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Survival and growth of the asari clam, Ruditapes philippinarum, in the no-fishing area

in the southern part of Ise Bay, Japan

Kazuniro HANYU

F—U—F: 7YY, A5k, Rk, BiR BREHE

The stock abundance of the asari clam, Ruditapes philippinarum, decreased after the 1970s in the no-
fishing area in the southern part of Ise Bay, Japan. To evaluate the stock management strategy for R.
philippinarum, in the no-fishing and surrounding areas, this study examined survival and growth data for
seven cohorts of R. philippinarum, in the no-fishing area from the 1960s to the 1990s. Survival and growth
rates were negatively correlated with initial abundance. Growth rates were changed seasonally, with higher
rates found in the summer than in the winter. The seasonality may be correlated with ambient water tem-
perature. Growth curves were also influenced by the seasonal timing of spawning/settlement for each cohort.
The abundance of clams with shell lengths exceeding 25.2-31.8 mm has decreased dramatically because of
clam poaching, estimated at 49.8-97.8 % per year, despite the area having been managed as the no-fishing
area since the 1950s. The Fisheries Cooperative Association and fishermen in the areas have limited catch
sizes of clams based on shell length around the no-fishing area. Clam poaching may critically deplete stocks
before they reach a commercially viable size. Sustainable management of this fishery will require continued

self-policing by commercial fishermen and better control of poaching in the areas.
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Fig. 1. Shell length histogram, growth curve, and survival curve of the asari clam, Ruditapes philippinarum, in the no-fishing area in the southern
part of Ise Bay, Japan.

Cohorts were named based on the first year in which they were observed. a): histogram; b): estimated mean shell length and growth curve of each
cohort; c): estimated abundance and survival curve of each cohort. The cohorts observed exceeding 2 years were shown in the figure.
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Table 1. Results of model selection of survival curve of the asari clam, Ruditapes philippinarum, in the no-

fishing area in the southern part of Ise Bay, Japan

Model Ln(ng) M F Ve o LL AIC
i* ind ind ind fix ind -27.4 110.7
il ind ind ind ~77.6 197.2
i ind ind fix ind —47.8 151.5
v ind ind —-144.9 317.9
1-i com ind ind fix ind -95.4 234.8
i-1i ind com ind fix ind —40.2 124.5
i-iii ind ind com fix ind ~46.7 137.4

Ln(n,): log-transformed abundance at year 0; M: annual natural mortality coefficient; F: annual fishing mortality coeffi-
cient; y.: year at the beginning of fishing; o% variance; LL: log-likelihood; AIC: Akaike's information criteria. ind: inde-
pendent for each cohort data set; com: common for all cohort data sets; fix: fixed and independent for each cohort data
set. *: a model selected based on AIC. Year 0 was defined as April 1, a first year when a given cohort was observed.

Table 2. Parameters of survival curve of the asari clam, Ruditapes philippinarum, in the no-fishing area in

the southern part of Ise Bay, Japan

Cohort Ln(ng) M F Ye o

65/66 8.99 0.530 2.953 4.25 0.0757
72 8.45 0.463 3.676 2.87 0.1248
80 6.69 0.339 2.317 3.07 0.0906
83 6.35 0.051 4.462 2.58 0.1668
85 6.42 0.000 0.688 1.55 0.0280
87 7.75 0.422 1.043 3.19 0.1058
94 6.77 0.279 3.239 2.87 0.0715

Ln(n): log-transformed abundance at year 0; M: annual natural mortality coefficient; F: annual fishing mortality coeffi-
cient; y.: year at beginning of fishing; ¢* variance. Year 0 was defined as April 1, a first year when a given cohort was ob-

served.
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Table 3. Results of model selection of growth curve of the asari clam, Ruditapes philippinarum, in the no-
fishing area in the southern part of Ise Bay, Japan

