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A comment to rational utilization of yellowfin tuna and albacore

stocks in the Atlantic Ocean

Sigeiti HAYASI, Misao HONMA and Ziro SUZUKI
(Far Seas Fisheries Research Laboratory)

In the Atlantic Ocean, there are several species of tunas including yellowfin and albacore
exploited by two or more types of fisheries. And, several biologists calculated yield-per-recruit
models expected for these fisheries (KAMIMURA ez al. 1966, FAO 1968, Havasi and KikKawa
1970a, b, LENARZ 1971, ms, BEARDSLEY ms).

But it may be, at present, necessary to reconsider such situation of our researches that we
have been involved too much in determining the “most efficient gears” on assumptions which
are not yet based on indisputable evidence. Sharp decline of some species seems to require
urgent actions toward fishery regulation. Especially, the rapid growth of modern fisheries
causes a fear whether or not the exploited stocks can successively produce sufficient number of
eggs to retain the size of recruitment.

Here we present :

(1) rough but quick assessment of major stocks based on catch and effort data,

(2) evaluation of possible effects of fisheries on number of eggs spawned by the exploited
stocks, and,

(3) evaluation of stocks due to change of two co-existing fisheries through examinations of

yield-per-recruit and relative stock fecundity models.

1. Review of catch statistics

Effective effort and catch in number provide information to examine whether or not the
recruitment is retained in the stock in question (Fig. 1). Fortunately, the ICCAT has collected
these data for some fisheries, and, at least, catch data together with general information on
amount of effort for the others. We examine these data of the two species under discussion for
years from 1956 to 1969.

1. 1. Year-to-year fluctuation in catch.

Amount of catch shows different annual fluctuations among the two species (Table 1, Fig. 2).
The fishing intensity on yellowfin tuna reached such a high level that further increase of effort
depletes the amount of catch through either reduction of recruitment or heavy exploitation of
small-sized fish. Expansion of longline fishery increases catch of albacore, while this is
apparenty accompanied by decrease of the surface catch.

* WRUTEL0H28H 2B KRR 86%
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1. 2. Relation of effective effort with density index and amount of catch in longline fishery.

SHIOHAMA (1971) prensents amount of effective effort of Japanese longliners on three tuna
species in the Atlantic Ocean. Recent catch statistics provide a clue to estimate the total
amount of effective effort of this type of fishery therein (Table 2, Fig. 3).

The mean density index of yellowfin tuna lowers from 4 to 5 percent in 1956 and 1957 to
about 1 percent in and after 1963. Even amount of catch decreases slightly in spite of increasing
fishing effort until 1965, Decrease of fishing effort since 1966 did not result in appreciable
recovery of the hook rate. Albacore index increases first, reaching 4 percent in 1958 to 1960, and
then drops to about 2 percent in 1962 and onward. Nevertheless, the amount of catch fluctuates
still together with amount of effective effort.

The species-dependent differences of annual fluctuations in density index and amount of
catch may be attributed to,

(1) that the longlline fishery exploited the yellowfin tuna first, and then moved to fishing
grounds of albacore, and later started to put their major efforts on other species, and,

(2) that the surface catch of yellowfin tuna has rapidly increased since 1963 and then caused
reduction of recruitment into the longline fishery, while the surface catch of albacore did

not remarkably vary for the years under discussion (Fig. 2).
2. Examination of models
Two models are adopted in this study. One is the vyield-per-recruit, Y, models of

BEVERTON and HoLT (1957, p. 310) modified for a stock taken by two fisheries or changing its

natural mortality coefficient depending on age.

a—1
vy Foeat(~ ‘T 7)
2

n=a(r)

Y=we
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where,
we=asymptotic body weight in kg,
a (r) or ar=age of recruitment either to fishing or to spawners,
a(g) or ag=maximum age of the stock,
Fq=fishing mortality coefficient of a-age fish,
«=total mortality coefficient of a-age fish,
g (¢)=length at ¢ in cm, and,
exp(— ail Zn)Sangp{—Za (t—a)}{g (t)*})dt= mean biomass of a-age fish.

n=al(r) a

a—1

a term, ezp(— )Zn), is defined to be | (one) for a=a (r)*

n=a(r
The other model provides a relative stock fecundity, or r.s.f., that is defined as :

(Number of eggs expected from a stable stock under a certain)
type of exploitation

(Number of eggs expected from an unexploited stock)

aq) a—1 a+1
> )pam:j)(— ST Z7L)S exp{—Zqs (t—a)} dt

n=a(r)

r.s. f.=

= — “a+1 ............................................. (4)
il )paexp(—— _2(.)Mn>§ P T

* This definition applies to equations 3, 4, 11 and 1—2—
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where,
pa=average fecundity of a-age fish,
M, =natural mortality coefficient of «-age fish, and,

e—1 a+1
pxp(— >, Z,L>S exp{—Za (t—a)} dt=mean stock number of a-age fish.

n=a(r) a

Both the two models are based on assumptions that growth and maturation are independent
of density of the stock and of the environments, and that all the fish enter into and leave from
the fishery at two instants of time. Further progress of ecology makes the models to be based
on more realistic assumptions. Especially, the “knife-edge” recruitment model is not real, at least
in yellowfin tuna fishery, as pointed out by ISHII (1967, 1969) and LENARZ (1971, ms). Their
comment must be taken into consideration in future but not at present because ages of exploited
phases of fisheries have still remarkably changed from year to year (Table 3).

3. Calculations on yellowfin tuna

3. 1. Basic information.

Two sets of growth curves are used. They are from YABUTA ez al. (1960) and HENNEMUTH
(1961a). Average number of eggs discharged by an individual is calculated on egg counts of
individual fish and ratio of matured individuals in each age group in samples from longline
fishery (Table 4) and surface fishery (Table 6). The individual fecundity of old members is
probably overestimated in the longline samples, and underestimated in the surface samples.

A review of the Pacific stocks indicates that the natural mortality coefficient ranges between
0,3 and 1,0 (Havasi and HoNMA 1971). Here are used three additional values, 0,3, 0.6 and 1,0,
as well as (0,8 which is still regarded the most probable.

Yellowfin tuna enter into exploitable phase and also to spawning group at the beginning of
]-age, and die at the end of 8-age. In the Atlantic Ocean, there are three types of fisheries,
small purse seiners and livebait boats taking |- to 3-age fish, large purse seiners 2- to 5-age fish,
and longliners 3- to 8-age fish.

Previous studies indicate that the fishing coefficient on yellowfin tuna may not exceed 3
(Table 7). SUDA (1970) and Havasi and Kikawa (1970a) approximated the longline and surface
fishing coefficients in 1966 as 1,2 and 0,55. Application of their techniques to the catch and
effort data given in Tables 1 and 2 implies that the longline coefficient in 1969 was 2,1 and the
surface coefficient in 1967 was 0,4. PIANET and LE HIR (1970) calculated the fishing coefficient of
French surface fisheries being around 0,88 in 1970. Even though their basic assumptions must be
examined, the fishing coefficient in 1970 is assumed about 2,0 for longline fishery and 1,0 for
surface fisheries.

3. 2. Equations and results.
3. 2. 1. Equations.

Because exploited phases of two fisheries, S aiming at younger members and L at older

members of the stock, overlup with each other, either one fishery depletes yield-per-recruit of

the other. On the other hand, the constant value of M throughout the life span permits to pool

several ages for a certain value of F.
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Vo=t B [L’_M (acs—ar) , p (1)_*_6—{1\1 (act—ar) +Fs (aci—acs)} . p on
Yi—iwsl, o= {M (act—ar)+Fs (act—aes)} . p Q) b e (7)
+e— M (ags—ar+ 1)+ Fs (aas—aes+ 1)+ Fi (aas—aa+1)} | p 3)
where,
Fs and Fi=mortality coefficients caused by S— and L —fisheries, respectively,
acs and aci=ages of first capture in S— and L —fisheies, respectively,
ads and aqi=ages of emigration from S— and L —fisheries, respectively,
b=exp (kt,) in BERTALANFFY’s growth equation, and,

di ,
P(i)=S b Zi (t—~e0t B W0y, and 7y C; smd dy ore defined. 4s,

ci
i Zi ci di
1 Fs+ M des acl
) Fs+Fi+M act aas+1

3 Fi+M ags+1 adqi+1

Egg abundance expected from an unexploited stock is

p A= 00— (a-1DM
Eo= M q=§( ;~)Pa('
And, r.s.f. for each fishery is
; _ 1 rl=e=TH 3 a=D(E LMy e 8 = (1 —1M+3F]‘
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These values exceed
1 (l—e¥ ¢(Q=t  —{a—a(r)}M
7 (OO, ac, fld)— Eo { M E=Z‘:l(r) P(Le‘ }
insofar as the the recruitment in the parent generation stayed at the average level.
As a(p) and a(g) are 1 and 8, respectively, two fisheries operating simultaneously deplete
7 5.0« to

—p—M acs—1
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3. 2. 2. Stock fecundity index by age in unexploited condition.

Contribution of each age group to production of eggs varies widely depending on natural
mortality and on source for estimating maturation of fish. Generally speaking, the present
model shows that relatively young members produce major portion of eggs. For instance, eggs
spawned by 3-age and younger comprise almost or over half, and those by 1- and 2 age groups 20
to 43 percent, if natural mortality coeffcient is 0,8 or 1,0 (Table 8).

3.2.3. Y/R and r.s. f. expected for a single fishery.

Yield-per-recruit expected for a surface fishery aiming at 1- to 3-age fish is lower than that
of either one of other two types of exploitation, unless the natural mortality coefficient is 1,0
and the average growth is represented by YABUTA ez al.’s equation. There appears no sifgnificant
difference of yield-per-recruit among two fisheries depending on either 2- to 5-age fish or 3- to
8-age fish as far as the natural mortality coefficient lies between 0,6 and 0,8. The surface yield
aiming at younger members is smaller for natural mortality coefficient of 0,3, or larger for that
coefficient of 1,0, than the longline yield (Fig. 5). Exploitation of younger members reduces
more seriously the egg abundance than that of older members (Table 9).

3.2. 4. Y/R and r.s. f. expected for simultaneous exploitation by two fisheries aiming at 2- to
5-age fish and at 3- to 8-age fish.

Both Y/R and r.s.f. react more sensitively to change of fishery aiming at younger members
than to that of the older ones (Fig. 7). It should be also noted that increment of yield due to
increase of fishing coefficient reduces very rapidly at levels near the contours given in Fig. 7,
and then increase of fishing effort may cause sharp decline of catch-per-unit-effort (Fig. 5).
The present levels of longline and surface fisheries, i.e. 2,0 and 1,0, respectively, appear to
reach at such level of heavy exploitation.

4. Calculation on albacore

4. 1. Basic information.

Various estimates of albacore’s growth curve do not remarkably differ with each other (Table
10, Fig. 8). Here are used two equations.
1,=146,5(1—0,88 .0 15) cm by YABUTA and YUKINAWA (1960) with
modification by SuDA (1966 a), and,
1;=118 (1—e~0-25¢) cm by OTsU (1960).

It is assumed that all the fish enter into spawning group at the beginning of 6-age, that
number of eggs discharged by a fish is proportional to cube of body length, and then that stock
fecundity is proportional to the mean biomass of 6-age and older fish. )

According to SUDA (1966 a) who surveyed the northwestern Pacific stockéi);\l ‘appears below
0.4, probably 0,2 at immature stage up to 5-age and may increase by 0,2 eve{fy age at adult
stage as 0,4 at 6-age, 0,6 at 7-age and so forth. BEARDSLEY (ms) also assumes the coefficient
be between 0,22 and 0, 38.

The fish enter into fishing grounds at the beginning of 2-age, and die at the end of 10-age.
Here assumed three types of exploitation differing in age of exploited phases.

(1) Surface fishery in eastern Pacific and eastern Atlantic for 2- to 4-age fish,
(2) surface fishery in wesern Pacific and longline fishery in temperate waters for 4- and S5-age
fish, and,



76 MR ORI R BRI

(3) longline fishery in equatorial waters for 6- to 10-age fish.

BEARDSLEY (ms) also assumes a similar set of exploited phases, 2- to 5-age, mainly 3- and
4-age, for surface fisheries in the Bay of Biscay, and 5-to 10-age for longline fishery in the whole
Atlantic Ocean.

