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Abstract 

This literature review synthesizes research on the impact of climate change on marine 

biodiversity, with a particular focus on the effects of temperature rise, ocean acidification, and 

species distribution shifts. Climate change has emerged as a significant threat to marine 

ecosystems, influencing the distribution, health, and survival of marine species. A review of 

recent studies indicates the complexity and variability of these impacts across different marine 

environments. This review highlights key findings, identifies research gaps, and discusses the 

implications for conservation strategies and future research. 
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Introduction 

The marine environment covers approximately 71% of the Earth’s surface and is home 

to a vast array of species that contribute to biodiversity and the global economy. Marine 

biodiversity provides critical ecosystem services, including carbon sequestration, food 

security, and climate regulation (Hughes, 2019). However, climate change, driven by human 

activities such as greenhouse gas emissions, is altering the physical and chemical 

characteristics of oceans, with profound consequences for marine life. 

This literature review explores how climate change impacts marine biodiversity, 

focusing on three primary mechanisms: ocean temperature rise, ocean acidification, and 

changes in species distribution. It examines the current state of research on these topics and 

assesses the challenges in predicting and mitigating their impacts on marine ecosystems. 

Ocean Temperature Rise and Coral Reefs 

One of the most significant and well-documented impacts of climate change on marine 

ecosystems is the increase in ocean temperatures. Ocean temperature rise has been linked to 

coral bleaching events, which threaten the survival of coral reefs, one of the most biodiverse 

ecosystems on Earth (McLeod et al., 2020). Corals have a mutualistic relationship with 

zooxanthellae, photosynthetic algae that live within their tissues. When water temperatures rise 

beyond a certain threshold, corals expel these algae, leading to bleaching and, in many cases, 

coral death (Baker et al., 2008). 

A study by Hughes et al. (2017) found that coral reefs have experienced increased 

bleaching events over the past few decades, with severe impacts on the Great Barrier Reef and 

coral reefs in the Caribbean. The loss of coral reefs not only threatens the species that depend 

on them but also affects the millions of people who rely on reef ecosystems for food, tourism, 

and coastal protection (Fisher et al., 2018). 
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The relationship between coral reefs and ocean temperature is complex. While coral 

species in warmer waters may be more tolerant to heat stress, this adaptation is not sufficient 

to withstand the rapid rate of temperature change associated with climate change (Torda et al., 

2017). As such, more research is needed to understand how corals can adapt to rising ocean 

temperatures and whether coral restoration efforts can mitigate the effects of bleaching (van 

Oppen et al., 2015). 

Ocean Acidification and Marine Life 

Ocean acidification is another significant consequence of climate change, driven by the 

absorption of excess atmospheric carbon dioxide (CO2) by the oceans. The increased CO2 

concentrations lower the pH of seawater, making it more acidic (Doney et al., 2009). This 

acidification has particularly harmful effects on calcifying organisms, such as corals, mollusks, 

and certain plankton species, which rely on calcium carbonate to form their shells and skeletons 

(Kroeker et al., 2013). 

Research by Waldbusser et al. (2015) has shown that increased acidity impairs the 

ability of marine organisms to build and maintain their calcium carbonate structures, reducing 

their survival and reproduction rates. For example, studies on oysters in the Pacific Northwest 

of the United States have demonstrated a significant decline in juvenile oyster survival when 

exposed to acidified waters (Barton et al., 2012). 

Ocean acidification also disrupts marine food webs by affecting the primary producers 

of the ocean, such as phytoplankton, which form the base of marine ecosystems (Feng et al., 

2010). Changes in the abundance and composition of plankton due to acidification could lead 

to cascading effects throughout the marine food web, ultimately affecting higher trophic levels, 

including fish and marine mammals (Boyd et al., 2018). 

The potential for adaptation to ocean acidification is an area of active research. Some 

studies suggest that certain species may be able to adapt to changing conditions through genetic 
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evolution or phenotypic plasticity (Ries et al., 2009). However, the pace of acidification may 

outstrip the ability of marine organisms to adapt, making mitigation strategies essential to 

protect marine biodiversity (Pörtner et al., 2014). 

Changes in Species Distribution 

Climate change also affects marine biodiversity through shifts in the distribution of 

marine species. Rising ocean temperatures and changing ocean currents alter the habitats 

available to species, forcing many to move toward cooler waters or deeper depths (Poloczanska 

et al., 2013). These shifts in species distribution have significant implications for ecosystem 

dynamics, biodiversity, and fisheries. 

A study by Perry et al. (2005) found that over the past few decades, many fish species 

have moved poleward in response to rising water temperatures. For example, cod populations 

in the North Sea have shifted their distribution northward, away from areas where temperatures 

have become unsuitable (Brander, 2007). Similarly, tropical species are moving toward the 

poles as ocean temperatures increase (Sunday et al., 2015). These shifts can disrupt existing 

marine food webs and create new interactions between species, which may lead to ecological 

imbalances. 

Changes in species distribution are not limited to marine organisms. The movement of 

species into new regions can lead to the introduction of invasive species, which may 

outcompete native species and alter the structure and function of marine ecosystems (Williams 

et al., 2007). The spread of invasive species can have severe consequences for biodiversity, 

fisheries, and ecosystem services, making it crucial to monitor and manage these shifts 

effectively (Cox et al., 2013). 

The ability of species to adapt to changing environmental conditions is influenced by 

several factors, including the speed of climate change, the availability of suitable habitats, and 

the species’ biological characteristics (Parmesan, 2006). While some species may be able to 
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shift their distribution to more favorable environments, others may face barriers to migration, 

such as habitat fragmentation or competition with other species (Williams et al., 2007). 

Implications for Conservation and Future Research 

The effects of climate change on marine biodiversity are complex and multifaceted, 

requiring a comprehensive approach to conservation and management. Efforts to mitigate 

climate change, such as reducing greenhouse gas emissions, are critical to slowing the rate of 

temperature rise and ocean acidification (IPCC, 2019). However, more research is needed to 

understand the full extent of climate change impacts on marine ecosystems and to develop 

strategies for preserving marine biodiversity. 

Marine protected areas (MPAs) have been proposed as a tool to help protect vulnerable 

marine ecosystems from the effects of climate change. MPAs can provide refuges for species 

affected by climate change and enhance the resilience of ecosystems by limiting human 

disturbance (Graham et al., 2015). However, MPAs alone may not be sufficient to protect 

marine biodiversity in the face of global climate change, and additional measures, such as 

habitat restoration and the management of fisheries, may be necessary (Selig et al., 2014). 

Future research should focus on understanding the capacity of marine ecosystems to 

adapt to climate change, including the potential for genetic adaptation and the role of ecosystem 

services in mitigating climate impacts. Additionally, more research is needed to assess the 

impacts of climate change on marine food webs and the services that they provide, such as 

carbon sequestration and nutrient cycling (Mora et al., 2013). 

Conclusion 

Climate change poses a significant threat to marine biodiversity, affecting ecosystems 

through temperature rise, ocean acidification, and changes in species distribution. While much 

has been learned about these impacts, there is still much to be understood regarding the 

complexity of these changes and their long-term consequences. Continued research and 
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effective conservation efforts are essential to mitigating the effects of climate change on marine 

ecosystems and preserving the biodiversity that is vital to human well-being. 
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