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Methods of dealing with sustainable yields for fish species with marked
differentiations of living pattern on a course of life historv-I1.
Basic considerations on the conditions to realize a
sustainable vield and applications of techniques
to calculate amounts of sustainable vield from fish

populations which are exploited in simple wayvs

Akira Supa

(Far Seas Fisheries Res=arch Laboratory)

Synopsis

The Pacific bigeyve tuna (Thunnus obesus) and albacore ( Thunnus alalunga) are fish species
of long life span and conssquently each stock comprises numerous age groups. At the same
time, patterns of distribution are remarkably differentiated by age, sex and spawning activity.
Maturation and recruitment to fishable stocks need enough time to bz completed.

For such fish spezcies, exploitations by fisheries may bring manifold biometric changes to a
population when thsy take places in various parts of a stock. As a result, a reproductive
potentiality of population, average age of catch and amount of sustainable vield will undergo
complicated changes in many phasss. To make a proper evalnation of effects caused by fisheries
on such a fish population, mathematical descriptions with adequate contemplations on biclogical
characteristics are necessary. Though complex models need huge mathematical works involved,
recent developments in electronics enable us to drill them. In the present paper, the author
tried
1) formation of models to handle fisheries dynamics of such a fish spzacies, especially considering

a condition to realize sustainable reproduction
and

2% under some suppositions, practices of adoption of techniques developesd here to some examples.
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I: BASIC CONSIDERATIONS ON THE CONDITIONS TO REALIZE A
SUSTAINABLE YIELD

Several mathematical models to evaluate a sustainable yield wszre already constructed in
the past studies (BEVERTON 1954, BEVERTON & HowrT 1957, RICKER 1954, 1958, SCHAEFER 1957
etc.). However, one will find out that the necessary circumstances for applications of thes=

measures are scarcely satisfied in the caszs of bigeye and albacore.

For discussions on the problem, let's take Schaefer’s model as a first example. As it was
pointed out by the author himszIf (SCHAEFER 1957), followings are premisad for the applications.
13 The rate of natural increase responds immediately to change in population density. That

is, delayed effect of changes in population density on the rate of natural increase such as

effects of the time lag between spawning and recruitment of resulting progeny into the
catchable stock are ignored.

and

9) The rate of natural increass at a given weight of population is independant of the age
composition of the population.

It is interesting to examine how practically the above mentionsed conditions are satisfied in

the Pacific bigeye and albacore.

1) It takes 4 years, on the average, before a newly generatad breeding coms=s into a fishable
stock. This time lapse is not small enough to be ignored and an immediate influence of

changes in spawning population density on an amount of resultant progeny is not naturally

imaginable.

2} Let's suppossz a change in density of fish which br.aks out in a part of population. In
the fish species handled here, this kind of change may not be propagated over the whole
population bzcause of segregation of distribution by age or spawning activity. So the
interaction among natural increasing factors to compensate a change in one of them, on
the basis of whole population biomass, is hardly expectzd. Thus the effects of density
variation in a special part of a population on the natural increasing rate seem to be more
properly evaluated on the basis of each fragment of population. And, the age composition
of a part of population in the question gives definite effects on the natural increasing rate.

Thus the two conditions to legitimate the adoption of this model does not seem to be well

realized for the species and modification of the model may improve the situation.

Another aspect of this model is also to be noted. Even in circumstances that catch and
effort statistics are only available for a study without any supplementary information, this
model is still workable and one can lead to some conclusions about sustainable vield. This
means at the same time that additonal information such as age composition of catch, growth
rate, rate of maturity, parent-offspring relationship and so on are not introduced in this model.
In the future, observations on fishery resources will be more improved and one must find out

how to make better usz of such increased information with employing other models.

As a second example, the author tries to think over Ricker's model. Essentially, this model
works as a measure of sustainable vield when an exploitation does not take time and any deaths

need not be attributed to natural factors. In this case, a surplus recruitment is a sustainable
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vield as it is. .

Since bigeyve and albacore are vulnerable to the fishery for several years as previously
mentioned, this model does not practically work again for them. In this cas=, one part of total
death should be distributed to natural death. Conszquently, a sustainable yield is a surplus
recruitment which is saved from natural death. In the other words, it is not a surplus recruitment
itself but a weighted one by “ratio of fishing death to total death”. So, it holds that parent
stock size which reproducz the maximum surplus recruitment does not necessarily produce the
maximum sustainable vield. Besides, even undzr the given average fishing mortality rate for
entire exploited stage, there are various ways of allotment of fishing death among ages of
exploitation. It m=ans that various weights of catch are possibly expected from sustainable

reproductions of same amount or from surplus recruitm=nts of same strength.

As discussad above, for the handling of fisheries dynamics of bigeve and albacore, the
matter of concern is how to develop a technigue to find out the best combination of parent
stock size and ways of exploitation. The changes in number of individuals as well as biological
characteristics on a course of life span must be traced carefully, because they affect an average

size of catch as well as an amount of next generation.

For the approach to fisheries dynamics, the basic relationships among dynamics of population,
that of fishing effort and resultant yield shall be discussad. The formula‘l) gives the principal

relationship among the three factors above mentioned.

AY' = FeR! W, D
where, 4Y’, Fy, R'; and W, denote an amount of instantaneous catch, an instantaneous
fishing mortality rate, population size in numbzr at time-t and an average weight of

fish at time-t respectively.

Formula(l) expresses that an amount of catch is a resultant quantity of two different independant
motions. One of which is an activity of humankind to utilize a fisheries resources. It is
characterized by an intensity of fishing effort and sslectivity of fishing gear by which age at
exploitation is defined. The other is a dynamics of fish population through which R/, is as it
is. W, may be interpreted as a converting factor of resultant quantity of two motions, (F;~ R,
to a utility for humankind.
Formula(l) is integrated and rewritten as formula (II).
.f
Y'=R'x 27 (1D
Y’ denote an amount of yield in terms of weight during one fishing season. R’ is an
amount of recruitment at the beginning of fishing season. Y’/R’ expresses an expesctable
value from unit recruitment characterized by activties of humankind to utilize a fish

resource.

To make the best utilization of fisheries resources, one must find out th2 best combination of
an amount of recruitment (R’) and an expectable value from a unit recruitment(¥” < R’). Both

elements may be regulated through adjustment of intensity of fishing and its selectivity.

For a practical purposes of formula (II), it may be understood how R’ and Y'/R’ are
brought on. Especially as to R’, conditions in which recruitment is regenerated sustainablly

must examined because the final purpose of present study is to handle sustainable yield.
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In the present study,courss of life cycle is devided into two categories: the one is inter-
generative process and the other is intra-generative one. The two processes take places alter-
natively. In the inter-gensrative process, namely, in the reproductive process, numbsar of
individuals are raised by spawning. On the other hand, in the intra-generative process, number
of individuals decrease on the course of time. The survivors in the intra-generative process
produce eggs which reproduce next generation. These two processes of life cycle are related
each other to determine the amount of recruitment of either side. As a practical treatment,
the author includes the earlier part of life span of a year class on which fishery doss not take

place and very little informations are available by lacking of fishery in reproductive process.

