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Introduction
This working paper deals with several issues related to assessment of
the South Pacific albacore stock, and steps whicl. way be taken to resolve
them. Our purpose is to make a number of observations based on experience
with South Pacific albacore, and with the better developed and more heavily
researched albacore fisheries of the North Pacific. We begin by discussing
objectives of stock assessment. We then review historical fishery data,
particlarly the data callécted from Asian longliners based at American
Samoa. We describe past assessments using production models, and briefly
present a new production mo&el using updated fishery statistics. Next, we
discuss shortcamings in the available fishery data which prevent the use of
traditional analytical age—structured methods. We conclude by suggesting
the construction of a comprehensive computer simulation model of South

Pacific albacore fisheries which could serve as an assessment tool and a

guide for research planning and evaluation.

Stock Assessment Objectives

It is important to begin by clarifyi;g what we see as the objectives
of South Pacific albacore assessment. This will have a bearing on what
data and methods are needed for the analysis, and what steps should be

taken for further research.



In the early 1970's, when the longline fleet in the South Pacific was
at its peak, the most appropriate assessment objective was to estimate the
stock's maximum sustainable yield to the longline fleet, and to see whether
benefits could be obtained by increasing the fleet size further, or by
cutting back on the number of vessels. The information requirements for
this assessment were not too great. Sufficient data were available in the
catch and naninal effort records of the Japanese government and the cannery
records at American Samoa. The analysis could be done easily using surplus
production models.

Now the situation is quite different. The longline fleet has been
trimmed back, and the ncaminal longlining effort has decreased, while‘the
yield to the longliners has remained fairly steady. Interest now is
centered on expanding the harvest of smaller, younger albacore in surface
waters. Appropriate assessment objectives now are to estimate what the
potential surface yield might be, and what the impacts of an expanded
surface catch would be on the longliners. A great deal more data are
required for these assessments. The analyses will likely require age-
specific catch data and information on spawning, growth, mortality and
migration.

Experience with North Pacific albacore suggests that simple analytical
recipes for stock assessment may not suffice in the South Pacific. It is
likely that a good understanding of stock dynamics will require a holistic
model that integrates historical fishery statistics with biological data

and key envirommental information.



Historical Fishery Data

The chief basis for assessments of the South Pacific albacore stock
has been the catch and effort data from Japanese, Korean, and Taiwanese
longliners, These vessels, based either in the South Pacific or in home
ports, still account for well over 90% of the total catch from the stock.
Relatively minor catches are made by trolling vessels in New Zealand and
longliners from various South Pacific island countries.

For each of the Asian longline fleets there are records of catch and
naminal effort, compiled by the government fishery agencies or by fishery
authorities in the foreign ports. In fact, in most cases multiple sources
of catch data exist, giving different results. A high-priority task is the
construction of an accurate, up-to-date "official" set of catch statistics
for each country in the fishery.

Japanese longline data by month and 5° square have been published by
the Japan Fisheries Agency since 1967, and were generally available until
1981; distribution of the annual "yellow bocks"™ is now restricted.
Unpublished data exists for the years back to 1952, when the Japanese
fishery began. These were provided by the Far Seas Fisheries Research
Laboratory for a 1979 stock assessment workshop in Shimizu (see Table 1).
The published Japanese longline statistics give the catches in number of
fish, and effort in number of hooks. The 5° statistics are computed from
daily logbook data collected from a sample of the longline fleet. The
raising factors employed are published each year in the same volume as the
catch and effort data. The Japanese have also gathered, but not yet
published, yearly information on the length distribution of the longline

catches of South Pacific albacore, by area., Annual albacore catches are



reported by Japan to FAO. The origin of these data is unclear; they may be
derived from landings data, or from the "yellow book'" data and average
weight statistics.

