 is estimated to have been 
69,200 t. The average yield to U.S. fish
ennen during this four-year period was 
approximately 782 t The estimated U.S. 
recreational harvestofthis speciesforthe 
period was % t. The yield and relative 
abundance trajectories for this species 
are shown in Figure 13. 

ALBACORE 

Albacore (Thunnus alalunga) are 
cosmopolitan in tropical and temperate 
waters ofall oceans, including the Medi
terranean Sea, and range from 4~ S to 
50° N. Albacore generally do not grow as 
largeas bluefin, bilcye, oryeUowfintuna 
ofa similar age. At times, albacore may 
fonn mixed species schools with bluefin, 
yellowfin, and skipjack of similar size. 
Onaverage, albacore are thou"'t to JTOW 

to a maximwn fork len&th approaching 
125 em, and weight approaching 40 k~. 

Individuals that reach 93 cm fork leneth 
and approximately 18 ki are believed to 
be approachini5years old In the Atlan
tic, albacore are thought to reach matu
rity at about 5 years. 

ICCAT recoiJlim; several poSiible 
stock hypothesesforalbacore includin&a 
NorthAtlantic stock hypothesis. North 
Atlantic albacore catches have declined 
from 1% 1-1989. Peaklandinpoccurred 
in 1964, when 64,400 t were removed. In 
1989, 32,000 t were taken from this 
stock. Most of the recent catches have 
been made in surface fisheries, mainly 
baitboats and trolled lines, a1thoup drift 
giJInets and pelaiic trawls are also ap
plied. Prior to 1987, up to 500!e of the 
catch was madeby10n&1ine JeaT. Reduc
tion of the Taiwanese fleet in the 
NorthAtlantic grounds resulted in si~· 
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Figure14. Yieldandexploitable biomass trajectories/ornorthAtlantic albacore. 
Biomass abundance is based on Virtual population analyses. 

36 



mollusks, and small fish. It is a relatively 
small tuna. The maximum size observed 
for skipjack from all oceans is about 110Skipjack em, corresponding toaweightofabout34 

Longtenn potential yield 
eWTent potential yield 
Recent average annual yield 

Status ofexploitation 
Age at 50% maturity 
Generation time 
Natural mortality rate 

nificant reductions in longline catch of 
albacore. SpainandFrance havebeenthe 
major harveSting nations for 
NorthAtlantic albacore in the most re
cent period. Since 1987, Spain has ac
counted for approximately 80% of the 
reported NorthAtlantic albacore land
ings. Inrecentyears. catchesofimmature 
fish (less than 5 years) have increased 
substantially in contrast to earlier peri
ods. In 1992, ICCAT's SCRS assessed 
the status of the NorthAtlantic albacore 
stock and found thestockcouldbe highly 
exploitedbasedon virtual populationand 
yield per recruit analyses. Production 
model analysis conducted in prior year 
assessments, based on several surface 
fishery catch per unit effort series and 
total landings from 1959-1988 resulted 
in estimates of the long-term potential 
yield for North Atlantic albacore that 
range from 38.300 - 58.400 1. Catches 
were consistently within or above this 
rangefroml962-1986.buthaveremained 
belowsince 1987.Theestimated range of 
MSY results from an equilibrium pro
duction model analysiswhichmightover
estimate MSY and lead to an overly 
optimistic assessment of stock status. 
Applieationofa non-equilibrium method 
to the South Atlantica1bacore stock atthe 
1992 SCRS assessment demonstrated 
this. The recent average yield of 
NorthAtlantic albacore for 1989-1991 is 
estimated to have been 31.000 t The 
avernge yield to U.S. fishermen during 
this periodwas approximately 330 t The 

33,000 t 
Unknown 

26,900 t (stock) 
357 t (United States) 

Fully exploited 
1- 1.5 years 

2 - 3 years 
0.6 - 0.8 

estimated U.S. recreational harvest of 
this species for the period was 130 t The 
yieldandestimated exploitablestockbio
~tnUectoriesforthis speciesareshown 
in Figure 14. 

SKIPJACK TUNA 

Skipjacktuna (Katsuwonuspelamis) 
is a cosmopolitan species. occurring in 
tropical and warm-tempernte seas and 
feeding opportunisticallyon crustaceans. 
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kg; however, fish inthe range of8O emor 
less and up to 10 kg are most common. 
Skipjack are thought to first spawn at 
about 45 em or at about 1year old. They 
matureatanearlierageandhavea higher 
natural mortality rate than eitheryellow
fin or bigeye tunas. 

ICCAT recognizes several poSSIble 
stock hypothesesfor skipjackincludinga 
western Atlantic stock hypothesis. The 
western Atlantic skipjack catch has drn
maticaI1y increased in recent years from 
relatively low levels seen in the early 
196Osto 1979, rising to apeak of40,OOO 
t in 1985. Almost all of this catch was 
taken in surface fisheries, mainly by 
baitboats. Brazil. Venezuela. and Cuba 
accountedfor more than 95%ofthe 1991 
catch of western Atlantic skipjack. A 
preliminaty production model analysis, 
based on Venezuelan baitboat catch per 
unit effort and the total landings from 
1981-1989. resulted inan estimate ofthe 
long-term potential yield for western 
Atlanticskipjackofapproximately33.000 
t The analyses indicate that somegain in 
yield mightbe realizedby reducingeffec
tive effort on this species. The degree to 

77 79 81 B3 85 87 89� 
Year 

Figure 15. Yield and relative abundance trajectories for skipjack tuna in the 
western Atlantic. Abundance index is basedon Venezuelan surfacefishery catch 
per unit effort. 
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which this conclusion is influenced by 
insufficientcatchperWtit effort infonna
tion to cover the stock range has yet to be 
detennined. The recent average yield of 
western Atlantic skipjack tuna for 1989
1991 is estimated to have been 26,900 t 
The averageyield to U.S. fishennen dur
ing this period was approximately 357 t. 
The estimated U.S. recreational harvest 
ofthis speciesfortheperiod was 17 t. The 
yield and relative abundance trajectories 
for this species are shown in Figure 15. 

OTHER TUNAS 

At least five species are included in 
the other tuna category. They include: 
Atlanticbonito (Sardasarda), little twmy 
(Euthynnus a/letteratus), frigate tuna 
(.4uxis thazard), blackfin tuna (lhunnus 
at/anticus), and wahoo (.4canthocybium 
so/andri). Others may also be included 
butare not discriminated to species level 
in the international landingsstatistics. In 
the Atlantic, the recent average yield for 
these species in aggregate for 1989-1991 
was 51,600 t (Figure 16). The recent 
average yield to U. S. fishennen during 
the sameperiod was 732 t. The estimated 
recent average yield to U.S. recreational 
fishennen for this group was conserva
tively estimated as 36 t. 

Year 
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2. Coastal Pelagics
 

The principal coastal pelaJic spe
¢es in the southeastern United states 
are king mackerel, Spanish mackerel, 
dolphin, cobia, and cero. In eeneral, 
theyform schools, swimfast, feed vora
ciously, arow rapidly, exhibit sexual 
dimorphism, mature moderately early, 
andspawn for extended periods oftime. 
They ranee from nearshore to the edee 
of the continental shelf and constitute 
important resourcesfor recreational and 
commercial fishermen. 

KING MACKEREL 

King mackerel, Scomberomorus 
caval/a, inhabit the neritic zone, ex
tending from shore to the outer edge of 
the continental shelf. Their ranee be
gins in the Gulf of Maine and extends 
southwardalongtheU.S.Atlanticcoast, 
GulfofMexico, Caribbean Sea, and as 
far south as the northern coastofBrazil. 
King mackerel concentrate along the 
Carolinas inthe spring throughfall, the 
northern Gulf of Mexico in the sum
mer, and the southeastern coast of 
Florida in the winter. Distributions of 
king mackerel are controlled by water 
temperature and salinity. The 20·C 
isotherm limits their northern range 
and largelyaffects theircontraetedwin
ter range in the Atlantic. Salinity also 
controls pelagic distribution with the 
adult and large juveniles considered 
non-estuarine dependent. 

Adult and juvenile king mackerel 
are pelagic carnivores and consume 
both fish and invertebrates. Their pre
dominant prey is schoolinepelagicfish 
such as herrings, sardines, and other 
clupeids. Along the southeastern coast 
of Florida they often feed on ballyhoo. 
Squid and penaeid shrimp constitute 
their principal invertebrate prey. King 
mackerel are preyed upon by a variety 

Kin/l mackerel 

of larger species. Tunas and cobia 
feed on the larval and small juvenile 
stages. Pelagic sharks, tuna, dolphins, 
and various marine mammals includ
ing bottlenose dolphin feed on the 
larger sizes. 

King mackerel exhibit sexual di
morphism. Maximum length in males 
is about 122 cm fork length and about 
135 cm fork length in females. Al
though growth is quite variable, fe
males appear to grow faster and live 
longerthan males. The maximum age 
is about 15 years for males and 20 
years for females. King mackerel 
alon! the Atlantic coast are believed 
to live longer than king mackerel in 
the Gulf of Mexico. Average size to 
sexual maturity is near 91 cm fork 
length (age 5-6) with females matur
ing before the males. The average age 
offish in the fishery is about 5-6 years. 

King mackerel spawn in coastal 
waters along the northern Gulf of 
MexicoandsoutheasternFlorida. The 
spawning season is protracted as evi
denced from their appearance as lar
vae from May through October with a 
peak in September. It has been sug
gested that the spawning season in the 
northern GulfofMexico maybe bimo
dal with one peak from May to July 
andasecondpeak from August through 
October. 

Commercial fishermen have 
fished king mackerel since the 1800s 

using gill nets, troll lines, handlines, 
purse seines, otter trawls, and pound 
nets. Recreational fishermen use hook 
and line gear from private and charter 
boats. Today, major commercial fisher
ies occur alone North Carolina, Florida 
(between Sebastian and Key West), and 
Louisiana. Recreational charterboat and 
private boat hook-and-line fisheries oc
cur in the Carolinas, throughout Florida, 
the northern GulfofMexico, and Texas. 
Aminor recreationalfishery isconducted 
by anglers fishing from headboats in 
southeast Florida, the Florida Keys in 
winter months. and in Texasduring sum
mer. 

Mackerels within the southeastern 
United States arejointly managed by the 
South Atlantic and GulfofMexicoFish
ery Manaeement Councils under the 
Coastal Pelacics Fishery Management 
Plan that was implemented in 1982. The 
two councils establish total allowable 
catch quotas (fACs) for two distinct 
migratory groups: the Gulf Migratory 
Groupand theAtlanticMigratory Group. 
AllowablebioloJical catches (ABCs) are 
defined for separate geographical areas 
within the Gulf group and for separate 
user aroups. Quota management began 
in the 1985/1986 fishing year in the 
Atlantic and GulfofMexico. Both com
mercial and charterboat operators must 
holdpermits tofishkinemackerel, Span
ish mackerel, or other coastal pelaJics. 
Recreational catches are further regu
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Figure 17. King mackerelyieldand index o[abundance byfishingyear (fishing 
year defined as: 1979 = 1979-1980, 1980 = 1980-1981, etc.). 

lated by creel and size limits. In addi
tion to quota limits, commercial catches 
are under minimum size restrictions 
and in some states daily landing limits 
and/or trip limits apply. In the Gulf of 
Mexico purse seines and drift gill nets 
areprohibitedfishing gear for all mack
erel stocks. Drift gill nets are prohibited 
gear in the Atlantic and in the Gulf of 
Mexico forking mackerel stocks. 

The number ofcommercial permit 
holders in the 1991-1992 fishing year 
was 1,652. The number ofcharterboat 
permit holders was 1,438. 

Growth information from tagging 
studies has been used to verifY growth 
information obtained from traditional 
hard-part studies. Currentstockbound
aries are determined from information 
obtained from tag return data and from 
electrophoretic tissue analyses. The 
Gulfmigratory group ofking mackerel 
is considered overfished. It has been 
managed under a closely monitored 
rebuilding schedule since 1986 and is 
most likely to contribute the greatest 
production over the long term, but it is 
also the most severely depressed and 
yields at present are relatively low. 
Yield in the 1990 fishing year from the 
Gulf of Mexico was 3,000 t of which 
800 t was commercial and 2,200 t was 
recreational (Figure 17, Table 9). Re
cent production from this unit is esti

mated to be 19%ofmaximum. Reduc
tions in current stock size and subse
quent lost production potential are 
due to excessive mortality from fish
ing in the late 1970s and 1980s. 

The Atlantic migratory group is 
not presently considered overfished. 
It is, however, believed to be near 
maximum production, and this group 
is.currently producing about 47% of 
SPR. In the 1990fishing year, the U. S. 
Atlantic yield was 2,800 t of which 
1,200 t was commercial and 1,600 t 
was recreational. 

SPANISH MACKEREL 

As with king mackerel, Spanish 
mackerel, Scomberomorus maculatus, 
are found from the Gulf of Maine to 
the northern coast ofBrazil. Spanish 
mackerel distributions are also con
trolled by salinity and water tempera
ture. The larval stages are found most 
frequently offshore over the inner shelf 
in saline toestuarinewaters, and abun
dance is greatest in the northern Gulf 
ofMexico. Small juveniles are found 
from offshore to estuarine waters but 
are not considered estuarine depen
dent. Adults are neritic along the 
coast and are rarely encountered be
yond 75 m of water depth. 

erel are pelagic carnivores. Prey include 
schooling pelagic fishes such as ancho
vies and herring. Invertebrate prey i' 
primarily squid and shrimp. 

Spanish mackerel exhibit sexual 
dimorphism withthe females beinglarger 
than the males. The initial growth phase 
is rapid in the males, but females quickly 
attain similar sizes and eventually grow 
larger than males. The maximum sizes 
are 64 cm fork length for females and 56 
cm fork length for males. The maximum 
ages reported are 7 years for males and 
1°years for females. The averale ale of 
fishes in the fishery is about 3 years. 

Sexual maturity is achieved during 
the second and third years. Spawninl 
occurs from April though September 
along the northeastern Florida coast and 
from April through August off North 
Carolina to Cape Canaveral, Florida. 

Commercial fisheries for Spanish 
mackerel have existed since the 1850s:. 
Commercial fishermen originally used 
trolling gear but now the predominant 
gear of choice is gill nets. Historical 
fisheries operated in the late 1800s: and 
early 1900salong theeastcoastofFlorida 
and in the Chesapeake Bay. Present day 
fisheries occur mainly along Florida's 
eastcoastandtheFloridaKcys. Increased 
production hasoccurred in thelate 1980, 
along the Chesapeake Bay. Althoulh 
recent landings have increased for this 
region, historical levels of production 
have not been attained. There is a 
significant recreational fishery using 
hook and line gear, and the total 
recreational catch represents about one 
halfof the total annual harvest. 

The status of Spanish mackerel 
stocks is assessedannually as requiredby 
the Coastal Pelagics Fishery Manage
ment Plan. As with king mackerel, two 
migratory groups, the Gulf and the At
lantic, are recognized for management. 

40 



DOLPHIN 

Mackerels 
Dolphin, Coryphaena sp., are fast 

swimming pelagic fishes found world
wide in tropical and subtropical waters.

KING MACKEREL The genus, the only one in the family 
Coryphaenidae, is composed of twoU.s. Atlantic U.s. Gulf. 
species, C. hippurus and C. equisetis.Longterm potential yield 3,632 t 9,750 t 

Current potential yield 5,221 t 2,670 t In the western Atlantic, dolphin are 
R~f lfverage annual yield 3,086 t 2,293 t found as far north as Georges Bank, 
Status ofexploitation Under exploited Over exploited Nova Scotia, and as far south as Brazil. 
Age at 50% maturity 5-6 years 5-6 years They are particularly abundant in the 
CWTent spawning potential ratio 47% 12% GulfofMexico and in the Florida Cur
Projected SPR at cWTent fishing patterns Greater than 30% 30% rent. Their distribution appears to be 
Generation time 10-12 years 10-12 years 

temperature dependent and they are 
Natw'al mortality rate 0.15 0.15 

rarely found in waters ofless than 20°C.Fishing mortality rate at FSOl'SPIl 0.28 0.19 
and above 41°N. Dolphin are year Fishing mortality rate in most recent year 0.12 0.31 
round residents throughout their range 
and demonstrate seasonal changes in 

SPANISH MACKEREL distribution that are temperature in
duced. Along the southeastern United 

U.s. Atlantic U.s. Gulf States, dolphin are common off North 
Carolina from late spring through the 

Longtenn potential yield 3,715 t 5,457 t 
summer. Off the Florida east coast,

CWTent potential yield 3,178 t 4,722 t 
they are commonly encountered by recRecent average annual yield 2.507 t 2,113 t 
reational fishermen in the winter and Status ofexploitation Over exploited Over exploited 

Age at 50% maturity 2 years 2 years early spring. In the Gulf of Mexico, 
Current spawning potential ratio Greater than 30% 22% theyarealmostexclusivelyfished in the 
Projected SPR at current fishing patterns 30% 30% summer with peaks in August. 
Generation time 5-6 years 5-6 years Dolphin are an open ocean species 
Natural mortality rate 0.3 0.3 that are opportunistic carnivores. They
Fishing mortality rate at F_ 0.39 0.34 feed primarily on crustaceans and shift 
Fishing mortality rate in most recent year 0.26 0.22 

to fish asjuveniles and adults. A major 
component of the stomach contents in 
western Atlantic dolphin is sargassurn 
weed which is probably ingested with 

6,....-------------------.., 2 
"'YIeId 

In the 1990fishing year, Spanish mack 5 .•. k1dex (ages 1+) 
erel yield in the Gulf of Mexico was 1.5 
about 1,700 t of which 900 t was com
mercial and 800 t recreational (Figure 
18, Table 9). In the 1990 fishing year, 
the Atlantic yield was about 2,500 t 
with 1,600 t commercial and 900 t 
recreational. Commercial catches are 
regulated by quotas and daily landing 
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limits in some states. Recreational 1 
catches are managed by quotas and 
creel limits. Both the Atlantic and Gulf 
migratory groups are considered to be 85 86 87 88 
overfished and management is based FIShi'gYu 
on a rigid rebuilding schedule. 

Figure 18. Spanish mackerel yield and index ofabundance by fishing year 
(fishing year defined as: 1979 = 1979-1980, 1980 = 1980-1981, etc.). 

41 



Table 9. Coastal mackerelyields in thousands o/metric tons. 

Fishing Year' 

U.S. Gulf of Mexico 
Commercial 
Recreational 

U.~	 Atlantic: 
Commercial 
Recreational 

U.S. Gulf of Mexico 
Commercial 
Recreational 

U.S. Atlantic 
Commercial 
Recreational 

1979 1980 1981 1982 1983 1984 

KING MACKEREL 

2.0 2.8 2.7 2.2 1.4 1.4 
2.0 6.2 3.6 1.7 1.0 1.7 

1.0 1.4 1.2 1.9 1.2 0.9 
1.2 4.4 2.9 2.4 2.7 3.4 

SPANISH MACKEREL 

1.6 
0.6 

1.5 
0.7 

1985 1986 1987 1988 1989 1991
 

1.6 0.5 0.4 0.6 0.9 0.8 
1.2 1.4 0.9 1.9 I.5 2.2 

'I.l I.3 1.6 1.4 I.2 1.2 
2.2 2.4 1.7 2.2 1.5 1.6 

1.5 0.9 l.l 1.7 0.9 0.9 
0.7 2.4 1.4 0.8 0.7 0.8 

1.8 I.l 1.6 1.6 1.8 1.6 
0.4 0.5 0.6 1.2 0.6 0.9 

• Fishing years for Oulfking mackerel: July I·Jooe 30; Atlantic king mackerel and Spanish mackerel: April I-March 30 

the prey that inhabit sargassum. Dol
phinare commonlyassociatedwith lines 
of sargassum and are known to associ
ate with any floating objects that would 
tend to attract smaller types and sizes of 
fish. 

Sexual dimorphism is strongly ex
hibited in the shape ofthe head. Males 
have a very steep forehead and are 
referred to as "bulls." The head of the 
female is more streamlined at the fore
head. The bull-head shape appears at 
about 40 cm fork length during the first 
year oflife. Females reach sexual ma
turity in the first year oflife at about 35 
cm fork length. 

Spawning isprotracted and may be 
multi-modal. In the Florida Current, 
spawning appears to occur year-round 
with peak spawning in January, Febru
ary, and March. Off North Carolina 
spawning peaks in June and July. Indi
vidual growth is very variable; how
ever, growth is considered very rapid 
and generation time short. Longevity 
in this species is estimated to be about 
6years and natural mortality extremely 
high. Maximum lengths and weights 
reported are for males and are 150 cm 
fork length and 46 kg. 

There are no complete data on the 
number of commercial vessels fishing 
dolphin. However, before 1987 com
merciallandings occurred mainly as a 
bycatch. Since 1987, dolphin have 
been targeted occasionally by commer
cial yellowfin tuna surface longlineves
selsand sometimesare landedby pelagic 
longline vessels. Commercial landings 
havetremendously increasedsince 1984 
. In 1991 total commercial yield of 
dolphin was 1,319 t. Recreational 
yields are significant with the produc
tion ofthis sector ranging from 3,084 t 
in 1984 to 3,525 t in 1991 (Figure 19, 
Table 10). 

Under the Coastal Pelagics Fish
eryManagementPlan, dolphin are man
aged bydailycreel limits andaminimum 
size of45.7 cm fork length and several 
states have adopted daily creel limits. 
The current status of the resource is 
unclear. Atlantic yield ofdolphin fluc
tuated without trend around 3,100 t 
between 1984 - 1987. Since 1987 total 
production has increased from 3,620 t 
to 4,740 t. Gulf of Mexico production 
has ranged from 740 tin 1984 to 2,140 
tin 1991. 

The primary user group remains 
the recreational sector, and there is no 
extensive time series of recreational 
data on this species from which to 
adequately evaluate trends regarding 
the condition ofthe stock. Management 
measures are temporally short time 
based because of the biological nature 
of the species. 

COBIA 

Cobia, Rachycentron canadum, are 
found worldwide in tropical, subtropi
cal, and in warm temperate waters. In 
the western Atlantic they ranae from 
New England to Argentina. Their dis
tribution appears to be controlled by 
water temperature associated with the 
continental shelf. The limiting water 
temperature for adults is about 19·C. 
Cobia are considered voracious carni
vores and often consume prey whole. 
Prey include crabs, other bottom inver
tebrates, and fish. 

Cobia grow rapidly and may live 
up to 15 years. The maximum length 
reported is about 60 cm fork length and 
a maximum weight of 70 kg. Females 
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10 ~---------------------,	 bag limit allowance to vessels holding 
coastal pelagic fishing permits. 

Cobia are managed under thejoint 
council Coastal Pelagic Fishery Man
agement Plan. Two stocks, one for the 
U.S. Atlantic and one for the U.S. Gulf 

6 ofMexico, are assumed for purposes of 
management. There are no commer
cial quotas established and the rec~4 
ationalfishery has daily creel limitsand 
a minimum size of50.8 cmfork length. 
Total yields ofcobia have varied from2 
1,254 tin 1989 to 886 t in 1991 without 
a definitive trend. Currently the yield OL-_---l__--L.__---I...__....L...__....L....__...L...-_----I 
from the Gulf of Mexico accounts for 

~ ~ ~ ~ M $ 00 91 about 60010 of the total annual produc
Calendar Year tion. The current status ofthe resource 

is not known; however, the resource is 
Figure 19. Dolphin and cobia yields. thought to be fully exploited. Based on 

recent informationfrom revised fishery 
catch statistics and biological samples, 

probably grow larger than males. Males eastern United States, spawning oc maximum sustainable yield is estimated 
mature in their second year of life at curs off the Carolinas, off the Texas to be about 1,089 t. Currently the 
about 50 cm fork length and females coast and in the Caribbean Sea. Fish fishery is producing on average about 
mature in their third year at about 55 cm ery statistics are limited, but catches 1,000 t annually. The stock is thought 
fork length. There are little data on size have been stable since 1981 and aver to be experiencing a fishing intensity 
or age of fishes in the fishery. age 68 t in the GulfofMexico and 45 that will maintain a 30% SPR 

Spawning may be multi-seasonal t in the Atlantic. The commercial re
and peaks in the summer. In the south- movals are taken primarily under the 

Table 10. Cobia and dolphin yields in thousands o/metric tons. 

