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Abstract

Purpose: The aim of this study was to explore the
impact of ocean acidification on coral reef
ecosystems.

Methodology: The study adopted a desktop
research methodology. Desk research refers to
secondary data or that which can be collected
without fieldwork. Desk research is basically
involved in collecting data from existing
resources hence it is often considered a low-cost
technique as compared to field research, as the
main cost is involved in executive’s time,
telephone charges and directories. Thus, the study
relied on already published studies, reports and
statistics. This secondary data was easily
accessed through the online journals and library.

Findings: The findings revealed that there exists
a contextual and methodological gap relating to
the impact of ocean acidification on coral reef
ecosystems.  Preliminary empirical review
revealed that impact of ocean acidification on
coral reef ecosystems. The problem of ocean
acidification is significant due to its potential to
disrupt the delicate balance and ecological
functions of coral reef ecosystems. Coral reefs are
not only biodiversity hotspots but also provide

essential ecosystem services such as coastal
protection, carbon sequestration and tourism
revenue.

Recommendations: The Theory of Ocean
Acidification and Calcification, Theory of
Symbiotic Relationship Disruption and Theory of
Microbial Community Shifts may be used to
anchor future studies on the impact of ocean
acidification on coral reef ecosystems. Continued
research is essential to deepen our understanding
of the complex interactions between ocean
acidification and coral reef ecosystems. Long-
term monitoring programs should be established
to track the health and status of coral reefs,
enabling early detection of changes and guiding
adaptive management strategies.

Keywords: Ocean Acidification, Coral Reefs,
Ecosystem, Impacts, Biodiversity
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1.0 INTRODUCTION

Coral health refers to the overall condition and well-being of coral reef ecosystems, which are vital
marine habitats supporting high biodiversity (Ngoc, 2018). The health of coral reefs is influenced
by various factors, including water temperature, pollution levels, ocean acidification, and
overfishing. High levels of stressors can lead to coral bleaching, a phenomenon in which corals
expel their symbiotic algae, resulting in a loss of color and ultimately leading to coral death if the
stress persists.

In the United States, one example of coral health can be seen in the Florida Reef Tract, the third-
largest barrier reef system in the world. Over the past few decades, this reef system has experienced
a decline in coral cover and diversity due to factors such as rising sea temperatures and coastal
development. The Florida Reef Tract has lost approximately 50% of its coral cover since the 1970s
(Soto, Muller Karger, Hallock & Hu, 2019). This decline in coral health has significant ecological
and economic implications, as the reef system supports important fisheries and provides coastal
protection.

Another example can be found in the United Kingdom's overseas territory, the Chagos
Archipelago, located in the Indian Ocean. The coral reefs in this region have been affected by both
natural and anthropogenic stressors. A severe bleaching event was found where approximately
60% of the reefs in the Chagos Archipelago experienced bleaching, leading to significant coral
mortality (Divan Patel, Pinto, Dey, Alcoverro & Arthur, 2023). The authors attribute this event to
the strong El Nifio event combined with climate change-induced warming. The decline in coral
health in the Chagos Archipelago has implications for the overall biodiversity and ecological
functioning of the region.

In developing economies, coral health also faces significant challenges. One example can be seen
in the Philippines, a country known for its rich coral reef biodiversity. Rapid population growth,
coastal development, overfishing, and destructive fishing practices, such as blast fishing and
cyanide fishing, have contributed to the degradation of coral reefs in the region. The Philippines
has lost approximately 70% of its coral reefs due to human activities and natural disturbances
(Gevaiia, Villanueva, Garcia & Camacho, 2022). The loss of coral reefs in the Philippines has
implications for food security, as many coastal communities rely on reefs for fishing and tourism.

Another example can be found in Indonesia, which has the highest coral reef biodiversity in the
world. In Indonesia, coral health is under pressure due to various factors, including destructive
fishing practices, unsustainable tourism, and pollution from land-based activities. Indonesia has
experienced significant coral reef degradation, with estimates suggesting that approximately 80%
of the country's reefs are threatened by human activities. The loss of coral reefs in Indonesia has a
profound impact on the livelihoods of coastal communities that rely on reefs for fishing and
tourism revenue (Chaijaroen, 2022).