Necessary conditions to maintain a population size on a givan level over successing generations
shall be reserached employing the formula(III).

E;/Ris1=Ei+/Ris+, (I
where, E; : a number of adult fish of a foregoing generation (number of eggs produced
by a parent generation)
E;+y: a number of adult fish of a present generation

R;.,: an initial number of fish of a present generation

Left hand terms of the formula construct a necessary numbser of adult fish to produce a unit
recruitment and right hand ones give a number of adult fish expected from a unit recruitment.
Ei/R:-, is interpreted as a reciprocal of reproduction rate in an inter-generative process and
Ei/Rivy is as a spawning rate in an intragenerative process. When E;/R;., is equal to £+, 'Ri.\,

as a matter of courss, F; is equal to E;., and consequently sustainable reproduction of fish
population is feasible.

Observations on the relationship between parent and offspring stock sizes give an empirical
formula on E;/R;.,. Studies by RICKER (1958) and BEVERTON & HOLT (1957) are instructive
as to the problem. E;., R;., is usually conceived as an exponsntial function of mortality in
an intra-generative process. Empirical informations are rather few in this field, though YOSHIWARA
(1962) made some observations on the matter. When the concrete relations are adopted to the
terms of both sides of formula(lll), one can derive the definite condition to realize a sustainable
reproduction. The settlem=nt of conditions for sustainable reproduction makes a calculation of
amount of sustainable recruitment, K’ in formula(Il), possible. Another factor, Y/ 'R’ in
formulaClIl), is so called an amount of vield per recruitment. BEVERTON & HOLT (1957) treated
this value giving much considerations on age dependant changes in number of survivors and an
average weight of fish. This value is interpreted as a measure of utility of 2 unit recruitment
to humankind. The incarnation of E;/R;.,, Eivy/Ri+; and Y., /R; ., constructs the basic parts

of the calculation of amount of sustainable vyield.

To complete the calculation of sustainable yield, following steps must be taken:
1) Settlement of condition making E:'R;., and E;.,/R: , equal (Chapter III)
2y Calculation of expected K;., when E;'R;., is equal to E;;,'R;y, (Chapter III)
33y Calculation of ¥;.,/R:, when E;/R:., is equal to E;.,/R;+, (Chapter IV)
and

4) Calculation of susuainable vield Y, under various valuss of factors which cause the changes
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in the conditions of sustainable reproduction (Chapter V).
I1;: TERMINOLOGY

R : Initial number of fish of one generation (more exactly, number of fish at a beginning

of intra-generative process of one generation)

Fidd : Number of fish at a beginning of fishing season
¥ : Total catch in weight from one generation throughout its full course of life
b4 : Total catch in weight during one fishing season

C,C’,C'..: Catch in number from one generation

E : Number of parent fish (Number of eggs spawned)
t : Time or age

: 7 : Age of first capture

ta : Age of dispersion

i : Designation for generation

N : Number of fish at time {

In and after Chapter III, K;+y, Fisy, te; ., tu;, and ¥y, are simply designated for R, F,

te, ta and Y respectively. Population size of foregoing generation is dz=signated for E,.

IIT: EXAMINATIONS OF CONDITIONS TO REALIZE A SUSTAINABLE
REPRODUCTION

Changes in number of fish over successing generations are expressz2d as follows;

B Rycrizsia: T P, L e RO ROy . S

ter, tas, Fy tois Vi, Fi
where full and dotted lines denote inter- and intra-generative processes respactively, When
E,/R is equal to E/R on the above mentioned course, E, is necessarily equal to E supposing
density dependant relationship bztween parent and offspring stock sizs. E,/'R is decided in the
inter-generative process where fishery does not take place and the humankind can't affect it.
This relationship becomes to be known through observations on parent and offspring stock sizes.
E/R varies due to conditions of exploitation, espacially f. and t;, a selectivity of fisning gear,

and F, an amount of fishing effort.
11I-1. ( E,—R) relationship

( E,— R) relationship, reproduction equation, observed in the North Pacific albacore and the
Pacific bigeyve are shown in Table 1. Various types of reproduction curves are supposed.
Ricker's one appears most successful among them. To lead the condition which m2kes E,/ R and
E/R equal, (E,—R) relationship is more conveniently expressed in (E,/R—FE,) form. Employving
the formulas in the table, one can derive the concrete ( E,/R—E,) relationships. For instance,

Ricker's reproduction equations are rewritten in the following formulas:

E,/R—=0.0923¢0.99E, ...... albacore
E,/ /R =0.0223g0.0136%, ......bigeve

The curves for above mentioned formulas are illustrated in Fig. 2-1 and -2. A linear relationship

is expectable between E,/R and E; under constant recruiment ( E,/R = E,/C) and the resultant
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line of this relationship is also shown in each figure.

1I1-2. ( R—E) relationship

E is evaluated as a sum of numbear of eggs producad throughout a life span of one year class.
The procedure of calculation employed for bigeye is in formula (V),
£ by
E-R \e=MApBudt + Re-c (e=#t=t2 . A Byt V)
o i
where A, is degree of group maturity at age f (proportion of mature fish at age ) and B is
average number of eggs produced by one fish at ages {. De=tailed expressions of A; and B are
formulas (VI) and (VII). both of which are induced from the data presznted by KIKAWA (1966).
When sufficient informations are not available, 4, - B, may be substituted by a magnitude of
biomass or simply by a number of adult fish. Formulas (IV) and (IV’) which lead E-value

for albacore represent such cases.

I11-3. Conditions to make E;/R and E/R equal

When E,/R and E/F formulas are concretely elucidated, the conditions to realize sustainable
recruitment are indicated as a combination of concurrent values of indepandant variables affecting
E,’R and E/R, that is E,, F, t., t: and so on, employing procedures illustrated in Fig. 5. In
the figure, E;/R and E 'R values in the same scale of ordinate are plotted against E, and F
respectively. Supposing fishing intensity F on a certain level, one can find out a parent stock
size which realizes sustainable reproduction under a supposad fishing intensity by following the
dotted lines in a direction of an arrow. Conversely,assuming a parent stock size at E,, by tracing
the dotted lines in an opposite direction, one can find out F to materialize a sustainable
recruitment. More simply, one can find out the conditions of sustainable reproduction employing
a method illustrated in Fig. 10 in which amounts of sustainable recruitment can be evaluated
directly. Cotangents of dotted lines passing through the original point of the graph represent
the expected E/R-values under supposed F-valuzs which are inscribzd along the lines. Also,
formulas (VIII-1), (VIII-2) and (VIII-3) are the mathematical methods to lead the combination
of (Ey & F), (E;, F and F’) and (E,, F, t. and {,) respectivaly to actualize a sustainable

reproduction for albacore and bigeye.

