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Preliminary evaluation of effect of the voluntary regulation
on stock of southern bluefin tuna and the longline fishery

Yukio WARASHINA and Koichi Hisapa

(Far Seas Fisheries Research Laboratory)

On 1 October 1971, the Japanese tuna longline fishery voluntarily launched regulatory measures
to their operations aiming at southern bluefin tuna. In order to promptly evaluate effect of
the regulation, we estimated provisional figures of effort in number of hooks, catch in number
of fish, yield in weight, and age composition in 1971-72 and 1972-73 seasons, for which the final
statistics are not compiled yet. And the resultant figures were compared with those in the
preceding seasons going back to 1965-66 when the fishing ground expanded into the West Wind
Drift. Results of the investigations are outlined as follows.

1. Effort increased tremendously from 37 million hooks to 90 million hooks in the early six
seasons up to 1970-71 just before enforcement of the regulation. The number of hooks decreased
once to 85 million in 1971-72 but jumped again to 100 million in 1972-73, nearly three times
as much as that in 1965-66. In spite of rapid expansion of fishery, catch and yield did not
increase, having stayed between 600,000 and 900,000 fish in number, or 30,000 and 50, 000 metric
tons in weight (Figs. 2, 3 and 5).

2. About 60 to 70 percent of hooks were used in fishing grounds of large-sized fish inclusive
of Areas 1, 2, 6, 7 and 8 throughout the six seasons. On the other hand, share of catch made
in the five areas decreased steadily from 70 percent in 1967-68 to 40 percent in 1972-73 (Figs. 2
and 3).

3. Catch-per-unit-effort showed continuous decrease. A simple hook rate based on annual sums
of catch and hooks lowered around 0.7 percent in the last three seasons, compared to 1.6
percent or above in 1965-66 and earlier seasons. The decline is remarkable in Areas 1, 2, 6, 7
and 8 where large-sized fish were caught. Especially Area 2 lost significance as the major
fishing ground of large-sized southern bluefin since exploitation of bigeye tuna stock therein
in 1968 (Fig. 4). On the other hand the hook rate has been stable in Areas 3 and 9, or reco-
vered after succeeding decline up to 1970-71 season in Areas 4 and 5, where major catch have
been small-sized fish (Fig. 6).

4, Prior to 1968-69 season, 7- and 8-age fish dominated remarkably in catch. Since then, 5-age
and younger fish occupied portion larger and larger, and the catch in 1971-72 season comprised

as many 4-age fish as 7-age ones. There is also regional variation in trend of age composition.
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No remarkable change appeared in catch from Areas 1 to 4 where only either large- or small-
sized fish have occurred. Average age of catch was found to have lowered in the other areas
where fish of both sizes have been caught. Taking the data from Area 9 as the most typical
example, it is noted that the modal group changed from 6-age in 1968-69 season to 4-age in
1970-71 and 1971-72 seasons (Figs. 8 and 9).

5. In spite of the regulation, portion of small-sized fish increased in 1971-72 season. The
average age of first capture was calculated as low as 5.5 years (Fig. 11). This suggests insuf-
ficient extents of closed areas and seasons as well as reduction of large-sized fish in recent years
beyond the expectation in advance to the execution. Furthermore, it is possible that there
might have occurred any dominant year class so as to lower the average age of first capture
that was calculated as the average of 7-age and younger fish in the season.

6. Three measures were proposed in order to recover the stock in longline fishery. They
were protection of small-sized fish, curtailment of fishing effort, and combination of them
(HAYASI et al. 1972). Strictly speaking, the protection of a part of stock is related to curtail-
ment of effort in two ways. Theoretically, the effort must be reduced according to extents of
closed area and season insofar as to prevent rise of fishing intensity. Practically, freedom of
operations must reduce and the effect will be detected if the protection would cover fairly
large portion of the stock. The voluntary regulation did not reduce effort neither through
direct enforcement nor through indirect effect of sufficiently wide closed area and season.
Eventually the regulation did not result in appreciable improvement of stock, even if might
have slowed down growth of effort. This does not deny significance of the voluntary regulation.
If the fishery were not regulated, the average age of first capture might have dropped to nearly
five years. Furthermore, the industry have gotten valuable experience toward better conser-
vation measures of the stock. But the present examination of recent data requires re-analysis
of age composition of catch for predicting change of each year-class during the exploitable
phase due to fishing intensity, and extention of sampling for detecting variation of year class
strength, in order to provide detailed biological information enough for improving the regu-
latory measures.