The Fisheries Research and Development Agency of Korea has published
longline data in two volumes, one covering 1975-78 and another covering
1979. These give catch in number of albacore and effort in number of hooks
fished, by month and 5° square. Also published in the same volumes are
estimates of average weights of the various species taken by longline, and
raising factors used to inflate the original sample data. Korean catch
data are also reported by FAO. The annual FAO figures apparently differ
from estimates computed using the published catch and average weight data.
They could very well originate from a different source, e.g., from landings
records, rather than logbook samples. The FAO statistics are identical to
figures reported in official yearbooks published by the Korean Ministry of
Agriculture and Fisheries.

Taiwanese longline catch and effort statistics have been published
annually by the Tuna Research Center at the Institute of Oceanography,
National Taiwan University, under the direction of the late Professor R. T.
Yang. The reports give catch in number of fish agd estimated weight, along
with effort in hooks, by 5° square and month. Tables are provided with the
tonnage of various tunas and billfishes 1aﬁded at Pacific island ports,
including those at American Samoa, Fiji, Vanuatu, and Tahiti. A number of
uncertainties exist concerning these data. For example, the reported
Pacific catches of albaco:e. virtually all attributable to the South
Pacific, differ substantially from the catches given in FAO annual reports,

and presumed to be Taiwanese (i.e., those in the "N.E.I." category).



Further, the landings estimates reported for vessels operating out of Pago

Pago differ from the figures we compile at the Honolulu Laboratory from

cannery records.

The situation with other South Pacific albacore catch records is
apparently less complicated. Statistics for New Zealand, Fiji, Solomon
Islands, and French Polynesia are regularly reported in FAQ yearbooks.

A special set of statistics on South Pacific albacore has been
collected by the Honolulu Laboratory, National Marine Fisheries Service, on
a continuous basis since 1962, Korean and Taiwanese vessels are covered,
as were Japanese vessels when they operated out of American Samoca. The
data consist of daily logbook records for a sample of the longliners based
at Pago Pago (coverage varies from year to year), and cannery statistics
for all vessels offloading at Pago Pago facilities. The landings data
provide information on the distribution of trip length, and are cross—
referenced to the daily logbook data. To supplement the cannery records,
samples of the offloaded albacore are routinely measured by a Honolulu

Laboratory fishery technician. Fork length distributions are available

since 1962.

Trends in the Longline Fishery

The American Samoa statistics provide a good basis for looking at
trends in the foreign longline fishery, accounting for about half the total
Pacific landings of albacore for the Taiwanese longliners, which are known
to target on this species. Korean vessels based at Pago Pago are less
specialized, taking a broad mixture of albacore, yellowfin and bigeye in

equatorial and sub-equatorial waters (Table 2).



It is clear from Table 3 that the Pago Pago fleet has undergone
significant changes. Until the early 1970's, the number of longliners
based at Pago Pago rose fairly steadily, the departing Japanese vessels
being replaced by Korean and Taiwanese units. The "oil crisis™ of 1974 led
to large reductions in the fleet, and presumably to the removal of less
efficient vessels. At the same time, the trend of increasing_ trip length,
established in the early days of the fishery, accelerated. By 1980, the
tétal number of vessel-days of effort by Pago Pago-based vessels had
recovered to the high point established in 1973, Severe economic problems
in the early 1980's led to a new round of fleet reductions. Those vessels
remaining in business undertoock significantly longer trips; between 1974
and i984~average trip length nearly doubled, for both Korean and Taiwanese
vessels (Table 4).

As a result of aforementioned inconsistencies in longline fishery
data, it is difficult to construct an accurate record of total albacore
catches, Table 1 lists our most recent figures, from 1952 to 1983, and
indicates sources for the data. These data show that there has not been a
great deal of variation in the total catch of South Pacific albacore over
the past two decades. The total catch data for 1960-1983 are repeated in
Tabie 5, which also gives an annual abundance index. The index is defined
as the albacore catch per day by Taiwanese longliners based at Pago Pago,
for the period 1967-1983, and as the Japanese catch per day for 1960-1966,
the latter figures adjusted for differences in the average fishing power
between Taiwanese and Japanese longliners. This is a fairly crude index of
abundance, ignoriﬁg variations in targeting, fleet distribution, gear

configuration and other factors. The catch rate statistics indicate a



reduction in stock size as the fishery developed, and a recovery in 1982

and 1983 following a significant cutback in nominal effort by longliners

based at Pago Pago.