Calendar Year	 1984 1985 1986 1987 1988 1989 1990 1991 

COBIA 

U. S. Gulf of Mexico 
Conunercial 0.08 0.07 0.08 0.09 0.08 0.11 0.08 0.09 
Recreational 0.48 0.51 0.68 0.52 0.57 0.57 0.64 0.44 

U.s. Atlantic 
Conunercial 0.02 0.01 0.03 0.05 0.05 0.06 0.06 0.06 
Recreational 0.43 0.60 0.33 0.32 0.33 0.52 0.37 0.29 

DOLPIUN 
U.S. Gulf of MeJ:lco 

Conunercial 0.15 0.15 0.31 0.29 0.33 0.76 0.84 0.98 
Recreational 0.59 0.71 1.04 0.60 1.48 1.65 1.46 1.16 

U.S. Atlantic 
Conunercial 0.10 0.09 0.10 0.12 0.12 0.24 0.31 0.34 
Recreational 2.49 3.76 2.37 2.87 3.50 6.43 4.43 2.36 
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CERO 

Cero, Scomberomorus rega/is, 
commonly range from Massachu~ 

setts to the Yucatan Peninsula. Cero 
are considered neritic, schoolingcar
nivores. Cero are the least abundant 
ofthe mackerels otTthe southeastern 
U.S. coast. This species is most 
frequently encountered otTthe Baha
miatl ap4 W~st. Indian waters and 
suppoJ1S l} soWl commercial fishery 
in ~ub&.f3ioiogical information on 
this species is primarily limited to 
reproductive biology. Cero spawn 
throughout the year. Males are 
thought to be reproductively mature 
at 33 em and females at 35 cm. Age 
at maturity has not been estimated. 
The species is not targeted by any 
particularfishery in theUnited states, 
and it is currently not under any 
quota orcreel limit under the Coastal 
Pelagics Management Plan. 

For more information: 

Finucane, J. H. and L.A. Collins. 
1984. Reproductive biology of 
Cero, Scomberomorus rega/is, 
from the coastal waters of 
south Florida. Northeast Gulf 
Science, 7(1):101-107. 

Godcharles, M. and M. Murphy. 1986. 
Species profiles: Life history and 
environmental requirements of 
coastal fishes and invertebrates 
(south Florida) king mackerel and 
Spanish mackerel. USFWS Bio
logical Report 82(11.58) TR EL
82-4. 

Mackerel Stock Assessment Panel. 
1991. 1991 Assessment of king 
and Spanish mackerel. Southeast 
Fisheries Science Center, Miami, 
FL. MIA-90/91-45). 

Mackerel Stock Assessment Panel 
Report. April, 1992. 1992 Assess
ment of king and Spanish mack
erel. Southeast Fisheries Science 
Center, Miami, FL. MIA-91/92
47. 

Palko, B.J., G.L. Beardsley, and W.J. 
Richards. 1982. Synopsis of bio
logical data on dolphin-fishes, 
Coryphaena hippurus Linnaeus 
and Coryphaena equise/is 
Linnaeus. NOAA Tech. Report 
NMFS Circular 443. FAO Fisher
ies Synopsis No. 130. 

Parrack, N.C. 1991.	 King mackerel 
catches (number offish) and yields 
(pounds) by migratory group, fish
ing sector, time period (fishing 
year, calendar year), and month of 
year. Southeast Fisheries Science 
Center, Miami, FL. MIA-90/91
85. 

Parrack, N.C. 1992. King mackerel 
catches (number of fish) and 
yields (pounds) by migratory 
group, fishing sector, time pe
riod (fishing year, calendar 
year), and month ofyear. South
east Fisheries Science Center, 
Miami, FL. MIA-92193-15. 

Powers, J. and N. Parrack. 1991. 
Ramifications of 1991 Mackerel 
Stock Assessment. Southeast 
Fisheries Science Center, Miami, 
FL. MIA-90/91-50. 

Powers, J. N. and Parrack. 1992. 
EtTects of some alternative bag 
limits for kings and Spanish 
mackerel. Southeast Fisheries 
Science Center, Miami, FL. 
MIA-91/92-53. 

Powers, J., N. Parrack, and J. Isely. 
1991. Assessment of king and 
Spanish Mackerel. Southeast 
Fisheries Science Center, Miami, 
FL. MIA-90/91-37. 

Shaffer, R.V. and E. L. Nakamura. 
1989. Synopsis ofbiological data 
on the cobia, Rachycentron 
canadum (Pisces: 
Rachycentridae). NOAA Tech
nical Report, NMFS 82. 21p. 
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t'lip.,;: species ofshrimp contribute 
to the U. S. shrimpfishery in the Gulfof 
Mexico and Atlantic Ocean. Of the 
nine, thebrown,whiteand pinkshrimp 
of the genus Penaeus comprise over 
95% ofthe commercial harvest andare 
the only species besides royal red 
shrimp (Hymenopenaeus robustus) 
currently regulated by afederal fishery 
management plan. These species are 
generallyfound in all continental shelf 
waters in the U.S. Atlantic and Gulfof 
Mexico inside 110 m depths. The 
greatest portion of the reported off
shore catch ofbrown shrimp (penaeus 
aztecus) is taken at depths of 20-37 ,m, 
white shrimp (p. setiferus) in 18 m or 
less, and pink shrimp (p. duorarum) in 
20-27 m. In the Gulf of Mexico the 
largest densities of brown shrimp oc
cur off the Texas-Louisiana coast; the 
largest concentrations ofwhite shrimp 
occur off the Louisiana coast; and the 
greatest densities ofpink shrimp occur 
off the southwestern coast of Florida. 
In the U.S. Atlantic, the centerofabun
dance for white shrimp is offthe Geor
gia-South Carolina coasts, while the 
center ofabundance for brown shrimp 
is offthe North-South Carolina coasts. 

Brown, white, and pink shrimpall 
have similar life cycles in which spawn
ingoccursoffshore. However, the times 
that recruits enter the fishery differ for 
the three species. Eggsgenerally hatch 
into planktonic larvae after 10-12 
hours. During the next 12-15 days 
these larvae metamorphose through 
additional planktonic stages into 
postlarvae as they move from offshore 
waters towards inshore areas. Upon 
entering the estuaries, these post-lar
vaebecomebenthic anddevelop quickly 
into juvenile shrimp. These small 
shrimp have a voracious appetite and 
their diet includes diatoms, polychaete 
worms, and small crustaceans. Any 

Pink shrimp 

natural or man-induced changes in 
estuarine habitat can alter shrimp 
survival at this stage in their life 
cycle. After a few weeks in the estu
aries, young subadult shrimp begin 
migration back into the offshore ar
eas. The average life span of these 
three species is thought tobe about 12 
months although some live for 2-3 
years. Sexual maturity is usually 
attained between ages 5-8 months 
depending on the species. 

Brown shrimp enter the estuaries 
in February and continue through 
April. However, depending on water 
temperature and environmental con
ditions, immigration into the bays in 
some years can occur through July. 
Several "waves" of postlarvae may 
enteranestuary, but peak recruitment 
occurs in March and April with a 
small peak: sometimes in September. 
The postIarvae use the estuary as a 
nursery and eventually migrate back 
into the offshore waters as subadults. 
While in thebays, juvenileshrimp are 

ShriInp
 

harvested by recreational and commer
cial fishing during the spring and sum
mer months. Emigration ofjuveniles to 
offshore waters begins in May and ends 
in August with peak emigration occur
ring in May, June and, to some extent, 
July. 

White shrimp postIarvae enter es
tuaries from May to November with 
peaks in June and September. These 
postlarvae use the estuaries as nurseries 
during the summerand fall and grow to 
a size of 12-16 cm total length in the 
bays. While in the estuaries they are 
harvested by recreational and commer
cial fishermen during late summer. 
White shrimp emigration is a function 
of size and environmental conditions 
within given bay systems. Usually the 
shrimp begin emigrating in September 
and end in December. 

Pink shrimp postIarvae begin to 
enter the estuaries in the summer with 
peak recruitment occurring in the fall. 
Theyspend two to six months in nursery 
areas. Pink shrimp attain a size of9.5 to 
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10 cm total length before emigrating 
from estuarine nursery areas to off
shore waters. Size, however, is prob
ably seasonally and spatially 
dependent. Emigration occurs year
round with peaks in the spring and fall. 

Each shrimp species is assessed as 
two stocks: Gulf of Mexico and U.S. 
Atlantic. Important commercial fish
eries occur in both regions. The har
yest is usually conducted year-round 
with otter trawls. However, traps, but
terfly nets, cast nets and seines are also 
employed in some areas. As noted 
above, peak seasonal fishing activity is 
species specific. 

Shrimp fishery management is 
under both state and federal control. 
Recreational and commercial shrimp 
fisheries in state territorial seas are 
managed by individual states. Each of 
the eight states involved (Texas, Loui
siana, Mississippi, Alabama, Florida, 
Georgia, South Carolina and North 
Carolina) have different management 
measures that they use to control the 
harvest of shrimp. The commercial 
shrimp fisheries in the Exclusive Eco

-u.s. Gulf d Medoo Yield 
.* I3it7M'l Shrimp II'ldec150 
.• 'MliIe Shrimp Incje( 
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Gulf of Mexico Shrimp
 

GULF BROWN SHRIMP 

Longterm potential yield 
Status ofexploitation 
Natural mortality rate 
Fishing mortality rate in 1991 

63,001 t
 
Fully exploited
 
0.275 per month
 

Greater than 1.0 per month
 

GULF WlDTE SHRIMP 

Longterm potential yield 34,403 t 
Status ofexploitation Fully exploited 
Natural mortality rate 0.275 per month 
Fishing mortality rate in 1991 Greater than 1.0 per month 

GULF PINK SHRIMP 

Longterm potential yield 
Status ofexploitation 
Natural mortality rate 
Fishing mortality rate in 1991 . 

8 

6 

a 
~ 00 00 00 ~ 

7,877 t
 
Fully exploited
 
0.30 per month
 

Greater than 1.0 per month
 

nomic Zone are managed under fed
eral fishery management plans. Cur
rently, on!y the fisheries in the Gulf of 
Mexico are under a plan developed by 
the Gulf of Mexico Fishery Manage
ment Council. The South Atlantic 
Fishery Management Council is be
gi nning to develop a management plan 
for the shrimp fisheries in the Exclu
sive Economic Zone of the eastern 
coast of the United States. 

The Gulf of Mexico shrimp fish
ery management plan was initiated in 
1977 and implemented in 1981. The 
principal objectives of the plan are to 
optimize the yield of shrimp recruited 
to the fishery and reduce the discard of 
undersize shrimp. Presently there are 
two state-federal cooperative closures 
that exist to fulfill these objectives. 
The first closure was developed for the 
brown shrimp fishery off Texas. The 
total closure of the offshore waters to 
shrimp fishing usually begins in mid

Figure 20. Total U.S. GulfofMexico yield and parent stock ratio jOr brown, May, when the small juvenile shrimp 
white, and pink shrimp. are emigrating from the inshore wa
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Table 11. U.S. GulfofMexico shrimp harvest. 

U.s. Gulf of Mexico Yield (t) 

Year Brown 

1980 46,390 
1981 72,928 
1982 54,961 
1983 44,891 
1984 59,999 
1985 63,227 
1986 71,955 
1987 67,267 
1988 59,342 
1989 68,738 
1990 75,518 
1991 64,075 

ters, and ends in mid-July. The second 
closure was developed for the Tortugas 
pink shrimp fisheJ}' off the southeast
ern coast ofFlorida. It is a year-round 
closure which restricts fishing for small 
shrimp in coastal waters. 

GULF OF MEXICO 

Average annual commercial 
shrimp whole weight catch for all 
species combinedduring the last twelve 
years (1980-1991) is 108,741 metric 
tons (t) (Figure 20, Table 11). The 
greatest harvest occurred in 1986 
(137,949 t) while the lowest occurred 
in 1983 (86,484 t). On the average, 
brown shrimp accounted for 57%, white 
shrimp 31%, and pink shrimp 8% of 
the total catch. The other six 
commerciallyharvestedshrimp species 
combinedaccounted for only 4% ofthe 
total. The peak brown shrimp harvest 
occurred in 1990 (75,518 t), white 
shrimp in 1986 (49,432 t), and pink 
shrimp in 1981 (13,629 t). The peak 
season for the other six shrimp species 
combined was in 1986 (8,096 t). 

The average, annual nominal-fish
ing effort for the last twelve years 
(1980-1991) is around 6.8 million 
hours. The greatest level of fishing 
occurred in 1987 (8.9 million hours) 
with the lowest in 1981 (5.4 million 
hours). Currently the fishery is in an 

White Pink 

27,747 9,348
 
32,245 13,627
 
27,454 8,455
 
29,190 9,174
 
39,173 10,658
 
41,176 11,523
 
49,432 8,467
 
37,351 7,560
 
31,566 6,577
 
25,429 6,217
 
30,949 5,359
 
32,012 4,785
 

overcapitalized state with more effort 
being expended than is reasonably nec
essaJY to harvest the shrimp. Growth 
overfishing is a problem in some ofthe 
fisheries. Currently, it is estimated 
that about 5,000 offshore vessels are 
participating in the fisheJ}' with an 
unknown numberofsmallerboats fish
ing in the inshore and nearshore wa
ters. 

Definitions of recruitment over
fishing were established in June 1990 
for the four species currently included 
in a federal fishery management plan. 
For the three Penaeus species, parent 
stock number calculated from virtual 
population analyses was selectedas the 
best parameter to monitor for signs of 
overfishing. Since recruitment over
fishing has not been observed in any of 
the three major GulfofMexico shrimp 
fisheries, even with the large amount 
of effort expended in the Gulf, the 
lowest recent parent stock number val
ues for each species are used as the 
limit beyond which overfishing could 
occurwith present environmental con
ditions. Parent stock is defined for 
brown shrimp as the number ofage-7+ 
(months) shrimp during November
FebruaJ}' with a level of 125 million 
shrimp set as the lower limit. White 
shrimp parent stock is defined as the 
number of age-5+ (months) shrimp 
during April-August with a level of 

600 million shrimp set as the lower 
limit. Pink shrimp parent stock is 
defined as the number of5+ (months) 
shrimpduring July-Junewith a level of 
100 million shrimp set as the lower 
limit. During 1991, brown and white 
shrimp parent levels were well above 
the overfishing index, while pink 
shrimp parent stock estimates were 
closer to the index. 

Recruitment overfishing was 
defined for the royal red shrimp as 
fishing greater than optimal yield as 
defined in the fisheJ}' management 
plan. Optimal yield was set at 
maximum sustainableyieldwhich was 
estimated to be 178.2 t tail weight at a 
level of 1,290 days fished. During 
1991, only 40.5 t of royal red shrimp 
were caught in the Gulf of Mexico. 
This value is under the overfishing 
index level set for the species. 

U.S. ATLANTIC 

Average annual commercial 
shrimp whole weight catch for the last 
twelve years (1980-1991) is 12,053 t 
(Table 12). Thisisaboutten times less 
than the catch in the Gulf ofMexico. 

The greatest harvest occurred in 
1989 (16,037 t), while the lowest 
occurred in 1981 (7,595 t). On the 
averagebrown shrimp accountfor 33%, 
white shrimp 420/0, and rock shrimp 
17% of the total catch. Pink shrimp 
and royal red shrimp harvest combined 
accounted for 8% ofthe total. The peak 

Table 12 u.s. Atlantic shrimpyield m 

Year White Other 

1980 5,014 6,407
 
1981 3,794 3,801
 
1982 4,772 7,219
 
1983 5,630 6,479
 
1984 1,842 7,019
 
1985 3,521 8,906
 
1986 5,084 6,487
 
1987 5,822 5,063
 
1988 5,065 6,475
 
1989 6,179 9,858
 
1990 5,716 8,681
 
1991 8,248 7,561
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brown shrimp harvest occurred in 1980 
(5,609 t), white shrimp in 1991 (8,248 
t) and rock shrimp in 1989 (4,092 t). 
The peak season for the other two 
shrimp species combined was in 1989 
(1,581 t). 

Average annual nominal fishing 
effort for the last eleven years (1981
1991) is around 876,000 hours. The 
greatestlevel ofeffortoccurred in 1983 
(1 ~ 1 ptH!ion flours) while the lowest 
was in 1990' (6S7,000 hours). Cur
rently it is estimated that about 1,700 
offshore vessels are participating in 
the fishery with another 1,300 boats 
fishing in the inshore and nearshore 
waters. 

For further infonnation: 

Klirna.E. F., J.M. Nance, E. X. Marti+nez 
and T. LeaJy. 1990. Workshop on 
definitionofshrirnprecmilrnentover
fishing. NOAA Tech. Memo., 
NMFS-SEFSC-264. 

Nance, J. M. 1989. Stock assessment 
for brown, white, and pink shrimp 
in the U.S. GulfofMexico, 1960
1987. NOAA Tech. Memo., 
NMFS-SEFSC-221. 

Nance, J. M., E. F. Klima and T. E. 
Czapla. 1989. Gulf of Mexico 
Shrimp Stock Assessment Work
shop. NOAA Tech. Memo., 
NMFS-SEFSC-239. 

Nichols, S. 1984. Updated assess
ment of brown, white, and pink 
shrimp in the U. S. GulfofMexico. 
Southeast Fisheries Science Cen
ter, Pascagoula, MS. 
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4. Reef Fish
 

Reef fish are species that tend to 
show high site fidelity to specific bot
tom features including coral reefs, hard 
bottoms, artificial structures, and, in 
the case of tilefish, sand areas. As a 
unit, reeffish extend from the shoreline 
to approximately 275 m depending on 
the species and area. Excluding fishes 
in the marine aquarium trade, the unit 
includesapproximately 100specieswith 
wide geographical ranges. 

Within the southeastern region, 
the reef fish unit is managed by three 
Councils forFederalwaters, eight states, 
the Territory of U.S. Virgin Islands, 
and the CommonwealthofPuerto Rico. 
Species composition and fishery char
acteristics vary greatly with location. Red snapper 

The fishery is complex with commer
cial, artisanal, and recreational compo
nents. Many fishing methods are used 
(e.g., fish traps, hook and line, long fishing components, geographical 
lines, bandit rigs, spears, and trammel spread, and numerous ports used for 
and barrier nets). The recreational landingmake datacollectiondifficult. 
fishery includesfishermen that special Fishingpressurehas recently increased 
ize in food, sport, and trophies and due to higher human populations in 
operates from charterboats, headboats, coastal areas and greater demand for 
private boats, and shore. fishery products. Fishing power has 

Although landings of individual increased due to technological inno
species are notgreatona national scale, vations such as bottom longlines (in
the reeffish unit is extremely important troduced in the late 1970s), wire fish 
in aggregate because of its high recre traps (expanded in the mid 1970s), 
ational and commercial use. A signifi inexpensive navigational aids (LO
cant economic value also exists in its RAN, fish finders), and inexpensive 
non-eonsumptive uses(e.g. ecotourism, and more powerful boats. Reef fish 
sport diving, education, scientific re are prone to overfishing because of 
search) which often conflict with fish their characteristics that include long 
ery use. The reef fish fishery is lives, slow growth, low natural mor
ecologically integratedwithandclosely tality, large body size, delayed re
associated with other reeffisheries in production, and sex changes for some 
cluding spinylobster, conch, stonecrab, species. The status of the fishery 
corals, "live" rock, and ornamental varies greatly depending on the area 
aquariwn fishes. and species. In most cases the current 

The reef fish fishery has operated potential yield and long-term poten
for over 200 years, but statistical data tial yield are unknown. Most tradi
became available for most areas only tional fisheries are probably fully 
since the late 1970s. The number of exploited or overfished. 

Short-term issues ofconcern are: 1) 
reducing the bycatch mortality of red 
snapper in the Gulf of Mexico shrimp 
fishery, 2) assessing and increasing the 
survival rateofreleasedundersizedfishes, 
especially those caught from deeper wa
ters, 3) identifying stocks (I.e. determin
ing genetic structure and sources of 
recruitment on a geographical basis), 4) 
determining the importance and causes 
of recruitment variability, 5) determin
ing long term potential yield by area and 
species, 6) overcoming the overfishing 
of specific stocks (e.g., jewfish, Nassau 
grouper), 7) assessing overfishing and 
bycatch mortality by specific gears (e.g., 
long-lines, wire fish traps), and 8) as
sessing the appropriateness of artificial 
reefs and hatcheries to augment stock 
size. 

Major long-term issuesare: 1)evalu
ating the use of marine fishery reserves 
to manage reef fisheries, 2) applying 
non-destmctive, fishery-independent 
video technology to assess stocks, 3) 
obtainingadequate routinestatisticaldata 
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Reef Fish
 
(U.S. Gulf of Mexico) 

coverage of the various components of 
the fishery, 4) developingadequatemod
els to describe and predict dynamics of 
multiple-species reeffisheries and reef 
ecosystems, 5) determining stock ef
fects ofbabitat alteration and degrada
tion (e.g. sea grasses, coral reefs, 
mangroves, estuaries), and6) assessing 
the potential for altering stock genetics 
by fishery removal. A problem unique 
to reeffisheries is to balance consump
tive fisheries use with non-consump
tive uses (i.e. ecotourism, protection of 
biodiversity, sport diving). 

GULF OF MEXICO 

More than 70 reeffish species are 
caught in the GulfofMexico. The most 
importantcommercial reeffishes landed 
in 1991 were: groupers (3,000 metric 
tons (t», snappers (2,400 0, and amber
jacks (500 t). Commercial and recre
ational yields are shown in Figure 21. 
Most commercial reeffishes are landed 
in Florida. In recent years the compo
sition ofthe landings has changed with 
declines ofred snapper and increases of 
vermilion snapper and amberjack. In 
the early 1980s the development of the 
bottom longline increased the amount 
ofdeeper water reeffish landings, espe
cially yellow~ged grouper. In 1991, 
red grouper was the most important 
reef fish species accounting for ap
proximately 60% of all reported com
mercial grouper landings and 20% of 
the total reported reef fish landings. 
Red snapper was the most important 
snapperspecies accountingforapproxi
mately 32% ofall commercial snapper 
landings (8% total reef fish landings) 
followed by vermilion snapper with 
25%ofsnapper and6%oftotal reeffish 
landings. The methods used to land 
reeffishes in order ofimportance were 
handlines (hook and line, bandit rigs, 
traditional handline), bottom longlines, 
fish traps, and spearfishing. Recre
ational fishermen accounted for a sig
nificant proportion ofreeffish landings 
and tended to catch smallerandyounger 
fish nearshore. 

The Reef Fish Fishery Manage
ment Plan for the Gulf ofMexico was 

RED SNAPPER 
(U.s. Gilif of Me:lico) 
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Unknown but very limited 
Unknown 
Unknown 

50 



implemented in 1984. Regulations. 
designed to rebuild decllnina reef fish 
stoli:b, includedprohibitiGDIon the use 
of fish trap., rol1er trawla, and 
powerheads on spcarJUDI within an 
inshore stressed area; a 33 an total 
length minimum size limit011 redsnap
per (with some exceptions); &lid data 
reporting requiremeuts. A spawning 
potential ratio of 20% was established 
as a basis to measure overfishing. 
Amendment 1 (1990) implemented a 
five fish recreational bag limit and a S 
thousand t commercial quota on grou
pers (divided into a 4.2 thousand t 
shallow-water quota and a 0.8 thou
sand t deep-water quota. Also, proce
dures were made to facilitate annual 
management changes. Amendment 2 
(1990) prohibited the harvest of jew
fish. Amendment 3 (1991) provided 
additional ftexibility by allowin& the 
target date for rebuilding an overfished 
stock to be changed depending on 
changes in scientific information. A 
revised target year of 2007 was estab
lished for achieving a 200'" spawning 
potential ratio goal for red snapper. 
Changes were made in the classifica
tion of shallow- and deep-water grou
per. 

