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PREPARATION OF THIS PAPER

This report summarizes the present state of knowledge of most of the stocks of tunas
in the Pacific and Indian Oceans and billfishes in the Indian Ocean, as determined at the
Workshop on the Assessment of Selected Tuna and Billfish Stocks in the Pacific and Indian
Oceans held at the Far Seas Fisheries Research Laboratory (FSFRL) in Shimizu, Japan, from
13-22 June 1979, The Workshop was organized and co-hosted by the Honolulu Laboratory,
Southwest Fisheries Center, National Marine Fisheries Service, and FSFRL, Fisheries
Agency of Japan. This document was prepared by participants in the Workshop. Consider—
able editorial assistance was provided by Dr. Robert E. Kearney of the South Pacific
Commission, Noumea, New Caledonia, and by Dr. Jerry A. Wetherall, Mr. Howard O. Yoshida,
and the support staff of the Honolulu Laboratory.
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Abstract

Available historical fishery information is summarized
for the large tunas of major market importance. The infor-
mation is current to 1977 in most cases and 1978 in some.
Billfish fishery information is similarly reviewed for the
Indian Ocean fisheries. Stock structure information and
current research activities are also reviewed. Population
parameters, regulations and/or recommendations are discussed.
Skipjack tuna fishery information is not discussed.
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1. INTRODUCTION

The Workshop on the Assessment of Selected Tuna and Billfish Stocks in the Pacific and
Indian Oceans was held at the Far Seas Fisheries Research Laboratory (FSFRL), Fisheries
Agency of Japan, in Shimizu, Japan, during 13~22 June 1979. The objectives of the workshop
were (1) to review the status of stocks of selected tuna and billfish resources in the
Pacific and Indian Oceans and (2) to-identify future research needs to improve the under-
standing and assessment of these resources. Dr. Shoji Ueyanagi of FSFRL and Mr. Richard S.
Shomura of the Southwest Fisheries Center, National Marine Fisheries Service, Honolulu,
Hawaii, were co-chairmen. Dr, Y. Fukuda, Director of the FSFRL opened the workshop by wel-
coming the participants to the Laboratory and to the city of Shimizu.

This report summarizes the highlights of the workshop and includes detailed rappor-
teurs' reports covering the stocks evaluated. The workshop agenda is given in Appendix 1.
The participants in the workshop are listed in Appendix 2 and the rapporteurs for the
various sections are listed in Appendix 3. The background papers submitted to the workshop
are listed in Appendix 4.

2. EXECUTIVE SUMMARY

2.1 Species Considered

The workshop participants reviewed the status of most tuna stocks in the Pacific and
Indian Oceans, including the yellowfin tuna, Thunnus albacares, bigeye tuna, T. obesus,
northern bluefin tuna, T. thynnus, southern bluefin tuna, T. maccoyii, and albacore, T.
alalunga. Of the Pacific albacore stocks, only the South Pacific stock was covered, since
the North Pacific albacore resource is being monitored as part of a continuing informal
arrangement between the Southwest Fisheries Center of the National Marine Fisheries Service
and the Far Seas Fisheries Research Laboratory (Wetheralll), Skipjack tuna, Katsuwonus
pelamis, was not discussed.

In addition to the tunas, the group reviewed the status of billfishes in the Indian
Ocean, which are caught primarily by longline gear incidentally to the harvest of tunas.
The billfishes include the blue marlin, Makaira n;gricans,2 striped marlin, Tetrapturus
audax, black marlin, M. indica, swordfish, Xiphias gladius, sailfish, Istiophorus platyp-
terus, and shortbill spearfish, T. angustirostris. Billfishes of the Pacific were the sub-
ject of a workshop held in 1977 in Honolulu, Hawaii (Shomura, 1980).

2.2 Statistics and Other Data

The workshop reviewed the quality of tuna fishery data in various national and inter=
national institutions. In some tuna fisheries of the Pacific and the Indian Oceans, the
data necessary for stock assessment analyses, including total catches, corresponding fish-
ing effort, size composition, and related biological data, are not available. Common prob-
lems and problems peculiar to various fisheries were identified for small-scale or artisanal
fisheries, local or medium-range industrial-scale fisheries, long-range fisheries landing in
home ports, "transshipment" fisheries, joint ventures, and sport fisheries. These are dis-
cussed in detail in Section 3.1.

The impact of extended fishery jurisdictions by coastal states on the quality and
availability of tuna fishery data was discussed. The short-term result of additional fish-
ery controls has been a reduction in the quality of fishery data in some areas although

1Wetherall, J.A. (Ed.), Report of the Third Noxth Pacific Albacore Workshop, Honolulu,
1979  Hawaii, 13-14 September 1978 (Rev.). Southwest Fish.Cent.Admin.Rep. 25H, 1978,
Natl.Mar.Fish.Serv., NOAA, Honolulu, Hawaii, 11 p. (Unpubl. rep.)

2There is some controversy on the scientific name of the blue marlin. WNakamura et al.
(1968) support the view that the Indo-Pacific blue marlin should be designated as M. mazara.



ultimately the changes should result in more complete reporting of catch and effort. First
priority should be given to statistics of total catch but data on fishing effort, size com—
position, and detailed position of capture are also essential for stock and fishery assess-—
ments. The group strongly recommended that countries landing large quantities of tuna but
collecting inadequate fishery statistics take action to improve their data collection.
Although national data collection efforts are essential, tuna fishery statistics for the
western Pacific and Indian Ocean cannot be effectively organized, disseminated, and evalu-
ated until one or more regional institutions are organized to accomplish these tasks.

Where overlaps in areas of responsibility occur, there will be a need for careful coordina-
tion between various regional and national institutions handling data.

2.3 Stock Appraisals

2,3.1 Pacific yellowfin tuna

The Pacific yellowfin tuna resource is assumed to be composed of east and west stocks
with the possibility of a third stock in the central Pacific. Total Pacific catches of yel-
lowfin tuna ranged from 103,200 to 145,900 metric tons (MT) annually during 1952-59 and from
158,700 to 220,200 MT during 1960-69. From 1970 to 1977 they ranged between 200,100 and
417,000 MI. The catch per unit effort (CPUE) in most areas fell sharply following the initial
few years of fishing and then gradually declined further as effort continued to increase.

A production model analysis of eastern tropical Pacific (ETP) yellowfin tuna estimated
maximum sustainable yield (MSY) to be about 159,000 MT within the Commission's Yellowfin
Regulatory Area (CYRA) of the Inter-American Tropical Tuna Commission (IATTC). In the ETP
yellowfin tuna fishery, recent catch levels have exceeded the estimated MSY. A continuation
of the IATTC's experimental overfishing program is useful in determining whether the esti-
mate of MSY is accurate, or whether further increases in catch can be sustained.

Production model analyses have not been done for the surface and longline fisheries in
the western and central Pacific. However, an analysis of the Pacific-wide longline fishery
provided an MSY estimate of around 80,000 to 90,000 MT and suggested that increases in
longline effort above present levels would not increase the catch appreciably. While there
is a possibility that the overall yield of central and western Pacific yellowfin tuna could
be increased by expanded surface fisheries, no analyses of this prospect have been done.

2.3.2 Pacific northern Eluefin tuna

The northern bluefin tuna resource in the Pacific is believed to be composed of a
single stock. The total annual catch of northern bluefin tuna in the North Pacific ranged

from about 8,600 to about 33,500 MT between 1952 and 1977. The available data did not allow
any estimate of MSY.

2.3.3 Pacific bigeye tuna

The stock structure of bigeye tuna in the Pacific is unknown but a single stock was
assumed for purposes of resource assessment. The total annual catch of bigeye tuna by all
gears rose from about 29,600 MT in 1952 to 149,800 MT in 1963, then declined to 73,600 MT
in 1968, and rose to 141,900 MT in 1976. The Japanese longline CPUE ranged between 507 and
616 MI/10% hooks from 1957 to 1961 and declined to 213 MT/10® hooks in 1977.

The present condition of the bigeye tuna resource has not been accurately assessed.
Assuming a single stock, a production model analysis predicted an MSY for the longline
fishery in the range of 100,700 to 106,700 MT but this estimate is considered unreliable.
The likelihood that higher overall catches can be sustained should be evaluated.

2.3.4 South Pacific albacore

The South Pacific albacore resource is assumed to be composed of a single unit stock.
The catch of albacore in the South Pacific from 1952 to 1977 ranged between 210 and 48,800



MT. An annual abundance index for 1962-77 computed from Japanese, Korean, and Taiwan long-
line statistics declined steadily from 1962 to a low in 1975 and increased in 1976 and 1977.
The generalized production model analysis using this index predicted an MSY between 33,000
and 36,000 MT for the longline fishery. The analysis also indicated that no increase in
yield can be expected from an increase in longline effort above the 1977 level. The current
fishing levels in the South Pacific do not appear to be seriously affecting the stock. The
potential for dincreasing total yield through expanded surface fishing should be studied.

2.3.5 Southern bluefin tuna

The southern bluefin tuna resource is believed to be composed of one stock. The annual
catch of southern bluefin tuna in the Japanese longline fishery peaked in 1961 and fluctu-
ated in a generally downward trend thereafter. The Australian surface catch increased from
1953 through 1969, trended downward through 1973, and then rose again. The CPUE in most
areas where the Japanese longliners fish either started out at high levels and steadily
declined or increased for several years before declining. No MSY estimate is available for
southern bluefin tuna. However, it appears that increasing the fishing effort would not
result in substantially increased catches.

2.3.6 1Indian Ocean yellowfin tuna

The Indian Ocean yellowfin tuna resource is believed to be composed of either two
stocks (east and west of about long. 100°E) or a single stock. The total catch of Indian
Ocean yellowfin tuna by surface and longline gears in recent years has ranged from 41,200
to 70,500 MI. The largest catch of 88,100 MT was made in 1968. Tt is believed that the
MSY for Indian Ocean yellowfin tuna in the longline fishery of Taiwan, Korea, and Japan is
somewhere between 40,000 and 60,000 MT but this estimate is not very reliable. Further,
the potential of increasing total yield by expanding surface fisheries has not been
evaluated.

2.3.7 Indian Ocean bigeye tuna

It is assumed that there is only one stock of bigeye tuna in the Indian Ocean. The
total annual catch of bigeye tuna ranged from 1,500 to 39,700 MT between 1952 and 1977.
Japanese longline CPUE declined from around 0.7 fish/100 hooks in 1957~58 to around 0.4
fish/100 hooks in 1976 and then increased to over 0.9 fish/100 hooks in 1977. A production
model analysis did not provide a reliable estimate of MSY but suggested that further
increases in longline fishing effort would increase the total catch.

2.3.8 1Indian Ocean albacore

It was assumed that there is a single stock of albacore in the Indian Ocean. The catch
of albacore ranged from 67 to 28,200 MT between 1952 and 1977 (Table 2). A production model
analysis estimated MSY for the longline fisheries of Korea, Taiwan, and Japan to be between
15,000 and 20,000 MT. There appears tc be no reason for concern over the future of the
Indian Ocean albacore, but increase in longline effort are unlikely to increase the catch.

2,3.9 Indian Ocean billfishes

There is little evidence to refute either single or multiple stock hypotheses for
Indian Ocean billfishes. The historical record of billfish catches in the Indian Ocean is
incomplete; however, Japanese and Taiwan catches of most species reached high levels in the
1960's and declined thereafter. The CPUE for blue marlin, striped marlin, and black marlin
declined noticeably over the 1952-76 period in the Japanese longline fishery. Swordfish
CPUE has not declined significantly. The CPUE for sailfish and spearfish fluctuated widely
but displayed an increasing trend during the 1952~76 period. WNo reliable estimate of MSY
is available for any of the Indian Ocean billfishes. However, the available data suggest
that no substantial increase in total yield can be expected for blue marlin and black mar-
lin. The potential for an increased yield for striped marlin appears to be greater. The

swordfish and sailfish stocks do not appear to have been affected appreciably by effort
exerted to date.



2.4 Géneral Problems in Stock Assessment

2.4.1 Effort

The workshop discussed effort and CPUE in the longline fisheries as they are affected
by (1) the use of deep longlines, (2) changes in preferred (target) species or fishing area,
(3) reliability of CPUE statistics in the beginning of a fishery, and (4) possible gear
competition or interference at high fishing intensities.

2.4.2 Age, growth, and mortality

Workshop participants discussed various aspects of estimating growth and mortality
parameters and of estimating age composition of the catch. Aging techniques now being
developed for tunas should lead to improvements in knowledge of growth and mortality rates.

2.4.3 Assessment of the effect of fishing

Many assessments discussed at the workshop were based on production model analyses.
A number of problems connected with the use of this approach were raised. These problems
are discussed in detail in the rapporteurs' reports and in Section 3.11.

Another topic discussed at the workshop was the assessment of interactions between
surface fisheries and lomgline fisheries. It was noted that the interactions are affected
by (1) the difference in size of fish taken by the two gears, (2) the natural mortality
rate during the period between exposure of fish to the surface fishery and subsequent
recruitment to the longline fishery, and (3) the difference in areas exploited by the two
fisheries.

Few explicit yield-per-recruit (¥/R) computations were presented for the various
stocks. Detailed Y/R analyses would be useful in elucidating the likely respomses of the
stocks to different patterns of fishing, and in studying the interaction between surface
and longline fishing.

Finally, although the very high fecundity of tunas suggests that recruitment is likely
to be independent of spawning stock over a wide range of spawning stock size, the matter of
stock-recruitment relationships deserves careful attention because of the increased likeli-
hood of reduced recruitment at the high levels of fishing being approached in several fish-
eries.

2.5 Estimates of Total Catch by Species

Statistics on catches of tunas and billfishes from the Pacific and Indian Oceans were
presented in various background papers. Following the conclusion of the workshop addi-
tional data were obtained and compiled by the Homolulu Laboratory, including some on Korean
tuna and billfish catches. Statistics from these various sources were assembled to provide
revised estimates of total catches of tumas and billfishes in the Indian Ocean and of tunas
in the Pacific. The revised figures are presented in Tables 1 and 2. The reader should not
be concerned over discrepancies between the estimates in these tables and those presented
in the individual rapporteurs' reports.



TABLE 1. Estimated catches of tunas in the Pacific Ocean!