IV: PROCEDURES TO CALCULATE AMOUNTS OF SUSTAINABLE YIELD

Once combinations of E,, F, F/,t. . and so on are fixzd, amounts of sustainable recruitment
R are evaluated through the reproduction equation. Also, Y/R is easily calculated employing
formulas (IX), (IX’) and (IX’*). Amounts of sustainable yield are given as the products of

Y/R multiplied by R as is illustrated in formula (II).

In Tables -5 and -6, examples of arrangement to calculate sustainable yield are illustrated.
The resultant sustainable yvield curves for thz albacore and bigeye are in Fig. 9. Both curves
are asymmetric in the respective way reflecting biological features of both species about which

references are made in the next chapter.

In Fig. 8, the steps of calculation of amount of sustainable yield are diagramatically

illustrated. E,/R and FE/R curves are in Panel-A and -B respectively. Procedures in both
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panels are to detect a condition of sustainable reproduction. In Panel-C where Y/R curves
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are placed, employing F-value decided in Panel-B, amount of ¥/R to realize a sustainable yield
is calculated. Amount of sustainable recruitment is measured adopting reproductive curve
in Panel-D against E, obtained in Panel-A. Y/R and R values are appraised on respective

ordinates. Products of both values turn out amounts of sustainable yield.

V: EXAMPLES OF APPLICATION OF THE METHOD

(1) Changes in the amount of sustainable yield caused by a shift of age of first capture
are examined taking the Pacific bigeye as an example. Supposing an age of entry b= 0,2,3,4
and 6, E/R and Y/R are calculated one by one against various values of F adopting formulas

(V) and (IX’). The results are shown in Table-7. The E/R valuz as a result of foregoing
step is substituted for E,/R in the formula, E,/R —0.0223¢0-0136% to lead E, values which make
E/R equal to E,/R. Now, it is possible to calculate an amount of sustainable recruitm=nt R
by deviding E, by E,/R. Y/R multiplied by R makes sustainable yield ¥. Amounts of sustainable
vield are shown in Table-7 as well as in Fig. 11 by age of first capture. Sustainable yield
curves are more or less asymmetric attaining at the maximum values in left side half of F range.

Earlier entry causes small amounts of MSY, which stand against smaller magnitude of F.

In the same way, adopting equation (IV/), (IV/”) and the formula, E;/R=0.0923¢0-99%,
amounts of sustainable vield are calculated for the North Pacific albacore. The results are
given in Table-8 and in Fig. 12. Similar relationships as those observed in bigeye are pointed
out among amount of sustainable yield, {. and F. But, in this case, yield curves are distorted
in the opposite way of those of bigeve and the peaks of curves occur in their right side half

of F range.

{2y Usually, amounts of sustainable vield are calculated supposing immediate recruitments.
However, recruitments of these species are actually completed taking enough time. In the
case of bigeye, 895 of breeding enters fishery at II age, 2193 at III age, 309 at IV age and 329
at V age respectively. Thus, it is a matter of concern to examine the difference of calculated
amount of sustainable yield between suppositions of immediate and sequential recruitments.
Employing formulas (XIII) and (XIV), amounts of sustainable yield of bigeve are calculated
assuming a sequential recruitment, and a resultant yield curve is shown in Fig. 13. For the
comparison, a sustainable yield curve under an immediate recruitment at IV years old is
illustrated simultaneously in the figure. The difference bstween two curves is rather small
over a range of F value less than 1.0, in which actual fishing intensity takes place. Thus, for

a practical use, the both curves seem to lead almost the same conclusion.

(3) Relationships between CPUE aud F are also examined. CPUE for various values of F
are shown in Table-10 and Fig. 14 for both of albacore and bigeye. The both curves of CPUE
change as the fishing intensity increase in the markedly different way. The bigeye population
(CPUE represents the population size) decreases rather rapidly even under light pressures of
fishery. But, after decreased down to some lower level, it persists in moderate reproductive
potentialities inspite of rather intensive fishing mortalities. On the contrary, albacore population
is kept on high levels when fishing are not intensive but falls down rapidly with an increase

in fishing mortality. Such differences between two species are likely related to those of biological
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features of both species. In the case of bigeye, some individuals younger than 4 vears old take
part in spawning even before their comming into fishable stock and it seems to be the reason
of rather persistent potentialities of reproduction under intensive fishing mortalities of this
species. On the other hand, the virgin stock of this species is a cumulative of many advanced
age groups, which can be depressed effectively even by slight initial fishing intensities. In the
catchable stock of albacore, in average, less age groups (mainly IV and V age gronps) are
prominent, almost all of which are vulunerable to the fisheries before spawning. Such biological

features of albacore possibly result in reverse relationships between CPUE and F to those

observed in bigeyve.

VI: DISCUSSIONS ON FUTURE DEVELOPMENT OF PRACTICAL
APPLICATIONS OF THE METHOD

It is instructive to examine if the calculated yield curve gives a reasonable comparison
with the actual observations. The catch and effort statistics of the Pacific bigeye from 1952
through 1967 are available (Table-11). Supposing catch-ability of 10% hooks to be 0.361 (SUDA
and KUME 1967), annual fishing mortality coefficients (F) are evaluated. Then, annual catches
plotted against F-values are compared with calculated sustainable yield curve under the
assumption of immediate recruitment at [V-age in Fig. 16. Supposing that actual catches be
mathematiclly larger than those in steady conditions when fishery is expanding, the present
comparison is not necessarily a reasonable one, The observed annual catches in the earlier
veass appear below the calculated vield curve. Itis not well known why the comparison rather
disappoints the mathematical expectation. Probably the reason would be a pile of observational
errors in the various parameters employed in the calculation.

In the present report, methods are not well developed to cover such cases that more than
two different fisheries exist concurrently in the intra-generative process. An approach to the

problem will be taken in the future study.
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Table 1. Parent-offspring relationships in the North Pacific albacore and the Pacific bigeve.
Note-1;
Unit of stock size
1) Offspring stock size K
a ) albacore---Hooking rate at the beginning of I-age
b ) bigeye..-Number of 10000 fish at the beginning of 0-age

2) Parent stock size E,
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a ) albacore---Hooking rate of spawning school
b ) bigeve---Index of number of eggs spawned
Note-2;
In the calculation of mean square, observations on the vear classes mentioned bzlow
are employed ;
a ) albacore.--1952 through 1959 excluding 1958
b ) bigeve.--1953 through 1961

