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ANNUAL REPORT OF THE
INTER-AMERICAN TROPICAL TUNA COMMISSION, 1996

INTRODUCTION

The Inter-American Tropical Tuna Commission (TATTC) operates under the authority and
direction of a convention originally entered into by Costa Rica and the United States. The con-
vention, which came into force in 1950, is open to adherence by other governments whose
nationals fish for tropical tunas and tuna-like species in the eastern Pacific Ocean. Under this
provision Panama adhered in 1953, Ecuador in 1961, Mexico in 1964, Canada in 1968, Japan in
1970, France and Nicaragua in 1973, Vanuatu in 1990, and Venezuela in 1992. Ecuador with-
drew from the IATTC in 1968, Mexico in 1978, and Canada in 1984,

The IATTC fulfills its responsibilities with two programs, the Tuna-Billfish Program and
the Tuna-Dolphin Program. The principal responsibilities of the Tuna-Billfish Program are (1) to
study the biology of the tunas and tuna-like species of the eastern Pacific Ocean to estimate the
effects that fishing and natural factors have on their abundance and (2) to recommend appro-
priate conservation measures so that the stocks of fish can be maintained at levels which will
afford maximum sustainable catches. The principal responsibilities of the Tuna-Dolphin
Program are (1) to monitor the abundance of dolphins and their mortality incidental to fishing
through the collection of data aboard tuna purse seiners fishing in the eastern Pacific Ocean, (2)
to analyze these data and make appropriate recommendations for the conservation of dolphins,
(8) to study the causes of mortality of dolphins during fishing operations and encourage fishermen
to adopt fishing techniques which minimize the mortalities of dolphins, and (4) to study the
effects of different modes of fishing on the various fish and other animals of the pelagic ecosystem.

To carry out these missions, the JATTC conducts a wide variety of investigations at sea, in
ports where tunas are landed, and in its laboratories. The research is carried out by a perma-
nent, internationally-recruited research and support staff (Appendix 1) selected by the Director,
who is directly responsible to the Commission.

The scientific program is now in its 46th year. The results of the IATTC staff’s research
are published in the IATTC'’s Bulletin series in English and Spanish, its two official languages, in
its Special Report series, and in books, outside scientific journals, and trade journals. Reviews of
each year’s operations and activities are reported upon in the IATTC’s Annual Reports, also in the
two languages.
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COMMISSION MEETINGS

The convention of the IATTC requires that it meet at least once each year. In addition,
intergovernmental meetings (IGMs), involving representatives of member governments and non-
member governments which are interested in the fisheries for tropical tunas in the eastern
Pacific Ocean, are nearly always held in conjunction with the IATTC meetings. Two permanent
working groups, the International Review Panel (IRP) and the Scientific Advisory Board (SAB),
were established by the Agreement for the Conservation of Dolphins adopted at the 24th [GM,
held in June 1992. (That agreement is reproduced as Appendix 2 of the IATTC Annual Report for
1992.) The proceedings of the IATTC, IRP, and intergovernmental meetings held in 1996 are
summarized in this section.

FIFTY-SEVENTH MEETING OF THE TATTC

The IATTC held its 57th meeting in La Jolla, California, USA, on October 21-23, 1996. Mr.
Brian Hallman of the United States served as Chairman. Representatives of seven member gov-
ernments attended the meeting, as did observers from Canada, Colombia, Ecuador, El Salvador,
Mexico, the Republic of China, the Russian Federation, Spain, the European Community, the
Great Lakes Fishery Commission, the International Commission for the Conservation of Atlantic
Tunas, the International Whaling Commission, the Organizacién Latinoamericana de Desarollo
Pesquero, the American Cetacean Society, the Center for Marine Conservation, the Earth Island
Institute, the Fundacién para la Defense de la Naturaleza, Greenpeace International, the
Humane Society International, the Red Mexicana de Accién Frente al Libre Comercio, The
Fishermen’s Coalition, and the Whale and Dolphin Conservation Society.

The following agenda was adopted:
Opening of the meeting
Adoption of agenda
Review of current tuna research
The 1995 fishing year
Status of tuna stocks
Review of tuna-dolphin research and extension programs
Review of International Dolphin Conservation Program
Recommendations and Resolutions for 1996
Recommended research program and budget for FY 1997-1998
Place and date of next meeting
. Election of officers
Other business
a) The Kyoto Declaration and Plan of Action
b) Other issues

13. Adjournment

The IATTC meeting was temporarily adjourned on October 21, 1996, and an intergovern-
mental meeting, involving all the national representatives at the IATTC meeting, as either par-
ticipants or observers, was convened on that date. The principal purpose of this meeting was to
discuss the International Dolphin Conservation Program (established by the Agreement for the
Conservation of Dolphins) and implementation of the Declaration of Panama (IATTC Annual
Report for 1995: Appendix 3). Representatives of various governments and organizations read
statements regarding the latter. A statement, which appears as Appendix 2 of this report, was

PO N0 O Wb
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read by the representative of Mexico. This statement announced that Mexico was suspending its
participation in the International Dolphin Conservation Program, but made it clear that suspen-
sion of participation is different from outright withdrawal, and that Mexico would continue to “act
in a manner consistent with internationally accepted standards for environmental use.” A joint
statement read by the representative of Colombia on behalf of the governments of Colombia,
Costa Rica, Ecuador, Panama, Vanuatu, and Venezuela appears as Appendix 3 of this report.

After the intergovernmental meeting was adjourned, the JATTC meeting was reconvened
on October 22.

The TATTC staff recommended a yellowfin catch quota of 235,000 short tons (213,188
metric tons) in the Commission’s Yellowfin Regulatory Area (CYRA) during 1996, with the option
to increase this limit, at the discretion of the Director, by up to three increments of 20,000 short
tons (18,144 metric tons) each. The rationale for this recommendation is given in Background
Paper 2 prepared for the meeting, which is available from the IATTC on request.

The following actions were taken:

(1) Adraft resolution prepared by the IATTC staff regarding the conservation of yellowfin
was approved. This resolution reads as follows:

The Inter-American Tropical Tuna Commission, having responsibility for the scientific study of
the tunas and tuna-like fishes of the eastern Pacific Ocean, and for the formulation of recommenda-
tions to the High Contracting Parties with regard to these resources, and having maintained since
1950 a continuing scientific program directed toward the study of those resources,

Notes that the yellowfin tuna resource of the eastern Pacific supports one of the most impor-
tant surface fisheries for tunas in the world, and

Recognizes, based on past experience in the fishery, that the potential production from the
resource can be reduced by excessive fishing effort, and

Recalls that from 1966 through 1979 the implementation of a successful conservation program
maintained the yellowfin stock at high levels of abundance, and

Notes that from 1980 through 1995, excepting 1987, although no conservation programs were
implemented, conservation measures were recommended to the Commissioners by the scientific
staff, and in turn such measures were approved by the Gommissioners for recommendation to their
respective governments, and

Observes that, although the stock of yellowfin is currently at a level of abundance greater than
the optimum, nevertheless it can be over-exploited,

Concludes that, if conditions warrant, a limitation on the catch of yellowfin tuna should be
implemented during 1996.

The Inter-American Tropical Tuna Commission therefore recommends to the High Contracting
Parties that a quota of 235,000 short tons be established for the 1996 calendar year on the total catch
of yellowfin tuna from the CYRA (as defined in the resolution adopted by the Commission on May 17,
1962), and that the Director should be authorized to increase this limit by no more than three suc-
cessive increments of 20,000 short tons each if he concludes from examination of available data that
such increases will pose no substantial danger to the stocks, and

Finally recommends that all member states and other interested states work diligently to
achieve the implementation of such a yellowfin conservation program for 1996,

(2) The Commission agreed to a proposed budget of $4,547,388 (not including assessments
to pay for costs of placement of observers on fishing vessels) for the 1997-1998 fiscal year.

(3) The Commission endorsed the Kyoto Declaration and Plan of Action on the Sustainable
Contribution of Fisheries to Food Security.

(4) The Commission agreed that its next meeting would be held in San Jose, Costa Rica,
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in June 1997, and that a representative of Costa Rica, to be named later, would serve as
Chairman for that meeting.

ELEVENTH MEETING OF THE INTERNATIONAL REVIEW PANEL

The 11th meeting of the International Review Panel (IRP) was held in Ensenada, Mexico,
on January 25-26, 1996. Lic. Carlos Camacho Gaos of Mexico presided at the meeting, which was
attended by representatives of Colombia, Costa Rica, Mexico, the United States, Vanuatu,
Venezuela, the Cdmara Nacional de la Industria Pesquera of Mexico, the United States Tuna
Foundation, Greenpeace International, and the Organizacién Latinoamericana de Desarrollo
Pesquero. Members of the staff of the Programa Nacional para el Aprovechamiento del Atin y
Proteccién de los Delfines of Mexico provided organizational support.

The agenda consisted of the following items:

Opening of the meeting

Election of Presider

Approval of agenda

Approval of minutes of the 10th Meeting of the IRP

A description and illustration of the new sack-up procedure

Information about rescue alternatives which might be used prior to backdown
Review of observer data

Proposed procedures for dealing with special problem sets

Action taken to improve living accommodations of observers aboard vessels
Analyses of mortality rates in sets on large herds of dolphins

Follow-up of infractions relating to interference with observers previously presented to
the IRP

Dolphin Mortality Limits (DMLs):

a) Review of 1995 DMLs

b} DMLs for 1996

13. Status of employment conditions of observers

14. Place and date of next meeting

15. Other business

16. Adjournment

Copies of the Annual Report of the IRP for 1996, which contains details of what took place
at this meeting, are available from the IATTC on request.

— =
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TWELFTH MEETING OF THE INTERNATIONAL REVIEW PANEL

The 12th meeting of the IRP was held in La Jolla, California, USA, on August 28-29, 1996.
Amb. Jean-Francois Pulvenis of Venezuela presided at the meeting, which was attended by rep-
resentatives of Colombia, Costa Rica, Mexico, the United States, Vanuatu, Venezuela, the
Céamara Nacional de la Industria Pesquera of Mexico, the Fundacién para la Defensa de la
Naturaleza, and the Red Mexicana de Accién Frente de Libre Comercio.

The Agenda consisted of the following items:

1. Opening of the meeting

2. FElection of Presider

3. Approval of agenda

4. Approval of minutes of the 11th Meeting of the IRP
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
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Dolphin Mortality Limits (DMLs):

a. Review of 1996 DMLs

b. DMLs for the second semester of 1996

Review of observer data

Annual Report, 1995

Information about rescue alternatives which might be used prior to backdown
a. Analyses of mortalities with and without divers

b. “Linea Humana”

Action taken to improve living accommodations of observers aboard vessels
Analyses of mortality rates in sets on large herds of dolphins

Marine mammal mortality by species

Tonnage assessments

Status of employment conditions of observers

Tuna tracking

Jurisdiction of vessels in the program

Proposed procedures for dealing with special problem sets

Place and date of next meeting

Other business

Adjournment

1

Copies of the Annual Report of the IRP for 1996, which contains details of what took place
at this meeting, are available from the TATTC on request.

THIRTEENTH MEETING OF THE INTERNATIONAL REVIEW PANEL

The 18th meeting of the IRP was held in La Jolla, California, USA, on October 19 and 21,
1996. Ms. Hilda Diaz-Soltero of the United States presided at the meeting, which was attended
by representatives of Colombia, Costa Rica, Ecuador, the United States, Vanuatu, Venezuela, the
Cédmara Nacional de la Industria Pesquera of Mexico, the Fundacidn para la Defensa de la
Naturaleza, Greenpeace International, and the Red Mexicana de Accin Frente de Libre

Comercio.

The Agenda consisted of the following items:

Cup W=

© = o

9.
10.
11.
12

Opening of meeting

Election of Presider

Approval of agenda

Approval of minutes of the 12th Meeting of the IRP

Dolphin Mortality Limits (DMLs):

a. Review of 1996 DMLs

b. DMLs for 1997

Review of observer data

Procedures for dealing with special problem sets

Mortality rates in sets with few dolphins captured and no backdown
Proper techniques for releasing the bow ortza in lieu of backdown
Place and date of next meeting

Other business

Adjournment

Copies of the Annual Report of the IRP for 1996, which contains details of what took place
at this meeting, are available from the IATTC on request.
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ADMINISTRATION

BUDGET

At its 53rd meeting, held in Cumand, Venezuela, on June 7-8, 1994, the Commission unan-
imously approved the budget for the 1995-1996 fiscal year, submitted by the Director, in the
amount of $4,866,767. However, the final amount received from the member nations during the
1995-1996 fiscal year was $3,227,000, a shortfall of $1,639,767 relative to the amount which was
recommended and approved for the regular budget. As a consequence, some planned research
had to be curtailed. In addition to its regular budget, during the 1995-1996 fiscal year the IATTC
received $901,658 from vessel owners to pay the costs of placing observers on their vessels and
$91,444 from other sources, e.g. organizations which awarded contracts to the IATTC to perform
various types of research.

FINANCIAL STATEMENT

The Commission’s financial accounts for the 1995-1996 fiscal year were audited by Peat,
Marwick, Mitchell and Co. Summary tables of its report are shown in Appendix 4 of this report.

INTER-AGENCY COOPERATION

During 1996 the scientific staff of the IATTC continued to maintain close contact with uni-
versity, governmental, and private research organizations and institutions on the local, national,
and international level. This contact enabled the staff to keep abreast of the rapid advances and
developments taking place in fisheries and oceanography research throughout the world. Some
aspects of these relationships are described below.

The IATTC’s headquarters are located on the campus of Scripps Institution of
Oceanography (SI0), University of California, La Jolla, California, USA, one of the major world
centers for the study of marine science and the headquarters for federal and state agencies
involved in fisheries, oceanography, and related sciences. This situation provides the staff with
an excellent opportunity to maintain frequent contact with scientists of those organizations. Drs.
James Joseph and Richard B. Deriso are members of the faculty of SIO, and Dr. Deriso taught a
course and supervised the research of some students at that institution during 1996. Mr. Michael
G. Hinton and Ms. Cleridy E. Lennert were registered as graduate students at SIO during 1996.

Drs. Joseph and Deriso also serve as members of the faculty of the University of
Washington, Seattle, Washington, USA, and Dr. Joseph is also a member of the faculty of the
Universidad Auténoma de Baja California, Ensenada, Mexico. Dr. Martin A, Hall serves as a
member of the faculty of the University of British Columbia, Vancouver, B.C, Canada. Drs.
Deriso, Hall, Michael G. Hinton, Robert J. Olson, and Michael D. Scott served on committees
which supervised the research of graduate students at various universities during 1996.

The cordial and productive relationships which the IATTC has enjoyed with the Comisién
Permanente del Pacifico Sur (CPPS), the Convention for the Conservation of Southern Bluefin
Tuna (CCSBT), the Food and Agriculture Organization (FAO) of the United Nations, the
International Commission for the Conservation of Atlantic Tunas (ICCAT), the Organizacién
Latinoamericana de Desarrollo Pesquero (OLDEPESCA), the South Pacific Commission (SPC),
and other international organizations have continued for many years. Mr. Alejandro A.
Anganuzzi was granted a leave of absence, which extended throughout 1996, to coordinate the
work of the Indo-Pacific Tuna Development and Management Programme (IPTP) (which became
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the Indian Ocean Tuna Commission (IOTC) in late 1996) in Colombo, Sri Lanka. To help achieve
the objectives of its Expert Consultation on Interactions of Pacific Ocean Tuna Fisheries, FAO has
provided funding for two computer simulation studies which are being conducted by the IATTC
staff. FAO also provided funds for a world workshop on bigeye tuna which was held at the IATTC
headquarters in La Jolla in November 1996. Dr. Deriso served as an advisor for the CCSBT and
ICCAT during 1996.

Also during 1996, the IATTC staff maintained close working relationships with fishery
agencies of its member countries, and with similar institutions in many non-member countries in
various parts of the world. Mr. Forrest R. Miller’s studies of the effects of environmental condi-
tions on the surface fishery for tunas, deseribed in the subsection entitled Oceanography and
tuna ecology, are funded mostly by the U.S. National Marine Fisheries Service. Dr. James
Joseph was a member of the Committee on Fisheries of the Ocean Studies Board of the U.S.
National Academy of Sciences, Dr. Richard B. Deriso was co-chairman of the Committee on Fish
Stock Assessment Methods of the National Research Council of the United States, a member of
the Scientific and Statistical Committee of the Western Pacific Fishery Management Council of
the United States, a member of the Review Committee for California Sea Grant, and an advisor
on stock assessment of school sharks to the Australian Fisheries and Management Authority. Dr.
William H. Bayliff and Mr. Patrick K. Tomlinson were members of the editorial board of
Investigaciones Marinas CICIMAR, published by the Centro Interdisciplinario de Ciencias
Marinas, Instituto Politécnico Nacional, La Paz, Mexico, Dr. Ashley J. Mullen was Associate
Editor of Natural Resource Modeling, a journal published by the Rocky Mountain Mathematics
Consortium in association with the Resource Modeling Association, and Dr. Michael D. Scott was
an Associate Editor of the journal Marine Mammal Science. Dr. Scott was also a member of the
Pacific Scientific Review Group, which has the responsibility of monitoring U.S. marine mammal
management policies and research in the Pacific Ocean. Mr. Kurt M. Schaefer participated in the
Hawaii Tuna Tagging Program, funded by the Pelagic Fisheries Research Program at the Joint
Institute of Marine and Atmospheric Research, School of Ocean and Earth Sciences and
Technology, University of Hawaii at Manoa. Mr. Felipe Galvan-Magafia of CICIMAR and Dr.
Robert d. Olson of the TATTC continued their joint study of the trophic interactions of yellowfin
tuna, dolphins, and associated predators in the eastern Pacific Ocean described on pages 27-28 of
the IATTC Annual Report for 1995. Mr. Vernon P. Scholey spent 6 weeks in Japan, where he
studied methods of culturing larval, juvenile, and adult tunas and related topics at the Japan
Sea-Farming Association’s (JASFA) Yaeyama Station on Ishigaki Island, Okinawa Prefecture,
JASFA's Amami Station, Kagoshima Prefecture, the Oshima Branch station of Kinki University
in Wakayama Prefecture, Shimonoseki University, Yamaguchi Prefecture, and the National
Research Institute of Aquaculture near Shima Osobe, Mie Prefecture. His expenses were paid by
an Overseas Fishery Cooperation Foundation (OFCF) scholarship. The IATTC’s involvement in
a joint research project with the OFCF and the government of Panama is described in the section
entitled Early life history studies.

Since 1977 the IATTC staff has been training observers for placement aboard tuna vessels
to collect data on abundance, mortality, and other aspects of the biology of dolphins. In addition,
these observers have collected stomach contents and samples of gonads and other tissues of yel-
lowfin tuna, recorded data on the incidental catches of species other than tunas and dolphins,
recorded information on floating objects and the fauna and flora associated with them, etc.
(Government organizations, educational institutions, and industry representatives from the var-
ious countries involved have cooperated fully in the training and placement of these observers.
Data collected by the observer programs of Mexico and the United States were furnished to the
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IATTC staff for analysis. (In February 1996 the United States terminated its observer program,
and after that TATTC observers accompanied U.S. vessels capable of fishing for dolphin-associ-
ated tunas on all their trips.)

Over the years, scientists and students from many countries have spent several weeks or
months at the IATTC’s headquarters in La Jolla and at its Achotines Laboratory learning new
research methods and conducting research utilizing IATTC facilities and data. The visitors
whose stays amounted to 2 weeks or more are listed in the section entitled VISITING SCIEN-
TISTS AND STUDENTS. Also, IATTC scientists have often rendered assistance with research
on fisheries for tunas and other species to scientists of other countries while on duty travel to
those countries, and occasionally have travelled to other countries for the specific purpose of
assisting with their research programs. At the request of several Costa Rican organizations, Dr.
Martin A, Hall conducted a course on the tuna-dolphin problem in San José, Costa Rica, in March
1996. Dr. Richard B. Deriso served as one of four instructors for a course in fisheries modeling,
sponsored by the American Institute of Fisheries Research Biologists, held at California State
University at San Marcos in May 1996.

The establishment by the IATTC of a research facility at Achotines Bay, Panama, described
in the section entitled FIELD STATTONS, gave the staff the opportunity to work more closely
with Panamanian fisheries personnel. TATTC personnel have assisted local scientists in the
implementation of research projects on species other than tunas, e.g. snappers (Lutjanidae), dis-
cussed in the section entitled Srapper resource studies.

Late in 1993, an agreement was reached by the OFCF of Japan, the government of the
Republic of Panama, and the TATTC to undertake a joint five-year project, funded mostly by the
OFCF, at the Achotines Laboratory. The project, which entered its initial stage in 1994, encom-
passes research on the feasibility of culturing adult yellowfin tuna, snappers, and corvina-like
fishes (Sciaenidae) to supply larvae for research, and the production of food organisms for their
larvae and juveniles. This project is described in the section entitled Early life history studies.

Over the years, IATTC employees have collected tissue samples of tunas and billfishes for
use in genetic studies conducted by scientists of other organizations. In 1996 samples of tissues
of various species of tuna and tuna-like fishes were collected for the Division of Fisheries,
Commonwealth Scientific and Industrial Organization, Hobart, Australia, the National Research
Institute of Far Seas Fisheries (NRIFSF), Shimizu, Japan, the FISHTEC Genetics Laboratory,
University of South Carolina, Columbia, South Carolina, USA, the Rowett Research Institute,
Aberdeen, Scotland, and the Virginia Institute of Marine Sciences (VIMS), College of William and
Mary, Gloucester Point, Virginia, USA. (The TATTC also contributes financial support to some of
the studies conducted at VIMS.)

VISITING SCIENTISTS AND STUDENTS

Dr. Kathryn Dickson of California State University at Fullerton spent most of January at
the Achotines Laboratory, where she continued a study of the respirometry of tunas which she
had begun during 1995. Mr. Koji Uosaki of the NRIFSF, Shimizu, Japan, completed a 1-year
assignment at the IATTC’s headquarters in La Jolla in May 1996. During this period;-he worked
with IATTC staff members on an analysis of the Japanese longline fishery for tunas and billfishes
in the eastern Pacific Ocean during the 1988-1992 period and on various other aspects of bigeye
tuna and billfish biology. Dr. Alain Fonteneau, an employee of the Institut Francais de Recherche
Scientifique pour le Développement en Coopération (ORSTOM) of France, spent most of 1996 at
the IATTC headquarters in La Jolla, carrying out a comparative study of the important biological
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parameters of the tropical tunas of various parts of the world. Mr. Naoczumi Miyabe of the
NRIFSF spent 2 weeks at the IATTC headquarters, where he worked on bigeye tuna with several
TATTC staff members. Dr. Francois Marsac of ORSTOM spent 2 weeks at the IATTC headquar-
ters, where he worked with Dr. Fonteneau on preparations for the ICCAT (International
Commission for the Conservation of Atlantic Tunas) 25th Anniversary Tuna Symposium, which
was held in the Azores, Portugal, on June 10-18, 1996. Dr. Pilar Pallarés of the Instituto Espaiiol
de Oceanografia spent most of the second half of 1996 at the IATTC headquarters, where she
worked with Dr. Fonteneau on (1) interactions among fisheries for yellowfin tuna and evaluation
of changes in fishing power of purse-seine vessels in the Atlantic Ocean during the last 10 years,
and (2) a synopsis of information on Atlantic bigeye tuna for the world workshop on bigeye tuna
which was held in La Jolla in November 1996. Also, she worked with IATTC staff members on
standardization of indices of abundance of tropical tunas in the Atlantic Ocean. Ms, Zoraida
Guerrero, a student at the University of Panama, spent 5 weeks at the Achotines Laboratory in
1996, where she worked primarily with culture of algae and rotifers. Dr. Masato lizawa of
Fisheries and Aquaculture International Co., Ltd., Tokyo, Japan, spent 6 weeks at the Achotines
Laboratory in 1996. Information on the purpose of his visit appears in the section entitled Early
life history studies.

FIELD STATIONS

The IATTC maintains field offices in Manta, Ecuador; Ensenada and Mazatldn, Mexico;
Panama, Republic of Panama; Mayaguez, Puerto Rico, USA; and Cumand, Venezuela. The sci-
entists and technicians stationed at these offices collect landings data, abstract the loghooks of
tuna vessels to obtain catch and effort data, measure fish and collect other biological data, and
assist with the training and placement of observers aboard vessels participating in the IATTC’s
Tuna-Dolphin Program. This work is carried out not only in the above-named ports, but also in
other ports in Colombia, Costa Rica, Ecuador, Mexico, Panama, Peru, Puerto Rico, and Venezuela,
which are visited regularly by IATTC employees.

In addition, the IATTC maintains a laboratory at Achotines Bay, just west of Punta Mala
on the Azuero Peninsula of Panama. The Achotines Laboratory is used principally for studies of
the early life history of tunas. Such studies are of great importance, as acquisition of knowledge
of the life history of tunas prior to recruitment into the fishery would reduce the uncertainty
which currently exists in the staff’s assessments of the condition of the various stocks of tunas.
The enlargement of the laboratory facilities to accommodate the previously-described project
imvolving the Overseas Fishery Cooperation Foundation of Japan, the government of Panama,
and the [ATTC was nearly completed during 1996. The work conducted at the Achotines
Laboratory is described in the section entitled Early life history studies.

PUBLICATIONS

The prompt and complete publication of research results is one of the most important ele-
ments of the JATTC’s program of scientific investigations. By this means the member govern-
ments, the scientific community, and the public at large are currently informed of the research
findings of the IATTC staff. The publication of basic data, methods of analysis, and conclusions
afford the opportunity for critical review by other scientists, ensuring the soundness of the con-
clusions reached by the IATTC staff and enlisting the interest of other scientists in the IATTC's
research. By the end of 1996 IATTC staff members had published 141 Bulletins, 45 Annual
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Reports, 8 Special Reports, 8 Data Reports, 8 books, and 463 chapters, papers, and articles in
books and outside journals. The contributions by staff members published during 1996 are listed
in Appendix 5 of this report.

TUNA-BILLFISH PROGRAM
THE FISHERY

The IATTC staff is concerned principally with the eastern Pacific Ocean (EPO; Figure 1),
currently defined, for purposes of catch and effort statistics, as the area between the mainland of
North, Central, and South America and 150°W.

The eastern Pacific tuna fleet

The IATTC staff maintains records of gear, flag, and fish-carrying capacity for most of the
vessels which fish at the surface for yellowfin, skipjack, bigeye, or bluefin tuna in EPO. Records
are not maintained for Far East-flag longline vessels, nor for sport-fishing vessels and small craft
such as canoes and launches. The fleet described here includes vessels which have fished all or
part of the year in the EPO for yellowfin, skipjack, bigeye, or bluefin tuna.

The owner’s or builder’s estimates of vessel carrying capacities are used until landing
records indicate that revision of these is appropriate. The vessels are grouped, by carrying
capacity, into the following size classes for reporting purposes: class 1, less than 51 short tons (ST)
(46 metric tons (MT)); class 2, 51-100 ST (46-91 MT); class 3, 101-200 ST (92-181 MT); class 4,
201-300 ST (182-272 MT); class 5, 301-400 ST (273-363 MT); and class 6, more than 400 ST (363
MT). Except for longliners and the miscellaneous small vessels mentioned in the previous para-
graph, all vessels which fished in the EPO during the year are included in the annual estimates
of the size of the surface fleet.

Until about 1960, fishing for tunas in the EPO was dominated by baithoats operating in
the more coastal regions and in the vicinity of offshore islands. During the late 1950s and early
1960s most of the larger baitboats were converted to purse seiners, and by 1961 the EPO surface
fleet was dominated by these vessels. During the 1961-1991 period the number of baithoats
decreased from about 95 to 20, where it has since remained, and their total capacity decreased
from about 9 to 2 thousand metric tons. During the same period the number of purse seiners
increased from 125 to 152, and their capacity increased from 27 to 106 thousand metric tons. The
peak in numbers and capacity of purse seiners occurred from the mid-1970s to the early 1980s,
when the maximum number of vessels, 282, and the maximum capacity, 168 thousand metric
tons, were reached (Table 1).

The construction of new and larger purse seiners, which began during the mid-1960s,
resulted in an increase in the total fleet capacity from 42 thousand metric tons in 1966 to 167
thousand metric tons in 1976. During the 1977-1981 period the fleet capacity remained fairly
stable. During this period the construction of new vessels continued, but the new capacity was
offset by losses due to sinkings and vessels leaving the fishery. A major El Nifio event began in
mid-1982 and persisted until late 1983.. The catch rates in the EPO has been low during the
1978-1981 period due to concentration of fishing effort on small fish, and the situation was exac-
erbated by the El Nifio episode, which made the fish less vulnerable to capture.. In 1982 the fleet
capacity declined by 16 thousand metric tons as vessels were deactivated or left the EPO to fish
in other areas, primarily the western Pacific. This trend continued through 1983 as the catch
rates in the EPO declined further, and the fleet capacity declined by 48 thousand metric tons
during1983 and 1984. The fleet capacity in 1984, about 107 thousand metric tons, was the lowest
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it had been since 1971. In 1985, however, due primarily to the return of vessels from the western
Pacific, the capacity increased to about 120 thousand metric tons, but in 1986 it decreased
slightly to about 114 thousand metric tons. During 1987, several new vessels were added to the
fleet, and others returned to the EPO fishery from the western Pacific, causing the fleet capacity
to increase to 132 thousand metric tons. This trend continued in 1988, resulting in a fleet
capacity of 137 thousand metric tons. This was the greatest fleet capacity since 1982. In the
spring of 1990, the U.S. tuna-canning industry adopted a policy of not purchasing tunas caught
during trips during which sets on tunas associated with dolphins were made. This caused many
of the U.S.-flag vessels fishing in the EPO to leave that fishery and enter the fisheries of the
Atlantic or western Pacific. The U.S. canners have continued their “dolphin-safe” policy, resulting
in further decreases in the number of U.S.-flag vessels fishing in the EPO, and a consequent
reduction in the EPO fleet to 101 thousand metric tons in 1992. With increases in participation
of non-U.S.-flag vessels in the fishery, the capacity has increased steadily since 1992, and the
1996 capacity was about 116 thousand metric tons.

The 1995 and preliminary 1996 data for numbers and carrying capacities of surface-gear
vessels of the EPO tuna fleet are shown in Tables 2a and 2b. The EPO tuna fleet was dominated
by vessels operating under the Mexican and Venezuelan flags during 1996. The Mexican fleet has
been the largest fleet since 1987, with about 35 percent of the total capacity during 1996, while
Venezuelan-flag vessels comprised about 17 percent of the total capacity. In 1990 the U.S. fleet
included 29 large purse seiners, with a total capacity of about 27 thousand metric tons, but fol-
lowing adoption of the U.S. canners’ dolphin-safe policy, this number decreased to 13 in 1991.
During the 1992-1996 period it has ranged from 5 to 9 vessels. At the end of 1996, seven large
U.S.-flag seiners, with a total of about 8 thousand metric tons of capacity, were operating in the
EPO. The U.S. canners’ dolphin-safe policy has not had a significant effect on the sizes of the
other fleets operating in the EPO, but in recent years the number of sets made on dolphin-asso-
ciated fish has decreased moderately (see the section entitled Cafches and Table 5).

The majority of the total capacity of the EPO tuna fleet consists of purse seiners with
capacities of more than 363 metric tons. This group of vessels comprised about 87 percent of the
total fishing capacity operating in the EPO in 1996.

The average, minimum, and maximum metric tons of fleet capacity at sea (CAS) by month
for the EPO during 1981-1995, and the 1996 values, are shown in Figure 2. These monthly values
are the averages of the CAS estimates given in weekly reports prepared by the IATTC staff. The
values for the 1981-1995 period were chosen for comparison with those of 1996 because the ear-
lier years, when regulations were in effect, had somewhat different temporal distributions of
effort due to restriction of yellowfin fishing in the Commission’s Yellowfin Regulatory Area
(CYRA; Figure 1). Overall, the 1996 CAS values are similar to the 1981-1995 averages. During
the 1981-1995 period an average of 51 percent of the surface fleet capacity was at sea during each
month; in 1996 the average was about 53 percent. Thus, while the total capacity of the fleet in
1996 was near historical lows for the period following introduction of large purse-seine vessels,
the ratio of the CAS to the total fleet capacity was greater than the average observed during the
preceding 15-year period. The extremes in the average monthly CAS were observed in 1983-1984,
during and following the 1982-1983 El Nifio event, when the average monthly CAS was about 38
percent, and in 1989, when the average monthly CAS was about 61 percent.

Catches

Annual estimates of the catches of the various species of tunas and other fishes landed by
vessels of the EPO fleet which fish for tunas with surface gear are shown in Table 3. The sub-
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surface (longline) catches of yellowfin, bigeye, and bluefin in the EPO are shown in Tables 12, 13,
and 25, respectively. The catch data for skipjack are essentially complete except for insignificant
catches made by the longline, sport, and artisanal fisheries. Recreational catches landed in
California are included in the landings. In the case of bluefin, these landings have become an
increasingly important component of the catch in recent years (Table 25).

There were no restrictions on fishing for tunas in the EPO during the 1981-1996 period,
although regulations placed on purse-seine vessels directing their effort at tunas associated with
dolphins have probably affected the way these vessels operate, especially during the late 1980s
and the 1990s. Studies which may provide measures of this effect are currently in progress, but
useful results are not yet available, so the statistics for 1996 are compared to those for 1981-1995.
As mentioned in the previous subsection, there was a major El Nifio event during 1982-1983
which made the fish less vulnerable to capture and reduced the numbers of vessels in the EPO,
The fishing effort remained relatively low during 1984-1986.

The average annual yellowfin catch in the CYRA during the 1981-1995 period was 195
thousand metric tons (range: 82 to 267 thousand). The preliminary estimate of the 1996 yellowfin
catch in the CYRA is 220 thousand metric tons. During the 1981-1995 period, the annual yel-
lowfin catch from the area between the CYRA boundary and 150°W averaged 25 thousand metric
tons (range: 12 to 47 thousand). The preliminary estimate of the yellowfin catch from this area
for 1996 is 29 thousand metric tons. The estimated 1996 yellowfin catch from the EPO, 249 thou-
sand metric tons, is well below the maximum of 289 thousand metric tons taken in 1989, but
about 13 percent greater than the 1981-1995 average of 220 thousand metric tons.

During the 1981-1995 period, the annual catch of skipjack in the EPO averaged 81 thou-
sand metric tons (range: 49 to 139 thousand). The preliminary estimate of the skipjack catch in
the EPO in 1996, 108 thousand metric tons, is nearly 35 percent greater than the average of the
annual catches for the last 15 years, exceeding those in all years except 1981 (120 thousand
metric tons) and 1995 (139 thousand metric tons).

Prior to 1994 the average catch of bigeye in the EPO by surface gear was about 4 thousand
metric tons (range: <1 to 15 thousand) (Table 3). Since 1993 the catches have increased to 29
thousand metric tons in 1994, 37 thousand metric tons in 1995, and 52 thousand metric tons in
1996. These increasing catches of bigeye resulted from the discovery, made during the
early1990s, that bigeye associated with floating objects, but well below the surface, can be
detected with sonar and caught with purse seines. Many of these floating objects are fish-aggre-
gating devices (FADs) placed in the water by the fishermen.

While yellowfin, skipjack, and bigeye comprise the most significant portion of the catch
made in the EPO, bluefin, albacore, black skipjack, bonito, and other species contribute to the
overall harvest in this area. The total catch of these other species in the EPO was about 9 thou-
sand metric tons in 1996, the same as the 1981-1995 average (range: 2 to 17 thousand).

The 1995 catches in the EPO, by flag, and the landings of tunas caught by surface gear in
the EPO, by country, are given in Table 4a, and preliminary estimates of the 1996 catches and
landings are given in Table 4b. The estimated catch of all species in the EPO in 1996 was about
419 thousand metric tons, which exceeds the previous record total catch of 409 thousand metric
tons, taken in 1995. Mexican-, Ecuadorian-, Venezuelan-, and Vanuatu-flag vessels harvested 35,
17, 16, and 8 percent, respectively, of the total EPO catch. The landings are fish unloaded during
a calendar year, regardless of the year of catch. The country of landing is that in which the fish
were unloaded from the fishing vessel or, in the case of transshipments, the country which
received the transshipped fish. Preliminary landings data (Table 4b) indicate that, of the 421
thousand metric tons of tunas landed in 1996, 141 thousand metric tons (34 percent) was landed
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in Ecuador. The landings in Mexico (120 thousand metric tons; 29 percent) and Colombia (54
thousand metric tons; 13 percent) were next in terms of magnitude. Other countries with signif-
icant landings of tunas caught in the EPO included Costa Rica (8 percent), the United States (5
percent), and Venezuela (5 percent). It is important to note that when final information is avail-
able the landings currently assigned to various countries may change due to exports from storage
facilities to processors in other nations.

Tunas are caught in three types of schools by surface gear, those in which the fish are asso-
ciated with dolphins, those in which the fish are associated with floating objects, such as logs, and
those in which the fish are associated only with other fish. Data on the logged purse-seine sets
of each type, the catches of yellowfin, skipjack, and bigeye tuna in these sets, and the total catches
of these species by purse seines are listed in Table 5. The greatest numbers of sets on schools
associated with floating objects and on schools of tuna associated only with other fish were made
during the period from the mid-1970s to the early 1980s. Despite opposition to fishing for tunas
associated with dolphins and the refusal of U.S. canners to accept tunas caught during trips
during which sets were made on dolphin-associated fish, the numbers of sets made on fish asso-
ciated with dolphins have decreased only moderately. The logged catches of tunas in these sets
peaked at about 175 thousand metric tons in 1989, and then decreased to about 106 thousand
metric tons in 1993. Since then, the logged catches taken in dolphin sets have increased, aver-
aging about 122 thousand metric tons during 1994-1996.

The average annual distribution of logged catches of yellowfin by purse seiners in the EPO
during the 1981-1995 period is shown in Figure 3, and a preliminary estimate for 1996 is shown
in Figure 4. In 1996 the catches were relatively greater south of the equator and west of about
100°W. As fishing conditions change throughout the year, the areas of greatest catches vary. The
catch of yellowfin during the first quarter of 1996 was generally restricted to regions inside the
CYRA, primarily in nearshore areas along the coast of North and Central America, in the vicinity
of the Costa Rica Dome, and between about 10°N and 18°N from about 100°W to 105°W. In addi-
tion, good fishing occurred offshore in the southern hemisphere between about 10°S and 18°S
from about 80°W to 90°W. During the second quarter, catches continued to be made nearshore,
with high catches being made between about 5°N and 23°N. An area of high catches evident in
the southern Gulf of California during the first quarter extended well into the Gulf during the
second quarter. During the second quarter the catches increased in the offshore area between
about 5°N and 15°N from about 110°W to 125°W, along the confluence of the North Pacific
Current and the westward-flowing North Equatorial Current. The catches near the Costa Rica
Dome, which had been relatively high during the first quarter, decreased somewhat. During the
third quarter, regions of relatively high catches occurred (1) in the area off Baja California
between about 24°N and 27°N and in the southern part of the Gulf of California, (2) in the region
of the Costa Rica Dome, (3) in the nearshore region off Ecuador and southern Colombia, and (4)
in the offshore region between about 8°N and 16°N from about 115°W to 130°W. During the
fourth quarter, fishing continued throughout most of the EPO, with areas of high catches scat-
tered over the region. Somewhat concentrated areas of higher catches were located between
about 8°N and 18°N from about 115°W to 125°W and in the area north of the Galapagos Islands.
Also, the catches remained high in the area around the tip of Baja California.

The average annual distribution of logged catches of skipjack by purse seiners in the EPO
during the 1981-1995 period is shown in Figure 5, and a preliminary estimate for 1996 is shown
in Figure 6. In 1996 the catches were relatively greater south of the equator and west of about
100°W. High catches of skipjack were made during the first quarter of 1996 throughout the
region between about 19°S and 7°S from about 77°W to 88°W. Another extensive region of high
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catches was located well offshore from about 105°W to 135°W between about 11°S and 2°S. Less
extensive areas of high catches were also located in and near the Gulf of Guayaquil, in the
Panama Bight, and along the coast of Mexico from about 19°N to 24°N. During the second
quarter, the zones of relatively high catches in the Panama Bight and Gulf of Guayaquil devel-
oped into a continuous zone of high catches along the coast of Central and South America between
these regions. The extensive zone of high catches in the offshore region extended from about
85°W to 128°W between about 13°S and 6°S at the easternmost extension of the zone, and
between about 9°S and 3°S at the westernmost, extension of the zone. The region of relatively
high catches along the coast of Mexico persisted during the second quarter, exhibiting a slight
northerly shift in the southern and northern limits of the region. During the third quarter, the
offshore zone of high catches persisted between about 100°W and 125°W and from about 2°S to
10°S. The catches remained high in the Panama Bight region, but decreased significantly off the
coast of Mexico. During this quarter an area of higher catches developed to the west of the
Galapagos Islands, extending from about 90°W to 98°W between about 0° and 3°N. As the year
progressed, the catches decreased in the Panama Bight, and by the fourth quarter there remained
a few scattered regions of higher catches in the vicinity of the Gulf of Guayaquil. During the
fourth quarter, regions of high catches were widely distributed in the offshore regions of the EPO
and along the Inter-Tropical Convergence Zone from the coast of Ecuador to about 120°W.

The catch of bigeye by surface gear during the 1979-1993 period (IATTC Annual Report for
1995: Figure 6) was made in two principal areas, (1) between about 17°S and 9°S from about 80°W
to 83°W extending to between 13°S and 10°S at about 90°W and (2) between about 5°S and 3°N
at about 80°W to 88°W, extending westward to between about 0° to 5°N at about 105°W. With the
development of catches of bigeye associated with floating objects, described above, the relative
importance of the offshore areas has increased at the expense of the inshore areas (Figure 7). In
1996 (as in 1994 and 1995) areas of relatively high bigeye catches were found widely distributed
between about 10°S and 2°S from about 100°W to 122°W, and between about 0° to 6°N from about
93°W to 115°W (Figure 8).

Under the terms of the convention which established the IATTC, the primary objective of
the IATTC staff’s research is monitoring the condition of the stocks of tunas and other species
taken in the EPO by tuna fisheries. Taking into consideration the extensive movements of the
tunas, the mobility of the vessels of the tuna fleets of various nations, and the international
nature of the tuna trade, statistics on the catch and effort from the EPO must be viewed in the
light of global statistics. Statistics for the global catches of tunas and related species for 1995,
the most recent year for which data are available, are presented in Figures 9 and 10. Statistics
of the catches of the principal market species of tunas during 1976-1995, by oceans, appear in
Table 6 and Figure 11.

Catch per ton of carrying capacity

The total catch per ton of carrying capacity (CPTCC) for the eastern Pacific Ocean (EPO)
tuna fleet provides an index of trends in annual relative gross income for vessels of various size
groups. To provide more detail in this index than would be available if the IATTC’s historical six
classes of vessel capacity classification were used, the following size groups have been identified:
1, <301 short tons (ST) (273 metric tons (MT)); 2, 301-400 ST (273-363 MT); 3, 401-600 ST (364-
544 MT); 4, 601-800 ST (545-726 MT); 5, 801-1000 ST (727-907 MT); 6, 1001-1200 ST (908-1089
MT); 7, 1201-1400 ST (1090-1270 MT); and 8, >1400 ST (1270 MT).

Estimates of the CPTCCs for the 1986-1996 period are presented in Table 7 for the EPO
and for all ocean fishing areas from which vessels of the EPO tuna fleet harvested fish, by size
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group, area, and species. Yellowfin and skipjack contribute the most to the CPTCCs for the larger
vessels, while other species, which include other tunas as well as miscellaneous fishes, make up
an important part of the CPTCCs of the smaller vessels in many years. In earlier years, and in
years in which the majority of the EPO tuna fleet exerts most of its fishing effort in the EPO, the
CPTCCs for the EPO and all ocean fishing areas are nearly the same. During the 1986-1995
period the CPTCCs in the EPO for all vessels and all species averaged 3.0 tons of fish per ton of
carrying capacity, with a range of 2.6 to 3.8; for yellowfin it averaged 2.2 tons, with a range of 2.1
to 2.4; and for skipjack it averaged 0.7 tons, with a range of 0.5 to 1.2. The preliminary estimates
for 1996 are 3.6, 2.1, and 0.9 tons for all species, yellowfin, and skipjack, respectively. The only
years in which yellowfin and skipjack combined constituted less than 90 percent of the total are
1994,1995, and 1996.

YELLOWFIN QUOTAS

The Director and scientific staff of the IATTC have the responsibility for conducting studies
of the biology of the tunas and related species of fish inhabiting the eastern Pacific Ocean and the
effects of fishing upon them, and recommending appropriate conservation measures when neces-
sary so that the stocks of fish can be maintained at levels which will yield the maximum sus-
tainable catches. The Director first recommended that an annual quota be set on the catch of
yellowfin in the CYRA in 1962. However, the member governments could not reach agreement
on a yellowfin quota until 1966. Agreement was reached on a quota for every year from 1966
through 1986 and 1988 through 1996. The Director did not recommend a quota for 1987 because,
due primarily to exceptionally high levels of recruitment in 1984 and 1985, the abundance of yel-
lowfin appeared to be at its greatest level in recent years.

The TATTC held its 57th meeting in La Jolla, California, USA, on October 21-23, 1996. The
Director recommended a yellowfin quota of 235,000 short tons (213,188 metric tons) for that year,
with the option to increase this limit by up to three increments of 20,000 short tons (18,144 metric
tons) each. This quota was also adopted.

RESEARCH
Longline fishery studies

Although most of the catches of tunas in the eastern Pacific Ocean (EPO) are taken with
surface gear, considerable amounts are taken by various longline fisheries. Billfishes make up a
significant portion of the catches of fish taken by the longline fishery, whereas such is not the case
for the commercial surface fisheries for tunas.

Japanese longline vessels began operating in the EPO during the mid-1950s. Beginning in
1963, Japanese scientists have made prolonged visits to the IATTC headquarters in La Jolla,
where they and IATTC scientists have jointly analyzed data for the Japanese longline fishery in
the EPO. The results of the analyses covering the period from 1956 through 1987 have been pub-
lished in the IATTC Bulletin series and in other scientific journals. In May 1996 Mr. Koji Uosaki
of the National Research Institute of Far Seas Fisheries of Japan completed a 1-year stay at the
IATTC headquarters in La Jolla, where he performed similar work with data for 1988-1992.
Longline vessels of the Republic of China (ROC) and the Republic of Korea (ROK) also fish in the
EPO, but to a much lesser extent than do Japanese vessels. The ROC vessels direct their effort
primarily toward albacore, a temperate species which is rarely caught by purse-seine vessels,
which direct most of their effort at tropical tunas.
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Ajoint-venture longline fishery in Mexico, involving Japanese and ROK vessels, with crews
consisting partly of Mexican fishermen, began in the EPO during the early 1980s. These opera-
tions were terminated in 1989. IATTC staff members based in Ensenada, Mexico, gathered catch,
effort, catch-per-unit-of-effort, and length-frequency data for this fishery, and these data have
been incorporated into the JATTC’s various data bases.

Recently, there has been renewed interest in longline fishing in the EPO. A few small long-
line vessels had been fishing near Hawaii for many years, but recently that fleet has grown to
about 160 vessels, and some of them operate at least part of the time in the EPO. A fleet of about
15 to 20 longline vessels based in Ventura, California, began operating in the EPO in late 1992,
but only three of these vessels were active in that area during 1996. Several Mexican vessels
based in Manzanillo were engaged in longlining during 1996, and data on the activities of these
vessels were collected by IATTC staff members based in Mazatlan. In addition, there are now
longline fleets operating out of Chilean, Costa Rican, and Ecuadorian ports, and entrepreneurs
have expressed interest in establishing longline fisheries in other nations bordering the EPO.

With the increasing importance of this fishery, in both Latin America and the United
States, it is necessary that the JATTC staff establish basic procedures for collection of informa-
tion on fishing effort and catches so that the IATTC can meet its obligations for research and rec-
ommendations for management in the £PO and to ensure that the data collected in the EPO are
consistent with those collected in other regions of the world. These data are essential for assess-
ment of the various stocks of tunas and billfishes, and for analysis of the impacts on the species
caught incidentally by these fisheries. To that end, the IATTC staff has updated the format of
logbooks originally recommended by the Second Ad Hoc Consultation on Global Tuna Statistics
convened by the Food and Agriculture Organization of the United Nations in 1987 to reflect
changes in gear design and operation in anticipation of updating the formats of logbooks cur-
rently used aboard Latin American vessels. The JATTC staff has also held discussions with rep-
resentatives of other organizations on designs of loghooks and data bases for the world’s longline
fleets.

Size composition of the catch

Length-frequency samples are the basic source of data used for estimating the size and age
compositions of the various species of fish in the landings. This information is necessary to obtain
age-structured estimates of the population for various purposes, including age-structured popu-
lation modeling. The results of age-structured population modeling can be used to estimate
recruitment, which can be compared to spawning biomass and eceanographic conditions. Also,
the estimates of mortality obtained from age-structured population modeling can be used, in con-
junction with growth estimates, for yield-per-recruit modeling. The results of such studies have
been described in several IATTC Bulletins and in all of its Annual Reports since that for 1954.

Length-frequency samples of yellowfin, skipjack, bigeye, northern bluefin, and black skip-
jack from purse-seine, baithoat, and recreational catches made in the eastern Pacific Ocean (EPO)
are collected by IATTC personnel at ports of landing in Ecuador, Mexico, Panama, the USA
(California and Puerto Rico), and Venezuela. The catches of yellowfin and skipjack were first
sampled in 1954, and sampling has continued to the present.

The staff collected and processed 886 yellowfin, 501 skipjack, 164 bigeye, 72 northern
bluefin, and 24 black skipjack samples from the 1996 catch. Most of these were 50-fish samples.
For all of the above species except black skipjack, the length-frequency samples are stratified by
market-measurement areas (12), months, and years. The sampling procedures are explained in
detail in TATTC Bulletin, Vol. 20, No. 6.
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Figure 13 consists of histograms showing the estimated catches of yellowfin in the market-
measurement areas of the CYRA (all except Areas 10 and 11 in Figure 12) in 1996. The areas are
arranged approximately from north (top) to south (bottom) in the figure. Although the size range
is approximately the same in all areas, with nearly all of the fish being between 40 and 160 ¢m
in length, the distributions differ considerably from area to area. The average weights range from
3.3 kg (7.3 pounds) in Area 6 to 22.6 kilograms (49.8 pounds) in Area 5.

Histograms showing the estimated catches of yellowfin in the CYRA during each year of
the 1991-1996 period appear in Figure 14. The average weight for 1996, 10.2 kilograms (22.5
pounds), was the lowest for the 1991-1996 period.

Figure 15 consists of histograms showing the estimated catches of yellowfin in the area
between the CYRA boundary and 150°W (Areas 10 and 11 in Figure 12) during each year of the
1991-1996 period. The largest modal group in the 1996 distribution is located between 120 and
140 cm, approximately the same location as the largest modes in the 1991, 1994, and 1995 dis-
tributions. The average weight for 1996, 16.4 kilograms (36.2 pounds), is close to those of 1993
and 1995, but less than those of 1991, 1992, and 1994,

Histograms showing the estimated catches of skipjack in the market-measurement areas
of the EPO in 1996 appear in Figure 16. The data for the four northern areas (1, 2, 4, and 8) have
been combined due to low catches in Areas 2, 4, and 8. Larger fish are most evident in the com-
bined northern areas, Area 5, and Area 7, and smaller fish are most evident in Areas 13 and 11.

Figure 17 consists of histograms showing the estimated catches of skipjack in the entire
EPO for each year of the 1991-1996 period. The average weight for 1996, 3.6 kilograms (8.0
pounds), was the greatest of the 6-year period.

Prior to 1994 the surface catch of bigeye in the EPO was incidental to that of yellowfin and
skipjack, and the annual catches (Table 3) and numbers of length-frequency samples taken were
considerably less than those of yellowfin and skipjack. In 1994, 1995, and 1996, however, more
bigeye were caught and more samples were obtained. Histograms showing the estimated catches
of bigeye in the market-measurement areas of the EPO in 1996 appear in Figure 18. The greatest
catches occurred in Areas 6, 7, and 11. In these three areas the largest modal groups were
between about 40 and 80 ¢cm and 90 and 120 cm.

Figure 19 consists of histograms showing the estimated catches of bigeye during each year
of the 1991-1996 period. The average weight for 1996, 9.4 kilograms (20.7 pounds), was the
lowest of the 6-year period.

Northern bluefin are caught by surface gear off California and Baja California from about
23°N to 35°N, with most of the catch being taken during May through October. In 1996 bluefin
were caught between 26°N and 33°N, and most of the catch was taken during July. Histograms
showing the estimated catches of bluefin during each year of the 1991-1996 period appear in
Figure 20. The numbers of samples obtained from the commercial and recreational catches were
as follows:

Year Commercial Recreational
1990 14 0
1991 4 0
1992 1 1
1993 4 35
1994 2 11
1995 6 16
1996 67 5
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The incidence of larger fish was greater in the catches of the commercial vessels. Four distinct
modal groups, corresponding to 2-, 3-, 4-, and 5-year-old fish, are evident in the data for 1996.
Black skipjack are caught incidentally by fishermen who are directing their effort toward
yellowfin, skipjack, and bigeye tuna. The demand for this species is low, so most of the catch is
discarded at sea, but small amounts, mixed with the more desirable species, are sometimes
retained. Annual percentage length-frequency distributions of black skipjack caught in the EPO
during 1991-1996 are shown in Figure 21. The average weight for 1994 was much less than those
for the other years, but this may not be significant, as the sampling during that year was inade-
quate. No attempt has been made to estimate the weights of the catches by size intervals.

