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SUMMARY

toplying the Honma method (197%) by age based on Japanese

and effort data, age-specific effective effort

under three stocHk agsumptions, i.e., western,

A

eaz~ern and total Atlantic cases. The result showed no in-

creasing or decrsasing trends in CPUE throughout the period

studied. Occurrences of strong year classes originated during

the 1870-1373 period are indicated for the western stock.

RESUME
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iatroduction

The stock assessment of bluefin tuna

in the Atlantic has been

mainly performed by cohort analysis (hereinafter abbreviared as CA) but the

data bases and analysis methods have many problems so that the murual check with

the result of actual condition analyses of main bluefin tuna fisheri

es is required.

The catch and effort statistics of Japanese longline fishery, being one of the

best in exactitude of the statistics, coutinuity of historical data, extent of

fishing grounds and wide range of size of the fish caught compared to that of

other fisheries, has been used for various analyses including the CA.

The evaluation of effective fishing effort of Japanese longline fishery

should be performed by age specific wethod because the age range is wide and the

ages
fishing
time and space of the longline operations.

cthe first is

of the fish caught are different in accordance with fishing grounds and
seasons, in addition te its general characteristic of large variation by
Twe methods were previously employeéd:

¢ne method in which the nominal number of hooks is considered as the

effective hooks in performance of the analyses by dividing fishing grounds and

fishing seasons into as small stratum as possible (method (1),

Hisada and Suzuki,

for example,

1982) and the second is the method in which the cpue

when the bluefin tuna caught per unit operation is more than 45% of the total

catch in number of all species is considered as the average density and thus

the effective fishing effort is evaluated (method (2), Parrack 1982).

The problem that the effective hooks has no age specific evaluation 1Is commou to

both methods.

whether the nominal number of hooks is effectivized enough and,

Howevef, in 4ddition, the method (1) is difficult to grasp clearly

on the other hand

the method (2) has the problems that the criterion of 45% has po objectivity,

that the bluefin tuna caught in accordance with this criterion in most cased

account for less than 10 % of the total catch in number of bluefin tuna and that

the fishing effrot is mot corrected according to the difference

in

density.

In this study we calculated the effective fishing effort by using Honma method

(Honma 1974)

in age specific approach basing on the Japanese longline data and

evaluated the changes of the stock condition from the trends of cpue based on the

calculated age specific effective effort.
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Materials and Marhod,

We, first, calculate the demsity index per unif time and space

in average

vears in accordance with Honma (1974) but this time by age:

1. Calculation of dj,

qact- average density indexz of a-age fish in j-month

and i-5x5° squares during the average years.

where Cijk: number of bluefin caught in k-year, j-wonth and i-5%5%sq.

G, ., : nowminal pumber of hooks

ijk

in k-year, j-month and i-5x53°sq.

quka:ratio of a—age fish to the total bluefin carch in k-year,

J-quarter, q-subarea.

m: number of vears whare the data were available.

2. Calculation of Eija....effectiveness index of a-age fish in the 1j stratum.

Biol w

ija Tija X aja ............. (3)

where rija: relative density index of a—age fish in the ij stratum.
aja: relative availabilitv of a-age fish in j-month
Tija T gl Myaldi -0 &),

7’%

N, = 2,4, xd, . +..-- 5
ja oo id ija )
Aja‘—’ i—-l Aija ........... (6)
a, =N, /[(L/RXN, T... (7
jam Mya/ /RN T ()

where N, : sto
ja

ck size index of a-age fish in j-wonth

Aja: sum of squres operated in j-month

n: numbe

r of squares operated

R: number of months

3, Calculation of X, .

L=
Tijka

4. Calculation of X
q]

effective fishing effort of a-age fish im ths ijk

ijka™ 7"
stratum.
Eija x i T (8)
. and quka ..... effective effort and fishing

intensity in the qjk stratum.



X o0=
qjka

I =X . /A,
qika gika Tyja
where n{q): numbér of i squares in g-subarea

qua: sym of extent of 1 squares in q-subarea.