According to SUDA (1966b), the fishing coefficient for the northwestern Pacific stocks
appears less than (,5. BEARDSLEY’s data (ms) on total and natural mortality coefficients
suggest a fishing coefficient around 1,0 for surface fishery in the Bay of Biscay, and around 0,4
to 0.6 for longline fishery.

4. 2. Equations and results.
4. 2. 1. Equations.

Distinct separation of exploited phases for immature and adult fisheries makes it possible to

use original BEVERTON and HOLT’s equation of Y/R, except that Y/R of adult fishery decreases

to exp {—F's (aas—aes+1)} with expansion of immature fishery.

Ys:wase—]\/Il (acs—ar) , p )
Y=Y (Fs=0)Xexp {—Fs (ags—aes+1)}

g a—1 a—1
Y1 (F=0)=weF [fo (@acr—ar) . "5 oxp— {Fz ta—au)+ 3 w} P (2)}
a=a(el) n=a.el)
where,
M ;=natural mortality coefficient at immature stage,
M ,=natural mortality coefficient at a-age of adult stage, and,
ds .
P =S e— Zi (t=ci) (] —pe—kt)3qs
Ci

in which Zi, ¢i and d: are defined as,

i Zi ci di

1 Fs+M acs ags+1
2 Fi+ M, act aqi+1

A ratio to adjust Y/R of adult fishery for exploitation of immature fishery,
exp{—Fs(aas—acs+1)}, also corresponds to 7.s.f. of stock exploited by only the immature
fishery. Because of the distinct separation of exploited phases and age-dependent change of
M, r.s.f. for adult fishery becomes

ros. fo(F)=r.s. f. (Fs=0, F1) « exp {—Fs (aas—acs+1)}, and,

""" 13—

=1

10 a— 10 a
7.8 B (vl B~ 3 e.rp(— zgzn)mzv zeexp(— > m)mz, Fi=0)
a=6 n= a= n

4. 2. 2. Stock fecundity index by age in unexploited condition,

Both of the two growth equations give almost the same values of relative contribution of
each age group for production of eggs. Fish of 6- to 8-ages produce slightly less than 90 percent
of total eggs (Table 11).

4. 2. 3. Y/R and r.s. f. expected for a single fishery.

Because the biomass of unexploited stock reaches the maximum at the end of 5-age, Y/R is
larger for higher average age of first capture among two immature fisheries. In the adult
fishery, increase of fishing effort does not result decrease of Y/R (Fig. 9).

The fishery aiming at immatures affects r.s. /. more severly than that at adults. As far as
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only the adults are exploited, r.s.f. retains at 35 percent for a fishing coefficient of [, and still
20 percent for another coefficient of 2 (Table 12).
4. 2. 4. Y/R and r.s.f. expected for simultaneous exploitation by two fisheries aiming at
immatures and adults.

If the fisheries expand so as to rise the fishing coefficient over 1,0, exploitation of adults is
preferable because of higher values of Y/R and r.s. . than those expected for immature fisheries
(Fig. 10). It should be kept in mind that biomass of unexploited stocks reaches the maximum
over 4,2 years, and then that not only r.s.f. but also Y/R shrinks severly if the average age

of first capture reduces below 3 years.

5. Discusssion and conclusions

5. 1. General.

The examination of catch statistics shows that fisheries decreased yellowfin tuna severely,
and that decrease of albacore stock is not remarkable in the open sea but in the Bay of Biscay.
The present estimates of growth and natural mortality coefficients of yellowfin tuna vary so
widely as to forbide to determine effects of exploited phases on Y/R. On the other hand, Y/R
of albacore expected for a particular exploited phase shows only little difference depending on
parameters. Exploitation of adults inserts less effect on reduction of eggs than immature fishery
in both yellowfin tuna and albacorre.

5. 2. Conservation of yellowfin tuna.

Sharp decline of catch and hook rate of yellowfin tuna in longline fishery indicates it
necessary to pay attention on size of recruitment not only into the fishery but also into the
whole population. Even catch in surface fishery decreased in 1970 in spite " of expansion
of modern purse seine fleet, and this phenomenon stresses importance of consideration on
reproduction.

It must be emphasized here that reproduction does not decrease in the very year when the
fishing intensity exceeds the level to retain sufficient parent stock. The “time-lag” may fade
the shrinkage of recruitment for the first few years, and then derives disasterous depletion of
the population. In order to avoid such a danger, it is required to cease further rise of fishing
coefficients for yellowfin tuna. If the “fixed coefficient” of surface fishery exploiting 1-age and
older fish exceeds, unfortunately, the “threshold”, abundance of eggs will be thinned out below
the level for retaining the recruitment in two years later, and then, l-age fish decrease
appreciably three years later, because 3-age fish produce significant portion of the whole eggs.
In other words, it is permitted to rise the fishing coefficient in the third year when no recogniz-
able depletion appears in stock size of 1-age fish. Recent advance of investigations may provide
information on recruitment earlier than as expected, and then, it is possible, if expansion is
permitted, to curtail the period of “fixed fishing coefficient”. It is well known that such a
quick action is necessary for regulating modern fisheries (e. g. GULLAND 1971).

5. 3. Conservtion of albacore.

Some authors suppose that longline fishery decreased stocks of surface fisheries (e. g. DAO
1971). Because surface fishery depends on youngef members than the longline stock, however,
the latter fishery could affect the former stock only through reducing size of recruitment to the

whole population. Actual decrease of hook rate; about half of the initial level, does not appear
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to indicate so serious reduction of parents as to reduce the reproduction. Further investigations
are required to explain the relation between surface and longline stocks through compiling the
longline data for each of two apparent local groups in northern and southern Atlantic.
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Species",fYéar ‘ Total  —gup-

Albacore

Yellowfin tuna

JHITE

(Sl N1 B SO 1% N

1, KWFEDOF A« v v FHORER, 1956—19704F,
Table 1. Amount of yellowfin tuna and albacore in the Atlantic Ocean, 1956—1970.

| Lon ghne f 1shery

I ,,} total :A;grﬁen 8| Bra>11 ‘(Ta1wan)‘ Cuba \ Japan | | Korea E \;nga_
1956 0.2 \ ‘ - _ . ] o
1957 14.1 3.8 | - — | 44,8 — | 0.6
1958 36 | 81 | - B - | 813 — [ 0. 9*
1959 55.4 | 45,7 - - — e | 44 — | L6
1960 66,2 | 52.9 ‘ - - | 50,8 — | 2.1%
1961 0 | e | e - - w | 406 — | 2.0%
1962 62,4 | 45,8 - - 0.2 e | 42,0 — | 3,6*
1963 7.5 | 43.0 | 0.1 0.4 1.7 | 31.7 — | 3.1
1964 67.8 | 28.3 | 0.1 0.3 0.9 | 35.1 — | L9
1965 62.9 | 39.4 | 0.1 0.1 0.8 | 36.6 — | 18
1966 60.3 | 259 | 0.0 0.9 0.8 | 22.1 — | 21
1967 5.7 | 203 | 0.1 2.3 3.0 | 128 — | %l

1968 [ 73,5 | 26,0 | 0.2 6.8 1.9 | 13,9 | 2.0 | 1.2
1969 94,7 | 25.5 | 0.1 10,0 1.6 9.8 | 2.4 | 1.6
1970 65.9 | 21.9 | 0.0 7.2 1.6 | 6.7 | 50 | 1.4
1956 14,9 0 = o — - e - [

1957 40,6 0.9 | - - — - 0.9 — |

1958 50,6 2.0 5 s — w | B | —

1959 53.2 3.6 s R we | 86 —

1960 74.8 9.8 e sz = - 9.8 —

1961 51.1 9.3 - 32 = o 9.3 =

1962 1,1 | 22.1 = = 0.0 e | BT —

1963 77.0 | 33.6 1.5 | 2.4 0.0 e 29,7 =

1964 91.3 | 43.0 1.5 1.4 0.1 o] 039.5 1 0.5

1965 94,7 45.4 | 1.1 0.6 0.1 | 42,6 1.0

1966 74,4 | 350 | 0.8 | 0.4 0.2 oo | 269 | 6.7

197 80.3 | 26,0 | 0.7 | 0.7 1.8 e | 1.5 | 10.3 s
1968 71.1 | 33.8 | 13| 0.7 8.7 v | 152 | 7.3 0.6
1969 | 65.8 [ 3.5 | 0.4 o |l 118 - 1L0 7.8 | 0.8
1970 | 170.8 i 38.2 0.5 0.5 | 11.9 w18 | 130 0.5

(1) HHEFOAEHT 1956— 1962&‘ CONWTREBIEEROR, 1963—19704£ic D Cid ICCAT (1971
(2) HpfEEE, BEHOTOEHEED S 51956—19624-40 13 ICCAT (1971 a), 1963—1970453DH
(3)  HFI 2 DIXEEE,

(4) “—" BIYFEMICIT 2 HENLBNT E2RT,

(5) “” BT —4 —DIRNC EERT,

Footnotes.

(1) Total catch for each of the two species is either sum of nation-wise catches for 1950—

(2) Nation-wise catch of yellowfin or albacore is cited either from ICCAT (1971a) for 1956
single asterisc.

(8) Double asteriscs denote that the relevant figure is provisional.

(4) “—” denotes that there is no fishery aiming at the species.

(5) “---” denotes no data available.
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unit : 1,000 tons

Surface fisheries

total |Canada |50 | France (ISHACH) Japan FRUINERS) SA | spain | X240 | agy |U-S- A
0.2 = = — . 0.2
14.1 == = = = 0.3
9:5 9.2 = = 0.0 = 0.3
9.7 9.6 = = = 0.1
13.3 13.3 = — = =
15.3 12.6 == — 0.0 =
16.6 14.2 1.2 — 2.7 — 0.0
28,5 = = 21.8 0.9 4.4 — 1.2 — 0.2
29.5 —— = 21.4 2.6 4.5 — 0.9 - 0.1
23.5 0.0 — 16.8 2.4 2.8 - 1.5 = ==
34,4 0.6 = 18.8 5.3 2.4 1.3 6.0 = =
34.4 0.7 = 20.8 6.5 1.6 1.0 2.8 == 1.0
47.5 0.7 = 26.5 7.9 1.6 0.7 4.0 = 6.1
69.2 0.9 — 36.6 6.7 1.0 0.5 33 = 18.2
44,0 0.2 0.5 20.5 2.3 0.1 3.5 5: 3% — 11.6
14.9 = 14.9 = = =
39:7 = 17.8 — = 21.9 —
48.6 — 15.4 — i 33.2 =
50.2 - 20.1 - - 30.1 —
65.0 — 17.2 — — 47.8 —
41.8 — 15.2 — — 26.6 -
49.0 — 18.0 — = 31.0 =
43.4 = 14.4 0.1 - — 28.5 0.4 =
48.3 = 17.3 0.1 = 1.9 = 28.5 0.5 0.0 ==
49.3 = 13.8 0.1 = 5.8 = 29.6 0.0 0.0 =
39.4 = 11.9 0.1 = 1.0 — 26.4 0.0 0.0 —
54.3 — 13.8 0.1 == 6.3 — 34.1 0.0 0.0 =
31.3 — 11.8 == 0.9 — 24.6 0.0 0.0 -
34.3 — 8.3 — 3.3 = 22.5 0.0 0.2 =
32.6 = 5.5 0.1 — 3.3 — 23.6™* 0.1 =
b) » 55,

fEEliE ICCAT (1971b), EHI 1 D3kl (1970) A 551H,

1962, or cited from ICCAT (1971b) for 1963—1970. '
—1962, or ICCAT (1971b) for 1963—1970 without asterisc, or from HAYASI ez al. (1970), with a
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z2 | N §

2 N N N

a 6 S N N s
£ | §5§S§ §§<§ N
3 N Lp\\QQ\\ N
£ 4 SN NN § \ N
: YN
= N h \
2 A N =
L]

1956 57 58 59 60 61 62 63 64 65 66 67 68 69 70

10 1
N
acore <\
. Alb \§
s SN N g K
6 N N
= S S\\EE\SQS
g N NANRNARNAN
g NNARNNNANNANN
£ 4 NN NNN NN NN N
Z \ \5 ;\ \
= \ N \ﬁ“
2 NN N B i
] N N
NINN

