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INTRODUCTION

Since 1970 most of the tuna research carried out national ly by the 
National Marine Fisheries Service, an agency In the U.S. Department of 
Commerce National Oceanic and Atmospheric Administration has been centered 
at the Southwest Fisheries Center, with one major exception. Research on 
Atlantic blllflshes and bluefln tuna has been conducted at the NMFS 
Southeast Fisheries Center In Miami, Florida. This year, however, In 
response to the major changes—social, economic, and political—which have 
occur r ed within the tuna Industry both In this country and abr oa d, th er e 
has been a realignment of tuna research responsibilities within the NMFS.

Early this year, Dr. Joseph W. Angel ovic, Deputy Assistant 
Administrator for Science and Technology in the National Marine Fisheries 
Service decl ded I n his capacity as NMFS National Tuna/BIl I fish Research 
Coor dlnator to divide res ponsIb 11 I ty for tuna and biI IfIsh research In 
NMFS. In a memoto the principals Involved hew rote as f ol I ow s: 'Th e 
Southeast Center ...under Dr. Richard Berry...wlll be responsible for all 
NMFS research to support the International Commission for the Conservation 
of Atlantic Tunas, and the Southwest Center... un der Dr. Izadore 
Barrett...w II I be responsible for all NMFS research for the Indian Ocean, 
Western and Central Paclf I c and any Federal efforts as so cl a ted w I th the 
Eastern TropI cal Pacific. This division of responsl bll I tl es f ol I ow s the 
geography-rel ated principles that underlie our fisheries objectives 
system."

Events have now combined—recognition of the new tuna responsibilities 
for the Center, the need to devote renewed and strengthened emphasis to our 
tuna studies, changes In the International tuna fleets and Industry 
structure, and the change from the early days when the tuna-dolphin problem 
w as a volatile Issue—to make this an opportune time to make some 
alterations in our organizational structure at the Southwest Fisheries 
Center. Two new Divisions have been created at La Jolla from the former 
Ocean I c Fisheries Resources DIvIsI on—'Tunas and 0 th er Ocean I c Pel agl cs 
Division" and the "Marine Mammal" Division. Dr. Gary Sakagawa will be the 
Chief of the new tuna division and will also continue to serve as the 
Center's Coordinator for tuna under the NMFS Management by Objective 
system.

A retrospect I v e look at the record and the accompl ishments of tuna 
research at the Southwest Fisheries Center may be In order at this time of 
change and transition.

Historically, the SWFC's laboratory In Honolulu, Hawaii, led by 
Richard Shomura, has maintained a mix of programs and projects which 
emphasized the assessment and understanding of the abundant skipjack tuna 
resources of the Pacific and Indian Ocean. Because of its mid-ocean 
location and capability for holding large tropical pelagic fishes at the 
laboratory, fishery scientists there study the sensory and physiological 
reactions of tunas to their environment. Other tuna-related programs 
Include assessment of the South Pacific a I ba core populations, analysis of



basic fishery statistics on tunas, bill fishes and other Important pelagic 
species of Interest to U.S. commercial and recreational fishermen, 
pr I ncl pa I I y the sport f I shery for bll I f I shes, mon I tor Ing tuna fishing 
activity, and preparing catch and effort statistics and economic data on 
market transactions.

Research results are Important In the development of management plans 
by the Western PaclfIc Regional Fishery Management Council, the development 
of International pol Icy on tuna and bll I fish management by the U.S. 
Departments of State and Commerce, and for the evaluation of fishing 
potentials and exploitation strategies by the U.S. tuna Industry.

During the period covered by this report tuna research at the La Jolla 
Laboratory was conducted within the Oceanic Fisheries Resources Division, 
led by Dr. Gary Sakagawa. The staff provided basic fishery analysis and 
management Information on tunas and bll I fishes to International fisheries 
bodies and commissions, and carried out studies on the status of dolphins 
l nvol ved I n the eastern tropl cal PacI f Ic tuna purse sel ne f I shery. The 
Division staff also conducted research to determine the status of North 
PacI f Ic al bacore.

In addition, the staff of the Coastal FI sher I es Resources Dl v I si on, 
led by Dr. Reuben Lasker, conducted studies on the distribution, 
availability, and migration patterns of North Pacific al bacore and 
associated Influences In the eastern North Pacific. The SWFC's Pacific 
Fisheries Environmental Group at Monterey, California led by Andrew Bakun, 
al so emphas Ized a mul tl dlscl pi I nary approach to research on the North 
Pacific al bacore tuna.

Results of these studies are a basic source of Information and advice 
for US. representatives to International tuna management organizations, 
fisheries scientists, administrators, and the U.S. tuna Industry.

Among the achievements of the Southwest Fisheries Center over the past 
years In tuna and tuna-related research are the following:

• Maintaining tunas In captivity for extended periods. The Honolulu 
Laboratory was the first research I aboratory to do so and even today, no 
other facility In the world captures and holds skipjack. This development 
has permitted Honolulu Laboratory and visiting scientists to conduct 
experiments on the behavior and physiology of tunas.

• Elucidating the migration of the al bacore and skipjack tuna In the 
Paclf l c.

• Identifying the I arvae and JuvenI I es of yel 1 ow f In and ski pj ack 
tunas and determining their distribution.

• Providing an estimate of the potential yield of skipjack tuna 
resources In the Paclf I c Ocean. The Honol ul u Laboratory studies have 
contributed to the dramatic development of skipjack tuna fishing activities 
In the central/western Pacific.



• Development of anchored fish aggregating systems In Hawaiian 
waters to enhance commercial and recreational fishing success for pelagic 
fishes such as tunas and bill fishes.

• Determination of the spawning habits of al bacore In the South 
Pacific, Including a description of the spawning season and major spawning 
grounds.

9 An order of magnitude decrease In Incidental marine mammal 
mortality as a result of theNMFS program of I nnova 11 ve purse seine gear 
modifications and marine mammal rel easl ng techniques devel oped w Ith the 
cooperation of the US. tuna purse seine fleet.

9 Determination of the Impact of Incidental mortal Ity associated with 
the purse seine tuna fishery on the populations of dolphins In the eastern 
tropical Pacific Ocean.

9 Development of a system for monl tori ng the Incidental mortality of 
21 stocks of marine mammals In the ETP on a regular basis.

9 Determ I natl on of the status of al bacore, yellow fin, skipjack and 
bigeye tuna stocks of the Atlantic Ocean as required by the Standing 
Committee on Research and Statistics of the International Commission for 
the Conservation of Atlantic Tunas to which the US. is signatory.

9 With scientists of the Far Seas Fisheries Research Laboratory of 
Japan, determination of the condition of the North Pacific a I bacore stock 
and evaluation of the impact of the fisheries.

9 Continued cooperative field studies with the American Fishermen's 
Research Foundation, a unique partnership between government and Industry, 
which has yielded new knowledge about the North Pacific al bacore resource 
and opened new fishing grounds In the western and south Pacific Ocean.

The U.S. has a long-range need to assure that American Industry and 
consumers are provided a continuing supply of reasonably priced tuna while 
maintaining world stocks of tuna at optimal levels and ensuring US. access 
to those stocks. The U.S. Is now the worl d's top tuna market, Importing 
more tuna, raw and canned, than any other nation and consuming 50% of all 
th e canned t una I n th e wor I d. Al though th e U. S. 1 s a m ajor com ponent In 
the International tuna business, the domestic Industry Is faced with 
problems of expanding foreign fleets, Influx of canned tuna Imports, and 
high operating costs which have led to the closing of all but one major 
cannery in the continental United States and a dwlndl Ing fleet of tropical 
tuna sei ners.

In the face of this new reality, what should be the role of tuna 
research at the SWFC? If we assume that the long range goal we have 
I ndl cated I s I n the best I nterests of the U.S. then reasonabl e actlv Iti es 
In the attal nment of this goal would Include the following:

9 Monitor tuna fishery trends In the central and western Pacific 
Ocean and assess yield potent I a I s, ev a I ua 11 n g the I m pact s of chan ges In 
effort and fishing technology during this period of rapid development and 
change;
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0 Conduct mission-related research to understand better the 
distribution and abundance of tunas In our area of Interest, and to Improve 
our ability to monitor and predict events affecting stock abundance within 
the f I sherles.

In the weeks and months ahead, al I of us Involved with tuna research 
at La Jolla plan to work with the Director and staffs of the Southeast 
Center on transition Issues and to meet annual ly with them to plan current 
and future tuna research, and to meet with SWFC constituents on research 
needs. We will also, during the coming year, develop a strategic plan for 
tuna research at the Southwest Fisheries Center and Identify those areas In 
which we can undertake particular studies.

The report which follows Is not Intended as a comprehensive account of 
the Southwest Fisheries Center's research on tuna and tuna-related 
activities, but rather as an Informal account of major, on-going events. 

The I nf or mat I on w as com pi led by Lil I Ian Vlymen and Jean Michalskl, 
Technical Wri ters/Edi tors, from material supplied by the Center's 
scientific staff at the Honolulu and La Jolla LaboratorIes, and the Pacific 
Fisheries Environmental Group at Monterey.

N^F; Izadore Barrett, Director 
IFS Southwest Fisheries Center

May, 1986 
La Jol I a, Cal ifornla
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INDO-PACIFIC TUNA

During the period 19 80 — 19 82 * Indian Ocean catches of tunas and 
b11 I f l shes amounted to 272*000 metric tons. It Is general ly bel leved by 
tuna experts that there I s a potent Ial for greatly Increased Iandlngs of 
various tunas by surface fisheries In the Indo-Paclf I c. Recently, French 
and SpanI sh tuna sel ners have moved I nto the area of the Seychel I es and 
Informal reports have Indicated high catch rates. Although there Is little 
participation at present by ULS. fishermen In Indian Ocean fisheries, the 
area continues to be of Interest as potentially productive.

At the SWFC laboratory In Honolulu, Hawaii, an Important research 
actfvltlty Is the monitoring of tuna and blllftsh resources In the western 
Pacific and the Indian Ocean from examination of catch statistics collected 
from the various fisheries and the conduct of stock assessment studies 
based on these fishery statistics. A further major source of Information 
for government researchers on the tuna fisheries of the Indian Ocean comes 
from tuna taken by Taiwanese, Korean, and Japanese longl Iners transshipped 
to Puerto Rico where the fish are routinely sampled for biological 
Information by NMFS biological tech nl cl an Eugene Hoi zapf el, now of the 
Southeast Fisheries Center.

Scientists from the Honolulu Laboratory also maintain an active 
Involvement In fisheries research In the Indo-Paclflc through regular 
participation In meetings and workshops sponsored by such International 
organizations as the Indo-Paclflc Fishery Commission (IPFC) and the Indian 
Ocean Fishery Commission (I0FC).

Expert Consultation Workshop Held In Sri Lanka

Sponsored by FAO, Richard Shomura, Director of the Honolulu Laboratory 
chaired the workshop on, "Expert Consultation on the Stock Assessment of 
Tunas In the Indian Ocean," held in Colombo, Sri Lanka, from November 28 to 
December 2, 1985. Highlights of the workshop Included:

• With th e exce pt I on of th e southern bl uef I n t una, none of th e t una 
resources In the Indian Ocean Is In an "overfished" condition.

I By terms of a tr l parti te agreement, the three countr I es present I y 
fishing the southern bluefln tuna (Japan, Australia, and New Zealand) have 
agreed to control their catch of this species to maintain the level of 
protected biomass.

• The catch of skipjack and yel low fin tunas increased mar kedl y in 
1984 to approximately 100,000 tons for each species; the Increase Is due to 
the development of a purse seine fishery In the western Indian Ocean.

• Some coastal states expressed concern with the rapid development of 
l ndustr I al-ty pe tuna fishing In the Indian Ocean; their concern was 
directed toward possl bl e impact on the subsi stence and smal I scale tuna 
fisheries of coastal states.



Efforts Continue to Establish Common Tuna and 
Bill fish Fishery Data Base Among Coastal 
and Distant Water Tuna Fishing Nations

As the Director of the Center's Honolulu Laboratory, Richard Shomura 
Is liaison for the United States to the Indo-Paclfic Tuna Programme (I FTP) 
which is the FAO agency Involved with matters related to tuna data In the 
Pacific and Indian Oceans. Through participation In I FTP, activities have 
been Initiated to establish a common tuna and bill fish fishery data base 
among the coastal and distant water fishing nations. The Honolulu 
Laboratory provided IFTPwtth historical tuna and blllflsh fishery data and 
recently provided total U.S. tuna catch data from the western Pacific.

Presently, there is a reluctance of distant water tuna fishing nations 
to provide detailed catch and effort data. U. S. tuna purse seiners 
operati ng i n the central and w ester n Pad f Ic are not req ui red to prov i de 
such data since no treaty based agreement exists to cover the submission of 
data. Th us, the U. S. > one of the di stant w ater fishing nations active in 
the central and western Pac If I c, Is not prov I di ng da ta f or Inclusion In 
such a data base. The lack of current, detailed catch and effort data 
precludes in-depth stock assessment analyses of Pacific tunas and 
bi11 fishes.

During the past year the U.S. and 15 Island nations have held meetings 
to discuss a broad based access agreement for tuna fishing In the South 
Pacific by IIS. flag vessels. Meetings have been held in Papua New Guinea, 
FIJI, NewZealand, andHawaii. An im porta nt part of the discussions has 
been the collection and exchange of tuna statistics.

