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Abstract

The reproductive cycle of the blood clam Anadara granosa, obtained from two different areas at Pattani Bay
(Rusamilae and Laem-nok), on the eastern coast of southern Thailand was examined histologically between July 2005 and
June 2006. The specimens were analyzed to determine the variability in their cycles under different environmental conditions.
Variations of Cd, Cu, Zn, Mn, and Pb concentration in the sediments and clam tissues were measured. Results showed that
gametogenesis of A. granosa occurred throughout the year with slightly different spawning periods at the two sites. The
gonad index indicated that the sexual maturity of 4. granosa at the Rusamilae site was greater than that at the Laem-Nok
site, suggesting that the Rusamilae site is a more suitable location for 4. granosa breeding and culture than the Laem-Nok
site. The concentration of heavy metals (Cd, Cu, Zn, Mn, and Pb) in the sediments from both sites were not significantly
different, except that the sediments from Laem-Nok had a significantly higher Pb level than at Rusamilae. The data showed
correlation between the metal levels in tissue and the reproductive cycle of 4. granosa at Laem-Nok. The breeding season
of A. granosa in Pattani Bay is mainly from July to August. Thus, for the conservation of A. granosa in this area harvesting
should be avoided during this time, and the best time for collecting this clam at Pattani Bay is suggested to be between
February and June which is not the breeding season.
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2004). Pattani Bay is located in the lower part of the eastern
coast of southern Thailand. The coastal zone of the bay is
characterized by muddy and sandy sediments with abundant

1. Introduction

The blood clam Anarara granosa of the family

Arcidae is a commercially important bivalve exploited for
human consumption through harvesting by fishing and farm-
ing. In Thailand, the national production of this edible
species is remarkably high with an average yield of 80
million tons per year. In Pattani Province the annual produc-
tion of the clam A. granosa is only about 26,000 tons a year,
one of the lowest yielding areas (Department of Fisheries.
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natural invertebrates and widespread clam farming and local
fisheries (Swennen ef al., 2001). The industries and houses
of local people are situated along the shore of Pattani Bay
where their wastes, some of which contain heavy metal
contaminants, drain directly into the sea. Generally, the
re¢productive activities of marine invertebrates, particularly
bivalves are mostly influenced by environmental conditions
and their gonads may have considerable variations from
place to place and from year to year (Broom, 1983; Suwan-
jarat and Thongboon, 1997; Brown ef al., 2002; Tirado et
al., 2003; Drummond et al., 2005). Inter-site variations in
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breeding patterns have been observed in bivalve species,
and the variations appear to be linked with differences in
temperature and food supply (Laruelle et al., 1994; Rodri-
guez-Rua et al., 2003; Delgado and Camacho, 2005). However,
another important environmental parameter that could affect
the reproduction is the metal level in sediments (Gagne et
al., 2002; Meneghtti ef al., 2004; Smaoui-Damak et al., 2006).
The presence of toxic metals such as Cd can affect the re-
production and recruitment of clams (Siah et al., 2003;
Cheggour et al., 2005; Yu, 2005). Previous studies on marine
bivalves have shown an increase in gamete alterations and
degeneration of the reproductive tissue when the animals
were exposed to various contaminants (Lowe, 1988; Clark et
al., 2000). In estuarine ecosystems, sediments are an impor-
tant sink of heavy metals that may result in the accumulation
of metals in marine organisms, especially in bivalves due to
their feeding behavior (Gosling, 2003). The blood clam A.
granosa primarily gains nutrition from deposit-feeding that
can cause the accumulation of heavy metals and chemical
pollutants in their tissues. At present, the basic knowledge
about fecundity, reproduction periods, growth, and circum-
stances of death of most species in the Gulf of Thailand is
relatively poor even for commercially important food species
(Swennen ef al., 2001). In addition, the knowledge of the re-
productive cycle of the blood clam is necessary to interpret
the effect of metal bioconcentration in the field. Therefore,
it is necessary to observe the relationship between metal
burdens in the tissue of A. granosa in this area and their
gonadal cycle.

