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Stock assessment of southern bluefin tuna based on information
up to September 1973—its conclusions and problems

Sigeiti Havyasrt

(Far Seas Fisheries Research Laboratory)

In spite of voluntary regulation of Japanese longline fishery, status of southern bluefin
stock has not been improved yet (WARASHINA and HISADA 1974). Recent changes of fishing
ground and supply-demand processes have made obvious many problems involved in the stud-
ies hitherto conducted under simplified assumptions. I present here some analyses of avail-

able data as a step of this series of investigations.
1. Fishing intensity and recruitment in longline fishery

Direct application of HAYASI et al/’s method (1972) overestimates longline fishing coef-
ficient for two reasons. At first, major species aimed by the fishery in the Area 2** shifted
from spawning adults of southern bluefin tuna to bigeye tuna since 1968, and then recent de-
creasing trend of cpue’s overemphasizes intensity of exploitation of the former species. Strict-
ly speaking, their estimates of fishing coefficient, F/, refer to not one year but a duration from
average age of first capture, f., to 8 years old. The second cause occurs from recent lower-
ing of #. that expands deviation of the apparent coefficient from the true annual coefficient.
In the present analysis, abundance of parent stock for 1968-69 season and onward are repre-
sented not by hook rate in Area 2 but by that in Areas 6-8 of the West Wind Drift times an
average ratio of hook rates in the two fishing grounds during a period of full exploitation of
both areas from 1965-66 to 1967-68 seasons (Tables 1 and 2). Annual fishing coefficient, F, is
a quotient of apparent coefficient, F/, by duration from average age of first capture to 8 years.
The annual coefficient correlates significantly to effective effort, X, at a coefficient of 0.92.
Estimates of catchability coefficient, g=F/X, range from 0.28 to 17. 64 x10~8 per hook but de-
pend neither on fishing season nor on amount of effort (Table 3). The average coefficient,
1.23x10-8, is about half of that estimated at the preceding occasion, 2.21x10~8 and then low-

ers estimtes of corrected fishing coeflicient, F=¢xX. In 1969-70 season the corrected coef-

* 19744510 A 31 A8 PRk EEMFTATEREE 132 5,
** See SHINGU and HisaDpA (1970), HAYASI et al. (1972) or WARASHINA and HISADA (1974)

for definitions of areas.
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ficient reaches 1.5 that corresponds to 72 percent in rate of exploitation.
These estimates are compared to the others of fishing coefficients “based on age compo-
sition of catch” under assumed natural mortality coefficient of 0.2. Two series of “age com-

position-based coefficients” Fa by fishing season, and Fr by year class, show similar year-to-
year changes with F for 1958-59 to 1965-66 seasons. Discrepancy appeared among the esti-
mates in the succeeding seasons: F continued increase while rapid decrease occurred in Fa
and Fg, often dropping to unrealizable negative values (Fig.1).

Appreciable biass of estimates of age composition might occur since 1966-67 searon when
longline ground has extended toward the West Wind Drift in pursuit of pre-spawning adults.
Most of age data have been converted from body weight measurements that change drastical-
ly due to spawning (WARASHINA and HISADA 1970). A pre-spawning fish of 7.7-year old
measures 135 ¢cm in length and weighs 65 kg on the average. Length-weight relation deter-
mined for post-spawning fish assigns a 65-kg fish as 156 c¢m in length that corresponds to 8.6
years in the age-length key. Recent concentration of effort toward pre-spawning adults might
have raised chance of an individual to be erroneously classified into older age group (HAYA-
SHI and HisADA 1973). It is possible that this type of miss-calculation generated overstima-
tion of survival rates at 7-age or “ratio of fish assigned as 8-age to that as 7-age”. In ad-
dition, extention of fishing cruises and development of immediate storage system of the whole
landings of each boat lowered accuracy of port surveys. Only length measurement on board
on daily basis provides reliable length composition data. No survey is planned to check
possible year-to-year changes of growth and maturation.

Lowered accuracy of age composition makes it unnecessary to regard F based on hook
rate of parents be overestimates simply because of discrepancy from Fa4 and Fp. Instead there
is a good coincidence between theoretical calculation that rise of fishing coefficient over 0.5
does not result in increase of yield from a stock exploited at 5- to 7-age and onward (Fig. 7
of HAYASI et al. 1972) and observation that yield of southern bluefin tuna did not increase in
spite of three-hold rise of effective effort from 35 milion hooks in 1961-62 season to 100 mil-
lions or over since 1967-68 season 7Fig.11 of the same). This coincidence implies it feasible
to assume that recent fishing coefficient reached around 1.5.%

Using these estimates of fishing coefficient, F two series of recruits, R. and Ry, are calcu-
lated on the bases of catch in number by fishing season, C, and yield in weight by fishing sea-
son, Y, under an assumption that “all the individuals are recruited into longline fishery at
beginning of 5-age ”.