Identification of yellowfin and bigeye tuna

The catch of bigeye by the surface fishery of the eastern Pacific Ocean has increased sig-
nificantly since 1993. Because bigeye and yellowfin are similar in appearance, it is possible that
they are sometimes misidentified by fishermen or IATTC employees. A recent study (IATTC
Annual Report for 1991: 34-35) indicates that during 1987-1989 the ratios of bigeye to other tunas
were not significantly different for vessels with observers who were especially trained to identify
bigeye (0.0027) and vessels without such observers (0.0026), so it was tentatively concluded that
bigeye were not misidentified as yellowfin during that period. Because of the importance of this
matter, however, the IATTC staff has compared “conventional” estimates of the species composi-
tions for specific vessels with estimates made by observers on those vessels. The conventional
estimates are those recorded in the vessel logbooks, except that these are replaced by estimates
made by IATTC port samplers for sets which were sampled by them.

For this purpose, only data for vessels with 100-percent observer coverage during 1994 and
1995 were used. Also, data for vessels which received bigeye from other vessels or gave bigeye to
other vessels were excluded. (When a vessel is nearly full, and then it catches fish in excess of
its unfilled capacity, it usually gives the excess to another vessel which is fishing nearby.) An indi-
vidual observation was defined as a vessel’s catch during an entire year. Forty-two such vessel-
year observations were used.

The catch statistics published in Table 1 of the IATTC’s Annual Reports for years previous
to 1996 (Table 3 of this Annual Report) are based on conventional estimates. These could differ
from the observers’ estimates because of (1) errors in at-sea estimates of the weights of fish
caught or (2) errors in species identification. Comparisons were made of the weights of bigeye
recorded and of the percentages of tunas which were recorded as bigeye (Figure 22). The data
from the two sources agreed fairly well in most cases, indicating that misidentification is not a
serious problem.

In some cases cannery personnel estimate the proportions of bigeye in the catches, and this
practice became more widespread in 1996. In 1997 the IATTC staff will assemble data to com-
pare the cannery estimates with conventional estimates.

During 1996 a project was initiated to provide a definitive key, based on external morpho-
logical characteristics, for distinguishing these two species over the size range of fish captured in
the surface fishery. The key will be utilized by TATTC port samplers and by observers aboard
purse-seine vessels. Bigeye and yellowfin ranging in length from about 30 to 150 cm were used
for this study. Each specimen was weighed and sexed, 16 of its body dimensions were measured,
its gill rakers were counted, the size and morphology of its liver and swim bladder were exam-
ined, the otoliths were removed for later examination, and a muscle sample was taken for genetic
analysis. In addition to defining a simple set of morphological characters for distinguishing
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bigeye and yellowfin tunas, these data will be used to conduct a detailed comparison of various
anatomical features of the two species.

World-wide comparison of the biology of tunas, the fisheries for tunas, and methods used
for tuna stock assessment

Dr. Alain Fonteneau, an employee of the Institut Francais de Recherche Scientifique pour
le Développement en Codperation (ORSTOM), spent most of 1996 at the IATTC headquarters in
La Jolla, where he worked on a comparative analysis of the main biological characteristics of
tunas (primarily the tropical tunas, yellowfin, skipjack, and bigeye) and the tuna-fishing poten-
tials of the Atlantic, Indian, and Pacific Oceans.

Although such comparisons are routinely made by scientists on a piecemeal basis, a com-
prehensive world-wide study had not previcusly been carried out. This comparison covers
growth, natural mortality, movements and migrations, maturity and spawning, thermoregula-
tion, the fisheries, and the relationships of the fisheries to major environmental characteristics.
The methods of stock assessment used by scientists for the various species in the various areas
are being compared and their results analyzed.

A summarized world-wide data base, combining data compiled by the Food and Agriculture
Organization of the United Nations, the Indo-Pacific Tuna Development and Management
Programme, the International Commission for the Conservation of Atlantic Tunas, and the
IATTC, has been prepared. This data base, which can be handled easily with “user-friendly” soft-
ware on a personal computer, can be made available to any scientist interested in its use. The
data base is useful for reviewing and comparing the levels, yearly trends, and variability of the
tuna catches in the various oceans, relative to major characteristics, such as the sizes of the
exploited areas, of those oceans.

Among the comparisons and analyses carried out were the following:

1. Comparison of the geographical distributions of the various species, as shown by catch
and catch-per-unit-of-effort (CPUE) data for various gears for the 1952-1993 period;

2. Comparison of the annual and seasonal variabilities of the catches and CPUEs for the
various fisheries of the various oceans, taking into account seasonal variation in environmental
conditions;

3. Analysis of the relationships between the seasonal catches and CPUEs for the various
fisheries and the major environmental parameters (sea-surface temperatures, temperatures at
various depths, thermal gradients, and oxygen levels);

4. Comparison of the changes in the fishing areas exploited by the various fisheries rela-
tive to the changes in the levels of the catches. This analysis will allow a comparison between the
catches of tunas and the biological productivity of each area.

5. Comparison of the size distributions of the tunas taken by the surface and longline fish-
eries of each ocean.

A critical review of the various methods used to carry out tuna stock assessments in each
ocean is being conducted. This review, which is being carried out in conjunction with the com-
parisons of the fisheries, could lead to a better understanding of the potentials and limitations of
the various methods. The effects of various potentially important factors, such as homing
behavior, cryptic (unavailable) fractions of the various biomasses, and extent of mixing among
various stocks, are being reviewed and integrated to develop recommendations for research
leading potentially to improved stock assessments.
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Reproductive biology of skipjack tuna

During 1996, analyses were conducted on the reproductive data obtained from samples of
skipjack ovaries collected at canneries during 1995. That sampling was discontinued during the
first quarter of 1996, when fish caught during 1995 were no longer being processed. The objective
of this 1-year sampling project was to test the hypothesis (U.S. Fish Wild. Serv., Spec. Sci. Rep.
Fish., 512) that significant spawning of skipjack does not occur in the eastern Pacific Ocean (EPO).

The sampling at canneries began in January 1995 with the collection of ovaries from skip-
jack greater than 50 cm in length. By the end of the first quarter of 1996, a total of 76 samples
(including 11 replicates), each consisting of approximately 25 females, had been collected, all from
fish caught by purse seiners. Fish can be immature, maturing, reproductively-active, or resting.
The characteristics used to classify the reproductive condition of the individual fish were (1) the
mean diameter of the oocytes of the most developed mode and (2) the presence or absence of
residual hydrated oocytes. A fish is classified as immature if the mean diameter of the most
advanced group of oocytes is less than or equal to 0.2 mm and there are no residual hydrated
oocytes present. Reproductive activity is certain for the fish with advanced yolked oocytes, which
are equal to or greater than 0.55 mm in diameter. For the combined 65 independent samples,
consisting of 1,547 ovaries, 429 (28 percent) were classified as reproductively active, and repro-
ductively-active fish were found in 27 of the samples (42 percent) {Table 8). Based upon these
samples, skipjack spawning in the EPO appears to be fairly widespread from around 15°N to 16°S
and from the coast to about 130°W (Figure 23). Reproductively-active skipjack were present
north of the equator throughout the year and south of the equator during the first three quarters
of the year, with no apparent seasonal peaks in either stratum. Based upon the sea-surface tem-
perature (SST) data collected in conjunction with catch information for each of these samples,
skipjack are sexually inactive at SSTs less than 25° C. Of the 65 samples, 20, or 31 percent, were
taken from skipjack captured at SSTs less than 25° C. In other words, just over half of the 38
samples which did not contain reproductively-active fish were obtained from skipjack captured at
SSTs below those at which spawning occurs.

These results indicate that significant spawning of skipjack 50 ¢cm or greater in length
occurs in areas of the EPO where the SSTs are equal to or greater than 25° C.

In January 1996 the IATTC began a 2-year sampling program of skipjack gonads at sea by
observers who are placed aboard purse-seine vessels primarily to collect data for the Tuna-dol-
phin Program. The objective is to obtain a comprehensive understanding of the reproductive
biology and reproductive potential of skipjack in the EPO.

The experimental design calls for sampling of skipjack between 40 and 80 cm in length
during two trips per quarter of purse-seine vessels departing from ports in Ecuador, Mexico,
Panama, and Venezuela, for a total of 32 trips per year. The length and sex for each of 20 fish
selected from each set (provided skipjack between 40 and 80 ¢cm in length are caught) is recorded,
along with capture information. Samples of ovarian tissue are placed immediately into vials with
10-percent neutral buffered formalin, making them suitable for detailed microscopic examina-
tion. As of the end of 1996, sampling had taken place on 33 trips, with 1,580 females sampled on
the 29 trips which were completed at that time. Beginning in 1997, the tissue samples will be
processed for preparation of slides. These slides will be examined microscopically to identify the
stages of oogenesis, providing an accurate assessment of the reproductive status of each fish.
Ovaries are also being selected during processing to be utilized for fecundity determinations.

A technician at the JATTC’s Achotines Laboratory was trained during 1996 to perform ini-
tial processing of the ovarian tissue samples. The majority of the samples collected during this
project will be transported to the Achotines Laboratory for initial processing.
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Age and growth of bigeye tuna

An investigation of the usefulness of otoliths for estimation of the age and growth of bigeye
tuna began in late 1995, and continued in 1996. An IATTC scientist is participating in a tag and
release program directed at yellowfin and bigeye tuna near Hawaii, conducted by the Pelagic
Fisheries Research Program at the Joint Institute of Marine and Atmospheric Research, School
of Ocean and Earth Sciences and Technology, University of Hawaii at Manoa. Most of the bigeye
have been injected with oxytetracycline to determine whether it is feasible to age bigeye by exam-
ining their otoliths.

Examination under ultraviolet light of sagittal otoliths extracted from bigeye which had
previously been tagged and injected with oxytetracycline has revealed prominent fluorescent
marks. Accordingly, the rate at which the increments are deposited can be estimated from the
otoliths of tagged and injected fish which are subsequently recaptured, by counting the incre-
ments between the fluorescent marks and the edges of the otoliths and comparing the counts with
the numbers of days at liberty.

During the periods of February 6-14 and November 4-22, 1996, 190 bigeye (40 to 70 ¢cm in
length) and 813 bigeye (36 to 105 cm in length), respectively, caught by trolling, handlining, and
vertical jigging, were measured, tagged, injected with 1.5 to 6 ml of 100 mg/ml oxytetracycline
hydrochloride solution, and released near NOAA weather buoy 2 (17°12'N-157°49W) and Cross
Seamount (18°44’N-158°16'W), off the island of Hawaii.

Over 100 fish have been recovered so far from the 1,043 bigeye which have been tagged and
injected to date (including 40 tagged and injected in 1995). These have ranged from 38 to 99 ¢cm
in length at recapture.

Bluefin studies

Northern bluefin tuna apparently spawn only in the western Pacific Ocean (WPO).
Juveniles in their first and second years of life are abundant off Japan. Some of these migrate to
the eastern Pacific Ocean (EPO), where they are exploited, mostly as 1-, 2-, and 3-year-olds, by
purse-seine and recreational fisheries off California and Baja California. As they approach matu-
rity they return to the WPO. Others apparently spend their entire lives in the WPO. The pro-
portions of the fish which migrate to the EPO and the ages at which they migrate vary
considerably from year to year (IATTC, Bull,, 20 (1)).

During the 1930s a scientist working with data for the WPO observed that a “certain con-
nexion seems to exist between the incoming shoals of sardine [Sardinops melanostictal ... on one
side and the [bluefin] fishery on the other” (Japan. Soc. Sci. Fish., Bull.,, 5 (2): 87-90), above-
average catches of bluefin occurring in the same years as above-average catches of sardines.
Catches are not necessarily good indicators of abundance, but it seems highly likely that sardines
are far more abundant during years of good catches than during years of poor catches.

Later another scientist hypothesized that “in years when sardines are abundant off Japan,
a higher proportion of bluefin stay in the western Pacific compared to years when sardines are
scarce” (Fish. Ocean., 5 (2): 114-119). He used data for 1951-1992 in formulating this hypothesis,
which he evaluated by comparing the ratios of catches of bluefin in the WPO to catches of bluefin
in the EPO and WPO combined with the catches of sardines in the WPO. Those years include
periods of above-average (1954-1979) and below-average (1980-1992) catches of bluefin in the EPO
and below-average (1951-1975) and above-average (1976-1992) catches of sardines in the WPO.

The biuefin feeding hypothesis has been re-examined, using data for sardine catches in the
WPO for 1917-1994 and for bluefin catches in the EPO for 1918-1995. The IATTC staff has
attributed the decreased catches of bluefin in the EPO during the 1980s and early 1990s to a com-
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bination of reduced abundance and reduced fishing effort in that area (JATTC Annual Report for
1995: 81). The effort directed at bluefin is believed to have decreased in recent years as the num-
bers of small California-based purse seiners, which are responsible for much of the catch of
bluefin, have decreased in recent years (FAO Fish. Tech. Pap., 365: 460-475). In 1996, however,
the catches of bluefin in the EPO were the greatest since 1976, which may indicate that abun-
dance has more influence than fishing effort on the catches of bluefin in the EPO. Accordingly,
the catches of bluefin may provide an acceptable index of their abundance.

The decreased catches of bluefin in the EPO during 1980-1995 coincide with the increased
abundance of sardines in the WPO during 1976-1994, but the bluefin catches in the EPO were
above average during most years of the 1930s, even though sardines were abundant in the WPO
during that period. A locally-weighted regression model correlating bluefin abundance with the
sardine abundance-year interaction was determined to be significantly better (P = 0.0091) than a
model correlating bluefin abundance with sardine abundance alone. Accordingly, the data have
been divided into the early and late periods and the following correlations have been calculated:

Data Degrees of freedom  r value
Sardines, Japan, 1917-1950, versus bluefin, EPO, 1918-1951 32 0.305*
Sardines, Japan, 1951-1994, versus bluefin, EPO, 1952-1995 42 -0.692%*

* gignificant at 5-percent level
** significant at 1-percent level

A 1-year lag was selected for the sardine versus bluefin correlations because it takes a bluefin
roughly a year to migrate from the WPO to the EPO (IATTC Bull., 20 (1)). There is a high nega-
tive correlation (-0.692) for bluefin versus sardines for the later period, but a significant positive
correlation (0.305) for bluefin versus sardines for the early period.

Although it has been reported that sardines are an important component of the diet of
bluefin in the WPO, there is no information as the sizes of the bluefin or the sardines. The bluefin
which are caught as 1-year-olds in the EPO must have left the WPO when they were relatively
small—perhaps before they were large enough to eat sardines. Further studies of the feeding
habits of bluefin of different sizes in the WPO should be conducted. Then indices of abundance
of recently-arrived bluefin of the appropriate ages in the EPO should be compared to indices of
abundance of sardines and other important food items of the appropriate sizes in the WPO one
year previously. (It is not possible to tell whether individual bluefin (other than 1-year-olds) have
recently arrived in the EPO, but recent advancements in the chemistry of microconstituents (FAO
Fish. Tech. Pap., 365: 381-401) indicate that this may be possible in the foreseeable future.)

Swordfish studies

For many years ratios of weights of gonads to weights of fish (“gonad indices”) have been
used as indices of their maturity. For swordfish, the equation GI = (W/L3) x 104, where GI = gonad
index, W = weight of the combined ovaries in grams, and L = length of fish, in centimeters, from
the posterior margin of the orbit to the fork of the tail, was used in IATTC Bulletins, Vol. 19, No.
1, and Vol. 20, No. 5, employing only fish of at least 150 cm in length. Fish with gonad indices of
7.0 or greater were judged to be mature. A better measure of maturity has been developed by an
IATTC staff member and two employees of the Florida Department of Environmental Protection.
They used data on the lengths of 85 female swordfish caught in the western Atlantic Ocean,
weights of the ovaries of these, and information obtained from histological studies of the gonads.
They found that the equation GI = InW/lnL, with fish with GIs equal to or greater than 1.375
being considered to be reproductively active, gives results corresponding more closely to the
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actual condition of the fish than does the original equation. They also found that this relation-
ship applies to all females, rather than just those 150 cm or greater in length.

Early life history studies

For many years fisheries scientists have believed that the abundance of a population of fish
is determined principally during its early life history (egg, larval, and/or early-juvenile) stages.
Although decades of research have provided considerable information on the populations of adult
tunas, relatively little is known about the early life history stages and the factors which affect
their recruitment to the exploitable stocks. These considerations motivated the IATTC to estab-
lish a research facility at Achotines Bay in the Republic of Panama for the purpose of studying
the early life histories of tunas.

Achotines Bay is located on the southern coast of the Azuero Peninsula in the Los Santos
province of Panama (Figure 24). The continental shelf is quite narrow at this location; the 200-
m (109-fathom) depth contour occurs only 6 to 10 km (3 to 5 nm) from shore. This provides the
scientists working at the Achotines Laboratory with ready access to oceanic waters where
spawning of tunas occurs during every month of the year. The annual range of sea-surface tem-
perature in these waters is approximately 21° to 29°C (70° to 84°F). Seawater pumped from
Achotines Bay is suitable for maintaining live tunas in the laboratory. The proximity of the
research station to the study area provides a low-cost alternative to a large research vessel, and
improves sampling flexibility.

The JATTC's early life history research program involves laboratory and field studies
aimed at gaining insight into the recruitment process and the factors that affect it. Previous
research on recruitment of fishes suggests that abiotic factors, such as temperature and salinity,
and biological factors, such as feeding and predation, can affect recruitment. As the survival of
pre-recruit fishes is probably controlled by a combination of these factors, the research program
addresses the interaction between the biological system and the physical environment.

Much of the early work at the Achotines Laboratory was devoted to developing methods of
capturing, transferring, and maintaining live scombrids in captivity. Late-larval (late notochord
flexion and post-flexion stages) and early-juvenile scombrids (approximately 8 to 35 mm standard
length, SL) are captured for research purposes by nightlighting from a skiff. (Nightlighting con-
sists of attracting fish to an underwater light at night and collecting them with a dipnet.)
Yellowfin and/or bigeye tuna (hereafter, when appropriate, referred to as Thunnus spp.); black
skipjack tuna, Euthynnus lineatus; frigate and/or bullet tuna, Auxis thazard and/or A. rochei
(hereafter, when appropriate, referred to as Auxis spp.); sierra, Scomberomorus sierra; chub
mackerel, Scomber japonicus; and striped bonito, Sarda orientalis, have been captured in this
manner and held in the laboratory. (Larval and early-juvenile yellowfin and bigeye cannot be dis-
tinguished on the basis of morphological, meristic, osteological, or pigmentation characters; iden-
tification of early juveniles by electrophoretic means has been described (U.S. Nat. Mar. Fish.
Serv., Fish. Bull., 86 (4): 835-838). Larval and early-juvenile Auxis thazard and A. rochei have
been distinguished by minor differences in pigmentation, body depth, and gill raker counts, but
there is disagreement concerning the validity of these identifying characteristics.) Until recently,
research at the Achotines Laboratory had been focused mostly on black skipjack, Auxis spp., and
sierra, the most abundant scombrids in nearshore waters off the southern Azuero Peninsula.
Beginning in 1996, research efforts increased to study the early life stages of yellowfin (Thunnus
albacares) utilizing eggs spawned by the captive yellowfin broodstock at the Laboratory (see the
subsection entitled Yellowfin spawning).
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Joint OFCF-Panama-IATTC project

In December 1993, an agreement was reached by the Overseas Fishery Cooperation
Foundation (OFCF) of Japan, the government of the Republic of Panama, and the IATTC to
undertake a joint 5-year project, funded mostly by the OFCF, at the Achotines Laboratory. The
objectives of the project are: (1) to culture adult yellowfin tuna to supply larvae and juveniles for
research on its early life history; (2) to produce food organisms for the larval and juvenile tunas;
and (3) to culture broodstock snappers (Lutjanidae), corvina-like fishes (Sciaenidae), and food
organisms for their larvae and juveniles.

Expansion of and improvements to the infrastructure of the Achotines Laboratory were
necessary to carry out the objectives of the project. Construction of four large concrete tanks, and
seawater and life support systems to maintain the broodstock fishes were completed by mid-year.
The dimensions and capacities of the tanks are as follows:

Tank Diameter Depth Capacity
(meters) (feet) (meters)  (feet) (liters) (gallons)
1 17.0 56 6.0 20 1,361,900 359,800
2 85 28 3.0 10 170,200 45,000
3 8.5 28 15 5 85,100 22,500
4 8.5 28 1.5 5 85,100 22500

The life-support system includes an aeration tower and protein fractionator for Tank 1, large sand
filters and biofiltration for recirculated water for Tanks 1 and 2, and ultraviolet sterilization units
and microfilters for all four tanks.

Yellowfin broodstock

Yellowfin in the size range of 2 to 7 kg (4 to 15 pounds) were collected in nearshore waters
adjacent to the Achotines Laboratory to establish a broodstock population in the laboratory.
Procedures for transport, handling, tagging, weighing, and measuring newly-captured yellowfin
were developed. Each fish was tagged with a microchip implant tag in the dorsal musculature
and injected with oxytetracycline (OTC) to establish a temporal mark in the otoliths and verte-
brae. The tag allows each fish to be identified throughout its life in captivity, and injection with
OTC will facilitate studies of the growth of the fish.

During the first six months of 1996, yellowfin were stocked in Tanks 2, 3, and 4 to conduct
two experiments designed to: 1) examine the effects of the antimicrobial agent sodium nifurstyre-
nate (NFS) on bacterial skin infections caused by capture and handling; and 2) examine the short-
term (2-3 weeks after capture) effect of OTC injection on the survival of captive yellowfin.

The first experiment was designed to determine if immersion of yellowfin in NFS prevents
ar reduces superficial infections, which could worsen and eventually result in mortality. NFS has
been used by the National Research Institute of Aquaculture in Japan for the treatment of bacte-
rial skin infections of young bluefin tuna caused by handling. Immediately after capture and
transport to the laboratory, yellowfin were tagged with microchip implant tags in the dorsal mus-
culature, measured, and weighed. The fish were randomly placed into either a 4.6-m (15-foot)
diameter treatment tank or directly into Tank 3 or 4 without treatment. The fish in the treatment
tank were immersed in a solution of approximately 7 ppm NFS for two periods of 1 heur each
during a 24-hour period. Following the two immersion treatments, each fish was randomly placed
into either Tank 3 or 4. Of the 38 yellowfin in the experiment, 19 were treated with NFS and 19
were not. The fish ranged from 55 to 77 cm (22 to 30 inches) in length and 3 to 7 kg (7 to 15 pounds)
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in weight at capture. Of these, 8 treated fish and 10 untreated fish died due to eye and/or body
infections. The daily survival rates of the fish in both treatments were not significantly different
(P > 0.25) over the 62-day post-capture period. Because the NFS treatment did not appear to be
harmful, and some treated fish made significant recoveries from body infections, NFS is being used
for the time being to treat recently-captured yellowfin at the Achotines Laboratory.

The second experiment was designed to determine if OTC injection has an adverse effect
on survival of yellowfin in the laboratory. OTC injected into the musculature of tunas establishes
a temporal mark in the otoliths and vertebrae that can be detected by microscopic examination
with ultraviolet light (IATTC Bull., 17 (7) and 21 (2)). Subsequent growth increments and poten-
tial annuli deposited in the hard parts after the OTC mark could possibly be used to validate
back-calculated lengths and weights at age, and to examine the influence of environmental vari-
ables and the onset of spawning on otolith and vertebral growth. Also, since it is an antibiotie, it
might reduce the incidence of infections. It is, therefore, desirable to inject the broodstock yel-
lowfin with OTC, providing that survival is not reduced by the procedure. Immediately after cap-
ture and transport to the laboratory, yellowfin were tagged with a microchip implant tag,
measured, and weighed. Every second fish was injected in the dorsal musculature with 1.5 ml of
100 mg/m!{ OTC (approximately 0.3 to 0.7 ml/kg body weight). All but three fish were treated with
an NFS solution, as described above, and placed in Tank 2. Of the 30 yellowfin captured for the
experiment over a period of 1 week, 15 were injected with OTC and 15 were not. The fish ranged
from 48 to 69 cm (19 to 27 inches) in length and 2 to 5 kg (4 to 11 pounds) in weight at capture.
Only one fish died during the experimental period of 3 weeks; it had been injected with OTC, but
had suffered abrasions to the head and caudal regions shortly after capture. Because OTC injec-
tion does not appear to affect short-term survival of captive yellowfin, OTC was administered rou-
tinely during 1996 to all newly-captured yellowfin at the Achotines Laboratory.

During the acclimation and grow-out periods in Tanks 2, 3, and 4, yellowfin were fed ad
libitum twice daily. Their rations averaged approximately 8.6 percent of hody weight per day
during this period. The fish were fed predominantly squid (mostly Loligo opalescens) and
anchoveta (Cetengraulis mysticetus), and occasionally flatiron herring (Harengula thrissina),
chopped black skipjack muscle, and mullet (Mugil curema).

Forty-one of the healthiest yellowfin from Tanks 2, 3, and 4 were transferred to Tank 1
when it became fully operational in June. Some of the fish were remeasured and reweighed, and
all were injected with OTC during transfer. Four yellowfin were left in Tank 2 to train new
arrivals to feed in captivity, Twelve of the fish which were initially measured and weighed in
April grew at an average rate of 0.146 cm (0.057 inches) per day for a period of 56 to 77 days in
captivity. The initial size range of these fish was 60 to 72 cm (24 to 28 inches). An average growth
rate in weight of 0.031 kg (0.068 pounds) per day was estimated for 8 of the 12 fish.

Collections of 2- to 5-kg (4~ to 11-pound) yellowfin continued during July and August to
augment the broodstock population. Newly-captured fish were held in Tank 2, and, after approx-
imately 2 months in captivity, 14 of the healthiest fish were transferred to Tank 1. While in Tank
2, the yellowfin were fed squid and fish, at approximately 8 percent of body weight per day. The
average growth rates estimated for the 14 fish during the 2-month period in Tank 2 were 0.2044
cm (0.080 inches) and 0.0594 kg (0.131 pounds) per day. In comparison, the in sifu growth rate
in length for tagged and recaptured yellowfin in the size range of 40 to 110 ¢cm (16 to 43 inches)
in the eastern Pacific Ocean has been estimated to be 0.102 ¢cm (0.040 inches) per day (IATTC
Bull,, 17 (7).

The diet of the yellowfin broodstock in Tank 1 is being carefully monitored to ensure that
it provides enough energy to fuel high growth rates and spawning, but does not cause excess fat
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deposition. A bioenergetics model, combined with growth rate estimates of the fish in Tank 1, is
being used as a guideline for determining daily ration schedules. The proximate composition
(protein, moisture, fat, and ash) of the food organisms and the broodstock fish (ohtained from
occasional mortalities and sacrificed individuals) are used to adjust the model. The food organ-
isms have included squid, anchoveta, thread herring (Opisthonema libertate) and bigscale
anchovy (Anchovia macrolepidota), and the diet is supplemented with vitamin and bile powders.
Several specimens of each food taxon have been dried, homogenized, and analyzed for proximate
composition by a laboratory in Aguadulce, Panama. On average, the anchoveta contain about 64
percent more calories and the thread herring about 116 percent more calories than the squid. By
adjusting the quantities and proportions of squid and fish in the diet, the amount of food is kept
high enough to avoid frenzied feeding activity, while not greatly exceeding the requirements for
metabolism, growth, reproduction, and waste losses. The broodstock were fed at approximately 5
to 8 percent of body weight per day during 1996. During the year, four yellowfin were removed
from Tank 1 to analyze their condition. The fish appeared to be in good health, and fat deposition
was not excessive.

At the end of the year, there were 39 yellowfin in Tank 1. Twelve mortalities occurred
during the year; these were due to blindness and/or starvation (4 fish), bacterial and/or parasitic
infections (4 fish), and wall strikes (4 fish). The estimated lengths and weights of the captive fish
at the end of the year in Tank 1 averaged 95 cm (37 inches) and 15 kg (33 pounds) and ranged
from 79 to 117 em (31 to 46 inches) and 12 to 20 kg (26 to 44 pounds). These estimates are based
on average growth rates calculated for the fish from Tanks 1 and 2 which were sacrificed and for
fish which were remeasured after approximately 2 months in Tank 2. At the end of the year, the
biomass in the broodstock tank was estimated at 0.43 kg per cubic meter, which is approaching
the target stocking density of 0.50 kg per cubic meter for the broodstock population. Tank 2 was
restocked with 20 additional individuals and these fish will be held in reserve, should it be nec-
essary to augment the population in Tank 1.

Yellowfin spawning

The broodstock yellowfin began spawning in October. This is the first spawning of yel-
lowfin in a land-based tank anywhere in the world. When spawning commenced, there were 44
fish in Tank 1. The early spawning seemed to involve only two or three pairs of the largest fish
(>90 cm (35 inches) in length). Each spawning event occurred around sunset, and was preceded
by courtship behavior during the late afternoon. The courtship behavior included pairing of indi-
viduals, chasing, rapid color flashes exhibited by individual fish, and rapid horizontal and/or ver-
tical swimming. The fish continued to spawn throughout the fourth quarter, and by the end of
the year many of the fish were exhibiting courtship behavior prior to each spawning event. From
the date of initial spawning to the end of the year (84 days total), there were 45 spawning events.
Spawning generally occurred between 5 p.m. and 8 p.m., and the water temperatures in the tank
during spawning ranged from 26.7° to 28.0°C (80.1° to 82.4°F).

The numbers of fertilized eggs collected after each spawning event ranged from about 100
to 770,000. The eggs were collected by several methods, including siphoning and dipnetting at
the surface and collecting them in nets at several outflow pipes. During 1997, egg collections will
be made with a fine-mesh surface egg seine, which will provide an entire sweep of the surface
waters of the broodstock tank, allowing standardization of the egg collection effort.

The hatching rates of the eggs ranged from approximately 30 to 90 percent. The diame-
ters of the eggs ranged from 0.90 to 0.95 mm, and the notochord lengths (NLs) (formalin-fixed) of
the larvae at hatching ranged from 2.2 to 2.5 mm. The duration of the egg stage was about 24
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hours, and the duration of the yolk-sac stage ranged from 50 to 72 hours depending on incuba-
tion temperature. The NLs (formalin-fixed) of the larvae at first feeding (eye pigmentation and
mouth formation stage) ranged from 3.2 to 3.4 mm.

The following parameters were recorded for each spawning event: time of spawning, egg
diameter, duration of egg stage, hatching rate, lengths of hatched larvae, duration of yolk-sac
stage, and length and selected morphometrics of the first-feeding larvae. The weights of the eggs,
yolk-sac larvae, and first-feeding larvae were periodically measured as well. These data will be
entered into a data base, which will allow comparisons among spawning parameters and physical
or biological factors which may influence spawning (e.g. water temperature, salinity, lunar cycle,
average size of the spawning fish, and average daily ration of the spawning fish).

Several initial larval feeding trials were completed, using rotifers as food. The larvae sur-
vived up to 8 days after hatching. Extensive feeding experiments with yellowfin larvae are
planned for mid-1997, when all phases of construction on the seawater and life support systems
for the experimental tanks will be completed.

Snapper and polla drum

Spotted rose snapper (Lutjanus guttatus) and polla dram (Umbrina xanti) were collected
to establish broodstock populations in captivity. Fighty snappers and 23 drum were held in brood-
stock tanks, and some of these were induced to mature and spawn with hormone treatments. The
work was carried out by Dr. Masato lizawa of the Fisheries and Aquaculture International Co.,
Ltd., Tokyo, Japan, Mr. Amado Cano of Panama’s Departamento de Recursos Marinos, and staff
members of the Achotines Laboratory. Dr. lizawa’s visit was sponsored by the OFCF.

Spotted rose snappers were induced to spawn twice during October. For fish that were cap-
tured in August, luteinizing-releasing hormone (LH-RH) pellets were used to induce spawning
during early October. The hatching rate of the fertilized eggs was high (96.4 percent). Larval
feeding trials were initiated, using both cultured rotifers and wild-caught zooplankton as food.
The larvae appeared to prefer wild-caught zooplankton over rotifers, but rough ocean conditions
at the time of the feeding trials precluded further collection of plankton. The larvae survived up
to 7 days after hatching, During late October, fish that had been in captivity for approximately
one year were injected with human chorionic gonadotropin (HCG), and spawning occurred 1.5
days later. The hatching rates of the fertilized eggs were less than 10 percent.

Polla drum were induced to spawn by injection of HCG in early October. The hatching rate
of the fertilized eggs was high (93.5%), and the eggs hatched in the laboratory 20 hours after
spawning. The first-feeding larvae were fed either cultured rotifers or a commercial pellet feed.
At approximately 3 weeks after hatching, brine shrimp nauplii were added to the diet, and at
approximately 5 weeks after hatching, the juveniles were fed microencapsulated feed, squid, and
chopped fish. By the end of the year, the young fish had been cultured for 7 weeks after hatching,
at which time the lengths ranged from 30 to 40 mm.

These induced-spawning trials represent the first time that spotted rose snappers and
polla drum have spawned in captivity. Experiments are planned to determine the early develop-
ment, growth, and food habits of these species.

Propagation of black skipjack in the laboratory

Fertilized eggs have been obtained from adult black skipjack tuna to supply newly-hatched
larvae for experiments at the Achotines Laboratory. The fish are held in a 6.4-m (21-foot) diam-
eter, 37,000-L (9,800-gallon) broodstock tank.
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Spawning activity, which had resumed on May 17, 1994, after a 2-1/2-month hiatus, ceased
on February 13, 1995. At that time the broodstock population was five. More black skipjack were
collected in nearshore waters off Achotines during 1995, and by the end of the year the total pop-
ulation was 11. In February 1996 all the fish died, after having been fed a contaminated vitamin
supplement. Subsequently 15 black skipjack, ranging in length from 40 to 50 cm (16 to 20 inches)
were added to the broodstock tank. During June, however, 10 females and 2 males died, for
unknown reasons. Efforts to restock the broodstock tank continued, and at the end of the year
there were nine black skipjack, ranging in length from 42 to 47 ¢cm (17 to 19 inches). These fish
are being monitored for spawning activity.

Plankton sampling

During April, live plankton was sampled in nearshore waters adjacent to the Achotines
Laboratory to measure changes in volume due to fixation and preservation in 95-percent ethanol,
Bouin’s solution, and 5-percent buffered formalin. The volumes of the preserved samples were
remeasured 4 months later. The estimated changes in volume will be used to adjust plankton vol-
umes measured from preserved material collected during the IATTC'’s ichthyoplankton surveys in
the northwestern Panama Bight during 1990 to 1993 (IATTC Bull,, 21 (3)).

Respirometry

Dr. Kathryn Dickson and four student assistants returned to the California State
University at Fullerton early in the year, after spending about 6 months at the Achotines
Laboratory. During their stay they conducted experiments to measure the maximum sustainable
swimming speeds, metabolic costs of swimming, and swimming kinematics of juvenile tunas and
sierra.

Oceanography and tuna ecology

The high productivity of the eastern tropical Pacific Ocean (ETP) is due mostly to pre-
vailing easterly winds and to prevailing currents which induce upwelling of cooler, nutrient-rich
subsurface waters. Sometimes the strength of the easterly winds decreases, which results in
reduced upwelling, higher sea-surface temperatures (SSTs), higher sea levels at coastal stations,
deeper thermoclines, and changes in the distributions and amounts of rainfall in various areas.
(The thermocline is the layer beneath the mixed layer where the temperatures decrease rapidly
with depth. The depth of the 20-degree isotherm, which occurs at about the middle of the ther-
mocline, is used in this report as a measure of the depth of the thermocline.) Periods when these
conditions prevail are called El Nifio episodes or events, and periods when the easterly winds are
unusually strong, accompanied by below-average SSTs, lower sea levels, and shallower thermo-
clines, are called anti-El Nifio episodes. The effects of an El Nifio event are usually most apparent
in the ETP between about 5°N and 15°S, but during strong episodes, such as that of 1982-1983,
these effects can extend poleward as far as 40°N and 30°S.

El Nifio and anti-El Nifio events have considerable effects on success of fishing for tunas
with surface gear. During an El Nifio episode the biological production is below normal because
of reduced upwelling of nutrient-rich subsurface water. In addition, since yellowfin and skipjack
tuna nearly always remain above the thermocline, it is more difficult to catch the fish which are
present when the thermocline is deep. In contrast, during anti-El Nifio events the biological pro-
duction is greater and the fish are more vulnerable to capture.

The TATTC staff analyzes physical conditions in the surface layers of the tropical Pacific
Ocean by monitoring the SSTs, sea levels, thermocline depths, and Southern Oscillation Indices
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(SOIs). The SOIs, the differences between the anomalies (departures from normal) of the air
pressures at the sea surface at Tahiti, French Polynesia, and Darwin, Australia, provide mea-
sures of the strength of the southern tropical easterly winds. Positive and negative SOls are asso-
ciated with stronger-than-normal and weaker-than-normal easterly winds, respectively,
although negative SOIs occasionally occur during what would otherwise be considered anti-El
Nifio events. Data on SSTs are obtained from fishing boats and other commercial vessels, data on
the thermocline depth anomalies and the SOI come from the monthly Climate Diagnostics
Bulletins of the U.S. National Weather Service, and sea-level data are supplied by the Specialized
Oceanographic Center, Department of Oceanography, University of Hawaii.

El Nifio and anti-El Nifio events from 1970 to 1996

There have been five significant El Nifio events, each followed within 1 to 3 years by a sig-
nificant anti-El Nifio event, during the 1970-1996 period. The moderate El Nifio episode of 1972
1973 was followed by a fairly strong anti-El Nifio event during 1974-1975. A weak El Nifio
episode occurred during 1976-1977, and it was followed by a prolonged, weak anti-El Nifio event
from 1979 to 1981. The most intense and extensive El Nifio episode of this century developed
during the second quarter of 1982 and continued strongly through the third quarter of 1983. This
El Nifio event caused a great disruption in tuna fishing, which resulted in the lowest recorded
tuna catches in the eastern Pacific Ocean (EPO) since the 1950s (Table 3). This event was fol-
lowed in 1984-1985 by an anti-El Nifio episode, during which fishing conditions in the EPO
improved (Table 12). Two years later, in 1987, another El Nifio event of moderate intensity devel-
oped, but, like most El Nifio events, it was confined to the equatorial region south of 5°N. This
episode apparently had little effect on tuna fishing, as the tuna catches in the EPO during 1987
were the third largest on record to that date (Table 3). During 1988 an intense and extensive
anti-El Nifio episode developed in the ETP and continued through the first half of 1989. During
the early 1990s a slow-developing El Nifio finally reached maturity during 1992-1993, and it was
followed in 1995-1996 by the only significant anti-El Nifio episode of this decade to date. Four
environmental parameters whose values are indicative of EI Nifio and anti-El Nifio conditions are
depicted in Figure 25.

The anti-El Nifio event of 1995-1996

The anti-El Nifio event of 1995-1996 began during the second quarter of 1995, and con-
tinued developing slowly during the second half of that year. During the first quarter of 1996 the
low-level easterly winds were as much as 4 meters per second (8 knots) stronger than normal
between 130°W and 160°W from the equator to 5°S. These winds were the strongest since those
of the 1988-1989 anti-El Nifio episode, and were an important cause of the strong upwelling and
negative SST anomalies along the equator. The most significant negative temperature anomalies
appeared in the equatorial region between 5°N and 5°S east of the international date line. Below-
normal temperatures appeared also in some parts of the Peru Current offshore off Ecuador and
northern Peru. Elsewhere in the ETP the SSTs were near normal. The sea level remained
slightly below normal over much of the ETP. In addition, the thermocline was shallower than
normal in the ETP (but deeper than normal in the western Pacific). The SOI became, on average,
more positive. During the previous year, however, the SOI had displayed considerable variability,
due in part to abnormal surface pressure conditions over the western Pacific Ocean and Australia.

During the second quarter of 1996 anti-El Nifio conditions continued in the ETP. The equa-
torial easterly winds remained stronger than normal, with speeds up to 3 meters per second (6
knots) above normal south of the equator and east of 160°W. The SSTs were below normal over



36 TUNA COMMISSION

most of the ETP, whereas in the central and western Pacific they were near normal. The SST
anomalies for April, which are representative of this quarter, are shown in Figure 26. The
greatest negative anomalies occurred along the equator east of 160°W and along the coast of Peru.
The thermocline was shallower than normal between 5°N and 5°S east of 140°W and deeper than
normal in the equatorial western Pacific. The SOI remained positive (0.6).

During the third quarter the SSTs were significantly below normal along the equator east
of 140°W between 5°N and 5°S and off Mexico between 27°N and 12°N. In the coastal regions of
Ecuador and Peru the SSTs were 1° to 2°C (1.8° to 3.6°F) below normal, which indicated that
there was considerable upwelling in that area. Elsewhere in the ETP the SSTs were, on average,
near normal. The below-normal SSTs resulted in fewer than usual tropical storms and improved
fishing conditions in the CYRA (Figure 1) during the second and third quarters. In the ETP the
depth of the thermocline was between 40 and 80 m (22 and 44 fathoms), which was within 10 m
(5 fathoms) of normal; in the western Pacific its average depth was about 160 m (87 fathoms),
which was 20 m (11 fathoms) deeper than normal. During this quarter the sea level continued to
be 2 to 3 cm below normal off the coast of South America. The SOI remained positive (0.5).

The SST anomaly pattern during December (Figure 27), which was representative of the
fourth quarter, shows near-normal SSTs over much of the ETP, indicating that the anti-El Nifio
was beginning to weaken. The SSTs remained significantly below normal, however, along the
equator east of 160°W between 5°N and 5°S and in the coastal regions of Ecuador and northern
Peru (Figure 27). Warming of the surface waters in the western Pacific can be a forerunner of El
Nifo conditions in the ETP, but by the end of 1996 there was no unusual warming there (Figure
27). The sea levels were below normal in the CYRA, and the thermocline was 10 m (5 fathoms)
shallower than normal in the ETP. The SOI for the fourth quarter was again positive (0.5). The
average value of the SOI for 1996 was also 0.5 (Figure 25, Panel D).

STATUS OF THE TUNA AND SWORDFISH STOCKS IN 1996 AND OUTLOOK FOR 1997

The convention establishing the Inter-American Tropical Tuna Commission states that its
principal duties are to study the biology of the tunas and related species of the eastern Pacific
Ocean (EPO) to determine the effects that fishing and natural factors have on their abundance
and, based on these studies, to recommend appropriate conservation measures so that the stocks
of fish can be maintained at levels which will allow maximum catches on a sustained basis. To
fulfill this responsibility, a broad program of research involving biological and oceanographic
studies and the acquisition and interpretation of detailed statistics of catch and effort of vessels
fishing in the EPO is carried out by the Commission’s stafl. In keeping with these responsibili-
ties, background papers are prepared to inform the Commissioners of the staff’s current assess-
ment of the status of the tuna resources of the EPO. The information in these background papers
is reprinted in this Annual Report, with minor changes, to make it available to the general public.

Yellowfin tuna

The world catches of yellowfin have exceeded those of all other species of tuna except skip-
jack for many years. Yellowfin accounted for 32, 37, 38, 35, and 33 percent of the world catches
of the principal market species of tunas (skipjack, yellowfin, bigeye, albacore, and northern and
southern bluefin) in 1991, 1992, 1993, 1994, and 1995, respectively (Table 6). Yellowfin is the
most important species taken by the surface fishery for tunas in the eastern Pacific Ocean (EPO).
During the 1970-1974 period, the percentage contributions of the various ocean areas to the world
catches of yellowfin were as follows: EPO, 41 to 49; western Pacific, 23 to 28; Atlantic, 19 to 22;
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Indian, 5 to 10 (Figure 28). The equivalent percentages for the 1991-1995 period were: EPO, 25
to 29; western Pacific, 33 to 37; Atlantic, 12 to 16; Indian, 19 to 29. It is evident that, although
the catches of yellowfin in the EPO have increased substantially since 1970, the percentage
increases in the catches in the western Pacific Ocean and the Indian Ocean have been even
greater, so the EPO is now a relatively less important source of yellowfin than it was during the
early 1970s.

Indices of abundance

It is necessary, when assessing the condition of a stock of fish which is exploited by a
fishery, to have estimates of its abundance or, if that is not possible, estimates of its relative abun-
dance. In general, it is not possible to make direct estimates of the abundance of a stock of fish,
such as the yellowfin tuna in the EPO. However, it is possible to assess the effects that fishing
has on the stock from estimates of its relative abundance. More specifically, it is necessary to cal-
culate a series of estimates of the relative abundance of the stock for the period of interest. The
IATTC staff uses three relatively independent methods to obtain indices of abundance of
yellowfin,

Cohort method

The cohort method, which was first described on pages 62-64 of the IJATTC Annual Report
for 1972, requires that the fish which are caught be assigned to cohorts. (A cohort consists of all
the fish recruited to the fishery at the same time, such as the X73 cohort, which reached a length
of about 30 cm (12 inches) in November of that year, first entered the fishery in small numbers
during the first half of 1974, and contributed to it significantly for the first time during the second
half of that year, and those of the Y73 cohort, which reached a length of about 30 cm in May of
1973, first entered the fishery in small numbers during the second half of that year, and con-
tributed to it significantly for the first time during the first half of 1974.) The IATTC staff esti-
mates the monthly catches of fish of the X and Y cohorts, in numbers of fish, throughout their life
spans (not more than seven years). Accordingly, there are fish of up to 14 different cohorts in the
catch during a month. These data are used in cohort analyses (sometimes called virtual popula-
tion analyses), which are discussed in detail in the subsection entitled Age-structured models.
This methed is used to produce two indices of abundance, one for the total stock of fish recruited
into the fishery (i.e. all fish which are equal to or greater than 30 cm in length) and the other for
the larger fish (fish which have been in the fishery more than 17 months) only. These are shown
in Figure 29. If the estimates of two other parameters which are used to carry out the cohort
analyses, the assumed rates of natural mortality and the “initiating” rates of fishing mortality,
are correct, or nearly so, the estimates obtained from these analyses will be close to the actual
biomasses of the stock. It is not possible, however, to obtain accurate estimates of the natural
mortality rates of tunas with the techniques presently available, so the estimates of biomasses of
the stock derived from cohort analyses could be biased upward or downward. Such being the
case, they should be regarded as indices which are useful for comparing interannual trends,
rather than as measures of abundance.

CPDF method

The CPDF (catch per day’s fishing) method, which was developed during the 1950s (JATTC
Bull,, 1(2) and 2 (6)) and later modified to a more general form (IATTC Bull,, 13 (3)), involves
analysis of estimates of the CPDF by a hypothetical standard boat for a series of years. This
method is discussed in detail on page 62 of the IATTC Annual Report for 1994. The annual trend
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for this index (1967-1996) is shown in Figure 30, together with the index for the biomass of larger
fish obtained with the cohort method (adjusted so that its mean is the same as that for the CPDF
index).

Searching-time method

The searching-time method is described in IATTC Bulletins, Vol. 18, No. 4, and Vol. 19, No.
3, and pages 23-24 of the IATTC Annual Report for 1994. It is similar to the CPDF method,
except that it is based on the amount of time that the boat spends searching for fish, i.e. the days
of fishing minus the time spent making sets. It has been further refined by adjusting the
searching times for factors, such as the speed of the boat, which have been found to influence the
efficiency of searching. The annual trend for this index (1970-1995) is shown in Figure 31,
together with the index for the total biomass (1967-1996) obtained with the cohort method
(adjusted so that its mean is the same as that for the searching-time index).

The trends for all four indices (two from the cohort method and one each from the CPDF
and searching-time methods) are similar, although the cohort index for large fish is more like the
CPDF index (Figure 30) and the cohort index for all fish is more like the searching-time index
(Figure 31). Two of the indices show the population increasing from 1982 to 1986, one shows it
increasing from 1982 to 1985, and one shows it increasing from 1983 to 1986. The cohort index
for all fish (Figure 31) shows a peak in 1988, followed by a decline to 1992, after which it remained
about constant through 1996. The searching-time index (Figure 31) shows a decline from 1991 to
1995. The other two indices (Figure 30) showed no trends from 1987 to 1996.

Stock assessment

None of the stock assessment models discussed in this subsection would be applicable
unless there is little or no exchange of yellowfin between the EPO and the regions to the west of
it. The extent of exchange of yellowfin between these areas has been studied by examination of
data on tagging, morphometric characters, catches per unit of effort (CPUEs), sizes of fish caught,
efc., and it appears that the mixing of fish between the EPO and the areas to the west of it is not
extensive enough to invalidate the use of these models.

Age-structured models

Age-structured models make use of data on recruitment and on average rates of growth
and mortality of individual fish. Estimates of these parameters are obtained from analyses of
length-frequency and otolith data from the fish in the catches, supplemented by tag return data
and other data of various types. The IATTC staff has collected data on the size compositions of
the fish in the catches of yellowfin in the EPO since 1954, and in addition has had access to the
corresponding data collected during 1951-1954 by the California Department of Fish and Game.
The otoliths were collected during 1977-1979, and the analyses were carried out during the early
1980s. Tagging was conducted principally from 1955 to 1981.

Cohort analyses

Cohort analyses performed by the TATTC staff have produced information concerning the
relative abundance, mortality, and recruitment of fish of individual cohorts which has been highly
useful for stock assessment. As a first step, the fish in the catch must be assigned to cohorts.
Then estimates are made of the numbers of fish of each cohort at the time of recruitment and at
various intervals thereafter and of the numbers which are caught and which die during each
interval. The information needed for these calculations includes the numbers and average
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weights of fish of each cohort in the catch, an estimate of the natural mortality rate (or estimates
of a series of rates if the natural mortality is not constant for the fish of different ages), and an
estimate of the fishing mortality rate for at least one catch interval for each cohort. These are
called the “initiating” rates of fishing mortality. All of these estimates are obtained from analyses
of catch statistics and length-frequency, weight-length, and sex-ratio data. The results of these
analyses are not as accurate as desired because, although fish of different cohorts can be easily
distinguished from one another when they are young, this becomes increasingly difficult as they
grow older, so older fish are probably often assigned to the wrong cohorts. Thus not only are the
estimates of the catches of fish of each cohort less accurate than desired, but the estimates of the
mortality rates are somewhat crude. Specifically, an estimate of 0.8 for the annual coefficient of
natural mortality (M) is used for all ages of males. For females, M is assumed to be 0.8 for the
first 30 months in the fishery and then to increase linearly to about 4.8 at 80 months. (Actually,
M probably varies somewhat among cohorts.) Also, the catchability of the fish varies according
to age, area, season, weather, oceanographic conditions, and other circumstances, the growth
rates vary, and the times of recruitment vary. All of these introduce “noise,” and possibly bias as
well, into the calculations.

The estimated average populations of fish of the various cohorts, in numbers of fish, are
shown in Table 9. For the X68 cohort, for example, there was an average of 26,154,000 0-year-
olds during the last quarter of 1968, and the population of that cohort during the first, second,
third, and fourth quarters of 1969 averaged 21.41, 17.43, 13.89, and 10.52 million fish, respec-
tively (1969 rows, I column). In 1970 the average populations of 2-year-olds of that cohort during
the first through fourth quarters were 7.22, 4.51, 3.45, and 2.65 million fish, respectively (1970
rows, II column), and so on. The average numbers of 0-, 1, 2, 3-, 4-, 5-, and 6-year-olds of the
seven X cohorts (1968, 1967, 1966, 1965, 1964, 1963, and 1962) during the last quarter of 1968
were 26.15, 14.66, 2.41, 0.97, 0.27, 0.08, and 0.06 million, respectively (1968, last row). The table
is read the same way for the Y cohorts as for the X cohorts, except that the Y cohort first appears
during the second quarter of the year.

Estimates of the numbers of recruits for each cohort for 1967-1996 are listed in Table 10.
The estimates for 1991 through 1996 are preliminary and subject to change, however. This is
because the fish of these cohorts are still exposed to the fishery, and future catches will affect the
estimates of their recruitment. The averages of the initial recruitments (Columns 2-4) are 36 mil-
lion for the X cohort and 43 million for the Y cohort; the averages of the average populations
during the month of recruitment (Columns 5-7) are 35 million for the X cohort and 42 million for
the Y cohort. The variability (ratio of the largest to the smallest estimate) among years for the
initial recruitment is nearly the same for the X cohort (3.18) and the Y cohort (3.11), and that for
the combined data (2.75) indicates an inverse relationship (not necessarily significant) for the two
cohorts. The recruitment has been variable, but the average for 1977-1996 (86.4 million) has
exceeded that for 1967-1976 (64.6 million). There appears to have been an upward trend in
recruitment over the last 30 years or so, the initial recruitment averaging about 66, 76, and 91
million fish during the 1967-1975, 1976-1984, and 1985-1996 periods, respectively (Figure 32). It
could be argued, however, that this is due to chance variation, especially for the 1973-1996 period,
when the initial recruitment has averaged about 84 million fish. The initial recruitment during
1994-1996 has averaged only about 80 million fish, whereas during 1986-1993 it averaged about
97 million fish.