North Pacific South Pacific Bigeye Northern Southern Yellowfin
Year albacore albacore tuna bluefin tuna bluefin tuna tuna

{Thousand metric tons)

1949 0.3

1950 0.1

1951 <0.1

1952 93.9 0.2 29.6 13.6 0.8 115.8
1953 76.7 1.1 25.4 21.0 4.2 103.2
1954 61.5 10.2 29.1 24,5 2.8 107.5
1955 54,4 8.4 44.3 28.5 3.4 103.5
1956 76.4 6.2 36.9 33.5 15.8 110.8
1957 92.2 9.8 70.5 29.5 22.9 145.9
1958 55.6 21.7 91.7 22.0 14.4 144.0
1959 51.2 19.8 81.8 14.8 65.9 137.5
1960 63.3 24,4 89.9 19.3 78.7 189.6
1961 52.6 26.0 135.6 19.8 80.9 205.4
1962 47.2 39.5 124.2 25.0 46,0 184.9
1963 68.8 35.5 149.8 24,1 65.4 172.6
1964 62.3 25.0 104.3 19.9 50.5 188.2
1965 72.9 27 .4 79.1 18.9 47.7 173.8
1966 65.9 41.4 83.9 28.2 47.7 193.1
1967 82.7 45.4 88.7 15.5 66,2 158.7
1968 69.0 32.4 73.6 15.8 57.9 194.9
1969 75.1 25.4 99.7 13.3 59.4 220.2
1970 67.3 30.7 79.0 8.6 46.8 241.4
1971 92.5 38.6 76.3 17.0 46.6 200.1
1972 105.9 41.9 100.0 19.0 50.9 279.3
1973 107.5 48.8 - 105.8 15.5 40.2 329.3
1974 114.8 32.3 102.6 16.2 47 .1 372.6
1975 86.3 26.8 113.8 16.4 32.2 357.6
1976 123.7 34.4 141.9 15.8 41.2 417.0
1977 61.6 40.2 140.4 13.6 43,5 394.4
1978 96.8 31.8

1Source:

North Pacific albacore. Data for Canada, Japan, Taiwan, and United States from the
Report of the Fifth North Pacific Albacore Workshop, La Jolla, California, 30 June-3 July
1980. In N. Bartoo and S. Kume (Ed.), Southwest Fish.Cent.Admin.Rep. (in prep.).

South Pacific albacore. Data for Japan 1952-77, Korea 1958-70, Taiwan 1962-77, and other
1965-77 (from SAWS/BP/8); Korea 1971-77 (from B.Y. Kim, Fisheries Research and Develop-
ment Agency, Pusan, Korea. Pers. commun., July 1979).

Bigeve tuna. Data for IATTC 1967-77, Japan 1952-77, Korea 1965-70, and Taiwan 1954-77
(from SAWS/BP/6); and Korea 1971~77 (from B.Y. Xim. Pers. commun., July 1979).

Northern bluefin tuna. Data for IATTC l952~77 (from SAWS/BP/9): Japan 1952-77 (from
SAWS/BP/10); and Korea 1971-77 (from B.Y. Kim. Pers. commun., July 1979).

Southern bluefin tuna. Data from G.I. Murphy, Division of Fisheries and Oceanography,
CSIRO, Cronulla, N.S.W., Australia. Pers. commun., July 1980. The combined southern
bluefin tuna catch is reported here with the Pacific Ocean catches, but includes fish
taken in the Indian and Atlantic Oceans also.

Yellowfin tuna. Data for TATTC and Japan 1952-77, Korea 1964~70, and Taiwan 1954-77
(from SAWS/BP/2); Korea 1971-77 (from B.Y. Kim. Pers. commun., July 1979); Australia,
Fiji, Kiribati, New Zealand, Papua New Guinea, and Philippines 1967-69 (from FAO, 1974a),
1970~72 (from FAO, 1976), 1973 (from FAO, 1977), and 1974-77 (from FAO, 1978).




TABLE 2. Estimated catches of tunas and billfishes in the Indian Ocean'

Bigeye Yellowfin Blue Striped Black Sailfish and
Year Albacore tuna tuna marlin marlin marlin Swordfish spearfish

(Thousand metric tons)

1952 0.1 1.5 8.9 0.8 0.1 0.3 <0.1 <0.1
1953 1.1 3.6 13.3 2.0 0.3 0.8 0.1 0.1
1954 2.8 8.0 25.1 2.3 0.8 1.1 0.2 0.2
1955 3.3 10.3 47.1 3.7 0.8 1.2 0.2 0.2
1956 4.8 14.0 65.5 5.2 1.7 1.7 0.5 0.3
1957 4.7 13.3 37.3 3.9 1.9 1.8 0.4 0.3
1958 6.3 12.8 27.6 4.3 1.9 1.7 0.6 0.5
1959 10.4 10.4 26.8 4.6 2.5 1.7 0.6 0.8
1960 11.1 17.0 42.5 4.0 2.3 2.0 0.7 0.7
1961 15.4 15.5 37.4 3.5 2.7 1.9 0.9 0.6
1962 17.7 19.9 55.1 3.5 2.0 2.1 1.1 1.0
1963 12.6 14.2 29.4 2.6 1.8 1.5 1.1 0.7
1964 18.1 19.0 30.1 3.7 1.9 1.7 1.3 0.8
1965 12.4 20.1 34.5 3.9 3.3 1.3 1.3 1.2
1966 17.3 26.4 56.8 3.8 4,2 1.4 1.4 1.3
1967 23.7 26.9 44.8 4.1 4.5 1.5 1.8 2.0
1968 17.4 38,7 88.1 4,0 3.4 2.5 2.0 1.6
1969 21.9 27.4 - 61.7 3.9 4.7 2.3 2.3 1.2
1970 15.2 24.8 42.6 3.1 3.1 1.8 2.3 1.0
1971 10.2 22.8 50.9 2.5 2.1 1.4 1.6 1.3
1972 11.7 18.1 47 .4 2.5 1.5 0.9 1.6 1.1
1973 22.1 16.0 41.2 1.9 1.1 0.7 1.1 0.4
1974 28.2 27.7 43.5 2.4 2.8 1.3 1.8 0.7
1975 11.2 39.7 51.4 2.3 2.1 1.2 1.3 1.0
1976 14.9 29.8 56.4 1.7 3.4 0.5 1.1 0.6
1977 11.4 36.8 70.5 Data incomplete

Isource:

Albacore. Data for Japan 1952-77, Korea 1965-70, Taiwan 1963-77, and U.S.S.R. 1965-76 (from SAWS/BP/21);
Korea 1971-77 (from B.Y. Kim, Fisheries Research and Development Agency, Pusan, Korea. Pers., commun., July
1979).

Bigeye tunma. Data for Japan 1952-77, Korea 1966-70, Taiwan 1954-77, and Yemen 1974-77 (from SAWS/BP/18); Korea
1971-77 (from B.Y. Kim. Pers. commun., July 1979); Sri Lanka 1963-73 and U.$.S.R. 1963-76 (from SAWS/BP 21).

Yellowfin tuna. Data for Japan 1952-77, Korea 196670, and Taiwan 1954-61 (from SAWS/BP/17); Taiwan 1962-77
(from SAWS/BP/21); Korea 1971-77 (from 3.Y. Kim. Pers. commun., July 1979); Bangladesh 1965-69, India 1965-70,
Maldive Islands 1965-66, Pakistan 1965-70, Sri Lanka 1964~70, and U.S.S.R. 1963-70 (from FACQ, 1974b); Australia
1971-72, India 1971-74, Madagascar 1972-74, and Pakistan, Sri Lanka, and U.S.S.R. 1971-73 (from FAOQ, 1975);
Yemen 1974-76 (from FAO, 1977); Comoro Islands, Sri Lanka, and Tanzania 1974-77 (from FAO, 1978); Maldive
Islands 1%967-77 (from FAO, 1974a, 1976, 1977, 1978); Oman 1973~77 (from FAO, 1977, 1978); Seychelles 1970-77
(from FAC, 1976, 1977, 1978); Yemen 1970-73 (from FAO, 1976, 1977).

Blue mariin. Japan 1952-77, Korea 1965-~76, and Taiwan 1963-77 (from SAWS/BP/21); Taiwan 1955-62 (from SAWS/BP/
20); Tanzania 1974~77 (from FAQ, 1978); U.S.S.R. 1967-69 (from FAO, 1974a), 1970-72 (from FAC, 1976), 1973
(from FAO, 1977), and 1974-77 (from FAC, 1978).

Striped marlin. Japan 1952-77, Korea 1965-76, and Taiwan 1963-77 (from SAWS/BP/21); Taiwan 1957-62 (from
SAWS/BP/20).

Black marlin. Japan 1952-77, Korea 1965-76, and Taiwan 1963-77 (from SAWS/BP/21); Taiwan 1955~62 (from
SAWS/BP/20),

Swerdfish,. Japan 1952-77, Korea 1965-76, and Taiwan 1963~77 (from SAWS/BP/21); Taiwan 1957-62 {(from SAWS/BP/
20); U.S. S R. 1873-77 (from FAO, 1978).

Sailfish and spearfish. Japan 1952-77, Korea 1965~76, and Taiwan 1963-77 (from SAWS/3P/21); Taiwan 1958-62
(from SAWS/BP/20); U.S.S.R. 1974-77 (from FAO, 1973).




3. RAPPORTEURS' REPORTS

3.1 Statistics and Other Data® (Rapporteurs: John A. Gulland and Robert A, Skillman)

3.1.1 General remarks

A reliable and comprehensive data base, including information on total catches, fishing
effort and corresponding catch, size composition, age and growth, and mortality rates is
essential for stock assessment and other related studies. While comprehensive data-are
available for parts of the region being considered, the coverage is not complete, particu-
larly in some areas of the western Pacific and the Indian Ocean.

" The workshop therefore paid attention to reviewing the existence and quality of the
data available. 1In genmeral, the quality of the data available was considered to be good.
The implications of the strengths and weaknesses revealed in the data to the study and
assessment of the individual stocks are discussed in the relevant parts oI this report deal-
ing with each species.

3.1.2 Problems of different types of fisheries
3.1.2.1 - Small-scale or artisanal fisheries

Catches in these fisheries, taken by a variety of gears, are individually small but in
countries with a large number of scattered fishermen, the total catch can be substantial,
e.g., in Indonesia and Philippines. Comprehensive data from these fisheries are cften not
available. Total catch figures are often very imprecise, with little details of species
composition. Much of the catch, if not all, is consumed locally, so there is little oppor-
tunity of checking the accuracy of catch statistics using other records, e.g., exports, or
production of canped tuna. Improvements in these statistics will have to come as part of a
general improvement in collection and processing of national fishery statistics. Assistance
from tuma research organizations, whether national or regional, will be particularly useful
in identifying the species caught.

3,1.2.2 Local or medium-range industrial-scale fisheries

Some of the necessary data on catches, species composition, and fishing effort nor-
mally exist in the commercial records for these fisheries. The main need is to expand
national data collection systems to include information now not gathered and to improve
data compilation. There may be problems in interpreting fishing effort data but these are
due to shortcomings in analysis rather than data collection as such. Another problen is
the failure to distinguish between species in the catch records, especially in small tuna,
e.g., the Japanese "meji" catches, or possibly, small yellowfin tuna in surface fisheries
for skipjack tuna. Biological sampling may therefore be necessary to supplement the com-
mercial records.

3.1.2.3 ZLong-range fisheries with vessels landing in home ports

The major problem here is to determine where the fish have been caught and, for long
voyages, when they were caught. Properly kept standardized logbooks, supplemented by inter-
views at the time of landing should deal with this problem.

3.1.2.4 Transshipments

Several countries can be concerned with transshipment catches: the flag country of
the vessel, the home country of the company controlling the vessel, the home country of
its crew (which is not always the flag country), the country in whose waters the fish is
caught, the country in which the fish is first landed or transshipped, and the country of

*Note: The workshop did not include skipjack tuna in its deliberations.



ultimate destination. Each of these countries may or may not include these catches in its
national statistics, so that the catches may be reported several times, or not at all.

This can seriously complicate attempts to compile statistics of total catch or landings by
all countries. One way to avoid double reporting is to have catches reported to the appro-
priate agency by the flag state only. But unless all flag states do this, this procedure
could lead to underreporting of the catches. An alternmative is to designate a central
agency responsible for information on the fisheries of a region, such agency to be supplied
with full details of individual catches and landings in the region, and to be responsible
for sorting through these data to eliminate duplications and detect possible omissions.

Transshipment statistics often lack information on date and place of capture. Again,
logbooks are highly desirable. Further, since several countries--the flag state, the con-
trol state, and one or more transshipment states—-are concerned with the records of the
same vessel, it is highly desirable that the format of the logbook should be standardized
on at least a regional basis.

Any regional institution should, as far as possible, cover the whole range of the major
stocks of interest, and receive data from all countries fishing these stocks. Indeed, in
teking account of the movements of many tuna vessels between regions, a common global stan-
dard (or at least compatible regional standards) would be desirable. The workshop also
considered to what extent the vast region covered by the different stocks discussed during
the meeting could be divided into smaller regions, each served by a separate institution.

Interchange of fish between the Pacific and Indian Oceans is unclear but is believed
to be small. An exception is the southern bluefin tunma with its nearly complete circum-—
polar distribution. The data problem for this species is relatively slight since only two
countries have significant fisheries and each has a good data base including a regular
bilateral exchange system. The catches and related fisheries data for the Indian Ocean
could be handled separately from those in the Pacific, though there could be savings in
operational costs if they were handled jointly.

Within the Pacific there is considerable movement by many of the tuna species. It is
not possible to suggest any dividing line that could be used to separate areas of interest
of different institutions that would not cut across the area of distribution of one or more
major stocks. From one point of view a single institution for the whole Pacific, at least
outside the area of the IATTC, would be most appropriate. The workshop noted that the
island countries of the western Pacific are using a standard logbook format developed by

the South Pacific Commission. It is believed that such logbooks should be more generally
adopted.

3.1.2.5 Joint ventures

The risks of double reporting, or of neither country reporting again exists, but with
joint ventures they are easier to overcome. With greater control being exercised by the
coastal state it is possible that in the future statistics of joint venture operations will
be collected and compiled by the coastal state, and reported by it to the appropriate
regional or global authority. However, the need remains for careful checking by such
authorities to insure that statistics of joint venture operations are being properly
reported without omission or duplication.

3.1.2.6 Sport fisheries
Sport fishermen can have considerable importance in some areas and make significant
catches of some stocks. The technical problems of collecting data (e.g., from sampling
surveys) .are very similar to those of small~scale fisheries.

3.1.3 Changes in the Law of the Sea

Changes in maritime law, and especially the extension of jurisdiction over fisheries
by coastal states, have led to increased interest in fisheries and fisheries statistics.