SNAPPERS 
(Gulf of MeDco) 

Snappers (family LuUanidae) are 
one of the most widely distributed fish 
groups in the western Atlantic. Snap
pers are small to mid-sized predators 
&lid may occur ill very large numbers ill 
local habitats, especially reefs. They 
are a major component of the reeffish 
fishery. The Gulf of Mexico has S 
genera and 14 snapper species. All 
snapper are gonochoristic (separate 
sexes) and fecundity increases exp0
nentially with size. In the Gulfspawn
ing appears to peak during summer 
months. In general, snappers are slow 
growing, long-lived, andhave relatively 
low rates of natural mortality. Rela
tively few estimates of population pa
rameters have been developed 
specifically for the Gulf of Mexico. 
Fishing regulations vary by species but 
usually employ minimum sizes andbag 
limits. 

RED SNAPPER 
(Gulf 01 MeDco) 

The red snapper (Lrtlja"rts 
campechanus) is traditiollally the most 
important commercial reef fish ill the 
GulfofMexico. It is found from Cape 
Hatteras, North Carolina through the 
Gulf of Mexico aDd to the Campeche 
Shelf of Mexico. Adults- are wide
spread but usually associate with hard 
bottom structure during the day aDd 
feed on flat bottom away from home 
structures at night. Spawning may 
occur throughout the year although in 
the Gulf spawning is concentrated in 
summer months. Growth rates vary 
between locations. Individuals WeR 

reported to reach 11-13 anatage-l aDd 
20-23 an at age-2 in Texas waters 
while off Louisiana they may reach 
17.7 emat~laDd29.8ematage-2. 

Theycontinueto grow6-9 cmcachyear 
through the 4thor Sth spawnillgperiod 
when growth slows considerably. Ma
turity occurs after age-2 at variable 
sizes. Fecundity increases exponen
tially with size. Maximum reported 
fecundity was a 6O.S em, 12.S kg fish 
with 9.3 million eggs. Maximum adult 
sizeis around 97 em. Natural mortality 
is low, perhaps averaging around 1,.", 
annually. Most adults appear to be 
sedentaIy throughout much of their 
lives. 

Red snapper are primarily caught 
in the northern Gulf of Mexico from 
Panama City, Florida, to Galveston, 
Texas, with most harvested to the south 
andwestoftheMississippiRiver. Com
merciallandings were relatively stable 
at 3 thousand t in the 1960s to mid 
1970sand then declined to a low of 1.3 
thousand t in 1989. The recreational 
harvest of red soapper also declined 
sharply in numbersaDd weight from an 
estimated peak of 4.6 thousand t (4.0 
million fish) in 1980 to a low of 0.7 
thousand t (0.8 million fish) in 1987. 
F~g mortality rates within the 

directed fishery are high. They rise 
rapidly with age after the juvenile red 
snap~r enler the fishery at age-2, peak 
at F .;. 0.8 to 0.9 at age-~ and then 
decline with age to F =O.S to 0.6 at age
S and beyo~d. Red snapper are growth 

aDd recruitment overfished partly be
cause of the directed commercial and 
recreational fisheries but also due to 
byeatch mortality from bottom trawls 
from the shrimp fishery. Juvenile red 
suapper (ages 0 aDd 1) are killed in the 
normal operation ofshrimp trawls and 
diicarded at sea. From recent esti
mates, only about 2S% of the original 
numberofjuvenilessurvive to enter the 
directed fishery although the accuracy 
of these estimates is uncertain. . ~: 
search efforts are underway to develop 
fish excluders to reduce this byeateh 
mortality althou8h no new mauage
ment efforts regarding the shrimp 
byeateh issueare anticipateduntil 1994. 

Spawning potential is currently 
estimated tobeabout 1%ofthe unfished 
condition, considerably below the 200!e 
minimum required by the Gulf of 
Mexko ReefFish Management Plan. 

Current regulations in the Gulf of 
Mexico include a 33 em total length 
minimum size, a 0.9 thousand t com
mercial quota adjusted annually, and a 
recreational harvest bag limit of 7 per 
person per day. 

VERMILION SNAPPER 
(Gulf of Mexico) 

Vermilion snapper (Rhombopliles 
aurorubens) extend from North Car0
lina to southeastern Brazil. They are 
found ill moderately deep waters over 
rock bottom near of the edge of the 
continental shelf. They often form 
large schools, especially when young, 
&lid feed on fishes, shrimps, crabs, 
polycbaetes. otherbenthicinvertebrates, 
cephalopodsandplanktonicorganisms. 
Compared to the red snapper, vermil
ion snapper is more of a midwater 
species. 

ReproductiOIl extends throughout 
the summer with older females spawn
ing more frequently than the YOUllger 
ones. Age ofsexual maturityvariesbut 
may extend from as early as age-l to as 
late as age-3 or 4. There is some 
evidence that the age oftirst reproduc
tion mayhave shifted to youngerages in 
areas with intense fishing pressure. 
Males mature at approximately 14 cm 
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total length while females mature at 
approximately 20 cm total length. 
Growth rates are uncertain because of 
conflicting results between studies. 
Individuals may live to be 13 years old 
with a totallengtb of76 cm. Movement 
after settlement appears to be minimal. 

Annuallandingsofvermilion snap
per from the Gulf ofMexico increased 
from p.3~thousand t in 1979 to 1.3 
thollSaD4 t in 1990. Historically. the 
fishery Was concentrated around the 
mouth of the Mississippi River, but 
since 1973, hasexpanded into thewest
ern GulfofMexico. Commercialland
ings account for approximately 75% of 
the weight and 50% of total numbers 
compared to the recreational sector, in 
which over 90% of the harvest was by 
the charter and party boats. Based on 
samples from the recreational catch, 
the landings have not shown a mean
ingful change in average size in re
sponse to the increased harvest. 

Regulations include a minimum 
sizeof20 cmtotal length in Floridaand 
in federal waters ofthe GulfofMexico. 

GROUPERS 
(Gulf of Mexico) 

Groupers (family Serranidae, spe
cifically the genera" Epinephelus and 
Mycteroperca) are importantfoodfishes 
withcosmopolitandistributionsintropi
cal and temperate waters. Many reach 
large size and most feed primarily on 
fishes orlarge invertebrates. They have 
a wide depth distribution ranging from 
shallow inshore grass beds out to the 
continental shelf break. Most prefer 
hard substrate habitats. The Gulf of 
Mexico bas approximately 14 species 
of groupers. Most, if not all, groupers 
are protogynous hermaphrodites (juve
niles mature as females and change sex 
to males at older ages). Spawning 
characteristically takes place at local
ized grounds for relatively brief peri
ods, typicallyfrom earlyspring through 
the summer. "Fecundity increases expo
nentially with body size. Population 
parameters suggest that most groupers 
exhibit slow growth, low natural mor
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Figure 21. U.S. GulfofMexico reeffish yield 

tality, and long life spans (40 years in 
some cases). 

Grouper species were not identi
fied in commercial landings prior to 
1986. Prior to the introduction ofOOt
tom longline gear in the early 19805, 
commercial landings of all groupers 
exhibited a slow decline from about 3.5 
thousand t (gutted weight) in 1965 to 
about 2.3 thousand t in the late 19705. 
Willi the introduction ofbottom longline 
gear, total grouper landings inc'reased 
to about 5.7 thousand t in 1982. Since 
then total annual landings have fluctu
ated between 4.4 and 5.8 thousand t. 

NASSAU GROUPER 
(Gulf of Mexico) 

Nassau grouper (Epinephelus 
striatus) is an insular species found in 
the eastern and western GulfofMexico 
in I to 90 m of water and in the West 
Indian coral reef habitats. In the Gulf 
of Mexico, they are found on inshore 
and offshore reefs and in the Caribbean 
Sea. They are readily harvested by 
fishermen working from small boats. 

Extensive information is available 
on fecundity, longevity, food, feeding 
habits, growth rates, mortalityandpopu
lation dynamics. However, there is 
inadequate information on spawning, 
sex ratios, and reproductive rates. 

Nassau groupergrow to 0.9 mtotal 
length and weigh 25 kg. Most are 
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marketed within the 2-10 kg range. 
They are protogynous hermaphrodites, 
and generally change from females to 
males at a length ofJO-80 cm. Spawn
ing occurs in large spawning aggrega
tions during one or two weeks in 
~moorandJan~intheam~ 

bean. Aggregations havebeen observed 
off Bimini and the southern Berry Is
lands, Bahamas; Belize; Bermuda; 
Honduras, and Virgin Islands but not 
offFlorida. Fecundity was estimated at 
785 thousand eggs at 44.5 cm standard 
length. Growth rates have been esti
mated at 4.55 mm per month for fish 
25.1 - 32.5 cm total length; and 1.92 
mm per month for fish 32.6 - 45.1 em 
total length. 

u.s. ATLANTIC 

Reeffish in the southern U.S. At
lantic are managed by the South Atlan
tic FisheryManagement Council under 
the Snapper-Grouper Fishery Manage
ment Plan. Although the plan is titled 
snapper-grouper, only 32 ofthe 73 spe
cies listed are snappers or groupers. 
Commercial and recreational yields are 
shown in Figure 22. 

Regulations emphasize minimum 
size limits and commercial quotas for 
various species. Seasonal closures ex
ist for wreckfish and the taking ofjew
fish or Nassau grouper is prohibited. 



Various gear restrictions exist includ
ina a prohibition of roller trawls and 
fish traps with the exc:cptionofsea bass 
traps. Certain commercial fishing 
JDetbgds an:: prohibited in designated 
special mauagementzoDCS arouodsome 
artificial reefs. Measures of overfish
ing an:: based on spaWDiDg potential, 
adjusted for each species. 

BLACK SEA BASS 
(U.s. Atlantie) 

The black sea bass (Centropristis 
striata) is a temperate marine species 
that inhabits irregular bard-bottom ar
eas such as wrecks, reefs, and rock 
ouu:roppings. There are three popula
tions, one nortbofCapeHatteras, North 
CaroliDa, one south of Cape Hatteras, 
and a third in the GulfofMexico. The 
two Atlantic populations spaWilat dif
ferent times ofthe yearand have differ
ent rates of growth. Bladt sea bass 
geaeraJJy occur inshore of and a10ug 
withthe mostinsboretropkal reeffisbes 
- snappers, groupers, porgies, and 
grunts -whichalsopreferbard-bottom 
habitats. 

Black sea bass are protogynous 
hermaphrodites. Females reach repro
ductive condition for the first time dur
ing their second year, (19 em total 
length). Males matureat 3yearsand 23 
cm tota1length. Tbe spawoiDg season 
extendsfromFebruary-May inthesouth
ern U.S. Atlantic. The number ofeggs 
produced in a season is estimated at 
30,000 to more than SOO,OOO. 

Black sea bass may live 20 years, 
butfish older than 9years are rare. The 
maximum size attained is 4.3 kg, but 
mostaremuch smaller, especiallysouth 
ofCape Hatteras. Black sea bass grow 
slowly. A I-year old fish is ooly 12.7 
em totalleogtb; a S-year old is 30.S em 
total length; and one 8 years of age is 
ooly 38.1 em total length. BID sea 
bass are opportunistic feeders and eat 
crabs, shrimps,worms, clams,and small 
fishes. 

Both recreational and commercial 
anglers fish black sea bass. The most 
common gear in the commercial fish
ery is the "handliDe" including electric 

or hydraulic reels with a termiDal rig of 
two to ciJbt books. Handline gear 
occurred on 250 vessels in 1985 and 
increased to 297 vessels in 1987. The 
otberJWUor commercialgear is the trap 
used almost cxdusiveJy in North Caro
Uoaand South CaroliDa. Is thewinter, 
black sea bass appear to be particularly 
vulnerable to this gear as they c0ngre
gate around sballow (IS-SO m) rock 
outcroppiDp perhaps in preparation 
for spawoiDg. Tbe Dumber of vessels 
equipped with traps decreased from 
194 in 1911 to 119 in 1981. Recre
ational anglers fish for black sea bass 
from approximately 70 headboats (usu
ally more thaD IS passengers), about 
1,000 charter boats (6-14 passengers), 
and an unknown number ofpersooal1y 
owned and operated boats. 

In the southernU.S. Atlantic, most 
oftheblack seabass catch is made from 
North Carolina to DOl1heast Florida. 
Between 1974 aod 1981 theNortbcaro
Iioaaod South CaroliDaheadboat catch 
had 110 trend and varied frOllll.l mil
lionfulh (480t) in 1974 to 381 thousand 
fish (94 t) in 1990. The catch from the 
Carolina commercial fishery ranged 
from 208 tin 1990 to S64 tin 1989 with 
no particular trend evident 

The northeast Florida headboat 
catch also does not seem to have a 
pattern and ranged from 166 thousand 
fulh (61 t) in 1979 to 2S9 thousand fish 
(75 t) in 1990. Commerciallaodings 
from northeastern Florida have de
creased from 52 t in 1972 to 18 t in 
1988, but were 23 tin 1990. 

Mean weight of black sea bass 
from the Carolina headboat fishery de
cUnedfrom anaverageof0.41 kg (1974
1978) to an average of 0.24 kg 
(1984-1988) and was 0.24 in 1990. 
Mean weights from northeast Florida 
beadboatsvariedfromO.39kg in 1978 
to 0.28 kg in 1990. The ooly mean 
weight for the Carolina commercial 
fiJherywasO.21 kg in 1981 and WIIl.O 
kg in 1990. In IIOrtbern Florida, the 
mean weight of coJDJDelcial1y taken 
black sea bass was 2.0 kg in 1990. 

Management of black sea bass is 
based on models of spawoiDg stock 
biomassperrecruitandyieldperrecruit 
using fishery data from 1988 and the 

assumption that the population is in 
equilibrium with the fishery. In the 
IOUtbemU.S. Atlantic, sizeUmits (20.3 
em) exist for all state and federal wa
ters. 

The 1990 equilibrium spawning 
poteDtial ratio is 0.29 and the yield per 
recruit is 90% of the maximum. The 
current and proposed 20.3 em total 
length (age 3.S years) size limit will 
provide a spawning potential ratio of 
0.38 at the current fishing mortality 
rate and sbould maintain a spawning 
potential ratioofat least0.30(with total 
survival of released fulh) even if the 
fisbiDg mortalityrate morethaDdoubles. 

WRECKFISH 
(U.s. Atlande) 

The wreckfish (Polyprion 
tllMriconus) is a member ofthe family 
Polyprionidae, and occurs over a 
worldwide-tcmpegeograpbicrange. 
Indaewest.emAtlaoticwrecktishextend 
from Grand BaDb, Newfoundland to 
the La P1ataRiver, ArgeDtiDa, and they 
an:: also found in Australian and New 
Zealandwaters. Wrecktisharefoundat 
depths of from 66 -1000 m. Their 
habitat. in our fishing grounds of the 
Blake Plateau off Georgia, is 
characterized by a rocky ridge system 
with much vertica1 relief (greater thaD 
SO m) and a slope greater than 15 
degrees. Wrecldishtendtobeassociated 
more with manganese-phosphate 
pavements than with coral mounds or 
banks, and elsewhere occur not oolyon 
steep slopes but also on those of less 
than three degrees. Wrecktish are 
pelagic the first several years of their 
life (up to 30 em length) and an:: often 
associated with floating debris (thus 
their name). Their maximum size is 
near 2 m in length and 100 kg weight. 
Tbe lWijority of fulh landed in the 
IlOUtbeastem U.S. fishery an:: between 
88 and 105 cm total length and 
appareoUy an:: between eight and 12 
years old. The oldest observed age in 
Blake Plateau samples is 31 years. 
Spawning occurs from January to mid 
April based on microscopic and 
histological inspection ofgonads. Age 
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and size at sexual maturity are not 
definitively known. but the smallest 
maturefemalefoundinthe southeastern 
fishery was 85 em total length and the Reef Fish 

(u.s. Atlantic) 

BLACK SIA .ASS 
(U.s. Atlandc) 
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smallest mature male was 78.6 em total 
length. In addition to the commerciaUy 
fished aggregations off Georgia, 
fisheries for wreckfishexist in Portugal 
and Spain, and there arc small reported 
landings of 400-500 t per year in 
Bermuda. 

The southeastern U. S. commercial 
fishery for wrecktish began in 1987, 
with two vessels fishing on the Hoyt 
Hills area of the Blake Plateau. Gear 
used consisted ofheavy-duty hydraulic 
reels spooled with 0.32 em cable and a 
terminal rig consisting of 22.7 kg of 
weight and about a dozen large circle 
hooks. Initial catch rates ranged from 
4500-5500 kg per week-long trip. The 
fishel)' hasexpanded rapidly since 1987, 
with six vessels participating in 1988, 
25 vessels fishing by 1989, 74 vessels 
by 1990, 83 vessels by 1991, and 39 
vessclsin 1992. Landingsofwrcckfish 
totalled 13,097 kg in 1987, increasine 
to 174,647 kg in 1988. Doone the 
1989-90 fishing season (April, 1989 
through April, 1990), 40 vessels landed 
1.835 million kg, withonc-halfofthosc 
landed dOOng the spawning season 
(January - April, 1990). The South 
Atlantic Fishery Management Council 
then set the 1990-91 season opening 
date and a 908 t catch quota, effort 
increased to 74 vessels and the quota 
was reached in less than four months, 
without fishing pressure dOOng the 
spawningseason(January-April, 1991). 
Landings for the 1991-92 fishing year 
(April, 1991 through April, 1992) to
talled 910,000 kg. Wrecktish are now 
managed under an individual transfer
rable quota (ITQ) systemwith 2 million 
Ib total aUowable catch (TAC). Shares 
were assigned and a coupon system put 
in place for the 1992-93 season. land
ings yield to date (October 1992) are 
approximately 800,000 Ibs. 

At this time, it is unclear what 
wrcckfish stock relationships exist or if 
there are other sites of aggregations 
(spawning or feeding) in the North 
Atlantic Ocean. Age, growth and re
productive studies are underway. In 
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addition, landings ofwreckfish are be
ing intensively monitored to obtain 
lengthfrequency data and quota fulfill
ment. The preseul scarcity of life his
tory, fisbinl tread aDd popuJatiOJlleveJ 
data, coupled with the poteDtiaJ oftJaiJ 
fishery for similarities to tiIe6sh or the 
snapper-grouper complex in the South 
Atlantic CounciJ area of jurisdiction, 
argue ~DJIY for a very conservative 
rAC u. the wrecldish fishery develop
ment and maoagement. 

GAG 
(U.s. Atlautic) 

The gag (Mycteroperca 
microlepis) is the most widely 
distributed grouper off the continental 
United States. Adults occurfrom North 
Carolina to Brazil over low and high 
profile bard bottom in waters 15 to 80 
m. The species is found throughout the 
Gulf of Mexico but not in the West 
Indies. Young gag inhabit estuaries 
fromMassachusetts to Cape Canaveral, 

; Florida. 
Spawning off the southeastern 

United States occurs from February to 
March. Sexual maturity is attained at 
age-5 or 6. when fish are 68.6 to 76.2 
em total length. Gag are protogynous 
hermaphrodites. Sexual transitionusu
ally occurs between 10 aDd 11 years. 
Very little is known about egg produc
tion~ however, one 94 em total length 
female contained 1.5 million eggs that 
were considered pelagic. 

Gag live for at least 15 years, and 
may reach a weight of32 kg and a total 
length greater than 129.5 cm. Avemge 
total lengths for fish ages 1 to 13 years 
are 27.9, 40.6, 53.3, 61.0, 68.6, 76.2, 
81.3,86.4,91.4,94.0,99.1, 101.6 and 
109.2em. Principalfoods include round 
scad, sardines, porgies, snappers, 
grunts, crabs, shrimp, and squids. 

Gag are the most common grouper 
in the southern U.S. Atlantic commer
cial reef fish fishery. Most vessels use 
handlines including electric orhydmu
lic reels with terminal rigs of two to 
eight hooks. The number of vessels 
,equipped with bandlines has mnged 

from 250 (1985) to 297 (1987). The 
other ouUor gear used is the bottom 
Iongline. The number of vessels de
ploying this gear iDcreued dramati
cally from 1 (1980) to 74 (1987). 

The amwal aItda of PI hal in
creasedfrom 56 t(1980) to 400 t (1989) 
and was 353 tin 1990. However, these 
numbers may be less than half of the 
aetuaI catch since the "unclassified" 
grouper category in the commercial 
data ranged from 48 t (1983) to 794 t 
(1988). 

Gag are sought by a wide variety of 
recreational fishermen fishing from an 
unknown number ofprivate boats, ap
proximately 1,000 charter boats (6-14 
passengers) and 90 beadboats (usually 
more than 15 passengers). Generally, 
theannual recreational harvestbasbeen 
on an increase from 209 t (1980) to 590 
t (1989) however, in 1984 the total 
recreational catch was estimated at 690 
t, but it was only 104 t in 1990. 

Management of gag is proposed 
based on spawning stoekIrecruit ratios 
and yield per recruit models using fidl
ery data from 1988 and the assumption 
that the population is in equilibrium 
with the fishery. In the southern U.S. 
Atlantic, a size limit (50.8 cm) and bag 
limit (5 fish aggregate) exist for waters 
of Florida, South Carolina, and the 
Exclusive &:onomic Zone.. 

The spawning potential ratio for 
the gag is 0.32, based on data from 
1988. Data from 1990 give similar re
sults, marginally greater than the over
fishing criterion (SPR less than 0.30). 
Essentially no gain in yield per recruit 
is available by establishing a size limit 
iffishing mortality remains at0.29, but 
a 19% gain could be bad (assuming 
total survival ofreleased fish) iffisbing 
mortality increases by 50010 to 0.48 and 
a size limit of76.2 em totaJ length were 
established. That combinatioo would 
yieldaspawningpotential ratioofabout 
400/0. Theproposed50.8cmtotaJlength 
size limit provides a spawning poten
tial mtio of less than 0.30 only for a 
fishing mortality of less than 0.35, a 
value about 20% greater than fishing 
mortality in 1988. 

SCAMP 
(U.s. Atlantic) 

Thescamp (Mycteroperca phenax) 
is a medium-sized serranid related to 
the PIand aeveral other slender-bod
ied groupers found in the region 
(yellowmouth, yellowfin, black). It 
iDhabits continental shelfwaters from 
the Campeclle Banks, in the Gulf of 
Mexico, toFlorida, andnorthwardalong 
the east coast to North Carolina. Al
though the species occasionally con
gregatesoverbigb-protilebottom, such 
as wrecks and rock outeroppings, the 
preferred habitat is low-profile, live
bottom areas in waters 20 to 90 mdeep 
from Cape Lookout, North Carolina to 
the Dry Tortugas. Florida. These areas 
are characterizedby profusegrowths of 
soft corals and sponges populated by 
red grouper, white grunt, red porgy, 
and numerous species ofsmall, tropical 
reeffish. 

ID April and May, sexually mature 
scamp. those at least 3 years old and 
larger than 40 em spawn thousands of 
pelagic eggs in offshore waters. Re
cently hatched larvae are also pelagic, 
and continue this surface-associa 
existence for days before settling to the 
bottom to populate favorable habitats. 

Scamp have been aged as old as 21 
years, but they probablylivefor 25 to 30 
years based on their projected maxi
mum sizeofabout 109.2 em totaIlengtb 
and 16 kg in weight. Average total 
lengths (and weights) for fish aged 1,2, 
3,4, 5, 10, 15,20, and 21 years are 21.6 
em (0.15 kg), 33.3 em (0.54 kg), 41.4 
em (1.0 kg), 47.0 em (1.4 kg), 51.6 em 
(1.9 kg), 66.3 cm(3.9 kg), 77.0 em (6.9 
kg), 88.4 cm (8.9 kg), and, 89.4 em (9.3 
kg). During low-light periods of the 
day, scamp are aggressive predators, 
capturing crabs, shrimps, and fishes 
and swallowing them whole. 

In the recreational fishery, North 
Carolinaand SouthCarolinaheadboats 
(approximately 35vessels) consistently 
account for more than 90% of the an
nual beadboateateb, indicatingtbebulk 
of the population resides in those wa
ters. Georgia and northeast Florida 
beadboats (approximately 20 vessels) 
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account for a portion of the catch for 
this species.although inlesssignificant 
numbers. 