The values obtained by the series of calculation ére summed by stock by year.

Fig. 1 shows the areal extent of the supposed stocks and of subarea q. The area

south of 15°K is included into the area of West stock because it is thought reasona-

nle chat this region is included into the area of West stock rather than separated
jmro castern and western part in consideration of the geographic distribution of

the catch of bluefin tuna in the offshore region of'North—eastern Brasil by

Japanese longliners in the first half of the 1960s.

5. Conversion factors of body weight to body length daFa and length data
to age emploved are those estimated by Parrack (1981) and Parrack and

Phares (1979), respectively (Table 1). A Factor of 1.15 is used for
the transformatian from gilled-and-gutted weight to whole weight and age
is calculated, after calculating the absolute age at the time of the
measurement and backcalculating the orign, as the difference between the
generation year calculated back and the measurement year.

4. The measurement of body lengths and body weights of bluefin tuna caught
ny Japanese longliners is quite insufficient before 1970 so that the
calculation is conducted over the period of 1971-1980 and 1971~1980 is
vsed as average years. Matching of measured data of body length and

cateh data in number is performed by subareas q, by year ‘and quarter of

the vear, but length measurement data are lacking in many cases for a

period of 1971-1875.

tution taking into the characteristics in length composition in time and

The surrounding length data are used in substi-

space consideration.

Results and discussion

1. Comparison to the directed gffort evaluated in the past

Table 2 shows the fishing intensity and the catch in number by age by stock
and by year. then comparing this fishing intensity with the directed effort
of Parrack (1982), the trend of these two nearly correspond to each other only
in the case of large-sized fish in the Uest sctock and in all other cases, the
trend by Parrack (1982} is considerably different from that evaluated this time
(Fig. 2)- The similarity of the variation cendencv of fishing efforts evaluated
by the two methods for large-sized fish in the West stock shows that the simple

stratification of time and space snables to evaluate the nearly exact directed
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effort as parent fish of practically similar age composition are caught in
the Gulf of Mexico during the comparatively limited period and .other types of tunas

are scarecely caught simultaneaously. As, for example, with regard to che

_small-sized fish of the West stock, the age composition of the fish caught varies

largely year by year (Fig. 3), the method of.Parrack (1982) has the limit of effecti-
vizing of fishing effort. The fishing intensity evaluated in this study also
does not necessarily reflect the vavriation of age composition to a very sensitive

éxtent, but the estimates do behave age-specifically .

2. Trend of cpue

Fig. 4 shows the trend of cpue by age by stock, divided value of catch in
number by fishing intensity is an index of appareant stock size. Concerning the
West stock, the cpue of 1-3 years old fish reduces in the latter half of the 19705
in comparison to its first half, that of 4-7 years old fish, on the contrary,
increases in the latter half of the 1970s, that of 8-9 years old fish reduces in
the middle of the 1970s, that of 10-13 years old fish reduces in the latter half
of 1970s and that of 14-20 years old fish is leveling off or increases in the

latter half of the 1970s. The ¢

of 1970-1973 year classes is larger tham
that of other year classes, except the cpue in 1975 when the catch was very low
for every age, so that it can be traced as the dominant year class. However,
7-10 vears old fish of these year classes seem to be lowered to almost the same
lavel as the year classes of the beginning of the 1560s. We, however, can say that
1970-1973 year classes are similar to or stronger than the year classes of the
beginning of the 1960s. The analysis of the catch by major bluefin fisheries,
especially Japanese longline fishery which is the only one fishery to cacch the
middle-sized fish, will become important in the future to confirm whether or not
these year classes are really strong ones.

