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CRITICAL REVIEW OF THE STOCK ASSESSMENT OF BLUEFIN TUNA IN THE WESTERN ATLANTIC

National Research Institute of Far Seas Fisheries, 5-7-1 Orido, Shimizu-shi, Shizuoka 424, Japan

SUMMARY

Technical and biological problems on the stock assessment of the western Atlantic
bluefin tuna were critically reviewed and some recommendations were made for improve-
ment of the assessment. The results indicate that the present stock assessment is biased
downward both for the absolute stock abundance and the declining trend of the stock size.

RESUME

Les problémes techniques et biologiques de I'évaluation du stock de thon rouge de
I'Atlantique ouest ont été étudiés de fagon critique et des recommandations ont été faites
pour Paméliorer. Les résultats indiquent que Pévaluation actuelle du stock est hiaisé 2 la
baisse aussi bien pour 'abondance du stock absolu que pour la tendance 2 lIa baisse de la
taille du stock. :

RESUMEN
Se examinaron de manera critica varios problemas técnicos y biol6gicos sobre
evaluacidn del stock de atin rojo del Atléntico occidental, y se hicieron algunas
recomendaciones para mejorar la evaluacitn. Los resultados indicaron que ia evaluacién
de stock actual contiene un sesgo descendente tanto para la abundancia total del stock
como para la tendencia decreciente del tamaiio del stock.

1. Introduction

A brief review of history on stock assessment of the Atlan-
tic bluefin tuna shows us several technical elaborations for VPa
such as introduction of ADAPT method. On the other hand, howev-
er, important assumptions made in the assessment have not seri-
ously tested with respect to their validities. Further, despite
the fact thet most of the critical values such as the initial
input Fs and partial recruitment pattern are internally estimated
through models, interpretation of the VPA results were straight-
forward, mostly accepted the result as such without enough ecriti-
cal checks or without mentioning proper reservations to the
interpretation made. This paper was written to give critical
review to some of the important subjects which have been over-
looked.

2. Biological aspects
2.1. Stock structure

Presently, Atlantic bluefin tuna stock is managed by two
separate stock hypothesis, the western and eastern stocks.
Suzuki and Ishizuka (1991) cast several doubts on this separate
stock hypothesis and considered its consequence on the VPA.
Here, it is worth to mention again that the stock size imbalance
between the western and eastern stocks at age 1, for example, in
terms of average for the latest 5 years up to 1989 is about 0.0§
million fish for the west stock and about 1.5 million fish for
the eastern stock (ICCAT, 1991). Suppose a few percents of the
mixing between the western and eastern ‘Atlantic stocks which is
the base of this separate stock assumption at present, then the
stock size imbalance between the two stocks makes the present VPA
of no use due to contamination of the huge influx of fish from
the eastern stock. 0Of course, the deviaticn of VPA result from



the resal situvation is much wider if it is accounted that unde-
clared catch of small fish age-0 and age-~l £ish in the Mediterra-
nean (assumed to be a part of the eastern stock) may be in the
order of 1 to 5 millions per annum (IATTC, 1991). In additien,
if the real mixing rate is higher than that presently assumed as
suggested by - Suzuki and Ishizuka (1991), it is necessary to
change - the stock assessment scheme presently used in the SCRS.

One-of the reasons for adopting assumed two stock hypothe-
zis is being derived from a practical viewpoint that the bluefin
fisheries- in the Atlantic were operated more or less localized in
each side: of . the Atlantic. However, the Japanese longline
fishery has-recently started to operate, in addition to tradi-
tional fishing grounds, in the middle part of the Ocean in the
wake of, finding a good fishing grounds for bigeye and bluefin
tunas which straddled over the arbitrary drawn line separating
the two stocks (Fig. 1). The middle north western Atlantic used
to be less frequently fished by the Japanese longliners. This
obviously raises an urgent necessity of re-analyzing the stock
structure and indicates a strong reservation in interpreting VPA

results as such which based on the separate stock hypothesis, .