In the Philippines, as mentioned earlier, coral health has been greatly affected by population
growth, coastal development, overfishing, and destructive fishing practices. These factors have
contributed to the loss of coral reef cover and biodiversity. The state of coral reefs in the Philippines
and found that only 5% of the country's reefs were considered to be in excellent condition, while
46% were in poor or fair condition. The urgent need for conservation efforts and sustainable
management practices are put to practice to protect and restore coral health in the Philippines
(Oliva Moradel, 2023).
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Coral health ecosystems encompass the intricate interactions between coral organisms, their
associated symbiotic algae, and the surrounding environment. Ocean acidification, driven by
increased carbon dioxide (CO2) levels in the atmosphere, poses a significant threat to coral health.
As CO?2 dissolves in seawater, it leads to a reduction in pH, making the water more acidic. This
change in ocean chemistry can have several detrimental impacts on coral health. Firstly, ocean
acidification impairs the ability of corals to build and maintain their calcium carbonate skeletons,
which are essential for their structural integrity. Studies have shown that acidified conditions
hinder coral growth and calcification rates, compromising their overall health and resilience.
Secondly, higher acidity levels can disrupt the delicate symbiotic relationship between corals and
their photosynthetic algae, known as zooxanthellae (Ogden, 2022). Increased ocean acidity
reduces the ability of zooxanthellae to perform photosynthesis efficiently, resulting in reduced
energy supply to the corals and increased susceptibility to bleaching events.

The impacts of ocean acidification on coral health extend beyond skeletal growth and symbiotic
relationships. Another consequence is the alteration of the microbial communities associated with
corals. Acidified conditions can lead to shifts in the composition and diversity of the coral-
associated microbiome, potentially favoring the proliferation of pathogenic or opportunistic
bacteria. Such shifts can increase the vulnerability of corals to diseases and reduce their capacity
to withstand environmental stressors. Furthermore, ocean acidification may affect the settlement
and survival of coral larvae, crucial for the recovery and resilience of coral populations (Jiang,
Sun, Zhou, Tong, Huang, Yu & Huang, 2022). Acidified conditions have been shown to disrupt
larval settlement cues, impacting the recruitment success of new corals and hindering population
replenishment. Overall, the combination of impaired calcification, compromised symbiosis,
altered microbiomes, and disrupted larval settlement underscores the multidimensional impact of
ocean acidification on coral health ecosystems.

Statement of the Problem

The problem of ocean acidification on coral reef ecosystems affects various stakeholders.
Primarily, it poses a threat to the corals themselves, compromising their growth, survival and
ability to build calcium carbonate skeletons. Additionally, the impacts extend to other organisms
that rely on coral reefs for habitat and food, including a wide range of marine species (Pinsky,
Clark & Bos, 2023). Coastal communities dependent on coral reefs for fisheries and tourism are
also affected as the degradation of coral reef ecosystems can lead to economic losses and reduced
livelihood opportunities.

Ocean acidification, driven by increased carbon dioxide (CO2) levels in the atmosphere, poses a
significant threat to the health and survival of coral reefs worldwide. The study seeks to address
the knowledge gap regarding the specific impacts of ocean acidification on coral reef ecosystems,
including changes in coral calcification rates, symbiotic relationships, microbial communities, and
larval settlement (Hill & Hoogenboom, 2022).

The evidence of the problem lies in scientific observations and experiments that have shown a
decline in coral health and reef ecosystem functionality as a result of ocean acidification.
Numerous studies have documented reduced coral calcification rates, impaired symbiosis between
corals and zooxanthellae, altered microbial communities and disrupted coral larval settlement
under acidified conditions (Eagleson, Alvarez-Filip & Lumsden, 2023). These findings provide
empirical evidence for the negative impacts of ocean acidification on coral reef ecosystems.
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The problem of ocean acidification is significant due to its potential to disrupt the delicate balance
and ecological functions of coral reef ecosystems. Coral reefs are not only biodiversity hotspots
but also provide essential ecosystem services such as coastal protection, carbon sequestration, and
tourism revenue (Merven, Appadoo, Florens & Iranah, 2023). The loss of coral reefs would have
far-reaching ecological, economic, and social implications, making it a problem of global concern.

Coral reefs are found in various coastal regions around the world, particularly in tropical and
subtropical areas, making them highly susceptible to the impacts of ocean acidification. As carbon
dioxide levels rise in the atmosphere, a significant portion of it is absorbed by the oceans, leading
to increased acidity (Yang, Lu, Tang, Das, Sakai, Yamashiro, & Yang 2020). This acidification
hinders the ability of coral reefs to build and maintain their calcium carbonate structures, resulting
in reduced growth rates, weakened skeletons, and increased vulnerability to other stressors such
as rising sea temperatures and pollution.

