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ABSTRACT: Production potential of blood clam (Anadara granosa) in Bang-tabun Bay was examined by integrating
data for size distribution, growth rate, and aquatic environmental factors. Collection of data was conducted from
December 2011 to May 2012. Blood clam culture areas from three muddy tidal flats; Don Bon flat, Don Klang flat, and
Don Tuen flat located from the north to the south of the bay, respectively, were studied. Length and weight of clams
at each station varied each month depending on the growth potential of the clam and culture management practices
of farmers. The growth rate of blood clam throughout this study period ranged from 0.1–0.8 g/month. The results
revealed significant correlations between blood clam growth rate, chlorophyll a and salinity. Blood clam growth rate
was most rapid at the station on Don Tuen flat, which exhibited the highest overall salinity and chlorophyll a. Don
Klang flat and Don Bon flat can be adversely affected by freshwater runoff and food availability limiting the utility of
these areas. Overall results indicate that among the three muddy tidal flats selected for this study, Don Tuen flat is the
most suitable area for blood clam culture.
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INTRODUCTION

Blood cockles of the genus Anadara are muddy
shore dwellers in intertidal or marginally subti-
dal areas, especially in shallow inlets or bays
with a substratum of fine and soft mud. The
preferred conditions for blood clam are large
estuarine mudflats bordered on the landward
margin by mangrove forests1–3. These clams
provide food for coastal inhabitants and have
economic importance in Thailand, Philippines,
Malaysia, and Borneo2. Blood clam production
in Thailand fluctuated from 1999–2010. To-
tal annual production of the clam varied from
40 979 ton/year to 81 959 ton/year during that 12-
year period, with economic values ranging from
1 038 132 000 THB/year to 1 725 494 000 THB/year
(31 834 000–52 906 000 US$) in the last 4 years
(2007–2010)4. Blood clam production in Phetch-
aburi province, where the present study sites are lo-

cated, fluctuated from 5313 t/year to 22 666 t/year
(113 501 000–498 653 000 THB/year or 3 480 000–
15 292 000 US$). Blood clam production in Phetch-
aburi province was 13% of total Thailand produc-
tion in 1999 and increased to 28% in 2009, before
decreasing to 13% in 2010. The clam production
in Phetchaburi province has influenced the total
production of the country.

Bang-tabun bay in Phetchaburi province, lo-
cated in the inner Gulf of Thailand and covered
12.98 km2 of the bay, is the second largest blood
clam culture area in the nation. Bang-tabun bay
has an abundance of bio-resources, and serves as
a nursing ground for many aquatic organisms, es-
pecially the blood clam. The diversity of utilization
patterns in the bay, fish capture and culture, affects
water quality and composition of available food,
and can impact the growth of blood clams. The
growth rate of blood clams is also adversely affected
by environmental conditions and population den-
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sity1, 3. Major environmental factors known to affect
the growth of blood clams are substrate, salinity,
dissolved oxygen, slope of the muddy flat where
the clams are seeded, and availability of food1, 5.
Extreme variation in salinity, increased exposure
period of the muddy flat, and the density of blood
clams can limit the productivity and growth rates of
mollusc species1, 6.

The present study examined the production po-
tential of clam culture in Bang-tabun Bay. All data
for blood clam size distribution, seasonal variation
in the culture area, related environmental factors,
and food supply (in the form of chlorophyll a) were
integrated. The goal of this study is to clarify the
optimal area for blood clam culture in Bang-tabun
Bay.

MATERIALS AND METHODS

Study area

The study area was located in Bang-tabun Bay,
Phetchaburi province, in the inner Gulf of Thailand
(Fig. 1). The bay is composed of three main muddy
flats: Don Bon (local name of the muddy flat) in
the north, Don Klang, and Don Tuen in the south
(Fig. 1). Freshwater runoff is received from the
Bang-tabun River. The water depth of the channel
in the bay ranges from 1–8 m at flood tide (Fig. 2).
The culture area was exposed to the air for 2–6 h
during the ebb period in the spring tide.