In the Carolinas, the total headboat 
catch in numbers was 11.309 &Ii in 
1972. dropped to 2.419 in 1981. and 
increased to 12.746fish in 1988. While 
total numbers of fish show recent in
•creases. total weights show steady de
creases. dropping from 53 tin 1972 to 
72 t in 1988. and 28 t in 1990with a low 
in 1981 of6 t 

Headboat catch data for Georgia 
and northeast Florida show a trend in 
early years. with total numbers begin
ning low (320 fish in 1981). peaking in 
mid-decade (1.201 in 1985). then de
clining to 686 fish in 1988 and 898 in 
1990. In examining these numbers. 
however. the relatively small sample 
sizeshouldbeconsidered. Totalweight 
from 1981 to 1985 increased from 1.1 t 
to 3.6 1. then declined to 0.9 t in 1988. 
but was 1.7 t in 1990. 

Approximately 1.000 charter ves
sels and an unknown number of pri
vately owned boats also contribute to 
the recreational catch of scamp. The 
catch estimates of scamp (excluding 
headboat catches) from the Marine 
Recreational Fishery Statistics Survey 
range from 2.9 t (1981) to 220 t (1982). 

In the commercial fishery. most 
vessels use handlines includingelectric 
and hydraulic reels with terminal rigs 

.. of two to eight hooks. The nwnber of 
craft equipped with handline gear was 
about 1.500 in 1989. The other major 
gear used are bottom longlines. The 
number of vessels deploying this gear 
increaseddramaticallyfrom 1(1980) to 
74 (1987). 

The commercial catch. combined 
for the Carolinas and north. increased 
from 17 t in 1980 to 163 tin 1990. with 
the early 1980s having lower catches 
than the latter years. 

The mean weight of fish caught 
from headboats dropped steadily from 
4.70 kg in 1981 to 1.24 kg in 1988 for 
the Carolinas but was 1.52 in 1990. 
Similarly. GeorgiaandnortheastFlorida 
meanweight droppedconsistentlyfrom 
3.52 kg in 1981 to 1.25 kg in 1988. but 
was 1.78 kg in 1990. 

Commercial handline/longline 
mean weight data show a similar de
cline inNorthCarolinaandSouthCaro
!ina. From 1985 to 1989. mean weight 
decreased nearly 330/.. Georgia and 
northeast Florida data show a similar 
trend. 

For purposes of scamp fishery 
management. and until additional in
fonnation indicates otherwise. the en
tire southernU.S. Atlantic is considered 
one stock. Management is based on 
models ofspawning stock biomass per 
recruit ratio and yield per recruit using 
fishery datafrom 1988 and the assump
tion that the population is in equilib
rium with the fishery. In the southern 
U.S. Atlantic. size limits (SO.8 cm) and 
bag limits (5 grouper aggregate) exist 
only for waters ofFlorida. South Caro
lina. and theExclusiveEconomic Zone. 

The present spawning potential 
ratio is aboutO.25 (0.28 in 1988;0.20 in 
1990). Reduction in fishing mortality 
to 0.17 and implementing the 50.8 cm 
size limit will barely achieve a spawn
ing potential ratio of0.3. Any increase 
in fishing mortality will decrease the 
spawning potential ratio below 0.3. 

GRAY SNAPPER 
(U.s. Atlutic) 

The gray or mangrove snapper 
(Lutjanus griseus) occurs in the tropi
cal and subtropical western Atlantic 
from northern Floridato Rio de Janeiro 
and lives around coral reefs. rock 
outcropping&. andshipwrecks. toadepth 
ofabout 300 feet as well as inshore near 
pilings. rock piles. seagrass meadows. 
and mangroves. Larger fish are gener
ally found offshore. and smaller~nes in 
shallow water. 

Spawning takes place in the sum
mer. and usually during the full moons 
ofJune. July. and August. Fish 3years 
old and older. or larger than about 23 
em. take part in spawning. which is 
characterized by one female being 
courted by one to several males. The 
gray snapper may live for as long as 21 
years and grow to a length of89 cm and 
a weight of 11.3 kg Average lengths of 
fish aged from 1 to 19 years are 9.4. 
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The dietconsists primarilyofcrus
taceans and fishes and changes as the 
fish grow larger. Juveniles feed on 
copepods. amphipods. and palaemonid 
shrimps. Adults eat fishes. crabs. and 
penaeid shrimps. Like other large 
luganids. adult gray snapper may leave 
their residence reef to feed on nearby 
grass flats late in the afternoon and at 
night. 

The gray snapper is important to 
recreational and commercial fisheries 
because it i5 a game fighter on sporting 
tackle and is excellent to eat. It is 
caught by hook and line (rod and reel, 
handlines. and longlines). beach and 
boat seines. and traps. 

The number ofcommercialvessels 
concentrating on gray snapper is diffi
cult to determine given that they are 
part of the overall reef fish-spiny lob
stertleet. The number isprobably inthe 
range of 300. Approximately 90 
headboats (usually more than 15 pas
sengers) and 1.000 charter vessels (6
14 passengers) contribute to the 
recreational catch. Participation by 
recreationalanglers inpersonallyowned 
boats is legion. The stock is managed 
as a single unit and management is 
based on models of spawning stock 
biomass per recruit ratio and yield per 
recruit using fishery data from 1988 
and the assumption that the population 
i5 in equilibrium with the fishery. 

Size limits (25.4 cm in Fl.orida. 
30.0 em in the Exclusive Economic 
Zone) and bag limits (5 maximum in 
Florida. 10 maximum in the Exclusive 
Economic Zone) exist for waters of 
Florida and the GulfofMexico. 

Gray snapper catches made from 
headboats ranged from approximately 
22.000fish in 1982 toabout32.000fish 
in 1985. After a slight decline from 
1986-1987. landings increased in 1988 
and were 36.000 fish in 1990. Weight 
caught increased from approximately 
16.500kgin 1982 to about 33.000 kg in 
1984. Landings declined slightly from 
1984-1987 but increased in 1988 and 
were 28.000 kg in 1990. 



The Marine Recreational Fishel)' 12...-------------------....., 
Statistics Survey estimates landings 
ranged from 12,990 kg in 1983 to 
426.118 kg in 1985. Catches have 
remained relativity steadyfor' 1988 and 
1989 after peakinl dwin& 1984 and 
1985. In 1990, 154,000 qwere taken. 
Becauseofthebighvarianceassociated 
witbMarineRecreationalFisberiesSta
tisti~ Survey estimates, they should be 
used with caution. 

F1orida'scommercialeatcbin 1972 
was 235,000 kg, but decreased annu
allytobelow 50,OOOkgin 1981, climbed 
to over 300,000 in 1983, again peaked 
slightly in 1987, and fell to 200.000 kg 
in 1988 and was 150,000 kg in 1990. 

Catch per unit effort is only avail
able for he4Idboats and is rec:orded as 
catch perangler day (by numberand by 
weight). Catch peruniteffort trends are 
virtually identical to those for catch. 
Afteraslightdeclinefrom 1985 through 
1987, catch per unit effort increased in 
1988. Highest catch per unit effort was 
approximately 0.17 fish in 1985 and 
0.17 kg in 1984. Catch per unit effort 
for the most recentyearofrec:ord, 1988, 
was 0.15 fish (and 0.15 kg). 

Asteady increase (0.8 kg to l.Okg) 
in mean weight of gray snapper taken 
from headboats is apparent during 
1985-1988. Mean size was largest in 
1984 (1.1 kg) but only slightly greater 
than the mean sizefor 1988 (1.0 kg), 
but in 1990 it was only 0.76 kg. The 
mean weight for commercially caught 
graysnapperoffsouthF1oridafor 1985
1988 bas decreased from about 0.8 kg 
in 1985 to less than 0.4 kg in 1988, but 
it was 0.7 kg in 1990. Estimates of the 
spawning potential ratio for &raY snap
per val)' greatly depending on the year 
in which the underlying data were col
lected. 

For 1988, gray snapper exhibits 
the second lowest spawning potential 
ratio (0.12) of any snapper examined. 
But the estimate ofspawning potential 
ratio based on data from 1990 is much 
higher,0.49. In one or both years, the 
samples do not adequately represent 
the population. If the lower value of 
spawning potential ratio is true. If the 
higher value ofspawning potential ra
tio is true, no action is necessary. To 
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achieve a spawning potential ratio of 
300/.. fishing mortality must be re
duced by 47% or a size limit of40.6 em 
applied. The necessary reduction in 
fishing mortality entails (approxi
mately) curtailing the catch from 1.2 
million individuals (508 t) to about 640 
thousand fish. A proposed twelve inch 
size limit results in anspawning poten
tial ratio of only 0.14. A proposed 10 
snapperaggregate limitwill providean 
as yet unmeasured reduction infishing 
mortality for gray snapper. Where yel
lowtail and lane snapper are abundant 
the reduction in fishing mortalitycould 
be significant assuming that smaller 
fish are not discarded when a larger 
gray snapper is taken. 

YELLOWTAIL SNAPPER 
(U.s. Atlantic) 

The yellowtail snapper (Ocyurus 
chrysurus) is a colorful tropical reef 
fish distributed from North Carolina to 
southeastemBrazil,but it ismost abun
dant in the Bahamas, offsouth Florida 
and in the Caribbean Sea. Yellowtail 
snapper form large schools and are 
found above the bottom over bard sub
strates in waters 10 to 100 m deep. 
Maximum age is around 15 years, al
though two to five year old fish com
prise the bulk of the catch. Maximum 
size is greater than 71 em and 3.7 kg. 
All females are sexually matureby age
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4, most by age-3 and some by age-2. 
Spawningoccurs April through August 
with a peak in June and July. Mature 
fish migrate offshore to deeper water to 
spawn. Yellowtail snapperfeed mainly 
on small pelagic crustaceans, pelagic 
worms, gastropods, ctenophores and 
salps. 

Yellowtail snapperistbemostcom
monly taken reeffisb, by numbers and 
weight, in the jurisdiction ofthe South 
Atlantic Fishery Management Coun
cil. Commercially the species is caught 
by hook and line, baited trap, trammel 
and gill nets, and beach seine. The 
number ofcommercial vessels concen
tratingonyellowtail snapperisdifficult 
to determine given that they are part of 
the overall reeffish-spiny lobster fleet. 
The number is probably in the range of 
300. Yellowtail landingsfrom thesoutb 
Florida commercial fishel)' increased 
from 587t in 1982 to 1,769tin 1989but 
were only 767 t in 1990. The species is 
the most prized snapper in the U.S. 
Virgin Islands and Puerto Rico. Yel
lowtail snapper are caught offshore by 
sport anglers fishing over reefs, while 
inshore they are caught by fishermen , 
using cut fish and squid and bottom 
fishing offbridges and piers. 

It is also the most important spe
cies in the south Florida headboat fish
el)'. South Florida headboat landings 
totalled 123 t in 1981, rose to near 200 
tin 1982-1983, then declined to 127tin 
1985 before rising to apeakofnear 262 
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t in 1988. Headboat landings of yel
lowtail snapperdecreased 45¥.. to about 
143 t in both 1989 and 1990. Effort inReef Fish 

(u.s. Atlantic) 
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the headboat fishery, while fluctuating 
from month to month within years, has 
remained remarkably constant from 
year to year in the south Florida area. 
Forty~ight headboats operated in this 
area (Ft. Pierce-Key West. Florida) in 
1983 as compared to 44 headboats in 
1990. 

Approximately one thousand char
ter vessels and untold numbers of per
sonally owned boats contribute to the 
recreational catch in the southeastern 
United States. Landings reported by 
theMarine Recreational Fishery Statis
tics Survey are highly variable over the 
years and ranged from over 110 t in 
1980 to over 838 t in 1982, and then 
dropped to about lOOt in 1986 before 
rising to near 437 t in 1989. They were 
216 t in 1990. 

Mean weight of headboat-caught 
yellowtail snapper has changed little 
over the last ten years, remainin, at 
about 0.55-0.65 kg since 1982. Mean 
weight ofcommercially cauptfiih has 
actually increased from 0.7 kg in 1986 
to 1.0 kg in 1988, but it was but 0.5 k& 
in 1990. 

Stock assessments for yellowtail 
snapper are based on Ricker yield-per
recruit and spawning potential ratio 
models and on data from 1988 and 
1990. As applied, thesemodelsasswne 
equilibrium conditions overthe fishery. 
Samples from the two different years 
give very different pictures ofthe status 
oftheyellowtail snapper. The spawnin& 
potential ratio based on data from 19&8 
was 0.38, butitwas only halfthat (0. 19) 
when computed from data collected in 
1990. Regardless of the estimate, the 
size limit in place in Floridaand federal 
waters (30.5 em) should allow 
achievement of a spawning potential 
ratio ofnear (0.28) orabovethecriterion 
for overfishing (0.30). 
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RED PORGY 
(U.s. Atlantic) 

The red porgy (Pagrus pagrus) is 
an important reeffish. It ranks second 
only to black sea bass as the fish most 
frequently caught while bottom fishing 
offshore from Cape Hatteras to Cape 
Canaveral, Florida. Red porlY occur in 
deep and warm water on continental 
~lves on both sides of the Atlantic 
from the Azores and British Isles south 
to Angola and from North Carolina to 
Argentina, but it bas not been reported 
from the Caribbean Sea. Preferred 
habitat along the southeastern United 
States is rough bottom at depths rang
ing from 27-183 m. 

Red porgy are protogynous her
maphrodites. Most fish longer than 
45.7 cm are males. Approximately 
37%ofthe females are mature at age-2, 
81% by age-3, and all are capable of 
reproducing by the fourth year. A 
female 30.5 cm long may lay 40 thou
sand eggs and an exceptionally large 
female 50.8 cm long may lay 489 thou
sand. Spawning takes place at seafrom 
lanuary through April. The eggs and 
young are pelagic before settling to the 
bottom. 

The life of a red porgy can extend 
to 15 years, but most are caught from 4 
to 7 years old. Average lengthsforboth 
sexes aged 1 to 15 years are 17.8, 25.4, 
31.5,36.8,41.1,43.7,46.2,48.5,50.3, 
52.6,55.1,57.2,60,61.9, and 64 em. 
Red porgyfeed onthe bottom, takingon 
worms, snails, crabs, and sea urchins, 
which are crushed by the strong teeth 
and occasionally small fishes such as 
round scad and tomtate. 

Bottomtrawls, traps, andhook and 
line havebeenused to capturered porgy, 
but off the southeastern United States 
hook and line is the most important 
gear to both sport and commercial fish
ermen. 

Becausethebulk(greaterthan 95% 
by number) of the red porgy catch is 
made offthe Carolinas, and thepopula
tion is apparently centered there (al
though some are taken even in the 
FloridaKeys) the Carolinastatisticsare 
most indicative ofpopulation changes. 
The stock is managed asa single unitby 

the South Atlantic Fishery Manage
ment Council. Management is based 
on models of spawning stock biomass 
per recruit ratio and yield per recruit 
using fishery data from 1988 and the 
assumption that the population is in 
equilibrium with the fisbery. Size lim
its (45.7 em) and bag limits (5 fish 
aggregate) exist for waters of FlOrida 
and the GulfofMexico. 

The numberofcommercial vessels 
concentrating on red porgy is difficult 
to determine given that they are part of 
the overall reeffish-spiny lobster fleet. 
The number is probably in the range of 
300. However, it is clear from the 
recent increase in commercial landings 
(see above) that much greater attention 
is being paid to red porgy and many 
more vessels are entering the fleet. 
Approximately90 headboats and 1,000 
charter boats contribute to the recre
ational catch. Participation by recre
ational anglers in personally owned 
boats is legion. 

Headboat catch in numbers from 
off' North and South Carolina ~ de
clined almost steadily since 1973 when 
300,000 individuaJs were taken to 1988 
when the catch was about 97,000 fish. 
Weight caught diminished from 
350,000 kg, in 1973 to only 92,000 kg 
in 1990. 

Marine Recreational Fishery Sta
tistics Survey data for 1980-1989 sug
gest a tremendous increase in landings 
from a low of5.8 t in 1986 to a high of 
1,057 tin 1982. Ca1cheshavegenerally 
increasedfor 1986-1989. Butgiventhe 
high variance attached to red porgy 
data in the Marine Recreational Fish
ery Statistics Survey, these estimates 
mustbe usedwith caution. Only 35,000 
red porgy weighing 17 t were reported 
taken in 1990 by the Marine Recre
ational Fisheries Statistics Survey. 

Commercialcatch inthe Carolinas 
was very low (less than 20 t) until 1976 
after which catches rose to 535 t by 
1982 and then diminished to 246 t by 
1986 and remain low. There were 319 
t taken commercially off'the Carolinas 
in 1990. Total headboat and commcr
ciallandings peaked at 750 t in 1982 
and were only 390 t in 1986. 

Catch-per-unit of effort is avail
able only for headboats where effort is 
in angler days and catch-per-unit of 
effort patterns largely mimic those of 
the catch. Generally the catch-per-unit 
of effort (number) bas diminished by 
SOO~ or more (C.I., from 6-10 fish per 
angler day off' South Carolina in the 
early 1970. to 3 per angler day in 1988, 
or oft'CentraJ North Carolina from 1to 
2per angler day in the early seventiesto 
less than 0.1 fish per angler day in 
1988). 

For all areas, mean weight of 
beadboat-caught red porgy has dimin
ished from values around 0.9 to 1.2 kg 
in the early 19708 to 0.54 kg in 1990. 
For the entire Carolina region, mean 
weightwas0.96 kg in 1983 anddimin
ished through the late 1980s to 0.55 kg 
in 1990. 

Based on computations performed 
separately from data collected in 1988 
and 1990. Thepresentspawningpoten
tial ratio isabout0.10 and about 80%of 
the maximum yield per recruit is being 
taken. Equilibrium spawning potential 
ratio off'the Carolinas (for both sexes) 
in 1980was0.65butdeclinedto 0.27by 
1987. To achieve a spawning potential 
ratio of0.30 requires reducing the fish
ingmortality rate by about 5O%or, with 
total survivalofreleasedfish, establish
ing a minioulm size of38.1 em. A30.5 
em size limit will provide a spawning 
potential ratio ofonly 0.15, and only if 
the fishing mortality rate does not in
crease. A38.1 em size limit in addition 
to providing an acceptable spawning 
potential ratio will also increase yield 
per recruitbya modest IS%. Achieving 
the 51% reduction in the fishing mor
tality rate requires reducing the catch to 
approximately 303,OOOindiviWalsor262 
t (from 535 t). 

u.s. CARIBBEAN 

TheU.S. CaribbeanExclusiveEco
nomic Zone is managed by the Carib
bean Fishery Management Council. 
Territorial waters are managed by the 
U.S. Virgin Islands and the Common
wealth of Puerto Rico. The Fishery 
Management Plan for the Shallow
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WaterReefFish Fishery ofPuerto Rico 
and the U.S. Virgin Islands became 
effective on September 22, 1985. 

Little is known about the basic 
biology for many Caribbean tropical 
reeffishspecies, includingage, growth, 
reproduction, fecundity, natural mor
tality, and population dynamics. In 
general, reproductive seasons ue be
lieved to be more prolonged when com
pared to more temperate areas. Sources 
of recruitment are unknown for most 
populations. 

The Caribbean reef fish fishery is 
very complex with large numbers of 
species being caught by various 
commercial, artisanal, and recreational 
components, each using a variety of 
fishing methods including fish traps, 
hook and line, long lines, bandit rigs, 
spears, and trammel and barrier nets. 
Commercial and recreational estimates 
ofyieldare shown inFigure 23. Fishing 
pressure has increased due to higher 
human populations in coastal areas, 
greater demand for fishery products, 
and increased technology. The 
management unit includes 64 of the 
most commonly landed species in 14 
families. Most species inthe traditional 
fisheries are probably fully exploited or 
overfished. In most cases the current 
potential yield and long-term potential 
yield are unknown although for many 
species potentialyield isprobablyhigher 
than present average yields would 
indicate. Landings for most reef fish 
species in PuertoRico, for example, are 
only a small fraction of the highest 
reported annual landings. In the 
Caribbean, traditional mainstays ofthe 
fishery such as Nassau grouper have 
practically disappeared and the major 
targetspecies in recentyears suchas red 
hind show declines in total landings 
and average size since the late 1970s. 
Increased landings for some deeper 
water species (queen, vermilion, and. 
silk snapper) can be attributed to shifts 
in the fishery away from major 
traditional species. 

The fishery management plan es
tablished regulations to rebuild declin
ing reef fish stocks in the fishery and 
reduce conflicts among fishermen. It 
established criteriafor the construction 
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offish traps; requiredowner identifica
tion and marking of gear and boats; 
prohibited the hauling ofor tampering 
with another person's traps without the 
owner'swrittenconsent; prohibited the 
use ofpoisons, drugs, other chenucals, 
and explosives for the taking of reef 
fish; established a minimum size limit 
on the harvest ofyellowtail snapperand 
Nassau grouper; and established a 
closed season for the taking of Nassau 
grouper. Amendment 1, May 1990, 
established an area closure during the 
red hind spawning season in the Exclu
sive Economic Zone southwest of St 
Thomas; included a provision for the 
collection ofsocio-economic data; and 
modified two management measures: 
1) increased the minimum mesh size 
requirement for fish traps to 5.08 em (2 
inches) by September 1991, and 2) pro
hibited the harvest of Nassau arouper. 
In September, 1991, provisions were 
approved that 1) defined overfishing at 
20% ofthe spawning stock biomass per 
recruit that would occur in the absence 
offishing; 2) delayed the 5.08 em mesh 
requirement until September 14; 1993; 
3) allowed the use 3.81 cm (1.5 inch) 
hexagonal mesh wire until September 
14,1993; and 4) made specific require
ments for fish traps that included two 
required degradable escape panels on 
opposite sides offish traps attached by 
3.18 mm(1I8 inch) diameter, untreated, 
jute twine. 

For further information: 
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several reeffish species ofthe Gulf 
ofMexico. Southeast Fisheries Sci
ence Center, Miami, FL. CRD 87/ 
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Goodyear, P.C. 1991. Sensitivity of 
shrimp-byeatch mortality estimates 
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ter, Miami, FL. MIA 90/91-28. 

Goodyear, P.C. and P. Phares. 1990. 
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5. Sciaenids
 
In the southeastern United States, 

important recreational and commercial 
species in the family Sciaenidae in
cJ* "'" clJ'wn, weakfish, Atlantic 
cto3ker, spot" black drum, kiogfishes 
(whiting), and seatrout. Since the late 
1800s sciaenids have represented an 
important fishery resource, although 
significant increases in landings did 
not occur until the 19S0s when a pet 
food industry targeting drum and 
croaker developed in the northern Gulf 
ofMexico. Pet food landings ofdrum 
and croaker peaked in 19S6 at more 
than 32 thousand metric tons (t). 

Large numbers of sciaenids are 
caught and killedas an incidental catch 
in theshrimp industry. Themost recent 
estimates of the 1972-1989 byeatcbin 
the Gulf of Mexico offshore shrimp 
fishery averaged about Soo million spot, 
1 billion seatrout, and 7.S billion 
croaker. These species constitute the 
bulk: of biomass of the offshore finfish 
bycatch in the shrimp fishery which 
averaged about 17S thousand metric 
tons (t) during the 1980s. 

The recreational harvest of 
sciaenids has almost equaled the com
mercial harvest sold for hwnan con
swnption. Most recreational fishing 
for these species occurs within state 
jurisdiction and therefore is under state 
management authority. In recentyears, 
several states have established regula
tions that favor recreational use of the 
resources. This is particularly true for 
red drum and spotted seatrout where 
some states have prohibited commer
cial harvests. 

RED DRUM 

Red drum (Sciaenops ocel/atus) 
are carnivorous fish found worldwide 
in tropical, subtropical, and temperate 
coastal waters. In the western Atlantic, 
red drum range from Chesapeake Bay 

Red drum 

through the GulfofMexico and IS far 
south as Vera Cruz, Mexico. The 
species appears off the northeastern 
Atlantic coast in the spring and sum
merand probably moves southward in 
the fall They arc present in the Gulf 
of Mexico throughout the year with 
greatest abundance in late summer to 
early winter. . 

