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Salinity fluctuations in estuaries can significantly impact marine organisms, leading to economic
losses through mass mortalities of commercially important species. The effects of varying
estuarine salinities on the survival, daily mortality, and growth of adult and juvenile hard clam
Meretrix meretrix under controlled aquarium conditions were investigated. Adults (shell length
~45 mm) and juveniles (shell length ~30 mm) were collected from an 18 ppt estuarine habitat in
Chowfaldondi, southeast Bangladesh, and exposed to six salinity levels (10, 15, 20, 25, 30, and
35 ppt) with three replications at ambient temperature. Adults were monitored for 51 days and
juveniles for 23 days. Survival was significantly higher (=80%) at 15-30 ppt for adults and 10—
20 ppt for juveniles, with the lowest survival at 35 ppt. Analysis of co-variance showed that
salinity had a greater effect on survival than the combined salinity*size model (p<0.05). While
adult clams exhibited no mortality in first 15 days, juvenile mortality (~10%) began on day two
across all salinities with a dose-dependent mortality exceeding 50-80% in 25-35 ppt. Adults
were more tolerant to high salinities while juveniles to low salinities. Shell length and width did
not vary significantly across salinities, likely due to insufficient plankton in the supplied
seawater. This study has implications for potential site selection for coastal clam aquaculture
along the Bay of Bengal. The sudden changes and combined effects of multi-stressors on
bivalves can be assessed for better understanding how near future climate change can impact
bivalve fishery and blue economy.
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INTRODUCTION

Estuaries are one of the most dynamic and productive coastal environments from the ecological
standpoint supporting biologically diverse ecosystems and provide habitat for numerous organisms (Parada et
al., 2012; Roman et al., 2024). The physico-chemical properties, particularly salinity in estuarine habitats are
highly variable, primarily influenced by the tidal action and freshwater discharges, however, may also be
influenced due to the diverse range of natural and anthropogenic factors (Elliott and Quintino, 2007). The
estuarine environment is brackish in nature where salinity ranges from 0.5 to 29 ppt (Hadley and Whetstone,
2007; Parada et al., 2012). The major factors which may reduce the salinity in estuarine environments are
large amount of freshwater input due to precipitation, river runoff and tropical storm, melting of ice, and
groundwater flow (Hadley and Whetstone, 2007; Roman et al., 2024). Sudden fall of salinity may be more
frequent in coming days due to climate change effect which will have negative ecological impact on the
structure and functioning of diverse estuarine and marine organisms, particularly that have slow movement
capacity (Harley et al. 2006; Pourmozaffar et al., 2020). In contrast, salinity may increase due to evaporation,
increase drought event due to temperature increase with climate changes (Hadley and Whetstone, 2007).
Fluctuations in salinity may have physiological and immunological effect on an estuarine organism and cause
huge economic losses through mass mortalities of commercially exploited stocks (Carregosa et al., 2014;
Gajbhiye and Khandeparker, 2017; Parada et al., 2012; Pourmozaffar et al., 2020). The maintenance of
stocks of estuarine species strongly depends on the ability of the species to cope with environmental stress
(Roman et al., 2024). The salinity level of the external water environment directly affects the osmotic pressure
of aquatic animals and significantly impact the survival, growth and reproduction (Parada et al., 2012; Wang et
al., 2017; Wang and Li, 2018). For example, extreme salinity fluctuation may impair the behavior, physiology
and reproduction of marine mollusks and may result in heavy mortalities and economic losses (Gajbhiye and
Khandeparker, 2017; Verdelhos et al., 2015).

Salinity is one of the most important abiotic factors that contribute to the distribution of estuarine and
marine species, particularly bivalves that cannot move rapidly to avoid stressful environment (Dame and
Kenneth, 2011). Salinity affects biological activities, including those related to immune responses, fertilization,
development of embryos, survival and growth of larvae and juvenile of marine bivalves (Carregosa et al.,
2014; Wang and Li, 2018). The reaction and tolerance of bivalves to changes in salinity levels have been
previously evaluated by several investigators (Mcfarland et al., 2013; Cao et al., 2015; Rybovich et al., 2016).
As an osmoconformers, bivalves are able to regulate their extracellular and intracellular haemolytic fluids with
salinity fluctuations, and they require maintaining a relatively constant fluid concentration for functioning of
metabolic enzymes (Baker et al., 2007; Mcfarland et al., 2013; Sokolov andSokolova 2019). Within the optimal
physiological range of salinity, the biological activities are at their maximum (Cao et al., 2015). Salinity
variation to optimum range alters filtration rate, heart rate, defense mechanisms, oxygen uptake, survival,
growth, and algal consumption of bivalves (Kinne, 1970; Pourmozaffar et al., 2020; Rato et al., 2022; Yuan et
al., 2016). It is also evident that the adults and juveniles or the adults of different size classes exhibit varied
range of salinity tolerance; i.e. wedge clam Donax trunculus (Reyes-Martinez et al., 2020), mussel Mytella
charruana (Yuan et al.,, 2016), giant clam Tridacha maxima (Mohammed et al., 2019). Understanding the
salinity tolerance limit of a commercial estuarine species is the fundamental biological information required to
know the ecology, assess the feasibility of large-scale aquaculture, manage overfished bivalve (Manzi et al.,
1989; Parada et al., 2012).
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Asiatic hard clam genus Meretrix (Veneridae) is an important commercial bivalve in the intertidal and
subtidal coastal areas buried in the sand of the seafloor or riverbeds of South and Southeast Asia, including
China, Korea, Japan and India and Saudi Arabian Gulf (Admodisastro et al., 2021; Bhattacharya and Sarkar,
2003; Harley et al., 2006; Jayabal and Kalyani, 1986; Wang et al., 2006). Clam play a vital role in coastal
ecosystems through filtering phytoplankton from the ocean, regulating water clarity, cycling nutrients, carbon
sequestration and making areas more resistant to harmful algal blooms (Bhattacharya and Sarkar, 2003;
Chowdhury et al.,, 2019; FAO 2022). In Bangladesh, the clam, Meretrix sp. is a source of protein and
livelihood for coastal people. Indiscriminate overexploitation of clam Meretrix has been noticed around the
world, which urges the development of aquaculture to reduce the fishing pressure on natural stock
(Admodisastro et al.,, 2021; Bhattacharya and Sarkar, 2003). Globally, the most of the mollusk production
(73%) comes from aquaculture (FAO, 2022). However, clam aquaculture and hatchery development has not
developed yet in Bangladesh. Therefore, the understanding the ecological and biological impact of changes in
estuarine salinity on hard clam is prerequisite for sustainable coastal bivalve fishery management and
aquaculture development. We evaluated the effect of the fluctuating estuarine salinity regimes on the survival
and growth of juvenile and adult hard clam Meretrix meretrix in aguarium settings with a view to investigating
suitable salinity range for clam aquaculture in the coastal area of Bangladesh. The daily mortality of adults
and juveniles in the aquarium settings were also observed. It was also checked whether clam in different
salinities can survive with natural sea water supply in the laboratory.

