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Approximate estimation of parameters in dynamics of fish
population utilizing effort and catch statistics with little
informations on biological features

Akira Supa

(Far Seas Fisheries Research Laboratory)

For many fisheries resources, it generally happens that such biological data as annual
surviving, annual age composition in catch, yearly change in vulnerability to fisheries and so
on are not always well provided though effort and catch statistics are fairly well documented.
Under the circumstances, development of the techniques to evaluate parameters of dynamics
of fish population mainly upon the catch and effort data with some supplementary biological
informations may be of greater merit to the population studies. As a matter of fact, devices
of such kind have been developed, for instance, by Schaefer (1954, 1957 and 1967-1) on the fish
population under logistic model and by Gulland (1962) on those which had experienced relati-
vely small year by year changes in fishing intensity.

For some of tuna species, the author assumed a population as an aggregation of year classes,
in which the number of fish decreases with time lapse taking mortality coefficient as a factor,
With the present model, he tried to evaluate the parameters of dynamics of fish population
mainly upon the catch and effort data. The techniques here developed is hinted by Doi’s study

(1962) which has shown a linear relationship to be expected between fishing effort and reciprocal
of CPUE in a steady state. This method makes it possible to estimate an average size of
recruitment as well as a ratio of M to ¢ and, moreover, values of M and ¢ respectively when

some supplementary informations are available, as far as an average size of recruitment is stable.

The procedures of the method are explained below ;

Step-1: Linear relationship between reciprocal of raw value of CPUE and amount of fishing
effort is examined employing equation (V).

Thus, first approximations of R and M/g come out.

Step-2: Supplementary information on surviving is adopted in this step. When any one of
the three, M, ¢ and Z, or a relation between the two of them, be hypothesized or
introduced, the remaining two parameters can be drawn because M/q is already known
through Step-1. Thus, one can obtain first approximations of M and gq.

Step-3: Correction factor of yearly catch in number is calculated at this step by putting the

first approximation of M and ¢ into equation (VII). Correction factor is a ratio of an
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expected catch in number in a steady state to the actual yearly catch in number.
Step-4: Observed annual catch is corrected by adopting the correction factor and the first

approximation to the reciprocal of CPUE in the assumed steady state is calculated.
The first approximation to the reciprocal of CPUE and amount of fishing effort are employed
in Step-1 again and, hereafter, operations from Step-1 through Step-4 are repeated. The
iteration is to be continued until the last approximations of R, M and ¢ get close enough to

those of the preceding approximations.

Examples of application of the method

(1) The case of bigeye tuna in the longline fishing ground of the Indian Ocean

In this example, the supplementary information introduced in Step-2 is

0.5951¢ +M=1.130 (VIID)
This relationship is derived from Table-2 and gives an average mortality coefficient for the
years from 1959 through 1963 when the fish population is considered to be in an almost steady

state.

1st operation P

Step-1: f/c=0.9361f+1.2291, R—1.0683 (10°), See Fig. 1.

Step-2: M=0.7447, ¢—0.6473 (per 10%® hooks)

Step-3: See lefthand rows of Table-4

Step-4: Explanation is eliminated.
2nd operation

Step-1: f/c=1.1130f +1,1948, R —0.8985

Step-2: M=0.7269, ¢ —0.6772

Step-3: See righthand rows of Table-4

Step-4: See 1/CPUE values in Fig. 2.
3rd operation

Step-1: f/c=11157f+1.1974, R —0.8964, See Fig. 2.

Step-2: M=0.7268, ¢—0.6773
The 2nd approximations of R, M and ¢ and those of the 3rd are considered to be close enough
and the operation was not let go more. So, the resultant estimates for bigeye in the Indian
Ocean are 896 thousands fish, 0.7268 and 0.6773 per 10® hooks for R, M and ¢, respectively. The
sustainable catch in number as well as in weight are calculated by employing these estimates

o

(Figure 3 and 4).

(2) The case of yellowfin tuna in the Atlantic Ocean

The circumstances of yellowfin tuna caught by longline in the Atlantic Ocean differ notably
from those of bigeye in the Indian Ocean because of existence of preceding catch by surface
fisheries. The catch by surface fisheries is increasing year by year and conversely amount of
recruitment to the longline fishery is considered to be decreasing. Annual drop of recruitment
to the longline fishery is evaluated by adopting the equation (IX) and (X) and the resultant
amount of decrease (S;) is given in Table-5. This circumstance brings a need of change in

a way of deriving the correction factor and it was done along equation (XI) in Step-3.
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In Step-2, as the supplementary information on surviving, the value of M which is estimated

at 0.8 for the eastern Pacific yellowfin tuna was adopted instead of Z in the case of the Indian
Ocean bigeye tuna.