Re=C(F+ Mexp M(t.—5.0)/F
Ry=Y/(Y/R)*
where, (Y/R)* is yield-per-recruit defined by HAYASI et al. (1972) but converted for
average age of first capture of 5.0 years. Recently HONMA (1973) gave its FORTRAN
Programs.

Average recruits are 1,510,000 in R; and 1,780,000 in Ry. Both series decreased suddenly in

1964-65 season (Table 4). This decline is partly related to recent increase of catch of 4-age

* There is still room to doubt present estimates of fishing coefficient. CSIRO (1973) reported
several southern blufin tuna recaptured seven to ten years after release. The long duration

of liberty is preferable for rather low mortality.
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and younger fish which amounts 650,000 to 900,000 in terms of number at beginning of 5-age
for 1968-69 to 1970-71 seasons. Among the imaginary survivors, those from longline catch
were already included in R. and R,. Remainders from surface catch* are added to the recruit
so as to obtain the whole recruit into longline fishery (Table 5). The results still show higher
recruit before 1965-66 season, especially in 1959-60 and 1960-61, than in later years. Another
point of inetrest is that size of recruit has been retained up to 1970-71 season (1965-66 year
class) in spite of steady decline of relative abundance** of parent stock down to 18.9 percent
of initial level (Fig. 2). Eliminating figures for 1959-60 and 1960-61, R. and Ry are averaged
as 1.3 and 1.5 millions, respectively. Actually 4-age fish comprise some portion of catch,
even more numerous than 5- and 6-age fish in recent years (WARASHINA and HISADA 1974),
and then the condition for calculating R. and Ry is not satisfied in strict sence. Here aver-
age recruit is postulated as 1,350,000 or slightly less than the median of 1.3 and 1.5 millions.
Observation of estimates indicates moderate random fluctuation in recruitment, and calculated
vield based on the average recruit show some discrepancy from observed yields (Fig.3) It is

important to improve methods to calculate the theoretical yields.
2. Improvement of regulation of longline fishery

Decrease of southern bluefin tuna in longline fishery is an undeniable fact. Nevertheless,
more advanced assessment meets at a difficulty in estimation of fishing coefficient which forms
initial step of the study. Important under such circumstance is establishment of feed-back
systems between investigations and industry including advance of stock assessment and then
regulatory measure, and repletion of survey through check to the resultant change of fishery.
Required for investigations are presentation of inferences based on latest information in ready
inspected forms. Recent change of management study presented provisional figures up to 1972-
73 season (e.g. WARASHINA and HISADA 1974). The present and succeeding papers will give
theoretical yields but not yields-per-recruit so as to make easy comparison of the inferences
with actual observations.

2.1 Brief notes on status of stock

In longline fishery abundance of parents lowered below 10 percent of initial level and size
of catch showed further decrease since 1968-69 season (Tables 2 and 3). WARASHINA and HI-
SADA (1974) indicated that these tendency has continued to 1972-73 season. On the other hand,
surface catch increased from 7,000-8,000 tons up to 1970-71 season to 9,000 tons in 1971-72 and
12,500 tons in 1972-73 season. Year-class strength showed moderate fluctuation at young and
immature stages. The dominant classes are 1961-62, 1964-65 and 1966-67 in longline fishery
(WARASHINA and HISADA 1974) and 1966-67, 1966-67, 1968-69 and 1969-70 classes in surface fish-
ery (H1sADA unpublished). It is noted that the 1966-67 class was exploited after full develop-
ment of both fisheries. On the other hand, 1968-69 class did not adundantly appear in longl-
ine fishery in 1972-73 season. Examination of data in following years is required to decide

which the intensified surface exploitation or the voluntary regulation to refrain catch of young

* Surface yields were converted by multiplying a factor of 0.0546 to obtain the recruits from
surface catch for 1958-59 to 1963-64 seasons. The factor is a simple mean of ratios of these
two figures for 1964-65 to 1967-68 seasons.

** Relative indices of parent stock were assumed as 1.00, 0.95, 0.90, 0.85 and 0.80 for the ini-
tial five seasons form 1953-54 to 1957-58.
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fish accounts for less abundance of the year class in longline fishery. Dominancy of the 1969-
70 class indicates that 7.8 percent of relative abundance of parents is sufficient for producing
a strong year class, at least, under environmental conditions in that season. However, it is
not feasible for the fishery to rise fishing intensity on southern bluefin tuna, especially young
stock.

Fig. 4 gives yield against average age of first capture and fishing coefficient from recruit
of 1,350,000 fish at the beginning of 5-age. This is essentially the same with Fig. 7 of HAY-
ASI et al.(1972), and again indicates that rise of fishing intensity since around 1960 did not
result in increase of yield. The present expanded fishery may produce yield between 40,000
and 45,000 tons in spite of moderate changes of fishing effort or average age of first capture
unless recruit would change very drastically. Noted in regard of recruit is rapid decline of
relative stock fecundity due to moderate lowering of average age of first capture in case of
high fishing coefficient over 1.0, or due to moderate rise of fishing intensity in case of low
average age of first capture below 6 age (Fig. 5). It is known that recruit of some demersal
fishes declined rapidly for parent stock below particular level of abundance (e. g. SAISHU 1971,
GARROD and JONES 1973).