Production Models

When it became clear in the early 1970's that the total albacore catch
was not increasing with additional inputs of effort, there was concern that
the stock had been exploited to its full biological potential, and that
additional longlining might be harmful. Therefore, a production model
assessment was undertaken by Skillman (1974). He decided the fishery was
already extracting the maximum sustainable yield, as defined by the model.
The analysis was repeated at 5-yr intervals with updated statistics by
Wetherall et al. (1979), and Wetherall and Yong (1984). Their conclusions
were essentially the same as Skillman's; the average annual yield to
longliners could not be increased by additional effort, and in fact would
be gearly as great with reduced effort. A cutback in effort ﬁould lead to
lower costs per unit yield, and would provide 4 greater safety margin for
the spawning stock, |

Although there was little to be gained by repeating the production
model analysis, we did so again using a slightly different set of catch
statistics, and the abundance index mentioned previously (Table 5, Figure
2). We included catch statistics from 1960 through 1983. Lacking a total
effort measure, we computed the total "effective " effort by dividing the
abundance index into total catch. Least squares estimates of the model
parameters MSY, FOPT, and m were then computed after a 3-yr smoothing of

effective effort (Gulland-Fox method). (MSY is the maximum sustainable



yield; FOPT is the associated "optimum™ effort; m is a constant controlling
the shape of the production curve and, in particular, its behavior under
high exploitation rates.) The fitted production model is shown in Figure
3. Estimates of the parameters are MSY = » FOPT , and m = 3
as before, we conclude that the longliners are taking about all they can,
and could harvest nearly as much with a great deal less effort.

An "unbiased" picture of the relationship between equilibrium yield
and longlining effort was also constructed by jackknifing the production
curve around the full-sample least squares estimates of the parameters
(Figure 4). Empirical variance estimates for the yield curve were computed
and used to establish rough 957 confidence limits, assuming normality.

Despite various statistical refinements, the production models can
provide only a gross idea of how the longline yield responds to longline
effort. The models and their inputs are just too simple to give more than
rough guidance. New statistical approaches do not alter this fact. Still,
few analysts, present authors included, can resist trying out their latest
estimation procedure. A quick plot of the catch and effort data, and an
"eyeball" appraisal if its characteristics, will usually supply the same
information.

The production model analyses were based on longline fishery
statistics, and their conclusions apply specifically to the circumstances
under which the longline fishery has operated. Among these is that the
vessels have taken primarily large, mature albacore (Figure 5). Few
younger fish have been caught, except in the southern extremity of the
longline grounds. It has occurred to many observers that the total yield

could be increased by applying effort to smaller, younger albacore in



surface waters. Such has been the experience in other tuna fisheries when
surface gear, such as purse seines, have been introduced to take smaller
fish after historical longline data suggested no increase in yield was
possible. If suitable grounds are found, as seems certain based on results
of exploratory fishing to date, there is little doubt that a substantial
surface catch can be taken. Since in most areas the surface fish will be
smaller than those taken by longliners, the production model based on
historical longline data will not be useful for evaluating the impacts of

the surface catch.

Age-Structured Models

In other tuna fisheries, the shortcomings of the simple production
model assessments have been partially overcome by the use of methods which
relax assumptions on age structure. Most prominent among these are virtual
population analysis (also called cohort analysis) and yield per recruit
analysis. If a stock is fished by several gears, the cohort and yield per
recruit models allow estimation of simple fishery interactions, if it can
be assumed the fish are always equally available. The virtual population
methods examine catch histories of individual cohorts, and therefore
require extensive age-specific catch records. Unfortunately, we have no
age statistics for the South Pacific albacore catch. Nor are conventional
length—age conversion methods very helpful; length—frequency distributions
for most of the longline catch are virtually unimodal (Figure 5).