The operation was repeated 30 times but it did not successfuly make the difference even
between the 29th and the 30th approximations small enough. The average of the last two
estimates was taken as the final ones and the resultant R and ¢ are 1702 thousands fish and
0.239 per 10® hooks, respectvely (Table 6).

RY, gives an amount of assumed decrease in a stock size for longline fishery caused by
preceding catches by surface fisheries. Accordingly, sums of C; and F;RY,/Z; give the measu-
res of yearly longline catches which are expectable when surface fisheries do not take places
in the Atlantic Ocean. The calculated sums of C;, and F;RY;/Z; are plotted in Fig. 8 with a

calculated sustainable catch curve.
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Table 1. Numbers of effective hooks (f;, in 10') and bigeyes caught
(C¢, in 102), catch per unit effort (CPUE) and reciprocal

of CPUE for the longline fishery in the Indian Ocean from
1952 through 1967 (from Kikawa et al, 1969)

Year f:(10* hooks) | C:(10? fish) P(CPUE, 107 1/P0%
1952 43 27 — —
1953 397 249 — =
1954 2,030 1,388 0.68 1.47
1955 4,645 3,108 0.67 1.49
1956 7,468 4,353 0.58 1.72
1957 4,370 2,663 0.61 1.64
1958 5,260 3,310 0.63 1..58
1959 4,975 2,678 0.54 1.85
1960 6,730 3,608 0.54 1.85
1961 5,070 2,713 0.53 1.89
1962 7,310 4,233 0.58 1.72
1963 4,412 2,540 0.58 1.72
1964 5,659 3,293 0.58 1.72
1965 8,745 3,785 0. 43 2.32
1966 10, 042 4,624 0. 46 2.17
1967 12,144 5,124 0.42 2.38
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Fig. 1. Reciprocal of CPUE plotted against number
of effective hooks for the bigeye tuna caught by
longline fishery in the Indian Ocean
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Table 2.

A H

i

Number of effective hooks, index of population abundance and estimated

survival rate for the years from 1959 through 1963, for which the bigeye

tuna stock in the Indian Ocean is supposed to be on a steady state.

(Indices of population abundance are derived from Sakamoto 1966)

Year i Number of effective hooks Index of population abundance
: Yearly
" Yearly Average value 5 and more 6 and more survival-rate
| saliie for successing than 5 years than 6 years
2 years old fish old fish
L am | Tam
1959 | 4,975 728
1960 | 6,730 5,853 556 164 0,226
| [~
1961 | 5,070 54900 640 270 047
1962 1 7,310 6,190 459 148 021
1963 | 4,412 Bl 189 0.412
Total ‘ 23,804 2,383 771
Mean 5,951

Note; Average survival rate for the years from 1959 through 1963
e~7#=771/2383=0.323

Average total instantaneous mortality coefficient

Z=1.130

Table 3. Estimates of R, M and ¢ of the Indian Ocean bigeye tuna.

Operation No. o B m R(10%) M q(108 hooks)
1 1.2291 0.9361 1. 1505 1. 0683 0. 7447 0.6473
2 1.1948 1.1130 1.0734 0. 8985 0.7269 0.6772
1.1974 1.1157 1.0732 0. 8964 0.7268 0.6773

Table 4. Values of X; and « Correction factor” for the Indian Ocean bigeye tuna.

First approximation

Second approximation

L e Correction X Correction
e factor J factor
1954 1.099 0.910 1.103 0.907
1955 1.157 0. 864 1.167 0. 856
1956 1..151 0. 896 1.163 0. 860
1957 0.948 1. 055 0.950 1.053
1958 1.013 0.987 1.017 0.983
1959 0.994 1. 006 0.997 1.003
1960 | 1.053 0.950 1.055 0.948
1961 0.964 1.037 0.964 1.037
1962 1 059 0.944 1.059 0.944
1963 0.928 1.078 0.928 1.078
1964 1.014 0.986 1.015 0.985
1965 1.095 0.913 1.100 0.909
1966 1. 057 0.946 1..053 0.950
1967 11055 0.948 1.057 0. 946
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Table 3 and actual yearly catches of Japanese longline £V RPED A NF TR, $BIE—(2)
fishery in the Indian Ocean. Closed and open circles B _’ . )
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Fig. k. Possible sphere of amount of sustainable yield
(10* tons) of bigeye tuna in the Indian Ocean estimat-
ed by employing R, M and ¢ values in Table 3 with
actual yields of respective years. Closed and open cir-
cles represnt years of increased and decreased efforts
respectively in comparison with foregoing years.
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Table 5. Number of effective hooks (f;, in 10®), number of yellowfins caught

(Cy, in 10%), reciprocal of CPUE for longline fishery, weight of yellowfin

caught (10? tons) by surface fishery and estimated decrease in the

recruitment to longline fishery caused by preceding catch by surface

fishery (S, 10% fish) in the Atlantic Ocean.

