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ANNUAL REPORT OF THE
INTER-AMERICAN TROPICAL TUNA COMMISSION, 1999

SPECIAL NOTICE

Dr. James Joseph, Director of the IATTC for 30 years, retired on June 30, 1999, after more
than 40 years of employment with the IATTC.

He was born in Los Angeles in 1930. After graduating from high school, he entered
Humboldt State College (now Humboldt State University). His education was interrupted by ser-
vice in the U.S. Army from 1952 to 1954. He then returned to Humboldt State, from which he
obtained a B.S. degree in 1956 and an M.S. degree in 1958. He was then hired by the IATTC, and
spent the next two years in Manta, Ecuador, studying baitfishes and tagging tunas. He was then
transferred to Terminal Island, California, and then to La Jolla. Because of his obvious ability,
Dr. J. L. Kask, Director of the IATTC at the time, named him Principal Scientist of the IATTC in
1964. He earned his Ph.D. degree from the University of Washington, where he studied popula-
tion dynamics under the late Dr. Gerald J. Paulik, in 1967. In 1969, when Dr. Kask retired, Dr.
Joseph was selected as the new Director of the IATTC.

Many changes took place in the tuna fisheries of the world, especially those of the eastern
Pacific Ocean (EPO), during the three decades when Dr. Joseph was Director of the IATTC.
Larger, more efficient boats were constructed, and many of them were registered in nations which
had not previously been important participants in the fishery. The concept of 200-mile Exclusive
Economic Zones was not widely recognized at the beginning of this period, but now these are vig-
orously enforced by most nations. The catches of tunas increased greatly during this period, and
many stocks of tunas now appear to be fully exploited. At least two of them, Atlantic bluefin and
southern bluefin, are considered to be overexploited. As a result, many fisheries for tunas are
now regulated.

In addition, there has been much concern about the effect of fishing on incidentally-caught
species, particularly marine mammals. During most years of the 1960s, 1970s, and early 1980s
the annual mortalities of dolphins in the EPO due to the purse-seine fishery for tunas exceeded
100,000 animals. In 1972 the U.S. Marine Mammal Protection Act (MMPA), which profoundly
affected the fisheries for tunas in the EPO was passed, and its provisions were gradually
strengthened during the ensuing period. Under Dr. Joseph’s leadership, the IATTC initiated its
Tuna-Dolphin Program, placing observers aboard fishing vessels to collect data on fishing activi-
ties and dolphin mortality, sponsoring seminars to facilitate the transfer of dolphin-saving tech-
niques from the more skilled to the less skilled fishermen, and conducting basic research on the.
population dynamics of dolphins. In 1986, the first year in which the IATTC placed observers
aboard tuna vessels of all nations, the annual mortality exceeded 133,000 animals. In June 1992
the nations involved in the fishery adopted the Agreement for the Conservation of Dolphins (“the
1992 La Jolla Agreement”), a voluntary instrument designed to reduce or eliminate the mortality
of dolphins, and by 1998 this had decreased to less than 2,000 animals, a biologically-insignifi-
cant amount. On May 21, 1998, the Agreement on the International Dolphin Conservation
Program, which formalizes, extends, and adds to the provisions of the 1992 La Jolla Agreement,
was signed, and it subsequently came into effect on February 15, 1999, when four nations had
ratified it. During the period when the dolphin mortalities were decreasing precipitously the
catches of tunas in the EPO were increasing, demonstrating that it is not necessary to curtail
fishing to protect dolphins. Dr. Joseph provided leadership through the many years of this com-
plex and difficult process, and he deserves much of the credit for this remarkable achievement.
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Tunas and billfishes were certainly not neglected during this period. For example, the
IATTC staff has pioneered in the development of methods for stock assessment of tunas, and the
population dynamics of yellowfin tuna in the EPO are probably better understood those of any
other stock of tunas. Also, great strides in understanding of the reproduction and early life his-
tory of tunas have been made through work in the field and at the IATTC’s Achotines Laboratory
in Panama, established during Dr. Joseph’s tenure as Director. The IATTC staff, in cooperation
with several other organizations, is now developing a modeling approach to evaluate the relative
ecological implications of alternative fishing strategies in the EPO.

Dr. Joseph is an affiliate professor at the University of Washington and at the Universidad
Nacional Auténoma de México. He has served on numerous advisory committees, task forces, and
consultative groups in the United States and elsewhere, including those of the U.S. National
Academy of Sciences, Department of Commerce, and Department of the Interior. He has lectured
on subjects relating to marine research and resource conservation all over the world.
Additionally, he has served as a technical advisor to many international organizations, govern-
ment ministries, and heads of state on matters pertaining to marine science, especially marine
resource development, management, and conservation. He has published numerous papers and
articles in scholarly and trade journals, and has co-authored three books.

His many awards and honors include the Distinguished Alumnus Award, Humboldt State
University; Outstanding Achievement Award for Contributions to Marine Science, Portuguese
Historical Society, San Diego; Outstanding Graduate in Fisheries, Humboldt State University;
Nautilus Award, Marine Technological Society; Dave Wallace Award, Nautilus Press, Inc.; Docteur
Honoris Causa, Université de Bretagne, Brest, France; Roger Revelle Award, San Diego Oceans
Foundation; Al Mérito Pesquero Award, Ministry of Commerce of Ecuador. In addition, the
TATTC was selected as the recipient of the Carl L. Sullivan Fishery Conservation Award of the
American Fisheries Society in 1994.

Dr. Robin Allen succeeded Dr. James Joseph as Director of the TATTC on July 1, 1999.
Dr. Allen received a B.Sc. Hons. degree in mathematics at Victoria University of Wellington (New
Zealand) in 1965 and a Ph.D. degree in zoology at the University of British Columbia (Canada)
in 1972. From 1965 to 1976 he was employed by the Ministry of Agriculture and Fisheries, New
Zealand. From 1976 to 1981 he was employed by the IATTC, where he initially worked on the
use of catch rate data to estimate the abundance of tunas, and later was in charge of the Tuna-
Dolphin Program. From 1981 to 1995 he held various positions in the New Zealand Ministry of
Agriculture and Fisheries, including Director of Fisheries Research and Group Director of
Fisheries Policy. From 1995 to 1999 he was Asgistant Director of the IATTC.
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INTRODUCTION

The Inter-American Tropical Tuna Commission (IATTC) operates under the authority and direc-
tion of a convention originally entered into by Costa Rica and the United States. The convention, 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 (EPO). 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, Venezuela in 1992, and El Salvador in 1997. Canada withdrew from the IATTC
in 1984,

The IATTC’s responsibilities are met with two programs, the Tuna-Billfish Program and the
Tuna-Dolphin Program.

The principal responsibilities of the Tuna-Billfish Program specified in the [ATTC's convention
were (1) to study the biology of the tunas and related species of the eastern Pacific Ocean to estimate
the effects that fishing and natural factors have on their abundance and (2) to recommend appropriate
conservation measures so that the stocks of fish could be maintained at levels which would afford max-
imum sustainable catches. It was subsequently given the responsibility of collecting information on
compliance with Commission resolutions.

The TATTC's responsibilities were broadened in 1976 to address the problems arising from the
incidental mortality in purse seines of dolphins that associate with yellowfin tuna in the EPO. The
Commission agreed that it “should strive to maintain a high level of tuna production and also to main-
tain [dolphin] stocks at or above levels that assure their survival in perpetuity, with every reasonable
effort being made to avoid needless or careless killing of [dolphins]” (IATTC, 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 purse-seine fishing in the EPO, (2) to study the
causes of mortality of dolphins during fishing operations and promote the use of fishing techniques and
equipment that minimize these mortalities, (3) to study the effects of different modes of fishing on the
various fish and other animals of the pelagic ecosystem, and (4) to provide a secretariat for the
International Dolphin Conservation Program, described below.

On June 17, 1992, the Agreement for the Conservation of Dolphins (“the 1992 La Jolla
Agreement’), which created the International Dolphin Conservation Program (IDCP), was adopted.
The main objective of the Agreement was to reduce the mortality of dolphins in the purse-seine fishery
without harming the tuna resources of the region and the fisheries that depend on them. On May 21,
1998, the Agreement, on the International Dolphin Conservation Program (AIDCP), which built on and
formalized the provisions of the 1992 La Jolla Agreement, was signed, and it came into effect on
February 15, 1999. The Parties to this agreement would be “committed to ensure the sustainability of
tuna stocks in the eastern Pacific Ocean and to progressively reduce the incidental mortalities of dol-
phins in the tuna fishery of the eastern Pacific Ocean to levels approaching zero; to avoid, reduce and
minimize the incidental catch and the discard of juvenile tuna and the incidental catch of non-target
species, taking into consideration the interrelationship among species in the 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 permanent, interna-
tionally-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 49th year. The results of the IATTC staff’s research are pub-
lished in the IATTC's Bulletin series in English and Spanish, its two official languages, in its Special
Report and Data Report series, and in books, outside scientific journals, and trade journals. Summaries
of each year’s activities are reported upon in the JATTC’s Annual Reports, also in the two languages.
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MEETINGS

Copies of the minutes or reports of all of these meetings are available from the IATTC on
request, and most of these are available on the IATTC’s web site, www.iattc.org.

IATTC MEETINGS
63rd meeting of the IATTC

The 63rd meeting of the IATTC was held in Guayaquil, Ecuador, on June 8-10, 1999. Ab.
Gustavo Gutiérrez Vera of Ecuador served as Chairman. Representatives of all the member gov-
ernments attended, as did observers from Belize, Chile, Colombia, the European Union,
Guatemala, Peru, the Seychelles, Spain, Taiwan, the Comision Permanente del Pacifico Sur, the
Forum Fisheries Agency, the International Commission for the Conservation of Atlantic Tunas,
the Organizacién Latinoamericana de Desarrollo Pesquero, the Programa Regional de Apoyo al
Desarrollo de la Pesca en el Istmo Centroamericano, the Center for Marine Conservation, the
Fundacién para la Defensa de la Naturaleza, the Humane Society International, the Humane
Society of the United States, the Whale and Dolphin Conservation Society, and the World
Wildlife Fund.

The following actions were taken:

(1) A permanent working group on compliance with conservation and management mea-
sures adopted by the IATTC was established.

(2) A catch quota for yellowfin tuna of 225,000 metric tons (mt), with three increments of
15,000 mt each to be added at the discretion of the Director, was adopted.

(3) A resolution welcoming Japan’s 20-percent reduction in the number of large tuna long-
line vessels, and calling upon other nations to do the same, was adopted.

(4) A resolution commending Dr. James Joseph, Director of the IATTC from July 1, 1969,
through June 30, 1999, for his dedicated service and for his many achievements was adopted.

(5) A protocol to amend the IATTC convention to permit the adherence of the European
Union was adopted, and representatives of Ecuador, France, the United States, and Vanuatu
signed it. The protocol must be ratified by all members of the IATTC before it becomes effective.

(6) A resolution concerning fish-aggregating devices (FADs) and bigeye tuna was adopted.
Two of the member nations were not represented at the meeting at that time, however, and sub-
sequently those nations objected to the resolution. The matter was subsequently reconsidered at
the 64th meeting of the IATTC, held in July 1999.

(7) A working group on finance was established.

64th meeting of the IATTC

The 64th meeting of the IATTC was held in La Jolla, California, USA, on July 21-22, 1999.
Mr. William Gibbons-Fly of the United States served as Chairman. Representatives of the
member governments of Costa Rica, Ecuador, France, Japan, Mexico, Nicaragua, Panama, the
United States, Vanuatu, and Venezuela attended, as did observers from Colombia, the European
Union, Spain, the Center for Marine Conservation, the Humane Society of the United States, the
Whale and Dolphin Conservation Society, and the World Wildlife Fund.
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The following actions were taken:

(1) A resolution establishing a catch quota of 40,000 mt for bigeye tuna was adopted. This
would be implemented by prohibiting sets on all types of floating objects when the limit
was reached.

(2) A resolution on FADs was adopted. This would be implemented by (1) prohibiting the
transshipment of tuna caught by purse seiners in the EPO unless the transfer of the fish occurred
in port and (2) prohibiting the use of tender vessels operating in support of vessels fishing on
FADs in the EPO.

65th meeting of the IATTC

The 65th meeting of the IATTC was held in La Jolla, California, USA, on October 4-10,
1999. Mr. Svein Fougner of the United States was appointed Chairman of the IATTC, and
presided at the meeting. Representatives of all the member governments attended the meeting,
as did observers from Colombia, the European Union, Guatemala, Peru, Spain, Taiwan, the
Comisién Permanente del Pacifico Sur, the International Whaling Commission, Organizacién
Latinoamericana de Desarrollo Pesquero, Organizacién del Sector Pesquero y Acuicola del Istmo
Centroamerica, the Center for Marine Conservation, the Humane Society of the United States,
the Whale and Dolphin Conservation Society, and the World Wildlife Fund.

The following actions were taken:

(1) A resolution for restricting fishing for yellowfin in 1999 after the catch of that species
in the Commission’s Yellowfin Regulatory Area (CYRA) reached 240,000 mt was adopted. This
resolution required that fishing for yellowfin by purse seiners and baitboats cease in two areas,
one off Mexico and the other off northern South America. It also required that fishing for yel-
lowfin by purse seiners and baitboats be curtailed in the CYRA on December 2, 1999, or when the
catch of yellowfin in the CYRA reached 265,000 mt, whichever came first.

(2) A resolution on the conservation of higeye was adopted. This resolution established a
limit of 40,000 mt on the catch of bigeye in the EPO in 2000, which would be implemented by pro-
hibiting sets on floating objects if the limit were reached before the IATTC meeting of June 2000.

(3) A draft resolution prepared by the Working Group on Finance was adopted.

(4) A resolution on bycatches was adopted.

MEETINGS OF IATTC WORKING GROUPS
Second meeting of the Permanent Working Group on Fleet Capacity

The second meeting of the Permanent Working Group on Fleet Capacity was held in La
Jolla, California, USA, on October 8-9, 1999. Ambassador Jean-Frangois Pulvenis of Venezuela
served as Chairman. A draft proposal for limitation of fleet capacity was circulated and dis-
cussed, but not accepted. It was agreed that the working group would meet again in San Jose,
Costa Rica, on January 26-28, 2000.

First meeting of the Working Group on Fish-Aggregating Devices (FADS)

This working group, which was established by a resolution adopted at the 62nd meeting of
the TATTC on October 15-17, 1998, met in Ensenada, Mexico, on January 27, 1999. Lic. Mara
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Murillo Correa of Mexico presided at the meeting, which was attended by representatives of
Colombia, Costa Rica, Ecuador, El Salvador, the European Union, France, Guatemala, Japan,
Mexico, Nicaragua, Peru, Spain, Taiwan, the United States, Vanuatu, Venezuela, and the envi-
ronmental community. Proposals submitted by Ecuador, the European Union and Spain, Mexico,
and the United States were discussed, and it was agreed that the IATTC staff would analyze
these proposals and prepare a report describing its results. This report would be considered at
the next meeting of the working group, which would take place before the 63rd meeting of the
IATTC (June 7-9, 1999), so that its recommendations could be presented at the IATTC meeting.

Second meeting of the Working Group on Fish-Aggregating Devices (FADS)

The second meeting of the Working Group on Fish-Aggregating Devices was held in
Guayaquil, Ecuador, on June 7, 1999. Lic. Mara Murillo Correa of Mexico presided at the
meeting, the purpose of which was to consider possible measures to regulate the use of FADs in
the fishery for tunas in the eastern Pacific Ocean in accordance with a resolution approved by the
IATTC at its 62nd meeting on October 17, 1998.

Informal consultations on a review of the IATTC convention

Informal consultations on a review of the JATTC convention were held in Ensenada,
Mexico, on January 28, 1999. Views were exchanged concerning amending the convention by pro-
tocol to allow for membership of regional economic integration organizations and separate-cus-
toms territories.

Working Group on Bycatch

A meeting of the Working Group on Technology and Fishing Techniques, one of two sub-
groups of the IATTC Working Group on Bycatch, was held in La Jolla, California, USA, on March
13-14, 1999. The main objective was to provide the Purse-Seine Bycatch Working Group with a
review of options, including those already available and those that could be developed, to reduce
the bycatches in the fishery.

A meeting of the Working Group on Ecological Studies and Modeling, the second subgroup
of the IATTC Working Group on Bycatch, was held in La Jolla on April 26-28, 1999. The group
discussed various approaches for developing an ecosystem model for the tropical eastern Pacific
Ocean, The purpose of this type of modeling is to provide an ecological basis for limiting or
reducing the bycateh. Based on the best information available, the predator-prey relationships of
the principal members of the food web are hypothesized, and the effects of alternative fishing
strategies on the bycatch and target species are explored.

