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STANDARDIZED CPUE OF ATLANTIC BLUEFIN IN THE EASTERN ATLANTIC AND
MEDITERRANEAN SEA OBTAINED FROM THE JAPANESE LONGLINE FISHERY

Miyabe, N.

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

SUMMARY

The Japanese longline fishery data in the east Atlantic and Mediterranean were ana-
lyzed to develop an index of abundance of the eastern stock of bluefin tuna. By applying the
General Linear Model procedure, abundance of fish 8 years-old and older was estimated
for 1974-1991. The results showed a decreasing trend after the mid-1980’s, with some annual
fluctuation. The most recent level of abundance was about 50 percent of the mid-1970's.

RESUME

Les données de la péche palangridre japonaise dans I'Atlantique est ot la
Méditerranée ont été analysées pour établir Vindice d’abandance du stock est de thon rouge.
L’abondance des poissons de 8 ans et plus a été estimée pour 1974-91 en appliquant la
méthode du modeéle linéaire généralisé. Les résultats montraient une tendance décroissante
& partir du milieu des années quatre-vingt, avec quelques fluctnations annuelles. Lz niveau
d’abondance le plus récent était 50 % environ de celui du milieu des années soixante-dix.

RESUMEN

Se analizan los datos de l1a pesquerfa de palangre de Japén en el Atlantico este y
el Mediterrdneo, para desarrollar indices de abundancia del stock oriental de attn rojo. Se
estimé 1a abundancia de las edades & afios y més, 1974-1991, mediante la aplicacién del
Modelo Lineal Generalizado. Los resultados mostraron una tendencia descendente a partir
de mediada la década de los afios 80, con algunas fluctuaciones anuales. B} nivel més
reciente de abundancia era de aproximadamente el 50% del que habfa a mediades de la
década de los 70.

1.Introduction

The abundance index from the commercial fishery is essential
in the tuning process of VPA for the east Atlantic bluefin at
ICCAT, since no other fishery independent index is available.
The Japanese longline fishery has covered the widest distribu-~
tional area of this species and acecounted for the large part of
the tetal adult bluefin catch.

In this study, the age specific CPUE series for 8 years old
and older (8+) for the period of 1974 to 1591 were developed from
the Japanese longline fishery. This CPUE series were standard-
ized bdeeneral Linear Model (GLM) procedure applying multiplica-
tive model.

2.Material and Method

The Japanese longline catch and effort data were used in
this study. Two sets of data were available. One is categorized
by month, 5-degree square (referred to as "§ BY 5 DATA" and is
identical data which is submitted to ICCAT as Task II catch and
effort data. This data was used to compare with the past results
developed during stock assessment session at ICCAT. The other,
which is nearly the subset of the 5 BY 5 DATA, includes addi~
tional information on the number of branch line between floats
that characterizes the gear configuration to some extent (re~
ferred to as "BRANCHK LINE DATA"). fThis data set seems superior
to 5 BY 5 DATA because it not only includes additional informa-
tion (i.e. gear) but also less aggregated.

The annual geographical distribution of the Japanese long-



line catch in the eastern Atlantic and Mediterranean was shown
historically in Fig. 1. catches were mostly concentrated in the
area between 30°-40°N and 30°W-20°E. The catch of this species
by Japan became significant in 1974 and ocnward, and this fact is
also seen in Fig. 2 which shows monthly catch and effort of the
Japanese longline fishery in the eastern Atlantic and the Medi-
terranean Sea since 1970. From Fig. 2, it is clear that the main
fishing season lasted from March through July, although some
catches were observed in winter season both in mid-1970s and
recent several years. Taking all the information into account, it
is decided to use the data for 1874-1991, March to July for area
which is shown in Fig. 3 in GIM analysis.

Nominal CPUEs were aged by the slicing method on monthly
basis applying the growth equation estimated by Cort (1991) to
the available size data (fork length) measured on board of the
Japanese longline boats. The recent catch-at-size (Fig. 4) shows
this fishery targets adult fish mostly over 160 cm in fork length
(FL). Fig. 4 also indicates there were not so big differences in
catch-at~size between the eastern Atlantic and the Mediterranean.
Then, it was decided to age nominal CPUE for fish age 8 ( about
180 cm in FL) and older. The matching between CPUE and size data
was done to use as small strata as possible (the smallest ig by
month and 5 (Lat.) X 10 {Long.) rectangle. However, size data was
not always available and in that case substitutions were made
with nearby strata. In the case of 1974, 1978 and 1882, catch-at~
size data (data from the second quarter for the east Atlantic and
the Mediterranean) were employed due to the small number of
avallable size data. .