MATERIALS AND METHODS

Sample collection, study location and duration

The adults and juveniles of hard clam Meretrix meretrix were collected from natural habitat, Chowfaldondi
canal (21° 30' 40.57119" N and 92° 1' 27.67585" E), Cox’s Bazar, Bangladesh during low tide through hiring
the traditional tribal clam collectors (Figure 1). Immediately after catch, adult clams were transported to Marine
Hatchery of the Coastal Biodiversity, Marine Fisheries, and Wildlife Research Institute (CBMFRI), Chattogram
Veterinary and Animal Sciences University in plastic containers filled with the saline water of the collection site
(18 ppt). Adult clams were exposed to six salinity treatments (10-35 ppt) for 51 days. Juvenile clams were
collected 26 days after stocking of adult clam from the nature (Figure 1), conditioned for two days, and
exposed to six salinity treatments for 23 days in the aquariums where adults were stocked.

Experimental design

Our previous study and literature suggest that a large group tribal hard clam collector live in Chowfaldondi,
Cox’s Bazar and collect clams from the nearby canal called Chowfaldondi Canal. There is no previous study
on the seasonal salinity differences in this estuarine canal. However, the salinity in the Bakkhali river estuary
(Figure 1), which is just ~5 km away from the collection site and with similar land pattern, varies seasonally
from ~12 ppt in monsoon to ~34 ppt post-monsoon (Jahan et al., 2024). Thus, we have selected six salinity
treatments starting from 10 to 35 ppt with 05 ppt intervals as 10, 15, 20, 25, 30 and 35 ppt (Figure 2).
According to Hadley and Whetstone (2007), hard clams usually reach sexual maturity at a shell length (SL) of
about 35 mm (about 1.4 inch). Juvenile clams less than 35 mm SL (about 1.4 inches) is called seed. Jasmin
(2017) mentioned that the size at first maturity of the hard clam Meretrix meretrix is 40 mm. Therefore, we
have selected two size classes: adults (~45 mm SL) and juveniles (~30 mm SL) for our experiment based on
abundance in nature.
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Figure 1. Map showing the collection site of hard clam Meretrix Meretrix from Chowfaldondi canal, Cox’s
Bazar district along the southeast coastal area of Bangladesh adjacent to the Bay of Bengal.

Acclimatization of clam

Acclimatization was done to make the collected clams adaptive to the salinity and temperature condition of
the experimental units. Firstly, 180 clams were introduced into a three holding tanks with 60 clams in each
with 18 ppt water, similar salinity to calm natural habitat. Clams were conditioned for 2 days with continuous
aeration and natural sea water supply. Then, from each holding tank (60 clams, 18 ppt), 40 individuals were
transferred to 20 ppt tanks and the rest 20 individuals were transferred into 15 ppt tank (Figure 2). After two
hours of conditioning, from 15 ppt tank, 10 clams were transferred to 10 ppt tank, and 10 clams remained at
15 ppt tank. Similarly, from 20 ppt aquarium (40 individuals), 30 clams were transferred to 25 ppt tank from
which, after two hours of conditioning, 20 clams were transferred to 30 ppt tank. In the same way, after
another two hours conditioning, 10 clams were transferred from 30 ppt aquarium to 35 ppt (Figure 2). Thus,
finally there were 10 clams in six salinity levels. This process was followed to avoid stress and mortality due to
sudden/abrupt change of salinity. Three replications were maintained in 18 aquariums.

After 28 days of adult clam stocking, 270 juvenile clams (~33 mm shell length) were collected from same
habitat, and stocked in the same aquariums where adults were stocked. Juveniles were conditioned similar to
adults and were separated from the adults using a mesh net.
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Figure 2. Experimental design showing the process of conditioning and stocking of adult and juvenile hard clam, Meretrix
meretrix in six salinity treatments (10, 15, 20, 25, 30, and 35 ppt) with three replications of each.