The aim of this study was to investigate the annual
reproductive cycle of A. granosa at two sites, Rusamilae and
Laem-Nok in Pattani Bay. The gonadal stages at each month
over one year period were examined histologically using a
light microscope. Variations in the concentrations of five
metals (Cd, Cu, Zn, Mn, and Pb) present in the sediments and
the clam A. granosa tissue, collected monthly at the same
time, were determined using the optical emission spectro-
meter. Comparisons of the metal levels in the sediments and
A. granosa soft tissue in the two different areas as well as any
observed associations of metal concentrations and the clam
reproductive cycles are discussed. Results obtained from this
study will be useful in developing strategies for culture and
management plans related to the reproductive periods of the
clams, and to aid in the protection and conservation of 4.
granosa in Pattani Bay.

2. Methods
2.1 Specimen collection

The clams A. granosa (30-40 clams/site/month) and
surface sediments (3 areas/site) of their habitat were sampled
monthly from two different sites at Pattani Bay over a period
of 12 months during July 2005 to June 2006 (samples were
not available in November due to the monsoon). The first
site “Rusamilae” is a free fishing area and less affected by
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Figure 1. Location of sampling sites in Pattani Bay.

industrial activities, whereas the second site “Laem-Nok” is
located close to the industrial area and considered to be more
influenced by human activities. These two study sites are
approximately three kilometers apart (Figure 1). The tem-
perature and salinity of the seawater were recorded each
month at both sites during the sampling. Clams were trans-
ported alive to the laboratory at the Department of Biology,
Prince of Songkla University, for further processing. The
whole soft tissue were removed from the shell and weighed
(fresh weight, FW) to the nearest of 0.001 g.

2.2 Sample preparation for metals analysis

The monthly collected sediments were wet digested
by high purity nitric acid and the solution was processed
according to the method described by Loon (1985) and
Gunzler and Williams (2001). Soft tissues of the clams were
heat dried at 550°C for 12 hrs. The ash was also digested by
high purity nitric acid and further processed according to the
method described by Boss and Fredeen (1997). The concen-
trations of Cd, Cu, Zn, Mn, and Pb in the sediments and
tissues of A. granosa were analyzed using an inductive
coupled plasma optical emission spectrometer (ICP-OES,
P. Elmer Opt 4300DV) at the Central Equipment Division,
Faculty of Science, Prince of Songkla University.

2.3 Histological analysis

Determination of the gonadal stages was carried out
through histological sections of the gonads. The flesh con-
taining most parts of the gonads were removed and immedi-
ately fixed in Bouin’s fluid for 24 hrs, then passed to 70%
alcohol, dehydrated in an ethanol series and infiltrated with
paraffin. Sections were cut into 5 pm thicknesses, stained with
Harris’s haematoxylin and acid eosin (Bancroft and Gamble,
2002) and mounted on a microscope glass slide. The sex of
the clam and any histological changes in the gonads of indi-
viduals were examined using a light microscope.
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2.4 Gonadalindex

The gonadal index (GI) was calculated for each sam-
pling month through histological analysis of the gonadal stage
to estimate the proportion of resting, developing, mature,
spawning, and spent individuals as described by Gosling
(2003). In this study, GI was ranked from 1 (all individuals
in the sample were in the resting or spent stage) to 3 (all
individuals were in the mature stage). An increase in the
value of the gonad index implies gonad development, while a
decrease implies spawning, spent, and resting stage.

2.5 Statistical analysis

Differences in metal concentrations in the sediments
and soft tissues according to the month and site were tested
by an analysis of variance (two ways ANOVA, P<0.05).
A linear regression and correlation coefficients were deter-
mined using Excel 2003 to test for the relationship between
two parameters.
3. Results

3.1 Environmental parameters

The mean value of the temperatures was approximate
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30°C with the range of 28-31°C at the Rusamilae site and
28-32°C at the Laem-Nok site. There was no significant dif-
ference in the temperatures between the two sites (P>0.05).
The average salinity of 30.33 ppt at Rusamilae was signifi-
cantly higher than that of 20 ppt at Laem-Nok (P<0.05).

