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Response of Fish Population to the Time-Varying
Reproductive Rate

Yutaka Isopa? and Tomonori AzuMaya?

Abstract

The response of fish populations which are qualitative expressions of the (para)larvae
and fertile adult stocks are investigated under the time-varying reproductive rate with a
simple sine curve. It is shown that the phase of stock abundance lags 90° from a time of good
reproduction and its population has the exponential increasing and decreasing changes, when
the period of variation is larger than the lifetime of fish. The result is applied to the squid,
Todarodes pacificus, population in the Japan Sea and a possible cause of its stock variation
is discussed.
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Fig.1. Conceptual model of factors important in determining stock of squid through the 1 year
life history. Relative mortality, important enviromental processes and the life stages that
they affect are schematically indicated.
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Fig. 2. Upper panel is the temporal variation
of B.. Lower panel is the temporal varia-
tions of A, L, as the response to 8.
variation. The initial value of A, and L,
is A,=L,=1. The amplitude of 8, isb=
n 0.4, and its period is T'=15.
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Fig. 3. (a) The function of L=L*e~* (b) Schematic figure of the solution of 4, L as the
response to B(t) variation.

An
M
0 n 0 n

Fig. 4. The same as Fig. 2 except for (a) b=0.2 and (b) T=4.
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(a)

(b)

Fig. 6. Upper panel is the temporal variation
of B, (b=04, T=15 as the same as the
case of Fig. 2). Lower three panels are the
temporal variations of A, L, as the
response to S, variation. Panels (a) to (c)

~ correspond to the case of =12, 2.0 and
2.8, respectively. The initial value of A,
and L, is 4y)=L,=1. The carring capac-
ity of the environment : L.=b5 is assumed.
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Fig. 7. The horizontal distributions of the measured squid paralarval abundance for autumn
season from 1971 to 1989 (from Kasahara, 1989).
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Fig. 8. Thin line shows the time series of density (numbers/10°m?) of squid paralarvae: L in
the dotted area of top panel. The density data in 1974 is indefinite due to the irregularity
observations (from Kasahara, 1989). Thick line shows the time series of catches of squid :

-~ A in the Japan Sea.
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Fig. 9. (a) The catches of squid in the Japan Sea. (b) Reproductive rate B, estimated from
the catches data. (c) is the 1st mode time coefficient of EOF analysis for salinity along the
PM line (its location see a map of (e)) and (d) is its spatial distribution map (from Isoda
and Korematsu, 1995). (e) Annual mean salinity map around the Japanses islands at the
depth of 100 m (from JODC, 1978).
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Fig. 10. The horizontal distribution of water temperature at the depth of 50 m and the
measured squid paralarval abundance for autumn 1992 (from Yamamoto, 1996).
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Fig. 11. The same as Fig. 2, but for the cases of long-lifetime of fish. The lifetime is /=8, and
the spowing age is /;=3. Parameters of 8, are (a) b=0.5, T'=15, and (b) b=0.4, T=100.
The initial values of A, L are 4,=L,=2 in the case (a) and 4,= L, =0.5 in the case (b).
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Fig. 12. The time series of catches of Far eastern sardine (from Hiramoto, 1996).
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