Aquarium setup

The glass aquariums were washed with detergent, rinsed in freshwater repeatedly and sun-dried for 1
hour. Prior to starting all experiments, salinity treatments were randomly assigned to each tank. Each tank
was filled with 16 L of natural seawater water. Air blower was set up to provide aeration to the tanks. Air
stones were connected to the tip of rubber tubes and the tubes were then connected to the socket of the air
blower. The aeration speed was set to the minimum to prevent damage to clams.

Saline water preparation

Natural seawater (30 ppt) was collected from Himchori beach, southeast coast of Bangladesh, is a part of
the northern Bay of Bengal through diesel engine pump during high tide. Collected seawater was transported
to the hatchery facility of the CBMFWLI, Cox’s Bazar. and kept in 1000 L water holding tank to settle the
sands and dirt. Then the seawater of 30 ppt salinity was collected from the surface of the tank to ensure the
presence of plankton community. Market unrefined salt was added to prepare 35 ppt. Natural seawater was
diluted to prepare 10, 15, 20, 25 ppt gradually using formula:
S1xV1=S2xV2
Where, S1 = Initial salinity (ppt); V1 = Initial volume (L); S2 = Final salinity (ppt)
V2 = Final volume (L); Freshwater required (L) = V2 — V1

Water quality measurement

Salinity (ppt), pH, and temperature (°C) of the aquarium water were measured through digital salinity
tester (Hanna — HI98319), digital pH cum thermometer (Hanna — HI98107). As continuous aeration was
provided, dissolved oxygen was not measured.
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Regular maintenance

The values of pH, temperature and salinity in treatment tanks were measured daily and recorded in an
entry-book. The salinity of tank water was checked daily and distilled water was added to reduce the salinity
that increased due to evaporation. Every three days interval, 50% of the water of rearing tanks was
exchanged to reestablish the initial salinity of 10-35 ppt. The experimental tanks were regularly siphoned to
remove fecal matter, and any other suspended particles. A rubber tube of 0.5 cm diameter was used for
siphoning without disturbing the clams. Besides the cleaning of aggregation of algal population complete
removal of dirt and filth of clams was performed through 100% water exchange in every 07 days.

Mortality and survival observation

The number of live clams was counted daily during the study period. The dead clams were removed
immediately after notice to avoid contamination and reduce stress on clam. Clams with a permanent wide
valve gape with extended siphons and a foot that was not responsive within a 5s to touch were considered
dead following Carvalho et al. (2015). The mortality data were recorded regularly in a logbook. At the end of
the experiment, the average survival (%) in each tank was calculated and compared with the standard of
Saurabh et al. (2006) categorizing >80% survival as excellent, 50-80% as fair and <50% as poor.
Survival (%) = (Number of clams at the end of experiment/ Initial stocking number of clams) x100.

Plankton observation:

As natural sea water was used in the aquariums for clam rearing, planktons which are available in the
aquarium water was identified. Aquarium water was passed through 45 pm plankton net and collected water
was preserved with 10% formalin to observe under a compound microscope (Optica, Italy) connected to a
digital camera (CB 10) using Sedgwick-Rafter (S-R) counting cell.

Statistical analysis

The survival and growth parameters (shell length, shell height) of adult and juvenile clams in six salinity
treatments were compared through a one-way analysis (ANOVA) of variance followed by a Tukey’s post-hoc
test to find the significant differences. The effect of salinity and clam size was determined through One-way
Analysis of Covariance (ANCOVA) with considering salinity as a fixed factor and the size of clams as the
covariate. In this test, an interaction model (salinity treatmentsxclam sizes) was also used. In all cases, the
Shapiro-Wilk test and Levene's test were conducted to determine the normality and homogeneity of the
variance. Data were analyzed through IBM SPSS 25.0 and the level of significance was assigned as 0.05%.

RESULTS

Survival of adult and juvenile Meretrix meretrix

In case of adult clams, after 51 days of aquarium observation, significantly higher survival (90%) was
found at 15, 20 and 25 ppt (p<0.05). For 10 and 30 ppt treatment tanks, survival was 70% and 80%,
respectively. For adults, significantly lower survival (10%) was seen in 35 ppt aquariums. In case of juvenile
clams, greater survival was observed at 10, 15, 20 ppt with no significant difference among those treatments.
Significantly lower survival 47, 27 and 13% was recorded from 25, 30 and 35 ppt aquariums, respectively with
a dose-dependent manner (Figure 3).
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Figure 3. Survival of adult and juvenile hard clams Meretrix meretrix in six salinity exposures in the laboratory
condition. Superscripts indicate significant differences assigned within group (adult or juvenile) analyzed
through ANOVA and Tukey’s post-hoc test.

Analysis of co-variance (ANCOVA) showed that the survival of juvenile and adult clams differed
significantly (ANCOVA, F (11,3) = 35.926, p<0.05) (Table 2). Both the salinity treatments (F(5, 35) = 19.583,
p<0.05) and clam size (F(1, 35) = 24.347, p<0.05) had significant influence on the survival of clams (Table 2).
The interaction between salinity treatments and sizes model suggest that significant (F(5, 35) = 10.48, p<0.05)
and moderate influence (Partial Eta Squared = 0.686) on the survival of clams (Table 3). Overall, treatments
had a larger effect (Partial Eta Squared = 0.803) on the survival of clam than the size.