The numbers of fish in Table 9 were converted to weights, using data on the average
weights of fish of different sizes (Table 11) to estimate the average annual biomasses (total weight
averaged over four quarters) for each cohort. Different initiating rates of fishing mortality were
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estimated for the months during which different cohorts were last exploited, depending on fluc-
tuations in effort from season to season. In addition, for purposes of comparison, calculations
were made for all cohorts with initiating rates greater and less than those considered to be the
best estimates. Considerable adjustment of these initiating rates was done to obtain better com-
parisons of the annual average estimates of the biomasses of the cohorts (Figure 29) to the other
estimated trends in abundance (Figures 30 and 31). The annual average biomasses, by age
group, in Figure 33 were estimated by averaging the monthly values and combining the estimates
for the seven X cohorts and the seven Y cohorts. It is easy to see the relative strengths of the var-
ious cohorts from this figure. For example, the recruitment of X84 and Y84 cohorts combined was
about average (Table 10) and their biomass (Figure 33, cross-hatched) was greatest at age 2.
These cohorts were not fished heavily until 1987, when they were 2 years old (Figure 34). The
initial recruitment of the X72 and Y72 cohorts combined (Figure 33, diagonal lines), on the other
hand, was below average (Table 10), and after the Y-cohort fish were fished heavily as age-1 fish
in 1973 (Figure 34) their biomass was relatively low (Figure 33) in the succeeding years.

The average annual biomass estimates for 1967 through 1996 for all fish equal to or
greater than about 30 ¢cm in length and for “large fish” (all fish which had been in the fishery more
than 17 months) are shown in Figure 29. During 1967-1971 the total biomass averaged about 429
thousand metric tons. This was comprised of a large proportion of larger fish resulting from
recruitment during 1965-1967 which were exploited lightly as young fish. Below-average recruit-
ment, coupled with increasing exploitation rates during 1969-1972, resulted in a decline in the
biomass of the larger fish from 1969 to 1974. The abundance of smaller fish increased in 1974 as
a result of an extremely large 1973 year class (Tables 9 and 10). That year class accounted for
most of the increase in total biomass in 1975 and biomass of large fish in 1975 and 1976. The
greatest catch of yellowfin in the history of the fishery prior to 1986 was made during 1976 (Table
12). Below-average recruitment during 1975 and 1976, coupled with increased exploitation of
young fish from 1973 to 1982, resulted in the biomasses of all fish and of larger fish decreasing
until 1982, when they reached the lowest levels (183 thousand metric tons, of which 99 thousand
metric tons were big fish) observed in recent history. Although the 1977 recruitment was well
above average, exceeded only by those of 1973 and 1987, so many of these fish (and those of the
1978 recruitment) were captured as 1- and 2-year-olds (Figure 34) that they did not contribute
heavily to the fishery in 1981 or 1982. The recruitment was below average from 1979 through
1982, above average in 1983 and 1984, below average in 1985, and above average from 1986
through 1995. Preliminary data indicate that the recruitment for 1996 was slightly below
average. The total biomass increased in 1983, due primarily to lesser fishing effort, and increased
greatly in 1984 and 1985, due to increased recruitment and reduced fishing on young fish. It
remained high until 1988, but declined after that, except for slight increases in 1993 and 1995.
The biomass of large fish declined in 1990 and 1991, increased in 1992 and 1993, decreased in
1994, increased slightly in 1995, and then declined slightly in 1996.

The annual catches of fish of the X and Y cohorts, and of both cohorts combined, during
1970-1996 are shown in Figures 34 and 35. In Figure 34 each panel contains the catches of fish
of the same cohort in different years, whereas in Figure 35 each panel contains the catches of fish
of different cohorts in the same year.

Comparison of Figures 33 (annual estimates of the biomass of the X and Y cohorts), 29
(annual estimates of the total biomass and the biomass of large fish), and 35 (catches during each
year by age) reveals the changes which have taken place in the age composition of the population
and the catch. During the 1970s, when the fishing effort was high, fewer and fewer individuals
survived to reach the larger sizes. The fishing effort was reduced in 1982, 1983, and 1984, which
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permitted many fish which would have been caught while young to grow larger. The total con-
tributions of the combined X and Y cohorts from 1968 through 1991 (Figure 34) ranged from 134
thousand metric tons for the 1976 cohort to 371 thousand metric tons for that of 1987, with an
average for the 24 groups of 219 thousand metric tons. If the Y73 cohort had not been fished so
heavily during its first year the catches for that cohort would have been even greater. Division
of these cohort catches by the corresponding initial estimates of recruitment (Table 10) gives
yield-per-recruit (YPR) estimates for each cohort (Figure 36) which varied from 1.7 to 3.5 kilo-
grams (3.8 to 7.7 pounds). The low YPR for the X67 cohort was the result of low fishing effort,
rather than large catches of small fish. The initial recruitment for 1967 through 1991 varied from
49 million to 135 million fish (Table 10), averaging 78 million fish, producing an average YPR of
2.8 kilograms (6.1 pounds).

Yield-per-recruit analyses

In addition to cohort analyses, yield-per recruit (YPR) analyses have been used by the
IATTC staff. When the fish of a cohort are young the total weight increases because the growth
in weight of the individual fish is rapid, while the losses to the cohort due to natural mortality
are moderate. Later, as the fish grow older, their growth rate becomes slower, while the natural
mortality continues to be about the same or increases. Thus the losses to the total weight due to
natural mortality at that time are greater than the gains due to growth, and there is a net loss
to the total weight. Eventually the cohort disappears. The ideal way to obtain the maximum
yield in weight from a cohort of fish (assuming, for this discussion, that this is the object of man-
agement) would be to harvest each fish just before it died a natural death. This is not possible,
of course. The next-best alternative would be to harvest all the survivors at the age or size at
which the loss to the total weight by natural mortality exactly balances the gain to it by growth
{the “critical age” or “critical size”). This is possible for some animals, such as oysters or clams
which are exposed at low tide and can be easily harvested at that time. When the manager of a
bed of oysters or clams surveys it at frequent intervals and removes the individuals which have
reached the critical size he is exerting an infinite amount of fishing effort on the animals which
have reached that size. It is obvious that this alternative is not practical for most species of fish.

Intuitively, it seems that if the second alternative is not possible harvesting should begin
on fish which have not yet reached the critical size. This is the third alternative, and the only
practical one for most species of fish. It is assumed, for the moment, that the size at entry (i.e.
the size of the smallest fish caught) can be efficiently controlled. If the fishing effort is high a size
at entry only slightly less than the critical size would be selected, most of the fish caught would
be close to the critical size and age, and the yield would be almost as great as under the second
alternative. If the fishing effort is lower a size at entry considerably below the critical size would
be selected, the fish caught would exhibit a wider range of sizes and ages, and the yield would be
considerably less than it would under the second alternative (but still the maximum possible
without increasing the effort).

It may not be possible, however, to control efficiently the size at entry. If so, the only way
to manage the fishery is to control the catch or the effort. If the size at entry is greater than the
critical size unlimited catch or effort can be permitted, but if the size at entry is less than the erit-
ical size restriction of the catch or the effort may increase the yield.

So far it has not been mentioned that at least some of the individuals of a cohort must be
allowed to spawn at least once before they are harvested. This matter will be discussed in the
subsection entitled Spawner-recruit relationship.
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Also, it has not been mentioned that the growth of the individual fish may be slower, or the
natural mortality may be greater, when a population of fish is dense than when it is less dense.
Accordingly, the loss due to harvesting of some fish at less than the critical size may be at least
partially compensated for by faster growth and/or lesser natural mortality of the remaining fish.
In addition, if the growth or natural mortality rates are affected by population density the crit-
ical size and age will vary according to population density. This is another complication not taken
into account in the YPR model as described here, but it is automatically compensated for in pro-
duction models, which will be discussed later.

Proceeding now to yellowfin in the EPO, the estimates of growth and natural mortality
obtained by the IATTC staff are not as reliable as desired, but the critical size is estimated to be
roughly 116 ¢m (32 kilograms or 70 pounds). Most fish caught by the baitboat fishery are con-
siderably smaller than this. When most of the tuna fleet converted from bait to purse-seine
fishing in the late 1950s and early 1960s, the average size of the fish in the catch increased, many
of them being approximately equal to or greater than the critical size. The average annual catch
of yellowfin by surface gear increased considerably during the period after the conversion to purse
seining, averaging about 95 thousand metric tons for 1961-1970, as compared to about 76 thou-
sand metric tons for 1951-1960. The offshore expansion of the fishery during the mid- and late
1960s was an important factor in these greater catches, but the increase in the average size of the
fish caught was also partially responsible for the increased catches.

The objective of management specified by the IATTC convention is to maintain the stocks
at levels capable of producing the average maximum sustainable yields (AMSYs). Actually, as
discussed in the first paragraph of the subsection, it is not possible to realize the AMSY except
with an infinite amount of fishing effort and complete control of the size at which the fish are har-
vested. However, management in accordance with the results of YPR modeling will provide yields
which approach the AMSY, provided recruitment is independent of the number of spawners. (The
relationship between recruitment and spawning will be discussed below in the subsection enti-
tled Spawner-recruit relationship.) The estimated YPRs produced by different combinations
of size at entry and fishing effort for two time periods with different patterns of age-specific
fishing mortality are shown in Figure 37. (Fishing effort will be discussed in more detail in the
subsection entitled Production models.) Various combinations of fishing effort and size at entry
give various YPRs, which are indicated by the curved lines. The calculations are based upon the
growth-in-weight data shown in Table 11, coefficients of fishing mortality (Figure 38) obtained
from estimating the biomass as described in the subsection entitled Cohort analyses, and esti-
mates of the coefficients of natural mortality given in that subsection. During the 1978-1982
period the fishing effort was directed most at small and large fish and least at medium-sized fish,
whereas during the 1991-1995 period the effort was directed most at large fish and least at small
ones, with an intermediate amount of effort directed at medium-sized fish. The effects of this
shift can be seen in the age-frequency histograms for the catch in Figure 35. With an infinite
amount of effort the optimum size at entry would be 32 kilograms (70 pounds)), the critical size,
and the YPR would be 4.3 kilograms (9.3 pounds). The actual size at entry is a little less than 1
kilogram (about 2 pounds). The sizes at entry which would produce the maximum YPRs for var-
ious multiples of fishing effort are shown in Figure 37 as dashed curves. For the 1978-1982 case,
it can be seen in the upper panel of Figure 37 that if the size at entry were increased from 1 kilo-
gram to about 14 kilograms (30 pounds) and the effort remained at about 33 thousand days (the
1978-1982 level), the YPR would increase from about 2.3 kilograms (5.0 pounds) to about 3.4 kilo-
grams (7.4 pounds). For the 1991-1995 case (Figure 37, lower panel), changing the size at entry
from 1 kilogram to about 14 kilograms and increasing the effort from 20 thousand days (the 1991-
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1996 level) to about 33 thousand days would increase the YPR from about 3.0 kilograms (6.7
pounds) to about 3.8 kilograms (8.3 pounds). If the size at entry could be increased to the
optimum, 32 kilograms, the YPR would be about 3.25 kilograms at 20 thousand days of effort and
about 3.67 kilograms at about 33 thousand days of effort.

The above description contains the implicit assumption that alteration of the size at entry
does not change the areal distribution of the fishing effort. This assumption would be justified if
the fishery operated as follows. At first, when the size at entry was low, the vessels would search
for schools of fish, finding some containing mostly small fish and some containing mostly large
fish, and setting on both. Later, when the size at entry was increased, the vessels would search
in the same manner as before, but would set only on the schools containing large fish. Hence the
effort directed toward large fish would be the same in the second period as in the first, However,
it is likely that if for any reason the size at entry for yellowfin were increased there would be a
tendency for the fishermen to search less in the area-time strata containing mostly small fish and
more in those containing mostly large fish, so the fishing effort on the large fish would probably
increase. In general, this would tend to increase the YPR more than indicated in Figure 37. It
appears that this has happened in recent years.

The total yield is the product of the estimates of the YPR and recruitment. For example,
the YPRs for the 1967-1975, 1976-1984, and 1985-1996 periods are about 2.5 kilograms (5.6
pounds), 2.4 kilograms (5.4 pounds), and 3.1 kilograms (6.8 pounds), respectively (Figure 39).
From the cohort analyses it was determined that the annual average YPR was about 2.7 kilo-
grams (6.0 pounds) for 1967-1996. The yields obtainable with these YPRs and an initial recruit-
ment of 86 million fish, the average for 1977-1996, are as follows:

Period YPR in kilograms Recruitment in millions  Yield in thousands of
(pounds) of fish metric fons
1967-1975 25(5.5) 86 215
1976-1984 24(5.3) 86 206
1985-1996 3.1(6.8) 86 267
1967-1996 2.7(6.0) 86 232

The yield with the size-specific fishing mortality pattern of 1985-1996 is 30 percent greater than
that with the pattern of 1976-1984. It has been pointed out in IATTC Annual Reports for pre-
vious years that a shift of fishing effort from smaller to larger fish would increase the YPRs and
catches. Such a shift did occur, and this resulted in increased catches during 1985, 1986, and
1987. The fishery took more smaller fish in 1988, however, due to especially high recruitment
during 1987, and then returned to catching larger fish during the 1989-1996 period (Figure 40).
As can be seen in Figure 39, the YPR decreased to about 2.7 kilograms in 1988, and then aver-
aged about 3.1 kilograms during the 1989-1996 period. Since 1974 the YPR within a year (Figure
39) has been highly correlated (Figure 41) with the average weight caught within that year
(Figure 40). When a cohort is lightly fished, as was the case for those years previous to 1974, the
curve in Figure 41 will not give an accurate prediction of the YPR.

Spawner-recruit relationship

At least some of the individuals of a cohort must be allowed to spawn at least once before
they are harvested. If spawning occurs well before the fish reach the critical size there is prob-
ably no danger from this standpoint, but if spawning does not occur until after the fish have
reached the critical size, and the fishing effort is high, there is a possibility that the number of
spawners would be so reduced that the recruitment in subsequent years would be reduced.
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Therefore a fishing strategy designed to produce the maximum YPR will not necessarily produce
the maximum yield. If the fishing pattern has an impact on the future recruitment, the max-
imum yield can be obtained by controlling the fishing to optimize the product of cohort size and
YPR. (It should not be assumed, however, that a modest reduction in spawners would reduce the
recruitment in subsequent years, as this does not appear to be the case for yellowfin tuna within
the range of abundance of spawners observed (Figure 42).)

Production models

Production models, in contrast to age-structured models, make use of data on the popula-
tion as a whole, rather than on individual fish. When a population of fish has not been exposed
recently to a fishery it is at the maximum size that the environment permits. Lack of food, lack
of suitable living space, presence of predators, efc., prevent the population from growing beyond
that maximum. When, over the long run, gains to the population by recruitment and growth are
balanced by losses due to natural mortality the population is said to be in equilibrium. There may
be years of especially favorable environmental conditions when the population is greater than
average and years of especially poor environmental conditions when the population is less than
average, but these can often be ignored when looking at long-term trends.

If one or more fishing boats began to fish on the population the catch per unit of effort
(CPUE) (catch per day of searching, for example), which is assumed to be proportional to the size
of the population, would initially be relatively high, as the population would be at its maximum.
The gains to the population would still be due to recruitment and growth, but the losses to the
population would be due not only to natural mortality, but also to fishing mortality. Thus the pop-
ulation would be reduced. In response to the reduction in population the rates of recruitment,
growth, and/or natural mortality would change, the gains from the first two exceeding the losses
from the third. If the boats stopped fishing this net gain would cause the population to increase
gradually to its original size. As the population approached that size the rates of recruitment,
growth, and/or natural mortality would gradually approach their previous levels until they were
the same as before the fishery began. The population would thus be restored to equilibrium at
its maximum size. If the boats continued to fish at the same rate, however, the population would
eventually come into equilibrium with different rates of recruitment, growth, and/or natural mor-
tality and a population size which was less than the original population size. The CPUE would
still be proportional to the population size. If there were only a few boats the population size
would be only slightly reduced and the CPUE would be relatively high, but if there were many
boats the population would be considerably reduced and the CPUE would be much lower.

The total catch would be the product of the CPUE and the total effort. If the fishing effort
were relatively low, modest increases in effort would more than offset the corresponding
decreases in CPUE, resulting in greater catches, but at greater levels of effort such would not be
the case. At some intermediate level of effort the product would be at its maximum. If the objec-
tive of management is to obtain the average maximum sustainable yield (AMSY) of fish the
fishing effort should be maintained at that level. If the object is maximum profit the effort should
be somewhat less (assuming that the price remains constant), and if the object is maximum
employment of fishermen the effort should be somewhat greater. If the effort is less than what-
ever optimum is selected, the population is said to be underfished, and if the effort is greater than
that optimum, the population is said to be overfished.

It is easiest to consider the interrelationships of effort, catch, and CPUE at equilibrium
conditions, but it must be recognized that such conditions rarely exist. For example, if the popu-
lation is at equilibrium near its maximum and the effort is suddenly increased the CPUE will
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gradually decrease for a period before a new equilibrium point with a lesser CPUE is reached.
The catches will be greater during the period of transition than at the new point of equilibrium.
Likewise, if the population is at equilibrium at a low level, due to excessive effort, and the effort
is suddenly decreased the CPUE will gradually increase for a period before a new equilibrium
point is reached with a greater CPUE. The catches will be less during the period of transition
than at the new point of equilibrium.

It is appropriate at this point to examine the applicability and usefulness of production
models for the yellowfin resource of the EPO. The previous discussion has dealt with “a popula-
tion of fish.” As stated above, none of the stock assessment models would be applicable unless
there is little or no exchange of yellowfin between the EPO and the regions to the west of it. Prior
to 1990, production modeling was done only for the Commission’s Yellowfin Regulatory Area
(CYRA; Figure 1), but, as mentioned on page 48 of the IATTC Annual Report for 1989, the staff
has decided to carry out analyses based on the assumption that the catches made in the EPO
(east of 150°W) come from a single stock.

The applicability of production models can be assessed only if (1) there are catch and effort
or catch and CPUE data available for a wide range of levels of fishing effort, preferably including
periods of both underfishing and overfishing, and (2) the perturbations caused by fluctuations in
environmental conditions are not so great as to mask the changes in apparent abundance caused
by fluctuations in fishing effort. It will be seen below that data are available for a wide range of
levels of fishing effort. The effects of environmental conditions have been studied and reviewed
in IATTC Annual Reports for previous years. These effects usually balance out over fairly short
periods of time, although there is some evidence, which will be discussed later, that the produc-
tivity of yellowfin in the EPO has increased.

In this subsection only effort estimated by dividing the total yellowfin catch by the yel-
lowfin CPDF of unregulated Class-6 purse seiners (greater than 400 short tons (363 metric tons)
capacity) is used, except in the searching-time model. The CPDF values for 1967-1996 are shown
in Figure 30. An index of abundance for 1970-1995 based on the searching-time model, which is
gimilar to the CPDF model, is shown in Figure 31. Indices of the abundance of yellowfin derived
from the cohort analyses described previously are also shown in Figures 30 and 31.

The CPDF data shown in Table 12 and Figure 30 indicate that the abundance of yellowfin
in 1986 was the greatest for any year of the 1967-1986 period, and that since then it has stabilized
at a level slightly less than that of 1986. The increase was expected, due to the low catches in 1982,
1983, and 1984 which permitted the population to increase, and the decline from 1986 to 1987 was
also expected, due to the large catches during 1986 and 1987. The CPDF's for 1985-1996 have been
even greater than what would have been expected from the results of an analysis based on data
for 1967 to 1983, however. This was probably caused by (1) above-average recruitment, (2) the fact
that, due to the lesser demand for skipjack and small yellowfin, less of the effort was expended in
areas where these are most abundant, and (3) the greater average size of yellowfin taken, which
resulted in a greater YPR. With reference to point (2), it should be noted that the searching-time
model (Figure 31) includes an adjustment for the effect of fishing in areas where skipjack occur.

The symmetrical production model, described below, was first applied (IATTC Bull,, 2 (6))
with baithoat catch, effort, and CPUE data for the inshore area (Figure 43) for the 1934-1955
period, which included a wide range of effort on the underfishing side of the curve. Those data
indicated that, within the ranges of fishing effort for which information was available, the popu-
lation conformed to the model. In 1960 and 1961, for the first time, the effort was greater than
optimum, and the population responded in the ensuing years with lower CPUEs and catches,
which gave further indication that the model was applicable.
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Prior to the mid-1960s the fishery was pursued only in the inshore portion of the EPO and
in the vicinity of a few offshore islands and banks. During the mid- and late 1960s, however, the
fishing fleet began to increase in size and extended its operations much further offshore. The
inshore, offshore, and far offshore areas (Figure 43) are termed Areas A1, A2, and A3, respectively.
If the exchange of fish among these three areas were instantaneous the AMSY of the three areas
combined would be the same as that of Area Al alone, and if there were no exchange the AMSY
of the three areas combined would be the sum of the individual AMSYSs of the three areas. Studies
have shown that there is relatively slow exchange of fish among the three areas, so the AMSY for
Al, A2, and A3 combined is greater than that for Area A1, but less than the sum of the individual
AMSYs for A1, A2, and A3. These studies have been described in more detail in IATTC Annual
Reports for previous years.

As mentioned previously, data which encompass a wide range of effort are required to
establish the AMSY. In 1968, after it had become apparent that the estimate of the AMSY cal-
culated for Area Al was not applicable to the entire CYRA, the Commissioners authorized the
staff to undertake an experimental management program so that an estimate of the AMSY for
the CYRA could be obtained as quickly as possible. This was necessary because the effort had
been relatively constant during the few years since the offshore expansion of the fishery had
begun. When levels of effort in excess of optimum were reached the catch would be reduced, or
at least would fail to increase. Then the effort could be reduced to increase the catch eventually
(assuming that it had previously been reduced), and so on, until a sufficiently good estimate of
the AMSY was obtained. This takes quite a bit of time, however, due to the fact that the popula-
tion does not respond instantly to changes in the fishing effort, and also because perturbations
caused by environmental factors tend to make interpretation of the results more difficult. The
experimental management program remained in effect through 1979,

Regression techniques are used to obtain estimates of the parameters in the production
models, using observed catch and effort data for a number of years. One of these parameters is
an estimate of the population biomass at the beginning of the first year. The population biomass
at the beginning of the second year is estimated by using the model, the catch in the first year,
and the other parameter estimates. This process is continued sequentially for the remaining
years. Estimates of the average population biomass for each year are obtained similarly.

In recent years two fits have been estimated, one for the 1968-1983 period and another for
the period from 1984 to the most recent year for which data are available.

Two analyses for the CYRA based on production models have been discussed in TATTC
Annual Reports for previous years. One of these employs the logistic or symmetrical model, for
which it is assumed that the equilibrium relationship between catch and CPDF is linear. The
other employs the general stock production model, for which the equilibrium relationship
between catch and CPDF need not be linear. For both of these only the effort data, estimated by
dividing the total catch by the CPDF for Class-6 vessels, have been used. For all of the earlier
fits the coefficient of catchability, ¢, was set equal to 0.000039, the estimate obtained previously
with data for 1968-1982. The data used and the estimates obtained for these two curves (IATTC
Annual Report for 1987: 49), were as follows:

Fit m q Maximum sustainable yield (CYRA) Sum of squares
in thousands of metric tons (x 109)
1 2.0 0.000039 158 2.224

2 0.8 0.000039 161 3.330
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m is a parameter which controls the shape of the curve; 2 makes it symmetrical, values less than
2 make it skewed to the right, and values greater than 2 make it skewed to the left. The sum of
squares is a measure of the goodness of fit of the points to the curve, lower values of the sum of
squares indicating better fits and vice versa.

Based on production model analyses employing data for 1968-1985, it was stated on page
70 of the JATTC Annual Report for 1985 that to bring the CYRA stock to its optimum size the
catch in the CYRA in 1986 should not exceed 224 thousand short tons (203 thousand metric tons).
However, because some estimates indicated a lesser amount than this, the 1986 maximum quota
for the CYRA was set at 205 thousand short tons (186 thousand metric tons). The catch in the
CYRA in 1986 was 230 thousand metric tons, and yet the indices of abundance did not show a
decline during 1986. It was shown previously that this unexpected increase in production was
due to increased recruitment and YPR. Fluctuations in recruitment and changes in age-specific
fishing mortality have always created difficulties in applying the results of production model
analyses. As has already been stated, the recruitment was above average during 1983-1991, and
these above-average levels of recruitment, coupled with changes in age-specific fishing mortality,
make short-term reliance on production model analyses alone misleading. For example, adding
the 1986 and 1987 data to the 1968-1985 data base and re-estimating the production model
parameters made little change in the estimates of AMSY and optimum effort, and over the long
term both the symmetrical and asymmetrical models, with the adjustment discussed above,
described the average potential production from the stock fairly well. When the data for 1988
were added, however, the need for a different explanation was obvious. The catch for 1988 was
so great that a population crash and extremely low CPDFs in early 1989 were expected from the
model. This, obviously, did not happen.

The lesser average YPR (Figure 39) during the 1976-1984 period, as compared to the 1967-
1975 period, was offset by greater average recruitment (Figure 32) when computing the stock
production. However, during the 1985-1996 period, both the average YPR and the average
recruitment were greater than in previous years , resulting in increased stock production. During
the three periods mentioned on page 39, the estimated initial recruitments, average weights
(Figure 40), YPRs, potential yields, and annual catches for the EPO were as follows:

Period Initial Average weight YPRin  Potential yield Observed catch
recruitment in  in kilograms kilograms (EPO) in (EPO) in
millions of (pounds) (pounds)  thousands of  thousands of
fish metric tons metric tons
1967-1975 66 11.1(24.4) 2.5 (5.6) 165 167
1976-1984 76 6.9(15.3) 2.4(.3) 182 179
1985-1996 91 11.8 (26.0) 3.1(6.8) 282 272

Since the average catches during the first two periods were roughly the same, fitting the produc-
tion models to catch and effort data for 1968-1984 can be accomplished without difficulty. As both
the recruitment and the YPR increased during the last period, however, it has become impossible
to explain the relationship between catch and effort by assuming that the population parameters
remain constant. Accordingly, the data for the EPO have been fit with two different sets of
parameters, one for the data for 1968-1983 and one for the data for 1984-1996 (Figures 44 and
45, top panels). The results are as follows:
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Period m Maximum sustainable yield (EPO) in Sums of squares
thousands of metric tons (x 109
1968-1983 20 192 1.7675
1968-1983 0.8 181 2.1395
1984-1996 2.0 292 0.8566
1984-1996 0.8 298 0.8624

The estimated equilibrium yields for the 1984-1996 period obtained from the production modeling
seem t0o high, based on the fact that all of the catches since 1991 have fallen below the equilib-
rium line (Figures 44 and 45). Since the effort was relatively constant, especially from 1991
through 1996, some of the points for the 1991-1996 period should have fallen near or above the
upper dashed line, rather than below it. This indicates that the stock has gone into a new level
of productivity between the two dashed lines. The symmetrical model (m = 2.0) seems to give a
better fit (Figure 44), and its sum of squares is less. However, the YPR studies indicate that pro-
duction curve should be asymmetrical.

In the lower panels of Figures 44 and 45 the observed CPDFs are compared to the expected
CPDFs computed from the model, using values for m of 2.0 and 0.8 and data for two different time
periods. It can be seen that they have corresponded fairly well, on the average, over most of the
years shown, but that they are beginning to diverge. In specific years there are wide divergences,
however, particularly for m = 0.8. The reason for this is that the production models are essen-
tially regression models which assume average conditions, and cannot reflect the effects of large,
short-term changes in recruitment or age-specific mortality. The difference in the trend for 1993-
1996, however, is most likely due to a change in the productivity of the stock.

Status of the stock during 1996 and considerations for 1997

Cohort analysis provides estimates of the number and weight of fish of each age group in
the fishery at the beginning of 1997, and also provides the basis for estimating the catch during
1997, provided certain assumptions regarding the numbers of fish recruited and the age-specific
fishing mortality during 1997 are fulfilled. The recruitments during 1996 and 1997 have been
assumed to be equal to the average of those for 1989-1996 and the age-specific fishing mortality
during 1997 to be equal to that for 1996. The assumption regarding age-specific fishing mortality
implies that the fishing effort during 1997 will be the same as that during 1996. The results indi-
cate that the catch during 1997 should be equal to that of 1996 unless the effort changes. If the
fishery reverts to catching primarily smaller fish, however, as was the case during 1978-1982 and,
to a lesser extent, during 1988, the 1997 catch, with effort at the 1996 level, will be less. If the
recruitments during 1996 and 1997 prove to be below or above average the 1997 catch will be less
or more than expected, of course.

The YPR analyses demonstrate that the YPR, at current effort levels, would be about 30
percent greater if in the future the flest continues to concentrate on larger fish, as during 1991-
1995, rather than on smaller fish, as during 1978-1982 (the difference, at 20 thousand days,
between the solid and dashed curves in Figure 46). The effort during 1991-1995 was about 20
thousand Class-6 purse-seine days per year, whereas it averaged about 33 thousand days per year
during the 1978-1982 period. A reduction from 33 to 20 thousand days during the earlier period
would have produced an increase of about 2 percent in the catch and an increase of about 68 per-
cent in the CPDF. Therefore, the combination of increased YPR and decreased effort would pro-
duce an increase of about 33 percent in the YPR (1.02 x 1.30 = 1.33).
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The effects of two different average levels of recruitment, those for 1991-1995 (“high”) and
1978-1982 (“low”), combined with the average age-specific fishing mortality for 1991-1995, are
shown in Figure 47. The catch is about 20 percent greater with high recruitment than with low
recruitment at either the 1978-1982 or 1991-1995 levels of effort.

The combined effects of high recruitment and age-specific fishing mortality similar to that
of 1991-1995 versus average recruitment and age-specific fishing mortality similar to that of
1978-1982 are shown in Figure 48. In this instance the catch in the first case exceeds that for the
second case by an average of 62 percent for effort levels between 10 thousand and 35 thousand
days. A little less than half of the increase in the estimated catch comes from increased recruit-
ment and a little more than half from increased YPR.

Production models for which the parameters were estimated with the 1968-1983 data indi-
cate that the stock of yellowfin would be reduced to zero by the beginning of 1990, due to the large
catches made during 1985-1989. These models allow for virtually no catch during 1990 through
1997. Obviously, these estimates have not been representative of conditions in the fishery since
1983 or 1984. As noted above, age-structured analyses demonstrate that major changes in age-
specific fishing mortality and recruitment occurred between 1983 and 1985, and these caused the
production from the stock to be much greater than expected from the production medel parame-
ters for 1968-1983. Ifit is assumed that the data for the most recent years represent current con-
ditions in the fishery, and the parameters of the production model are re-estimated as described
previously, the expected catches correspond much more closely to the observed catches (lower
panels of Figures 44 and 45). With the re-estimated parameters of the model, it is estimated that
the equilibrium catch for the EPO for 1997, with the reduced effort levels of 1992-1996, should be
approximately 263 to 272 thousand metric tons. With this reduced level of effort, the two pro-
duction models indicate that the CPDF should be between 15 and 16 metric tons. These values
are almost certainly too high; it is more likely that the CPDF will be about 11 to 14 metric tons.

It is estimated that the recruitment has fluctuated by a factor of about 3, and over the
observed range of data for the fishery it does not appear to be related to the stock size (Figure 42).
This adds to the difficulties in making short-term forecasts with production models. If the fore-
casts from this model are to be improved, it is necessary to use information about the recruitment.
It would be best to be able to forecast the recruitment a year or two in advance, but it is currently
not possible to do this. The yield curves derived from the YPR models for the 1978-1982 and 1991-
1995 periods (Figure 48), plus the points and production curves for the 1968-1983 and 1984-1996
periods (top panel of Figure 45), are shown in Figure 49. During the 1968-1983 period, when
there was considerable interannual variation in effort, but the average catches were roughly the
same for reasons discussed on page 47, the curves for the two models correspond well to one
another. For the 1984-1996 period, however, when there was little interannual variation in effort,
the two curves do not correspond well to one another. The YPR model indicates that the amounts
of effort during the 1984-1996 period were near or greater than that necessary to produce the
maximum catch, whereas the production model indicates that these amounts of effort were all
below that level.

In summary, evaluating the effect of fishing upen the abundance and yield of yellowfin in
the EPO is difficult. Using the production models alone provides tenuous results, so the staff has
combined the results of three different models, cohort, YPR, and production, to arrive at what are
believed to be the most reasonable conclusions.

The foregoing YPR analyses, as shown by the dashed curve in Figure 48 and the lower
panel of Figure 49, demonstrate that the current effort level (21 thousand Class-6 days) was in
the range of the levels (18 to 22 thousand days) needed to harvest the AMSY. Also, it shows that
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the actual catch varies in accordance with the amount of recruitment and the age-specific fishing
mortality (Figures 46-48). In 1996 the YPR decreased relative to those for 1992-1995.

The equilibrium catch with the 1996 age-specific fishing mortality, a recruitment of 85 mil-
lion fish (the average of 1989-1996), and 21 thousand days of effort would be about 228 thousand
metric tons per year, but it would take several years to reach equilibrium; the catch in 1997 would
be about 249 thousand metric tons. If the effort were increased to about 23 thousand days, the
equilibrium catch would be about 226 thousand metric tons, but in 1997 the catch would be about
264 thousand metric tons. It should be noted that increasing the effort from 21 to 23 thousand
days (a 10-percent increase) would decrease the equilibrium catch by about 2 thousand metric
tons (a decrease of less than 1 percent), but the equilibrium CPDF would drop from about 10.9 to
about 9.8 metric tons per day (an 11-percent decrease).

Use of current estimates of the parameters of the production model (Figures 44 and 45, late
period) produces estimates of the stock size which are substantially above the optimum level. If
such is the case, the fishery could easily harvest more than the AMSY, say about 325 thousand
metric tons per year from the EPO, with about 275 to 285 thousand metric tons of that coming
from the CYRA. For two reasons, however, caution should be exercised in using the production
model values. First, the effort level has been almost constant since 1984 and the observed values
of the catches and the CPDFs have been substantially less than the predicted values (Figures 44
and 45, lower panels). (The parameters have been estimated from data for 1984 through 1996.)
Under these conditions, the estimates are very imprecise. Second, recruitment (Figure 32)
appears to have been declining during recent years, and if it continues to do so, or stabilizes at
the 1991-1996 level, re-estimates of the parameters of the production model will indicate that the
productivity of the stock is less than previously indicated.

As was pointed out at the 57th meeting of the IATTC in 1996, in recent years the fleet has
been directing a greater portion of its effort toward fish not associated with dolphins. Fish caught
in free-swimming schools or in association with floating objects are smaller than those caught in
association with dolphins (Figure 50), so the shift in fishing modes is probably causing the sus-
tainable catch of yellowfin in the EPO to decline. Also, the annual effort has increased by 16 per-
cent in the last five years, and the YPR analyses indicate (Figure 49, lower panel) that this is
greater than the optimum level of effort and could cause a slight decline in the sustainable pro-
duction. These declines would take several years to manifest themselves fully.

Skipjack tuna

The world catches of skipjack have exceeded those of any other species of tuna for many
years. Skipjack accounted for 53, 46, 45, 47, and 49 percent of the world catches of the principal
market species of tunas (skipjack, yellowfin, bigeye, albacore, and northern and southern bluefin)
in 1991, 1992, 1993, 1994, and 1995, respectively. In the Pacific Ocean 58, 50, 52, 52, and 57 per-
cent of the catches in 1991, 1992, 1993, 1994, and 1995, respectively, were skipjack. The world
catches of skipjack by area are shown in Figure 51. The catches in the Pacific Ocean are much
greater than those in the Atlantic and Indian Oceans, and the catches in the western and central
Pacific are much greater than those in the eastern Pacific Ocean (EPO). The catches in the EPO
have not shown an upward trend during the 1961-1996 period, while those of the other areas have
greatly increased.

Substantial fisheries for skipjack occur in the northeastern Pacific near Baja California,
the Revillagigedo Islands, and Clipperton Island and in the southeastern Pacific near Central
America, northern South America, Cocos Island-Brito Bank, and the Galapagos Islands, and off-
shore south of 10°N. The area of very warm water off southern Mexico which separates the two
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areas is apparently nearly devoid of skipjack in most years (Figures 5 and 6), but in some years,
such as 1956, the distribution of skipjack seems to have been continuous from north to south. The
fishery for skipjack in the EPO tends to take place closer to shore than that for yellowfin, but in
recent years, especially 1995 and 1996, greater portions of the skipjack catches have been made
further offshore. In the central Pacific Ocean there are lesser fisheries for skipjack near the
Hawaiian Islands and the Society Islands. Further to the west, particularly between 10°N and
10°S east of 140°E, there are much more substantial fisheries for skipjack.

The total catches of skipjack in the EPO vary considerably from year to year (Figure 51),
and the locations at which the fish are caught also vary from year to year. During the late 1950s
large catches of skipjack were made south of 5°S, and from the late 1950s to the early 1970s large
catches of this species were made close to shore off Ecuador and northern Peru. During the early
1970s, however, the center of abundance of the southeastern group seemed to shift to waters off
Colombia and Central America, and then during the early 1980s it seemed to shift back to
Colombia and Ecuador. In 1996 the greatest catches were made between about 10°N and 15°S
from the coast of the Americas to about 140°W (Figure 6).

The size compositions of skipjack samples taken in the EPO during 1991 through 1996 are
shown in Figure 17. Differences among years are apparent; the fish were larger during 1991,
1994, and 1996 than during the other years.

Tunas are caught in three types of schools, those in which the fish are associated with dol-
phins, those in which the fish are associated with floating objects, such as logs, and those in which
the fish are associated only with other fish. Unlike yellowfin, skipjack are not often caught in
schools associated with dolphins. Data on the numbers of logged purse-seine sets of each type,
the catches of yellowfin, skipjack, and bigeye in these sets, and the total catches of yellowfin, skip-
jack, and bigeye are listed in Table 5. The greatest numbers of sets on schools associated with
floating objects and on schools of tuna associated only with other fish (“free-swimming schools”)
were made during the period from the mid-1970s to the early 1980s, and the greatest catches of
skipjack were made during this period. There is currently considerable opposition from some
environmental groups and some individuals concerned with the environment to fishing for tunas
associated with dolphins, so if the vessels which have fished in that manner in recent years were
to direct their effort to fishing for schools of tuna associated with floating objects and free-swim-
ming schools the catches of skipjack would probably increase.

Population structure

Skipjack occur throughout the tropical and subtropical waters of the Pacific Ocean, and it
is known that there is considerable exchange of fish among areas (Figure 52). It is of funda-
mental importance to determine whether these fish belong to one or more than one subpopula-
tion and, if the latter is the case, where the different subpopulations occur and how their
distributions vary with time and age. This problem has been studied by various methods,
including analyses of catch statistics, life history, tagging, biochemical genetic data, and data on
chemical composition of the otoliths of the fish. Research in these fields has been conducted by
many organizations, including the IATTC, the South Pacific Commission (SPC), the U.S. National
Marine Fisheries Service (NMFS), and various organizations in Japan. The research results per-
tinent to a solution to this problem were examined at a workshop of fisheries biologists and pop-
ulation geneticists sponsored by the SPC in 1979, and the conclusions reached at that meeting
were discussed in detail on pages 88-91 of the IATTC Annual Report for 1983. In summary, there
were two principal hypotheses for skipjack in the Pacific Ocean. The separate-subpopulation
hypothesis stated that there are two or more genetically-distinct subpopulations of skipjack in the
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Pacific Ocean, and the clinal hypothesis stated that separate subpopulations of skipjack do not
exist in the Pacific Ocean, but there is isolation by distance, i.e. the probability of any two fish
interbreeding is an inverse function of their distance from one another. It was concluded at the
workshop that the available data did not favor either the separate-subpopulation or the clinal
hypothesis. Subsequent studies, described on pages 69-71 of the IATTC Annual Report for 1994,
have not furnished information which would serve better as the basis for management decisions.
(Those studies should not be considered as futile, however, as the information from them may
eventually be combined with information to be gathered in the future to achieve a much greater
understanding of the stock structure of skipjack in the Pacific Ocean.)

Abundance, availability, and vulnerability to capture

As stated above, the apparent abundance of skipjack is highly variable in the EPO. This
is believed to be due more to the effects of environmental conditions than to the effects of fishing.
A study of the effects of environmental conditions on the abundance, availability, and vulnera-
hility to capture of skipjack in the EPO has been published in IATTC Bulletin, Vol. 19, No. 6, and
some of the results are summarized on pages 71-72 of the IATTC Annual Report for 1994. On the
whole, the results of the IATTC staff’s attempts to relate the apparent abundance of skipjack with
environmental conditions suggest that this relationship is complex and not obvious. The problem
might be partially resolved if biological and statistical studies could be made for the entire popu-
lation unit(s) which contribute(s) to the EPO fishery, instead of the portion of it (or them) which
inhabit(s) the EPO during part of the life span. Usable catch, effort, and catch-per-unit-of-effort
(CPUE) data are available for some parts of the Pacific population unit(s), but not for others.
Also, there is the problem of separating the catches of fish of the population unit(s) which con-
tribute(s) to the EPO fishery from those which do not.

Indices of abundance

Estimates of the relative abundance of skipjack in the EPO have been calculated from
catch and effort data in various ways. Even though the purse-seine and baithoat fisheries of the
EPO are directed primarily toward yellowfin and skipjack, and the ranges of these two species
are similar, there are area-time-fishing mode strata in which the catches of skipjack are negli-
gible, or nearly so. Specifically, skipjack are seldom caught in purse-seine sets on dolphin-asso-
ciated tuna, and there are areas, e.g. the area off southern Mexico (Figures 5 and 6), where only
small amounts of skipjack are caught. Also, as mentioned above, fishermen sometimes pass up
opportunities to catch skipjack so they can search for yellowfin. Most investigators have taken
these facts into account when calculating indices of abundance for skipjack.

The CPUEs of skipjack, in catch per Class-3 baithoat (101 to 200 short tons (92 to 181
metric tons) capacity) day’s fishing, were used as estimates of abundance of skipjack during the
1934-1954 period (IATTC Bull., 1 (7)). No adjustments were made for any of the factors men-
tioned in the previous paragraph. These estimates are shown in Figure 53.

Another study (IATTC Bull,, 13 (1)) was based on purse-seine and baitboat data for 1951-
1965. Data for the distributions of the catches for each year were examined, and the data for
areas with lesser catches of skipjack were excluded. The areas for which the data were excluded
differed among years because the distributions of the areas of greatest catches differed among
years. Then the catches per day of fishing were calculated for Class-4 baithoats (201 to 300 short
tons (182 to 272 metric tons) capacity) for 1951-1965 and Class-4 purse seiners (201 to 300 short
tons capacity) for 1960-1965, and these were used as indices of abundance of skipjack for those
years. These estimates also appear in Figure 53.
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In a third study (IATTC Bull., 19 (6)) purse-seine and baitboat data were used to estimate
indices of abundance of skipjack for 1961-1984. Twenty-two 5° x 5° areas were recognized as
“skipjack areas,” and data for fishing effort in other areas were excluded from the analyses. Data
for purse-seine sets made on dolphin-associated fish were also excluded. The data were adjusted
to compensate for increased successful-set ratios for skipjack over the period under consideration.
Then the catches per day of fishing for Class-3 and Class-6 purse seiners (more than 400 short
tons (363 metric tons) capacity) and for Ecuadorian baitboats were calculated. The estimates for
Class-6 purse seiners and Ecuadorian baitboats are also shown in Figure 53.

Most recently, CPUE data for yellowfin and skipjack combined for 1959-1996 have been
used to calculate indices of abundance of these two species. The data for 1968-1996 are catch per
day of fishing (CPDF) data for Class-6 purse seiners. Those for 1959-1967 are catch per stan-
dardized day of fishing (CPSDF) data for Class-4 baithoats, multiplied by 2.82 to adjust for the
fact that Class-6 purse seiners are about 2.82 times as efficient as Class-4 baitboats. The adjust-
ment factor of 2.82 was calculated from CPDF data for yellowfin and skipjack combined for Class-
6 purse seiners and Class-4 baitboats fishing in the same area-time strata during the 1965-1974
period, when there were sufficient numbers of both types of vessels in the fishery. Because the
1968-1996 data are CPDF data for Class-6 vessels and those for 1959-1967 are adjusted to the
equivalent of CPDF for Class-6 vessels, they will henceforth be referred to as CPDF data. The
total catches of yellowfin and skipjack combined taken by all surface gear east of 150°W for each
year were divided by the CPDF for both species combined for unregulated trips to estimate the
total effort in Class-6 purse-seine days. These estimates of total effort were divided into the total
catch of yellowfin and the total catch of skipjack to obtain the CPDF for each species separately.
No adjustments have been made to compensate for fact that not all of the fishing effort in the EPO
is directed toward skipjack. These estimates also appear in Figure 53.

The CPUEs are greater for the 1960s than for the preceding and following years. There
are four possible reasons for this. First, the fish may have been more abundant or more vulner-
able to capture during the 1960s. Second, for the data in the second and third panels, the proce-
dures used for elimination of data for areas in which the fishing effort was directed primarily at
species other than skipjack may not have fully accomplished their purpose. Third, for the fifth
panel, no attempt was made to eliminate data for areas for which the fishing effort was directed
primarily at species other than skipjack. Fourth, for the third and fifth panels, some or all of the
factors used for conversion from one type of effort to another may have been biased.

In the opinion of the IATTC staff, none of these estimates is satisfactory, and further
studies are warranted.

Stock assessment

It has long been known that there is exchange of fish between the EPQ and the central and
western Pacific Ocean (Figure 52). There are no measures of the amount of this exchange, however.

The catches of skipjack in the EPO are more variable than those of yellowfin. This is partly
because the abundance, availability, and/or vulnerability to capture is more variable for skipjack
than for yellowfin in the EPO. The CPUEs of skipjack vary among years by a factor of about
seven (IATTC Bull. 19 (6): Tables 9 and 10), whereas those of yellowfin vary among years by a
factor of about three (Table 12). There are two causes for the greater variability of skipjack.
First, the recruitment of skipjack (IATTC Bull., 19 (6): Table 14} is more variable than that of yel-
lowfin (Table 10). Second, fewer age groups of skipjack than of yellowfin are caught, and the pres-
ence of more age groups tends to dampen the year-to-year fluctuations in the catches. In addition
to the above, there are economic factors to be considered. As larger boats replaced smaller ones
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during the 1970s and 1980s greater proportions of the fishing effort were exerted further offshore,
where skipjack were less abundant or more difficult to catch. Also, fishermen sometimes passed
up opportunities to catch skipjack in areas where they are relatively abundant and easy to catch
because the canneries would not accept them or because the prices were considerably less than
those for yellowfin. During the early 1990s fishermen discovered that bigeye tuna associated
with floating objects, but well below the surface, can be detected with sonar and caught with
purse seines. This fishery was pursued mainly between about 10°N and 15°S between the coast
and about 140°W. In addition to bigeye, large amounts of skipjack and juvenile yellowfin are
taken by this fishery. This fishery was largely responsible for the above-average catches of skip-
jack during 1995 and 1996.

Age-structured models

The yield-per-recruit (YPR) approach to age-structured modeling is discussed in the section
of this report dealing with yellowfin. Estimates of the YPRs which could be obtained with var-
ious combinations of size at entry and fishing mortality are calculated. In most cases the results
indicate that (1) the YPRs will be greater if smaller fish are not exploited and (2) if fish below the
critical size are caught, the YPRs will be greater at intermediate than at high levels of effort.
However, if the population is not closed, and fish enter the fishing area, stay a short time, and
then leave, there may be no reason to avoid the capture of small fish or limit the fishing effort. A
YPR analysis, based on the assumption that the skipjack of the EPO constitute a closed popula-
tion, has been performed. The YPRs for skipjack with various combinations of natural mortality,
fishing effort, and size at entry are shown in Figure 54. The IATTC staff’s estimates of size-spe-
cific fishing mortality for 1986-1987 and of growth and natural mortality have been integrated to
obtain the calculations which form the basis for this figure. The sources of the growth-in-weight
data were as follows:

Computation Equation Source

growth in length 24 ¢m per year [ATTC Bulletin, Vol. 19, No. 6
weight-length relationship logw = 3.335 logl - 8.250 TATTC Bulletin, Vol. 4, No. 2

An annual coefficient of natural mortality of 1.5 (about 78 percent) was used. The values in the
horizontal scale are multiples of the fishing effort, i.e. 0.5, 1.0, and 2.0 represent effort values half
of, equal to, and twice the actual effort values for 1986-1987. Various combinations of fishing
effort and size at entry give various YPRs, which are indicated by curves. For example, if the mul-
tiplier is fixed at 1 and the size at entry at 40 cm (about 1.2 kilograms or 2.7 pounds) the YPR
would be about 0.719 kilogram (1.59 pounds). If the multiplier is fixed at about 3 and the size
at entry at about 48 cm (about 2.3 kilograms or 5.0 pounds) the maximum YPR of about 0.735
kilograms (1.62 pounds) could be achieved. At the 1986-1987 level of effort an increase in the size
at entry from 30 to 40 cm would increase the YPR from about 0.712 to about 0.717 kilogram, an
increase of less than 1 percent. At the 1986-1987 size-specific fishing mortality, doubling or
tripling the fishing effort would result in increases in the YPR to about 0.721 or 0.725 kilogram,
respectively, increases of less than 2 percent. The greatest possible increase, about 3 percent,
could be achieved by increasing the size at entry to about 48 cm and tripling the fishing effort.
This is because the losses to the total weight of a cohort of fish by natural mortality exceed the
gaing to it by growth, even when the fish are less than 50 c¢m long and presumably growing
rapidly.



ANNUAL REPORT 1996 55

Production models

Production models, based on indices of abundance of the fish, are discussed in the section
of this report dealing with yellowfin. Data for CPUE and effort are examined to see if the former
is related to the latter; if such is not the case fishing effort may not be affecting the abundance of
the fish. Data for CPUE of skipjack and fishing effort in the EPO have been examined, and no
significant relationships have been found. The lack of a relationship has been attributed to the
possibility that the arrival and departure of skipjack from the central and/or western Pacific has
a greater influence on their abundance in the EPO than does the fishery. In addition, however,
there is the problem of determining which effort should be considered skipjack effort because, as
stated above, skipjack are not the primary target of the fishery.

Spawner-recruit relationship

Spawner-recruit models are discussed in the section of this report dealing with yellowfin.
It is not possible, due to lack of knowledge of the stock structure, to apply these models to skip-
jack in the Pacific Ocean in a meaningful way. Skipjack are less heavily exploited than most of
the other principal market species of tunas, and it is generally believed that the recruitment of
this species has not been affected by reduction in the abundance of spawners due to fishing.

It was pointed out previously that the landed catches of skipjack (i.e. the catches of skip-
jack which were not discarded at sea) were considerably greater during 1975-1982 and 1995-1996
than during other years of the 1961-1996 period, so it would be instructive to examine data on
the relationship between fishing effort directed toward skipjack and landed catches of skipjack.
Skipjack are seldom caught in sets made on dolphin-associated tunas, so only sets made on
schools associated with floating objects and free-swimming schools are considered. These data,
obtained from Table 5, are shown in Figure 55. It is apparent that the landed catches are roughly
proportional to the effort, which is not in agreement with the results shown in Figure 54. The
disagreement between Figures 54 and 55 could be due to the fact that the skipjack population in
the EPO is not closed. Thus, when skipjack are removed from areas where they are most vul-
nerable to capture, fish from other areas may move to these areas to replace them. If the replace-
ment takes place rapidly, the landings may be roughly proportional to the effort, which appears
to be the case in Figure 55. Also, it can be seen in the bottom panel of Figure 53 that the CPUEs
were at about the same levels during the 1975-1982, a period during which there were relatively
large numbers of sets on free-swimming schools and floating objects, and 1983-1994, a period
during which there were relatively small numbers of such sets.

On the other hand, the disagreement between Figures 54 and 55 could be at least partly
due to differences in the proportions of skipjack discarded during different periods. The market
demand for skipjack was greater during 1975-1982 than during 1983-1994, so if the total catches
(including fish discarded at sea) could be substituted for the landed catches in Figure 55 the
figure would be somewhat different. Data collected by observers during 1993-1996 on the dis-
cards of skipjack by Class-6 purse seiners (Table 38) indicate that the total catches exceeded the
landed catches (Table 3) by about 15 to 30 percent.

Considerations for 1997

It is reasonably certain that skipjack are underfished in the EPO. This situation could
change, however, so it is important to learn more about this species and its relationships with the
environment.
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Bigeye tuna

The world catches of bigeye are less than those of skipjack and yellowfin, but greater than
those of albacore and northern and southern bluefin. Bigeye are most often consumed fresh,
whereas skipjack and yellowfin are usually canned. Since the prices are much higher for fish
which are destined for fresh-fish markets, bigeye are, from an economic standpoint, an extremely
important component of the world catches of tuna. During the 1965-1992 period, 21 to 43 percent
of the world catches of bigeye came from the eastern Pacific Ocean (EPO) (Table 13).

Bigeye are caught mostly by longlines, which fish well beneath the surface of the water.
During the early 1950s there was little longline fishing in the EPO, and hence the catches of
bigeye in that area were low. During the mid-1950s, however, Japanese longline vessels began to
fish in the EPO, and the catches of bigeye increased. Accordingly, beginning during the early
1960s, this species was given more attention by the IATTC staff. During the 1963-1996 period
six Japanese scientists from the National Research Institute of Far Seas Fisheries (NRIFSF)
have spent time in La Jolla working with IATTC scientists on the Japanese longline fishery for
bigeye and related species in the EPO. During the early 1990s fishermen operating in the EPO
discovered that bigeye associated with floating objects, but well beneath the surface of the water,
can be detected with sonar and caught with purse seines. Many of these floating objects were
fish-aggregating devices (FADs) placed in the water by the fishermen. Most of these catches of
bigeye were taken between 5°N and 10°S. Accordingly, beginning in 1995, the IATTC staff fur-
ther increased its studies on higeye, principally to estimate the effects of increased catches by the
surface fishery on the longline fishery and on the sustainable yield.