2.2 Desirable longline fishery

It might have happened that longliners aggregate into the closed areas in pursuit of small-
sized southern bluefin tuna if the voluntary regulation were not executed. If 20 percent of
catch were taken from the closed areas, average age of first capture might have decreased
slightly from realized 5.54 years to 5.40 years, but this might cause fairly large decline of
relative stock fecundity from 4.2 percent to 3.4 percent under a condition of no surface fish-
ery (Fig. 6). Thus the voluntary regulation played some role, but failed to improve the fish-
ery so as to keep relative abundance of parents at 7.8 percent. Presence of surface fishery
requires severer regulation of longline fishery so as to keep relative stock fecundity in Fig.5
at any value higher than 7.8 percent, because the former fishery depleted recruit to the lat-
ter by about 25 percent in 1968-69 season when surface catch amounted 7,000-8,000 tons. Re-
cent increase of surface yield by about 50 percent suggests it desirable to rise the relative
stock fecundity toward 15 percent in Fig. 5. This goal requires to lower the fishing coeffi-
cient at 0.75 if average age of first capture be retained at the present level of 5.5 years, or-
to rise average age of first capture at 6.6 years if fishing coefficient be retained at the pre-
sent level of 1.5. Principle of the present voluntary regulation permits only expansion of
closed areas and seasons as suggested by WARASHINA and HISADA (1974). Another measure
may be to discourage intention toward small-sized fish, maximum of 4-age of 110 ¢m in length
and 22 kg in weight. According to data by 1960-71 season, cutting off of 4-age and younger
fish rises average age of first capture to 6.6 years in sacrifice of only 10 percent of yield
(Table 6).

Rise of average age of first capture accounts for only retention of recruit, but not for re-
covery of catch-per-unit-effort. Recent occurences pressing the tuna fishery, especially the oil
crisis and following inflation, makes it difficult, together with lowly hanged price of fish, to
retain running of longline enterprises. For instance, the Nihon Suwuisan Keizai Shinbun of
April 19, 1974, reported a defiit of ¥ 26 millions for a ten-month cruise of a longliner having
aimed at southern bluefin tuna because of rise of costs including ¥ 72.5 millions of fuel, food

and bait. As already pointed, the present effort is so intensified as to make its substantial
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reduction may not alter sustainable yield (HAYASI et a/. 1969). Thus, a reduction of effort by
a half will double yield-per-operation in the third year after its execution. The rise of cpue
halves duration of a cruise and then expences of the above three items, and saves the runn-
ing cost by ¥ 36.2 millions, making the balance get back into the black of ¥ 9.4 millions.
It is worth studying the present calculation for improvement of the longline fishery.

It is awfully difficutl to convert the longliners for southern bluefin tuna toward other
species. These boats with excellent presrvation facilities must catch high quality fish suitable
for the fresh marcket in order to balance the running cost. Bigeye tuna may be the only
species with fairly large biomass, but already heavily exploited (HISADA 1973, KUME 1972, 1974,
SUDA 1972). The alternative is reduction of cumulative effort through cutting either number

of boats or extention of anchorage period.
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RO da (HEX 6 ~ 81z BT 2B DIEL, 1965-66~1968-69 il

Table 1. Ratio of two sets of density indices of southern bhefin tuna in long-
line fishery, d; (7- and 8-age fish in Area 2) and da (adults in Areas 6
to 8 in the West Wind Drift), 1965-66 to 1968-69 seasons.

d2 da dz/dA
1965-66 0. 585 1.675 0.349
1966-67 0.330 1.145 0.288
1967-68 0.396 1.079 0.367
1968-69 0.154 0.788 0.195

* EXESRHE, AHR (1970, MMt (1972 iAW SNTWA LD EFRETH B,
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Table 2. Density indices of parent southern bluefin tuna and surface catch in
the four preceding years, 1957-58 to 1970-71 seasons.
1. Abundance of parent stock.
la Average density index of 7- and 8-age fish in Area 2%,
1b Ratio of the average density to initial density assumed as 3.1.
2. Surface yield in 1.000 tons.

B oA B2 F 1

‘ ‘ ‘ AT B R
WM | WR2cET s PR

7,8 RO 3.1 cHT5 2

B S I 1b
1958-59 la 2.447 0. 789 0.6x1,000 tons
1959-60 2..023 0.653 0.4
1960-61 2.915 0. 908 L1
1961-62 1.649 0.532 1.3
1962-63 1. 686 0.544 2.2
1963-64 1.106 0.357 2.6
1964-65 0.942 0.304 3.8
1965-66 0.585 0.189 5.1
1966-67 0.330 0.106 6.8
1967-68 0.396 0.128 R
1968-69 0.264 0. 085 6.6
1969-70 0.243 0.078 8.2
1970-71 0.220 0.071 55

*

1968-694F i A VIR 13 21X 6 — 8 DG H IR HL,

1968-69 4F 0.788. 1969-70 4 0.724.