Table 1. ANCOVA testing the effects of salinity and size on the survival of clam Meretrix meretrix

Source Type lll Sum of df Mean Square F Sig. Partial Eta
Squares Squared

Corrected Model 26687.5092 11 2426.137 35.926 <0.05 0.943

Intercept 26121.98 1 26121.98 386.812 <0.05 0.942

Salinity 6612.202 5 1322.44 19.583 <0.05 0.803

Size 1644.167 1 1644.167 24.347 <0.05 0.504

Salinity x Size 3538.587 5 707.717 10.48 <0.05 0.686

Error 1620.756 24 67.532

Total 179980.9 36

Corrected Total 28308.27 35

aR Squared = .943 (Adjusted R Squared = .917)

bComputed using alpha = .05
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Daily average mortality

The adult clams did not experience any mortality within first 15 days in a salinity range 10-35 ppt. After
day 15, clams exhibit sudden mortality at higher salinities particularly at 30 ppt and the highest mortality at 35
ppt (Figure 4). However, at 30 ppt 40% adult clams died with day 28 after which mortality was not observed.
The survived adults became adapted to that salinity until 51 days of experiment. In case of 35 ppt treatments,
the average mortality sharply increased from day 15 to day 36, and only 10% adults survived until the end of
the experiment. The mortality in other treatments (10, 15, 20, and 25 ppt) started after day 20 and the total
mortality were ~20% at the end of the experiment (Figure 4).

W 10 ppt 15 ppt B 20 ppt |25 ppt W 30 ppt H 35 ppt

10

20
30
40
50
60
70
80
90

Daily mortality (%)

100

1 6 11 16 21 26 31 36 41 46 51
Duration (day)

Figure 4. A 3-D graph showing the average daily mortality (%) of Adult hard clam Meretrix meretrix in six
salinity treatments in 51 days observation in the aquarium (10 individuals per treatment with three
replications).

In case of juvenile clams, the pattern of mortality was different from adults. The mortality started from the
2" day and >10% mortality was seen for every treatment (Figure 5). Within first 13 days the clam juveniles
showed 50%, 70% and 80% mortality in the treatments 25, 30 and 35 ppt, respectively. However, after day
13, no death was seen until day 23 in those treatments. In treatments 10, 15, and 20 ppt, no clam mortality
was observed after day 10. The highest percentage of mortality occurred in case of 35 ppt tank. At the end of
23 days the rearing, the observed mortality was the highest (90%) in 35 ppt. Dose-dependent mortality was
seen at 25, 30 and 35 ppt salinity with greater 53%, 70% and 87% mortality, respectively. Relatively similar
mortality pattern was observed at 10, 15 and 20 ppt salinities (Figure 5).
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Figure 5. Average daily mortality (%) of juvenile clam Meretrix meretrix over 23 days in six salinity treatments (15
individuals per treatment with three replications).

Plankton observation

Aquarium water which is directly collected from sea, contain some types of planktons which are observed
under microscope. For instance, Cyclotella sp., Pleurosigma sp., Navicula sp. under Bacillariophyceae and
Cladocerans zooplankton were observed commonly in natural sea water.

Water quality of the rearing tanks

The mean value of pH varied from 8.25+0.01 to 8.35 * 0.05 in all the aquarium. Actual value of pH of the
treatment tanks change from 8.1 to 8.4 which was taken weekly (Figure 6). Environment temperature ranged
from 27.9°C to 29.4°C and the average temperature was 28.56+0.34°C (Figure 6).

Size variation

For adult clams, the initial average shell length and shell width was 44.30+£0.97 and 24.84+1.08, and the
average final shell length and shell width was 44.46+0.97, 24.89+0.98, respectively. The growth parameters
did not vary significantly among the salinity treatments (Table 3). In small clams, the initial and final average
shell length was 30.68+2.45 and 30.71+2.50, respectively with no significant differences in growth parameters
among salinity exposures. The initial average shell width was 16.30+1.54 while final average shell width was
16.33+1.53 (Table 4).
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Figure 6. Average pH value for six salinity exposure treatments and temperature record during clam rearing for 51 days at
Cox’s Bazar, Bangladesh.
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Table 3. Variation in the growth parameters of adult clam Meretrix meretrix over 51 day of aquarium rearing
among six salinity treatments using ANOVA.

Growth Salinity treatments (ppt) p- value

parameters 10 15 20 25 30 35

Initial shell length  44.40+0.41 44.25+0.68 44.44+0.49 44.47+0.55 44.47+0.53 44.14+0.31 0.95
(44.10-44.87) (43.46-44.64) (44.10-45.01)  (44.10-45.10) (44.10-45.08) (42.80-44.40)

Final shell length  44.54+0.41 44.41+0.68 44.59+0.50 44.63+0.54 44.63+0.54 44.30+0.31 0.95
(44.26-45.01) (43.62-44.80) (44.26-45.17)  (44.26-45.25) (44.26-45.25) (43.95-44.56)

Shell length 0.14+0.01 0.16%0 0.15+0.02 0.15+0.005 0.16+0.01 0.16+0.005 0.49

increment (0.13-0.16) (0.16-0.16) (0.12-0.16) (0.15-0.16) (0.15-0.17) (0.15-0.16)