Longline fishery Surface fishery J Amount of
Yeéar - = - - - decrease in
Effective hooks Catch Reciprocal of | Catch in weight recritment
f:(1000) C:(100) CPUE100) Cs(100 tons) S¢(100 fish)
1956 237 120 1.97
1957 7,108 2,583 270
1958 17,166 7,447 2.30 92
1959 26. 881 10,920 2.46 96 1,155
1960 33,258 11,680 2.84 133 2,360
1961 42. 361 9,717 4.35 127 2,874
1962 67,147 9,763 6. 89 182 3,263
1963 82,975 8,948 9.23 240 3,878
1964 92,989 8,857 10. 48 271 5,296
1965 118, 205 9,305 12472 238 6,413
1966 52,614 4,182 12.58 330 6,388
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DN Z, FB5EIC, PITOFEICHN IR BODOELNE, MERK (102 R), EEk¥ick siis
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Table 6. Estimates of R and ¢ of the Atlantic longline yellowfin tuna.

Operation No. 3 B0~ RC10®» | g(per 10°® hooks)

1 1.370 0.990 10,098 ‘ 0.578

5 1. 628 0.778 12, 855 0.382

10 2.101 0.507 19,742 0.193

15 1.906 0.623 16, 049 0.262

20 1.994 0.572 17,493 0.229

25 1. 956 0.594 16, 828 “ 0.243

26 1: 977 0.581 17,198 0.235

27 1.959 0.592 16,883 ‘ 0. 242

28 1.975 0.583 17,149 0.236

29 | 1.961 0.591 16,923 0.241

30 ‘ 1.973 i 0.584 17,115 0.237

Mean of 29th. ‘ ‘ 17.019 ‘ 0. 239

and 30th.

DBy, %SIC@Wﬁb notd A “ti%, @ CPUE ofifis, %GBCSOﬂﬂwﬂﬁﬁ%&Lfﬁé
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4 <0990 ¢+1370

1 1
0.5 1.0
10% hooks

Fig. 5. Reciprocal of raw value of CPUE plotted
against number of effective longline hooks for
the yellowfin tuna in the Atlantic Ocean. In
the ocean, surface and longline fisheries coexist
and the former fisheries catch yellowfin tuna
previously to the later one.
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Fig. 6. Reciprocal of 30th revised value of CPUE
plotted against number of effective longline
hooks for the Atlantic yellowfin.

Table 7. Final values of X;, Y, (X;—Y:) and * Correction factor”

calculated for the Atlantic longline yellowfin catch.

Year(t) Xt

Y, (X:—Yo “ Correction factor”
1956 1. 004 0. 000 1. 004 0.996
1957 1.125 0. 000 1. 125 0. 889
1958 1.185 0.000 1.185 0. 844
1959 1.148 0.052 1. 096 0.912
1960 1. 080 0.124 0.956 1. 046
1961 1. 067 0.169 0. 898 1.114
1962 1.099 0. 205 0.894 1. L19
1963 1. 040 0.234 0. 806 1.241
1964 1.016 0.312 0.704 1. 420
1965 1.024 0.384 0. 640 1.563
1966 0.897 0.339 0.558 1.792
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Fig. 8. Sustainable catch curve (dotted
line) compared with yearly sums of actual
longline catch and supposed amount of

Fig. 7. The amount of observed yearly
catches (closed circle) of yellowfin tuna
by Japanese longline fishery in the Atlantic

Ocean compared with calculated yearly decrease in longline catch which are
ones which are expectable when surface caused by preceding catch by surface
fishery does not take place (open circle). fisheries. The sustainable catch curve is

drawn on the basis of final estimates of
R and ¢ in Table-6 under the supposition
Plbiisge O~Gv) 07 —2@03nsd, Eidic of absence of surface fisheries.