1970-71 4F 0.657 ic 0.335 =h 1 TRD 12,

Density indices for 1968-69 seasons and onward are calculated

by multiplying 0.335 to the mean density in Areas 6 to 8,0.783
for 1968-69, 0.724 for 1969-70 and 0.657 for 1970-71.

#k

ZO F B3EHEESIE X DX HAILTO 30T (HEIERE 0.92) mMEOH F/X THERKE
K1z, g 13 0.28~17.64%1078 L3 E0Eicbz 328, BPILEIRERIMEARTDH 3 (£33, C
DFHME I 1. 23X 10-8 THRICHMSRDA 2.21x10-8 O 1/2 TH D, gx X & LTROEERER F
BIERDFHBERE L DK,

ZNTH 1969—70 4D F 13 1.5, HEERIT 7296& 0 5 BOMEICIET 3, D OMIED RS A KT
BICRAEDESRERFEOHEEICE -RITHE LSRN, CCTREDFHRDELTTIFRAESTREOR
B & LTk e 2FETRED S HRETFHRE 0.2 =510 [E4 BRI & 2 EREHEEME] & sl
720 T OHEEEICRBIABESMRIC K B Fa CERIESBIABEICKL S Fr EDH 50, 0WINd 1958—
59 4l D 1965—66 AERIIZIE, F &k BIREE(LER LI, 1966—67 SfEaEs L F 33|
T UIcDic, Fa Fp BABICETL, BECHDABOVAEDEERTICE->7 (1),

1966—67 fEHHAIC I, 3 A b H¥EHNTE AR TR ORAAIET 2 X D 1cB - D TRA BHEEL
FEAMRICERBRDZE UOr S LNE, 43 =7 oDESMBIIBEERREESZROT, BRI
FHHEBE» SB|ELTRDONT NS, L LARREIROREK TR McELL GER, AR 19700, 120
HENC X B SEEIIRTOKE 135cm O 7.7 FAOKE 65 kg AEIFBROMFchTiIH S E 156cm, 8.6
Fictih, 0.9 F bEAICAELNTLE Y Gk, AH 1973), PERBERESIGE LY, BAEXDOEE
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% 3. BABhIREREHEER, 1958-59~1970-71 £
Table 3. Parameters of longline fishery aiming at southern bluefin tuna, 1958-59
to 1970-71 seasons.
F’: Raw estimats of fishing coefficient during a period from 7. to be-
ginning of 8-age.

te . Average age of first capture.

F : Fishing coefficient adjusted for one-year period.

X . Amount of effective fishing effort.

q : Coefficient of catchability.

F : Corrected fishing coefficient.

E : Rate of exploitation.
Mo | M ORISR ERE BE ibEEER S {EIERE R
Season F’ te F X q ia E
1958-59 0.234 5.62 0.170 15.9x10° 10.692 x 10-8 0.191 0.158
1959-60 0.425 6.71 0.329 33.9 9. 705 0.408 0.306
1960-61 0. 094 7.02 0. 096 34.4 2.791 0.414 0.309
1961-62 0.628 6.70 0.483 37.3 12. 949 0. 449 0.330
1962-63 0.599 6.68 0.454 29.2 15. 548 0.351 0.270
1963-64 1.029 6.47 0.667 48.8 13. 668 0. 587 0. 406
1964-65 1.190 6. 49 0.776 47.5 16. 337 0.571 0.398
1965-66 1.628 6.28 0.947 53.7 17. 635 0.646 0. 436
1966-67 2.245 6.17 1.207 90.2 13. 382 1. 085 0.611
1967-68 2. 056 6.42 1.267 110.5 11. 466 1.329 0.681
1968-69 2. 466 5.88 1.141 97.9 11. 655 1.178 0.639
1969-70 2.551 6.02 1.272 125.8 10.112 1.514 0.724
1970-71 2.646 5.83 1.206 115.3 10. 460 1.387 0.695

F=F')(8—t.),q=F/X, F=q-X, E=F(l1—e¢-7)/Z, Z—M+F.