Initial shell width ~ 24.47+0.15 24.33+0.10 24.65+0.26 24.38+0.74 24.99+0.63 24.38+0.24 0.45
(24.38-24.65) 24.21-24.39  (24.38-24.91)  (23.54-24.95) (24.38-25.64) (24.21-24.65)

Final shell width 24.52+0.15 24.39+0.10 24.700.27 24.44+0.75 25.05+0.63 24.43+0.23 0.45
(24.43-24.70)  (24.27-24.45) (24.43-24.96)  (23.59-25.02) (24.43-25.69) (24.27-24.70)

Shell width 0.05+0 0.06+0.005 0.05x0 0.0620.01 0.06+0.01 0.050.006 0.71

increament (0.05-0.05) (0.05-0.06) (0.05-0.05) (0.05-0.07) (0.05-0.07) (0.05-0.06)

Table 4. Variation in the growth parameters of juvenile clam Meretrix meretrix over 23 days of aquarium
rearing in six salinity treatments using ANOVA.

Growth Salinity treatments (ppt) p- value
parameters  Tpq 15 20 25 30 35
Initial shell  30.98+2.82 30.02+0.57 30.38+1.98 30.53+0.43 30.09+1.92 30.46+2.96 0.99
length (28.17-33.81)  (29.41-30.54) (28.17-32.01) (30.1-30.96) (28.17-32.01)  (28.17-33.81)
Final shell 31.07+2.82 30.10+0.57 30.46+1.98 30.62+0.41 30.18+1.92 30.55+2.96 0.99
length (28.26-33.9) (29.49-30.63)  (28.26-32.08) (30.19-31) (28.26-32.1) (28.26-33.9)
Shell length  0.09+0.00 0.09+0.005 0.08+0.01 0.08+0.04 0.09+0.00 0.09+0.00 0.99
increament () 09.0.09) (0.08-0.09) (0.07-0.09) (0.04-0.12) (0.09-0.09) (0.09-0.09)
Initial shell  16.39+0.63 16.03+0.42 16.56+1.01 16.12+0.89 16.24+0.85 16.03+0.42 0.93
width (15.86-17.09)  (15.72-16.51) (15.39-17.2) (15.39-17.11) (15.39-17.09)  (15.72-16.51)
Final shell 16.43+0.62 16.06+0.42 16.59+1.02 16.15+0.90 16.27+0.84 16.06+0.43 0.93
width (15.89-17.11)  (15.75-16.54) (15.42-17.24) (15.42-17.16) (15.42-17.11)  (15.75-16.55)
Shell width  0.03+0.01 0.03+0 0.03+0.005 0.03+0.02 0.03+0.01 0.03+0.005 0.99
increament  (0.02-0.05) (0.03-0.03) (0.03-0.04) (0.01-0.05) (0.02-0.04) (0.03-0.04)
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DISCUSSION

Survival of adult and juvenile M. meretrix

The significantly greater survival of adult clams within 10-30 ppt (=80%) indicating a suitable range of
clam survival in laboratory condition. However, for the juveniles, the suitable range was 10—20 ppt. Following
Saurabh et al. (2006), range of survival is ranked as excellent. The lowest survival for both adult and juvenile
clams were at 35 ppt treatment indicating that though M. meretrix is a euryhaline species, the optimum range
for survival and potentially for growth would be within 30 ppt. However, the upper range of salinity tolerance
was different for adult and juveniles; juveniles survived better at 10—20 ppt and adults could better tolerate
higher salinities than the juveniles. The reason behind this may be that juvenile clams are more susceptible to
salinity change, agreeing with Baker et al. (2007).

The survival of adults was lower than juveniles at 10 ppt indicating adults are more susceptible to low
salinity than juveniles. It is also the case for yellow clam Mesodesma mactroides, which is a moderatly
euryhaline species, could tolerate 15-35 ppt salinities, where adults were less tolerant to low salinity and
suffer severe mortality if rain or flood water continues for several days (Carvalho et al., 2015). Similarly,
wedge clam Donax trunculus is a euryhaline species in which the tolerance to low salinities varied between
two-size classes; salinities below 14.2 ppt were lethal for both size classes, however juveniles could resist low
salinities more than the adults (Reyes-Martinez et al., 2020). According to Kinne (1970), the greater tolerance
of juveniles to low salinities than adults could be explained by the additional metabolic demand due to the
onset of gonad maturation. However, significantly lower survival of Meretrix was found at 35 ppt in our study.

The tolerance to salinity ranges are species specific and will not be the same for all species (Parade et al.,
2012). For example, Baker et al. (2007) suggested that the optimum range of salinity for hard clam
Mercenariamercenaria is 20-30 ppt. According to Cao et al. (2015), hard clam can survive at (9 to 39.5) ppt
salinity at natural habitat, when the salinity exceeded 40 ppt, the survival rate of the individuals decreases
significantly. Some bivalves are more tolerant to salinity variations. For example, ark shell Anadara
broughtonii was exposed to salinities 15, 18, 21, 24, 27 and 30 PSU under hatchery for a period of 25 days
showed more than 98% survival in all treatment groups (Wang et al., 2017). Iwagaki oyster Crassostrea
nippona showed the maximum survival rate of 84.44% at salinity 20 ppt with no significant variation among
the six salinities (15, 20, 25, 30, 35, and 40) treatments (Wang and Li, 2018). Survival of Donax trunculus was
~100% for both adult and juveniles from 26.6 to 36.7 ppt (Reyes-Martinez et al., 2020). Chowdhury et al.
(2019) mentioned that M. meretrix was found between 12.36 to 26 ppt from the Moheshkhali Island,
Bangladesh, which also supports that survival of clam may be lower above 30 ppt and below 10 ppt. However,
we did not include salinities below 10, which could also provide evidence of lower survival in low salinity.