The average values of Cd, Cu, Zn, Mn, and Pb con-
centrations and ranges in sediments and A. granosa soft
tissues from the two study sites for the 12 month period show
that the concentrations of heavy metals in sediments from
both sites were not significantly different, except that the
mean Pb level in the sediments from Laem-Nok was signifi-
cantly higher than that of Rusamilae (P<0.05). Metal concen-
trations in all tissue samples of A. granosa were lower than
those in the sediments for all analyzed metals except Cd and
Cu. There was no correlation between the metal levels in the
sediments and in the 4. granosa tissues (r = 0.001). Figures
2 and 3 showed seasonal variations of metal concentrations
in sediments and tissues, respectively. Monthly metal varia-
tions in the sediment were detected for Cd, Zn, Mn, and Pb
concentration at Rusamilae (P<0.05) and Cu, Zn, and Mn at
Laem-Nok (P<0.05). All sediment metal concentrations at
Rusamilae were highest in December and significantly higher
than those at Laem-Nok (P<0.05). Comparing the metal
levels in soft tissue, there were no significant differences
between the two locations although monthly metal variations
in the soft tissues were significantly different at both study
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Figure 2. Annual variation of five metal concentrations (mg/kg) in sediments at Rusamilae and Laem-Nok.

* Data not available in November.
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Figure 3. Annual variation of five metal concentrations (mg/kg) in A. granosa soft tissue at Rusamilae and Laem-Nok.

*Data not available in November.

sites. Cd, Cu, and Mn levels in Rusamilae clams were signifi-
cantly high in October, February, and October, respectively,
while Cd, Cu, Zn, and Pb levels in Laem-Nok clams were
synchronously high in August and February (P<0.05).

3.2 Reproductive cycle

Based on the histological structure, the ovarian and
testicular developmental stages were classified into 5 stages:
resting; developing; mature; spawning, and spent stages as
described in Table 1. The five-stage gametogenic cycles of
male and female A. granosa from Rusamilae and Laem-Nok
were established as a percentage distribution of gonadal
stages in each month (Figures 4 and 5). The histological
changes of ovary and testis during the reproductive cycle are
illustrated as in Figures 6 and 7. Gametogenesis in both male
and female A.granosa occurred continuously throughout the
year. At Rusamilae, the developing stage took place from
July-October in male and in October in female, and declined
in the following months. The mature stage was regularly
found in most months with the highest peak in August
(56.25%) and July (55.25%) for male and female, respect-
ively. In December, 100% of male gonads were in spawning
stage, while the high values of this stage in females appeared
in December 2005 (50%) and January 2006 (62.5%). How-

ever, this study showed that the spawning period of both
sexes was synchronized at Rusamilae with three peaks in
September, December, and July. In contrast, at Laem-Nok,
the spawning period in the male and female 4. granosa had
only one synchronous peak in June. From July to October,
male and female 4. granosa from this location were in the
spent stage. The mature stage in the males from Laem-Nok
showed the highest peak in August, the same period as that
at Rusamilae. The resting stage in the Rusamilae male was
scanty and found only in April and June with low percent-
ages while that in the Laem-Nok male appeared all year
around except for January.

3.3 Gonadalindex

The monthly GI of male and female 4. granosa from
both sites is presented in Figure 8. Generally, the GI values
increased during gametogenesis and decreased during spawn-
ing and resting. The data show that the values of the GI of
the Rusamilae clams were close to 2.0 through most of the
sampling period (mean > 2.0), while those of the Laem-Nok
clams were mostly below 2.0 (mean < 2.0). This indicated
that sexual maturity of the population at the former site was
greater than that at the latter. A comparison of GI (Figure 8)
to the distribution of the reproductive cycle (Figures 4 and 5)
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Table 1. Description and criteria for the gonadal stages of Anadara granosa.

Histological characteristics

Gonadal stages

Male

Female

Luminal follicles are narrow and
empty. Connective tissue is present
among the follicles (Figure 6A).
Presence of spermatogonia which
lined the follicle wall. Spermatocytes
and spermatids are abundant. A number
of spermatozoa are found in late
development (Figure 6B-C).

Follicles are full of spermatozoa with
their tails pointing towards the center
of lumen (Figure 6D).

Resting:

Developing:

Mature:

Spermatozoa released causing the
empty space in the follicular lumen

(Figure 6E).

