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The influence of crushed stone grain size composition on burrowing behavior, survival rate

and condition factor of Asari (Manila) clam, Ruditapes philippinarum

WACHI Yuki*!, TAKEDA Kazuya™', ARAKAWA Jumpei*?, SONE Ryota"!, and TANIKAWA Masuo"!

Abstract: This study investigated how the grain size of crushed stone substrates influences the burrowing
behavior of the Asari (Manila) clam (Ruditapes Philippinarum) and evaluated the effectiveness of scattering
these substrates for clams in laboratory and field experiments. In the laboratory experiment, clams placed on
small grain size (No. 7 (grain diameter range: 2.5~5mm), No. 6 crushed stone (5~13mm) and native sediment
(<2mm)) showed higher burrowing rate with shorter time than those in large grain size (No. 5 (13~20mm)
and No. 4 crushed stone (20~30mm)). The condition factor of burrowed individuals was lower in treatments
with small grain size and Mixed-size crushed stone (containing grain size from No. 7 to No. 4), and the result
suggests that Mixed-size crushed stone allowed burrowing even for clams with relatively low condition.
However, the shell length of clams may be a factor limiting the burrowing behavior of clams in Mixed-size
crushed stone with large grain size. In the field experiment, although survival rates did not differ significantly
among treatments, crushed-stone substrates raised the condition factor more rapidly and maintained it at a
high level for longer period compared with native sediment, finally Mixed-size crushed stone remaining
significantly higher at the end of the experiment. Hydrodynamic observations indicated that crushed stone
substrates provided higher stability than native sediment. These results suggest that substrate with a wide grain
size distribution such as Mixed-size crushed stone can reconcile improved burrowing performance for low-
condition clam with high substrate stability, offering a practical approach for habitat enhancement of Asari

clam under wave-exposed and food scarcity environments.
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Fig. 1

The laboratory experiment was conducted at Aichi fisheries research institute.

Table 1

and salinity during each experiment,

Summary of the laboratory measurements of three trials,

including range of water

Map showing the field experimental station near Miya fishing port in Mikawa Bay.

temperature

and condition factor and shell length of Asari clam used.

Date temp:::::: ¢y Sty Numberof individuals  Conditon factor  Shelllength (mm)
9 August 2024 30.1~30.5  26.1~26.3 15inds each 9.5-14.7 23.4-37.7
26 August 2024 30.4-30.6  30.0~30.1 15inds each 5.8-14.3 25.0~38.9
30 September 2024 29.2-29.6  26.6~27.2 15inds each 5.6~12.0 23.6-34.6

Table 2 The grain diameter range and analyzed median grain diameter (D50) for each substrate type

used in the laboratory experiment.
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No. 6 crushed| Mixed-size |No. 4 crushed | control (native
stone crushed stone stone sediment)
10-Jul 10-Jul. 10-Jul 10-Jul.
control (native | No. 6 crushed| Mixed-size |No. 4 crushed
sediment) stone crushed stone stone
23-Jul. 23-Jul 23-Jul 23-Jul
No. 4 crushed | control (native | No. 6 crushed| Mixed-size
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8-Aug. 8-Aug. 8-Aug. 8-Aug.
Mixed-size | No. 4 crushed | control (native | No. 6 crushed
crushed stone stone sediment) stone
22-Aug. 22-Aug. 22-Aug. ND
No. 6 crushed| Mixed-size |No. 4 crushed | control (native
stone crushed stone stone sediment)
22-Aug. 22-Aug. 22-Aug. ND

Fig. 2 Layout of field experimental plots
and sampling date (lower) from 27 June to 22 August

2025 in field experiment. ND indicates no data due

offshore side

to loss of the experimental plots by runoff.
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Fig. 3 Time series of the mean burrowing rate of clams among sediment grain size during the

laboratory experiment.

Table 3 Result of likelihood ratio (LR) test with
a generalized linear mixed model examining the
effects of min, treatment, and those interaction on

burrowing rate in the laboratory experiment.

Variable df  LRx? p-value
min 1 540.84 <0.01
treatment 5 157.13 <0.01
min X treatment 5 4.67 0.46

Bz oW T L HEIE LR (Fig. 4), 4 BARK
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Fig. 4 Result of Holm—Bonferroni adjusted pairwise
comparison of burrowing rates among treatments
based on GLMM-estimated marginal means 1in the
laboratory experiment. Each value denotes the mean
with standard deviation indicated by a vertical bar

Values identified with the same roman letter are
not significantly

method, p<0.01).
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Fig. 5 Comparison of mean condition factor between
burrowed and non-burrowed clams under different
sediment grain size in the laboratory experiment.
Error bars show standard deviation. * p <0.05, *%p

<0.01 (Mann-Whitney [Ftest) .
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Fig. 6 Condition factor of burrowed clams in

relation to median grain diameter of crushed stone
in the laboratory experiment. Solid circles and
triangle symbol indicate the mean condition factor
of No. 4-7 crushed stone treatments and the Mixed-
size crushed stone treatment, respectively. The
straight line and the gray dashed band represent
regression line for No. 4-7 crushed stone and 95%
estimated  those linear

confidence interval

regression, respectively
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Fig. 7 Comparison of mean shell length between
burrowed and non—burrowed clams under different
sediment grain size in the laboratory experiment.

Error bars show standard deviation. * p < 0.05

(Mann-Whitney U~test)
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Fig. 8 Survival rate of clams among different
sediment grain size on each sampling date in the
field experiment from 27 June to 22 August 2025.
Each Value in No. 4 and Mixed-size crushed stone
treatments on 22 August denotes the mean values

calculated from two sampled containers.
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Table 4 Result of likelihood ratio (LR) test with
a generalized linear model examining the effects of

date and treatment on survival rate in the field

experiment.
Variable df LRx 2 p -value
date 3 15.79 <0.01
treatment 3 2.31 0.51
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Fig. 9 The mean condition factor of clams among
different sediment grain size on each sampling date
in the field experiment from 27 June to 22 August
2025. Each Value in No. 4 and Mixed—-size crushed
stone treatments on 22 August denotes the mean
values calculated from two sampled containers.
Values identified with the same roman letter are
not significantly different. * p <0.01 (Steel-Dwass

test) .
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Fig. 10 Diagrams show the shear stress of current and significant waves, with the critical tractive force

of different sediment grain size and experimental clams in the field experimental station from 26 to 29

August 2025.
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