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บทคัดย่อ

 ผลของอณุหภมิูน�า้ตอ่หอยกาบน�า้จืด Hyriopsis bialata ระยะตวัเตม็วยัเพศเมียท่ีมีและไมมี่ตวัออ่น

ภายใต้สภาวะควบคมุในห้องปฏิบตัิการ โดยทดสอบอณุหภมิูน�า้ท่ีแตกตา่งกนั 4 ระดบั คือ 25 28 31  

และ 34 องศาเซลเซียส เป็นระยะเวลา 48 ชัว่โมง ผลการทดลองพบวา่อณุหภมิูท่ีเพ่ิมขึน้มีผลก่อให้เกิด

ความแตกตา่งตอ่ปริมาณเมด็เลอืดรวม โปรตีนในเลือดรวม และระดบัเอนไซม์ alanine aminotransferase 

(ALT) ในเลอืดของหอยเพศเมีย (ทัง้ท่ีมีและไมมี่ตวัออ่น) อยา่งมีนยัส�าคญัทางสถิต ิ(P<0.05) โดยมีผลตอ่

การเปลี่ยนแปลงของปริมาณเม็ดเลือดรวมอยา่งชดัเจนท่ีสดุ นอกจากนีพ้บวา่ผลของอณุหภมิูไมไ่ด้มีผล 

ท่ีแตกตา่งกนัอยา่งชดัเจน ในชนิดของหอยท่ีใช้ในการทดลอง (ตวัเตม็วยัเพศเมียท่ีมีและไมมี่ตวัออ่น) และ

ไมมี่ผลตอ่อตัราการกรองของหอย การตายของเมด็เลือด และระดบัเอนไซม์ aspartate aminotransferase 

(AST) ในเลอืด ผลจากการศกึษาครัง้นีแ้สดงให้เหน็วา่อาจจะใช้ตวัชีว้ดัท่ีมีความแตกตา่งทัง้สามชนิดดงัท่ีกลา่ว 

ข้างต้น มาช่วยในการตรวจสขุภาพของแม่หอย โดยเฉพาะท่ีเก่ียวข้องกบัการผลิตและเก็บตวัอ่อนระยะ

โกลคเิดียเพ่ือใช้ในการเพาะเลีย้งด้วยอาหารสงัเคราะห์ในห้องปฏิบตักิารตอ่ไป

ค�ำส�ำคัญ: อะลานีนอะมิโนทรานส์เฟอเรส หอยกาบน�า้จืด โปรตีนในเลอืด ปริมาณเมด็เลอืดรวม อณุหภมิูน�า้ 
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ABSTRACT

 The effect of water temperature on  

non-gravid and gravid freshwater mussels, 

Hyriopsis bialata, was evaluated under  

the laboratory controlled conditions. The 

mussels were exposed to different water 

temperatures at 25, 28, 31, and 34°C for  

48 hours. The results demonstrated that  

an increased water temperature had  

a significant (P<0.05) effect on the total 

haemocyte count (THC), haemolymph protein, 

and alanine aminotransferase (ALT) enzyme 

activities in haemolymph of female mussels 

(non-gravid and gravid mussels), where  

it affected mostly on THC among these  

3 parameters. In addition, changing of water 

temperature had no significant effect on 

female mussel type (gravid or non-gravid), 

clearance rate, haemocyte mortality and 

aspartate aminotransferase (AST) levels. 

These changing parameters would thus be 

good indicators for measuring health status  

of the gravid mussels to produce glochidia 

collected for in vitro culture in the future.

Key words: alanine aminotransferase, freshwater 

mussel, hemolymph protein, total hemocyte 

count, water temperature

INTRODUCTION

 Several previous studies have shown 

that alteration of water temperature has  

an effect on several sublethal endpoints 

including heart rate, burrowing, clearance 

rate, enzymatic biomarkers, immune system 

and physiological response in freshwater 

mussels (Archambault et al., 2013; Ganser  

et al., 2015; Pandolfo et al., 2009; Foster-Smith, 

1975; Loayza-Muro and Elías-Letts, 2007).  

The clearance rate increases as the temperature 

changes in freshwater mussels Anodontites 

trapesialis and Unio pictorum (Beggel et al., 

2017; Loayza-Muro a Elías-Letts, 2007). It has 

been shown that increase in clearance rate is 

believed to be related to valve gaps and 

siphon activity of bivalves (Loayza-Muro and 

Elías-Letts, 2007).