RESEARCH ON ATLANTIC TROPICAL HJNAS AT THE SWFC

Status of Atlantic Tuna Fisheries

Scientists from the Southwest Fisheries Center, headed by Dr. Gary 
Sakagawa, Chief of the Oceanic Fisheries Resources Division, prepared 
written and oral summary reports on the status of the Atlantic tuna 
fisheries f or presentatI on to U. S. Comm i ssi oners and a dv i sors to the U. S. 
Section of International Commission for the Conservation of Atlantic Tunas 
(ICCAT) on October 9 and 10, 1985. The meeting, which also Included
participants from other NMFS fisheries centers and regions, was held for 
the purpose of Informing ICCAT Commissioners and advisors of the current 
conditions of At I antic tuna stocks and f I sher I es, research conducted in 
support of ICCAT, and potential scientific Issues which might arise at the 
November 1985 meeting of ICCAT.

Sakagawa reviewed the U.S. role in ICCAT, coordination and research 
planning efforts undertaken in the last year, and all I CCAT-rel ated events 
for the year. Dr. Norman Bartoo descr i bed the condi ti on of yel I ow f I n, 
skipjack, bigeye, and a I ba core stocks in the Atlantic.



The summary points made at these briefings were as follows:

• The stocks of yel I ow f I n tuna I n the At I ant I c Ocean are apparent I y 
Increasing as a result of reduced fishing effort In the eastern Atlantic, 
although actual catches are lower. This Improvement will likely continue 
If effort remains reduced. No additional management measures appear 
desirable at this time.

• The stocks of blgeye tuna appear to be stabl e w Ith catches below 
expected maximum sustal ned y I el d (MSY) due to reduced effort In surface 
fisheries. No additional management measures are desirable at this time:

• Skipjack tuna stocks are still exploited below MSY with current 
catches dow n due to reduced surf ace fishing effort. The f I shery appears 
capable, however, of absorbing additional fishing effort. No management 
measures were deemed desirable at this time.

• Al bacore tuna stocks are exploited below MSY due to reduced surface 
and I ongl ine effort. Catches are down due to reduced effort. Recruitment 
Into the fishery of the northern stock Is highly variable. No management 
measures are desirable at this time.

SWFC Scientists Attend Ninth Regular Meeting of the ICCAT

A delegation from the SWFC attended the Ninth Regular Meeting of the 
ICCAT November 13-19, 1985 In Palma de Mallorca, Spain. Dr. Gary Sakagawa 
serv ed as th e head of th e U. S. sc I ent I f Ic del ega ti on, w hi ch a I so I ncl uded 
researchers from the SEFC. Carmen J. Blond! n, U.S. Commissioner and 
Chairman of the Commission, opened the conference, which was preceded by a 
meeting of the Standing Committee on Research and Statistics (SCRS), 
November 1-12. Scientists from the SWFC presented three documents at the 
meeting. Two documents were prepared by Dr. David Au: "Interpretation of 
longl Ine hook rates," reviewed the theory of random encounters with fish, 
reduction In efficiency from hook competition by non-target species, and 
the theory of prey clumping In making predators (or fishing gear) less 
successful. Au's conclusion was that prey clumping, Interacting with 
fishermen who are randomly fishing with longl Ine gear, could reduce gear 
efficiency and that the change In catch rates may underestimate the true 
changes In the size of stocks of target species.

The second document, "Significance of changes In catch and fishing 
effort in the eastern Atlantic yel low fin tuna fish ery," addressed the 
question of the statistical significance of reduced catch and effort 
following departure of a part of the fishing fleet to Indian Ocean fishing 
grounds. This paper showed how the Monte Carlo randomization technique can 
establish confidence bounds about the equilibrium y lei d-ef f ort rel atl onsh i p 
and how a simple statistical test determines the significance of departures 
of Individual data points from the mean.

A third document, "Size and species compositions of Atl antic tuna 
Imports landed i n Puerto Rico, 1984," was prepared by At 11 lo Coan, Aaron 
Weinfleld, and Eugene Holzapfel. The paper presents results of sampl Ing 
4,798 yellowfln, skipjack, blgeye, and a I bacore tunas from transshipments 
of f orei gn-caught Atlantic tunas landed in Puerto Rico and compares these



results to the results of sampling In previous years. In general/ average 
sizes of fish In 1984 Imports decreased for most species sampled, and 
percentages of yellowfin and bl geye tuna smaller than the minimum size (55 
cm) were higher than In 1983 Imports.

The Commission extended through 1986 the management measures currently 
in effect for bluefintuna Including a q uota of 2,660 metrl c tons (mt) In 
the western Atlantic. In light of SCRS findings, based largely on results 
of a meet I ngof ItsBIueflnTunaWorklng Group l n Sep tern ber, the Uni ted 
States proposed extension of the current management measures for a 3- to 5- 
year period but a<yeed to the shorter period In order to achieve consensus 
and prevent a lapse In the ICCAT conservati on regl me. Working with an 
Improved data base, the SCRS projected a 10 percent Increase In stock 
biomass In the western Atlantic during 1986 if the catch level remains at 
2,660 m t. Sur pi us pro duct! on for 19 85 and 19 86 are projected at 3,850 mt 
and 4,400 mt, respectively.

While no other management measures concerning other stocks of tuna or 
tuna-| Ike fish were considered by the Commission, the United States 
h 1 gh I i ghted the SCRS f I ndl ngs on bl I I f i sh w hi ch, over a n um ber of years, 
have Indicated declining trends In the blue and white marlin fisheries. In 
response to repeated statements by the SCRS of the need to monitor these 
fisheries, the United States proposed that the SCRS develop for 
presentation In 1986 a bill fish assessment program with projected costs.

Carmen Blond! n was reelected Chairman of the Commission following a 
strong shew of support for his leadership during 1984 and 1985.
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NORTH PACIFIC ALBACORE

Fishery Advisories and Extension Services 
Continued for North Pacific Al bacore

Fishery advisories and extension services play ‘Important roles In the 
research program on North Pacific a I bacore. They are conducted as part of 
a system where fishery and environmental data required for research studies 
are obtained from fishermen and other segments of the Industry in return 
for fishery advisory Information which fishermen and others In the Industry 
use to optimize planning and o per at I n g to promote a v I abl e U. S. a I bacore 
fishing industry. A fishery advisory and extension program Is essential if 
the U.S. is to real Ize its goal to Increase Its catch of North Pacific 
al bacore and for NMFS to obtain the data bases essential to provide 
management advice to assure optlmun productivity of the resources.

Currently, the SWFC fishery advisory operations consist of a seasonal 
forecast of where and when al bacore are expected to be available for 
harvesting by U. S. fishermen and biweekly narrative bulletins containing 
current fishing activities. A summary of fishery data from the previous 
year's fishing Is also provided near the start of a new fishing season. In 
addition, reports of cooperative research conducted with the al bacore 
fishing Industry through the American Fishermen's Research Foundation (AFRF) 
are distributed to Interested fishermen. Numerous presentations dealing 
w I th recent r eseach findIngs and genera I inf orm ation abo ut a Iba core are 
given each year to commercial and recreational fishermen and the Interested 
publ ic.

The al bacore fishing Industry is prov I dl ng consl derabl e Information 
and assistance in response to the fishery advisory Information supplied by 
the SWFC. Fishermen keep voluntary logbooks, conduct tagging experiments, 
and recover and report ta gge d a I ba cor e. They also collect specimens for 
research and collect oceanographic and marine weather data. In addition, 
AFRF prov I des vessel time for research studlesand support for taggl n g, 
biological, and f ishery-oceanography studies.

A n urn ber of future needs for f i shery a dv i sory I nf orm a 11 on h ave been 
Identified by constituents at a workshop sponsored by the Southwest 
Fisheries Center December 11-12, 1985. The development of the plan came at 
a time when It was apparent that any new NMFS Initiatives would be severely 
affected by budgetary constraints. The plan which was developed therefore 
Is necessarily limited to those activities wherein the industry provides a 
major share of the costs and to those where NMFS activities can be affected 
by reprogramml ng and redirecting existing staff and resources.

Major elements of the agreed upon plan Include:

• Concentration of additional effort on cooperative SWFC/Industry 
tagging studies.

• Cooperative work by the SW Region and Industry to transfer state of 
the art technology for at-sea processing of al bacore for the fresh/frozen 
market to the fishermen.



• Future development of a Southwest Fisheries Center/Southwest 
Region/Industry cooperative program for the expansion of the ULS. al bacore 
fishery Into the South Pacific to take advantage of the Increased U. S. 
tuna canning capability which has been developed In American Samoa.

• Development of a NMFS/Industry workshop to assess the potential for 
Increasing the efficiency of the al bacore fleet through cooperative 
research and technology transfers and to develop a mechanism for 
coordinating NMFS/NOS/Industry resources to determine potential benefits of 
fisheries environmental advisories.

It should be noted here that the above element Is dependent on the 
availability of Information which Is currently being developed as part of 
the NMFS operational plan for al bacore (Issued as NOAA Technical Memorandum 
NMFS-SWFC-52, May, 1985). Preliminary results of this work are expected to 
be available In early 1987.

Ninth North Pacific Albacore Workshop

The North PacI f Ic AI bacore Workshop w as establ I shed In 1974 by an 
Informal agreement between the Southwest Fisheries Center (SWFC) of the 
United States and the Far Seas Fisheries Research Laboratory of Japan for a 
cooperative research program on the North Pacific al bacore. In 1982, the 
PacI f Ic B lol ogl ca I Station, Canada, jol ned the I nf ormal agreement as an 
additional participant In the Workshop. The objective of the Workshop has 
been to assess the status of the al bacore stock In the North Pacific and to 
understand better the biology of a I bacore.

The Ninth North Pacific Al bacore Workshop was held at the Southwest 
Fisheries Center In La Jolla, California, May 15-17, 1985, with 18
scientists from the U. S., Canada, and Japan participating. The meeting was 
chaired by Norman Bartoo with Earl Weber, Michael Laurs, and PIerre Kleiber 
as rapporteurs. Seventeen working documents and several oral accounts were 
presented. Seme of the highlights of this Workshop are recounted below.

Review of current fisheries

Data contl nue to be col I ected for most of the major gear types that 
are used In harvesting North Pacific a I bacore. For some fisheries, 
however, the participants noted that data are becoming more difficult to 
gather. For other fisheries, no formal arrangements exists for data 
collection or exchange. Within the Japanese Ome-AmI (drift gi I I net) 
fishery, catch and length frequency Information are obtained only through 
Informal means, such as from Interviews with fishermen. Korea and Taiwan 
operate longllne fisheries In the North Pacific, although their fisheries 
data are several years out of date. Korean ba I tboats al so operate I n the 
North Pacific, but no data from these operations have been made available. 
Participants decided to contact those agencies responsible for the 
collection of that Information and request data for recent years. It 
appears, for example, that there Is no formal system for determining 
Canadian landings In the United States and vice versa.



Canadian fishery—Canadian troll catches decreased from an estimated 
233 mt In 1983 to 47 mt In 1984. The decline was attributed to poor 
aval lab! I ity of al bacore In the near-shore areas. There Is Increased 
Interest in a I bacore among Canadian fishermen because of stricter quotas on 
salmon and shorter halibut seasons. Many vessels In the salmon fleet are 
poor I y s ul ted for of f shore a I bacore tr I ps of long duration due to their 
small size and lack of adequate hold space and ref ri geratl on. An estimated 
35 per ce nt of Ca na dl an catches during these two years were landed In the 
United States.

Japanese fishery—Pole and I Ine catches have decl Ined In recent years. 
Since a record catch of 83,336 mt In 1976, catches have shown a highly 
variable but decreasing trend reaching 21,098 mt in 1983, the lowest catch 
since 1968. The 1984 catch Is estimated to be 26,000 mt. The low catches 
In recent years are primarily due to poor development of fronts in the 
vicinity of 35 degrees north. In addition, there has been a decrease in 
recent years of large vessels that normally catch substantial amounts of 
a I bacore in the of f shore areas. Under Ja panese law, 5 of these vessel s 
must be decommissioned before one purse seiner can be built. Low catches 
tend to be exaggerated because, during a poor season for al bacore, many of 
these baltboats leave the al bacore fishery early to fish for skipjack.

Ome- Am i — Catches In the Ome-AmI (drift gillnet fishery) have also 
fallen in recent years from about 17,000 mt In 1981 and In 1982 to 
a pproxl mate I y 9 ,000 m t in 19 83. Decl I nes w ere thou ght to be due to poor 
frontal dev el opm ent, as w as th e case w I th th e pol e and I I ne f I sh ery, and 
poor weather conditions which hampered fishing operations. Some 
variability Is expected In the catches of this fleet because of the 
relative ease with which fishermen are able to change nets and fish for 
squid, which command a price similar to that of a I bacore.

.LongI ]ne—The 1983 longlfne catch of approximately 15,000 mt Is about 
the same as catches In recent years. This fishery shows the least 
variability In yearly catches among the Japanese fleets.

United States fishery—The Jig fleet caught approximately 9,500 mt In 
1984. This amount, when combined with an unusual catch of about 3,500 mt 
by coastal purse seiners, represents the highest catch In recent years and 
Is more consistent with the long-term mean. The Increase was attributed to 
good fishing weather* and w el I-dev el oped fronts close to shore. An 
additional factor was Increased enthusiasm among fishermen brought on by 
Improved marketing due to more buying stations along the coast and 
Increased attempts to market fresh al bacora However, fishing was spotty 
along the Pacific Northwest, despite w el I-devel oped fronts, and In the m Id- 
Pacific regf on. There was a I so some reduction of effort In the offshore 
region because of early uncertainty as to whether Hawaiian canneries would 
buy a I bacore.

In 1984, two gillnet vessels fished for a I bacore, and there seems to 
be Interest amon g other f I shermen. To date, however, yearly catches are 
thought to be less than 200 mt. In December 1984, gillnet fishermen In the 
shark and swordfish fisheries reported catching substantial numbers of 
large al bacore (up to 27 kg) near the northern Channel Islands, Cal Ifornla.



