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Abstract 

Temperature significantly influences the distribution and survival of bivalve populations, 

with elevated temperatures resulting in increased mortality rates. Research indicates that 

temperature fluctuations can markedly affect bivalve immune responses, including gene 

expression, hemocyte concentrations, and overall immunocompetence. Higher 

temperatures impair immune functions, leading to decreased phagocytic activity, 

compromised immune parameters, and disrupted metabolic processes, which collectively 

contribute to increased mortality. Understanding the relationship between temperature 

stress and bivalve survival is crucial for effective population management and for 

developing strategies to mitigate the negative impacts on bivalve populations in changing 

ecosystems. 
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Introduction  

Global warming is causing the Earth's 

atmosphere to warm up, which, in turn, 

is leading to an increase in ocean 

temperatures. According to the 

Intergovernmental Panel on Climate 

Change (IPCC), the average global 

ocean temperature is projected to rise by 

0.2°C to 0.5°C by the end of the 21st 

century under a low-emissions scenario, 

and by 1.8°C to 4.4°C under a high-

emissions scenario (Masanja et al., 

2023). In coastal areas, rising 

temperatures can lead to increased 

seawater evaporation and reduced 

rainfall, resulting in higher salinity 

levels. Conversely, these conditions may 

also cause heavy tropical rainfall, which 

can lower salinity (Rato et al., 2022). 

Temperature and salinity are key 

physical factors influencing the 

abundance and distribution of intertidal 

organisms like bivalves. Temperature 

significantly influences bivalve 

physiology, affecting energy balance, 

activity, growth, reproduction, feeding, 

behavior, and respiration. Higher 

temperatures can enhance seawater 

evaporation, alter salinity levels, and 

promote the proliferation of pathogenic 

microorganisms, which may 

compromise bivalve immune and 

metabolic systems, potentially resulting 

in increased mortality (Xu et al., 2016; 

Kong et al., 2023).  

The aquaculture industry is playing an 

increasingly vital role in global food 

supplies; however, it faces challenges 

from climate change, globalization, 

ecological constraints, and shifts in 

human population dynamics (Harrison et 

al., 2022). In the past decade, extreme 

weather events associated with global 

climate change, such as summer heat 

waves and winter cold spells, have 

become more frequent. These conditions 

pose a significant threat to the survival 

of marine organisms, especially in 

coastal regions where many species are 

thought to exist at or near their upper 

limits of stress tolerance (Carneiro et al., 

2020).  

Bivalves are vital to marine ecosystems, 

serving as a primary food source for 

numerous species and playing a 

significant role in aquaculture. 

Therefore, understanding their responses 

to environmental stressors is essential 

(Alma et al., 2023; Masanja et al., 2024). 

Bivalves do not possess effective 

mechanisms for regulating their body 

temperature (Mackenzie et al., 2014). 

Under stressful conditions, such as 

significant fluctuations in temperature 

and salinity, bivalves typically close 

their valves to protect themselves from 

osmotic stress. They also reduce feeding 

activity and exhibit slower growth and 

respiration rates, which ultimately leads 

to alterations in oxygen consumption 

(Rato et al., 2022). This review highlight 

the importance of understanding the 

physiological effects of temperature 

fluctuations on bivalve populations, 

which is essential for developing 

effective management and conservation 

strategies aimed at enhancing their 

resilience in challenging marine 

environments. 
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Effect of temperature on bivalve growth 

Understanding the environmental 

factors influencing bivalve growth is 

crucial for effective population 

management and anticipating future 

changes (Lamine et al., 2023). 

Temperature significantly influences 

bivalve growth by affecting their energy 

balance and activity levels. Generally, 

higher temperatures lead to increased 

growth rates, provided they remain 

within certain tolerance ranges. Cooler 

temperatures can inhibit growth and 

development, leading to lower survival 

rates and decreased population densities 

(Yu et al., 2022). Temperature and food 

availability are well-established 

predictors of growth rates within 

species, typically exhibiting positive 

relationships (Atchadé and Nougbodé, 

2024). However, extreme temperatures 

can negatively impact the growth of 

bivalves (Rato et al., 2022). The optimal 

temperature range for the survival and 

growth of bivalves typically 17-24°C, 

with ideal growth for species such as 

oysters, clams, scallops, and mussels 

occurs at an average temperature of 

18°C, within a broader range of 12°C to 

24°C. However, studies indicate a 

significant error in this average, with a 

standard deviation of 2°C (Acquafredda 

et al., 2019). Temperatures exceeding 

32°C can cause acute increases in 

hemocyte levels and gonadal 

reabsorption in certain species. 