Reddrum areharvested in amixcd 
species fishery by a nwnber of gear 
types: haul seines, fish trawls, pouud 
nets, gill nets, bandlines, trammel nets 
and shrimp trawls. Commercial and 
recreational yields are shown in Fig-

we 24 for the Gulf of Mexico and in 
Figure 2S for the U.S. Atlantic. The 
majorityofthe commercial eatchismade 
in the estuaries. Red drum landinp 
along the Atlantic coast have perennially 
been lower than those a1on, the Gulf 
coast. Landinp from the northern ex
treme oftheir range have declined since 
the 1930s with the exception of eastern 
Florida. Total Atlantic coast landinp 
declined from 1960-1970, while the Gulf 
coastlandings increased during the same 
period. The recreational catch of red 
drum exceeded commerciallandinp by 
an estimated factor as high as 162. 

8.-----------------...,
 

2 

~ ~ ~ ~ ~ ~ ~ ~ ~.. 
Figure U. Commercial and recreational red drum yields in the U.S. Gulfof 
Mexico. 
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Fishing mortality in most 

southern U.S. Atlantic and Gulf of 
Mexico estuarine areas is higher than 
natural mortality. 

Adults are normally found close to 
shoreand feed near the bottom on crus· 
taceans. Along southeastern Florida 
they feed primarily on penaeid shrimp 
and ~thl4crabs. Small sizes of red 
drum feed primarily on fish but as they 
growdietchangesto a predominanceof 
crustaceans. 

The maximum size of red drum is 
127 cm FL and 37.3 kg. They mature 
at theendofthe thirdorfourthyear with 
age-5 fish comprising the majority of 
mature fish. Average size to sexual 
maturity is 70-80 cm FL. Concerns 
exist concerning aging of older red 
drum from otolith banding patterns; 
however, areddrum caught recently off 
North Carolina was aged at 55 years. 

Spawning in the Atlantic probably 
occurs in nearshore waters from Vir
ginia to S1. Lucie, Florida. beginning in 
July and extending through December. 
The Atlantic spawning probably peaks 
in late September or October. In the 
Gulf, spawningoceursfrom Cape Sable, 
Florida. to the northern Mexican coast. 
beginning in mid-September and last
ing through mid-November. The Gulf 
spawning peaks in October. Fecundity 
ranges from 3 females (9-15 Kg) pro
ducing 60 million fertilized eggs in 52 
spawns during a 76 day period, to four 
females (1.68-7.95 Kg) producing 8.43 
million eggs over 90 days. 

Atlantic red drum stocks are over 
exploited. Three management mea
sures were adopted by the South Atlan
tic Fishery Management Council in the 
Atlantic red drum fishery management 
plan. The first measure establishes the 
fishing year as the calendar year. The 
second requires the National Marine 
Fisheries Service to prepare red drum 
stock assessments as required by the 
Council for review by a special stock 
assessment review group. The latter 
makes recommendations to the Coun
cil based on the assessments and data. 
The third measure prohibits harvests 
and possession ofAtlantic red drum in 
or from the Exclusive Economic Zone 
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Figure 25. Commercial and recreational red drum yields in the U.S. Atlantic Ocean. 

until a total allowable catch is specified 
by the plan whenthe percent maximum 
spawning potential is in excess 000%. 

Since 1980,coast-wide recreational 
catches ranged from 232 t in 1990 to 
988 t in 1984, while commercial land
ings ranged from 85 t in 1990 to 191 t 
in 1984. In numbers of fish caught, 
Atlantic red drum is predominantly a 
recreational fishery. Commercially, 
Atlantic red drum are harvested as part 
of mixed species fisheries. 

A commercial purse seine fishery 
for adult red drum in federal waters of 
the GulfofMexico developed rapidly in 
the mid-1980s as a market developed 
based upon a new recipefor"blackened 
redfish". Prior to that time, nearly all 
red drum were harvested in inshore 
state waters as juvenile fish. As the 
offshore fishery developed, it became 
evident that the schooling behavior of 
the adult fish made them extremely 
vulnerable to harvest by fisheries using 
spotter planes and purse seines. Yield 
per recruit analyses showed that the 
long term maximum biomass yields to 
supportthis developingfishery required 
delaying first harvest to sizes well in 
excess ofthe traditional fishery. Addi
tionally, there was evidence that rates 
ofrecruitment from inshore to offshore 
adult stocks decreased significantly in 
the late 1970s. Thus, the growth in the 
inshore fishing mortality imposed by 
recreational andcommercial fishermen 
coupled with some yet to be determined 

factor had decreasedthe number offish 
survivingto replenishtheoffshore adult 
stocks. 

This situation eventually led to the 
development ofa fishery management 
planfor the GulfofMexico red drumby 
the Gulf of Mexico Fishery Manage
ment Council. Thefishery for red drum 
is banned in federal waters until pre
scribed escapement rates of juveniles 
into the adult stocks are achieved. This 
effectively bars any significant fishery 
on theadults solongas state regulations 
favor the continuation of substantial 
inshore fisheries on juveniles. State 
management actions to date have pre
servedthe inshore nature ofthe harvest 
and allocated most or all ofthe harvest 
to recreational users. 

WEAKFISH 
(U.S. Atlantic) 

Weakfish (Cynoscion regalis) are 
sciaenidsdistributed along the Atlantic 
coast ofthe United States from Florida 
to Massachusetts. They are most abun
dant in shallow coastal and estuarine 
waters from North Carolina to New 
York. Weakfish are considered year 
round residents ofthe Carolinian prov
ince and appear only seasonally to the 
north. The fisheries for weakfish along 
the Atlantic coast coincide with the 
north-south migrations of the species. 
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Longtenn potential yield 
curi-ent potential yield 
Recent averaae annual yield 
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Current spawnina potential ratio 
Projected SPR at cWTent fishina patterns 
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Longtenn potential yield 
Current potential yield 
Recent averaae annual yield 
Status of exploitation 
Age at 50% maturity 
Current spawnina potential ratio 
Natural mortality rate 

RED DRUM 

U.S. Gulf of Mexico U.s. Atlantic 
7,900 t Unknown 
2,828 t Unknown 
2,828 t 507t 

Over exploited Over exploited 
4 years 3 years 

13% 0.6-1.5% 
20% Not applicable 
0.21 0.23 

WEAKFISH 

U.S. Atlantic
 
Unknown
 
Unknown
 

5,922 t
 
Over exploited
 

I year
 
7-12%
 

0.3
 

ATLANTIC CROAKER 

Longtenn potential yield 
Current potential yield 
Recent average arumal yield 
Status of exploitation 

Weakfish is a schooling, active 
fish that feeds in the upper to middle 
watercolumn bysight. Youngweak1ish 
feed primarily on mysid shrimp and 
anchovies, while older weakfish feed 
mainly on clupeid species and ancho
vies. Most weakfish reach sexual ma
turity (17-23 cm total length) during 
their second summer, although the 
smaller members of a given year class 
may not reach maturity until 2 years of 
age. Weakfish spawning, hatching, 
and larval development occur in estua
rine and near-shore oceanic waters 

Southeastern United State. 
50,000 t
 

Unknown
 
",946 t
 

Over exploited
 

along the Atlantic coast during spring 
and summer. 

Weakfish have been important to 
the Atlanticcoastfisheries sinceat least 
the 18005. Recent commercial and 
recreational landings are shown in Fia
ure 26. The commercial fishery largely 
in North Carolina to New Jersey con
sists of an inshore spring and early 
summerfishery employinghaul seines, 
pound nets, aill nets and trawls and a 
fall-winterfishery from North Carolina 
to Delaware employing trawls and &ill 
nets. Recreational exploitation occurs 

during the spring and summer in estua
rine and near shore coastal waters with 
the bulk of harvest occurrinl in the 
mid-Atlantic region. Bycatch ofyoung 
weakfish is an issue with respect to 
finfish and shrimp trawl fisheries. 

ATLANTIC CROAKER 

Atlantic croaker (Micropogonias 
undulatus) is abottom dwellingspecies 
associated with mud and sandsubstrate 
and livebottomsfrom Massachusetts to 
CampecheBank,Mexico. In the sprina, 
Atlantic croaker move into bays and 
estuaries; in the fall they milfate off
shore to spawn. 

In the U.S. Atlantic, a successful 
commercial fishery bas operated for at 
least sincethe late 18805. The commer
cial fishery consists ofan inshore sum
mer fishery, employina haul seines, 
pound nets, gill nets, and trawls; and an 
offshore winter fishery, employina 
trawls and &ill nets. In the recreational 
fishery, anaIers take Atlantic croaker 
from ocean beaches and the banks of 
estuaries as well as by fishinl in estua
rine and nearshore waters from private, 
party, and charter boats. 

In the U.S. Gulf of Mexico, total 
landings ofcroaker have increased as a 
result ofthe developmentofthe petfood 
industry in the northern Gulf. This 
fishery has taraeted croaker which rep
resents about 768J. of total landings. 
Croakers are also a sipificant compo
nent of the fish bycatch made by the 
shrimp trawl fishery. From 1972
1989, it was estimated that the annual 
averaaebycatchwas 7.5 billioncroaker. 

For further information: 

Goodyear, C.P. 1989. Status of the 
red drum stocks of the Gulf of 
Mexico Report for 1989. South
east Fisheries Science Center, 
Miami FL. CRD 88/89-14. 

Johnson, G.D.1978. Developmentof 
fishes of the Mid-Atlantic Bilht: 
An atlas of egg, larval and juve
nile stages. Vol. IV. Caranaidae 
throu&h Ephippidae. FWS/OBS
73/12. 
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6. Sharks� 

SharJts l>eJ9ng toagroupoffishes that 
tnclu4es the rays, skates, and chimaeras 
(ratfishes). These fishes are grouped to
gether because they all have cartilagi
nousskeletonsaswell asotherfeatures in 
conunon. Over 350 species of sharks 
havebeendescribed throughout the world. 
Seventy-three species are known to in
habit thewatersalong the U.S. East Coast 
including the Gulf of Mexico and the 
waters around Puerto Rico and U.S. Vir
gin Islands. 

Although the nwnber of species of 
sharks is relatively small when compared 
to the number of species of fishes with 
bony skeletons (over 20,000), sharks are 
a diverse group. They range in size from 
the gigantic 12-m whale shark, the larg
est fish in the oceans, to the tiny pygmy 
shark that is fully grown at only 20 to 25 
em. Fast-moving, streamlined species 
such as mako and thresher sharks con
trast to sharks with flattened, ray-like 
bodies, such as theangel sharks. Basking 
sharks and whale sharks feed by filtering 
small organisms from the water, tiger 
sharks eat large turtles, and the tiny 
cookiecuttersharkfeeds by carving plugs 
of flesh out of large fishes and whales. 
Some sharks reproduce by laying eggs; 
other sharks nourish their embryos 
through a placenta Despite the great 
diversity in size, feeding habits, habitat. 
andbehavior, someadaptationsare com
mon to nearly all sharks. These adapta
tions have contnbuted greatly to the evo
lutionary success ofsharks. Most ofthese 
conunon adaptations involve their repro
ductive modes and feeding habits. 

Themostsignificant reproductive ad
aptations of sharks which have contrib
uted to their evolutionary success are 
internal fertilization and the production 
ofsmall nwnbers of large young, which 
hatch or are born as fully developed 
young or "pups." All sharks have inter
nal fertilization. In most species, the 

Shortfin mako 

embryos spend their entire develop
mental period protected within their 
mother's body. When development is 
complete, the young are born as active, 
miniature sharks. The young are large 
at birth. Large size reduces the nwnber 
ofpotential predators and competitors, 
thus enhancing survival. 

The number ofyoung produced by 
most s~k species in each brood is 
small, usually ranging from 2 to 25, 
although large females ofsome species 
canproducebroodsofl00 ormorepups. 
The production of large-sized young 
requires great amounts of nutrients to 
nourish the developing embryos. Thus, 
sharks have evolved diverse means of 
nourishing their embryos, such as the 
production ofeggswith verylargeyolks, 
the ingestion of egg yolks by the em
bryos, and the direct transfer of nutri
ents from mother to embryo through a 
yolk sac placenta. Traditionally, these 
adaptationshavebeengroupedinto three 
modes of reproduction: oviparity, 
ovoviviparity, and viviparity. 

Oviparoussharks lay largeeggsthat 
contain sufficient yolk to nourish the 
embryo through development and al
low it to emerge fully developed. These 
eggs are enclosed in leathery cases that 

are deposited on the sea bottom, usually 
attached to plants or rocks. There is no 
parental care or brooding in oviparous 
sharks. The only protectionfor the embryo 
is its tough leathery case composed of 
protein fibers. The development of these 
eggs is temperature-dependent and hatch
ing usually occurs in a few months to a 
year. The pups of oviparous sharks are 
somewhat small because their growth is 
limited by theamountofnutrientsstored in 
the egg. The embryos of the oviparous 
whale shark, the largest living fish, mea
sure only 36 em, a size exceeded by the 
embryos ofmany smallerovoviviparous or 
viviparous sharks. Oviparity is found in 
only four families of sharks: bullhead 
sharks, nurse sharks, cat sharks,and whale 
sharks. 

Ovoviviparity is the most common 
mode ofreproduction in sharks. The eggs 
ofovoviviparous sharkshatch in the uterus 
before the embryos are fully developed. 
The embryos continue to grow in the 
uterus, nourishedbyyolkstoredin theyolk 
sac, but do form a placenta connection 
with the mother. The embryos are born 
after their development is completed. The 
broodsize is highlyvariable, depending on 
the reproductive strategyofthe species. In 
some ovoviviparous sharks, such as the 
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Atlantic and Gulf Sharks� 
vide food for the growing pups. 
These areas are also free of large 
predators, thus the young sharks 
have a higher chance ofsurvival In 
temperate zones, the yOWlg exit the 
nursery with the onset ofwinter; in 
tropical areas,theyoungmaystay in 
the nursery for a few years. 

Sharks are slow growing and 
slowmaturingflshes.Themosteco
nomically important sharks, the 
large coastaI carcharhinids, have 
very slow growth rates. Several of 
theconunerciallyirnportantspecies, 
such as sandbar, lemon, and bull 
sharks do not reach maturity uptil 
12 to 18 years. The life span of 
sharks in the wild is notknown, but 
it is believed that many species may 
live 30 to 40 years or longer. The 
reproductivelifespanofthese sharks 
is unknown. 

In summary, sharks have a very 
low reproductive potential. Various 
factors determine this low repro
ductive rate: slow growth, sexual 
maturity not reached until 4 to 18 
years, one to two-year reproductive 
cycles, a small number ofyoungper 
brood, and specificrequirementsfor 
nurseryareas. Therefore, sharkpopu
lations must be managed very con
servatively. 

Sharksareaggressive predators, 
at or near the top ofthe food chain, 
with threeexceptions: whale sharks, 
basking sharks, and megamouth 
sharks. The latter are filter-feeders, 
similar to some whales in feeding 
habits. Most sharks, however, are 
flesh eaters that have evolved very 
sensitive receptors that allow them 
to track wounded or injured prey. 
Theyhaveextremelysensitivesmell 
receptors, eyesthatcanadapttovery 
dim light, electroreceptors that in 
the absence ofscent or visual clues 
can detect prey buried in the sand. 
and latemlline receptors that sense 
movement in the water. 

In addition to their fine senses, 
sharks are armed with a formidable 
set of teeth and jaws that can pro
duce considerable force. The teeth 
are replaced often, so sharks always 
haveasharpset capableofinflicting 
a clean bite. 

LARGE COASTAL SHARKS 8 

Long Term Potential Yield 
Current Potential Yield 
Recent Average Annual Yield 
Status ofExploitation 

SMALL COASTAL SHARKS b 

Long Term Potential Yield 
Current Potential Yield 
Recent Average Annual Yield 
Status ofExploitation 

PELAGIC SHARKS e 

Long Term Potential Yield 
Current Potential Yield 
Recent Average Annual Yield 
Status ofExploitation 

a Includes sandbar, reef, blacktip, dusky, spinner, silky, bull, bignose, Galapagos, 
night, tiger, lemon, ragged-tooth, nurse, scalloped, smooth and great hammerhead, 
whale, basking and white sharks. 

b Includes Atlantic and Caribbean sharpnose, fmetooth, blacknose, bolUlethead and 
Atlantic angel; virtually all of small coastal shark yields are caught as bycatch in 
Gulf ofMexico shrimp fishery and discarded without landing. 

c Includes longfm and shortfm mako, blue, porbeagle, thresher, bigeye thresher, 
oceanic whitetip, sevengill, sixgill and bigeye sixgill. 

3,400 mt� 
1,900 mt� 
3,800 mt� 

Over exploited� 

3,600� 
3,000� 
3,000� 

Fully exploited� 

2,730 mt 
Unknown 

sandtigershark, theyolk isabsorbedvery 
early in development. Thereafter, the 
embryosnourish themselvesbyswallow
ing unfertilized eggs and smaller em
bryos in the uterusasaform ofembryonic 
canrubalism Having eaten its smaller 
siblings, usually only one embryo sur
vives in eachofthe two uteri. Ovovivipa
rous sharks include cow, frill, sand tiger, 
goblin, mackerel, basking, thresher, false 
eatsharks, saw,angeL squaJoid. n'bbontail 
cat sharks, some nurse sharks, some 
smooth dogfishes, and some cat sharks. 

Viviparity is the mostadvancedmode 
ofreproduction. The embryos ofvivipa
rous sharks are initially dependent on 
stored yolk but are later nourished by the 

motherthroughaplacentalconnection. Being 
connected to the blood supply of the mother, 
theembryo canbe nurturedtoarelatively large 
size at birth. Most placental sharks produce 
broods of two to a dozen, with a few excep
tional pelagic species producing 20 to 40 
young. Viviparity is confinedto some smooth 
dogfishes, requiemsharks, andhammerheads. 

Females ofmost species ofsharks tIavel to 
specific nursery areas to give birth to their 
young at certain times of the year. These 
nurseries are discrete geographic areas, usu
ally in shallow waters, or at least shallower 
waters than those inhabited by the adults. 
Frequently the nursery areas are in highly 
productive coastal or estuarine waters where 
abundant small fishes and crustaceans pro
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Ecologically, sharks can be divided 
into four broad categories; 1) coastal, 2) 
pelagic, 3) coastal-pelagic, and 4) deep
dwelling. Coastal species inhabit 
nearshore areas and the continental 
shelves. Examplesareblacktip, finetooth, 
and sharpnose sharks. Pelagic species, 
on the other hand, range widely in the 
upper zones ofthe oceans, often ttaveling 
over entire ocean basins. Examples in
clude mako, blue, and oceanic whitetip 
sharks. Coastal-pelagic species such as 
sandbar, scalloped hammerhead, and 
dusky sharks are intennediate in that 
they occur both inshore and beyond the 
continental shelves, but have not demon
strated mid-ocean or transoceanic move
ments. Deep-dwelling species inhabit the 
deeper cold waters of the continental 
slopesand oceanbasins. Examplesofthis 
category are most cat sharks and gulper 
sharks. 

Tagging studies have shown that as
signment of species to these ecological 
categories is somewhat arbitrary because 
severalcoastal-pelagicsharksshowmove
ments from the United States to the Ba
hamas, West Indies, and Mexico. For 
example, the sandbarshark moves north 
andsouthalongtheUS. eastcoastbetwee
n Cape Cod and Texas. Sandbar sharks 
tagged off the northeast coast of the 
United States have ttaveled across the 
Florida Straits to Cuba and to Mexican 
waters as far south as the Yucatan. Some 
tagged sandbar sharks have traveled al
most 5,000 kIn along the coast of North 
America and have been recaptured after 
24 years. Other species (dusky, blacktip, 
night, silky, blue, shortfm mako,longfm 
malm, tiger, whitetip, spinner, and 
bignose sharks) have also traveled be
tween the US. east coast and the Gulfof 
Mexico. Detailed knowledge of the mi
grations ofsharks between the US. Ex
clusiveEconornicZoneand international 
waters will be requiredfor the most effec
tive management of these wide ranging 
species. 

The shark management wlit consists 
of39 species in the Western North Atlan
ticOcean. Thernanagementunitextends 
across state, federal, and international 
jurisdictional boundaries. The species in 
the management unit were chosen for 
one or more of the following reasons: 1) 
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Figure 27. Production and catch ofAtlantic and GulfofMexico large 
coastal sharks. 

theyarefrequently caught incommercial 
or recreational fisheries; 2) their low 
fertility and/or slow growth make them 
particularly vulnerable to overfishing; 
andtheir habits make them vulnerable to 
indiscriminatekilling. Sharksintheman
agement unit were separated into three 
speciesgroupsforabundanceassessments: 
1) large coastal sharks, 2) small coastal 
sharks,and3) pelagic sharks. Theassess
ment groups are not ecological groups. 
They are groupings based on fisheries or 
where those species appear in the yield. 

Additional speciesare includedinthe 
management plan for data collection 
purposes, but are not included in the 
management unit. Most ofthese species 
are small, deepwater sharks that are not 
target species, but are taken incidentally 
in directed shark fISheries, or in sword
fish or tuna longline fisheries. The man
agement plan group also includes two 
species known locally as "dogfISh;" the 
spiny dogfish (Squalus acanthias) and 
the smooth dogfish (Mustelus canis). 
These two species are taken in consider
able numbers in directedfisheries, andas 
bycatch in other fisheries, because they 
enter shallow water and are extremely 
abundant. These species are not over
fished at this time nor confronted with 
such problems as finning, as are the 
speciesinthe management wlit, although 
finning of dogfISh has been reported. 

Historically, sharks have been an 
underused resource in North America 
Small, localized shark fisheries have ex
istedalong all U.S. coastsfor manyyears, 
but organized intensive shark fisheries 
have been scarce and have lasted only a 
few years. 

A shark longline fishery operated in 
Salerno,Floridanearlycontinuouslyfrom 
1936 to 1950. The maximum number of 
these shark-fishing boats in use at any 
one timewasfive. Thegreatest number of 
shark~fishing boats known to have been 
operatingoffthesoutheastern coast ofthe 
United Statesconcurrentlywas 16. Sharks 
were fIshed primarily for their livers and 
hides. The liver oil was used in the 
production ofvitamin A, and the hides 
were processed into leather. Products 
also includedfresh and salted meat, fins, 
and fISh meal. 

From 1938 to 1946, most shark fish
ingwas done with chain sets. The weight 
ofthe chain line normally confined fish
ing to depths less than 46 m. In the last 
years of the fishery (1947 to 1950), the 
catch per wlitofeffort increased dueboth 
to expansion ofthe fishery and to abonus 
arrangement that encouraged coopera
tion among the fishennen. This opera
tion ended in 1950because oftheappear
ance oflow-cost, synthetic vitamin A 

Another smaIl shark fishery for por
beagle existed in the early 1960s off the 
US. Atlantic coast involving Norwegian 
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fishermen. Between the world wars, the 
Norwegians and Danes pioneered fish
ingforpOIbeagles intheNorth Sea and in 
the region of the Shetland, Orkney, and 
FaroeIslands. Around 1960 thesefisher
men began fishing the Newfoundland 
Banks and the waters east ofNew York. 
Between 1961 and 1964, their annual 
catches increased from 1,800 to 9,300 t, 
then quickly declined to 200 l 

UseofshaIksas foodand gamefishby 
U.S. fi$ermen increased in popularity in 
the 19705. In recent years, economic 
changes in Asia broadened the sharkfm 
market. The increased demand for shark 
meat and the high price offins encour
aged U.S. fishermen to enter shark fish
eries. Fishermen in other directedfisher
ies, such as tuna and swordfish, began to 
retain sharksfor thefins insteadofreleas
ing them as was done previously. Both 
directed and nondirected commercial 
fisheries, as well as recreational anglers, 
now exploit shark resources. 