BLOBZLEDLICEDLNG, LRKHIC, AR

—IEEVDFHEERDIHOTRS, 355)F£FFT WTEbbd, WHE— (2) T, (D DEEDHZED
GHETZHEDOEVRD—FlZR L7260 TH5, (i) OF—2TRE, BHEOVAND EMEEHEED
ZAtAEBPTIC, MEHBFESSOB UL LLENLTV A EEBELNAHHDT — 2 —2fTbUhiE i, L
/» L, () @ Density dependent LA pEfE{HR%>, (iv) @ Biotic 3 5 3 Abiotic 73 EBIEZ(LICHES N
ABOELCD0TE, RICENBHFELTD, COMETEOH/ES ELTVBEEIBNEDT—4~Tl
FRENE SZICK K, ERICETFOI BLIMBBNLIICEDLNS,

M T2 TR, HHRORESEZLODT, —EE0IEENEDRES XN T 500 FRIOF M
DI SIRALERCDPREBTH 5, ¢ ICO0TE, BFICHI - T—EIEIN S EEZ 5T & HKRICHED
BVZE D TH b, ¢ DEMNDS BbTRIMEBEDEITHES bOBHENZIDNPT, TH0HFAIC
d, ZBUDH - MO 7 — 2 —2FEICHO R Ko BICBIHICHEE S 2 b v 7 OFESHRDOLE(L &

, BHGEOEENAOFHxDBRETEASNIAMT LD ¢ DE(LE HAHH D, EREOEBRABT DML,
A%@Faﬁwﬁ& LTHRAEE 22130,
53 AREDHAGITIE, EMEL ST A —Z—RIEETRENDTLLDE, LA, HEOHEIICESL

BT, FDXO0 T A =2 —DHEEMAEBICEEHNETE51E, T— 2 —ORETECHRITORM
DHBTEEMIELTE S0,
6. fi2

ZOMFRICH Iz - T, '/T\“Bﬁieii?%klffém FiiEE Uo, TIRERMDNANADRTEE S #Mg A2 0T
Niio, & ICHEMMEEEER, (LFEEBRICE, EROKMEON /Y 0@E D TR, I LEHo



14 A H i
WRETH, WE-FAEFREE IHRERE L BIC, BARFELZ VY0, ML THEHDEEART D,
X Ak

R.J.H. BEVERTON and S.J. HorLT, 1957: On the dynamics of exploited fish populations. Fish.
Invest., London, Ser. 2, 19.

+HEZ 1962t A AF v v NEEERO 2 750 = OBk BH, dUBXKKPHE 33, 11-19,

J.A. GUuLLAND, 1961: Fishing and the stocks of fish at Iceland. Min. Agr., Fish. and Food,
Fish. Invest., 11-23(4), 1-32.

ME—, AR 1969: LAEEEOEERE O H e KIEFEDF 4O BIRICHT 5 —F5&K 1956~644F. 1=
JKEER 2, 65-84.

R.C. HENNEMUTH, 1961: Year class abundance, mortality and yield-per-recruit of yellowfin
tuna in the eastern Pacific Ocean, 1954-1959. IATTC. Bull,, 6(1), 1-51.

AR, AHsE—, FHHEL 1969: 77 ) AWERICET 27/ 08D, FEWAREDER L ZOEENR
LB F LA OEEEYIENER K 2 85-114.

FHR, 19680 KCEFERE A NF, FALICET B97 4 — 2 —OHE. < 7 e EMR S aEER, W
T424ERE.,  72-76

S. Kikawa, T. Koto, C. SHINGU and Y. NISHIGAWA, 1969: Status of tuna fisheries in the
Indian Ocean as of 1968, i /Kfff#H, S~ ) —=x, 2, 1-28.

WAARE 19661 A4 ¥ FEICEY 2 4 N F O fffE & FAMMROLE), B/KUHR 24, 31-40,

M. B. SCHAEFER, 1954: Some aspects of the dynamics of populations important to the manage-
ment of the commercial marine fisheries. TATTC. Bull, 1(2), 27-56.

M. B. SCHAEFER, 1957: A study of the dynamics of the fishery for yellowfin tuna in the eastern
tropical Pacific Ocean. IATTC. Bull., 2(6), 245-285.

M. B. SCHAEFER, 1967-1: Dynamics of the fishery for the anchoveta Engraulis ringens, off Peru.
Inst. Mer Peru, Bull.,, 1(5), 192-303.

M. B. SCHAEFER, 1967-2: Fishery dynamics and present status of the yellowfin tuna population
of the eastern Pacific Ocean. TATTC. Bull, 12(3), 89-136.

M. B. SCHAEFER and R.J.H. BEVERTON, 1963: Fishery dynamics—Their analysis and interpre-
tation. The Sea, II, 464-483.

FTEBIEEE, BHPE— 1963: 4 NFORREAES, pKIHR 19, 103-118,

JEMBE, 19700 £ F 4, A /SFO LD ITESICEBETHRROFEDOV S L5 L fEDFFUER RO
T, PRI DO T ORI #ER & -0 EAEE LIIGA0ARET v, sk 3,
AW, ACKHT 19670 % AR AMDREDRMEND SHEESNICKFEA NFOMALLEEDIY. FEK

Wk 25, 91-103,