 Haemocytes are involved in the defence 

strategy of bivalves, which are responsible for 

recognition, ingestion and elimination of 

foreign particles in the haemolymph (Monari 

et al., 2007; Paillard et al., 2004; Yu et al., 2009). 

Total haemocyte count (THC) is usually 

considered as an index to evaluate immune 

function. THC and haemocyte mortality 

indicate the status of the bivalve health. 

Previous studies reported that an increased 

THC was affected by high temperatures in 

calm Chamelea gallina, oyster Crassostrea 
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virginica and abalone Haliotis rubra (Cheng 

et al., 2004; Lacoste et al., 2002; Monari et al., 

2007). This result suggests that increased THC 

could be a consequence of the metabolization 

of the haemocytes responding to bacterial 

invasion (Monari et al., 2007). In addition, 

haemocyte mortality is also suggested to be 

a good indicator for a stressed immune system 

in marine bivalves and freshwater mussels 

(Beggel et al., 2017; Hégaret et al., 2003; 

Soudant et al., 2004), thus it may represent  

a good biomarker of physiological status of 

the bivalve (Paillard et al., 2004).

 Protein contents in the haemolymph  

of bivalves are also influenced by water 

temperature changes. Previous studies in 

molluscs have demonstrated that haemolymph 

protein levels decreased after being exposed 

to an increasing temperature of rearing water 

(Li et al., 2010; Loayza-Muro and Elías-Letts, 

2007). Furthermore, alteration of protein 

haemolymph has been related to reproductive 

cycles in several marine bivalves, including 

the oyster C. virginica, the blue mussel  

Mytilus edulis and the scallop Plactopecten 

magellanicus (Fisher and Newell, 1986; 

Mulvey and Feng, 1981; Thompson, 1977). 

Although the haemolymph protein level 

appears to be highly variable during gonad 

development in marine bivalves, little is known 

about the relationship between the total 

proteins in haemolymph and the gravid stage 

of female freshwater mussels.

 In mollusc, aspartate aminotransferase 

(AST) and alanine aminotransferase (ALT) are 

key enzymes involved in the interconversion 

of amino acids and other intermediate 

metabolites. Their considerable levels are 

detected in gills, foot parenchyma and 

hepatopancreas (Kulikova et al., 2015). In 

previous studies, AST and ALT have been 

used to evaluate stress caused by starvation 

(Pinheiro et al., 2001), osmotic stress (An and 

Choi, 2010) and changes in water temperature 

(An and Choi, 2010; Archambault et al., 2013; 

Spooner and Vaughn, 2008). In this study, we 

exploited all parameters mentioned above to 

monitor thermal stress in gravid freshwater 

mussels in comparison with those of non-gravid 

females with the ultimate aim to use these 

parameter to predict health status of gravid 

females prior to their glochidia collection for 

in vitro culture.

MATERIALS AND METHODS

Preparing and rearing the mussels

 Adult freshwater mussel Hyriopsis 

bialata were collected from the Dorm River 

Basin in Ubon Ratchathani province, Thailand. 

Mussels of a similar size (61.95 ± 7.81 g weight, 

10.19 ± 0.36 cm length and 4.11 ± 0.35 cm height) 
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were cultured in circle nets (50 cm diameter 

and 50 cm height) in water 150 cm deep in  

an earthened pond (natural dark/light cycle; 

pH 7.0–7.2; temperature 28–31°C) at the 

Faculty of Fisheries, Kasetsart University, 

Bangkok, Thailand. The mussels were fed  

with natural food in the pond. The valves of 

female mussels were gently opened 5-8 mm 

with reverse pliers for visual examination  

of marsupial colour to determine the 

developmental stage of the larvae and the 

maturity of the glochidia (Kovitvadhi et al., 

2006). The non-gravid and gravid mussels  

with early glochidia larvae within the  

enlarged marsupia gills were selected for 

experimentation.

 Four groups of either gravid or non-gravid 

female mussels (n=6) were divided and 

exposed to temperature treatments (25, 28, 

31 and 34°C). The experiments were of 

triplicates per each temperature condition. 

These temperatures are selected based  

upon previous research that established  

25°C to be the approximate average daily 

minimum in fishery pond and appropriate for 

glochidia culturing (Kovitvadhi and Kovitvadhi 

2012) while 28°C represents the ambient 

temperature (control). The highest temperature 

treatment (34°C) is based on the approximate 

average daily maximum in a fishery pond for 

culturing adult mussels. The mussel were 

acclimated in the laboratory at the Department 

of Zoology, Faculty of Science, Kasetsart 

University, Bangkok. Temperatures of 25°C 

were maintained constant with a circulating 

water bath and those experiments conducted 

at 31 and 34°C were maintained constant with 

a heater controller. Since the condition of 28°C 

is the ambient temperature, no experimental 

modifications were made. All experimental 

chambers were constantly and gently aerated. 