In their 1979 report, Wetherall et al. discussed results of a cursory
analysis of maximum sustainable yields under a range of conditions on

natural mortality, growth and reproduction. Using deterministic models,
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and educated guesses of the vital parameters, they showed that conclusions
regarding potential yields were highly sensitive to underlying model
assumptions. Of the key factors examined, natural mortality rate and the
stock-recruitment curve are most difficult to estimate (neither is known
very well for any tuna stock). Ageing and estimation of growth rates may
be more tractable, judging from experience with North Pacific albacore.
Already a large sample of South Pacific albacore sagittae is available, and

reading of daily increments will soon ccmmence at our La Jolla Laboratory.

Stock Structure and Migration

Underlying the production models and cohort methods is the assumption
that the fishery operates on a single, spatially homogeneous stock which
mixes completely and instantaneously. Albacore are assumed to originate
from a common spawning population, and to be uniformly available to all
segments of the fishery. This view obviously needs critical examination.
Given our experience in the North Pacific, we should expect that South
Pacific albacore have a complex migration behavior. In addition, we should
consider that there may be a complicated stock structure. This could mean
multiple spawning units, or perhaps a single repruductive unit whose
of fspring divide at some stage of development into components with distinct
behaviors. For example, the variations in behavior could simply mean
different migration routes, or the adoption of separate vertical habitats
and feeding regimes., In the North Pacific albacore fisheries, and perhaps
other tuna fisheries, such hypotheses may help explain the relatively low
rates of subsurface recapture (e.g., by longliners) of tunas caught, tagged

and released at the surface (e.g., by pole and line).
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Computer Simulation Models

The shortcomings of the simple analytical models can be overcome by
constructing more realistic, complex models and implementing them on a
computer, This suggestion is not new; simulation models have been used
extensively in fishery management. The popularity of simulation models may
have faded scmewhat because the performance of computer models and the
costs of building them have not always matched the expectations and budgets
of fishery managers. This is probably due more to misperceptions of
modeling and unrealistic expectations than to weaknesses in the approach.

One of the problems has been the tendency to see "the model™ as the
computer algorithms and code, rather than the broader set of ideas, data,
hypotheses and constraints which come to mind when one considers solving
fishery management problems. Consequently, the modeling process is too
often seen as the province of numerical analysts. Care must be taken to
keep the numerical aspects of modeling in perspective, and to keep the
practical political and social objectives of the analyéis in focus.

In the case of North Pacific albacore, simulation modeling (in its
broadest sense), has been recognized as an essential part of understandiag
events in the stock(s) and fisheries. Simple proQuction models and
ordinary cohort analyses were attempted, but have not been particularly
useful, despite a vast data base extending back into the late 1940's. A
computer model, or rather computer-aided modeling, has provided a way to
integrate data from the various surface and longline fisheries with
biological observations, hypotheses about albacore stock structure and
distribution dynamics, and assumptions on the effects of environmental

processes. When "completed,™ it can be helpful in the evaluation of
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management policies and research strategies, and can be used to test
analytical assessment procedures and estimation schemes.

The North Pacific albacore simulation model divides the North Pacific
into a number of geographic zones, among which albacore and vessels of the
various fisheries are distributed. The computer code is basically a set of
bookkeeping procedures which keep track of the number and biomass of
albacore in each zone, by age group (or length class in some versions of
the model), and the catches by the longline and surface fisheries. The
quantities of albacore in each category are determined by spawning activity
among mature albacore in specified zones and time periods, growth, natural
mdrtality. fishing mortality and migration to and from adjacent zones.
Various hypotheses about the albacore stock/fishery system can be evaluated
by initializing the numerical model and setting it in motion with a specified
set of control parameters (e.g., fleet distributions or effort scenarios).
Model outputs include various summary s;atistics and display graphics.