Concerning East stock, the cpue of 2-6 years old fish seems tc increase
in the latter half of the 1970s compared to the firstc half, the cpua of 7-10
years old fish reduces in 1973-1976 and has the tendency of increase after 1977.
The cpue of 11~15 years old fish increases in 1980 in some cases, but as 2 whole
it reduces during 1971-~1980 period. On the other hand, the cpue of 16-20 vears
old fish is leweling off till 1978 and at the low level in 1979 and 1980Q.
The 1973 and 1974 year classes are stronger than the other vear classes in the
East stock and the succession by the year classes can be traced. But it requires
to waié for the future accumulation of the data for judging whether chesa vear
classes are the dominant vear classes. When we look at the whole Atlantic stock,
the variation is larger and the cpue of 1-10 years old has no tendency of
one-sided increase or decrease.

The cpue of 11-16 years old fish has tendency of

reduction and that of 17-20 years old fish has the tendency of increase or leveling;off.



The succession of the cpue for 1970-1973 year classes and 1974 year class seen

in the West and East stocks can be supposad.

3. Comparison with trend of the cpue based on the nominal effort in stratified
time and space.

As the trend calculated by aforementioned Hisada and Suzuki (1982) is not
calculated by age, the strict comparison is not possible. lowever, we will
roughly compare their trends with the example of the West stock. The main
fishing grounds of Japanese longliners are w-1, w=2, w~3 and w-5 (Fig. 5) and
the main fish catch of w-1 are middle-sized fish (7-10 years old) and those of
w-2 and w-3 are small-sized fish (3-6 yéars 0ld) and those of w-5 are large-sized
fish (14-18 years old). When we look at the trend of cpue equivélent ga these
ages shown in Fig. 2-1, we can find the coincident pattern that the cpue of
19751977 is lower than that of before and after years in the region of w~1,
the cpue of 1974-1978 is high in the regions of w-2 and w;B and the cpue increases

till 1975 and subsequently is leveling off or slightly increases in w-5.

4, Comparison with the CA's
The result that, concerning the West stock, 1970~1973 year classes are

probably dominant and these year classes are recently entering the catergory of
large-sized fish through the period of middle-sized correspond that of Suzuki and
Hisada (.1987? MS) and is largely different from that of Parrack (1982).

With regard to the East stock, both Parrack (1982) and Farrugio (1981) indicated
the incréase of recruitment of 1 year old fish from the first half of the 1970s
and the trend of the cpue in this study also shows this tendency. This analysis
also recognizes that 1974 year class in the East stock considered as the dominant
year class as Farrugio (1931) estimated, buv it is

by Parrack (1982).

not recognized in the CA
In addition, it is interesting that 1973 year class which is
the dominant year class in the West stock can be considered as the large year class
also in the East stock in this study, ‘indicating: the intermingling of west and east
stock hitherto demonstrated by various evidences, from the viewpoint of stock
structure of the Atlantic bluefin tuna. However, according to the CA's of
both Parrack (1982) and Farrugio (1981), the 1973 year class is not the dominant
year class in the East stock. Therefore, it is required to pay more attention to
the catch of this cohort in the future.

With regard to the whole Atlantic, 1970-1974 year classes can be regarded
to be larger than other year classes from the result of the present study, but
the evaluation by Parrack (1982) shows only 1973 year class is dowminant.
According to the above comparisons, we can conclude that the CA's and the analysis
of this study coincide nearly with each other concerning the East stock, but the

result concerning the West and the whole Atlantic stocks does not correspond with

Parrack (1982).

5. Dagree of concentration of fishing effort in the fishing grounds of the
middle-sized fish in the West Atlantic.

Main f£ishing grounds of Japanese longliners of bluefin tuna in the West
Atlantic ave along the coast of the USA and Canada in the north-western Atlantic,
the contiguous offshore regions and the Gulf of Mexico. As shworn in Talble 2~1,
8~10 years old fish which could not be the maian fish catch previocusly became
to be caught in large quantity after 1978 and the cpue of those fish group is

very high. This increase of the cpus mav be considered due to concentration of efforc

into the region of high density due to the accumulation of information concerning
the operation comditions, especially of the fishing grounds. We caleulated the
cancentration index of fishing effort (X/G) concerning the subareasw-l, w—2 and
w-3 for the purpose of examining tnis possibility.