Mussels were fed two times a day with a 

solution containing two species of microalgae: 

Chlorella spp. and Kirchneriella incuvata at  

a concentration of 1x105 cells/mL (Kovitvadhi 

et al., 2006). The rearing water was renewal 

before feeding and the container was daily 

changed throughout the experiment.

Evaluation of clearance rate

 Water samples (1 mL) from each 

temperature treatments (25, 28, 31, 34°C) of 

the experiment was collected from the 

container at 0, 60 and 120 minutes after 

feeding mussels with three replicates per 

temperature. The microalgae cells were 

determined by microscopic examination  

using a haemocytometer. The filtration rate 

was calculated from the decrease in the 

density of cells, according to the following 

formula (Coughlan, 1969):

 CR = [Ln(C0/Ct)-Ln(C'0/C't)]xV/nt    (1)
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 From the above equation, CR is the 

clearance rate (mL/mussel/min), V is the volume 

of water in the tank (1,500 mL), n is the number 

of mussel in each tank (1), t is the duration  

of the experiment (minute), C0 is the initial 

microalgae concentration (cells/mL) and Ct is 

the final microalgae concentration at time t in 

the tank with mussels. C'0 and C't represent 

the initial and final microalgae concentrations 

at time t in the control, respectively.

Measurements of biochemical parameters

 The haemolymph was individually 

collected from the non-gravid and gravid 

mussels at the end of the experiments. 

Approximately 1 mL of haemolymph was 

drawn from the anterior adductor muscle sinus 

from each mussel using a 1 mL sterile syringe 

equipped with a 21G needle. They were 

transferred into a 1.5 mL plastic tube and 

stored in freezer (-80°C) until analysis. 

Subsequently, 200 µL of haemolymph was 

mixed with 200 µL of cold, modified Alsever’s 

solution (pH 7.5). Then, 10 µL of the mixture 

were placed in a haematocytometer and the 

number of haemocytes was counted under a 

light microscope.

 The total protein concentration in the 

haemolymph of each individual mussel 

exposed in different water temperature was 

determined following the method of Bradford 

(1976). The haemolymph was diluted (1:4, v/v) 

prior to the measurement. Bovine serum 

albumin was used to create the standard  

curve to determine the concentration of 

haemolymph proteins. The assays were 

carried out in triplicate.

 Both AST and ALT activities were 

determined spectrophotometrically at 340 nm 

using a spectrophotometer (Hitachi, Tokyo, 

Japan) at 37°C. The enzymatic activity of each 

gravid mussel was evaluated with 100 µL of 

haemolymph sample, using kits from Randox 

Laboratories and following the manufacturer’s 

instructions. Activities are expressed as 

international enzyme units (U/L) (Pan et al., 

2003).

Statistical analysis

 The collected data were analysed to 

observe normal distribution using a Shapiro-

Wilk test. The homogenous of variance was 

determined by a Levene’s test. Randomized 

complete block design was performed to 

reveal the difference between temperature 

and type of females (gravid and non-gravid) 

with a post-hoc Duncan’s multiple range test. 

The level of statistical significance was set at 

P ≤ 0.05. All data were reported as mean ± SE. 

All statistical calculations were performed 

using R-statistic with the Rcmdr package  

(R Development Core Team, 2008).
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RESULTS

 The results showed that total haemocyte 

count (THC) of both gravid and non-gravid 

female mussels was significantly affected 

(P=0.03) when the mussels were exposed to 

an increasing temperature. In addition, the 

differences in haemolymph protein (P=0.001) 

and ALT activity (P=0.001) were also noted.  

It should be mentioned that the alteration  

of water temperature mostly and significantly 

affected THC (P=0.04).

 However, there was no significant effect 

on either female mussel type or temperature 

change on clearance rate, haemocyte mortality 

or AST levels in non-gravid and gravid mussels 

(Table 1).

DISCUSSION

 The clearance rate in bivalves is related 

to water temperature alteration (Foster-Smith, 

1975; Loayza-Muro and Elías-Letts, 2007). In 

freshwater mussels, Anodontites trapesialis 

and Unio pictorum, increase of the clearance 

rate is associated with the exposure of animals 

to the high temperatures (Beggel et al., 2017; 

Loayza-Muro and Elías-Letts, 2007). In other 

bivalvia, Limnoperna fortune, it was found that 

the higher clearance rates correspond with an 

increased water temperatures from 15, 20 and 

25°C respectively (Sylvester et al., 2005). 