WEL B ETTRTHVES 8 TR HEINIBERGBEBY, LEM-TRIT LTI 58 Fieh
TOERESERIC, Lichl-> THTRBASEDICEEHE X 112 FIREM: S 2 . 2 Oftuc iz O BIA L2 N
D—MENIE EIC L > TR TR D ODENKREMBEE R AFT 5 C LIdREICE -7, ThECIicid
i B 2 KERHEE BT FERTE D, RE—REBREXO AT, REEPHRAFESOEic Kk
B HZE S —HUCEE LUNZODBIEDHT, < OREZFES BRSO T,
COLHICESHRBEDOHEERE BIEL L S TNBDT Fa ® Fp 5T 5 &0 5T SERDKHER
B BRDIEIERS F A — R BAHETH 5 LHETER, 5~7 FTE DI & RIEFED 0.5 %
CANEEEZEPL L THIMERA DS T0 &0 B8 kM 1972 ORI 7) &, BABHLOBIE
% 1961—62 FELHD 3500 JTAMD 5 1967 LK 1 fEARD & 35 LTh, MERREZ 120 5 BHECH
E; 1D EEHEBEL T2 O THFEDEEREDS 1.5 FiRICELTVELEXITHRIZEITHB.*
TLT [TNTOMADS T, BABDBECIATS] EVS&EEBNT, FEE-T, BER
e LBEEE Y LicESMARKD 2 DDH#EEE, Re & Ry #EE LI,
Re=c(F+ M)eMt=5)/F
Ry=Y/(Y/R)**

* L CTROICEBEREDSARIEE TR E DS HRIER D, L 7—10 0l L EsmsmmIhic &
WD BE DA (CSIRO 1973) R IMERMATEICE DT HENMCENC LA TR LTHEDT, 4F0D
BET SN C ERFERTETHRE,
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Fig. 1. Three sets of estimates of fishing coefficient of longline fishery on
southern bluefin tuna, 1958-59 to 1970-71 seasons.

(<]

Abscissa . Fishing season.
Ordinate : Estimated fishing coefhicient.

IV\Z Estimates based on density indices of adults.

F4: Estimates based on catch of 7- and 8-age fish compiled by fish-
ing seasons.

Fp: Estimates based on catch of 7- and 8-age fish compiled by year
class.

cT (Y/R)* 3fith (1972 I X2 MAS D iR+ 5 FIED 2 EEICHME L2 DT, £0 7 m
75 L3I AR (1973) 58k L7z,

Re O3 151 HE, Rr OEHIF 178 BT Sh b 1964—65 Efiflic 2uc il LT s (E4), 4
FLTFTOMRBERIMIZZZ LAWML, L EoNBHh 72185135 FHDEICER - KEDRKIT 1968—
69 HE~1970—71 4EfMAICIE 65—90 HiciEL7z, 2D b, RARDICXEEENI X4DFHEIA-TH
BDT5 TEICHES 1 EDEBREN* O&% Re, Ry 1A T, FFEICBT 3 ERRBIEDEKE FIEL
THtc (F£5)s NItk ->Td 1959—60, 1960—61 iz rhisic 1963—64 HFEIIZRIMADLE D 5 7
LWNZ B, —F 1964—65 4E~1970—71 fEiaiBicH I THRAD BB 3 ERRKD 18.9% i & L
i bbb 53, 5T EEIOIMAREE Oic MBEEERE RLTOEY (X 2), Z 2 TRITIMADE
SfcEEbis 1959—60 4, 1960—61 FEfifailAR < & Re, Ry OV 130 HRKU 150 TR L5,

* 1958—59~1963—64 (FiAiDOE@IMAREY, EIEERICRE0. 0546 201 TRz, T DHREI 1964
—65~1967—68 Hilic B 2MEDLDOFIFTH 5,
#% 1953—54~1957—58 AR 0 HAMERI A EEEIE 1.00, 0.95, 0.90, 0.85, 0.80 E{RE L7,
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F 4 RABHOEECHTEIF I/ 005 FHDICBT S 2 DOHEEME Re XU Ry
1958-59 ~ 1970-71 4R
Table 4. Two sets of estimates of recruit of southern bluefin tuna to long-
line fishery, at the beginning of 5-age, R, and Ry, 1958-59 to 1970-
71 seasons.
te . Average age of first capture im Table 3.
F : Corrected fishing coefficient in Table 3.
C . Catch in number.
Y : Yield in weight.
A Averages.
ey TR ) T Bt
o g | Tomm gre | BERER] o | RERE
BRESEES 1 IBRU T |— g o T
1958-59 5. 62 0.191 471 1,091 25.9
1959-60 6.71 0.408 1,244 2,610 68. 6
1960-61 7.02 0.414 1,195 2,655 71.:5
1961-62 6.70 0.449 909 1,846 51.6
1962-63 6. 68 0.351 787 1,725 44.3
1963-64 6.47 0.587 955 1,718 49.9
1964-65 6.49 0.571 759 1,381 40.0
1965-66 6.28 0.646 598 1,012 30.4
1966-67 6.17 1.085 734 1,098 37.8
1967-68 6.42 1.329 922 1,409 52.8
1968-69 5.88 1.178 699 975 36.0
1969-70 6.02 1.514 909 1,262 47.8
1970-71 5.85 1.387 632 854 3315
T oA 1,510 \
Ry T T T T T T T T T
10° [ g0 ]
sk \ i
R T T T T T T T T T : 0% :
< 060 }][] = d
& \09 -‘ - o
10 E 5 ] A aor ]
251 i - ]
o r ] E C Lo | 1
A [ %;—om ] = 2'5: do2 1
E 20+ = — : 0’6] :
% ://%&/j°% ] 200 \///W // ]
15t de bao[___>0°5 ] L / \ ]
L seb ].5_ %5 8
0{2 : 0f4 l ol.a : o.ls : 1%0 0-‘2 ‘ 04 ]‘10
BRI R Efﬁ$ﬁiﬁfﬁE§fE§Q
X 2. S5AEFIOBAESEEIERICHT 2 RBRERTHIELC I F =705 F90 R
ZIDMARK, 1958-59~1970-71 4Eifall)
o MERETRO 7o mARRK
HOEMEERTRDICMARK
R QBB INA LA B2 RS, 7o & 21T “58” Dl 1958-59 Fifio AR
& 1953-54 RO B AN HEEIERTH 5,
Fig. 2. Estimated size of recruit of southern bluefin tuna to longline fishery at beginning