especially for the western Atlantic.
2.2. Reproductive biology

There has been an indication that the current accepted size
of 50 % maturity attained at 200 cm {or age 10) for the western
Atlantic bluefin tuna is too big (Suzuki and Ishizuka, 1991;
IATTC, 1991). Here, it should be mentioned that since aging is
still problematic among the bluefin tunas, comparison is made
solely by size. Suzuki and Ishizuka (1991) gave three possible
explanations for the apparent lack of spawning ‘activities for
fish less than 200 cm (i.e., medium fish) in the western Atlantic
stock. They are 1) there is unknown spawning area in the
westaern Atlantic other “than the Gulf of Mexico (GOM) and adjacent
areas, 2) the medium fish found in the western Atlantic may spawn
in the Mediterrariéan, 3) they do not spawn until a size of 200 cm
is attained because they belong to different stock from the
eastern counterpart. Recent work by McGowan and Richards (1991)
gave negative indication to the possibility 1) as far as the
north western Atlantic is concerned. The second possibility
might be refuted that there is only one tag recovery in the
Mediterranean as a medium size in the spawning -season from the
fish tagged in the western Atlantic. However, it should also be
pointed out that there appears to be lack of publicity for.tag
recoveries among the many Mediterranean countries. Intensified
tagging experiments and reproductive studies will give us more
information on these three possibilities. However, it will be
difficult to verify the third possibility although Suzuki and
Ishizuka (1991} doubts this possibility judging from a consistent
basic biological characteristic of size at 50 % maturity of about
150~160 cm for all bluefin ‘and southern bluefin stocks except for
the western Atlantic stock.

Bstimation of spawning potential of the medium sized fish as
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well as of the large fish is critically important to assess
impact of the exploitation on reproductive potential of the
stock. In addition, as mentioned before, the studies of repro-
ductive biology have big implication  to stock structure with
respect to interrelationship between -the western and eastern
stocks. :

3. Stock assessment
3.1. CPUE series used to tune VPA

" Present VPA for the western Atlantic stock has been tuned by
several CPUE series. In 1990 assessment (ICCAT, 1991), the CPUE
series used were, .in the order of high weighting factor (in
parentheses) given in tuning the VPA, U.S. rod and reel for large
fish (0.47), Canadian tended line for large fish (0.19), U.S.
rod and reel for small fish (0.16), Japanese longline for medium
fish (0.13), Japanese longline for small fish (0.04) and U.S.
larval survey (0.02). : . .

The weighting factor is determined solely intermally through
VPA with the use of variance between the calculated and observed
CPUESs. One of the important items which has not been discussed
in depth in the SCRS is reliability of the CPUE series used to
tune VPA, not simply by way of mechanical calculation of the
weighting. factor but assessment of each CPUE series from  the
viewpoint of quality and nature of the data from which individual
CPUE geries was derived. Incidentally, as for the larval index,
it seems that the index needs verifications for seweral assump-
tions through which it is derived before use of the tuning VPA
{(Murphy, 1990). ’

It is obvious that VPA is mostly driven by CPUE series of
the U.S. rod and reel fishery for large fish (US RR), followed by
the Canadian tended line fishery for large fish (CAN TEN)" Both
of the fisheries are coastal and confined in very limited areas
with respect to a vast distribution area of the large bluefin
tuna. It is generally stated that such coastal fisheries suffer
more severely from the change in availability of the stock due
mostly to environmental effects than the oceanic fisheries such

‘as the Japanese longline fishery (JAPN LL). In addition to this,

the US RR fishery is composed of diverse segments of fishermen
and diverse target species. This makes a clear difference with
the JAPN LL fishery operated only by commercial fishermen cover-
ing far wider areas targeting only bigeye and bluefin tunas.
This suggests the Japanese longline index reflects better the
change in stock size and it is anticipated there may be a signif-
icant difference between the US RR and JAPN LL CPUE trends for
the large fish.

wWhile the US RR CPUE shows a sign of decreasing ‘trend, the
JAPN LI CPUE fluctuated without consistent decreasing trend (Fig.
2). The US 1987 value was not used because of the estimate is
assumed to be biased high (Brown and Turner, 1989). However,
the Japanese CPUE for 1987 was significantly high. Also, in the



their latter study of this series of US RR CPUE (Brown and Turn-
er, 1990), the 1982 data was excluded because of small number of
the data. This apparently forced the declining trend to be more
steep. Therefore, it is indicated from the comparison above
that the present decline in the stock size of the large fish
derived from the US RR CPUE series is biased downward.

3.2. Historical changes in catch at age

Table 1 shows catch at age table used:'in the last SCRS
(ICCAT, 1991). There are several significant changes in catch
at age profile during the past 20 years. Catches of the small
fish from ages l-4 caught by purse seine fishery used to be a
dominant catch until the mid-1970s. However, the catches of the
small fish by the purse seine fishery was reduced consistently,
notably from the mid-1970s to 1981 due catch regulations for the
small fish. The Japanese longline fishery started the opera-
tions in the GOM from the mid-1970s to 1981 which -increased the
catch of large fish age 10+. A drastic reduction of ‘catches for

all segments of the fish occurred in 1982 due to introduction of

drastically low catch limit. Since the Atlantic bluefin fisher-
ies underwent so¢ substantial regulations, especially the catch
reduction of the small fish, the age specific assessment will not
be meaningful unlaess very accurate CPUE 'series are available to
tune the VPA, which unfortunately is not the case.