Water parameter collection

The temperature, salinity, and dissolved oxygen
(DO) of surface water were measured simulta-
neously using a multi-parameter probe (YSI-6600
Sonde instrument). Measurements were conducted
in September and December 2011, and May 2012
at six stations (Fig. 1). At each station, samples
of surface water (5 l) were collected and placed in
polyethylene bags for analysis of chlorophyll a and
total suspended solids (TSS). Water samples were
stored in the dark and cold environment immedi-
ately after collection.

Blood clam sampling

The sampling of clams was carried out at the same
station and time as samples for water analysis, dur-
ing the ebb period of neap tide. Blood clams were
collected from a depth of approximately 10 cm of
surface mud using a 15 cm×39 cm (10 m2/sample)
hand dredge with a square mesh containing 1 cm
gaps. Clams were kept alive in plastic bags and
transport to the laboratory. Shell length and body

weight of the sampled clams were measured imme-
diately after arrival at the laboratory.

Sample analysis

Chlorophyll a: An aliquot of 100–200 ml of wa-
ter sampled at each station was filtered through
Whatman GF/F �25 mm membrane. The phyto-
pigments from residue remaining on the filter were
extracted by dipping the filters in 90% acetone for
24 h at −20 °C. Chlorophyll a concentration was
determined by a spectrophotometric method7.

Total suspended solids (TSS): Known volumes
of water samples (200–1000 ml) were filtered
through pre-washed, -dried and -weighed What-
man GF/F �47 mm. The filter papers were dried
using the freeze drying technique. After drying,
the filters were weighed again and the dry weights
were recorded. TSS was then calculated using
the U.S. Environmental Protection Agency (EPA)
method 160.28.

Blood clam analysis: Shell length (cm) of the
sampled clams was measured along the greatest
antero-posterior direction using vernier calipers.
The wet weight of clam (g) was measured using a
3-digit digital balance.

Calculations

Generally, shell length can be divided into plural
normal distributions while this is not always the
case for size distribution using body weight. In
this study, cohorts of clams were influenced by seed
manipulation and harvest activity. Cohort analysis
of clams is better suited for analysis of shell length
distribution, especially when growth rate needs to
be discussed in body weight. Cohort analysis of
blood clams was performed using Bhattacharya’s
method with the FISAT II program using the smallest
mid-length and class interval of 2.5 cm. In some
stations, length distribution of clam consisted of
more than one cohort, due to artificial manipulation
giving rise to a polymodal distribution. Cohorts
of each station were then carefully considered and
selected for growth rate calculations according to
their size improvement over time. Mean length
of selected cohorts were computed and applied for
average weight calculation using the formula W =
aLb, where W is the total wet weight (g) and L is the
length (cm), obtained from length-weight relation-
ship analysis of 4141 pairs of clam length-weight
measurement for all samplings. A comparison of
each Anadara granosa cohort growth was carried
out using the parameter weight. Growth rate (G) of
clam was calculated by G = (W1 −W0)/∆t, where
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Fig. 1 Bang-tabun bay in Phetchaburi province is located in the inner Gulf of Thailand (left). The right panel shows
the Bang-tabun river and Bang-tabun estuary. The mainland is shown with Bang-tabun river and its tributaries. The
three main muddy flats; Don Bon, Don Klang, and Don Tuen are bounded by dashes. A total of six sampling stations
are indicated. Stations U1 and U2 are on Don Bon flat, M1 and M2 are on Don Klang flat, and S1 and S2 are on Don
Tuen flat.

Fig. 2 Depth range and depth contour (m) of Bang-tabun bay at flood tide (August 2011).
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Table 1 Growth rate (g/month) of blood clam in sam-
pled stations in Bang-tabun bay. G1, G2, and G3 show
calculated growth rate, based on the weight differences
between September and December 2011, December 2011
and March 2012, and March and May 2012, respectively.