Species gg;ittii?; of Formula D.F. Mean-Square
Albacore | A-l R =10, 829 Eye=0. 995 5 2.13
A2 R 00O TAEL M
A-3 R=—3.195E,* + 8.139E, 5 3.84
A4 R=3.756 f 1.71
Bigeye | B-1 R—44. 883 Eye~0.01365, 7 | soze.s7
B~2 ~0.000791 + 1o 00353/ Eo U SUGT. 5T
B-3 R=—0.2520E: + 35.40E, 7 59951. 14
, B-1 ; R=1227.78 | 8 50687, 45
B-1:log R/E,~ —aE, +b), BEVERTON and HOLT % ( A
: -2, B-2: R/E,=1/aEy+b), %% (A-3, B-3: R/E,~
| aEy+ b)) ZPUE L, E v+ HEANFICO0TOBMEAH
E”? WTENEND /€5 2 — 2 —EHELTHI2. X, ZORD (A
< o 11 &L (B-1) RO TN - EEmMA RO REEELE
i ! 2 RICHRT, B DG & o + # Tl BRI IC FEsp S i
i ZRTHEOE LTS, £ ~FTRENIPEIERTH S . L.
i ROZTHIZE ¥+ AT 1 I UPHRAOMEER, * ~FTRO
i YRR O R (10" TH 2. A ROHEEED H5 L EkE
i) AR & BREO R A S5 L, SR FEEEN & LTEE
A1 BICRLTHD. X, [A-1]) K, [A-2) Rigo
Wt WTOEM & HREO LA | icRd. 2hso™En
HABHE, v+ H T BEVERTON and HOLT Md F:E
: L iz Rl s d bz, X, PR T EE» >
Pareat sueck i (1) O Z LiE RICKER MOERLDR S K&, ThOOELS

Fig. 1. An adaption of reproduction ¥)H T, [ FO&LTH, &+ HOFEEHEE LTR—IG
curves to the observed relationship - 7 % § T s .
between parent stock size ( E;) and RICKER RS L EBASNTV S (M 1966-b, o),
offspring stock size (R) of the # <FOEE, HEHIIH G LENEEOHETLABINENT

North Pacific albacore WELOT, YOO IPEEMBELET L L ObFI

Notes:
line=(1)--- R~ 10. 820 Eye~0- 9435 iid B Lpifcle AMTE, WfiE:E T RICKER BE2H
line—(2)---R— | Hiict v aZ LIt L, SHTOMOAER Y ik, Eo

Ll HOOBHE R $ 01022 &0 RMHCE Sbhd, HicEN

E~DBEEETEEAZ UL EMAEREEHE S AR —
U1 RD A4, B-4) EE{ ERAMMBEICNEL{ES
ELTHT XTI LD O THS,
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Table 2. Calculated values of R (Amount of recruitment) and E,/R (Reciprocal
of reproduction rate) against various values of E, (Parent stock sizs)

supposing RICKER-type reproduction.

North Pacific Albacore | Pacific Bigeye

‘ Pacific Bigeye (Continued)
E, R | E/R g | ®» | B | B| R EJ/R
0.0 | 0.0000 | 0.002 | o0 | 0.0 | 22280 | 75 | 12151 | 61723
0.2 | 1.7936 ' 0,112 5| 2005 23866 | 80 | 12101 66110
0.4 2.9703 0.135 | 10 391.8 25523 85 1201.8 70727
0.6 3.6911 0.163 15 518.8 27332 | 90 1187.6 75783
0.8 4.0756 0.196 | 20 683.9 29244 | 95 1172.6 81017
1.0 1.2189 0.237 | 25 799.1 31285 100 1153.4 86700
1.2 14,1929 0.286 | 30 898, 1 33505 | 105 131.1 | 92830
1.4 4.0506 0.346 | 35 975.7 35879 | 110 1105.9 99466
1.6 3.8346 0.417 | 40 1041.5 38406 | 115 1078.7 106610
1.8 3.57%5 0. 504 45 1094.9 1100 | 120 1055. 8 113658
2.0 3, 2872 0.608 | 50 1137.8 13944 | 125 1026.9 121726
2.2 | 2.9944 0.735 | 55 1167.6 17105 | 130 997.7 130300
2.4 2.7053 0.887 | 60 1190.2 50412 | 135 963.5 140114
2.6 2, 4939 1.043 | 65 1204.8 153951 | 140 936.2 149541
2.8 2.1650 1203 | 7 1212.8 57718 | 145 904.7 160274

—

w's

04 o8 L2 18 20 24

20 40 a0 [T 100 120
Pareat steck aize £} Parent slock aize (£, )

Fig. 2-1. Expected relationship between stock Fig. 2-2, Expected relationship between

size(E,) and offspring stock size (R) of parent stock size(E,) and offspring stock
the Pacific bigeyve shown as the changes size (R) of the North Pacific albacore
of E,/R against R shown as the changes of E,/R against R
Notes ; Notes ;
line-(1)---Expected relationship under line-(1)---Expected relationship under
RicKER's reproduction RICKER's reproduction
line-(2)---Expected relationship under line-(2)---Expected relationship under

the contsant recruitment the constant recruitment
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‘Fig. 3. Age dependant changes in spawning Fig ‘1. Expected reproductive potentialities

potentialities of the Pacific bigeve of unit recruitment (E/R) against
Notes; various values of fishing mortality
Upper panel---A4;,, Group maturity (F), where E/R is relative number
shown in percentage (Equation-VI) of eggs spawned by unit recruitment
Middle panel---f5;, Relative number of bigeye(Curve-1)or relative number
of eggs produced by 1 mature female of mature fish expectable from unit
(Equation-VII) recruitment of the North Pacific al-
Lower panel---A, < By bacore (Curve-2)

ErtHEAFIEo0TERER (IV) K& (V) XEAOTHELHERERNE FLOBRBEES
EXICE LR T, Bt e v+ A TREME, A ~FTEAREERTH 2. F OIMICH LTYRTL:
FEE IR R 5.

Table 3. Reproductive potentialities of unit recruitment (E/R)
calculated for the North Pacific albacore and the

Pacific bigeye adopting equatiions IV’ and V.

F Albacore Bigeye F Albacore Bigeye
0.0 0.7028 118869 [ 1.0 0.0779 30239
0.1 0.5640 94510 ] 0. 0625 28407
0.2 0.4526 77153 1.2 0. 0502 26871
0.3 0.3633 64544 1.3 0.0403 25571
0.4 0.2915 55207 1.4 0.0323 24460
0.5 0.2340 48161 1.5 0.0259 23500
0.6 0.1877 42749 1.6 0. 0208 22666
0.7 0. 1507 38519 17 0.0167 21934
0.8 ] 0.1209 35160 1.8 0.0134 21289
0.9 | 0.0971 32453 1.9 0.0108 20715
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BT EMLOT, FHREARERHOTHERD . COBE, B5RICARLES cfisitmicsd, 20
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Fig. 5. Graphical estimation of parent stock size BLEBTED. LA, AHEEREHAERIC
(Ey) which realize sustainable reproduc- /Msbod —EiCs&xi0is, HAEERGRES
tion against various values of fishing Shdb0E LT, HonT i LAICER
intensity (the Pacific bigeye) Eo/R=Eof¢ %6 T EE . 21, fiic
FALMBELT te, ta dipbivd, YR S2LB
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Fig. 6. Combinations of parent stock size Fig. 7. Relative number of parent fish
and Ifishing mortality coefficient which is mathematically expectable
which realize sustainable repro- from a unit recruitment (E/R)
= when two albacore fisheries take
R places in the North Pacific current
N?tes, ) . area and in the North Equatorial
line-(1)---The Pacific bigeye, where current area respectively.
E is in relative number of eggs Notes
spawned F: Fishing mortality coefficient for
line-(2)---The North Pacific alba- the immature group in the North
core, where E is in relative number . gachlﬁc currenlt. 2xea fici f
oF matare-fal F’: Fishing mortality coefficient for

the spawning group in the North
Equatorial current area
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3.8, F/=0, 0.2, 0.4 & LEROMBEHRFE THICRT LI BLOTHS (M 1966-2)0 ZOSEF=00
FxoiBsaBARICRENILLDTH 2. 9, F/=0 00 E/R iz 2 LB~ANL F Offiz5
WAZE(LERT F & Ey OflSEHELAEZ. RIT 2 L ADHIBIZ AL bEDF s T2 AL BO R
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BIV E SFEEEBROEH
IV H O FIE