Mortality

Our study suggests that both adult and juvenile M. meretrix could endure a wide range of salinity 10-35
ppt similar to euryhaline hard clam Mercenaria mercenaria (Baker et al., 2007). In this experiment, adult M.
meretrix did not experience mortality in first 15 days indicating a wide range of salinity tolerance capacity of
this species. However, rapid mortality started around day 15 in both 30 and 35 ppt experienced more than 60
and 90% mortality at the end of 51-day laboratory observation. In case of juveniles, mortality started from 2nd
day though 50% mortality reached only after day 6. Juveniles experienced 53, 73 and 87% mortality at 25, 30
and 35 ppt. Therefore, the determination of 50% mortality (Lt50) for adult is not possible, and for juveniles it
requires more than 5 days. Similarly, the Ltso determination for both juveniles and adults of european clam
Ruditapes decussatus required higher than 120 h (Rato et al., 2022). Baker et al. (2007) found that increased
mortality in M. mercenaria clams began at around day 13 when exposed to 5 ppt, while mortality started early
from day 04 at 45 ppt.
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The mortality pattern in M. meretrix supports the idea that although estuarine hard clams can tolerate a
wide range of salinities, they cannot tolerate sudden and very low or high salinity for prolonged period (Baker
et al., 2007; Shumway et al., 1977). However, very few adults and juveniles could tolerate 35 ppt through the
experimental period suggesting that after a period of salinity adaptation, bivalves can endure beyond their
specific range of salinity (Cao et al.,, 2015). They observed that the hard clams died at salinity >30 ppt,
however, when salinity is below 40 ppt, some of the animals began to adapt to the water environment and the
mortality decreased as time goes on. Castagna and Chanley (1973) examining 36 species of bivalves also
suggested that small incremental changes in salinity may allow species to broaden their tolerance threshold.
Sediment burial is one of the major mechanisms used by clams to isolate themselves from stress (Shumway
et al., 1977). However, in this study, the hard clams were kept in aquariums devoid of sand. If the clams were
allowed to dig a burrow in the sand, they might have had a longer lifespan which need to be tested.

Growth of adult and juvenile M. meretrix

The growth parameters (shell length and shell width) of adult and juvenile M. meretrix observed for 51 and
23 days, respectively did not show significant variation salinity-wise. The increment in shell length and width
was minimal in the aquarium system potentially due to the absence of sufficient phytoplankton in the supplied
natural seawater. The presence of phytoplankton genus Cyclotella, Pleurosigma, Navicula in the natural
seawater used in rearing aquariums supports that diatom is the dominant group of phytoplankton in Bay of
Bengal throughout the year (Jewel et al., 2002). Clams will basically eat anything that’s small enough to go
through their siphons, and that makes them low maintenance even when in captivity. They feed on planktons,
bacteria, microorganisms, and even fish excrement (Dame and Kenneth, 2011). Slightly higher growth rate in
juvenile clam that were reared for 23 days than the adults that were reared for 51 days supports Mohammed
et al. (2019) findings that the growth rate of juvenile giant clams (Tridacha maxima) was significantly higher
than the adults and decreased with increasing clam size.

In the appropriate range of salinity, animals can survive and grow optimally. Within the optimum range,
clam shows the maximum pumping and feeding rates, growth (Baker et al., 2007). When the salinity
exceeded the appropriate salinity range, it will affect the survival and normal growth of aquatic animals. In
response to low salinity stress caused by strong rainfalls, the native clams Ruditapes decussatus and
Venerupis corrugata demonstrated significant decreases in oxygen consumption, clearance rate, and growth
(Mcfarland et al., 2013; Roman et al., 2024). Ark shell A. broughtonii were exposed to salinities 15, 18, 21, 24,
27 and 30 PSU for a period of 25 days showed the growth rate was higher in higher (30 PSU) salinities (Wang
et al.,, 2017). Similarly, lwagaki oysters Crassostrea nippona examined in 15-40 ppt salinities, showed the
highest mean shell height and growth rate at the salinities 25 and 30 (Wang and Li, 2018). However, we did
not observe this growth variation in salinity exposures potentially due to insufficient food supply.

The accepted pH level in a basic saltwater system is between 7.6 and 8.4, but indoor tanks are more
sensitive, and therefore need to be kept at the higher end of the pH scale, 8.0 to 8.4 (Arnold et al., 2000).
Treatment tanks had mean pH value ranges from 8.1 to 8.4, alike seawater and within the suitable range
following Dame and Kenneth (2011) and Arnold et al. (2000). The temperature value of this study tanks falls
within the suitable range for hard clam suggested by Yuan et al. (2016) 20—-30°C, and Hadley and Whetstone
(2007) 27°C to 29°C.