Model r k Yo A 1 ¢ LL AIC
i ind ind ind ind ind ind 241.8 -399.7
il ind ind ind ind 203.5 -351.1
i-1 com ind ind ind ind ind 215.9 -359.9
i-ii ind com ind ind ind ind 201.7 —331.5
i-iii ind ind com ind ind ind 211.7 —351.3
i-iv ind ind ind com ind ind 239.2 —406.5
i-v ind ind ind ind com ind 225.7 —379.3
i-iv-i com ind ind com ind ind 208.6 -357.1
i-1v-ii ind com ind com ind ind 191.1 —346.9
1-iv-iii ind ind com com ind ind 206.8 ~353.6
i-iv-iv¥ ind ind ind com com ind 2333 —406.6
i~1v-iv-i com ind ind com com ind 197.4 —346.9
i-iv-iv-ii ind com ind com com ind 183.0 -318.0
i-iv-iv-iii ind ind com com com ind 203.1 —358.3

r: decision factor of growth curve shape; k: growth coefficient; y: inflection point of the curve; A: amplitude of seasonal
growth oscillation, y:: phase adjustment of seasonal growth; ¢: precision parameter. LL: log-likelihood; AIC: Akaike's infor-
mation criteria. ind: independent for each cohort data set; com: common for all cohort data sets. *:a model selected based
on AIC.

Table 4. Parameters of growth curve of the asari clam, Ruditapes philippinarum, in the no-fishing area in
the southern part of Ise Bay, Japan

Cohort r k Yo A Y1 ¢

65/66 -1.272 0.294 -0.752 1.081 0.260 196.3
72 -3.290 0.141 -8.178 1.081 0.260 421.2
80 -2.202 0.381 —1.858 1.081 0.260 102.7
83 —0.526 0.876 0.504 1.081 0.260 261.8
85 —0.564 0.902 0.394 1.081 0.260 308.8
87 -2.211 0.302 —2.006 1.081 0.260 260.7
94 -3.332 0.184 —6.187 1.081 0.260 2531

r: decision factor of growth curve shape;k: growth coefficient; y:: inflection point of the curve; A: amplitude of seasonal
growth oscillation, v: phase adjustment of seasonal growth; ¢: precision parameter.
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Table 5. Annual survival rate, natural mortality, and decreasing rate of abundance
caused by fishing of the asari clam, Ruditapes philippinarum, in the no-fishing area in

the southern part of Ise Bay, Japan

F#A F=0
Cohort
S1 D E S D,

65/66 0.031 0.148 0.822 0.588 0.412

72 0.016 0.110 0.874 0.629 0.371

80 0.070 0.119 0.811 0.713 0.287

83 0.011 0.011 0.978 0.950 0.050

85 0.502 0.000 0.498 1.000 0.000

87 0.231 0.222 0.547 0.655 0.345

94 0.030 0.077 0.893 0.757 0.243

F: annual fishing mortality coefficient, S.: annual survival rate, D;: annual natural mortality,
Ei: annual decreasing rate of abundance caused by clam fishing. These values were calculated

based on the parameters in Table 2.

Table 6. Year and shell length at beginning of fishing, and decreasing rate of abundance caused by fishing
until shell length 30 mm, 32 mm, and 34 mm of the asari clam, Ruditapes philippinarum, in the no-fishing

area in the southern part of Ise Bay, Japan

Cohort Year Shell length (mm) £
Until 30 mm  Until 32 mm Until 34 mm

65/66 4.25 28.5 0.632 0.845 0.848

72 2.87 26.3 0.887 0.888 0.888

80 3.07 313 — 0.354 0.840

83 2.58 31.8 — 0.826 0.951

85 1.55 252 0.384 0.460 0.677

87 3.19 28.8 0.191 0.582 0.700

94 2.87 27.8 0.858 0.920 0.921

Year was referred from Table 2. Shell length was calculated based on a growth curve with the parameters in Table 4. E,:
decreasing rate of abundance caused by fishing until shell length 30 mm, 32 mm, and 34 mm, these values were calculated
based on survival and growth curves with the parameters in Table 2 and 4.
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Fig. 2. Relationship between small clam abundance, natural mortality coefficient, time required for shell length
from 7 mm to 25 mm, and fishing coefficient of the asari clam, Ruditapes philippinarum, in the no-fishing area
in the southern part of Ise Bay, Japan.

a): natural mortality coefficient; b): time required for shell length from 7 mm to 25 mm; c): fishing coefficient.
Abundance in a) and b) represents individuals/m’ at shell length 7 mm. Abundance in c) represents total weight
of R. philippinarum in the no-fishing area at beginning of fishing. Cohorts were named based on the first year
in which they were observed.
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Fig. 3. Growth curve and survival curve of 7 cohorts of the asari clam, Ruditapes philippinarum, in the no-

fishing area in the southern part of Ise Bay, Japan.

a): growth curve (dotted line represents extrapolated values); b): survival curve. Year 0 was defined as April 1,

a first year when a given cohort was observed.
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