AT ST EENER A NA58E2 ROz, £t Eo te, ta & F(WELHSE FH Olasb
HTHEH, chpkEsE choDfizA TIROEEICE S,

s 7T, HeEEhRsHCTEAR E »ASEAR SN AROMLOE R AT 5. 20 R3H
FMARTH 2.

ic, Y/R & F (MBELEHOIE F), te, ta & OEFESNCHE L THE (1) U Licpi-T, Y/R
X R=Y L LTHi#EERNHHTE2, Y/R & te, te W F(MEEESIE F) CoBEE-EZE
BEVERTON and HOLT (1957) iL L -THZ SN TV B, MAHBRMMICTTbh AL LizBEs Y/R 13—
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EhiF A, Ne izl tic B 2 (K TH S, We lX BEVERTON and HOLT @& F A Tl3 BERTALANFFY
DOAMSHMANT DY, HTLETITHILBERLV, L&A, Y+ HOmERE OTSU (1960) i
GOMPERTZ OXTHD LT EMH 5. TOWE, (HFHr—WkE] BRE L=>018) (0. 17HW8HLD) ¢
HB, T, FES—EKE] BRLRW A0, RE—KE) BFE (&AM - 558 1961 2/
T Wus (=34.38) 3L, ThEMHOT SRR BEEER L, W=3438(0.177) 3x143(-+0.23)
EThE LY (AR 1966-a)c &3 H, X NFORKFIKOOTHRE LIz Y/R 25 4 RRd. TOFHAT
i1 (IX) R A <Fie LTI
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ErFHICHLTE, R 2B1FOBONEETEHELIOT

b
YI;R._p§g—mlr—1)—2(:-:-»)14.:,.3-; e (TX)
i~

LTV W OHHOI»ORERE LTR, CORICER LIz v+ H-14& # 55 Tl3 BERTALANFFY
DO (f7#E - $M 1963a,b) %, v+ #4-27Tld GoMPERTZ @t (OTSU 1960) A SH T 3.

Table 4. Yield per unit recruitment calculated for the North Pacific
albacore (f.—3.8) and the Pacific bigeve ({.—4) employing
Equation-IX.

F Albacore-1 Albacore-2 Bigeye

0.1 1. 061 0.934 3.134
0.2 1,895 1.671 5. 065
0.3 2.563 2.252 6.282
0.4 3.089 2.710 7.070
0.5 3.506 3.072 7.596
0.6 3.837 3.357 7.958
0.7 4,099 3.582 8.216
0.8 4,306 3.759 8.407
0.9 4471 3.898 8.522
1.0 4.601 4,007 8. 666
1.7 4.705 4.093 8.759
1.2 4.786 4.159 8.836
1.3 4.851 4,212 8.901
1.4 4.902 4,252 8.958
1.5 4.942 4.283 9. 009

Note;
The growth curves mentioned below are employed to give
W, in Equation-1X;
a) Albacore-1---BERTALANFFY type (YUKINAWA & YABUTA, 1963)
b Albacore-2.--GOMPERTZ type (OTsuU, 1960)
c) Bigey---BERTANFFY type (YUKINAWA & YABUTA, 1963)

EBRICEEFED & v+ # i 2 D THEEEEROHRFAEZRE S5 s THO 2 EERHEEN 150
(A-1] &, THbb,
R=10, Sngn-ngua‘,[}(‘:

4
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[(VIII-1] R o T, & QIlEMO R THHEREMASERT S F L E, OB SbEhidt
WTx3, ZORASHOEAFES FOo—FH (F) & Z3H (E) l[cqid. #-FH0 E % (X)) Sk A
LTH=%HD R H#iEci, 2FMAHD Y/R 2 (IX"”) s W: 1 BERTALANFFY FOpiERA{{
ALTROIEFLIEREF+47-1 OfiET0OE B LELOTHS, =FIHOMELMNIEOEDBD Rt ke
BThd. M. S. Y IZ F=0.6 TEHINEG. F LEREEBOBREIFIRTRICRLTH S, KD
&, B(I%$Ho catchability MEBICDOS - TORWLOT, (HxtmPEREEERIC BES 2 Fhhb hin

Table 5. An example of the calculation of sustainable yield (North Pacific albacore)

F ' Eo R | Y/R | Y
0.0 2.1529 3.0633 | 0.000 0.00
0.1 1.9196 3.4035 1. 061 3.61
0.2 1.6861 3.7254 1.895 7.06
0.3 1.4531 3.9997 2.563 10. 25
0.4 1.2193 4,1828 ! 3.089 12.92
0.5 0, 9863 4.2150 | 3. 506 14.78
0.6 0.7536 4. 0096 3.837 15.38
0.7 0.5195 3.4472 | 1.099 14.13
0.8 0. 2858 2.3639 1.306 10.18
0.9 0.0532 0.5479 4,471 2.45
0.92 0. 0000 0. 0000 0.00

Y41 [PANEL-A] Ei/R [PAMEL=B) E/R 14

12 iz

1of {10

Bl 18

18 1&

4l A | > 4

2} - ‘/E\ul - » :/F\ - 42

10 30 50 70 %0 W0 a7 04 OI-G 08 10 12 14 )& 18 A

144 3 ' 410

izt L J

A (/. o T iseof]®

sl 16

af 14

(PAMEL=D) R {PAMEL=-CJ ¥/R 12

16 30 50 70 %0 N0 62 04 06 08 10 12 14 16 18
Fig. 8. Diagrammatic calculation of amount of sustainable recruitment
(R) and yield per recruitment(Y/R) against various levels of
fishing mortality coeflicient(F) (The Pacific bigeye)
Notes;
Panel- A .--Parent-offspring relationship in (E,/R~R) form
Panel-B-.-Reproductive potentials of unit recruitment for
various values of F
Panel-C .- Yield per unit recruitment against various values
of F
Panel-D---Amounts of recruitment for wvarious E, values
(Reproductive curve in an ordinal form)
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Table 6. An example of calculation of sustainable yield by diagrammatic
method employing illustrations in Fig. 8. (The Pacific bigeve)