7. Southern bluefin tuna has been so heavily exploited in recent years that reduction of effort
to 1/2-1/3 of the current level will decrease total yield in only the first year or two after
execution of such severe regulation but increase it later on, as far as both size of recruitment
and average age of first capture do not change remarkably (HAYASI ef a/. 1969). Tt is probable
that the small-sized fish would be efficiently protected by lighter effort regulation not as severe
as to take away half of the currently used effort. Even such measures will immediately result
in rise of yield-per-set and recover total yield in the next year after its execution as far as
the recruitment has been still retained One practical problem is to find out substitute species

to be taken in the transitional year.
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Table 1. Number of trips of tuna longliners of 200 G/T or over,
and raising rate for estimation of catch statistics, 1965-1971,

g | B R REERA SlLE A E R
g2 kR (4) Hif £ (5)
1965 995 800 1.24 —
N %= fili 1966 992 838 1.18 —
1967 1,052 881 1.19 84
OKEEFT 1967-1973) | 1968 1,023 812 1.26 87
1969 988 852 1.16 99
» 1970 909 889 1.02 105
1971 879 721 1.22 117
C T THOWIE®B) 1971 879 838 1.05
(A) Numerals published by Fishery Agency (1967-1973.)
(B) Numerals modified in the present study.
(1) Year
(2) Number of trips of the whole commerical boats.
(3) Number of trips of the sampled boats.
(4) Raising rate
(5)  Number of trips of research and training boats.
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Fig. 1. Division of longline fishing ground for southern bluefin tuna.
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Numerals denote serial numbers of nine areas.
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Modified from SHINGU and HISADA (1971)
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Table 2. Raising rates in major fishing grounds (Areas4-9) for calculating
provisional number of hooks in the latest years with the use of
loghooks of Kochi- and Yaizu-longliners.

WX | 197VEOES, BE 197V4EERRTOKEERF1973) 5l LA
Arear FEfR O i FH $9%4(1) 1T kB2 %k (2) (3)
1, 000 1, 000
hooks hooks
4 2,704 5, 956 2.202
5 2,128 3,372 1.585
6 11, 216 12, 474 1. 112
yd 19, 888 29, 332 1. 475
8 10, 240 11,291 1.103
9 9, 648 12, 382 1.283
it 55,804 74, 806 (1. 340)
Total 2 ’ :

(1) Number of hooks used by Kochi and Yaizu boats in 1971.

(20 Number of hooks used by the whole longline fleet in 1971
by Fishery Agency of Japan (1972).

(3) Raising rate.
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(1)
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e B AP, HBIMRICE TS i FHD 5° 3D ORI
BB, HEERICETZ i FED 5° £ 70O HHEE
Lin L, 1972FEDIBOIREMBEICET 2 BMIZA SN TORNDT, 1965—664E~1970—714EHIHICE 3 6 I
Wi BT 2 ERERK (X/g) OWIMH, € ZRicR i, g ichy TR (E3).
X=g.¢
%3 17w nicddAEANDbOFTEK, SR, AR,
1965-664F~1970-714E Y.
Table 3. Number of hooks used, effective effort and effectiveness

coefficient of longline fishery for southern bluefin tuna, 1965-
66 to 1970-71 seasons.