Station G1 G2 G3 Average

S1 0.90 – 0.32 0.61
S2 – 0.70 0.90 0.80
M1 0.66 0.20 0.17 0.34
M2 0.58 – 0.90 0.74
U1 0.13 – 0.07 0.10
U2 0.37 – – 0.37

W1 is the weight (g) at a specified time, W0 is the
weight (g) at time 0, and ∆t is the time difference
(months) of t0 and t1.

Average environmental factors were calculated
using the recorded values from September, Decem-
ber, and May. In this study, production potential of
blood clam was determined by the growth rate of
the clam in each sampling site.

Statistical analysis

Environmental factor data were tested for normal
distribution among groups using the Kolmogorov-
Smirnov test. Regression analysis was used to ex-
amine the relationship between average growth rate
of clams and environmental factors. Relationship
analysis between average chlorophyll a and TSS of
the same site was also performed. The level for
statistical significance was 0.05.

RESULTS

General water parameters

The temperature, salinity, and DO in surface sea-
water, TSS, and chlorophyll a in sampled seawa-
ter are given in Fig. 3. Temperature, salinity, and
DO varied between sampled months. Salinity was
less than 20‰ in September (5.4–14.8‰) and
December (14.8–18.6‰), most probably due to the
effect of freshwater runoff. Salinity increased in
May (17.3–29.6‰), which is the late dry season
(March–May). Freshwater inflow and precipitation-
induced drainage were factors affecting the salinity
of water9. Chlorophyll a and TSS fluctuated widely
among stations and sampled months.

Blood clam growth rate

Blood clam length frequency for each cohort showed
a normal curve distribution pattern in samples from
all stations and all sampling times (Figs. 4 and 5).

At some sampling sites, more than one distribution
curve was found for both small and large clams.

Length and weight analysis of blood clam in-
dicated that the regression was highly significant
with a coefficient of determination (R2) of 0.922
(p < 0.01). The length-weight relationship of blood
clams was W = 0.379L2.909 (Fig. 6).

Overall growth rate of blood clams (G1–G3)
ranged from 0.07–0.90 g/month. The lowest
growth rate was found at station U1 from Don Bon
flat for G3. High growth rates were found at station
M2 of Don Klang flat for G3 and station S1 and
S2 of Don Tuen flat for G1 and G3, respectively.
Disappearance of large clams in some stations was
caused by harvest activity (Table 1). Station S2
was found to have the highest average growth rate
(0.80 g/month), followed by station M2 of Don
Klang flat (0.74 g/month) and station S1 of Don
Tuen flat (0.61 g/month), respectively.

Relationship between growth rate and
environmental factors

Nonlinear regression analysis showed a significant
relationship between annual growth rate with an-
nual salinity and annual chlorophyll a. No signifi-
cant relationship between annual TSS and growth
rate was found. However, scatter plots suggest
a trend of negative relationship between growth
rate and TSS. Regression analysis between average
chlorophyll a and TSS indicated a significant nega-
tive relationship (Fig. 7).

DISCUSSION

The fluctuations of general water quality in the
blood clam culture area in Bang-tabun Bay were
similar to those in Ban Don Bay, Surathani
province10, the largest clam culture area in Thai-
land, in Kakinada Bay, India11, and in Jeram,
Malaysia12. Water temperature, salinity, and DO
observed in the study in Ban Don Bay ranged from
24.0–33.0 °C, 6.0–32.0‰, and 4.0–8.5 mgO2/l,
respectively. The parameters in Kakinada Bay
ranged from 28.0–33.5 °C, 15.1–34.4‰, and 5.2–
6.8 mgO2/l, respectively, and in Jeram ranged from
29.5–32.5 °C, 13.9–31.2‰, and 2.3–8.5 mgO2/l,
respectively. Observed water temperature, salinity,
and DO in Bang-tabun Bay were within the range
for the standard level of water quality suitable
for aquaculture in Thailand, as stipulated by the
Pollution Control Department of Thailand (infofile.
pcd.go.th/law/134_288.pdf, in Thai). Ref. 10 also
found more than one normal curve size distribu-
tion of blood clams in culture areas in Suratthani
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Fig. 3 Water quality at the stations in Bang-tabun bay in September and December 2011 and May 2012.