Fisheries

The surface fishery

Bigeye are caught near the surface of the water by purse seiners, baitboats, trollers, and
recreational fishing vessels. The catches of bigeye by purse seiners are much greater than those
of all other types of surface-fishing vessels combined. The purse-seine catches increased during
the late 1960s and the 1970s, declined after 1981, and then rose dramatically in 1994, 1995, and
1996 (Table 13). The distributions of the logged catches of bigeye by purse seiners in the EPO
during 1981-1995 and 1996 are shown in Figures 7 and 8. The catches southwest of the
Galapagos Islands were much greater during 1996 than during1994 and 1995 (IATTC Annual
Report for 1995: Figures 7 and 8).

The increased purse-seine catches of bigeye during the late 1960s and the 1970s were
apparently due to two factors. First, the actual catches probably increased because there were
restrictions on the catches of yellowfin, but not bigeye, during the 1966-1979 period, which in
some instances caused fishermen to seek out bigeye in preference to yellowfin. Concurrently with
this, the fishermen’s skill in catching bigeye probably increased. Second, the statistics collected
after the mid-1960s are more accurate. Bigeye and yellowfin caught by the surface fishery have,
in most years, brought the same price to the fishermen, so bigeye have often been reported as yel-
lowfin. Since the advent of regulations, however, the two species have more often been reported
separately, and in locations where they are not there has been better coverage by IATTC
employees, who estimate the proportions of the two species in mixed landings. Two recent studies
(IATTC Annual Report for 1991: 34-35; this report, pages 24-25) indicate that misidentification of
bigeye as yellowfin has not been a serious problem during recent years.
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As stated above, the increased catches of higeye during 1994-1996 were apparently due to
the development of new methods for catching bigeye associated with floating objects.

During the 1971-1991 period about 62 percent of the purse-seine catches of bigeye was
taken in unassociated schools, 33 percent in schools associated with floating objects, and 5 per-
cent in schools associated with whales, sharks, or dolphins (IATTC Bull., 20 (8)). There was con-
siderable overlap in the lengths of the bigeye taken by the surface and longline fisheries. The
average catch of bigeye per successful bigeye set was 21 metric tons (20, 26, and 16 metric tons
for unassociated schools, floating-object schools, and schools associated with whales, sharks, or
dolphins, respectively). (A “successful” bigeye set is defined as a set in which 0.5 short ton or more
of bigeye was caught, regardless of the catch of other species in the same set.)

During the 1990-1993 period less than half of the sets in which bigeye were caught were
made on fish associated with floating objects, and about half of the bigeye caught were taken in
such sets (Table 5). During 1994-1996, however, much greater portions of the bigeye sets were
made on floating objects and 90 to 95 percent of the bigeye caught came from such sets.

During 1994-1996 most of the sets in which bigeye were taken included yellowfin, skipjack,
or both.

The length distributions of bigeye caught in the EPO by surface gear during each year of
the 1991-1996 period are shown in Figure 19. Those caught during 1994-1996 (especially 1996)
were smaller than those caught during 1990-1993. Data on the length frequencies of bigeye
caught in free-swimming schools and in floating-object schools are shown in Figure 56. (Very few
bigeye are caught in association with dolphins.) The fish from the floating-object schools tend to
be smaller than those from free-swimming schools, and the number of floating-object sets with
catches of bigeye has increased substantially more than that of sets on free-swimming schools
with catches of bigeye.

The longline fishery

Studies of the Japanese longline fishery conducted jointly by Japanese and IATTC scien-
tists (IATTC Bull., 9 (6), 11 (2), 11 (3), 13 (2), 16 (2), 19 (1), and 20 (5)) include analyses of data
on trends in effort and catches, horizontal, vertical, and temporal distributions of catches, trends
in apparent abundance, size composition, and maturity of bigeye.

The distributions of the effort, in numbers of hooks, and the catches per unit of effort
{CPUEs; numbers of fish caught per 100 hooks) of bigeye by Japanese longliners in the EPO,
averaged over the 1988-1992 period, are shown in Figures 57 and 58. There were almost no
catches in the area north of about 10°N and east of about 125°W during any quarter. The greatest
CPUEs were recorded (1) between Ecuador and 120°W and 10°S and 5°N throughout the year, (2)
northeast of Hawaii between 20°N and 33°N and 122°W and 140°W during the first and fourth
quarters, and (3) off southern Peru and northern Chile between 18°S and 25°S and 80°W and
90°W during the third quarter.

The distribution of effort did not coincide well with the areas of greatest CPUEs of bigeye,
even though bigeye was the most important species of fish caught by Japanese longliners. For
example, heavy concentrations of effort are apparent in equatorial waters (8°N to 15°S and west
of 100°W), but the CPUEs of bigeye in this area were not particularly high. Furthermore,
although the CPUEs for bigeye were fairly high northeast of Hawaii and off southern Peru and
northern Chile, not much effort was exerted in these areas. This may be because in the equato-
rial region higeye could be caught throughout the year and the fish tended to be large, whereas
in the higher latitudes the occurrence of bigeye was more seasonal and the fish tended to be
smaller.
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A study utilizing general linear models (GLMs) to standardize the CPUEs of bigeye in the
EPO (TIATTC Bull., 20 (4)) was completed in 1992. The effects of years, seasons, areas, and depths
of fishing were considered, and all were found to have significant effects on the CPUEs. More
recently, a modification of the GLM method has been used with longline CPUE data for bigeye to
produce standardized estimates of the relative abundance of that species in the EPO during the
1975-1994 period.

Length-frequency data for higeye caught by longlines in the EPO between 40°N and 35°S
during 1987-1992 are shown in Figure 59. The length compositions and average weights did not
vary much during this period, but the average weights (Table 14) showed greater variation during
the years prior to 1987.

Calch statistics

Data on the Japanese longline fishery for tunas, including catches by species, location (5-
degree areas), date (year and month), and length and/or weight frequencies of sampled fish are
made available to the IATTC by the NRIFSF. In addition, the Tuna Research Center, Institute of
Oceanography, National Taiwan University, and the National Fisheries Research and
Development Agency of Korea, furnish data on the catches of fish of each species by longline ves-
sels of the Republic of China (ROC) and the Republic of Korea (ROK) in the EPO. Data on the
longline fisheries of Western Hemisphere nations are obtained from various government organi-
zations and from industry sources.

Data on the catches, in numbers and weights of fish, and average weights of the fish are
shown in Tables 14-16. Most of the longline catches of bigeye in the EPO are made by Japanese
vessels (Table 14). The catches by surface gear during 1994-1996 were much greater than those
of previous years (Table 15), and in 1996, for the first time, the purse-seine catch may have
exceeded the longline catch (Table 13). The total catch of bigeye by all gears (Table 16) averaged
60 thousand metric tons per year for the 1964-1985 period and 86 thousand metric tons per year
for the 1986-1996 period.

The average size of fish caught by Japanese longline vessels declined from the early 1970s
to the early 1980s (Table 14). In 1983 and 1984 the average size was greater, and then it was less
from 1985 through 1995, except for 1987. These changes in average size might be related to
increasing use of deeper-fishing longlines, with 12 or 13 hooks per basket, which began during
the early 1980s (IATTC Bull., 20 (5): Figure 7). The average weights of bigeye caught by the sur-
face fishery have been highly variable (Table 15), but the numbers of samples taken were small,
except during 1994-1996. The average weight for 1996 was the lowest since 1977.

Indices of abundance

The simplest index of abundance of bigeye in the EPO is the catch, in numbers of higeye,
by longline gear divided by the numbers of hooks fished, either for the entire EPO or for the areas
within the EPO in which the catches of bigeye are greatest (IATTC Bull,, 20 (5)).

During the mid-1970s, Japanese longliners began to use gear with wider spacing between
buoys and more hooks per basket, particularly in equatorial waters, and the use of longlines with
this configuration spread poleward during the ensuing years. These are called deep longlines.
The hooks which are furthest from the buoys of deep longlines hang at greater depths than do
any of the hooks of conventional longlines. Bigeye spend more time in and below the thermocline
than do most other species (Fish. Ocean., 3 (3): 204-216), so the shift to deep longlines should have
increased the fishing power of longlines for bigeye. (It should be noted, however, that the num-
bers of hooks fished per day remained about the same, and that many of the hooks of deep long-
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lines fish at the same depths as those of the conventional longlines.) As stated previously, gen-
eral linear modeling has been used to compensate for differences in the longline CPUEs of bigeye
in various area, season, and depth strata. Two models have been employed. The year effects in
each model were used as annual indices of abundance, standardized by the other factors. The
first model used the computer program SAS GLM, with the natural logarithm of the CPUE
(defined as 1 + number of bigeye caught per thousand hooks) as the dependent variable. The
second model used the computer program SAS GENMOD, employing the Poisson distribution of
bigeye catch with an offset of the natural logarithm of the fishing effort in number of hooks. The
analyses showed significant interactions between years and areas, so separate analyses were run
for each area. Similar results were obtained for the two models for each area, with years,
bimonthly periods, maximum depths at which the hooks fished, and interactions between
bimonthly periods and maximum depths at which the hooks fished being significant in every case.
CPUEs for the entire EPO (Figure 60) were calculated from weighted averages of the CPUEs for
the individual areas.

Stock assessment

In general, there are three approaches to the analysis of the effects of fishing on a popula-
tion of fish, age-structured modeling, spawner-recruit modeling, and production modeling.
Application of these to bigeye tuna in the EPO is discussed below. These analyses should be con-
sidered as preliminary, as little is known about the rate of exchange of fish between the EPO and
the central and western Pacific. Also, there is insufficient information on important parameters,
such as age- and sex-specific growth and natural mortality, size at which the fish reach sexual
maturity, efc. In addition, there are problems with spatiotemporal stratification of the size data
and standardization of the longline effort and CPUE data. As will become apparent below, the
results obtained with various trial values of natural mortality differ considerably, so more precise
estimates of this parameter would be of great value.

Age-structured modeling

Some assumptions have been made to facilitate the age-structured analyses. These
include: (1) there is a single stock (as defined in JATTC Bulletin, Vol. 17, No. 5) of bigeye in the
EPO, and the rate of exchange of fish between the EPO and other parts of the Pacific Ocean has
remained the same over the study period; (2) the natural mortality is constant after the fish are
recruited into the fishery, is the same for both sexes, and does not vary from year to year; (3) the
growth rates are the same for both sexes and vary from year to year only to the extent permitted
by the constraints required for fitting normal length-frequency distributions, as described below.

Tagged bigeye released in the Coral Sea, near Australia, have been recaptured as far away
as Hawaii, but most of the fish recaptured had travelled much shorter distances. The same is
probably the case for bigeye in the EPO. Actually, the ratio of males to females tends to be sig-
nificantly greater than 1 for larger fish (Far Seas Fish. Res. Lab., Bull., 1: 57-98), implying that
older females grow more slowly than do older males or that older females have a higher rate of
natural mortality than do older males. The amount of information available is insufficient to
incorporate differential growth or mortality into the calculations, however.

Cohort analyses

As a first step in cohort analyses, the fish in the catches must be assigned to cohorts. (A
cohort consists of all the fish recruited to the fishery at the same time; more information about the
cohorts of bigeye which exist in the EPO will be given later) The analyses produce estimates of
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the numbers of fish of each eohort at the time of recruitment and at various intervals thereafter
and of the numbers which are caught and which die during each interval. The information needed
for these calculations includes the numbers of fish of each cohort in the catch during each time
interval, an estimate of the natural mortality rate, and an estimate of the fishing mortality rate
for at least one time interval with catch for each cohort. These are called the “initiating” rates of
fishing mortality. All of these estimates are obtained from analyses of catch statistics and length-
frequency data, combined with one or more equations for the weight-length relationship(s).

The basic data used for the cohort analyses of bigeye tuna in the EPO are: (1) catches of
bigeye, in numbers of fish, by longline vessels of Japan, the ROC, and the ROK, by area (Figure
61), year (1971-1992), and month; (2) length-frequency data for higeye caught in the EPO by long-
line vessels of Japan, by area, year, and month; (3) catches of bigeye, in metric tons, by purse
seiners and baitboats, by area (Figure 12), year (1971-1996), and month; (4) length-frequency
data for bigeye caught in the EPO by purse seiners and baitboats, by area, year, and month; (5)
weight-length equations for longline- and purse seine-caught bigeye. The data for the purse-seine
and baitboat fisheries were collected by the IATTC staff. The analyses of length-frequency data
were carried out by the methods described in IATTC Bulletin, Vol. 20, No. 6. The catch data for
the Japanese, ROC, and ROK longline vessels were combined with length-frequency data for the
Japanese longline vessels to estimate the catches (stratified by area (Figure 61) and time) by the
longline fishery, by 1-cm intervals, for 1971-1992. The average weights of the fish were estimated
from the length-frequency distributions and the weight-length equation w = (3.661 x 10%)[ >
where w = weight in kilograms and [ = length in centimeters (Governor’s [Hawaii] Conf. Central
Pacif. Fish. Resources, Proc.: 197-201), Equivalent estimates of the length frequencies of the fish
caught with longlines during 1993-1995 were made by averaging the data for 1990 through 1992
and adjusting these to the total catch, in numbers of fish, supplied by the NRIFSF. The 1996
catch was assumed to be the same as that of 1995. Likewise, the catch and length-frequency data
for the purse-seine and baithoat fisheries were used to estimate the surface catches, stratified by
area (Figure 12) and time, by 1-cm intervals, for 1975-1996. Equivalent estimates of the surface
catches for 1971-1974 were made by combining catch data for those years and average length-fre-
quency data for the surface fishery for 1975-1993. The longline and surface data were then com-
bined to provide monthly estimates of the catches in all areas combined, in numbers of fish and
in metric tons, by 1-em intervals. The length-frequency distributions indicate that there are two
cohorts, the X cohort, recruited in July at about 30 em, and the Y cohort, recruited in January,
also at about 30 cm.

If the maximum life span of the fish is about 10 years, which seems to be the case, there
could be as many as 20 cohorts present in the catch of each month. The length frequencies were
converted to age frequencies by fitting a distribution composed of 20 normal distributions to each
monthly length-frequency distribution. The estimation of the 20 means for each month was con-
strained by the growth curve (estimated from modal progressions), and the estimation of the 20
standard deviations for each month was constrained by the ranges demonstrated by modal groups
within the length distribution. The catch frequencies, by age, of the combined X and Y cohorts
for 1971 through 1996 are shown in Figure 62. (

The monthly catch-at-age data for each cohort present in the fishery during the 1971-1996
period (X62 through X96 and Y62 through Y96 cohorts) were analyzed. Since the annual natural
mortality rate (M) is believed to be between 0.4 and 0.8, the analyses were performed with values
0of 0.4, 0.6, and 0.8 assigned to M. Each analysis was begun by guessing the rate of annual instan-
taneous fishing mortality (F) for the last month in which fish of each cohort were caught. These
initiating values of F were then adjusted until estimates of the numbers of fish in the population
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which were compatible with the standardized longline CPUEs (IATTC Bull., 20 (4)) were obtained
(Figure 63). The final choice for each cohort permits the estimation of the number of bigeye in that
cohort at the beginning of each month and estimation of F for that cohort for each month. The esti-
mated average numbers of fish of each age group of each cohort in the population during July of
each year are shown in Table 17, and some average values of F for various years are shown in Table
18. (In Table 17 the first line lists the estimated populations of age-0 through age-9 fish in 1971,
s0 the age-0 fish are members of the X71 and Y71 cohorts, the age-1 fish are members of the X70
and Y70 cohorts, and so on. In Table 18 the columns headed by 1971-79, 1980-87, 1988-93, and
1994-96 list estimates of average F for fish of ages 0 through 9 during those periods.) The average
weights at age were estimated from the estimates of the catches in numbers and weights of fish;
estimates at quarterly intervals are listed in Table 19. Estimates of the biomass of the population
calculated from the estimates of the population sizes (Table 17) are shown in Figure 64.

The results of these analyses are not as accurate as desired because, although fish of dif-
ferent cohorts can usually be distinguished from one another when they are young, this becomes
increasingly difficult as they grow older, so older fish are probably often assigned to the wrong
cohorts. In addition, the estimates of M are little more than guesses. Also, the catchability of the
fish varies according to age, area, season, weather, oceanographic conditions, and other circum-
stances, the growth rates vary, and the times of recruitment vary. All of these introduce “noise,”
and possibly bias as well, into the calculations.

Cohort analysis also provides estimates of the recruitment for each cohort for each value
of M and each set of initiating F values; those for the initiating values of F which produced the
estimates in Figure 64 are shown in Figure 65.

Yield-per-recruit analyses

The yield-per-recruit (YPR) approach to age-structured modeling is discussed in the sub-
section dealing with stock assessment of yellowfin. Estimates of the YPRs which can be obtained
with various combinations of size at entry and fishing mortality are calculated. Estimates of age-
specific Fs for each month and estimates of recruitment (Figure 65) obtained from the cohort
analyses, estimates of the average weights of fish of each age (Table 19), and values of M of 0.4,
0.6, and 0.8 were used to calculate estimates of the YPRs for the 1971 through 1986 cohorts, for
which complete life history data are available (Table 20). Estimated YPRs obtainable with var-
ious multiples of the fishing effort of 1982 and 1994 and three estimates of M are shown in Figure
66. The YPRs obtainable with different estimates of M differ considerably, particularly in the
right panel of the figure.

Spawner-recruit relationships

At least some of the individuals of a population of fish must be allowed to spawn at least
once before they are harvested. If spawning occurs well before the fish reach the size at which
they are first harvested there is probably no danger from this standpoint, but if spawning does
not occur until after the fish have entered the fishery, and the fishing effort is high, there is a pos-
sibility that the number of spawners would be so reduced that the recruitment in subsequent
years would be reduced. (It should not be assumed, however, that a modest reduction in spawners
would reduce the recruitment in subsequent years, as this does not appear to be the case for any
species of tropical tuna within the range of abundance of spawners observed.) Data on relative
abundances of fish of ages 3 through 9, which are presumed to be spawners, and recruits (age-0
fish) obtained from the cohort analyses are shown in Figure 67. There is no evidence from these
data that these two variables are correlated, which is not surprising in view of the fact that the
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abundance of spawners did not vary much over the period in question. This relationship should
continue to be monitored, however, particularly if the abundance of spawners becomes reduced.

Production modeling

Production models, in contrast to age-structured models, make use of data on the popula-
tion as a whole, rather than on individual fish. The only data required are catch and standard-
ized CPUE. Standardization of CPUE data is nearly always a problem for multispecies fisheries,
as vessels fishing in different area-time-gear configuration strata may be concentrating on dif-
ferent species, even though they may catch individuals of several species. The CPUEs listed in
Table 21 and abundance indices computed with the logarithmic model (Figure 60), both adjusted
to means of 1.0 for the 1975-1994 period, are shown in Figure 68. The two indices are nearly the
same, despite the fact that, as pointed out above, the vulnerability of bigeye to capture should
have increased with the switch from conventional to deep longline gear. As mentioned previously,
in late 1993 purse-seine fishermen learned how to detect bigeye associated with floating objects,
but well below the surface, with sonar, and catch them, so purse-seine effort for the 1971-1993
period is not equivalent to purse-seine effort for the 1994-1996 period. This does not create a
problem in estimating the total effort, ,as only longline CPUE data were used in the production
analyses described here., However, the productivity of the stock has almost certainly changed
due to the increased exploitation of younger fish.

For this study, it was assumed (1) that there is a single stock of bigeye in the EPO and no
exchange of fish between the EPO and other parts of the Pacific Ocean, (2) that all longline effort
in the EPO has the same probability of catching bigeye of the EPO stock and that the efficiency
of the longline gear did not change during the 1964-1996 period, and (3) that the longline CPUEs
are indicative of the relative abundance of bigeye of all ages taken by the surface and longline
fisheries. (The last assumption is not satisfied, of course.)

Data on the total catches and on the CPUEs by Japanese longline vessels are given in
Tables 21 and 22. The total catches, in numbers of fish, were divided by the CPUEs, also in num-
bers of fish, to obtain estimates of the total effort (Table 21). In addition, the total catches, in
weight, were divided by the CPUEs, also in weight, to obtain estimates of the total effort (Table
22). The effort data from Table 22 were used for production modeling.

The data were fit to the equation for the production model by minimizing the sums of
squares between the observed amounts of effort and those predicted by the fitted model. The fit-
ting was done for a single value, 0.8, of m, the shape parameter, since this produces a production
curve which is similar to the YPR curves (Figure 66). The results are shown in Table 23 and
Figures 69-71. Two cases are shown, one with the minimum sums of squares (“best”) and the
other (“alternate”) restrained to optimum effort greater than 400 million hooks. The predicted
values of CPUE corresponding to the two values of optimum effort are virtually the same (Figure
71). In the “best” case the recent effort exceeds the optimum effort, whereas for the “alternate”
case the recent effort has been less than the optimum effort.

The estimates of the parameters (Table 23) for the production models for these data are not
very reliable, as shown by the comparison in Figure 71. Different criteria for estimation gave dif-
ferent results for two important parameters, optimum effort and maximum sustainable yield (MSY).
There is considerable variation between the observed CPUE and the values predicted by the model
(Figure 71). Most of the variation in the CPUE was the result of changes in recruitment, rather than
changes in population size caused by removal by the fisheries. Recent changes in the surface fishery,
which catches fish which are younger than those caught by the longline fishery, will complicate the
use of the production models in the future by changing the catchability of the population.
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Interaction between the longline and surface fisheries

The age-specific estimates of the catches of fish obtained from the cohort analyses (Figure
62) were partitioned into separate estimates for the longline and surface fisheries (Figure 72).
Likewise, the estimates of total F (Table 18) were partitioned into separate estimates for long-
lines and surface gear by calculating the portions of the total catches at each age made by each
gear.

The interaction between two types of gear can be estimated by simulation of catch histo-
ries, using estimates of recruitment, natural mortality, and relative distribution of fishing mor-
tality among fish of different ages obtained from cohort analyses with various multipliers of the
vectors of F' (which are directly proportional to the vectors of fishing effort) for one or both gears.
This was done for bigeye in the EPQ by (1) changing the estimates of F for the surface fishery,
while leaving those for the longline fishery the same, or leaving both unchanged.

Simulation studies were carried out to predict what the catches for 1997-2006 would be
with the following patterns of effort. The values of F for the surface fishery for 1997-2006 were
set equal to that for 1996. Values of ' for the longline fishery for 1993, 1994, and 1995 were cal-
culated by multiplying the average value of F for the longline fishery for 1990-1992 by the
amounts of fishing effort for 1993, 1994, and 1995 and then dividing by the average effort for
1990-1992. The values of F for the longline fishery for 1996 through 2006 were set equal to that
for 1995. Then the values of F for the surface fishery for 1997 through 2006 were multiplied by
either 0.1 (Pattern A), 1.0 (Pattern B), or 1.5 (Pattern C), while those for the longline fishery
remained unchanged. The results are shown in Table 24 and in Figure 73 (for both types of gear
combined) and Figure 74 (with separate estimates for the two types of gear).

Discussion

The uncertainty about the natural mortality rate makes interpretation of the cohort anal-
yses difficult. Different values of M produce different estimates of catch, amount of interaction
between the surface and longline fisheries, and amount of effort necessary to achieve the MSY.
The biomass of the stock has been relatively stable, although it declined after the mid-1980s
(Figure 64). Similarly, the annual recruitment appears to have been relatively constant during
the 1971-1996 period, fluctuating between lows in 1981 and highs in 1983 (Figure 65).

The YPR analyses indicate that effort at the 1982 level (multiplier of 1 in Figure 66) was
less than optimum for all values of M. The YPRs are much greater for ¥ = 0.4 than for M = 0.8,
however. YPR analyses with effort at the 1994 level produce substantially different results, espe-
cially for the surface fishery. With M = 0.4 the effort was greater than optimum, with M = 0.6 it
was slightly less than optimum, and with M = 0.8 it was substantially less than optimum.

Based on the simulations, estimates of the catches by gear of bigeye during the 1997-2006
period, with the three patterns of fishing effort described above, are shown in Figure 73. The sur-
face fishery has little effect on the longline fishery with Pattern A, corresponding to the purse-
seine fishery previous to 1994, regardless of M (Figure 74). With Patterns B and C, however,
corresponding to the current and possible future purse-seine fishery, there is considerable effect
on the longline fishery, especially at higher levels of effort and lower values of M.

Clearly, if M is low (about 0.4) and the effort of the surface fishery remains at the 1996 level
the total catch will be reduced, and if the effort of the surface fishery increases further the total
catch will be further reduced. However, if M is about 0.8, and the effort of the surface fishery
remains at the 1996 level, or increases no more than 50 percent, the total catch will probably
increase, although the catch of the longline fishery would be less than if the surface fishery were
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at the 1982 level. If M is about 0.6, the surface catch at current or slightly higher levels will not
change the total catch very much. It is not clear at this time what effect reducing effort for either
fishery would have on the total catch, except for the cases described above.

Production modeling, which does not require assumptions about natural mortality, does
not indicate whether the present level of effort is less than or greater than optimum (Figure 69).

Northern bluefin tuna

Northern bluefin tuna occur in both the Atlantic and Pacific Oceans. The world and
Pacific Ocean catches of northern bluefin are much less than those of skipjack, yellowfin, bigeye,
or albacore, but the fishery is still of considerable economic value. The annual catches of northern
bluefin in the Pacific Ocean for the 1952-1996 period are shown in Table 25. Surface gear
accounts for the majority of the catches in both the eastern Pacific Ocean (EPO) and the western
Pacific Ocean (WPQO). In the EPO the catches were below average during 1980-1984, about
average during 1985 and 1986, below average during 1987-1995, and above average in 1996. In
the WPO the catches were well above average during 1978-1983 and about average during 1984-
1996, except for 1988 and 1990, when the catches were well below average, and 1995, when the
catch was above average.

In the EPO nearly all of the catch of bluefin tuna is made by purse seiners fishing rela-
tively close to shore off California and Baja California. The fishing season typically extends from
May to October, although sporadic catches are made in other months. The 1996 commercial catch
of about 6,820 metric tons was the greatest since 1976, but well below those of many of the years
of the 1944-1976 period. During 1996 logged catches of bluefin were made between 31° and 33°N
during June, 26° and 33°N during July, and 32° and 33°N during August.

The staff of the IATTC has been studying bluefin tuna on a modest scale since 1958, when
122 purse seine-caught bluefin were tagged and released near Guadalupe Island, Mexico. Prior
to 1979 the work consisted mostly of collection of loghook data and measurement of samples of
fish caught by purse seiners in the EPO to estimate their length compositions. Since 1979, how-
ever, more has been done. In 1979 a review of information pertinent to stock assessment of this
species was prepared (IATTC Internal Report 12). Also, data on the surface catches of bluefin in
the EPO by area, date, vessel size class, size of school, type of school, efc., were assembled, ana-
lyzed, and published in 1982 in IATTC Bulletin, Vol. 18, No. 2. In addition, purse seine-caught
bluefin were tagged in the EPO in 1979 and 1980, and troll- and trap-caught bluefin were tagged
in the WPO by TATTC employees who were stationed in Japan intermittently during 1980-1982.
Also, research has been conducted on determination of the age and growth of bluefin from hard
parts (TATTC Bull., 21 (2)).

Bluefin tuna taken by the commercial fishery of the EPO were measured during each year
of the 1952-1971 period by employees of the California Department of Fish and Game (CDFG).
Since then the sampling has been conducted by the staff of the IATTC. Analysis of these data has
produced estimates of the catches of bluefin, in numbers of fish of the various age classes, for the
1952-1991 period (IATTC Bull., 20 (9)). These, and comparable estimates for the WPO made by
a scientist from the National Research Institute of Far Seas Fisheries (NRIFSF) of Japan, are
listed in Table 26. Length-frequency histograms of the bluefin caught in the EPO during 1991-
1996 are shown in Figure 20. During 1993, for the first time, due to limited availability of com-
mercially-caught bluefin, fish caught by the sport fishery were measured. Most of the samples of
bluefin obtained during 1993, 1994, and 1995 were from fish caught by sport fishermen. Nearly
all of these fish were caught near where purse-seine vessels were fishing and during the same
time periods.
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The results of the tagging experiments described above, plus experiments conducted in the
EPO during 1962-1968 by the U.S. Bureau of Commercial Fisheries (now the U.S. National
Marine Fisheries Service), the CDFG, and the Mission Bay Research Foundation and in the WPO
during 1980-1988 by employees of the Far Seas Fisheries Research Laboratory (FSFRL; now the
NRIFSF) of Japan are discussed in IATTC Bulletin, Vol. 20, No. 1.

Analysis of the data for the bluefin tuna released and recaptured in the EPO indicates sea-
sonal north-south movement, with the fish being furthest south during May-June and furthest
north during July-October. Ten returns of fish released in the EPO and recaptured in the WPO
have been obtained, all from fish which were at liberty more than 22 months.

The fish released and recaptured in the WPO, like those released and recaptured in the
EPO, tended to move northward in the spring and summer and southward in the fall and winter.
The migrations from the WPO to the EPO are of particular interest. Some year classes, e.g. those
of 1983 and 1984, produced large numbers of migrants and others did not. The best catches
during the 1980s in the EPO were made in 1985 and 1986 (Table 25), and these consisted mostly
of age-2 fish of the 1983 and 1984 year classes. (In this section fish in their first year of life are
referred to as 0-year-olds, age-0 fish, or fish 0 years of age, fish in their second year of life are
referred to as 1-year-olds, age-1 fish, or fish 1 year of age, and so on.)

During 1993 joint experiments were conducted by staff members of the Japan Sea Farming
Association (JASFA) and the IATTC at JASFA’s Yaeyama Station on Ishigaka Island, Okinawa
Prefecture, to study the early life history of bluefin tuna. The purpose of the experiments was to
determine the optimum conditions (e.g. temperature, light, food type, and food concentration) for
culture of bluefin larvae. These joint experiments represent the first experimental studies ever
undertaken of bluefin tuna larvae.

The following workshops on assessment of bluefin tuna have been held during the last few
years:

Scope Location Date Participants

northern bluefin, Pacific ~ Shimizu October 1985  FSFRL and IATTC
Ocean
northern and southern La Jolla May 1990 many organizations
bluefin, worldwide
northern bluefin, Pacific ~ La Jolla April 1993 NRIFSF and IATTC
Ocean
northern bluefin, Pacific ~ Shimizu February 1995 NRIFSF, IATTC, National Taiwan
Ocean University, and Tohoku Regional
Fisheries Research Laboratory

A fifth workshop will be held in La Jolla in May 1997.
Life history and relationships between fish of the WPO and the EPO

The information in this section is presented as background necessary for understanding the sec-
tion on stock assessment which follows it.

Larvae of bluefin tuna in the Pacific Ocean have been found only in the vicinity of Japan,
and it is assumed that spawning occurs only in that area. Spawning occurs during the spring and
summer, but in this subsection, for simplicity, it is assumed that the fish are hatched on January
1. Some fish apparently remain their entire lives in the WPO. Others migrate to the EPO; these
migrations begin mostly, or perhaps entirely, during the first and second years of life. The first-
year migrants are exposed to the summer and fall troll fisheries for small bluefin and other
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species off Japan before beginning their journey to the EPO in the fall or winter. The second-year
migrants are also exposed to the winter troll fishery and other fisheries which take place in the
vicinity of Japan before beginning their journey to the EPO in the spring, summer, or fall. The
migrants, after crossing the ocean, are fished by purse seiners off California and Baja California.
Eventually, the survivors return to the WPO.

The catches of bluefin tuna in the EPO consist mostly of age-1 and age-2 fish. The catches
of age-2 fish in the EPO exceed those of age-2 fish in the WPO in most years, whereas the oppo-
site is the case for age-3 fish (Table 26). This probably indicates that the population of age-2 fish
is greater in the EPO and that of age-3 fish is greater in the WPO, although it is possible that
area- and/or size-related differences in fishing effort and/or vulnerability to capture are respon-
sible for the differences in the catches. Studies of statistical, length-frequency, and tagging data
have resulted in the formulation of the following scenarios for the migration of fish between the
EPO and the WPO:

1. The fish arrive in the EPO as 1-year-olds during year i, mostly in June or July, and begin
their return journey to the WPO as 2-year-olds late in year i + 1 or as 3-year-olds early in year i
+2

2. The fish arrive in the EPO as 1-year-olds during year i, mostly in June or July, and begin
their return journey to the WPO as 1-year-olds late in year i or as 2-year-olds early in year i + 1;

3. The fish arrive in the EPO as 2-year-olds early in year i + 1 and begin their return
journey to the WPO as 2-year-olds late in year i + 1 or as 3-year-olds early in year i + 2;

4. The fish arrive in the EPO as 1-year-olds early in year i and begin their return journey
as older fish;

5. The fish arrive in the EPO as 2-year-olds early in year i + 1 and begin their return
journey as older fish;

6. The fish arrive in the EPO at ages greater than 2 and subsequently return to the WPO;

7. The fish do not migrate to the EPO at all.

Scenario 7 probably applies to most of the fish of some year classes. This could at least partly
explain the reduced catches of bluefin in the EPO during the 1980s and early 1990s. An eighth
scenario is a combination of Scenarios 1, 2, 3, 4, or 5 with Scenario 6, i.e. the fish migrate more
than once from the WPO to the EPO.

The above does not take into account the possibility that some fish may begin trans-Pacific
migrations, but turn back before reaching their destination. The fact that bluefin tuna nearly
disappear from the EPO during the winter and early spring may indicate that these fish occupy
areas outside the range of the surface fishery during this period. Considerably more data for the
central Pacific Ocean (CPO) would be required to establish whether this occurs and, if so, to what
extent.

Data for the Japanese high-seas longline fishery for tunas have been made available to the
IATTC staff by the NRIFSF. The data include summaries of the catches, by species, in numbers
of fish, by year (1952-1986), month, and 5-degree area and summaries of the effort, in numbers
of hooks, by year, month, and 5-degree area. Scrutiny of the monthly distributions of the catches
reveals that the fish are distributed furthest to the west during the spring and furthest to the east
during the fall (Figure 75). A summary of these studies has been published in FAO Fisheries
Technical Paper 365, pages 425-459. It is not surprising that the fish are concentrated in the
vicinity of Japan during the spring, as bluefin spawn mostly during the spring, and bluefin larvae
have been found only in the open ocean in the vicinity of Japan during the spring and in the Sea
of Japan during the summer. Exceptionally large bluefin were caught by purse seiners in the
EPO during November and December of 1988 (Calif. Fish Game, 76 (3): 181-186). These fish may
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have appeared in the EPO fishery because they were distributed further to the east during the
fall of 1988 than is usually the case.

Abundance of juvenile bluefin in the EPO

A discussion of various indices of abundance of bluefin tuna in the eastern Pacific Ocean
appears in FAO Fisheries Technical Paper 365, pages 460-475. The “habitat index” and the
“bluefin vessel index” are probably the most reliable of these.

Habitat index

Bluefin tuna are most often caught by purse-seine vessels in the EPO in waters with sea-
surface temperatures of 17° to 23°C (62.6° to 73.4°F) (FAO Fish. Rep., 6 (2): 380-421), so it was
assumed that fishing effort exerted by tuna purse seiners off California and Baja California in
waters of that temperature range during May through October is bluefin effort, regardless of
whether bluefin were caught. The sums of the logged catches of bluefin in the EPO during May
through October of each year were divided by the corresponding sums of the logged purse-seine
effort in the 1-degree areas which were suitable bluefin habitat to get the annual catches per unit
of effort (CPUEs). These data appear in Figure 76. They appear to indicate that both reduced
availability and reduced fishing effort have contributed to the reduced catches of bluefin in the
EPO during the 1980s and early 1990s.

Bluefin vessel index

For this method, it is assumed that the fishing effort directed toward bluefin tuna is pro-
portional to the numbers of vessels which direct substantial portions of their effort to fishing for
bluefin. Accordingly, each vessel of the purse-seine fleet was classified each year as a “bluefin
vessel” or a “non-bluefin vessel.” If a vessel caught bluefin in a given year and in two or more of
the four closest adjacent years (two years before and two years after the year in question), it was
classified as a bluefin vessel for that year. Otherwise it was classified as a non-bluefin vessel.
The criteria were relaxed for vessels which entered the EPO tuna fishery less than two years
before the year in question or left the fishery less than two years after the year in question. For
example, if a vessel entered the EPO tuna fishery in 1971, it was classified as a bluefin vessel for
that year if it caught bluefin in 1971 and in either 1972 or 1973. This system of classification is
arbitrary, and perhaps some other system would be better. However, it seems to be adequate to
give some insight into the value of fleet size as a measure of the effort directed toward bluefin and
total catch divided by fleet size as an index of the abundance of bluefin. The bluefin vessel index
for a given year is the total commercial catch for that year divided by the number of bluefin ves-
sels in the fleet during that year. The total commercial catches, numbers of bluefin vessels, and
bluefin vessel indices for 1961-1994 are shown in Figure 77. They also appear to indicate that
both reduced availability and reduced fishing effort have contributed to the reduced catches of
bluefin in the EPO during the 1980s and early 1990s.

Stock assessment

Cohort analyses

Cohort analyses are described in the section of this report dealing with stock assessment
of yellowfin. The cohort analyses for bluefin tuna were carried out with data for the 1966-1986
period. Data on the quarterly catches in the EPO were obtained from IATTC Bulletin, Vol. 20,
No. 9: Appendix 1. Annual catch data for fish of the various age groups for the WPO were



68 TUNA COMMISSION

obtained from FAO Fisheries Technical Paper 336, Vol. 2: page 284. The quarterly catches for the
first, second, third, and fourth quarters were estimated by multiplying the annual catches by
0.10, 0.30, 0.50, and 0.10, respectively. Data on the average weights of the fish are given in Table
27. Because of lack of information on natural mortality, six trial vectors of natural mortality, M
(Table 28), were used. The analyses were conducted for 37 cohorts (1950 through 1986). The esti-
mations were carried out using backward calculations, so it was necessary to estimate the final
fishing mortality rate (F) for each of the cohorts. The final values of F were selected by a dual
procedure that first estimated the minimum recruitment by choosing a high final value of F and
comparing the within-quarter values of F for different cohorts of the same age. The objective of
this type of search is to reduce the differences among the F values for fish of similar ages being
fished at the same time. This procedure does not have an algorithm which would allow different
users to arrive at identical answers, so it is somewhat subjective. The method works well for
cohorts with long catch histories, e.g. those of 1959 through 1981, but less well for the others.
The cohort analyses produced estimates of the recruitment during each year of the 1966-
1986 period and the values of F for each age group during each quarter of that period. These esti-
mates were combined with estimates of M (Table 28) to estimate the catches for the 1966-1986
period obtainable with various combinations of M, multipliers of F, and age at entry into the
fishery (Figure 78). (A multiplier of 1 for F corresponds to the best estimate of the average F
which existed during this period.) With a multiplier of 1, the catch would have been greater in
every case if the age at entry were increased from age 0 to age 1, age 2, or age 3. The gains would
be greater for natural mortality vectors 1, 2, or 3 than for natural mortality vectors 4, 5, or 6. If
the natural mortality vector is 1, 2, or 3 and the age at entry is to remain at 0 or to be increased
to 1, greater catches would be realized if the effort were reduced to about half its present level.
With natural mortality vectors 4, 5, or 6, however, reduction in effort to half its present level

would result in little or no increase in catch (age at entry = 0) or a decrease in catch (age at entry
=1).

Spawner-recruit and recruit-spawner relationships

Spawner-recruit and recruit-spawner relationships of bluefin tuna are discussed on pages
35-36 of the IATTC Annual Report for 1993. It was determined that fishing has greatly reduced
the abundance of mature bluefin in the Pacific Ocean, but there is no evidence that this has
resulted in reduction of the recruitment of young fish to the fishery.

Possible causes of recent poor catches of bluefin in the EPO

The staff of the IATTC is concerned about the poor catches of bluefin tuna in the EPO and
WPO in some years, and particular attention is being given to the poor catches in the EPO during
1980-1984 and 1987-1995. The recent below-average catches of bluefin in the EPO could be due
to: (1) a decrease in recruitment; (2) a decrease in the overall abundance of fish greater than about
60 cm in length caused by heavy exploitation of fish during their first year of life in the WPO; (3)
reduced fishing effort in the EPO; (4) a decrease in vulnerability to capture of the fish which have
migrated to the EPO; and/or (5) a decrease in the availability of bluefin in the EPO (i.e. a decrease
in the proportion of the population which has migrated to the EPO or a shorter average sojourn
in the EPO of the fish which have made that migration).

In regard to Points 1 and 2 ahove, data compiled by the NRIFSF for the age composition of
the catch of bluefin tuna during 1966-1986 by Japanese vessels (Table 26) indicate that there has
not been a decline in the catches of age-0 fish, which seems to rule out the first possibility, nor an
increase in the proportion of age-0 to older fish, which seems to rule out the second possibility.
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Proceeding now to Point 3, the numbers of smaller purse seiners, which previous to the late
1970s had been responsible for most of the catches of bluefin tuna in the EPO, declined during
the late 1970s and the 1980s. In the subsection above entitled Abundance of juvenile bluefin
in the EPO it was concluded that reduced effort is partly, but not entirely, responsible for the
reduced catches in the EPO.

In regard to Point 4, the distribution of bluefin tuna in the EPO may have changed during
this century. Prior to 1930 bluefin were caught only off California, although they probably
occurred off Baja California as well. During the 1930-1947 period they were caught off both
California and Baja California, but greater catches were made off California during most of those
years. From 1948 to the present most of the catch has been made off Baja California. This change
in the distribution of the catches could be due to increased willingness of California-based fish-
ermen to fish further from port as they acquired larger and more seaworthy boats, however,
rather to a change in the distribution of the fish. Fishermen based in California seem to direct
more of their effort toward bluefin than do those based in Mexico, so if a shift in distribution
occurred it could have decreased the vulnerability of bluefin to capture. If a shift in the distri-
bution of the fish took place, however, it probably did so well before the 1980s, so it does not
appear that it could be the cause of the poor catches during that decade.

Tagging and age-composition data provide some useful information in regard to Point 5. It
was shown in IATTC Bulletin, Vol. 20, No. 1, that during the 1980s only the 1981 year class con-
tributed significant numbers of tag returns to the EPO fishery during Year 1. It was also shown
in that Bulletin that for Year 2 nearly half the returns for the 1979 year class and more than half
of those for the 1983 and 1984 year classes were from fish caught in the EPO. This information
suggests that the proportion of age-1 fish which migrated to the EPO was greatest for the 1981
year class and that the proportions of age-2 fish which migrated to the EPO were greatest for the
1983 and 1984 year classes, intermediate for the 1979 year class, and least for the 1980, 1981,
1982, and 1985 year classes.

A large proportion of the catch of bluefin tuna in the EPO in 1982 consisted of age-1 fish
(Table 26). This is consistent with the evidence from tagging that a large proportion of the fish
of the 1981 year class appeared in the EPO as age-1 fish in 1982. The catch of bluefin in the EPO
was poor in 1983, however, perhaps because the fish of the 1981 year class experienced heavy
mortalities in the EPO in 1982 or mostly began their return trip to the WPO before the start of
the 1983 fishing season.

The greatest catches of bluefin tuna in the EPO in recent years were those of 1985, 1986,
and 1996 (Table 25), and the catches in those years consisted mostly of age-2 fish, i.e. 1983-year-
class fish in 1985, 1984-year-class fish in 1986 (Table 26), and 1994-year-class fish in 1996. This
is consistent with the evidence from tagging that large proportions of the fish of the 1983 and
1984 year classes appeared in the EPO as age-2 fish in 1985 and 1986.

If it were certain that the fish which were tagged in the WPO were selected randomly it
would be concluded that greater proportions of age-2 fish of the 1983 and 1984 year classes
migrated to the EPO, and that this resulted in greater catches of bluefin tuna in the EPO in
1985 and 1986. It is possible, however, that there are separate non-migrant and migrant sub-
populations, and that greater proportions of the migrant subpopulation were selected for tagging
during 1979, 1981, 1983, and 1984. Thus the relatively high proportion of EPO returns for the
1979 year class, even though the catch in the EPO in 1981 was poor, might be the result of heavy
concentration of tagging effort on a relatively small subpopulation of migrants. This possibility
has been evaluated by examining data on migrations of tagged age-1 and -2 fish released in dif-
ferent locations in the WPO during different months JATTC Bull., 20 (1): Table 7). For the most
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part, the proportions of migrants tended to be about the same for fish of the same year classes
released in different area-time strata, so these data do not offer much support for the subpopu-
lation hypothesis.

Age composition data (Table 26) provide further information pertinent to Point 5.
Correlation coefficients were calculated for 12 pairs of data (Table 29, upper panel) from Table 26.
Six of the 12 tests produced absolute values of r greater than 0.4. The numbers of age-2 fish in
the EPO and WPO are negatively correlated (Test 6), indicating that the poor catches in the EPO
could be due at least partly to less-than-normal proportions of the total population migrating from
the WPO to the EPO. The catches of age-1 and -2 fish in the EPO are positively correlated (Test
7), indicating that the catch of age-2 fish in the EPO can be predicted, albeit poorly, from the catch
of age-1 fish in the EPO one year previously. The catches of age-0 and -1 fish in the WPO are
highly correlated (Test 8), indicating that the catch of age-1 fish in the WPO can be predicted from
the catch of age-0 fish in the WPO one year previously.

Test 11 gave an r value which would be significant at the 1-percent level, which is not sur-
prising in view of the fact that an even higher r value was obtained from Test 8. An r value which
would be significant at the 5-percent level was obtained for Test 12; this, also, is not surprising
in view of the fact that a value which would be nearly-significant was obtained from Test 2.

The coefficient of correlation for the catches of age-0 fish in the WPO and the catches of
age-2 fish in the EPO two years later is 0.442 (Table 29, Test 2). Although this relationship would
not be significant at the 5-percent level, it may indicate that the catch of age-2 fish in the EPO is
related to recruitment two years previously, assuming that the catch of age-0 fish in the WPO is
a valid index of recruitment. Since the catch of age-2 fish in the EPO appears to be related to the
recruitment two years previously (Test 2) and the catch of age-2 fish in the WPO in the same year
(Test 6), a multiple correlation coefficient was calculated (Test 13). The resulting coefficient of
multiple determination was highly significant, indicating that 55.7 percent (0.7462 x 100) of the
variation of the catches of age-2 fish in the EPO is explained by (1) a positive relationship to
recruitment in the WPQ and (2) a negative relationship to the catch of age-2 fish in the WPO.
Since the catches of age-2 fish make up the majority of the catch by weight in the EPO in most
years, recruitment two years previously and emigration from the WPO appear to have major
influences on the total catches in the EPO.

In general, the results of the analysis of the catch-at-age data tend to support the tentative
conclusion from the studies of the tagging data that variations in the proportions of fish which
migrate from the WPO to the EPO are at least partly responsible for variations in catches in the
EPO.

Black skipjack tuna

Although black skipjack constitute only a minor part of the total landings of tunas caught
in the eastern Pacific Ocean, they are of considerable commercial importance in a number of
Latin American countries. Furthermore, they represent a resource of significant magnitude,
which will be more heavily exploited as the demand for tuna increases. Accordingly, it is prudent
to learn as much as possible about this species.

The present knowledge of black skipjack comes mainly from vessel logbook data, data on
the weights of fish unloaded at canneries, stomachs, gonads, and measurements of fish taken at
canneries, biological data gathered on one tagging cruise, gonads collected for histological studies
on tagging cruises, surveys of fish larvae directed primarily at other species, recapture data for
black skipjack tagged incidentally to yellowfin and skipjack, and studies conducted at the
IATTC’s laboratories at Achotines, Panama, and La Jolla.
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Data on the landings of black skipjack by tuna boats during 1961-1996 are listed in Table
3. Additional amounts are known to have been caught but not landed, but these are not included
in the statistics. Estimates of the amounts of black skipjack discarded at sea by purse-seine ves-
sels during the 1993-1996 period range from about 2 to 14 thousand metric tons per year (Table
39). Black skipjack are also caught by small boats based in Latin America, for which data are not
obtained. Therefore the actual catches are greater than those recorded in the table. The areas
of the 1980-1983 catches by vessels from which logbook data were obtained are shown in
Figure 79.

An analysis of the weight-length relationships of black skipjack is given in IATTC Internal
Report 17. Some observations on the swimming performance, body temperatures, and gastric
evacuation times of black skipjack were made on a tagging cruise conducted in 1981, and an anal-
ysis of the results was published in an outside journal (Copeia, 1984 (4); 1000-1005). A total of
1,502 black skipjack has been tagged, and 107 of these tagged fish have been returned.
Information on the movements and growth of black skipjack, as determined from these data, is
given on pages 33-34 of the IATTC Annual Report for 1982.

Information on the areas and duration of spawning, size at sexual maturity, sex ratios,
fecundity, and spawning frequency of black skipjack is published in IATTC Bulletin, Vol. 19, No.
2. The measurement of reproductive potential is of considerable importance with respect to the
dynamics of fish populations, since it is a basic determinant of productivity. Furthermore, since
the amount of fish of catchable size available to the fishery is largely dependent on the success of
spawning and survival during the earliest stages of life, studies of this nature can yield informa-
tion of potential value for predictive purposes. In addition, larval and juvenile black skipjack,
along with those of other species of scombrids (tunas and mackerels), have been collected, partic-
ularly off Central America and near the entrance to the Gulf of California (IATTC Spec. Rep. 2:
388-391).

The data on occurrence of larvae and juveniles, tagging data, and logbook data provide
indices of abundance of black skipjack relative to the other species of scombrids. It appears, on
the basis of this information, that the potential annual production of this species is far greater
than the present levels of landings.

A considerable amount of work on black skipjack has been conducted at the IATTC’s labo-
ratories at Achotines and La Jolla. The results of these studies are described in scientific papers
{e.g. U.S. Nat. Mar. Fish. Serv, Fish. Bull.,, 88 (4): 821-828; Mar. Biol., 115 (2): 317-330; Jour.
Exper. Biol,, 190: 79-93; IATTC Bull., 20 (7) and 21 (3)) and recent Annual Reports of the IATTC.

Swordfish

Swordfish are widely distributed in the tropical, subtropical, and temperate oceans and
seas of the world, and they are the object of important commercial fisheries in most areas where
they occur. Information on the catches per unit of effort (CPUEs) of swordfish in the eastern
Pacific Ocean (EPO) is shown in Figure 80. These charts are probably indicative of the geo-
graphical distribution of swordfish and the areas in which it is most abundant. The world
demand for swordfish has been increasing in recent years, and this has caused a corresponding
increase in their value. This has led to a rapid growth of fisheries for swordfish in various parts
of the world. In the EPO the U.S. and Chilean fisheries for swordfish have grown considerably
in recent years (Table 30). Other nations bordering the EPO, such as Colombia, Costa Rica,
Ecuador, French Polynesia, Mexico, and Peru, are also involved in fishing for swordfish.

The catches of swordfish in the Atlantic Ocean have declined since the 1980s, apparently
due to overfishing. The catches of swordfish in the EPO have declined since 1992. This is not
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necessarily due to overfishing, as the fishing effort has also declined, but it is important to mon-
itor the catches and effort closely. More specifically, there is a need to collect comprehensive sta-
tistical and biological information on the developing fisheries and to continue to collect such data
for the well-established fisheries. Such information is essential for assessment of the effects of
the fisheries on the stock or stocks of swordfish which are exploited. Standardized methods of
data collection and coordinated analysis of the data are essential for obtaining effective
assessments.

Fisheries

Recreational fishermen rarely fish for swordfish, and few records of their catches are avail-
able. The catches of this species by recreational fishermen probably average less than 50 fish per
year in the EPO, though recreational fishing techniques developed recently may result in a small
increase in this number in the future.

The principal commercial swordfish harvests are made by longline and gillnet fisheries.
Harpoon fisheries for swordfish were important in several areas in the past, but these fisheries
have declined considerably in recent years. The world catches of swordfish increased from about
26,700 metric tons in 1971 to about 81,200 metric tons in 1988, The catches declined to about
67,900 metric tons in 1991, and then increased to about 89,200 metric tons in 1995 (Table 30).
The catches in the Pacific Ocean increased from about 13,400 metric tons in 1971 to about 34,600
metric tons in 1992, and they have ranged between about 28,900 and 32,700 metric tons since
then (Table 30). The equivalent amounts for the EPO are 2,600 metric tons for 1971, 12,900
metric tons for 1992, and about 7,000 to 10,000 metric tons for 1993-1995 (but only about 5,500
metric tons for 1996) (Table 31).

During the 1971-1975 period the annual catches of swordfish in the EPO averaged about
3,700 metric tons (range: 2,600 to 6,400) (Table 31 and Figure 81). During the 1976-1986 period,
these averaged about 6,100 metric tons (range: 4,300 to 7,400). Then, during the 1987-1991
period, the catches increased from about 9,100 metric tons in 1987 to about 14,000 metric tons in
1991. This increase occurred during a period when the catches by vessels of Japan were
declining, while those by vessels of Chile were increasing. Anticipating that the catches of sword-
fish in the EPO by vessels of the Republic of Korea during the 1993-1995 period will be reported
at about 500 metric tons per year, the catches of swordfish in the EPO have decreased an average
about 1,700 metric tons per year, from the 1991 peak of about 14,000 metric tons to only about
7,500 metric tons in 1995 and 5,500 metric tons in 1996 (Table 31).

