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Response of Fish Population to the Time-Varying
Fishing Effort

Yutaka Isopa? and Tomonori AzuMaya?

Abstract

The fish population is not only affected by the environmental factor, but also the fishing
effort which is dependent on the social and the economical human activities. Therefore, it
is difficult to discuss the most plausible cause of change in every fish populations in general.
We made a simple fish population model forced by the idealized survival rate caused by the
environment and by the fishing mortality rates for three types of fishing effort. Modeled
time-varying fishing efforts such as the constant, compulsive and variable catchabilities are
supposed, and their effects on the temporal change of fish population are examined.

Key word : Fish population, Environmental factor, Fishing effort
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Fig. 1. (a) Annual changes of catch (solid line) and CPUE (dotted line) of cod in number by
the fishing ground of the Iceland (Kawasaki, 1993). (b) Annual changes of the adult
stocks of Pacific mackeral calculated by the cohort analysis (thick solid line) and the

spawning survey method (dotted line), together with the catch in number (thin solid line)
(Honma et al., 1987).
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Fig. 2. At each figure, the upper panel is the temporal variation of B, and the lower panel is
the temporal variations of A, and L, as response to B, variations. Figures (a) to (c)
correspond to the case of (/. /s)=(8, 3), (8, 8) and (1, 1), respectively.
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Fig. 3. The left-hand side panels are the tem-
poral variations of 8,=1(upper), An(mid-
dle) and Fi(lower) at each temporal con-
stant rate of the fishing mortality from 0.0
to 0.5. The initial value of A, is A,=1
and the carring capacity of the environ-
ment: ¢=02, L.=5 is fixed. The right-
hand side panels are the A,-A._,(upper)
and the A,*-A._, (lower) relations.

(a) A=(1-F)As
5

Fig. 4. At the steady state for the temporal
constant rate of the fishing mortality, (a)
A-f and (b) F-f relations. The upper
panel shows the reproductive curves from
a=12 to 2.8.

A=L.—L/{(1—f)-a} (14)

3, a=12~28(L.=b BEE) TELI & 30D A-f BF% Fig 4(a) &R T, MO LK
ik a DEEOBEEMRERL 2, BEEMR L 46 EESRE L RAOM (Ko HALE])
25, Fig. 4(a) WBOTHERf=0DL ZOEMBAR AT 2,0 DENBRKEVAE (AWER
BINEAA S VAR ECENNICEINSEAR A XS, RERfBXEVIECERSAR 4
BB L5, a=20 O Lizid Fig. 3 CHEI W ERFEAROEREEX{RLST7ay b
Uiz, EHRBICB 2HER F(n=0)=F &, 5)~(7) i (14) RA2RALTEET S &,

F={(1~f)-a—1)L-f/{(1—f)a} (15)

E£7% %, Fig. 4(b) 1z (15) A0 Ff AR 2TY, EIEHAR 4 LRI o DESKEVABIZY
BN EER F 55, SOURERS cy 7 F LERRKERAER (BAE) 23220
%,a=20 ORAHFRERZ, Fig SOHETO TR I L) WREER =03 {THEH 5, &



i K 4« E & #Hm 49(1), 1998

512, Fig 4(b) BIBEVRERTEHSHRERT->TH, BEOKELPEVEL I LE2TT, 20K
BREHONMERMEMEL D bEWETRELRT B8R 5,

BU, Fig. 31cKE-> T a=20 DFEEHIic, BEEBREE 2 5, EIFHRAED 4.4, Bf
(L) BREBRRETHZ Lo, YUROERECH S BEEMR LCEBS 7Oy PEEOD
X, TRECRLUZBENOSR 4,* L Z0HEPEAVHMROENSHAR A, 04, ~4,.,. B
BTH D, WHIDEER f =03 2HC L % L, i85 ab BIHEER, 85 be VEIRARTH Y, ab/
ac BEEE F=0312835, 2D &> CREEHOLZVBE (8.=1) &, HTHEEHRETHE
EEEPBHRTE 3, LiL, HEKRETH->TH, BB TR IBELENH2BE (B.+1)
HEOBRIPBELLR D,

SABR

Fig 5 3 FE4EMBRO/F A —F £ LT a=20,L.=5 252, HlR f » TRROEKMHRTH
HE KB R - BEOENEHAR 4, RERF,, REMOER 4,'(=4,+F,) OREZEL%:
Ko

f(n)=0.3+0.2+sin(nw) (16)

IIT, @=27/20 £ LTz, Z DEERE f i Fig. 4(b) (a=2.0) THIHEE L %2 WEE D 0.~05 1
HY, FHEPE 0 HREREL TV 5, WER F, ZREES OFBISEWb 00, EREA
B A OBE»S2-0EHOREERMBCR SRV, FLTRERF, tENFEAR 4, i3
IZIZENMEOBERICH D, KERF, L ENFAR A, OFE S -V idHL LB TWS,
HLL AL, BERS BEN (f~01) LE2HETENFHAR 4, 3L, BRELH D,
DEE, RERF, IHcB/MEE 25, REEXS BSEMT 2L, WERF, ZRET8, 20
L EEIEAR A, BEMENIC D B, DX D BERNLER Y — ORI, K&k Fig
la) OF TBEEOEE ¥ — vl Tw3 (Fig. b OBEEHANEHEK), 7, ¥EROLENL
Ho THBEEENEL RUAhE, 4,54, BREIPRVBLEENRECHRAETE (Figbh

2y

4
Ay¥=AptFy

Any

Fig.5. The left-hand side panels are the temporal variations of 8,=1 and f(upper), A, and
Ay*(middle) and Fy(lower), forced by the time-varying fishing mortality rate: f. The
initial value of A, is 4,=1 and the carring capacity of the environment: ¢=0.2, L.=5
is fixed. The right-hand side panel is the A,*-A,_, relation.
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Fig. 6. The upper panel is the temporal variations of f (8,=1). The middle and lower panels
are the temporal variations of A,, A,* and F, as the response to the calculated f-

variation. Figures (a) to (¢) correspond to the case of C,=0.1, 0.125 and 0.15, respective-
ly.
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Fig.9. The same as Fig. 5, but for 4 cases of
the phase difference between S, and f
variations, ie. §=0(a), 180°(b), 90°(c)
and —90°(d).

Fig. 10. The A,*-A,_, relations at 4 cases of
§=0%(a), 180°(b), 90°(c) and —90°(d).
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Fig. 11. The same as Fig. 6, but for the case of g,-variation (b=0.4, T'=20) and C,=0.025(a),
0.05(b) and 0.1(c). The upper panel shows the A,*-An_, relation.
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Fig. 12. The same as Fig. 11, but for the case by using the past information of A,-variation
and C;=0.1(a), 0.3(b) and 0.5(c). The upper panel shows the A,*-A,_, relation.
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