GLM technique was applied to obtain annual trend of stock
abundance. The multiplicative model was used as were the cases
of recent works for the west Atlantic bluefin {Cramer 1991;
Miyabe 1991, 1992). The model includes main effects of year,
fishing season, area, gear (for BRANCH LINE DATA only), total
other species caught (by-catch) and interaction term among them.
The model is shown below.

LOG ( CPUE + min(CPUE) ) =

P+ Yy o+ My 4+ Ay 0y + (4 Gy ) * Interaction + €3 ikl (m)

3
where LOG ¢ natural logarithm,
min(CPUE) : minimum CPUE observed in data sgt,
CPUE ! number of bluefin caught per 16° hooks,
B : overall mean,
¥y : effect of year,
Mj : effect of fishing lseason (month),
Aj : effect of area,
Oy : effect of total other catech (tunas and
billfishes except bhluefin),
Gy ¢ effect of gear (number of branch line

between floats) for "BRANCH LINE DATA",
Interaction interaction term among main effects,
35kl (m) ¢ error term with N(0,0).
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Regarding to fishing season, month was selected. Area used
in GLM analysis was defined in Fig. 3, while original data reso-
lution was maintained (5-degree square). Number of observations
by main effect was tabulated in Tables 1 and 2.

In order to make use of zero (0) catch observaticn, it is
common to add some constant to the observed CPUE to make log-
transformation possible. It is known that the results do differ
depending on the magnitude of constant being added, and it is not
known the way to determine what the best constant is. In this
analysls, zero catch observations were used by adding small con-
stant (minimum CPUE observed) following the recent studies, The
number of zero catch observation and its percentage were shown in
Table 3. The percentage of zero catch observation on annual
basis was low for 5 BY 5 DATA {<10%). The same percentage for
BRANCH LINE DATA was larger and fluctuated between few and 20 %
of the total number of observation. Both of them did not exhibit
any temporal trend.

Preliminary runs weve made using main effect only in order
to categorize (set level) the total other catch and gear. For the
former, catch rates of total other catch were classified by 1.0
per 1000 hooks. After these preliminary runs and investigation
of the parameters estimated, following levels were set.

5 BY 5 DATA

Year : 1974 - 1991 (18 leveéis) .

Month : Apr. - Jul. (4 levels, March is included in April)
Area : 1, 2, 4, 5, 6 (5 levels, area 3 and 7 are included

. in area 1 and 6, respectively)
Other : 0 to 4, 5 to 7, 8 and larger per 1000 hooks
(3 levels)

BRANCH LINE DATA
Year 1975 ~ 1991 (17 levels)

Month ; Apr. - Jul. (4 levels, March is included in April)
Area : 1 - 7 (7 levels)

Other 0 to 2, 3 to5, 6to7, 8and larger per 1000 hooks
(4 levels) :

Gear : 4 to 5, 6 to 8, 9 to 12 hooks between floats
(3 levels)

The inclusion or exclusion of these main effects and inter-
action terms were determined statistically on the basis of F-
test., At the same time, missing observation to any cell is not
allowed in this analysis so as to make use of Least Square Mean
(LSMEAN) .

In addition to above analysis, some trials were made in
order to incorporate oceanographic factors. This was responding
to the recommendation made at 1990 SCRS (ICCAT 19%1). Dr. B.
Liorzou kindly provided the maps of weekly sea surface tempera-



ture (8ST) in the Mediterranean Sea for 1984 ~ 1991. SS8T was
read by 0.5°C accuracy for each month - 5-degree square strata.
BRANCH LINE DATA were used and the same procedure stated above
was applied except 5-degree square was used as main effect of
area. .

3.Result and Discussion

The east Atlantic and the Mediterranean Sea

Parameters were estimable in models shown in Table 4. Ac-
cording to the criterion of AIC, the best model was chosen. As
the results, (Y + M + A + M*A + M*0) was selected for 5 BY §
DATA, and (Y. + M + A + B + O + M*A + B*0O + M*0Q) was selected for
BRANCH LINE DATA.

In general the largest contributer to Sum of Square (85)
among main effects is the other catch followed by gear and year
terms in this order. It is considered very effective to include

other catch information (by-catch) to the model. In contrast,

month and, to lesser extent, area shared relatively small amount
of 88. Reflecting this fact, interaction terms with other catch
tended to be significant.

The distribution of overall residual from the final model
(Fig. 5) was almost close to normal curve and considered to be
acceptable. The results of ANOVA are listed in Table 4. R-sguare
ranged from 0.51 to 0.61.