The first report of the Working Group on Bycatch was distributed at the 63rd meeting of
the IATTC. Parts of the contents of an appendix of this report dealing with ecological studies and
modeling are summarized in the section of this report entitled ECOLOGICAL STUDIES.

First meeting of the Working Group on Finance

The first meeting of the Working Group on Finance was held in La Jolla, California, USA,
on October 7-10, 1999. Dr. William Hogarth of the United States served as Chairman. Several
drafts of a resolution for financing the IATTC were considered, and one was presented to the ple-
nary. Financing of the IATTC would be considered further at the next meeting of the Working
Group, scheduled for February 9-10, 2000.
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INTERGOVERNMENTAL MEETINGS
38th Intergovernmental Meeting

The 38th Intergovernmental meeting was held in Miami, Florida, USA, on March 15-16,
1999. Dr. William Hogarth of the United States presided at the meeting, which was attended by
representatives of Costa Rica, Ecuador, El Salvador, the European Union, Guatemala, Japan,
Mexico, Nicaragua, Panama, Spain, Taiwan, the United States, Venezuela, and the environ-
mental community. A resolution inviting the eligible states and regional economic integration
organizations that had not signed the Agreement on the International Dolphin Conservation
Program to do so before May 14, 1999, was adopted.

39th Intergovernmental Meeting (IGM) and first meeting of the Parties to the Agreement
on the International Dolphin Conservation Program

The 39th Intergovernmental Meeting and the 1st Meeting of the Parties to the Agreement
on the International Dolphin Conservation Program were both opened in Guayaquil, Ecuador, on
June 11, 1999. Tt was decided to combine the two meetings, and Mr. Brian S, Hallman of the
United States was elected Chairman. Due to lack of time, the meetings did not progress beyond
the discussion of the agendas for the meetings, and it was decided that they should be continued
in La Jolla, California, on July 22, 1999. The meeting resumed, as planned, on that date.
Representatives of Colombia, Costa Rica, Ecuador, the European Union, France, Japan, Mexico,
Nicaragua, Panama, Spain, the United States, Vanuatu, and Venezuela were in attendance.

The following actions were taken:

(1) The Tuna Tracking System, a system for monitoring the “dolphin-safe” status of tunas
caught in the EPO was approved.

(2) A system for allocation of per-stock, per-year dolphin mortality limits for the year 2000
was approved.

MEETINGS OF THE AIDCP, THE IRF, AND AIDCP WORKING GROUPS

Second meeting of the Parties to the Agreement on the International Dolphin
Conservation Program (AIDCP)

The second meeting of the Parties to the Agreement on the International Dolphin
Conservation Program was held in La Jolla, California, USA, on October 11, 1999. Mr. William
Gibbons-Fly of the United States served as Chairman. Representatives of Ecuador, El Salvador,
the European Union, Mexico, Panama, the United States, Vanuatu, and Venezuela (all members),
Colombia, Costa Rica, Guatemala, Peru, and Taiwan (all non-members), the Center for Marine
Conservation, the Humane Society of the United States, and the World Wildlife Fund were in
attendance.

The following actions were taken:

(1) A resolution to support the on-board observer program and to establish a working group
to develop captain incentives was adopted.

(2) A resolution committing the Parties to participate fully in dolphin necropsy studies
was adopted.
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Meetings of the International Review Panel

The International Review Panel (IRP) has met three times each year since 1993, At the
20th, 21st, and 22nd meetings of the IRP the staff presented information from observer reports
concerning possible infractions of the AIDCP, and these were reviewed by the IRP and, in some
cases, referred to the government in question for appropriate action. Also, members of the IRP
reported on actions taken by their governments in response possible infractions identified previ-
ously by the Panel.

20th meeting of the International Review Panel

The 20th meeting of the IRP was held in Ensenada, Mexico, on January 25-26, 1999. Lic.
Mara Murillo Correa of Mexico presided at the meeting, which was attended, as members, by rep-
resentatives of Colombia, Costa Rica, Ecuador, El Salvador, France, Mexico, Nicaragua, Panama,
Spain, the United States, Vanuatu, Venezuela, the tuna industry, and the environmental com-
munity. Representatives of the European Union and the Programa Nacional de Aprovechamiento
del Attin y Proteccion de Delfines (PNAAPD) of Mexico attended as observers.

21st meeting of the International Review Panel

The 21st meeting of the IRP was held in Guayaquil, Ecuador, on June 4-5, 1999. Ab.
Gustavo Gutiérrez Vera of Ecuador presided at the meeting, which was attended by representa-
tives of Colombia, Costa Rica, Ecuador, Mexico, Panama, Spain, the United States, Vanuatu,
Venezuela, the tuna industry, and the environmental community. A representative of the
European Union attended as an observer.

The IRP allocated 1999 second-semester Dolphin Mortality Limits (DMLs) of 20 dolphins
to each of 10 vessels. These DMLs would become effective on July 1, 1999. As of June 4, requests
had been received for 9 of the 37 vessels that had not utilized their DMLs to keep these for the
remainder of the year, and 10 requests for second-semester DMLs were also received. The Panel
approved all of these requests. Subsequently four additional requests for permission to maintain
unutilized DMLs were received, and these were eventually approved.

22nd meeting of the International Review Panel

The 22nd meeting of the IRP was held in Ensenada, Mexico, on October 1, 1999. Lic. Mara
Murillo of Mexico presided at the meeting, which was attended by representatives of Colombia,
Costa Rica, Ecuador, the European Union, Guatemala, Mexico, Panama, the United States,
Vanuatu, Venezuela, the tuna industry, and the environmental community.

The Panel agreed that DMLs for 2000 would be assigned only to states that had ratified
the AIDCP and states or regional economic integration organizations that had formally com-
mitted to apply it provisionally.

The Panel was informed that an Ecuadorian fishermen, Mr. Mario V. Rivera Mero, lost his
life while deployed as a diver in a fishing vessel’s net during dolphin-rescue procedures, and that
the Director had sent a letter of condolence to Mr. Rivera’s family.

Second meeting of the Working Group on Per-Stock, Per-Year Dolphin Mortality Limits

This working group, which was established by a resolution adopted at the 36th
Intergovernmental Meeting on June 11, 1998, met in Ensenada, Mexico, on January 29, 1999.
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Biol. Harold Miiller-Gelinek Yeaza of Ecuador presided at the meeting, which was attended by
representatives of Colombia, Costa Rica, Ecuador, El Salvador, the European Union, France,
Guatemala, Japan, Mexico, Nicaragua, Panama, Spain, Peru, Taiwan, the United States,
Vanuatu, Venezuela, and the environmental community. Proposals submitted by Colombia,
Ecuador, Mexico, Spain, and the United States were discussed, and it was agreed that two pro-
posals, one based on global limits and the other based on national limits, would be discussed at
the 39th Intergovernmental Meeting, which would take place in Guayaquil, Ecuador, on June 8-
10, 1999. The proposal based on global limits would be prepared by the United States, and that
based on national limits would be prepared by Mexico.

Meeting of the Permanent Working Group on Tuna Tracking and Verification

This working group, which was formed in 1995, met in Ensenada, Mexico, on January 29,
1999, and in Miami, Florida, USA, on March 16, 1999. Several proposals for tuna tracking and
verification were discussed at these meetings. [t was agreed that a recommended system based
on these discussions would be prepared prior to the 63rd meeting of the IATTC, which would take
place in Guayaquil, Ecuador, on June 7-9, 1999.

ADMINISTRATION
BUDGET

At its 58th meeting, held in San Jose, Costa Rica, on June 3-4, 1997, the Commission unan-
imously approved the budget for the 1998-1999 fiscal year, submitted by the Director, in the
amount of $4,553,226. However, the final amount received from the member states during the
1998-1999 fiscal year was $4,067,680, a shortfall of $485,546 relative to the amount that was rec-
ommended and approved for the regular budget. As a consequence, some planned research had
to be curtailed. In addition to its regular budget, during the 1998-1999 fiscal year the IATTC
received $2,157,149 from vessel owners to pay part of the costs of placing observers on their ves-
sels, as required by the Agreement on the International Dolphin Conservation Program, $8,100
from organizations which awarded contracts to the IATTC to perform various types of research,
and $45,831 from interest and other sources.

FINANCIAL STATEMENT

The Commission’s financial accounts for the 1998-1999 fiscal year were audited by KPMG
LLP. Summary tables of its report are shown in Appendix 2 of this report.

INTER-AGENCY COOPERATION

During 1999 the scientific staff of the IATTC continued to maintain close contact with
international, governmental, university, and private research organizations and institutions.
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 rela-
tionships are described below.

The IATTC’s headquarters is located on the campus of Scripps [nstitution 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,
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oceanography, and related sciences. This situation provides the staff with an excellent opportu-
nity to maintain frequent contact with scientists of those organizations. Drs. James Joseph and
Richard B. Deriso are members of the faculty of SIO, and Ms. Cleridy E. Lennert-Cody was reg-
istered as a graduate student at SIO during 1999.

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 Nacional Auténoma de México, Mexico City. Drs. Martin A. Hall and Michael G.
Hinton serve as members of the faculties of the University of British Columbia, Vancouver, B.C.,
Canada, and the University of San Diego, San Diego, California, USA, respectively. Drs. Joseph,
Deriso, Hall, Hinton, and Robert J. Olson served on committees that supervised the research of
graduate students at various universities during 1999.

The cordial and productive relationships that 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 Indian
Ocean Tuna Commission (I0TC), the International Commission for the Conservation of Atlantic
Tunas (ICCAT), the Organizacién Latinoamericana de Desarrollo Pesquero (OLDEPESCA), the
Secretariat of the Pacific Community (SPC), and other international organizations have con-
tinued for many years. Dr. Robin Allen was a member of the steering committee for a symposium,
to be held in early 2000, on climate variability and its ecological impacts on the biota of the Pacific
Ocean. The symposium is sponsored by the North Pacific Marine Science Organization (PICES),
the IATTC, the International Pacific Halibut Commission, and the Interim Scientific Committee
for Tuna and Tuna-Like Species in the North Pacific Ocean. The working title for the symposium
is “Beyond El Nifio: Pacific Climate Variability and Ecological Impacts from the Tropics to the
Arctic.” Dr. Allen was also a member of the steering committee for the Expert Consultation on
Implications of the Precautionary Approach: Tuna Biological and Technological Research, spon-
sored by the CCSBT, FAO, the IATTC, ICCAT, the IOTC, and the SPC, which would meet in
March 2000. Dr. Michael G. Hinton served as convener of the Working Group on Statistics and
Data Collection for the consultation. Dr. George M. Watters participated in a meeting of the
Working Group on Fish Stock Assessment of the Commission for the Conservation of Antarctic
Marine Living Resources. Most of the working group’s efforts were spent on assessing stocks of
Patagonian toothfish. His expenses were paid by the U.S. National Marine Fisheries Service.
Drs. Mark N. Maunder and George M. Watters were participants, with scientists from the
National Research Institute of Far Seas Fisheries of Japan and the SPC, in a cooperative project
to assess the condition of the stock(s) of bigeye tuna in the Pacific Ocean. This program receives
its funding from the Pelagic Fisheries Research Program, University of Hawaii.

Also during 1999 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, described in the subsection entitled OCEANOGRAPHY
AND METEOROLOGY, were funded by Continental Weather Services, Inc.. Dr. Richard B.
Deriso was a member of the Scientific and Statistical Committee of the Western Pacific Fishery
Management Council of the United States. 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
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Science. Dr. Scott was also Chairman of the Pacific Scientific Review Group, which has the
responsibility of monitoring U.S. marine mammal management policies and research in the
Pacific Ocean. In addition, Dr. Scott participated in joint research on Atlantic bottlenose dolphins
with scientists from the U.S. National Marine Fisheries Service, the University of North Carolina
at Wilmington, and the Woods Hole Oceanographic Institution. Dr. Felipe Galvdn-Magafia of
CICIMAR and Dr. Robert J. Olson of the JATTC continued their joint study of the trophic inter-
actions of yellowfin tuna, dolphins, and associated predators in the eastern Pacific Ocean
described on pages 27-28 of the JATTC Annual Report for 1995. Dr. Olson was a co-convener, with
Dr. James F. Kitchell of the University of Wisconsin, of the Working Group on Ecological
Implications of Alternative Fishing Strategies for Apex Predators, sponsored by the National
Center for Ecological Analysis and Synthesis (NCEAS), which is funded by the U.S. National
Science Foundation and the state of California. The grant provided by the NCEAS will fund a
series of workshops over two years to develop and evaluate a food web model for the tropical
pelagic eastern Pacific Ocean. Dr. George M. Watters was also a member of the Working Group.
Research on the swimbladder of yellowfin tuna was conducted jointly by Messrs. Kurt M.
Schaefer of the IATTC and Charles W. Oliver of the Southwest Fisheries Science Center, U.S.
National Marine Fisheries Service, La Jolla, California, USA. In addition, Messrs. Schaefer and
Oliver collaborated with Drs. James J. Finneran and Sam H. Ridgway of the Biosciences Division,
Space and Naval Warfare Systems Center, U.S. Navy, San Diego, California, USA, on a study of
detection, by yellowfin tuna, of low-frequency sounds produced by bottlenose dolphins.

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
tunas, 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 various countries
involved have cooperated fully in the training and placement of these observers. Data collected
by the observer program of Mexico were furnished to the IATTC staff for analysis.

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 Appendix 1. Also, IATTC scientists have
often rendered assistance with research on fisheries for tunas and other species to scientists of
various countries while on duty travel to those countries, and occasionally have traveled to var-
ious locations for the specific purpose of teaching or assisting with research programs.

The establishment by the IATTC of a research facility at Achotines Bay, Panama, described
in the section entitled EARLY LIFE HISTORY STUDIES, gave the staff the opportunity to
work more closely with Panamanian fisheries personnel. IATTC personnel have assisted local
scientists in the implementation of research projects on species other than tunas, e.g. corvina-like
fishes (Sciaenidae) and snappers (Lutjanidae), discussed in the subsection entitled Spawning
and rearing of polla drum and spotted rose snappers.

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
OFCEF, at the Achotines Laboratory. The project, which entered its initial stage in 1994, encom-
passes research on the feasibility of culturing adult yellowfin tuna, corvina-like fishes, and snap-
pers 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.
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In November 1999 it was recommended that the project be extended by an additional year,
through March 2001.

Over the years, IATTC employees have collected tissue samples of tunas and billfishes for
use in genetic studies conducted by scientists of other organizations. During 1999 samples of tis-
sues of various species of tuna and tuna-like fishes were collected for the FISHTEC Genetics
Laboratory, University of South Carolina, Columbia, South Carolina, USA.

IATTC staff members are also active in professional societies., During 1999 Dr. Martin A,
Hall was a member of the Board of Directors of the National Fisheries Conservation Center, and
Dr. Daniel Margulies served as the Western Regional Representative of the Early Life History
Section of the American Fisheries Society.

DATA COLLECTION

The 1ATTC staff is concerned principally with the eastern Pacific Ocean (EPO; Figure 1),
currently defined as the area bounded by the coastline of North, Central, and South America,
40°N, 150°W, and 40°S.

During 1999 the IATTC had scientists and technicians in La Jolla and at its field offices in
Manta, Ecuador; Ensenada and Mazatlan, Mexico; Panama, Republic of Panama; Mayaguez,
Puerto Rico, USA; and Cumand, Venezuela. The personnel stationed at these offices collect land-
ings data, abstract the logbooks of tuna vessels to obtain catch and effort data, measure fish and
collect other biological data, and assist with the training, placement, and debriefing of observers
aboard vessels participating in the International Dolphin Conservation Program. This work is
carried out not only in the above-named ports, but also in other ports in California, Colombia,
Costa Rica, Ecuador, Mexico, Panama, Peru, Puerto Rico, and Venezuela, which are visited regu-
larly by IATTC employees. Personnel at these offices collected 1,359 length-frequency samples
and abstracted the loghook information for 1,229 trips of fishing vessels during 1999. Also, the
field staffs placed IATTC observers on 593 fishing trips by vessels participating in the
International Dolphin Conservation Program. In addition, IATTC observers completed 609 trips
during the year, and were debriefed by field staff members at their assigned stations.

CATCH AND EFFORT DATA FOR TUNAS AND BILLFISHES
The fleet

The IATTC staff maintains detailed records of gear, flag, and fish-carrying capacity for
most of the vessels that fish at the surface for yellowfin (Thunnus albacares), skipjack
(Katsuwonus pelamis), bigeye (Thunnus obesus), or bluefin (T. orientalis) tuna in the eastern
Pacific Ocean (EPO; Figure 1). Detailed records are not maintained for most longline vessels, nor
for sport-fishing vessels and small craft such as cances and launches. However, catch data for
most of the larger longline vessels, and for U.S.-flag sport-fishing vessels and some other vessels,
are obtained from various sources and entered into the IATTC’s data bases. The fleet described
here includes purse seiners and baithoats that have fished all or part of the year in the EPO for
yellowfin, skipjack, bigeye, or bluefin tuna.