Of the 182,200 metric tons of swordfish harvested in the Pacific Ocean during the 1990-
1995 period, Japanese fisheries accounted for the greatest portion of the catch (42 percent), with
considerable amounts also taken by vessels of Chile (16 percent), the United States (15 percent),
the Philippines (13 percent), and the Republic of China (9 percent) (Table 30). During the same
period, at least 65,400 metric tons of swordfish were taken in the EPQ, with fisheries of Chile har-
vesting about 46 percent of this catch, and the fisheries of Japan (25 percent), the United States
(13 percent), and Mexico (10 percent) accounting for most of the remaining reported catches
(Table 31).

There are many problems with the catch statistics for swordfish. The data in Tables 30
and 31 were compiled from various sources, which sometimes disagreed with one another.
Several meetings on swordfish were held during 1996, and further meetings are planned. It is
anticipated that many of the problems will be resolved.
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Japan

Swordfish are caught in the EPO by Japanese longline vessels. Most longline sets are
made early in the day, so that the gear fishes during the daylight hours, with retrieval occurring
at or near dusk. It has been suggested that most of the swordfish caught by this gear are taken
while the gear is being retrieved during periods of darkness.

During the 1952-1962 period, components of the Japanese longline fleet directed their
effort at swordfish by fishing at night with squid, rather than with saury or other baitfish, for
bait. This practice takes advantage of the fact that swordfish tend to remain near the surface
during the night and in deeper water during the day. This type of fishing was first employed in
the EPO in 1963. It was possible to distinguish effort directed at swordfish from other effort with
records on the type of bait used. During the late 1960s, however, this distinction was clouded by
the increasing use of squid for bait in daytime sets directed at tunas.

The annual effort by Japanese longline vessels in the Pacific ranged from about 275 to 300
million hooks during 1970-1975, from about 327 to 400 million hooks during 1976-1985, and from
about 356 to 399 million hooks during 1986-1992. The effort in the EPO ranged from about 67 to
107 million hooks during 1970-1975, from about 107 to 140 million hooks during 1976-1985, and
from about 160 to 200 million hooks during 1986-1994. Tn 1995 the effort in the EPO dropped to
about 125 million hooks.

During the 1980s and early 1990s small amounts of swordfish were taken in the EPO by
the high-seas gillnet fishery. This fishery was discontinued after 1992.

Chile

The Chilean artisanal fishery for swordfish operates 15 to 150 nm off northern and central
Chile. More than 90 percent of the vessels are less than 18 m (60 feet) in length and fish with
gillnets. A small part of this fleet continues to fish with harpoons. As the average vessel size has
increased over time, an increasing proportion of the fleet has been licensed for and has fished
with both gillnet and longline gear. Most of the catch is made during January to June, with the
peak occurring from March to May. Because of low catches per unit of effort (CPUES), the fish-
ermen switch to other species by July or August.

The increased catches of swordfish during the late 1980s and early 1990s were due. to
developing markets for fresh and frozen swordfish in the United States during that period.

United States

The principal U.S. swordfish fisheries in the Pacific Ocean are the gillnet fishery and the
longline fishery.

Prior to the late 1970s, the only significant U.S. swordfish fishery was the harpoon fishery
conducted off Southern California during the late summer and fall. Since the 1978 peak catch of
about 1,600 metric tons, the annual catch in this fishery has dropped to about 150 metric tons.

Since 1981 the greatest catches of swordfish by vessels based on the U.S. mainland have
been made with gillnets. This fishery was originally directed at sharks, but is now directed sea-
sonally at swordfish. During the first few years following this shift in fishing strategy, the annual
swordfish catch by gillnets increased to a peak of about 1,400 to 1,500 metric tons in 1984 and
1985. The regulations for this fishery, which is conducted primarily within the Exclusive
Economic Zone (EEZ) of the United States are complex, including time and area restrictions, and
restrictions on gear configuration. Many of the restrictions were developed to protect other
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species. These restrictions result in approximately 80 percent of the gillnet catch of swordfish
being made during the September-December period.

The most recent significant changes in the U.S. fishery for Pacific swordfish have been in
the longline fishery operating from Hawaii and, more recently, Southern California. Most of the
Southern California-based vessels had left the fishery by the end of 1995, however. Prior to 1989,
swordfish were an incidental catch of the longline fishery, which was directed at tunas and took
place primarily within the U.S. EEZ around Hawaii. During the early 1990s, U.S.-flag vessels
from the Atlantic coast and Gulf of Mexico, using fishing strategies developed for fishing for
swordfish in the Atlantic Ocean, including making sets at night with shallow gear and lighted
hooks, entered the Hawaii-based fleet. As the fishing effort has increased with the addition of
vessels, there has also been an expansion of the fishery to include significant effort in interna-
tional waters outside the U.S. EEZ around Hawaii. The catches of swordfish by the longline fleet
based in Hawaii increased nearly 10-fold, from about 200 metric tons in 1989 to about 1,600
metric tons in 1990, and then trebled to about 4,500 metric tons in 1991 and 5,000 metric tons in
1992. These catches are made mostly during the January-June period. The 1994 catch of sword-
fish declined by nearly 50 percent relative to the previous few years, due partly to reduced effort
directed at swordfish and partly to reduced CPUEs. The CPUEs returned to normal in 1995,
however. During the 1994-1996 period the catch of swordfish by this fleet averaged about 2,500
metric tons. On average, less than about 20 percent of the catches of swordfish by these vessels
have been made in the EPO, with catches of about 200, 700, and 400 metric tons of swordfish
made in the EPO in 1994, 1995, and 1996, respectively.

Mexico

The Mexican swordfish fishery began after Mexico’s adoption of a 200-nm EEZ and restric-
tion of foreign fishing operations within that zone. Prior to this time, large catches of billfish,
including swordfish, were taken by the longline fisheries of other nations in what is now Mexico’s
EEZ. During the 1980-1989 period Mexico authorized joint-venture longline fisheries operating
under the Mexican flag. During the early 1980s the effort exerted by this fishery was low, but by
the end of the decade about 10 to 15 vessels were participating in the fishery. The fishing effort
{number of hooks set) varied widely during the period of this fishery, ranging from about 260
thousand hooks in 1984 to about 3.8 million hooks in 1988. The total swordfish catch made
during the period this fishery existed was about 1,800 metric tons, with annual catches ranging
from about 5 metric tons in 1984 to about 500 metric tons in 1981.

Since the elimination of the joint-venture longline fisheries for billfish, a gillnet fishery for
billfish within the Mexican EEZ has developed. It is estimated that by 1990 about 25 vessels
were operating, and since then most of the catch of swordfish has been taken by this method.

Stock assessment

Three general types of models, age-structured models, spawner-recruit models, and pro-
duction models, all of which are described in the section of this report dealing with yellowfin tuna,
are used to assess the condition of stocks of fish. All three types of models require that the anal-
yses be done with a discrete stock of fish. Little is known of the stock structure of swordfish in
the Pacific Ocean, so the results presented below should be regarded as provisional.

Production models, using data from the Japanese longline fishery for 1952 through 1980,
have been applied to swordfish in the Pacific Ocean by several investigators. Their results were
only tentative, for at least two reasons. First, due to lack of data on tag returns, meristic and
morphometric characteristics, genetic characteristics, ete., the investigators had to make assump-
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tions regarding stock structure based on the distribution of catches of the fish. Second, due to
lack of data which could be used to make adjustments for differences in the vulnerability of the
fish to capture, they had to assume that swordfish were equally vulnerable to capture by longline
gear in all years, seasons, and areas. They concluded that the swordfish were capable of sup-
porting greater catches than those which were taken during that period. The fisheries have
changed since then, however. By 1992, the swordfish catch in the Pacific Ocean had reached
about 36,400 metric tons, a 76-percent increase since 1986. The Japanese share of this catch
declined from about 72 percent to about 44 percent, so the Japanese fishery may no longer pro-
vide coverage adequate to monitor the entire fishery. Data for the coastal fisheries of Chile, Costa
Rica, Ecuador, Mexico, the Philippines, the United States, and other nations should be included
in future analyses. Because the fisheries are expanding, it is important that such analyses be
conducted.

The Deriso-Schnute delay-difference population model (Hilborn and Walters, 1992,
Quantitative Fisheries Stock Assessment, Chapman and Hall, New York and London: 330-348)
has been used with catch and effort data for 1962-1987 by the IATTC staff to investigate the
dynamics of swordfish in the EPO. The data which were available at the time of the analysis,
which show declining CPUEs with increasing fishing effort, provide a minimal amount of infor-
mation with which to model the dynamics of a population. Preliminary examination of catch and
effort data for years subsequent to 1987 indicates that the CPUEs have continued to decline, but
are still greater than the CPUEs which correspond to the average maximum sustainable yield
(AMSY), so swordfish are apparently not overfished in the EPO. These more recent data will be
incorporated into future analyses of the status of swordfish stocks in the EPO. Until such anal-
yses are completed, it is not possible to estimate the current level of the swordfish stocks in the
EPO with respect to the level to be expected at AMSY.

Discussion and conclusions

After a decline in the catches of swordfish in the Pacific Ocean during the early 1960s,
when the Japanese longline fleet in the northwestern Pacific began to direct its effort toward
species other than swordfish, the Pacific-wide catch began to increase. During the 1970s and
1980s, due to increased demand for swordfish, fishing effort increased in the Atlantic Ocean. At
first the catches increased, but then, presumably due to overexploitation, they decreased. If the
catches in the Pacific Ocean continue to increase, it is possible that, based on the Atlantic expe-
rience, the abundance of swordfish will be reduced to the point that the catches will eventually
decline. The question arises as to how overfishing might be avoided in the Pacific Ocean, that is,
how exploitation can be kept in balance with the ability of the swordfish population to support
the catches. The answer, of course, is that we must gain sufficient understanding of the popula-
tion dynamics of swordfish and be willing to utilize that understanding for purposes of
management,

There are a number of technical requirements that must be met to ensure adequate stock
assessment. One of the most important prerequisites for management is an understanding of the
population structure of the stocks of swordfish that are the object of exploitation.

Comprehensive catch and effort data are necessary for application of production models.
For each fishery, data are needed on the catches for small areas and short time intervals, along
with measures of fishing effort, such as numbers of vessels operating, numbers of hooks set per
day, or hours of deployment for gillnets. Corresponding information for recreational fisheries, if
and when the catches by those fisheries became important, is also necessary. A practical way to
collect such information for commercial fisheries is through the establishment of a logbook system
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to be maintained by vessel captains or crew members, complemented by an observer program.
Other systems, such as monitoring of important landing locations, could be developed for smaller
vessels. With this sort of data, analyses utilizing production models could be carried out.
Although limited in scope, these models could provide initial estimates of potential catches and
early warnings of overfishing.

Measurements of the lengths and/or weights of fish in the catch, plus catch data, are nec-
essary for application of age-structured models. The size and catch data can be used to estimate
the rates of growth and of natural and fishing mortality. In addition, information on reproduc-
tive characteristics, such as sex ratio, fecundity, frequency of spawning, and location of spawning
areas, should be collected. A program to collect such data would have to include sampling at
many of the major landing sites of the commercial fisheries. Samples would have to be collected
on a regular basis for an extended period of time.

The information required for application of spawner-recruit models is essentially the same
as that required for application of age-structured models.

Longlines and gillnets take the greatest amounts of swordfish in the Pacific Ocean.
Longlines and gillnets normally capture a variety of large pelagic fishes, such as tunas, marlins,
and sharks, along with swordfish. Tunas and marlins are less common in the catches of gillnet
vessels than in those of longline vessels. In addition, turtles are occasionally taken by longline
and gillnet gear, seabirds are sometimes taken by longlines, and a few marine mammals are
caught by gillnets. The catches of swordfish can be maximized and those of other species can be
minimized by selecting the locations in which the gear is deployed, the configuration of the gear,
etc., but in no case can catches of only swordfish be assured.

The actual and perceived capture of marlins and sailfish, sharks, marine mammals, tur-
tles, and birds by longlines and/or gillnets has resulted in action on the part of some groups to
limit the use of these types of gear. It is imperative, if this perceived problem is to be resolved,
that information be collected on the numbers and kinds of animals taken as bycatches.
(Information on the bycatches of gillnet vessels operating off California has been published (Calif.
Dept. Fish Game, Fish Bull,, 175).) Along with these efforts to collect data, it would be desirable
to design, develop, and implement modifications to the fishing gear and/or its deployment which
would reduce the bycatches, if it is shown that the gear has significant impacts on the species
making up the bycatches.

TUNA-DOLPHIN PROGRAM

Yellowfin tuna in the size range of about 10 to 40 kg (22 to 88 pounds) frequently associate
with marine mammals, especially spotted, spinner, and common dolphins, in the eastern Pacific
Ocean (EPO). The spatial distributions of the various stocks of these three species are shown in
Figure 82. Purse-seine fishermen have found that their catches of yellowfin in the EPO can be
maximized by searching for herds of dolphins or flocks of seabirds which frequently occur with
dolphins and tunas, setting their nets around the dolphins and tunas, retrieving most of the net,
“backing down” to enable the dolphins to escape over the corkline of the net, and finally retrieving
the rest of the net and bringing the fish aboard the vessel. Unfortunately, particularly during the
1960s and 1970s, many dolphins became entangled in the nets and suffocated.

The IATTC’s responsibilities were broadened in 1976 to address the problems arising from
the incidental mortality in purse-seine nets of dolphins which associate with tunas in the EPO.
The Commission agreed that it “should strive to maintain a high level of tuna production and also
to maintain [dolphin] stocks at or above levels that assure their survival in perpetuity, with every
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reasonable effort being made to avoid needless or careless killing of [dolphins]” (TATTC, 33rd
meeting, minutes: page 9). The principal responsibilities of the IATTC’s Tuna-Dolphin Program
are (1) to monitor the abundance of dolphins and their mortality incidental to fishing through the
collection of data aboard tuna purse seiners fishing in the EPO, (2) to analyze these data and
make appropriate recommendations for the conservation of dolphins, (3) to study the causes of
mortality of dolphins during fishing operations and encourage fishermen to adopt fishing tech-
niques which minimize the mortalities of dolphins, and (4) to study the effects of different modes
of fishing on the various fish and other animals of the pelagic ecosystem.

DATA COLLECTION

Coverage

The design for placement of observers during 1996 called for 100-percent coverage of
fishing trips in the EPO by all Class-6 purse seiners (carrying capacity greater than 400 short
tons (363 metric tons)) and by all Class-5 purse seiners (carrying capacity 301-400 short tons
(273-363 metric tons)) which participated in the International Dolphin Conservation Program
(IDCP; described later). All trips by vessels of fleets other than that of Mexico were to be sam-
pled by the IATTC Tuna-Dolphin Program. Half of the trips of vessels of the Mexican fleet were
to be sampled by observers of its national program (Programa Nacional para el Aprovechamiento
del Atiin y Proteccién de los Delfines (PNAAPD)) and the remainder by IATTC observers.

During 1996 observers from the IATTC and Mexican national programs departed on 562
fishing trips by Class-6 vessels and 18 fishing trips by Class-5 vessels with dolphin mortality
limits (DMLs; described in the section entitled THE INTERNATIONAL DOLPHIN CONSER-
VATION PROGRAM). In addition, 47 Class-6 vessels whose last trip of 1995 carried over into
1996 had observers aboard, bringing the total to 609 trips by Class-6 vessels sampled in 1996 by
the IATTC and Mexican programs. The IATTC sampled vessels operating under the jurisdictions
of Belize, Colombia, Costa Rica, Ecuador, the Federated States of Micronesia, Honduras, Liberia,
Mexico, Panama, the United States, Vanuatu, and Venezuela.

The sampling coverage of vessels of the international fleet by the IATTC and Mexican pro-
grams is summarized in Table 32. Over 80 percent of all trips were sampled by the IATTC pro-
gram, and 100 percent of them were sampled by the two programs combined.

Training

Three courses for training observers in the collection of data aboard tuna vessels were held
during 1996 (Table 33). The attendees were instructed in the identification of tunas, marine
mammals, turtles, and seabirds, the requirements and procedures for data collection, methods for
estimating the sizes of herds of marine mammals, fishing gear and operations, and shipboard pro-
tocol and safety.

GEAR PROGRAM

Services

During 1996 the IATTC staff conducted alignments of dolphin safety panels (DSPs) and
inspections of dolphin rescue gear aboard 32 vessels, 28 registered in Mexico and 1 each regis-
tered in Colombia, Ecuador, Panama, and Vanuatu. A trial set, during which an IATTC employee
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observes the performance of the net from an inflatable raft during backdown, is made to check
the alignment of the DSP. The IATTC employee transmits his observations, comments, and sug-
gestions to the captain of the vessel, and attempts are made to resolve any problems which may
arise. Afterward, a report is prepared for the vessel owner or manager. This report contains a
summary of the IATTC employee’s observations and, if necessary, suggestions for improving the
vessel’s dolphin safety gear and/or procedures.

The IATTC also offers other services to help fleet managers and operators of individual ves-
sels to reduce dolphin mortality. Publications and video tapes on the subject are available at
IATTC field offices. Trip Analyses, detailed reports of observed fishing trips, are prepared upon
request and, after the required authorizations are obtained, sent to the vessel owners to allow
them to assess the performances of the vessels and captains.

Workshops on the reduction of dolphin mortality

One workshop on reducing dolphin mortality was held in July 1996 in La Jolla, California,
USA, for one fishing captain. These workshops are intended not only for captains, who are
directly in charge of fishing operations, but also for other crew members and for administrative
personnel responsible for vessel equipment and maintenance. Fishermen and others who attend
the workshops are presented with certificates of attendance.

“Dolphin-safe” certificates

The IATTC provides “dolphin-safe” certificates to purse-seine vessels for fishing trips
during which an TATTC observer was on board and for which the observer’s data indicated that
no dolphins were intentionally chased or encircled. These certificates are issued only at the
request of vessel management. In 1996, the TATTC issued 221 of these certificates to vessels
under the jurisdictions of Belize, Colombia, Costa Rica, Ecuador, Honduras, Liberia, Mexico,
Panama, the United States, Vanuatu, and Venezuela.

Statements of Participation

Statements of Participation, which were initially requested by representatives of some
nations, verify that vessels have been participating in the IDCP at the observer coverage level of
100 percent. In other words, it states that an observer has been aboard the vessel during each
trip since it began its participation in the IDCP. A statement can also state that the vessel is
equipped with all the dolphin safety equipment recommended by the TATTC and that the TATTC
staff has verified the proper alignment and condition of the vessel’s dolphin safety gear during a
trial set. During 1996 the IATTC issued, on request, statements for 68 fishing trips by vessels
under the jurisdictions of Belize, Colombia, Ecuador, Mexico, Panama, the United States,
Vanuatu, and Venezuela.

RESEARCH

Estimates of the mortality of dolphins due to fishing

In 1996 the incidental mortality of dolphins decreased to 2,547 animals (Table 34), the
lowest level since the fishery for tunas associated with dolphins began, and a 22-percent reduc-
tion relative to the mortality of 3,274 animals recorded in 1995. The number of sets on dolphin-
associated schools of tuna increased by 4 percent, from 7,209 to 7,483; however, the proportion of
the total sets made which were made on dolphins decreased slightly in 1996 (43.8 percent) as
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compared to 1995 (45.3 percent). The average mortality per set on dolphins decreased from 0.45
animals in 1995 to 0.34 animals in 1996. The trends in the numbers of sets on dolphin-associ-
ated fish, mortality per set, and total mortality in recent years are shown in Figure 83. As in pre-
vious years, most of the progress toward the goal of eliminating the mortality is due to the success
of fishermen in their efforts to release all the dolphins encircled.

The catches of dolphin-associated yellowfin decreased relative to 1995. The percentage of
the catch of yellowfin taken in sets on dolphins decreased from 67.8 percent of the total catch in
1995 to 63.1 percent of the total catch in 1996, as did the average catch per set on dolphins, which
decreased from 20.9 to 20.4 metric tons per set. The mortality per metric ton decreased from
0.022 animals in 1995 to 0.017 animals in 1996.

The above figures include data from trips by tuna vessels covered by observers from the
PNAAPD of Mexico and the IATTC, but the comparisons in the next two paragraphs are based
only on the IATTC data bases for 1995 and 1996.

The decrease in the mortality per set is the result of actions by the fishermen to better
manage the factors which bring about incidental mortalities. Indicative of this effort is the
number of sets in which no mortalities occurred; there was zero mortality in 88 percent of the sets
on dolphin-associated fish in 1996, up from 85 percent in 1995. Factors in control of the fish-
ermen which are thought likely to affect the mortality of dolphins per set include the occurrence
of malfunctions, especially those which lead to net canopies and net collapses, the time it takes
to complete the backdown maneuver, and the size of the herd captured. The percentage of sets
with major mechanical malfunctions decreased from 7.7 percent in 1995 to 7.1 percent in 1996.
The percentage of sets with net collapses decreased from 10.3 percent in 1995 to 7.3 percent in
1996, and the percentage of sets with net canopies from 6.0 to 4.9 percent. The average backdown
time in 1996 was 13.6 minutes, as compared to 14.0 minutes in 1995 and the average number of
animals left in the net after backdown was 0.2 in 1996 as compared to 0.4 in 1995, The average
size of the herds of dolphins captured increased slightly from 473 animals in 1995 to 477 animals
in 1996.

The average numbers of dolphins (by stock) in captured schools and the average mortali-
ties per capture in 1996 were similar to those of previous years, with the greatest average number
of animals captured per set and the greatest mortality per capture occurring for common dol-
phins. In 1996 the average numbers of spotted dolphins, eastern spinner dolphins, whitebelly
spinner dolphins, and common dolphins captured per set were 428, 130, 170, and 656 animals,
respectively. However, the average number of animals in captured schools was greatest for mixed
schools of spotted and spinner dolphins. The average captures per set for mixed schools of spotted
and whitebelly spinner dolphins and for mixed schools of spotted and eastern spinner dolphins
were 900 and 888 animals, respectively. The average mortality per capture for spotted dolphins,
eastern spinner dolphins, whitebelly spinner dolphins, and common dolphins in 1996 was less
than 4 animals per 1000,

Estimates of the relative abundance of dolphins

Observers are placed aboard tuna vessels with the primary objectives of monitoring the
incidental mortality of dolphins and collecting data which could lead to further reductions in dol-
phin mortality. They also collect information on the searching activities of the vessels and the
frequency of encounters with marine mammals. These data can be used to obtain estimates of
the abundance of dolphins by applying a technique known as line transect analysis, with which
an adjustment factor is estimated from the data on sightings. This factor provides a way of
accounting for dolphins not seen from the vessel.
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Unfortunately, the assumptions necessary for line transect analyses to yield unbiased esti-
mates of absolute abundance are violated in various ways, but primarily by the fact that tuna
vessels tend to concentrate their operations in areas of greatest dolphin abundance. The analyt-
ical procedures applied should therefore be as insensitive as possible to those violations. The pro-
cedures used, developed by the IATTC staff and described in IATTC Annual Reports for previous
years, are unlikely to remove all biases, so the resulting estimates should be treated as indices of
relative abundance of the stocks, rather than estimates of their absolute abundance.

In order to assess whether changes observed in a time series of annual indices of relative
abundance reflect changes in the populations or random interannual fluctuations in the sampling
conditions, an additional statistical procedure is applied to the series. This procedure is designed
to remove those random fluctuations, and thus allow the underlying trend and confidence limits
for the relative abundance of the population to be estimated.

The number of nautical miles of searching effort observed aboard tuna vessels during 1996,
the number of sightings made during searching effort, and the sizes of the areas assumed to be
occupied by the various stocks are shown in Table 35. As part of the treatment to reduce biases
in the estimates, the data from some trips are excluded from the analyses; these data are not
included in the table. The relative abundance indices for the various stocks are listed in Table
36. The time series of the indices estimated for each of the stocks for which there is sufficient
information, the estimated underlying trends in population abundance, and the confidence limits
are shown in Figures 84 through 91. The confidence limits are calculated in a way which allows
the significance of the differences between estimates for pairs of years to be assessed directly from
the figure: if the ranges of the confidence limits of two estimates do not overlap, then the esti-
mates differ significantly. The approximate confidence level of that comparison is 95 percent.

Offshore spotted dolphin

The estimated indices and trends for the two stocks (northeastern and western-southern,
respectively) of offshore spotted dolphins currently assumed for the EPO are shown in Figures
84and 85. The trends suggest that the populations have not changed much in recent years, after
a decline which ended during the early 1980s.

The figure for the northeastern stock suggests an apparent recent lesser decline, the esti-
mates for 1993-1996 being significantly less than those for the late 1980s. However, given the
low incidental mortality rates of recent years, it is likely that this trend reflects changes in envi-
ronmental conditions. The distribution of the individual estimates suggests the possibility of 3-
year periods of relative stability in sampling conditions. The IATTC staff is currently exploring
these possibilities, using new analytical techniques which directly incorporate data from the envi-
ronment.

The pattern for the western-southern stock is similar, but less marked; after a sudden drop
in 1993, the recent indices have increased sequentially to close to the values of the mid-1980s. It
is unclear from the data whether the apparent decline in the estimates for the 1983-1986 period
reflects real changes in abundance: 1983 was a year with a severe El Nifio event, and the low
indices for 1985 and 1986 coincide with high estimates of relative abundance for the northeastern
stock, suggesting the possibility of movements of dolphins across the current stock boundaries.

For this reason, the data for both stocks were combined and analyzed together (Figure 86).
The results reveal almost no change in recent years, with the exception of a sudden drop in 1993,
coincidentally also a year with a strong El Nifio event.
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Spinner dolphin

The eastern stock of spinner dolphins has been stable over the last few years (Figure 87),
with no significant changes in population levels, despite some indication of an increase during the
last three years. For the whitebelly stock, the trend in Figure 88 indicates that there have been
few changes in the last decade; the exception is a significant difference between the estimates for
1987 and 1994,

Common dolphin

After adding the 1996 estimate, the smoothed index for 1995 for the northern stock of the
common dolphin is significantly less than the indices for years prior to 1993 (Figure 89).
However, as discussed in Annual Reports of the IATTC for previous years, the interpretation of
recent trends in the indices is problematic, since the indices represent the abundance in only a
fraction of the area of the distribution of the stock. Recent aerial and ship surveys off Southern
California showed large increases in the abundance of common dolphins relative to previous esti-
mates, suggesting a shift in the distribution toward the northern portion of their range (U.S. Nat.
Mar. Fish, Serv., Fish. Bull., 95 (1): 1-14). That area receives little or no effort from tuna purse
seiners, so the IATTC staff’s estimates are markedly affected by such changes in distribution.
More surveys are required to achieve a better understanding of the spatial distribution of the
stock within its range and also of the relative distribution of the two species of common dolphins
occurring in this region,

The data for the central stock of common dolphins indicate a stable population size since
the early 1980s, after a decline during the late 1970s (Figure 90). Data for the southern stock are
very sparse, making trends in abundance difficult to assess (Figure 91). There are no significant
differences among the estimates over the entire time series.

Bycalches in the purse-seine fishery for tunas

IATTC observers began to collect information on bycatches during purse-seine fishing oper-
ations in late 1992, and this program continued through 1996. In this report “bycatches” are
defined as the fish or other animals which are discarded dead at sea. During 1996 the data col-
lected during previous years were reviewed and revised when appropriate. Information on the
coverage of sets on dolphins, on free-swimming schools, and on floating objects is given in Table
37. (The numbers of sets in this table do not match those in Table 5 because Table 5, which is
based on the IATTC’s catch statistics data base, does not include data for sets by vessels from
which usable loghook data were not obtained. whereas Table 37, which is based on the IATTC’s
tuna-dolphin data base, does not include data for trips by vessels of Classes 1-4, nor for most trips
by Class-5 vessels, as these were not accompanied by observers.) The coverage is incomplete, but
more than adequate for most statistical purposes.

The methods used below for estimation of the bycatches are quite simplistic. Research on
stratification of the data by area, season, size class of vessel, set type, efc., is in progress, and
when this is completed more accurate and precise estimates of the bycatches can be calculated.

Bycatches of commercially-important tunas

Estimates of the bycatches of commercially-important tunas are shown in Table 38. These
estimates were obtained by multiplying the estimates from the tuna-dolphin data base by the
ratio of the total retained catch of the species in question during the year in question to the
retained catch of that species during that year for trips in the tuna-dolphin data base. The
bycatches have increased as the numbers of sets on floating objects (Table 37) have increased.
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Bycatches are always wasteful, as they reduce the recruitment, yield per recruit, or both.
Furthermore, as was shown previously in this report, catching small yellowfin, even if they are
retained, reduces the yield per recruit of this species. The same could be the case for bigeye, but
lack of information on the age-specific natural mortality of this species makes it impossible to
determine the effect of the increases in the catches of small bigeye. Nevertheless, these increases
are of considerable concern, as the market value of larger bigeye, which are caught almost exclu-
sively by longlining, is much greater than that of surface-caught bigeye (or yellowfin or skipjack).

Bycatches of other species

Estimates of the bycatches of animals other than commercially-important tunas are shown
in Table 39. These estimates were obtained from the tuna-dolphin data base, so the estimates are
less than they would be if data for smaller vessels, which fish almost entirely on free-swimming
schools and floating objects, were included. The bycatches have increased as the numbers of sets
on floating objects (Table 37) have increased. The bycatches of all species except dolphins are
greatest in sets on floating objects, intermediate in sets on free-swimming schools, and least in
sets on dolphins. Olive ridley (Lepidochelys olivacea), green (Chelonia mydans), leatherback
(Dermochelys coriacea), hawkshill (Eretmochelys imbricata), and loggerhad (Caretta caretta) tur-
tles, all of which are considered to be endangered, are taken as bycatch by purse-seine vessels.
(Most of those which are caught are released in viable condition; Table 39 includes only turtles
which were killed.) The information available on the biology of the species of fish listed in Table
39 is insufficient to determine the effects of their capture by the purse-seine fishery. If any of
them are seriously affected, it is most likely to be one or more species of sharks or rays, as their
fecundities are low, and removing substantial amounts of these is likely to reduce their recruit-
ment in subsequent years.

Impacts of measures to decrease bycatches

“Bycateh reduction curves” (Figures 92-94) show the tradeoffs involved in attempts to
reduce the bycatches. Data on the catches of tunas and the bycatches of selected species (IATTC
Annual Report for 1995: Figures 39-41) are calculated for selected area and time strata (e.g. 1-
degree areas for 1993-1994 in the above-mentioned Figures 39-41). Then the strata with the
highest bycatch-catch ratios (i.e. those in which the maximum reduction in bycatch can be
achieved with the minimum reduction in catch) are eliminated sequentially, as shown in Figures
92-94. If the distributions of the catches of tunas and a bycatch species were the same the “curve”
would be a straight line running from the upper left corner to the lower right corner of the graph,
and reduction of the bycatch by, say, 50, 80, or 100 percent would by accompanied by the loss of
50, 80, or 100 percent of the catch of tunas. Fortunately, however, the distributions of the tunas
and bycatch species are not the same. Thus, for example, a 50-percent reduction in the bycatch
of mahi-mahi (Coryphaena spp.), wahoo (Acanthocybium solandri), or blacktip shark
{Carcharhinus limbatus) could be achieved with a reduction in the catch of tunas of about 7 per-
cent, 4 percent, or 5 percent, respectively (Figures 92-94). The corresponding values for 80- and
100-percent reductions in the bycatches are as follows:

Species Reduction in bycatches
80-percent 100 percent
Mahi-mahi 15 40
Wahoo 10 40

Blacktip shark 25 75
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It would clearly be more costly to reduce the bycatches of blacktip sharks by 80 or 100 percent
than it would be to reduce the bycatches of mahi-mahi or wahoo by either of those amounts. This
is because the catches of blacktip sharks are more evenly distributed in the eastern Pacific Ocean
{(IATTC Annual Report for 1995: Figure 41) than are those of mahi-mahi and wahoo (IATTC
Annual Report for 1995: Figures 39 and 40), which is probably the result of the fact that the pro-
portions of blacktip sharks caught in sets made on dolphin-associated tunas and free-swimming
tunas are much greater than those for mahi-mahi and wahoo.

THE INTERNATIONAL DOLPHIN CONSERVATION PROGRAM

The events which led to the establishment of the IDCP and its objectives and functions are
described on pages 60-62 of the IATTC Annual Report for 1993.

The overall dolphin mortality limit (DML) established for the international fleet in 1996
was 9,000 animals. Ninety-four vessels were allocated individual DMLs of 96 animals each. The
total allocation was 8,967 animals because some vessels received reduced DMLs due to their
having exceeded their DMLs for the previous year. Thirty-four of the vessels forfeited their DMLs
because they did not utilize them by June 1, 1996; however, these were allowed to request second-
semester DMLs. Twenty-four vessels, including 23 which forfeited their original DMLs, were
allocated second-semester DMLs of 48 animals each. The total mortality of dolphins in 1996
caused by the fishery was 2,547 animals.

International Review Panel

The International Review Panel (IRP) held its 11th, 12th, and 13th meetings during 1996.
The 11th meeting was held in Ensenada, Mexico, on January 25-26, the 12th meeting in La Jolla,
California, USA, on August 28-29, and the 13th meeting, also in La Jolla, on October 19 and 21.
The agendas of those meetings are reproduced in the section of this report entitled MEETINGS,
and details of what took place at these meetings are described in the Annual Report of the IRP
for 1996, available on request from the TATTC.

The IRP follows a general procedure for reporting the compliance by vessels with laws and
regulations established for minimizing the mortalities of dolphins during fishing operations to
the governments concerned. The observers who accompany the vessels on their fishing trips pre-
pare summaries of information pertinent to dolphin mortalities, and these are sent to the gov-
ernments having jurisdiction of the vessels by the Secretariat of the IRP (TATTC staff members)
soon after the fishing trips are completed. The IRP reviews the observer data for all completed
trips at its meetings, and after each meeting reports of possible infractions are sent to the gov-
ernments of the nations which have jurisdiction over the vessels in question. The governments
report back to the IRP on actions taken regarding infractions. The IRP then informs the govern-
ments of compliance and non-compliance by means of an annual report presented to the govern-
ments at the next meeting of the IATTC.

Scientific Advisory Board
Due to lack of funds, there were no meetings of the Scientific Advisory Board during 1996.
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FIGURE 3. Average annual catches of yellowfin in the EPO during 1981-1995 for all purse-seine trips for which usable logbook data were obtained. The averages were

caleulated only for 1-degree areas for which three or more years of data were available.
FIGURA 3. Capturas medias anuales de aleta amarilla en el OPO durante 1981-1995, de todos los viajes de barcos cerqueros de los que se obtuvieron datos de bitdcora
utilizables. Se calcularon promedios solamente para las dreas de 1° para las cuales se disponia de tres afios 0 mas de datos.
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FIGURE 4. Catches of yellowfin in the EPO in 1996 for all purse-seine trips for which usable logbook data were obtained.

FIGURA 4. Capturas de aleta amarilla en el OPO en 1996, de todos los viajes de barcos cerqueros de los que se obtuvieron datos de bitédcora utilizables.

9661 LUOdHY TVIINNY

18



150 140 130 120 110 100 90 80 70
| | [ [ [ I
30— o >44 METRIC TONS —30
s o 18-44
o o 5-17
06 6: & ©1-4
s0l— 10009« o - EFFORT, NO CATCH 0
_14Q00.¢ ESFUERZO SIN CAPTURA
' ogéo S
..... °o.ooo°... (0,00 5
10l - 1l0i0008:50058505000900800053
©0e*000s @ooooooo(gaggg?o-c
9688388385+ 1555368+ 6000808
6281292115088
700:0- - ans O
o} 166180
g
o .
10— - i ey 10
o-o...g=- . Q-
* 000000000 INNANN- «
N ~ o0 4
.« 00000000
8
20— — 20
| | | | | | | i
150 140 130 120 110 100 90 80 70

FIGURE 5. Average annual catches of skipjack in the EPO during 1981-1995 for all purse-seine trips for which usable logbook data were obtained. The averages were

calculated only for 1-degree areas for which three or more years of data were available.

FIGURA 5. Capturas medias anuales de barrilete en el OPO durante 1981-1995, de todos los viajes de barcos cerqueros de los que se obtuvieron datos de bitdcora uti-
lizables. Se calcularon promedios solamente para las dreas de 1° para las cuales se disponfa de tres afios 0 mas de datos.
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FIGURA 6. Capturas de barrilete en el OPO en 1996, de todos los viajes de barcos cerqueros de los que se obtuvieron datos de bit4cora utilizables.
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FIGURE 8. Catches of bigeye tuna in the EPO during 1996 for all purse-seine trips for which usable logbook data were obtained.

FIGURA 8. Capturas de atiin patudo en el OPO en 1996, de todos los viajes de barcos cerqueros de los que se obtuvieron datos de bitdcora utilizables.
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FIGURE 9. World catches of tunas and tuna-like species in 1995, in thousands of metric tons {data from FAO).
FIGURA 9. Capturas mundiales de atunes y especies afines en 1995, en miles de toneladas métricas (datos de la FAO).
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FIGURE 10. Catches of the principal market species of tunas in 1995, in thousands of metric tons (data from FAQ).

FIGURA 10. Capturas de las principales especies comerciales de atunes en 1995, en miles de toneladas métricas (datos de la FAO).
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FIGURE 11. Catches of the principal market species of tunas (data from FAQ).
FIGURA 11. Capturas de las principales especies comerciales de atunes (datos de 1a FAQO).
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FIGURE 12. Areas used for sampling lengths of tunas in the eastern Pacific Ocean.
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FIGURE 13. Estimated catches of yellowfin by surface gear in the market-measurement areas of the CYRA
in 1996. The values in the upper right corners of the panels are the average weights.

FIGURA 13. Captura estimada de aleta amarilla por artes de superficie en las zonas de medicién del
ARCAA en 1996. El valor en la esquina superior derecha de cada recuadro representa el peso promedio.
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FIGURE 14. Estimated catches of yellowfin by surface gear in the CYRA. The values in the upper right
corners of the panels are the average weights.

FIGURA 14. Captura estimada de aleta amarilla en el ARCAA por artes de superficie. El valor en la
esquina superior derecha de cada recuadro representa el peso promedio.
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FIGURE 15. Estimated catches of yellowfin by surface gear in the area between the CYRA boundary and

150°W. The values in the upper left corners of the panels are the average weights.

FIGURA 15. Captura estimada de aleta amarilla por artes de superficie en la zona entre el limite del
ARCAA y 150°W. El valor en la esquina superior izquierda de cada recuadro representa el peso promedio.
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FIGURE 16. Estimated catches of skipjack in selected areas of the eastern Pacific Ocean in 1996. The
values in the upper right corners of the panels are the average weights.

FIGURA 16. Captura estimada de barrilete en dreas seleccionadas del Océano Pacifico oriental en 1996.
El valor en la esquina superior derecha de cada recuadro representa el peso promedio.
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FIGURE 17. Estimated catches of skipjack in the eastern Pacific Ocean. The values in the upper right cor-
ners of the panels are the average weights.

FIGURA 17, Captura estimada de barrilete en el Océano Pacifico oriental. El valor en la esquina superior
derecha de cada recuadro representa el peso promedio.
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FIGURE 18. Estimated catches of bigeye by surface gear in the market-measurement areas of the eastern
Pacific Ocean in 1996. The values in the upper right corners of the panels are the average weights.
FIGURA 18. Captura estimada de patudo por artes de superficie en las zonas de medicién del Océano
Pacifico oriental in 1996. El valor en la esquina superior derecha de cada recuadro representa el peso
promedio.
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FIGURE 19. Estimated catches of bigeye by surface gear in the eastern Pacific Ocean. The values in the
upper left or right corners of the panels are the average weights.

FIGURA 19. Captura estimada de patudo por artes de superficie en el Océano Pacifico oriental. El valor
en la esquina superior izquierda o derecha de cada recuadro representa el peso promedio.
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FIGURE 20. Estimated catches of northern bluefin by surface gear in the eastern Pacific Ocean. The
values in the upper right corners of the panels are the average weights.

FIGURA 20. Captura estimada de aleta azul del norte por artes de superficie en el Océano Pacifico oriental.
El valor en la esquina superior derecha de cada recuadro representa el peso promedio.
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FIGURE 21. Annual length frequencies of black skipjack caught in the eastern Pacific Ocean.
FIGURA 21. Distribucién anual de la frecuencia de longitud de barriletes negros capturados en el Océano
Pacifico oriental.
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FIGURE 22. Comparisons of the amounts and percentages of bigeye in catches of tuna recorded at sea by
observers and in the “conventional” statistics (explained in the text). The diagonal lines represent equal
values for the two axes.

FIGURA 22. Comparaciones de las cantidades y porcentajes de patudo en las capturas de atun registradas
en el mar por observadores y en las estadisticas “convencionales” (explicadas en el texto). Las lineas diago-
nales representan valores iguales para los dos ejes.
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FIGURE 23. Spawning distribution of skipjack during 1995. The data are presented as presence (solid squares) or absence (open squares) of reproductively-active
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FIGURA 23. Distribucion del desove del atin barrilete en 1995. Se presentan los datos como presencia (cuadrados sélidos) o ausencia (cuadrados abiertos) de hembras
reproductivamente activas en cada drea de 1°.
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FIGURE 24. Location of Achotines Bay, Panama. The Achotines Laboratory is located on the east side of
the bay. The dots on the transects represent sampling stations.

FIGURA 24. Ubicacién de la Bahia de Achotines, Panama. El laboratorio estd situado al borde este de la
bahia. Los puntos en los transectos representan estaciones de muestreo.
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FIGURE 25. Mean annual anomalies (departures from normal) of the following environmental parameters:
A, thermocline depth (represented by the 20°C isotherm) between 5°N and 5°S and between 90°W and
115°W; B, sea level, based on observations taken at Baltra Island and La Libertad, Ecuador, and Callao,
Peru; C, sea-surface temperatures, based on observations taken at Talara, Chicama, Chimbote, and Callao,
Peru; D, the Southern Oscillation Index. The first years of El Nifio events are marked by dashed vertical
lines, and those of anti-El Nifio events are marked by solid vertical lines. The hatched areas show condi-
tions which are normally associated with anti-El Nifio episodes.

FIGURA 25. Anomalias medias anuales (desviaciones del nivel normal) de los siguientes pardmetros ambi-
entales: A, la profundidad de la termoclina (representada por el isébato de 20°C) entre 5°N y 5°S y desde
90°W hasta 115°W; B, el nivel del mar, basado en observaciones en Isla Baltra y La Libertad (Ecuador) y
Callao (Perd); C, la temperatura de superficie del mar, basada en observaciones en Talara, Chicama,
Chimbote, y Callao (Pert); D, el Indice de oscilacién del Sur. Las rayas verticales de trazos marcan el primer
afio de cada evento de El Nifio, y las continuas los de los eventos de “anti El Nifio.” Las 4reas sombreadas
presentan condiciones normalmente asociadas con episodios de “anti El Nifio.”



MEXICO

FIGURE 26. Sea-surface temperature (SST) anomalies (departures from long-term normals) for April 1996, based on data from fishing boats and other types of com-
mercial vessels. The areas with SSTs from 1° to 2°C below normal are hatched, and those with SSTs more than 2°C below normal are cross-hatched. The contours are
dashed in areag with sparse data.

FIGURA 26. Anomalias (desviaciones del nivel normal a largo plazo) de la temperatura de superficie del mar (TSM) en abril de 1996, basadas en datos tomados por
barcos pesqueros y buques comerciales de otros tipos. Las dreas sombreadas mostraron TSM mas de 1°C inferiores a lo normal, y aquellas doblemente sombreadas TSM
mas de 2°C inferiores a lo normal. Los contornos de trazos sefialan dreas con datos escasos.
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FIGURE 27. Sea-surface temperature (SST) anomalies (departures from long term normals) for December 1996, based on data from fishing boats and other types of
commercial vessels. The areas with SSTs from 1° to 2°C below normal are hatched, and those areas with SSTs more than 2°C below normal are cross- hatched. The con-
tours are dashed in areas with sparse data.

FIGURA 27, Anomalias (desviaciones del nivel normal a largo plazo) de la temperatura de superficie del mar (TSM) en diciembre de 1996, basadas en datos tomados
por barcos pesqueros y buques comerciales de otros tipos. Las dreas sombreadas mostraron TSM mds de 1°C inferiores a lo normal, y aquellas doblemente sombreadas
TSM mads de 2°C inferiores a lo normal. Los contornos de trazos sefialan 4reas con datos escasos.
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FIGURE 28. Catches of yellowfin in the eastern Pacific Ocean, western and central Pacific Ocean, Atlantic
Ocean, and Indian Ocean. The data for 1970-1995 were obtained from FAO, and those for 1996 from Table
12.

FIGURA 28, Capturas de atiin aleta amarilla en el Océano Pacifico oriental, Océano Pacifico central y occi-
dental, Océano Atlantico, y Océano Indico. Los datos de 1970-1995 provienen de la FAO, y los de 1996 de la
Tabla 12.
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FIGURE 29. Estimates of the average biomass of yellowfin in the eastern Pacific Ocean for all fish and for

larger fish only.

FIGURA 29. Estimaciones de la biomasa media del aleta amarilla en el Océano Pacifico oriental corre-

spondientes a todos los peces y a los peces mayores solamente.
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FIGURE 30. Indices of abundance of yellowfin derived from CPDF data, together with estimates for the
biomass of larger fish obtained from the cohort analyses (adjusted so that the mean is the same as that for

the CPDF).

FIGURA 30. Indices de abundancia del aleta amarilla derivados de datos de CPDP, junto con estimaciones
de la biomasa de los peces de mayor tamafio obtenidas de los anélisis de cohortes (ajustadas para que el

promedio coincida con el de la CPDP).
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FIGURE 31. Indices of abundance of yellowfin derived from searching-time data, together with estimates
of the biomass of all fish obtained from the cohort analyses (adjusted so that the mean is the same as that
for the searching method).
FIGURA 31. Indices de abundancia del aleta amarilla derivados de datos de tiempo de bisqueda, junto con
estimaciones de la biomasa de todos los peces obtenido de los andlisis de cohortes (ajustadas para que el
promedio coincida con el del método de tiempo de busqueda).
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FIGURE 32. Indices of recruitment of yellowfin in the eastern Pacific Ocean, with the average indices for
1967-1975, 1976-1984, and 1985-1996.
FIGURA 32. Indices de reclutamiento del aleta amarilla en el Océano Pacifico oriental, con los indices
medios de 1967-1975, 1976-1984, y 1985-1996.
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FIGURE 33. Estimates of the annual average biomasses, by age group, of yellowfin in the eastern Pacific
Ocean.

FIGURA 33. Estimaciones de la biomasa anual media del aleta amarilla en el Océano Pacifico oriental, por
grupo de edad.
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FIGURE 34. Estimated catches of yellowfin of the 1969 through 1996 cohorts at ages 0 through 6, by X and
Y groups.

FIGURA 34. Capturas estimadas de aletas amarillas de 0 a 6 afios de edad de las cohortes de 1969 a 1996,
por grupos X e Y.
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FIGURE 35. Estimated catches of yellowfin of ages 0 through 6 during 1969 through 1996, by X and Y
cohorts.

FIGURA 35. Capturas estimadas de aletas amarillas de 0 a 6 afios de edad entre 1969 y 1996, por cohortes
XeY.
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FIGURE 37. Relationships among size at entry, fishing effort, and yield per recruit for yellowfin for two
different patterns of age-specific fishing mortality.

FIGURA 37. Relacién entre tamafio de ingreso, esfuerzo de pesca, y rendimiento por recluta del aleta amar-
illa, correspondiente a dos patrones diferentes de mortalidad por pesca por edad.
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1978-1982 and

1991-1995 periods.

FIGURA 38. Tasas anuales suavizadas de mortalidad por pesca por edad de aletas amarillas de las cohortes
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FIGURE 39. Yields per recruit of yellowfin during the 1967-1975, 1976-1984, and 1985-1996 periods.
FIGURA 39. Rendimientos por recluta del aleta amarilla durante los periodos de 1967-1975, 1976-1984, y

1985-1996.
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FIGURE 40. Average weights of yellowfin caught in the eastern Pacific Ocean.
FIGURA 40. Peso promedio de aletas amarillas capturados en el Océano Pacifico oriental.
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FIGURE 41. Relationship between yield per recruit and average weight at capture for yellowfin in the
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FIGURA 41. Relacién entre el rendimiento por recluta y el peso medio de captura de aleta amarilla en el
Océano Pacifico oriental.
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FIGURE 42. Relationships between stock and recruitment for yellowfin in the eastern Pacific Ocean for
1967 through 1996.

FIGURA 42. Relacién entre stock y reclutamiento correspondientes al aleta amarilla en el Océano Pacifico
oriental entre 1967 y 1996.
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FIGURE 43. The eastern Pacific Ocean, showing the historical areas of the fishery for yellowfin, Al, the
more recently fished areas within the CYRA, A2, and the area outside the CYRA, A3.

FIGURA 43. El Océano Pacifico oriental. Se indican las zonas histéricas de pesca de aleta amarilla (A1),
las zonas de pesca mas recientes en el ARCAA (A2), y la zona fuera del ARCAA (exterior) (A3).
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FIGURE 44. Relationships between effort and catch for the yellowfin fishery in the eastern Pacific Ocean
during 1968-1996, for the logistic (symmetrical) model with m set at 2.0 (upper panel), and observed and
predicted values of the CPDF (lower panel).

FIGURA 44. Relacién entre el esfuerzo y la captura en la pesqueria del aleta amarilla en el Océano Pacifico
oriental durante 1968-1996, segtin el modelo logistico (simétrico) con m fijado en 2,0 (recuadro superior), y
valores de CPDP observados y predichos (recuadro inferior).
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FIGURE 45. Relationships between effort and catch for the yellowfin fishery in the eastern Pacific Ocean
during 1968-1996, for the generalized stock production (asymmetrical) model with m set at 0.8 (upper
panel), and observed and predicted values of CPDF (lower panel).
FIGURA 45. Relaci6n entre el esfuerzo y la captura en la pesqueria del aleta amarilla en el Océano Pacifico
oriental durante 1968-1996, segin el modelo generalizado de preduccién del stock (asimétrico) con m fijado
en 0,8 (recuadro superior), y valores de CPDP observados y predichos (recuadro inferior).
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FIGURE 46. Yields per recruit for age-specific mortality rates of 1978-1982 and 1991-1995.
FIGURA 46. Rendimientos por recluta correspondientes a las tasas de mortalidad por edad de 1978-1982

v 1991-1995.

300

100

50

YIELD IN THOUSANDS OF METRIC TONS

250 |-

200 —

150

I T I I T I I I N
1991-1995 FISHING MORTALITY AND HIGH RECRUITMENT (1991-1995)
1991-1995 MORTALIDAD POR PESCA Y RECLUTAMIENTO ALTO (1991-1995)

! /1991-1995 FISHING MORTALITY AND LOW RECRUITMENT (1978-1982)
1991-1995 MORTALIDAD POR PESCA Y RECLUTAMIENTO BAJO (1978-1982)

I | | | | 1 A

RENDIMIENTO EN MILES DE TONELADAS METRICAS

5 10 15 20 25 30 35 40 45 50
EFFORT IN THOUSANDS OF CLASS-6 DAYS
ESFUERZO EN MILES DE DIAS DE CLASE 6

55

FIGURE 47. Yields for high and low recruitments and age-specific fishing mortality similar to that of 1991-

1995.

FIGURA 47. Rendimientos correspondientes a reclutamientos elevados y bajos, y mortalidad por pesca por
edad similar a aquélla del periodo de 1991-1995.
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FIGURE 48. Yields for low recruitment and age-specific fishing mortality similar to that of 1978-1982 and
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FIGURA 48. Rendimientos correspondientes al reclutamiento normal y mortalidad por pesca por edad sim-

ilar a aquélla de 1978-1982, y al reclutamiento elevado y mortalidad por edad e similar a aquélla de 1991-
1995.
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FIGURE 49. Yields corresponding to conditions during the 1968-1983 (upper panel) and 1984-1996 (lower
panel) periods estimated from YPR and production models.
FIGURA 49. Rendimientos correspondientes a condiciones en los periodos de 1968-1983 (recuadro superior)
y 1984-1996 (recuadro inferior) estimados con los modelos de RPR y produccién.
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FIGURE 51. Catches of skipjack in the eastern Pacific Ocean, central and western Pacific Ocean, Atlantic
Ocean, and Indian Ocean. The data for 1970-1995 were obtained from FAOQ, and those for 1996 from Table
3.

FIGURA 51. Capturas de barrilete en el Océano Pacifico oriental, Pacifico central y occidental, y Océanos
Atléntico e Indico. Los datos de 1970-1995 provienen de la FAO, y los de 1996 de la Tabla 3.



100°E 120° 140° 160° 180° 160° 140° 120° 100°
T

1 | | | ! I |

40°N

20°

OO

20°

40°S

100°E 120° 140° 160° 180° 160° 140° 120° 100°

FIGURE 52. Some long-distance movements which have been recorded for tagged skipjack in the Pacific Ocean.
FIGURA 52. Algunas migraciones a larga distancia registradas para barriletes marcados en el Océano Pacifico.
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FIGURA 53. Indices de abundancia del barrilete en el Océano Pacifico oriental. Las fuentes de los datos son: recuadro superior, Boletin de la CIAT, Vol. 1, N° 7, Tabla
20; segundo recuadro, Boletin de la CIAT, Vol. 13, N° 1, Tabla 7; tercer recuadro, Boletin de la CIAT, Vol. 19, N° 6, Tabla 10; cuarto recuadro, Boletin de la CIAT, Vol. 19,
Ne 6, Tabla 29; quinto recuadro, inédito (equivalente al Informe Anual de la CIAT de 1994, Figura 10, recuadro inferior).
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FIGURE 54. Yields per recruit, in kilograms, for skipjack with various combinations of natural attrition,
fishing effort, and length at entry into the fishery.

