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Modeling of the Variability in Stock Abundance of Japanese Sardine
from a Viewpoint of its Food Density

Yasuo Sunami*2

A simulation model was developed for the variation of stock abundance and growth of
Japanese sardine Sardinops melanostictus and also for the variation of abundance of
zooplankton. The relationship between growth of Japanese sardine and variation of water
temperature was examined. It was obtained that there was a positive correlation between the
trends in growth of fish younger than two years old and the variation of the mean water
temperature. The calculation based on the model showed that the fish was in good growth for
the increasing period in stock size and in bad growth for the peak period. The density depen-
dent growth was presented for each of age groups of fish by using the feeding model.
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Fig. 1. Trends in mean surface water tempera-
ture (Hanawa et al., 1988) 2 in the East
China Sea, in February and the Japan Sea,
in August, for the years 1961-1985. '
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Fig. 2. Trends in mean surface water tempera-

ture (Hanawa et al., 1988)2) for the sea
area examined, in 1962 and 1972.
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Fig. 3. Trends in value of cofficient, C, in eq.

(1) as a function of water temperature in
1972 and 1978.
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Table 1.

age in Japanese sardine

The body weight corresponding to
4)

Age 1 2 3 4 5

48.9 | 74.1 | 100.1 | 125.2 | 148.5

Table 2.
to growth model in eq. (2)

Values of parameter, a( 7 ), applied

i 0 1 2 3 4 5

a(i)

16.55] 9.93 |10.65(11.30{11.95(11.95
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yFig. 4. Calculated growth curve of Japanese
sardine.
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Fig. 5. Trends in body weight of Japanese sar-
dine by ages 1 ~5 years old, for the years
1961-1985.
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Table 3. The selec;ion ratio, S;; of planktons appliyed to eq. (7)

Prey Eggs and Nauplii  |Middle Sized | Large Sized | Phytoplankton
i of Copepoda Copepoda | Copepoda
[ 1 2 3 4
0 0.5 0.5 0.0 0.0
1 0.1 0.3 0.3 0.3
Age of 2 0.0 0.2 0.3 0.5
Sardine | 0.0 0.0 03 | o7
4 0.0 0.0 0.2 0.8
5 0.0 0.0 0.2 0.8
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Table 4. Values of parmeter, @’ (i ), applied to
eq. (8) and values of half saturation con-
stant, @,, applied to eq. (7)

7 0 1 2 3 4 5

a(i) |23.40(18.74| 20.27 | 22.41| 23.81| 23.81

Q. |4.75(68.55/107.60 | 145.72 |163.82 | 163.82
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Table 5. Initial values for the number of plankton,

P (i), of i species, for number of the
Japanese sardine, N (i), at i age, per cubic
meter and for body weight, w(i) of Japanese

sardine

P 100000

P2 3000

P3) 1800

w (0) 0.005¢ | N(©) 5

w (1) 8.9 g | N(1) 0.34
w (2) 7.1 g | N@ 0.01
w@) | 1001 g | NG 0.0034
w@) | 125.2 g | N@ 0.0014
w®) | 1485 g | N@) 0. 0005
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Fig. 6. Trends in body weight of Japanese sardine by ages, for the years
1961-1985, based on the model of the phytoplankton and zooplankton preda-
tion by Japanese sardine (eq. (8)).
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Fig. 7, Trends in the number of plankton, copepoda 1 (middle sized) and cope-
poda 2 (large sized) .
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Fig. 8. Trends in calculated biomass of Japanese sardine, zooplankton (copepoda)
and phytoplankton and recruit of Japanese sardine. The calculation is made by

assuming that fish is hatched in March. .
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Fig. 9. Trends in calculated biomass of Japanese sardine, zooplankton (copepoda)
0 and phytoplankton and recruit of Japanese sardine. The calculation is made by
assuming that fish is hatched in April.
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