The owners’ or builders’ 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 46 metric tons
(mt); class 2, 46-91 mt; class 3, 92-181 mt; class 4, 182-272 mt; class 5, 273-363 mt; and class 6,
more than 363 mt.
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Until about 1960 fishing for tunas in the EPO was dominated by baitboats operating in the
more coastal regions and in the vicinity of offshore islands. During the late 1950s and early 1960s
most of the larger baithoats were converted to purse seiners, and by 1961 the EPO surface fleet
was dominated by these vessels. During the 1961-1999 period the number of baitboats decreased
from 93 to 14, and their total capacity from about 10 to 1 thousand mt. During the same period
the number of purse seiners increased from 125 to 208, and their capacity from about 27 to 149
thousand mt. 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, about
168 thousand mt, 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 surface fleet capacity from about 42 thousand mt in 1966 to
about 167 thousand mt 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 were low during the 1978-
1981 period due to concentration of fishing effort on small fish, and the situation was exacerbated
by the El Nifio episode, which made the fish less vulnerable to capture. In 1982 the fleet capacity
declined by about 16 thousand mt as vessels were deactivated or left the EPO to fish in other
areas, primarily the western Pacific Ocean. This trend continued through 1983 as the catch rates
in the EPO declined further, and the fleet capacity declined by about 48 thousand mt during 1983
and 1984. The fleet capacity in 1984, about 107 thousand mt, was the lowest 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 mt, but in 1986 it decreased slightly to about 114 thou-
sand mt. During 1987 and 1988 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 about 134
thousand mt. 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, with a
consequent reduction in the EPO fleet to about 101 thousand mt in 1992. With increases in par-
ticipation of non-U.S.-flag vessels in the fishery, the capacity has increased steadily since 1992,
and the 1999 capacity was about 151 thousand mt.

The 1998 and preliminary 1999 data for numbers and carrying capacities of purse seiners
and baitboats that fished for tunas in the EPO are shown in Tables 2a and 2b. The EPO tuna
fleet was dominated by vessels operating under the Mexican and Ecuadorian flags during 2000.
The Mexican fleet has been the largest fleet since 1987, with about 26 percent of the total capacity
during 1999, while vessels registered in Ecuador, Venezuela, Vanuatu, and Spain comprised 25,
15, 7, and 6 percent of the total capacity, respectively.

Class-6 purse seiners make up the majority of the total capacity of the fleet of vessels that
fish at the surface for tunas in the EPQ. This group of vessels comprised 89 percent of the total
fishing capacity operating in the EPO during 1999.

The monthly average, minimum, and maximum capacities at sea (CAS), in thousands of
metric tons, of vessels that fished at the surface for tunas in the EPO during 1989-1998, and the
1999 values, are shown in Figure 2. The monthly values are averages of the CAS estimates given
in the Weekly Reports prepared by the IATTC staff. The fishery for yellowfin was regulated after
November 25, 1998, and after October 14, 1999 (see the section entitled MEASURES FOR THE
CONSERVATION OF TUNAS), so the CAS values for December of 1998 and October,
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November, and December of 1999 are not comparable to the CAS values for those months of 1988-
1997. Overall, the 1999 CAS values are greater than the 1989-1998 averages, although the per-
centage of the fleet capacity at sea, 57 percent, was the same. During the 1989-1998 period the
average CAS value was 65 thousand mt, but during 1999 it was 83 thousand mt.

The catches
Tunas

Estimates of the catches of tunas come from several sources, including logbooks kept by the
fishermen, data recorded hy observers, and unloading data provided by the canneries. The word
“catch” in the text of this subsection, Figures 3-5, and Tables 4-6 and 8-9 refers to the retained
catches, unless otherwise noted. The principal source of this information is unloading data.
Some of the tunas caught are, for various reasons, discarded at sea. Data on fish discarded at sea
by Class-6 vessels have been collected by observers since 1993. Annual estimates of the catches
and discards of the various species of tunas landed by vessels of the EPO fleet that fish for tunas
with surface gear are shown in Table 3. Recreational catches landed in California are included
in the catch statistics. In the case of bluefin, these have become an increasingly important com-
ponent of the catch in recent years.

The statistics for 1999 are compared to those for 1984-1998. There were no restrictions on
fishing for tunas in the EPO during the 1980-1997 period. However, there were restrictions on
fishing for yellowfin in the Commission’s Yellowfin Regulatory Area (CYRA) (Figure 1) from
November 26 through December 31, 1998, and from October 14 through December 31, 1999, and
fishing for tunas associated with fish-aggregating devices (FADs) placed in the water by the fish-
ermen was prohibited in the EPO from November 9 through December 31, 1999. Furthermore,
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. 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. During the 1997-1998 period
another major El Nifio event occurred in the EPO.

The average annual catch of yellowfin by surface gear in the CYRA during the 1984-1998
period was 217 thousand mt (range: 129 to 267 thousand mt), and the preliminary estimate for
that area for 1999 is 265 thousand mt. The corresponding values for the area between the CYRA
boundary and 150°W are 29 thousand mt (range: 17 to 47 thousand mt) for 1984-1998 and 32
thousand mt for 1999. The estimated 1999 yellowfin catch from the EPO, 297 thousand mt, is
greater than that of any of the previous years and about 21 percent greater than the 1984-1998
average of 245 thousand mt (Table 3). The average annual amount of yellowfin discarded at sea
during the 1993-1999 period was 5.5 thousand mt. ’

During the 1984-1998 period the annual catch of skipjack in the EPO averaged 90 thou-
sand mt (range: 49 to 162 thousand mt). The preliminary estimate of the 1999 skipjack catch in
the EPO, 268 thousand mt, is greater than that of any previous year and nearly three times the
average of the annual catches for the previous 15 years. The average annual amount of skipjack
discarded at sea during the 1993-1999 period was 20.6 thousand mt.

Prior to 1994 the average catch of bigeye in the EPO by surface gear was about 5 thousand
mt (range: less than 1 to 15 thousand mt). Since 1993 the catches have ranged from 29 thousand
mt in 1994 to 52 thousand mt in 1997. The preliminary estimate of the 1999 bigeye catch in the
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EPO is 41 thousand mt. These increasing catches of bigeye resulted from the discovery, made
during the early 1990s, that tunas, principally skipjack, 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 FADs. The average annual amount of bigeye discarded at sea during the
1993-1999 period was 3.7 thousand mt.

While yellowfin, skipjack, and bigeye comprise the most significant portion of the catch
made by vessels fishing for tunas at the surface in the EPO, bluefin, albacore (Thunnus
alalunga), black skipjack, bonito (Sarda orientalis), and other species contribute to the overall
harvest in this area. The total catch of these other species in the EPO was about 5 thousand mt
in 1999, well below the 1984-1998 average of 9 thousand mt (range: 2 to 17 thousand mt).
Estimates of the discards of these species during the 1993-1999 period appear in Table 3.

The 1998 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 1999 catches and
landings are given in Table 4b. The estimated catch of all species in the EPO during 1999 was
about 611 thousand mt, which is much greater than the previous record total catch of 474 thou-
sand mt, taken in 1997. Ecuadorian-, Mexican-, Venezuelan-, and Spanish-flag vessels harvested
34, 23, 11, and 9 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
632 thousand mt of tunas landed in 1999, 44 percent was landed in Ecuador, 19 percent in
Mexico, il percent in Colombia, 6 percent each in Costa Rica and Venezuela, and 4 percent in the
United States. It is important to note that when final information is available the landings cur-
rently assigned to various countries may change due to exports from storage facilities to proces-
sors in other nations.

Tunas are caught by surface gear in three types of schools, those in which the fish are asso-
ciated with dolphins, those in which the fish are associated with floating objects, such as flotsam
or FADs, and those in which the fish are associated only with other fish (unassociated schools).
Estimates of the numbers of purse-seine sets of each type in the EPO during the 1987-1999
period, and the catches of these sets, are listed in Table 5. The estimates for Class-1 to -5 vessels
were calculated from logbook data in the TATTC statistical data base, and those for Class-6 ves-
sels were calculated from logbook data and from the observer data bases of the IATTC, the
Programa Nacional de Aprovechamiento del Atin y de Proteccion de Delfines (PNAAPD) of
Mexico, the Programa Nacional de Observadores de Venezuela (PNOV), and the U.S. National
Marine Fisheries Service. The greatest numbers of sets on schools associated with floating
objects and on unassociated schools of tuna 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-asso-
ciated fish, the numbers of sets made on fish associated with dolphins decreased only moderately
during the mid-1990s, and in 1998 were the greatest since 1990.

There are two types of floating objects, flotsam and FADs. The occurrence of the former is
fortuitous, whereas the latter are constructed by fishermen specifically for the purpose of
attracting fish. FADs have been in use for only a few years, but their importance has increased
during that period while that of flotsam has decreased, as shown by the data on numbers and per-
centages of the sets made on floating objects by Class-6 vessels with IATTC observers aboard.
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1992 1993 1994 1995 1996 1997 1998 1999

No. % No. % No. % No. % No. % No. % No. % No. %

Flotsam 1,087 617 1138 552 773 279 729 207 537 134 832 147 752 137 833 180
FADs 556 315 825 400 1899 686 2,704 768 3447 86.0 4,768 844 4,627 844 3,758 813
Unknown 120 68 100 48 98 35 88 25 23 06 52 09 102 19 29 06

The average annual distributions of the logged catches of yellowfin and skipjack by purse
seiners in the EPO during the 1984-1998 period are shown in Figures 3a and 4a, and preliminary
estimates for 1999 are shown in Figures 3b and 4b. During 1999 the catches of yellowfin were
relatively greater north of about 5°N and west of about 85°W. Those of skipjack were relatively
greater offshore along 5°N between about 80°W and 135°W and relatively less in nearshore
waters off Baja California and off Central America and northern South America.

Bigeye are not often caught by surface gear north of about 7°N. The catches of bigeye by
purse seiners during the 1994-1998 period were made in two principal areas, (1) between about
6°N and 16°S from about 93°W to 140°W, and (2) between about 3°N and the equator from about
82°W to 88°W (Figure 5a). A preliminary estimate of the distribution of catches of bigeye by purse
seiners in the EPO during 1999 is shown in Figure 5b. With the development of the fishery for
tunas associated with floating objects, described above, the relative importance of the nearshore
areas has decreased, while that of the offshore areas has increased.

The total catch per ton of carrying capacity (CPTCC) for the vessels that fish at the surface
for tunas in the EPO 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 vessels are assigned to fol-
lowing size groups: 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 1990-1999 period are presented in Table 6 for the EPO
and for all ocean fishing areas from which vessels of the EPO tuna fleet harvested fish, by size
group, area, and species. Yellowfin and skipjack contribute the most to the CPTCCs for the larger
vessels, while other species, which include other tunas, and also miscellaneous other fishes, make
up an important part of the CPTCCs of the smaller vessels in many years. Bigeye became more
important for the larger vessels after 1993. During earlier years, and years during which the
majority of the EPO tuna fleet exerts most of its fishing effort in the EPQ, the CPTCCs for the
EPO and all ocean fishing areas are nearly the same. During the 1990-1998 period the CPTCC
in the EPO for all vessels and all species averaged 3.3 mt , with a range of 2.9 to 3.7 mt; for yel-
lowfin it averaged 2.1 mt, with a range of 1.9 to 2.3 mt, and for skipjack it averaged 0.9 mt, with
a range of 0.6 to 1.3 mt. The corresponding average for bigeye for the 1994-1998 period was 0.3
mt, with a range of 0.3 to 0.4 mt. The preliminary estimates for 1999 are 4.1, 2.0, 1.8, and 0.3 mt
for all species, yellowfin, skipjack, and bigeye, respectively.

Billfishes

Swordfish (Xiphias gladius) are fished in the EPO with longline gear and gillnets, and
occasionally with recreational gear. Most of those caught with commercial gear are retained.
Marlins (Makaira nigricans, M. indica, and Tetrapturus audax), shorthill spearfish (T. angu-
stirostris), and sailfish (Istiophorus platypterus) are fished with longline and recreational gear,
and they comprise a small part of the bycatches of purse-seine vessels. Most of the longline-
caught marling, spearfish, and sailfish are retained, and most of those caught with commercial
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surface gear are discarded at sea. Information on the commercial catches and bycatches of bill-
fishes in the EPO is given in Table 7.

Under the terms of the convention that established the IATTC, the primary objective of the
JATTC 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
and billfishes, the mobility of the vessels of the tuna fleets of various nations, and the interna-
tional nature of the trade in these species, statistics on the catch and effort from the EPO must
be viewed in the light of global statistics. Statistics of the catches of tunas, tuna-like fishes, and
billfishes during 1970-1999, by oceans, appear in Tables 8 and 8.

SIZE COMPOSITIONS OF THE CATCHES OF TUNAS

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 oceanographic 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, Pacific northern bluefin, and
black skipjack from purse-seine, baitboat, and recreational catches made in the eastern Pacific
Ocean (EPQ) 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 processed 684 yellowfin, 471 skipjack, 71 bigeye, 63 Pacific northern bluefin, and
4 black skipjack samples from the 1999 catch. (The total number of samples processed is slightly
less than the number collected (page 16) because it was later found out that some of the samples
collected contained fish from more than one area-time stratum.) Most of these were 50-fish sam-
ples. For all of the above species except black skipjack the length-frequency samples are strati-
fied by sampling areas (Figure 6), months, and years. The sampling procedures are explained in
detail in JATTC Bulletin, Vol. 20, No. 6.

Figure 7a consists of histograms showing the estimated catches of yellowfin in the sam-
pling areas of the EPO (Figure 6) in 1999. Although the size range is approximately the same in
all areas, with nearly all of the fish being between 40 and 160 e¢m in length, the distributions
differ considerably from area to area. The average weights range from 2.1 kg in Area 13 to 20.3
kg in Area 2.

Histograms showing the estimated catches of yellowfin in the CYRA (all areas except 10
and 11 in Figure 6) during each year of the 1994-1999 period appear in Figure 7b. A large por-
tion of the 1999 yellowfin catch consisted of smaller fish, resulting in an average weight (8.1 kg)
less than that of any year of the past decade.

Figure 7c consists of histograms showing the estimated catches of yellowfin in the area
between the CYRA houndary and 150°W (Areas 10 and 11 in Figure 6) during each year of the
1994-1999 period. During 1999 the catch of small yellowfin exceeded those of previous years. The
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average weight was less than that of any previous year since the fishery began during the late
1960s. The mean size has been declining almost continuously since 1994.

Histograms showing the estimated catches of skipjack in the sampling areas of the EPO
(Figure 6) in 1999 appear in Figure 8a. The data for Areas 1 and 8, Areas 2, 4, and 5, and Areas
6 and 13 have been combined, since the catches were low in some of those areas (Figure 4b). The
majority of the skipjack catch was taken in Area 7.

Figure 8b consists of histograms showing the estimated catches of skipjack in the EPO for
each year of the 1994-1999 period. The average weight for 1999, 3.5 kg, 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. During 1994-1999, however, more bigeye
were caught and more samples were obtained. Histograms showing the estimated catches of
bigeye in the sampling areas of the EPO (Figure 6) during 1999 appear in Figure 9a. The greatest
catch occurred in Area 7. In addition, the average weight of bigeye caught in that area was
greater than that of any of the other four areas.

Figure 9b consists of histograms showing the estimated catches of bigeye in the EPO
during each year of the 1994-1999 period. The average weight for 1999, 9.2 kg, was greater than
those of 1996-1998, and similar to those of 1994 and 1995. The upper limit of the size range has
decreased from about 180 cm (1994-1996) to about 150-160 cm (1997-1999).

Pacific 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. During
1999 bluefin were caught between 27°N and 37°N, and most of the catch was taken during June,
July, and August. Histograms showing the estimated catches of bluefin during each year of the
1994-1999 period appear in Figure 10.

The numbers of samples obtained from the commercial and recreational catches during
recent years 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
1997 17 9
1998 23 22
1999 51 12

The greatest number of samples was taken in 1996, a year of unusually high catches. The
number of samples taken from the commercial fleet during 1999 was greater than during most of
the previous few years.

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
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during 1994-1999 are shown in Figure 11. The average weights for 1994 and 1999 were the least
and greatest, respectively, for the 6-year period, but this may not be significant, as few samples
of black skipjack have been taken. No attempt has been made to estimate the weights of the
catches by length intervals.