province, Thailand, which was attributed to the
irregular growth of clams. The maximum growth
rate found in the present study (0.80 g/month) was
close to the growth rate of blood clams in Phang-
nga Bay, Phang-nga province but was less than
that observed at Pattani Bay, Pattani province and
Ban Don Bay, Suratthani province. Blood clams at
Phang-nga Bay were reported to have growth rates
of 0.89 g/month13. The growth rate of clams in
Pattani Bay was up to 1.55 g/month14 and ranged
from 1.01–1.36 g/month in Ban Don Bay10.

Salinity in Bang-tabun Bay ranged from 5.4–
29.6‰ (Fig. 3). Lower salinity was found in Don
Bon flat (U1, U2) followed by Don Klang flat

(M1, M2) and Don Tuen flat (S1, S2), respec-
tively. Scatter plot of average growth rate and
salinity showed that the growth rate of blood clams
tended to reduce at stations where the salinity was
low (Fig. 7a). Freshwater inflow and precipitation-
induced drainage were factors affecting salinity of
the water in the study area9, especially stations M1,
U1, and U2. Blood clams can normally survive in
low salinity conditions for only a few days. Longer
exposure to low salinity can result in mortality1.
Stations U1 and U2 were located on the upper flat
with the greatest freshwater runoff effect from the
Maeklong River, located beyond the north part of
the bay. Stations in the upper flat receive freshwater
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Fig. 4 Length frequency of blood clams from station S1, S2, and M1. Numbers indicate cohort used for growth
calculation. At S1, average weights of no. 1 and 2 were used to calculate G1 while no. 2 and 4 were used to calculate
G3. At S2, average weights of no. 2 and 3 were used to calculate G2 while no. 3 and 4 were used to calculate G3 and
large blood clam was harvested between September 2011 and December 2011. At M1, average weights of no. 1 and
2.2 were used to calculate G1 while no. 2.1 and 3 were used to calculate G2.

runoff, where reduced salinity may have adversely
affected the growth of clams. This finding coincides
with the study by Silina15, which revealed that
the growth rate of the blood clam A. broughtonii
is slower at sites close to a river mouth. Station
M1 was located at the river mouth where blood
clams directly encountered freshwater runoff from
the Bang-tabun River. Blood clams tightly close
their shell when salinity falls from 32 to 16‰, and
shells remain closed at salinity below 16‰16. This
prevents clams from feeding during conditions of
low salinity. In salinity of 28 to 11‰, Anadara
sp. feed only sporadically and no feeding activities
were detected at salinity of 6‰17. Broom1 also
mentioned that salinity above 23‰ would allow
Anadara sp. to feed relatively efficiently while salin-
ity less than 20‰ would result in decreased feeding
efficiency and activity. In this study, blood clam of
stations U1 and U2 experienced salinity of 5.4‰

and 7.2‰, respectively, the condition which could
have a negative effect on growth rate.

Air exposure can also affect the growth of blood
cockles18. Fig. 2 shows that the topography of Don
Bon flat resulted in longer exposure to the air at
station U1 and U2 during ebb tide than the other
sampling sites. Organisms in such places would
have limited time to feed and thus would suffer
from a restriction in food supply18. Extended air
exposure, in addition to the low salinity, may have
reduced the clam growth rate in U1 and U2. Ref. 16
also reported that blood clams die quickly without
sufficient moisture.

The chlorophyll a content of water was pos-
itively correlated with growth rate (rs = 0.846).
High growth rates of blood clam was observed in
the areas of greatest concentration of chlorophyll a.
This was in agreement with the research on the
effect of environmental factors on condition index of
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Fig. 5 Length frequency of blood clams from station M2, U1, and U2. Numbers indicate cohort used for growth
calculation. At M2, average weights of no. 1 and 2 were used to calculate G1 while no. 2 and 3 were used to calculate
G3. At U1, average weights of no. 1 and 2 were used to calculate G1 while no. 3 and 4 were used to calculate G3. At
U2, average weights of no. 1 and 2 were used to calculate G1.