1956 57 58 59 60 61 62 63 64 65 66 67 68 69 70

K 2, KEEDF AL, ©VFHORILHIEEER (1)
CRBEEEERRE (R, 195719694,
Hrhc o TiRE 1 OlEESK,
Fig. 2. Yields of yellowfin tuna and albacore by long-
line fishery (open square) and surface fishery
(shaded aquare) in the Atlantic Ocean, 1957-1969.
See footnote of Table 1 for source of data.
LE HIr 1971, ICCAT 1971b),

2) EvFH5 19B504ERICIZIZEAEEBREDLICK TS T M VElROIERS T SN T, 1BAR
DHEEDHE N ITI0ERICA > TRBM I B D GEEM 1965, Hik 197D, shict b - THRIEHR IR
T~90 b ViTINU 7o £O—F TERBIEERIZ19684LIME 3~ 477 b vic, I EI1319654£m 95,000 »
VEBRICEDLUL TN A EEBRBLUTESSLERHH D,

1. 2. RBRAGHAZECLIZIZHNRBEFHEERHE LV AER S DBR

HFiE (197D 13, 1956~1968Fickid 2 ARBABOMDOF NS BV FH, ANFORBREEZNTH
T AAEMBHEBEAHFE LTS, 04, £y F oI ENRICEEINIZOT, 04, ©
V> HEHEHOTVERENRICE > TEROBOERELT, RITRT EBDRKOHENEEBALADIA
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% 2 KEEORARDRBALEHIHES XD O R L 7221 20 bitic
KB R, i ERS KUEDE IR, 1956—19694.,
Table 2. Hook rate, catch in weight, and amount of effective effort of
yellowfin tuna and albacore in the Japanese longline fishery,
and catch and effort of the whole longline fleet based on the
Japanese statistics in the Atlantic Ocean, 1956—1969.
: Japanese fleet Whole fleet
Species Year Hook rate Catch m —— : ; S T :
of fish in percent ey Yield in | Effort in Cath in | Yield in Effort in
of fish 1,000 tons 1,000 hooks| 1,000 fish 1,000 tons|1,000 hooks
|
1956 5.15 ‘ 12,028 == 233 12 — =
1957 4.39 ‘ 258,545 132 5,889 2170 13.8 6,157
1958 4.15 746,490 27.2 17,980 711 28.1 18,575
1959 3.93 1,097,536 44.1 27,917 1,137 45.7 28,930
g 1960 3.10 1,158,536 50.8 37,404 1,206 52.9 38,950
B 1961 2.16 980, 349 42.6 45,384 1,026 44.6 47,515
k=] 1962 1.39 990,472 42.0 71,091 1,080 45.8 11,523
E 1963 1.13 885,792 3.7 78,554 1,010 43.0 89,597
= 1964 0.90 879,155 35.1 98,204 959 38.3 107,157
> 1965 0.76 921,213 36.6 121,79 998 39.4 131,114
1966 0.69 394,538 2241 57,305 462 25.9 67,158
1967 1.01 366,046 12.8 36,195 581 20.3 57,403
1968 0.82 274,181 13.9 33,539 513 26.0 62,735
1969 0.72 242,000 9.8 33,712 630 25.5 87,876
1956 2.30 1,071 —_ 47 1 — —
1957 3.64 31,585 0.9 866 32 0.9 866
1958 4.15 99,516 2.0 2,391 99 2.0 2,397
1959 4.51 356,626 3.6 7,909 357 3.6 7,909
1960 4.24 452,317 9.8 10,664 452 9.8 10,664
© 1961 3.29 430,572 9.3 13,087 431 9.3 13,087
§ 1962 2427 1,107,384 22.1 48,719 1,107 22:1 48,719
= 1963 2.41 1,133,821 29.7 46,969 1,280 33.6 53,137
& 1964 2.31 2,133,771 395 92,258 2,323 43.0 100,433
1965 1.87 1,768,851 42.6 94,558 1,885 45.4 100,773
1966 1.92 1,585,866 26.9 82,703 2,063 35.0 107,606
1967 2.00 687,679 12.5 34,451 1,430 26.0 71,658
1968 2.17 916, 900 152 42,339 2,039 33.8 94,149
1969 1.09 390,000 11.0 25,711 1,168 315 73,627
B oK
(1) 29MEsR, HAROHERE, MESHERERE (197D »551H, KU, 19%9FEICD2TIE, OFE
I BR U TR E DAL,
(2) FgEEBICOWTIE, £ 1OWEESMK,

Source of data :

(1)

(2)

Hook rate, Japanese catch in number and Japanese effort are cited from SHIOHAMA (1971),
except the numerals for 1969 which are calculated by him for the present study.
See footnote of Table 1 for source of yield.
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BHHEZEDHMER Y LEMOTREEORA T OIREKICL 2ENEHBAIE L1,
s 2 Y ....... el .
X=X'X+7 (1)

X BBFICKEHETREL 2R AL HENSEKDO S 2 ABICTT 2 BUENE,
X iR (197D ek 3 2 DED HAROE DR HE,
Y' I 2 OFEOHRMO IR,
T, AIFHEOLELFERKIC, AAROEERTID?S, BAIMOMBAROEEREEHEL G 2).

CcC=C’ X)rl/ .................................................................................... (2)

C:HRFEICAEETIREL B AL HEMAKICK 25 2HONER,
C’' i FAUEIcET 52 ARMIc K 3 z0mEOEER I,
NS OHIEE RO THEES I BICHT 2B OE(LERF Ui (£2), #2720, CTTEHE @ KL

6

| 1 L ! L L 0
2 4 6 8 10 12

M 3. REFEDQEARLDOIEEICET 24 (M), ©v+4 G orzhia
B (1TFHR) L8R (Lo, %), e (P, 10005.)
fEERE (T 15+ v) 0B, 1956—19694F,

Ffth (1970), ICATT (1971a, b), i (1971) &k Lk 5,
TESS J0EE, PR, (RN IR, i B IR

Fig. 3. Hook rates in percent (upper panels), catch in million fish

(middle panels) and yield in ten thousand tons (lower panels) of
yellowfin tuna (left) and albacore (right) against effective effort
in ten millon hooks in the Atlanitc longline fishery, 1956—1969.

Effort, catch and hook rate are compiled in time of catch,
and yield in time of landing.

Data from HAYASI e al. (1970), ICCAT (1971a, b) and
SHIOHAMA (1971).
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1257 BARDMEI DS b, S RS L UREREBIER THEFIN T 32, BIEEROARKEHT
HEHINTND L EIEET 2UEND B, ZDIDICENSNEICKT 2 8EERE L OEERBOELE,
HEEEOZNERIBTRV BN ATR—HLTOE,

FrOHIRICTL THRHER, R, BEHEEEZN3I KT vy b Ui, FNFDEEICE, 19%5FFT
FEHEWKICE B3O PEREME WS —BNEERE, 20%, 4EEChLZFENRRDICK > THER
BEDRAE LS DOBREDKEICIZELE L - 72V APERICK 2 BRI HEEANDMADHDER
Wi AERENEDONG, BEOMETHIEHIN TV LD IC154ELIFEIICE N TS, BhHBOEKICE
B2 R, HEEBEDEHDIS - - EHEESNIDT, COBRMNS, T TITRABDA by 7D
ARERBICEFUDDOH -2 EBATERW, 10k, 1966, 1967FEICEBT 258 DEOFEDICE 12D #iERDEL
LOBINBEEEREDOA TREMINTHRENTINE S, CNEESKEREFE DD FHFIEFRDREY I
E3LbDTHAD,

KEPESERE CHAIC LIz E ¥ F 7 OEEZRIZ1958~19604EiC 4 21TEL 72D H1962FELIFE 2 BHIHRICER L
TWV5AHS, 196MEEABNTREBEMERSEEEDB NEIEL THEL T3, 72720, 19%%EicsT 3
YR, EREOE T A—HHIERESHEMCONTRABRIRRT 2408285 5, BB, eV FHicBnT
bR TH B E R, ERME IE TR REE(ERT, & i, 1994EICBRTEICH~T
BHERVBL LD U DICEERERZIZEAERDLTHEOD, TNIZ19684E, &<it, #0HKED
WEREINCXZEDTHA D,

RADREICET 2 F L OEER Y CHINER) OBERETBLXUEDS IR O T 2
BEo#AELE EELOREIR, 37T, EHINTH 28D, 19634ELRBICR N RERERD 2T
BN X 2 IMABEFTH 2, CHICH LT, EVFATR, BALbEEMER LzE ST, T, X
r—EBORBHENELLTORZL, Lrd, TORRABTOSNBOMMY, hoiiick 2%BlED
BERRENGEL, ULhrd, BETILTOREIMAZESTEBRCEIRBODOT, BALOEERCIIEE
RO HHONEP -1 EEZATREIZITH b,

2. BEFREELCTILEDREOIMAZSVAEBERLRLY
ELIRICH-Z XL REIER
2.1 AEo®ME

20o0i¥% L S 530 L ac FHS asu FET, S 3 aes IS ass FE T lET 2, ¢CT
acs<act, ass<ada THb, %59 %& BEVERTON-HOLT (1957, p. 301) OMANY Vil &% 31454 2 ks
W HRHE RS ER IC L - T3 EIKE DL B T LIt b,

KEEHEDO= /7 o HioMAREBHAERREE OBRRIIH->THER. LU, b UAERMBIOMEY D EE B I
HHEMMIC T O TN, HIENERINEICH R 3R BE BT 2 FEr0BA N2, 2L 7T, 12
LZITHRED S5 BOEHINEUPHERTE RN E - FERTHEINNLE, BEFHOMAEDLL Lb—
FENC IS B 638038 B S - 72BN ATHE L 12 A D, Fhey MAZRRBS T E2NEMT L0, MRS
HEFS % 7o 3RS 2K D0 T H o RENZ Sk,

2, 2. BERMNGRELER

(1) ®E, RAORIPEREOARE R, BEBIUR by 7 OREIUKEST—ETH 5 LIHE
T,

(2) A& DEWEICBNTT NTOMEKDD BEMOYIDIC—RHITIIAL, Db 5 HEMERD S &L —Frick
I %,

NS 2 DDIGE RS BOWEDERICE 75 > TEEINRITL ST, &<, EEB O NTIRE
F (1967, 1969), LENARTZ (1971, ms) 23FiRY 5 K D ICERKIMAZEE e RO, 7-& A1, FHEi
Bk B FNTDIEFERBEICE > TREL EDHLoTWVBCEEBZBE (£3), COREDBEIRE 4
DHEEDQHEEBNEETIEI TR -LTBBIZLITH S, AHEBI RV —v gV e F1F3y
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# 3. RVHHEORMEEEICET 2+ 4 DEDBIHEAL I35 D i 8,

Table 3. Estimates of catches-per-unit-effort of yellowfin
tuna in Atlantic surface fisheries
Fishery Age 1967 1968 1969 1970 | Source of data
MR 24 D DR
numbers-per-day-fishery
0 = 2:5 11.2
1 — 366.3 18.2 | 244.6
U. S. seiners . 2 — 138.1 | 101.6 26.6 LENARTZ (1971)
(numbers-per-day-fishery) 3 — 197.8 | 100.6 20.2
4 = 137.6 64.6 14.8
5 — 31.6 10.0 8.2
6 =— 0.9 — 0.2
HEI L B0 RO
mean of monthly numbers-per-day
Pointe-Noire bait boats . 5o Ll 1 2 PIANET.and LE
(mean of monthly numbers-per-day) 2 11 & 10 § |HIR glied i
3 60 8 2 — |ICCAT (1971b)
4+ 27 38 6 —
[HBI L H 4D s R R D1
'mean of monthly numbers-per-day
2 . : 1 | 55 76 51 74 ~ | PIANET and LE
Pointe-Noire purse seiners . :
(mean of monthly numbers-per-day) A 125 5 b ol el
y 3 14 2 1 10 ICCAT (1971b)
4+ 5 63 34 30