Furthermore, climate-induced warming 

and reduced salinity can promote the 

emergence and spread of pathogenic 

microorganisms, which negatively 

impact the immune and metabolic 

systems of bivalves, leading to 

significant mortality rates (Zgouridou et 

al., 2022). Research indicates that some 

bivalve species may experience stress at 

temperatures above 25°C or below 10°C, 

with specific thresholds varying by 

species and environmental conditions 

(Rahman et al., 2019). Understanding 

the environmental factors that influence 

bivalve growth is essential for effective 

population management and for 

anticipating the impacts of climate 

change. While moderate increases in 

temperature can enhance growth rates, 

extreme temperatures present significant 

risks, potentially inhibiting growth and 

increasing mortality. The relationship 

between temperature and food 

availability further complicates growth 

dynamics. This information is vital for 

developing strategies to mitigate adverse 

effects on bivalve populations and to 

ensure their sustainability in evolving 

ecosystems. 

 

Effect of temperature on bivalve survival 

Bivalve survival is closely linked to their 

adaptability to temperature fluctuations. 

Increased temperatures can elevate 

mortality rates due to heightened 

metabolic demands and environmental 

stress. Conversely, bivalves from colder 

regions may experience decreased 

survival in warmer conditions, as 

elevated temperatures place additional 

strain on their physiological processes. 

This highlights the critical role of 

temperature in shaping the distribution 

and survival of bivalve populations 

(Saulsbury et al., 2019). For example, 

high temperatures (over 24°C) can lead 
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to increased mortality in species such as 

the New Zealand Greenshell mussel 

(Perna canaliculus). In this study, 

Mussels infected with Photobacterium 

swingsii exhibited higher mortality rates 

at 20°C and 24°C, suggesting that 

elevated temperatures compromise their 

immune systems (Azizan et al., 2024). 

The European clam (Ruditapes 

decussatus) also exhibits higher 

mortality rates in response to sudden 

temperature fluctuations. The study 

found that a temperature of 15°C 

resulted in no mortality, while higher 

temperatures were associated with 

increased mortality rates. Juveniles were 

more susceptible to rising temperatures, 

leading to increased and quicker 

mortality rates (Rato et al., 2022). In 

another study, Juvenile oysters 

(Crassostrea virginica) exhibited 

decreased survival rates at higher 

temperatures (31°C) in comparison to 

cooler conditions (24°C) (Stevens and 

Gobler, 2018). Elevated seawater 

temperatures significantly affect the 

survival rates of bivalve larvae, 

particularly in giant clams such as 

Tridacna gigas. At 33 °C, larval survival 

was significantly reduced at both 12 and 

24 hours post-fertilization compared to 

lower temperatures of 28°C and 30°C 

(Enricuso et al., 2019). However, the 

impact of temperature on bivalve 

mortality significantly varies depending 

on the species. For example, the larvae 

of Mercenaria mercenaria and 

Argopecten irradians exhibited 

significant declines in survival at 28°C 

compared to the optimal temperature of 

24°C (Talmage and Gobler, 2011). The 

survival of bivalve populations depends 

on their ability to adapt to temperature 

changes. Elevated temperatures 

significantly increase mortality rates due 

to heightened metabolic demands and 

physiological stress, particularly 

affecting species from colder 

environments, which may experience 

disruptions in their immune systems and 

a decline in overall health. Furthermore, 

the vulnerability of juvenile bivalves to 

temperature fluctuations highlights the 

importance of considering different life 

stages when assessing population 

resilience. Overall, this evidence 

underscores the critical impact of 

temperature on bivalve distribution and 

survival, emphasizing the need for 

continued research to understand these 

dynamics in the context of climate 

change and environmental variability. 

 

Effect of temperature on bivalve immune 

response 

Mollusk immune systems depend on 

hemocytes to perform various defense 

functions, including inflammation, 

wound repair, respiratory burst, 

phagocytosis, and encapsulation. They 

also utilize antimicrobial compounds 

such as alkaline phosphatase (ALP) and 

acid phosphatase (ACP) to degrade 

foreign materials (Liu et al., 2004; 