FIGURA 54. Rendimientos por recluta, en kilogramos, del barrilete con varias combinaciones de ago-
tamiento natural, esfuerzo de pesca, y longitud de ingreso a la pesquerfa.
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FIGURA 55. Capturas registradas de barrilete en lances sobre cardimenes de atunes no asociados y asociados con objetos flotantes, y el ntimero de lances registrado
sobre esos tipos de cardimenes.
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FIGURE 56. Length-frequency distributions, in percentages of numbers of fish, for bigeye tuna caught in
sets made on schools of fish associated with floating objects and sets made on free-swimming schools of fish.
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FIGURE 57. Quarterly distributions of effort, in numbers of hooks, by Japanese longline vessels in the EPO
during 1988-1992.

FIGURA 57. Distribuciones trimestrales del esfuerzo, en nimero de anzuelos, de barcos palangreros
japoneses en el OPO durante 1988-1992.
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FIGURE 58. Quarterly distributions of average CPUEs of bigeye tuna, in numbers of fish per hundred
hooks, by Japanese longline vessels in the EPO during 1988-1992.

FIGURA 58. Distribuciones trimestrales de las CPUE promedio de atin patudo, en nimero de pescados
por cien anzuelos, de barcos palangreros japoneses en el OPO en 1988-1992.
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FIGURE 59. Length-frequency distributions of bigeye tuna caught by Japanese longline vessels in the
EPO. The values in the upper left corners of the panels are the average weights.

FIGURA §59. Distribuciones de la frecuencia de longitud de atin patudo capturado por barcos palangreros
japoneses en el OPO. El valor en la esquina superior izquierda de cada recuadro representa el peso
promedio.
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FIGURE 60. Estimates of standardized CPUEs of bigeye in the EPO.
FIGURA 60. Estimaciones de las CPUE estandardizadas de patudo en el OPQ.
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FIGURE 61. Areas used for stratification of catches and length frequencies of longline-caught bigeye tuna

in the EPO.

FIGURA 61. Areas usadas para la estratificacién de las capturas y frecuencias de longitud de atunes

patudo capturados con palangre en el OPO.
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FIGURE 63. Comparison of two estimates of the relative abundance of bigeye tuna in the EPO, in numbers of fish, obtained by cohort analyses with M = 0.6, to data

for standardized CPUEs. All three indices were adjusted to averages of 1.0.

FIGURA 63. Comparacién de dos estimaciones de la abundancia relativa del atdn patudo en el OPO, en ndmero de pescados, obtenido de analisis de cohortes con M =

0,6, con datos de CPUE estandardizadas. Se ajustaron los tres indices a un promedio de 1,0.
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of bigeye tuna.

FIGURA 64. Estimaciones, obtenidas de anglisis de cohortes, de la biomasa
promedio del atiin patudo.
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FIGURE 65. Estimates, obtained from cohort analyses, of recruitment of
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FIGURA 65. Estimaciones, obtenidas de andlisis de cohortes, del reclu-
tamiento de atn patudo, de las cohortes X e Y combinadas, en el OPO.
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FIGURA 67. Relaciones entre las estimaciones de reclutamiento y biomasa de atunes patudo de entre 3 y
9 afios de edad, en miles de toneladas métricas, en el OPQ, obtenidas de analisis de cohortes, 1971-1995.
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FIGURE 68. Indices of abundance of bigeye tuna in the EPO derived from catches per hook and from a gen-
eralized linear model. Both sets of values are adjusted to 2 mean of 1.0.

FIGURA 68. Indices de la abundancia del atin patudo en el OPO derivadas de capturas por anzuelo y de
un modelo lineal generalizado. Ambos conjuntos de valores estan ajustados a un promedio de 1,0.
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FIGURE 69. Estimates, from production modeling, of the relationships between the total catch of bigeye
tuna and the total effort, standardized to longline effort in millions of hooks, for two values of optimum
effort. The dots indicate observed values, and the curves indicate expected catches under equilibrium con-
ditions.

FIGURA 69. Estimaciones, del modelado de produccién, de las relaciones entre la captura total de atin
patudo y el esfuerzo total, estandardizado al esfuerzo palangrero en millones de anzuelos, correspondientes
a dos valores de esfuerzo éptimo. Los puntos indican valores observados, y las curvas las capturas esper-
adas bajo condiciones de equilibrio.
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FIGURE 70. Estimates, from production modeling, of the relationships between longline CPUE of bigeye
tuna, in metric tons per thousand hooks, and total effort, standardized to longline effort in millions of hooks,
for the best fit with m = 0.8. The dots indicate observed values, and the curves indicate expected catches
under equilibrium conditions.

FIGURA 70. Estimaciones, del modelado de produccién, de las relaciones entre la CPUE palangrera de
atiin patudo, en toneladas métricas por mil anzuelos, y el esfuerzo total, estandardizado al esfuerzo palan-
grero en millones de anzuelos, correspondientes al mejor ajuste con m = 0.8. Los puntos indican valores
observados, y las curvas las capturas esperadas bajo condiciones de equilibrio.
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FIGURE 71. Temporal trends for the longline CPUE of bigeye tuna, in metric tons per thousand hooks, in
the EPO, and trends predicted with production modeling for the best fit and the alternate fit.

FIGURA 71, Tendencias temporales en 1a CPUE palangrera de atdn patudo, en toneladas métricas por mil
anzuelos, en el OPO, y tendencias predichas con el modelo de produccién correspondientes al mejor ajuste y
al ajuste alternativo.
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FIGURA 72. Capturas estimadas de atunes patudo de edad 0 a 9, en miles de pescados, en el OPO por las
pesquerias de superficie y palangrera.
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FIGURE 73. Estimated total catches of bigeye tuna with the three patterns of fishing described in the text.
FIGURA 73. Capturas totales estimadas de atunes patudo con los tres patrones de pesca descritos en el
texto.
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FIGURE 75. Areas where catches of northern bluefin tuna were taken by Japanese longline vessels during
May (upper panel) and November (lower panel) of the 1959-1972 period. The values in the upper right cor-
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FIGURA 75. Areas donde fueron capturados atunes aleta azul del norte por barcos palangreros japoneses
en mayo (recuadro superior) y noviembre (recuadro inferior) en el periodo de 1959-1972. Los valores en la
esquina superior derecha de cada mapa indican los néimeros totales de peces capturados en las dreas de 1°
durante esos afios.
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FIGURE 76. Catch, effort, and catch-per-unit of effort data for the surface fishery for northern bluefin tuna
in the eastern Pacific Ocean, as determined by the habitat index method. The data for 1996 are prelimi-
nary.

FIGURA 76. Datos de captura, esfuerzo, y captura por unidad de esfuerzo para la pesqueria de superficie
de atunes aleta azul del norte en el Océano Pacifico oriental, calculados con el método de indice del hébitat.
Los datos de 1996 son preliminares.
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FIGURE 717. Catch, effort, and catch-per-unit of effort data for the surface fishery for northern bluefin tuna
in the eastern Pacific Ocean, as determined by the bluefin vessel index method.

FIGURA 77. Datos de captura, esfuerzo, y captura por unidad de esfuerzo para la pesqueria de superficie
de atunes aleta azul del norte en el Océano Pacifico oriental, calculados con el método de indice de barcos
que pescan aleta azul.
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FIGURE 78. Total estimated catches of northern bluefin tuna during the 1966-1986 period with six dif-
ferent vectors of natural mortality, six different multipliers of fishing mortality, and six different ages of

entry into the fishery.

FIGURA 78. Capturas totales estimadas de atin aleta azul del norte durante 1966-1986 con seis vectores
distintos de mortalidad natural, seis multiplicadores distintos de mortalidad por pesca, y seis edades dis-
tintas de ingreso a la pesqueria.
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FIGURE 79. Logged purse-seine catches of black skipjack in the eastern Pacific Ocean during 1980-1983.
FIGURA 79. Capturas de barrilete negro con red de cerco registradas en el Océano Pacifico oriental en
1980-1983.
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FIGURE 80. Average annual distribution of swordfish in the eastern Pacific Ocean, as estimated from
catch-per-standardized-unit-of-effort data for 1971-1987.

FIGURA 80. Distribucién anual media del pez espada en el Océano Pacifico oriental, estimada a partir de
datos de captura por unidad estandardizada de esfuerzo correspondientes a 1971-1987.
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FIGURE 81. Catches of swordfish in the EPO by vessels of various nations.
FIGURA 81. Capturas de pez espada en el OPO por barcos de varias naciones.
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FIGURE 82. Average distributions of the stocks of spotted, spinner, and common dolphins in the eastern
Pacific Ocean.

FIGURA 82, Distribuciones medias de los stocks de delfines manchados, tornillos, y comunes en el Océano
Pacifico oriental.



ANNUAL REPORT 1996 155

- -t
N E-)
|

|

Y
o
]

|

o o
[
_

DOLPHIN SETS
LANCES SOBRE DELFINES —

THOUSANDS OF SETS
MILES DE LANCES
=
|

0 T — T T T T T | |

121 MORTALITIES PER SET 7]

MORTALIDADES POR LANCE -

Y
o
|

DOLPHINS
DELFINES

o kT T T T T T T 1

MORTALITIES - MORTALIDADES

=100

o o
© o
L

=
o
T

MILES DE DELFI

n
o
|

| { |
86 87 88 89 90 91 92 93 94 95 96

YEAR - ANO

THOUSANDS OF DOLPHINS

=}

FIGURE 83. Estimated numbers of sets on tunas associated with dolphins, average mortalities per set, and
total mortalities, for all species of dolphins combined, in the eastern Pacific Ocean during 1996. Each ver-
tical line represents one positive and one negative standard error.

FIGURA 83. Numero estimado de lances sobre atunes asociados con delfines, mortalidades medias por
lance, y mortalidades totales, para todas las especies de delfines combinadas, en el Océano Pacifico oriental
durante 1996. Cada linea vertical representa un error estdndar positivo y un error estandar negativo.
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FIGURE 84. Smoothed trends in abundance of the northeastern stock of offshore spotted dolphins in the
eastern Pacific Ocean. The central trend lines indicate the point estimates and the upper and lower trend
lines indicate the approximate 95-percent confidence limits.

FIGURA 84, Tendencias suavizadas en la abundancia del stock nororiental del delfin manchado de altamar
en el Océano Pacifico oriental. Las lineas de tendencias centrales indican las estimaciones de punto y las
lineas de trazos superior e inferior los limites de confianza aproximados de 95%.
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FIGURE 85. Smoothed trends in abundance of the western and southern stock of offshore spotted dolphins
in the eastern Pacific Ocean. The central trend lines indicate the point estimates and the upper and lower
trend lines indicate the approximate 95-percent confidence limits.

FIGURA 85. Tendencias suavizadas en la abundancia del stock occidental y surefio del delfin manchado de
altamar en el Océano Pacifico oriental. Las lineas de tendencias centrales indican las estimaciones de punto
y las lineas de trazos superior e inferior los limites de confianza aproximados de 95%.
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FIGURE 86. Smoothed trends in the abundance of the combined northeastern and western and southern
stocks of offshore spotted dolphins in the eastern Pacific Ocean. The central trend lines indicate the point
estimates and the upper and lower trend lines indicate the approximate 95-percent confidence limits.
FIGURA 86. Tendencias suavizadas en la abundancia de los stocks nororiental y occidental y surefio com-
binados del delfin manchado de altamar en el Océano Pacifico oriental. Las lineas de tendencias centrales
indican las estimaciones de punto y las lineas de trazos superior e inferior los limites de confianza aproxi-
mados de 95%.
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FIGURE 87, Smoothed trends in abundance of the eastern stock of spinner dolphins in the eastern Pacific
Ocean. The central trend lines indicate the point estimates and the upper and lower trend lines indicate the
approximate 95-percent confidence limits.

FIGURA 87, Tendencias suavizadas en la abundancia del stock oriental del delfin tornillo en el Océano
Pacifico oriental. Las lineas de tendencias centrales indican las estimaciones de punto y las lineas de trazos
superior e inferior los limites de confianza aproximados de 95%.
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FIGURE 88. Smoothed trends in abundance of the whitebelly stock of spinner dolphins in the eastern
Pacific Ocean. The central trend lines indicate the point estimates and the upper and lower trend lines indi-
cate the approximate 95-percent confidence limits.

FIGURA 88. Tendencias suavizadas en la abundancia del stock panza blanca del delfin tornillo en el
Océano Pacifico oriental. Las lineas de tendencias centrales indican las estimaciones de punto y las lineas
de trazos superior e inferior los limites de confianza aproximados de 95%.
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FIGURE 89. Smoothed trends in abundance of the northern stock of common dolphins in the eastern
Pacific Ocean. The central trend lines indicate the point estimates and the upper and lower trend lines indi-
cate the approximate 95-percent confidence limits.

FIGURA 89, Tendencias suavizadas en la abundancia del stock nortefio del delfin comiin en el Océano
Pacifico oriental. Las lineas de tendencias centrales indican las estimaciones de punto y las lineas de trazos
superior e inferior los limites de confianza aproximados de 95%.
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FIGURE 90. Smoothed trends in abundance of the central stock of common dolphins in the eastern Pacific
Ocean. The central trend lines indicate the point estimates and the upper and lower trend lines indicate the
approximate 95-percent confidence limits.

FIGURA 90. Tendencias suavizadas en la abundancia del stock central del delfin comin en el Océano
Pacifico oriental. Las lineas de tendencias centrales indican las estimaciones de punto y las lineas de trazos
superior e inferior los limites de conflanza aproximados de 95%.
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FIGURE 91. Smoothed trends in abundance of the southern stock of common dolphins in the eastern
Pacific Ocean. The central trend lines indicate the point estimates and the upper and lower trend lines indi-
cate the approximate 95-percent confidence limits.

FIGURA 91. Tendencias suavizadas en la abundancia del stock surefio del delfin comin en el Océano
Pacifico oriental. Las lineas de tendencias centrales indican las estimaciones de punto y las lineas de trazos
superior e inferior los limites de confianza aproximados de 95%.
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FIGURE 92. Bycatch reduction curve for mahi-mahi in the purse-seine fishery of the eastern Pacific Ocean,
based on data for 1992-1996.

FIGURA 92. Curva de reduccién de captura incidental de dorado en la pesca cerquera del Ocedno Pacifico
oriental, basada en datos de 1992-1996.
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FIGURE 93. Bycatch reduction curve for wahoo in the purse-seine fishery of the eastern Pacific Ocean,
based on data for 1992-1996.

FIGURA 93. Curva de reduccién de captura incidental de peto en la pesca cerquera del Ocedno Pacifico ori-
ental, basada en datos de 1992-1996.
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FIGURE 94. Bycatch reduction curve for blacktip shark in the purse-seine fishery of the eastern Pacific
Ocean, based on data for 1992-1996.

FIGURA 94. Curva de reduccién de captura incidental del tiburén punta negra en la pesca cerquera del
Oceano Pacifico oriental, basada en datos de 1992-1996.
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TABLE 1. Numbers and carrying capacities, in metric tons, of vessels of the eastern Pacific tuna fleet. Information for
1950-1960 is given in Table 4 of the IATTC Annual Report for 1988. The data for 1996 are preliminary.

TABLA 1. Niimero y capacidad de acarreo, en toneladas métricas, de los barcos de la flota atunera del Pacifico oriental.
En la Tabla 4 del Informe Anual de la CIAT de 1988 se presentan las datos de 1950-1960. Los datos de 1996 son
preliminares.

Year—Afio Seiners—Cerqueros  Baitboats—De carnada  Trollers—Curricaneros Total
No. Ton. No. Ton. No. Ton. No. Ton.
1961 125 27,250 93 9,544 0 0 218 36,794
1962 146 31,163 88 6,093 0 0 234 37,256
1963 159 36,550 108 5,425 3 50 270 42,025
1964 137 36,631 88 4,285 0 0 225 40,916
1965 163 38,728 109 5,249 7 166 279 44,143
1966 133 36,304 113 5,649 2 26 248 41,979
1967 130 36,650 108 5,326 0 0 238 41,976
1968 143 46,012 89 5,215 2 22 234 51,249
1969 153 51,807 69 4,501 3 64 225 56,372
1970 162 61,246 49 3,903 9 160 220 65,309
1971 191 80,668 102 5,054 66 1,375 359 87,097
1972 210 102,022 108 6,085 74 1,762 392 109,869
1973 219 119,734 106 6,219 28 660 353 126,613
1974 234 133,449 11 7,045 7 136 352 140,630
1975 253 148,667 102 6,717 9 165 364 155,549
1976 254 160,197 99 6,414 38 823 391 167,434
1977 253 162,294 79 4,926 37 866 369 168,086
1978 271 164,252 68 4,572 50 1,183 389 170,007
1979 282 167,016 45 3,608 5 101 332 170,725
1980 270 167,855 46 3,479 4 97 320 171,431
1981 251 167,862 39 2,776 2 50 292 170,688
1982 223 152,270 36 2,458 4 119 263 154,847
1983 215 127,640 52 3,145 8 221 275 131,006
1984 175 103,929 40 2,772 0 0 215 106,701
1985 178 117,738 25 2,199 0 0 203 119,937
1986 166 112,606 17 1,760 0 0 183 114,366
1987 178 130,240 28 1,948 0 0 206 132,188
1988 189 133,819 36 2,797 0 0 225 136,616
1989 178 121,277 30 2,678 0 0 208 123,955
1990 174 123,220 22 1,585 0 0 196 124,805
1991 155 106,365 19 1,392 0 0 174 107,757
1992 160 99,971 19 1,377 0 0 179 101,348
1993 152 101,434 15 1,318 0 0 167 102,752
1994 167 104,411 20 1,474 0 0 187 105,885
1995 175 106,019 19 1,497 0 0 194 107,516
1996 182 114,551 18 1,561 0 0 200 116,112
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TABLE 2a. Estimates of the numbers and carrying capacities, in metric tons, of vessels (exclusive of longliners and mis-
cellaneous small vessels) operating in the EPO in 1995 by flag, gear, and size class. Each vessel is included in the totals
for each flag under which it fished during the year, but is included only once in the fleet total. Therefore the totals for the
fleet may not equal the sums of the individual flag entries. (PS = purse seiner; BB = baitboat)

TABLA 2a. Estimaciones del nimero de barcos que pescaron en el OPO en 1995 (sin incluir palangreros y barcos
pequefios diversos), y capacidad de acarreo de los mismos, en toneladas métricas, por bandera, arte de pesca, y clase de
arqueo. Se incluye cada barco en los totales de cada bandera bajo la cual pescé durante el afio, pero solamente una vez en
el total de la flota; por consiguiente, los totales de las flotas no son necesariamente iguales a las sumas de las banderas
individuales. (PS = cerquero; BB = barco de carnada)

Size class—Clase de arqueo .
Flag Gear Capacity
Bandera Arte 1 2 3 4 5 6 Total Capacidad
NUMBER—-NUMERO
1 - -

Belize PS - - 4 5 *
Colombia PS - - 2 - 1 7 10 7,286
Costa Rica PS - - - - - 1 1 *
Cyprus PS - - - - - 1 1 *
Ecuador PS - 6 10 1 4 15 46 15,870
BB 1 - - - - - 1 *
México PS - 4 7 5 2 38 56 38,668
BB 1 4 3 - - - 8 712
New Zealand  PS - - - 1 - - 1 *
Panami PS - - 1 3 1 1 6 2,178
Spain PS - - - - - 2 2 *
USA PS - 9 4 2 5 20 7,335
BB 2 6 2 - - - 10 758
Vanuatu PS - - - - - 14 14 12,722
Venezuela PS - - - - 1 18 19 18,747
Others—otras  PS - - . - - - - 7,848
All flags— PS - 19 25 19 u 101 175
Todas las BB 4 10 5 - - - 19
banderas PS + BB 4 29 30 19 1 101 194
CAPACITY—CAPACIDAD
All flags— PS - 1474 3423 4436 3675 93,011 106,019
Todas las BB 131 772 594 - - - 1,497
banderas PS + BB 131 2246 4,017 4436 3,675 93,011 107,516

* Asterisks indicate data pooled to avoid revealing the operations of individual vessels or companies.
* Los asteriscos indican datos combinados para evitar revelar las actividades de barcos o empresas individuales.



164 TUNA COMMISSION

TABLE 2b. Preliminary estimates of the numbers and carrying capacities, in metric tons, of vessels (exclusive of long-
liners and miscellaneous small vessels) operating in the EPO in 1996 by flag, gear, and size class. Each vessel is included
in the totals for each flag under which it fished during the year, but is included only once in the fleet total. Therefore the
totals for the fleet may not equal the sums of the individual flag entries. (PS = purse seiner; BB = baitboat; JB = jighoat)
TABLA 2b. Estimaciones preliminares del nimero de barcos que pescaron en el OPO en 1996 (sin incluir palangreros y
barcos pequerios diversos), y capacidad de acarreo de los mismos, en toneladas métricas, por bandera, arte de pesca, y
clase de arqueo. Se incluye cada barco en los totales de cada bandera bajo la cual pescé durante el afio, pero solamente
una vez en el total de la flota; por consiguiente, los totales de las flotas no son necesariamente iguales a las sumas de las
banderas individuales. (PS = cerquero; BB = barco de carnada; JB = curricdn)

Size class—Clase de arqueo

Flag Gear Capacity
Bandera Arte 1 2 3 4 5 6 Total Capacidad
NUMBER—NUMERO
Belize PS - - 1 - - 3 4 *
Colombia PS - - 2 - 1 7 10 7,286
Costa Rica PS - - - - - 1 1 *
Cyprus PS - - - - - 1 1 *
Ecuador PS - 5 12 10 5 15 47 16,329
BB 1 - - - - - 1 *
FSM PS - 1 1 *
Honduras PS 1 1 *
Liberia PS - - - - - 1 1 *
México PS - 3 9 5 2 39 58 39,953
BB 1 3 5 - - - 9 892
Panamé PS - - - 3 1 2 6 3,442
SpainPS - - - - - 2 2 *
USA PS 1 7 4 - 2 8 22 10,969
BB 1 6 1 - - - 8 642
Vanuatu PS - - - - - 12 12 11,658
Venezuela PS - - - - 1 19 20 19,238
Others—otras  PS - - - - - - - 7,947
All flags— PS 1 15 28 18 11 109 182
Todas las BB 3 9 6 - - - 18
banderas PS + BB 4 24 34 18 1 109 200
CAPACITY—CAPACIDAD
All flags— PS 45 1,188 3,982 4,102 3,675 101,559 114,551
Todas las BB 108 692 761 - - - 1,561
banderas PS + BB 153 1,880 4743 4,102 3,675 101,559 116,112

* Asterisks indicate data pooled to avoid revealing the operations of individual vessels or companies.
* Los asteriscos indican datos combinados para evitar revelar las actividades de barcos o empresas individuales.
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TABLE 3. Estimated catches by surface gear, in metric tons, of the eastern Pacific tuna fleet. The abbreviations used in
the table are as follows: YFT, yellowfin; SKJ, skipjack; BET, bigeye; BFT, bluefin; BEP, bonito; ALB, albacore; BKJ, black
skipjack; Misc, other species including sharks, other tunas, and miscellaneous fishes; CYRA, Commission’s Yellowfin
Regulatory Area; Outside, area between the CYRA and 150°W. The 1996 data are preliminary. Additional information
concerning this table is given in the text.

TABLA 3. Capturas estimadas, en toneladas métricas, logradas con artes de superficie por la flota atunera del Pacifico
oriental. En la tabla se usan las siguientes abreviaturas: YFT, aleta amarilla; SKJ, barrilete; BET, patudo; BFT, aleta azul;
BEP, bonito; ALB, albacora; BKJ, barrilete negro; Misc., otras especies, incluyendo tiburones, otras tanidos; y peces
diversos; CYRA, Area de Regulacién de la Comision para el Aleta Amarilla; Outside, zona entre el CYRA y 150°W. Los
datos de 1996 son preliminares. En el texto se presentan mayor informacién sobre esta tabla.

Year YFT SKJ BET BFT BEP ALB BKJ Mise. Total
Afio CYRA  Outside Total

1961 102,643 0 102,643 68,461 213 8135 2908 2,422 0 214 184,997
1962 71,452 0 71452 68,725 328 1,145 3243 1151 0 166 156,210
1963 62,028 0 62028 95557 B 12272 3,123 3422 0 240 176717
1964 88,650 0 88650 59,258 68 9217 6702 3331 5 225 167456
1965 78,898 0 78898 178,194 117 6888 4,049 644 16 155 168,962
1966 80,611 0 80611 60482 266 15897 4454 1,941 9 422 164,083
1967 79,959 0 79959 120,655 1664 5888 10,044 3,750 0 115 222,076
1968 100921 1,095 102,016 71,109 2,559 5976 7,958 4,495 0 126 194,238
1969 111424 17434 128,858 59,068 576 6926 2,950 2,944 0 1 201,323
1970 127,793 27,833 155,626 56,020 1332 3966 4,738 4476 0 27 226,186
1971 102,194 20,645 122,839 104,721 2,566 8360 9,600 2,490 6 61 250,642

1972 136515 40,612 177,128 33,409 2,238 13347 8872 4,832 601 367 240,795
1973 160,341 44,912 205253 43,954 1979 10744 7,864 2,316 1674 355 274,139
1974 173180 37,184 210,364 78,803 890 5617 4436 4783 3,742 985 309,620
1975 158,843 43,299 202,142 123,868 3,723 9583 16,838 3,332 511 277 360,275
1976 190,216 46,111 236,327 126,161 10,186 10,645 4370 3,733 1,526 1327 394,274
1977 182,676 16,140 198817 86,337 7,055 5473 11,275 1963 1458 1,950 314,328
1978 165985 14,549 180,534 169,810 11,714 5397 4,837 1,745 2162 806 377,004
1979 175906 13,768 189,674 132,024 7,532 6,117 1,805 327 1,366 1,249 340,094
1980 131,853 26,888 158,740 130,420 15421 2939 6,110 600 3,680 953 318,863
1981 157,733 24,080 181,813 119,606 10,091 1,089 5918 753 1911 1,010 322,191
1982 106,846 18,216 125,062 98,685 4,102 3,150 2,121 553 1,338 783 235,794
1983 82,001 12,230 94231 58104 3,260 853 3,829 456 1,236 1,709 163,679
1984 128559 16,502 145,061 60,551 5,936 881 3,514 5351 666 987 222,947
1985 192,543 24,449 216992 49,460 4532 4,055 3,604 867 296 536 280,342
1986 228,125 40,149 268274 63,552 1,939 5085 490 134 595 1,140 341,208
1987 248,153 24,094 272,246 62,345 776 1,005 3,326 417 557 1612 342,284
1988 267,223 20,811 288,034 85,366 1,053 1424 9,550 288 1,267 1,297 388,279
1989 242,342 47,033 289,375 92,374 1,470 1,170 12,095 1 783 1,072 398,339
1990 226422 46,864 273286 72,619 4,712 1542 13,856 184 792 944 367,934
1991 219407 19,545 238952 63,259 3,740 461 1,288 833 446 649 309,630
1992 221,309 18540 239,849 83,964 5,497 1,999 978 306 104 762 333,459
1993 213,258 18813 232,071 87,357 8,069 879 599 1 104 314 329,395
1994 196345 22,042 218387 75320 29,375 1062 8,607 85 188 419 333,444
1995 196,009 27,603 223,612 138,520 36,941 875 8,088 506 187 336 409,065
1996 219,983 29,334 249,317 107,975 52,132 6,820 633 0 615 1,023 418,516
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TABLE 3. (continued)
TABLA 3. (continuacién)
Year Western Pacific Atlantic and Caribbean Total, all areas and species
Afio Pacifico occidental Atlantico y Caribe Total, todas las dreas y especies
YFT  SKJ  Mise. YFT SKJ BET Misc.
1961 0 0 0 12 101 0 0 185,110
1962 0 0 0 0 0 0 0 156,210
1963 0 0 0 12 1,658 0 2,708 181,095
1964 0 0 0 0 3,956 0 2,866 174,278
1965 0 0 0 45 167 0 1,261 170,426
1966 0 0 0 0 4 0 112 164,199
1967 0 0 0 1,136 491 0 778 224,481
1968 0 0 0 6,686 3,822 15 0 204,762
1969 0 0 0 18363 4,719 148 0 224,553
1970 0 206 0 9,363 11,879 195 1,624 249,452
1971 0 0 0 4,118 18286 589 1,651 275,287
1972 0 0 0 12,845 13,423 212 993 268,268
1973 0 0 0 3,852 23,128 114 677 301,910
1974 31 0 0 5922 19,680 868 160 336,282
1975 0 329 0 14410 7,537 67 825 383,444
1976 224 4931 2 2,276 2,577 38 425 404,748
1977 143 6,189 4 8,002 6,400 331 117 335,513
1978 22 7,303 42 10,410 8,510 248 336 403,873
1979 0 4378 0 3,167 2,809 213 598 351,259
1980 319 5,499 0 5026 3,873 201 30 333,810
1981 4,870 5991 0 3,992 4,579 128 169 341,919
1982 5,539 12,158 60 4991 2972 344 220 262,079
1983 25,338 50,190 355 9316 6,116 0 250 255,243
1984 5,331 16,303 487 6981 5382 2 176 257,609
1985 900 4,870 7 7123 3,716 0 37 296,994
1986 1,673 2,482 0 969 1,603 8 14 347,957
1987 1,390 3,109 14 3,632 2,196 24 97 352,746
1988 688 1,775 442 303 183 0 0 391,670
1989 0 0 326 2,682 1,599 0 2 402,947
1990 2,038 8,807 439 2,678 1,761 62 10 383,729
1991 4 1,625 7 5,001 3,412 0 35 319,714
1992 0 0 81 3,164 1,853 28 219 338,803
1993 0 0 150 4,580 4,915 0 83 339,122
1994 6,667 3,078 50 5,135 2,958 0 215 351,545
1995 0 12 596 1,014 619 0 0 411,307
1996 1,292 3,069 697 2,068 2,749 2 125 428,517




TABLE 4a. Estimates of the catches and landings, in metric tons, of tunas caught by surface gear in the EPO in 1995, by species and vessel flag.
TABLA 4a. Estimaciones de las capturas y desembarcos de atunes capturados con artes de superficie en el OPO en 1995, por especie y bandera del barco, en toneladas métricas.

Flag YFT SKJ BET BFT BEP ALB BSJ Mise.! Total Percentage
Bandera of total
CYRA Outside
CATCHES—CAPTURAS
Colombia 8,209 802 13,189 5,559 0 0 0 3 0 27,762 6.8
Ecuador 18,510 377 34,344 7,704 0 0 0 159 112 61,206 15.0
México 90,208 17,247 34,028 1,009 1 8,036 0 3 222 150,764 36.9
USA. 6,669 1,216 18,452 7,096 864 52 506 21 1 34,877 8.5
Vanuatu 23,913 1,080 14,392 9,110 0 0 0 0 0 48,495 1.9
Venezuela 42,748 5,939 4,612 477 0 0 0 0 0 53,776 13.1
Other-Otros? 5,748 791 19,658 5,986 0 0 0 1 1 32,185 7.9
Total 196,005 27,452 138,675 36,941 875 8,088 506 187 1,023 409,065
LANDINGS—DESEMBARCOS

Colombia 17,977 604 13,335 6,722 0 0 0 3 1 38,642 9.6
Costa Rica 19,495 1,026 3,733 2,092 0 297 0 1 23 26,667 6.6
Ecuador 36,663 1,634 70,801 19,568 0 17 0 128 115 128,926 32.0
Italy 8,906 1,736 111 0 0 0 0 0 0 10,753 27
Japan 1,349 44 0 0 0 0 0 0 0 1,393 0.3
México 57,568 14,194 19,007 734 1 5,952 0 2 146 97,724 24.3
Spain 8,975 544 1,392 613 0 1,731 0 0 0 13,255 3.3
USA. 5,526 1,109 20,627 6,496 864 52 506 22 1 35,203 8.7
Venezuela 29,624 5,564 2,611 337 0 0 0 0 0 38,136 9.5
Other-Otros3 8,105 1,289 1,884 312 0 40 0 0 0 11,630 2.0
Total 194,298 27,744 133,501 36,874 875 8,089 506 156 286 402,329

1 Includes mackerel, sharks, other tunas, and miscellaneous fishes.
! Incluye macarelas, tiburones, otros ttnidos, y peces diversos.

2 Includes, Belize, Cyprus, New Zealand, Panama, and Spain. This category is used to avoid revealing the operations of individual vessels or companies.

2 Incluye Belice, Chipre, Esparfia, Nueva Zelanda, y Panam4. Se usa esta categoria para no revelar informacién sobre faenas de barcos o empresas individuales.

3 Includes North Africa, Peru, and unidentified locations. This category is used to avoid revealing the operations of individual vessels or companies.

3 Incluye Africa del Norte, Perd, y localidades no identificadas. Se usa esta categoria para no revelar informacién sobre faenas de barcos o empresas individuales.
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TABLE 4b. Preliminary estimates of the catches and landings, in metric tons, of tunas caught by surface gear in the EPO in 1996, by species and vessel flag.

TABLA 4b. Estimaciones preliminares de las capturas y desembarcos de atunes capturados con artes de superficie en el OPO en 1996, por especie y bandera del barco, en toneladas métricas.

Flag YFT SKJ BET BFT BEP ALB BSJ Mise.! Total Percentage
Bandera of total
CYRA Outside
CATCHES—CAPTURAS
Colombia 7,119 2,841 12,161 6,665 0 0 0 70 0 28,856 6.9
Feuador 16,268 2,193 34,480 17,348 0 0 0 319 236 70,844 16.9
México 106,965 16,452 16,580 1,042 3,566 394 0 113 169 145,281 34.7
USA. 10,032 649 12,552 5,214 3,254 239 0 19 47 32,006 7.6
Vanuatu 10,035 1,995 11,093 9,928 0 0 0 0 571 33,622 8.0
Venezuela 60,552 2,197 3,556 528 0 0 0 54 0 66,887 16.0
Other-Otros? 9,012 3,007 17,553 11,407 0 0 0 40 0 41,019 9.8
Total 219,983 29,334 107,975 52,132 6,820 633 0 615 1,023 418,515
LANDINGS—DESEMBARCOS

Colombia 22,901 4,290 15,603 10,671 0 0 0 64 0 53,529 12.7
Costa Rica 25,456 602 3,511 1,996 0 0 0 0 0 31,565 7.5
Ecuador 33,480 5,757 64,218 36,086 0 0 0 461 921 140,923 33.5
Italy 2,635 0 0 0 0 0 0 0 0 2,635 0.6
México 87,419 16,148 12,927 388 2,564 394 0 103 90 120,033 28.5
Spain 9,079 347 1,132 0 0 0 0 0 0 10,558 2.5
USA. 7,083 384 7,708 2,116 4,256 240 0 19 45 21,851 5.2
Venezuela 19,302 975 1,098 0 0 0 0 0 0 21,375 5.1
Other-Otros’ 15,442 239 1,332 1,024 0 0 0 0 0 18,037 4.3
Total 222,797 28,742 107,529 52,281 6,820 634 0 647 1,056 420,506

! Includes mackerel, sharks, other tunas, and miscellaneous fishes.
L Incluye macarelas, tiburones, otros tinidos, y peces diversos.

2 Includes, Belize, Costa Rica, Cyprus, Honduras, Liberia, Panama, and Spain. This category is used to avoid revealing the operations of individual vessels or companies.

2 Incluye Belice, Costa Rica, Chipre, Espafia, Honduras, Liberia, y Panama. Se usa esta categoria para no revelar informacién sobre faenas de barcos o empresas individuales.

3 Includes North Africa, Peru, and unidentified locations. This category is used to avoid revealing the operations of individual vessels or companies.

3 Incluye Africa del Norte, Perd, y localidades no identificados. Se usa esta categorfa para no revelar informacién sobre faenas de barcos o empresas individuales.
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TABLE 5. Logged catches, in metric tons, of yellowfin (YFT), skipjack (SK.J), and bigeye (BET) tuna in three types of purse-seine sets, and total purse-seine catches of yellowfin, skipjack,
and bigeye. The numbers of dolphin sets differ from those shown in Figure 83 because the values in the figure were obtained from the observer data base.

TABLA 5. Capturas registradas, en toneladas métricas, de aleta amarilla (YFT), barrilete (SKJ), y patudo (BET) en tres tipos de lance cerquero, y capturas totales de las tres especies por
barcos cerqueros. Los nimeros de lances sobre delfines no corresponden 2 aquéllos en la Figura 83 porque los valores en esa figura provienen de la base de datos de observadores.

Logged sets and catches Total catches
Year Dolphin Floating object Free-swimming
Sets YFT SKJ BET Sets YFT SKJ BET Sets YFT SKJ BET YFT SKJ BET
Lances y capturas registradas Capturas totales
Aiio Delfin Objeto flotante No asociado
Lances YFT SKdJ BET Lances YFT SKJ BET Lances YFT SKJ BET YFT SKJ BET
1961 3,595 25,870 358 0 178 615 1,640 0 3,368 12472 13,401 0 84,234 35,707 156
1962 2,822 16,212 170 0 108 501 605 0 7,548 25,338 31,733 18 56,444 50,547 160
1963 3,157 15,383 368 0 124 161 834 0 8,229 20,041 40,309 0 51,139 71,910 0
1964 5,832 31,491 915 0 169 367 551 0 6,596 27,794 28,817 0 80,152 44,158 0
1965 6,031 36,362 744 0 107 576 582 0 6,595 16,090 33,336 8 69,538 55,833 0
1966 5,326 33,061 1,400 0 145 887 551 0 6,060 22,252 217,740 91 74,010 44 225 109
1967 3,462 25,652 310 0 718 1,733 4,883 104 8,635 30,108 68,258 626 72,848 96,432 916
1968 3,154 39,065 509 317 844 6,631 10,024 35 7,246 38,524 36,315 873 93,836 54,268 2,496
1969 7,602 89,414 6,105 0 220 1,441 1,319 23 5,743 19,804 23,872 237 119,305 40,759 576
1970 7,855 91,526 7,262 8 241 1,256 1,717 0 8,536 41,253 25,190 127 145,652 41461 1,332
1971 4,784 65,680 1,096 0 955 3,708 14,105 100 8,857 29,270 52,870 1,483 114,067 87,012 2474
1972 8,084 117,890 641 0 577 6,668 4,609 380 4,085 22,540 12,467 1,343 169,425 26,338 2,172
1973 8,608 116,038 666 140 1,002 9,070 6,294 634 7,525 42,441 16,148 728 199,645 33,016 1,848
1974 7,759 89,158 501 16 3,384 29,878 29,665 200 7,466 42,891 25,891 406 199,756 70,924 886
1975 7,894 102,234 793 0 2,699 14,664 29,269 1,722 9,501 42,046 49,672 1,529 194,441 109,606 3,695
1976 7,084 109,192 2,905 0 4,805 32,258 45,007 2,084 10,597 54,010 41,893 5,766 231,876 114,578 10,137
1977 7,133 82,088 2,979 108 2,610 17,364 18,841 2,406 10,434 51,848 31,154 2,764 196,218 76,964 7,053
1978 5,008 51,321 938 5 8,422 41,085 88,423 2,476 11,201 51,665 42,674 7,104 175,400 162,723 11,714
1979 7,246 68,842 1,132 18 6,043 30,135 68,938 1,383 12,296 54,212 36,659 3,341 184,230 124507 7,531
1980 6,456 61,187 1,762 48 5,542 26,461 63,892 2,360 11,755 44,844 31,787 10,883 156,044 123,365 15,318
1981 6,618 66,600 443 0 5,010 22,665 57,788 2,091 10,644 54,126 32,262 5,800 178,757 112,931 10,090
1982 4,940 48,645 336 0 5,095 21,705 51,864 2,616 6,517 25,020 27,949 918 123,246 94671 4,079
1983 3,583 29,167 1,363 0 3,057 10,741 23,585 1,517 7,641 35,724 21,138 47 88,495 53,133 3,145
1984 5919 79,930 627 1 2,278 8,263 30,907 1,691 6,804 43,777 15,646 2,403 141,494 56,948 5919
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TABLE 5. (continued)
TABLA 5. (continuacién)

Logged sets and catches Total catches
Year Dolphin Floating object Free-swimming
Sets YFT SKdJ BET Sets YFT SKJ BET Sets YFT SKJ BET YFT SKJ BET
Lances y capturas registradas Capturas totales
Ao Delfin Objeto flotante No asociado
Lances YFT SKJ BET  Lances YFT SKJ BET Lances YFT SKJ BET YFT SKJ BET
1985 10,156 151,013 i 0 1434 10,373 19,053 2,221 4,730 31,540 23,296 952 215,608 48374 4496
1986 8,843 157,256 431 0 3,370 31,456 34,676 856 3,687 35,081 14,393 118 265,458 61,483 1,939
1987 11514 165,348 429 20 2,596 23,892 25,309 392 5,090 42,945 22,399 133 266,684 58,622 7
1988 10,077 140,921 4,157 4 2,409 21,738 28,779 418 9,159 84,452 31,988 212 281,832 79,787 1,050
1989 11,308 173,437 1,178 12 2,568 24,387 33,515 554 7,181 54,409 37,228 133 282,870 88,218 1470
1990 10,269 167,323 743 0 2,689 31,568 30,083 2,653 7,090 49,602 32,065 1,180 268,255 69,821 4,700
1991 8,932 146,216 789 0 2,222 21555 30,354 1,500 5,435 45,542 17,608 1,209 234,546 59,516 3,702
1992 9,709 159,035 1,032 0 1,962 12,943 40,616 815 6,099 44,703 28,633 3,438 232,761 80,679 5488
1993 6,660 105,617 698 72 1,777 15,243 40,361 2,506 8,537 84 506 27 481 1,932 223,518 81,500 8,043
1994 7,127 115,722 562 0 1,990 15,251 36,932 19,974 6,719 53,983 17,559 1,270 213,177 71,448 28,684
1995 6,767 131,561 1,221 0 2,478 17,351 48422 24,096 7,991 55,445 37,324 2,810 221,160 131,366 35,786
1996 6,081 116,780 649 0 2,474 21,736 35,256 31,478 7,971 64,472 24,514 2,163 245483 104,596 51,508
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TABLE 6. World catches of the principal market species of tunas, in thousands of metric tons (from FAO yearbooks of fisheries statistics).
TABLA 6. Capturas mundiales de las principales especies comerciales de atunes, en miles de toneladas métricas (de compendios anuales de la FAQ de estadisticas pesqueras).

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995
Pacific Ocean—Océano Pacifico
ALB 8 116 134 136 133 103 147 102 136 103 120 111 110 89 103 105 108 125 131 158 135 90 132 107 119 109
BET 84 66 88 90 88 103 129 145 122 129 132 104 109 111 103 124 150 149 120 126 163 144 153 129 141 127
NBF 21 25 19 16 16 17 16 18 19 23 17 271 26 16 8 11 14 12 7 9 6 6 7 7 9 7
SKJ 308 350 344 445 519 463 555 503 692 594 627 566 568 712 829 661 816 755 941 868 943 1259 1013 1012 1054 1148
SBF 21 20 20 14 9 10 1 5 8 10 14 1 7 5 3 3 2 2 2 2 3 2 5 5 4 3
YFT 264 217 308 355 361 358 404 388 384 406 395 409 381 388 411 477 543 598 594 650 705 666 725 693 703 627
Total 784 793 913 1056 1127 1054 1262 1160 1360 1265 1305 1229 1202 1319 1458 1381 1633 1642 1795 1814 1956 2166 2035 1953 2030 1970
Atlantic Ocean—Océano Atlantico
ALB 70 8 8 76 173 60 178 T2 4 6l 5 73 68 58 76 78 67 68 63 67 54 68 70 64 63
BET 41 54 45 55 62 63 48 55 54 48 63 66 73 60 69 75 60 49 57 69 67 71 81 106 109 106
NBF 15 16 13 14 22 26 28 25 20 17 2 20 24 24 27 27 21 20 26 25 25 26 28 30 39 41
SKJ 4 70 75 74 111 60 68 109 100 87 106 131 155 134 131 17 124 14 139 114 136 194 147 176 164 152
SBF 4 5 11 8 7 2 5 8§ 10 12 9 7 6 5 5 4 3 4 2 2 2 3 2 4 2 2
YFT 63 70 8 93 108 124 119 127 124 124 126 151 160 161 116 147 136 133 126 151 174 160 150 152 147 130
Total 244 299 317 320 383 334 347 399 381 361 385 433 491 452 405 445 422 388 419 426 471 507 476 538 525 495
Indian Ocean—Océano Indico
ALB 14 6 7 14 15 5 6 10 17 16 12 13 21 17 15 9 28 28 28 23 29 26 18 14 19 13
BET 18 17 15 11 21 31 %4 32 47 31 3 32 39 4 36 43 47 51 54 45 46 46 39 6l 69 93
NBF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SKJ 42 41 36 34 40 35 39 30 30 36 47 47 53 63 103 137 149 169 211 250 223 222 271 244 273 260
SBF 22 2 25 27 31 21 27 2 17 17 24 26 29 37 30 29 2 19 19 14 1 6 5 5 7 10
YFT 34 31 30 26 28 28 30 52 45 37 3 37 50 59 9 101 120 132 184 177 199 197 257 348 254 295
Total 129 122 113 112 134 121 125 149 156 138 149 156 192 219 280 318 365 399 496 509 508 497 590 672 622 671
All oceans—Todos océanos

ALB 169 205 226 225 221 168 230 187 225 193 193 184 205 173 176 190 214 221 226 245 232 169 217 192 202 185
BET 143 137 148 157 171 197 201 231 223 208 226 202 222 215 208 242 257 249 231 240 276 261 273 296 319 326
NBF 3 41 32 30 38 43 45 43 40 40 37 47 49 40 35 38 36 32 33 34 31 31 3 37T 49 49
SKJ 393 461 455 553 670 558 662 642 822 716 780 744 775 909 1063 914 1089 1039 1291 1232 1302 1675 1430 1432 1492 1560
SBF 47 51 55 49 46 33 43 39 3% 39 47 45 41 46 38 35 27 26 23 18 18 12 12 14 12 15
YFT 368 319 426 474 497 510 554 566 553 567 556 597 591 607 623 724 798 864 904 979 1078 1022 1133 1193 1105 1052
Total 1156 1214 1343 1483 1644 1509 1734 1709 1897 1764 1840 1819 1884 1991 2144 2144 2420 2430 2710 2749 2935 3171 3102 3163 3178 3186
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172 TUNA COMMISSION

TABLE 7. Catches per ton of carrying capacity by vessel size group for the EPO purse-seine fleet, by species, in the EPO
and in all ocean fishing areas. The size groups, by capacity, are as follows: 1, <301 short tons (st) (<273 metric tons (mt); 2,
301400 st (273-363 mt); 3, 401-600 st (364-544 mt); 4, 601-800 st (545-726 mt); 5, 801-1000 sl (727-907 mt); 6, 1001-1200
st (908-1089 mt); 7, 1201-1400 st (1090-1270 mt); 8, >1400 st (>1270 mt). The abbreviations for the species are as follows:
YFT, yellowfin; SKJ, skipjack; All, all species reported. The 1996 data are preliminary.

TABLA 7. Captura por tonelada de capacidad de acarreo y por clase de arqueo de la flota cerquera del OPO, por especie,
en el OPO y en todas 1as zonas ocednicas de pesca. Las clases de arqueo, por capacidad, son las siguientes: 1, <301 toneladas
cortas (tc) (<273 toneladas metricas (tm); 2, 301-400 te (273-363 tmy); 3, 401-600 tc (364-544 tm); 4, 601-800 tc (545-726 tm);
5, 801-1000 tc (727-907 tm); 6, 1001-1200 tc (908-1089 tm); 7, 1201-1400 tc (1090-1270 tm); 8, >1400 tc (>1270 tm). Las abre-
viaturas de las especies son: YFT: aleta amarilla; SKJ: barrilete; All: todas las especies reportadas. Los datos de 1996 son
preliminares.

Size group and catch area
Year Species 1 2 3 4 5 § 7 8 Total
EPO All EPO All EPO All EPO All EPO All EPO All EPO Al EPO All EPO Al
Clase de arqueo y zona de captura
Afio Especie 1 2 3 4 5 § 7 8 Total
OPO Todas OPO Todas OPO Todas OPO Todas OPO Todas OPO Todas OPO Todas OPO Todas OPO Todas
1986 YFT 20 20 18 18 15 15 20 20 20 20 25 25 27 27 21 21 24 24
SKJ 24 24 20 20 06 06 05 05 05 05 04 05 01 02 09 09 06 06
All 53 53 43 43 24 24 25 25 256 25 30 30 28 30 30 30 30 31

1987 YFT 20 20 22 22 12 14 18 18 15 15 22 23 24 24 09 11 21 21
SKJ 20 20 33 33 12 15 05 05 05 06 03 03 03 03 03 05 05 05
Al 51 51 55 55 24 30 24 24 20 21 25 26 27 27 11 16 26 26

1988 YFT 28 28 33 33 20 20 22 22 1.7 17 21 21 21 21 11 12 21 21
SKJ 17 17 14 14 08 08 06 06 05 05 05 05 06 06 02 05 06 06
All 56 56 54 54 28 28 30 30 22 22 27 27 27 27 13 17 28 28

1989 YFT 20 20 24 24 19 19 20 20 L5 15 25 25 26 26 16 19 24 24
SKJ 21 21 23 23 13 13 07 07 08 08 06 06 05 05 05 08 07 07
Al 49 49 59 59 34 34 31 31 25 25 31 32 31 31 21 27 32 32

1990 YFT 20 20 23 23 12 12 16 16 11 11 26 26 23 24 18 20 22 22
SKJ 24 24 22 22 12 12 06 06 04 04 05 06 02 05 04 04 06 07
Al 56 56 54 54 29 29 26 26 17 17 31 32 25 28 22 24 29 31

1991 YFT 20 20 33 33 12 14 19 19 15 15 24 25 27 27 14 15 22 23
SKJ 18 18 14 14 08 10 08 08 05 05 04 05 03 03 05 06 06 06
Al 41 41 50 50 22 25 28 28 20 20 29 30 30 30 18 21 28 29

1992 YFT 15 15 21 21 09 09 18 18 15 15 26 27 34 34 11 11 23 24
SKJ 21 21 21 21 12 12 11 11 07 07 06 06 05 05 09 09 08 08
Al 40 40 44 44 24 24 30 30 23 23 32 33 39 39 21 21 32 33

1993 YFT 26 26 25 25 10 11 20 20 21 21 21 22 30 30 13 14 22 23
SKJ 20 20 17 17 15 16 11 11 08 08 05 06 07 07 09 10 08 09
Al 48 48 43 43 26 28 33 33 30 30 27 28 38 38 24 26 31 32

1994 YFT 27 27 22 22 17 17 13 14 12 12 22 24 26 26 14 17 21 22
SKJ 11 11 14 14 06 06 08 09 10 10 05 05 07 07 06 08 07 07
Al 45 45 42 42 26 26 25 26 30 30 29 32 37 37 24 30 31 33

1995 YFT 18 18 24 24 07 07 15 15 14 15 24 24 26 26 13 13 21 21
SKJ 23 23 27 27 14 14 16 16 16 16 09 09 10 10 08 08 12 12
All 48 48 59 59 23 23 35 35 38 39 36 37 38 38 28 28 38 38

1996 YFT 21 21 28 28 05 05 16 17 14 15 25 26 27 28 10 11 21 22
SKJ 20 20 24 24 15 15 11 11 11 12 07 07 05 06 06 08 09 10
Al 46 46 60 60 29 29 35 35 36 38 37 37 35 36 18 21 36 37
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TABLE 8. Reproductive status of female skipjack tuna caught in the eastern Pacific Ocean and sampled at canneries

during 1995. The areas are shown in Figure 12.
TABLA 8. Condicién reproductora de atunes barrilete hembras capturados en el Océano Pacifico oriental y muestreados

en plantas enlatadoras en 1995. En la Figura 12 se ilustran las dreas.

Area

2 4 5 6 7 10 11 13  Total
Samples collected—
Muestras tomadas 2 8 10 8 20 4 6 7 65
Qvaries collected—
Ovarios tomados 29 170 32 196 493 100 150 177 1547
Samples active—
Muestras activas 0 4 4 0 7 3 6 3 27
Percent active—
Porcentaje activo 0 50 40 0 35 75 100 43 427
Active females—
Hembras activas 0 44 72 0 67 55 17 74 429

Percent active—
Porcentaje activo 0 26 31 0 14 55 78 42 28




TABLE 9. Estimated average numbers of yellowfin in the eastern Pacific Ocean, in thousands, for the X and Y cohorts during the 1967 through 1996 seasons.
TABLA 9. Estimaciones del nimero promedio de aletas amarillas en el Océano Pacifico oriental, en miles de peces, para las cohortes X e Y entre 1967 y 1996.