X=3Sc¢;/d=3 A;

Flling seain | B 81 B @ | Hngngc | THEEK
1, 000 1, 000
hooks hooks
1965—66 37,705 53, 671 1.4
1966—67 60, 238 90, 232 1.5
1967—68 76, 189 110, 468 1.4
1968—69 71, 656 97,922 1.4
1969—70 85, 380 125, 244 15
1970—71 89, 561 115, 344 1:3
* Mean = o o 1.4

g Number of hooks used.
X Number of effective effort.
¢ Effectiveness coefficient.
1-2. BABHAEHOESHERK, ESHAREY, AESRASVICTFHARMBESDHETE
BERATTS THUES DR R RO =1, HREATSTHES Wi kE ik, S, g - A 97D,
ARl (197D 125w, HEXE, PR AE SRR LA RS, 2 ciEXE], YRR R R U
TESHRERZE, TaRIEERN & SESOFIGRE E ORI E LR RS 51 5 U /oo % 7o Ml
(1972) 1C78 5 5T 7 A VI O BUNE SFHHE 42 B A HEa & Ui,
CCTEHEMICAER 40 kg 28 & LT RITOM/IRE N, £ hll EOMEEERBIHET 5, X, 6
FRUR Ok % fikf, 7RI EOMEEREETES, 510 1T E U THRE Okg T, Xid 64T
DA EHEY & 73 21X A2/ N RESE U, 20 EOEERS IR E 32 XA R miEEE Ui,

T 19714F 4 H—19724E 3 H, 19724F 4 H—1973%F 3 A& Z N2 0 1971—724F1ad, 1972— 734l & I 35,
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Fig.2. Number of hooks used for southern
bluefin tuna in nine areas, 1965-66 to
1972-73 seasons.
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Numerals denote number of hooks in
million.
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Fig. 3. Catch of southern bluefin tuna in

nine areas, 1965-66 to 1972-73 seasons.
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2. BEEHERCGEREBOHERE, 1965 664~1972—T34F:HHM
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1965—664F- Fu LI O DT X I FOEh TH 5 o
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X 8 T 2,700 A, 36%6, #EX 7 T 1,600 JiA, 20060 A FS iz, £ Ok i vaaE FRR N cE 4
WECBHULEILL, 1968—694FEHIHICIZHEIX 7, 8 1CH 13 % #9%H3 3, 700 AL, 5296% 5w izdicxt L, 1965
—66AESRIALIBTI O T H - 7 lEX 2, 4, 5431, 200 A, 169 L, & IciEX 2 T3 400 TiA, 5.6
WITIBETED 572, 1969—TOFHHD HH MK 9 TS 5 &% < 2,700 TA, 32%% 5%, DO THEX
8 T 2,100 A, 25%, #EX 7 T1,600 54, 199 &% 5720 1970—714E, 1971—724EHalic i3#EX 8, 9 1 H
3 5B, o THX 7 BB EEY, 2, 600~2, 80054, 4{KkD30~33%14% F & h 1z,
1972—7T3HEHRINIC IR D HFIK 7 D 3,700 A, 35%05b - & b% <, K8 ICHT 2 EHRBII—EHROL,
WICHEX 9 TIRHEFCHEMNL, 2,800 A, 27%&7% 7. (X2).

IR U2 1965—664E I LLR60~90 TR DM A K& CAB) L7z, & IC{iEFTIRdH 5 231971724
WNC60HRARICIE T LD b, 1972—734EFIAICIZI0 TR EE L EREH & ND . Fx DflERKD
XA B RO NCIZIEHIE LTV 50 FEIRRR O F 5T b 2 fFIX 2 O itk s i3 1967 —684F i 13
TEB1TTTE, &R D 1996 % 5 T 723, 1968—694 i 1 J7E, 1. 4961 ik U, = D #131970—7 14F il
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%, BImcE L1972—734Fiic 132258, 2596478 57z F X 9 TIH1968—69tEIIC 15, 2296,
1969—70E NI 13397, 4496103 Licth, 1971724 UIiC I3 1452, 2496% Tiid Licds, 1972—734
HIC 333772, 36%IciE Lz, 2 hPIADEEX 1, 3, 610610 2 iR T #ERE 0 (F3).
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Fig. 4. Yearly change of hook rates of southern bluefin tuna (open circle)
and bigeye tuna (closed circle) in the Area 2, 1965 to 1971.
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Fig. 5. Relation between effective effort and either catch in number (upper panel) or
vield in weight (lower panel) of southern bluefin tuna in longline fishery, 1955-
56 to 1972-73 seasons.
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HEMBTH 5.
After SHINGU and HISADA (1971) for data in the seasons prior to 1970-71.
Provisional estimates for 1971-72 and 1972-73 seasons.
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Table 4. Catch-per-set of southern bluefin tuna and ratio of small-sized
fish of 40 kg of less in Area 7, 1st through 4th quarters, 1973.