The recreational fishery experienced the best season since 1962, with 
an estimated catch of 1,278 mt. This high recreational catch was due to 
good fishing off California and Mexico; fishing off the Pacific Northwest 
was poor.

An experimental I ongl I ne fishery, which began In 1981, cont i nues to 
work toward gear development and fishery exploration. The purpose of the 
exper I ment I s to expand the U. S. f I shery in time and space and to prov I de 
fresh frozen al bacore for the restaurant trade, which requires a steady 
supply, as well as to provide canners with a more continuous source. 
Approximately 17 mt were caught during two trips by an experimental vessel 
between November 1984 and February 1985.

Condition of the stock—Based on current and past analyses plus 
avail able stati sties, the North Pacif Ic a I bacore, If viewed as a single 
stock, appears to be moderately exploited at levels which appear to be 
sustai nabl e.

The participants noted some problems in fully satisfying the 
assumption needed for various analyses including the likelihood of 
I ncreased catches from new, expandl ng f isheri es as well as the I ag-time 
required to obtain catch data from a few of the fisheries. These stocks 
should be w atch ed caret uI Iy and particuIar attentIon paid to catch-per- 
effort Indices in established fisheries which are the most basic Indicators 
of stock abundance, If viewed over a long time period. Producing a 
reliable assessment of the North Pacific al bacore resource remains a 
di f f Icui t task. The expans I on of present assessm ents to var i ous mul ti- 
stock hypotheses compounds the assessment problems but must be addressed 
because Increased accuracy is required. Further, some Indicators of the 
condition of the stocks, such as recruitment, have not yet been adequately 
addressed.

Taqg i ng—In 1983 and 1984, 106 1 al bacore were tagged and released in 
the m I d-north Pac I f I c; 984 fish w ere tagged and r el ease d In the ea stern 
North Pacific. This Is part of a continuing cooperative al bacore tagging 
program conducted jointly by the SWFC and the American Fisheries Research 
Foundation (AFRF). Tagging is again planned in 1985 and will be conducted 
by JIgboats operating In the mid-Pacific from the dateline eastward.

Records indicate that 21,287 al bacore have been tagged and released;
1,2 16 tagged f i sh have been recovered since I 97 I. Between I 971 and 1980 
most tagging was conducted w I thin a few hundred miles off the coa st of 
North America. In recent years, the emphasis has been In central North 
Pacl f Ic w aters. Returns have al I ow ed some prel Im i nary anal yses w hlch 
suggest that al bacore follow well-defined migration routes and return to 
the same areas of release after several years at I Iberty.

The Fisheries Agency of Japan conducted an a I bacore tagging program 
between 1971 and 1981 during which approximately 4,000 al bacore were tagged 
and released, with about 200 recoveries. This activity was terminated In 
1982; however, prefectural agencies and the Japan Marine Fishery Resource 
Research Center continue to tag some incidentally caught a I bacore.

Acoustic tracking experiments planned In recent years were not carried 
out due to severe weather conditions and limited availability of tracking



vessels. An aggressive tracking program Is planned for the 1985 al bacore 
season near the northeastern coast I Ine.

Age—Recent val Idatlon of daily Increment formation on the saglttae of 
North Pacific al bacore indicates that the count of dally rings will give an 
accurate estimate of an al bacore's age, and allow the estimation of growth 
models for use in stock assessment and harvest policy analysis. In 
previous work, the relationship between size and age In al bacore has been 
Inferred from scales, vertebral centra, and dorsal fin rays. In these 
cases, age assignments have been largely unsubstantiated and there has been 
no consensus on absolute age-size relationships.

The relationship between albacore fork length and age was analyzed 
using counts of daily growth Increments from the otoliths of 90 North 
Pacific albacore. In addition to fitting the usual deterministic von 
Bertalanffy growth model, several stochastic growth models were evaluated 
to estimate the variance of I ength-at-age. It appears that rel iable 
estimates of the variance of I ength-at-age cannot be computed for all ages. 
Additional observations and a wider length range of samples can Improve the 
current estimates of the variance of I ength-at-age.

Stock structure—The hypothesis that the North Pacific albacore 
population Is not homogeneous but consists of subpopulations exhibiting 
different and possibly overlapping biological characteristics was 
originally made on the basis of migration patterns. Further evidence of 
heterogeneity was provided by analysis of tag returns which suggests that 
the hypothesized northern and southern subpopulations could have different 
growth rates.

ILceanograp h_y- - 11 has been repeatedly shown that albacore are 
associated with frontal features In the ocean. Albacore aggregate at 
sm a I I - sea I e I oca I features and migrate and are dl stributed along I ar ge- 
scale ocean fronts. The relationship between albacore migration and 
distribution patterns and the variations In large-scale ocean 
character I sti cs (f I el ds of sea surface gradients) has been show n for the 
North Pacific.

Temperature gradients calculated for the 20 year means of sea surface 
temperature (SST) for each of the 12 months were resolved at one-degree 
squares of latitude and longitude. From values plotted In contoured fields 
of the North Pacific, It was observed that:

• The largest temperature gradients are associated with the subarctic 
front which occurs off the east coast of Japan at the confluence of the 
Oyashio and Kuroshio Currents and extends eastward In a zonal band centered 
about 41 degrees north.

t A second maximum occurs seasonally In the western and central North 
Pacific at about 28 degrees north, the latitude of the subtropical front.

• The primary maximum In SST gradient Is not directly associated with 
the wind patterns and shews only small changes with season.



• The eastward extension of the primary zonal maximum exhibits 
seasonal development. It extends furthest east In June and July, when 
albacore are migrating Into the U.S. West Coast fishery.

• A strong annual buildup In the thermal gradient occurs off the U.S. 
coast during July and August and weakens In October. This pattern follows 
the annual development of the albacore troll fishery In this region.

It Is apparent that the gross patterns In SST gradients do not explain 
some of the large-scale distributions of albacore during all seasons. The 
range of temperatures assocl ated w Ith the gradl ent extremes affects the 
distribution. In some seasons the temperatures at the fronts are outside 
the I Im Its consi dered appropr I ate for al bacore. Past studl es have al so 
shown that some fronts may have stronger salinity gradients than 
temperature gradients and show stronger subsurface gradients than surface 
gradients.

Pacific Albacore Simulation Model

A simulation model for the North Pacific albacore population has been 
under development at the Southwest Fisheries Center since 1980. Its 
Intended use Is to test hypotheses concerning the Interactions between the 
albacore population, the fisheries, and environment. It forms the 
framework for organizing Information on population dynamics, migration, 
life history Information, economic Information, and environmental 
parameters and processes. The model deals with recruitment, growth, and 
death of a I bacore In nl ne areas in the North Paclf l c. The model I ed fish 
move among the areas accord I ngto size-speclficmigration coef f IcI ents. 
FI sh are harvested by the three major Paclf I c f I eets accordl ng to f I eet- 
speclflc and size-specific capabilities and an Imposed seasonal and 
geographic pattern of effort for each of the fleets.

The model was used to Investigate the degree of Interaction among the 
major fleets and how the activity of one fleet affects the catch of the 
other fleets. Using corrected catchabl I Iti es as a basis for comparison, a 
series of model runs were made In which the effort level of one of the 
fleets was either doubled or halved, and the effect on catch In each of the 
fleets was noted. As expected, the most dramatic effect was always on the 
catch of the fleet with the altered effort level. Significant interaction 
among fleets occurred with the doubling and halving of the pol e-and-l I ne 
effort which resulted I n a 20 percent reduction and a 15 percent Increase 
respectively In the longline catch. All other Interactions were less than 
5 percent.

Summary of the 1985 North Pacific Albacore Fishery

An estimated 17,484,820 pounds of albacore were landed In ports 
throughout California, Hawaii, and Oregon In 1985, a decrease of 44% from 
the 1984 catch. Even though albacore fishing was less successful In 1985, 
excellent offshore catches were reported early in the season throughout May 
and June 1985 In areas 300 - 400 nautical miles northeast of Midway Island. 
Fishing inshore started early In 1985 with significant catches off southern 
Cal Ifornla throughout June. Fish caught early In the season were taken



west of Erben Bank by the larger jlgboats leaving for areas north of Hawaii 
and the western Pacific.

Favorabl e env i ronm enta I condi ti ons of f shore f rom Apr i I to June may 
have contributed to the success of the Iarger jfgboats fishing northeast of 
MI dw ay I si and ear I y I n the season. Strong coa sta I upw el I I ng I nshore i n 
September may have helped to provide the excellent catch rates for vessels 
fishing In areas from Point Conception to Cape Blanco.

About 61% of the total a I ba core catch was sampled for Information on 
catch and effort and 3% was sampled for information on I engfh-freq uency. 
The average size of al bacore caught I n 1985 was 69.0 cm (15.0 I bs), whi ch 
was larger than the average size in 1984 of 66.1 cm (13.1 lbs). Estimated 
annual catch per unit of effort for a standard 45-foot vessel In 1985 was 
82.0 fish per day, which was si ightly higher than the 81.0 fish per day In 
1984.

The Information on the 1 985 North Pacific a I bacore fishery was 
compiled by fishery biologist Anthony P. Majors of the La Jolla Laboratory 
and Forrest R. Miller, Meteorologist with the Inter-American Tropical Tuna 
Commission In Administrative Report LJ-86-10, "Summary of the 1985 North 
Pacific Al bacore Fishery Data." More than 400 copies of these reports will 
be sent out to participating fishermen. Another 500 reports will be sent 
to state fisheries agencies to be distributed at the waterfront by samplers 
during the 1985 al bacore fishing season. Copies will be made available to 
anyone interested upon request to the Director, Southwest Fisheries Center.

South Pacific AIbacore Research Survey Conducted

Under the leadershipof Richard Shorn ura of the Hono lulu Laboratory, 
Michael Laurs, oceanographer at the La Jolla Laboratory, and Jerry 
Wetherall, fishery biologist at the Honolulu Laboratory, conducted 
oceanographic and biological research In the South Pacific aboard the NOAA 
Ship Townsend Cromwel I during February, 1986. The research was conducted 
to develop Improved models of South Pacific a I bacore biology, ecology, and 
population dynamics. Data were also collected on the physical and 
biological characteristics of the ocean environment associated with high 
concentrations of al bacore and the distribution and avai I abi I ity of 
al bacore in surface waters of the Subtropical Convergence Zone (SCZ) of the 
South Pacific were Investigated to assess the potential for development of 
a U.S. surface fishery In the region.

The cruise operations were part of a multi-ship Investigation which, 
In addition to the Cromwe I I, Involved the New Zealand research vessel 
Kaharoa and two U.S. commercial fishing vessels, the Day Star and the Bald 
Eagle (these latter two funded in part by Saltonstal l-Kennedy funds). The 
survey was part of an International cooperative effort investigating South 
Pacific al bacore Involving the U.S., New Zealand, France and the South 
Pacific Island nations.

The oceanographic research and al bacore tagging operations were 
conducted aboard the Cromwel I and the Kaharoa. The Kaharoa worked between 
Chatham Islands and the main islands of New Zeal and, and the Cromwel I 
worked In the area east of the Chatham islands and In the central South



Pacific. The fishing vessels conducted exploratory fishing* made 
oceanographic observations, and conducted al bacore tagging operations.

A full suite of oceanographic measurements and observations was made 
on board the Cromwel I, Including continuous monitoring of surface 
temperature and salinity, vertical profiles to abut 1,000 meters of 
con duct I v I ty-tem per atur e-depth, collection of water samples from various 
depths for salinity and chlorophyll measurements, and vertical temperature 
profiles to 750 meters of ocean temperature. The Cromwel I trolled during 
daylight and made Isaacs-Kidd midwater trawl hauls at night.

Oceanic sampling showed that the survey area was entirely within SCZ 
waters. This area Is analogous to the Transition Zone In the North Pacific 
where the U. S. al bacore fishery operates. Nearly all catches were 
associated with SST fronts or "edges." Findings from the research and 
fishing vessels Indicated that the distribution of al bacore In the south 
Pacific Is associated with the SCZ and that the southern I Imlt to the 
distribution appears to coincide with the southern boundary of the SCZ.

A total of 724 al bacore was tagged and released on the troll vessels 
and on the Cromwel I. Most of the tagging was done by the fishermen (702 of 
the 724 fish). About one-third of the fish tagged on the Dav Star and all 
the fish tagged on the Cromwel I were also Injected with oxytetracycl Ine for 
an aging study.

The fishing vessels used standard U. S. commercial troll fishing 
methods for the expl oratory fishing. By the end of the survey, the Day 
Star caught an estimated 55 and 1/2 tons of a I bacore. Th e Bald Eag I e 
caught about 52 tons of a I bacore over a 39-day period. The captain of the 
Day Star rated the fishing as good to excellent 35% of ttie time.

Based on the survey, prospects for establishing a U.S. al bacore 
fishery In the South Pacific appear to be f avorabl a The relatively high 
catch rates and total catches, along with relatively good weather 
condl tl ons, suggest th at It Is econom I ca I I y f easl bl e f or U. S. vessel s to 
operate I n the South Paclf l c. FI shery sclentl sts al so bel I eve that the 
South Pacl f Ic al bacore popul atl on i s I n good condl tl on and can support a 
surface fishery. Nonetheless, substantially more fishery exploration and 
knowledge of the migration patterns and biology of the population are 
required before a viable U.S. al bacore fishery In the South Pacific can be 
successfully developed.

Size Structure of the North Pacific Albacore Population Investigated

To provide an unbiased estimate of the size structure of the local 
north Pacific al bacore population, fishery biologists David Holts and Earl 
Weber conducted a research crul se I n September 1985 aboard a commercl al 
al bacore gl I I net vessel.