¥LT

Year Quarter X eohort—Cohorte X Y cohort—Cohorte Y
Afio  Trimestre 0 I II I v v VI 0 I II i) v
1967 1 0 15021 10011 2117 574 263 95 0 19112 4460 1245 390
2 0 12298 7130 1638 412 204 78 38669 13697 3082 896 287
3 0 9388 5134 1261 301 160 63 31659 8918 2454 651 219
4 33204 7538 4098 942 224 128 52 25918 7101 1933 470 170
1968 1 0 27185 5958 3137 692 171 104 0 21187 5561 1477 343
2 0 22250 4099 1795 490 132 85 25291 15817 3871 1068 252
3 0 18171 3014 1311 358 105 69 20707 10124 2783 766 192
4 26154 14662 2406 974 268 84 57 16933 7989 2174 557 149
1969 1 0 21413 11514 1912 685 204 68 0 13635 5735 1449 403
2 0 17426 8600 1466 451 158 55 27177 8999 3494 752 294
3 0 13894 6876 1117 326 125 45 22251 6240 2672 493 225
4 26932 10520 5526 781 241 100 37 18215 4633 2016 320 175
1970 1 0 22050 7218 4205 508 184 81 0 14632 2972 1399 219
2 0 18045 4506 2880 261 143 65 27021 10483 1716 835 150
3 0 14631 3453 2130 176 113 53 22123 7138 1322 534 114
4 34647 11316 2654 1524 125 90 44 18096 5294 986 340 89
1971 1 0 28363 8191 1986 1083 95 72 0 14514 3805 651 195
2 0 23047 5620 1501 766 72 59 27627 10062 2309 406 136
3 0 18496 4384 1104 562 57 48 22619 7496 1725 270 103
4 19755 14202 3459 725 415 45 39 18516 5909 1260 149 80
1972 1 0 16174 10643 2175 453 312 37 0 14653 4120 673 79
2 0 13224 6572 1027 283 241 30 37055 10841 2891 309 46
3 0 10736 4896 699 166 189 24 30337 7852 2198 152 31
4 16531 8640 3500 431 108 151 20 24836 6195 1608 67 24
1973 1 0 13534 6888 2427 204 80 122 0 19557 4258 1078 39
2 0 10790 5151 1296 91 62 100 69765 9436 2594 591 24
3 0 8686 4101 910 46 49 81 57119 5329 1927 268 16
4 46998 6914 3207 445 23 39 67 46432 3728 1452 90 12
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TABLE 9. (continued)
TABLA 9. (continuacién)

Year  Quarter X cohort—Cohorte X Y cohort—Cohorte Y
Afio Trimestre 0 I 1I I v \% VI 0 1 IT 111 v \% VI
1974 1 0 38478 5281 1981 227 12 32 0 34412 2603 970 29 9 8
2 0 31259 4003 1104 138 9 26 29213 18767 1774 629 17 7 7
3 0 25025 3220 748 53 7 21 23915 10446 1356 307 13 6 5
4 36825 19521 2499 436 21 6 17 18677 7499 999 145 9 5 4
1975 1 0 30138 12934 1691 261 10 5 0 14681 5323 690 78 7 4
2 0 23988 8682 965 125 7 4 37326 10818 3726 392 28 5 3
3 0 18029 6202 577 44 5 3 30471 8138 2565 204 11 4 3
4 17402 13433 4606 324 15 4 2 24336 6518 1707 93 6 4 2
1976 1 0 14242 9959 3000 190 8 3 0 16346 5012 1184 40 5 3
2 0 11530 5956 1998 76 4 2 28877 9494 3782 694 18 4 2
3 0 8905 4218 1251 21 3 2 23609 5768 2372 287 13 3 2
4 18815 6422 3222 690 8 2 2 18837 3926 1449 113 9 2 2
1977 1 0 15324 4860 2334 261 3 2 0 14116 2771 1044 62 7 2
2 0 12135 3191 1524 154 2 2 70175 8166 1954 707 43 6 2
3 0 9341 2216 679 59 2 1 57110 4739 1154 259 28 5 1
4 34713 6750 1559 309 16 1 1 43924 3316 817 80 19 4 1
1978 1 0 28274 4933 175 179 10 1 0 29325 2421 590 36 3
2 0 19845 3361 747 117 7 1 43050 13878 1654 404 21 3
3 0 12415 2504 507 57 6 1 34543 8180 1233 247 12 2
4 40232 9089 1792 286 17 4 1 26102 5926 888 94 6 2
1979 1 0 32909 6100 1292 152 9 4 0 17000 4165 551 50 4 6
2 0 24768 4051 772 88 6 3 40830 9946 2347 361 32 3 5
3 0 16872 3112 497 36 5 2 32485 6205 1623 194 20 2 4
4 30586 9700 2335 317 23 4 2 21046 4285 1103 128 15 2 3
1980 1 0 24535 6477 1689 163 9 3 0 14018 3208 636 62 10 2
2 0 17174 3393 1236 76 3 3 43371 7724 2400 410 24 5 1
3 0 10233 2432 859 33 2 2 35048 4939 1663 212 14 4 1
4 22627 6867 1805 572 16 2 2 27103 3630 1162 122 9 3 1
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TABLE 9. (continued)

TABLA 9. (continuacién)

Year Quarter X cohort—Cohorte X Y cohort—Cohorte Y
Afio  Trimestre 0 1 II III IV ) VI 0 I II 111 |\ A VI
1981 1 0 18246 4903 1279 321 11 1 0 19620 2779 852 68 6 2
2 0 13112 3185 893 149 5 1 31834 11507 1967 563 21 5 2
3 0 8043 2158 599 75 4 1 25765 6008 1432 258 18 4 2
4 24469 4405 1456 357 51 3 1 19700 3599 919 164 13 3 1
1982 1 0 19614 2769 1046 210 17 3 0 13356 2317 633 59 9 2
2 0 12928 1909 717 126 11 2 39491 8488 1106 428 35 7 2
3 0 7925 1462 476 69 8 2 31196 5384 807 225 23 6 2
4 31751 5569 1149 277 39 6 1 21408 4173 542 126 15 5 1
1983 1 0 25813 4231 904 99 18 4 0 15216 3382 344 45 9 4
2 0 19663 3105 681 43 12 3 42120 10460 2627 205 26 7 3
3 0 13568 23173 458 24 9 3 34332 7765 1860 124 19 5 2
4 40531 10092 1825 306 17 7 2 27329 6199 1047 75 15 4 2
1984 1 0 32878 8143 1407 154 11 6 0 21548 4888 641 43 11 4
2 0 25803 6209 1038 79 8 5 39279 16618 3394 385 21 9 3
3 0 18233 4893 697 35 6 4 31915 12823 2395 178 17 7 2
4 42387 12630 3687 386 19 5 3 25992 9648 1549 81 13 6 2
1985 1 0 34703 9704 2105 166 12 4 0 21171 7183 950 37 10 5
2 0 27769 7545 1775 76 9 3 34518 16497 4920 470 20 8 4
3 0 22322 5469 1063 31 7 3 28022 12959 3236 188 12 6 3
4 40408 17269 4155 574 15 6 2 22781 10158 2078 69 9 5 3
1986 1 0 32894 10682 3051 293 11 5 0 17336 7733 1288 34 7 4
2 0 26608 7628 1885 92 8 4 40439 13327 5125 608 14 5 3
3 0 21092 6102 1069 19 6 3 32905 9670 3361 171 8 4 3
4 52588 16317 4838 565 6 5 2 24999 6351 2236 62 6 4 2
1987 1 0 42789 12437 3659 308 3 4 0 18805 4670 1461 22 5 3
2 0 34123 8540 2223 171 1 3 78606 13581 3007 854 9 4 2
3 0 25754 6259 1272 T4 1 3 64136 10431 2045 330 6 3 2
4 51523 17279 4034 678 32 0 2 51643 8184 1399 151 4 2 2
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TABLE 9. (continued)
TABLA 9. (continuacién)

Year Quarter X cohort—Cohorte X Y cohort—Cohorte Y
Afio  Trimestre 0 1 1I 1T v \4 VI 0 I I 11T v \4 VI
1988 1 0 42075 12649 2899 384 15 0 0 39093 6274 1001 52 3 2
2 0 33029 8656 1972 154 9 0 49308 23213 4642 594 12 3 2
3 0 24131 6374 1333 64 7 0 40248 16441 3438 293 5 2 1
4 46362 17339 4440 824 33 6 0 32031 11586 2216 141 4 2 1
1989 1 0 37931 12476 3258 453 14 4 0 25119 8098 1467 56 3 1
2 0 29580 8731 2140 217 9 4 40102 18579 5844 872 16 2 1
3 0 22300 5996 1386 89 7 3 32767 14184 4069 408 9 2 1
4 42700 15758 4112 835 34 b 2 26120 10543 2707 181 5 2 1
1990 1 0 34839 11536 2831 383 15 4 0 20378 7908 1730 44 3 1
2 0 27696 7562 1840 182 9 3 48163 14064 5112 1021 18 3 1
3 0 21611 4882 1205 71 7 3 39404 9065 3266 436 11 2 1
4 38346 16837 3418 688 36 5 2 30953 6537 2158 193 7 2 1
1991 1 0 31360 13160 24173 345 24 4 0 22860 4920 1349 90 5 1
2 0 24366 9339 1651 147 16 3 56355 15697 3266 737 46 4 1
3 0 19111 6616 1037 45 9 3 46058 11544 2150 306 18 2 1
4 29302 14367 4726 586 25 7 2 36085 8274 1498 106 13 2 1
1992 1 0 23891 11179 3281 291 17 6 0 28168 6084 889 36 9 1
2 0 18607 8116 2049 126 11 5 44493 20435 4149 475 21 7 1
3 0 14247 5930 1215 61 9 4 36222 13695 2928 234 13 6 1
4 38166 10830 4277 656 28 7 3 29235 10126 2084 78 9 5 1
1993 1 0 31247 8023 3120 304 20 6 0 23591 7630 1370 22 7 4
2 0 24687 5727 1862 133 15 5 46747 17406 5573 1 9 6 3
3 0 18577 4348 1189 62 12 4 38145 12356 3928 439 4 5 3
4 44088 12448 3510 739 19 9 3 30452 9409 2841 207 3 4 2
1994 1 0 35999 8398 2617 338 10 3 0 23553 7079 1362 46 3 3
2 0 29321 6549 1768 137 7 6 36963 17295 4256 784 12 2 3
3 0 22603 5031 1184 55 6 5 29910 13431 2888 346 5 1 2
4 41494 17334 3849 738 18 4 4 23516 10449 1975 135 3 1 2
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TABLE 9. (continued)

TABLA 9. (continuacién)

Year  Quarter X cohort—Cohorte X Y cohort—Cohorte Y

Afio  Trimestre 0 1 11 I v \ VI 0 1 1I 11} v \4 VI

1995 1 0 33966 13853 2884 313 11 3 0 18736 7960 1212 30 2 1
2 0 27536 10180 1891 110 7 3 36698 14023 5640 631 8 1 1
3 0 21269 7663 1223 39 5 2 29606 10346 3819 279 3 1 0
4 41652 15924 5987 706 18 4 2 23279 8010 2639 101 1 1 0

1996 1 0 33974 12143 4061 399 11 3 0 18074 5950 1548 28 1 1
2 0 27371 8814 2537 199 7 3 37295 11988 3891 870 10 1 1
3 0 19696 6898 1550 57 5 2 30121 9148 2721 411 2 1 0
4 38052 13772 5305 918 22 4 2 22134 6656 1881 200 0 1 0

8L1
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TABLE 10. Estimated recruitment, in thousands of fish, of the X and Y cohorts, and of the X and Y cohorts combined.
The initial estimates correspond to the numbers of fish at the beginning of the first month in the first year that they reach
a length of about 30 cm (November for the X group and May for the Y group). The average estimates correspond to the
average numbers alive during that first month; these numbers are the same as those in Table 9.

TABLA 10. Reclutamiento estimado, en miles de peces, de las cohortes X e Y, y de las cohortes X e Y combinadas. Las
estimaciones iniciales corresponden al nimero de peces al principio del primer mes del primer afio en el cual alcanzaron
un tamafio de unos 30 cm (noviembre para el grupo X y mayo para el grupo Y). Las estimaciones medias corresponden al
niimero medio vivo durante ese primer mes; esas cantidades son iguales a aquéllas en la Tabla 9.

Year—Aiio Initial—Inicial Average—Promedio

X Y X+Y X Y X+Y
1967 34,323 39,972 74,295 33,204 38,669 71,873
1968 217,085 26,143 53,178 26,154 25,291 51,445
1969 27,839 28,093 55,932 26,932 271,775 4,109
1970 35,815 21,932 63,747 34,647 27,021 61,668
1971 20,421 28,558 48,979 19,755 21,627 47,382
1972 17,088 38,304 55,392 16,531 37,055 53,586
1973 48 582 72,116 120,698 46,998 69,765 116,763
1974 38,070 30,198 68,268 36,825 29,213 66,038
1975 17,988 38,584 56,572 17,402 31,326 54,728
1976 19,469 29,850 49,319 18,815 28,877 47,692
1977 35,883 72,541 108,424 34,713 70,175 104,888
1978 41,591 44,579 86,170 40,232 43,050 83,282
1979 31,618 42,230 73,848 30,586 40,830 71,416
1980 23,390 44,838 68,228 22,627 43,371 65,998
1981 25,301 32,912 58,213 24,469 31,834 56,303
1982 32,833 40,827 73,660 31,751 39,491 71,242
1983 41,897 43,549 85,446 40,531 42,120 82,651
1984 43,816 40,623 84,439 42,387 39,279 81,666
1985 41,770 35,682 77,452 40,408 34,518 74,926
1986 54,387 41,802 96,189 52,588 40,439 93,027
1987 53,254 81,256 134,510 51,516 78,606 130,122
1988 47,929 50,982 98,911 46,362 49,308 95,670
1989 44,139 41,454 85,593 42,700 40,102 82,802
1990 39,648 49,786 89,434 38,346 48,163 86,509
1991 30,290 58,254 88,544 29,302 56,355 85,657
1992 39,453 45,993 85,446 38,166 44,493 82,659
1993 45,575 48,323 93,898 44,088 46,747 90,835
1994 42,898 38,209 81,107 41,494 36,963 78,457
1995 43,058 37,935 80,993 41,652 36,698 78,350
1996 39,339 38,552 77,891 38,052 37,295 75,347

Average—

Promedio 36,157 43,003 79,159 34,974 41,595 76,570
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TABLE 11. Average weights of yellowfin during each quarter, beginning with the quarter in which they were recruited
into the fishery.

TABLA 11. Peso promedio de los atunes aleta amarilla en cada trimestre, a partir del trimestre en el cual fueron reclu-
tados a la pesqueria.

Quarter Average weight Quarter Average weight Quarter Average weight
Kilograms  Pounds Kilograms  Pounds Kilograms Pounds
Trimestre Peso promedio Trimestre Peso promedio Trimestre Peso promedio
Kilogramos Libras Kilogramos  Libras Kilogramos  Libras
1 0.38 0.84 10 21.78 61.24 19 101.66 224.11
2 0.82 1.80 1 35.01 7119 20 109.02 240.35
3 1.60 3.52 12 42.88 94.54 21 115.90 255.52
4 2.87 6.33 13 51.21 112.89 22 122.29 269.60
5 4.80 10.58 14 59.81 131.86 23 128.16 282.55
6 7.53 16.60 15 68.52 151.07 24 133.54 294.40
7 1117 24.62 18 77.19 170.17 25 138.43 305.18
8 15.77 34.76 17 85.67 188.86 26 142.86 314.95
9 21.32 47.01 18 93.85 206.90 21 146.85 323.75
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TABLE 12. Quotas, catches, and CPDFs (Class-6 purse seiners) for yellowfin in the eastern Pacific Ocean. The quotas
are expressed in thousands of short and metric tons, the catches in thousands of metric tons and the CPDFs in metric
tons per day. The quotas apply only to the CYRA.
TABLA 12. Cuotas, capturas, y CPDP (cerqueros de la Clase 6) para el aleta amarilla en el Oceano Pacifico oriental. Se
expresan lag cuotas en miles de toneladas cortas y métricas, las capturas en miles del toneladas métricas, y las CPDP en

toneladas métricas por dia. Las cuotas se aplican al ARCAA solamente.

CYRA EPO
Year Quota in short tons Quota in metric tons  Surface Surface Longline Total CPDF
catch catch catch catch
ARCAA 0PO
Afio  Cuota en toneladas Cuota en toneladas  Captura de Capturade Captura Captura CPDP
cortas métricas superficie superficie palangre total
1967 845 76.7 80.0 80.0 10.7 90.7 6.2
1968  93.0 84.4 100.9 102.0 15.8 117.8 14.8
1969 1200 108.9 1114 1289 17.7 1466 15.5
1970 120.0 108.9 12738 155.6 136 169.2 12.7
1971 140.0 + (2 x 101 1270+(2 x9.1) 102.2 122.8 73 130.1 9.3
1972 1200+ (2x10) 1089 +(2x9.1) 136.5 1711 15.5 192.6 13.2
1973 130.0 + (3x 10) 1179 +(3x9.1) 160.3 205.3 12.3 217.6 115
1974 175.0 + (2x 10) 1588 +(2x9.1) 173.2 2104 94 219.8 9.2
1975  175.0 + (2 x 10) 1588 +(2x9.1) 158.8 202.1 12.7 214.8 8.3
1976  175.0 + (2x 10) 1588 +(2x9.1) 190.2 236.3 15.8 252.1 9.1
1977 175.0 + (20 + 15) 158.8 +(18.1 + 13.6) 182.7 198.8 12.3 2111 7.3
1978 175.0 + (20 + 15) 158.8 +(18.1 + 13.6) 166.0 180.5 10.5 191.0 6.2
1979 175.0 + (20 + 15) 158.8 +(18.1 + 13.6) 175.9 189.7 10.2 199.9 5.5
1980  165.0 + (total of 45)3  149.7 + (total of 40.8)3 1319 158.7 13.0 1717 49
1981 165.0 + (3x 15)3 149.7 + (3x 13.6)3 157.7 181.8 8.3 190.1 5.5
1982  160.0 + (2 x 15)3 145.1+(2x13.6)3 106.8 125.1 96 134.7 4.7
1983 170.0 + (2 x 15) 154.2 + (2 x 13.6¥ 82.0 94.2 10.6 104.8 5.1
1984 162.0 + (2x 158 147.0 +(2x 13 6)3 128.6 145.1 104 155.5 8.8
1985 174.0 + (20 + 10)3 157.9 +(18.1+9.1)3 1925 217.0 12.5 229.5 1.9
1986 1750+ (2x 15)3 1588 +(2x 13.6)3 228.1 268.3 22.3 290.6 15.7
1987 none-ninguna 248.2 272.2 18.5 290.7 12.6
1988 190.0 + (2 x 30)3 1724+ (2x 27.2)3 267.2 288.0 145 302.5 12.2
1989 220.0 + (2 x 30)3 199.6 + (2x 27.2)3 242.3 2894 179 307.3 124
1990 200.0 + (5 x 203 1814 +(5x 18.18 2264 273.3 34.5 307.8 12.6
1991 2100+ (4 x 208 190.5 + (4 x 18.1)° 2194 239.0 311 270.1 13.7
1992 210.0 + (4 x 20)3 190.5 + (4 x 18.1) 221.3 239.8 17.7 257.5 14.2
1993 250.0 + (4 x 25)3 226.8 + (4 x 22.7)3 213.3 232.1 19.72 251.82 13.12
1994 250.0 + (4 x 25)° 226.8 + (4% 22.7)3 196.3 218.4 25.42 243.82 12.12
1995  235.0 + (3x 20)° 2132+ (3 x181)3 196.0 223.6 18.72 242.32 11.92
1996  235.0 + (3 x 20)° 2132 +(8x18.1p 220.0 249.3 21.32 270.62 13.02

L indicates two increments of 10 thousand short tons (9.1 thousand metric tons) to be added at the discretion of the
Director—sefiala dos incrementos de 10 mil toneladas cortas (9.1 mil toneladas métricas) cada uno, que se pueden
afiadir al discrecién del Director

2 preliminary estimates—estimaciones preliminares

3 approved, but not implemented—aprobada, pero no implementada
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TABLE 13. Annual catches of bigeye tuna, in thousands of metric tons. ROC and ROK stand for Republic of China and
Republic of Korea, respectively.

TABLA 13. Capturas anuales de atin patudo, en miles de toneladas métricas. ROC y ROK significan Repiblica de China
y Repiblica de Corea, respectivamente.

Year EPO Western Total Atlantic Total*
Surfacel Longline Total Pacific  Pacific and
Ocean®  Ocean? Indian
Japan?2 ROC2 ROK2 Total Oceans?
Afio OPO Océano Total  Océanos Totalt
Superficie! Palangre Total Pacifico  Océano Atlantico

occidental® Pacificot e Indicot

Japén? ROC? ROK2 Total

1954 0.3 15 * 15 18 * * * *

1955 0.1 18 * * 18 19 * * * *

1956 0.0 24 * * 24 24 * * * *

1957 0.1 9.5 * * 95 9.6 * * * *

1958 0.3 103 * * 10.3 10.6 * * * 76.8
1959 0.2 11.2 * * 11.2 114 * * ¥ 76.8
1960 0.2 17.3 * # 17.3 175 * * * 4.8
1961 0.2 51.3 * * 51.3 51.5 * * * 116.8
1962 0.4 44.2 * * 44.2 44.6 * * * 129.7
1963 0.1 65.3 * * 65.3 65.4 * * * 133.7
1964 0.1 45.4 * * 454 455 382 83.1 38.8 122.6
1965 0.1 28.6 * * 28.6 28.7 40.2 689 46.2 115.1
1966 0.3 34.1 * * 34.1 34.4 42.7 771 43.1 120.2
1967 1.6 34.2 * * 34.2 35.8 45.8 816 49.5 1311
1968 26 33.8 * * 33.8 36.4 306 67.0 58.2 125.2
1969 0.6 50.8 * * 50.8 51.4 28.3 9.7 61.9 1416
1970 1.3 318 * * 318 33.1 51.1 84.2 58.4 142.6
1971 2.6 29.2 * * 29.2 31.8 34.2 66.0 71.1 137.0
1972 2.2 34.7 * * 34.1 36.9 50.8 87.7 60.1 147.8
1973 2.0 510 * * 51.0 53.0 374 90.4 66.5 156.8
1974 0.9 35.3 * * 35.3 36.2 517 87.9 833 1713
1975 3.7 412 * 0.6 418 455 57.6 1031 93.8 196.9
1976 10.2 49.5 0.4 11 51.0 61.2 67.8 129.0 7.9 200.8
1977 71 67.4 0.3 3.3 71.0 78.1 66.9 145.0 86.2 2311
1978 11.7 67.3 0.2 3.0 70.5 82.2 39.4 121.6 101.2 2228
1979 1.5 55.0 0.2 0.8 56.0 63.5 65.5 129.0 8.9 207.9
1980 15.4 55.6 0.7 2.0 58.3 73.7 58.8 1325 94.0 226.5
1981 10.1 45.2 05 2.7 48.4 58.6 45.8 104.3 98.0 202.2
1982 41 413 0.1 24 438 419 61.5 109.4 121 221.6
1983 3.3 741 0.1 42 78.4 81.7 29.7 1114 104.1 2155
1984 5.9 64.1 0.1 2.6 66.8 72.7 30.5 103.2 104.4 207.6
1985 45 65.8 0.1 49 70.8 5.3 49.0 1243 un7 242.0
1986 19 96.6 0.1 10. 1074 109.3 40.9 150.2 106.8 257.0
1987 0.8 91.6 0.4 10.1 1021 102.9 45.9 148.7 9.9 2485
1988 11 58.7 04 5.0 64.1 65.2 55.2 120.4 1111 2315
1989 15 62.8 0.6 2.6 66.0 67.5 58.4 125.9 114.2 240.1
1990 47 782 0.4 10.9 89.5 94.2 68.4 162.6 1131 275.1
1991 3.7 74.8 0.4 20.0 95.2 98.9 45.2 1441 117.3 2615
1992 5.5 62.3 0.6 7.2 70.1 75.6 775 153.1 120.4 273.5
1993** 8.1 54.8 * * * * * 129.3 167.2 296.5
1994+ 294 52.9 * * * * * 1412 1771 318.8
1995%* 36.9 40.0 * * * * * 1274 198.7 326.1
1996%* 52.1 * * * * * * * * *

1 Source: Table 3—Fuente: Tabla 3

2 Bources: published and unpublished data from the National Research Institute of Far Seas Fisheries, Shimizu, Japan, Institute of
Oceanography, National Taiwan University, Taipei, Taiwan, ROC, and National Fisheries Research and Development Agency,
Republic of Korea. The data were converted from numbers of fish to weight in metric tons with the average weight data in Table
14. Fuentes: datos publicados y inéditos del National Research Institute of Far Seas Fisheries, Shimizu (Japén), Instituto
Oceanografia, Universidad Nacional de Taiwan, Taipei (ROC), y 1a Agencia Nacional de Investigacién y Desarollo Pesquero, ROK.
Se convirtieron los datos de nimeros de peces a peso en toneladas métricas usando los datos de peso promedio en la Tabla 14.

3 Tota] Pacific Ocean minus eastern Pacific Ocean—Total de Océano Pacifico menos el Océano Pacifico oriental

4 Sources: 1958-1969 - Yearbooks of fisheries statistics of the Food and Agriculture Organization (FAO) of the United Nations; 1970-
1995 - FAO data base—Fuentes: 1958-1969 — Compendios anuales de estadisticas pesqueras de la Organizacién para la Agricultura
y Alimento (FAQ) de las Naciones Unidas; 19170-1995 - base de datos de la FAO

* not available—no disponible

** preliminary—preliminar
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TABLE 14. Catches of bigeye tuna by longline gear in the eastern Pacific Ocean, and average weights of the fish.
TABLA 14, Capturas de atin patudo con palangre en el Océano Pacifico orlental, y pesos promedio del pescado.
Year Catch in numbers of fish Catch in metric tons Average
weight in
Japan! Other? Total® Japan? Other5 Totalé kilograms?”
Aiio Captura en ntimero de pescados Captura en toneladas métricas Peso
promedio en
Japén! Otros? Total3 Japén? Otros® Totalé  kilogramos?
1971 526,836 0 526,836 29,176 0 29,176 55.38
1972 650,240 0 650,240 34,703 0 34,703 53.37
1973 886,464 0 886,464 50,954 0 50,954 57.48
1974 678,216 0 678,216 35,321 0 35,321 52.08
1975 792,340 11,796 804,136 41,194 613 41,807 51.99
1976 974,674 30,877 1,005,551 49,523 1,569 51,092 50.81
1977 1,296,738 70,700 1,367,438 67,404 3,675 71,079 51.98
1978 1,261,057 61,513 1,322,570 67,277 3,282 70,559 53.35
1979 1,250,050 23,605 1,273,655 54,965 1,038 56,003 43.97
1980 1,122,300 53,365 1,175,665 55,610 2,644 58,254 49.55
1981 981,725 69,269 1,050,994 45,169 3,187 48,356 46.01
1982 1,061,288 65,677 1,126,965 41,337 2,558 43,895 38.95
1983 1,193,849 69,637 1,263,486 74,114 4,323 78,437 62.08
1984 1,027,340 43,218 1,070,558 64,106 2,697 66,803 62.40
1985 1,378,671 103,230 1,481,901 65,804 4,927 70,731 41.73
1986 1,865,733 208,694 2,074,427 96,589 10,804 107,393 51.77
1987 1,619,020 184,649 1,803,679 91,604 10,448 102,052 56.58
1988 1,187,317 110,392 1,297,709 58,725 5,460 64,185 49.46
1989 1,321,219 67,843 1,389,062 62,824 3,226 66,050 41.55
1990 1,604,247 231,141 1,835,388 78,223 11,270 89,493 48,76
1991 1,496,669 407,990 1,904,659 74,833 20,400 95,233 50.00
1992 1,304,131 164,166 1,468,297 62,259 7,837 70,096 47,74
1993* 1,062,018 150,000 1,212,018 54,768 7,736 62,504 51.57
1994* 1,069,057 150,000 1,219,057 52,940 7,428 60,368 49,52
1995* 863,642 150,000 1,013,642 40,013 6,950 46,963 46.33
1996* 800,000 125,000 925,000 40,000 6,250 46,250 50.00

1 from data supplied by the NRIFSF of Japan—de datos proporcionades por el NRIFSF del Japén
2 from data supplied by the TRC of the ROC and the NFRDA of the ROK—de datos proporcionados por el TRC de 1a ROC

y el NFRDA de 1a ROK
3 Column 2 + Column 3

4 {Column 2 x Column 8)/1,000
5 (Column 3 x Column 8)/1,000

6 Column 5 + Column 6

7 calculated from NRIFSF data bases—calculados con las bases de datos del NRIFSF

* preliminary—preliminar
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TABLE 15. Catches of bigeye tuna by surface gear in the eastern Pacific Ocean, and average weights of the fish. The
latter were obtained from length-frequency data and the weight-length equation given in the text.

TABLA 15. Capturas de atin patudo por artes de superficie en el Océano Pacifico oriental, y pesos promedio de los
pescados. Se obtuvieron los pesos de los datos de frecuencia de longitud y la ecuacién peso-longitud dada en el texto.

Year Catch in numbers of fish! Catch in metric tons? Average weight in kilograms3
Aiio  Captura en nimero de pescados! Captura en toneladas métricas? Peso promedio en kilogramos?
1971 157,372 2,566 16.31
1972 137,256 2,238 1631
1973 121,297 1,979 16.32
1974 54,467 890 16.34
1975 178,907 3,723 20.81
1976 504,694 10,186 20.18
1977 749 690 7,055 941
1978 881,057 11,714 13.30
1979 406,799 7,532 18.52
1980 1,003,549 15,421 15.37
1981 596,989 10,091 16.90
1982 359,323 4,102 11.42
1983 191,718 3,260 17.00
1984 369,509 5,936 16.06
1985 169,523 4,532 26.73
1986 75,276 1,939 25.76
1987 55,559 716 13.97
1988 132,939 1,053 7.92
1989 123,368 1,470 11.92
1990 230,304 4712 20.46
1991 188,326 3,740 19.86
1992 156,961 5,497 35.02
1993 409,098 8,069 19.72
1994 2,553,628 29,375 11.50
1995 2,953,936 36,941 12,51
1996 5,541,466 52,132 9.41

1 from IATTC data base—de la base de datos de la CIAT
2 from Table 13—de la Tabla 13
3 (Column 3 x 1,000)/Column 2
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TABLE 16. Catches of bigeye tuna by all types of gear in the eastern Pacific Ocean, and average weights of the fish.
TABLA 16, Capturas de aftin patudo por todos tipos de artes de pesca en el Océano Pacifico oriental, y pesos promedios
de los pescados.

Year Catch in numbers of fish! Catch in metric tons? Average weight in kilograms3
Afio Captura en nimero de pescados! Captura en toneladas métricas? Peso promedio en kilogramos?
1971 684,208 31,742 46.39
1972 787,496 36,941 46.91
1973 1,007,761 52,933 52.53
1974 732,683 36,211 49.42
1975 983,043 45,530 46,31
1976 1,510,245 61,278 40.58
1977 2,117,128 78,134 36.90
1978 2,203,627 82,273 37.34
1979 1,680,454 63,535 37.81
1980 2,179,214 73,675 33.81
1981 1,647,983 58,447 3547
1982 1,486,288 47,997 32.29
1983 1,455,204 81,697 56.14
1984 1,440,067 72,739 50.51
1985 1,651,424 75,263 45,58
1986 2,149,703 109,332 50.86
1987 1,859,238 102,828 55.30
1988 1,430,648 65,238 45.60
1989 1,512,430 67,520 44.64
1990 2,065,692 94,205 45,61
1991 2,092,985 98,973 47.29
1992 1,625,258 75,593 46.51
1993* 1,621,116 70,573 43.54
1994* 3,772,685 89,743 23.79
1995* 3,967,578 83,904 21.15
1996* 6,466,466 98,382 15.21

! (Table 14, Column 2) + (Table 15, Column 2)
2 (Table 14, Column 3) + (Table 15, Column 3)
3 (Column 3 x 1,000)/Column 2

* preliminary—preliminar



TABLE 17a. Average population of bigeye tuna of ages 0-9, in thousands of fish, during July, for M = 0.4.
TABLA 17a, Poblacién promedio de atunes patudo de edades 0 a 9, en miles de peces, durante jutio, con M = 0.4,

Year X cohort Y cohort

Ailo 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
1971 3509 2442 1490 875 439 239 138 84 61 44 2915 1694 1236 756 424 235 84 il 51 19
1972 3,735 2332 1,612 863 481 244 135 77 52 40 3265 1941 1,110 761 448 246 136 48 50 34
1973 4,079 2486 1,633 977 463 249 122 67 46 34 3078 2,169 1261 674 361 239 130 80 28 33
1974 4299 2723 1643 898 579 243 126 66 40 29 3,287 2054 1424 783 393 179 134 80 51 18
1975 4374 2815 1765 1,014 493 314 125 72 41 25 3532 2196 1295 851 429 237 99 81 53 M
1976 5503 2909 1,835 955 508 267 173 66 42 26 3222 2356 139 734 450 234 133 57 50 35
1977 4932 3,532 1,916 1,004 517 239 127 69 33 25 4008 2,147 1,397 774 299 230 112 i 31 32
1978 5237 3226 2230 1,062 469 252 107 63 31 17 3,423 2580 1,374 763 318 125 117 59 43 20
1979 5394 3491 1935 1,202 571 221 105 49 35 19 3,792 2191 1,303 756 405 140 49 62 35 28
1980 4,063 3569 2268 1,172 566 308 104 40 26 21 3726 2497 1,327 656 355 221 37 18 37 22
1981 4442 2538 2251 1074 594 319 174 63 25 16 2,948 2428 1533 678 330 188 111 19 11 24
1982 6,843 2933 1662 1,110 591 338 187 101 38 16 4647 1963 1413 841 365 186 95 63 11 6
1983 5695 4,483 1,879 955 571 296 164 87 58 24 5609 3,066 1,230 714 428 157 68 45 31 7
1984 4778 3758 2,972 1,190 534 262 115 73 46 36 4,673 3,719 2,019 44 346 154 48 15 19 24
1985 4401 3202 2477 1,793 629 258 120 37 38 29 3,430 3,118 2292 1150 382 158 56 19 3 12
1986 5,008 2949 2100 1,522 863 299 113 40 9 23 3811 2295 1981 1175 532 166 63 19 6 1
1987 5734 3357 1941 L1172 871 314 99 34 10 2 4468 2549 1465 1077 567 200 46 18 3 2
1988 4265 3832 2230 114 639 437 102 29 1 2 4019 2978 1661 889 535 219 65 11 6 1
1989 4,168 2857 2500 1,364 642 328 169 32 6 2 3472 2652 1933 1,018 486 224 i 24 3 2
1990 4,089 2,789 1884 1,466 764 322 138 49 9 1 3,224 2266 1,672 1,09 516 220 79 29 5 1
1991 4,661 2,645 1832 1,039 743 328 105 34 10 1 3,738 2,115 1459 886 525 192 56 15 5 1
1992 5,087 3112 1,727 1,069 553 287 9% 27 8 2 3,604 2499 1,361 834 420 182 60 15 2 1
1993 5,173 3,381 2,068 1,032 551 253 97 27 7 1 3,942 2394 1640 783 401 169 55 16 3 1
1994 5712 3323 2117 1215 551 243 78 25 6 1 5529 2588 1,527 909 390 161 51 15 3 1
1995 8,747 2,713 1,733 998 607 257 91 20 6 1 3,618 3329 1473 743 422 167 57 15 3 1
1996 4,694 3,409 1,047 807 526 288 105 28 4 1 3,547 2,250 1,728 671 331 182 62 21 4 1
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TABLE 17b. Average population of bigeye tuna of ages 0-9, in thousands of fish, during July, for M = 0.6.
TABLA 17b. Poblacién promedio de atunes patudo de edades 0 a 9, en miles de peces, durante julio, con M = 0.6.

Year X cohort Y cohort

Aiig 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

1971 11,548 6,749 3383 1564 1,035 498 181 99 56 3 8,763 5,171 2,634 1,113 683 340 118 73 41 16
1972 13682 6,319 3681 1,733 763 523 250 86 51 30 10,628 4,798 2814 1,384 558 340 167 58 38 22
1973 14220 7492 3440 1,925 845 351 248 116 41 27 8912 5,822 2596 1,480 624 250 155 81 28 20
1974 12,283 7,793 4,091 1,770 988 403 156 122 59 21 9,294 4883 3,168 1,368 759 287 114 79 42 14
1975 14019 6,736 4,219 2,165 873 474 187 74 65 31 9,229 5,094 2,603 1,639 664 394 139 54 42 23
1976 15072 7673 3611 2107 1,032 422 227 87 36 34 9491 5053 2,726 1,306 790 316 192 68 26 23
1977 14712 8130 4,178 1,776 1,044 474 184 82 38 16 9546 5197 2,605 1,347 542 369 133 94 31 13
1978 13938 8,001 4,340 2,092 792 488 212 81 32 16 8,790 5,145 2,793 1,270 557 229 168 57 44 16
1979 13926 7632 4186 2113 1,021 351 212 96 38 15 9482 4,737 2437 1,382 602 241 94 8 28 23
1980 11491 7600 4,123 2,186 934 491 153 88 47 19 9,202 5,163 2,473 1,140 621 284 80 39 38 14
1981 12530 6,137 4,043 1868 1,021 466 239 78 47 25 7,761 4,988 2,706 1,168 528 295 121 39 20 21
1982 17946 6835 3,332 1,860 909 506 232 118 39 25 11,970 4247 2,543 1,315 562 258 135 56 20 10
1983 17055 9,756 3,671 1,684 866 406 219 91 56 20 13,790 6,524 2252 1,245 596 227 89 57 26 1
1984 13711 9304 5323 1,953 826 366 147 87 40 28 11,890 7,530 3,548 1,164 523 207 74 22 21 14
1985 12,764 7524 5067 2,738 915 364 151 45 38 19 9403 6,512 3948 1,757 534 220 72 28 5 10
1986 14,139 7,004 4,085 2654 1,193 391 145 46 10 19 10,145 5156 3473 1,833 746 210 82 23 10 2
1987 15164 7759 3810 2,031 1,322 415 123 42 10 2 11,246 5,562 2,763 1,673 804 268 57 23 4 4
1988 11429 8312 4240 1,948 984 592 130 34 13 2 9,900 6,156 3,008 1,430 752 295 85 14 7 1
1989 11,853 6271 4502 2,208 956 447 212 39 6 2 9,218 5,398 3320 1,562 684 289 99 29 3 2
1990 12,244 6,500 3,412 2278 1,077 425 170 59 10 1 8,929 5,007 2865 1,635 707 278 94 34 6 1
1991 12870 6,633 3532 1671 1,032 425 132 40 12 1 9,687 4,858 2,692 1,357 709 248 70 17 6 1
1992 12409 7,062 3,597 1,783 788 378 120 33 9 2 9,775 5310 2613 1,345 590 236 74 18 3 1
1993 11,748 6,782 3,853 1,859 836 326 121 33 8 1 9,470 5343 2,882 1,314 596 222 69 19 4 1
1994 12448 6312 3583 1,958 893 346 96 31 7 1 10,840 5,147 2,860 1,404 601 230 66 18 4 1
1995 11,485 5823 3,016 1,590 887 389 125 24 7 1 10,618 5,606 2,585 1,314 604 245 81 19 4 1
1996 13,940 5241 2517 12332 745 379 152 39 4 2 10,729 5,669 2,615 1,131 572 239 89 29 5 1
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TABLE 17¢. Average population of bigeye tuna of ages 0-9, in thousands of fish, during July, for M = 0.8.
TABLA 17¢. Poblacién promedio de atunes patudo de edades 0 a 9, en miles de peces, durante julio, con M = 0.8.

Year X cohort Y cohort

Aio 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
1971 37731 21,349 8244 3196 1,899 861 290 141 63 25 31,858 13,833 7,655 1912 1,548 603 219 105 58 19
1972 42164 16937 9,573 3,591 1,349 812 366 117 60 28 36,279 14,305 6,194 3,382 811 664 253 92 46 26
1973 40472 18931 7584 4213 1517 544 329 145 48 26 33467 16292 6393 2,724 1,397 313 269 104 38 20
1974 40,136 18,176 8,487 3,301 1,831 627 212 135 61 20 29589 15031 7295 2,821 1,176 578 120 115 45 16
1975 172,096 18,029 8,112 3,740 1,394 761 251 85 59 26 27,076 13,289 6,682 3,183 1,189 508 244 47 51 20
1976 31,584 32,376 8,021 3454 1,538 575 312 9 34 25 34,241 12,156 5906 2,890 1,330 490 207 102 18 23
1977 49,164 14,063 14,516 3,416 1,450 606 214 102 35 12 34,002 15375 5306 2,516 1,140 538 183 82 40 7
1978 43,581 22,024 6211 6339 1,370 574 229 78 34 12 30,066 15196 6,853 2,236 965 450 211 68 30 17
1979 46,163 19,568 9711 2544 2734 542 208 84 30 14 27,265 13,436 6,476 2,942 920 376 174 82 27 12
1980 38,334 20,703 8,732 4,263 938 1164 207 67 32 11 21373 12214 5923 2,731 1,198 370 121 66 33 11
1981 39,379 17,069 9,188 3,574 1,750 380 495 81 29 14 22,859 12243 5370 2,493 1,139 496 134 50 28 15
1982 52,720 17,656 7,636 3,804 1,501 737 150 210 36 13 34,960 10,260 5,325 2,259 1,050 483 198 51 21 12
1983 57,152 23,602 7,860 3,300 1,570 588 276 34 86 15 38,956 15,667 4,539 2,260 899 396 168 73 19 10
1984 44,552 25627 10577 3475 1,391 607 196 94 6 37 33,871 17468 17,011 1,975 867 295 132 51 23 8
1985 41,327 20,017 11479 4583 1415 545 2217 56 33 1 28424 15206 7,679 2,971 792 330 95 49 17 10
1986 44,100 18568 8,951 5,042 1,776 534 195 69 12 13 29,920 12768 6,740 3,142 1,135 280 113 27 17 7
1987 45,076 19,815 8312 3,833 2,144 579 158 54 17 2 31,821 13439 5676 2,811 1,226 382 74 31 5 6
1988 34,179 20,245 8,886 3,603 1,605 842 173 41 15 4 28,262 14,284 5997 2470 1,115 417 117 17 9 1
1989 41,108 15356 9,045 3,884 1,516 635 275 49 7 3 28,204 12669 6364 2612 1017 388 132 36 4 3
1990 48,088 18467 6,872 3,885 1,623 589 216 72 12 1 26,374 12,628 5,603 2,685 1,037 367 116 40 8 1
1991 40,304 21,530 8,264 2,905 1,548 580 172 49 14 1 26,191 11812 5623 2320 1,035 339 89 21 6 1
1992 67,653 18,099 9,632 3,570 1,190 521 157 42 10 2 25,994 11763 5,259 2,404 903 327 96 22 3 1
1993 43,521 30,371 8116 4,222 1476 437 159 41 10 1 24224 11659 5255 2,252 952 314 93 24 5 1
1994 38,065 19428 13517 3,503 1,781 561 121 39 9 2 22,875 10,837 5171 2,196 903 340 90 24 5 1
1995 45985 16,189 8322 5,736 1,404 709 193 29 9 1 27410 9,965 4,650 2,091 837 329 111 25 5 1
1996 41,867 19,648 6,675 3445 2,463 532 263 60 5 2 26,642 12,174 4,053 1,828 805 292 106 36 7 2
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TABLE 18. Estimates of average annual F (longline and surface-fishing vessels combined) for bigeye tuna in the eastern

Pacific Ocean.

TABLA 18, Estimaciones de F promedio anual (barcos palangreros y de superficie combinados) para el attin patudo en el

Océano Pacifico oriental.

M=04
Age X cohort Y cohort
Edad 1971-1979 1980-1987 1988-1993 1994-1996 1971-1979  1980-1987 1988-1993 1994-1996
0 0.0069 0.0129 0.0123 0.1347 0.0107 0.0041 0.0080 0.0316
1 0.0256 0.0204 0.0136 0.1822 0.0344 0.0293 0.0167 0.0680
2 0.0722 0.0969 0.0612 0.1611 0.0956 0.1149 0.0771 0.1314
3 0.1914 0.1591 0.1830 0.1523 0.1937 0.2386 0.2298 0.2249
4 0.2384 0.2860 0.2567 0.1878 0.2920 0.3468 0.3211 0.2068
5 0.2796 0.3549 0.4374 0.2695 0.2764 0.4641 0.6661 0.3550
6 0.3160 0.4432 0.7821 0.5073 0.2326 0.6584 0.7957 0.4990
7 0.2374 0.5112 0.9510 0.7028 0.1412 0.6142 1.0825 0.6527
8 0.1309 0.3911 1.2708 0.8517 0.0682 0.4967 1.2205 0.7214
9 0.0621 0.2685 1.8411 0.9223 0.0205 0.1493 1.1098 0.6759
M=06
Age X cohort Y cohort
Edad 1971-1979 1980-1987 1988-1993 1994-1996 1971-1979  1980-1987 1988-1993 1994-1996
0 0.0024 0.0048 0.0050 0.0649 0.0041 0.0016 0.0030 0.0134
1 0.0103 0.0088 0.0061 0.0856 0.0155 0.0138 0.0075 0.0375
2 0.0330 0.0505 0.0317 0.0922 0.0479 0.0627 0.0425 0.0716
3 0.0974 0.0922 0.1089 0.0937 01072 0.1469 0.1442 0.1339
4 0.1290 0.1853 0.1745 0.1209 0.1720 0.2334 0.2266 0.1380
5 0.1604 0.2554 0.3282 0.1831 0.1795 0.3376 0.5095 0.2453
6 0.1925 0.3392 0.6208 0.3937 0.1695 0.4739 0.6349 0.3738
7 0.1750 0.4052 0.7864 0.5858 0.1327 0.4538 0.9050 0.5214
8 0.1217 0.3564 1.1042 0.7253 0.0739 0.3546 1.0272 0.5816
9 0.0838 0.2435 1.7719 0.8389 0.0308 0.0923 1.0084 0.6330
M=08
Age X cohort Y cohort
Edad 1971-1979 1980-1987 1988-1993 1994-1996 1971-1979  1980-1987 1988-1993 1994-1996
0 0.0008 0.0016 0.0014 0.0209 0.0012 0.0005 0.0010 0.0058
1 0.0046 0.0032 0.0019 0.0294 0.0053 0.0056 0.0032 0.0196
2 0.0149 0.0226 0.0143 0.0287 0.0197 0.0297 0.0212 0.0389
3 0.0537 0.0478 0.0575 0.0368 0.0532 0.0789 0.0830 0.0835
4 0.0741 0.1228 0.1094 0.0682 0.0927 0.1423 0.1487 0.0943
5 0.1100 0.1756 0.2340 0.1063 0.1103 0.2256 0.3681 0.1716
6 0.1511 0.2529 04738 0.2867 0.1143 0.3221 0.4865 0.2702
7 0.1472 0.4105 0.6356 0.4750 0.1123 0.3134 0.7357 0.3929
8 0.1201 0.4097 0.9504 0.6050 0.0736 0.2503 0.8687 0.4479
9 0.0910 0.4693 14911 0.7319 0.0412 0.0623 0.9011 0.5605
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TABLE 19. Average sizes of bigeye tuna at various ages. The ages are expressed as months after recruitment, rather
than months after hatching.

TABLA 19. Tamario medio de atunes patudo a varias edades. Se expresan las edades en meses desde el reclutamiento,
no desde la cria.

Month Average Average Age in
X cohort Y cohort length (cm) weight (kg) months
Mes Talla Peso Edad en
Cohorte X Cohorte Y promedio (cm) promedio (kg) meses
July January 32.7 0.91 0.5
October April 424 1.94 3.5
January July 484 2.83 6.5
April October 54.7 4.05 9.5
July January 60.3 5.38 12.5
October April 66.1 7.01 15.5
January July 73.1 9.38 185
April October 80.4 12.37 215
July January 88.2 16.21 245
October April 96.0 20.66 275
January July 103.6 25.85 30.5
April October 1104 31.08 33.5
July January 117.1 36.83 36.5
October April 123.0 42.42 39.5
January July 1285 48.28 425
April October 133.5 53.87 45.5
July January 138.1 59.50 485
October April 1419 64.31 515
January July 145.6 69.30 54.5
April October 148.7 73.66 57.5
July January 151.8 78.28 60.5
October April 1549 82.86 63.5
January July 158.0 87.84 66.5
April October 160.9 92.60 69.5
July January 163.8 97.61 72.5
October April 166.5 102.27 75.5
January July 168.9 106.51 78.5
April October 171.2 110.87 815
July January 173.5 115,15 84.5
October April 175.7 119.64 875
January July 178.0 124.04 90.5
April October 180.3 128.85 93.5
July January 182.3 133.04 96.5
October April 184.4 13754 99.5
January July 186.3 141.69 102.5
April October 188.3 146.04 105.5
July January 192.5 155.81 108.5
October April 195.0 161.76 1115
January July 196.7 165.88 1145

April October 198.1 169:24 1175




TABLE 20. Yields per recruit by cohort, in kilograms, of bigeye tuna in the eastern Pacific Ocean.
TABLA 20. Rendimientos por recluta por cohorte, en kilogramos, de atin patudo en el Océano Pacifico oriental.

X cohort Y cohort
Cohort Catch M=04 M=06 M=08 Catch M=04 M=06 M=08

Number Tons Average No.of YPR No.of YPR No.of YPR Number Tons Average No.of YPR No.of YPR No.of YPR

of fish weight recruits recruits recruits orf fish weight  recruits recruits recruits

Cohorte X Cohorte Y
Cohorte Captura M=04 M=0.6 M=038 Captura M=04 M=06 M=08

No.de tonela- Peso No.de RPR No.de RPR No.de RPR No.de Tonela- Peso No.of RPR No.of RPR No.of RPR

peces das promedio reclutas reclutas reclutas peces das  promedio reclutas reclutas reclutas
1971 5344 24644 461 3,568 691 11,839 208 39,002 063 4,060 22,613 55.7 3,622 624 12129 186 49,130 046
1972 5922 29,728  50.2 3,798 783 14,027 212 43585 0.68 4,752 26,812 56.4 4,043 663 14,710 182 55948 048
1973 7449 33536 450 4,147 809 14578 230 41836 080 6,644 31,778 47.8 3,825 831 12336 258 51612 0.62
1974 8351 31828 381 437 728 12593 253 41488 0.77 17,103 35,693 50.2 4,082 874 12,863 2.77 45630 0.78
1975 6,745 26,860  39.8 4,447 6.04 14373 1.87 74525 0.36 6,967 28,050 40.3 4,389 639 12,774 220 41,757 067
1976 11951 37903 317 5,595 6.77 15452 245 32648 116 6,198 29,925 48.3 4,001 748 13135 228 52,803 0.57
1977 9,696 31,801 32.8 5,014 6.34 15,083 211 50,821 0.63 12,236 40,362 33.0 4,978 8.11 13,211  3.06 52435 0.77
1978 11,444 44,564 389 5,325 837 14289 312 45050 099 9,220 34,735 37.7 4,268 814 12184 285 46,387 0.75
1979 12408 45209 364 5,484 824 14277 317 41718 095 8,740 41,224 47.2 4,709 875 13,122  3.14 42,045 0098
1980 8644 33,655 389 4,131 815 11,781 286 39,626 0.85 9,703 39,415 40.6 4,632 851 12,740 3.09 42219 093
1981 7,843 39,815 508 4,516 882 12,846 310 40,707 098 6,055 32,152 53.1 3,681 873 10,762 299 35275 091
1982 13398 63854 477 6,957 9.18 18,399 347 54497 117 9578 52,233 54.5 5,782 9.03 16578 315 53,925 097
1983 9,151 49,540 541 5,790 856 17485 283 59,078 0.84 13,142 62,347 474 6,966 895 19,084 327 60,075 1.04
1984 8467 42104 497 4,858 867 14,057 3.00 46,053 091 9,859 51,557 52.3 5,803 889 16454 313 52232 0.99
1985 7202 38,926 540 4475 870 13,086 297 42,720 091 6,110 36,939 60.5 4,260 867 13,012 284 43832 084
1986 8,194 45323 55.3 5,092 8.90 14,496 3.13 45,586 0.99 6,952 42,028 60.5 4,733 8.88 14,039 299 46140 091
1987 11,033 51,663  46.8 5,830 886 15546 332 46,595 111 9,232 49,637 53.8 5,549 895 15563 319 49,071 1.01
1988 8,046 37,097 461 4,336 856 11,717 317 35331 1.05 9,366 42,742 45.6 4,991 856 13,700 3.12 43584 098
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TABLE 21. Catches of bigeye tuna (in numbers of fish), effort (in numbers of hooks), and CPUES (in fish per 1,000 hooks)
in the eastern Pacific Ocean.

TABLA 21. Captures de atunes patudo (en nimero de pescados), esfuerzo (en niimero de anzuelos), y CPUE (en pescados
por 1.000 anzuelos) en el Océano Pacifico oriental.