OBSERVER PROGRAM

The IATTC employs observers, who keep counts of dolphin mortalities during fishing oper-
ations, and these data are used by the IATTC staff to make its annual estimates of dolphin mor-
tality. The observers also record data on herds of dolphins sighted that may be used to make
estimates of the relative abundance of dolphins. Information recorded on the conditions coinci-
dent with mortality of dolphins is used to study the causes of dolphin mortality, and the knowl-
edge gained from those studies is shared with the fishermen through the IATTC’s educational
activities, such as seminars for tuna boat captains and crew members and analyses of the per-
formances of individual captains. In addition, since late 1992, the observers have recorded data
on fish and other animals discarded at sea.

Coverage

The design for placement of observers during 1999 called for 100-percent coverage of
fishing trips in the EPO by all Class-6 purse seiners (carrying capacity greater than 363 metric
tons (400 short tons )). All trips by vessels of fleets other than that of Mexico were to be sampled
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 de Aprovechamiento del Atiin
y Proteccion de Delfines (PNAAPD)) and the remainder by IATTC observers.

During 1999 observers from the IATTC and Mexican programs departed on 687 fishing
trips. In addition, 54 vessels whose last trip of 1998 carried over into 1999 had observers aboard,
bringing the total to 741 trips sampled in 1999 by the IATTC and Mexican programs. The IATTC
sampled vessels operating under the jurisdictions of Belize, Colombia, Ecuador, El Salvador,
Guatemala, Honduras, Mexico, Panama, Spain, the United States, Vanuatu, and Venezuela.

One trip by a Class-6 vessel was not observed. The vessel had previously been classified
as a Class-b vessel (carrying capacity of 273-363 metric tons (301-400 short tons)), but it was re-
classified as Class 6 in September when the flag government informed the IATTC that it had
determined that the vessel’s carrying capacity was greater than 363 metric tons, and that it
should begin participating in the IDCP. The vessel made one complete fishing trip without an
observer after the re-classification.

The sampling coverage of vessels of the international fleet by the IATTC and Mexican pro-
grams is summarized in Table 10. Over 86 percent of all trips of Class-6 vessels were sampled by
the TATTC program, and 99.9 percent were sampled by the two programs combined.

Observer training

Two courses for training IATTC observers in the collection of data aboard tuna vessels were
held during 1999, one in March in Panama, R.P., for 12 trainees, and the other in November-
December in Guatemala City, Guatemala, for 16 trainees. The trainees were instructed in the
identification of tunas and other large pelagic fishes, 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 protocol and safety.



24 TUNA COMMISSION

Venezuelan National Observer Program

In 1999 the Venezuelan government announced the creation of the Programa Nacional de
Observadores (PNO), which is operated under the auspices of the Fundaeién para la Pesca
Sostenida y Responsable de Tiinidos. The program conducted a training course for observers in
November 1999, and planned to begin placing observers on approximately 25 percent of the trips
of its vessels in early 2000. The IATTC and the PNAAPD of Mexico have provided logistical sup-
port to the PNO.

At-sea reporting by observers

Article V.2 of the Agreement on the International Dolphin Conservation Program
(AIDCP) calls for the establishment of per-stock per-year dolphin mortality limits. In order to
monitor that mortality on a current basis, and also to better monitor the cumulative catch of the
principal tuna species in the EPO, the Parties to the AIDCP approved an at-sea reporting form
that observers from the IATTC and national observer programs are to fax from their vessels to
their respective offices on a weekly basis.

RESEARCH

COMPARISON OF ESTIMATES OF THE CATCHES OF BIGEYE TUNA MADE BY
OBSERVERS AND FISHERMEN

Estimates of the catches of bigeye tuna are available from three principal sources, observer
records, bridge logbooks, and unloading weight data from processors (mainly canners). The
bridge logbooks frequently report estimates of the weights of the catches for a group of combined
species taken during a set, e.g. yellowfin and bigeye or skipjack and bigeye. In addition, the pro-
cessors sometimes do not distinguish between yellowfin and bigeye in the unloading data,
reporting unloadings containing both species as all yellowfin or all bigeye. The data available as
of September 27, 1999, included 351 trips made by Class-6 purse-seine vessels during 1998-1999
for which observer, bridge loghook, and unloading data were available. For 14 of these trips the
bridge logbooks reported catches of bigeye mixed with yellowfin and/or skipjack, and in each of
these catches of bigeye were reported in the observer and unloading records.

Catches of bigeye were reported for 170 of the 351 trips (153 of the observer records and
159 of the unloading records) (Table 11). In 142 cases catches of bigeye were reported in both the
observer and the unloading records. For 97 of the 170 trips (57 percent), the observer’s estimate
of the bigeye catch was greater than the unloading estimate. The observer estimates for these
170 trips were, on average, 45 mt greater than the unloading estimates, with the difference
(observer estimate minus unloading estimate) ranging from -372 to 622 mt.

Catches of bigeye were reported in the unloading data for 145 of the 337 trips for which the
bridge loghooks reported catches by species (351 minus the 14 trips with bigeye catches reported
in mixed-species categories) (Table 11). Bigeye were also reported in the bridge logbooks for 99
of these trips. There were no trips for which bigeye were reported in the bridge logbook, but not
in the unloading data. In 88 of the 145 trips (61 percent) the logbook estimate of the bigeye catch
was less than the unloading estimate. The logbook estimates for these 145 trips were, on average,
35 mt less than the unloading estimates, with the difference (logbook estimate minus unloading
estimate) ranging from -636 to 497 mt.

It is clear from these comparisons that, on average, when bigeye have been identified in
the catch by observers, fishermen, and processors, the catches estimated by the observers, on
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average, are greater than the corresponding unloading estimates (Figure 12a), while those of the
fishermen are less than the corresponding unloading estimates (Figure 12b).

DISCARDS AND BYCATCHES IN THE PURSE-SEINE FISHERY FOR TUNAS

IATTC observers began to collect information on discards and bycatches during purse-seine
fishing operations in late 1992, and this program continued through 1999. In this report
“catches” refers to fish that are retained aboard the fishing vessel, “discards” to commercially-
important tunas (yellowfin, skipjack, bigeye, bluefin, and albacore) that are discarded dead at
sea, “bycatches” to fish or other animals, other than commercially-important tunas, that are dis-
carded dead at sea, and “total catches” to the sums of the first three categories. During 1999 the
data collected during previous years were reviewed and revised when appropriate. Information
on the coverage of sets on tunas associated with dolphins and with floating objects and on unas-
sociated tunas is given in Table 12. Column 3 of this table lists the numbers of sets in the IATTC
data base for which byeatch and discard data were recorded and Column 4 the numbers of sets
in the IATTC Tuna-Dolphin data base, plus equivalent data collected by the U.S. National Marine
Fisheries Service (U.S. NMFS) and the Programa Nacional de Aprovechamiento del Atin y
Proteccién de Delfines (PNAAPD) of Mexico. (The numbers of sets for 1993, 1998, and 1999 in
Column 4 of this table match those for Class-6 vessels in Table 5 because there were no observers
on smaller vessels during those years. There were observers on some Class-5 vessels during
1994-1997, so the values for those years in Table 12 are greater than the corresponding values in
the Class-6 columns of Table 5.) The coverage of vessels with observers is incomplete, but ade-
quate for most statistical purposes.

The discards and bycatches on trips of vessels with observers aboard were estimated by

DISCARDS = (discard/set) x SETS
and
BYCATCHES = (bycatch/set) x SETS

where DISCARDS and BYCATCHES = discards and bycatches for all trips with observers aboard,
discard/set and bycatch/set = discards and bycatches per set for all sets for which IATTC
observers collected discard and bycatch data, and SETS = all sets for trips with observers aboard
(Table 12, Column 4). These estimates are less than they would be if data for smaller vessels,
which fish almost entirely on unassociated schools and floating objects, were included.

Patterns of fishing effort by sef type

The estimated numbers of sets made on tunas associated with dolphins, on tunas associ-
ated with floating objects, and on unassociated schools of tunas are shown in Table 5. Two types
of floating objects, fish-aggregating devices (FADs) and flotsam, are recognized. FADs are objects
placed in the water by fishermen to attract fish. Flotsam includes various kinds of debris, and
also boats and drifting and anchored weather buoys. In recent years a fishery for tunas associ-
ated with FADs has developed, mostly south of 10°N. Because the use of FADs is a new develop-
ment in the fishery, it is important to monitor it to understand its main characteristics, the areas
in which it occurs, and the species compositions of the catches, discards, and bycatches. These
characteristics are briefly described in this section. Data for years previous to 1996 are not shown
in the figures because the range of the fishery on tunas associated with floating objects was much
more limited prior to that year.
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The distributions of sets on flotsam and FADs by Class-6 vessels during 1996-1999 are
shown in Figures 13a and 13b, respectively. The numbers of sets on FADs far exceeded those on
flotsam. Sets on flotsam occur mostly in the Panama Bight and the southernmost section of the
fishery off Peru. FADs are used mostly along two latitudinal strips: one between the Equator and
about 7°N, and the other between the Equator and about 12°S, These will henceforth be called
the “northern strip” and the “southern strip.” There is a gap between the two strips, which is
probably caused by the west-to-east flow of the Equatorial Countercurrent.

The proportions of the floating-object sets that were made on FADs during the 1993-1999
period are shown in Table 13; the increase in the proportion of sets on FADs coincided with a
transfer of effort from coastal to more offshore areas.

Discards of tunas: spatial and temporal patterns

Tunas that are caught may be discarded for several reasons: they may be too small for pro-
cessing, they may spoil in the net during a long set, the amount of catch may exceed the empty
capacity of the vessel, etc. Most of the discards are fish too small for processing. It is important
to quantify and describe the patterns of the discards, because the total catches, rather than just
the retained catches, should be used in assessments of the status of the stocks.

The distributions of the catches and discards of yellowfin from sets made in association
with floating objects during 1996-1999 are shown in Figures 14a and 14b, respectively. The
catches of yellowfin were greatest in the northern strip and off Peru, but relatively low. The dis-
cards of yellowfin were greatest in the northern strip, and considerably less in the coastal areas.

The distributions of the catches and discards of skipjack from sets made in association with
floating objects during 1996-1999 are shown in Figures 15a and 15b, respectively. As skipjack is
the principal target of the floating-object fishery, the distribution of the catches is similar to that
for the effort.

The distributions of the catches and discards of bigeye from sets made in association with
floating objects during 1996-1999 are shown in Figures 16a and 16b, respectively. The catches of
bigeye were greatest in the northern and southern strips. The California Current area, in the
northern section, produced only negligible catches of bigeye. The distribution of the discards of
bigeye was more limited, and concentrated in the northern strip, especially between 95° and
115"W.

Annual estimates of tuna catches and discards

The average total catches per set, the average discards per set, the discard/fotal catch
ratios, and the estimated total discards of yellowfin, skipjack, and bigeye in the EPO during the
1993-1999 period are shown in Tables 14a, 14b, and 14c, respectively. Nearly all of these values
and estimates varied considerably from year to year. Year-to-year differences in the total catches
could be due to differences in abundance of the fish and/or differences in the areas of fishing, cou-
pled with differences in the amounts of the various species in different areas. Year-to-year dif-
ferences in the discards could be due to different policies for retention of fish, differences in
recruitment, and/or differences in the areas of fishing, coupled with differences in the amounts of
smaller fish in different areas.

The table below summarizes the information in Tables 14a, 14b, and 14c.
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Species Set type Average total catch per Discards per set (mt)
set (mt)

Range Average Range Average

Yellowfin Dolphin 15-19 17 - -
Floating-object 5-10 6 0.5-1.5 0.9

Unassociated 8-13 10 0.1-0.3 0.2

Skipjack Floating-object 20-43 26 4-6 5
Unassociated 3-11 5 0.1-0.7 0.3

Bigeye Floating-object 4-14 10 0.3-14 0.9
Unassociated 0.2-0.7 0.4 - -

Bycatches of other species

Of the species taken incidentally in the tuna purse-seine fishery, there are some, besides dol-
phins, that have long life spans, delayed onsets of sexual maturity, small litter sizes, and/or pro-
longed gestation periods. Because of these life-history characteristics, the ability of these species
to withstand heavy exploitation is inferior to those of species with higher reproductive potentials.
The former group includes sharks, rays, billfishes, and sea turtles (SRBST). In order to synthe-
size information on the impacts of the fishery, the numbers of individuals of all species in this
group have been added together. This combination of heterogeneous units is undesirable from con-
servation or management points of view, but as a first approach it provides a crude picture of the
spatial and temporal distributions of the impact of the fishery. In the future, it may be possible to
develop indices that attribute different “weights” to the different species, based on their status, etc.
Because of the numerical predominance of sharks in the bycatches of SRBSTS, the overall results
for this aggregate of species are similar to those for sharks alone, but in some area-time strata the
results for the SRBSTS are distinctly different from those for the sharks alone.

The accumulated bycatches for the SRBSTS for the 1996-1999 period are shown in Figure
17. The areas with the higher values are similar to those with the greatest amounts of sets on
floating objects (Figures 13a and 13b), but the data reveal some interesting points. First, the
bycatches for the SRBSTS are less for the southern strip than for the northern one. Second, along
both strips the offshore bycatches tend to be less than the inshore bycatches. Third, the bycatches
in the northern Ecuador, northern Peru, and offshore California Current areas are important, but
less so than those of the northern strip. Fourth, there are substantial bycatches in some coastal
areas.

The ratios of SRBST bycatches to the catches of the main three tuna species during 1996-
1999 are shown in Figure 18. This ratio indicates the “ecological cost” (measured in terms of
SRSBTSs only) of fishing for tunas in various areas. The data show that the ratios are highest off-
shore north of 7°N and in several much smaller coastal areas, including the Panama Bight
(slightly north of Ecuador), off northern Peru, around the tip of Baja California, and off the Gulf
of Tehuantepec.

Some of these species are discussed in greater detail below.

Blue marlin

Most of the bycatches of blue marlin occur off northern Peru, off northern Ecuador, and in
the northern strip (Figure 19). The annual average bycatch of blue marlin for the 1996-1999
period was 813 individuals, with 80 percent coming from floating-object sets (IATTC Annual
Report for 1998: Table 40).
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Sea turtles
The bycatches of sea turtles during the 1993-1999 period were as follows:

1993 1994 1995 1936 1997 1998 1999
151 117 146 152 135 170 162

About 60 percent of these bycatches came from floating-object sets. Of the 162 sea turtles caught
in 1999, 108 were olive ridleys (Lepidochelys olivacea), 13 were other species, and 41 were uniden-
tified. The locations of the bycatches of sea turtles during 1996-1999 are shown in Figure 20.
Several of these are close to nesting beaches.

Manta rays

Two genera of manta rays, Manta and Mobula, are caught by purse-seine vessels fishing
for tunas in the EPO. The locations of the bycatches of manta rays during 1996-1999 are shown
in Figure 21. The distribution of manta rays is more restricted than that of any of the other
species discussed in this report. The greatest concentration occurred in the vicinity of the Costa
Rica Dome, and other concentrations occurred off the Gulf of Tehuantepec and in the Panama
Bight.

GROWTH OF SKIPJACK TUNA

Data obtained from tagging experiments initiated during 1953-1958 and 1969-1981 for
skipjack tuna from the coastal eastern Pacific Ocean (EPO) were reanalyzed, using the Schnute
generalized growth model (Canad. Jour. Fish. Aquatic Sci., 38 (9): 1128-1140). The objective was
to provide information that can be used to generate a growth transition matrix for use in a length-
structured population dynamics model for skipjack tuna in the EPO. The analysis included sta-
tistical approaches to incorporate individual variability in growth as a function of length at
release and time at liberty, measurement error, and transcription error. The tagging data were
divided into northern and southern regions, and the results suggest that the growth rates differ
between the two regions. The Schnute model fits the data significantly better than the von
Bertalanffy model, which is a sub-model of the Schnute growth model, in the northern region, but
not in the southern region. Individual variation in growth is best described as a function of time
at liberty and as a function of growth increment for the northern and southern regions, respec-
tively. Measurement error is a significant part of the total variation, but the results suggest that
there is no bias caused by this error. Additional tag return data, particularly for small and large
fish, is needed to produce an adequate growth transition matrix that can be used in a length-
structured population dynamics model for skipjack tuna in the EPO.

AGE AND GROWTH OF BIGEYE TUNA

A tag release-recapture experiment to investigate the usefulness of information on the
deposition rate of microincrements on the sagittal otoliths of bigeye tuna for estimation of their
age and growth was in progress during 1999. This experiment is described on pages 29-30 of the
TATTC Annual Report for 1995. The fish are injected with oxytetracycline at the time of release,
and the oxytetracycline is incorporated into the developing microincrement on the edge of the
otolith, creating a mark that can be detected by its fluorescence under ultraviolet light. The
number of microincrements between the oxytetracycline mark and the edge of the otolith can be
compared to the number of days the fish was at liberty to determine whether the microincrements
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are formed at daily intervals. The field work, conducted in the vicinity of Hawaii, was performed
jointly by the Hawaii Tuna Tagging Project of the University of Hawaii and the IATTC.