7 2D fEEESRENE LT HoLT fib (1959) BXTHEH (19%4) ik -7,

2. 3. R &EROTR

FBIDIAY D B OIETIRAMNE SND 3K DI - 14, DF DIMAER, B X UHEEICk X
N3RS X ORI TR E S ZAUE R (72& Z1E BEVERTON « HOLT 1957, p. 28), Ll & Lf4
DA IA S B RNCEEINS 2581 3l F O Al & DETDEIN L 5 2IREICHE L 2 EMAS DR b v 7
OEBELARBIE SN, £CT, EFELOD LTHENREBLD S 20, BEHL S 2IREICEL 725 0
3 HEINH % tr, BEIIBHIE D5 D38 T W EISICIIEE I skE T 2R £p, HEBHE O F sk 20 B4 iz 20
B% % fe, WM TIAE ta, TNTOMKIECT 2R % tg 95, CTTTR tr, Ip, te, ta, tq 137
NoEEGIE ar, ap, ac, aa, ag DHBEFVIC—HT 5 LEL foo —RIIEHA & - OBRE RS

BERDEBDTH S,
EEIMEE BRI O D BUY 3 iEDES
tc=!tr (A= HasEBAES) tf (EEINBHER)

hf (GHamic & 35610

Pl A A\ A A
ac=ar ap ad aq
S Il | — I
BEINHEE - THOMED B LY 2ikDEE
tp=tr (mr=mmnw) te (FRIEDHER) zii (fesde 1)
A A A A A
! ap=ar ac ad aq

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I

Il

ABFEDEDL Y HZERT
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2. 4. MAHDAERDOESE
BEVERTON « HOLT (1957) (&, AEUCHREDIH B AEETITAC—E & VD JEDTFT, A D (2 {5
LT3, CCTRARECERE, BERESOTNOERICE > TEDLDI T LENIRETI2DTZTOMAY
hfEsE Y 2

a—1
a(q) Faea:p<— X Zn

n=a(r) ) Sa+1
a

Y =we _Z( , 7 exp (=Zo t—a)}{g (E)}3dt wvveerrmremeienninns (3)
L%,
CCT

we  FEHAE (kg),

Fo ! B E S > T B HED a F I3 2 MR,
Zo . a X ORI,

g () 1 t ek BAE (cm),

+
exp( ‘5 Z)S Vexp (~Za (1—a)) (g ()t T a FiCBY B VB ER,

n=al(r
Bd ama(r) OBAD e;rp( ;( Zn) 1es<,
2. 5. AMELIMOEE

HENMAICE L ZHEEZ Ly 7 OEINKOBE P SRETdT 5, zolEE LT, R4 ITEZETERA Ly
7 DI I 7. s. f. (relative stock fecundity) N5,

s, fooBHBMETRELC DI S THESNTNE A v I B SES NSNS BT ORHOH)
T (BKHESINTOIRRNA Ly 7P EEANEINS BT OINDED)

a(q a—-1 a-—1
Y )paexp< n_g )Z,L)S exp (~Za (t—a)) di
1S WE

“z pucar(- "%’ Mn)g exp (—Ma(t—a)}de
a=a(p) n=al(p)

Pata FEOEASD EIN,
M, : ajmxwaﬁ%RLﬁh

ezp (= "3 Zn) S exp(—Za (t—a))di:a FiTk U 5 FHRBRE, Z & M 035 & 4 il it

n=a(p)
“%é®aimxug+ggm@ﬁ&uagam<—wgmwﬁ B a=a(p) 5531 L6 (X3 olES
D

© X3 BEEBBOUNID O cxp( =2 7). ENENOTIERRIHERT B | exp
(—Za t—a)}{g (OY'dt, WEBEEhOEES NS DDEE Fo/Za, 125 TNCIKE i B4 2 HFIH K
wmgbuafméoﬁ&%%UMY)u&mzabﬁ%m;urﬁt@)fﬁhiwd—igm&)
3 expla—a ()} Z, FEHoOfiliid alc) b ald) +1FTLirclichih, R3IBLLMOhTH3
BB x &b, CHUCHULT, Zo BHMICE - TEDZ T2 &, AL a (r) IPllicE T 24
JRI Naoy 21 &7 20TRK I a(r) Fickld 3 fiEE

wFag [o(r+1
e (" Y anp (= Zatn (1=a(r)) (g0t

& alr) FLIBRC B B &4 o i

WeFg

eap(~ ' 2" ear (—2o - ie oy

Za) n=a(r)
Lo S, LAL, CAUCHBILAREEIC a() F (F2id a(p) F, alc) F) icxting 2
ar&, %nué’#&@né Bor e TiinTnTRER RO TAREDOR 3. 4, 11, TR FBDES I

exp( z Zn) B a=a(r) OBALENEEEXHTE L,

n=a(r)
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3. FNFOMASVREEEL R by HBXEHIIK

3.1, R ELEH

1.1 K =

CNETIFERINIHLTIIF L DRRE 3FIC BERTALANFFY O TEDLINTN S, 2 DODHKE S
FA—E—, REFRH E EBRAEAR - OHEE@BICO2NTABE, KEFEDFNLTE, KELHUT b=
0.3, lo==190cm WD) 1HDEDE £k=0.6, lo==160cm D 1 FE b0, BIFIZEICH 5D BB DR
B, %F 2 EREME O BTtk - TEONAEEBE TH 3 (K 1971), K O+ Fic D0 Tid it
(1969) »sfg%, LE GUEN - CHAMPAGNAT (1968) 2MAREMSAE HOTHNTV 5, HfbofEHR 3 £=0.27,
leo=222.8 cm, LEGUEN « CHAMPAGNAT D Z#1i3 £=0.43~0.56, leo=165~180 cm TAPE @ B4 &
ROBEFHECLZMEBOHERALEDHONE, bobd, RERKOER CHPLHOT, TEPHTH
D, D2, FEEYTHZ 2~5FTAH O EHINAREEBE IMEE OB TARELESTVEERNARL

(FAO 1968, #AK 1971,

HIAY D EEROFRMEICT U TRERKE BREBEBLH 1250, BEZSNTH 3REROMNH
ELOWEBMELIRS V. Licdi»T, ZCTRIAICKESENLZ 2D20ERER N, 201203,
ZIHIEEY © B#icE S < &l (1960) o miFslEaEE, S Kifl (1971 »EELbD (R5—
1), o 1 DREEIEY OKEMRE HENNEMUTH (1960 @) 23T LT 2aEiTh 2 (K5—2),

l‘:190( 1 _870.307.:) .................................................................. ( 5— l)
[z=169( ]_ _1'64 e—O.6OL‘) ............................................................ ( 5 o 2)
Ll SEROM ¢ B BIEE, BB XUKEORMIBENZNEL LT cm,

3.1, 2. #

BABHDORRENZKEFEDFNFDRRAEIVEAINBIC DO TRAN (1966) I & ZHIEHTLHIZEH S
%, MEROERZERNT, e KM (197) B#EHSORER (M5 —1) ick 3EMBOMEREY O F
EESRELDIER pa ZRDTNE (F4)o NEDEEKPKT &2 313 ERBDEALZMREZ, AT DTH,

# 4, KFEEORABHIRETIHREINS F & O HIPEE .
Table 4. Index of average fecundity of yellowfin tuna in the
Pacific longline fishery,

Age | Mesn,pody Jength | Meap omum cowte Average rato of mi| pesundiey indes
1 74,2 0.69 5.7 0.04
2 106.7 1.58 20.1 0.29
3 130.1 3.42 3145 1.00
4 147.0 5:29 47.3 2:32
5 159.0 6.91 52.6 3.37
6 167.8 8.32 52.6 4.06
7 174.0 9.36 52.6 4,57
8 178.5 10.27 52.6 5.01
1) #FHHM (1960) &kt SARRMM (1971) »EFHHE U cE® 1.5, 2.5, - BT BEE,
1) Body length at 1.5, 2.5, - years after birth calculated by HONMA ez al. (1971) from

data of YABUTA et al. (1960).

2) A D EEIIECE X BB A (1966) 7 SEH5T,

2) Mean ovum counts and ratio of matured fish are based on data presented by KiKawa
(1966).
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Eonicd T (Ek - KR 1963, AN 1966, # 1970, A« AH 197D, £ 4 © FE#5IEEKYS DY
EEINEIR R AR OHEECEE TSRO EEZ T TSI TH A,

FEMESRZA Ly 7 ORBIC BT 5 - EBFREL R, HIIREAESE O FHEY < BT 5
ORANGE (1961), JOSEPH (1963) SO Itk ->TA SN TIN5, ORANGE | XiUE, & < ICEERER
13 Revilla Gijedo #& GERID, »F¥a @il (ERID, 2+ =itE (BRI Ths (M4), &C
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T L) T Ll
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C 1 1 . 0

X 4, BUESEGH KSEFED N 20 3R Ip i,
I Iy e~FE
M A+ apgh
VI /) <7
ORANGE (1961) itk %,
Fig. 4. Major spawing areas of yellowfin tuna in
the eastern tropical Pacific.
1 : Revilla Gijedo Islands.
I : Southern Mexico.
VI : West coast of Panama.
After ORANGE (1961).

ATEIRW®, BNUAKESZR NS OIFRORITE - T4, Revilla Gijedo F#EMETicE ) 3T @I
PIAE 120cm Db, D EBKEHFHAOFED 80cm VI &) BEEEGSR 2t v 7 & LTIRLEY
AEOHRTHY, EINNGEIMEHIc BONE LI TH S, KL TA F¥ amEiinETIR 50cmp
HDOTHLRDNBHIKALTH D, ERGIZIZEAEICHI S, 2 FTNRETHPIRBEE R 80 cmkis<T
HEHYNE DO HBEEINET O BHZE(LZBETH 2 (£5).

ORANGE Q& O REIEMNR A b v 7 OEMBIBAR B L T, DE¥ MR TIHE 2,

(1) HEBAFEEDORLTSY, PINAKERIERICK - THEDZE(LL, Revilla Gijedo #EMHT T 80~
90 cm T HELBIEKIZ8HHIRETH 358, Wi 4+ amifTid 50cm BTH0DHEHAL T3,

(2) PERAEDOEMHLNOEIL, KEICX->TRS, &AW, 7 F=iE BRI KB 2 BESE I
DNTHBE, BIMPERIcBEEICE 53134, 100cm LI EOARAETE 2NLITFO/NIETHIZIF 65
%THDHH, TOMOETTIRAIMA TORRIE 345~50% 7T, /NUAD 1T~30 % LD b2 D EN, 100
cm Kl OB 2K £ & 13 Revilla Gijedo FEBIFHRIZS EAA A £V aFih L OERTHREEN
%,
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£ 5 WK FEFEORBEEETHHMING /L OPUEIR, (REM AL AL,
Table 5. Percentage of yellowfin tuna with maturing ovaries by quarter

and by size groups in the eastern Pacific surface fishery.

Quarter
Size (mm) T T ‘ Mean
il ‘ 2 i 3 4
Revilla Gijedo Isls. (Area 1)
800— 999 0.0 5.1 27.8 241 8.7
1000—1199 0.6 6.8 52.9 8.1 171
1200—1399 4.8 11.3 74.2 6.5 24.2
1400 and longer 9.7 30.8 94.0 0.0 337
Southern Mexico (Area III)
700— 899 41.8 59.6 82.9 63.9 62.1
900—1099 54.0 85.1 7345 61.8 68.6
1100—1299 44.4 100.0 87.5 80.0 78.0
1300 and longer -2 85.7 100.0V ) o))
Panama (Area VI)
700— 899 63.9 24.6 10.7 18.6 29.5
900—1099 61.3 46.1 32.6 3547 43.9
1100—1299 66.7 5542 84.6 38.9 61.3
1300 and longer 68.7 75.0 100. 0V 71.8 80. 4

@) D 4Rk X5,
Less than four females in size class.
2) HEDLR Lo
No females in the size class.
3) APREichc 2 BRI Z SN - T,
All quarters not represented.

ORANGE (1961) ¢ k%,
After Orange (1961).