One of the purposes of constructing the North Pacific albacore
simulation model, besides organizing and making explicit the numerous
assumptions necessary to conceptualize the system, was to evaluate the
benefits of environmental data and knowledge of ogeanographic processes.

It is widely thought that envirommental events and conditions have 2 major
influence on albacore fishery dynamics and stock size. The idea was first
to build a biological "framework" model incorporating population dynamics
and distribution processes, and to specify in the framework model the
critical junctures where migration rates, survival rates, catchabilities,
and other'parameters could be linked to the environment. Then, in a second

step, appropriate envirommental indices, computed from large oceonographic
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data bases, would be assembled and used to develop forcing functions at
those critical points. This second phase of modeling is now underway.

-In the brief span that the North Pacific albacore model has been in
development (about 5 yr, with many fits and starts), computer technology
has advanced significantly. In the beginning, the framework model was set
up on a Burroughs mainframe computer, and results from trial runs were
summarized and downloaded onto an 8-bit microcomputer or dumped onto a
printer. Although graphics displays were the preferred way to examine the
simulation results, the microcomputer was tediously slow. The situation
has radically changed. The Southwest Fisheries Center now has access to a
Cray X-MP/48 supercomputer, allowing phenomenally fast running of the
model. Summary outputs and graphics can be downloaded and displayed on a
16-bit microcomputer operating at least an order of magnitude faster than
the old micro. An important benefit of the ultra-high speed computation is
that the complex simulation model can be treated in the same manner as the
simple analytical models of a few years ago, and fit iteratively to fishery
and environmental data. By this approach, it is hoped that migration rates
and other difficult parameters can be estimated. (Inquiries about the North
Pacific albacore model should be directed to Pierre Kleiber, Southwest
Fisheries Center, P. O. Box 271, La Jolla, California 92038.)

The construction of a computer-based fishery model should not be sesn
as a final product that must await the collection of every last bit of data
and precise estimation of all the vital rates and relationships. Rather,
it may take form early in the development of an information system for the
fishery, and be modified and enhanced as scientific knowledge and practical

experience accumulate.
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Table 1.--Estimated annual catches (metric toms) of South Pacific
albacore 1952-82.

Year Japan Taiwan Korea Other Total
1952 210 —-— - - 210
1953 1,091 - - - 1,091
1954 10,200 - - - 10,200
1955 8,420 - - - 8,420
1956 6,220 - — - 6,220
1957 9,764 - - - 9,764
1958 21,558 - 146 - 21,704
1959 19,344 - 456 - 19,800
1960 23,756 —~ 610 - 24,366
1961 25,628 - 330 - 25,958
1962 38,880 0 599 — 39,479
1963 33,500 608 1,367 - 35,475
1964 21,435 629 2,911 - 24,975
1965 19,305 1,640 6,405 100 27,450
1966 23,401 6,669 10,817 500 41,387
1967 16,640 14,910 13,717 105 45,371
1968 7,707 14,496 10,138 14 32,355
1969 5,559 9,883 9,963 - 25,405
1970 6,560 12,463 11,599 . 50 30,672
1971 4,339 21,584 14,482 200 40,605
1972 2,796 23,050 14,439 468 40,753
1973 2,381 28,858 17,452 584 49,275
1974 1,847 19,980 12,194 890 34,911
1975 1,045 15,092 9,015 646 25,798
1976 1,906 19,954 12,212 25 34,097
1977 893 23,838 11,478 938 37,147
1978 1,006 22,027 11,891 1,617 36,541
1979 1,729 20,172 11,607 907 34,415
1980 1,941 19,224 11,046 1,468 33,679
1981 2,000% 17,003 17,941 2,085 39,029
1982 2,000%* 14,493 14,504 4,584 35,581
1983 N.ooQ* 14,799 6,221 3,242 26,262

* Rough estimates.