The al bacore In the North Pacific are harvested by several fisheries 
which use a variety of gears. Each type of gear catches a size range of 
fish particular to that type of gear. To date, the only measure of the size 
structure for this population is that derived from the commercial troll and 
baltboat fisheries. The catches from these fisheries produce different



length frequencies and cannot provide an unbiased sample of the underlying 
population from which the fish were taken.

In thl s experiment, the research gill nets, w hi ch w ere desl gned to 
sample specific lengths of a I ba core, were used to sample al bacore at eight 
offshore and seven coastal stations. All sets were conducted at night 
close to the U.S. commercial troll fishery. These sets produced a total of 
780 a I bacore. During day-time hours, commercial trolling operations were 
conducted and catch rates and fish sizes recorded. Trol I Ing operations 
produced 3,300 al bacore I n 28 active trol I ing days. The sel ectivi ty for 
al bacore at each mesh type was recorded for all net-caught fish as was the 
depth at which they were taken. Length frequency data were collected for a 
total of 1,118 al bacore which measured 52 cm to 105 cm. The size frequency 
was bimodal with peaks at 64 cm and 74 cm and th ere was little apparent 
difference In size composition between gl I I net- and troll-caught a I bacore. 
Fish caught In the offshore fishing area were taken higher in the net than 
those caught along the coast.

Total Catch In the sampling net was:

PacI f Ic a I bacore Ihunnus alalunaa 780
Bigeye tuna Thunnus obesus 1
Bui I et mackerel AuxIs rochel 2
Swor df I sh Xlphla? aladius 2
Blue shark Prjonace g|auca 726
BIgeye thresher .Alop I as superclIiosus 2
Bon I to shark -Lsjj.ru5 oxvrlnchus 2
Pacific pomfret ■Bramg japonlca 2
Louvar Luvarus Imperial Is 14
Ocean s unfish* Mo I a mol a 14
Sq ul d OmmastrephIdae 5
Common dol phi n -P.e_l_p.hi ny$ del phis 1

*Rel eased al Ive.

Satel I Ite Remote Sensing Used to 
Help Fishermen Find AI bacore

The Southwest Fisheries Center Is a leader in research on the 
applications of satellite remote sensing In fisheries. Among the 
accomplishments of scientists at the Center is the finding that the 
distribution and availability of al bacore tuna off the west coast of the 
U.S. are related to oceanic fronts seen in ocean temperature and color 
measurements made by satel I i te. Com mere I al ly flshable aggregations of 
al bacore are found In warm, blue oceanic water masses. These oceanic 
boundary features, which result primarily from coastal upwelling, are 
cl early observabl e I n satel I ite Imagery col I ected al ong the U.S. PacI f Ic 
coast. To hel p al bacore f I shermen locate potentially product ive f i sh I n g 
grounds, ocean color boundary charts are distributed to West Coast 
fishermen via radio facsimile and by mall by the N0AA National Ocean 
Service In cooperation with the Southwest Fisheries Center. These charts 
are derived from measurements made by the Coastal Zone Scanner on board the 
NIMBUS 7 satel I ite.



Satellite remote sensing has been an especially Important tool during 
the recent El NITio for monitoring anomalous ocean conditions along the U.S. 
Pacific coast. Scientists at the Center also use sate I I Ite measurements to 
assist In the design of fisheries research field studies and to guide 
research operations on fishery research vessels at sea.
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TUNA ECONOMICS

1985 U.S. Tuna Trade Summarized

Dr. Samuel Herrick, Industry Economist at the Southwest Fisheries 
Center In La Jolla, California, and Steve Koplln, Fishery Reporting 
Sped a I 1st at th e South w est Re g I on at Term l na I I si and, Ca I If or nl a, have 
written a Southwest Region Administrative Report entitled "US. tuna trade 
summary, 1985." The report reviews harvesting and processing for the U.S. 
tropical tuna fisheries during 1985.

For the U.S. tuna Industry, 1 985 appeared to be a year of relative 
calm following three years of turmoil during which four canneries in 
California and Hawaii were closed and the U.S. tuna harvesting capacity was 
significantly reduced. Although 1985 was not as tumultuous as 1984, recent 
trends contl nued i nto 1 985, I ncl udl ng the f urther attr I tl on of the U.S. 
tuna f I eet, decrea sed cannery del Iv er I es of domest l ca I I y-cau ght tuna, a 
decline In U.S. cannery production, and Increased Imports of canned tuna.

Substantial growth In foreign fleet harvesting capacity In recent 
years has led to greatly Increased suppl Ies of raw tuna available through 
the I nter natl onal market. As a res u I t, ex-vessel prices fell sharply to 
I evel s be I ow the costs of harvest I ng tuna for many of the vessel s i n the 
US. fleet. The opportunity to reduce production costs by purchasing tuna 
through the International market, particularly at a time when revenues were 
being severely squeezed by Intense competition from canned Imports, moved 
U.S. processors to revise their raw tuna procurement strategies. 
Historically, processors relied on close Integration with the US. fleet In 
order to secure dependabl e suppl Ies of low cost tuna and these suppl ies 
were then supplemented with Imports to meet processing requirements. With 
rel table suppl Ies of low cost tuna available from numerous sources outside 
the US., however, long-term supply arrangements with the US. fleet are no 
I onger critical, and processors have reduced thel r I nvol vement w Ith U.S. 
vessels. Lacking cannery support and confronted by ex-vessel prices below 
the vessel's breakeven productl on I evel, many vessel s were compel I ed to 
leave the fishery. By the close of 1985, the U.S. tropical tuna fleet had 
experienced a 15% loss In number and a 12% reduction In carrying capacity. 
Nine vessels transferred flag, four had sunk and'six changed to alternative 
fisheries. For the first time In recent years, no new vessels had entered 
the f I shery.

In the wake of a disintegrating relationship with processors, a number 
of owners of i ndependent vessel s joined together In a multi-million dollar 
anti trust sui t agal nst the major U. S. canneries. Ow ners of the vessel s 
contend that since the 1960s the major canneries have conspired to gain 
monopol y control of unprocessed tuna I n the Uni ted States by engagl ng I n 
unlawful vertical Integration, price fixing, and Imposing sanctions against 
vessels that attempted to deal Independently. The plaintiffs are seeking 
cl ose to a b 11 I Ion dol I ars I n econom I c and punl t ive damages.

With the reduction in domestic processing capacity that occurred in 
1984, US. cannery receipts^ of Imported and domestically-caught al bacore 
(white meat) and tropical (light meat) tunas (skipjack, yellowfln,



blackfin, bluefin, and blgeye tuna) fell sharply in 1985. The total volume 
was 468,956 short tons (tons), a decrease of 11% in total volume from 1984 
and 15% below the 1980-1984 average vol ume of annual cannery receipts. 
Cannery deliveries by domestic vessels amounted to 213,808 tons In 1985, 
16% below del iverles for 1984 and 14% below the 1980-84 (five-year) 
average. Raw tuna Imports made up the 255,145 ton balance in total cannery 
supplies for 1985, a 5% decrease in Imports. Direct exports^ of 
domestically-caught tuna totaled 34,797 tons in 1985, up 7% from 1984 and 
324% greater than the five-year average. When exports of domestical I y- 
caught raw tuna are combined with del iveries of domestically-caught tuna to 
U.S. canneries, total U.S. del Iverles amounted to 248,605 tons for 1985, 
13% less than the correspond! ng amount for 1984 and 4% less than the five- 
year average.

The western Pacific Ocean^ was the predominant production area for the 
U.S. fleet In 1985, providing 129,431 tons or 52% of the domestically- 
caught cannery receipts and direct exports for the year. Total 
domestical ly-caught del Iverles from this area decreased 31% from 1984, 
however, and as a share of total domestically-caught del iverles by oceanic 
area decreased 21% from 1984. The western Pacific was also the area from 
which most of the raw tuna Imports originated In 1985, 74,356 tons, or 29% 
of total imports by oceanic area.

The decrease I n w ester n Pa cl f i c f i sh I ng a ct i v i ty by th e U. S. f I eet 
during 1985 can be I argely attrl buted to prevail I ng economi c condi tions. 
The lowest ex-vessel prices In five years, particularly for skipjack tuna, 
and exceptionally good fishing for yellowfin tuna—the light meat species 
that commands the highest ex-vessel price In both dom est i c a nd f orei gn 
markets—led to a resurgence of US. fishing in the eastern Pacific Ocean 
during 1985 where a record catch of yellowfin tuna (21 8,920 tons) was 
reported from the I nter-Ameri can Tropi cal Tuna Comm i ssi on's y el I ow f I n 
regulatory area. The U.S. fleet accounted for a I most 3 9% of the eastern 
Pacific yellowfin tuna catch in 1985 which represented the largest 
contribution to domestically-caught light meat tuna cannery receipts by 
oceanic area for the year.

Cannery receipts include only tuna destined for U.S. canneries. Cannery 
receipts exclude US.-caught tuna landed at foreign sites, US.-caught tuna 
I anded at U.S. si tes that I s desti ned for fore! gn canner l es, U.S.-caught 
tuna destined for the fresh-fish market, tuna Imported as flakes, Imported 
tuna not fit for human consumption, and imported "sush 1" grade tuna.

^Direct exports Include tuna landed directly In or transshipped to a 
foreign country; excludes tuna exported from the U.S. east coast.

^The eastern and western Pacific for this report are distinguished at 150 
degrees west longitude.
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The loss of canning capacity In Hawaii and the west coast and 
overwhelming Imports of foreign packed tuna contributed to a decrease In 
over a I I U. S. canned tuna product I on (27.9 mill ion standard cases4) of 11%
from 1984. When canned Imports were combined with U.S. production, the 
total add 11! on to U. S. canned suppl les In 1 985 was 38.9 ml I I Ion standard 
cases which was a 2% decline from that In 1984. Canned Imports set a new 
record In 1985, reaching 11.0 million standard cases, a 32% Increase from 
1984, and an increase of 237% since 1980. Tuna packed in water, whi ch Is 
subject to a much lower import duty than tuna packed In oil, dominated
Imports of tuna.

To promote fairer competition between U.SL and foreign processors, two 
plecesof legislation aimed at ellminatingthe tariff disparity be tween 
Imports of canned tuna in water and canned tuna In oil were Introduced Into 
the U.S. House of Representatives during 1985. In a related matter, the
U.S. Trade Representative cal I ed on the International Trade Comm Issi on 
(ITC) to conduct an Investigation of the competitive conditions within the 
U.S. tuna Industry. The ITC had recently completed an Investigation of 
canned tuna Imports I n response to a petition from the U. S. tuna Industry 
seek I ng tar I f f rel I ef f rom Imports of canned tuna packed I n w ater. The 
Industry's outlook with regard to these actions was perhaps best revealed
through a significant Increase In canned tuna imports bearing nationally 
advertised labels during 1985.

The U.S. consumer continued to benefit from competition between 
foreign and domestically produced canned tuna. The retail composite canned 
tuna price, which decreased 3% during 1984, fell an additional 2% through
mld-1985. The downward price trend contributed to corresponding growth in 
overall apparent consumption which Increased at a projected annual rate of 
0.7% In 1985, following a 2% increase for all of 1984. Sales of water- 
packed products—except water-packed products In the health/diet category— 
had Increased 8% by mid-year. Since water-packed products account for more 
than 60% of total sales, this increase helped offset reduced sales of tuna
In oil and of health/diet canned tuna products.

U. S. con sum er s are a I so dev el op I ng a taste for f resh and f rozen tuna 
products. Fresh a I ba core tuna has become Increasingly popular In the 
restaurant and retail trade. There Is also a growing domestic market for 
high quality fresh tuna which has stimulated development of fresh fish tuna
fisheries on the U.S. east and west coasts, the Gul f of Mexico, and In 
Hawal I.

4
A standard case can consists of: Chunk I Ight 48 (6.5 oz) = 19.5 pounds; 

sol I d w hi te 48 (7 oz) = 21 pounds prI or to 1 985, sol 1 d w hI te 48 (6.5 oz) = 
19.5 pounds beginning in 1 985. Grated/flake 48 (6 oz) =18 pounds. 
Because of the change In size of a standard white meat case from 1984 to 
1985, output In units of weight Is used to calculate the relative change In 
volume and value of canned white meat production from 1984 to 1985.



A Budget Simulation Model for West 
Coast Al bacore Trol I ers Com pi eted

At the La Jolla Laboratory Industry economists Sam Herrick and Kevin 
Carlson completed a budget simulation model for West Coast al bacore 
trol I ers which they described In NOAA Technical Memorandum NMFS-SWFC 57 
published In February 1986.

In this paper Herrick and Carlson note that private and public 
fisheries administrators require Information about cost and earnings of 
fishing vessels when evaluating alternative Investment opportunities, 
gauging the economic Impacts on a fishery of proposed policy changes, and 
assess! ng the effect I veness of ex I st I ng f I sher I es pol I cl es. Data on the 
gross revenues of Individual vessels are routinely collected by the Pacific 
coast states' f l sher I es agencl es. On the other hand correspond! ng cost 
data, needed to derive estimates of the net earnings of vessels, are not 
regularly collected. Data on vessel costs which are assembled for these 
purposes, are generally collected through periodic cost and earnings 
surveys, and the results from these surveys are used to provide point-in­
time estimates of net returns for particular classes of vessels or an 
ent I re f I eet.

To extend the usefulness of cost and earnings survey data beyond the 
survey period, vessel budget (or fiscal) simulation models (budget 
simulators) can be constructed, which typically specify vessel costs and 
revenues as functions of variables, the values of which are collected on an 
on go I ng basi s (e .g., vessel character I st I cs that are recorded dur I ng the 
annual registration process). As new values of the explanatory variables 
become aval I abl e they can be I ncor porated I nto the model together with 
expenditure-specific price Indices—to adjust for relative changes in unit 
costs—to predict vessel costs and earnings outside the survey period. In 
this way vessel budget simulators provide a means of generating predictions 
of net returns for years In which cost and earnings surveys are not 
conducted.