FEHEAR A Ly 7B BIEENRINEE S - E NS RETA F v abhooEATRASNS &
Sz S0cm, 2D & S DOERAE 0% EUET 5. T, EINEAEO /2O ML R E 3 & DikER
WTd 100% 12 S50t 100cm 1% 2 EATOMENRENI D KSOEERERIU XS kg 2 L5
RAZOTEAEER 100cm T100% iKid % & /ffd. S0ecm 25 100 cm (i) T il ik o B & hs
KREICE B> THMMTET D, KEHNLAE f1 13,

J:L= 0, I<50cm,

1.0-0.2
F=0.2+"100 "5

ft=1.0, I>100cm TXEDT,

HENNEMUTH (1961 a) 2UROCEBMIAE B XU ERXEHOT L 3ick T 24 BRARE f1 2OX0 &
S U teo B DTN to DREVRIKORICE B E 1 F WD DKEIR 13cmTH 305 0 S DBk
HEIR0TH D, | FTHARKROENCONTASZE S0em ([TEELcE S, DE VALK LA E»SILED 2
Ficts 3 To0. 594EMMkEET 2 T Lici B, 2FUDIKEICLT 83cm TORKMEIZ0.728TH 305,
1 & LCIparEds 0,59 4ER o SE ka2t 50em 1ok % 0.2 & 80cm <o 0.728 ohdefii, (0.2+
0.728)/2=0.464 THEHPENZ LT, 1Fickd 3 FRAEE KA L T BN 0.594E & 2olilicks T
2Rk A, 0.404F:, 0.27T&E <. MEICLT 2 Xk 2 EMEAR I3 2 Fih v S 100 cm 5% d

({—=50)=0.0167—-0.6, 50 cm-</<100cm,
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B, 2,307 ToMM, 0.34E & = DR O B hiufii (0.72841)/2=0.864 £ DF0.26 & ZzDHD0.7
HENCBT BRRAE 1 L0 0.7T DM 0.9 &752, 3FWHORERZI0cmEZZTHEDT3FLLE
OFGHRBAE IR T XTI TH %,
—J5+ JOSEPH (1963) 2URUL kR () L9 (v) LoBEXZAREOHEME cm L),
»=5.53419 " x 10~
TELU, FNERERBKEEICES U TEBBIAY DB yo 2RkH7c (L6 ),
e S
3791 3.791
~159825{ (177 =) /=t 1079
LD fo BEU yo OEEHBEL, 3 FHOEELEE L LU TREGRA by 7 O HElEHI BRSO BEINE
Pa t L (ﬁ 6 )o
F 6, HUHOACEAE O R IE i T S I RN X ONEE IV EEEH.
Table 6. Index of average fecundity of yellowfin tuna in the
eastern Pacific surface fishery.

ae | Ramsmofbody | Mean owmm comis Mverage ratio of M ooty index
1 13— 83 0.40 50 0.02
2 83—122 2.39 96 1 0.48
3 122—143 4.78 100 1.00
4 143—155 6.60 100 1.38
5 155—161 7.77 100 1.63
6 161—165 8.47 160 1.71
7 165—167 8.91 100 : 1.87
8 167—168 9.14 100 1.91

1) kiR HENNEMUTH (1%1a) i<k 3,

1) Growth cuve after HENNEMUTH (1961 a).

2) IKERIEEINEIE JoSEPH (1963) i k3,

2) Ovum counts on length after JOSEPH (1963).

3) {KERIEELARE 12 ORANGE (1961) 1tk 3,

3) Ratio of matured fish at different length class after ORANGE (1961).

TRV, STy, &, HORRL SENT 2 HEDZ O X F o afgh, o F =i
DBEFHCHE TN TN G, T/, JOSEPH (1963) »MEIHL T2 X5 i, FBAFE T KEREORNL 12 -
TWBENER, DL EREWTHS 140em LIFTR, ~NT4EHTRABLTHEINE DL bS
CDIES - T3, TOWHRAER, HRA v 7 OBIENIENCEE ESEZ 5N 55 (JOSEPH |1),
BRI & 72D EF B REANOESERL T 200 HMNIE 0 EFENE/INEBE /NS A+
apoER RN &, 185 PIKEMIGEIRADEALZEAEZ L DL Wb MM LE2EET 2 &
O WORUIERPEEENR DR E D > T B30 d LI,

PDEo&Sic, BARLEELZBLTESNIRA, KEIKET 2GR (£4) LEBREEABLTEON
TR (B6) 2HOT, ENENFEENPHENRLL THIc, £4 EF 60 ITRLEE T 2 S1# 1
LN OFESRE I A/ NT, BRE B KICEHEL TOATWHENEZ S > T3, WM Z B &, EEEO HEEE N
S 2D po ZROTHE LB ROPHICEH2TH A,

3.1.3. BRETCEH

HENNEMUTH (1961 b), SCHAEFER (1957, 1967) ic k3 &, AEFEHEBTHEBRE O (B ENL-TINS
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FALDOERFETHEEIL0.8, ESEH 0.6, HEHL0THAD EINTN B, KB (1971) 1ZrhFEIRA
SEFEREBROBABDOHRA by 7 OHRRCRERD 2 & 12T A 50, FRRBKEKEASDH ST
H-T, BECIEBLAEETRO OGN LI 0.8FHPELNENL, 3T rilicEazss FE L
THESNA03FHBTH 20 LML EDNTN S, A (1969) A E R USRS [INADERT
T2l Od 2B ] IGEA LT, ARECEKR L~5F%2RBA1CT2E 0.4~0.6, 1~3FE 4,5F
L B ERIE T 0.34~0.39, %HETIZ0.57~0.92 It/ 3 EDRTIN 3, HRETEKOHEE[DOIFIZ C
DEIICENINES, 0.8 0b->EdTUBEDEFEZLNTE  (FAO 198, # - AJi| 1970a, b),
UL, CTOMEICHRERTODITTIRIE,. BRIETHEESD10.8 7232 LN T 1 FHh55FE
9% BFETLTLED T LKA, LSk 2 K80 o HRERFETZLO5BRLAES
ABo 2935 L VHHEREPSEHELAM0.3 b Z0MHEMEHELUNE ., ¢ TREREERHICA
1A 21T 0.3, 0.6, 0.8, 1.0 ELTHLKL,

3. 1. 4. MAE#BELUES

MRREIER 1~ 3 TR, BABDOHEII~SFAEIEST 2 L5200 T (FAO 1968, #k- K
J11970a, b, e« KT 197D BRI > TF=TETHRE ZBHLT A ) HORME &BIZ 2~5F
AETFRRETECEbH o7 (R3I)o KALHEY O FEWHMERICPATIHREZERULTAHSBE, FN 4
W 1FTEIZ Ly 2iIKAL, D, BHEINS 2REIED, NIE SEOENTRL~3F, AT x
WTIR2~5F, BAKDTHEI~8FTLEONELEEZAONS, BEEmizL MOV RE FEIRELT
HREBEBEOIRTNEEDLNG,

3.1.8. & B &

KIS TR & O B A, BIMREFEORBERE, G REkRs L OREEDIIZ LD
HEDHEREIT 1 ~2.81tbhlc->T3 (ET) Lichi-T, BEL LTI, MERKE3IITE -7,

#F 1. F N FHEIC OO THEE S N7 R
Table 7. Fishing coefficients estimated for yellowfin tuna fisheries

Fishery Area Period clgg?f%fie?lft Author
Central-western equatorial " = 5
Longline Pacifc 1955—194 0.3—1.5 HoNMA ez al. (1971)
fishery | whole Atlantic 19561966 0.2—2.8 SUDA (1970)
Eastern tropical Pacific 1934—1964 0.2—1.7 SCHAEFER (1957, 1967)
fSilslflf;Cye Eastern equatorial Atlantic | 1956—1966 less than 0.5 <Hf3;6\ 21) and Kikawa
P 1970 0+88(0. 81—0.95) | (fgmer and L Hiv

M (1970) id, RBMEEN 1 ~3FH, BAMOIMENI~SFTREMEL, 1>, HRETHEK 0.8
THHERELT, KEEDORBAROOIERERES I F ALY 0.239THB EHEE L T W53, e A
(1970 a) &, FURED FTEEIREICGEL 2B A I SN2 KRB R L, RADbOIREREA3EL,
A2 D FHE RIS S CICBIE O ME R D S RBEMERBEME L T 3, BHEiciR, ERBREDD
FRRIDRES ST ETHALLEDH D, 2D, HESINELAEH L TNE0T, IROOFEIR, =
DO TEBE PR RBIEEME S Z 51ICT E1500,

UL, E0HATINIFICET 2 IEARDIEDEH WS )15 87,876, 000 A&, k& 25,500 + v, 5T
1<, 1967 RFFEE34,400 b Y AR OT, MGEOIERBEEMAE L/, BALDOOREREZ 0.239X
87,876,000 10-7=2.100Tdh %, —7F, 19694ED (3 Z 75 i B iThd 2 196 T4 D B fj & o 11334, 400/
25,500=1.35TH 205, bk« AJi| (1970a) O 6 Z s 3 ERBIEMRKFN0.4 L1223, —F, RK
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S & 3196 44ED B 502 0.5, PIANET, LE HIR (1971) i X 31970 ZED 7 7 v A AMNE£%012 0.9
TH b, 196THEDFE IR IC X 210 Z34,400 b~ TL9644ED £411329,500 b ~, 19704E0D 7 5 ¥ A il
&20,500 b Y ICHANTR S OO TAEERD 72196 T4E D FIE i (RO L5 TH 2. SHic, R
WA NV ECTZTHB168EL D EBIHERET, 1.0 ICELIEERA T HNREIZITHS, CTC
TIRIITVEDEE R AT ZTEHT 2.0, HBMETLOICELICEBET %,

3. 2. #HERXLzoER

2.1 &% & K
3.1 4 WiTONKSICKAEEICET B/ S/, &0 ik 55 2 REEE, 19674 ICEN
Uic R F SRERS XA DREDOREEREZNTN1I~3F, 2~5F, 3~8F&HlLE, 0T

o2 D0MEEMADE TS, TNTNOMIEFINIEILD &5 O THUSNICERIENRS S LiiERd 5
DA A LB S HEOMAL Y R MToREOEBEZT 2 (KT )

Ys=weFs(e—M (@cs—ar) . p(1y+e—{M (aci—ar) + Fs(aci—acs)} . p2)
YicweF, (e—M(aci—ar) + Fs(aci—aes} . ppy 3 e m
+e—{M(aas—art+1) +Fs(aas—acs +D+Fi(aas—aci+1} . p(3)
7<72L
P<o=gffe—zﬂ<*—60(1—be~kw%u

1

i Z; ci di

1 Fs+M acs act
Fs+Fi+M act adas+1

3 Fi+M ads+1 aar+1

KTICET B Zi ALy 7 W ERD 2R 41cB0 % Za &—HF 5,
RezFABDICES & (R 3 OWESR),

a(p)+1 a(q) a—1
Eo=pa(p)5 ! exp{—Mcz(p\. (t—a) dt}+ Z‘}z Paexp(— b3 Mn)X
a(r a=a(p)+1 n=a(p)

a+1
g exp{—M, (t—a)} dt
&2 508 Ma BERBICHPDLF—ETHEN5,
B l—e M l—eM a(a)
=" PP+, P
FERICHEIESSIARD Za B—EH F+M, a(p)=1 TH 5 O THIMEICK T 2 HBEHRINEK, »(F, ac,
ad) (E<

r (F, Ty S 1 [1_—‘HF+_M_ i Pae—(a—l)(ﬁ'+111)+%\;;ﬂ{28: PM,—{(a—l)M-HiF}]
=1 =4

paexp (—(a—ap) M}

E, F+M =
1 (l—eX { 8
N e " o= ia 1)M+4F}}
7§ 2 ) Eo[ M\ Pt B P

Aot & (=) M+ (a=D) )
+ F+M agzpae /

= b [d=em 2 —Ca—13M ., 1= T 8 —{la=1)M+(@—3)F J
aCit Eo[ M=, P g o e lem DM amIF)

ThHbo MBS IHHRT 2 &, WHBER X D Sl OROERIFEBIICHDI L, DV0IiIKEA Ly 70
E IR SN TV OE R DERINIE T £ 5, LA, 3—8FFMH D FA L HDHIER J1H
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R IC K& E g2, ZORR EB-TVBER My ZJERR L, 2FH0ATEYIONE LS
Bo L7chioT, HES NAIRKICIE - 7o 854 o HESRTEE 1 99 B It BRER T O #5 WL X BEESNE D Eo IC
x4 3 H,