During 1995 and 1996 1,043 bigeye, 36 to 105 cm in length, captured west by southwest of
the island of Hawaii, primarily by surface handlining and vertical jigging, were tagged and
injected with tetracycline and released. There have been 130 recaptures to date (12.5 percent of
the number released), with the majority of them made within 120 days of release. The maximum
time at liberty was about 832 days. The sagittal otoliths were recovered from 102 of these (78
percent of the total recaptures). A subset of otoliths from 46 bigeye, 38 to 117 ¢m in length at
recapture, at liberty from 9 to about 832 days, was selected for analysis (Figure 22). Twenty-one
of those fish were at liberty for more than 30 days. Prominent oxytetracycline marks were vis-
ible on 43 (94 percent) of the otoliths, and the mark was assignable to a single microincrement on
39 (90 percent) of those.

Surface counts of the microincrements between the fluorescent mark and the edge of the
otolith were made in a depression slide, using immersion oil with a light microscope at 900x,
along the primordium-postrostral axis from the tetracycline mark to the tip of the postrostrum.
If the microincrements could not be resolved the otolith counting path was etched under low
magnification with hydrochloric acid applied with a fine-tipped brush. The widths of the microin-
crements, measured on the surface of the otoliths of the largest specimen recovered, 117 em,
ranged from 2 to 6 microns, with a mean of about 4 microns. The theoretical resolving power of
the microscope utilized is 0.2 micron.

Initially five pairs of otoliths were selected to develop the criteria for what constitutes an
increment. Following that, the counts of the microincrements on 10 pairs of otoliths were com-
pared. A paired T test indicated no significant difference in counts between the right and left
otoliths. Subsequently, therefore, either the right or left otolith was utilized in the analyses. The
46 pairs of otoliths utilized in the analyses were assigned codes, and the days at liberty were not
known to the reader at the time the otoliths were read. The microincrements on each otolith were
counted five times and averaged to obtain a final estimate.

Analysis of the regression coefficient, from a weighted linear regression, failed to reject
the null hypothesis that the average deposition rate of the number of microincrements formed
on these otoliths is one per day (Figure 23). The results of this experiment suggest that bigeye
in the length range of 38 to 117 cm produce microincrements on their sagittal otoliths at daily
intervals, and that the criteria adopted for identifying these microincrements on the surface of
the otolith are valid. If it is assumed that the microincrements are deposited at the same rate
on bigeye less than 40 ¢m, counts of the microincrements on the sagittal otoliths would provide
accurate estimates of absolute age in days. Additional research on the deposition rate of
microincrements on the sagittal otoliths of smaller and larger bigeye will be conducted as oppor-
tunities arise.

Sampling of the commercial catch of bigeye tuna in the eastern Pacific Ocean for sagittal
otoliths, and also caudal vertebrae, was planned for 2000 to obtain direct estimates of the age and
growth of this species.

ECOLOGICAL STUDIES

The staff of the IATTC has been developing a modeling approach to investigate the rela-
tive ecological implications of alternative fishing strategies in the pelagic waters of the tropical
eastern Pacific Ocean (EPO). The top levels of the {food web in the open ocean include large tunas,
dolphins, sharks, billfishes, and other species. The purse-seine fishery in the EPO is directed pri-
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marily at mature yellowfin, bigeye, and skipjack tunas, but substantial catches of other apex
predators and of juvenile tunas also occur. Fisheries that are directed at apex predators have the
potential of imparting a “top-down” effect on marine ecosystems, causing reciprocal changes at
the next-lowest trophic levels.

The ecological costs of fishing are complex, due to the size dependence of predator-prey
interactions and the dynamics of the fishery. The species composition and magnitude of the
catches, bycatches, and discards are different for the three fishing modes employed by the purse-
seine fishery (fishing for tunas associated with dolphins, tunas associated with floating objects,
or tunas associated only with other fish). (In this report catches refers only to catches retained
aboard the fishing vessel, bycatches to non-target species discarded at sea, and discards to target
species (yellowfin, skipjack, bigeye, bluefin, and albacore) discarded at sea.) The components of
an ecosystem are interdependent through predator-prey and competitive interactions. The effects
on the food web of removing tunas and associated predators are not understood. Adequately
assessing the status of an ecosystem would require assessments and monitoring of all major
species. Adequate fisheries data are not available for most non-target species, scientific surveys
are expensive and time-consuming, and monitoring the catches, size compositions of the fish
caught, efc., may be impractical. The best option, at this time, is to develop models that repre-
sent the life histories of the principal elements of the ecosystem and describe how biomass flows
between them, based on the best available information.

At its 58th meeting, held in June 1997, the IATTC established the Purse-Seine Bycatch
Working Group to examine the issue of bycatches and discards of all species taken in the purse-
seine fishery for tunas in the EPO. One of the terms of reference for the Working Group was “to
define the relationships among bycatch and target species with special reference to the sustain-
ability of the catches of all such species.” The Working Group held a technical meeting to con-
sider ecological studies and modeling on April 26-28, 1999, in La Jolla, California. One of the
primary purposes of the meeting was to evaluate an ecosystem model being developed by the
[ATTC staff, and to determine if employment of alternative methods was worthwhile.

IATTC staff members presented an overview of the variety of information required for
ecosystem modeling in general, and estimates of these parameters for the pelagic waters of the
tropical EPQ. Steady-state models require the following information: (1) definitions of the impor-
tant components of the food web, including trophic ontogeny where applicable, (2) predator-prey
links (diet composition), (3) estimates of predator consumption rates or energy requirements, (4)
estimates of prey biomass and productivity, and (5) other removals from the system (i.e. catches,
bycatches, discards, and emigration). Additional needs for dynamic models include information
(i.e. reproduction, recruitment, and growth parameters and weight-length relationships) neces-
sary to evaluate the transition from small to large ontogenetic groups of the same taxa and time
series of removals from the system. Other useful information that has not yet been incorporated
for modeling the tropical EPO ecosystem includes the spatial heterogeneity of predators and prey,
seasonal patterns of various parameters, recycling, and diet switching. There is only limited
knowledge of most of these latter factors for the EPO.

The ecosystem model for the pelagic waters of the tropical EPO has 36 components (Table
15a). These include the principal exploited species (e.g. the various tunas), functional groups (e.g.
sharks), sensitive species (e.g. sea turtles), and ontogenetic groups for large species (e.g. marlins).
In general, the model has finer taxonomic resolution at the upper trophic levels, and most of the
system’s biomass is contained in the middle and lower trophic levels (Table 15a). Three of the
components, baleen whales, swordfish, and bluefin tuna, predators that are not resident in the
tropical EPQ all year, but pass through the northern extremes of the model area seasonally, were
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added to the model in accordance with recommendations of the Working Group.

The ecosystem model was developed using Ecopath with Ecosim (EwE) (Christensen, V.,
C.J. Walters, and D. Pauly, Ecopath with Ecosim: a User’s Guide, October 2000 Edition. Fisheries
Centre, University of British Columbia, Vancouver, Canada, and ICLARM, Penang, Malaysia).
EwE was chosen because the participants of the first meeting of the Working Group, held on July
89, 1998, agreed that the Ecopath steady-state model, interfaced with the Ecosim dynamic
model, provides a useful starting point for modeling community dynamics, given the wide use of
the approach and the fact that it requires that the analyses include all parts of the system. The
information required to parameterize the model includes, for each model component, estimates of
diet composition, biomass (B), production-to-biomass ratio (P/B), consumption-to-biomass ratio
(@/B), and ecotrophic efficiency (EE). Ecosim uses the steady-state solution from Ecopath, incor-
porates density dependence, and simulates population trajectories forward in time. Ecosim pro-
vides a tool to explore hypothesized changes in fishery exploitation by means of dynamic
simulations,

The Working Group recommended several short-term priorities for revising and calibrating
the EPO model. These included (1) adding model groups for the predators that pass through the
northern extremes of the model area seasonally, (2) redefining the model area (considering, for
example, ocean provinces or the main area of the surface fishery), (3) incorporating recently-avail-
able bycatch and discard data for the longline fishery, (4) incorporating alternative methods for
estimating the biomass of bycatch species, (5) comparing previous estimates of yellowfin tuna
recruitment in the EPO with that produced by the model, (6) conducting a thorough sensitivity
analysis, (7) evaluating the relative importance of environmental influences on the EPO
ecosystem, and (8) comparing the EPO model with one based on a shorter food chain typical of
upwelling systems. Several of these were completed during 1999, and further analyses were to
be conducted during 2000.

Additional evaluation of the EPO ecosystem model was accomplished at two workshops
funded by the National Center for Ecological Analysis and Synthesis (NCEAS) in Santa Barbara,
California, on June 24-26 and November 30-December 2, 1999. NCEAS, which is funded by the
U.S. National Science Foundation and the state of California, provided a grant that will fund a
series of workshops over two years to help in the development and evaluation of the EwE model
for the EPO. A preliminary evaluation of the implications of climate forcing on ecosystem
dynamics of the pelagic waters of the tropical EPO was made at the June workshop and further
developed at a subsequent workshop held in La Jolla on August 30-September 1, 1999, sponsored
by the IATTC. One of the ways that the physical environment affects ecosystem dynamics is by
inducing variation in primary production at the base of the food web. The tropical EPO is
strongly influenced by El Nifio and La Nifia events, and those events that occurred during 1998
and 1999 are among the strongest on record. Over a large portion of the tropical EPO, the chloro-
phyll concentrations are reduced during El Nifio events and increased during La Nifia episodes.
To simulate El Nifio- and La Nifia-scale variations in producer biomass in the ecosystem model,
the members of the workshop constructed an empirical model that relates sea-surface tempera-
ture (SST) anomalies to surface chlorophyll concentrations, an index of phytoplankton biomass.
This model was developed from NINO3 SST anomalies and three sets of shipboard and satellite
phytoplankton pigment data collected during recent warm and cold events. (NINO3 SST is the
monthly mean sea-surface temperature in the eastern equatorial Pacific, 5°N-5°S and 150*-90°W,
obtained from NOAA, National Weather Service, Climate Prediction Center, U.S.A.) These
anomalies and data suggest that, on average, log pigment concentration (mg m™3) changes by
about -0.047 per degree Celsius, equivalent to a change of about 11 percent. The members of the
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workshop used time series of SST anomalies to specify trajectories of producer biomass, and sim-
ulated the ecosystem effects of (1) single, positive (La Nifa-like) and negative (El Nifio-like)
pulses in producer biomass, (2) regular warm-cold cycles in producer biomass, and (3) a time
series of producer biomass predicted from a greenhouse-warming scenario for the 21st century.
Pulses in producer biomass in the model ecosystem affected components at middle trophic levels
{forage fishes and cephalopods) more than the apex predators. The analysis of the role of bottom-
up physical processes on ecosystem dynamics in the tropical EPO were to be developed further
during 2000.

As mentioned above, the goal of this research is to better understand the relative ecolog-
ical implications of alternative fishing strategies in pelagic waters of the tropical EPO. The anal-
ysis of climate forcing of the ecosystem forms the foundation for evaluating the ecological effects
of fishing because top-down effects of fishing on marine ecosystems occur over the background
variability imposed on the system by bottom-up processes resulting from physical changes in the
environment. The modeling work in 2000 would focus on exploring the ecosystem effects of
fishing that might be detectable over and above this environmental variation.

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 that affect their
recruitment to the exploitable stocks. These considerations motivated the IATTC to establish 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 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 temperature in
these waters is approximately 21° to 29°C. 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 IATTC’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 hiological system and the physical environment (IATTC,
Data Report 9).

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 under-
take a joint 5-year project, funded mostly by the OFCE, at the Achotines Laboratory. In 1998 the
joint project was extended for an additional two years, and in 1999 it was agreed, in principle, that
it would be funded through March 2001. The objectives of the project are: (1) to culture adult yel-
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lowfin 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 Laboratory were necessary to
carry out the objectives of the project. An additional concrete tank was constructed during 1999.
The dimensions and capacities of the tanks are as follows:

Tank Diameter (meters) Depth (meters) Capacity (liters)
1 17.0 6.0 1,361,900
2 8.5 3.0 170,200
3 8.5 1.5 85,100
4 8.5 1.5 85,100
5 8.5 1.5 85,100
6 85 3.0 170,200

Construction of a new concrete pier and boat ramp in Achotines Bay was completed during 1999.
The new pier and boat ramp replaced the small ramp and seawall constructed many years ago.
The new facilities have made it much easier to launch and retrieve boats and to transfer live fish,
equipment, and personnel.

Yellowfin broodstock

Yellowfin in the size range of 2 to 7 kg 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 vertebrae. The tag allows
each fish to be identified throughout its life in captivity, and injection with OTC facilitates studies
of the growth of the fish. All fish were immersed in dilute solutions of formalin and sodium
nifurstyrenate, an antimicrobial agent, for several hours to treat any skin infections caused by
capture and handling.

Yellowfin were stocked in the large broodstock tank (Tank 1) and in the reserve broodstock
tank (Tank 2) during 1996 and maintained throughout 1997, 1998, and 1999. The diet of the yel-
lowfin broodstock in Tank 1 is being monitored to ensure that it provides enough energy to fuel
high growth rates and spawning, but does not cause excess fat deposition. The feeding behavior
of the fish, combined with growth rate estimates, are being used as guidelines for determining the
daily ration schedules. The information on the proximate composition (protein, moisture, fat, and
ash) of the food organisms and the broodstock fish (obtained from fish which occasionally died or
were sacrificed) are used to adjust the feeding. The food organisms have included squid (Loligo
spp.), anchovetas (Cetengraulis mysticetus), thread herring (Opisthonema spp.), 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 anchovetas 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 in Tank 1 were fed at
approximately 2 to 4 percent of their body weight per day during 1999. During the year two yel-
lowfin that had died in Tank 1 were analyzed for proximate composition. The fish appeared to be
in good health, and fat deposition was not excessive.
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In mid-August 14 younger yellowfin were transferred to Tank 1 to restock the spawning
population, which had been reduced to five fish, all from the original group stocked in the tank in
1996. They were identified by their tag numbers, measured, weighed, and injected with oxyte-
tracycline before being placed into the tank. Their lengths ranged from 74 to 89 em and their
weights from 8 to 15 kg. At the end of the year, there were 16 fish in the tank, 4 from the initial
group and 12 from those transferred into it in August. Eight mortalities occurred during the
year; including six fish from the older group and two from the younger one. The mortalities were
due to starvation (1 fish) and wall strikes (7 fish). Growth models were fitted to the length and
weight data of the yellowfin at the time of placement into the tank and at the time the fish were
sacrificed or died. Daily estimates of lengths and weights were calculated from the growth
models. The estimated lengths and weights of the two groups of fish at the end of the year in
Tank 1 were as follows:

Length (cm) Weight (kg)
Average Range Average Range
Large fish 147 146-149 76 74-78
Small fish 94 88-101 17 14-22

At the end of the year the biomass in the tank was estimated to be 0.37 kg per cubic meter, which
is somewhat less than the original target stocking density of 0.50 kg per cubic meter for the brood-
stock population.

The yellowfin in Tank 2 were held in reserve to augment the broodstock population in Tank
1, should that become necessary. During 1999 the collection of small yellowfin tuna was
continued in coastal waters near the Laboratory. The fish were to be used for broodstock replace-
ment and for future experiments that compare different types of food for broodstock fish.
Yellowfin in the size range of 52 to 69 cm and 3 to 6 kg were collected by hook and line at sea and
transported to the Laboratory. Each fish was measured, weighed, injected with oxytetracycline,
and tagged with a microchip implant tag. Following a holding period, each fish was moved to
either the 170,200-L reserve broodstock tank (Tank 2) or the 85,100-L tank (Tank 5). They were
fed a diet of squid and herring at approximately 5- to 8-percent body weight per day. Fourteen of
these fish were transferred to Tank 1 in August. At the end of 1999 the population in Tank 2 was
eight fish, ranging in length from about 50 to 70 em and in weight from about 3 to 7 kg.

Yellowfin spawning

During 1999 the yellowfin in Tank 1 spawned on only six dates from January through
April, and then spawned at nearly daily intervals from May through December. The water tem-
peratures in the tank during spawning ranged from 25.8° to 28.7°C. During the year spawning
occurred between 4:20 p.m. and 9:30 p.m. The spawning events were usually preceded by
courtship behavior (paired swimming, chasing) during the afternoon.

The numbers of fertilized eggs collected after each spawning event in Tank 1 ranged from
about 900 to 2,042,000. The eggs were collected by several methods, including siphoning and dip-
netting at the surface and seining with a fine-mesh surface egg seine.