S AR 1M 40kg PIFO

P I1) o) Fil e ) 4 @
1— 34 35 14.3 46.59%
4— 64 218 12.9 32.2%
7— 94 37 5.2 5.3%
10—124 40 4.4 5.4%

(1) Quarter (Jan.-Mar., Apr.-June, July-Sep. and Oct.-Dec.).
(2) Number of sampled sets.

(3) Catch-per-set.

(4) Percentage of small-sized fish of 40 kg or lighter.
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Fig. 8. Yearly change of age composition of southern bluefin tuna caught by
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Fig. 10. Yearly change of age-group composition of southern bluefin tuna in
longline fishery, 1965-66 to 1971-72 seasons.
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Fig. 11. Yearly change of average age of first capture of southern bluefin tuna
in longline fishery, 1965-66 to 1971-72 seasons.
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Fig. 12.

Catch in number per set of
southern bluefin tuna of diffe-
rent body weight classes caught
by longliners operated in zones
of different surface water tem-
peratures in Area 9, 1st to 3rd
quarters, 1973,

R R
Body weight class

1 60Xi370 kg VI E

60 or 70 kg and over
o 40~6031370 kg

40 to 60 or 70 kg
7 20X1325~40 kg

20 or 25 to 40 kg
B 202325kg PIF

20 or 25kg and under
REBERX A FRIC LD 2D
LT TIRZDH—I3 R 5 1.
Division of body weight classes
differed depending on log-book
and then could not be standard-
ized in this study.
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Fig. 13. Monthly change of catch-per-set of southern bluefin tuna of
different body weight classs in Area 9, 1973.
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NS T 20T (£4), FHREMBFESOS LFOAIC L - TEEREZFTAHETELE,
5 2HRICOVTHBASDLOHEIEEZ B HLENELZ2E LNED,
(2) BHISHRFIEDRE :

2 51197172 IAIC B 1 2 AR RIIRIERE, FHRIEBIGES, SEEREN I Z Ui > 4 fiic
B2 HHONREE SRR, KOz o ZRERKOLERE & BITRT,

% 5 BUTHEERICE D2 RAMbOD $F </ oESBIRBRI, 1967-68E~1970-714F N,

Table 5. Catch in number of southern bluefin tuna of difierent ages taken by longline
fishery in the currently reguarated areas, 1967-68 to 1970-71 seasons.

1971 - 724 ¥ BUTHHIIER O i 2)
T DA

) @ B 3 | 1967-68  1968-69 196970  1970-71
wae | 616,498 | 183,198 | 26,258% 53,4412 84,130R 19, 3692

1 360 25 = 23 . 2

2 14,923 6,769 336 2,739 2,933 761

1§ 3 63,515 41,072 4,507 16, 390 16,003 4,172
= 4 103,259 54, 432 9,077 15, 659 24,162 5,534
1 5 87, 894 32,978 5,632 7,695 16, 148 3,503
i 6 85,689 18, 840 3,051 4,024 9, 696 2, 069
o 7 103, 782 14, 642 2,129 3,244 7,626 1,643
2 8 80, 621 - 7,818 937 1,913 4,070 898
o 9 15,151 3,923 388 1,087 1,994 154
w | 10 19,316 1,78 114 459 934 211
1 8,368 809 33 181 484 106

12 2,747 157 36 27 78 16

13 678 15 13 - 2 =

14 195 . — - . s
ﬁﬁ%%f%%%ﬁ?ﬁﬁ 5.54 4.86 5.02 4.57 4,98 4.89
qzﬁﬂﬁg§3<kg> 16.98 31.79 31.99 28.82 33.46 32. 45
# % % % - 6.9% 4.1% 8.0% 12,00 - 3.1%

(A) Catch by age

B Total

(© Average age of first capture (year)

(D) Average body weight (kg)