F E, R | Y/R Y(10'ton)
(Panel-B) ! (Panel-A) (Panel-D) | (Panel-C) (R<Y/R)
0.0 123.2 1034 0.000 0
0.1 106.2 1126 3.134 35
0.2 91.5 1185 5.065 60
0.3 78.2 1211 6. 282 76
0.4 66. 6 1209 7.070 85
0.5 56.7 1175 7.596 89
0.6 48.0 1120 7.958 89
0.7 40.2 1043 8.216 86
0.8 33.6 952 8. 407 80
0.9 27T 852 8.552 73
1.0 20,7 745 8. 666 65
I 18.0 635 8.759 56
1.2 14.0 522 8.836 46
1.3 10.0 387 8.901 34
1.4 7.0 285 8.958 25
1.5 3.5 151 9.009 14
1.6 1.0 48 9. 054 4
1.64 0.0 0 9. 054 0
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Fig. 10. Expedient diagrammatic method t,
calculate the amount of sustainable
recruitment for various levels of fishing
mortality coefficient(F)

Notes;
The cotangents of dotted lines repre-
sent E/R values which are expected

Fig. 9. Calculated sustainable yield under F values noted along the lines.

curves under the conditions

shown in Fig. 6

Notes; - o
Upper panel:-Bigeye (Y) BE=FID R LHEWFHIO Y/R ORTIOHA
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Table 7. Calculation of sustainable yield by age of first capture of the Pacific bigeye.
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t| | /R | B | R |Y/R|Y |#| 7 | B/ | B | R | Y/R | ¥
0]0.0 118869 123.2[ 1034.3 | 0.000 | O 0.8 35160 | 33.6 954.9 | 8.407 | 80
0.1 63883 | 77.5| 1212.2 | 3.390 | 41 0.9 32453 | 27.7 852.7 ‘ 8.552 | 73
0.2 35418 | 34.0 961.4 | 4.258 | 41 1.0 30239 | 22.7 748.0 | 8.666 | 65
0.286 22280 0.0 0.0 {4.196 | 0 1.1 28407 | 18.0 632.4 | 8.759 | 55
1.2 26871 14.0 519.7 | 8.836 | 46
210.0 118869 | 123.2| 1034.3 | 0.000 | O 1.3 25571 10.0| 391.7  8.901 |35
0.1 78027 | 92.2| 1181.0 | 3.816 | 45 1.4 214460 7.0 285.7 | 8.958 | 26
0.2 52838 | 63.2| 1200.4 | 5.658 | 68 ety 23500 3.5' 149, 7 ‘ 9.009 | 13
0.3 36877 | 37.0| 1004.2 | 6.529 | 66 1.6 22666 1.0 44.3 |1 9.054 | ¢
0.4 26486 | 12.5 473.3 | 6.920 | 33 1.640 22280 0.0 0.0]9.071| 0
0. 461 22280 0.0 0.0(7.071 ]| O
6 | 0.0 118369 | 123.2| 1034.3 | 0.000 | O
3 0.0 118869 | 123.2 | 1034.3 | 0.000 | O 0.1 109000 | 116.8 | 1070.0 | 1.915 | 20
0.1 86136 | 99.6 | 1152.9 | 3.600 | 42 0.2 101126 | 111.3 | 1099.0 | 3.290 | 36
0.2 64335 | 78.2| 1211.2 | 5.606 | 68 0.3 94779 | 106.6 | 1122.5 | 4.288 | 48
0.3 49465 | 58.8| 1185.8 | 6.747 | 80 0.4 89613 | 102.5| 1141.4 | 5.022 | 57
0.4 39079 | 41.3| 1056.8 | 7.410 | 7 0.5 85365 98.8| 1156.5 | 5.569 | 64
0.5 31656 | 26.2 823.7 | 7.804 | 64 0.6 81840 | 95.7| 1168.3 | 5.984 | 70
0.6 26230 | 11.9 454.2 | 8.044 | 37 0.7 78886 | 93.3| 1177.1 | 6.303 | 74
0.698 22280 0.0 0.0)8194 | 0 0.8 76388 | 90.7| 1185.0 | 6.554 | 78
| 0.9 74257 | 88.5| 1191.6 | 6.754 | 80
4 | 0.0 118869 | 123.2| 1034.3 | 0.000 | O | 1.0 72424 | 86.9| 1196.2 | 6.916 | 83
0.1 94510 | 106.2| 1124.9 | 3.134 | 35 | k50 | | 70836 | 85.4| 1200.5 | 7.050 | 85
| 0,2 77153 | 91.5| 1183.6 | 5.065 | 60 | T2 69449 | 83.8  1202.8  7.164 | 86
| 0.3 64544 | 78.2| 1211.3 | 6.282 | 76 1.3 68230 | 82.5| 1205.6 | 7.260 | 88
0.4 55207 | 66.6| 1207.9 | 7.070 | 85 1.4 67151 | 81.4| 1207.5|7.344 | 89
| 0.5 48161 | 56.7| 1177.2 | 7.596 | 89 1.5 66190 | 80.2| 1209.1 1 7.417 | 90
0.6 42749 | 48.0| 1121.4 | 7.958 | 89 1.6 65331 | 79.2| 1210.7 | 7.482 |91
| OUF 38519 | 40.2| 1044.2 | 8.216 | 86 1.7 | 64557 78.5| 1211.0 | 7.541 | 91
Notes; In the calculation of E,/R wvalue, equation B-1 in table-1 is employed.
Table 8. Calculation of sustainable yeild by age of first capture of the Pacific albacore.
t| F | E/R| B | R |W/R| || F | E/R| B | R |WR]| ¥
1 0.0 0.7028 | 2.1528 3.0632 | 0.000 | 0.00 l 0.4 0.3158 | 1.3043] 4.1301 | 3.037 | 12.54
0.1 0.4262 | 1.6223| 3.8064 | 1.335 | 5.08 0.5 0.2586 | 1.0923| 4.2239 | 3.477 | 14.69
0.2 0.2586 | 1.0923| 4.2239 | 1.987 | 8.39 0.6 0.2117 | 0.8800| 4.1568 | 3.835 | 15.94
0.3 0.1568 | 0.5615| 3.5810 | 2.257 | 8.08 0.7 0.1733 | 0.6678| 3.8534 | 4.126 | 15.90
| 0.4 0.0951 | 0.0310] 0.3260 | 2.318 | 0.76 0.8 0.1419 | 0.4558 3.2121 | 4.361 | 14.01
| 0.406 | 0.0923 |0,0000 0.0000 0.00 0.9 0.1162 | 0,2438) 2.0981 | 4.552 | 9.55
| 1.0 0.0951 | 0.0310/ 0.3260 | 4.706 | 1.53
2 10.0 0.7028 | 2.1528 3.0632 | 0.000 | 0.00 1.015 | 0.0923 | 0.0000| 0.0000 0.00
0.1 0.4711 | 1.7286| 3.6693 | 1.375 | 5.04
0.2 0.3158 | 1.3043] 4.1301 | 2.215 | 9.15 5 [ 0.0 0.7028 |2.1528 3.0632 | 0.000 | 0.00
‘ 0.3 0.2117 | 0. 8800 4.1568 | 2.700 | 11.26 0.1 0.6359 | 2.0468 3.2188 | 0.575 | 1.85
0.4 0.1419 | 0.4558] 3.2121 | 2.983 | 9.58 0.2 0.5754 |1.9408| 3.3730 | 1.097 | 3.70
! 0.5 0.0951 | 0.0310] 0.3260 | 3.118 | 1.02] 0.3 0.5206 |1.8346| 3.5240 | 1.572 | 5.54
| 0.508 | 0.0923 | 0.0000 0.0000 0.00 0.4 0.4711 | 1.7286) 3.6693 | 2.003 | 7.35
0.5 0.4262 | 1.6223| 3.8064 | 2.394 | 9.11
8 ‘ 0.0 0.7028 | 2.1528] 3.0632 | 0.000 | 0.00 0.6 0.3857 | 1.5163| 3.9313 | 2.750 | 10. 81
0.1 0.5206 | 1.8346] 3.6240 | 1.275 | 4.62 0.7 0.3490 [ 1.4103| 4.0410 | 3.073 | 12.42
0.2 0.3857 | 1.5163| 3.9313 | 2.189 | &.61 0.8 0.3158 | 1.3043| 4.1301 | 3.367 | 13.90
| 0.3 0.2858 | 1.1985 4.1935 | 2.841 | 11.91 0.9 0.2858 | 1.1985) 4.1935 | 3.634 | 15.24
0.4 0.2117 | 0.8800| 4.1568 | 3.301 | 13.32 1.0 0.2586 |1.0923 4.2239 | 3.877 | 16.38
0.5 0.1568 | 0.5615| 3.5810 | 3.622 | 12.97 1.1 0.2340 | 0.9863 4.2150 | 4.098 | 17.27
0.6 | 0.1162 | 0.2438 2.0918 | 3.842 | 8.06 1.2 0.2117 | 0. 8800/ 4.1568 | 4.299 | 17.87
‘ 0.677 | 0.0923 | 0.0000 0.0000 0.00 1.3 0.1915 | 0.7738] 4.0407 | 4.482 | 18.11
1.4 0.1733 |0.6678 3.8534 | 4.649 | 17.92
4 0.0 0.7028 | 2.1528/ 3.0632 | 0.000 [ 0.00] 1.5 0.1568 0.5615 3.5810 | 4.801 | 17.19
0.1 [ 0.5754 | 1.9408 3.3730 | 1.007 | 3.40 1.6 | 0.1419 | 0.1558 3.2121 | 4.940 | 15.87
| 0.2 0.4711 | 1.7286] 3.6693 | 1.827 | 6.70 1.7 0.1284 | 0.3498 2.7243 | 5.066 | 13.80
0.3 ‘ 0.3857 l ]‘5163| 3.9313 | 2.494 | 9.81 [
Notes; In the calculationoe f E,/R, equation A-1 in table-1 is employed.
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FeAEEROFMDAD B PHIZED, W6 s L4 L FE1.7 OMBTIE FHve il Hisis
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Table 9. Calculation of sustainable vield of the Pacific bigeve
under a supposition of sequential recruitment, where
805, 2104, 3995 and 320f of recruitment enter the fishery
at beginning of 11, I1I, IV and V ages respectively.
F E/R E, K Y/'R
0.0 | nssey | 123.2 1034 0.000
0.1 94510 106.0 . 1127 3.095
0.2 77153 90. 8 1186 4.959
0.3 64514 77.8 i 6.112
0.4 55207 66.5 1206 6. 845
0.5 418161 56. 8 1175 7.326
0.6 42749 18.6 1126 7.652
0.7 38519 41.5 1057 7.881
0.8 35160 35.5 982 8.047
0.9 32453 30.3 896 8.171
1.0 30239 | 25.5 8J8 8. 267
1.1 28407 21.2 713 8.344
1.2 26871 17.5 620 8.408
1.3 25571 15.0 548 8. 462
1.4 24460 12,5 470 8. 508
1.5 23500 10,0 391 8.550
1.6 22666 7.0 281 8.587
1.7 ‘ 21934 4.7 192 8.621
i 1oF
- n"‘?;_—m
‘IIAA\II‘.--
02 o4 e ola 10 12 1‘1 1.‘0
Fishing martality reeffiosent (F)
Fig. 13. Comparison of calculated sustainable yield curves of the Pacific