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



ANNUAL REPORT 1999 35

Laboratory studies of the growth and feeding of yellowfin larvae and juveniles

Several experiments were conducted with yellowfin larvae during 1999. The experiments
were designed to examine the effects of larval stocking density, prey type, and microturbulence
on feeding incidence, survival, and growth of the larvae.

In mid-1999 an experiment was conducted to examine the effects of larval density on the
growth and survival of yellowfin larvae. The experiment was similar to a 2-week density-depen-
dence study conducted with yellowfin larvae in 1998. In the 1999 experiment, larvae were
stocked at three different densities in replicated 1.2-m diameter tanks nested within 1.5-m tanks.
The larvae in each tank were fed a sequential diet of rotifers enriched with a fatty-acid supple-
ment (1,500-2,500 per liter) and brine shrimp nauplii enriched with a fatty-acid supplement (250
per liter). The water temperatures during the experiment ranged from 26.2° to 27.9°C. The
larvae were sampled at various stages of development up to 9 days after hatching (6 days after
first feeding), and length measurements and dry weights were obtained from fresh specimens. In
addition, larvae were preserved in formalin to determine the incidence of feeding. A preliminary
analysis of the growth data indicated that there was a trend for density-dependent growth in both
length and weight. The larvae stocked at the lowest density grew more rapidly than the others.
After 6 days of feeding, larvae stocked at the lowest density were, on average, 7 and 14 percent
longer and 4 and 48 percent heavier than those stocked at the medium and high densities, respec-
tively. These results were similar to those of the 1998 density experiment, and confirmed the
onset of density-dependent growth by yellowfin larvae during the first few weeks of feeding.

A 6-day experiment to determine the effects of microtrubulence on the feeding, growth, and
survival of yellowfin larvae was completed during mid-1999. The experiment was conducted
jointly by Drs. Shingo Kimura and Hideaki Nakata of the Ocean Research Institute, University
of Tokyo, and IATTC scientists. The experiment was similar to a 2-week turbulence study con-
ducted with yellowfin larvae during 1998. In the 1998 study three levels of turbulence (low,
medium, and high) were simulated in experimental tanks. In the 1999 study, however, five levels
of turbulence (low, semi-low, medium, semi-high, and high) were simulated in replicated 1.2-m
diameter tanks nested within 1.5-m tanks. The turbulence in each tank was controlled by the
level of aeration, and initially measured by the mean horizontal velocity of a neutrally-buoyant
object in multiple locations in the tank. In addition, daily measurements of the water velocities
were made in each tank with a micro acoustic Doppler current meter. This instrument measures
the water velocities in three dimensions simultaneously. The measurements made with this
instrument were periodically compared to measurements taken with a geomagnetic current
meter. The yellowfin larvae were initially fed enriched rotifers (500-1,000 per liter), and then
enriched brine shrimp nauplii (250 per liter) were introduced on the sixth day of feeding. The
water temperatures ranged from 26.6° to 28.2°C during the experiment. Larvae from each tank
were sampled daily to obtain length measurements and dry weights from fresh specimens. In
addition, larvae were sampled daily from each tank and preserved in formalin for use in exam-
ining the feeding parameters. These larvae were to be measured, their stomachs were to be dis-
sected, and the contents were to be enumerated and measured. The number of survivors in each
tank after 6 days of feeding was calculated. Preliminary analysis of these data indicated that the
highest survival occurred at the semi-low and semi-high turbulence levels. One replicate tank of
medium turbulence also produced high survival, but the other produced low survival, which was
most likely due to unknown suboptimal culture conditions in that tank). The lowest survivals
occurred at the low and high turbulence levels. The survival of larvae feeding at the semi-low or
semi-high turbulence levels was 0.2-0.5 times higher than that of larvae feeding at high turbu-
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lence and 4-5 times higher than that of larvae feeding at low turbulence. These results were con-
sistent with the survival pattern observed in the 1998 turbulence experiment, and confirmed that
larval feeding success and survival during the first week of feeding are markedly higher at
medium turbulence levels.

Another turbulence experiment was conducted during 1999 for a period of 5 days. In this
experiment the turbulence was created in a different manner by controlling the volume of water
introduced through an inflow pipe at the bottom of each tank (no aeration). Low and high tur-
bulence levels were simulated by this method. The water temperatures ranged from 26.8° to
28.3°C. The other experimental parameters and the sampling regime were the same as in the
first experiment. The growth, survival, and feeding parameters from this experiment were to be
compared to those of the previous turbulence experiments.

The turbulence data measured with the micro acoustic Doppler meter were to be analyzed,
and an optimal range of turbulent energy for yellowfin larval survival was to be calculated. The
optimal experimental levels of turbulence were to be compared to historical data on levels of wind-
induced mixing in the tropical eastern Pacific Ocean. If similar levels of wind-induced mixing were
identified, they would be compared to yellowfin recruitment levels for the same time periods to
identify patterns of association between wind-induced mixing and yellowfin recruitment.

The fish that survived beyond the termination of the larval experiments were reared to
larger sizes. Several groups of larvae were fed, through juvenile metamorphosis, a diet of
recently-hatched larvae and chopped and whole fish fry. The juveniles were maintained in either
2.4-m diameter, 4,800-L tanks or 3.7-m diameter, 15,900-L tanks. Some juveniles had been
reared to 7 weeks after hatching by the end of the year.

Genetic studies of captive yellowfin

In August 1999, during the transfer of new broodstock fish into Tank 1, a small piece of a
dorsal finlet was removed from each fish for genetic analysis. Genetic samples have been taken
from broodstock yellowfin and their eggs and larvae to determine the amount of genetic variation
in both adults and their offspring. Any new broodstock fish that are introduced to the captive
population will be sampled for genetic analysis. If the different mitochondrial DNA genotypes are
known for all females in the broodstock population, it will be possible to estimate the number of
fernales contributing to any spawning event.

Respirometry experiments with yellowfin larvae and juveniles

During 1999 a series of experiments to measure the metabolic rates of yellowfin larvae and
juveniles at the Achotines Laboratory was conducted, in collaboration with Dr. Shin Oikawa of
the Department of Fisheries, Kyushu University, and Dr. Takeshi Kanda of the Fisheries
Research Laboratory, Miyazaki University. The respiration rates were measured, by two
methods, for 12 groups of larval and early-juvenile yellowfin hatched at the Laboratory. For the
in vivo method, the oxygen consumption rates of live fish enclosed in small chambers at 27°C
were measured. For the in vitro method, oxygen electrodes were used to measure the oxygen con-
sumption rates of minced tissue at 27°C from freshly-killed fish. Other specimens were fixed in
2.5-percent glutaraldehyde fixative for subsequent measurements of the respiratory surface
areas (gills and skin).

The mass-specific metabolic rates decreased with increasing body mass from 5 to 31 days
after hatching. Different phases, identified by distinct regression intercepts, appeared to be
related to transition from the larval to the juvenile stage and to the nutritional condition of the
larvae. Further analysis of the development of the body structures, based on the preserved sam-
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ples of larvae and juveniles, was begun. These studies will contribute to the understanding of the
ontogeny of tuna bioenergetics, and will help evaluate the role of energy acquisition in survival
and recruitment.

Spawning and rearing of polla drum and spotted rose snappers

The work on of polla drum and spotted rose snappers is carried out by the Direccidn
General de Recursos Marinos de Panama.

Polla drum (Umbrina xanti) and spotted rose snappers (Lutjanus guttatus) were collected
during 1996 to establish broodstock populations in captivity.

During 1999 the polla drum broodstock spawned one to three times per week from May
through November. Several experiments were conducted with fish in the early life stages. The
fertilized eggs were used to study the effect of salinity on the hatching rates and development of
the eggs. The larvae were reared through juvenile metamorphosis to examine the different stages
of development. During 1999 it was decided to phase out the remaining broodstock of polla drum
and replace it with broodstock of a larger, more commercially-valuable, species of corvina, and in
early December the five surviving broodstock fish were released into Achotines Bay.

During 1999 the spotted rose snappers spawned two to three times per week from June
through mid-December. Samples of eggs and larvae were periodically taken to monitor early
development. In addition, a group of juveniles that had been hatched in October 1998 was being
reared in a 12,000-L tank to attempt to complete the life cycle of this species in captivity and to
study the growth patterns and feeding requirements of the juveniles. At the end of the year these
fish were 30 to 31 cm long and weighed 450 to 500 grams.

New broodstock of corvina were collected during the year. Individuals of two species, white
corvina (Cynoscion albus) and Stolzmann’s weakfish (C. stolzmani), were captured and stocked in
Tank 3, which has a capacity of 85,100 L. At the end of the year there were 10 fish in the tank.
Potential broodstock of both species were to be collected during 2000. The species which appeared
to do best in captivity would be used for spawning and rearing studies.

Project evaluation

Steering committee meetings for the joint IATTC-OFCF-Panama project were held at the
Achotines Laboratory on May 10-11 and November 11-12, 1999. The meetings were attended by
representatives of the IATTC, the OFCF of Japan and the Direccion General de Recursos Marinos
y Costeros of Panama. Research progress was reviewed, and future commitments to the project
were discussed. In principle, it was agreed that the project would receive funding for one addi-
tional year, through March 2001.

OCEANOGRAPHY AND METEOROLOGY

During the 45 years from 1955 to 1999 there have been 10 significant anti-El Nifio events
in the eastern tropical Pacific (ETP), each of which developed within 1 to 3 years after the termi-
nation of a moderate to strong El Nifio episode. These events are characterized by stronger-than-
normal easterly winds over the ETP, which cause marked increases in upwelling of cool,
nutrient-rich subsurface water along the equator east of 160°W, in the coastal areas of Ecuador
and Peru, and in offshore areas off Mexico and Central America. As a result, below-normal sea-
surface temperatures (SSTs) and sea levels and shallower-than-normal thermoclines prevail over
much of the ETP. In addition, the Southern Oscillation Indices (SOIs) are positive during anti-
El Nifio episodes. (The SOI is the difference between the anomalies of sea-level atmospheric pres-
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sure at Tahiti, French Polynesia, and Darwin, Australia, and it is a measure of the strength of
easterly surface winds, especially in the tropical Pacific in the Southern Hemisphere.) Anti-El
Nifo episodes have not received as much publicity as their opposite, El Nifio episodes, which have
usually been associated with unfavorable oceanic and weather conditions for fishing for surface-
dwelling fish. Anti-El Nifio episodes are important events, however, because they contribute to
maintaining food supplies, through upwelling, for pelagic organisms, including those which are
of direct commercial value. In addition, various species of fish, including yellowfin and skipjack
tuna, are more vulnerable to capture when the thermocline is closer to the surface and strong
(rapid decrease in temperature with depth) during anti-El Nifio episodes.

During the first half of 1998 there was a rapid transition from strong El Nifio conditions to
strong anti-El Nifio conditions. The latter continued during the second half of the year, especially
during the fourth quarter. As a result, there was a marked improvement in fishing conditions in
the ETP, which led to greater catch rates of tunas in the Commission’s Yellowfin Regulatory Area
(CYRA, Figure 1).

During January 1999 the SSTs were 2° to 3°C below normal over much of the equatorial
region west of 110°W, and the SOI was 2.0. In contrast, during February and March the area of
the equatorial ocean with SSTs more than 2°C below normal was significantly reduced, and the
SOIs were 0.8 and 0.9, respectively, marking the first time since June 1998 that the SOIs were
less than 1.0. The SST anomaly pattern for February 1999, which is similar to that of January
1999, and also to that of November 1998, is shown in Figure 25a. This pattern is typical of anti-
El Nifio conditions in the ETP. The SSTs were also 1° to 2°C below normal along the coasts of
Ecuador and Peru during the first quarter. During that quarter the thermocline was 40 to 80 m
beneath the surface, which was, on average, 15 m closer to the surface than normal. In addition,
the sea level remained an average of 5 ¢cm below normal.

During the second quarter of 1999 the surface easterly winds were weaker, especially
during May and June, indicating that the atmospheric surface pressure and wind circulation in
the equatorial region were returning to normal. The weakening of the surface winds probably
reduced the equatorial upwelling. The SSTs were 1° to 2°C below normal over much of the equa-
torial region west of 100°W, but the areas of the equatorial ocean with SSTs more than 2°C below
normal were markedly reduced relative to those of the first quarter. Nevertheless, there
remained a large region of negative SST anomalies of 1° to 2°C along the coasts of Ecuador and
Peru. The pattern of SST anomalies for April 1999, shown in Figure 25b, is typical of earlier
periods during which anti-E1 Nifio conditions have prevailed. The thermocline remained at
depths of 40 to 80 m and the sea level an average of 5 to 10 cm below normal. The SOILs were 0.1
in May and -0.1 in June, the lowest of the anti-El Nifio episode. Nevertheless, the ocean condi-
tions remained favorable for tuna fishing.

In the ETP the third quarter of most years is a transition period, during which the atmo-
spheric and oceanic circulations and the SSTs approach their average annual patterns. The SST
anomalies are usually small, and the southerly surface winds of the summer monsoon begin to
change to northerly directions. In addition, the ocean currents in the ETP go through changes in
strength and direction. During this transition period major tropical events, such as El Nifio and
anti-El Nifio episodes, also weaken. By the austral summer (November to February) the estab-
lished El Nifio episodes will usually strengthen, but the anti-El Nifio events will usually continue
to weaken. This was not the case during the fourth quarter of 1999, however.

During the third quarter of 1999 SSTs more than 1C below normal occupied a smaller por-
tion of the equatorial region between 5N and 5S from 120 to 1565W and the areas along the coast
of Peru than during the first half of the year. Over much of the CYRA the SSTs were, on average,
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closer to normal than during the first half of the year. The SST anomalies for July 1999 (Figure
25¢) were representative of those of the third quarter. The thermocline remained at depths of 40
to 80 m and the sea level at 5 to 10 ¢cm below normal over most of the ETP. The SOI increased
slightly to 0.5 in July, but it then decreased to 0.1 in August and to ~0.1 in September. The
increase in the SOI in July evidently reflected only a temporary increase in the intensity of the
anti-El Nifio episode.

After a short period of weakening during the third quarter, the anti-El Nifio conditions
strengthened again during the fourth quarter. SSTs more than 1C below normal covered more of
the equatorial region between 10N and 10S west of 110W than during the previous quarter. The
SST anomaly pattern for December, which is representative of the fourth quarter of 1999, is shown
in Figure 25d. The thermocline in the equatorial region remained shallower than normal, at depths
of 40 to 60 m. Above-normal easterly wind speeds were common in the ETP in association with
increasing SOIs (0.9 in October, 1.1 in November, and 1.5 in December). The strengthened surface
winds caused increased upwelling of nutrient-rich water, especially in the equatorial region.

STOCK ASSESSMENT OF TUNAS AND BILLFISHES

Background Papers describing stock assessments of yellowfin, skipjack, bigeye, bluefin,
albacore, and blue marlin conducted by the IATTC staff were presented at the 66th meeting of
the IATTC in June 2000. These, plus a paper on production model analysis of yellowfin in the
EPO, have been published as Stock Assessment Report 1 of the IATTC.

DOLPHINS

Yellowfin tuna in the size range of about 10 to 40 kg frequently associate with marine
mammals, especially spotted dolphins (Stenella attenuata), spinner dolphins (S. longirostris), and
common dolphins (Delphinus delphis and, to a lesser extent, D. capensis) in the eastern Pacific
Ocean (EPO). The spatial distributions of the various stocks of these four species are shown in
Figure 26. (D. capensis probably occurs only within the range of the northern stock of common
dolphins.) 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.

Preliminary estimates of the mortality of dolphins due to fishing

In 1999 the incidental mortality of dolphins was 1,348 animals (Table 16), a 28-percent
decrease relative to the mortality of 1,877 animals recorded in 1998. The mortalities for 1979-
1999, by species and stock, are shown in Table17, and the standard errors of these estimates are
shown in Table 18. The mortalities of the principal dolphin species affected by the fishery show
declines in the last decade (Figure 27) similar to that for the mortalities of all dolphins combined
(Figure 28). Estimates of the abundances of the various stocks of dolphins for 1986-1990 and the
relative mortalities (mortality/abundance) are also shown in Table 16. The highest levels of rel-
ative mortality occurred for northeastern spotted dolphins (0.05 percent) and eastern spinner dol-
phins (0.06 percent). The upper bounds of the approximate 95-percent confidence intervals were
less than 0.10 percent for all stocks, with the highest values occurring for northeastern spotted
dolphins (0.061 percent) and eastern spinner dolphins (0.087 percent).
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The number of sets by Class-6 vessels on dolphin-associated schools of tuna decreased by
19 percent, from 10,645 in 1998 to 8,648 in 1999, and the proportion of the total sets made which
were made on dolphins decreased from 51.3 percent in 1998 to 44.6 percent in 1999 (Table 5). The
average mortality per set decreased from 0.18 dolphin in 1998 to 0.16 dolphin in 1999. The esti-
mated spatial distribution of the average mortalities per set during 1999 is shown in Figure 29.
The mortalities per set were greatest at the offshore margins of the fishery, in areas of high num-
bers of dolphin sets, and off Baja California and north of the Panama Bight. The trends in the
numbers of sets on dolphin-associated fish, mortality per set, and total mortality in recent years
are shown in Figure 28.