Table 2.--Estimated annual catches (metric tons) of albacore,
yellowfin tuna and bigeye tuna landed at Pago Pago canneries,

1954-1985.
Year Japan Korea Taiwan Total
Albacore
1954 349 0 0 349
1955 2110 0 0 2110
1956 3706 0 0 3706
1957 6003 0 0 6003
1958 9784 146 0 9930
1959 9834 456 0 10290
1960 10581 610 0 11191
1961 9225 330 0 9555
1962 12605 635 0 13240
1963 12669 1461 0 14130
1964 7996 1768 624 10388
1965 9412 4345 1702 15459
1966 8900 9117 7472 25489
1967 7477 9699 11134 28310
1968 3156 6476 8091 17723
1969 1571 10264 6895 18730
1970 952 11942 10982 23876
1971 380 11769 9952 22101
1972 60 9855 10253 20168
1973 0 16762 13386 30148
1974 0 6777 7864 14641
1975 0 3512 4328 7840
1976 0 8446 6107 14553
1977 0 9130 9415 18545
1978 0 11189 7341 18530
1979 0 8232 5556 13788
1980 0 10553 9071 19624
~ 1981 0 12770 6820 19590
1982 16 8896 4217 13129
1983 0 7122 644€ 13568
1984 0 5943 5318 11261
1985 0 4592 3414 8006



Table 2.--Continued.

Year Japan Korea Taiwan Total

Yellowfin Tuna

1954 603 0 0 603
1955 2260 0 0 2260
1956 2107 0 0 2107
1957 1577 0 0 1577
1958 - 2412 70 0 2482
1959 1706 67 0 1773
1960 1047 84 0 1131
1961 1231 46 0 1277
1962 1349 47 0 1396
1963 1819 252 0 2071
1964 1856 400 124 2380
1965 2361 1430 686 4477
1966 2407 2020 2115 6542
1967 1124 - 2071 2132 5327
1968 1052 3046 3239 7337
1969 650 4975 2515 8140
1970 226 3663 3808 7697
1971 75 3832 4647 8554
1972 55 6685 " 6037 12777
1973 0 6653 3828 10481
1974 0 5191 2087 7278
1975 0 4567 1575 6142
1976 0 4878 1256 6134
1977 0 4367 1842 6209
1978 0 6410 902 7312
1979 0 6119 1139 7258
1980 0 7181 2669 '~ 9850
1981 0 2863 666 3529
1982 2 2511 285 2798
1983 0 4134 601 4735
1984 0 2600 544 3144
1985 0 1153 201 -1354



Table 2.--Continued.

Year Japan Korea Taiwan Total
Bigeye Tuna
1954 27 0 0 27
1955 24 0 0 24
1956 216 0 0 216
1957 310 0 0 310
1958 455 18 0 473
1959 422 24 0 446
1960 196 50 0 246
1961 131 9 0 - 140
1962 518 26 0 544
1963 ‘ 1310 242 0 1552
1964 . 1133 359 53 1545
1965 1253 1303 377 2933
1966 1340 2268 918 4526
1967 994 2699 1847 5540
1968 275 1273 1221 2769
1969 81 1838 1302 3221
1970 6 1322 1647 2975
1971 0 940 1112 2052
1972 0 1138 2002 3140
1973 0 2523 1973 4496
1974 0 2137 1268 3405
1975 0 3521 828 4349
1976 0 2948 568 3516
1977 0 2399 1156 3555
1978 0 3021 570 3591
1979 0 3292 720 4012
1980 0 2727 1068 3795
1981 0 1708 567 2275
1982 0 1793 252 2045
1983 0 1998 428 2426
1984 .0 1355 437 1792
1985% G 468 96 . 564

* Incomplete.
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Table 4.--Number of trips, average fishing days per trip and total fishing
days for longliners landing at Pago Pago.

