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Abstract

The distribution pattern of Bullacta exarata was studied in different seasons of 2004 at south
shore of Hangzhou Bay, China. We found that the distribution pattern of B. exarata was
aggregated in each season by Taylor's power regression and Iwao's plot regresses methods (P
< 0.001). Based on two-way ANOVA analysis, the results indicated that the densities were
significantly affected by the factors of season (P < 0.001), distance to the dyked dam (P <
0.001) and the interaction between them (P < 0.001). The densities distribution followed with
the distance gradient was significantly different in each season with one-way ANOVA
analysis. The results of Pearson correlation coefficients analysis on data of density indicated
that in the warmer seasons (spring and summer) the highest densities occurred at 150 m to the
dyked dam, while in the cooler seasons peak in densities were at 250 m to the dyked dam
(autumn and winter). In the study area, seasonal variation of B. exarata densities should be
the response of the species to the environmental change, especially the food resource.
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Introduction
The gastropods often have large effects on
benthic community structure, through their
foraging activities (Castilla and Duran, 1985;
Anderson and Underwood, 1997). For
example, predatory snails that consume
competitively dominant species increase
local diversity by creating space for
competitively inferior organisms (Menge et
al., 1994).

herbivorous snails can strongly influence the

Furthermore, grazing by
distribution, composition and biomass of
micro- and macro-algal assemblages in
soft-sediment habitats (Kelaher et al., 2003).
Therefore, the gastropods play an important
role in the habitat and ecosystem of the tidal
flat.

Bullacta exarata (Philippi, 1849) is a
marine  gastropod  mollusc  species
commonly named as mud snail, which
widely distributes in the coastal waters of
West Pacific Ocean in China, Japan and
Korea (Ye and Lu, 2001; Malaquias, 2010).
B. exarata is an important species in the
macrobethic communities at the natural tidal
flat of Jiangsu, Shanghai and Zhejiang (Ye
and Lu, 2001; Zhou et al., 2009; Ge et al.,
2011) which was

economically important shellfish species in

considered as an

eastern China. Recently, some problems
presented in aquaculture of B. exarata, such
as over fishing, lack of effective
management, the deceasing output (Wang et
al., 2010), then the tough challenges for

protection of B. exarata resource is the most

important potential problem. Aspects of the

histology, gonadal  maturation, and
population dynamics of B. exarata have
received considerable attention (Malaquias,
2010). However, little is known about the
seasonal variation of distribution pattern of
this species (Ye and Lu, 2001).

Some studies have suggested that
physical stress, predation, and competition
may be important in structuring intertidal
communities and species distribution pattern
(McClanahan, 1992; Guerry et al., 2009;
Zhou et al., 2009; Gingold et al., 2010;
Aguilera and Navarrete, 2011). Here we
addressed this question for evaluating the B.
exarata population spatial distribution
pattern and the seasonal variation in a tidal
flat of eastern China, which could be used
for presenting the biological characters in
the life history of this kind of shellfish in
Therefore, this

contribute to do better conservation and

wild. research could

management strategies on B. exarata

populations.

Materials and methods

Investigation area and sampling protocol
The field work was conducted at south shore
of Hangzhou Bay (30.35°N, 121.29°E),
Zhejiang Province, China (Fig. 1), which
characterized by a subtropical climate.
Average salinity of the seawater at the tidal
flat is 11-15 psu (Hou et al., 2011). The
sediment in the study area is soft, mainly

composed by silt (Xie et al., 2009).
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Figure 1: The location of the study area

The investigation was conducted at
February (winter), May (spring), August
(summer) and November (autumn) of 2004
in the tidal flat outside of the dyked dam,
the dam located at the high tidal zone in the
in 2000. Six

sample lines were selected followed the

tidal flat and constructed

vertical distance gradient to the dam at the
distance of 50 m (lowest of the high tidal
zone), 150, 250, 350 m (middle tidal zone),
450 and 550 m (low tidal zone), at each
sample line 10 repeated plots (1 m x 1 m)
were collected every 5 m. All the B. exarata
(normally length of body > 0.5 cm) were
stored by hand in the plots. Totally 60 plots
of samples were collected for analyzing in
each season.

Data multivariate analyses

For point pattern processes, indices are
mainly based on counts of individuals per
unit of a grid, called quadrat. The simplest
indices are based on the variance (S?) and

the mean (x) of population density per
quadrat. Taylor's power regression InS*= a +
binx (Taylor, 1961) makes it possible to
assess the level of aggregation by means of
slope b that indicates a uniform (b < 1),
random (b = 1), or aggregated (b > 1)
distribution of population (Arnaldo and
Torres, 2005). Iwao's plot regresses m = a +
Bx (Iwao, 1968) between mean crowding (m)
indicates the

and mean density (X)

contagiousness inherent to the species
(intercept of the regression) and the manner
in which individuals distribute themselves in
their habitat with change in the mean
density (slope of the regression). The means
of slope B can indicate a uniform (f < 1),
random (B= 1), or aggregated (B > 1)
distribution of population (Vinatier et al.,
2011).