The paper written by Herrick and Carlson describes the development and 
appl I cation of a bud get simulation model that can be used to monitor and 
predl ct the f l nanci al and econom I c perform ance of sped f Ic vessel s or 
classes making up the North F'aciflc al bacore fleet. The model Is capable 
of generating budgetary Information for West Coast al bacore trol I ers when 
thevaluesof key variables describing vessel characteristics, fishing 
activities, and costs of Inputs (e.g. fuel) are specified. This, according 
to Herrick and Carlson, makes the model a particularly useful analytical 
tool for evaluating events that affect the fleet's operating environment.

Sumner Faculty Fellow Completes Study 
on Economic Issues of Skipjack

Dr. LI nda L. HudgI ns of the UnlversI ty of Notre Dame compl eted a 2- 
month stay at the Honolulu Laboratory as a summer faculty fellow. During 
her stay, Hudgins completed a paper on "Economic Issues of the size 
distribution of fish caught: Hawaii skipjack tuna catches 1964-82." 
Before 1973-7 4 the catch of large skipjack tuna made up 64% of the landings 
In Haw all, while In thefollowlng years Itssharefell to 36%. Hudgins



Investigated a number of biological and economical possibilities for this 
decl ine, and concluded that fuel price Increases may have contributed to a 
loss of $1 .3 million In I an dl ngs due to reduced search time. About $1 
million per year Is lost due to the absolute decline In catches* and 
a pproxi mate I y $300 *000 Is lost due to declining size distribution, both 
attributable to fishing activity elsewhere in the Pacific. If I arger 
numbers of smaller fish had not replaced the large fish* however, the loss 
attr I buted to changl ng size compos! tlon woul d have been $1.2 mill Ion. 
Hudgins concluded that It appears that the stock Is being truncated before 
It ever reaches Hawaii waters, and that for the skipjack tuna industry In 
Hawaii to expand, It will have to make changes In technology or expand its 
markets.

PACIFIC COOPERATIVE MARINE GAMEFISH TAGGING

Under the auspices of the Cooperative Marine Gameflsh Tagging Program, 
recreatl onal fishermen have tagged bl I I fish to hel p f Ishery scl enti sts 
determine the migration patterns and geographic limits of the populations 
of gameflsh In the Pacific Ocean. The tagging program, which began in the 
Pacific in 1963, Is currently supported by the NMFS In cooperation with the 
International Gameflsh Association. James Squire, fishery biologist at the 
NMFS Laboratory in La Jolla, California, coordinates the Pacific program, 
as he has since its inception.

1985 Billfish Tag and Release HIghl Ighted

BII I f Ish angl ers tagged and rel eased 682 bl I I f Ish of a I I sped es I n 
the Pacific Ocean during I985. Tagging was down by I66 billfish in I985, 
compared with the total tagged In I984. The major area of tagging was 
about the southern tip of Baja California, Mexico, where anglers tagged and 
rel eased 363 bl I I fish, 262 stri ped marl In, 7 5 Paclf Ic sal I fish and 26 bl ue 
marl I n.

Although environmental conditions were I ess than opt I mum and catch 
rates were down off southern California, billfish anglers tagged and 
released a near record 2I6 striped marlin and one short-billed spearflsh. 
The record numbr of marlin tagged and released off southern California was 
225 marl In, tagged during the El Nino of I983. The Increased effort in 
taggl ng and rel east ng marl I n off southern California since I983 Isa direct 
result of the support being given the program by the National Coal ftlon for 
Marine Conservation - Pacific Region.

Sq ul re Is now dl stri butt ng to coo per at I ng angl ers a newly-designed 
b 11 I f I sh tag dev el oped byMIchael Hall of South Austral la who has made a 
detailed study of fish tags used throughout the world. In developing the 
new tag, Hall conducted considerable testing of tagging materials and 
Incorporated new Innovations in tag design. Hall's new tag Is similar In 
many respects to the "Floy, tag" used since 1971 but features a vinyl sleeve 
molded on a stainless steel wire. It can be used with the many hundreds of 
tag appl I cators presently In use by anglers taking part In the cooperative



program. The tag I s prl n+ed w i th tag num ber and return I nf ormatlon and 
produces a smaller/ less traumatic wound In the bill fish. Squire believes 
that Its use should result In a greater tag return owing to fewer lost 
tags.

Southern Cal Ifornfa SportfIshermen Tag Striped Marl In

In I985» as noted above, 216 striped marlin and I short-billed 
spearflsh were reported tagged off southern California by sportf Ishermen. 
The majority of the striped marlin were tagged In the area from Santa 
Barbara Island north and west to the Santa Barbara Channel Islands. Until 
the El Nifio in 1983, most catches and tagged fish were made off Catal Ina 
Island and In the area from Catal ina Island to the mainland and south to 
off San Diego. However, during the warm water years of 1983 and 1984, 
str I ped marl in were most abundant I n the area south of the Santa Barbara 
I si ands.

In 1984, one of the w armest years on record f or southern Cal If ornI a 
waters, striped marlin were tagged and released as far north as off Morro 
Bay, California. In 1985, even though sea surface temperatures were much 
cooler, approaching the "normal" or average temperatures for southern 
California, the best area of catch remained in the northwestern waters of 
southern California.

The objective of the tagging program Is to enl 1st the support of 
recreational fishermen to tag b 11 I f I sh and to help fishery scientists 
determine the migration and distribution of these fishes. Marine gameflsh 
angl ers have tagged and rel eased bl I I f I sh In many areas of the Pacif l c. 
The NMFS program has been responsible for an extensive tagging effort off 
Australia to map the migration of black marlin and for tagging billflsh and 
mako sharks off New Zealand in cooperation with the New Zealand Ministry of 
Agriculture and Fisheries.

The I ongest m I gr at I on recorded th us f ar w as that of a bl ack m ar I in 
tagged and rel eased off Cabo San Lucas, Baja Cal If or n I a, Mexico In early 
1983. This marlin was recovered about 18 months later off Norfolk Island, 
northwest of New Zealand. This fish traveled a straight line distance of 
more than 5,700 miles between the points of tagging and recovery and 
represents a world record for billflsh travel between tagging and recovery 
points. Another noteworthy example Is a striped marl In which traveled from 
Cape San Lucas to an area west of Hawaii in 3 months, a straight line 
distance of 3,120 nautical miles.

Certain migration patterns, based on results from the tagging program, 
have been evident. Marlin which are found throughout the year In varying 
abundance near the entrance to the Gulf of Cal ifornla migrate southward and 
westward In the late spring and summer. Some fish round Cape San Lucas and 
move northward along the west coast of Baja Cal Ifornla. Most fish marked 
In the fall off southern California show a southward migration toward Cape 
San Lucas. Some fish, however, have been recaptured near Hawaii. Tagged 
fish have been recovered more than 4 years after their release.



MARINE MAMMAL RESEARCH AT THE SWFC

Marine Mammal Protection Act of 1972

Since the passage of the Marine Mammal Protection Act (MMPA) in 1972, 
the United States has been committed to long-term management and research 
programs to conserve and protect these animals. In Implementation of the 
MMPA, the Southwest Fisheries Center staff conducts a program of research 
which Is directed toward understanding the abundance and biology of 
dolphins associated with the purse seine fishery for tunas In the eastern 
tropical Pacific. In I985, the research effort concentrated on questions 
concerning changing abundance of the dolphin stocks, stock structure and 
di str I but I on, bi ol ogi ca I prof i I es of th e an I m a I s ki I I ed, and the rate at 
which these animals are replaced through new births.

In Its I984 reauthorizati on of the MMPA, Congress called for an 
expanded stock monitoring program. In response, the Center made detailed 
plans to conduct a program using research ships to collect data for 
monitoring trends In population siza Scientists at the Center developed a 
draft design which addressed two questi ons: the number of research vessels 
required to survey the area Inhabited by the stocks of dolphins associated 
with the fishery and the number of years required to detect trends In 
abundance. A committee of experts composed of scientists from the U. S. 
Marine Mammal Commission, the I nter-Am er i ca n Tr opi ca I Tuna Commission 
(IATTC), the Porpoi se Rescue Foundation, the Environmental Defense Fund, 
and North Carolina State University, reviewed the design. They concluded 
that a 6-year program of annual surveys using two survey vessels and 
operating between August and December would be required to detect a 
significant decrease In dolphin abundance over a 5-year period. Scientists 
at the Center drafted plans for a survey using two research vessels and one 
helicopter In six annual surveys. The first cruises are scheduled to 
depart In July I986.

In support of the research vessel surveys, tests were conducted aboard 
the NOAA Shi p Day i d Starr Jordan to I nvesti gate the use of a computer- 
ass! sted s I gh ti ng tech nIq ue (CAST) to I m prove accuracy of measur I ng the 
distance between a marine mammal school and the ship's trackline and the 
angle of the I Ine of sighting from the trackl ine. The accurate measurement 
of distance and angle is the key to using the I I ne-transect method to 
monitor abundance of dolphins. CAST enables significant Improvements in 
estimates of distance and angle and, therefore, significant improvements in 
indexing of abundance.

In a parallel approach to detecting trends in abundance, Center 
scientists are examining the possible use of dolphin sighting information 
col I ected aboard commerci al tuna purse sel ners i n the eastern tropi cal 
Pacific. These data have been collected systematically by scientific 
observers si nee the earl y 1970*s. A meeti ng of experts on tuna/dol ph I n 
Interaction provided advice on how to use tuna vessel observer data to 
monitor trends. The group suggested research projects which might yield 
Information required for monitoring abundance trends. Suggested projects 
are under review or have been started, some In cooperation with IATTC.



Preliminary work on seasonal patterns of dol phin dl strIbutlon was 
completed. The analysis concentrated on the four species targeted by the 
fishery: spotted, spinner, common and striped dolphins. Sighting
Information was combined with oceanographic Information. Factors examined 
Included geographic areas (four large sub-areas based on thermocllne 
topography and current structure), seasons (calendar quarters) and Lnter- 
annual per I ods (whether or not another rel ated event such as El Nino was 
present). Because areas and inter-annual periods were defined from 
environmental considerations, they provide Indirect tests of the 
association of encounter rates with these environmental features. 
Analyses suggest that there are pronounced changes In dolphin school 
densl ty and school s Ize by season and sub-ar^a w I thl n the EXP. Further, 
there appear to be differences between El Nino and non-El Nino periods in 
the distribution of encounter rates and school sizes. These patterns are 
complex, and may be complicated further by changes In tuna vessel fishing 
patterns and strategies for searching for tuna.

Biological research on the dolphins of th e ETP cont I nues on stock- 
structure, age-determination, growth, reproducti on, and bioenergetics. 
Data for biological studies of population condition and replacement rates 
of ETP dolphins continue to be compiled and analyzed by Center scientists. 
B lol ogl cal prof 11 es are taken on I ncl dental mortal Itl es by tuna vessel 
observers, and biological samples (whole carcasses or tissue samples) are 
col I ected at sea, preserved, and returned to the I aboratory for analysis 
(age, sexual condition, possible stock membership, pathologies, etc.). 
Information and samples collected are entered Into data bases maintained by 
the office of the Southwest Regional Director. The goal Is to develop 
I ndl ces f or m on I tor Ing condl11ons of th e exp I olted po puI atIons and to 
Improve estimates of replacement rates should changes In allowable take 
become necessary.

The division of stocks of the eastern and offshore whitebelly spinner 
dolphin and of the offshore northern and southern spotted dolphin Is 
considered provisional. Work using both morphological and genetic measures 
of stock Identification continues. Analysis of mitochondrial DNA (mtDNA) 
Is being used to examine how the populations of spinner dolphin are 
related. Analysis of mtDNA clones (lineages) Indicate that sufficient 
I nterbr eedi ng between the eastern and whitebelly stocks has occurred (or Is 
occurring) so that the distribution of the lineages does not appear to be 
correl ated with the eastern or whitebelly morphotype. However, It appears 
that strong selection has occurred (or Is occurring) to maintain 
morphological discreteness In the presence of gene flow which has 
Intermixed the lineages. This Implies that these physical traits may have 
an adaptive or survival benefit to Its possessor.

The Center's staff continued Investigating age-related reproductive 
parameters In an effort to provide population Indices to Indicate trends of 
population condition. To reach the goal of Improved estimation of 
replacement rates and development of density-dependent condition Indices of 
exploited dolphin population, researchers continue to Investigate age 
distribution, age at sexual maturity, lifetime reproductive potential, sex 
ratio, proportion of mature females and estimates of natural mortality—all 
necessary to determine population g*owth rates.



Readings of dolphin teeth for age determination and growth were 
compi eted for sampl es of f emal e spi nner dol phi ns col I ected from 1973 to 
1982. This marked the successful end of the second phase of efforts to 
analyze gtowth rates, age structure, sexual maturity, and age-specific 
reproduct I on rates In th e northern and southern w hi tebel I y spInner and 
eastern spi nner dol phi ns. SI nee exami nati on of the data resul ted I n the 
dl scovery of I arge bi ases I n the sampl es due to sampl Ing condl tl ons, the 
preparation and reading of large samples of teeth for age distribution and 
growth has been discontinued this year.

During the year, about 1,400 gonad (sex glands) specimens from 
dolphins killed Incidentally during fishing operations were collected and 
processed. Reproduct i v e I nf orm at I on f rom th ese sam pi es w 11 I be used to 
study seasonality 1 n reproduct ive behavior, responses of popul atlons to 
levels of fishing effort and other vital rates.