E183s
I E BICT 5 2 DOMENEN TN acs~aas F, aci~aq Fichltc-T, Fs, Fi OS8R
U & & DHMBERINIT acs<ae, aas<aw E§5&, FIETONLEHE OFHRICE T ass>an 15

5,
1

r(Fs, Fui, acs, act, ads,ﬂdl)=7[
0

—e—M (a(cs)—1
1 (. { Pae—(a_l)M ‘

M

a=1

+ Pae—{(a—1>M+(ads-acs+1>Fs+(adz—acz+1>F,}}
a=a(dl)+1

1—e—(Fs+M)
Fs+M

1—e— (M+Fs+Fu)
M+Fs+F;

a=dcs

{ o Pae—{<a—1>M+<a—acs>Fs+(a—ﬂeOFL}}

a=dcl

1—e— (Fuit+DM) a(dl)
+ {a=a

S —1 A4+( [ — cs+ F+ —de F
Fi+M (%:s)+1j)af Lt e (g I}}]
3. 2. 2. BRBOEHRIZ by IELIIY
s E - 72 IRV AICEE R BOEE S M 3 I D R A 2 MLO AR B IRIA Y D EEINEL (1l 278 hE R
bESIEALRBEETRICS LAY, 4 r DERLTHREIC DTk (£8),

# 8, &KHHEINTHIRNFENT A by 7 ITAIFRFIN B EE NIV DLERRE A,
Table 8. Ratio of eggs expected to be spawned by each age group of
unexploited yellowfin tuna stock.

lljggé‘&i%‘;a% fecundity ‘ Longline samples Surface fishery samples
Natugal ootality 03 | 06 | 0.8 | L0 | 03 | 0.6 | 0.8 | L0
1 1 3 5 8 1 2 3 4
2 4 10 15 21 12 23 32 39
3 11 19 24 27 19 217 30 30
Ape 4 19 24 25 23 19 20 18 15
5 20 19 16 12 17 13 10 7
6 18 13 9 5 14 8 5 3
7 15 8 4 2 11 5 2 1
8 12 5 2 1 8 3 i 0

MIRD T 18D EMITTS » TG 5 C L1T78 3 BA L DERDERBIEERY DERKER N3 &, £F
MEOERICL - 72BALD S EENHOERBE LS, LEATARECREH 0.8 THNTRB AL HE
K SRDIAEMBIEE I A AN B & 4 FTRNRSERDOXBBEZES T C LIR30 LT, REfEERC
£ B E3FRMBLEDINGEESMTEENIEL S,

HARTE T RE DK & D IE B O P ICH T 2 5 NREHEINZ LB DT THI L, BAKED
AR & 2P FEREINE e flcn A, ARETHEKA0.3005 1.0 FTTEMAT 2L, EHIKODL -
EHBVERRBS IHSIFIKEDD, D, 1 FADOEANTINAKICHD 2EAIZ 1 %5 8 Zicin
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T 5,

EREBLTNASZ &E, BENTELNLTOROEATD, R LS BRI ORI Ik X
CEBLTWB T Edbhs, bREAI, R8ICWRLEBBEBODHED S B, HRWTFEEM 0.8 FThh
FAFLIEOSRADOE RIS FTHY, BAEHLTRRDESNE L], 2FADEHIFALED
NW—%%EEHHB T Eicli b,

3.2, 3. BARAEOMALHOAEMESER by o HNELIM

IR R R K ORI BIEARY D EE IR 258D, HAREEHREE 430 ifiEL T, 1~3F (ko
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’
4 7
20 4 1/
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4 il B !
4 et
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= 5 e 4
= 1
= 4
o
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oL
& 1 141
a 1 C
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=
204 101 P ST B
1 LS B &
. ,/ ‘~“~‘ 8 1 /I
4 o T - 7
1/ 6 /,
104 ’: II‘
4/ 447
4 A A
) 5] Nt
1.0 20 30 10 2.0 3.0
F F

b5 1—=3F% @, 2—5% B), 3—8F (O) THHT 3 IFOREDNTH
1 DTHFE LB SIciIfF T E 2+ 2 OINAY O i &,
BARECHRE, M, BLXURE/ Y5 X —42, k, #), we, ZIRD XS TR
ET S,
M 0,3 (ZE#D. 0,6 (FHHD,
k, ty, we:0.8, 0.0, 122kg (L5, 0.6, 0.86, 9kg (F%)).
Fig. 5. Yield-per-recruit of yellowfin tuna expected for either one of
three types of fisheries, aiming at 1- to 3-age fish (A), at 2- to
5-age fish (B), or at 3- to 8-age fish (C).
Natural mortality coefficient, M, and growth parameters, #,
ty and we, are assumed as follows :
M :0.3 (left column) or 0.6 (right colum).
k, t, and we 0.3, 0.0 and 122 kg (upper row) or 0.6, 0.86
and 99 kg (lower row).
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X 5. (i)
M 0.8 (Z2fiD. 1.0 CH#D,
k, ty, w=:0.3, 0.0, 122kg (15, 0.6, 0.86, 99kg (F%),
Fig. 5. (Continued).
M :0.8 (left column) or 1.0 (right column)
k, ty and we : 0.3, 0.0 and 122 kg (upper row) or 0.6, 0.86
and 99 kg (lower row).

B, 2~5F (KA &M, 3~8F (RAMHARLE) THTI BE IR 3.01cET 23
TICRC B IMAY D ERE R v 7 O HIRE NIV OELEFTE L 7o,

3ODWEDS L, 1~3F%2LZERBFEREOMAY D BEEIZHRETHEEDS 1.0 TLL S HHMOKE
KOO N DB EERNT, DOEED2NID &P, F7z, HEERIMEND S IIAY D i B% HA
EF B HHERE Frae 3MhOEEICHETE LD HELS, M H81.0TH->Td Fmaz 120.6~1.0 OFFEZE C
ZIs (K5,

RERE & A E L HENNEMUTH Ol EXEZAWIBEDOH 2, HHOSOEERICESCEELD S,
1~3F %L 2MEOHEREZBES A TCVE CER—RAFELELEH LA 50N, LML, 20
R R E ORI o b Efe b LIRS ATHEERBNERELSZEMICET S Licd b, HREETD
BAEEKBEIRAKEIL BER tnae 2 DOFDELD 2, by, M OBEKICEBRL T 3,

k
lmu.'u:to‘f'%loge(l‘i'%)

k, ty BT A TG O EEKBIBEAEEZEME tnax (R, ) EFEL &, BHOORXE R 23 E#IZ
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tmaz (0.3, 0), i%(ﬁi%ﬁﬁbci%%ﬂ&i tmaz (0.6, 0.85) TbH 303, M »s 0.5 RV -3A%) B(iﬁﬁ%
BREL, M el D REFNEHEBARELL S, T THIHEBRBELDZE,

g 0.9\ 1 1.8]
tmaz (0.3,0) = tmas (0.6,0.85)—[0+—0_3loge(1+;M )] [0.85+—‘0.610ge(1+—M )
1 M+0.9 \2 M+1.8
=—0. 85+0.;6[loge(——M ) — loge(_M )]

o 1 (M+0.9)? )]
= 0.85+[0.6logc-——"M(M+1.8) %

0.1 25 1.2 TTOHARECHREICT L THEST 3 &, M BdEFEIhI0BEARNE LT,

M 50,6 BLET
ABRESTEED 0.2~0.4 FAExNCEiciss (6D,

{Emax(.3,.00) — Lmaz(.6,.83)} in year

-02 F
-04

-0.6

s L 1 I 1 1 L 1 1 L 1 1

0.1 02 03 04 05 06 07 0.8 09 1.0 1.1 1.2

Natural mortality coefficient

X 6., HARCHREICES tmar (03,.00) & tmaz (.6,.83) D,
Fig. 6. Difference between tmax (.3, .00) and #max (.6, .83)
for different natural mortality coefficients (see text).

WFRICL TS, 1~3F2iEET 2L 2700 EDHBOTS YU EOEBERHT 2EEICENTMAY
DIEERAERESTEMLM W, —F, 2~5FEMRETIRME MELICEIAMAM D BERRII~8 %
HORARDOIEEOZNE HNTHRIETEED 0.6~0.8 TRAERL LD, 0,353, 1.0 B5idK
= (5) AR S & 2 HERIEREDE 2 & BIRIEEELLEST C L bERREIN, A
URBEHEDD BDTY, 2~5FAEL D LA IC3HBERED LIGELTH RO 9 ~41 % OIHsHER S
ncTnsd (&9

3.2, 4 2~O0FRLUI~BFHEERRLETZ 2 ODHELCLIMALE D ABRBE LU X by yHEME
i BRgk

1~3FfENRES ZRBIBEE 3~8 TRAMNRET 5 FALHInELE IS 2B ITIAY D i
BEED, MRELIEEHERT 213, A D OEBERKEHNICED 78BN T kT TR L
Bk« A 1970a), o CREBEEN2~5 TR ER-EE 2 L0 LT, TOREICK? EMAY
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% 9. MKDEMINE, BRECHRE, EEEDHRLZ24058 1 D0 THE
U 7o/~ 2 DR EE H I E.

Table 9. Relative stock fecundity of yellowfin tuna for 24 cases differing

in individual fecundity, natural mortality coefficient and ages

of exploited phases.