The two-way ANOVA analysis
(General Linear Model, GLM) was used to
determine mean differences in density by

distance, season and the interaction between
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them, Levene's test was used to determine
equality of variance prior to using the GLM,
and all the data sets passed the Levene's test
in the study (Ge et al., 2011).

The one-way ANOVA was used for
detecting the difference of the density of
sample plots in each season, the
Student-Newman-Keuls (SNK) method was
used if significant difference occurred.
Levene's test was used to determine equality
of variance prior multiple comparisons,
When a dataset did not pass Levene's test

the data was In(x+1) transformed (Kendrick

Table 1: The analysis of distribution pattern

and Walker, 1995). Then the data sets of
mean densities with the distance gradient to
the dyked dam were checked by Pearson
correlation coefficients among seasons.

SPSS 16.0 (SPSS Inc.) and Microsoft
Office Excel 2003 (Microsoft Inc.) were
employed for statistical analysis.

Results
The B. exarata was aggregated in each

season, and then the b(g) is slightly >1 ( P <
0.001) (Table 1).

Taylor's power regression

Iwao's plot regresses

Season

a b R® P A B R® P
Winter 0.142 1214 0.943 <0.001 0.163 1.238 0.934 <0.001
Spring 0.132 1.382 0.959 <0.001 0.133 1.392  0.957 <0.001
Summer 0.136  1.342 0.961 <0.001 0.103 1.381 0.936 <0.001
Autumn 0.123 1411 0.935 <0.001 0.009 1.437 0.942 <0.001
Average 0.042 1337 0.950 <0.001 0.106 1.362 0.942 <0.001

The two-way ANOVA analysis revealed significant effect of season [F .3 = 23.946, P < 0.001], distance

to the dam[Fs .3 = 108.660, P < 0.001] and interaction of season x distance to the dam [Fs 3 = 6.520, P

< 0.001] on the abundance of B. exarata.
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Table 2: The correlations test of densities among seasons (2-tailed and n = 6 for each season)

Season Parameter Spring Summer  Autumn
Winter Pearson correlation 0.754 0.675 0.951
P 0.083 0.142 0.004
Spring Pearson correlation 0.950 0.823
P 0.004 0.044
Summer  Pearson correlation 0.826
P 0.043
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Figure 2: The densities (Mean£SE) distribution of B. exarata in each season. The means with different

scripts are significantly different by SNK test, a = 0.05. ).
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Significant  differences on abundance
distribution in each season were detected
(SNK test, Fig. 2). The B. exarata mainly
clumped at middle tidal zone in the south
shore of Hangzhou Bay. And then the
highest density occurred at 150 m to the
dam in spring (Fig. 2 B) and summer (Fig. 2
C), at 250 m to the dam in autumn (Fig. 2 D)
and winter (Fig. 2 A), while in low tidal
zone lowest density occurred. Significant
positive  correlations on  abundance
distribution occurred in autumn vs. winter
(P =0.004), spring vs. summer (P = 0.004),
autumn vs. spring (P = 0.044), autumn vs.
summer (P = 0.044) by Pearson correlations
densities  distribution

test for among

Seasons.

Discussion

It has been reported that the population of B.
exarata presented an aggregated spatial
distribution pattern at Yangtze River Estuary
in summer (Ye and Lu, 2001), here same
result was presented in south shore of
Hangzhou Bay. In this research, the
densities in different season did not change
the distribution pattern of B. exarata, while
some research indicated that the densities
variation of species should affect the
distribution pattern (Hanberry et al., 2011)
for spatial disposition was
density-dependence (Taylor et al., 1978).

The comparisons of spatial distribution

among seasons showed that the B. exarata
tended to aggregate at higher tidal zone in
spring and summer, while at lower tidal
This
performance would be caused by the

zone in autumn and winter.
vertical movement of B. exarata population
which was described in previous research
without statistical analysis provided (You et
al.,, 1994; Ye and Lu, 2001), here the
seasonal variation of distribution was
proved by statistical method.

The density of B. exarata reflected that
winter was the severe season for the
population, the density decreased to the
lowest value in wild (You et al.,, 1994).
Temperate stress has been suggested to be
the driving power for the seasonal variation
of distribution of B. exarata among tidal
zones (You et al.,, 2003). The seasonal
variation of densities was consistent with
the life history cycle (You et al., 2003;
2010). The

Pennales mostly) were the dominant food

Malaquias, diatoms (the
items which were sensitive to seasonal
change of environmental temperate
(Malaquias, 2010). The results of this
research indicated that the influence of
temporal and spatial organization on
should  be

considered in the application of resource

interspecific  associations

conservation and management (Aguilera
and Navarrete, 2011).
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