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Abstract: 

This study explores the Impact of Ocean Acidification on Marine Invertebrate Physiology.  Ocean 

acidification, driven by increased atmospheric CO₂, significantly impacts marine invertebrates, crucial 

components of marine ecosystems. This process involves the absorption of CO₂ by seawater, forming carbonic 

acid that lowers ocean pH and reduces carbonate ion availability. Marine invertebrates, such as mollusks, 

crustaceans, and echinoderms, depend on calcium carbonate to form shells and skeletons. Acidification 

impairs their ability to produce and maintain these structures, leading to weaker, thinner shells and reduced 

structural integrity. The physiological effects extend beyond shell formation. Acidification increases metabolic 

costs as invertebrates expend more energy to regulate internal pH and repair damaged shells, resulting in 

slower growth rates and reduced reproductive success. Additionally, altered sensory perception under 

acidified conditions affects behavior, impacting foraging efficiency, predator avoidance, and habitat selection. 

Respiratory and circulatory systems are also affected, with changes in gas exchange efficiency and 

stress on oxygen transport potentially compromising overall fitness. These physiological disruptions can lead 

to cascading ecological impacts, including shifts in community composition and declines in species that rely on 

affected invertebrates for food or habitat.  Understanding these impacts is vital for predicting the future of 

marine ecosystems under ongoing acidification. This knowledge informs conservation and management 

strategies aimed at mitigating the adverse effects on marine biodiversity and ecosystem health. Continued 

research is essential to grasp the full scope of acidification's impacts and develop adaptive measures to 

support the resilience of marine invertebrate populations and the ecosystems they sustain. 
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INTRODUCTION: 

Ocean acidification refers to the process by which increased levels of atmospheric carbon dioxide 

(CO₂) lead to a reduction in the pH of seawater. This phenomenon is a direct consequence of the burning of 

fossil fuels, deforestation, and other human activities that elevate CO₂ concentrations in the atmosphere. When 

CO₂ is absorbed by the ocean, it reacts with water to form carbonic acid (H₂CO₃), which then dissociates into 

hydrogen ions (H⁺) and bicarbonate ions (HCO₃⁻). The increase in hydrogen ions results in a decrease in the 

pH of seawater, making it more acidic.  This shift in ocean chemistry has significant implications for marine 

ecosystems. Many marine organisms, particularly those with calcium carbonate shells or skeletons, such as 

corals, mollusks, and crustaceans, are highly sensitive to changes in pH. The decreased availability of 

http://www.jetir.org/


© 2019 JETIR March 2019, Volume 6, Issue 3                                                                        www.jetir.org (ISSN-2349-5162) 

 

JETIR1903P47 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 394 

 

carbonate ions (CO₃²⁻), which are essential for the formation of calcium carbonate, poses a threat to these 

organisms' ability to build and maintain their shells and skeletons. Consequently, ocean acidification can lead 

to weaker shells, reduced growth rates, and impaired reproductive success.  Beyond individual species, ocean 

acidification impacts entire marine ecosystems by altering food webs, habitat structures, and ecological 

interactions. As the ocean continues to absorb more CO₂, understanding and addressing the effects of 

acidification becomes increasingly crucial for preserving marine biodiversity and ensuring the health of ocean 

ecosystems. 

OBJECTIVE OF THE STUDY: 

This study explores the Impact of Ocean Acidification on Marine Invertebrate Physiology. 

RESEARCH METHODOLOGY: 

 This study is based on secondary sources of data such as articles, books, journals, research papers, 

websites and other sources. 

THE IMPACT OF OCEAN ACIDIFICATION ON MARINE INVERTEBRATE 

PHYSIOLOGY 

Ocean acidification, a direct consequence of increased atmospheric CO₂, has profound effects on marine 

invertebrates, which are crucial to marine ecosystems. Here's a summary of its impact on their physiology: 

1. Shell Formation and Strength 

Calcium Carbonate and Shell Formation: Marine invertebrates such as mollusks, crustaceans, and 

echinoderms rely on calcium carbonate (CaCO₃) to form their shells and exoskeletons. This compound exists 

in two primary forms: aragonite and calcite. Aragonite is particularly important for many marine organisms 

because it is used to build the intricate and often delicate shells and skeletons. 