Ultimately this should lead to better data. The application of additional controls has
resulted in a drop in the quality of the information available from many fisheries, with
possible deliberate misreporting of position of capture, quantity taken, etc. There is no
easy answer to this problem. Collection of reliable data depends on the cooperation of the
fishermen, and systems of control should as far as possible maintain the goodwill of the
fishermen, and minimize the incentive for misreporting.

3.1.4 Priorities

The first priority should be collection of statistics on total catch. Data on fishing
effort and resulting catch and detailed position of capture are also required but may
receive lower priority. There are advantages, in terms of improving data on total catch,
in establishing a single system for all data.

3.1.5 Action needed
3.1.5.1 National

There are a number of countries landing (or believed to land) substantial quantities
of tuna for which the statistical information is inadequate. The workshop recommended
strongly that these countries should take action to improve these data. The specific
actions needed will depend on national conditions, and these were not discussed in detail,
but are likely to include some or all of the following:

(1) general imprqvement in the national statistical systems,
(ii) better identification of small tunas, and
(1ii) use of logbooks by the commercial vessels.

3.1.5.2 Regional

Adequate statistics for all tunas in the western Pacific and Indian Ocean will not be
readily :available in a convenient form, until there is a regional institution (or institu-
tions) responsible for the compilation of data from national resources, and for the regular
checking of the quality and completeness of the data. The activities of such a body could
be patterned after existing bodies such as ICCAT or TATTC.

3.1.5.3 Interregional

Whatever regional institutions are set up, there is bound to be some interchange of
fish between their areas of responsibility, e.g., migration of northern bluefin tuna
between the eastern and western Pacific, or of southern bluefin tuna between the Pacific,
Indian, and Atlantic Oceans. Also many tuna vessels move freely between oceans. Therefore
there is a strong need for collaboration between the institutions handling regional data in
all parts of the world. V

Regional agencies will have to play an important role in encouraging the adoption of
standard logbooks for the stocks fished by all countries. They could also assist by encour-
aging a full exchange of data among countries for stock assessment purposes. For example,
the availability of data from major longline fishing nations would be particularly benefi-
cial in the Indian Ocean where indices of yellowfin tuna abundance have previously been
based on Japanese statistics. Since the Japanese share of the Indian Ocean yellowfin tuna
catch has declined dramatically in recent years, it is increasingly important that statis-
tics on the yellowfin tuna catch by other countries fishing in the region be improved and

made available. An interregional body could help a full exchange of the important fisheries
statistics.
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3.2 Pacific Yellowfin Tuna (Rapporteurs: Norman W. Bartoo and Ziro Suzuki)

Yellowfin tuna, Thunnus albacares, are distributed throughout the Pacific Ocean
between approximately lat. 45°N and 45°$ but are most abundant between lat. 20°N and 20°S.
Surface gear (purse seine, pole and line, troll) and subsurface gear (longlines and hand-
lines) are used throughout the Pacific to catch yellowfin tuna. In the eastern Pacific the
purse seine fishery dominates the yellowfin tuna landings (Figure 1), whereas in the western
Pacific the longline fishery is of greatest importance (Figure 2).
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Figure 1. The yellowfin tuna purse seine fishery in the eastern
Pacific Ocean in 1978 (from IATTC, 1979)

3.2.1 Review of current research

The discussion on Pacific yellowfin tuna research results included a detailed review
of the available estimates of life history and population dynamics parameters (SAWS/BP/1).
The necessity for further studies on growth, particularly for western Pacific yvellowfin
tuna, was uoted.

Two background papers (SAWS/BP/2 and SAWS/BP/4) concluded that surface and longline
gears apparently interact most when fishing in the same areas. The stock structure of
Pacific yellowfin tuna was discussed and in the light of two background papers (SAWS/BP/2
and SAWS/BP/3) it was concluded that separate east and west stocks most likely exist, per-—
haps separated by a less well-defined central stock.
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3.2.2 Review of fishery data

A great deal of attention was devoted to evaluating the quality and coverage of yellow-
fin tuna fishery data in the Pacific. The participants felt that the data from the ETP were
adequate, whereas data from the central and western Pacific were in some cases not as geod.
Catch and effort data for some longlining countries were unavailable. Biological data (size
frequency) for longline fisheries were available only from Japanese fishery.

The western Pacific statistics were considered poor for total catch estimates because
several countries were not reporting catches or were aggregating yvellowfin tuna catches with
other species. Particular attention was given to the lack of surface catch data from the
Philippines and for United States purse seiners fishing in the western Pacific. The yellow-
fin tuna catch of the Philippines was thought to be especially large. 3ecause of possible
impacts on stock assessments, high priority should be placed on collecting catch statistics
from the Philippines, including historical data. No statistics were available for some of
the smaller South Pacific island countries but catches were known to be small in these
areas.

The problem of double reporting of some transshipped catches was also noted, although
no specific data were singled out.

3.2.2.1 Catch trends

Yellowfin tuna catch data which were available to the meeting are summarized in Table
3. Total Pacific catches show a slow increase from 1952 to 1961, level off in the 175,000-
195,000 MI range from 1962 through 1968, and rise rapidly to about 400,000 MT “rom 1969
through 1977 (Figure 3). About half of the Pacific yellowfin tuna production is from the
ETP, in the TIATTC regulatory and nonregulatory areas, and catches from this area and from
the Philippines (since 1974) account for most of the total recorded catch increase in
recent years.
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Figure 3.--Estimated annual Pacific-wide catch of yellowfin tuna,
1952-77 (data from SAWS/BP/2)
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The size composition of the yellowfin tuna catches from the ETP is well documented by
the IATTC and suggests a greater variability in the age structure of the fish in the catch
since 1972 and a greater dependence, on the average, on age 1 fish (Figure 4).

The size composition of yellowfin tuna in the longline catches from the western and
central Pacific generally shows a mode near 120 cm fork length (FL) in the main fishing
areas (Figure 5).

X Y X+Y
W T TT IT T T} [T T rT) ol Tty
[ [}
40t -1
20} J'l—‘—l., 4t J 1989 | ﬂ‘\_’ N
) r:1~qu L
40} -+ o ol ]
1970
LSO | I P b ‘
]
0 > e
B
- 1t 4197t © 20} g
g rr‘Lh-':L 2
g o EO
& ool 1r 1 3wl 4
2 . 1972 £
5 ﬁ H’q~—. Ezo— 1 ]
v
g ° 5 . =
+ a0l 4L 17 u :50— i
z 1973 © w0} "I 9
20} 4t -
5 _r_rl']_' 20 §
£ o 1
b . o
€0 |~ < ~ 60 |- 1 o
a0} 4k 4 1974 o} r 4
201 J—LL‘ 4 L - 20 L] 4
° ~—-T”L._‘_,,1 ° L’l
ol - - 0} E
J—"' 1975
20— [ - - 204 -4
o rJ_l_-k‘f'-] 0 ,r‘ dd 1 —d
@ - e a0} ) .
1976
20}~ ,‘LLL-‘ 5 -4 20} -
oL 1 1 1 1.1 L © NL‘!I
40~ 4k — 40} -
i977
204 ’—J—-"-L\Q - l -3 20} .
0 =t AL 1k £ ﬂ—‘—l 1 0 bt i1 11
80} -4 4 80|~ .
60t - , - sof | e
. t978
40 I I = - 40 |- -
201 - F - 20p ~
ll—_‘ihd i1 " 1 ey 1 o 1 1.1 1.1
12345+ 12348+ 12345+

Figure 4. Estimated weights of eastern Pacific yellowfin tuna of ages 1 through 5+ in the
first and second quarter purse seine catches, 1968-78, by X and Y groups. The X
group enters the fishery during the first half of the vear but does not contrib-
ute significantly to the fishery until the second half of the year; the Y group
enters in the second half of the year but does not contribute significantly to
the fishery until the first half of the following year (from SAWS/BP/5)
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Figure 5. Length frequencies of longline-caught yellowfin tuna for 1966-72
combined, for nine major areas of the Pacific (from SAWS/BP/3)

The group noted that the lack of data from the purse seine fisheries in the central
and western Pacific was alarming particularly in light of the report that some of the
catches in the Philippines area had a modal size of approximately 40 cm and contained fish
as small as 15 cm (SAWS/BP/26).

3.2.2.2 Effort trends

Total longline fishing effort for yellowfin tuna showed a generally increasing trend,
from 75 million hooks in 1952 to 548 million hooks in 1977 (Table 4). Japan was respon-
sible for most of the longline fishing effort in early years while in recent years Korea
and Taiwan expanded their longline fisheries. The effort statistics available for the sur-
face fisheries are more complete for the eastern Pacific than for the central and western
Pacific.

3.2.2.3 Trends in catch per unit effort

For consideration of changes in the longline CPUE the Pacific Ocean was divided into
nine areas (Figure 6). After 1962 the effort covered the areas under consideration more
comprehensively and data since this time on were more suitable for between-area comparisons
of CPUE. 1In most areas the longline CPUE fell sharply after the first few years of fishing
and then showed a relatively steady and gradual decline as effort increased (Figure 7).
There was a suggestion that the longline catch rate fell in the eastern central Pacific
(area 3 of Figure 6) coincidentally with the extension of the surface fishery into this
region. There was a substantial overlap in the area of fishing and in the size of fish
caught for the first time in the early 1970's, but it is not kmown to what extent the
decline in longline CPUE could be attributed to the surface fishery.
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Table 4. Catch (metric tons) and effective effort (x 103 hooks) fer
yellowfin tuna in the Pacific Ocean, 1952-77 (from SAWS/BP/2)

Japanese longline Total longline
fisheries fisheries All gears

Year Catch Effort Catch Effort Catch Effort

1952 22,477 74,252 22,799 75,316 28,586 94,433
1953 33,288 85,475 33,288 85,475 - 40,164 103,131
1954 34,174 81,382 35,621 84,828 b, 642 106,311
1955 228,794 2133,412 231,672 2146,747 239,627 2183,605
1956 222,717 2113,524 225,094 2125,403 230,495 2152,394
1957 60,976 163,402 63,438 170,000 71,974 192,875
1958 60,608 167,694 62,538 173,034 76,682 212,169
1959 55,146 164,967 57,041 169,602 73,757 219,304
1960 68,438 190,837 69,993 195,173 78,786 219,692
1961 84,527 269,104 87,428 278,339 100, 969 321,449
1962 79,632 322,379 85,436 345,876 105,939 428,880
1963 88,050 333,814 93,466 354,347 106,627 404,251
1964 71,508 276,504 77,953 301,425 96,035 371,344
1965 66,809 281,309 . 76,894 323,773 92,255 388,453
1966 77,469 313,521 92,607 374,785 110,458 447,029
1967 47,982 232,519 58,050 281,308 77,496 375,543
1968 52,265 239,155 69,549 318,243 89,968 411,677
1969 56,110 238,602 72,474 308,188 87,718 373,012
1970 50, 940 197,668 67,392 261,508 84,242 326,912
1971 40,930 222,433 63,396 344,525 76,121 413,679
1972 53,345 266,719 81,985 409,916 100,321 501,594
1973 47,973 274,479 81,343 465,402 125,214 716,409
1974 44,316 287,845 74,297 482,580 162,412 1,054,913
1975 45,996 260,001 78,063 441,265 154,523 873,470
1976 55,497 306,615 94,113 519,965 180,996 999,985
1977 57,300 311,091 100,924 547,932 193,518 1,050,640

1Excluding the eastern Pacific surface fisheries (CYRA and outside).

2Provisional estimate.

It was not possible to detect any impact of the increase in surface fisheries for
yellowfin tuna in the western Pacific on the longline catch rates, It was noted that pre-
dominately small fish were taken by surface gear in the western regions and it could be
more difficult to detect any interaction with the longline fishery. However, the impact of
the surface fisheries on the longline catch rates could be expected to be less than that in
the eastern Pacific because the ratio of surface to longline catches is smaller in the
western Pacific.

3.2.3 Stock structure

The Pacific yellowfin tuna resource was assumed to have separate east and west stocks,
and possibly a third stock in the central Pacific. This assumption was based on the dis-
tribution of longline catch rates, distribution of fish contaminated by radicactivity dur-
ing the U.S. Pacific atomic bomb tests, larval fish distribution, and other biological data
(SAWS/BP/3). Studies of blood bicchemical genetics have indicated heterogeneity in gene
frequencies in the eastern Pacific stock.
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Figure 6. Subareas in the longline fishery for yellowfin
tuna in the Pacific (from SAWS/BP/2)

3.2.4 Population parameters

Numerous available population parameter estimates (SAWS/BP/1) were reviewed but no
judgments were made on their relative merits.

3.2.5 Status of stocks
3.2.5.1 TProduction medel analysis

A production model analysis for yellowfin tuna in the eastern Pacific CYRA (Figure 8)
shows that the current effort is probably above the level producing the MSY, which was
estimated at 158,759 MI' (175,000 short tons). In recent years there has been an increase
in effort and in 1978 a shift towards younger fish in the eastern Pacific purse seine catch.

Production model analyses were not possible for the surface and longline fisheries in
the western and central Pacific. An analysis of the entire Pacific longline fishery (Figure
9), which is possibly indicative of the situation in the longline fishery in the westermn and
central Pacific suggests that the total effort is at or approaching the level producing the
MSY which had been estimated at around 80,000 to 90,000 MT (SAWS/BP/2Z). An increase in the
longline effort 1s unlikely to result in a significant increase in sustained catch if the
curreut pattern of fishing is maintained.

No effect of the increased surface fishing activity in the western Pacific could be
detected in either the longline or surface fishery CPUE. The surface catches are smaller
in the western Pacific, and by analogy with the eastern Pacific and the eastern Atlantic,
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or increased surface catches, particularly if
ish.

3.2.5.2 Yield-per-recruit analysis

A previous Y/R analysis for the ETP (Figure 10) indicated that the fishery was realiz-

ing a Y/R of 1.94 kg (4.28 1b) (SAWS/BP/5).

With the parameters used, the critical size for

yellowfin tuna in the ETP (with the instantaneous natural mortality rate M = 0.8) is near

110 em (SAWS/BP/5).

Given the nature of the ETP fishery, it may not be practical to-reduce

the instantaneous fishing mortality rate, F, on the youngest fish; however, if this could
be done while increasing F on older fish, an increase in Y/R would probably be realized.
Estimates of critical size were not available for other natural mortality rates.

No estimate of Y/R is available for the central-western Pacific stock(s) ané the group

strongly recommended a Y/R analysis be domne for this stock(s) for a range of M values.