of 5-age corrected by surface catch (ordinate) against relative density of adults
in the fifth preceding vears (abscissa). 1958-59 to 1970-71 seasons.
Left : Estimate of recruit based on catch in number.

Right :

Estimate of recruit based on yield in weight.

Numerals in the figure denote fishing seasons of the recruit as “58” for re-
cruit in 1958-59 season and parent in

1953-54 season.
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Table 5. Catch of youngs of southern bluefin tuna below 5-age and converted

size for a stage at the beginning of 5-age, 1958-59 to 1970-71 seasons.

1. Catch in 1,000 fish.

la Total.

1b Catch by longline fishery.
lc Catch by surface fishery.

1bl & 1cl  Subtotal.

1b2 & 1¢2 2-age and younger.

1b3 & 1¢3 3-age.

1b4 & 1lc4 4-age.

2. Imaginary stock number in 1,000 fish for the pre-empt catch if they
survived at the begining of 5-age.

2M -M
T+ Caxe T 40,

50:2"%1” (Cyxe
where,
Nso : Stock number at the beginning of 5-age.
M : Natural mortality coefficient assumed as 0.2.
C. : Catch of a-age fish.
2a  Total.
2b Catch by longline fishery.
2c  Catch by surface fishery.

3. Imaginary stock number expected if there were no surface fishery.

SEEMEDIC X B MERE (1,0002) 1 | sexmosnsyy |[REEEDSER-EL
mzkanko g |7 3GR a0 e
BARbEEI | £ B B ¥ 1c DOR¥* (1,000R)2 i
R T
la [hEZTI3Fa AR 23 4ok 4w BEHORER L, o
1b1|1p2 |1b3 |1b4| 1lcl |{¢2 1c311c4 2a %h 92¢
1958-59 49| 49 0 9| 39 — —| —| —| 165 47 118%* 1,209 1,573
1959-60 78| 78 0 5 74 = = =| —| 221 77 144* 2,754 3,221
1960-61 I 11} = 0 11 —| = = =] 220 11, 209* 2,864 3,630
1961-62 41) 41 0 4 38 — — — —| 319 41 278% 2,124 2,592
1962-63 500 50 1| 12| 38 — — —| —| 420 48 | 372%* 2,097 2,359
1963-64 88| 88| 0 21| 66 = = =~ = 52b 84 | 441% 2,159 2,256
1964-65 513 72 0 20 52 441 162| 95| 184 439 69 370 1,751 1,825
1965-66 564| 83 0 18| 64| 481 18| 256/ 207| 508 79 | 429 1,441 1,515
1966-67 478| 117 1i 28| 88 361 66| 174 122| 420 112 | 308 1,416 1, 486
1967-68 552 93 2| 25| 65 459 9| 375 78| 476 87 | 388 1,797 2,018
1968-69 | 1,169| 151 4 53| 94| 1,018| 759| 226| 34| 867 140 727 1,702 1,859
1969-70 822| 155 10| 52| 93| 666/ 206/ 397 64| 669 143 526 1,788 2,011
1970-71 979| 140 6| 52| 83 839] 660 171 8| 719 129 591 1, 445 1,645

* 1958-594F ~ 1963-64 A0 RFRMREIITHTH 20T, ZDMARKIZ MRS, SBHE L7,
* Surface catch in 1958-59 to 1963-64 seasons are guessed on the basis of yield in weight

in the respective seasons.
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Fig. 3. Actual (abscissa) and calculated (ordinate) amount of yield, ten

thousand tons, of southern bluefin tuna in longline fishery, 1958-
59 to 1970-71 seasons.

Numerals in the figure denote fishing seasons.
Double circles denote years of strong recruit.