Recreationalfishennenpursuesharks 
forsport. Thispracticehasbecomepopu
lar inthe last 15yearsas evidencedbythe 
increased number ofshark tournaments. 
Shark fishing is a popular sport at all 
socioecononUc levels, largely because of 
accessibility to the resource. Sharks can 
be caught virtua1ly anywhere in salt wa
ter with even large specimens available 
in the nearshore area to surf anglers or 
small boaters. Beach or surf fishing for 
sharksbecamepopularintheearly 19705. 
Pier fishing for sharks was also popular 

6. 

for many years (the largest tiger shark on 
record was caught from a pier in Cherry 
Grove, South Carolina in 1964). Most 
recreational shark fishing takes place 
from small to medium-size boats. Shark 
tournament fishing is usua1ly conducted 
from boats that vaJY in size from sma11 
outboardstosportfishingyachts.Asmany 
as 15 different species, depending upon 
tournament locale, are caught during 
these events. 

Commercial fishermen, who derive 
some portion of their income by selling 
their shark catch, are grouped as those 
engaged in directed fisheries (targeting 
sharks), or those involved in indirect 
fisheries (targeting other species with 
sharks as byeatch). Commercial fisher
men in the directed shark fisheries use 
either longlines or gillnets. Long1iners 
use modified swordfish longlines in 
coasta1watersduringalongseason, often 
following stocks as they move north or 
south along the Atlantic coast The pri
tWUY species caught by 10ngIine fisher
men are sandbar, blacktip, bull, bignose, 
tiger, sand tiger, lemon, spinner, scal
loped hanunerhead and great hammer
head sharks. 

GillnetflShingforsharks in thesouth
east has existed for many years. These 
fishermen operate small boats from May 
to Novemberwhen sharks are in shallow 
water. Some ofthese estuarine waters, 2 
to 5 m deep, are nursel)' areas for many 
speciesofsharks. Gillnetfishermencatch 
sandbar, blacktip, finetooth, blacknose, 
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Figure 28. Production and catch ofAtlantic and GulfofMexico small 
coastal sharks. 

bull, spinner, dusky, sharpnose, sand 
tiger, scalloped hammerhead, and oth
ers. Recent legislation in South Carolina 
essentially terminated the use of com
mercial gilInets in its waters. This action 
hasforced fishermen into deeper, federal 
waters where their gillnets are less effec
tive. 

Tuna and swordfish longline fisher
ies catch large numbers of sharks as 
byeatch. Dominant in the tuna fisheries 
are blue, porbeagle, hammerhead, and 
unidentified sharks. In the domestic 
swordfish fishel)', mako, thresher, and 
"unidentified" sharks are themajorspe
cies. These unidentified species are prob
ably bignose, dusky, silky, and night 
sharks. Otherfisheries also takeshaIksas 
byeatchin the summermontbs. SbalIow
water shrimp trawls catch large quanti
ties ofAtlantic sharpnose sharks and the 
juvenilesofseveral species. Shrimpingis 
common in areas that serve as nurseries, 
and many newborn sharks are caught at 
this time. Gillnet vessels in the New 
England multispecies fishel)' catch and 
land sharksduring the summer and early 
fall. with porbeagle and mako the domi
nant species. 

The practice oftinning (i.e., remov
ingthefinsand discarding the remainder 
ofthe shark at sea), probably arose in the 
indirect longline fisheries to savefreezer 
space for the more valuable swordfish 
and tuna. Over the years, shark discards 
from both the commercial and recre
ational fisheries have been extensive. 
The amount ofsharks finned was about 
the same as harvested and landed from 
1987 to 1991. 

Commercial shark fishing· gear in
cludes longlines, gilInets, trawls, and to 
an unknown extent, harpoons. Most At
lantic and Gulflonglines arepelagicgear 
usedbythe swordfish and tunafleets, and 
capture sharks incidentally. In recent 
.years a directed longline shark fishel)' 
has emerged, with many vessels con
verted from shrimp trawl or snapper
grouperbottom-longIinefisheries. Atypi
cal shark vessel is 10 to 15 m long and 
deploys pelagic or bottom 10ng1ines. 

Commercial shark yield is seasonal. 
In the Gulfand southern U.S. Atlantic, 
the lowest yield from 1979 to 1987 oc
curred in Janua1)' with the maximum 
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Atlantic yield in March and the maxi
mum Gulfyield in May. 

Recreational yield is estimated by the 
Marine Recreational Fishery Statistics 
Swvey (MRFSS) which is carried out 
annuailybyNMFS. TheMRFSSdataon 
fishing modes for 1979 to 1988 indicate 
that approximately 10010 of the sharks 
were taken by headboats and charter 
boats. 

Scientific stock assessments defined 
several ~ear-specific and area-specific 
fisheries and three species groups. Each 
gear-specific fishery exploits one of the 
three species groups. A directed shark 
longlin~gillnet fishery and a southern 
area tournamentfishery both target large 
coastal sharks. Small coastal sharks are 
targeted by rod-and-reel fishermen and 
arealsoasignificantbycatchoftheshrimp 
fishery in the Gulf of Mexico. Pelagic 
sharks are most often taken by longline 
vessels incidental to tuna and swordfISh, 
although rod-and-reel fishermen and 
commercial fIShing vessels in northern 
areas sometimes target these species. 

The status ofthe small coastal sharks 
and pelagic sharks species groups were 
assessed separately using 1986-1989 or 
later fishery statistics. Due to the 
transoceanic nature of pelagic shark 
catches and the international fleets that 
exploit them, the necessary fisheries in
formation was not yet complete enough 
to assess that resource. 

Despite the limitations and Wlcer
tainties ofthe data, the analyses provided 
statistics necesS8JY for developing har
vest limitationsand managementadvice. 
The results of that advice are swnma
rized in the following sections. 

Large coastal sharks are those nor
mally targeted by commercial shark 
longline and gillnet fisheries and by the 
southern shark tournament fisheries. 
Typical species in this group include 
sandbar, blacktip, dusky, bull, tiger, ham
merhead, lemon, white, spinner, bignose, 
silky, and night sharks. Many of these 
makeextensivemigrationsalong theU.S. 
Atlantic coast. The assessments reported 
evidence of overfishing for the large 
coastalsharksduring 1986 through 1992 
(except for 1987 and 1990). Fishing 
mortality has increasedfromabout F=O.2 
in 1986 to the current level ofF=O.3. The 

replacementF, which is the fishing mor
tality mteatwhich thecurrentpopu1ation 
level is neither decreasing or increasing, 
is about F=O.25. Therefore, the current 
level offishing mortality may be slowly 
depleting abWldance. The yield in 1991 
wasestimatedtobe6,003 t (wholeweight, 
metric tons) and is higher than the 1986
1991 avemge of5,688 t (Figure 27). The 
shark fishery management plan recom· 
mends reductions in yield to reduce fish
ing mortality and stabilize abWldance. 

Small coastal sharks are typically 
caught in recreationalfisheries (headboats 
and privately owned boats) and as dis
carded byeatch in the Gulf of Mexico 
penaeidshrimptrawlfishery. The largest 
component of the catch, by far, is the 
shrimp trawl bycatch. The predominant 
species in this group are the sharpnose, 
withbonnethead, blacknose, andfinetooth 
sharks forming the 1lU\i0rity of the re
mainder. For small coastal sharks, the 
assessmentssuggest thatcatchesexceeded 
production in 1987 and 1988 but not in 
1986, 1989, and 1990 (Figure 28). Hence, 
areduction inabWldance is not indicated, 
and the small coastal sharks are consid
ered to be fully exploited. The annual 
production potential for small coasta1 
sharks is high and it is expected that 
abWldance could rapidly increase iffish· 
ing mortality were reduced. 

Pelagic sharks are a byeatch of the 
commercial tW18 and swordfISh longline 
fisheries and are directly exploited by 
recreational fisheries from Virginia to 
NewYork. Typical species in this group 
include makos, threshers, blues, oceanic 
whitetips, and porbeagles. Tmns-Atlan
tic migrations of these sharks are com
mon Therefore, this species group is 
exploited by several nations, removals 
often occur outside of U.S. territorial 
waters, and discarding at sea is common 
but not recorded. For the above reasons, 
data were not available to develop pro
duction estimates as was done for the 
large and small coastal sharks. The aver
age annual U.S. commercial yield ofthis 
species group during 1986-91 was about 
580 t (with an unknown amoWlt ofdis
cards). The avemge recreational pelagic 
shark yield in the southern area are esti
mated to have been about 94 t. Recre
ational shark yield in the northern area is 
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estimated to have avem&ed about 885 t 
Thesumofthese (1,559 rounded to 1,560 
t) is considered the best available esti
mateofthecurrent potentialyieldfor this 
species group. 
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7. Menhad~Butterfish 
and Coastal Herrings 

<7lJLFMENHADEN 

The Gulf menhaden (Brevoortia 
patronus) is a euryhaline c1upeid spe
cies found in coastal and inland tidal 
waters in the Gulf of Mexico from 
Tampa Bay, Florida, to Mexico's 
Yucatan Peninsula. Adult menhaden 
are fi Iter feeders (feeding primarily on 
phytoplankton) and, in tum, support 
predatory food fishes. They attain a 
maximum fork length of about 24 cm 
and weigh up to about 300 g. Maxi
mum age is approximately Sor6 years, 
although age-l and age-2 fish com
prise the bulk of the landings (with a 
mean fork length of about 16 em and 
weight ofabout '90 g). Gulfmenhaden 
form large surface schools which ap
pear in the nearshore Gulfwaters from 
about April to November. Although no 
extensive coastwide migrations are 
known to occur, there is evidence that 
older fish move towards the Missis
sippi River delta. Sexual maturity is 
attained by age-2; spawning occurs in 
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offshore waters during winter, peak
ing during December and January. 
Eggs hatch at sea and the larvae are 
carried to estuaries by ocean currents 
where they develop into juveniles. 
Juveniles migrate offshore during 
winter and move back to coastal wa
ters the following spring as age-l 
fish. 

Relative to stock assessments, 
Gulfmenhaden are treated as a single 
stock; they are subject to an extensive 
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purse-seine fishery in the northern Gulf 
ofMexicofrom mid-April through mid
October as regulated by the states and 
coordinatedby interstatecompact. Men
haden are processed into fish meal, fish 
oil, and fish solubles. A small commer
cial bait fishery also occurs along the 
northern GulfofMexico. The only rec
reational take of Gulf menhaden is as 
live bait for king mackerel and other 
piscivores. 

The purse-seine reduction fishery 
for Gulfmenhaden is managed coopera
tivelyamong theU.S. Gulfstates through 
the Gulf States Marine Fisheries Com
mission. A Fishery Management Plan 
was developed in 1977, with updates 
prepared in 1983 and 1988. The primary 
management measure isa temporailimit 
on purse seine fishing for menhaden 
between mid-April and mid-october. In 
addition, inside waters of the coastal 
states are closed to purse seine fishing. 

During the 1991 fishing season, 58 
vessels (consistingofa large carriership 
with two small purse boats that set the 
purse seine about all or a portion ofthe 
menhaden school) operated out of 7 
reduction plants (6 plants in Louisiana 
and 1plant in Mississippi). Purse-seine 
landings of Gulf menhaden by the re
duction fishery increased 3% in 1991 
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Figure 29. U.S. Gulfo/Mexico menhaden yield and recruitment to age-i. 
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Menhaden� 

~ngtenn potential yield 
Current pOtential yield 
Recent average annual yield (1000 t) 
Status ofexploitation 
Age at 50% maturity 
Current spawning potential ratio 
Generation time 
Natural mortality rate 
Fishing mortality rate at FJ~SPR< 

Fishing mortality rote at F...,: 

u.s. Gulf of Mexico 

660,000 t� 
550,000 t� 
550,000 t� 

Fully exploited� 
2 years� 
48%"� 

2.1 years� 
1.1 
2.oa 
5.0..d 

Fishing mortality rate in most recent year 
Age 0 0.0' 
Age 1 0.34' 

Age 2+ 1.07' 

'Equilibrium, based on F's from 1983 fishing year. 

u.s. AtlantiC 

480,000 t� 
370,000 t� 
370,000 t� 

Fully exploited� 
3 years� 

5%b� 
3.2 years 

0.45 
0.5b 

1.0b 

0.05b 

0.33b 

1.48b 

bEquilibrium, based on F's from 1989 fishing year, population simulations 
suggest stock can replenish itself at this level of %MSP. 

<Multiples of Fmat; 1983 for Gulfand 1989 for Atlantic menhaden. 
dMaximum yield per recruit is at maximum F-multiplier (5.0) used in YIR 
analysis. 

from 528,300 metric tons (t) to 544,300 
t (Figure 29). Only limited data are 
available from bait fisheries for Gulf 
menhaden, and no data exist on the 
take by recreational fishermen. 

Historical landings rose from the 
fishery's beginnings following World 
War II to its peak in 1984 (982,800 t). 
Landings were generally high during 
the mid-1980s (greater than 800,000 t 
between 1982 and 1987), but have 
declined steeplybetween 1987 and 1991 
(from 894,200 t to 544,300 t). 

In general, estimates of nominal 
effort from a purse-seine fishery are 
not useful as an index offishing mor
tality. Consequently, estimatesofCPUE 
(catch per unit effort) from the Gulf 
menhaden stock are not useful as an 
index of population abundance. 

Age composition data from the 
purse-seine fishery for reduction are 

dominated by age-l and age-2 Gulf 
menhaden (65.8% and 31.7%, respec
tively in 1990), with the remaining 
2.5% comprised of age-3 and older 
Gulf menhaden. This pattern of age-l 
and age-2 Gulf menhaden dominating 
the landings has occurred since the 
collection ofage composition data be
gan in 1964. 

Population abundance and fishing 
mortality rates are estimated by tradi
tional virtual population analytic tech
niques, with the most recent analysis 
including catch in numbers at age esti
mates from 1964 through 1985. Esti
mates of annual instantaneous fishing 
mortality rates for 1983 (the most re
cent year that reliable estimates are 
available) are 0.34 for age-I, 1.06 for 
age-2, and 1.07 for age-3 and older, 
which are comparable to mean values 
offishing mortality rates for the period 
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1978-83 (0.36,0.95, and 1.17 respec
tively). Because this species is short
lived and has a high natural mortality 
rate (1.1), growth overfishing has not 
been of major concern. Estimates of 
the spawning potential ratio have gen
erally been high (greater than 30%). 

ATLANTIC MENHADEN 

Atlantic menhaden (Brevoortia 
tyrannus) is a euryhaline clupeid spe
cies found in coastal and inland tidal 
waters along the Atlantic coast from 
Nova Scotia, Canada, to West Palm 
Beach, Florida. Adult menhaden are 
filter feeders (feeding primarily on 
phytoplankton) and, in turn, support 
predatory food fishes. They attain a 
maximum fork length of about 32 cm 
and weigh up to about 650 g. Maxi
mum age is approximately 11 or 12 
years, although age-Q through a&e-3 
fish comprise the bulk of the landings 
(the majority are age-2 fish that are 
about 22 cm in fork length and 205 gin 
weight). As coastal waters warm in 
April and May, large surface schools 
form off Florida, Geor&ia, and the 
Carolinas. Schools move northward, 
stratifying by age and size durin& sum
mer (older and largerfish are generally 

Table 13. Yields ofmenhaden in the 
U.s. GulfofMexico andAtlantic 
Ocean. 

Gulf Atlantic 
Year (1000 t) (1000 t) 

1980 701.3 401.5 
1981 552.6 381.3 
1982 853.9 382.4 
1983 923.5 418.6 
1984 982.8 326.3 
1985 881.1 306.7 
1986 822.1 238.0 
1987 894.2 326.9 
1988 623.7 309.3 
1989 569.6 322.0 
1990 528.3 ..01.2 
1991 544.3 381.4 



found farther north). A southern mi
gration begins in early fall, with sur
face schools disappearing in late 
Decemberorearly January offtheCaro
Iinas. Sexual maturity is attained at 
age-3; spawning is protracted and oc
curs in offshore waters generally dur
ing fall and winter, although near-ripe 
fish may occur during most months. 
Eggs hatch at sea and the larvae are 
,;arrled to estuaries by ocean currents 
where they develop into juveniles. Ju
veniles migrate southward and prob
ably offshore during winter and move 
back to coastal waters the following 
spring as age-I fish. 

For stock assessments, Atlantic 
menhaden are treated as a single stock. 
They are subject to an extensive purse
seine fishery along the U.S. Atlantic 
coast. generally from May through 
JanU3I)'. Menhaden are then processed 
into fish meal, fish oil, andfish solubles. 
A commercialbait fishery is also found 
along the U.S. Atlantic coast. The only 
recreational take ofAtlantic menhaden 
is as livebait for kingmackerel, striped 
bass, bluefish, and other piscivores. 

The purse-seine reduction fishery 
for Atlantic menhaden is managed 
cooperatively among the U.S. Atlantic 
coastal states through the Atlantic 
States Marine Fisheries Commission. 
A Fishery Management Plan was de
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veloped in 1981 and adopted in 1982, 
a limited updatewas prepared in 1986, 
and a complete rewrite is currently in 
preparation with adoption in Septem
ber 1992. The prim3I)' management 
measure proposed in 1982 was a vari
able seasonal closure. However, this 
measurewas not adopted in those states 
where most menhaden are landed (i.e., 
North Carolina and Virginia). Several 
U. S. Atlantic coastal states have closed 
their waters completely or partially to 
purse seine fishing (South Carolina, 
M3I)'land, Delaware, andNew Jersey). 
During the 1991 fishing season, 37 
vessels (generally consisting ofa large 
carrier ship with two small purse boats 
that set the purse seine about all or a 
portion ofthe menhaden school) oper
ated out of 4 shore-based reduction 
plants (I in North Carolina, 2 in Vir
ginia, and I in New Brunswick, 
Canada) and I internal waters process
ing operation in Maine (with a Soviet 
factory ship, Riga). Purse-seine land
ings of Atlantic menhaden by the re
duction fishery decreased 5% in 1991 
from 401,200 tin 1990 to 381,400 tin 
1991 (Figure 30). Only limited data are 
available for bait fisheries for Atlantic 
menhaden, and no data exist on the 
catch by recreational fishermen. 

Historical landings rose during the 
1940s and early 1950s (peaked at 
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712,100 t in 1956), remained high 
during the late 1950s and early 1960s, 
dropped precipitously during the mid
1960s, and remained low during the 
late 1960s (minimum of 161,600 t in 
1969). Since 1970, landings have im
proved, but not to the levels ofthe late 
1950s (recent peak of 418,600 t in 
1983). 

In general, estimates of nominal 
effort from a purse-seine fishery are 
not useful as an index offishing mor
tality. Consequently, estimatesofCPUE 
(catch per unit effort) fromthe Atlantic 
menhaden stock are not useful as an 
index of population abundance. 

Age composition data from the 
purse-seine fishery for reduction are 
dominated by age-O, age-l and age-2 
Atlanticmenhaden (28.30/0, 33.4%and 
29.3%, respectively in 1991), with the 
remaining 9.0% comprised of age-3 
and older Atlantic menhaden. Age-l 
and age-2 Atlantic menhaden have 
typically dominated the landings in the 
middle and southern U.S. Atlantic re
gions, with occasional large landings 
of age-O fish. Older fish (age-3 and 
age-4 Atlantic menhaden) typically 
dominate the landings in theU.S. north 
Atlantic region. 

Population abundance and fishing 
mortality rates are estimated by tradi
tional virtual population analytic tech
niques, with the most recent analysis 
including catch in numbers at age esti
mates from 1955 through 1991. Esti
mates ofannual instantaneous fishing 
mortality rates for 1989 (the most re
cent year that reliable estimates are 
available) are 0.05 for age-O, 0.33 for 
age-I, 1.48 for age-2 and older, which 
are generally below the mean values of 
fishing mortality rates for the 1980s 
(0.09, 0.25, and 1.58 respectively). 

Even though recruitment to age-l 
is comparable between the 1950s and 
1980s, landings during the 1980s have 
been substantially below those of the 
1950s. However, the collapse of the 
stock in the 1960s resulted in a south
ward shift in fishing effort and pro
cessing capacity, where the menhaden 
are generallyyounger and smaller than 
those found farther north. The prim3I)'

Figure 30. u.s. Atlantic menhaden yield and recruitment to age-i. 
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of 1988. As a result the New England 
vessels returned north and most of the 
Gulf vessels switched back to 
shrimping. The directed fishery for Gulf Butterfish 

Longtenn potential yield 
Current potential yield 
Recent average annual yield 
Status of exploitatfon 
Natural mortality rate 
Fishing mortality rate at F .!o
Fishing mortality rate at F... 
Fishing mortality rate in 1988 

management concern for this stock has 
been growth overfishing, but maxi
mum spawning potential also has re
mained low (less than 10%) since 1962. 

GULF BUITERFISH 

The gulfbutterfish, PepriIus burti, 
is a semipelagic fish distributed in the 
GulfofMexico and along the Atlantic 
coast ofFlorida. Gulfbutterfish school 
near the seabottom during daylight but 
disperse and move up into the water 
column at night. Young ofthe year fish 
are found in inshore waters with larger 
or older fish distributed in depths up to 
365 meters. Larval gulf butterfish are 
associated withjellyfish. As they grow, 
gulfbutterfish feed onjellyfish. Butter
fish move into deeper water as their 
size increases and their diet switches to 
include small shrimp, wormsand small 
fish. The largest gulf butterfish cap
tured measured 22.9 cm and 0.2 kg. 
Maximum age is 2+ years. Sexual 
maturity is reached at 100-160 mm 
fork length as they approach age-I. 
Spawning probably occurs in offshore 
waters from early fall through the 
spring, although fish with ripe gonads 
are found year round. 

In the GulfofMexico, gulfbutter
fish have been a component of the 

U.s. Gulf of Mexico� 
26,500 t� 
26,500 t� 
19,700 t� 

Under exploited� 
1.3-1.5� 

0.4� 
0.6� 

0.4-0.5� 

meal. In 1986, a directed bottom trawl 
fishery for gulfbutterfish started with 
the arrival of New England freezer 
trawlers. The New England vessels 
fished in the Gulfduring the springs of 
1986 and 1987, the spring and summer 
of 1988, and briefly during the spring 
of 1988. In 1987, several Gulfvessels 
experimented with fishing for gulf 
butterfish. Theseearly trips led to major 
retrofits ofa number of shrimp trawl
ers and one purse seiner in 1988. At 
one point in 1988, 15 vessels were 
engaged in the directed fishery for 
butterfish. The market for gulfbutter
fish saturated early during the summer 
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gulfbutterfishcontinued in 1989, 1990 
and 1991 with one or two Gulfvessels 
targeting butterfish. 

Gulf butterfish are assessed as a 
single stock. The fishery is not under 
management. Total catch in 1991 was 
approximately 20,000 t, about the av
erage annual catch for the 1986-1991 
periodofl9,700t(Figure31, Table 13) 
Incidentally captured butterfish by the 
offshore Gulf of Mexico shrimp fleet 
has compri sed 80 % to 97 % ofthe total 
annual catch since 1986. Length com
position data indicate that annual catch 
is dominated by age-I fish, with few 
age-O and 2+ fish. 

Long-term potential catch has 
been estimated as 26,500 t. Fishini 
mortality for all ages since 1984 has 
been steady and averaged 0.3 to 0.4. 

Since age-O fish are found in
shore, NMFS research vessels in off
shore waters survey age-l+ butterfish. 
The 1991 catch per tow index was 
lower than the 1990 index. Research 
survey catch indices have fluctuated 
since 1972 but show no increasing or 
decreasing trend. 

The gulf butterfish stock is in 
good condition. The survey catch indi
ces havebeen steady. The average fish
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catch in the industrial bottomfish and ~ 

shrimp fisheries and were either dis
carded or processed for petfood or fish Figure 31. U.S. GulfofMexico butterfish yield and index ofabundance. 

74� 



TGble 14. Gulfbutterfish annua/yie/d 
and survey index. 

Year Yield (1000 t) 
-

1980 8.51 
1981 13.73 
1982 5.48 
1983 6.42 
1984 21.70 
1985 6.69 
1986 11.91 
1987 24.20 
1988 23.08 
1989 18.47 
1990 20.80 
1991 20.00 

ing mortality is lower than FMAX' Total 
catch, however, is near the estimated 
level of long-term potential catch. 