It

was noted that the surface fishery in the Philippines may be making substantial catches of
vellowfin tuna as small as 15 cm which is not good from a Y/R standpoint especially if the

natural mortality rate on the smallest fish is low.

face fishery in the western Pacific, the Y/

Because of the rapidly developing sur-
R analysis should be done soon.
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longline fishery by subareas.

Solid line denotes the catch rate and

broken line denotes index of effectiveness (from SAWS/BP/2)
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Figure 7. Continued

3.2.5.3 Recruitment analysis

No analysis of the relationship between stock size and subsequent recruitment was pre—
sented for any of the Pacific yellowfin tuna stocks. The group did mote that the IATTC is
investigating the relationship between stock size and recruitment for the yellowfin tuna
stock in the ETP.

3.2.5.4 Current appraisal

If effort is maintained at the 1976-78 levels for the next several years in the ETP
yellowfin tuna fishery, the catch is most likely to either decrease or remain approximately
constant. If the former occurs, it would indicate that the yellowfin tuna stock in the CYRA
responds to either a decrease in size of £ish taken or to excess fishing effort, or both.

If the latter occurs, it could indicate that either the estimates of the parameters used in
the production model presented (Figure 8) are faulty or that the yellowfin tuna stock in
the CYRA does not respond to fishing according to this type of general production model.

The condition of the central-~western yellowfin tuna stock(s) is less clear. It appears
that the stock(s) is capable of sustaining the current level of fishing, or perhaps even
more as previously discussed, but the absence of much critical data makes such predictions
speculative. : ‘
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3.2.6 Recommendatiohs
3.2.6.1 Statistics

The data available for the ETP were considered to be adequate. For the western and
central Pacific, much of the necessary data is not available. The group noted that the mag-
nitude and size composition of the large surface catch of the Philippines in recent years
should be reliably estimated and historical catch series documented. The problem of double
reporting of catches should be addressed and resolved. Estimates of misidentified or
unidentified yellowfin tuna in catches must be routinely carried out. Size-composition data
are needed for all catches, particularly for the surface fisheries.

3.2.6.2 Research

As already noted, the group recommended that Y/R estimates be undertaken on the
western—central stock(s) as soon as possible as well as production model analyses which
would include surface catch and effort data. The effects of competition between surface
and longline fisheries should be further examined. The extent of mixing between fish avail-
able to surface and longline gears should be examined through further tagging studies, par-
ticularly in the western Pacific. Additional estimates of yellowfin tuna growth in the
western Pacific should also be carried out.

3.3 Pacific Northern Bluefin Tuna (Rapporteurs: Robert A. Skillman and Chiomi Shingu)

The northern bluefin tuna, Thunnus thynnus, occurs both in tropical as well as temper-
ate waters and from the east rim of the Pacific to the west (Figure 11). Transpacific

migrations have been recorded. The annual catch of northern bluefin tuna is the smallest
among the large tuna species of the Pacific.

A North American purse seine fishery operates off the southern California and northern
Baja California coasts predominately in May to October on fish from 60 to 180 cm FL. The
four primary Japanese fisheries are conducted virtually year round though the location of
the fisheries and the size of the fish captured vary seasonally. The trap net, purse seine,
and trolling boat fisheries are conducted along the coast of Japan while the longline fish-
ery is conducted both in-coastal waters and also throughout the Pacific.
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3.3.1 Review of current research

The TATTC and the FSFRL are the principal agencies working on northern bluefin tuna in
the Pacific. Research consists of monitoring catch trends, collecting size data, conducting
age and growth studies based on hard parts (otoliths and scales), and tagging of northern
bluefin tuna in Japan and the eastern Pacific.

3.3.2 Review of fishery data

Catch data are available from the eastern Pacific purse seine fishery and from the
various Japanese fisheries. Catch data from Taiwan were not presented though they are
known to be available. The participants agreed that the longline catches by Korea and Tai-
wan should be relatively small and that the data presented for the eastern Pacific and Jap-
anese fisheries represent most of the catch. Historically the catch of small tuna by the
Japanese fishermen is recorded without regard to species as "meji." Independently acquired
market sampling records were used to estimate a catch of 5,000 MT of small northern bluefin
tuna in 1978, and such records could be used with due caution to extract the historical
catch of northern bluefin tuna from "meji." Some participants expressed a need to verify
the reported occurrence of northern bluefin tuna in catches made by Japanese bait boats in
warm surface waters off Papua New Guinea and in equatorial waters.

3.3.2.1 Catch trends

The annual catch of northern bluefin tuna in the northwestern Pacific Ocean is pre-
sented in Figure 12 and for the ETP in Table 5. Catches in the northwestern Pacific-exhibit
a great deal of variability. The largest catches occurred in the early years, followed by
a marked decline in the late 1950's and then a stable period through the 1960's, and lastly
a further decline in the 1970's. The purse seine fishery has accounted for the largest
share of the total Japanese catch throughout the years. The catches in the trap and bait
boat fisheries were relatively high up to 1956 and since then have declined. The longline
fishery has accounted for the smallest share of the total catch but since 1966 the longline
catch has shown a slight increase.

The variability in annual catches in the ETP does not appear to have been due to
changes in fishing effort (Table 6).

3.3.2.2 Effort trends

Fishing effort statistics for the Japanese purse seine fishery were presented only in
terms of the number and type of vessels, and not in detailed fishing units (Table 7). It
can be seen that there has been a nearly complete changeover from two-boat seiners to
single-boat seiners and that the total carrying capacity has increased while the number of
boats decreased slightly. The number of trap nets for the main fishing areas is presented
in Table 8. No discernible trend is apparent though there are large changes in some areas.

Crude fishing effort data for the eastern Pacific purse seine fishery (Table 6) do not
demonstrate any historical trends, although the number of boats has increased.

3.3.2.3 Trends in catch per unit effort
No CPUE statistics for northern bluefin tunma in the Japanese fisheries were presented.
For the eastern Pacific purse seine fishery, CPUE data were prepared by selecting
months when bluefin tuna catches occurred. These data are believed to give a general trend

of local abundance. No trend is apparent though the greatest catches occurred in 1971
through 1976 (Table 6). :

3.3.3 Stock structure

Based on (1) the ocgurrence of sexually mature fish and larvae in the western Pacific
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and the absence of same in the eastern Pacific, (2) the recapture of two fish in the
eastern Pacific from a small number of fish tagged off Japan, and (3) the recapture of nine
fish off Japan from a larger pool of fish tagged in the eastern Pacific, it is believed that
there is a single stock of northern bluefin tuna in the Pacific.

3.3.4 Population parameters

Published estimates of northern bluefin tuna population parameters (SAWS/BP/l) were
discussed. Length-weight relationships, von Bertalanffy growth parameters, and estimates
of instantaneous mortality coefficients and fecundity were compared with estimates for
Atlantic northern bluefin tuna.
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Figure 12. Annual catch of northern bluefin tuna by gear from the
northwestern Pacific Ocean, 1952-77 (from SAWS/BP/10).
{Does not include catch lumped in "meji" category.)
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TABLE 5. Annual surface catches of northern bluefin tuna by commercial
vessels, in metric tons, in the eastern Pacific Ocean. The
value for 1978 is preliminary (from SAWS/BP/9)

Year Catch Year Catch

1918 2,722 1949 1,991
1919 6,800 1950 1,242
1920 4,776 1951 1,752
1921 894 1952 2,076
1922 1,275 1953 4,433
1923 1,460 1954 9,537
1924 1,470 1955 6,173
1925 1,725 1956 5,727
1926 2,960 1957 9,215
1927 2,222 1958 13,934
1928 6,215 1959 6,914
1929 3,414 1960 5,422
1930 9,943 1961 9,603
1931 1,603 1962 14,651
1932 486 1963 14,189
1933 254 1964 10,642
1934 8,327 1965 7,556
1935 11,418 1966 16,846
1936 8,584 1967 6,601
1937 5,758 1968 6,063
1938 8,041 1969 7,172
1939 5,369 1970 4,024
1940 9,058 1971 8,415
1941 4,318 1972 13,390
1942 5,826 1973 10,576
1943 4,617 1974 5,748
1944 9,228 1975 9,578
1945 9,341 1976 10, 561
1946 9,993 1977 5,151
1947 9,452 1978 5,325
1948 2,961

TABLE 6. Togged northern bluefin tuna catch, effort, and catch per day's
fishing in the eastern Pacific, 1967-78 (from SAWS/BP/9)

Months Days Catch per
Year used fishing Catch day's fishing
1967 6-9 3,631 5,166 1.42
1968 6-10 2,408 4,980 2.07
1969 5-9 2,981 5,837 1.96
1970 6-8 2,209 3,786 1.71
1971 5-10 3,525 7,449 2,11
1972 5-10 3,694 11,919 3.23
1973 6-9 2,514 7,261 2.88
1974 6-9 2,203 3,854 1.75
1975 6-10 2,333 6,359 2.72
1976 5~10 2,969 8,926 3.00
1977 5~10 2,504 4,655 1.86
1978 6~-9 2,315 3,749 1.62




- 29 -

TABLE 7. Number of tuna purse seiners by type and size in the Japanese northern bluefin
tuna fishery in the Pacific, 1969-77 (from SAWS/BP/10)

Single boat Two boats
Boat capacity Boat capacity
in tons in tomns

Year 50-100 100-200 200-500 >500 Subtotal 30-50 50-100 Subtotal Total

1969 — 12 4 - 16 3 52 55 71
1970 - 15 6 - 21 2 47 49 70
1971 1 22 6 - 29 2 39 41 70
1972 2 29 7 - 38 1 33 34 72
1973 1 36 6 - 43 2 17 19 62
1974 2 40 9 1 52 1 11 12 64
1975 3 39 10 2 54 — 10 10 64
1976 3 40 13 2 58 - 10 10 68
1977 3 47 12 2 64 - 1 1 65

3.3.5 Status of stocks

At the present time it is not possible to make meaningful assessments of the northern
bluefin tuna stock. If catches from the two major fisheries are combined and a reliable
measure of fishing effort obtained, a simple production model assessment could be attempted;

however, the participants felt that if representative size composition data became available
a cohort analysis might be more productive.

3.3.6 Effects of regulation

No regulations are in effect.

3.3.7 Recommendations
3.3.7.1 Statistics

For the Japanese fisheries, the catch of small northern bluefin tuna should be reported
separately rather than included in "meji'" or small tunas.

Size-composition data should be collected for all gears,.and these data should prefer-
ably be in length, not weight. Since the seasonal variation in weight of individual north-
ern bluefin tuna is substantial, size samples based on weight would need to be taken
monthly.

3.3.7.2 Research

Further attempts to age northern bluefin tuna using hard parts should be encouraged.
The occurrence of northern bluefin tuna in parts of the South Pacific should be verified.
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3.4 Pacific Bigeye Tuna (Rapporteurs: Robert E. Kearney and Susumu Kume)

Bigeye tuna, Thunnus obesus, are widely distributed in the temperate and tropical
waters of the Pacific between about lat. 45°N and 40°S (Figure 13). Catch rates in the
longline fishery indicate at least two east-west zonal bands of high abundance, one in the
North Pacific centered at around lat. 30°N in the winter and the other in the equatorial
area. In the equatorial area the east-west zone of high abundance is almost continuous;
however, east of long. 150°W, another zone of high abundance is located further south along
lat. 10°s.

Longline gear accounts for more than 907 of the reported total bigeye tuna catch in
the Pacific. Small amounts of bigeye tuna are taken in the Japanese surface fishery for
skipjack tuna and albacore in the northwestern Pacific. Bigeye tuna are also caught by
purse seiners in the ETP fishery for yellowfin tuna and skipjack tuna.

3.4.1 Review of current research

At the present time, research on bigeye tuma is largely restricted to limited studies
being carried out in Japan. Previous studies which have been limited to work on the size at
first maturity, growth, sexual dimorphism, and length-weight relationships are reviewed in
SAWS/BP/6.

3.4.2 Review of fishery data
3.4.2.1 >Catch trends

Total catches of bigeye tuna in the Pacific from 1952 to 1977 increased steadily
through the 1950's and early 1960's before peaking at about 150,000 MT in 1963. The catches
declined thereafter and fluctuated between 70,000 and 107,000 MT until 1975. They increased
again to more than 140,000 MT in 1976 and 1977 (Table 9 and Figure 14). Most of the fluc~
tuations in total recorded catch are attributable to changes in catches by the Japanese
longline fleet; however, the Korean longline catch increased from 2,500 MT to abou:t 21,400
MT during the 1970's and the catches in the eastern Pacific purse seine fishery increased
sharply from about 2,000 MT to about 10,000 MT in 1976 and 1977.

3.4.2.2 Effort trends

The total longline fishing effort for Pacific bigeve tuna increased fivefold from 1957
to 1977 (Table 10). During this period there was a general spread of longlining effort over
the Pacific between lat. 45°N and 40°S and two major phases in the increase in effort are
detectable. Firstly, in the early 1960's the fishery in the ETIP developed, resulting
in substantial increases in both effort and catch. Secondly, during 1974-77 there
was an increase in the use of deep longline gear for bigeye tuna. The lecngline gear
was made to fish deeper by increasing the length of line between floats and coincidentally
the number of hooks per basket. The shift to this type of gear is clearly visible
(Figure 15).