In this study, we observed the effect of salinity, a single parameter, on survival and growth of clam.
However, in nature, there are multiple factors among which temperature is one of the most important factors
that influence the survival and distribution of a species. For instance, mussel Mytella charruana juvenile and
adult individuals can survive in a wide range of salinities (5—40 ppt) at 20°C, but their salinity tolerance range
narrowed as the temperature decreased or increased (Yuan et al., 2016). Similarly, Perna viridis can survive
at a wide range of temperatures (9—35°C) when the salinity is 35—-37 ppt; however, as salinity decreased, the
thermal survival ranges for P. viridis became narrower (Yuan et al., 2016). European clam Ruditapes
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decussatus juveniles and adults showed mortality <15 ppt indicated that high heavy precipitation due to
climate change would impede the recruitment (Rato et al., 2022). Both juveniles and adults R. decussatus
experience higher and faster fatalities in low salinities and high temperatures (Rato et al., 2022). Therefore,
future endeavors on understanding the effect of multi stressors on the biology and physiology of bivalves akin
to nature are required.

CONCLUSION

The Asiatic hard clam M. meretrix demonstrates considerable adaptability to varying salinity levels from 10
to 35 ppt. Adults were more resilient to high salinities while juveniles show greater resilience at lower
salinities. These findings underscore the importance of considering salinity preferences in the site selection
process for commercial aquaculture along Bangladesh’s northern Bay of Bengal coast. For sustainable
bivalve culture, a deeper understanding of how combined environmental stressors affect the behavior,
physiology, and ecology of M. meretrix is essential.

COMPETING INTEREST
The authors declare that they have no competing interests
ACKNOWLEDGEMENT

This work was supported by the grants from Ministry of Science and Technology, Bangladesh through
R&D projects under Project SRG-231191, and was partially supported by Chattogram Veterinary and Animal
Sciences University (CVASU) grants awarded to MSR Khan. The authors extend their gratitude to Prof. Dr. M
N Absar Khan, Director, Coastal Biodiversity, Marine Fisheries, and Wildlife Research Institute, CVASU, for
providing essential research facilities.

REFERENCES

1. Admodisastro VA, JW Doinsing, Duisan L, S Al-Azad, J Madin and J Ransangan, 2021. Population
dynamics of Asiatic hard clam, Meretrix meretrix (Linnaeus, 1758) in Marudu Bay, Malaysia:
Implication for fishery resource management. Journal of Fisheries and Environment, 45(2).

2. Arnold WS, MW White, HA Norris and ME Berrigan, 2000. Hard clam (Mercenaria spp.) aquaculture
in Florida, USA: geographic information system applications to lease site selection. Aquacultural
Engineering, 23(1-3): 203-231.

3. Baker S, E Hoover and L Sturmer, 2007. The role of salinity in hard clam aquaculture.
CIR1500/FA128, 1/2007. Edis, 2007(3).

4. Bhattacharya A and SK Sarkar, 2003. Impact of overexploitation of shellfish: Northeastern Coast of
India. AMBIO: A Journal of the Human Environment, 32(1): 70-75.

5. Cao D, Y Zhang, YS Zhang and C Gao, 2015. Effect of salinity on the growth of clam. Applied
Mechanics and Materials, 737: 345-348.

6. Carregosa V, C Velez, AMVM Soares, E Figueira and R Freitas, 2014. Physiological and biochemical
responses of three veneridae clams exposed to salinity changes. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology, 177-178: 1-9.

252
Res. Agric. Livest. Fish. Vol. 11, No. 2, August 2024: 239-254.



Khan et al. Survival and growth of hard clam exposed to variable estuarine salinities

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Carvalho YBM, LA Romano and LHDS Poersch, 2015. Effect of low salinity on the yellow clam
Mesodesma mactroides. Brazilian Journal of Biology, 75(1): 8-12.

Castagna M and P Chanley, 1973. Salinity tolerance of some marine bivalves from inshore and
estuarine environments in Virginia waters on the western mid-Atlantic coast. Malacologia, 12: 47-96.
Chowdhury J, MSI Sarkar, MAA Khan and MS Bhuyan, 2019. Biochemical composition of Meretrix
meretrix in the Bakkhali river Estuary, Cox’s Bazar, Bangladesh. Annals of Marine Science, 3(1): 018-
024.

Dame RF and MJ Kenneth, 2011. Ecology of marine bivalves: an ecosystem approach, p. 284. Taylor
& Francis. DOI 10.1201/b11220

Elliott M and V Quintino, 2007. The estuarine quality paradox, environmental homeostasis and the
difficulty of detecting anthropogenic stress in naturally stressed areas. Marine Pollution Bulletin, 54(6):
640-645.

FAO. (2022). The State of World Fisheries and Aquaculture 2022. Towards Blue Transformation.
Rome, FAO. https://doi.org/10.4060/cc0461en

Gajbhiye DS and L Khandeparker, 2017. Immune response of the short neck clam Paphia malabarica
to salinity stress using flow cytometry. Marine Environmental Research, 129: 14-23.

Hadley NH and JM Whetstone, 2007. Hard clam hatchery and nursery production. Southern Regional
Aquaculture Center, Publication, 4301.

Harley CDG, AR Hughes, KM Hultgren, BG Miner, CJB Sorte, CS Thornber, LF Rodriguez, L
Tomanek and SL Williams, 2006. The impacts of climate change in coastal marine systems. Ecology
Letters, Vol. 9(2): 228-241.