A simple question to the estimated downward trend in re-
cruitment at age 1 through VPA is whether the present VPA able to
discriminate the real decline of the stock size of the recruit-
ment from artifact caused by a mere decrease in the catch. This
problem comes from the fact that the present tuning used in the
SCRS covers for the recent 10 years or so. The input age spe-
cific Fs for the latest year account for the tuning but there is
no explicit tuning for the Fs in the oldest plus groups (age
10+), only indirectly tuned with the use of "alpha® method
(Restrepo and Powers, 1991). Therefore, it is not clear whether
or not the level of the recruit for the years before 1980 was
substantially bigger compared with that in the latter period
because the juvenile catch was also huge and bigger as getting
the time series backwaxrd.

3.3. Recruitment

Suzuki and Ishizuka (1991) pointed out that magnitude of
recruit for the western Atlantic bluefin tuna estimated through
VPA is astonishingly small compared with other world bluefin
stocks. In fact, level of the recent recruit for this stock is
less than 0.1 million fish at age 1. An extreme case 1is the
estimate for the 1986 year class with only about 0.02 million
fish. Since the VPA estimates for the recent recruitments are
unreliable due to too short time series during which the year
classes are exposed to exploitation, it may not be so appropriate
to take issue using very recent year classes. However, a level
of recruit less than 0.1 million fish continues nearly 15 ysears
up to 1989. It should be stressed that any VPA can account the
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observed catch and the downward bias postulated in the present
study can be proved only in an extreme case after the projected
population size is less than the actual catch of the correspond-
ing segment of the catch at age which once occurred in the 1982
SCRS assessment in comparison to the previous year’s projection.

The trend of stock size and that of the Japanese longline

CPUE does not show such a large gap in the recruitment levels
between the early 1970s and the late 1980s estimated by the VPA.
The gap between the two periods is approximately 4 to 1 for VPA
estimate of age 1 fish, 2 to 1 for VPA estimates inferred from
the medium fish, and almost 1 to 1 for Japanese longline CPUE
inferred from the wmedium fish (ICCAT, 19%91). Therefore, both
absolute number and trend of stock size at age 1 by VPA estimate
are probably substantially biased downwaxd.

" Tagging experiments for juvenile fish, especially in the
western Atlantic which have been recommended but never implement-
ed should be intensified for the purpose of estimating a level of
absolute recruit and farther investigations to stock structure
and mixing of fish between the west and east Atlantic.

3.4. Spawning stock

A continuocus decline in spawning stock size for the western
stock is one of major concerns for management of the Atlantic
bluefin stocks. However, there are several doubts that the real
trend of the spawning stock size is different from the one
presently estimated in the SCRS.

The Japanese longline index in the GOM appears potentially
to be the best index which reflects the change in spawning stock
because the spawning occurs in relatively restricted areas in the
GOM in relatively short time pericd from April te June, a time~
area stratum roughly covered by the historical Japanese longline
fleet. A steepest decline of the spawning stock size occurred
from the about 1975 to 1980 according to the VPA whereas the
Japanese longline CPUE in the GOM showed far less decline in the
same period (Fig. 3). Longer time series of the Japanese long-
line CPUE for the large fish made available by Miyabe (1391} also
shows a different trend with that estimated through VPA (Fig. 3).
There is another circumstantial evidence to support that the
downward  trend inferred from the present VPA for the spawning
stock is exaggerated. Namely, a consistent declining trend of
the spawning stock of southern bluefin tuna is clearly shown from
the Japanese longline data for a long time, reflecting the over-
fishing of this species (Fig. 4). Since southern bluefin tuna
is closely related species to bluefin tuna and the large and
medium fish are being exploited almost by the same kind of long-
line boats (distant water Japanese longliners), if the spawning
stock of the west Atlantic stock were in a state of severe deple~
tion as indicated by the present VPA, it is anticipated that the
JAPN LL CPUE for the spawning stock of the western Atlantic stock
would have to show a similar consistent declining trend. However,
this is not the case. Hiramatsu (1991) pointed out a possibility



of bias caused by aggregating catches of old ages for use of VPA
that resulted in overly steep decline of the spawning stock.

it is preferable to have CPUE index of the spawning stock

from the GOM by the reason explained. Doubleday (1984) suggest-
ed to use the catch rates in the GOM in the limited time and area
stratum for comparison with corresponding VPA estimates. This. is
an important suggestion because months and areas covered by the
Japanese longline fleet in the GOM changed, especially the months
of the operations tended to shift to the earlier months of the
year during the.time series available (Honma et al., 1985). One
of the possible way to improve VPA-is to.iacorporate the refined
Japanese longline CPUE in the GOM into the tuning of VPA, Anoth-
er and more urgent necessity is that experimentally designed
longlining in the GOM compatible to the historical Japanese
longline CPUE must be considered seriously. A maximum of about
400 giant catch will be sufficient for the purpose of this exper-
iments in the GOM (4 fish/operation x 10 days operations/month x
3 months x 3 boats = 360 fish). This experiments alsc give very
valuable information on reproductive biology (e.g., age specific
fecundity, multiple spawning and age at first maturation) as well
as stock identification (e.g., genetic approach}).