Impact of Acidification on Calcium Carbonate: Ocean acidification occurs when atmospheric carbon 

dioxide (CO₂) is absorbed by seawater, forming carbonic acid (H₂CO₃). This acid dissociates into hydrogen 

ions (H⁺) and bicarbonate ions (HCO₃⁻). The increase in hydrogen ions lowers the pH of the ocean, making it 

more acidic. This process reduces the concentration of carbonate ions (CO₃²⁻), which are necessary for the 

formation of calcium carbonate. 

When the availability of carbonate ions decreases, marine invertebrates struggle to extract the calcium 

carbonate needed for shell and skeleton formation. This leads to weaker, thinner shells that can be more easily 

damaged by environmental stressors or predation. For instance, studies have shown that mollusks such as 

clams and oysters exhibit reduced shell strength and thickness under acidified conditions, which can impair 

their survival and growth. 
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Effects on Shell Integrity: Weaker shells can have several repercussions. They may be more susceptible to 

physical damage from waves, sediment abrasion, or predators. In addition, thinner shells can compromise the 

invertebrate's ability to regulate its internal environment, potentially leading to increased energy expenditure to 

maintain homeostasis. 

Ecosystem Implications: The decline in shell strength among marine invertebrates can have broader 

ecosystem impacts. For example, shellfish beds provide important habitat for various marine species, and 

weakened shells can reduce the structural complexity of these habitats. Moreover, reduced shellfish 

populations can affect species that depend on them for food, leading to shifts in marine community structure 

and function. 

2. Metabolism and Growth 

Energy Allocation and Metabolic Rates: Ocean acidification affects the metabolic processes of marine 

invertebrates by increasing the energy required to maintain internal pH balance and repair damaged shells. This 

is due to the additional metabolic cost associated with buffering the acidic environment and synthesizing 

calcium carbonate under reduced carbonate ion availability. 

Growth Rate and Reproduction: The increased energy expenditure can lead to slower growth rates in marine 

invertebrates. For instance, experiments have shown that juvenile oysters exposed to acidified conditions 

exhibit reduced growth compared to those in normal pH environments. Similarly, the reproductive success of 

some invertebrate species may be compromised, as energy that would normally be allocated to reproduction is 

diverted to maintaining physiological functions. 

Physiological Stress: Chronic stress from acidification can affect overall fitness, reducing the organism's 

ability to grow, reproduce, and compete for resources. This stress can manifest in various ways, including 

altered development rates, reduced size at maturity, and lower fecundity. For example, studies have 

documented lower egg production and reduced larval survival rates in acidified conditions for certain marine 

invertebrates. 

Long-Term Implications: The long-term implications of reduced growth and reproductive success are 

significant. Populations of affected species may decline, potentially leading to shifts in community 

composition and structure. Additionally, these changes can have cascading effects throughout the ecosystem, 

affecting species interactions, nutrient cycling, and overall ecosystem health. 

3. Behavioral Changes 

Sensory Perception and Behavior: Ocean acidification can alter the sensory perception of marine 

invertebrates, impacting their behavior and interactions with the environment. For instance, some species rely 

on chemical cues to locate food, avoid predators, or find suitable habitats. Acidified conditions can affect the 

ability of these organisms to detect and respond to these cues. 
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Foraging and Predation: Changes in sensory perception can influence foraging efficiency and predator-prey 

interactions. Marine invertebrates may become less effective at locating food sources or more susceptible to 

predation. For example, some studies have shown that acidified conditions can impair the ability of certain 

crustaceans to detect predators, leading to increased predation rates. 