bigeye between suppositions of immadiate (curve-1) and sequential

{curve-2) entrance to the fishery,
Notes ;
Curve-1---From upper panel of

Fig. 9, Curve-2.--From table-9
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Table 10. Calculated catches per unit effort against various
fishing mortality coefficients when a sustainable
vield is realizad under a supposition of immediate
recruitment at f.

Albacore (#.=3.8, M=0.2) Bigeye (i‘,.:_—- 4.0, M=0.361)

F c [ CPUE o) CPUE
0.1 3.6 36.1 | 35 350
0.2 7.1 35.3 | 60 300
0.3 10.3 34.2 | 76 253
0.4 12.9 32.3 85 210
0.5 14.8 29.6 89 178
0.6 15.4 25.6 89 148
0.7 14.1 20.2 - 86 123
0.8 10.2 12.7 80 100
0.9 2.5 2.7 73 ' 81
1.0 65 - 65
1.1 56 51
12 16 38
1.3 34 26
1.4 25 19
1.5 14 9

te=0
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o,
00
R, g 1ooF
300+ b =
1300} t‘.‘ £
! FLLIS
M BACORE £ tem2
L} S loop
L

aangpe vvm and R

\
i
N
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\ 1001
100+ ;
ool '
' 400
Te=d
i ook
g 200}
.< | 100
— s S SR RN - " M m— 1
0 ¥} 08 o4 10 12 12
Confliciomt of Fishing wertality [LE] 400
te=5
ool
Fig. 1-1. Catches per unit effort of sdol
Bigeye and Albacore for al k
various levels of fishing m.clr- TS eSS s |'.
tality coefficient supposing Ceelfisiont of fhahing mortality (F)
sustainable reproduction with Fig. 15. Catches per unit effort of the
conditions of parent stock Pacific bigeye which are expect
sizes shown in Fig. 6, when -able for wvarious ages of first
age of first capture are capture

4.0 and 3.8 respectiuely
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%, BEEatasy 13 MicimTRd . oI, RFRchEos VrmlicinAda v
FHEO & S CH RS R Bk e iR AR L Th 2. allimAERSE LiciGe, FestdmidhsiamimA
OBDENLED L0 Pf- AL EMMELH, M. S. Y, OEPERAERTE F BRALERLLEL,
DR 12 & 2T ES - PE S GE, MEOMOX LA LED XS ICES NPT LIDYT
B, TOLHBUEEFTEALDOEOETEOETNEL S HOERELT LN EITHS,