Catch Effort
Year Japanese longline! Total, all gear2  Japanese longline3 Total, all geart  CPUES5
Captura Esfuerzo
Afio  Palangres japonesas! Todas las artes? Palangres japonesas® Todas las artest CPUES
1964 858,715 862,891 86,813,848 87,236,029 9.89
1965 541,211 548,378 71,686,968 72,636,283 7.55
1966 645,201 661,479 63,214,844 64,809,710 10.21
1967 648,021 749,910 66,612,272 71,085,788 9.73
1968 640,559 797,281 72,464,336 90,193,784 8.84
1969 962,080 997,358 92,196,280 95,576,976 10.44
1970 603,576 685,132 83,400,928 94,670,173 7.24
1971 526,836 684,208 66,761,264 86,703,624 7.89
1972 650,240 787,496 78,239,624 94,754,845 8.31
1973 886,464 1,007,761 107,227,256 121,899,419 8.27
1974 678,216 732,683 89,205,088 96,369,079 7.60
1975 792,340 983,043 86,133,904 106,364,891 9.20
1976 974,674 1,510,245 117,300,712 181,755,968 8.31
1977 1,296,738 2,117,128 132,874,944 216,939,161 9.76
1978 1,261,057 2,203,627 140,006,144 244,652,948 9.01
1979 1,250,050 1,680,454 137,768,784 185,203,868 9.07
1980 1,122,300 2,179,214 138,140,800 268,233,410 8.12
1981 981,725 1,647,983 131,275,104 220,366,336 7.48
1982 1,061,288 1,486,288 116,199,848 162,732,867 9.13
1983 1,193,849 1,455,204 127,176,160 155,017,312 9.39
1984 1,027,340 1,440,067 119,635,456 167,698,198 8.59
1985 1,378,671 1,651,324 106,757,808 127,870,778 12.91
1986 1,865,733 2,149,703 160,552,528 184,989,091 11.62
1987 1,619,020 1,859,238 188,392,544 216,344,807 8.59
1988 1,187,317 1,430,648 182,694,224 220,135,926 6.50
1989 1,321,219 1,512,430 170,373,088 195,030,029 7.75
1990 1,604,247 2,065,692 178,419,456 229,739,955 8.99
1991 1,496,669 2,092,985 200,364,704 280,195,757 747
1992 1,304,131 1,625,258 191,283,709 238,385,094 6.82
1993* 1,062,018 1,621,116 159,955,430 244,163,762 6.64
1994* 1,068,057 3,772,685 163,976,027 578,668,755 6.52
1995* 863,642 3,967,578 125,145,630 574,919,998 6.90
1996* 800,000 6,466,466 125,000,000 1,010,385,388 6.40

1 from—de: Table 14, Column 2

2 from—de: Table 16, Column 2

3 from data supplied by the NRIFSF of Japan—de datos proporcionads por el NRIFSF del Japén
4 (Column 3 x Column 4)/(Column 2)

5 {Column 2 x 1,000//(Column 4)

* preliminary—preliminar
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TABLE 22. Catches of bigeye tuna (in metric tons), effort (in numbers of hooks), and CPUEs (in tons per 1,000 hooks) in
the eastern Pacific Ocean.

TABLA 22. Capturas de atunes patudo (en toneladas métricas), esfuerzo (en nimero de anzuelos), y CPUE (en toneladas
por 1.000 anzuelos) en el Qcéano Pacifico oriental,

Catch Effort
Year Japanese longline! Total, all gear? Japanese longline3  Total, all geart  CPUES
Captura Esfuerzo
Ao Palangres japonesas!  Todas las artes?  Palangres japonesas® Todas las artes! CPUE®
1964 45,359 454217 86,813,843 86,944,387 0.522
1965 28,578 28,695 71,686,968 71,981,668 0.399
1966 34,110 34,375 63,214,844 63,706,726 0.540
1967 34,200 35,864 66,612,272 69,852,660 0.513
1968 33,838 36,398 72,464,336 77,945,816 0.467
1969 50,801 51,377 92,196,280 93,241,538 0.551
1070 31,843 33,175 83,400,928 86,888,466 0.382
1971 29,176 31,742 66,761,264 72,632,850 0.437
1972 34,703 36,941 78,239,624 83,285,305 0.444
1973 50,954 52,933 107,227,256 111,391,850 0.475
1974 35,321 36,211 89,205,088 91,452,831 0.396
1975 41,194 45,530 86,133,904 95,200,191 0.478
1976 49,523 61,278 117,300,712 145,143,732 0.422
1977 67,404 78,134 132,874,944 154,027,222 0.507
1978 67,277 82,273 140,006,144 171,213,423 0.481
1979 54,965 63,535 137,768,784 159,249,335 0.399
1980 55,610 73,675 138,140,800 183,016,066 0.403
1981 45,169 58,447 131,275,104 169,865,085 0.344
1982 41,337 47,997 116,199,848 134,921,356 0.356
1983 74,114 81,697 127,176,160 140,188,234 0.583
1984 64,106 72,739 119,635,456 135,746 474 0.536
1985 65,804 75,263 106,757,808 122,108,716 0.616
1986 96,589 109,332 160,552,528 181,734,245 0.602
1987 91,604 102,828 188,392,544 211,475,793 0.486
1988 58,725 65,238 182,694,224 202,956,250 0.321
1989 62,824 67,520 170,373,088 183,108,221 0.369
1990 78,223 94,205 178,419,456 214,872,926 0.438
1991 74,833 98,973 200,364,704 264,999,343 0.373
1992 62,259 75,593 191,293,709 232,250,910 0.325
1993+ 54,768 70,573 159,955,430 206,115,516 0.342
1994* 52,940 89,743 163,976,027 277,969,410 0.323
1995% 40,013 83,904 125,145,630 262,420,187 0.320
1996* 40,000 98,382 125,000,000 307,443,750 0.320

L from—de: Table 13, Column 3

2 from—de: Table 13, Column 7

3 from—de: Table 21, Column 4

4 (Column 3 x Column 4)/Column 2
5 (Column 2 x 1,000)/Column 4

* preliminary—preliminar
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TABLE 23. Estimates of the parameters for two fits of data for bigeye tuna in the eastern Pacific Ocean to production
models. C = catch, in metric tons; E = effort, in thousands of hooks; U = CPUE, in tons per 1,000 hooks; P = population
size, in metric tons.

TABLA 23. Estimaciones de los pardmetros para dos ajustes de los datos de atunes patudo en el Océano Pacifico oriental
a los modelos de produccién. C = captura, en toneladas métricas; E = esfuerzo, en miles de anzuelos; U = CPUE, en
toneladas por 1.000 anzuelos; P= tamaiio de la poblacién, en toneladas métricas.

m Eopt Cmaz Uopt U1995 Popt P1995 E(Ei 'Ei)2
08 230,900 66,400 0.288 0.344 620,900 767,200 1.78 x 106
08 400,000 92,200 0.231 0.344 441,400 729,900 2,06 x 106

TABLE 24a. Predicted catches of bigeye tuna, in metric tons, during 1993-2006, assuming M = 0.4, with the three pat-
terns of fishing effort described in the text.
TABLA 24a. Capturas predichas de attn patudo, en toneladas métricas, durante 1993-2006, suponiendo M = 0.4, con los
tres patrones de pesca descritos en el texto.

Year Pattern A Pattern B Pattern C
PS Longline  Total PS Longline Total PS Longline Total
Afio Patrén A Patrén B Patrén C

Cerquero Palangre Total Cerquero Palangre Total Cerquero Palangre Total

1993 7,667 63,135 70,802 7,667 63,135 70,802 17,667 63,135 170,802
1994 27,190 63,742 90,932 27,190 63,742 90,932 27,190 63,742 90,932
1995 33,200 47,560 80,760 33,200 47,560 80,760 33,200 47,560 80,760
1996 47,680 48,331 96,011 47,680 48,331 96,011 47,680 48,331 96,011
1997 4,847 51,321 56,168 41,308 49,097 90,405 57,272 47,979 105,251
1998 5,023 51,549 56,572 34.585 43,539 78,124 43,141 40,117 83,258
1999 5,452 52,689 58,141 31,539 37,164 68,703 36,186 31,577 67,763
2000 5,798 55,308 61,106 30,608 31,185 61,793 33,719 23,848 57,567
2001 5,874 58,704 64,578 30,109 26,823 56,932 32,798 18,332 51,130
2002 5,924 62,504 68,428 30,032 24,103 54,135 32,589 14,863 47,452
2003 5,939 65,199 71,138 30,017 22,849 52,866 32,537 13,215 45,752
2004 5,940 66,728 72,668 30,017 22,367 52,384 32,536 12,651 45,087
2005 5,940 67,360 73,300 30,017 22,203 52,220 32,536 12,333 44,869
2006 5,940 67,559 73,499 30,017 22,203 52,220 32,536 12,308 44,844
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TABLE 24b. Predicted catches of bigeye tuna, in metric tons, during 1993-2006, assuming M = 0.6, with the three pat-
terns of fishing effort described in the text.
TABLA 24b. Capturas predichas de atin patudo, en toneladas métricas, durante 1993-2006, suponiendo M = 0.6, con los
tres patrones de pesca descritos en el texto.

Year Pattern A Pattern B Pattern C
PS Longline Total PS Longline  Total PS Longline Total

Aiio Patrén A Patrén B Patrén C
Cerquero Palangre Total  Cerquero Palangre Total Cerquero Palangre Total
1993 7,634 65,507 73,141 7,634 65,507 73,141 7,634 65,507 73,141
1994 27,335 66,248 93,583 217,335 66,248 93,583 27,335 66,248 93,583
1995 33,214 49,589 82,803 33,214 49,589 82,803 33,214 49,589 82,803
1996 47,628 50,096 97,724 47,628 50,096 97,724 47,628 50,096 97,724
1997 5,760 52,874 58,634 51,524 51,394 102,918 73,042 50,619 123,661
1998 6,144 53,177 59,321 49583 47,495 97,078 66,619 44,814 111,433
1999 6,615 55,718 62,333 49,122 44139 93,261 63,264 39,233 102,497
2000 6,862 59,965 66,827 49,032 41,796 90,828 62,009 34,745 96,754
2001 6,958 64,340 71,298 49,068 40,365 89,433 61,689 31641 93,330
2002 6,982 68,525 75,507 49,053 39,887 88,940 61,572 29947 91,519
2003 6,992 70,844 77,836 49,059 39,718 88,777 61,553 29,164 90,717
2004 6,992 72,014 79,006 49,059 39,693 88,752 61,552 28,860 90,412
2005 6,992 72,522 79,514 49,059 39,733 88,792 61,552 28,791 90,343
2006 6,992 72,585 79,577 49,059 39,733 88,792 61,552 28,784 90,336

TABLE 24c, Predicted catches of bigeye tuna, in metric tons, during 1993-2006, assuming M = 0.8, with the three pat-
terns of fishing effort described in the text.
TABLA 24¢. Capturas predichas de atin patudo, en toneladas métricas, durante 1993-2006, suponiendo M = 0.8, con log
tres patrones de pesca descritos en el texto.

Year Pattern A Pattern B Pattern C
PS Longline Total PS Longline  Total PS Longline Total

Afio Patrén A Patrén B Patrén C
Cerquero Palangre Total  Cerquero Palangre Total Cerquero Palangre Total
1993 7,683 69073 76,756 7,683 69,073 76,756 7,683 69,073 76,756
1994 28,453 71,101 99,554 28,453 71,101 99,554 28,453 71,101 99,554
1995 35,816 55,431 91,247 35,816 55,431 91,247 35,816 55431 91,247
1996 50,825 56,824 107,649 50,825 56,824 107,649 50,825 56,824 107,649
1997 5,839 60,042 65,881 55,813 58,995 114,808 81,712 58,443 140,155
1998 6,150 60,076 66,226 55,816 56,327 112,143 79,465 54,435 133,900
1999 6,190 59,470 65,660 54,535 52,672 107,207 76,373 40,368 125,741
2000 6,303 60,716 67,019 54,677 50,817 105,494 75,979 46,159 122,138
2001 6,315 62,239 68,554 54,528 49,929 104,457 75,586 44287 119,873
2002 6,322 63,076 69,398 54,512 49145 103,657 75,516 42,874 118,390
2003 6,323 63,680 70,003 54,507 48948 103,455 75,496 42,367 117,863
2004 6,323 63,980 70,303 54,507 48,892 103,399 75,496 42,182 117,678
2005 6,323 64,026 70,349 54,507 48828 103,335 75,496 42,075 117,571
2006 6,323 64,046 70,369 54,507 48828 103,335 75,496 42,070 117,566
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TABLE 25. Catches of northern bluefin, in metric tons, in the Pacific Ocean.

TABLA 25. Capturas de atiin aleta azul del norte, en toneladas métricas, en el Océano Pacifico.

Western Pacific nations

Eastern Pacific nations

Surface
Year Surface!  Longline! Subtotal Commercial? Recrea- Longline?  Subtotal Total
tional®
Naciones del Pacifico occidental Naciones del Pacifico oriental
Superficie
Afio  Superficie! Palangre! Subtotal Comercial? Deportiva3 Palangre?  Subtotal Total
1952 10,971 3,286 14.257 2,076 1 0 2,077 16,334
1953 15,755 3,352 19,107 4,433 34 0 4,468 23,575
1954 14,937 2,605 17,542 9,537 8 0 9,545 27,088
1955 18,962 2,703 21,665 6,173 67 0 6,241 27,906
1956 27,416 2,610 30,026 5,727 279 0 6,006 36,032
1957 20,190 1,180 21,370 9,215 53 0 9,268 30,637
1958 8,159 786 8,945 13,934 7 0 13,942 22,886
1959 7,839 3,285 11,124 6,914 1 0 6,925 18,048
1960 10,677 5,440 16,117 5,422 1 0 5,423 21,540
1961 9,892 6,080 15,972 8,117 18 0 8,135 24,108
1962 10,279 4,720 14,999 11,125 20 0 11,145 26,144
1963 9,872 4,498 14,370 12,266 6 0 12,272 26,642
1964 9,271 2,109 11,380 9,212 5 0 9,217 20,597
1965 14,669 361 15,030 6,887 1 0 6,888 21,918
1966 12,073 1,473 13,546 15,881 16 0 15,897 29,444
1967 12,899 1,350 14,249 5,863 25 0 5,888 20,138
1968 14,555 1,506 16,061 5,966 10 0 5,976 22,036
1969 7,827 1,127 8,954 6,914 12 0 6,926 15,880
1970 6,794 902 7,696 3,951 15 0 3,966 11,662
1971 7,988 702 8,690 8,354 6 0 8,360 17,050
1972 7,207 752 7,959 13,335 12 0 13,347 21,306
1973 8,015 1,364 9,379 10,700 44 0 10,744 20,124
1974 12,887 4,173 17,060 5,570 47 0 5,617 22,676
1975 9,365 1,469 10,834 9,656 27 0 9,583 20,417
1976 7,481 549 8,030 10,629 16 0 10,645 18,675
1977 11,720 764 12,484 5,458 15 0 5,473 17,957
1978 19,621 1,009 20,630 5,393 4 0 5,397 26,028
1979 23,380 1,219 24,599 6,108 9 0 6,117 30,716
1980 18,023 1,040 19,063 2,933 6 0 2,939 22,002
1981 29,039 687 29,726 1,084 5 0 1,089 30,814
1982 23,642 1,060 24,702 3,145 5 0 3,150 27,851
1983 17,729 544 18,273 838 15 0 853 19,127
1984 10,081 608 10,689 857 24 0 881 11,571
1985 12,538 2,158 14,696 4,014 41 0 4,055 18,752
1986 13,859 274 14,133 5,080 5 0 5,085 19,218
1987 13,827 667 14,494 990 15 0 1,005 15,499
1988 7,067 284 7,351 1,421 3 0 1,424 8,774
1989 8,540 706 9,246 1,116 54 129 1,299 10,545
1990 5,978 489 6,467 1,511 31 92 1,634 8,101
1991 12,413 708 13,121 418 43 81 542 13,663
1992 9,982 1,306 11,288 1,902 97 46 2,045 13,333
1993 * * * 583 296 47 926 *
1994 * * * 971 91 18 1,080 *
1995 * * * 630 245 45 920 *
1996 * * * 6,784 36 * * *
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TABLE 25. (continued)
TABLA 25. (continuaci6n)

1 Sources: The data for Japan were obtained from the National Research Institute of Far Seas Fisheries of Japan. The
data for 1951-1964 include only large fish (greater than about 15 kg or 33 pounds), while those for 1965-1992 include
both small and large fish. The data for the small fish were estimated from the catches of .meji (small bluefin, yellowfin,
and bigeye) by a proration process based upon the catches of large bluefin, yellowfin, and bigeye. The data for the
Republic of China for 1952-1964 were obtained from yearbooks of fisheries statistics of the Food and Agriculture
Organization of the United Nations, and those for 1965-1992 were obtained published and unpublished data of the

Institute of Oceanography, National Taiwan University, Taipei, Taiwan, ROC. The data for the Republic of Korea for

1952-1982 were obtained from yearbooks of fisheries statistics of the Food and Agriculture Organization of the United

Nations, and those for 1983-1992 were obtained from data published by the National Fisheries Research and

Development Agency of Korea.

Fuentes: Los datos de Japon provienen del National Research Institute of Far Seas Fisheries del Japén. Los datos de

1951-1965 incluyen solamente peces grandes (de mas de unos 15 kg/33 libras), mientras que aquellos de 1966-1992

incluyen también peces pequefios. Se estimaron los datos de los peces pequefios a partir de las capturas de meji (patudos

y aletas amarillas y azules pequefios) mediante un procedimiento de prorrateo basado en las capturas de ejemplares

grandes de estas especies. Los datos de la Repuablica de China correspondientes a 1952-1964 provienen de los registros

anuales de estadisticas pesqueras de la Organizacién de las Naciones Unidas para la Agricultura y Ja Alimentacién, y

aquellos correspondientes a 1965-1992 de datos publicados e inéditos del Instituto de Oceanografia de la Universidad

Nacional de Taiwan en Taipei. Los datos de la Repiblica de Corea correspondientes a 1952-1982 provienen de los reg-

istros anuales de estadisticas pesqueras de la Organizacién de las Naciones Unidas para la Agricultura y la

Alimentacién, y aquellos correspondientes a 1983-1992 de datos publicados por 1a Agencia Nacional de Investigacién y

Desarrollo Pesquero de Corea.

2 Sources: 1952-1960, FAO Fish. Rep., 6 (2): 405; 1961-1996, Table 3, minus recreational catch

2 Fuentes: 1952-1960, FAO Fish. Rep., 6 (2): 405; 1961-1996, Tabla 3, menos la captura deportiva

3 Sources: 1952-1990, California’s Living Marine Resources and their Utilization, published by the California Department
of Fish and Game; 1991-1996, California Department of Fish and Game, unpublished data.

3 Fuentes: 1952-1990, California’s Living Marine Resources and their Utilization, publicado por el California Department
of Fish and Game; 1991-1995, California Department of Fish and Game, datos inéditos.

4 Sources: 1989-1993 - U.S. National Marine Fisheries Service, Long Beach, California (These data include only exports;
small amounts were probably consumed in the United States.); 1994 - Pelagic Fisheries of the Western Pacific Region,
1994 Annual Report, Appendix 3, Table 3, Western Pacific Fishery Management Council, Honolulu, Hawaii (draft); 1995
- Pelagic Fisheries of the Western Pacific Region, 1995 Annual Report, Table 2, Western Pacific Fishery Management
Council, Honolulu, Hawaii (draft).

4 Fuentes: 1989-1993 - U.S. National Marine Fisheries Service, Long Beach, California (Estos datos mcluyen exporta-
ciones solamente; es probable que hayan sido consumidas pequefias cantidades en Estados Unidos.); 1994 - Pesquerias
peldgicas de la regién del Pacifico occidental, Informe Anual de 1994, Anexo 3, Tabla 3, Western Pacific Fishery
Management Council, Honolulu, Hawaii (borrador); 1995 - Pesquerias peldgicas de la regién del Pacifico occidental,
Informe Anual de 1995, Tabla 2, Western Pacific Fishery Management Council, Honolulu, Hawaii (borrador).

* data not available—datos no disponibles

-
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TABLE 26. Estimated numbers of age-0, -1, -2, -3, and 4 bluefin, in thousands, caught in the western and eastern Pacific
Qceans.

TABLA 26. Nimero estimado de aletas azules de 0, 1, 2, 3, y 4 afios de edad, en miles de peces, capturados en el Océano
Pacifico occidental y oriental.

Year Western Pacific Ocean Eastern Pacific Ocean
class 0 1 2 3 4 1 2 3 4
Clase Océano Pacifico occidental Océano Pacifico oriental
anual 0 1 2 3 4 1 2 3 4
1948 - >0
1949 - - - - - - - >0 >0
1950 - - - - - - 140 6 4
1951 - - - - - 54 6 6 2
1952 - - - - - 651 493 19 >0
1953 - - - - - 413 348 9 >0
1954 - - - - - 185 168 20 0
1955 - - - - - 433 373 4 4
1956 - - - - - 575 905 109 69
1957 - - - - - 285 269 33 >0
1958 - - - - - 12 66 6 1
1959 - - - - - 58 347 9 5
1960 - - - - - 524 608 80 4
1961 - - - - - 829 521 29 1
1962 - - - - 30 526 256 16 0
1963 - - - 62 8 972 305 35 1
1964 - - 91 5 17 327 715 34 0
1965 - 266 3 52 1 622 308 5 1
1966 1,270 461 1 13 17 97 155 32 1
1967 3,607 964 78 23 24 416 311 35 0
1968 2,300 37 48 14 18 290 258 7 -
1969 2,970 378 2 18 16 14 711 - 0
1970 1,938 443 15 4 3 467 - 2 0
1971 3,316 682 20 12 29 - 589 1 >0
1972 498 124 28 115 26 609 440 2 24
1973 4,875 1,403 46 61 95 51 722 172 21
1974 3,953 676 96 44 10 260 150 21 8
1975 1,277 222 61 14 28 488 250 7 >0
1976 1,784 698 151 38 7 55 81 >0 0
1977 2,542 478 98 76 84 508 539 1 >0
1978 5,091 1,452 119 584 99 78 284 11 1
1979 2,088 611 180 64 56 48 70 2 >0
1980 2,810 605 200 54 15 4 120 6 1
1981 1,975 785 139 21 75 249 62 6 0
1982 665 213 44 86 30 12 44 >0 >0
1983 1,362 421 49 123 - 33 315 5 >0
1984 2417 757 61 - - 76 388 6 >0
1985 2,046 760 - - - 22 74 21 >0
1986 1,470 - - - - 7 45 6 1
1987 - - - - - 34 40 8 >0
1988 - - - - - 45 78 1 -
1989 - - - - - 5 8 - -

1990 . - - - - 52 . - .
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TABLE 27. Weights, in kilograms, of bluefin tuna used for cohort analyses. The estimates were obtained from the growth-
in-length and weight-length equations in Table 13 of the IATTC Annual Report for 1993.

TABLA 27. Pesos, en kilogramos, de attn aleta azu! usados para los andlisis de cohortes. Se calcularon las estimaciones
con las ecuaciones de crecimiento en peso y longitud-peso en la Tabla 13 del Informe Anual de la CTAT de 1993.

Quarter Age 0 Agel Age 2 Age 3 Age 4 Age 5
Trimestre Edad 0 Edad1 Edad 2 Edad 3 Edad 4 Edad 5
1 0.000 3.604 9.647 21.991 41518 69.655
2 0.000 4.252 12.104 26.082 47,603 78.075
3 0.345 5.694 14.996 30.739 54.385 80.276
4 1.966 7516 18.298 35.898 61.759 82.525
Quarter Age 6 Age 7 Age 8 Age 9 Age 10 Age 11
Trimestre Edad 6 Edad 7 Edad 8 Edad 9 Edad 10 Edad 11
1 84.789 94.270 104.406 115.216 126.719 138.935
2 87.067 96.708 107.008 117.987 129.664 142.059
3 89.436 99.241 109.710 120.864 132.720 145.298
4 91.846 101.816 112.456 123.785 135.821 148.584
Quarter Age 12 Age 13 Age 14 Age 15 Age 16
Trimestre Edad 12 Edad 13 Edad 14 Edad 15 Edad 16
1 151.882 165.579 180.044 195.297 211.355
2 155.189 169.073 183.732 199.181 215.441
3 158.617 172.694 187.55 203.02 219.669
4 162.092 176.365 191419 207.275 223.951

TABLE 28. Estimates of the natural mortality of bluefin used for the cohort analyses.
TABLA 28. Estimaciones de la mortalidad natural del aleta azul usadas para los anélisis de cohortes.

Vector Age 0 Agel Age 2 Age >2
—Edad 0 —Edad 1 —Edad 2 —Edad >0
1 0.20 0.20 020 0.20
2 0.35 0.30 0.25 0.20
3 0.50 0.40 0.30 0.20
4 0.30 0.30 0.30 0.30
5 0.45 0.40 0.35 0.30
6 0.60 0.50 040 0.30
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TABLE 29. Correlations for various combinations of catches of northern bluefin, WPO and EPO stand for western Pacific
Ocean and eastern Pacific Ocean, respectively.

TABLA 29. Correlaciones para varias combinaciones de capturas de aleta azul del norte. WPQ = Océano Pacifico occi-
dental; EPO = Qcéano Pacifico oriental.

Correlation Degrees of freedom r
Correlacién Grados de libertad r
1L WPQ, age 0, versus EPO, age 1 18 -0.157
2. WPO, age 0, versus EPO, age 2 18 0.442
3. WPO, age 1, versus EPO, age 1 18 -0.390
4, WPO, age 1, versus EPO, age 2 18 0.175
5. WPO, age 2, versus EPO, age 1 18 -0.322
6. WPO, age 2, versus EPO, age 2 18 -0.460*
7. EPO, age 1, versus EPO, age 2 35 0.458*
8. WPO, age 0, versus WPO, age 1 18 (.843**
9. WPO, age 0, versus WPO, age 2 17 0.174
10. WPO, age 1, versus WPO, age 2 18 0.344
11. WPO, age 0, versus WPO + EPO, age 1 17 0.757**
12. WPO, age 0, versus WPO + EPO, age 2 16 0.511*
13. EPO, age 2, versus WPO, age 0, and WPO, age 2 15 0.746%

¥ significant at the 5-percent level—significativo al nivel de 5%
** gignificant at the 1-percent level—significativo al nivel de 1%

TABLE 30. Pacific Ocean and world catches of swordfish, in metric tons.
TABLA 30. Capturas de pez espada en el Océano Pacifico y mundiales, en toneladas métricas.

Year Chile Japan Mexico Philippines Republic  USA Other Total World
of China Pacific Pacific
Afio Chile Japén México Filipinas Reptblica EUA Otros Pacific Mundial
de China Pacifico total
1971 200 10,400 - 1,500 1,033 100 400 13,433 26,742
1972 100 10,400 2 1,600 1,005 100 700 13,807 28,167
1973 400 11,100 4 1,700 1,987 300 2,300 17,391 31,983
1974 218 10498 6 1,848 1,116 295 688 14,451 29,664
1975 137 12,361 - 1,976 1,239 393 295 16,264 31,918
1976 13 15843 - 1,558 856 39 752 19,048 33,888
1977 32 13997 . 2,103 902 220 17 17,939 33,357
1978 56 14,333 - 890 719 1,009 690 17,701 38,478
1979 40 13,091 7 3,845 1,060 249 593 18,845 39,368
1980 104 11,953 380 1,716 1,459 489 649 16,646 40,418
1981 294 13,078 1,575 1,940 909 443 642 18,587 39,878
1982 285 11,350 1,365 3,468 1,107 726 633 18,649 43,716
1983 342 12511 120 2,974 1,268 1,195 702 18,770 46,587
1984 103 11,986 47 2,274 1,387 2,009 455 18,158 53,517
1985 342 13,083 18 2,036 1,429 2,370 490 19,426 59,121
1986 764 14,271 422 2,089 1,357 1,585 834 20,558 61,036
1987 2059 14,867 550 2,137 44 1221 9,243 91,762 67,045
1988 4455 15496 613 4,034 640 1,086 4,694 26,563 81,180
1989 5824 12,367 690 3,756 2,810 588 6,082 26,293 79,109
1990 4955 11,341 2,650 3,187 3,247 2,150 5,395 27,970 75,522
1991 7,255 9,936 861 3,139 208 4,597 7,749 26,490 67,870
1992 6,379 15619 1,160 4,256 800 5,948 6,841 34,624 81,568
1993 4,712 14,073 806 4,633 1,327 6,981 4,878 32,698 85,954
1994 3801 13,530 349 3,641 2,942 4,490 3,918 28,870 84,555

1995 2,594 12,532 411 4,202 7,712 3:431 2:981 31,269 89,232




TABLE 31. Catches of swordfish, in metric tons, in the eastern Pacific Ocean.

TABLA 31. Capturas de pez espada, en toneladas métricas, en el Océano Pacifico.

Year  Chile Colombia Costa Rica Ecuador Japan Mexico Peru Republic of China Republic of Korea USA Total
Ailo  Chile Colombia Costa Rica Ecuador Japén México Perd Repiiblica de China Repiiblica de Corea EUA Total
1971 200 (1) (1) (N 2,152 200 (1) 1 96 2,648
1972 100 (1) (1 (1) 2,292 2 600 1) (1) 160 3,153
1973 400 (6] (0] (1) 3,682 4 1,900 (1) (1) 379 6,366
1974 218 (1) (1) 9} 2,017 6 470 (€] (1) 439 3,150
1975 137 o) (D (1) 2,357 158 1) 9 539 3,200
1976 13 0h) o)) 1) 3,885 295 5 33 60 4,291
1977 32 1) (l) (1) 5,708 420 11 44 399 6,615
1978 56 (1) (0)) (1) 5,056 - 436 82 44 1,747 7,420
1979 40 (03] 1) (1) 3,523 7 188 20 24 243 4,045
1980 104 1 1) (1) 4434 380 216 46 75 706 5,962
1981 294 1) 1) 1) 4,536 1,575 91 38 239 669 7,441
1982 285 (] Q8] 48} 3,704 1,365 154 19 143 946 6,617
1983 342 (1) 1) 1 3,627 120 225 5 74 1,468 5,862
1984 103 )] 1) 1) 2,351 47 298 6 58 2,830 5,694
1985 342 (ah] (o8 1) 1911 18 92 6 96 3,048 5,514
1986 764 0 o)) 1) 3,629 422 33 8 269 2,144 7,269
1987 2,059 oY) 1 (1) 4587 550 62 13 269 1,598 9,137
1988 4,455 (] (1) (1) 3,710 613 129 32 169 1,560 10,668
1989 5,824 W) (1) (1 2,718 690 83 46 161 1,590 11,112
1990 4,955 (1 (1) 352 2916 2,650 2 15 672 1,460 13,021
1991 7,255 29 107 350 3,045 861 3 10 916 1,440 14,016
1992 6,379 - 21 350 2,781 1,160 21 242 337 1,622 12,919
1993, 4,712 19 33 2,930 806 19 15 2) 1,452 9,985
1994 3,801 28 2) 2,734 349 5 55 (2) 1,315 8,286
1995 2,594 - 29 222 2,172 411 - 40 (2) 1,486 6,955
1996 1,819 2) 61® 2) 2,100 396 2) 2 2) 1,087 5,463

(1) data not available—datos no disponibles

(2) data not yet received—datos todavia no recibidos
(3) catch through May 1996——capturas hasta fin de mayo de 1996

9661 LYOdHY TVANNY
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TABLE 32. Sampling coverage of the IATTC and Mexican programs during 1996 of trips by Class-6 vessels of (capacity
>400 short tons (>363 metric tons)) and by Class-5 vessels (capacity 301-400 short tons (273-363 metric tons).

TABLA 32. Cobertura de muestreo de los programas de la CIAT y México en 1996 de viajes de barcos de las clases 6
(capacidad >400 toneladas cortas (<363 toneladas métricas)) y 5 (capacidad 301-400 toneladas cortas (273-363 toneladas
métricas)).

National fleet Number of trips Trips sampled by program Percent sampled
TATTC Mexico _ Total
Flota nacional Namero de viajes Viajes muestreados por programa Porcentaje muestreado
o CIAT México Total
CLASS 6—CLASE
Belize—Belice 14 it! - 14 100.0
Colombia 36 36 - 36 100.0
Costa Rica 2 2 - 2 100.0
Ecuador? 116 116 - 116 100.0
Fed. States Micronesia 1 1 - 1 100.0
Honduras 3 3 - 3 100.0
Liberia 1 1 - 1 100.0
México 242 121 121 242 100.0
Panama 9 9 - 9 100.0
USA—EE.UU. 30 30 - 30 100.0
Vanuatu 51 51 - 51 100.0
Venezuela 104 104 - 104 100.0
Total 609 4882 1218 609* 100.0
CLASS 5 WITH DMLS—CLASE 5 CON LMD

Colombia 10 10 - 10 100.0
Ecuador 8 8 - 8 100.0
Total 18 18 - 18 100.0

1 Includes one Belize-flag, one Cyprus-flag, and two Spanish-flag vessels under the jurisdiction of Ecuador

1 Incluye un barco de bandera de Belice, uno de bandera de Chipre, y dos de bandera espafiola bajo jurisdiceidn de Ecuador
2 Includes 43 trips which departed in late 1995 and ended in 1996, and 445 trips which departed in 1996

2 Incluye 43 viajes iniciados a fines de 1995 y terminados en 1996, y 445 viajes iniciados durante 1996

3 Includes 4 trips which departed in late 1995 and ended in 1996, and 117 trips which departed in 1996

3 Incluye 4 viajes iniciados a fines de 1995 y terminados en 1996, y 117 viajes iniciados durante 1996

4 Includes 47 trips which departed in late 1995 and ended in 1996, and 562 trips which departed in 1996

4 Incluye 47 viajes iniciados a fines de 1995 y terminados en 1996, y 562 viajes iniciados durante 1996

TABLE 33. Training courses held for observers during 1996.
TABLA 33. Cursos de capacitacién de observadores celebrados durante 1996.

Date " Location Number of attendees
Fecha Sede Nimero de asistentes
July 1-17 Manta, Ecuador 16
August 6-23 Ensenada, B.C., México 13
October 29-November 13 Santa Marta, Colombia 15

Total (3 courses—cursos) 44
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TABLE 34. Incidental mortality of dolphins during 1996.
TABLA 34. Mortalidad incidental de delfines durante 1996.

Stock Mortality—Mortalidad

Offshore spotted—manchado de altamar

Northeastern~—nororiental 818

Western and southern—occidental y surefio 545
Spinner—tornillo

Eastern—oriental® 450

Whitebelly—panza blanca! 447
Common dolphin—delfin comin

Northern—nortefio 77

Central 51

Southern—sureiio 30
Other dolphins—Otros delfines? 129
Total 2,547

1 Unidentified spinner dolphins are prorated. The total for whitebelly spinners includes 2 unidentified spinner delphins.

1 Los delfines tornillo no identificados son prorrateados. El total correspondiente a los delfines tornillo panza blanca
incluye 2 delfines tornillo no identificados. .

2 “Other dolphins” includes the following species and stocks, whose observed mortalities are as follows: striped dolphins
(Stenella coeruleoalba), 5; bottlenose dolphins (Tursiops fruncatus), 11; Central American spinner dolphins (Stenella lon-
girostris centroumericana), 11; unidentified dolphins, 102.

2 “Otros delfines” incluye las siguientes especies y stocks, con las mortalidades observadas correspondientes: delfines lis-
tados (Stenella coerulecalba), 5; tursiones (Tursiops truncatus), 11; delfines tornillos centroamericanos (Stenella lon-
girostris centroamericana), 11; delfines no identificados, 102.

TABLE 35. Searching effort and numbers of sightings of dolphins during 1996.
TABLA 35. Esfuerzo de biisqueda y niimero de avistamientos de delfines en 1996.

Species and stock Number of sightings  Area of the stock Searching effort
(thousands of nm?) (thousands of nm)
Especie y stock Niimero de Area del stock Esfuerzo de
avistamientos (miles de mn?)  biisque-da (miles de mn)
Offshore spotted—Manchado de altamar
Northeastern—Nororiental 3,071 1658.3 296.7
Western and southern—Occidental y surefio 863 3552.8 197.0
Combined—Combinado 3,934 5211.1 493.6
Spinner—Tornillo
Eastern—Oriental 1,113 2267.1 394.6
Whitebelly—Panza blanca 419 41949 3412
Common—Comiin
Northern—Nortefio 32 615.3 92.0
Central 182 2186.8 288.8

Southern—Surefio 69 842.4 78.9




TABLE 36. Indices of relative abundance of dolphins for 1996, The standard errors obtained by bootstrapping are enclosed in parentheses. The prorated estimates include unidentified
spinner dolphins.

TABLA 36. Indices de la abundancia relativa de delfines en 1996. Los valores en paréntesis son los errores estdndar obtenidos con el método de bootstrap. Se obtuvieron las estimaciones en
la dltima columna prorrateando los delfines tornillo no identificados entre los stocks oriental y panza blanca de la especie.

Species and stock Effective half- width Encounter rate (herds Average herd size Number of herds Number of dolphins
of strip (nm) per 1000 mn) (thousands)
Especie y stock Medio ancho efectivo Tasa de encuentro Tamaiio promedio Niimero de Niimero de delfines (miles)
de la banda (mn) (manadas/1000 mn) de manada manadas
Offshore spotted—Manchado de altamar
Northeastern—Nororiental 4,05 (0.18) 9.18 (0.33) 4846 (15.9) 1,877 (106) 910 (56)
Western and southern—Occidental y surefio  3.94 (0.21) 4,50 {0.52) 646.6 (61.4) 2,033 (273) 1,315 (221)
Combined—Combinados 3.99 (0.26) 5,94 (0.38) 585.3 (31.5) 3,883 (323) 2,273 (216)
Spinner—Tornillo
Eastern—Oriental 3.95(0.22) 2.99(0.17) 332.0(33.8) 859 (78) 285 (42)
Prorated—Prorrateados 483 (139)
Whitebelly—Panza blanca 3.92(0.37) 2.58 (0.55) 283.9 (35.0) 1,381 (305) 392 (116)
Prorated—Prorrateados 664 (170)
Total (prorated)—Total (prorrateado) 3.68(0.24) 4.01(0.56) 415.0 (45.2) 2,761 (423) 1,146 (247)
Common—Comtin
Northern-—Nortefio 2.18 (0.33) 0.34 (0.08) 692.2 (186.7) 49 (13) 34 (12)
Central 2.23 (0.46) 0.41(0.05) 347.0 (48.9) 200 (53) 69 (17)

Southern—Surefio 1.78(0.24) 0.87(0.19) 512.3 (115.1) 207 (56) 106 (32)

4
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TABLE 37. Coverage of the bycatch data base.
TABLA 37. Cobertura de la base de datos de capturas incidentales.

Year Set type Sets Percent coverage
Total In data base
Aiio Tipo de lance Lances Porcentaje de cobertura
Total En hase de datos
1993  dolphin—delfin 6,953 2,865 41,2
free-swimming—no asociado 6,267 3,257 52.0
floating object—objeto flotante 2,063 955 46.3
total 15,283 7,077 46.3
1994  dolphin—delfin 7,804 5,280 67.7
free-swimming—no asociado 5,070 3,270 64.5
floating object—objeto flotante 2,770 2,341 84.5
total 15,644 10,891 69.6
1995  dolphin—delfin 7,187 5,583 1.9
free-swimming—no asociado 5,124 3,360 65.6
floating object—objeto flotante 3,568 3,249 91.1
total 15,879 12,192 76.8
1996  dolphin—delfin 7,483 5,842 78.1
free-swimming—no asociado 5,387 3,225 59.9
floating object—objeto flotante 4,160 4,062 97.6
total 17,030 13,129 771

TABLE 38. Estimated discards of commercially-important tunas, in metric tons.
TABLA 38. Descartes estimados de atunes de importancia comercial, en toneladas métricas.

Year Species Set type

Dolphin Free-swimming Floating ohject Total

Afio Especie Tipo de lance
Delfin No asociado Objeto flotante Total
1993 yellowfin—aleta amarilla 378 2,183 3,632 6,193
skipjack—barrilete 118 1,486 14,988 16,592
bigeye—patudo 0 21 498 519
black skipjack—barrilete negro 0 100 1,509 1,609
total 496 3,790 20,626 24913
1994 yellowfin—aleta amarilla 832 671 3,975 5477
skipjack—barrilete 35 1,250 11,948 13,233
bigeye—patudo 1 62 1,897 1,960
black skipjack—barrilete negro 0 273 1,668 1,940
total 868 2,256 19,488 22,610
1995 yellowfin—aleta amarilla 2,405 268 3,149 5,822
skipjack—barrilete 383 2,114 21,150 23,647
bigeye—patudo 0 16 2,142 2,758
black skipjack—barrilete negro 188 2,175 2,020 4,383
total 2,976 4,573 29,061 36,610
1996 yellowfin—aleta amarilla 1,162 1,242 5,679 8,083
skipjack—barrilete 194 1,307 28,899 30,400
bigeye—patudo 0 33 4,591 4,623
black skipjack—barrilete negro 1711 724 13,423 14,317

total 1,527 3,306 52,592 57,423
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TABLE 39. Estimated discards of animals other than commercially-important tunas, in numbers of individuals.
TABLA 39. Descartes estimados de organismos aparte de atunes de importancia comercial, en niimero de individuos.

Year Species Set type
Dolphin Free-swimming Floating object Total
Aiio Especie Tipo de lance
Delfin No asociado Objeto flotante Total
1993 dolphins—delfines 3,601 3,601
billfishes—peces de pico 254 511 651 1,416
mahi mahi—dorado 134 10,889 132,344 143,366
wahoo—peto 28 4,462 23,635 28,125
rainbow runner—salmén 2 29 6,250 6,281
yellowtail—jurel 30 9,957 4,217 14,204
other large teleost fish—otros peces
teledsteos grandes 3 202 8,066 8,271
bullet tuna—melvas 2 188 1,733 1,922
trigger fish—peces ballesta 0 902 409,360 410,262
other small teleost fish—
otros peces teledsteos pequefios 12,220 8,393 436,824 457,437
sharks and rays—tiburones y rayas 1,746 11,771 17,354 30,871
sea turtles—tortugas marinas 24 75 41 140
1994 dolphins—delfines 4,095 4,095
billfishes—peces de pico 344 527 1,153 2,024
mahi mahi—dorado 68 6,714 610,073 616,855
wahoo—peto 118 550 377,409 318,077
rainbow runner—salmén 1 31 9,352 9,384
yellowtail—jurel 3,820 1,490 10,637 15,947
other large teleost fish—
otros peces teledsteos grandes 39 12,257 3,317 15,613
bullet tuna—melvas 2 213 337 552
trigger fish—peces ballesta 282 1,217 320,995 322,494
other small teleost fish—
otros peces teledsteos pequefios 12,812 132,545 324,368 469,725
sharks and rays—tiburones y rayas 1,909 13,486 24,662 40,057
sea turtles—tortugas marinas 59 22 43 124
1995 dolphins—delfines 3,274 3,274
billfishes—peces de pico 517 532 1,149 2,198
mahi mahi—dorado 382 16,247 471,828 488,457
wahoo—peto 81 196 227,618 221,895
rainbow runner—salmén 7 12 8,732 8,751
yellowtail—jurel 0 6,817 13,083 19,900
other large teleost fish—
otros peces teledsteos grandes 8 7,722 1,996 9,726
bullet tuna—melvas 5 103 418 527
trigger fish—peces ballesta 1,105 9,816 731,377 748,298
other small teleost fish—
otros peces teledsteos pequefios 28,142 34,230 1,733,987 1,796,359
sharks and rays—tiburones y rayas 6,322 6,444 29,941 42,707
sea turtles—tortugas marinas 26 17 88 131
1996 dolphins—delfines 2,547 2,547
billfishes—peces de pico 646 440 1,384 2,470
mahi mahi—dorado 343 5,519 607,092 612,954
wahoo—peto 16 222 152,480 152,718
rainbow runner—salmén 1 7,350 25,812 33,163
yellowtail—jurel 0 94,258 14,758 109,016
other large teleost fish—
otros peces teledsteos grandes 11 48,884 7,475 56,370
bullet tuna—melvas 24 282 749 1,056
trigger fish—peces ballesta 1,498 3,425 373,601 378,524
other small teleost fish—
otros peces teledsteos pequefios 86,376 46,588 314,818 447,783
sharks and rays—tiburones y rayas 5,209 5,531 35,586 46,326
sea turtles—tortugas marinas 17 17 74 108
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INFORME ANUAL DE LA
COMISION INTERAMERICANA DEL ATUN TROPICAL, 1996

INTRODUCCION

La Comisién Interamericana del Atin Tropical (CIAT) funciona bajo la autoridad y direc-
cién de un convenio suscrito originalmente por Costa Rica y los Estados Unidos de América. El
convenio, vigente desde 1950, estd abierto a la afiliacién de cualquier pafs cuyos ciudadanos
pesquen atunes tropicales y especies afines en el Océano Pacifico oriental. Bajo esta estipulacién,
la Repiiblica de Panam4 se afilié en 1953, Ecuador en 1961, México en 1964, Canadd en 1968,
Japén en 1970, Francia y Nicaragua en 1973, Vanuatu en 1990, y Venezuela en 1992. Ecuador
se retir6 de la CIAT en 1968, México en 1978, y Canad4 en 1984.

La CIAT cumple su mandato mediante dos programas, el Programa Atun-Picudo y el
Programa Atin-Delfin. Las responsabilidades principales del primero son (1) estudiar la biologia
de los atunes y especies afines en el Océano Pacifico oriental para evaluar los efectos de la pesca
y los factores naturales sobre su abundancia, y (2) recomendar las medidas de conservacién
apropiadas para que los stocks de peces puedan mantenerse a niveles que permitan las capturas
méximas sostenibles. Las responsabilidades principales del Programa Atin-Delfin son (1) con-
trolar la abundancia de las poblaciones de delfines y su mortalidad incidental a la pesca, medi-
ante la toma de datos a bordo de embarcaciones atuneras de cerco pescando en el Pacifico oriental,
(2) analizar esta informacién y formular recomendaciones apropiadas para la conservacién de los
delfines, (3) estudiar las causas de la mortalidad de delfines en las maniobras de pesca e instar a
los pescadores a adoptar aquellas técnicas de pesca que minimicen esa mortalidad, y (4) estudiar
los efectos de las distintas modalidades de pesca sobre los varios peces y demds animales del eco-
sistema pelagico.

Para llevar a cabo estas misiones, la CIAT realiza una amplia investigacién en el mar, en
los puertos donde se desembareca el atiin, y en sus laboratorios. Estos estudios son llevados a cabo
por un equipo internacional permanente de investigadores y técnicos (Anexo 1), seleccionados por
el Director, quien responde directamente ante la Comisién.

El programa cientifico se encuentra en su 46° afio. Los resultados de las investigaciones
del personal de la CIAT son publicados en la serie de Boletines de la CIAT en inglés y espafiol, los
dos idiomas oficiales, en su serie de Informes Especiales, y en libros, revistas cientificas externas,
y revistas comerciales. En un Informe Anual, asimismo bilingtie, se describen las actividades
realizadas en el afio en cuestion.
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REUNIONES DE LA COMISION

El Convenio de la CIAT estipula que la Comisién se reina al menos una vez al afio.
Adicionalmente, casi siempre se celebran en conjunto con las reuniones de la CIAT reuniones
intergubernamentales, en las cuales participan representantes de gobiernos miembros y no
miembros interesados en las pesquerias de atunes tropicales del Océano Pacifico oriental. El
Acuerdo para la Conservacién de Delfines, o Acuerdo de La Jolla, adoptado en la 24° reunién
intergubernamental, celebrada en junio de 1992, establecié dos grupos de trabajo permanentes,
el Panel Internacional de Revisién y el Consejo Cientifico Asesor. (Se presenta el texto de dicho
Acuerdo en el Anexo 2 del Informe Anual de la CIAT de 1992.) En la seccién siguiente se resume
lo ocurrido en las reuniones de la CIAT, el Panel de Revision, e intergubernamentales celebradas
en 1996,

57° REUNION DE LA CIAT

La CIAT celebré su 57° reunién en La Jolla, California (EE.UU.) del 21 al 23 de octubre de
1996, bajo la presidencia del Sr. Brian Hallman, de Estados Unidos. Asistieron representantes
de siete gobiernos miembros, mas observadores de Canadd, Colombia, Ecuador, El Salvador,
Espaiia, México, la Repiblica de China, la Federacion Rusa, la Comunidad Europea, la Comisién
Ballenera Internacional, la Comisién Internacional para la Conservacién del Atiin Atlantico,
Great Lakes Fishery Commission, la Organizacién Latinoamericana de Desarrollo Pesquero
(OLDEPESCA), American Cetacean Society, Center for Marine Conservation, Earth Island
Institute, Fishermen’s Coalition, la Fundacién para la Defensa de la Naturaleza, Greenpeace
International, Humane Society International, la Red Mexicana de Accién Frente al Libre
Comercio, y Whale and Dolphin Conservation Society.

Se adopt6 la agenda siguiente:

1. Apertura de la reunién
Aprobacion de la agenda
Revisién de la investigacion atunera actual
El afo pesquero 1995
Condicién de los stocks de atunes
Revisién del programa atin-delfin: investigaciones y extension
Revisién del Programa Internacional de Conservacion de Delfines
Recomendaciones y resoluciones para 1996
9. Programa de investigacién y presupuesto recomendado para el AF 1997-1998

10. Fecha y sede de la préxima reunién

11. Nombramiento de funcionarios

12. Otros asuntos

a) Declaracién y Plan de Accién de Kyoto
b) Otros temas

18. Clausura

Se suspendié la reunién de la CIAT el 21 de octubre y se convocd una reunion interguber-
namental, a la que asistieron todos los representantes nacionales presentes en la reunién de la
CIAT, en calidad de participantes u observadores. El tema principal de esta reunién era el
Programa Internacional para la Conservacién de Delfines (establecido por el Acuerdo para la
Conservacién de Delfines) y la implementacion de la Declaracién de Panamd (Informe Anual de
la CIAT de 1995: Anexo 3). Los representantes de varios gobiernos y organizaciones intervinieron

© Mo G oD



INFORME ANUAL 1996 209

con respecto al segundo. El representante de México ley6 una declaracién, presentada en el
Anexo 2 de este informe, en la cual anuncié que México suspenderia su participacién en el
Programa, pero que esto no era lo mismo que retirarse por completo, y que México siempre
“actuard de manera consistente con los estdndares ambientales internacionalmente aceptados.”
En el Anexo 3 se presenta el texto de una declaracion conjunta presentada por el representante
de Colombia en nombre de los gobiernos de Colombia, Costa Rica, Ecuador, Panamd, Vanuatu, y
Venezuela.

Tras clausurarse la reunién intergubernamental, se reanud6 la reunién de la CIAT el dia
22 de octubre.

El personal de la CIAT recomend6 una cuota de captura de aleta amarilla de 235.000
toneladas cortas en el Area de Regulacién de 1a Comisién para el Aleta Amarilla (ARCAA) durante
1996, con la opcién de aumentar este limite, a discrecién del Director, por hasta tres incrementos
de 20.000 toneladas cada uno. En el Documento N° 2 preparado para la reunién, disponible de la
CIAT a peticidn, se explican los motivos de esta recomendacion.

Se tomaron las siguientes acciones:

(1) Se aprob6 una resolucién en borrador preparada por el personal de la CIAT sobre la con-
servacion del aleta amarilla, El texto de la resolucién reza como sigue:

La Comision Interamericana del Atun Tropical, teniendo la responsabilidad del estudio cienti-
fico de los atunes y especies afines del Océano Pacifico oriental, y de formular recomendaciones a
las Altas Partes Contratantes con respecto a dichos recursos, y habiendo mantenido desde 1950 un
programa cientifico ininterrumpido dedicado al estudio de dichos recursos,

Observa que el recurso de atlin aleta amarilla en el Pacifico oriental sostiene a una de las pes-
querias de atunes con artes de superficie mas importantes del mundo, y

Reconoce, con base en la experiencia previa en esta pesqueria, que existe la posibilidad de
reducir fa produccién potencial del recurso si el esfuerzo de pesca es excesivo;

Tiene presente que el cumplimiento satisfactorio del programa de conservacion entre 1966 y
1979 mantuvo los stocks de aleta amarilla a altos niveles de abundancia, y

Nota que de 1980 a 1995, con la excepcién de 1987, a pesar de no haberse establecido pro-
gramas de conservacion, el personal cientifico de la Comisién recomendé medidas de conservacion
a los Comisionados, quienes a su vez aprobaron dichas medidas para recomendacion a sus gob-
iernos respectivos, y

Observa que, a pesar de que el stock de aleta amarilla esta en un nivel de abundancia por
encima del 6ptimo, es posible sobreexplotarlo,

Concluye que, si las condiciones lo justifican, se deberia instrumentar una limitacién de la cap-
tura de aleta amarilla en 1996.

La Comisién Interamericana del Atun Tropical recomienda por lo tanto a las Altas Partes
Contratantes que se establezca para el afio civil 1996 una cuota de 235,000 toneladas cortas sobre
la captura total del atiin aleta amarilla del ARCAA (definida en la resolucion adoptada por la Comision
el 17 de mayo de 1962), y que se autorice al Director a aumentar este limite por un maximo de tres
incrementos de 20,000 toneladas cortas cada uno, si el analisis de los datos disponibles le lleva a fa
conclusion que estos incrementos no perjudicarian el stock de forma sustancial, y

Recomienda finalmente que todas las naciones miembros y demas naciones interesadas tra-
bajen con diligencia por lograr el cumplimiento de este programa de conservacion del atun aleta
amarilla en 1996.

(2) La Comisién aprobé un presupuesto de US$ 4.547.388 (cantidad que no incluye los
aportes para sufragar los gastos de asignar observadores a los barcos) para el afio fiscal 1997-
1998.
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(3) La Comisién respaldé la Declaracién y Plan de Accién de Kyoto sobre la Contribucién
Sostenible de la Pesca a la Seguridad Alimentaria.

(4) La Comisién acordd que celebraria su préxima reunién en San José 