Individual
fecundity Longline samples
based on :
Natural
mortality 0.3 0.6 0.8 1.0
coefficient
Ages of
exploited 1,3 2,5 3,8 | 1,3 2,5 3,8 L3 25 38 | 1,3 2,5 3,8
phase
0.1 750 13 17 77 78 83 78 81 87 80 84 90
0.2 5755 60 59 62 71 61 67 17 64 T2 83
0.3 43 4 49 46 50 62 48 56 170 52 63 17
0.4 32 32 4l 36 41 54 39 48 64 2 5 1
0.5 25 25 33 28 34 49 31 41 59 35 49 68
0.6 19 20 30 2 29 4 25 36 55 29 44 64
0.7 416 26 17 25 4l 21 32 51 25 40 61
0.8 11 13 23 14 22 38 17 29 48 21 37 59
0.9 9 11 21 1 19 35 14 26 46 18 34 57
1.0 79 19 9 17 33 12 24 44 15 32 55
Led 5 8 18 8 15 31 10 2 4 14 30 53
2 1 4 7 16 6 14 30 9 21 41 2 28 52
g 1.3 8§ § I 5 13 29 8§ 19 39 | 11 21 50
T | 14 | 3 6 15 | 5 12 28 | 7 18 38 | 10 26 49
N 15 2 5 U 4 12 6 171 37 9 25 48
Z 1.6 2 5 13 31 2 5 16 36 8 24 47
& 1.7 1 4 13 310 25 5 16 35 723 46
S Y 14 1 30 M 4 15 3 T 2 4
£ 1.9 1 4 12 29 u 4 14 M 6 21 45
o 2.0 1 4 1 2 9 3 4 14 33 6 21 45
2.1 1 3 1 7 & 2 4 14 3 5 20 44
5.3 1 3 1 2 8 2 313 32 5 2 43
2.3 1 3 10 2 & B 313 32 5 19 43
2.4 1 3 10 2 8 2 I B 5 19 42
2.5 1 3 10 i 7 2 3 12 31 4 18 42
2.6 0 3 10 A 2 12 3l 4 18 41
2.7 0 3 10 1 7 2 2 1230 4 18 41
2.8 0o 3 9 17 20 2 11 30 4 17 4l
2.9 0o 3 9 17 20 211 30 4 17T 40
3.0 0o 2 9 16 20 2 11 29 4 17 40
- 0o 1 5 0 3 13 0 5 20 0 8 29
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Table 9. (Continued).
Individual
fecundity Surface fishery samples
based on :
Natural |
mortality 0.3 0.6 0.8 1.0
coefficient
Ages of
exploited L3 2,5 3,8 L3 2,5 3,8 1,3 2,5 3,8 1,3 2,5 3,8
phase
0.1 % 71 8 79 8 89 80 85 92 81 88 94
0.2 59 60 68 62 69 79 64 74 85 67 78 89
0.3 45 48 59 49 58 12 52 65 80 55 70 85
0.4 35 39 52 39 50 67 2 57 75 6 64 82
0.5 21 33 46 32 4 62 3% 51 T2 38 58 19
0.6 2 21 4 25 39 59 29 47 68 32 53 76
0.7 17 23 39 21 35 56 24 42 66 27 50 74
0.8 1320 36 17 31 53 20 39 64 23 46 T2
0.9 10 18 34 14 29 51 17 36 62 20 43 70
1.0 8 16 32 12 26 49 14 34 60 17 41 69
1.1 71430 10 24 48 12 31 58 15 38 68
= 1.2 6 13 29 8 23 46 10 30 57 13 36 66
;°§’ 1.3 4 11 28 7 21 45 9 28 56 11 35 65
"‘g) 1.4 4 11 27 6 20 44 8 26 55 10 33 64
= 1.5 3100 2 5 19 4 725 54 9 32 64
= 1.6 310025 4 18 4 6 24 53 8 30 63
& 1.7 29 24 4 11 4 5 23 52 729 62
i 1.8 2 8 24 316 40 5 2 51 6 28 6
-_g 1.9 2 8 23 315 40 4 21 51 6 27 6l
o 2.0 2 8 23 315 39 4 20 50 5 26 60
2.1 1 72 2 1439 3020 50 5 2 59
2.2 1 702 2 14 38 3019 49 4 25 59
2.3 1 T2 2 13 38 318 49 4 24 58
2.4 1 6 21 2 13 37 318 48 4 23 38
2.5 1 6 21 2 12 37 217 48 323 58
2.6 1 6 21 1 12 3% 2 1T 47 3 22 57
2.7 1 6 20 1 12 36 2 16 47 3 2 57
2.8 1 5 20 111 36 216 46 321 56
2.9 1 5 20 1 11 35 216 46 321 56
3.0 0 5 20 1 11 35 215 46 320 56
= 0 1 13 0 225 0 3 34 0 4 44
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FL FL
K7, 2—5F&E3—8FDFNTHRZNENMMBERK Fs, Fi TE2 2D
Fc X AMAY O, kg GRER), B XHBEENINE, % (FH).
HRECHRE, M, BXUORERE, £, t, we, FEDRIHTEE, pa
BIKD LD IHELTH %0
M:0.3 (E5D, 0.6 CFFD,
k, ty, W BED pa:0.3, 0.0, 122kg, F 4 (£H#D. 0.6, 0.86, 99kg,
E6 (LD, OHREEINCKRD 7219704EIc 1T 3 2 DD iR,
Fig. 7. Yield-per-recruit in kg (dotted line) and relative stock fecundity
in percent (solid line) of yellowfin tuna taken by two types of
fisheries aiming at 2- to 5-age fish, F's, and at 3- to 8-age fish,
F;, with tentative estimates of fishing coefficients in 1970 (O).
Natural mortality coefficient, M, growth parameters, %, 7y, and
we and relative fecundity by age, pa., are assumed as follows :
M : 0.3 (upper row) or 0.6 (lower row),
k, ty, we and pa:0.3, 0.0, 122 kg and as in Table 4 (left
column), or 0.6, 0.86, 99 kg and as in Table 6(right column).
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7. (8o
M 0.8 CEFD, 1.0 CFFD, A, to, we 5L pa 0.3, 0.0, 122kg,
#£4 CKEHD, 0.6, 0.86, 9kg, #£6 (L),
Fig. 7. (Continued).
M 0.8 (upper row) or 1.0 (lower row),
k, to, ww and pa 0.3, 0.0, 122 kg and as in Table 4 (left
column), or 0.6, 0.86, 99 kg and as in Table 6(right column).

DR, HRETERED 0.6 LT, H 51012 0.8 T HENNEMUTH (1961 a) Ok E a0 \r >R
D, KEREB-ThrSEZHELZDFI LT NREL, BRECHEED 1.0, $50020.8TH £ H s
(1960) OREXNZUTHIUL 2F DS LT FBRENT EICIE B, 1o, HXEEHIN & &5 5icizn
FTNOBATHEHELOUH AT 2 Fosaaicd s (X7 ),

WFAIC LTS, MAYDEERES 2 by 7 OHBSEE LI S RGO E Lo U T X b —Eikic
FIET 5 EICERLD. o, IMAMDEHED, REOBEMELOHMRELT, 2OEEHICEM ICE
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AT » THHEREE 2 S 4 Aud, R KT 2, TS &7 2 ikT 2 &, B2 X
RAIEDOHREICE XZNENOHMERKOHENIEST 2354 (KT7) OIMAY L RO A IcHET 3
RESETADE, BERKOREINCE 725 AN D R © #0113 A4 OfEiIc >0 TATH, JEE
WNSK BB EICHEBETI2MNEND S, EAF, KTDO M=0.8, £=0.3, #=0.0, we=122kg D¢
FOCBT B INAYM D IR O A Skg THD, cha#Kd 5 2~5 FAHS EBEHEKITRZ
ROBBNERICKHN 1.4 ThHE, DFic, RSIKBF32~5Fa%xE 3% O Rt (BTRUH
) ETF AL 4D 30U THMAY DRI 5.2kg iIcL» S, 3~8 FAHES ks
WT, 1.4, 3.0 OFEREICHd 2 MAY D R 4.2kg, 4,.7Tkg CHORAERLUCHIRER 12%
UDBEZTIS 0, SBICHRAE - 7o &k D I BITEDIHERRE (BA B HIED2.0, FEHEDL)) 2T vy b
T5&, ARECEED D TEL 0.3 ThHiud, BEOMBEREIZMAY D lEEEREKICT 3EEC AT
WAL, HARFECRKAH0.6~1.0 DHPATH > TH, MIERHOBEKMIER O FENWSENE S5 X
WAREZICELILE VWA S, WERADEPREALSHEINULITNC DL S IR/ 5 &, HER T OMAIZ
BRI A 0 R AR S 2 L & bic, ERIMEAMICE TS E 2, BT oBMBZRSHELIN TN
WEE, IMABTE2ESLCTERNKBHES A TRREWINE S, JllEEDEBEIIEABED I DIC
IMAZE ST EENOH B HANCHEEAZEZA TP CLFBTE~NETHAS,
4, EVFAOMAZHDERERE X by JESTERE

4.1 2 ELEH

41 1. B =

vV F A OEAEDTICH BERTALANFFY DXL OO TN S, EAFHES LKOAEED R b v
7 ONTOHEICKB E, CORICET BEREE 30,152 50.251c8 LA TW S (3%10), OTSU (1960)
BEMAOIBAED L D/INS L2139 Th 5 &% Z GOMPERTZ DiFER,

I=abe™ "%

% 10, BERTALANFFY ORERICH TR vV FHOKERE,
Table 10. Growth coeffcients of albacore fitted with BEBTALANFFY’s equation.

| ' Growth coefficients

Sea areas Fising gears Materials = Authors

k l(cm) 9
(year)

YABUTA and YU-
Scale 0.15 146.5 | —0.86 [KINAWA (1963),
SUDA (1966)

0.17 135.6 | —1.87 | CLEMENS (1961)

Longline and pole-
and-line

Longline, pole-and-

Northern Pacific | 1ine"and trolling | [28810& | 025 | 118" | —0.02 | OTsU (1960)*
Pole-and-line and Scale and
trolling tagging 0.2247 | 108.8 | —2.27 | BELL (1962)
Longline Scale 0.214 126 0.18 | YANG (1970)
Equatorial Atlantic | Longline Scale 0.190 135 0.14 | YANG (1970)
Northern Atlantic oAl Length fre- = Calculated from
(Bay of Biscay) Pole-and-line quency 0.163 146 1.15 BARD and DAO

Longline, pole-and- 0.141 140 (1970)

Atlantic Ocean line and trolling —1.15 BEARDSLEY (ms)

* OTsU (1960) ZEKOMERAEREEM 118cm BEMRAKE 124cm 1 SNTNEXTES EIERHEL
TW5b,

* OTsU (1960) points that the asymptotic length of 118cm is too small compared with the
obseved largest fish of about 124 cm.
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2ROV, RKIZEDEHRE a=118cm, 6=0.177, c=1.43, d=0.23 B T35, O WREE DR
NHETH B EZEA TN D, CNHDRENBIMFREEZ 2F L LiIc >0 TRHAAIR X —K LTSN
(K8), FARMITHIET 2 to BEDHAELD, Lrd, HHET 1 2 TEHABE N EREET B4E
»BHBo

cm T T T T

140 | 1

120 T

100 |-

BODY LENGTH (cm)
3
T

M 8, Blid 6 MOMIITH % & ¥ F 4 DR EHR,
1. Otsu (1960)*, 2, OTsU (1960)*. 3, CLEMENS (1961).
4, BELL (1962). 5. #m - 7 (1963)**. 6, BARD and DAO (1971).
*INoD 3 ODREMBRIZRD XD IEELTH %, OTSU O ERMBID 213
2EEMIETH B, HH - THEOREMIRD £ 132HM (1966 a) i Ltz s
- T 0.5 FREIMSETH 5,
** YANG (1970) OpEMEIEBIC & > TEES NI « (TR Efhg &
BEAE—HT 3,
Fig. 8. Growth curves of albacore in six recent investigations.
1. Ot1su (1960)*. 2, OTsu (1960)*. 3., CLEMENS (1961).
4, BELL (1962). 5. YABUTA and YUKINAWA(1963)**. 6, BARD and Dao (1971).
* Three curves with asteriscs are modified : #z, in two OTSU’s curves
are increased by 2 years, and # in YABUTA and YUKINAWA’s curve
is increased by 0.5 year as proposed by SUDA (1966 a).
** Yang (1970) shows almost the same growth curve with that given
by YABUTA and YUKINAWA and adjusted by SUDA.

CCTRHBEDOMEE L Y FH DO E%A BERTALANFFY ORCH TIIY, FOEKE LTREANTE /-
B - TR (1963) ORERAZBIELHE (1966a) Ofi (R10— 1), BIUHERK & 235 - & bA =
OTsu (1960) of (F10—2) ZFHu7z,

h=146.5(1—0-88e“°~15‘3) .................................................................................... (10— 1)
;=118 (L@ 0025 L )t enn ettt
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los BEBOME ¢t 1B 3KE, Bk LUREOBARZNEFNES LT cm.

ik, R10—21ck 3 2F LI EDEKET GOMPERTZ ORICHTRDIFEREIFEAE K LTI 5,

4. 1. 2. & *

EVFARREBBLICREICE DL - T, HABEBREICEL 2, REABTAEERROSEEN, R
Z DEEEMICHHEL, RKADD TR, RED/NSWH DI EEED, B 3EEEDERTE SOh
% (ZHM 1962), KEMK, THOHMBURELZA 2L, © VY F A3 6 FTHRIAL, EIPETH 2 EEEERIC
Bahd-5 (#1966, ZEHH 1966a),

TNSOFEND, YV FH OERBMBRBE fo %

Ffa=10 a<5
iz fa=1 a6 Exl,
1RYE D OEPMIIARED 3 FICHHIT 2 LIELT, EVFHDA by 7 OEHIKIZ 6 ~10F B DK
Bicpld 3 & R,

4.1. 3, BRETCHEH B}

HA (1966a) Fe v FHAOFRECRBEIABICED LB ->TENTELLNEELTN S, RAKIKLS &
5 FLITFORBAO BRECHAEIZEL 50,2, k&< &b 042 A, Fomllicsd 3 HRET
#Biz6FT0.4, TF¥T0.6, 8FT0.8- EnH ke, 8 EEBIC0.23OERTEEEINTH
%, BEARDSLEYY (ms) & APEHEDE v F H AR THREE 0.22~0.38 TH A EIREL T 5,

4. 1. 4, MAEBHE LUFED

LRI ICE T 2 X HEDIHETT 2~ 4F (BROCK 1943, PARTLO 1955, CLEMENS 1962),
PEET4, SF (&, HHE 1%6a) TH3, T/, £ A7 —BOFHEYIZL 60~65cm LT 70~
80cm THBH, IV 3, AFEEATEIEE>THS (BARD - DAO 1971), 12 AL HIMEY T 124 1
SEREOERNBEETH > T, PHREKRTIREA, BREKETRIEANBESNSE C &, KEHT,
A VP, BAEETHEID GNT 5 (NAKAMURA 1962, ZHM 1962, ik 1969), MR 326m (1966
a) KKE->TI0FET B, Lichi-T, BeREHoLmiER 2~4F, WHTORBHE, BAEhkED
4, 5F, BEBORABDOIEER 6 ~10F D%t E 3 LIELTHL, 155, BEARDSLEY (ms) &, &
EDEREMHREZEVETED TR —BOREREZ2~5F/A, &L, 3, 4FMm%E, T/, KIEGERE
DITAEORERS ~I0FAEIREL TV B ERELT, HAELZED T S,