Jahan S, MAS Jewel and J Ara, 2024. Heavy metal concentrations in water from Bakkhali River
estuary, Cox’s Bazar, Bangladesh. Archives of Agriculture and Environmental Science, 9(1): 156-161.
Jasmin F, 2017. Meretrix meretrix (Linnaeus, 1758).
https://eprints.cmfri.org.in/14969/1/Meretrix%20meretrix.pdf

Jayabal R and M Kalyani, 1986. Biochemical studies in the hard clam Meretrix meretrix (L.) from
Vellar estuary, east coast of India. Indian Journal of Geo-Marine Sciences, 15: 63-64.

Jewel MAS, MM Haque, MS Haqg and S Khan, 2002. Seasonal dynamics of phytoplankton in relation
to environmental factors in the Maheshkhali channel, Cox's Bazar, Bangladesh. Bangladesh Journal
of Fisheries Research, 6(2).

Karnjanapratum S, S Benjakul, H Kishimura and YH Tsai, 2013. Chemical compositions and
nutritional value of Asian hard clam (Meretrix lusoria) from the coast of Andaman Sea. Food
Chemistry, 141(4): 4138-4145.

Kinne O, 1971. Salinity-Invertebrates. In Marine Ecology, 1(2): 821-995, Wiley-Interscience, London.
Manzi JJ and M Castagna, 1989. Clam mariculture in North America. Amsterdam: Elsevier Scientific
Publishing Company. 461 p.

Mcfarland K, L Donaghy, AK Volety, 2013. Effect of acute salinity changes on hemolymph osmolality
and clearance rate of the non-native mussel, Perna viridis, and the native oyster, Crassostrea
virginica, in Southwest Florida. Aquatic Invasions, 8: 299-310.

Mohammed TAA, MH Mohamed, RM Zamzamy and MAM Mahmoud, 2019. Growth rates of the giant
clam Tridacha maxima (Roéding, 1798) reared in cages in the Egyptian Red Sea. The Egyptian
Journal of Aquatic Research, 45(1): 67-73.

253
Res. Agric. Livest. Fish. Vol. 11, No. 2, August 2024: 239-254.



Khan et al. Survival and growth of hard clam exposed to variable estuarine salinities

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Parada JM, J Molares and X Otero, 2012. Multispecies mortality patterns of commercial bivalves in
relation to estuarine salinity fluctuation. Estuaries and Coasts, 35:132-142.

Pourmozaffar S, ST Jahromi, H Rameshi, A Sadeghi, T Bagheri, S Behzadi, and SA Lazarjani, 2020.
The role of salinity in physiological responses of bivalves. Reviews in Aquaculture, 12(3): 1548-1566.
Rato A, S Joaquim, AM Matias, C Roque, A Marques and D Matias, 2022. The impact of climate
change on bivalve farming: combined effect of temperature and salinity on survival and feeding
behavior of clams Ruditapes decussatus. Frontiers in Marine Science, 9: 32310.

Reyes-Martinez MJ, | Martinez-Pita, D Soler-Navarro and FJ Garcia-Garcia, 2020. The impact of
salinity changes associated with size on the wedge clam Donax trunculus Linnaeus, 1758 (Mollusca:
Bivalvia): A laboratory assay. Estuarine, Coastal and Shelf Science, 241: 106838.

Roman S, E Vazquez, M Roman, RM Viejo, N Weidberg, JS Troncoso, SA Woodin, DS Wethey and
C Olabarria, 2024. The stress response of the seagrass Zostera noltei and three commercial clam
species to low salinity associated with heavy rainfall. ICES Journal of Marine Science, 81(2): 358-374.
Rybovich M, MK Peyre, S Hall and J Peyre, 2016. Increased temperatures combined with lowered
salinities differentially impact oyster size class growth and mortality. Journal of Shellfish Research, 35:
101-113.

Saurabh S, V Kumar, S Karanth and G Venkateshwarlu, 2006. Selection of high health post larvae: A
prerequisite for sustainability of the Indian shrimp industry. Aquaculture Asia, 11(2): 4-18.

Shumway SE, PA Gabbott and A Youngson, 1977. The effect of fluctuating salinity on the
concentrations of free amino acids and ninhydrin-positive substances in the adductor muscles of eight
species of bivalve mollusks. Journal of Experimental Marine Biology and Ecology, 29(2): 131-150.
Sokolov EP and IM Sokolova, 2019. Compatible osmolytes modulate mitochondrial function in a
marine osmoconformerCrassostrea gigas (Thunberg 1793). Mitochondrion, 45: 29-37.

Verdelhos T, JC Marques and P Anastacio, 2015. The impact of estuarine salinity changes on the
bivalves Scrobicularia plana and Cerastoderma edule, illustrated by behavioral and mortality
responses on a laboratory assay. Ecological Indicators, 52: 96-104.

Wang Q, X Xie, M Zhang, W Teng, M Liang, N Kong, C Wang and Z Zhou, 2017. Effects of
temperature and salinity on survival and growth of juvenile ark shell Anadara broughtonii. Fisheries
Science, 83: 619-624.

Wang T and Q Li, 2018. Effects of salinity and temperature on growth and survival of juvenile iwagaki
oyster Crassostrea nippona. Journal of Ocean University of China. 17: 941-946.

Yuan WS, LJ Walters, SA Brodsky, KR Schneider and EA Hoffman, 2016. Synergistic effects of
salinity and temperature on the survival of two nonnative bivalve molluscs, Perna viridis (Linnaeus
1758) and Mytella charruana (d’Orbigny 1846). Journal of Marine Biology, 2016: 1-14.

254
Res. Agric. Livest. Fish. Vol. 11, No. 2, August 2024: 239-254.