Bledich ks ITERAOFER & REREOHEEICHEZANTW S LEND 5,
2. BABHBEEBEORE

BARDRENFEROEFRELTRIBMSED, ULr L—EBRLOBEBHNEIEHEE LE> ET2E20H
RETH2HMROHEETHRES DEF &5, TOFRO T TIRERREM E 2 cE S EHFEORELT
CENSDBIEEZB U EEDTREE VS LA & O OMEERBEOMILSE (ICEETH S, £C
TWIEMRNC & > TREE O RIER BB O BIRspE E, BEDBEMTH 2, 197343 H 19 A KT 6 A 25 Hic¥
R HTIEPKEMEFRO A =X el BE LIc#ER, AHO#ME (1974 T 1971—72 Fh 5 1972—
THEMRMZOWEMAROCTH 2, —~HIEERBIZRMERT, MAY DS (Y/R) (3T 2R 0 HElfk
BTEDLTCEICE-T, BECREREZSH LB XD TbhTi,

21, BEORKDEHN

WA IS HEETIT 1968—69 FEHALIBREA O BE SR D 10 96 % T8 25— EY O /N LA
72 (3% 2,3), OEER, AWM (1974) HEEL2FTTIE, 1972—73 FSiiis aofmns hlEg o=
H, THITK 2 WERDENERHEOTE Y, FHRERBES S 5.5 FREICE - 7o, Zhicd L TRBIRE
13 1970—71 Ffilizd 7,000~8,000 b ¥ 5 1971—72 4 #iic 9,000 + », 1972—73 4E i 12,500
FATHEALTOV S, HE, RGN ERESSRON, BAEDR by 2 TIE 1961, 1964, 1966 4F
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FELTH TSN 1966 FERITZZDELLDRA by /7 THEB LTS, —7 1968 4k 1972—73 4F
HIic AT AL LT, BAKOTOEEING B THEOIIENLED, ChizEBlEDHRlicks &~
5L, d5VEETREOHNBIC LS EBbNEBESEBROESMERDOHEBEE RV EMET I, e

ABDFHED TEIREEDFERTH 2 1965—66 FROBAEDBHIAD 1/5 TH -7z & D23,

RER¥ET

1969—70 4EHRDSEEE L T 370 & B BERPIAD 7.8 % 1IcH - Th, L5l Eb2DFEDBIBEETTR
MAZH#MFECcCEIEBbNS, L LIl ERABbLORERELY, L IcESAICHLTED ZDIRE
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50 DnAZ 135 TR E LIcBa DRt
SEE, MORERE S P ER RS 0T &,
1958-594FE~1970-7T14F M., Mo F I3k~
RY .

1971-72, 1972-73 A A (3 BE M,

Isometric curves of yield of southern blue-
fin tuna in longline fishery against fishing
coefficient (abscissa) and average age of
first capture (ordinate), and changes of the
two variables from 1958-59 to 1972-73 sea-
sons.

Numerals in the figure denote fishing sea-
sons.

Provisional estimates for 1971-72 and 1972
-73 seasons.

TR AR & IIERREC & B85 1 X BE th IR
B, KU R E TR TS O B X,
1958-59 4F ~ 1972-73 £l

Mrh O F RN E RS,

1971-72, 1972-73 4EMTUIHTH 3 EEMH,

Fig. 5. Isometric curves of relative stock fecun-

dity of southern bluefin tuna assumed to be
exploited by only longline fishery against
fishing coefficient (abscissa) and average
age of first capture Cordinate), and changes
of the two variables from 1958-59 to 1972-73
seasons.

Numerals in the figure denote fishing sea-
sons.

Provisional estimates for 1971-72 and 1972-
73 seasons.
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# 1971, GARROD JONES 1973),

22, EELORALHEE
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Fig. 6. Changes of average age of first capture (left ordinate) and relative stock
fecundity (right ordinate) of southern bluefin tuna at fishing coefficient of
1.5 in longline fishery against ratio of the catch from closed areas (ab-
scissa) defined in the voluntary regulation.

FlE—EDREZRI LI EVZA LD, L LB UCEHAKEORIKRADL 7.8% THET LA2EZL DL,
BB EHERGIZRILT 2 VEBD D TS ICRA S, ZEAMEED 7,000~8,000 b ¥ Th -7 1968—69 Fiz
DOERHT DV THML (1972) 17, T OEERES3IEMTO0.31GEL, BAMb~ADMA% 75 % 13| Fif:
CHERL TS, £59 2 BT M BE I IRECE 7. 896 IcHERI 9™ 21213, 12 A Mba¥EA, EBIMENTL
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EVHFHETAHRLARS T, 10% F&M LIcHELETRESIRNC Eiglsd, 20K FTEL 1972
—T3ERIIC RBIRIER DS 12,500 b ¥ & L5 fHITHEAR Lch SHEEHINE BRI 5 @ 15 %6 # ki Mg
ZUBEDPH B LD, COBEFIGRERIRESHS. 5T T b NITHERKE 0.75 2T, 2% b 1969
—70 D 1/2 IWET I EREFE S0, S BERECE 1.5 1IcHEd 273 5 I3 L ENBFES % 6.6
Fiesl EF e, BiTo BEHEHIOREAL S e L2 3ER, AR (1974) 7R Lol SR odmk
Lvti, ZOfuc 4 & OB ARAEE, 110cm, 22kg PIFO/NBAICHT 2 EEHRERBSEE T & b,
R0 5 <, Lr bR L2 HiEd bamnidn, 2a<d s b 197071 Flleogkit s & 43D
TOBREEIIHRED 10U TFTHE, bL, thELLELNVEI LT B & FLHRMEREBESIZ 6.6 7L
FkicslE EFens (E6),
£ 6. BALDICLS IF 17/ 0 OERBIRER RS 4 I LIT O BENII LS Fig
HIEBRAAES O ZE L, 1958-59 4E ~ 1971-72 4l
Table 6. Yield of southern bluefin tuna in longline fishery by age categories