According to the resulr shown in Table 3, the concentration index feor 8-10

years old fish can not be razgarded to be significantly high in cwo years of 1979

and 1980 than in other years in wmost cases. Therefore, the possibility is low
that the recent large increase of the catch and cpue of the middle-sized fihs is brought

about by the concentration into the areas of high density with 8-10 years old fish.

Coaclusion

As shown in the above, the fishing intensity used in this study may have
problem that the effectivization for age is not sufficiently done. However,
this method has much objectiveness relative to that of Parrack (1982) for obtaining
the effective hooks of lonlgine fishery whose shift of target species and that
of time and space of the fishing grounds are great.

The result of this analysis shows that the stock condition of bluefin tuna
during the period of 1971~1980 is not deteriorated in any stocks supposed here.
In addition, the possibilicy that the 1970-1973 year classes in the West stock
and 1973-1974 year classes in the East stock are the dominant year classes was

pointed out,
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Table 1. Conversico factors used in the analysis

Whole weight (Kg) to Fork leneth {cm)

West Atlantic stock

Fi?st and second quarters (fat fish) L=35A5794(l.15W)0'3A14
Third and fourth quarters (lean Fish) L=37.3509(1.15w)0 3333

East Atlantic stock

First and second quarters (fat fish) L=36.5912(1,15w)0'3319
Third and fourth quarters (lean fish) L=50-7143(1.15w)0'2825

Fork length {cm) to Age

Common to West and East Atlantic stock L=313(l~0.9169e~0'0903A)

Data Sources: Parack and Phares (1979) and Parrack (1981)
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Table. 3. Trends of concentration Index for .ges 810 years old
i . 4

blukfin caught by the Japanese longline boats in the

North~western Atlantic
Age 8 Ag= 97 Age 10 AA?
Wl W2 W3 Wl w2 w3 Wl w2 w3 ]
1971 0.99 0.45 0.01 1.15 0.19 5.06 1.59 £.24 0.07 |
1972 0.78 0 o 1.07 0 o 1.51 0 0 |
1973 1.43 0.17 0 1.88 0 0 1.95 0.17 0.04 ’
1974 1.25 1.66 0.1l  1.40 0.15 O 2.00 0.18 0
1975 0.63 0 0 0.67 0 0 1.02 0 0
1976 0.88 0 0 0.62 0 0 0.83 0© 0
1977 0.72 2.32 1.38 0.71 2.17 1.27 1.25 0.73 0.50
1978 0.64 0.46 0.44 0.65 0.48 0.36 1.03 0.04 0.28
1979 0.93 0.79 1.07 1.04 0.61 1.19 1.746 0.20 0.42
1980 1.01 0.99 0.56 1.03 0.76 0.58 1.56 0.34 0.26 »
s emnsoc] 20
. 20k ; T J %
Arezl divisions (W1-W3) are shown inFig. 1. i

40} ¢
S

450

so C

I ! ) 1 ! ] ] ) 1 ] tso

AW SoW  B0W 70w 40w Sow 40w 30W 20W 10W 0 10E  20E

1 1. areal extent of the West (areas 21-W5) and East (E1-E5)

Areas W1-W5 and EL-ES denote subareas q'e dn the text.
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Fig. 2. Comparison of age specific fishing intensity (107 effective hooks/

5%5° sq.) and dirccted effort AHOT:QEM:mH hooks) by Parrack (1982)

during 1971-1980.

Parrack’s estimates are shown in the boctom rows with

dots.



Fig..4. Trend of cpue- (catch in number of fish/ fishing intensity) by stock by age
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Fig. 5. Major fishing grounds of bluefin tuna in the West Atlantic (W1-WS) by
the Japanese longlina fishery and their trends of cpue in terms of catch
in number of fish by nominal uumber of hooks (after Hisada and Suzuki 1982)
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Yore scale reduction for ages 4-9 fish.