Work has also been conducted on the origin of the association between 
yellow fin tuna and spotted dolphins. Results of experiments using 
comparative bioenergetlc models for the two groups suggests that the origin 
of the associ atl on may be expl al nabl e on the basl s of opt I mal sustal ned 
cruising speed for each species. Persistence of the association could be 
explained on the basis of feeding dynamics. Although the association could 
have arisen fortuitously on the basis of cruising speed, energetics models 
predl ct that persl sting In the associ atl on coul d be a probl em for tuna. 
Estimated forage requirements for dolphins are 5 to 15 times greater than 
requirements for tuna which are, therefore, associating with an especially 
voracious competitor. Tuna, however, are much smaller than dolphins and 
have correspond! ngl y smaller stomachs. Given equal probability of 
successfully capturing an I tern of prey, tuna will have full stomachs 
earl ier than will dolphins. Thus, tuna will complete their feeding bout 
while food Is still relatively dense. Dolphlnson the other hand must 
continue feeding on prey that are more dilute. Studies of dolphin 
acoustics suggest that these animals may have superior ability to locate 
prey. If so, tuna would benefit from associating with dolphins by 
encountering prey more often and at no added energetic cost. The 
persistence hypothesis Is supported by the observation that stomach 
contents of tuna and dolphins caught simultaneously are similar.

Workshop Held at NMFS Southwest Fisheries Center 
to Plan Analysis of Tuna Vessel Observer Data 
for Monitoring Dolphin Fbpulatlons

Information on dolphins In the eastern tropical Pacific has been 
collected systematically by scientific observers aboard commercial tuna 
purse seiners since the early 1970's. These data have been used to monitor 
the mortality of dol phlns which occurs Incidentally in the tuna purse seine 
fishing operations and to study dolphin life history, stock structure, and 
movements and distribution. Using a variety of approaches and techniques, 
scientists at the Center are examining the possibility of monitoring and 
detecting trends in abundance of these dolphin stocks from these observer 
data.

To determ i ne how and to w hat extent these tuna vessel observer data 
can best be used to monitor trends In population abundance and to Identify



the specific elements of a research plan to accomplish this, a meeting was 
hel d on November 13, 1985 at the Southw est FI sher I es Center. Experts on 
the tuna/dolphin Interaction were asked to provide advice and counsel to 
the NMFS. Taking part In this meeting were technical representatives of 
the U. S. tuna Industry, the U.S. Marine Mammal Commission, the Inter- 
American Tropical Tuna Commission, and members of the staff of the 
Southwest Fisheries Center's Oceanic Fisheries Resources Division.

After reaching agreement on the objectives, members of the Workshop 
group suggested 42 research or development projects which might be 
expected to yield the kinds of Information required for the abundance study 
In the areas of: stratification and search processes, line transect 
methods, school size estimation, stock identification, method development 
and comparisons, observers' effects on estimates, and economics of the 
fishery. In the ensuing months the staff of the Oceanic Fisheries 
Resources Division has Incorporated the recommendations of the participants 
at this meeting In a research plan which can test the use of the tuna 
vessel observer data for monitoring purposes.

As this was being written, approval was received from Washington that 
the planned dolphin monitoring crul ses coul d beg I n I n J u I y, 19 86. Two 
vessel s, the NOAA Ships McArthur and Dav I d Starr Jordan will 1 eave San 
Diego on July 28, 1986 with their primary objective to collect Information 
to estimate the density, size and species composition of dolphin schools In 
the eastern tropical Pacific Ocean. The McArthur will initially proceed to 
Honol ul u and gradual I y work a crul se track to Panama Cl ty, Panama. The 
Jordan will proceed southeast to Mexi co and as far south as Lima, Peru. 
Both ships will return to San Diego about December I0, I986.

1985 Tuna/Dolphin Observer Data Base Summarized

Observers are placed aboard U.S. tuna vessels by the National Marine 
Fisheries Service In a program to monitor purse seine operations to ensure 
that f I sher men abl de by federal regu I at I on s as set forth I n the Mar I ne 
Mammal Protection Act of 1972 and subsequent modifications and to collect 
specimens of dolphin and attendant field data. At the Southwest Fisheries 
Center biological technicians Randy Rasmussen and Rick Lindsay completed 
the edl tl ng of data w hi ch had been col I ected In 1985 by NMFS tech nl cl a ns 
(observers) aboard U.S. tuna purse seiners In the eastern tropical Pacific 
Ocean. The data summarized by Rasmussen and Lindsay have now been added to 
the data base use d f or th e I nvest I ga tl on of the dl str I butl on, a bun dan ce, 
mortality and life history of the dolphin populations Involved In the tuna 
purse seine fishery.

Biological technician Al Jackson calculated that 23 observer cruises 
were conducted in 1985. This Is an Increase over the II cruises fielded In 
1984 and provides a sample size of approximately 2 1% of the fishing trips 
made by U.S. purse sel ners to the ETP durl ng the year. The 23 observers 
col I ectivel y spent 1,484 days at sea durl ng 1985. The average I ength of 
cruise was 65 days. While at sea the observers logged 7,147 hours of 
mar i ne mammal w atch effort a I ong transects hav I ng a com bl ned I ength of 
86 , 442 nautical miles.
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Com pi ete si gh ti ng records, Incl udl ng estl mates of si zes of do I ph I n 
schools and confirmed species Identifications, were collected for 18
different species (or stocks of species) of cetaceans. Information for 8 
less specific classifications of cetaceans was also collected. The most 
frequently encountered animal was the offshore spotted dolphin with 1,351 
confirmed sightings. The offshore spotted dolphin Is most actively pursued 
by the purse seine fleet In the ETP because It Is most often found In 
association with tuna.

Detection rates of target dolphin stocks, expressed as the number of 
s ch ool s s I gh ted per 1,000 na u 11 cal miles of w at ch ef f or t, ran ge d from a 
h I gh of I 1.0 school s/ 1000 mil es for offshore spotted dol ph I n to a low of 
0.3 schools/1000 miles for striped dolphin. These figures are for all sea 
surface conditions. There Is, however, a distinct decrease In the
detection rates as the sea surface condition (as measured by the Beaufort 
wind force scale) deter I orates. The detection rate for all target dolphin 
stocks for calm sea conditions (Beaufort 0 and 1) was 24.3 schools/1000 
m 11 es, and the encounter rate durlngperl ods of rough er seas (Bea uf or t 4 
and 5) was only 12.7 schools/1000 miles. (The amount of watch effort 
logged during Beaufort 0-1 was 17,520 and for Beaufort 4-5 was 16,690
miles.)

A total of 1,0 15 purse seine sets was observed In 1985. Of these, 972 
were sets made on tuna associated with dolphin schools (dolphin sets), 24 
were sets made on free-school ing tuna (school fish sets) and 17 were sets 
made on tuna associated with f I oat I ng debris (log sets). An additional
two sets were made with no Intent to catch fish.

A total of 18,6 46 tons of yel I ow fin tuna, 2 85 tons of ski pjack tuna 
and 5 tons of other tuna were loaded aboard the vessels. The average catch 
from a dol phi n set was 18.4 tons, the average from school fish was 30.0 
tons, and the average from log sets was 20.6 tons. The overall average set
catch was 18.7 tons.

The observers counted a total of 4,887 dolphins killed in the vessels' 
nets. The overall observed dolphin kill per set was 5.03 and kill per ton 
of tuna loaded was 0.27 animals. Observers examined 982 dolphin specimens 
In the field and returned some of the specimens to the laboratory for
detailed examination.

ResponsI bl I 11 I ty for Estimations of Dolphin 
Mortality Transferred to SW Region

A computerized data base system, developed at the Southwest Fisheries 
Center and originally used there to estimate dolphin mortality Incidental 
to tuna fishing in the eastern tropical Pacific was transferred from the 
UCSD VAX computer system to a La Jolla Standard microcomputer and turned 
over to the San D! ego field off ice of the NMFS Southw est Regi on. The 
staff of the field office will now have responsibility for making
estimates of dolphin mortal I ty. The conversion was coordinated by computer 
programmer analyst Ken Wallace although the actual conversion was done by 
contract programmers.



The system simplifies and speeds up entering of information pertaining 
to vessel departures and arrivals and radio-reported dolphin kills observed 
by technicians at sea. The Information turned over to the SW Region's 
staff includes the current 1985 database.

Interactions between Seabirds*
Tunas and Dolphins Described

Dr. David Au and Robert Pitman have completed a manuscript describing 
the t nteractions of seabirds w i th tuna and dol phi ns, based on data they 
collected between 1 976 and 1980. In the paper, they point out that 
seabirds are commonly associated only with spotted and spinner dolphins, 
that only these two dolphin species are commonly associated with yellowfin 
tuna, and that this multispecies association Is common only on the purse 
sei ne f I sh l ng grounds of the eastern tropi cal Pad fie. In the dol ph I n- 
associated bird flocks there are multispecies assemblages In which three 
species of boobies and frigatebirds are common. In contrast, bird flocks 
found in waters beyond the purse seine fishing grounds contain few species, 
are dominated by sooty terns, are associ ated w I th small, ski pj ack-I I ke 
tuna, and are sel dom associatedwith dolphins. Au and Pitman discuss the 
Implications of these differences with respect to possi bl e area-w i de 
differences in prey and In the strategies for exploitation of that prey.

Use of mtDNA to Discriminate between 
Spinner Dolphin Stocks

At the L a J ol I a Laboratory, Dr s. An dr ew DI zon and J oh n Graves have 
been using analysis of mitochondrial DNA (mtDNA) to examine relatedness of 
po pul at I ons of spl nner dol ph I ns in the eastern tropi cal Pad f Ic Ocean 
(ETP). These dolphins are one of the species which are killed Incidentally 
during the process of purse seining for yellowfin tuna.

Analysis of mtDNA clones (lineages) among closely related populations 
al I ow s the traci ng of the movements of f emal es. The fern al e>s movements can 
be traced because all the mitochondria comes from the mother; sperm does 
not transfer any mitochondria to the egg during the fertilization process. 
For example, If a female from one population stock strays and breeds with a 
male from a second, the of f spri ng w 11 I bear the mtDNA cl one-type of the 
f em a I e. Since thi s mtDNA clone-type Is probab I y neutral (not subject to 
sel ect ion), 11 w 11 I remai n I n the second popul ati on and be passed on to 
subsequent generations. In contrast, nuclear genes expressing 
morphological traits are subject to selection and, as in the example, may 
prevent the morphological character! sti cs of the female from spreading In 
the second population.

On examining a pair of population stocks, four "scenarios" are 
possi bl e:

I) Large mtDNA differentiation and large morphological variation would 
Indicate two discrete stocks with little or no gene flow and little 
adaptation to local environment.
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2) Little mtDNA differentiation and little morphological 
differentiation would Indicate considerable gene flow.

3) Large mtDNA differentiation and little morphological 
differentiation would indicate two distinct stocks with little or no gene 
flow and which are subject to very similar environmental selection 
pressures.

4) Little mtDNA differentiation and large morphological
differentiation Indicates a situation where gene flow has resulted In the
mixing, between stocks, of opposite mtDN A cl one-types and strong selection
pressures have resulted In the elimination or suppression of the opposite 
morphotypes.

For the ETP spinners, Dizon and Graves are interested In whether
scenario 1 or 4 Is likely since they know that considerable morphological 
variation exists between the easterns and the w hi tebel I Ies. In more 
detail, they are asking about the nature of the "overlap" of the two 
populations—is It a common area of two isolated stocks with little or no 
gene flow between stocks, is It a b I-dl recti onal zone of hybridization 
between the two stocks, or Is It unl-dlrectlonal where genes from one stock
are accumulating In the gene pool of the other but not vice versa?

For th e ETP sp I nner s, DI z on a nd G rav es h av e som e tent a 11 v e answ er s. 
The molecular phylogeny based on clones of mtDNA (Dizon and Graves liken 
th I s to the I nherl tance of surnames but passed on by the f emal e rather 
than the male) is best explained by scenario 4. That Is, sufficient
Interbreeding between the stocks, In the sampled region, has occurred (or
is occurring) so that the distribution of the mtDNA clones does not appear 
to be correl ated with morphotype. It Is I ikely that selection has occurred 
(or Is occurring) to maintain morphological discreteness In the presence of 
gene flow.

These findings have Important Implications for tuna management. The 
distribution of mtDNA clones In the sampled population indicates a fair 
degree of gene f I ow and It is un de n I ab I e th at tw o m or ph oty pes are be I ng 
maintained In that sampled population. Dizon and Graves believe that this 
Impl ies that these physical traits confer an adaptive or survival benefit 
to its possessor. It Is likely that the morphological traits of the
easter n m or ph oty pe have survival val ue in th e r eg I ons w her e th e eastern 
stocks are predominantly distributed and vice versa. It may not, 
therefore, be prudent to manage the spinner dolphin in the eastern tropical 
Pa c I f I c as one stock and risk th e el I m i nat I on of th e m or e heav I ly f I she d 
eastern morphotype.

Current work is aimed at compl etl ng anal ysl s of an additional group of 
about 70 spinner samples from the ETP and I2 from the Timor Sea Just north 
of Austr a I I a. Th e I ar ger sam pi e size will a I I ow DI zon and Grav es to 
exam I ne the dl str I butl ons of II neages In animals killed In the same set. 
Pres urn ably animals from the same set shoul d be much m or e h I gh I y rel ated 
than those between sets and between sets separated by large distances such
as the Tim or Sea animals. One q uest I on th at may be answ ered I s w hether 
school groups (presumably those killed In a set are all from the same 
school s) are "tri bal " and composed of anl mal s show tng common maternal 
ancestry.



TUNA BEHAVIOR AND PHYSIOLOGY STUDIES

Natural MortalIty In Tropical Tunas —
Improving the Estimates

A cooperative effort among El fzabeth Vetter and Earl Weber of the La 
Jolla Laboratory and Chrlstofer Boggs of the Honolulu Laboratory Is 
underway to develop methods for Improving estimates of natural mortality 
(M) used In tuna stock assessments# by l n cor pora 11 n g Independent 
Information about physiological condition of the fished stock Into these 
mortality estimates.