and change of average age of first capture expected for banning ex-

ploitation of 4-age and younger, 1958-59 to 1971-72 seasons.

1. Yield in 1,000 tons by four age categories, 4-age and younger, 5-

age,6-age, and 7-age and older.

la Total.

2. Average age of first capture.

2a Present level.

2b Improved level by the banning.

T fa & (1,000 1 SR BRI S 2
: BB wazr 57 P wrc | T | EoA
1958-59 | 25.9 1.0 1.0 41 19.8 5.62 7.00
1959-60 | 68.6 1.7 3.3 140 49.6 6.71 6.92
1960-61 | 71.5 0.3 1.4 123 57.4 7.02 7.05
1961-62 | 51.6 0.9 33 88 386 6.70 6.85
1962-63 | 44.3 1.0 1.8 86 329 6. 68 6.92
1963-64 | 49.9 1.8 41 1.1 3209 6. 47 6.57
1964-65 | 40.0 1.4 2.7 9.3 266 6. 49 6.81
1965-66 | 30.4 1.7 28 66 19.3 6.28 6.71
1966-67 | 37.8 2.4 41 7.4 239 6.17 6.64
1967-68 | 52.8 1.8 2.7 7.4  40.9 6. 42 6.85
1968-69 | 36.0 28 26 53 22 5.88 6.69
1969-70 | 47.8 2.8 41 7.0 339 6.02 6.67
1970-71 | 33.5 2.6 2.2 40 248 5.83 6.72
1971-72 | 28.9 33 3.0 40 186 5.54* 6. 56*
* Wil * Provisional

L LIREBIRES 05| L8 TRIMA D#HER, D% DIMBEREZBEL D bEL ST &I $hRE
H->Th, BARNY EERORIEIC X 2 EEOERER FIC3FRA B IE0, BEREEFHBET 25K
EDFEFLE, &< 1973 EKLLEEO Al & 251 < FBYIGE D 2 R UMD ERICHE - THRED 1
Y D RERTRIBREDOHENOT I LB st vbil3, 72 & 21T 1974 4F 4 A 19 B B AUKEERTEH
Mickd &+ i=so%ill-7c 10 7 A e, &%, SR 7,250 A2 32 PEERINT &
92,680 FHODRFETH e Elbhd, O FBERBESBETFTTNIEMAZO SO XA RD S LD
RS — B LR AT S 5, LT ATT TICD/i@ D IR 2 L/ L T bR 3 HIRE 3
FEHICRE s BERTOKECEEL, Lk bREZGICRBOR S BEMIEORD fIARHERICHERINS.
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%ThH5 FM11969), b LD FHEBELINERNER 1/21c9 5 & 3FERICIT 1 HEY O RER RS
U7e Do THABA B E g Bl s 2 8abR, &%, R 1/2 s, ORI midiMick 3
& 3,620 HMicES 2 DTHRIC DI HiMEDOI I 940 THORFICHE U348 TH 5, Ch3IEFICBLL
1EHETHD, TOREENLER YCICELORREOEBERLLETEELRND, DLLEbT AR
ZIHHEFENOFHED, COXIBHEBEBONEMERET 2FRICE T EERLTVEENSTRNTH
59, bodbIFIvs ooy 2RADOIREREZHIERY 2 /i R I EMEICIRND 2 2 LEE
SFTRI, BELEHEZED I+ 3 v/ oM ENEEICET 2 @RAEE R M0, 20Xk 715H
DHIb=HVFPR /o< uDEHREIMRONT NS, BINIBEETH 2 4 NF b, TTICRMISBERR
ABTOERICERINT A (HISADA 1973, KUME 1972,1974, SUDA 1972), #5932 & B DEEHA
ORI L B ENEHHOBRMBTRELNELL S, 2OVTNEE S THMEL DBRECAERIES
BDT, %ORFIKEFN, BENDEEIcERON S, FED MO KIS D35E O THEAPR AL
TV &, EACHRAEINNEFVC I F =/ 0icid 2BEENENRD S EA2EZ DL LRI KOE
EOAMFE L, CORBHRE L 2 EREERBABHMNCES THEZTVIhED, £nToEhEY
AR T DR BEIET 220 1, 2 FMic B 1 2 FEMOEAR I NEE SN2,
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