Spawning:

Spent:
remained in the lumen (Figure 6F).

The alveoli are empty. Some spermatozoa

Follicles are small with the appearance
of few oogonia along the follicle wall .
(Figure 7A)

Immature oocytes attached to the basal
membrane. Various sizes of developing
oocytes with basophilic cytoplasm

are found (Figure 7B).

Oocytes increase in size. Acidophilic
cytoplasm and yolk granules are
remarkable formed. Ripe oocytes are
mostly free in the lumen (Figure 7C).
Ripe oocytes decrease in number and
empty spaces in the follicular lumen
are observed (Figure 7D).

Follicle degenerates, few residual germ
cells remained in the lumen (Figure 7E).
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Figure 4.

Percentage distribution of gonadal stages in male (A)
and female (B) A. granosa from Rusamilae area during
June 2005 and July 2006. (Spt-spent; Sp-spawn; Ma-
mature; De-developing; Si-resting).

*Data not available in November.

Figure 5. Percentage distribution of gonadal stages in male (A) and

female (B) A. granosa from Laem-Nok area during June
2005 and July 2006. (Spt-spent; Sp-spawn; Ma-mature;
De-developing; Si-resting).

*Data not available in November.

revealed that the maximum GI values were attained during
the mature stage. The GI values of the Rusamilae male was
above 2.0 from July 2005 to February 2006, then decreased
in March to May and began to increase again in June. The GI
curves of both sexes at Rusamilae were synchronously high
from July - August and December - February implying the

beginning of the breeding season of 4. granosa at this site.
Similar situation was found at Laem-Nok with the GI values
of male and female clams being high in August-September
and December-January, revealing a slight delay of the breed-
ing season compared to Rusamilae.



Figure 6. Photomicrographs of A. granosa testis (H&E).
A = resting stage, B - C = developing stage, D = mature
stage, E = spawning stage, F = spent.

4. Discussion

This study revealed that the seasonal changes in the
stages of gametogenesis in 4. granosa were not obviously
related to changes in the studied environmental parameters.
An influence of environmental conditions on bivalve repro-
duction has been reported by previous authors, with the most
important parameters being the temperature and availability
of food (Rodriguez-Rua et al., 2003; Darriba et al., 2004;
Delgado and Camacho, 2005), as well as the levels of
environmental instability (Power et al., 2004; Trivino and
Anadon, 2006). In this study, the monthly and the mean
values of the seawater temperature were not significantly
different between the Rusamilae and Laem-Nok sites. In
general, temperature plays an important role on the repro-
ductive cycle of bivalves particular in the temperate zones,
where the temperature fluctuates and is widely different
between summer and winter. Spawning took place in the
warmer months in response to the increases in temperature
and presence of phytoplankton (Rodriguez-Rua et al., 2003),
but the razor clam Ensis arcuatus was in its sexual resting
stage in summer and spawned in winter (Darriba et al.,
2004). Gametogenesis of A. granosa at Rusamilae and Laem-
Nok occurred throughout the year yet with different spawn-
ing periods and no relationship was found between the water
temperature and the spawning period. The spawning periods
of the Rusamilae male and female were synchronized with
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Figure 7. Photomicrographs of 4. granosa ovary (H&E).
A= resting stage, B =developing stage, C = mature stage,
D = spawning stage, E = spent, F = hermaphrodite.

three spawning peaks in September, December, and July. At
the Laem-Nok site, the spawning periods were less and the
male and female clams spawned synchronously only in June.
This is a different behavior from A. granosa on the west
coast of South Thailand where spawning period occurred
twice a year in August and November (Suwanjarat and
Parnrong, 1990). The resting stage of the male gonad cycle
in Rusamilae was found only in April and June and then only
at low percentages, while the resting stages of the Laem-
Nok male appeared all year round. This indicated that the
envi-ronmental conditions at Rusamilae were more suitable
for gametogenesis than at Laem-Nok where more industrial
activities are located nearby. The environment at Rusamilae
seems to be more favorable for the male clam to develop a
new set of sex cells for succeeding gametogenic cycles
while spawning at the same time. Gametogenesis of the clams
occurs rapidly, the gametes are released as soon as they
mature and recovery is fast, resulting in a new phase of
development and maturation between successive spawns
that makes it difficult to distinguish between spawning and
mature stages. However, the determination of the gonad
index through histological analysis is another useful method
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Figure 8. Seasonal variation in gonadal index (GI) of male and
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*Data not available in November.