401. 5. A % F %

BEIREDFHMIC AT ZHEED SNTOBILKFEHED R by 71D TAH B &R 0.5 1L
TV EDHNE (A 1966 b ), BEARDSLEY (ms) OEFHC L - ThH v Ry —iB D KRR 21.0,
KEHEDRABOIERKIZ 0.4~0.6 EEbNE, Ulehi-T, H#ERKIRI0FTTENE TS TH %,

4, 2. HELZOHER

4. 2.1, & & K

5 FLITFORBMAE 6 UL EORKMAME BROKES 722 URETH > THRDHB I N2 DT, 2
OOWMEOWHEFEMIERTVAHLT, HOVAELZREOMALD BHERISKATLIRECE B INLYT
Vo — 7, ATV S & HRECHEIREME EDICHENT 2, 2 2 DOEHO T TIRINAY D
BRALlICL-> TRHEINS,

Yi—weFe—Mi(acs—ar) . p(y)
Y1=Y1 (Fs=0)Xexp {(—Fs (aas—acs+1))

a—1 a-—1
Y. (Fs=0)=wooFL[e_MI(a“_aT)' _Z]( l)ExP—{FI(a—(lnL)-l- _Z( L)J\ln}P(Z)]

* =1
Mnp 220 TRR3DOMEESRBOC &,

n=a(cl)
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L Mo Refadfic s 3 BARFETRE
Mo JREIA a Fickl) 2 ARETHRHE,

Pizgdie—Zi (t— Ci)(l—be*’“)"‘dt

ci

i Zi ci di
b Fs+JWI Aacs ads+1
2 Fi+M, act aq+1

F/2, SFLUT TRIALBONDT, REABDMEICKHTZ resfd exp{—Fs(ass—aes+1)} T

Hbo
—h . BEREBVESOE NI Eo 3
Eo= % exp(—S]Wz —a}_:li\fn>ga+ lgxp {(—=Ma (2—a)}{g (£)Y3dt +revvvrreeemsinnnneeaninns (12—1)
a=6 n==6 a

g () KAl ¢k 2V EKE
M5 KERAEHO BRIECRE,
Mo B DA B ARFEC R,
TEDLIND, KEAE L ZHESEILVEEICET 2B NN 213,

10 a—1 a+1
EF=) = 2 eop(=5Mi="E2)|" " eap (<20 -} g 0)ar v (12—

Zn=Mn+Fi, Za=Ms+F,

ERBIG, RIRBICHT BRENETVBEADZ L v 7 BRI 75+ f + (Fs=0) &
roesefo (Fs=0)=E (Fs=0)/Eq- ettt 13—

L1850 KRS aes D aws FET Fs OERET~ OSSN &, MR Ly 7 ~OIMARKIZ,
exp {—(ags—acs+1) Fs}

KA E M0, —MBINT A by 7 HIREE IR,
7 es .f . :exp{f:iads_a“+1) Fs} .7 f o5 (Fs=0) .......................................... (13_2)

L85,

4, 2. 2. BRBOEHHIR b o ELIPY

LT TRV 2 DDORERDERBIEFRMOINE R BICK IR BAEE 21000, KA ORESERIZ—IH10

FELIB8FETTNGLNINEZEANLTWE LT3 (E1D,

F 1L ALEESNTNENE Y FH2 by 7 ic iR S35 NIV DES BIEIS,
Table 11. Ratio of eggs expected to be spawnd by each age group of
unexploited albacore stock,

Growth coefficient { 0. 175 ‘ 0,25
-5 0 ‘ 0
6 3 41 42
dige 7 30 30
8 ( 18 17
9 } 8 8
10 ‘ 3 | 3

4, 2. 3. BAEOMAZVAERELR by o HETELIM
RERELANBVERICBI 2 v F TOAEKBRS FRTRAICES (MR- KJII 1970b), Lichi-T,
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oOBE— - KR - SRR

C
6 4 B
2
= 4
g A
2
1.0 20 3.0
F
K9 2—4FAm @A), 4—5FFA B, 6—10Ff O O v FHE2ifEHs 3 3
DOWEIC K BINAM D BE R,
HARETCRAKZ 2—5F7TiZ 0.2, 6 FLIERIR4AE 0.2 5o8Bind 230
ET %,
Fig. 9. Yield-per-recruit of albacore by either one of three types of
fisheries aiming at 2- to 4-age fish (A), 4- and 5-age fish (B),
and 6- to 10-age fish (0).
Natural mortality coefficient is assumed as 0.2 for 2- to 5-age,
and then increased by 0.2 with one year.
F 12, FEHEESNEIL S 3 DOBEEICONTIHE LI v F 4 O H I,
Table 12. Relative stock fecuundity of albacore for three different exploited phases.
Exploited phases 2- to 4-age 4- and 5-age 6- to 10-age
0.1 74 82 87
0.2 55 67 76
0.3 41 55 67
0.4 30 45 60
0.5 22 37 54
0.6 17 30 49
0.7 12 25 45
0.8 9 20 41
0.9 7 17 38
1.0 5 14 35
1.1 4 1 33
] 1.2 3 9 31
9 1.3 2 7 29
2 1.4 1 6 27
% 1.5 1 5 26
S 1.6 1 4 24
1.7 1 3 23
& 1.8 0 3 22
% 1.9 0 2 21
o 2.0 0 2 20
2.1 0 1 19
2:2 0 1 18
2.3 0 1 18
2.4 0 1 17
2.5 0 1 16
2.6 0 1 16
2.7 0 0 15
2.8 0 0 15
2.9 0 0 14
3.0 0 0 14
oo 0 0 0
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10 FL 20 . 30

B 10, RpkfaE 6 —10 F OB E T 5 2HOME Ic k3 Y F HOMANY
D, kg (RED, SHMBELIE % R,
KRADHHERNZIAMIZ 2 —4F (LR 88X 4—5F CFRD,

Fig. 10. Yield-per-recruit in kg (dotted line) and relative stock fecun-
dity in percent (solid line) of albacore taken by two types
of fisherie aiming at immatures and 6- to 10-age adults.
Exploited phase of immature fishery is either 2- to 4-ages
(upper panel) or 4- and 5- ages (lower panel).
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FEOHOHRERD ETUETE 2R EERBE > TH O EBHNRNL, COEAIIZERYBKICT 3
BIROWEHERE NS 5. 6 TV ETEOBDNITIERKERS S T 2BRIIAX<LE (K9),

—J7 . AREE M IV SIS > TE B, SuKETHIE RN, & T, RIS > Th B SR
¥l TOBLLL, 21TELTHABITRINSE (E12),

4, 2. 4, FEBBELRABECIIMAL D AES SHEUELIMKOEL

KI0ic R28ED 2 DOMEDMMBRMORMIIT LI ZCABLEIICHEBEE, ALV RIBAELEZ LI IC
U FosinAY DA K&, HIRENINEEE L RT S, MERE, BHRECRENC & THOOKIE
T THERDEEMHEEM0.25, 0.4 TH->THERENEREL 2413 4.2 FTERDS FRAR 3 F4C
Z TN 55 5 FGIERIR M A 3 T RMICH & T8 &AM Dl BIE T4 2, 7085, 6 ¥ O
Bh5, 5FLURIOMAEEIUT A by 7 OHUSE R RELT 2,

5. mikd KU
5. 1. # &

R DV T OBEIEIC L B &, MERFNFEZELRLEE L, £V FHORLRBAELTREN 27
WRE R —EBTREEZD 0T 5,

BEDF L ORERE, ARECHEKOHEEMIZMEEIC L > TRIBICRIZ D, AN D EEIcHT 2
MEEROEELHFE LU HERRBI LI L TEDOI I BMOBEENBNER O WEINE L, chiclLTe v
F H OEEEIEERE R IIZIE—H L TH O, HHEEEIC X B INA Y D &S K UMK EE B I DT ik
WOR->ZFDUIERNTREITH S, LPL, 1N, VvV FHEBLTHAIRE->THh S (BEEFIDOKS
Z1IRITHELGZATOS) B L DER IO EIDBNE NS CERTREBNNRNETAT
Hbo
5. 2. FNFTORKRE

RAHHEDOMERE LU EME T L T30 TIMADZELICIEET 3 08 D 2, &<, 19704
IR S MEARBE L b b o TRBEEES L S U AHEIEE L. chdikAici
DI SLEICHE ZRRUCDOE DO IS EEEDE T ICHIEL BRTHIUTR DS, L, 4K
BB KICE BRIOENIKD EDF FiC KB MAY D BEEDORDP, S5, FEHINMOBIBITETIC .
LI MABDEBDIC L2 EDTHNIHETH %,

IAZE S % et 4 2 EEBENE 3 RBIEICE T 2 GFEADOREE (OB ARNRSE CEThHAH 08,
¥AHICIER L T A BUR T IR B 2APDEE 2 A & FECED IR &, EIFRFEMASE T L 2B i3 A Asg
TIETLTLE TR ENIFEZIZ BT LRE,

B EBEA VTSI 2BARNETED L PIROEDLIBEDTH b, DNESL LT TaxERREITT
TeREININEICE BAE 525 (£9). AT, HEEDENINK 32D FEOMMBMEDATH L, Z0DIE
DBEADSALEEICEL TLURIBEZ T L EEREIC SR EING, EELZLT TV EHEOHRZ by
7 3FEICEHARAEICBY B A by 7 KD REVWDT, BEZNIBABIRTRHREL TS, = O E DR 1IN
BEBETT2R39TTHS (M) FENBHRITATHZ225 1 FAic Md 2#EINERE DINANETT
3ELTH, 2OEBIIHERILD 2 ERICENEMBBRIELZE D, i, BHERE-T, BHTIFHD
BLELTEHEDONBIRTTH B, 2%, BERHERES 2HELE 2L LTh, BEAEDEBERENT T
KIMAE T 2ETETH B0 E I PR IFERICE - THRENZ2DTH B, L, BESN/EERKIUEK
THE, IERICIIER NBZHINT 2 72D OB RAAKEL 208, £ OEMITBES BERERK X
WRREEE TS A D o

R OEBLRIZ, EYFENEROA T, H2ERENHERIC L > THOIESINZ 03, T CTREYHDN
W&, BREOTEEDOIHFOMCE SO TimiET 50 MAYM D RS LU Z by 7 AR EE NIV R —E R
(L2 DI T RN O BER, RATbLEETIASL, RERETIIISHL (”T), 0%
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D, EEEDENIMEIXRBRECEMICH LTI VBRICIUET 3 E A %, Lichi-T, KEHRBER
RALHHEDZNLD b—EBEHOVHETHT SN CENEE L, —4, ﬁ%@%@ﬁ”ﬁ%ilvﬁu
TOBENEL, 72&z2F, IATTC THEBEL T3 XD ICED DI WBITINERT & 2%4ndb 5, <
I U TR AR ORI & b18 5 i, HE IR0 (LI EREIREICEY 2 2k~ TiR
BONTNE WV, DM A DI O 6 » Al it b b 20T, HEEDPHIE NEDRALED
b, Mbmﬁmmﬁﬁ%%imﬁm$mé&5c&i#fﬁbwﬁﬁéiomzmbmﬁméenéiﬁ@
FRUR TREFED F1 4] S - THIED R b v 7 DR BNRAMBRREEDT, £OLRNCGEL
TebEbHICREART 2 LD, DUAEH (1971) bxi‘i““b’cwéct') ICAKEICEBT 3 ALHMOF
HEZ ﬁ?%ﬁﬂfﬂﬁc&émbfmé Ho IF IS oW TRIBALDIME N EDEE
DALy ZIWCERL, TOMERNLEEIE ST (M\{L 1969| 1972)s

TDEDIBEEARIELED FF I E L eBCE, TRy 7 OREFEAEIE Ui B F 7o 3 s
NEOHIRE E NS BEENEHEENLELELE LRI ETHRE L, WTFIICE XER HOABEEEET
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