In Table 5, parameter estimate, least square mean of main
effect year and their standard error were given. The estimated
relative abundance were shown in Fig. 5 and Table 5. The abun-~
dance of 2 data sets (5 BY 5 and BRAKCH LINE DATA) indicates
almost identical trend; two high peaks in 1977 and 1982, medium
to large fluctuation, decreasing trend after mid 1980s. These
trend seemed consistent with previous analyses (ICCAT 1991). The
abundance in recent 5 years is about 50 % of that of mid 1970s.

Fig. 6 showed the effect of the different constant added to
CPUE before log-transformation. It is rather clear that the
estimated abundance with large constant was underestimated for
recent years.

Trials to incorporate oceancgraphic factors

SST, square and cube of S5T were tested in the model which
included only main effects. It was found they were all statisti-
cally insignificant as well as other catch. Month and year con-
tributed the large part of SS by model. The resolution of data
(month and 5-degree square) might be too wide to pick up the
effect of SST on bluefin CPUE. It is desirable to obtain SST for
the east Atlantic as well to develop the better abundance index
‘for total eastern stock of this species.
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Table 1. HNumber of observations for CPUE analysis by year,
month and area.

5 BY 5 DATA
YEAR MAR APR MAY JUN JUL Al A2 A3 Ad A5 A8 AT TOTAL
12 1 5 17 B 2 4 10 8 ‘4
12 12 4 122 5 f
1011 1 10 1 6 4
§ 12 A 1
10 8 0
3 4 3 3 71 1
8 i 6 i 8 1
6 0 0 6 1
8 5 3 3 10 1
103 8 i 10 2
i 10 1 i 7 2 10 #
2 § 1 0 '8 4
4 8 1 38 2
g 1 27 i 3 3
A TR
i Pddddidd
TOTAL 108 151 198 97 63 88 128 4o 138 108 78 47 ek
BRANCH LINE DATA
YEAR MAR APR HMAY JUN JUL AL A2 A3 A4 A5 A8 A7 TOTAL
75 13 20 25 1 8 18 28 2 8 15 & & 85
§ 11 2 25 1111 25 0 10 14,10 7T 7171
i 9 24 1 g 7T 2 6 11 i3 1 65
1 14 18 2 2 5 2 13 0 69
9 {3 12 g 3 7 14 i 47
80 41 15 17 {11 15 i 7 T A7
81 18 14 10 6 11 12 9 10 i 4
10 23 18 . 13. g 6 31 1 1 i 78
17 2% 1471 9 7 30 i { 2 86
34 28 25 2 ¢ 18 22 -2 33 i1 -1 8§ 106
2 22 4 i 8 1 i 5 49
11 19 3 5 13 4 Zp 3 5%
16 25 2 5 13 2 12 1 i 67
It 18 3 17 1 15 1 § 58
14 31 1 213 2% 37
18 3 35 1 1 18 24 9 28 ¢ 197
16 26 26 1 7 22 13 41 2§ 0 94
TOTAL 233 324 379 162 93 {81 290 €3 317. 162 129 48 1191
BRANCH LINE DATA (Mediterranean only)
YEAR MAR APR MAY JUN JUL AL A2 A3 A4 AS  AB AT TOTAL
B4 9 5 9 .5 4 1t
s o 4 & 1 3 & 3. 31 3% % 4 & #
8 0 3 71 1 1 0o 0 .2 2 5 2 1§
87 0 3 11 0 o 8 1 1 & 5 1 2 14
8 0 4 g 0 2 11 2 4 5 1 115
8 0 1 6 0 I o0 o i {1 3 2 1 "8
2 9o 2 1 o0 ¢ 0 0 o0 4 4 1 0 9
1 ¢ 2 3 0 O O 0 € 3 2z 0 @ 5
TOTAL 6 24 60 7 11 2 5 10 24 40 314 T 102

% Area is 5-degree squarc in the Mediterranean Sea.



Number of "zero catch" and "pomitive catch®

observation in CPUE series used for GLM analysis.

5 BY 5 DATA

Table 3.

Table 2. Number of observatiom by level of main effect "gear".
East Atlantic and Mediterranean
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Fig. 1. The annual geographical distribution of the Japanese
longline catch in number for 1974, 1978, 1982, 1986 and
1950,
-
v
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Catch In number
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Fig. 2. Monthly catch and effort of the Japanese longline fishery
in the eastern Atlantic and the Mediterranean Sea for 1970 -
1991.
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Fig. & Tha effect of the magnitude of constant. “MIN", "+*100" and
*f100" denote minimum CPUE observed, 100 times and one
hundredth of minimum CPUE, respectively. "MIN" line is
identical to BRANCH LINE DATA in Fig. 5.
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