3.4.2.3 Trends in catch per unit effort

Between 1957 and 1977 the total catch of Pacific bigeye tuna per million hooks of
effort decreased from 568 to 213 MT (Table 10). The average size of the fish taken in the
major fishing areas fluctuated between 1955 and 1976 (Figure 16) and this played a major
role in the elevated total landings in the early 1960's. Furthermore the changes to deep-
water longlining may have affected fishing efficiency from 1975 more than has been esti-
mated. Of interest is that if the catch rate (MT/10° hooks) and total effort, were averaged
over a 3-yr period, and plotted, the marked fluctuations in the 1960's and middie 1970's
would be largely masked and a smoother declining trend would result.
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TABLE 9. Estimated annual catch of bigeye tuna in the
Pacific Ocean, 1952-77 (from SAWS/BP/6)

Longline Bait boat Purse seine
Eastern
tropical
Year Japan Taiwan  Korea Subtotal Japan Japan Pacific Total

(Thousand metric *tons)

1952 26.5 26.5 2.1 1.0 29,6
1953 22.4 22.4 2.4 0.6 25.4
1954 26,2 0.4 26.6 2.1 0.4 29.1
1955 139,2 0.8 40,0 4.0 0.3 44,3
1956 130.7 0.9 31.6 b4 0.9 36.9
1957 64 . 4 0.9 65.3 5,2 0.0 70.5
1958 86.5 1.0 87.5 4,2 0.0 91.7
1959 79.3 0.8 80.1 1.7 0.0 81.8
1960 87.6 0.7 88.3 1.5 0.1 89.9
1961 132.2 1.5 133.7 1.8 0.1 135.56
1962 119.8 3.4 123.2 0.8 0.2 124.2
1963 144, 4 3.6 148.0 1.8 0.0 149.8
1964 99.5 3.5 103.0 1.1 0.2 104.3
1965 73.5 3.4 0.7 77.6 1.3 0.2 79.1
1966 76.9 3.0 2.9 82.8 1.1 0.0 83,9
1967 77.7 3.4 3.2 84.3 2.8 0.1 1.5 88.7
1968 63.8 4.2 0.6 68.6 2.3 0.2 2.5 73.6
1969 91.4 3.4 2.5 97.3 1.7 0.1 0.6 99.7
1970 70.6 2.8 2.5 75.9 1.6 0.2 1.3 79.0
1971 64.5 3.5 4.7 72.7 0.9 0.2 2.5 76.3
1972 81.9 4.9 7.8 94.6 2.4 0.8 2.2 100.0
1973 89.4 5.7 8.9 104.0 0.9 0.2 2.0 107.1
1974 82.0 4.2 14.4 100.6 0.7 0.4 0.9 102.6
1975 85.2 5.2 15.5 105.9 3.5 0.5 3.9 113.8
1976 102.2 2.9 21.4 126.5 A 0.6 10.4 142.9
1977 105.7 2.6 17.7 126.0 4.0 0.8 9.6 140.4

1Preliminary.

3.4,3 Stock structure

The stock structure of Pacific bigeye tuna is not clear. The occurrence of major
spawning activity in the eastern Pacific and the simultaneous appearance of a2 dominant year
class over a wide area support the unit stock hypothesis. However, the occurrence of at
least some localized spawning activity and the presence of a cline in modal lengths in the
North Pacific suggest multiple stocks (SAWS/BP/G).

3.4.4 Population parameters

Published estimates (SAWS/BP/L) of various parameters were reviewed but no new informa-
tion could be added.
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Figure 14, Annual bigeye tuna catch in the Pacific Ocean, 1952~77,

Dotted line represents Japanese longline catch (from
SAWS/BP/6)

TABLE 10. Estimated catch and effort statistics for bigeye tuna caught by the longline
fishery in the Pacific Ocean, 1957-77. The effort data for 1975-77 were
adjusted for deep longline fishing (from SAWS/BP/6)

Estimated
Japanese fleet Total total
Effort Catch catch effort Catch rate
Year (106 hooks) (103 tons) (10° tons) (10% hooks) (MT/10% hooks)
1957 113 63.9 65.3 115 568
1958 140 86.0 87.5 142 , 616
1959 155 78.8 80.1 158 507
1960 170 87.1 88.3 172 513
1961 231 131.7 133.7 235 569
1962 254 119.3 123.2 262 470
1963 342 143.9 148.0 352 420
1964 292 99.0 102.9 304 338
1965 260 73.0 77.6 276 281
1966 258 76.4 82.8 280 296
1967 267 77.2 84.3 292 289
1968 251 63.3 © 68.6 272 252
1969 318 90.9 97.3 340 286
1970 298 70.0 75.9 323 235
1971 274 63.9 72.7 312 233
1972 311 81.1 94.5 362 261
1973 345 88.5 104.0 405 257
1974 328 80.9 100.6 408 246
1975 332 83.0 105.9 424 250
1976 422 99.4 126.5 537 236
1977 485 103.2 126.0 592 213
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3.4.5 Status of stocks
3.4.5.1 Production model analysis

A production model analysis based on the single stock hypothesis and using total long-
line catch and Japanese catch and effort data has been carried out (Figure 17). The limita-
tions of this model, particularly with regard to the change to deep fishing longline gear
must be borne in mind. Furthermore, the decrease in CPUE with time was reasonably regular
(Figure 18), but the relationship of total catch in weight to total effort appeared to be
definitely biphasic (Figure 17).

3.4.5.2 Yield-per-recruit analysis
No analyses were possible.
3.4.5.3 Recruitment analysis

There is insufficient data to enable recruitment analyses to be done at this time.
Very little is known about recruitment into the longline fishery which accounts for the
greatest part of the catch of this species. Most of the longline catch is of larger, adult
fish and while juveniles are taken in the surface pole-and-line and purse seine fisheries,
the number of juveniles caught is small; 126,000 MT of bigeye tuna are taken in the longline
fishery and only 14,400 MT, much of which are juveniles, in surface fisheries. By comparisecn
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110,000 MT (adults) of Pacific yellowfin tuna are taken by longlining and 280,000 MT (adults
plus juveniles) by surface fisheries. This suggests that additional young bigeye tuna may
be taken if surface fisheries can be developed.

3.4.5.4 Current appraisal

The present state of exploitation of the stocks cannot be accurately assessed. It
appears that further increases in the effective longline fishing effort could still increase
the total catch at the expense of further declines in the CPUE. Very few bigeye tuna are
presently taken in surface fisheries. If catches of juvenile bigeye tuna are to be substan-
tially increased, then new fisheries would need to be developed, probably in areas not pres-
ently being fished by tuna vessels. Nothing is known of the interaction between surface
and longline fisheries for.this species.

3.4.6 Effects of regulations

There are no regulations on the capture of this species in the Pacific Ocean.
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Figure 16. Relative abundance of bigeye tuna in the equatorial Pacific, by
age and 5-yr intervals. Figures in the panels are total relative
abundance (catch rate) (from SAWS/BP/6)
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Figure 17. Sustainable average yield curves from production model
analysis and observed catches of bigeye tuna caught by
the longline fishery in the Pacific Ocean, 1957-77
(from SAWS/BP/6)
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Figure 18. Annual change in overall catch rate (number per 100
effective hooks) of bigeye tuna in the Pacific Ocean,
estimated from Japanese data, 1957-77 (from SAWS/BP/6)
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3.4.7 Recommenddtions
3.4.7.1 Statistics

It is recognized that the availability of detailed data on the longline fishery, except
for the Japanese fleet, should be improved. The problem with the surface fishery statistics
for this species relates to the underestimation of the catch of juveniles due to nonreport-
ing or misidentification of catches. Attempts should be made to obtain more accurate fig-
ures on the total catches and size composition of the catch in the surface fisheries.

3.4.7.2 Research
The possibility that growth rates of bigeye tuna are different throughout the Pacific
should be investigated if possible. Certainly the differences in size composition of bigeye
tuna in the catches across the Pacific needs to be reexamined. A reanalysis of the changes
in the longline catches of bigeye tuna by numbers and weight and by areas of the Pacific

should be carried out.

The impact of the change to deep longlining should be carefully monitored.

3.5 South Pacific Albacore (Rapporteurs: Gary T. Sakagawa and Bong Yeoul Kim)

The longline fishery for albacore, Thunnus alalunga, in the South Pacific is carried
out over a wide area from about long. 135°E to 80°W between equatorial waters and about lat.
45°S (Figure 19). 1In recent years the Japanese catch of albacore in the South Pacific has
been made by home-based longliners, whereas most of the albacore catch of longliners from
Korea and Taiwan have been made by vessels based at American Samoa or other foreign ports.
Small quantities of albacore are taken in surface fisheries in Chile and New Zealand.

3.5.1 Review of current research

One background paper (SAWS/BP/8) presented an evaluation of the status of the South
Pacific albacore stock including a production model analysis, the development of an improved
abundance index, and an age-structured simulation model.

3.5.2 Review of fishery data
3.5.2.1 Catch trends

The general trend in the annual albacore catch from 1952 through 1977 was a rapid rise
from 200 MT in 1952 to 24,000 MT in 1960, followed by a period of large fluctuations around
an average of about 35,000 MT (Table 11 and Figure 20). Peaks in the catches occurred in
1962, 1967, and 1973, and lows in 1964, 1969, and 1975. Although the fluctuations were in
part caused by changes in the fishing areas, the primary cause was changes in fishing effort
(Table -12).

3.5.2.2 Effort trends

During 1954 to 1963, Japanese longliners constituted a large portion of the longline
fleet fishing for albacore in the South Pacific. Since then, the Japanese fleet has
decreased while the Taiwan and Korean fleets have increased (Table 11). The net effect has
been the maintenance of effective fishing effort at a high level (Figure 20).
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Figure 19. Distribution of average catch per hook for Pacific Ocean albacore taken by
Japanese longliners, averaged over 1952-76. Boundaries of the index area
for the South Pacific albacore stock are also shown (from SAWS/BP/8)

3.5.2.3 Trends in catch per unit effort

Catch per unit effort statistics from logbooks of Japanese, Taiwan, and Korean longline
vessels landing in American Samoa have been compiled and standardized (SAWS/BP/8). An aver-—
age CPUE was then computed that was assumed to reflect actual abundance or size of the
exploitable albacore stock (Figure 20) and was used as the most reliable index of abundance.

The abundance index was high in 1962 and then declined steadily to a low of 14 kg/100
hooks in 1975. Since 1975, the index has increased reaching 22 kg/100 hooks in 1977, the
most recent year for which data were available. It is believed that this increase is not
related to changes in efficiency of longlining owing to the introduction of the deep long-
lining technique, but is related to an increase in stock abundance. Both the Taiwan and
Korean fleets, which landed the bulk of the catch since 1968, do not appear to have exten-
sively adopted the deep longline techmnique, which is being used increasingly by Japanese
longliners.
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TABLE 11. Estimatéd total catches (metric toms) of South Pacific
albacore, 1952-77 (from SAWS/BP/8)

Japan
and
Year Japan Taiwan Taiwan Korea Other Total
1952 210 - 210 - - 210
1953 1,091 - 1,091 - —— 1,091
1954 10,200 —— 10,200 - : — 10,200
1955 8,420 - 8,420 —— - 8,420
1956 6,220 - 6,220 - - 6,220
1957 9,764 - 9,764 — - 9,764
1958 21,558 - 21,558 146 — 21,704
1959 19,344 - 19,344 456 - - 19,800
1960 23,756 - 23,756 610 o 24,366
1961 25,628 - 25,628 330 —— 25,958
1962 38,880 0 38,880 599 - 39,479
1963 33,500 608 34,108 1,367 —— 35,475
1964 21,435 629 22,064 2,911 —— 24,975
1965 19,305 1,640 20,945 6,405 100 27,450
1966 23,401 6,669 30,070 10,817 500 41,387
1967 16,640 14,910 31,550 13,717 105 45,372
1968 7,707 14,496 22,203 10,138 14 32,355
1969 5,559 9,883 15,442 9,963 — 25,405
1970 6,560 12,463 19,023 11,599 50 30,672
1971 4,339 21,584 25,923 14,482 200 40,605
1972 2,796 23,050 25,846 14,439 468 40,753
1973 2,381 28,858 31,239 17,452 584 49,275
1974 1,847 19,980 21,827 12,194 890 34,911
1975 1,045 15,092 16,137 9,015 1,827 26,979
1976 1,906 19,954 21,860 12,212 2,462 36,534
1977 2,240 21,345 23,585 13,176 4,610 41,371

3.5.3 Stock structure

The current accepted hypothesis of albacore stock structure in the Pacific Ocean is
that there are at least two stocks, one or two in the North Pacific and another in the
South Pacific. This hypothesis is based on circumstantial evidence including: (1) Pacific-
wide catch rates of lomgline vessels show high catch rates in the higher latitudes sepavated
by low catch rates at the equator (Figure 19) and (2) albacore tagged in the North Pacific
have not been recovered in the South Pacific. Albacore in the South Pacific are assumed to
be of a single unit stock, confined to the Southern Hemisphere.

3.5.4 Population parameters

Workshop participants reviewed the available population parameters for South Pacific
albacore (SAWS/BP/1). Estimates are lacking or are poor for many population parameters.
Estimates of age and growth are required because they would provide more accurate data on
the age composition of the catch which would allow the application of more powerful assess-
ment techniques.
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and effective effort (10° hooks) for South Pacific albacore.
Solid circles denote a second index of abundance based on
historical Japanese longline statistics (from SAWS/BP/8)

3.5.5 Status of stocks
3.5.5.1 Production model analysis

A generalized production model was used to assess the condition of the South Pacific
albacore resource (SAWS/BP/8). The analysis was based on total catch statistics (Table 11)
and effective fishing effort which were estimated by dividing total catch by the abundance
index (Figure 20).

Results of the analysis indicate a fairly flat yield curve over a broad range of effort
(Figure 21). The MSY from the longline fishery is between 33,000 and 36,000 MT with a pre~
dicted optimum effective effort level of 60 x 10° hooks to 339 x 10° hooks (SAWS/BP/8).
According to the model, virtually no increase in yield to longliners can be expected with
increase in effort above the 1977 level and in fact, a substantial reductiorn in effort would
not, on the average, atfect the yield appreciably.

One difficulty with these estimates is that data are available for only a limited part
of the yield curve; consequently, the MSY and corresponding optimum effort estimates have
low precision and may be biased. The analysis is only applicable to the longline fishery as
presently constituted and has no value in predicting the potential for surface fisheries.

3.5.5.2 Yield-per-recruit analysis

A theoretical analysis has been carried out on the effect of varying the age at first
capture on yield under different stock~recruitment models (SAWS/BP/8). The analysis sug-
gested that no substantial increase in Y/R to the longline fishery could be achieved by
altering the size selectivity of the fishery. )
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TABLE 12. Number of longline vessels based at Pago Pago, American Samoa,
by nationality, 1954~76 (from SAWS/BP/8)

Number of vessels

>Year Japan Taiwan Korea Undetermined Total

1954 17 - - 1 18
1955 50 - _— -— 50
1956 56 - - - 56
1957 61 — - 1 62
1958 76 - 2 1 79
1959 64 — 4 1 69
1960 60 — 3 1 64
1961 55 - 2 1 58
1962 79 — 5 1 85
1963 117 — 10 1 128
1964 94 11 16 - 121
1965 101 23 33 - 157
1966 79 76 55 - 210
1967 62 128 69 - 259
1968 29 110 85 - 234
1969 18 71 76 - 165
1970 9 115 81 - 205
1971 4 124 90 — 218
1972 2 135 95 — 232
1973 — 172 172 - 34t
1974 - 149 171 — 320
1975 - 77 135 _— 212
1976 - 93 119 — 212

3.5.5.3 Recruitment analysis
No information is available on the relationship between stock and recruitment.
3.5.5.4 Current appraisal

The conclusion of the workshop participants was that current fishing levels do not
appear to be adversely affecting the stock. Further increases in longline fishing effort
would result in only a slight increase in yield, if any. The impact of the development cf
major surface fisheries on the stock is unclear and comsequently, the development of such
fisheries should be closely monitored.