() Ratio to total catch

(1) Total catch in 1971-72 season

(2) Catch in the currently regulated areas

(3) Total

BHRIRO 5 EHOEEET ORI, THICHELD VESOBRNCE T { SEDFIHE GEREKPIIT2, p.57)

&0 b EECREIEE A2 BZE252 5. ik 4 BIARICRGS Q880 & 2 & N fi#Eyid1971—72
FERIICRRTAS NI 2N XD /RS0 HS, b UHREINE, 518513, RERIMOTFEEBES
BE55F%2EICTE-1ETHL, TOREZRES LT, T FERUL TS BOEAITRHRIIERA
TEONZMERKOLKICHT2EE, »p THD, COEEGEREZ CLRBAGTE . £2T, W2h
DIGEEEZ B 12Dk 4 I o 2 JHEDE ST s 1 2 SEEERRG 9 RO K E O 7154, 86
TR 31.9kg & 197172 FERIADFELE, 5.54F KO 47.0kg ERHNT, HWEBE S BEICE T B
LIRMERRIE T4, S LIERE, w &%
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ts/=5.54— p(5.54—4.86)=5.54—0. 681
w' =47.0— p(47.0—31.9)=47.0—15.1p
Ik > TEE L (F15)0
WBEAERID p, 3~9%ENRATZE, B 50
HIASIE s o 72 358 D AR HERIHE R4 135, 52 56 N
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MAZNTWIENWC ETH B, BIERENE B415. BElEXAICE T 2 EERBOEGICHT 2 1+ 1<
CHE, BEONEE 12 EROZ TS o ORG-S (F2R) MOk E (5ED off

-

Wi
K

83 ur jydrom Apog

»

52 ~ \K

5.0 S

’
’
i

.

2z
~

(43

[
ainideo 151y jo a3e 98vIaAY

.
2, TNEDEORICENT— 8 T .
g N ) Fig. 15. Estimates of averages of age of first capture
%o TNINEFICE D 5 HHELDETA, K (solid line) and body weight (dotted line) of
BB TELIICHEETH RN TH %, southern bluefin tuna in relation to ratio of
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13, REEOEEL/NAKRICZ I R REREEIC L > CFRT 2 48NS 5o B213, EAMICEY 34
WMEBBBEHRINTNECETH 2, X 4 TR EH1961—62FHH & 1964—65F K & D ElHzHH S h
%o 1970—71 LI B 1 2/ NI RIG D $y R DEE D 23 (K 6), FFMED LICEFICE N TH
BEBERMSHBE U EE2RBELTHZ2006 LD,

NG DRMZERL CERBAZTTREDLDTHNL LN ETH 5700 RARNDBEEBOAHEEEZIRE
B DE £ 1 PRSI OHEEA A L b DIC LTS (bRl 1972)0  F - HiiEO R, F4MEK 0
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Table 6. Hooks, catch and mean hook rates of bigeye and yellowfin tunas in the

northwestern Atlantic Ocean (north of 36°N, west of 50°W), 1970 and 1971.

w o R B #®oOE R @
AN F(4) F 2 £(5) A NTF(4) FK(B)

1970 3, 386, 000 41, 400 7,700 1. 22% 0.23%
1971 11, 935, 000 65, 000 93, 800 0.549% 0.78%
(1) Year

(2) Number of hooks
(3) Catch in number
) Bigeye tuna

(5) Yellowfin tuna

) Hook rate
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Fig. 17. Monthly change of number of Kochi and Yaizu longliners in six
areas of fishing groud for southern bluefin tuna, 1970 to 1973.
BERETTR M REMP E QT S F I= s nERRE LTER,
Longlines based on Yaizu Port have been operated on southern
bluefin tuna the most frequently among the boats of Shizuoka

Prefecture.
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Appendix Figure

1. HWXAlCBF2 I+ I=7aDA5, 1° T ORISR, 19714,
1. Monthly hook rate of southern bluefin tuna in 1° squares of Area 4, 1971.
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2. X 9ICBIFE IF I oD, 1°x5°XEG, KERHEENIZZ S 1N D BRI, 19734,
2. Monthly catch-per-set of southern bluefin tuna of different body weight classes taken by
longline in 1°x5° quadrangles in Area 9, 1973.
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