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Analysis of Population Dynamics of the Cockle Fulvia mutica Using
a Life Cycle Model Incorporating the Environmental Factors

Yongjun TiaN'" and Makoto SHiMIZU?

A numerical model of population dynamics of the cockle Fulvia mutica in Tokyo Bay was developed, focusing on the
effects of environmental factors on survival and growth of the cockle at various life stages. In the model, the life cycle
of the cockle was divided into three stages: namely the egg and pelagic larval stage, the juvenile stage and, the adult
stage. Effects of wind velocity in the pelagic larval stage, dissolved oxygen and water temperature in the juvenile and
adult stages were taken into account, respectively. Simulation for the base situation, in which environment is assumed
stable and the stock is affected only by fishing effort, shows that yearly fluctuations in stock abundance are small, while
those are large when the effect of wind velocity is involved in the simulation. It suggests that wind velocity at the
pelagic larval stage play an important role in the recruitment of the stock. Further, when effects of dissolved oxygen and
water temperature were also taken into account, the estimated stock abundance was consistent with the estimation made
by DeLury’s method. It suggests that the above environmental factors have great influence on the fluctuation of the
cockle stock in Tokyo Bay.
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Figure 1. Life cycle of the cockle Fulvia mutica.
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Figure 2. A schematic diagram to show the survival and growth
process of the cockle. M and G represent the mortality coeffi-
cient and growth coefficient by life stages, respectively. F in-
dicates fishing mortality coefficient in the adult stage.
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Table 1. Parameters used in the base model in which the impacts of environment were excluded.
Symbol Definition Value Unit Note
L, asymptotic length 96.4 mm Tian and Shimizu (1997b)
a correlation constant 2.57x1074 g/mm?>°1e Tian and Shimizu (1997b)
b correlation constant 2916 e Tian and Shimizu (1997b)
M, 5 natural mortality coefficient 99.3 year™! A7[, (pelagic larvae stage)
5.1 year™ M, (juvenile stage)
0.8 year™! M, (adult stage)
G,y growth coeflicient 0.082 year™! Tian and Shimizu (1997b)
q catchability coefficient 1.65%x107° (day - boat)™! Tian and Shimizu (1997¢)
F fishing mortality coefficient 1.02 year™! Tian and Shimizu (1997¢)
r effective spawing rate 0.5 —
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Figure 3. Relationship between CPUE at year f+1 in number
per boat-day and mean wind velocity (¥) in April of year ¢ in
my/s.
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Figure 4. Relationship between natural mortality coefficient in
pelagic stage (M) and wind velocity in April for Fulvia nu-
tica. M, and ¥ represent the value of M, and ¥ in the equilib-
rium state, respectively.
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Figure 5. Relationship between natural mortality coefficient
(M) and dissolved oxygen (DO) by life stage for Fulvia mu-
tica. M and DO represent the value of M and DO in the equi-
librium state, respectively.
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Table 2. Conditions for model runs.

Environmental impacts

Case
FE wvV DO WT
1 + - - —
2 + + - -
3 + + + -
4 + + + +

+: Impact was included. —: Impact was excluded. FE: Fishing
Effort. WV: Wind Velocity. DO: Dissolved Oxygen. WT; Water
Temperature.
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Figure 6. The estimated population size by case for Fulvia mutica from 1978 to 1990 in Tokyo Bay.
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Figure 7. Verification of the Life cycle model (LCM). (A)
Comparison of estimated stock numbers between LCM and

DeLury’s method. (B) Comparison of the catch between
LCM and observation.
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Figure 8. Monthly change in estimated adult and juvenile population size for Fulvia mutica from Apr. 1978 to Dec.

1990 in Tokyo Bay.
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Figure 9. The estimated population size with age composition
for Fulvia mutica from 1978 to 1990 in Tokyo Bay.
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Figure 10. The estimated abundance of egg-laying and number
of juvenile settled on the sea bed for Fulvia mutica from
1978 to 1990 in Tokyo Bay.

DIINF AR (fE4 R, 1993) , AR OMHE I3 A %
WEDD, TOEHRILIZEREE TH B, Gk, EFL
TIEEANCON - FESAE M EZ 0 HME LT b, &
BROD b U A A DEYIEIZ4~7 B &Ry (H - 757K, 1997b).
TOBHERT T ETRRHAL ED S OBEBER O
Bed, B> THEDZFANRELEI L8
ZEibhd,

=7, ETATIEERBEOER % EHT 5 H R TR
PHEEHHIE R EB ML CDOTHB L L, HIZHEIZL
S B ENRE - (KEROBEEFML 72, ERTIE Y4
1 DEFHERIZKE 24°CLL ETEBIZKY T2 (WL
E,1981). DOX3miA&YI5H &, NV F ZOMERE
EEENZELIMAT3 I en—Bicmohtly (&
Tk, 1998) , HEETIEZDO A AEYHOZENIZ L <5 L T
WA LIEMEh TS (EK, 1988). kT, 7~9H
20 CRYDOA3ISmIEITIZh 59 A4, SEWKEA K
R25°CHEITETADT, Y H A4 DEFRITKE LB
e RIFTERDNS, WREPETERIZALGNS Y HA
DRENWIEREKRE - KBRIZLZ2EDEIhTV3
(BF E1ZA, 1981). &, BEFALTIZEE»S 1EOMA
ETONIAEHEBNE L TWA A, BEERBOSE T
ImmEHTH 0I5 L, MAEIZHOmMmIZE 2D T,
IHIMEEL & 2 HARE EL I U OB 2 B E R b L U020
FERRLDEEZOND. U/ A OERBERE IZHE
BAFEBOVIHRFEIC L > TR EZ Z e NG xh T3
(AT, 1991; fE4 A, 1993). Lo L, FYHA4z>0TCE
HEROUINHE R ORI T 2R 4<, EFALTE
EREMX ST EIENTELR, 57, F7, EHBIZK
WL72 b ) A HEELDRHEIZ © b 7 & B a b & O

MR DE S TE R X N T3 (NEFIE A, 1991, 1992) 75,

AT RO R 5 X MO ROMEAHEL <, &
7T B A LT 2 5 Vo 2 M B O B
BESEL LDk, TEBETEOBAEERT 52
EBEVEBER G £ < §5 2 ES®E L LS, TR

?36 r &
X L
o 23
12
.*E—’4 - ¢
5 | @
e @
52 F s °
A S "
o - %3
gO " i X L 1 1 1
=z
0 2 4 6 8

Spawning stock number( x 10%)

Figure 11. Estimated relationship between recruits and stock
size.
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