3.5.6 Recommendations

A number of research needs can be identified; among these are: (1) collection of
catch-effort and size-frequency data from fleets that are not now being monitored; (2) col-
lection of data on surface fisheries which might develop; (3) expanded studies using the
age~specific simulation models and different hypotheses of matural mortality and catchabil-
ity; (4) tagging of fish in the surface fisheries, such as in New Zealand, to determine
among other things the degree of interaction of the surface and longline fisheries.



45 T T T
77 473
40~ ]
e76

351

30—
oy
=
- .
Q 25— -1
T
e
<
© 20k -
=
2
T
o
=
3 15~ -
<]
w

101~ -

S~ -

o | | I L

[¢] 50 100 150 200 250

EFFECTIVE EFFORT (10 HOOKS)

Figure 21. Projected relationship between equilibrium yield
and effective effort for South Pacific albacore,
based on production model with 3-yr effort aver-
aging (from SAWS/BP/8)

3.6 Southern Bluefin Tuna (Rapporteurs: Robert A. Skillman and Chiomi Shingu)

The southern bluefin tuna, Thunnus maccoyii, is a subtropical and temperate species
restricted to the Southern Hemisphere where it has a nearly circumpolar distribution

(Figure 22). The two major fisheries for this species are the Australian surface fishery
and the Japanese longline fishery.

3.6.1 Review of current research

Both the FSFRL and the Commonwealth Scientific and Industrial Research Organization
(CSIRO) of Australia, have active research programs on this species and both collect
detailed catch and size-frequency statistics. Australia has conducted an extensive tagging
program that has provided information on migration, mortality coefficients (SAWS/BP/13),
growth parameters (SAWS/BP/14), and stock structure. Stock assessment analyses have been
made by both countries, and the results of a cohort analysis were presented at this meeting
by the FSFRL (SAWS/BP/11). Results of other studies were also presented at the workshop
(SAWS/BP/12, SAWS/BP/15, and SAWS/BP/24).

3.6.2 Review of fishery data

Excellent catch and size-composition data are available for both the surface and long-
line fisheries. Detailed fishing effort statistics are available only for the Japanese
longline fishery. The available statistics are regularly exchanged between Japan and Aus-—
tralia. At the present time, Australia is developing a logbook system that will provide
additional statistics on fishing effort and catch locality.
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While the catches of southern bluefin tuna by Korean and Taiwan longline vessels are
probably small, data on these catches are not now being utilized and should be included in
future stock assessment analyses. It was suggested that small southern bluefin tuna are

being caught off Indonesia and possibly in other areas. This possibility should be inves-
tigated.

3.6.2.1 Catch trends

The numbers of southern bluefin tuma caught annually in the Jzpanese longline and
Australian surface fisheries during the period from 1952 through 1977 are shown in Figure
23). The Japanese catch reached a peak in 1961 and decreased with some fluctuation there-

after. The Australian catch peaked in 1969, declined to below 700,000 fish in 1973 and
rose again from 1974 through 1977.
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Figure 23. Annual catches of southern bluefin tuna by the Japanese

and Australian fisheries (from SAWS/BP/11)

3.6.2.2 Effort trends

Pata on fishing effort (Figure 24) for the Japanese longline fishery by area (Figure
25) indicate a decrease in effort during the last 10 yr in areas 1, 2, and 8. There was an
increase in fishing effort only in areas 7 and 9. XNo trend is apparent in other areas.

As indicated above, fishing effort statistics are currently not available for the
Australian surface fishery.

3.6.2.3 Trends in catch per unit effort

Japanese longline CPUE statistics for several different fishing grounds are also shown
in Figure 24. 1In areas 1, 2, and 4, the catch rate peaked several years after the begin-
ning of fishing and slowly declined thereafter. 1In areas 3, 7, and 8 the catch rate started

out at a relatively high level then gradually declined. The catch rate in area 9 has shown
little fluctuation and no discernible trend.
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3.6.3 Stock structure

It is believed that there is only one stock of scouthern bluefin tuna based on the fol-
lowing evidence: Only one spawning area is known, and this is just south of Java; fish
tagged in the Australian surface fishery have been recaptured from virtually the entire
range of the species (SAWS/BP/24); some small fish tagged in the Indian Ocean by Japanese
workers were subsequently recaptured in the Australian surface fishery; there are small fish
off Africa, but their relation to the fish occurring off Australia is not known (SAWS/BP/24).

3.6.4 Population parameters

The general problems of estimating age composition of catches from size~frequency data
and subsequent inaccuracies in the estimates of parameters were discussed (see Section
3.11.2).

This problem is specifically relevant to the southern bluefin tuna cohort analysis
presented. The age composition used in this analysis was based on length-frequency data
and a growth model derived from modal progressions. This conflicted with age estimates
based on long-term returns. It was suggested that the cohort analysis be repeated using the
von Bertalanffy parameters estimated from the tagging data. This is regarded as a particu-
larly high priority item as the cohort analysis suggested a systematic decline in recruit-
ment.

3.6.5 Status of stocks
3.6.5.1 Production model analysis

No production model analysis was attempted; however, Figure 26 presents the basic data.
The interpretation of production models used on these data is hampered by uncertainty in
estimates of the age composition of the catch. The high catches in 1959-61 could have been
due to fishing on previously unexploited old fish; however, as effort has increased catches
have continued to decline. An attempt should be made to assess whether a reduction in long-
line fishing effort would result in an increased total sustained catch.

1200 - ke -

1000 L h

Catch in thousand of fish

1 1 i n

1 1
60 70 87 90 100 G
Millions of haoks

Figure 26. Relation between fishing effort and catch of southern bluefin
tuna in the Japanese longline fishery. Lines show catch per
100 hooks in percentage (from SAWS/BP/11)



3.6.5.2 Yield-per-recruit analysis

Some preliminary Y/R analyses have been performed though they were not presented at the
workshop. One analysis indicated that a decrease in effort in the Australian fishery would
not cause an increase in Y/R. The same seemed to be true for the Japanese longline fishery.
The capture of age 2 fish while not undesirable from a Y/R viewpoint may be economically
unsound. An evaluation of the gross wvalue of the catch should be made, particularly in view
of the large change in value per unit weight of the fish with increasing age.

3.6.5.3 Recruitment analysis

The cohort analysis suggested that recruitment has declined from the beginning of the
fishery (top of Figure 27). However, the cohort analysis was based on a particular dissec-
tion of the size-composition data which may have biased the results. This problem requires
further analysis because a different estimated age-composition data may yield different con-
clusions concerning recruitment.

3.6.5.4 Current appraisal

From the evidence presented, it appears that increasing fishing effort for either or
both fisheries would not result in substantially increased catches. If recruitment has in
fact been declining then increased effort could result in a decrease in total catch.

3.6.6 Effects of regulations

There are three regulatory measures voluntarily put into effect by the major govern-
ments involved in the fishery. The Japanese longline fishermen have voluntarily closed
certain areas in some seasons to longlining. This measure has prevented a further decline
in the age at first capture by the longline fishery. Australia has had limited entry regu-
lations in effect since 1976 for purse seiners and since 1977 for bait boats, though the
latter are probably temporary. There has been no measurable effect of limiting bait boats,
but limiting the number of purse seine vessels has probably held fishing mortality down.
Finally, there is a state regulation that allows only vessels registered in Western Austra~
lia to fish within 3 miles of the coast of that state. This regulation probably has no
effect on the stock.

3.6.7 Recommendations
3.6.7.1 Statistics

It was recommended that Australia continue its logbook system to improve fishing
effort and catch location statistics for the surface fishery,

It was also recommended that statistics on catches made by Korean and Taiwan longline
vessels be made more readily available.

3.6.7.2 Research

The possibility that juvenile southern bluefin tuna are caught in the Indonesian sur-—
face fisheries should be investigated. '

The early Australian tag recovery data should be reevaluated te investigate the prob~
lems encountered in using the von Bertalanffy growth curve in the cohort analysis.

The procedures used in estimating age composition from length-frequency data should be
investigated. Special attention should be given to the effects of using variable growth
and mortality parameters on the distribution of ages within size classes.
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3.7 TIndian Ocean Yellowfin Tuna (Rapporteurs: Peter M. Miyake and Ziro Suzuki)

Yellowfin tuna, Thunnus albacares, are distributed throughout the Indian Ocean between
lat. 20°N and 40°S (Figure 28). Catches are made primarily by longlining and are concen-—
trated in equatorial waters and off eastern Africa. Yellowfin tuna are also taken in local-
ized fisheries by trolling gear, drift nets, and pole and line.

The longline fishery in the Indian Ocean began in 1952 when Japanese longliners com—
menced fishing for yellowfin tunma. Through the years the target species for the Japanese
fleet changed from yellowfin tuna to albacore, then to bigeye tuna, and finally to southern
bluefin tuna. Korean and Taiwan longliners now account for most of the longline-caught.
yellowfin tuna. ’
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3.7.1 Review of current research

Two background papers on stock assessment of yellowfin tuna in the Indian Ocean were
available (SAWS/BP/17 and SAWS/BP/21).

3.7.2 BReview of fishery data
3.7.2.1 Catch trends

Table 13 shows estimates of the total yellowfin tuna catches in the Indian Ocean. Some
discrepancies in the important longline catch data (Japan, Korea, and Taiwan) from various
sources were noted. In addition, the data for the U.S$.S.R. and Sri Lanka also need close
examination.

3.7.2.1.1 Longline catch

Total annual longline catches have fluctuated widely since 1954 without any definite
trend. Up to and including 1968, the Japanese fleet accounted for the majority of the
longline catch. As the Japanese fishery shifted from yellowfin tuna to southern bluefin
tuna, the Taiwan and later the Korean fleets, accounted for increasing proportions of the
longline yellowfin tuna catch.

3.7.2.1.2 Surface catch

The estimated catch by surface fisheries was considered to be less accurate than that
for the longline fisheries. It was thought that the figures available for catches up to
1973 were underestimates but the statistics had been improved for recent years.

The catches for Yemen and Oman in the FAO yearbook (1977) were reported to include
species other than yellowfin tuna but the exact species composition of the catch was not
known. It was also noted that there had been a commercial surface fishery in Somalia sev-
eral years ago which accounted for about 2,000 MT of yellowfin tuna.

The total surface yellowfin tuna catch in the Indian Ocean was estimated to be of the
order of 10,000-25,000 MT. The reported catches show recent increases, but these most
likely reflect an improvement in statistics.

3.7.2.1.3 Total catch

As the surface catch estimates are very unreliable and much underestimated in earlier
years, any apparent trends observed im total yellowfin tuna catch are not very meaningful.
Recent total catches have been in the range of 40,000 to 50,000 MT, and the highest catch,
88,000 MT, was recorded in 1968.

3.7.2.2 Effort trends

The best effort data presented were those for the Japanese longline fleet. The effec-
tive fishing effort was computed for the Japanese fleet and then extrapolated for the entire
longline fishery (Figure 29) on the basis of total catches. The effective effort steadily
increased up to 1968 and remained at a high level with the exception of a low observed in
1973. The effective effort computed for the postulated area of two possible stocks (Figure
30) also showed the same trends.

3.7.2.3 Trends in catch per unit effort

Catch per effective effort for the Japanese longline fleet was computed for the east-
ern, western Indian Ocean, and total Indian Ocean (Figure 31).
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Figure 30. Division of the Indian Ocean for the compilation of length
composition of yellowfin tuna taken by the Japanese longline
boats. Areas 1-3 and 6-8 combined correspond to the extent
of the western stock and areas 4, 5, and 9 together to that
of the eastern stock (from SAWS/BP/17)

There was a generally declining trend in CPUE in the eastern Indian Ocean until the
mid-1960's; thereafter the CPUE stabilized. The CPUE dropped more sharply in the western
Indian Ocean than in the east. However, after the mid-1960's it stabilized at about the
same low level as for the eastern stock. Average catch rates in the entire Indian Ocean in
recent years decreased to 30% of those in the early years of the fishery.

3.7.3 Stock structure

The past analyses of biological data (Morita and Koto, 1971; Huang et al., 1973) and
spatial-temporal distribution of longline catches suggested that there are at least two
yellowfin tuna stocks in the Indian Ocean, with the dividing line at long. 100°E. The
catch rate analyses and the estimates of stock density by age were made under the two-stock
hypothesis. However, the production model analysis had to be carried out under the one-
stock hypothesis due to the lack of adequate catch and biological data.

Since the biological and catch data indicated that the yellowfin tuna stocks in the
Banda Sea are part of the eastern Indian Ocean stock, the Banda Sea catch is included in
the Indian Ocean catch, whereas the FAQ statistics place the Banda Sea in the Pacific.

3.7.4 Population parameters

Data are available on length~weight (Morita, 1973) and growth parameters (Huang et al.,
1973) of Indian Ocean yellowfin tuna. Estimates have also been made of the natural mortal—
ity coefficient and catchability coefficient based on Japanese data (SAWS/BP/17).
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average hook rates during the 5 yr shown by bars (from
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The group recognized that these estimates needed careful scrutiny as a fixed age-
length key had been used in the analyses. This problem was common to several species and
is further discussed in Section 3.11.

3.7.5 Status of stocks
3.7.5.1 Production model analysis
The generalized production model was applied to the data on total longline catch and
effective effort (Figure 32). The results of another analysis based on the total yellowfin

tuna catch (surface and longline) and effective effort calculated from abundance indices
were in basic agreement.
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Because the total catch estimates are rather inaccurate, it is premature to pinpoint
an MSY for Indian Ocean yellowfin tuna, except to indicate that the MSY is thought to be
between 40,000 and 60,000 MT. The nature of the yield curve suggested that a drop in long-
line effort is unlikely to result in a substantial drop in total catch.

3.7.5.2 Yield-per~-recruit analysis
Sufficient basic data are not available for Y/R analysis.
3.7.5.3 Recruitment analysis

Stock size indices by age had been calculated under the one- and two-stock hypotheses
(SAWS/BP/17). No relationship between stock and recruitment was evident.
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3.7.5.4 Current appraisal

It is unlikely that longline catches of Indian Ocean yellowfin tuna could be increased
appreciably above the 1977 level of 42,000 MI, However, the group felt that there was a
potential for increased landings of yellowfin tuna by surface fisheries. While increased
surface fishery might reduce the abundance of yellowfin tuna available to longliners, the
total catch of yellowfin tuma and the total Y/R would probably increase.