Fig. 6 The length-weight relationship for blood clam
Anadara granosa (N : number of samples; R2: coefficient
of determination).

blood cockles in Bandon Bay19 and the relationship
of Mytilus edulis growth on water temperature and
food availability in the US waters20. In nature,

growth of mollusc is known to be supported by food
availability, i.e., phytoplankton abundance5, which
in this case is represented by chlorophyll a concen-
trations. Apart from phytoplankton, other organic
particles were also found to be food sources of most
clams21. In the muddy habitat where sediment is
easily resuspended, benthic microalgae and a mix-
ture of detritus or microorganisms attached to detri-
tus could serve as food sources for blood clam1, 5. In
contrast to chlorophyll a concentrations, a negative
trend was found between TSS and growth rate of
blood clam. This could be explained by the neg-
ative correlation between TSS and chlorophyll a.
Stations with high TSS were observed to exhibit
low concentrations of chlorophyll a, except station
U2. This indicates that TSS might be composed
of inorganic particles which cannot be utilized by
blood clam as food and consequentially result in
low growth rate. For station U2, where high TSS
and high chlorophyll a concentration were found
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Fig. 7 Relationship between the environmental factors and average growth rate of the blood clam (a–c), TSS and
chlorophyll a in sampled sea water (d).

together, a low growth rate was also observed. It
is possible that the phytoplankton was not fully
consumed by blood clam due to obstacles to filter
feeding. Bivalve molluscs are not good at filtering
water with high concentration of suspended solid1,
thus making them unable to perform proper feed-
ing. Appropriate concentrations of suspended solid
could enhance growth of the bivalves5.

High salinity, high chlorophyll a concentration,
and low TSS was found to promote high growth
rate of blood clam in the station of M2, S1, and
S2. This suggests that these stations are located
at a suitable mixing area of seawater and fresh-
water for the blood clam and this environment is
also suitable to produce abundant phytoplankton.
Phytoplankton is known to require sources of ni-
trogen and phosphorous for proper growth22. The
stations of M2, S1, and S2 had higher concentra-
tions of ammonium-nitrogen and orthophosphate-
phosphorous than other stations in this survey. Fur-
thermore, aquatic environments could be roughly
classified into 2 areas as ‘low productive’ and ‘high
productive’ based on salinity, chlorophyll a, and
TSS. Low productive areas in the stations M1, U1,

and U2 presented low growth rates for blood clam
due to low salinity, low chlorophyll a concentration,
and high TSS. On the other hand, the high produc-
tive areas of the stations M2, S1, and S2, exhibiting
high salinity, high chlorophyll a concentration and
low TSS, produced high growth rates for clam. From
the overall results, a suitable environment for the
blood clam culture could be determined to contain
salinity around 20‰, chlorophyll a concentration
around 15 µg/l, and TSS less than 30 mg/l in Bang-
tabun bay.

CONCLUSIONS

Average growth rate of clams in stations closed to
the river mouth were lower than the outer stations
of the same flat. Overall results revealed that the
highest average growth rate of clams, a measure
of the potential for the area, was found in Don
Tuen flat. In addition, stations S1 and S2 at Don
Tuen flat showed the highest production potential
of the six stations in terms of growth rate for blood
clam culture in Bang-tabun Bay. In relation to the
environmental conditions of the areas, S1 and S2
gave the highest growth rates followed by station
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M2 on Don Klang flat, and station U2 on Don
Bon flat, respectively. These findings indicate that
environmental factors have substantial influenced
on the growth of the clam. Suitable environments
for blood clam culture in Bang-tabun bay were es-
tablished at the salinity around 20 ‰, chlorophyll a
concentration around 15 µg/l, and TSS less than
30 mg/l. An optimum environmental condition and
the production potential of the region should be
taken into consideration when arranging the areas
for blood clam culture or managing culture activities
to assist farmers to obtain sustainable utilization of
the region.
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