The catches of dolphin-associated yellowfin by Class-6 vessels were nearly the same as
those for 1998. However, the percentage of the catch of yellowfin taken in sets on dolphins
decreased from 65.0 percent of the total catch by Class-6 vessels in 1998 to 57.2 percent of that
catch in 1999, and the average catch of yellowfin per set on dolphins increased from 14.3 to 17.9
metric tons per set. The mortality of dolphins per metric ton of yellowfin caught decreased from
0.012 in 1998 to 0.009 in 1999.

The above figures include data from trips by tuna vessels covered by observers from the
programs of the IATTC and the PNAAPD of Mexico. The comparisons in the next paragraph are
based only on the IATTC data bases for 1986 through 1999.

The decrease in the mortality per set is the result of actions by the fishermen to better
manage the factors that bring about incidental mortalities of dolphins. Indicative of this effort is
the number of sets in which no mortalities occurred, which has risen from 38 percent in 1986 to
91 percent in 1999 (Table 19). The factors under the control of the fishermen 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, and the time it takes to complete the back-
down maneuver (Table 19). The percentage of sets with major mechanical malfunctions has
decreased from an average of approximately 11 percent during the late 1980s to less than 7 per-
cent during 1997-1999. The percentage of sets with net collapses has decreased from about 30
percent during the late 1980s to about 6 percent during 1997-1999. The equivalent percentages
for net canopies were about 20 and 5. The average backdown time has changed little since 1986,
but the average number of animals left in the net after backdown has decreased from 6.0 in 1986
to 0.11in 1999. In addition to the factors listed above, the mortality of dolphins per set increases
with the number of animals in the encircled herd. The fishermen can reduce the mortalities per
set by encircling schools of fish associated with fewer dolphins. However, the average number of
animals in encircled herds of spotted dolphins, the species most set upon by the fishery, was 29
percent more in 1999 than in 1998.

Trends in abundance of dolphins

The IATTC Annual Report for 1996 includes estimates of the relative abundance of dol-
phins obtained with a technique that uses the sightings from tuna vessels to examine long-term
trends in dolphin abundance. Because this technique uses data collected during fishing activi-
ties, the estimates are biased. Nevertheless, these estimates should be useful if there are no tem-
poral trends in the factors causing bias. An analysis by the staff has suggested that there may
be such trends in recent years, possibly due to the advent of “dolphin-safe” policies and the adop-
tion of new fishing technologies (e.g., bird radar) by the international fleet. Indicative of poten-
tial problems, the estimated index of relative abundance of northeastern spotted dolphins and the
number of dolphin sets in the northeastern spotted dolphin area are highly correlated during
1990-1997, a period of “dolphin-safe” policies and individual vessel mortality limits (Figure 30).
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One indication of a change in the searching behavior of the fleet in recent years is shown in the
increase in the percentage of searching effort that occurs after a sighting that leads to a dolphin
set (Figure 31). The encounter rate during this “post-detection” period is much lower than that
prior to the set-sighting (Figure 31), and thus the increase in post-detection searching effort in
recent years may impart a temporally varying bias to the estimates of the relative abundance.
The IATTC staff, in coordination with the Research Unit for Wildlife Population Assessment at
the University of St. Andrews, Scotland, was planning to re-examine these and other issues to
determine if the existing methodologies for estimation of the relative abundance of dolphins could
be suitably revised.

Estimates of the rates of growth of eastern spinner and northeastern spotted dolphin
populations of the eastern Pacific Ocean

The growth rates of the populations of eastern spinner and northeastern spotted dolphins
in the eastern Pacific Ocean were estimated by fitting a simple exponential population model to
the U.S. National Marine Fisheries Service (NMFS) marine mammal survey data provided on the
web site of the NMFS Southwest Fisheries Science Center.

The population model is given as

N(t+1) = exp(r(®)) [N®) - C(5)]

in which N(z) is the population abundance in year ¢, r(t) is the population growth rate in year ¢,
and C(¢) is the total mortality in the purse-seine fishery in year ¢, as estimated by the IATTC staff.
The relationship between dolphin abundance, as measured by the NMFS survey, and true abun-
dance is assumed to be

x(2) = In[N(@®)] + e(t) + d(t)

in which x(t) is the logarithmic transformation of the survey estimate of abundance in year ¢, e(t)
is the survey measurement error as characterized by the sample variance reported by the NMFS,
and d(¢) is an additional unreported survey error due to sources other than sample variance. The
first error term, e(t), is assumed to be normally distributed, with a standard deviation equal to
the survey sample coefficient of variation reported by the NMFS. The second error term, d(¢), is
assumed to be normally distributed, with an unknown variance V, which is an additional param-
eter to be estimated. A Bayesian statistical estimation procedure, the MCMC algorithm, was
applied to calculate posterior probability intervals for the net growth rate of the population and
its annual abundance. Prior distributions were chosen as uniform distributions on (),
In[N(1979)], and In(V) because of the nearly-linear structure of the problem under a logarithmic
transformation. The bounds of the uniform priors were chosen well beyond appreciable density
of the likelihood function.

The NMFS has proposed testing the hypothesis that after 1991 the population failed to
grow at the rate expected from the dynamics in the 1975-1991 period. To examine this hypoth-
esis, the population model was fitted on the assumption that r(¢) = r1 prior to 1992 and r(¢) = r2
after 1991. The results (Figures 32-33) indicate that the abundance of the populations of both
eastern spinner and northeastern spotted dolphins increased during the period covered by the
NMFS surveys (1979-1998), but that the large amount of variance in the survey indices pre-
cludes drawing definitive conclusions about population growth rates during the pre-1992 and
post-1991 periods.

The analysis can be used to test the hypothesis that the depleted dolphin populations have
not grown during the period covered by the NMFS surveys. The fishing effort on dolphin-associ-



42 TUNA COMMISSION

ated tunas has been substantial during that period, and the depleted populations are thought to
have been at a low level of abundance. To address that question, the above population model was
fitted on the assumption that (¢) = r, a constant rate, during 1979-1998. The results show that
median population growth has more than tripled the abundance of the eastern spinner dolphin
population and increased the abundance of the northeastern spotted dolphin by more than 50 per-
cent (Figures 34a and 35a). The net cumulative growth rate during 1979-1998 is given by
In[N(1998)/N(1979)]. The results indicate that the probability that the population has grown
during those years is greater than 95 percent for the eastern spinner dolphin and about 80 per-
cent for the northeastern spotted dolphin (Figures 34b and 35b).

GEAR PROGRAM

The purpose of the IATTC’s gear program is to find ways to minimize or eliminate the mor-
tality of dolphins during fishing operations.

DOLPHIN SAFETY PANEL ALIGNMENTS

During 1999 the IATTC staff conducted alignments of dolphin-safety panels (DSPs) and
inspections of dolphin rescue gear aboard 33 vessels, 22 registered in Mexico, 8 in Ecuador, 2 in
Spain, and 1 in Vanuatu. A trial set, during which an IATTC employee observes the performance of
the net from an inflatable raft during backdown, is made to check the alignment of the DSP. The
TATTC employee transmits his observations, comments, and suggestions to the captain of the vessel,
and attempts are made to resolve any problems that 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.

TRAINING AND CERTIFICATION OF FISHING CAPTAINS

The IATTC has conducted dolphin mortality reduction seminars for tuna fishermen since
1980. Article V of the Agreement on the International Dolphin Conservation Program (AIDCP)
calls for the establishment, within the framework of the IATTC, of a system of technical training
and certification of fishing captains. Under the system, the IATTC staff is responsible for
preparing and maintaining a list of all captains qualified to fish for tunas associated with dol-
phins in the EPO. The names of the captains who meet the requirements are to be supplied to
the IRP for approval and circulation to the Parties to the AIDCP.

The requirements for new captains include (1) attending a training seminar organized by
the TATTC staff or by the pertinent national program in coordination with the IATTC staff, (2)
participation in a trial set that includes direct observations of the hackdown channel, and (3) a
practical training component, consisting of a trip during which it is intended to fish for tuna asso-
ciated with dolphins aboard a vessel with a DML, accompanied by either a qualified captain or
an approved technical advisor.

Seven workshops on reducing dolphin mortality, which were attended by 206 representa-
tives of the fishing industry, including 75 fishing captains, were held during 1999. These work-
shops 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. The fishermen and others who attend the workshops are presented with certifi-
cates of attendance. The dates, locations, and attendance of the workshops are summarized in
Table 20.
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OTHER SERVICES

The IATTC also offers other services to help governments and fleet managers and opera-
tors of individual vessels to reduce dolphin mortality. Publications and video tapes on the subject
are available at TATTC field offices. Trip Analyses, detailed reports of observed fishing trips, are
prepared upon request and, after the required authorizations are obtained, provided to allow per-
formance assessments of vessels and captains.

MEASURES FOR THE CONSERVATION OF TUNAS

The JATTC has 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 necessary so that the stocks of fish
can be maintained at levels that will yield the maximum sustainable catches.

If such measures are adopted, it is the responsibility of the states in which the vessels are
registered to enforce them.

YELLOWFIN TUNA

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 1999. 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 yellowfin appeared
to be at its greatest level in recent years. The regulations were implemented during each year of
the 1966-1979 period and during 1998 and 1999.

At the TATTC’s 61st meeting (June 10-12, 1998) the Director recommended a yellowfin
quota of 210,000 mt for that year, with the option to increase this limit by up to three increments
of 15,000 mt each. This quota was also adopted. By October 1998 the Director had decided that
one increment should be added, making the quota 225,000 mt, and a resolution to that effect was
adopted at the 62nd meeting of the JATTC (October 15-17, 1998). Since all Class-6 vessels had
observers aboard, these vessels were to cease fishing for yellowfin in the CYRA on a date to be
designated by the Director. After that date, until January 1, 1999, each vessel would be limited
to a 15-percent incidental catch of yellowfin. Purse seiners and baithoats without observers
aboard which were at sea on the closure date could continue to fish without restriction until they
returned to port to unload. For any subsequent trips commenced in 1998 each boat would be lim-
ited to a 15-percent incidental catch of yellowfin. If a trip extended into 1999 the 15-percent rule
would continue to apply until the vessel came to port to unload. The closure date that was sub-
sequently announced was November 26, 1998.

At the IATTC’s 63rd meeting (June 8-10, 1999) the Director recommended a yellowfin
quota of 225,000 mt for that year, with the option to increase this limit by up to three increments
of 15,000 mt each, and this quota was adopted. A resolution implementing the catch limit was
adopted at the 65th meeting of the IATTC (October 4-10, 1999). At that meeting the Director
announced that he had decided to add one increment of 15,000 mt to the base quota of 225,000
mt. On October 13, 1999, he announced that he estimated that the catch of yellowfin in the CYRA
would reach 240,000 mt on Gctober 14, 1999, and that the “restricted period” would begin on that
date. From that date until the end of the year fishing for yellowfin with surface gear in two areas,
one off northern Mexico and the other off northern South America, was restricted. On November
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12, 1999, the Director announced that he estimated that catch of yellowfin in the CYRA would
reach 265,000 mt on November 23, 1999, at which time the “second phase of the restriction”
would come into effect. From that date until the end of the year fishing for yellowfin with sur-
face gear in the CYRA was restricted. The rules concerning incidental catches of yellowfin and
vessels without observers were the same as in 1998.

BIGEYE TUNA

The rapidly increasing catches of bigeye by surface gear during the mid-1990s is obviously
a matter of concern. The possible effects of the purse-seine fishery on the longline fishery are dis-
cussed on pages 25-26 of the JATTC Annual Report for 1997. At the time that that report was
written there was insufficient information, particularly on natural mortality rates, to come to def-
inite conclusions. Nevertheless, a resolution was passed at the 61st meeting of the IATTC (June
10-12, 1998) calling for cessation of making purse-seine sets on schools of tunas associated with
floating objects during 1998 after 45,000 mt of bigeye had been caught in the EPO by surface gear.
The catch of bigeye by the surface fishery during 1998 was less than 45,000 mt, so there were no
restrictions on the catch of that species during that year.

A resolution calling for restriction of the fishery for tunas associated with floating objects
in 1999 was approved at the 64th meeting of the IATTC (July 21-22, 1999). The object of this res-
olution was to limit the catch of bigeye in the EPO by surface gear to 40,000 mt, and fishing for
tunas associated with floating objects was to be prohibited after the date that the catch of bigeye
in the EPO by the surface fleet reached that amount until the end of the year. On October 13,
1999, the Director announced that his best estimate of that date was November 8, 1999, and that
the prohibition would commence on November 9, 1999,

FISH-AGGREGATING DEVICES

A resolution adopted at the 62nd meeting of the IATTC (October 15-17, 1998) (1) prohib-
ited the use of tender vessels (non-fishing vessels which deploy, maintain, repair, and pick up fish-
aggregating devices (FADs) in the EPO, (2) prohibited the “transshipment of tuna on the high
seas by purse-seine vessels fishing for tunas in the EPO,” and (3) stated that the number of FADs
a fishing vessel could carry would be limited. The limits were to be “decided through consulta-
tion among the Parties, based on recommendations of the Working Group.” A resolution adopted
at the 64th meeting of the JATTC (July 21-22, 1999) reaffirmed the first two points of the resolu-
tion adopted at the 62nd meeting. Fishing for tunas associated with FADs was prohibited in the
EPO from November 9 through December 31, 1999.

FLEET SIZE

A resolution adopted at the 62nd meeting of the TATTC (October 15-17, 1998) established
limits, for 1999, on the capacities of the purse-seine fleets of individual nations, ranging from 499
mt for Honduras to 49,500 mt for Mexico. It was agreed that the 1999 limits would not set a
precedent for succeeding years.

THE INTERNATIONAL DOLPHIN CONSERVATION PROGRAM

On June 17, 1992, the Agreement for the Conservation of Dolphins (“the 1992 La Jolla
Agreement”), which created the International Dolphin Conservation Program (IDCP), was
adopted. The main objective of the Agreement was to reduce the mortality of dolphins in the
purse-seine fishery without harming the tuna resources of the region and the fisheries that
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depend on them. On May 21, 1998, the Agreement on the International Dolphin Conservation
Program (AIDCP), which built on and formalized the provisions of the 1992 La Jolla Agreement,
was signed, and it came into effect on February 15, 1999. In 1999 the governments or regional
economic integration organizations that had ratified or were provisionally applying the AIDCP
were Colombia, Costa Rica, Ecuador, E] Salvador, the European Union, Mexico, Nicaragua,
Panama, the United States, Vanuatu, and Venezuela. The Parties to this Agreement are “com-
mitted to ensure the sustainability of tuna stocks in the eastern Pacific Ocean and to progres-
sively reduce the incidental mortalities of dolphins in the tuna fishery of the eastern Pacific
Ocean to levels approaching zero; to avoid, reduce and minimize the incidental catch and the dis-
card of juvenile tuna and the incidental catch of non-target species, taking into consideration the
interrelationship among species in the ecosystem.”

One of the principal features of the IDCP is an annual limit on the number of dolphins that
may be killed during fishing operations. The overall dolphin mortality limit (DML) established
for the international fleet in 1999 was 5,000 animals. One hundred and twenty-five vessels were
allocated individual DMLs of 40 animals each. Thirty-four of the vessels did not utilize their
DMLs by June 1; 25 of those forfeited their DMLs, and the other 9 were allowed, due to extenu-
ating circumstances, to keep them for the remainder of the year. None of those 9 vessels utilized
its DML during the rest of the year, so 91 vessels utilized their DMLs. Ten vessels were allocated
second-semester DMLs of 20 animals each, but none of these utilized its DML. The distribution
of the mortality caused in 1999 by vessels with full-year DMLs is shown in Figure 36. The esti-
mate of total mortality of dolphins caused by the fishery in 1999 is 1,348 animals.

PUBLICATIONS

The prompt and complete publication of research results is one of the most important ele-
ments of the IATTC’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 1999 IATTC staff members had published 144 Bulletins, 48 Annual
Reports, 11 Special Reports, 10 Data Reports, 9 books, and 494 chapters, papers, and articles in
books and outside journals. The contributions by staff members published during 1999 are listed
in Appendix 3 of this report.
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FIGURE 1. The eastern Pacific Ocean (EPO), as defined by the Agreement on the International Dolphin
Program (area inside the heavy lines), and the Commission’s Yellowfin Regulatory Area (CYRA).

