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Response of Fish Populdtion to a Time-varying Survival Rate of

Offspring or Fishing Rate of Parent

Yutaka Isopa

Abstract

The response of fish stock (4) and catch (F) was investigated in a time-varying survival rate (8>0) of
offspring or fishing rate (0<f < 1) of parent, by using a simple logistic reproductive model. In the case of
periodical g-forcing, a phase of A (or F) abundance lags 0°~90° from a time of maximum-g (>1) when fis a

constant and 4 << 4, (4, : maximum Carrying Capacity).

In the case of periodical f-forcing, the phases of 4, F

and f change in the order of 4 > F — f when =1 and 4<<4,. At the stock level of A~4,/2, the temporal

variation of A generated by 8- or f-forcing becomes small.
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Schematic view of 3-stage life-history model (A,— E,— J,— A,.,*) used in this study (see text).
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Fig. 2. The upper panel is the variation of survival rate 3,
with a period of T=20. The lower panel is the
temporal variations of A4,*(y) as response to S,
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Fig. 3. Temporal patterns of S;, S, and A~S, X S, of eq. (12), forced by the periodical S-variation, when the stock is

low (A< A,) at y=0.5(a), 0.428 (b) and 0.1 (c).
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Temporal patterns of L, L, L, and A~L,+ L,+ L; of eq. (15), forced by the periodical ﬂ -variation, when the

stock becomes maximum (A~A4,/2) at m=2.0(a), 1.7 (b) and 1.5 (c).
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Fig. 8. Temporal patterns of S, S, and A~S, XS, of eq. (19) and 4, F~f X A4 of eq. (20), forced by the periodical
Jf-variation, when the stock is low (4<< 4,) at y=0.5 (a), 0.428 (b) and 0.4 (c).
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Fig.9. Temporal patterns of L,, L,, Ly and A~L,+L,+ L, of eq. (21) and A4, F~f X 4 of eq. (22), forced by the
periodical f-variation, when the stock becomes maximum (A~A4,/2) at m=2.0(a), 1.4 (b) and 1.2 (c).
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function of f;,. Thick solid line shows the maximum
value of A4,* and F, at each f,.

b, 20 (19 Rk 12 KO B % —f CEEHLT:
bOLEILTH S, 2019, A1) EEOEILEOR~
T AERELBOBELECTHD, T2 TREREEDIE
S, WEBR F 15k, (1) ROBHRL YD

F=f4
~f (81X 5,) (20)

%%, 22T, BRSPS RS- S B9 % 37—
AD y(=05, 0428, 04) ZFRL, (19020) X&Mwiz f
(LB, S+ 8+ A~S XS, (FBR), F+ A (TB) D&M
#3% Fig 8(a)~(c) WRLIz, WTFIO7 —RZBWT
b, TBRITRL: F OAEN f BAEAOHT 90 B O

WizH 5 Z edibhnsd, i fBNEO# 90 O EE
WT A BBARIE L D012, f & ADBTERINS
F OBAIRIZ LS £ B/INHDO% 90~180 F (X723 f &
KEAOHT 0 &) OHFENE %25,

I A.*~A/ m OER - BEBLTE)

ZOFEOELEDS (149 KEFLTHY, (18) ROk
HI&ED b LIRS, A1) ORHEDL 2O RT &

A(~{2(1— fo)— m} £, sin(wt — &)/ (1 + »?)
+ £ cosQot— &)/ (1 +4w?)
+{20m—1+£)1—f)— 1,2}
=L+L+L (21)

&5, T ate @{flfﬁbi (16) EQEIEJUT%%. ¥
1z, WIEET

F=fA
~f(L+ L+ Ly) (22)

L5,

2DR2) XEFWT, (a) m=20,(b) m=14, (c) m=12
WBO3f (BB, Li-Ly+ Ly» A~L+ L+ L; (FER),
FefXLi«fXL»fxXLy (TE) OXEFRF% Fig. 9 1<
L7z, 37 —REd |LI>(L| b LR IL | ) OBERD
570, BERIT F~f XL, (L 3EH) Calansg. ¢
bb, f OBKIE F OBARIIZIZ—8T 22 Lk
3,

III) £, OIE b loxtT 3 A OEE

ERE B, DIRIEE b ODEALITXT 3 A,* DIEE & Fkk
() XEAWT, vy B—ETLfOREf 2ELSE:
BEOERTE o7, —Hl- LT, y=10,8,=10, 4,=
40, £,=0.3, WEEOEGIE T=201#{Rx Lz 7 E
EER% Fig 10 R, MO ERIZEESHIL 7. £, OIRIBE
Bk, TR 20~ 2T LED 4, L
F, OB THY, BAEEZKOWER TR LU, 23 L i
DURE, A, OFEHIRBIIRE {2588, —HTf,HV)
S B2 EFEEERD D 2 1 O FIHgs A, BlI A%<
2R3, A OBAEALE(L L, LichioT, F,0
BAHHLIZEAEELLRWERER S,

WERDORMER N 210EE F, B0 MY £ &
DBERDE Sk 3, F, OBKEITNT £, OEAED
Al 90 BOEHNICH 1, y IR X R AEIE P TEOMHE X
—HT 3ERCH 3.

F & ®

[Tz~ X diz, e BHBYERICES
ZEDTEZERERIE, WEE F, EINNEELREE 4
ORI 2B Y — > %R CPUE, LT F/A(~f)



BH : KERROGE

B —forcing

f-forcing

A<<A,

Ao/ 2]

A~A,/2

Fig. 11. Schematic patterns of fish stock : 4 and catch: F, forced by the periodical survival rate: g (left) or fishing
rate: f (right) at the stock level of 4<< A4, (a)(b) and A~Ay/2 (c)(d). Arrow shows the possible phase of

maximum-value in each temporal variation.
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