COASTAL HERRINGS' 

Coastal herrings refers to a com
plex of small herrings (clupeids), an
chovies (engraulids),jacks (carangids), 
and one mackerel (scombrid). The 
coastal herrings complex is dominated 
by Spanish sardine, scaled scardine, 
Atlantic thread herring, round her
ring, bay anchovy, striped anchovy, 
silver anchovy, rough scad, bigeye scad, 
round scad, Atlanticbumper, and chub 
mackerel. Coastal herrings represent a 
large underused fishery resource with 
a potential yield of 1-2 million 1. 

Coastal herrings are distributed 
along the U.S. Atlantic coast and 
through the GulfofMexico. They can 
be divided into inshore and offshore 
groups. The inshore group consists of 
sardines, anchovies, Atlantic thread 
herring, and Atlantic bumper. These 
species are found from the shoreline to 
70 m depths. The offshore group con
tains round herring, scads. Atlantic 
bumper. and chub mackerel. These are 
concentrated in waters deeper than 70 
m and have been captured in bottom 
trawls at 365 m. 

Coastal herringsrange in sizefrom 
6 cm to 28 cm in length. They undergo 
diel changes in schoolingbehavior and 
in vertical distribution within the wa
ter column. 

Coastal herrings are not managed 
within the U.S. Exclusive Economic 
Zone. Spanish sardine, scaled sardine, 
and Atlantic thread herring are ex
ploited by a purse seine bait fishery 
along the Florida Atlantic and Gulf of 
Mexico coasts. In North Carolina, 
menhaden vessels target migratory 
schools of thread herring during Sep
tember and October. U.S. landings of 
Spanish sardine, scaled sardine, and 
Atlantic thread herring totaled 4,466 t 
in 1989 and 2,596 tin 1990. Atlantic 
bumper, scads, round herring, and chub 
mackerel are taken incidentally by the 
shrimp, industrial bottomfish, and Gulf 
butterfish fisheries. Annual catch esti
mates have notbeen determined. There 
is no information available for these 
species on population dynamics within 
the jurisdiction of the United States, 
and no stock assessments have been 
made. 

Forfurther infonnation: 

Atlantic Menhaden Management 
Board. 1981. Fishery management 
plan for Atlantic menhaden, 
Brevoortia tyrannus (Latrobe). At
lantic States Marine Fisheries Com
mission, Washington, D.C. 

Christmas, J. Y., D. J. Etzold, L. B. 
Simpson, and S. Meyers. 1988. The 
menhaden fishery of the Gulf of 
Mexico, United States: A regional 
management plan, 1988 revision. 
Number 18, Gulf States Marine 
Fisheries Commission, Ocean 
Springs, MS. 

Gledhill, C.T. 1991. Status of Gulf 
butterfish stocks. Report for 1991. 
Southeast Fisheries Center, 
Pascagoula, MS. 

Reintjes, 1.W. 1980. Marine herring 
and sardine resources of the north
ern Gulf of Mexico. Mississippi
Alabama Sea Grant Consortium 
MASGP-80-o12. 

Smith,J. W.,E.J.Levi,D.S. Vaughan, 
and E. A. Hall. 1987. Gulfmenha
den, Brevoortia patronus, purse 
seine fishery, 1974-85, with a brief 
discussion ofage and size composi
tion of the landings. NOAA Tech
nical Report NMFS 60. 

Smith, J. W., W. R. Nicholson, D. S. 
Vaughan, D. L. Dudley, and E. A. 
Hall. 1987. Atlantic menhaden, 
Brevoortia tyrannus, purse seine 
fishery, 1972-85, with a brief dis
cussion of age and size composi
tion of the landings. NOAA 
Teclmical Report NMFS 59. 

Vaughan, D. S. 1987. Stock assess
ment of the Gulf menhaden, 
Brevoortia patronus, fishery. 
NOAA Teclmical Report NMFS 
58. 

Vaughan, D. S. 1990. Assessment of 
the status ofthe Atlantic menhaden 
stock with reference to internal 
waters processing. NOAA Techni
cal Memorandum NMFS-SEFSC
262. 

Vaughan, D. S., and 1. W. Smith. 
1988. Stock assessment of the At
lantic menhaden, Brevoortia 
tyrannus, fishery. NOAA Techni
cal Report NMFS 63. 

Vaughan, D.S., J.Y. Merriner, D.W. 
Ahrenholz and R.B Chapoton. 
1986. Stock assessment of menha
den and coastal herrings. NOAA 
Tech. Memo. NMFS-SEFSC-178. 
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8. ReefInvertebrates� 

~PINY LOBSTER 

The spiny lobster (Panu/il1Jsargus) 
is of considerable importance to com
mercial and recreational fishermen in 
Florida and in the U.S. Caribbean. In 
the commercial fishery, wooden slat or 
wire traps are the primary means of 
capture. In the recreational fishery, 
divers take spiny lobster by hand. 

The minimwn size at maturity is 8 
- 9.5 cm carapace length. Spiny lobster 
reproduce most frequently from May to 
June, but reproduction extends into 
April and September. Sex ratios are 
often equal, and one female can lay 
from 400 thousand to 1.7 million eggs. 

In waters offshore, males and fe
males molt during the non-reproduc
tive periodofSeptember-March. Local 
migrations occur and may be linked to 
the onset of reproduction or molting. 

Southeastern United States 
In Florida spiny lobster are man

aged under a joint Gulf of Mexico and 
South Atlantic Council Fishery Man
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agement Plan which is coordinated in 
part with regulations set by the state of 
Florida. Management is based on a 
7.6 cm minimwn carapace size, a 
closed seasonfrom April 1 to August 
5, protection ofegg bearing females, 
some closed nursery areas, and recre
ational bag limits (6 per person per 
day or 24 per boat, whichever is 
greater). A two day "sport" season 
occurs before opening the regular sea
son in August. 

Annual spiny lobster landings 
havebeenfairly stableduring the 1980s 
having fluctuated around 2,700 met
ric tons (t) in the Gulf of Mexico. 
Record landings ofJ,300 t occurred in 
1989 (Figure 32). IntheU.S. Atlantic 
region, landings haveaveragedaround 
230 t with a value of $2 million. The 
fishery is considered overcapitalized 
with approximately 900,000 traps in 
use. It is estimated that the sameyield 
could be obtained with half the num
ber of traps fished. The fishery uses 
live, undersized lobsters to bait traps 
and attract other lobsters. But due to 
mortality of the smaller lobsters, ap-
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Spiny lobster 

proximately 30 to 50% of the potential 
yield is lost. 

The recreational fishery is concen
trated at the beginning ofthe season and 
was estimated to be around 29% of the 
commerical harvest in 1991-1992 fish
ing season. Yield depends on recruit
ment; few lobster large enough to enter 
the fishery escape capture to survive into 
the next season. 

The stock structure of the fishery is 
unknown due to a larval dispersal stage 
which is capable of drifting for nine 
months at sea. The stock is most likely 
ofpan-Caribbean origin, andtheamount 
of recruitment originating from local 
areas is unknown. Spiny lobster are very 
dependent on shallow water algal flats 
for recruitment, habitat, and feeding. 

. 
FlShilg Season 

Figure 32. Spiny lobster commercial yieldfor Florida (fishing season is from 
July/August ofyear one through March 31 ofyear two). 
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U.S. Caribbean 
Spiny lobster in the Caribbean are� 

caught primarily by fish traps, lobster� 
traps, and divers. The Caribbean Spiny� Reef Invertebrates 
Lobster Fishery Management Plan in�
cludes federal waters surrounding� 
Puerto Rico and the U.S. Virgin Is�
lands. Management isbasedona mini SPINY LOBSTER� 
mumsizeof8.9 emcarapacelength and� 

Southeastern U.S.protection of egg bearing females. 
United States CaribbeanAnnual spiny lobster landings for 

Longtenn potential yield� 3,565 t 376 t Puerto Rico averaged 144 t over 23 
CWTent potential yield� 2,400 t Unknown 

years. Landings increased from 103 t Recent average annual yield� 3,155 t 140 t 
in 1972 to 223 t in 1979 and then Status of exploitation Over exploited Over exploited
declined to a low of63 tin 1988 (Figure Age at 50% maturity 3.5 years 3.5 years 
33). Landings in the U.S. Virgin Is CWTent spawning potential ratio 6% 56% 
landsduring 1980-1988remained rela NatWll1 mortality rate 34% Unknown 
tively stable, averaging 21 t. Spiny Fishing mortality rate in most recent year 2.0 Unknown 
lobster landings during 1991 were 96 t 
for Puerto Rico and 54 t for the U.S. 

STONE CRAB Virgin Islands.� 
Growth overfishingappears to bea� Southeastern United States 

significantprobleminPuertoRico. The Longtenn potential yield 976 t 
possibility of growth overfishing is CWTent potential yield 1,121 t 
indicated by the large number of Recentaverageannualyicld 1,291 t 
undersized lobster landed and a nine Status of exploitation Fully exploited 
year decline in total landings. Precise Age at 50% maturity 2 years 
data are not available on fishing effort. CWTent spawning potential ratio 96% 

Projected SPR at cWTent fishing patterns 96%The fishery appears fully exploited and 
NatWll1 mortality rate� 1.9 per yearprobably over exploited in Puerto Rico. 
Fishing mortality rate in most recent year 0.1 per month 

STONE CRAB 
ward Islands ofthe Caribbean Sea. The is bounded by Naples on the north and 

Stonecrab(Menippe mercenaria) range greatest stone crab concentration, how Key West on the south. 
from Cape Hatteras, North Carolina, ever, occurs within Florida Bay which In Florida Bay, spawning extends 
through the Gulf of Mexico and Lee- year-round. But in the northern parts of 

the range, the period for spawning is 
260, , shorter. Temperature seems to be the 

most important regulator of spawning"'PuerlD Rico 
frequency. Soon after spawning, the .....U.S. Vugin Isands200 female stone crab molts and mates. 

e: Females reach sexual maturity as 
~ 160 small as 6.2 cm carapace width and 

bear egg masses containing 160 thou! sand to 350 thousand eggs. Even sma))
~ 100 female stone crabs have an annual egg§ production ofabout 500 thousandeggs. 

50 The average number of spawns be
tween molts is 4.5. 

The stone crab fishery occurs pri0 
70 72 74 76 78 80 82 84 86 86 90 marily in southern Florida with some 

Year� landings from more northern areas 
along the west coast of Florida. The 
Gulf of Mexico Stone Crab Fishery 

Figure 33. Spiny lobster commercial yieldfor the U.S. Caribbean Sea. ManagementPlan was implemented in 
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Figure 34. Stone crab (claw weight) commercial yield. 

September 1979, and the regulations of 
the Plan generally extend the regula
tions set by the State of Florida into 
federal waters. Regulations are based 
on aminimum clawsize of2 3/4 inches, 
biodegradable panels on traps, protec
tion ofegg-bearing females, and closed 
seasons. 

Agear conflict occurred in Florida 
Baybetweenstone crabfishermen using 
trapsandshrimpfishermen using trawls. 
The shrimp trawls become entangled 
with the crab traps and cause a loss of 
time and extra expense. The problem 
has beenmostly resolvedbyestablishing 
a demarcation line to separate the two 
fisheries. 

Annual catches (claw weight) have 
fluctuated around 1,000 t in the Gulfof 
Mexico through the 1980s (Figure 34). 
Landings in the southern U.S. Atlantic 
region were much smaller, averaging 
around 8 1. The number of traps in
creased from 295,000 in 1979-80 to a 
high of 611,000 in 1987-88 and has 
since been relatively stable. Although 
the number of traps has remained rela
tively stable during recent years, the 
estimated seasonal fishing effort in
creased from 3.6 million trap-hauls in 
1985 to 4.8 million in 1987. The net 
result has been a greater proportion of 
the total landings being harvested ear
lierin theseason and a shortening ofthe 
effective season. 

Recruitment to the fishery is prob
ably dependent on habitat, particularly 

water quality and water flow manage
ment through the Everglades. The 
minimum size regulations ensure that 
harvestedcrabs have reproduced at least 
once before entering the fishery. It is 
unlikely under presentrecruitment con
ditions that the maximum production 
can exceed recent ranges on a sustain
able basis. 

CONCH 

Conch fisheries include primarily 
the queen conch (Strombus gigas) but 
can include other species. Conch are 
mostly harvested by divers and are eas
ily overfished. Conch fisheries are 
currently closed in state and federal 
waters in Florida and in U.S. Virgin 
Islands territorial waters. ACaribbean 
fishery management plan is being de
veloped for federal waters in Puerto 
Rico and the U.S. Virgin Islands. 

CORALS 

Corals are managed as two groups: 
hard corals and soft corals. Hard corals 
are currently protected from harvest 
except for very small coJJections, under 
permit, for research and educational 
purposes. Harvest is severely restricted 
because hard corals are generally slow 
growing and provide critical habitat for 
a host of species. The habitat value of 

corals is considered more important 
than their commercial value. 

Soft corals include gorgoniansand 
sea fans. Gorgonians are exploited on 
a limited basis (approximately 50,000 
colonies per year) for the aquarium and 
pharmaceutical industries. Growth 
potential for most species is considered 
limited. Sea fans are protected from all 
exploitation except under permit for 
research and educational purposes. 

For further information: 

Bohnsack, I.A., S. Meyers, R. 
Appeldoorn, 1. Beets, D. Matos, 
and Y. Sadovy. 1991. Stock assess
ment of spiny lobster, Panulirus 
argus, in the U.S. Caribbean. Re
port to the Caribbean Fishery Man
agement Council. Southeast 
Fisheries Science Center, Miami, 
FL. MIA-90/91-79. 

Bolden, S.K. and D.E. Harper. 1992. 
The Florida gulf coast stone crab 
fishery: landings and effort 1962
1991. Report to the GulfofMexico 
Fishery Management Council. 
Southeast Fisheries Science Cen
ter, Miami, FL. MIA-91/92-86. 

Davis, G.E. and 1.W. Dodrill. 1989. 
Recreational fishery and popula
tion dynamics of spiny lobster, 
Panulirus argus, in Florida Bay, 
Everglades National Park, 1977
1980. Bull. Mar. Sci. 44(1):78_88. 

Gulf of Mexico and South Atlantic 
Fishery Management Councils. 
1982. Fishery management plan, 
environmental impactstatementand 
regulatory impact review for spiny 
lobster in the Gulf of Mexico and 
south Atlantic. 

Harper, D.E. 1991. Trends in the spiny 
lobstercommercial fisheryofFlorida 
(1960-1990). Report to the Gulfof 
Mexico FisheryManagement Coun
cil. Southeast Fisheries Science 
Center, Miami, FL. MIA-91/92
01. 
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eries Science Center, Miami, FL. 
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Huntsman, J. in press. Status of the 
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Powers, J.E. 1990. A summary update 
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crab fishery. Southeast Fisheries 
Science Center, Miami, FL. MIA
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Southeast Fisheries Science Cen
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yield and reproductive potential. 
Southeast Fisheries Science Cen
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9. Marine Mannnals� 

Th~ marine mammal.fauna of the 
southeasternUnited States is comprised 
of some 36 species of marine mam
mals. All but one of these species, the 
West Indian manatee (Trichechus 
manatus), are under thejurisdiction of 
the National Marine Fisheries Service. 
The rest of the marine mammals are 
cetaceans, except for a few species of 
pinnipeds. These pinniped species in
clude one now believed extinct, the 
Caribbean monk seal (Monachus 
tropicalis), occasional transients (har
bor seals, Phoca vitulina), oceanarium 
escapees (California sea lion, Zalophus 
californianus), and animals stranded 
far outside of their normal range 
(hoodedseal, Cystophoracristata). nle 
cetacean species include eight species 
of large whales, 14 species of small
medium whales, 10 species of dol
phins, and one species oftrue porpoise. 

Management of marine mammals 
is regulated under the Marine Mam
mal Protection Actof1972,as amended. 
Most of the large whales are listed as 
endangered or threatened under the 
Endangered Species Act of 1973, as 
amended. Both Acts restrict activities 
which could prove harmful to marine 
mammals, unless the activities have 
slight or no impacts on the stock or 
population in question, and are autho
rized by permit, or by legislative or 
regulatory action. 

The most commonlyobserved ceta
cean in the southeastern United States 
is the bottlenose dolphin (Tursiops 
truncatus). The bottlenose dolphin is 
the numerically dominant cetacean in 
the nearshore and estuarine waters of 
the southeast. This species is frequently 
seen by the casual observer throughout 
the year, both from shore and small 
boats. The population of bottlenose 
dolphins includes resident groups in 

BoUlenose dolphin 

numerous bays, a coastal migratory 
stock along the U. S. Atlantic coast, 
and nearshore and pelagic compo
nents in the Gulf of Mexico and the 
U.S. Atlantic. 

The other cetacean species are 
generally pelagic, and are rarely ob
served nearshore, except when 
stranded. One notable exception is 
tlle endangered northern right whale 
(Balaena glacialis). Some of these 
whales, particularly mothers with 
calves, are seen along the coast of 
Georgia and northern Florida during 
the winter. This area serves as the 
principal calvingand nursery area for 
the northern right whale. Recent sur
veys indicate that the sperm whale 
(Physeter catodon) may be the most 
numerous large whale, and the 
pantropical spotted dolphin (Stenella 
attenuata) the most numerous small 
cetacean, in the pelagic waters of the 
northern GulfofMexico. The Atlan
tic spotted dolphin (S.jrontalis) may 
be the most numerous small cetacean 
in the pelagic southeastern U.S. At
lantic. 

Evidence of mortality due to net 
entanglement, vessel strikes, and other 
causes exists for numerous species of 
cetaceans in the southern United 
States. The levels of these and otller 

sources of human-induced mortality of 
cetaceans in the southeastern United 
States are generally not well known. 
However, vessel strikes and entangle
ment may be a serious source ofmortal
ity for the endangered northern right 
whale. 

Thefollowing sections provide sum
maries of the available, pertinent infor
mation on the cetacean fauna of the 
southeastern United States, in the north
ern GulfofMexico and the southeastern 
U.S. Atlantic coast. One section is de
voted to the bottlenose dolphin, due to 
the extensive research that has been 
directed at this species. Another section 
is on the pelagic delphinid complex, and 
the last section summarizes the large 
whales and remaining species. 

BOTTLENOSE� 
DOLPHIN� 

The bottlenose dolphin is a me
dium-sized dolphin, with a maximum 
reported length in the southeastern 
United States of about 3 meters. Al
though these dolphins are frequently 
described as being a uniform gray in 
color, they do possess a distinctive, 
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though faint, color pattern. This color 
pattern usually includes a dark gray 
dorsal cape, lighter sides, and gener
ally a white belly. Some have a clearly 
evident "shoulder blaze," and most 
have a faint eye to flipper stripe. In the 
southeastern United States, the bottle
nose dolphin population consists of 
resident groups in numerous bays, a 
coastal migratory stock along the U.S. 
Atlantic coast, and nearshore and pe
lagic components in the GulfofMexico 
and the U.S. Atlantic. 

Two ecotypes are known to occur 
in the southeast. One, a ''warm, shal
low-waterecotype" iscommonlyfound 
throughout the southeastern United 
States, in bays, nearshore waters, and 
over the continental shelf. This eco
type is characterized by, among other 
things, smaller size and proportionally 
larger flippers. These features are 
thought to be adaptations for increased 
maneuverability and heat dissipation. 

The other ecotype is believed to 
occur mainly in deeper waters beyond 
the continental shelf. This"cool, deep
water ecotype," exhibits a larger size 
and proportionally smaller flippers. 
This ecotype also differs in 
hematological parameters, having 
higher hemoglobin concentrations, 
hematocrit, and red blood cell counts 
than the shallow-water ecotype. These 
morphological and blood characteris
tics are hypothesized to be adaptations 
for deeperand/or longerdives required 
to obtain prey in cooler waters. 

The principalprey speciesofbottle
nose dolphins havebeen identified pri
marily from examination of stomach 
contents of stranded dolphins. These 
principal prey species are: Atlantic 
croaker (Micropogonias undu/atus), 
seatrout (Cynoscion sp.), silver perch 
(Bairdie/la chrysura), spot (Leiostomus 
xanthurus), and mullet (Mugi/ sp.). 
Bottlenose dolphins use a variety of 
methods to obtain prey, including forc
ing fish up on mudbanks, "tail-whack
ing" (where the prey is hit with tail 
flukes, and stunned), and feeding on 
the bycatch of shrimp trawlers. 

Bottlenose dolphins usually occur 
in small groups of 2-5 animals. Long
term studies ofresident populations of 

the shallow-water ecotype along the 
west coast of Florida indicate that re
lated females with calves make up the 
core social unit. Mature males, which 
are slightly larger than mature females, 
may form long-lasting pair-bonds with 
other males, andtravel between female 
groups. Although these social units 
have been defined, there is mixing 
with neighboring groups, and with the 
occasional transient. It is not known if 
the social structure observed along the 
west coast of Florida is unique or if it 
occurs throughout the southeast. 

Bottlenose dolphins are known to 
live in the wild at least up to more than 
40 years, although the average is prob
ably about 25-30 years. Females be
come reproductivelyactive at 5-8 years, 
producing a calfabout every 2-5 years 
thereafter. Gestation lasts about 12 
months. Males become sexually and 
socially mature at about 9-12 years. 
The overall natural mortality rate has 
been estimated at 4-14% annually by 
several investigators; mortality of 
young ofthe year may, at times, exceed 
50%. 

Bottlenose dolphins are the most 
common species held in captivity in 
various oceanaria and aquaria around 
the world. Most of the bottlenose dol
phins held in captivity in the United 
States and many ofthe animals held in 
other countries, were captured along 
the GulfofMexico and eastern Florida 
coasts. Because of concern over the 
effects of live capture removals, in 
addition to human-induced mortality 
resulting from activities such as fish
ing, collisions with boats, shooting, 
poJlution, or other human activities, 
the removal ofanimals from the wild is 
strictly regulated. In general, no more 
than 2%ofthe stock abundance maybe 
removed by live capture or other forms 
ofremoval. The so-called 2% rule was 
developed in recognition of the fact 
that marine mammal productivity rates 
are low and annual removals at levels 
greater than 2% may cause dolphin 
stocks to fall below their optimum sus
tainable levels. 

The bottlenose dolphin is the nu
merically dominant cetacean over the 
continental shelf in the northern Gulf 

of Mexico. Bottlenose dolphins ac
counted for nearly 95% of cetacean 
sightings during aerial surveys of the 
northern Gulfshelf, and the remaining 
5% was composed of 6 other species. 
The population ofbottlenose dolphins 
in the northern GulfofMexico is con
servatively estimated at 35,000 to 
45,000 animals. As indicated above, 
the population in the gulf, and else
where, is organized into both residenl 
and transient stocks. A significant in
crease in bottlenose dolphin strandings 
was observed in the northern Gulfdur
ing 1990, but available information 
does not suggest a concurrent signifi
cant decline in population size. 

The bottlenose dolphin is also the 
numerically dominant cetacean in the 
nearshore areaofthe southeasternU.S. 
Atlantic coast. There may be at least 
three stocks or types ofbottlenose dol
phins in the southeastern U. S. Atlantic 
coast: bay residents, a mid-Atlantic 
coastal migratory stock, and an off
shore stock. There is no comprehen
sive estimate of bottlenose dolphin 
numbers in the U.S. Atlantic, although 
the abundance of bottlenose dolphins 
from Cape Hatteras, North Carolina to 
Nova Scotia, Canada was estimated to 
range from 4,300-12,900 individuals 
in 1981. This estimate included indi
viduals from both the mid-Atlantic 
coastal stock and the offshore stock, 
but did not include an estimate for the 
bay residents in the southeastern U.S. 
Atlantic coast. 