3.7.6 Recommendations
3.7.6.1 Statistics

More accurate estimates of catch, effort, and size composition are needed, particularly
for the surface fisheries.

Catch, effort, and size-frequency data by temporal-spatial strata are essential for
analyses of subpopulations and for detailed Y/R studies, Since analysis to date have been
based only on data from the Japanese longline fleet which has largely withdrawn from the
areas of high yellowfin tuna concentration in the Indian Ocean, data from the Taiwan and

Korean longline fisheries which sti1ll target on yellowfin tuna should be made available and
analyzed,

3.7.6.2 Research

Since an adequate data base for reliable stock assessment will not be available for
some time, it is important to evaluate the limitations of current appraisals based on
incomplete data. The sensitivity of these appraisals to assumptions on stock structure and
other considerations should be examined.

Mortality coefficient estimates should be studied further, especially in relation to
fishing effort.

Changes in longline catchability coefficients should be carefully studied in relation
to the total intensity of fishing effort exerted, and in relation to changes in gear
characteristics.

Simulation studies should be undertaken to evaluate the potential impacts of various
fishery developments, particularly expansion of the surface fisheries.

3.8 Indian Ocean Bigeve Tuna (Rapporteurs: Robert A. Kearney and Susumu Kume)

Bigeye tuna, Thunnus obesus, are distributed throughout the Indian Ocean between lat.
20°N and 40°S (Figure 33). They are taken primarily by longliners from Japan, Korea, and
Taiwan. Longline catch records indicate that bigeye tuna are concentrated in the equatorial
area, including the Banda Sea, throughout the year and along lat. 30°S during the southern
winter.

3.8.1 Review of current research

The only current research on Indian Ocean bigeye tuna is that by Japanese scientists.

Two background papers on the biology of Indian Ocean bigeye tumna were available (SAWS/BP/18
and SAWS/BP/21).
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Figure 33. Distribution of bigeye tuna in the Indian Ocean.
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3.8.2 Review of fishery data
3.8.2.1 Catch trends

Catches of bigeye tuna in the Indian Ocean by country are summarized in Table 14.
The total catch increased steadily from 1952 until 1968 after which there was a temporary
decline. 1In recent years the total catch has again improved and landings are well above
previous levels.

The most striking -feature of the recorded catches of Indian Ocean bigeye tuna in
recent years has been the replacement of Japan by Korea as the major fishing nation. In
1966, which was the first year Korea participated in this fishery, Japan took 91% of the
longline catch and Korea 0.4%. By 1977 Japan's share had fallen to 147% and Korea's
increased to 677%; the Taiwan catch remained at about the same level during this period.
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TABLE 14. Annual catch of bigeye tuna by countries in the
Indian Ocean (including the Banda Sea) (from

SAWS/BP/18)
Year Japan Taiwan Korea Yemen Total
(Thousand metric tons)
1952 1.5 1.5
1953 3.6 3.6
1954 7.9 0.1 8.0
1955 10.1 0.2 10.3
1956 13.4 0.6 © 14,0
1957 12.4 0.9 13.3
1958 11.3 1.5 12.8
1959 8.9 1.5 10.4
1960 15.7 1.3 17.0
1961 13.6 1.9 15.5
1962 18.7 1.2 19.9
1963 12.4 1.7 14,1
1964 16.8 1.8 18.6
1965 18.2 1.4 19.6
1966 22.6 2.2 0.1 24,9
1967 22.3 2.3 0.2 24.8
1968 24.6 7.2 5.4 37.2
1969 15.0 8.0 3.1 26.1
1970 13.6 7.6 1.7 22.9
1971 11.8 5.7 4.1 21,6
1972 8.8 4.1 4.3 17.2
1973 5.7 3.0 5.6 14.3
1974 7.7 4, b4 13.4 1.2 26.7
1975 8.5 4.0 24.7 1.5 38.7
1976 2.9 3.2 21.0 1.7 28.8
1977 5.2 5.2 24.6 1.8 36.8

3.8.2.2 Effort trends

Unfortunately the data on total fishing effort on bigeye tuna are not as good as those
for total catch. 1In the early years of the longline fishery in the Tndian Ocean the fishing
effort was dominated by Japan and good statistics were available. However, in recent vears
Japanese effort has been substantially replaced by that from Korea and Taiwan for which very
little effort data are available, Estimates of total longline fishing effort based on the
known Japanese effort and a comparison of Japanese catch with total catch have been pre-
sented in Table 15.

3.8.2.3 Trends in catch per unit effort

The catch rate for Indian Ocean bigeye tuna decreased slowly from about 0.7 fish/100
hooks in 1957 to about 0.4 fish/100 hooks in 1976 before increasing suddenly to over 0.9
£ish/100 hooks in 1977 (Figure 34). It was noted that while there obviously was an appre-
ciable increase in the CPUE in 1977, the reported increase may be exaggerated for the fol-
lowing reasons: (1) The catch rate obtained was based on Japanese data; however, by 1977
the Japanese effort accounted for only 147% of the total catch of bigeye tuna in the Indian
Ocean. (2) Because the Japanese effort was certainly not uniformly distributed over the
fishing area in 1977, it is possible that the CPUE figure is not representative.
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TABLE 15. Catch and effort statistics for bigeye tuna in the
Indian Ocean, as input data for a production model
analysis, 1957-77 (from SAWS/BP/18)

Japanese fleet

Estimated
Effort Catch Total total
Year (1,000 hooks) (tons) catch effort
1957 31,390 12,412 13,270 33,560
1958 23,869 11,295 12,814 27,079
1959 26,656 8,947 10,451 31,137
1960 46,262 15,652 16,962 50,134
1961 43,276 13,554 15,458 49,355
1962 63,330 18,715 19,941 67,479
1963 41,813 12,385 14,038 47,394
1964 56,620 16,751 18,522 62,606
1965 72,152 18,208 19,750 77,549
1966 80,600 22,629 24,860 88,546
1967 97,946 22,338 24,819 108,824
1968 81,737 24,623 37,213 123,530
1969 66,789 15,009 26,059 115,961
1970 54,917 13,602 22,906 92,481
1971 56,444 11,773 21,574 103,434
1972 41,153 8,802 17,245 80,628
1973 25,428 5,744 14,299 63,300
1974 41,610 7,693 26,738 144,621
1975t 41,013 8,469 38,625 187,050
19761 16,107 2,935 28,758 157,821
19771 13,019 5,220 36,775 91,719

iThe estimated percentage of deep longline gear used is given below:

Indian Ocean

Year Banda Sea (except Banda Sea)
1975 20% —
1976 20% -
1977 50% 25%

Since the Japanese effort now accounts for such a small percentage of the total, the
need to obtain improved statistics from the remainder of the fleet must be stressed.

A further analysis of the overall change in CPUE which occurred in 1977 is obviously
warranted.

3.8.3 Stock structure

There are no data which suggest the occurrence of more than one stock of bigeye tuna
across the Tndian Ocean. However, there is evidence that the catch rates and size composi-
tion of the catches from the Banda Sea are different frcm those in the Indian Ocean proper.
The available data were inadequate to enable an in~depth study at this time but further
investigation of this phenomenon is warranted.
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Figure 34, Annual change in overall catch rate for bigeye tuna
(number/100 hooks) in the Indian Ocean, estimated
from Japanese data, 1957-77 (from SAWS/BP/18)

3.8.4 Population parameters
None available for bigeye tuma in the Indian Ocean.
3.8.5 Status of stocks

3.8.5.1 Production model analysis

The relation between total catch of bigeye tuna and total effort from 1957 to 1977 was
almost linear and the production model analysis (Figure 35) did not really provide any
reliable prediction of MSY. 1In general the stock appears to be only lightly exploited. It
is not possible to predict with any confidence what will happen if more effort is applied
although total catch could be expected to increase and CPUE to decline.

3.8.5.2 Yield-per-recruit analysis
No information available.

3.8.5.3 Recruitment analysis
No analyses were possible.

3.8.5.4 Current appraisal

It appears that further increases in the longline fishing effort could still increase
the total catch but will probably result in a gradual decrease in catch rate. It is impos-
sible to assess what potential exists for surface fisheries on this species.

3.8.6 Effects of regulations

There are no regulations on bigeye tuna in the Indian Ocean.
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3.8.7 Recommendations

3.8.7.1

Statistics

Total longline catch figures for this species are good but there is an urgent need to

improve the catch and effort statistics by area. -

This has become particularly pressing

because the Japanese fishery, for which good statistics are available, is no longer repre-

sentative of the fishery as a whole.

In addition to Japanese data, longline catch and

effort data for bigeye tuna are needed from other nations fishing in the Indian Ocean.
magnitude of surface catches should also be investigated.

The
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3.8.7.2 Research

Research on population parameters should be encouraged but this type of research is
unlikely to become a priority item in the immediate future.

The possibility that the bigeye tuna stock in the Banda Sea is different from the
stock in the Indian Ocean should be investigated.

3.9 1Indian Ocean Albacore (Rapporteurs: Garth I. Murphy and Rong-Tszong Yang)

Albacore, Thunnus alalunga, are distributed across the Indian Ocean between about lat.
20°N and 40°S (Figure 36). However, they appear to be more abundant south of the equator
and most abundant between about lat. 15° and 35°S in the western Indian Ocean. Albacore
are taken primarily by longline gear in the Indian Ocean.

3.9.1 Review of current research

Aside from routine collection of catch statistics, there is essentially no current
research effort on Indian Ocean albacore.
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Figure 36, Distribution of albacore in the Indian Ocean
(adapted from Koto, 1969)
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3.9.2 Review of fishery data
3.9.2.1 Catch trends

The estimated annual catch of albacore in the Indian Ocean climbed rapidly from 67 MT
in 1952 to 17,668 MI in 1962 and fluctuated widely from 1963 to 1976, reaching a high of
28,250 MT in 1974 (Table 16 and Figure 37).

3.9.2.2 Effort trends

Effective effort rose from 0.32 x 10° hooks in 1952 to 616 x 10® hooks in 1969 (Table
16 and Figure 37). Since then it has fluctuated between the 1969 level and 225 x 10° hooks.

3.9.2.3 Trends in catch per unit effort

Catch per unit of effort rose over the 1952-55 period, apparently as a result of the
expansion of the fishery into new areas, and fell after 1956 (Figure 37). The decline may
have been due in part to a shift in fishing grounds by the Japanese longline fleet in
search of other species.

TABLE 16. Estimated total catch (metric tomns), relative abundance
: (kg/100 hooks), and effective effort (10° hooks) for
Indian Ocean albacore (from SAWS/BP/21)

Abundance Effective

Catch index effort
Year (MT) (kg/100 hooks) (10® hooks)
1952 67 21.24 0.32
1953 1,099 33.56 3.30
1954 2,759 42.52 6.51
1955 3,302 63.84 5.19
1956 4,821 37.46 12.92
1957 4,664 42.36 11.05
1958 6,285 26.29 24,00
1959 10,412 18.63 56.09
1960 11,066 14.78 75.16
1961 15,438 16.48 94,04
1962 17,668 11.60 152.90
1963 12,620 7.37 171.88
1964 18,084 9.56 189.88
1965 12,397 7.11 167.87
1966 17,276 6.26 261.05
1967 23,703 5.74 388.46
1968 17,369 4,55 369.70
1969 21,873 3.42 615.82
1970 15,220 2.90 488,50
1971 10,186 2.02 475, 34
1972 11,735 2.46 453,96
1973 22,305 9,23 232.66
1974 28,250 4. 44 615.72
1975 11,205 4,55 225.16

1976 14,937 3.87 361.52
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Figure 37. Estimated total catch (103 MI), relative abundance
(kg/100 hooks), and effective effort (10° hooks)
for Indian Ocean albacore (from SAWS/BP/21)

3.9.3 Stock structure

The limited evidence suggests that there is only one stock of albacore in the Indian
Ocean, although there is possibly some exchange with albacore in the South Atlantic.

3.9.4 Population parameters
No estimates were available.

3.9.5 Status of stocks

Effort data are available only from the Japanese longline operations. However, owing
to a shift in the target species, Japan's last substantial catch of albacore was in 1970.

A production model analysis based on Japanese CPUE data suggests an MSY of between
15,000 and 20,000 MT, which is the level of catches over the past decade (Figure 38). The
yvield curve appears to be asymptotic, with little change in catch even though effort doubled
from 1966 to 1974, Together with the increase in effort has been a decrease in the average
size of albacore caught. This decrease in size is thought to be attributable to a shift in
the fishing grounds rather than a direct response to fishing pressure.

There appears to be no reason for concern over the future of the stocks.
3.9.6 Effects of regulations

There have been no regulations.
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3.9.7 Recommendations

Catch, effort, and size-frequency data from longline fleets of Korea and Taiwan are
needed, This is particularly important because of the decrease in the significance of the
Japanese fishing effort., The workshop recommended that efforts be made to improve logbook
programs.

Efforts should be made to obtain and publish historical catch and effort data thought
to exist in government and industry files.

3.10 Indian Ocean Billfishes (Rapporteurs: Jerry A. Wetherall and Shoji Kikawa)

Billfishes (blue marlin, Makaira nigricans, striped marlin, Tetrapturus audax, black
marlin, M. indica, swordfish, Xiphias gladius, sailfish, Istiophorus platypterus, and short-
bill spearfish, T. angustirostris) are widely distributed and have overlapping distributions
in the Indian Ocean (Figure 39). Tunas are the target species of longliners in the Indian
Ocean and billfishes are caught incidentally.

3.10.1 Review of current research

Research on billfishes in the Indian Ocean has been considered of low priority compared
to the study of other species and there are few papers on the subject in the literature.
The most recent is a study of the distribution and biology of striped marlin taken by Japa-
nese longline vessels in the Indian Ocean (SAWS/BP/19).
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Figure 39. Continued

3.10.2 Review of fishery data

3.10.2.1 Total catch and effort trends

In the Indian Ocean almost the entire billfish catch is harvested incidentally by tuna
longliners of Japan, Taiwan, and Korea. 1In the case of Japan and Taiwan, the recorded total
catch statistics for blue marlin, black marlin, striped marlin, and swordfish are relatively
reliable, but catches of sailfish and shortbill spearfish are combined. There has also been
some combined reporting of blue marlin and black marlin. In the case of Korea, catches of
billfishes were not separated by species prior to 1975. Although significant improvement
in Korean reporting practices have taken place in recent years, there apparently may still
be some misreporting since FAO statistics show no catch of black marlin by Korea in the
Indian Ocean. :

In addition to the longline catch by Japan, Taiwan, and Korea, there is a small catch
of billfishes by Indonesian vessels and by sport fishermen in South Africa, Kenya, Seychel-
les, and Western Australia.