Navigation and Settlement: Ocean acidification can also affect the ability of marine invertebrates to navigate 

and settle in suitable habitats. For example, larval stages of some species may exhibit altered settlement 

behavior under acidified conditions, leading to changes in distribution patterns and community composition. 

This can affect the structure and function of benthic habitats and influence the survival and growth of settling 

individuals. 

Ecological Impacts: Behavioral changes resulting from ocean acidification can have broader ecological 

impacts. For instance, altered predator-prey dynamics can affect population dynamics and community 

structure. Additionally, changes in foraging and settlement behavior can influence nutrient cycling and habitat 

formation, leading to shifts in ecosystem function. 

4. Respiratory and Circulatory Systems 

Respiratory Efficiency: Marine invertebrates rely on efficient respiratory systems to exchange gases, 

particularly oxygen (O₂) and carbon dioxide (CO₂). Ocean acidification can affect respiratory efficiency by 

altering the availability of oxygen and the efficiency of gas exchange. Acidic conditions can reduce the 

solubility of oxygen in seawater and affect the respiratory mechanisms of invertebrates. 

Circulatory System Stress: The circulatory system plays a crucial role in transporting gases and nutrients 

throughout the body. Acidification can stress the circulatory system by affecting blood pH and the oxygen-

carrying capacity of hemolymph (the equivalent of blood in invertebrates). This can lead to reduced oxygen 

delivery to tissues and increased metabolic stress. 

Overall Fitness: The combined effects of altered respiratory efficiency and circulatory stress can reduce the 

overall fitness of marine invertebrates. For instance, studies have shown that acidified conditions can lead to 

reduced oxygen consumption and altered heart rates in some species, indicating potential impacts on overall 

health and performance. 

Adaptation and Resilience: Some species may exhibit adaptive responses to acidification, such as changes in 

respiratory and circulatory function. However, the capacity for adaptation varies among species and may not be 

sufficient to fully counteract the negative effects of acidification. The ability to adapt and maintain 

physiological function under acidified conditions is a key factor in determining species resilience and survival. 

5. Ecological Interactions 

Impact on Food Webs: The physiological changes experienced by marine invertebrates under ocean 

acidification can have cascading effects on food webs. For example, declines in shellfish populations can affect 
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species that rely on them for food, leading to shifts in predator-prey dynamics and changes in species 

abundance. 

Habitat Structure and Function: Marine invertebrates contribute to habitat structure and function in various 

ways. For instance, shellfish beds provide important habitat for other marine organisms, and the loss of these 

habitats can impact the diversity and abundance of associated species. Additionally, changes in the behavior 

and distribution of invertebrates can influence nutrient cycling and ecosystem processes. 

Community Composition and Ecosystem Health: The effects of ocean acidification on marine invertebrates 

can lead to shifts in community composition and ecosystem health. For example, the decline of key species can 

result in the loss of important ecological functions, such as habitat formation and nutrient cycling. These 

changes can impact the overall resilience and stability of marine ecosystems. 

Research and Management Implications: Understanding the ecological implications of ocean acidification is 

crucial for developing effective management and conservation strategies. Research efforts are focused on 

assessing the potential impacts on marine communities and identifying measures to mitigate or adapt to these 

changes. This includes monitoring species responses, exploring potential adaptation strategies, and 

implementing conservation measures to support ecosystem health. 

6. Genetic and Epigenetic Responses 

Genetic Adaptation: Ocean acidification can drive genetic changes in marine invertebrates over multiple 

generations. Populations exposed to acidified conditions may experience selective pressure that favors 

individuals with genetic traits that confer better tolerance to low pH. For instance, some species may evolve 

increased capacity to buffer internal pH or enhanced ability to build calcium carbonate under low carbonate ion 

conditions. 