Japan Taiwan Korea

Year Days/trip Trips Days Days/trip Trips Days Days/trip Trips Days

1954 .0 58 0 .0 0 0 .0 0 0
1955 .0 142 0 .0 0 0 .0 0 0
1956 .0 262 0 .0 0 0 .0 0 0
1957 17.4 263 4571 .0 0 0 .0 0 0
1958 21.1 330 6959 .0 0 0 22.6 7 158
1959 24.4 287 6994 .0 0 0 26.7 14 373
1960 23.3 265 6186 .0 0 0 23.0 15 345
1961 21.5 260 5582 .0 0 0 25.0 8 200
1962 22.0 349 7672 .0 0 0 24.9 16 398
1963 24.5 423 10383 .0 0 0 30.9 42 1299
1964 27.5 275 7566  23.8 29 690 27.4 54 1482
1965 30.7 271 8312 27.8 80 2224 34.2 129 4412
1966 32.1 229 7350 27.5 295 8110 41.6 204 8488
1967 35.7 202 7206  33.0 355 11703 44,3 241 10670
1968 39.5 100 3955  40.3 267 10770 47.5 214 10164
1969 38.7 47 1820 38.8 209 8110 47.2 293 13838
1970 37.8 26 984  40.4 326 13155 46.7 289 13497
1971 40.2 13 522 45.3 328 14868 54.4 281 15277
1972 29.8 4 119  46.8 350 16373 54.4 281 15295
1973 .0 0 0 52.1 - 401 20905 56.6 477 26984
1974 .0 0 0 55.3 329 18183 53.3 378 20137
1975 .0 0 0 62.6 134 8383 55.7 262 14603
1976 .0 0 0 59.8 152 9089 57.3 276 15819
1977 .0 0 0 62.7 230 14418 60.3 259 15609
1978 .0 0 0 69.5 134 9308 62.8 294 18474
1979 .0 0 0 78.7 144 11336 70.8 257 18139
1980 .0 0 0 79.4 217 17234 85.4 331 28254
1981 .0 0 0 74.8 161 12039 84.6 262 22163
1982 3.0 1 3 76.1 71 5403 85.9 150 12889
1983 .0 0 0 101.1 84 8495 94.6 118 11166
1984 .0 0 0 102.4 85 8705 105.6 98 10346
1985% .0 0 0 97.2 37 3596 95.1 66 6278

* Incomplete.



Table 5.--Vectors of total catch, abundance index, and effective
ef fort used in production model analysis.

Abundance Effective

index Catch effort
Year (mt/day) (10%*3 mt) (10%*3 days)
1960 1.461 24,366 16.681
1961 1.411 25.958 18.393
1962 1.403 39.479 28.137
1963 1.042 35.475 34,045
1964 0.902 24,975 27.673
1965 0.967 27 .450 28.387
1966 1.034 41.387 40.022
1967 0.886 45.371 51,203
1968 0.682 32.355 47 . 476
1969 0.737 25.405 34.461
1970 0.826 30.672 37.124
1971 ~ 0.669 40,605 60.659
1972 0.626 40,753 65.080
1973 0.640 49,275 76.956
1974 0.433 34,911 - 80.719
1975 0.516 25.798 49,967
1976 0.672 34.097 50.747
1977 0.653 37.147 56.887
1978 0.789 36.541 46.331
1979 0.490 34,415 70.220
1980 0.526 33.679 63.992
1981 0.566 39.029 68.895
1982 0.780 35.581 45,587

1983 0.759 26,262 34.610
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Figure 1l.--Estimated total South Pacific albacore catches, 1952-1983 (metric tonms).
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Figure 2.--South Pacific albacore abundance index, 1960-1983.
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Figure 3.--Fitted production model.
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Figure 5.--Fork length composition of South Pacific albacore catches

by longline vessels based at Pago Pago, by year, 1962-76.
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Figure 5.--Fork length composition of South Pacific albacore catches by

longline vessels based at Pago Fago, by year, 1962-76.--Continued.
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Figure 5.-—Fork length composition of South Pacific albacore catches

by longline vessels based at Pago Pago, by latitude, 1962-76.