3.5. Projection and management scheme

Unless VPA is unbiased and precise, projection based on the
vPA is even detrimental to management of the stock because it
gives false indication. From the brief critical review hitherto
nade, however, it is highly probable that there is downward bias
both for absclute values and trend in stock size.

Nevertheless, the 1990 SCRS made a two years projection for
the wastern stock (ICCAT, 1991). As clearly stated in the
report of the SCRS, a substantial decrease in projected stock
size of medium fish in 1992 was due to the recruitment of the
small 1986 year class. During the two years projection, the
1986 year class was so small that the catch at the 1989 level
(142 tons) could not support the stock and consequently, the 1990
and 1991 catches arbitrarily reduced at 20 and 40 tons, If it
turns out that the 19390 catch for age 4 is smaller than the
corresponding projected stock size (3300 fish), then this will
be sufficient to show that the quality of the present VPA does
not allow to give reliable proijection for the Atlantic bluefin
tuna stock. :

A basic notion. about recovery of the spawning stock size by
the SCRS has been that it will take a long time, some 30 years
since the inception of the savere catch reduction for the western
Atlantic stock (e.g., ICCAT, 1985) due to long life span of this
species. Therefore, it is not prudent to take significant change
in management scheme at present which is only about 10 years long
after the drastic catch reduction in 1982, Moreover, substan-
tial reduction of the present catches for monitoring probably
greatly reduces possibility of retreating facts about the dynam-
ics of the population, which appears somehow still within scien-~
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tigts'Ahands as far as the present level of monitoring catch is
maintained.

4. The Bluefin,Year_Prbgféﬂw(BY;)

'There are other important subjects which urgently need more
stud;e; but were not mentioned in this paper. Aging is criti-
cally important since VPA plays a major role in stock assessment
qf the Atlantic bluefin tuna. As important as the aging is
improvement of basic fisheries statistics such as catch/effort
apd size measurement data. Proposal of the BYP (Suzuki and
Liorzou, ms), a comprehensive ICCAT program to improve the
present stock assessment should be given due consideration.
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Table 1. Catch at age table for bluefin tuna in the western
Atlantic (ICCAT, 1891)

YEAR 70 71 72 73 74 75 76 77
AGE : ;
1 : 64869, 62998, 454072. 5102. 55958, 43557, 5412. 1273.
2 :105064. 153364. 98577. 74304. 19846, 148026. 19643, 22395.
3 :127518. 38359. 33762. 30485. 21291. .8329. 72511, 9481.
4 : 20998, 46021, 3555, 7115. 6487. 11850.  2754. 32093.
5 : 4062. 704, 4031,  2010.  3137. 899.  3035. 5171.
6+ 979. 1595, 1117, 1594. 712. 569. 372. 3560,
7+ 182.  2000. 514. 82s. 318. 311. 187. 1080.
8 : 115, . 1481. §01. 16253, 879. . 565. 1165, 483.
9 1 8542.  1146. 263, sgs.  1076.  1680. 514. 1089.
104: 3777. - 6021. 5548,  4490. 12580, 9568, 14110. 13615.
YEAR : 78 79 80 81 82 83 84 85
AGE : ' .
1 : 5133. 2745. 3160, 6087, 3528. 4173. 868. 568,
2 : 10848, 10537. 16160, 9606, 3710. 2438, 7495, 5510.
3 : 19831. 16179. 10855. 16550. 1645, 3253, 1855, 12311.
4 1 6409. 14993. 8880,  4962. 519, 909. 1989. 2715,
5 : 10424. 3416.  3033. 6194, 336, 816. 2110,  421s6.
6 : 4213. 3407. 2889.  3602. 730. 912. 170%. 4173.
7 i 655. ~2715. 5306.  2833. 484. 1388, 584, 1014,
8 : 509, §33.  3790.  3332. 482,  1310. 719. £55.
9 : 314, 521. 1022, 2677, 823, 1012. 1014. 660.
10+: 12030. 12352. 12323. 10867. 3171. 5761. 4715. 5650.
YEAR : 86 87 88 8%
AGE : e
11 583, 1513. 4849, 785.
2 : 5896, '13268. 8995, 12864,
3 :. 7176, 9105, 11843. 1675.
4 : 3383. 5508. 3815. 3624,
5 1 1162. 4334. 4182.  1840.
6§ : 1669, 2421,  4138. 2018,
7 3 994, 1421.  2408. 2644,
8 ¢+ 518, 1341. 15%2.  1859.
9 ¢  334. 1053, 1553,. 141s.
104: 53700 3908. 4710, 5417,
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