Some previous reports also suggested that 

the clearance rate (filtration activity) of bivalves 

is related to both the valve gap and siphon 

Table 1 The effect of temperature and female mussel type (Type) on clearance rate (CR), 

total haemocyte count (THC), haemocyte mortality (HM), haemolymph protein (HP) 

and AST and ALT enzyme concentration. 

Parameters
Type Temperature (°C)*

SEM
P-value

1 2 25 28 31 34 Type Temp

CR 7.20 5.68 5.22 5.41 6.66 8.47 0.770 0.34 0.44

THC 107 59.5 44.4a 72.4ab 135b 82.2ab 12.59 0.03 0.04

HM 1.52 2.38 1.87 1.52 1.53 2.88 0.293 0.14 0.30

HP 0.41 0.47 0.44 0.47 0.43 0.42 0.010 0.001 0.16

AST 30.7 27.3 23.7 27.8 32.3 32.0 2.665 0.55 0.66

ALT 3.08 12.8 4.67 6.17 10.0 10.8 1.423 0.001 0.09
Type 1: Non-gravid mussel; Type 2: Gravid mussel 
Lettering indicates significant differences between temperature for each parameter (using Duncan’s multiple 
range tests, α = 0.05)
Significant P-values are given in bold.
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activity. It is assumed that the increasing 

temperatures have caused an increase in  

gap valves and extension of siphon’s length, 

thus enhancing the total clearance rate.  

On the other hand, a reduced valve gap  

and retracted siphon have occured during  

a decreasing water temperature (Loayza- 

Muro and Elías-Letts, 2007). In this study,  

there was no significant effect of female 

mussels (non-gravid and gravid mussels)  

on the clearance rate. The clearance rate 

tended to be increased at higher temperatures, 

yet there was no statistical difference in this 

parameter during water temperature changes 

in H. bialata species.

 In several previous reports, THC is shown 

to be increased at higher temperatures such as 

in clam Ruditapes philippinarum, Chamelea 

gallina, surf clam Mactra veneriformis, oyster 

Crassostrea virginica and abalone Haliotis 

rubra (Chu and La Peyre, 1993; Dang et al., 

2012; Monari et al., 2007; Paillard et al., 2004; 

Soudant et al., 2004; Yu et al., 2009). In the 

present study, THC of non-gravid and gravid 

mussels greatly increased when the water 

temperatures changed from 25°C to 31°C. 

However, THC appeared to be slightly 

decreased at the highest temperature (34°C, 

Table 1), the similar result of which is also 

observed in the hard clam, Mercenaria 

mercenaria, revealing lower THC at the higher 

exposing temperatures (27°C) (Perrigault  

et al., 2011). Furthermore, Monari et al. (2007) 

suggested that increased THC in C. gallina  

at temperatures of 30°C may result from  

the metabolization of haemocytes from  

tissues to haemolymph as a response to the 

numerous number of the invading bacteria. 

Additionally, high values of THC might be an 

indicator of the haemocyte proliferation or 

haemocyte mobilization from tissues into 

haemolymph, while the reduction of THC  

in haemolymph can result from cell lysis  

or excess movement of haemocytes to 

peripheral tissues (Gagnaire et al., 2006; 

Monari et al., 2007; Park et al., 2009; Pipe  

and Coles, 1995). Moreover, THC is mostly 

related to reproductive cycle (Monari et al., 

2007; Pipe and Coles, 1995). As such, THC 

was lower in the postspawning condition  

of Manila clam Tapes philippinarum, Mytilus 

galloprovincialis and Chamelea gallina.  

We observed that THC is about 1.8 time  

lower in gravid mussels than that in the  

non-gravid mussels. In clam, C. gallina,  

there was a reduced THC during spawning 

season, which is caused from excess movement 

of the haemocyte into the gonads to remove 

cellular debris (Matozzo et al., 2003; Monari 

et al., 2007; Suresh and Mohandas, 1990).
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 The apparent trend in the relationship 