FIGURA 1. El Océano Pacifico oriental (OPQ), definido por el Acuerdo sobre el Programa Internacional
para la Conservacién de los Delfines (zona encerrada con linea gruesa), y el Area Reglamentaria de la
Comisién para el Aleta Amarilla (ARCAA).



120 T T T T T T T T T T T
100 | P |
[}
n ©
5 2
-
S 80 .
= £
=
[OIN7)]
EJ
k) S 60 f .
% c
c o
)
[}
2% -
£ g 40
=
20 - =— =— Maximum and-y Minimum -
Average—Promedio
—&— 1999
0 1 i | 1 I I 1 1 1 | I
J F M A M J J A S 0 N D
Month-Mes

FIGURE 2. Average, minimum, and maximum values for monthly capacity of purse seiners and baitboats at sea in the EPO during 1989-1998, and the 1999 monthly
values.

FIGURA 2. Valores mensuales medios, minimos, y maximos de la capacidad de barcos cerqueros y de carnada en el mar en el OPO durante 1989-1998, y los valores
mensuales de 1999.
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FIGURE 3a. Average annual catches of yellowfin and average annual fishing effort in the EPO during 1984-1998 for all purse-seine trips for which usable logbook data
were obtained. The average catches and effort were calculated only for 1-degree areas for which three or more years of data were available.

FIGURA 3a. Capturas medias anuales de aleta amarilla y esfuerzo de pesca medio anual en el OPO durante 1984-1998, para todos los viajes de barcos cerqueros de los
que se obtuvieron datos de bitdcora utilizables. Se calcularon promedios de captura y esfuerzo solamente para las dreas de 1° para las cuales se disponfa de tres afios o

més de datos.
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FIGURE 3b. Catches of yellowfin and fishing effort in the EPO in 1999 for all purse-seine trips for which usable logbook data were obtained.
FIGURA 3b. Capturas de aleta amarilla y esfuerzo de pesca en el OPO en 1999, para todos los viajes de barcos cerqueros de los que se obtuvieron datos de bitdcora
utilizables.
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FIGURE 4a. Average annual catches of skipjack and average annual fishing effort in the EPO during 1984-1998 for all purse-seine trips for which usable logbook data
were obtained. The average catches and effort were calculated only for 1-degree areas for which three or more years of data were available,

FIGURA 4a. Capturas medias anuales de barrilete y esfuerzo medio anual de pesca en el OPO durante 1984-1998, para todos los viajes de barcos cerqueros de los que
se obtuvieron datos de bitdcora utilizables, Se caleularon promedios de captura y esfuerzo solamente para las dreas de 1° para las cuales se disponia de tres afios 0 més
de datos.
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FIGURE 4b. Catches of skipjack and fishing effort in the EPO in 1999 for all purse-seine trips for which usable logbook data were obtained.

FIGURA 4b. Capturas de barrilete y esfuerzo de pesca en el OPO en 1999, para todos los viajes de barcos cerqueros de los que se obtuvieron datos de bitdcora
utilizables.
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FIGURE 5a. Average annual catches of bigeye and average annual fishing effort in the EPO during 1994-1998 for all purse-seine trips for which usable loghook data

were obtained. The averages were calculated only for 1-degree areas for which two or more years of data were available.

FIGURA 5a. Capturas medias anuales de patudo y esfuerzo medio anual de pesca en el OPO durante 1994-1998, para todos los viajes de barcos cerqueros de los que se
obtuvieron datos de bitdcora utilizables. Se calcularon los promedios solamente para las dreas de 1° para las cuales se disponia de dos o mds afios de datos.
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FIGURE 5b. Catches of bigeye and fishing effort in the EPO during 1999 for all purse-seine trips for which usable logbook data were obtained.
FIGURA 5b. Capturas de patudo y esfuerzo de pesca en el OPO en 1999, para todos los viajes de barcos cerqueros de los que se obtuvieron datos de bitdcora utilizables.
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FIGURE 6. Areas used for sampling lengths of surface-caught tunas in the eastern Pacific Ocean (EPO).
FIGURA 6. Zonas usadas para el muestreo de tallas de atunes capturados con artes de superficie en el
Océano Pacifico oriental (OPO).
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FIGURE 7a. Estimated catches of yellowfin by surface gear in selected sampling areas of the EPO in 1999.
The values at the tops of the panels are the average weights.

FIGURA 7a. Captura estimada de aleta amarilla por artes de superficie en zonas de medicién seleccionadas
del OPO en 1999. El valor en cada recuadro representa el peso promedio.
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FIGURE 7b. Estimated catches of yellowfin by surface gear in the Commission’s Yellowfin Regulatory Area
(CYRA). The values at the tops of the panels are the average weights.

FIGURA 7b. Captura estimada de aleta amarilla por artes de superficie en el Area Reglamentaria de la
Comisién para el Aleta Amarilla (ARCAA). El valor en cada recuadro representa el peso promedio.
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FIGURE 7c. Estimated catches of yellowfin by surface gear in the area between the CYRA boundary and
150°W. The values at the tops of the panels are the average weights.

FIGURA 7c¢. Captura estimada de aleta amarilla por artes de superficie en la zona entre el limite del
ARCAAy 150°0. El valor en cada recuadro representa el peso promedio.
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FIGURE 8a. Estimated catches of skipjack in selected sampling areas of the EPO in 1999. The values at
the tops of the panels are the average weights.
FIGURA 8a. Captura estimada de barrilete en zonas de medicién seleccionadas del OPO en 1999. El valor
en cada recuadro representa el peso promedio.
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FIGURE 8b. Estimated catches of skipjack in the EPO. The values at the tops of the panels are the average

weights.

FIGURA 8b. Captura estimada de barrilete en el OPO. El valor en cada recuadro representa el peso

promedio.
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FIGURE 9a. Estimated catches of bigeye by surface gear in selected sampling areas of the EPO in 1999.

The values at the tops of the panels are the average weights.

FIGURA 9a. Captura estimada de patudo por artes de superficie en zonas de medicién seleccionadas del

OPO en 1999. El valor en cada recuadro representa el peso promedio.
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FIGURE 9b. Estimated catches of bigeye by surface gear in the EPO. The values at the tops of the panels
are the average weights.
FIGURA 9b. Captura estimada de patudo por artes de superficie en el OPO. El valor en cada recuadro rep-
resenta el peso promedio.
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FIGURE 10. Estimated catches of Pacific bluefin by surface gear in the EPO. The values at the tops of the
panels are the average weights.

FIGURA 10. Captura estimada de aleta azul del Pacifico por artes de superficie en el OPO. El valor en
cada recuadro representa el peso promedio.
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FIGURE 11. Length frequencies of black skipjack caught in the EPO. The values at the tops of the panels

are the average weights.

FIGURA 11. Frecuencias de talla de barriletes negros capturados en el OPO. El valor en cada recuadro

representa el peso promedio.
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FIGURE 12a. Comparison of estimates of catches of bigeye, in metric tons, by observers with the corre-
sponding unloading weights. The diagonal line indicates equal values for the horizontal and vertical axes.
FIGURA 12a. Comparacién de las estimaciones de los observadores de capturas de patudo, en toneladas
métricas, con los pesos de descarga correspondientes. La linea diagonal indica valores iguales para los ejes
horizontal y vertical.
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FIGURE 12b. Comparison of estimates of catches of bigeye, in metric tons, by fishermen with the corre-
sponding unloading weights. The diagonal line indicates equal values for the horizontal and vertical axes.
FIGURA 12b. Comparacién de las estimaciones de los pescadores de capturas de patudo, en toneladas
métricas, con los pesos de descarga correspondientes. La linea diagonal indica valores iguales para los ejes
horizontal y vertical.
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FIGURE 13a. Distribution of purse-seine sets made on tunas associated with flotsam during 1996-1999.

FIGURA 13a. Distribucién de lances cerqueros sobre atunes asociados con despajos flotantes durante 1996-1999.
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FIGURE 13b. Distribution of purse-seine sets made on tunas associated with FADs during 1996-1999.
FIGURA 13b. Distribucién de lances cerqueros sobre atunes asociados con dispositivos agregadores de peces durante 1996-1999.
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FIGURE 14a. Distribution of catches of yellowfin in purse-seine sets made on floating objects during 1996-1999.
FIGURA 14a. Distribucién de las capturas de aleta amarilla en lances cerqueros sobre objetos flotantes durante 1996-1999.
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FIGURE 14b. Distribution of discards of yellowfin in purse-seine sets made on floating objects during 1996-1999.

FIGURA 14b. Distribucién de los descartes de aleta amarilla en lances cerqueros sobre objetos flotantes durante 1996-1999.

30

30

{4

89

NOISSTWINOD VNAL



180 170 160 150 140 130 120 110 100 90 80 70

30 | B8 {30

30 L Tons~Toneladas
1020
>20-70
>70-160
>160-330
BEE >330

L ] L . L I T L L L

180 170 160 150 140 130 120 110 100 90 80

40 }

FIGURE 15a. Distribution of catches of skipjack in purse-seine sets made on floating objects during 1996-1999.
FIGURA 15a. Distribucién de las capturas de barrilete en lances cerqueros sobre objetos flotantes durante 1996-1999.
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FIGURE 15b. Distribution of discards of skipjack in purse-seine sets made on floating objects during 1996-1999.

FIGURA 15b. Distribucién de los descartes de barrilete en lances cerqueros sobre objetos flotantes durante 1996-1999
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FIGURE 16a. Distribution of catches of bigeye in purse-seine sets made on floating objects during 1996-1999.

90 80 70

FIGURA 16a. Distribucién de las capturas de patudo en lances cerqueros sobre objetos flotantes durante 1996-1999.
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FIGURE 16b. Distribution of discards of bigeye in purse-seine sets made on floating objects during 1996-1999.
FIGURA 16b. Distribucién de los descartes de patudo en lances cerqueros sobre objetos flotantes durante 1996-1999.
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FIGURE 17. Distribution of bycatches of sharks, rays, billfishes, and sea turtles in purse-seine sets made on tunas associated with floating objects during
1996-1999.

FIGURA 17. Distribucién de las capturas incidentales de tiburones, mantarrayas, peces picudos, y tortugas marinas en lances cerqueros sobre atunes asoci-
ados con objetos flotantes durante 1996-1999.
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FIGURE 18. Distribution of ratios of bycatches of sharks, rays, billfishes, and sea turtles to catches of tunas in purse-seine sets made on floating objects during
1996-1999.

FIGURA 18. Distribucién de las proporciones de capturas incidentales de tiburones, mantarrayas, peces picudos, y tortugas marinas a las capturas de atunes en
lances cerqueros sobre objetos flotantes durante 1996-1999.
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FIGURE 19. Distribution of bycatches of blue marlin in purse-seine sets made on tunas associated with floating objects during 1996-1999.

FIGURA 19. Distribucién de las capturas incidentales de marlines azules en lances cerqueros sobre atunes asociados con objetos flotantes durante 1996-1999.
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FIGURE 20. Distribution of bycatches of sea turtles in purse-seine sets made on tunas associated with floating objects during 1994-1997.
FIGURA 20. Distribucién de las capturas incidentales de tortugas marinas en lances cerqueros sobre atunes asociados con objetos flotantes durante 1994-1997.
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FIGURE 21, Distribution of bycatches of manta rays in purse-seine sets made on tunas associated with floating objects during 1996-1999.

FIGURA 21, Distribucién de las capturas incidentales de mantarrayas en lances cerqueros sobre atunes asociados con objetos flotantes durante 1996-1999.
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FIGURE 22. Lengths at recapture and days at liberty of the tagged bigeye tuna whose oxytetracycline-
marked otoliths were recovered and processed.

FIGURA 22. Talla de recaptura y dias en libertad de los atunes patudo marcados cuyos otolitos, marcados
con oxitetraciclina, fueron recuperados y procesados.

1000 T T T T

[ =-0.109 + 0.999d
n=46

Mean count of otolith increments
Conteo promedio de incrementos de los otolitos

0 ¢ . ; . S

0 200 400 600 800 1000

Days at liberty-Dias en libertad
FIGURE 23. Relationship of the mean count of otolith increments (I) from the oxytetracycline mark to the
postrostrum tip of the otolith to number of days at liberty (d) for 46 tagged bigeye tuna.
FIGURA 23. Relacién entre el nimero promedio de incrementos en el otolito () desde la marca de oxitetraci-
clina a la punta postrostral del otolito y el niimero de dias en libertad (d) para 46 atunes patudo marcados.
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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, Situacién de la Bahia de Achotines, Panam4. El laboratorio esté situado al borde este de la
bahia. Los puntos en los transectos representan estaciones de muestreo.
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FIGURE 25a. Sea-surface temperature (SST) anomalies (departures from long-term normals) for February 1999, based on data from fishing boats and other
types of commercial vessels. The areas with SSTs from 1 to 2C below normal are hatched, and those areas more than 2°C below normal are cross hatched. The
contours are dashed in areas of sparse data.

FIGURA 25a. Anomalfas (variaciones de los niveles normales a largo plazo) de la temperatura superficial del mar (TSM) en febrero de 1999, basadas en datos
tomados por barcos pesqueros y otros buques comerciales. Las TSM en las zonas sombreadas fueron de 1° a 2°C inferiores a lo normal, y aquéllas en las zonas
con sombreado doble mds de 2°C inferiores a lo normal. Contornos de trazos significan que los datos para esa zona son escasos.
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FIGURE 25b. Sea-surface temperature (SST) anomalies (departures from long-term normals) for April 1999, based on data from fishing boats and other types
of commercial vessels. The areas with SSTs from 1 to 2C below normal are hatched, and those areas more than 2°C below normal are cross hatched. The con-
tours are dashed in areas of sparse data .

FIGURA 25b. Anomalias (variaciones de los niveles normales a largo plazo) de la temperatura superficial del mar (TSM) en abril de 1999, basadas en datos
tomados por barcos pesqueros y otros buques comerciales. Las TSM en las zonas sombreadas fueron de 1° a 2°C inferiores a lo normal, y aquéllas en las zonas
con sombreado doble mds de 2°C inferiores a lo normal. Contornos de trazos significan que los datos para esa zona son escasos.
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FIGURE 25¢. Sea-surface temperature (SST) anomalies (departures from long-term normals) for July 1999, based on data from fishing boats and other types of
commercial vessels. The areas with SSTs from 1 to 2C below normal are hatched, and those areas more than 2°C below normal are cross hatched. The contours
are dashed in areas of sparse data .

FIGURA 25¢. Anomalias (variaciones de los niveles normales a largo plazo) de la temperatura superficial del mar (TSM) en julio de 1999, basadas en datos
tomados por barcos pesqueros y otros buques comerciales. Las TSM en las zonas sombreadas fueron de 1° a 2°C inferiores a lo normal, y aquéllas en las zonas
con sombreado doble més de 2°C inferiores a lo normal. Contornos de trazos significan que los datos para esa zona son escasos.
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FIGURE 25d. Sea-surface temperature (3ST) anomalies (departures from long-term normals) for December 1999, based on data from fishing boats and other
types of commercial vessels. The areas with SSTs from 1 to 2C below normal are hatched, and those areas more than 2°C below normal are cross hatched. The
contours are dashed in areas of sparse data .

FIGURA 25d. Anomalias (variaciones de los niveles normales a largo plazo) de la temperatura superficial del mar (TSM) en dicembre de 1999, basadas en datos
tomados por barcos pesqueros y otros buques comerciales. Las TSM en las zonas sombreadas fueron de 1° a 2°C inferiores a lo normal, y aquéllas en las zonas
con sombreado doble més de 2°C inferiores a lo normal. Contornos de trazos significan que los datos para esa zona son escasos.
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FIGURE 26. Average distributions of the stocks of spotted, spinner, and common dolphins in the eastern
Pacific Ocean (EPO).

FIGURA 26, Distribuciones medias de los stocks de delfines manchado, tornillo, y comun en el Océano
Pacifico oriental (OPO).
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FIGURE 27. Estimated numbers of mortalities for the stocks of spotted (upper panel) and spinner (lower
panel) dolphins in the EPO during 1979-1999. Each vertical line represents one positive and one negative

standard error.

FIGURA 27. Numero estimado de mortalidades para los stocks de delfines manchado (recuadro superior)
y tornillo (recuadro inferior) en el OPO durante 1979-1999. Cada linea vertical representa un error estandar

positivo y un error estdndar negativo.
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FIGURE 28. Estimated numbers of sets on tunas associated with dolphins, average mortalities per set, and
total mortalities, for all species of dolphins combined, in the EPO during 1979-1999. Each vertical line rep-
resents one positive and one negative standard error.

FIGURA 28. Nimero estimado de lances sobre atunes asociados con delfines, mortalidad media por lance,
y mortalidad total, para todas las especies de delfines combinadas, en el OPO durante 1979-1999. Cada
linea vertical representa un error estandar pesitivo y un error estdndar negativo.
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