Mackenzie et al., 2014). Sub-lethal 

temperatures can influence bivalve 

immune systems by affecting 

metabolism, hemocytes, oxidative 

stress, and gene expression (Chen et al., 

2019). A previous study has 

demonstrated that heat stress can impact 

the immune response of bivalves, 
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including the Pacific oyster (Crassostrea 

gigas), Mediterranean mussel (Mytilus 

galloprovincialis), and mud cockle 

(Katelysia rhytiphora) (Rahman et al., 

2019). Sub-lethal temperatures can 

significantly impact the immune systems 

of bivalves by downregulating immune-

related genes and altering metabolic 

processes. Increased temperatures can 

downregulate stress and immune 

response genes, such as krs and mydd88 

(Almeida et al., 2020). High 

temperatures and Vibrio infections in 

clams (Meretrix petechialis) lead to 

increased apoptosis and oxidative stress, 

resulting in higher mortality rates 

compared to those observed at lower 

temperatures. LPS (lipopolysaccharide) 

stimulation can activate immune 

responses in scallops, though its 

effectiveness diminishes at higher 

temperatures (Yue et al., 2024). In 

addition, increased temperatures can 

affect immune functions, reducing 

phagocytic activity in species such as 

Crassostrea gallina and C. virginica at 

elevated temperatures of 30°C (Matozzo 

and Marin, 2011). The immune 

parameters of the green-lipped mussel 

(Perna viridis), including lysozyme 

levels, esterase activity, phagocytosis, 

and reactive oxygen species (ROS), 

significantly decreased following 

exposure to high temperatures. Similar 

results were observed in the thick shell 

mussel (Mytilus coruscus) when 

exposed to high temperatures (Wu et al., 

2016). Therefore, temperature stress can 

impair the mussel's ability to respond to 

pathogens and other threats (Wang et al., 

2011). Immunological responses to heat 

exposure are highly dependent on the 

duration of the exposure and species of 

bivalves. For example, elevated 

temperatures, when combined with 

Vibrio infection in clams (M. 

petechialis), triggered a more robust 

antibacterial immune response. This was 

evidenced by the increased expression of 

immune-related genes, including 

complement C1q-like protein, C-type 

lectin, big defensin, and lysozyme in the 

group infected with Vibrio at high 

temperatures (Tian et al., 2024). Li et al. 

(2010) observed similar results, finding 

that the expression levels of immune-

related genes in M. galloprovincialis 

varied significantly by season, with 

defensin, myticin B, and lysozyme genes 

exhibiting higher expression during the 

spring and summer months. In another 

study, heat stress can increase the total 

hemocyte count (THC) in the 

hemolymph of bivalves (Hong et al., 

2021). Liu et al. (2004) reported that At 

19°C and 22°C, C. farreri haemocyte 

concentrations were significantly lower 

than at 25°C and 28°C. Conversely, the 

study showed that temperature 

significantly affects the 

immunocompetence of blue mussels 

(Mytilus edulis), particularly influencing 

hemocyte viability and phagocytic 

activity. Hemocytes displayed greater 

viability and phagocytic capacity at 

lower temperatures (5°C) compared to 

higher temperatures (10°C and 20°C) 

(Beaudry et al., 2016). Moreover, 

Mackenzie et al. (2014) reported that 

warming resulted in a reduction of 

circulating haemocytes in M. edulis. 

Similar results were observed by Trigg 
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et al. (2020). They found that immune 

response-related proteins were less 

abundant in oysters raised at 29°C 

compared to those raised at 23°C. 

Bivalve immune responses are closely 

linked to environmental temperature, 

with higher temperatures impairing 

hemocyte functionality, phagocytic 

activity, and immune gene expression. 

As climate change modifies ocean 

temperatures, these physiological effects 

may compromise bivalves' ability to 

combat pathogens, potentially leading to 

increased mortality rates and changes in 

population dynamics. Understanding 

these impacts is crucial for the 

management and conservation of 

bivalve species in changing marine 

ecosystems. 

 

Conclusion 

Understanding the environmental 

factors that influence bivalve growth is 

crucial for effective population 

management and for anticipating the 

impacts of climate change. While 

moderate increases in temperature can 

enhance growth rates, extreme 

temperatures present significant risks, 

potentially inhibiting growth and 

increasing mortality. The relationship 

between temperature and food 

availability further complicates growth 

dynamics. As climate change modifies 

marine environments through 

temperature fluctuations and changes in 

salinity, the potential for increased stress 

and the emergence of pathogens 

underscores the need for ongoing 

research. This knowledge is essential for 

developing strategies to mitigate adverse 

effects on bivalve populations and to 

ensure their sustainability in changing 

ecosystems. Future research will 

investigate how temperature stress 

affects bivalve reproduction and gonadal 

health, considering the functionality of 

the immune system. This approach aims 

to provide a comprehensive 

understanding of the overall impact of 

temperature on bivalve physiology and 

survival. 
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