between temperature and haemocyte mortality 

of H. bialata seemed to be an increase in 

mortality under higher temperatures. In a 

previous study of other freshwater mussels, 

Unio pictorum, the researchers found that 

water temperatures from 17°C to 25°C 

significantly increased the mortality of the 

haemocyte (hyalinocyte type) (Beggel et al., 

2017). In a recent report, significantly high 

percentages of dead haemocytes are  

deteced in oysters Crassostrea virginica  

after an increase in temperature, suggesting 

a generally less capability of an immune 

function (Hégaret et al., 2003). Without 

temperature stress, haemocyte viability of  

the Manila clam Ruditapes philippinarum in  

a gravid stage significantly higher those 

animals in the spawning, spent and resting 

stages (Hong et al., 2014). However, there was 

no significant difference in haemocyte mortality 

among mussels exposed in water temperature 

alterations. Therefore, the temperature range 

of 25-31°C could be a suitable condition for 

culturing gravid mussels to produce glochidia 

that are further used for laboratory cultures. 

This result was supported by a recent study 

indicating that the optimal water temperature 

for culturing gravid mussels that carry gastrula 

embryos or early glochidia larvae was 25°C 

and 28°C, respectively (Sangsawang, 2018).

 In this study, haemolymph protein in 

gravid mussels was at a significantly higher 

level compared to the non-gravid mussels 

(P=0.001). The protein level in the haemolymph 

is suggested to be associated with germ cell 

development in gonad (Chu and La Peyre, 1989; 

Fisher and Newell, 1986). Some previous 

reports found that ripe Eastern oysters 

Crassostrea virginica possess higher protein 

concentrations in the haemolymph than 

undifferentiated oysters (Li et al., 2010). 

Furthermore, seasonal variation in the total 

protein levels in haemolymph has been  

linked to reproductive cycles in a number of 

bivalves, including the Eastern oyster  

C. virginica (Fisher and Newell, 1986), the  

blue mussel Mytilus edulis (Mulvey and  

Feng, 1981), the giant scallop Plactopecten 

magellanicus (Thompson, 1977) and the 

Pacific oyster C. gigas (Li et al., 2009;  

Luna‐González et al., 2008). In our study,  

we found that protein levels in H. bialata 

tended to decrease when mussels were 

exposed to increasing temperatures. It has 

also been found in oysters that the increasing 

water temperature have resulted in the lower 

protein levels in haemolymph (Li et al., 2010; 

Luna‐González et al., 2008). Previous reports 

have also suggested that low values of 

haemolymph protein content is related to the 

high mortality rates in C. gigas during the high 
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temperature season (Luna‐González et al., 

2008). However, no significant effect of 

temperature alteration was observed in 

haemolymph protein in those non-gravid  

and gravid mussels. Therefore, this condition 

could be suitable for rearing gravid mussels 

in the short term without any effect on the 

haemocytes.

 AST and ALT have been used as  

a biomarker to evaluate stress caused by 

water temperature changes in mussels  

(An and Choi, 2010; Archambault et al., 2013). 

Here, we demonstrated that AST and ALT  

in non-gravid and gravid mussels increased 

when there was a rise in water temperature. 

However, there was no statistical difference 

between these two enzymes at different 

temperatures. Moreover, the ALT concentration 

in gravid mussels was significantly higher  

(4.2 fold) than in non-gravid mussels (P=0.001), 

whereas there was no significant difference  

in AST concentration between non-gravid and 

gravid mussels. This result corresponded the 

report of Fritts et al. (2015), which suggested 

that ALT is a better indicator of the short-term 

condition while AST is a better indicator for  

a long-term condition. Both AST and ALT levels 

in the haemolymph of marine ask shells 

Scapharca broughtonii increase after their 

exposed to temperature changes while the 

higher values of enzyme activities are 

associated with an increased temperature 

condition (30°C) in a time-dependent manner 

(An and Choi, 2010). In freshwater mussels 

Lampsilis fasciola, AST and ALT activities 

significantly increase after exposure to the 

increasing water temperatures at 27°C. These 

results also suggest that these two enzymes 

may be potential indicator in assessing the 

long-term condition for the gravid animals 

which require intensive further investigation 

(Archambault et al., 2013).

CONCLUSIONS

 This study demonstrated that temperature 

stress affected mostly the total haemocyte 

count in the freshwater mussel, H. bialata,  

in both non-gravid and gravid mussels. It also 

affected haemolymph protein and ALT activity 

in haemolymph, but not significantly altered 

clearance rate, haemocyte mortality, and  

AST activity. These parameters may be 

applicable for monitoring health status of the 

gravid mussel when exposed to changing 

temperatures. Additionally, these results  

can also help to identify the optimal water 

temperature for rearing gravid mussels to 

produce glochidia. 
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