V-3 HHEENSERLUCSESORMENL 0 S EREBMIET RYOME

s THASEDY DR Y/F & LTS 2. 85 £RUE 6 RICR UicRikidiEmes F olFEE
FIGTEE L. Y/F &5 10 ZRUE 14 BUCTRT. ©rFHEANFORTEE L 8- folisias &
HoHMND. HEBESICES ZRNC, T TIRRIEH LOOMEEHMER LTS A7 L, fillixTndsii:
k7 BT Ay A ERIT A L, BANTUXICH LTHAEEERE LD REUHEENE
Heb L, ChhimBiRiss (CPUE) Icillshs. #ic, ORI ENE A~ FOBEHY D Elikki F
DESNESVIFTEE Y FHOEZNLIDE LLETT 2,

AR T 2 AESHOBIL, #NF TR 7T~8 YICET 201, £V +ATR 3~4 r&E 04 R
{, NERFBEIOSLETEH A ANFICREHIC L2 SERORIP LDHRMCHSONT, B FHED
LELmBRMELT 32 b0 B3, ANFOBATH te Z/hE { LTIARTD S BEIIT 2 BkEZE
~5LF & CPUE liBolEhe »y + #OZNICHESHTW { OMEENE GF 15 HD.

B VI E SHROMEAR

ZOMEOHERHGHE  EFERO ML FE Lo S04 EER S fobic, FEERREOREER

CEZE(LERMTEE LI NEFAERETLCLTH S, COLH BMERED S & TRARIICTRTETR
BEfEO A ESRSER AN S, L L, HEOMEL LTASLOZBRIC O TOMRIIE LR
BLTWA, COAZERLT, £9, YWoHERE oW ARRLBO—EARKNICE AT Z 2 v 0l
BIES LEETO—ETFAAMAVNTEZOU TH M, 4RO 23RO LFEOMELHICK L
FETFN, METNEE I ETHERESNIEFTE— (2) 2 (3) 2RI LOBEFLICETREEI S0,
HETRIOLIBHEAL ST ROMELEEHLTE .

(1) COMETIE, BHTl~fz k5 IC, APIEEITE S B REN L B DHEER S - T, SIchsER
KA HO R LLS ETAMEMALNA LD TEAFHEE LTWA, ZHWHIEZHIZ MO LR
EZABITOOLHBRELNLDOTH S, =/ 0ll 20 THLDEINEZ FEFATELLOREIZDNT
id, WANWANBENGZLE LIV, Y KFETO- /oo MAREREZA S L, ZOEIFEHI L
BIh&E <, EraH R, AFOEATH 50 %, CGHME 1962, SUDA 1962) F & TREICNIE
L20%THA bk 1966, T 13 M SHFD. B CoWNGEH T, EREaREKD v ~vOE(bt i
MEFORAICHE SN T O THICHE LBESLETES S0, hs0AafliTko o
iCdiz - THEED HCHEERLEO T 2 e EN L3 IcBbh . EIREMIESICL { ERtirsb
HTEROHIIMEIEHICE T 3 ERAMESTHLN A C &, HICHERPEICE LI-RTLREONENELL
ICed (FAEMD 1958) MRERNCH T 2GS RENEBEONE I LEA2EZI L, 2bHTHRIN
BEENCLAAHES T, BT HhoRBENE L0 a2l LMol 3BE3L LALHWET
Hb. Lichi-T, REEROEMICLE LI FFEMOEBEGET 2D THLELA, TOEHAELLITK
& QA L2 Mg e S VB RE RIHE 0, Ficez i, BTERoMERITEoBRERICELTED
Z oML bEFER R EELELZ RS,

C2) RO ICHEERENTETERERETZCLTLENHE S VIO LD L s RENELN S
i, BEOBNNAE L TH A THLL,. T2 TEA e RICKER MO FAEEGRERHEE Lz { 2h
DHFOHFEIC LTI ENAE LI LTOMMICTEROENSTEETES, Lbd, 2307t
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HE FEERRIC DO TREY TREL, THRANDESFBVIIOOLTLHIBESTHEE, 20 L5 BHRK
ZEELT, AHTRIEER, BEOLOECHDLIH LOIHSLEANBESICHATES LS LT, ML
12 3 rOEEE,/R, E/R, Y/R ZRI4ICFHL, FOMBEMHALSDOES LI HOHBIEELHATT
72o

(3) 2> ToEHN, CoREEMMECGENMEEE5A3ME0ICEbHBDHEZEH6THS. L
L, BEOMME LTERBMREENTLZLETERLOT, EBOBRERL L SE~<E, Ev+HicD
DTS DO L ~udii R HREERBA CEL L TO RO TANFO R OEMICRIFHRETH 5,
ANFTiE 1952 FLIE, fERMEBESHCHONTOELO T — 2 —PRiah, fMENEL & ik
LT - E@diBifca s, X, HOROEHEPHEAAAZ (B #hRofili (¢ 2oifEE s .

Table 11. Number of standardized hooks (f), annual fishing mortality
coefficient (F) and actual amount of catch (C) for the
Pacific bigeye caught by Japanese longline fishery.

Year f(10*hooks) F C(10%*on)
1952 1248 0.045 142
1953 1746 0.063 159
1954 2797 0.101 230
1955 5414 0.195 466
1956 4206 0.152 392
1957 6659 [ 0.240 567
1958 9464 0.342 861
1959 9316 0.336 750
1960 10254 0.370 731
1961 15300 0.552 1113
1962 19741 0.713 942
1963 26675 0.963 1135
1964 22931 I 0. 828 807
1965 20505 0.740 602
1966 19281 0. 696 659
1967 20164 0.728 651
Notes ;

f: Calculated following SupA and KUME (1967)
F: Catch ability coefficient (g) of 10° hooks is estimated at 0.361 by SupaA
and KUME (1967)

Ak (1967) ICE>T—ITHDLNT NS, ThH0ENPTEEAAGCTEM LEASEIE (), H@EE
CEE (F) $icEEomlfe2® 11 Riord. RRICE 16 FIi s e L TEBo i+
ZFowy b LESICAEFHE Lo EERmE REMADES) Z2HATRLTHS. ORI LN, &
Hahi-Fi@mlii s, EROBEROSGBRIFD LOERWAL: & <IT 1960 ELIFTO WM T3 92
ORI E SN EHRER LD DSV HFATN T3 00FEE SN E, ChEREDEAMICIEERD
R EH AR L D REL LR LV NN TFRICE TR L THE, BIFOBETR, COLEIER
HELHEOMRICE T 2 HER NOHEDORDICE S Oh, 301 FdltRdhosEIc v
HERORDICED OPUE LA L L, TOWTShit>20nTHL20alfEREEsEZL s LT
HY, SEBECINSEOHCOVTORMEER LT X1,
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Fig. 16. The calculated sustainable yield (dotted line) and the
observed yearly catches of the Pacific bigeye
Notes; Sustainable yield is calculated under the
supposition of immadiate recruitment at the beginning
of IV-age
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