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An evaluation of marine protected areas considering the seasonal migration of fish:
An examination for red sea bream Pagrus major and yellow croaker
Larimichthys polyactis in the East China Sea and the Yellow Sea.

YasuTosHI SHIRAT=* AND YAsusHl HARADA

Faculty of Bioresources, Mie University, Tsu, Mie 514-8507, Japan

To evaluate the effectiveness of marine protected areas (MPAs), we analyzed an age-structured model. We
estimated the possible range of migration parameters based on the seasonal change in CPUE distribution during
1954 and 1956, and we obtained the expected range of YPR and SPR as functions of the size of MPA, fishing mor-
tality coeflicient and age at first capture. As a result, we concluded that MPA is effective in reducing the decrease
of YPR and SPR in a high fishing mortality regime at low age at first capture. The difference of migration rate of
fish influences the effectiveness of MPA containing about half of the stock of both species all year round. Thus,
the accurate estimation of migration of fish not based only on information of seasonal change in CPUE distribution
is required to design an effective MPA.
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Fig. 2. Location and size of the MPA considered. p is the
a: Pagrus major b: Larimichthys polyactis size of MPA relative to the whole fishing ground.
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Table 1. Ratios of red sea bream, Pagrus major, and yel-
low croaker, Larimichthys polyactis, in MPA in each
season as a function of the location and the size of

MPA
125° 125 " . April- July- October- January-
T 21‘;‘.‘& :1)§L‘Jr:=;:; o 5= January S]\l/ﬁe) X[ June September  December March Average
S Qo Q1 qz q3 qs
Pagrus major
I 0.39 0.00 0.11 0.26 0.19
11 0.59 0.20 0.42 0.64 0.46
11 0.63 0.66 0.72 0.83 0.71
| v 0.92 0.95 0.90 0.98 0.94
e ) \Y 0.92 0.95 0.94 1.00 0.95
0.5%| 33 1.0%-1.5% | £ 2.0%-2.5%| 8 3.0%-3.5%] B8 4.0%-4.5% Larimichthys polyactis
0.5%-1.0% | i 1.5%-2.0% | 581 2.5%-3.0%| @8 3.5%-4.0%]| Bl 4.5%- I 0.04 0.00 0.02 0.03 0.02
Fig. 1. Seasonal changes in the distributions of red sea 11 0-11 0.08 014 0.13 0-11
bream, Pagrus major, a, and yellow croaker, 1 027 o022 0.32 0.28 027
Larimichthys polyactis, b, estimated by CPUE between v 0.41 0.41 0.52 0.47 0-45
v 0.51 0.59 0.65 0.57 0.58

1954 and 1956.
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Pagrus major Larimichthys polyactis
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Fig. 3. Estimated migration rates of fish in scenarios A,
B and C as a function of the size of MPA. a, b, ¢ and d:
for red sea bream. a: migration rate between s=1 and
2. b: migration rate between s=2 and 3. ¢: migration
rate between s=3 and 4. d: migration rate between s
=4 and s=1 of the next year. e, f, g and h: for yellow
croaker. e: migration rate between s=1 and 2. f:
migration rate between s=2 and 3. g: migration rate

between s=3 and 4. h: migration rate between s=4
and s=1 of the next year.
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a: 7.=1, Scenario A

b: #,=1, Scenario B
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c: t=1, Scenario C
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Fig. 4. YPR (yield (gr.) per recruitment) and %SPR (% spawner biomass per recruitment) of red sea bream as a function of the
fishing mortality coefficient, F. The numbers correspond to the location and the size of MPA in Fig. 2. 0 represents no MPA. a,
b, ¢, d, e and f: when #.=1. a, b and ¢: YPR for scenarios A, B and C, respectively. d, e and f: % SPR for scenarios A, B and C,
respectively. g, h, i, j, kand I: when #.= 3. g, h and i: YPR for scenarios A, B and C, respectively. j, k and 1: % SPR for scenarios

A, B and C, respectively.
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a: t,.=1, Scenario A

b: =1, Scenario B

c: 1,=1, Scenario C
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d: #.=1, Scenario A

e: t.=1, Scenario B

f: ¢,=1, Scenario C
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Fig. 5. YPR and % SPR of yellow croaker as a function of the fishing mortality coeflicient, F. The numbers correspond to the loca-
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