In the past, analysts have tended to consider the stock as a whole and 
assumed a constant value of natural mortality for all ages In the fishable 
stock. This value of M has been estimated from the overall change In 
n urn ber s w I th age (s Ize) between recr ul tment and the ol dest age caught. 
This and other assumptions, such as no migration between stocks or areas, 
and unbiased or Identlflably biased sampling, are rarely valid. In 
addition, more recent stock assessment techniques consider the stock as a 
collection of ages or cohorts, and require age-speciftc parameters for the 
analyses.

As these catch-at-age analyses become more common, It becomes more 
Important to consider the possibility that natural mortality changes 
significantly with age after recruitment. In particular, It Is Important 
to determ I ne what effect age-speclf I c mortality may have on predictions 
generated by stock assessments that previously assumed natural mortal ity to 
be constant. It Is also necessary to devise ways other than simply 
f ol I ow Ing numbers through tl me to est I mate w hat the age-spec! f Ic val ues for 
natural mortality may be.

Vetter, Boggs and Weber are using a combination of mathematical 
modeling and the results of physiological experiments to study this problem 
In tropical tunas. The physiological studies provide Independent data for 
"tuning" the mortality parameters used In tuna assessment models to more 
adequately reflect patterns In natural populations.

Weber is using computer si m ul ati ons to q uant l fy the sen si t Iv I ty of 
catch-at-age models to variations (errors in estimation) In either constant 
(scalar) or age-specific (vector) natural mortality. The results from 
these studies will determine the level of precision needed from field 
samples to make any measurable Improvement In predictions of assessment.

Reasoning that energy stores are the most parsimonious expression of 
survival capacity In tuna, which are characterized by an unusually high- 
energy life style, Boggs conducted studies on the age-specific response to 
slmul a ted f oragl ng bouts and predation I n starved versus well-fed yellowfln 
and skipjack tuna.

Vetter has developed a conceptual model for the process of natural 
mortality and identified Internal versus external controls on the magnitude 
of th i s process I n size-structured popul ati ons. From th I s f ramework 11



becomes possible to Identify which aspects of the process can be studied 
with physiological Indexes, and which are not amenable to this approach.

Weber*s simulation results Indicate that errors In estimation of 
natural mortal ity can be Important to predictions generated by size- 
structured fishery models. Boggs's laboratory experiments have confirmed 
the hypothesis that measurable reductions In burst performance capacity 
occur In tuna after ecologically realistic periods of starvation (3-5 
days). Vetter's theoretical models demonstrate that physiological measures 
can be useful Indices of internally-generated (donor-controlled) risk 
(e.g., ability to avoid predation or capture food) but that the 
physiological approach Is not appropriate for studying factors under 
recipient control (e.g., predator abundance).

Two Yellcwfln Tuna Successfully Tracked

Two yellow fin tuna, Thunnus a I bacares, tagged with ultrasonic depth 
sensitive transmitters were successfully tracked for 12 and 38 hours on the 
research vessel Kaahel e* a I e. This tracking project Is a Joint effort with 
Dr. Kim Holland of theHawaii Institute of MarineBIology and Is Jointly 
supported by the Honolulu Laboratory, University of Hawaii Sea Grant 
Program, and the state of Hawaii. The first fish was caught Immediately 
adjacent to fish aggregating device (FAD) "S" located off the Waianae coast 
of Oahu. It remained In the Immediate vicinity of the FAD for 
approximately 5 hours and then slowly mcved offshore. Unfortunately, the 
track had to be abandoned after 12 hours due to mechanl cal probl ems with 
the boat's engine.

The fish w as 74 cm (fork I ength) and w as the I argest tuna tracked by 
project scientists to date. Although Its horizontal movements were similar 
to th ose of oth er y el I ow f I n tuna tr a eke d In this area, It rem a I ned at 
significantly greater depths than did the smaller yellowfln tuna. These 
data seem to support th e heat product I on- heat loss m ode Is f or y el I ow f I n 
tuna which predict that larger fish must remain In cooler water to avoid 
overheat! ng.

A second, smaller yellowfln tuna (56 cm fork length) was tracked for 
38 hours. This fish was caught near the 50 fathom Isobath, which Is 
several m I I es Inshore of th e I oca I FADs aroun d Oah u. SI m I I ar to oth er 
previously tracked yellowfln tuna, this fish patrolled along the Isobath 
durl ng the day but moved offshore durl ng the nl ght, and returned to the 
Isobath again at dawn. In contrast to the larger fish tracked Just 2 weeks 
ear I i er, th i s y el I ow f I n tuna com pi etel y I gnored the four FADs th at w er e 
easily within its range. In addition to providing replicate data on 
diurnal movements, this fish also provided high qual ity data on sustained 
sw i mm i n g s peeds. During one phase of the track, the fish swam a very 
straight course for over 5 hours at approximately 3-4 body lengths per 
second.

In related work Dr. Kim Holland, Randolph K. C. Chang, Fishery 
Biologist, and Lt. (Jg) Jeffrey A. Koch, NOAA Corps, s uccessf u I I y tracked 
two f emal e mah Imah I. Like smal I yel I ow f I n tuna and ski pj ack tuna, mahimahl 
are often associated w I th FADs. The first fish (102-cm fork I ength) was 
caught at 0800 March 5 immediately adjacent to FAD 'W" located off windward



Oahu. The second mahlmahl was also captured near FAD "W." Unf or+una+el y, 
th I s f i sh dl ed after onl y several hours of trackl ng. These are the f irst 
two mahlmahl ever tracked. Like tuna, mahlmahl appear to have good 
navigational abl I itles and appear to know the location of FADs. Uni Ike 
tuna, the first mahlmahl moved Inshore at night (all yellowfln tuna tracked 
near Oahu moved of f shore at nl ght) and sw am at deeper depths dur I ng the 
night than during the day (yellowfln tuna exhibited the opposite behavior).

Analysis of CardIo-RespIratory Reactions of Tunas Completed

Fishery biologist Peter G. Bushnel I at the Honolulu Laboratory 
completed analysis of data on experiments of cardl o-respl ratory reactions 
of sklpjackandyellowfln tunas exposed to brl ef periods of I ow ambient 
oxygen. The objective of these experiments Is to provide quantitative 
Information on the effect of varied ambient oxygen levels on the 
distribution, abundance, gear vulnerability and natural mortality of 
skipjack tuna and yellowfln tuna.

During the experiments, oxygen, carbon dioxide, and pH of arterial 
blood, heart rate, cardiac output, ventilation volume, blood pressure, and 
mouth gape were measured simultaneously. The skipjack tuna showed 
significantly lowered heart rates, increased mouth gape and Increased 
ventilation volume when the oxygen level of the water was reduced by one- 
third from full oxygen saturation. Similar reactions have been obeserved 
In y el I ow f I n tuna th at w ere tested un der the same condl tl ons. Ski pj ack 
tuna, however, were found to be much more sensitive than yellowfln tuna to 
reduced w ater f I ow over the gl I I s, al though the physl ol ogi cal reactl ons 
were similar to those observed under reduced water oxygen levels.

The data clearly showed that both tuna species were more sensitive to 
changes In oxygen levels than other fish species studied, such as the trout 
and I ingcod. A comparison of these with data on swimming depth behavior of 
yellowfln tuna showed that the oxygen level at which yellowfln tuna first 
begin to show cardl o-respl ratory reactions In the experiments Is the lowest 
oxy gen I evel that y el I ow f I n tuna are f oun d In the ocean aroun d Haw a I I. 
Whether this oxygen level (which Is far above the lethal level) Is the 
I I m I tl n g f actor In the depth dl str 1 button of yell ow fin tuna Is still 
unci ear.

Analysis of Tuna Tissue Completed

Robert E. Bourke, Research Assistant at the Honolulu Laboratory, has 
com pi eted RNA-DNA analysl s of tl ssue sam pi es taken from smal I y el I owf I n 
tuna that were I nf ested w Ith a paras I te (a I arval cestode) found I n the 
dorsal aorta and com pared the sam pi es w I th sam pi es taken from tuna that 
were not Infested. The biochemical analysis allows determination of the 
l nstantaneous growth rates of f I shes. The objective of thl s work was to 
determine If the parasite had any significant effects on the growth rates 
and natural mortality of yellowfln tuna.

The data Indicate that there is no difference in the growth of 
infested and non-Infested yellowfln tuna. Also, there were no differences 
In I ength/ wel ght ratios, condition factors, and relative heart and other
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internal organ weights between the parasitized and non-parasi t ized fish. 
These results are surprising because of the Importance of the blood vessel 
(dorsal aorta) which was occluded completely by the parasite.

During January and February 1986» Bourke found no fish Infested with 
the para si te from a s am pie of over 50 small yellowfln tuna he exam I ned. 
Over the past 2 years the infestation rate In small yellowfln tuna caught 
near Hawaii has been approximately 50%. The reasons for the apparent 
sudden disappearance of the parasite during this period are unknown.



FURTHER RESEARCH ON TUNA 

AND TUNA-RELATED ACTIVITIES



THE DYNAMICS OF TUNA MOVEMENTS

In 19 84* an International group of research scientists and 
admi nl strators, sponsored by the Inter-American Tropical Tuna Commission, 
met to consider how research efforts could be focused to meet the specific 
needs of tuna management to the year 2000. In the summary of their report, 
(Considerations for Tuna Research to the Year 2000), the participants 
noted, "The rapid expansion of tuna fisheries Into previously 
underexpl olted oceanic regions, the extension of national jurisdiction of 
fisheries by most coastal states and the Increase In effort In historic 
fisheries have placed new demands on the management of tuna resources."

Among the key Issues Identified by the participants was that of the 
movement and distribution of tunas. As a result of this recommendation a 
series of three technical workshops was held during the past year at the 
Southwest Fisheries Center to conceptual Ize the problems of tuna movements 
and distribution and to define specific research projects and experimental 
designs for the study of tuna movement dynamics.

Supported jointly by the Inter-Amerlcan Tropical Tuna Commission and 
the Natl ona I Mar I ne FI sher I es Serv Ice th e f I rst w or kshop addressed the 
results and uncertal nttes In conventional mark and recapture studies of 
tunas; the second, the relation between oceanography and tuna movements; 
and the third, new technologies that might be used to measure tuna 
movements.

A report, 'The Dynamics of Tuna Movements: An Evaluation of Past and 
Fut ur e Re sear ch, " has been com pi ete d an d w 11 I be su bm I tted to FAO of the 
United Nations, Marine Resources Service, which has agreed to publishthe 
report In an established fisheries series.

Recommendations obtained in the report Include:

• Establish International arrangements to share data on tuna movement 
and to provide I inks with international oceanographic programs.

t Increase the number and kinds of observations of movements of tuna 
In the vertical plane.

I Develop and use technology for tracing the actual path followed by 
tunas over extended periods and for measuring movements Independent of the 
f I sh ery.

9 Conduct Intensive ocean studies on the dynamics of tuna movements 
which combine old technologies with the new approaches, I.e. development 
and use of an archival tag.

NMFS Contributes to 36th Annual Tuna Conference

The Tuna Conference, an annual event since 1950, is held for the 
purpose of providing an opportunity for fishery biologists to meet and



exchange current research Information on tuna and tuna-1 Ike species. The 
36th annual Tuna Conference, hosted by the I nter-Amer I can TropI cal Tuna 
Commission (IATTC) and chaired by Kurt Schaefer, Associate Scientist with 
the IATTC, was hel d at the UnlversI ty of Cal if ornl a Conference Center I n 
Lake Arrowhead, Cal Ifornla from May 21 to May 24, 1985. There were 73 
participants, including a sizeable contingent from the NMFS, with 
representatives from Australia, the Azores, Canada, Indonesia, Japan, 
Mexico, and the Seychelles.

The presentations were organized into four sessions: distribution, 
abundance, movements, and other aspects with NMFS scientists well 
represented. For example, contributing to the session on distribution were 
NMFS scientists Paul Sund of the Pacific Fisheries Environmental Group 
(PFEG) who discussed 'Tuna distribution In relation to the environment"; 
Dr. Richard Brill of the Honolulu Laboratory who presented a talk, 
"Physiological factors affectl ng tuna dl str I butl on and movements"; Dr. 
Steve Reilly of the Oceanic Fisheries Resources Division (OFRD) at La Jolla 
who presented, "Spatial temporal patterns In ETP dolphin distribution from 
tuna vessel observer data"; and Dr. David Au of OFRD who spoke on "Avifauna 
of eastern Pacific tunas.

In the session on abundance, Dr. Tim Smith of OFRD talked about "A 
heuristic data analysis device for examining s pa ti a I-tern por al patterns." 
Smith discussed the potential for using m I cro-computers for graphically 
displaying fine scale aspects of tuna purse seiner searching strategies.

In the session on movements, Dr. Michael Laurs of the Coastal 
Fisheries Resources Division (CFRD)gave an overview on al bacore movements 
through the Pacific Ocean In a talk entitled, 'Large-scale and small-scale 
movements of al bacore." Dr. Pierre Kleiber of OFRD and Dr. Sam Bledsoe, 
University of Washington, presented a talk on "Behavior of al bacore 
population dynaml cs and movement model." Dr. John Hunter, CFRD, gave an 
overview of the workshops he recently chaired on tuna movements and 
distribution in a talkentitled, "Future di recti on s for research on the 
dynamics of tuna movement."