to assess the sexual maturity and gonad condition. The GI
indicated that the number of sexual maturity of 4. granosa at
Rusamilae was greater than that at Laem-Nok. The minimum
GI values of males in May at Rusamilae and in October at
Laem-Nok coincided with the lowest percentage of indivi-
duals in the resting or spent stages indicating inactive
gonads. In our study, GI values below 2.0 were observed
more often in females than in males due to the female clams
having a greater tendency to spawn completely and undergo
an inactive phase. Males, on the other hand, have a GI value
higher than 2 because they had a faster rate of gametogenic
activity (Gosling, 2003).

The relationship of the average values of metals con-
centrations in the sediment between Rusamilae and Laem-
Nok was not significant except Pb. The Pb level in Laem-
Nok is significantly higher than that in Rusamilae (P<0.05).
The waste products drained from the industries located along
the shore as well as the waste drains from human activities
around Laem-Nok possibly caused high Pb concentrations
in the sediments. Although there was no correlation between
the metal levels in the sediment and in the A. granosa tissues
(r=0.001), but the average values of metal concentrations in
A. granosa tissues from both study sites were lower than
those in the surrounding sediments except for Cu (not sig-
nificant, P>0.05) and Cd. The Cd concentration in soft tissue
was significantly high in August, when the reproductive
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activity of 4. granosa was mostly in developing as well as
maturing stage. During these stages, clams required consider-
able energy consumption and this led to metal intake and
accumulation in tissue particularly the gonads that become
an additional temporary storage tissue for metals (Mathieu
and Lubet, 1993). The Cd burden in 4. granosa indicated an
accumulation or a low excretion of this metal from sediment
particles, somehow as the efficiency of assimilation after
ingestion of sediments is dependent on the sediment type,
the animal species and its physiological condition (Griscom
et al., 2002). Moreover, spawning can mobilize some assimi-
lated metals in bivalves and this can contribute to the
seasonal variations noted in bivalve metal concentrations
(Smaoui-Damak et al., 2006). Besides Cd, the Cu, Zn, Mn,
and Pb concentrations in A. granosa tissues was high in
August and February and low during March-June when they
were in spawning and spent stages implied the correlations
of tissue metal concentration to the reproductive cycle. The
findings in the clam Scrobicularia plana revealed the
seasonal variation in tissue metal concentrations linked to
patterns of reproductive activity for Cu, Ni, Mn, Fe except
Cd and Zn whose tissue concentration may be regulated
(Cheggour et al., 2005). On the other hand the period of
ripening and spawning of sexually products in the clam
Ruditapes decussatus led to decrease of Cd concentration in
their whole soft tissues (Smaoui-Damak ef al., 2006). In the
present study, the correlation of tissue metal concentrations
to the reproductive cycle at Laem-Nok was found. However,
it is ambigulous to interpret that the metal concentrations
affected reproductive cycle of A. granosa at Pattani Bay.

In conclusion, the reproductive cycle of A. granosa
at Pattani Bay is an annual cycle of gametogenesis occurring
throughout the year with a slight different spawning period
between Rusamilae and Laem-Nok sites. There was no direct
relationship between the spawning period and the studied
environmental parameters such as pH, temperature, and
heavy metal concentrations. The relationship of metal con-
centrations in A. granosa tissue with those in the sediments
was not found. At Laem-Nok, the metal concentration showed
slight correlation to the gonadal cycle of this clam. The
Rusamilae site was a more suitable location for 4. granosa
breeding and culture than the Laem-Nok site. The breeding
season of 4. granosa in Pattani Bay is between July and
August. Thus, for the conservation of A. granosa in this area
harvesting should be avoided during this time. This study
also indicated that the Cd, Cu, Zn and Mn concentrations in
surface sediments from both studied areas in Pattani Bay
were below the minimum toxic levels known to cause toxic
affects in resident benthic animals (Long et al., 1995).
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