The mid-Atlantic coastal 
migratory stock ranges from central 
eastern Florida to as far north as Long 
Island. New York, in the summer. 
During the winter, the range of this 
stock appears to contract to the area 
between central eastern Florida to 
central Georgia. This stock was 
estimated to number at least 1,200 
animals prior to a diooff of this stock 
during 1987-88. Based on an analysis 
ofstrandings, the diooffwas estimated 
to have resulted in the mortality of 
more than 50% of the pre~ooffstock 
abundance. Historically about 15,000 
animals are thought to have lived in 
mid-Atlantic coastal waters. This 
estimate is based on North Carolina 

81� 



1 
:EQ3

0.9 
-1 Q1 

0.8 -MedErI 
0.7 

~ 0.6

i 0.5

j 0.4 

0.3 

0.2 

0.1 

0 
1987 1990 1993 1996 1999 2002 2005 200J 2011 

Year 

Figure 35. The estimated stock trajectoryfor mid-Atlantic migratory group of 
bottlenose dolphins following the 1987-1988 die-off. Stock size is expressed 
relative to estimated carrying capacity. These estimates are based on 1.000 
Monte Carlo simulations ofthe assessment model applied. incorporating uncer
tainty in the model input parameters. The median (line), 90% interval (bars) and 
251Jr and 75 IJr percentiles (Q1 and Q3) ofthe annual distribution ofestimates are 
shown. 

shore-based fishery records from the is likely that the stock is we]) below its 
turn of the century. It is possible that optimal range, and thus is depleted 
the mid-Atlantic coastal migratory under the terms oftheMarineMammal 
stockofdolphinswasbelowits optimum Protection Act. A risk analysis, 
sustainable population level before the incorporating uncertainty in the 
1987-88 dieoff. With a reduction of assessment model applied, suggests that 
50% of stock abundance since 1987, it recovery to the asp range forthis stock 
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Figure 36. The time-series estimatedprobabilities that the bottlenose dolphin 
population modeled will be less than the Maximum Net Productivity Level 
(MNPL). andthusdepletedunderthe tennsoftheMarine Mammal ProtectionAct. 

might not occuruntil well into the next 
century (Figures 35 and 36). 

Increases in the number of reports 
of stranded bottlenose dolphins have 
elevated concern for the status and 
health of both the bottlenose dolphin 
stocks and the health of our coastal 
environment. General increases in 
stranding rates of bottlenose dolphins 
were observed in 1987 and 1988 along 
the eastern seaboard and in 1990 and 
1992 in the GulfofMexico(Figure 37). 
These increases have contributed to 
the concern about our coastal environ
ment. The apparent increases in fre
quency ofanomalous mortality events 
in the southeastern United States may 
be indicator ofhabitat degradation and 
the bottlenose dolphin may, in some 
waysbe like a "miner'scanary," warn
ing of adverse alterations to our envi
ronment. 

PELAGIC DELPHINID� 
COMPLEX� 

The pelagic delphinid complex 
appears to vary in species composition 
between the northern Gulf of Mexico 
and the southeastern U.S. Atlanticcoast. 
In the northern Gulf of Mexico, the 
pelagic delphinid complex consists of 
those speciesdistributed along the edge 
ofthe continental shelfand into deeper 
waters. In the southeastern U.S. Atlan
tic coast, this complex includes ceta
ceans found within the Gulf Stream 
and farther offshore. 

The northern Gulf of Mexico 
delphinid complex is comprised of 
mainly three species, and includes 
smaller numbers of several other spe
cies. The three main species are bottle
nose dolphins, Atlantic spotted 
dolphins, and pantropical spotted dol
phins. The other species include, but 
are not limited to, short-snouted spin
ner dolphins (8. clymene), striped dol
phins (S. coeruleoalba), Risso's 
dolphins (Grampus griseus), short
finned pilot whales (Globicephala 
macrorhynchus), and pygmy killer 
whales (Feresa attenuata). 

Recent vessel surveys for Gulf of 
Mexico marine mammals indicate that 
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Figure 37. Monthlyreports ofnumbersofstrandedbottlenosedolphins along the 
Texas coast since 1982, displayed as a three-month running average. In recent 
years (1990 and 1992 in particular), unusually high numbers ofstrandings have 
occurred that may be related to environmental changes. The relatively low 
numbers reportedprior to 1986 are believed due to inadequate coverage ofthe 
beachfront in earlier years. 

the pantropical spotted dolphin is the LARGE WHALES AND 
numerically dominant cetacean in wa OTHER SPECIES 
ters outside of the continental shelf. 
This species appears to occurprimarily Most species of northern hemi
in deeper waters beyond the edge or sphere baleen whales (Balaenopteridae 
slope of the continental shelf. Pelagic and Balaenidae) havebeen documented 
bottlenose dolphins and Atlantic spot as occurring in the waters ofthe south
ted dolphins appear to occur mostly eastern United States, as strandings, 
along the edge or slopeofthe continen sightings, or both. Sperm whales 
tal shelf of the Gulf of Mexico. The (Physeter catodon), pygmy and dwarf 
available sighting information of the sperm whales (Kogia breviceps and K. 
other delphinid complex species is too simus), and beaked whales (Ziphiidae) 
limited to derive possible distribution have also been documented from 
information. strandings and sightings. 

The southeastern U.S. Atlantic Recent vessel and aerial surveys 
coast delphinid complex appears to for marine mammals indicate that 
consist ofprimarily two species, bottle
nose dolphins and Atlantic spotted dol
phins. The available sighting 
information indicates that pilot whales, 
either the long-finned pilot whale (G. 
melaena) or the short-finned pilot 
whale, may be the third most common 
delphinid species of the southeastern 
U.S. Atlantic coast. Pantropical spot
ted dolphins have not been observed 
duringsurveys ofthe southeastern U.S. 
Atlantic coast, although they have 
stranded along the coast of the south
eastern U.S. Atlantic coast. 

sperm whales are likely the most com
mon large whale in the northern Gulf 
of Mexico. Although other species ,of 
large whales have been stranded and! 
or sighted in the northern Gulf of 
Mexico, Bryde's whale (Balaenoptera 
edeni) seems to be the only other large 
whale to occur with any regularity. 
Based on sighting data, pygmy and 
dwarf sperm whales appear to be at 
least as abundant as sperm whales. 
Concern over the possible effects of 
offshoredevelopmentactivitieson these 
species has resulted in initiation ofnew 
studies on the distribution, abundance 
andbehavior in GulfofMexico waters. 

The largewhale filuna ofthesouth
eastern U.S. Atlantic coast appears to 
be composed of four species, and at 
least two of these, the northern right 
whale and the humpback whale 
(Megaptera novaeangliae), are sea
sonal components. The other two spe
cies are sperm whales and Bryde's 
whales. As in the Gulf of Mexico, 
pygmy and sperm whales are probably 
as common as sperm whales. 

Northernright whalesdisplaywell
defined migratory movements along 
the western NorthAtiantic Ocean. 
These whales are found as far north as 
Nova Scotia in late summer and early 
fall. Adults and calves are frequently 
sighted during the winter in the 
nearshore areas along the coasts of 
Georgia and northern Florida. This 
area has been identified as the princi
pal calving ground for the western 

Humpback whale 
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North Atlantic stock of this species. 
However, it is unknown if this stock 
also uses other areas for calving. Con
cern over habitat degradation and the 
extremely endangered status of north
ern right whales has resulted in new 
studies of right whale habitat charac
teristics in the southeastern U.S. At
lantic coast region. 

The northern right whale popula
pon was severely reduced in size by 
whaling activities from the late 1600s 
through the early 1900s. Whaling 
records suggest pre.exploitation levels 
oflO,OOO-15,000 animals for the west
ern North Atlantic right whale. Cur
rent population size is estimated at 
approximately 350, which easily justi
fies the endangered status ofthis stock. 
Although this species has received com
plete protection since 1937, signs of 
recovery in the western North Atlantic 
stock are lacking. 

Humpback whales are sighted in 
nearshore areas ofthe northern portion 
of the southeastern U.S. Atlantic dur
ing the winter. There is no indication 
that humpback whales use this area as 
a calving ground. These whales are 
most likely in transit from high-lati
tude, summer feeding grounds to win
ter breeding and calving areas in the 
Caribbean. The pre.exploitation size 
ofNorth Atlantic humpback whales is 
unknown; the population is currently 
estimated at about 5,500 animals. 

One other winter and early spring 
visitor to the southeastern U.S. Atlan
tic in nearshore waters is the harbor 
porpoise (Phocoena phocoena). 
Strandings of this species in the south
east occur during the winter and early 
spring primarily along the coasts of 
North and South Carolina. 
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Marine turtles are highly migra
tory speci~ J)lat live in all oceans ofthe 
wprl4. The loggerhead, green, Kemp's 
ridley, hawksbill. and leatherback are 
found in the U.S. Atlantic, Gulf of 
Mexico. and Caribbean Sea. Under the 
Endangered Species Act of 1973 and 
subsequent amendments. all U.S. ma
rine turtles are listed as endangered or 
threatened. The NationalMarineFish
eries Service hasjurisdiction to protect 
and conserve marine turtles in the wa
ter, while the U.S. Fish and Wildlife 
Service hasjurisdictionwhen the turtles 
are on land. 

Thefollowing is an overviewofthe 
distribution, abundance. and status of 
stocks for the loggerhead (Caretta 
caretta), green (Chelonia mydas) , 
Kemp's ridley (Lepidochelys kempi), 
hawksbill (Eretmochelys imbricata), 
and leatherback (Dermochelys 
coriacea). 

LOGGERHEAD 

In the United States, the logger
head seaturtle is found alongthe Atlan
tic and Gulfcoasts and inthe Caribbean 
Sea. It is listed as a threatened species 
throughout its U.S. range. 

Non-breeding adult and juvenile 
loggerheads occasionally occur as far 
north as the Gulf of Maine, but in the 
fall there is a net migration southward. 
In the spring the turtles concentrate 
along Florida's east coastfrom Brevard 
to Palm Beach Counties. During May-

Sea Turtles� 

Loggerbead 

Leatherback 

Kemp'. Ridley Hawksbill 

The five species ofsea turtlesfound in the eastern United States, Gulfof 
Mexico, and Caribbean Sea 

August, adult females emerge to nest 
on southeastern beaches. 

During most of the year, logger
head turtles on the Atlantic coast are 
distributed randomly. But during the 
winter. turtles from North Carolina to 
Key West. Florida, appear to aigTe
gate within the western Gulf Stream 

which can be 5-6°C warmer than coastal 
waters. In the U.S. Gulf of Mexico, 
loggerhead turtles appear to concentrate 
along the central-west coast of Florida 
within 139 kIn of shore. 

Aerial and ground surveys in the 
Southeastern United States of nests and 
nesting females for 1980, 1982, and 1983 
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resulted in an annual average estimate 
of52,073 nests per year. Loggerheads 
also nest alongFlorida's west coast and 
sporadically along the entire coast of 
the GulfofMexico. Although, it is not 
known how many turtles nest there 
annually, it is likely that outside the 
North Carolina-Key Biscayne shore
line, there are no more than an addi
tionall,ooO nests, or 400 tuittes (at 2.5 
nestsperfemale). Thus, ~t least 98% of 
all nesting occurs betweeri North Caro
lina and Key Biscayne, with a known 
concentration of nesting from Brevard 
to Palm Beach Counties. 

Nine seasonal surveys were com
pleted in 1982-84 from Cape Hatteras, 
North Carolina to Key West, Florida. 
The number ofturtles sighted was sig
nificantly greater in the spring and 
summerthan in the fall and winter. The 
estimated mean number of turtles 
present during the peak spring and 
summer survey, from North Carolina to 
Key West out to the Gulf Stream, was 
387,594. This estimate includes all 
animals at and below the surface of the 
waterandat least60 cmcarapace length 
(CL). Loggerhead turtles of60 cm CL 
would include adults and sub-adults. 

Comparable surveys have been 
completed from North Carolina to 
Maine up to 370kIn offshore from 1979 
to 1981. These surveys targeted marine 
mammals; turtle sightingswere second
ary. Their estimates are minimal val
ues and do not include turtles below the 
surface of the water. The number of 
loggerhead turtles at thesurface peaked 
in the summer and the average summer 
estimate over a 3-year survey period 
(1979-81) was 7,702. 

In the Gulf ofMexico, similar es
timates can be made using sighting and 
census data. The total number of 
sightings of loggerheads for the Gulf 
was 1,428. Thesesightingsweremade 
primarily off the west coast ofFlorida. 

The survivorship requirements of 
the southeastern U.S.loggerhead popu
lation were examined using the as
sumptions that their abundanceofabout 
387 thousand turtles represents the 
major reproductive componentand can 
be considereda"unitstock." Analyses 
werealso conducted assuming thatfish

ing mortality was between 10 thousand 
and 23 thousand turtles annually. Be
tween 0.8% and 5.2% ofthe hatchlings 
enteringthewatermust surviveto main
tain the current population. These val
ues are not contradicted by estimates 
from other populations of loggerheads 
and of other sea turtle species which 
average about 1% (i.e., 1% of hatch
lings must survive to breed for the 
population to maintain stability). 

Based on the best available infor
mation for the abundance of nesting 
females and the number ofturtles in the 
water, it appears the loggerhead popu
lation since 1980 has remained stable. 
However, becauseturtles cannot be aged, 
it cannot be determined when condi
tions resulted in stability (i.e., whether 
this stability reflects conditions 5, 10, 
or 20 years ago). No long time series 
ofdata is available, thus, it is impossi
ble to develop quantitative assessments 
on the status of this stock relative to 
levels prior to the Endangered Species 
Act of 1973, or to make predictions as 
to what will happen to the population 
beyond the next 10 years. 

GREEN 

The green turtle is listed as en
dangered inFloridaandthreatenedelse
where in its U.S. range. Historically, 
the green turtle was the primary target 
of U.S. turtle fishennen. 

In the United States, green turtles 
now nest along Florida, Puerto Rico, 
and the U.S. Virgin Island beaches. In 
Florida they nest along the east coast 
from Brevard to Broward Counties, but 
historically the most significant nest
ing occurred in the Dry Tortugas. Un
fortunately, the Dry Tortugas 
aggregation was extirpated by com
mercial exploitation early in the 20th 

century. North ofFloridaonly sporadic 
nesting occurs to North Carolina. 

Turtlefisheries werecenteredalong 
the Texas coastand the Floridaeastand 
west coasts. Juveniles (less than 60 cm 
CL) and a few subadults (60-90 cm CL) 
were captured primarily in nearshore 
waters and in local estuaries. Landings 
were reportedfrom PortAransas, Texas; 
Cedar Key, Florida (west coast), and 
along the Indian River, Florida (east 
coast). Juveniles were also captured 
during the summer in the bays and 
inlets along the North Carolina coast. 
Historically and at present it appears 
that the majority ofgreen turtles in U.S. 
waters are juveniles. It is likely that at 
least someturtles arriveseasonally from 
the Caribbean; therefore, it is unlikely 
that all immature turtles in U.S. waters 
are products of U.S. nesting females. 

There are no historical estimates 
ofabundance for nesting turtles within 
the United States. Notably, the only 
significant nesting assemblage was re
ported in the Dry Tortugas. It was 
estimated that in the 1800s up to 2,800 
females nested per year in the Dry 
Tortugas, but this nesting population 
was extirpated through exploitation by 
the 1900s. 

No current U.S. abundance esti
mate of nesting females is available. 
There is only one index of nesting 
activity and it is for a very restricted 
area within Brevard County, Florida. 
In that area, it was estimated that about 
40 females nest annually. It is likely 
that nesting occurs on the manyFlorida 
islands and elsewhere along theFlorida 
east coast. The minimum annual esti
mate of3oo females is a "best guess." 
figure. 

Limited infonnation is available 
for the species in the water. However, 
it is known that the majority of turtles 
within U.S. waters are immature. His
torically, within the Indian River sys
tem on the Florida east coast the 
maximum green turtle catch was re
ported as 2,500 turtles in 1886. By 
1895, the annual turtle catch was about 
500 animals or a decrease of80% from 
the 1886 level. This decrease is attrib
uted to fishing and to an unusually cold 
winter in 1894-95, which ultimately 
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causedthe collapse ofthe fishery. Fish
, ing resumedaround 1970and increased� 
from 1,625 kg landed in 1970 to 4,152� 
kg in 1974. Using an average weight� 
per turtle caught ofabout 8 kg yields a� 
turt1e catch of203 for 1970 to 519 for� 
1974. It is estima.ted that about 1,500� 
green turt1es now use this area, and� 
mWnWsar~then~oorofturt1es 

ap~ fO J:>e incr~ing. .., .... . 
There are no consistent current 

indices of abundance for green turt1es 
mWn U.S. waters. It is estimated that 
there are about 600-800 nesting fe
males from May-August or about 11 
16 thousand total turt1es mthin the 
southeastern United States throughout 
the year. 

If the increase in the n~oor of 
females nesting on continental U.S. 
beaches, and the increase in the n~
oors of non-adult turtles mWn the 
Indian River complex are real and not 
simply a result of improved sampling, 
then it appears that Ws population has 
been slowly incr~ing since at least 
1980. Historical estimates are unavail
able, but must have been considerable 
since several commercial fisheries for 
Ws speciesexisted in the Gulf, Florida, 
and CaribOOan and were supported for 
several decades. This species appears 
to be incr~ing in U.S. waters which 
suggests that existing and potential in
ternational conservation efforts may 
result in the recovery of Ws species 
throughout its U.S. and Caribbean 
range. 

Before Turtle Excluder Trawl 
(TED) regulations, turtle mortality by 
shrimping was estimated at about 307 
per year. Because green turt1es are 
known as long-distance migrants, and 
no regional abundance estimates are 
available for the species throughout the 
southeastern United States, Gulf, and 
Caribbean, the impact of any fishing 
mortality on Ws species cannot be de
termined. 

Ifthe n~ooroffemales nesting on 
U.S. beaches and the numoor ofturt1es 
in the Indian River provide adequate 
population indices, then it appears that 
Ws population has been increasing at 
least since about 1980. Management of 
Ws species mWn U.S. waters requires 
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Fi8ur~ 311. The estimated number ofnesting Kemp's ridleyfemale turtles at 
Ranch Nuevo. Mexico. 

information on whether turt1es nesting 
on U.S. beaches are residents or simply 
transients andwhetherjuveniles in U.S. 
waters are products ofresidentfemales. 

KEMP'S RIDLEY 

The Kemp's ridley ~ turt1e is 
listed as endangered throughout all of 
its range. Itwas so h~vily exploited in 
Mexico during the 1950s and 1960s 
that the annual numbers of nestin& 
females has dmndled from at least 
40,000 in 1947 to less than 600 today. 

The Kemp's ridley is found from 
the Atlantic coast of South America 
throughout the GulfofMexico to New 
England. Its primary concentration 
appears to 00 mWnthe GulfofMexico, 
and nesting is known primarily along 
17 km ofMexican Gulfbeach identified 
as "Rancho Nuevo," the name of a 
nearby fishing village. 

Kemp's ridley turt1es feed prima
rilyonbluecrabs andas a result concen
trate in coastal waters ofless than 100 
m depth; thus, they are commonly 00

served in bays, sounds, and estuaries. 
While most turt1es may spend their 
entire lives mthin the GulfofMexico, 
there are some which leave the Gulf 
probably via the Florida Straits and 
forage as far north as the GulfofMaine 
during summer months before return
ingto Florida during the fall and mn
ter. Whether these animals are ever 
recruited into the breeding population 
is not known. However, NMFS consid
ers these turt1es as potential recruits 
into the breeding population and there
fore deserving of complete protection. 

The only estimate of abundance 
available for Ws species is annual esti
mates ofnestin& females. This species 
is an aggregate nester (forrnin& so
called "arribadas") and nests during 
the day along Rancho Nuevo beaches 
from May to August. Verylittlenestin& 
is known to occur outside of Rancho 
Nuevo, and thus the Rancho Nuevo 
population is treated as a closed popu
lation. Beachsurveyshaveconcentrated 
oncounting nestssince 1978and, using 
a value of 1.3 nests per female per year 
derived by Marquez et al. (1981) and 
Marquez (1990), provides one index 
for the annual number of nestin& fe
males. 

Using 1.3 nests per female, the 
average estimated number of nesting 
females for 1978 to 1991 was659 turtles 
(range=540-888,FiiUfe38). Theavail
able nesting data indicates that the re
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maining breeding population may be at 
least stabilizing in response to conser· 
vation efforts. From 1978 to 1988 the 
estimates of nesting females appeared 
to be declining, but from 1988 to 1991 
the numbers of nesting females ap· 
peared tobe increasing. However, since 
the current average number of nesting 
turtles (659) is only about 1.6% of the 
original 40,000 and, considering that it 
play talce tJ1ese ani~s many years to 
ptature and reproduce, it is difficult to 
accumtely interpret these figures and 
discern actual trends. Needless to say, 
the population level is still extremely 
depressed and is in danger of extinc
tion. 

Recovery of this population to the 
only available historical estimate of 
40,000 (from 1947) depends upon the 
rate of recruitment into the breeding 
population. At this time it is unknown 
if the annual recruitment is actually 
greater or less than the annual mortal· 
ity. 

HAWKSBILL 

The hawksbill turtle is listed as en
dangered throughout its range. His
torically, the hawksbiU hasbeen heavily 
exploited for its "tortoiseshell" prod· 
ucts, and continued international trade 
suggests that populations are likely to 
continue declining. It is unknown ifthe 
development habitat for hatchling 
hawksbills is predominantly pelagic, 
like other turtles, but there is some 
evidence that they may remain 
nearshore neartropical coral reefs. The 
sub-adult and adults feed on sponges 
and are therefore closelyassociated with 
tropical reefhabitats. The hawksbill is 
a tropical species and is fOWld prima
rily throughout the U.S. Caribbean. It 
prefers nesting on small, isolated, is-

Annual Number of Female� 
Sea Turtles on U.S. Beaches� 

Current Current Status 
Level Trend in U.S. 

Loggerhead 18,000-21,000 Stable Threatened 
Green 600-800 Increasing Threatened 

In Florida, Endangered 
Kemp's ridley 659 Declining 1978-1987; Endangered 

Stable but low 1988-1991 
Leatherback 
Hawksbill 

land beaches, with the largest nesting 
areainU.S. watersbeingthe beaches of 
Mona Island, Puerto Rico. These 
beaches are listed as critical habitat for 
hawksbill nesting. 

There is virtually no historic or cur
rent information available concerning 
the size of hawksbiJl populations in 
U.S.jurisdictional waters, except to say 
that they are rare and probably declin
ing. Aerial surveys are generally inef
fective due to the secretive and solitary 
nature of the species. 

LEATHERBACK 

This species is listed as endangered 
in U.S. jurisdictional waters. Leather
backs exhibit the largest north-south 
range of any turtle species within U.S. 
waters. Theyaredistributedfrom Maine 
southward through the Gulf ofMexico 
to South America. They are also found 
in U.S. Caribbean waters, especially in 
the Virgin Islands. 

Very little is known about leather
back biology; however, it is assumed 
that the species undergoes a hatchling 
pelagicstage similar to other sea turtles. 

Endangered 
Declining Endangered 

Adult leatherbacks tend to be more 
pelagic than other turtles, apparently 
feeding exclusively on large jellyfish. 

There is occasional leatherback nest
ing on the east coast of Florida and on 
the offshore islands ofPuerto Rico, but 
the majority ofnesting in U.S. waters is 
in the Virgin Islands where St. Croix 
has been designated critical nesting 
habitat. 

There is very little information con
cerning historic or current leatherback 
population sizes in U.S. jurisdictional 
waters. Nesting is sparse,· scattered, 
and inconsistent. Although leather
backs areoccasionallyseenduring aerial 
surveys, population estimates are non
existent. 

MAJOR ISSUES 

Although sea turtles are protected in 
U.S. waters under the Endangered 
Species Act, turtle habitat continues to 
be negatively impacted through human 
induced degradation. Continuing 
coastal development seriously reduces 
the quantity and quality of available 
nesting habitat. Turtles are also 
negatively impacted by commercial 
fishing gear and constitutea significant 
bycatch in various trawl fisheries. 
Additionally, the increasing presence 
of pollutants and debris in the pelagic 
habitat, such as tar balls and plastics, 
impacts turtles, particularly juveniles. 
Theextent ofall these negative impacts 
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is not limited to the United States. 
These same adverse factors hinder 
recovery efforts throughout the entire 
sea turtle habitat around the world. 
Fortunately, there are increased efforts 
to promoteinternational cooperation in 
turtle recovery through international 
andregional symposiaandpublications. 
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