Dr. Chr I stof er Boggs, Honol ul u Laboratory, was the convener for the 
session on other aspects of tuna research. In that session Boggs 
presented, "A physiological Index for natural mortal I ty"; Dr. El izbeth 
Vetter, OFRD, presented, "Running hot and cold In the ETP": some simple 
hypotheses about origin and persistence of the tuna-dolphin association;" 
Dr. Richard Brill, Honolulu Laboratory, presented "Description of a newly 
rediscovered parasite from the dorsal aorta of yellow fin tuna"; Paul Sund, 
PFEG presented, "A wind f I sha bill ty Index for al bacore"; and Dr. Jay Barlow 
and Stephanie Sexton of OFRD, presented, 'Geographic variation In spotted 
dolphin reproduction parameters."

At the business meeting which closed the 36th Annual Tuna Conference, 
Dr. Richard Brill of the Center's Honolulu Laboratory was appointed Chair 
of the 37th Annual Tuna Conference.



PUBLICATIONS



SWFC PUBLICATIONS ON TUNA AND TUNA-RELATED SUBJECTS

MAY 1, 1985 TO APRIL 30, 1986

PUBLISHED

Ankenbrandt, Lisa. 1 985. Food habits of ba I t-caught ski pj ack tuna, 
Katsuwonus pelamls, from the southwestern Atlantic Ocean. Fish. 
Bui I., U. S. 83(3) :379-393.

Stom ach contents of ski pj ack tuna captured I n 1 981 -82 by Itvepole- 
and-1 I ne vessel s off the south ern coa stofBrazIl were anal yzed for 
the presence of larval and J uv enll e ski pj ack tuna. The percentage 
frequency of occurrence, percent number, and percent volume were 
evaluated. Of the 1,041 stom ach s th at w ere exam I ned f or f ood, 436 
were empty. The mean volume of food I n al I stomachs analyzed was 36.9 
mL, of which 18.9 mL was bait and 18.0 mL was prey.

The gonostomatld MauroIleus mueI Ierl and the euphauslId Euphaus I a 
s I m 11 Is were the principal foods. Other Important foods were the chub 
mackerel, Scomber JaponIcus ; the frigate tuna, Auxls thazard: 
gempyllds; trlchlurids; and carangl ds. In the study area, adult 
skipjack tuna were not found to feed on their young.

Kr uska I I - Wal I l s nonparametr I c one-way analysis of variance was used to 
test for differences In the mean vol urn etr l c ratios of food I terns In 
rel atl on to ski pj ack size. The percentage of s I m I I Is I n the dl et 
was found to decrease, while the proportion of .M*. muel I erl was found 
to increase with Increasing skipjack size. Seasonal variations In the 
diet were also examined and discussed.

Apparently the anatomy of their gill raker apparatus allows skipjack 
to I n gest a w I de v ar I ety of pr ey ty pes a bove a m I n I m urn size. These 
variations in the food can be attributed to the number and size of the 
prey species in an area.

Holland, K., R Chang, and S. Ferguson. 1985. Progress report on tuna 
tracking. South Pac. Comm. Fish. Newsl. 32:19-23, March 1985.

Jones, D. R., R. W. BrI I I, and D.C. Mense. 1 986. The I nf I uence of bl ood gas 
properties on gas tensions and pH of ventral and dorsal aortic blood 
In free-sw Immlng tuna, Euthynnus afflnls. J. Exp. Biol. 120:201-213.

Laurs, R.M., R. Nishimoto, and J.A. Wetherall. 1985. Frequency of 
I ncrement f ormatl on on sagl ttae of North Pad f Ic al bacore (Thunnus 
al al unga). Can. J. Fish. Aquat. Scl. 42:1552-1555.

An examination of sagittae from 116 al bacore (Thunnus alalunga) caught 
In the North Pacific, Injected with tetracycline, tagged, released and 
subsequently recaptured In sport and commercial fisheries showed that 
detectable increments are formed on these otoliths at an average rate 
of 0.9 54 per day. We take th I s as a conf I rm at I on of dally I ncr em ent



formation in North Pacific albacore saglttae. The si Ight departure of 
observed mean Increment counts from the expected rate of one per day 
may be due to an occasional Interruption of otol Ith growth# or to a 
systematic bias in detecting dally Increments or Interpreting otolith 
m icrostructure. The estimated rate of detectable Increment formation 
applies explicitly to albacore of fork lengths between 50 and 100 cm. 
If the same rate holds for fish smaller than 50 cm# as Is likely# most 
albacore taken In sport or commercial catches can be aged accurately 
by applying our methods and expanding the Increment count by 5%.

Mackett, David J. 1985. Strategic planning for research and 
management of the albacore tuna fishery. Systems Research 2(3):201 — 
210.
The National Marine Fisheries Service (NMFS) em pi eyed the principles 
of Interactive management# supported by consensus building techniques 
for facil Itating meetings# to produce a strategic plan for research on 
and management of an Important fishery. A technically oriented task 
force a I ded by a pi anner w as ass l gned the task of facil Itating the 
production of the plan; an Important first step was the production of 
a probable future scenario of the fishery. Interested citizens#
I nf ormed by the scenarl o# were I nv 1 ted to state their goal s for the 
fishery and to list what they considered desirable future trends and 
events. An opt I ons field for the research an d mana gement strategy 
consisting of 17 design categories was produced by the task force and 
knowledgeable members of NMFS management. The pros and cons for 
Including each option In the NMFS strategy were discussed In a meeting 
of NMFS Headq uarters# Regional and Laboratory management. A set of 
options was chosen by consensus to represent the NMFS strategic plan 
for Its research and management of the North Pacific albacore fishery.

Perry, S.F.# C. Daxboeck, B. Emmett# P.W. Hochachka# and R.W. Brill. 
1985. Effects of exhausting exercl se on acid-base regul atlon in 
skipjack tuna (Katsuwonus pelamis) blood. Physiol. Zool. 58:421- 
429.

The effects of exhaustl ng exercl se on aci d-base ba I ance of ski pj ack 
tuna bl ood w ere I nvestl gated. Fol I ow l n g exercl se# tuna displayed a 
mixed respl ratory/metabol Ic acidosis with blood pH being reduced by 
- 0.4 units. The respiratory component (51% of the Initial acidosis) 
was compensated following 20 min of recovery# while the blood 
metabolicacld load (H+m; ~8mM) was cleared after only 50 min. At 
that tl me, there w as a great di screpancy betw een bl ood I actate I oad 
and l-H-m load because blood lactate levels were still Increasing. The 
significance of these results Is discussed with reference to the 
tuna's habitat# behavior# and physiology.

_________________ . 1 985. Effects of temperature change on acid-base
regulation In skipjack tuna (Katsuwonus pelamis) blood. Comp. 
Blochem. Physiol. 81A:49-53.

Wahlen, Bruce E.# and Tim D. Smith. 1 985. Observer effect on 
in cl dental dol ph I n m or tal I ty i n the eastern tropl cal Paclflctuna 
fishery. Fish. Bull., U. S. 83 ( 4) : 521-530.



Sci ent! f Ic observers pi aced aboard a sampl e of purse sei ne vessel s 
col lect data that are used to estimate the total number of dol phi ns 
killed Incidentally in the eastern tropical Pacific tuna fishery. If 
the presence of these observers, who are not crew members, affects
Incidental kill I evel s, then the kl I I est I mates w 11 I be bl ased. To
test for the existence of such an observer effect, the author compared 
dolphin kill data that had been recorded by observers who differed In 
levels of obtrusiveness according to their purposes for data 
collection. Some observers were placed on board primarily to collect 
data for estimating the total number of dolphins k 11 I ed annual I y. 
Other observers collected data both for that purpose and for 
mon I tori n g com pi I ance w I th dol phi n-rel ease regul atl ons. Results 
confirm that the presence of an observer does affect dolphin kill. The 
primary effect Is an Increase In the proportion of sets with no
dolphins killed, and a decrease In the proportion of sets with one to
nine dolphins killed. While the magnitude of the effect of observers 
cannot be estimated from their data, estimates of total dolphin 
mortal I ty based on data collected by the scientific observers are 
biased downward.

TECHNICAL MEMORANDA

Parrish, Richard H. 1985. Operational plan for NMFS al bacore program. 
U. S. Dep. Ccmmer., NOAA Tech. Memo., NOAA-TM-NMFS-SWFC-52, 31 p.

Sund, Paul N. 1985. Al bacore fishing and wlndspeed. U. S. Dep. 
Ccmmer., NOAA, Tech. Memo., NOAA-TM-NMFS-SWFC-53, 18 p.

Note: Copies of these and other NOAA Tech n I cal Mam or an da are available 
from the National Technical Information Service, 5285 Port Royal Road, 
Springfield, VA 22167. Paper copies vary In price. Microfiche 
copies cost $4.50.

TRANSLATION

Petit, M. 1 984. Fishing by tuna seiners in the tropical western 
Pacific. La Peche Maritime, p. 622-628, 20 November 1984. (Engl, 
transl. by W.G. Van Campen 1 985, 1 4 p., Transl. No. 99; available 
Southwest Fish. Cent., Natl. Mar. Fish. Serv., NOAA, Honolulu, HI 
96812) .

ADMINISTRATIVE REPORTS

Barrett, I. 1 985. Di rector’s report to the Thirty-sixth Tuna 
Conference on Tuna and Tuna-related Activities. Southwest Fish. Cent. 
La Jolla Lab., Natl .Mar. Fish. Ser., NOAA, Admin. Rep. LJ-85-17, 
53 p.



Carlson, K. and S. F. Herrick, Jr. 1985. Vessel characteristics and 
performance of the North Pacific albacore fleet: 197 4-1 976. 
Southwest Fish. Cent., La Jolla Lab., Natl. Mar. Fish. Ser., NOAA, 
Admin. Rep. LJ-85-05.

Harada, T., R. S. Shomura, T.K. Kazama, 0. Murata and S. MIyashIta. 1 986. 
The transport of eggs and larvae of skipjack tuna from Hawaii to 
Japan. Southwest Fish. Cent., Honol ul u Lab., Natl. Mar. Fish. Serv.» 
NOAA, Admin. Rep. H-86-2, 3 p.

Holt, R. 1 985. Estimates of abundance of dolphin stocks taken 
Incidentally In the eastern tropical Pacific yellowfln tuna fishery. 
Southwest Fish. Cent., La Jolla Lab., Natl. Mar. Fish. Serv., NOAA, 
Admin. Rep. LJ-85-16.

Holts, D. and N. Bartoo. 1 985. Report of the Ninth North Pacific 
Al bacore Workshop. Southwest Fish. Cent., La Jolla Lab., Natl. Mar. 
Fish. Serv., NOAA, Adnln. Rep. LJ-85-25.

Holts, D., E. Weber, and N. Bartoo. 1985. Report of the 1984 Pacific 
al bacore gl I I net survey. Southw est FI sh. Cent., La Joll a Lab., Natl. 
Mar. Fish. Serv., NOAA, Adnin. Rep. LJ—85—11.

Majors, A. and F. Miller. 1 985. Summary of the 1 984 North Pacific 
al bacore f I shery data. Southwest Fish. Cent., La Joll a Lab., Natl. 
Mar. Fish. Serv., NOAA, Adn I n. Rep. LJ-85-14.

Parks, W. 1985. Numbers of dolphin chased, captured and Injured 
Incidental to fishing by theU.S. purse-seine fishery for tropical 
tuna In the eastern Pacific Ocean, 1977-1983. Southwest Fish. Cent., 
La Jolla Lab., Natl. Mar. Fish. Serv., NOAA, Adn I n. Rep. LJ-85-15.

PAPERS SUBMITTED FOR PUBLICATION

Abe, H., R.W. Brill, and P. Hochachka. Metabol Ism of L-hlstidlne, 
carnosine, and anserine In skipjack tuna. For consideration for 
publication In J. Exp. Biol.

Au, David W.K., and Robert L. Pitman. Seabird Interactions with dolphins 
and tuna In the eastern tropical Pacific. For consideration for 
publ icatlon In the Condor.

Herrick, Samuel F., Jr. and Steve Kopl In, U. S. tuna trade summary 1 984. 
For consideration for publication In Mar. Fish. Rev.

Holland, R. Brill, S. Ferguson, R. Chang, and Reuben Yost. A small 
vessel tech n Iq ue f or trackl n g pel agl c f I sh. For consl deratl on f or 
publication In Mar. Fish. Rev.

Holt, Rennie S. Estimates of abundance of dolphin stocks taken
Incidentally In the eastern tropical Pacific yellowfln tuna fishery. 
For consideration for publ Icatlon In Marine Mammal Science.



------------------ , Estimating density of dolphin schools In the eastern tropical
Pacific Ocean by line transect methods. For consideration for 
publication In FI shery Bui I etl n, U. S.

Holt, Rennie S. and John B. Cologne. Factors affecting observer 
performance during research vessel sighting surveys of dolphin 
abundance. For consl deratl on for publ Icati on I n FI shery Bui I etl n,
U. S.

Hunter, J. Roe, Beverly J. Macew Icz, and John R. Slbert. The spawning 
frequency of skipjack tuna, Katsuwonus pelamls, from the South 
Pacific. For consideration for publication In Fishery Bulletin, US.

Moon, T.W., R.W. Brill, P. W. Hochachka, and J. M. Weber. L-( +)-Lactate 
transport Into the red blood cells of skipjack tuna, Katsuwonus 
-BSlam 15. For consideration for publication In Physiological Zoology.

Song, Y.C., R. J. Ratty, and R. M. Laurs. Transmission electron microscopy 
for observation of C-banded skipjack tuna chromosomes. For 
consideration for publ Icati on In the Journal of Fish Biology.

Squire, James L., Jr. Striped marlin (Tetrapturus audax) migration 
patterns and rates in the northeast Pacific Ocean: as determined by a 
cooperative tagging program and Its relation to resource management. 
Their relation to resource management. For consideration for 
publication In NOAA Technical Report series.
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