Epigenetic Modifications: In addition to genetic changes, ocean acidification can induce epigenetic 

modifications. These are heritable changes in gene expression that do not involve alterations in the DNA 

sequence itself. Epigenetic responses can help organisms cope with environmental stress by altering gene 

expression patterns in response to acidified conditions. For example, changes in DNA methylation or histone 

modification can affect how invertebrates respond to stressors, potentially influencing survival and adaptation. 

Implications for Population Dynamics: Genetic and epigenetic responses can affect population dynamics and 

community structure. Populations that adapt to acidification may become more resilient, while those that do 

not may decline. These changes can influence species composition, ecosystem interactions, and overall 

biodiversity. Understanding these adaptive mechanisms is crucial for predicting the long-term impacts of ocean 

acidification and developing conservation strategies. 
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7. Nutrient Dynamics and Biogeochemical Cycles 

Role in Nutrient Cycling: Marine invertebrates play a key role in nutrient cycling and biogeochemical 

processes. For example, filter-feeding bivalves can influence nutrient distribution by filtering phytoplankton 

and detritus from the water column and excreting waste products. Ocean acidification can impact these 

processes by altering the feeding behavior and efficiency of invertebrates. 

Impact on Carbon and Nitrogen Cycles: Changes in the physiology and behavior of marine invertebrates 

can affect carbon and nitrogen cycles. For instance, reduced growth and reproduction in shellfish populations 

can impact the sequestration of carbon in marine sediments, potentially influencing the global carbon cycle. 

Similarly, changes in nutrient excretion and sediment processing can affect nitrogen cycling and productivity 

in marine ecosystems. 

Ecosystem Feedbacks: Altered nutrient dynamics and biogeochemical cycles can create feedback loops that 

affect ecosystem health and function. For example, decreased shellfish populations can reduce the filtering 

capacity of marine systems, potentially leading to increased algal blooms and shifts in primary productivity. 

These feedbacks can have cascading effects on marine communities and ecosystem stability. 

8. Interactions with Other Environmental Stressors 

Synergistic Effects with Temperature: Ocean acidification often occurs in conjunction with other 

environmental stressors, such as rising temperatures. The combined effects of acidification and warming can 

exacerbate physiological stress in marine invertebrates. For example, higher temperatures can further 

compromise shell formation and metabolic processes, leading to greater declines in fitness and survival. 

Pollution and Contaminants: Marine invertebrates are also exposed to pollutants and contaminants, which 

can interact with the effects of ocean acidification. For instance, exposure to heavy metals or other pollutants 

can impair the ability of invertebrates to cope with acidic conditions, potentially leading to additive or 

synergistic effects on health and survival. 

Complex Stress Responses: The interactions between acidification, temperature, and pollution create complex 

stress responses that can be difficult to predict. These combined stressors can affect multiple aspects of 

invertebrate physiology, including growth, reproduction, and behavior. Understanding how marine 

invertebrates respond to these interactions is crucial for assessing their vulnerability and resilience in a 

changing environment. 

CONCLUSION: 

Ocean acidification represents a profound challenge for marine invertebrates and the ecosystems they 

inhabit. The decline in shell strength and growth rates, coupled with altered behaviors and physiological stress, 

underscores the vulnerability of these organisms to changing ocean chemistry. As marine invertebrates play 
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crucial roles in ecosystem functions—such as habitat formation and nutrient cycling—their impairment can 

lead to cascading effects throughout marine communities.  The ongoing changes in ocean pH not only threaten 

the survival and health of individual species but also risk disrupting entire food webs and ecological balances. 

To address these challenges, it is imperative to enhance our understanding of the specific impacts of 

acidification on various invertebrate species and their ecological roles. Effective conservation and management 

strategies must be developed to mitigate these impacts and support the resilience of marine ecosystems.   

Continued research is essential for assessing the long-term effects of ocean acidification and identifying 

potential adaptation strategies. By integrating scientific insights with proactive management efforts, we can 

better safeguard marine biodiversity and ensure the stability and health of ocean ecosystems in the face of a 

changing climate. 
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