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Estimation of the Carrying Capacity for O-age Red
Sea Bream in Shijiki Bay Using an Ecosystem Model

Fumihiko Kato*! and Yoshiharu Marsumya®?

*INational Research Institute of Fisheries Science (the deceased)
#“Faculty of Bioresources, Mie University

Abstract

The long-range studies on the ecology and dynamics of various organisms, chiefly including larvae
and juveniles of red sea bream, and on the environmental conditions of the ecosystem, have been per-
formed at Shijiki Bay, Hirado Island, Nagasaki Prefecture. An ecosystem model of Shijiki Bay was de-
veloped mainly with regard to the dynamics of O-age red sea bream and verification of the model was
carried out. The following summarizes the results.

(1) Basic concept for the development of an ecosystem model of Shijiki Bay, its boundary condi-
tions and state variables and parameters to be introduced into the model were determined by rearrang-
ing available information on the bay such as non-biological elements in the bay, ecology, dynamics and
production process of zooplankton, phytoplankton and feed benthos, life form of O-age red sea bream,
stock variations, and carrying capacity.

(2) Spatial range of the model was decided to be central and inner parts of the bay where the red
sea bream settles and grows, and time range of the model was decided to be four months from May 5
which is the normal settling time of the fish to September 5 when the fish starts to migrate toward the
open sea.

(3) The model system is divided into seven parts: Copepoda, Gammaridea and Mysidacea which
in turn are used as feed by the red sea bream as it grows, wild red sea bream, reared red sea bream,
competitors of the fish for feed and their predators.

(4) A total of 37 parameters were used and the relationship among these components and
changes in the individual numbers were expressed by a differential equation.

(5) Individual numbers of feed organisms were expressed using a logistic model by incorporating
predation pressure into the basal model. As parameters, intrinsic rate of increase, carrying capacity
and the number of feed organisms preyed on by the red sea bream and other fish were introduced.

(6) Change in the individual numbers of red sea bream, competitors and predators were express-
ed using certain parameters such as the decreasing coefficient, feed richness-depending increasing rate
and the number of prey.
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(7) Initial values of the variables and parameters were determined after analyzing the information

obtained mainly from Shijiki Bay and analyzing the results of various sensitivity tests of provisional vari-

ables and parameters.

(8) When conditions of Shijiki Bay from 1976 to 1977, a period during which individual numbers of
red sea bream juveniles and their changes thereafter had been well detected, were simulated, the re-

sults coincided to the most part with the actually examined results.

Simulation using the ecosystem

model confirmed a generally considered view that the limit of the carrying capacity for red sea bream is

about two million individuals.

(9) Simulation of a releasing experiment of artificial red sea bream performed in 1984 showed

slight differences from the results of an actual tracing examination.

It is necessary to re-examine some

parameters such as the survival rate of released fishes,
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Table 1. Variables on the ecosystem model and
their initial values
Symbol Variable Initial value
X1  Number of Copepoda 250 10%
X2  Number of Gammaridea 10x10®
X3 Number of Mysidacea 7% 10%
Y0  Number of released red sea bream 5.08%10*
¥1  Number of wild red sea bream 20~200% 10*
Y2  Number of competitor 10x10°
A Number of predator 3x 10

dX1/dt=cal-X1-{(1—-X1/cbl)
—ClY0-Y0—-C1Y1-¥Y1—cdl-Y2 1

dX2/ dt=ca2-X2+ (1 —X2/ cb2)
—C2Y0-Y0—-C2Y1-Y1—cd2:Y2 (2}

dX3/dt=ca3-X3- (1 —X3/ch3)
~C3Y0-Y0—C3Y1'Y1=cd3 Y2 (3)
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LR 6 K 574 3 & U o sk (FTY,
FTY0, mg §2B: IR/ H) 2583 %,
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ClY1=PlY1-FTY1/cwl/10000 12
C2Y1=P2Y1-FTY1/cw2/10000 3
C3Y1=P3Y1-FTY1/cw3/10000 4
C1Y0=P1YO-FTY0/cwl/10000 a9
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40X 10" for initial value of the number of wild red sea bream.
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Fig. 5. Simulation of variations in number for wild red sea bream (Y1), competitor (¥Y2) and predator (£}, in
the case of 40X 10 for initial value of the number of wild red sea bream.
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Fig. 6. Simulation of variations in number for Copepod (X1), Gammarid (X2) and Mysid (X3), in the case of
190X 10 for initial value of the number of wild red sea bream.
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Fig. 7. Simulation of variations in number for wild red sea bream (Y1), competitor (¥'2) and predator (Z), in
the case of 190X 10? for initial value of the number of wild red sea bream.
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Fig. 8. Simulation of variations in number for reared red sea bream (Y0), wild red sea bream (Y1), competi-
tor (Y2) and predator (Z), in the case of 30 X 10* for initial value of the number of wild red sea
bream.
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