Because the historical record of billfish catches in the Indian Ocean is so incomplete,
it is not possible to draw very useful conclusions about trends in the aggregate catch.
However, the catches by Japan and Taiwan for most species reached high levels in the late
1960's, and declined thereafter (Table 17), due in part to a shift of longline effort south-
ward into areas of relatively low billfish abundance.
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TABLE 17. " Catch of billfishes (metric tons) by species in the Indian Ccean
(from SAWS/BP/20)

Sailfish and

Swordfish Striped marlin Blue marlin Black marlin spearfish
Year Japan Taiwan Japan Taiwan Japan Taiwan Japan Taiwan Japan Taiwan
1952 <100 100 800 300 <100
1953 100 300 2,000 800 100
1954 200 800 3,300 1,100 200
1955 200 800 3,600 100 1,100 100 200
1956 500 1,800 5,000 200 1,500 200 300
1957 300 100 1,800 100 3,800 100 1,400 400 300
1958 500 100 1,700 200 4,100 200 1,200 500 400 100
1959 500 100 2,100 400 4,300 300 1,200 500 500 300
1960 600 100 2,000 300 3,700 300 1,700 300 500 200
1961 700 200 2,400 300 3,200 300 1,400 500 500 100
1962 900 200 1,800 200 3,100 400 1,800 300 800 200
1963 700 1300 1,300 1500 1,800 1500 1,100 1400 500 1300
1964 900 1300 1,400 1600 2,900 1600 1,300 1400 600 1300
1965 1,100 1200 3,000 " 1400 3,300 1400 1,100 1300 1,100 1200
1966 1,200 1200 3,900 1300 3,300 1300 1,200 1200 1,200 1200
1967 1,600 200 4,200 300 3,400 700 1,300 200 1,900 100
1968 1,200 600 2,300 900 2,300 1,400 1,700 600 1,200 400
1969 1,200 800 2,200 1,800 1,800 1,500 1,300 800 700 400
1970 1,000 800 1,700 900 1,200 1,200 900 600 600 300
1971 800 500 1,000 700 1,000 1,000 700 500 800 400
1972 800 400 800 400 900 800 200 400 600 300
1973 500 300 500 300 600 500 200 200 300 100
1974 600 400 1,400 500 900 500 400 300 300 100
1975 700 300 900 300 700 400 500 200 200 500
1976 300 400 500 800 300 300 200 100 200 300
1977 300 400 500 1,400 300 500 100 1.00 <100 <100

1Roughly estimated from the annual total catch.

As with total catch data, detailed effort statistics are not available for Korean long~
liners, so no complete picture of trends in total effort can be drawn.

3.10.2.2 Trends in catch per unit effort

Average catch rate statistics are available for both Japan and Taiwan. A decline in
CPUE over the 1952-76 period occurred in the Japanese longline fishery for blue marlin
(Figure 40), striped marlin (Figure 41), and with considerable fluctuation, black marlin
(Figure 42). Swordfish CPUE has not declined significantly (Figure 43). Catch rates for
sailfish (small amounts of spearfish are included) are quite variable but a generzl increase
over the 1952-76 period is evident (Figure 44).

3.10.3 Stock structure

Available information on geographical variation in catch rates and spawning area sug-
gests a single stock of blue marlin in the Indian Ocean. Similar kinds of data suggest the
possibility of multiple stocks for striped marlin, black marlin, swordfish, and sailfish,
but there is little solid data to support either single or multiple stock hypotheses. Tn
the case of black marlin, there may be some interaction between fish in the eastern Indian
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Ocean and those in the southwestern Pacific, ‘But to date no black marlin tagged off Cairns
(northeast coast of Australia) have been recaptured west of Cape York Peninsula, Australia.

3.10.4 Populatioh parameters

No estimates of growth rates, mortality rates. or recruitment for Indian Ocean bill- ~
fishes are available. However, studies have been undertaken on maturation and spawning of
striped marlin, which suggest this species attains sexual maturity at 140-150 cm (eye-fork
length).
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Figure 40. Catch rates and effective fishing effort for blue marlin
in the Indian Ocean (from SAWS/BP/20)
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3.10.5 Status of stocks

Deficiencies in estimates of total catch for Indian Ocean billfishes make reliable
assessment of potential yields and optimum fishing effort impossible. However, the substan-
tial reduction in catch rates for blue marlin and black marlin since the inception of long-
lining suggests that no significant increases in total yield can be expected for these
species. The potential for an increased yield of striped marlin seems to be somewhat
greater. Stocks of swordfish and sailfish do not appear to have been affected appreciably
by the effort exerted to date,

No firm conclusions can be drawn for any species without better catch statistics.

3.10.6 Recommendations

Reliable assessment of the status of Indian Ocean billfishes will require considerable
improvements in fishery statistics. In particular, steps should be taken to correct defi-
ciencies in identification of species and to unllow for the separate recording of the catch

of each species in longline leoghook records. To the extent practicable, billfish landings
should be recorded by species.

3.11 General Problems in Stock Assessment (Rapporteurs: John A. Gulland and Robert A.
. Skillman)

When. discussing the individual stocks a number of similar problems were raised. Scme

of the more striking of these common problems, and suggestions for ways in which they may
be tackled, are as follows.
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3.11.1 Effort

The discussions on the problems in accurately determining effort and CPUE in the work-
shop were based almost exclusively on longline data. There were also problems in determin-
ing the correct measure of effort in most surface fisheries. It was noted that where there
have been successful tagging experiments, especially over a period of years, the rate of
return of tags per unit fishing effort can in principle be used to calibrate the fishing
effort data. This might well be possible for the Australian southern bluefin tuuna fishery.
To allow for adequate mixing of tagged fish in the fishery, it was suggested that return
information for fish tagged as 2- or 3-yr olds should be used from the second and subse-
quent years after release.

In the longline fishery four points were examined: (1) the use of deep longlines;
(2) change in preferred (target) species or area; (3) the interpretation of CPUE statistics
at high stock densities in the beginning of a fishery; and (4) possible gear competition or
interference at high fishing intensities.

The use of deep longlines (normal longlines made to fish deeper by essentially omitting
every second float) definitely increases the catch rate of bigeye tuna in many areas. The
proportion of deep longlines used in a fishery was estimated from the frequency distribution
of longline gear by number of hooks per basket (see Figure 15). The increase in efficiency
for bigeye tuna has been estimated as 1.78 for the western equatorial Pacific, but is
believed to vary from area to area according to the depth of the thermocline (Table 18).
Nominal effort data can then be corrected by using the efficiency factor and the percentage
of deep longline gear. The workshop participants felt that more studies on this would be
desirable, especially to estimate directly the efficiency factors for the Indian Ocean, and
also the possible effects on the catches of other species.

TABLE 18. Correction factors to adjust for changes in efficiency of longline
gear for capture of bigeye tuna and the percentage of deep longline
gear used in the Japanese longline fishery in terms of trips and
major areas of the equatorial Pacific (preliminary) (from SAWS/BP/6)

Western equatorial Central equatorial Eastern equatorial
area (west of 170°EK) area (170°E-~150°W) area (east of 150°W)

1975 50% 20% 10%
1976 60% 25% 357
1977 70% 457% 657%
Correction
factor 1.7 1.5 1.3

Methods to correct for shifts in area or target species are well established (e.g.,
Homma, 1974) and the participants felt that, provided the data were well spread over the
ocean, these methods worked well. Since the Japanese fleet is now mainly concentrated in a
few fishing areas (e.g., those for southern bluefin tuna) there is an urgent need to obtain
and use the detailed 5° square data from the other longline fleets.

Problems in using catch rate statistics to index the abundance of a stock during the
early years of a fishery were discussed. In several cases examined by the group, the dif-
ferences bhetween catch rates recorded in the first few years of fishing and those observed
several years later were perhaps greater than expected. For example, in the case of Indian
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Ocean yellowfin tuna the CPUE, when plotted against average effort, dropped from nearly
175 kg/100 hooks at the beginning of the fishery to less than 25 kg/100 hooks in recent
years (Figure 45)., If CPUE is assumed to be proportional to abundance, then a reduction of
the exploitable yellowfin tuna stock to roughly 10-15%7 of the stock size before fishing com-
menced is suggested. This is such a large drop that a failure of the proportionality
assumption is suspected. 1In particular, the ratio of CPUE to stock size may have been
greater in the early years than later on, because the developing fishery may have concen-
trated effort in areas with exceptionally high catch rates, and not fished at all over much
of the stock's range where catch rates would have been lower. Adjustment proceduires com—
monly used to correct for temporal changes in effort distribution may not be effective in
such situations. One possible remedy is to simply omit some of the early CPUE data from
stock assessment analyses (such as production model analyses). In the case of Indian Qcean

yellowfin tuna, the true relationship between stock size and effort probably lies somewhere
in~between the dashed and solid curves of Figure 45.
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The problem of interference or gear competition between vessels at high effort concen-
trations raises other questions. It was suggested that the reason for the remarkably small
change in total longline catch over a wide range of effort for some stocks (e.g., Indian
Ocean yellowfin tuna) was that the true fishing mortality changed much less than the nominal
effort. This change in fishing mortality would occur if the effectiveness of a given number
of hooks was reduced where fishing was intense. The workshop saw no way of testing this
hypothesis immediately, though it is a question of some importance. One possible approach
would be to examine detalled data on catch rates from logbooks of vessels fishing at the
center, and at the fringes, of major concentrations of fishing effort. Such a study would
require a careful examination of the distribution of catches and the indices of concentra-
tion.

3,11.2 Age, growth, and mortality

In the absence of reliable methods of aging individual tuna, age-growth and mortality
parameters are not readily available. The implications of this lack of information depend
on the intended use of the information.

The workshop noted that there were difficulties in estimating age composition, partic-
ularly at older ages, from length-composition data, either using an age-length key in the
strict sense (i.e., estimates of the percentage of each age in a length class), or by direct
dissection of the length data (e,g., assigning all fish between 105 and 112 cm to a certain
age). Age compositions from both methods are likely to lead to underestimation of the
changes in mortality that occur, unless a separate age-length key is computed for each
period in which a change in mortality occurs. The workshop therefore urged that a careful
examination should be made of the theoretical problems involved.

The pattern of recaptures of tagged southern bluefin tuna in the longline fishery shows
that the mortality in this fishery is low, and that previous estimates of the ages of large
fish were too low. The group believed that the phenomenon of low total and natural mortal-
ity among large fish and a higher natural mortality among smaller fish may be quite general
among tunas, even though the direct evidence is slight. It should certainly be taken into
account when assessing the impact of surface fisheries on longline fisheries.

There had been a number of advances in methodology for aging tuna (burning or section-
ing otoliths, counting of daily rings) and the group encouraged the continuation of this
work. It was felt at the workshop that efforts for aging tunas should be concentrated on a
few stocks that seem to offer more favorable opportunities, e.g., stocks from which material
would be regularly available, and in which data could be ecross—checked by methods such as
tagging. The southern bluefin tuna, which may show clear annual marks, would be one possi-
bility.

3.11.3 Assessment of the effect of fishing

The assessment of fishing effects was mainly done by examining the relationship between
catch and effort and fitting production models to these data from the longline fisheries.
It was considered desirable to obtain independent evidence of the effect of fishing on the
stocks, such as changes in total mortality. Without good age data this is difficult to do.
The results presented for Indian Ocean yellowfin tuna (Figure 46) showed an apparent
increase in the coefficients of total mortality with increasing fishing intensity. Though
some participants thought that the method of estimating ages would introduce a bias, the
nature of this bias would be to underestimate the changes in mortality rates. The fact that
some change in mortality coefficients was readily apparent in this stock and in others
(e.g., Indian Ocean bigeye tuna, Figure 47), even though there were possible biases under-
estimating the change, suggests that the real change in mortality may have been consider~
able. A crude estimate of changes in mortality coefficients can be obtained by looking at
changes in average size. In nearly all longline fisheries, average size of fish has
decreased in close correlation with increased fishing effort (Figure 48). There are obvious
dangers that some of such changes could be due to changes in the area of fishing, especially
for albacore and bigeye tuna. The workshop recommended that this question should be more
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carefully examined. A study should be undertaken to analyze changes in size composition
within small areas, and to determine better theoretical procedures for estimating changes
in total mortality from changes in length composition.

The problem of estimating the impact of surface fisheries on longline fisheries is
even greater (SAWS/BP/4). Factors which affect the impact are: (1) the relative size of
fish taken by the two gears; (2) variability in natural mortality; (3) the difference in
"stocks" or groups of fish exploited by the two fisheries; and (4) differences in time/area
strata in which the fish are exploited by the two fisheries.

In some cases where there is interaction, it is masked because the two fisheries oper-
ate in different areas or on fish of substantially different size. It was noted that the
effect of the surface yellowfin tuna fishery on the longline fishery in parts of the central
and eastern Pacific seemed to become noticeable after the expansion of the surface fishery
offshore where larger fish occur. The relative importance of these two factors is unknown.
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Few explicit Y/R calculations were presented. In the absence of reliable estimates of
growth and mortality a single Y/R curve is of doubtful value., Nevertheless the workshop
recommended an examination of a set of Y/R curves, for different values of input parameters,
including higher values of natural mortality for small fish (i.e., those in some surface
fisheries) than for large fish. This analysis could be useful in elucidating the likely
response of the stocks to different patterns of fishing, including the interaction between
surface and longline fishing. Such calculations could assist in determining whether the
observed approximately constant catch over a.wide range of effort, as seen in several long~
line fisheries, is reasonable, or is due to an artifact, such as gear competition.

Several papers discussed stock recruitment relationships. Over the range of abundance
so far experienced,no large variation in recruitment with stock size has been found. This
is consistent with the high individual fecundity of tunas. However, in view of the serious
consequences if recruitment is impaired, and the increased possibility of this occurring
with very high levels of effort, the matter deserves careful attention. In particular, a
series of recruitment estimates—-e.g., from CPUE of young fish, or from cohort analysis—-
should be obtained for all the major stocks.
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APPENDIX 1
AGENDA
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Adoption of agenda
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Stock assessment of southern bluefin tuna
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Stock assessment of Indian Ocean yellowfin tuna

Stock assessment of Indian Ocean bigeye tuna and albacore
June

Stock assessment of Indian Ocean billfishes

Consideration of special problems in stock assessment
June
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June

Write—up of summary report
June

Review and approval of summary report
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