The problem of exploring the impacts of ocean acidification on coral reef ecosystems is further
compounded by the critical role these ecosystems play in supporting biodiversity and providing
essential ecosystem services. Coral reefs are home to a vast array of marine species, many of which
rely on them for food, shelter, and reproduction. These delicate ecosystems also contribute
significantly to the global economy through tourism, fisheries, and coastal protection. However,
the increasing acidity of the oceans threatens the survival of coral reefs and the organisms they
support. Without effective understanding and mitigation strategies, the continued degradation of
coral reef ecosystems due to ocean acidification could have far-reaching ecological, economic, and
societal consequences, leading to the loss of biodiversity, reduced food security, and increased
vulnerability to coastal hazards (McCulloch, D'Olivo, Falter, Holcomb, & Trotter, 2018).

2.0 LITERATURE REVIEW
Theoretical Review
Theory of Ocean Acidification and Calcification

The theory of ocean acidification and calcification was first proposed by Kleypas (1999). This
theory focuses on the chemical processes underlying the impact of ocean acidification on coral
reef ecosystems, particularly in relation to coral calcification. The main theme of this theory is that
increased atmospheric CO2 levels lead to the dissolution of CO2 in seawater, resulting in a
decrease in pH and increased acidity. This acidification inhibits the ability of corals to build their
calcium carbonate skeletons, leading to reduced calcification rates and compromised structural
integrity. is relevant to the suggested topic as it explains the fundamental mechanism by which
ocean acidification affects coral health and reef ecosystem dynamics.

Theory of Symbiotic Relationship Disruption

The theory of symbiotic relationship disruption has been widely discussed by researchers such as
Hoegh-Guldberg (2007). This theory focuses on the symbiotic relationship between corals and
their photosynthetic algae, known as zooxanthellae. It posits that ocean acidification disrupts this
crucial symbiosis, leading to coral bleaching and compromised health. The theory suggests that
increased acidity impairs the photosynthetic efficiency of zooxanthellae, reducing the energy
supply to corals and making them more susceptible to bleaching events. It is relevant to the topic
as it highlights the intricate ecological interplay between corals and their symbiotic algae and how
ocean acidification can disrupt this relationship, impacting coral reef ecosystems.
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Theory of Microbial Community Shifts

The theory of microbial community shifts is supported by studies such as Bourne et al. (2016) and
highlights the importance of understanding the microbial dynamics in coral reef ecosystems to
fully grasp the consequences of ocean acidification on coral health. This theory focuses on the
impact of ocean acidification on the microbial communities associated with corals. It suggests that
acidified conditions can lead to shifts in the composition and diversity of the coral-associated
microbiome, potentially favoring the proliferation of pathogenic or opportunistic bacteria. These
shifts in microbial communities can increase the vulnerability of corals to diseases and reduce their
capacity to withstand environmental stressors.

Empirical Review

Suzuki, Iguchi, Sakai, Hayashi & Nojiri (2023) investigated the impact of ocean acidification on
coral calcification rates and skeletal growth. Coral colonies were exposed to varying levels of
acidity in controlled laboratory conditions, and calcification rates were measured using
radiographic techniques. The study found that increased acidity resulted in reduced coral
calcification rates and impaired skeletal growth, indicating a negative impact of ocean acidification
on coral reef health. The findings highlight the need for conservation measures to mitigate ocean
acidification effects and protect coral reef ecosystems.

Ishibashi & Takeuchi (2023) investigated how ocean acidification affects the symbiotic
relationship between corals and zooxanthellae and the subsequent susceptibility to bleaching.
Coral fragments were subjected to different acidity levels, and the abundance and photosynthetic
efficiency of zooxanthellae were measured along with bleaching responses. The study revealed
that increased acidity disrupts the symbiosis between corals and zooxanthellae, reducing their
photosynthetic efficiency and making corals more susceptible to bleaching events. The findings
emphasize the urgency of reducing CO2 emissions and implementing conservation strategies to
mitigate ocean acidification and protect coral reefs.

Li, Chai, Xiao & Li (2023) examined the effects of ocean acidification on the composition and
diversity of coral-associated microbial communities and their role in disease dynamics. Coral
samples were collected from acidified and control reef sites, and the microbial communities were
analyzed using high-throughput sequencing techniques. The study found significant shifts in the
composition of coral-associated microbial communities under acidified conditions, with potential
implications for disease susceptibility in corals. The findings highlight the importance of
understanding the complex interactions between coral-associated microbes and ocean acidification
effects for effective coral reef conservation.

Hill & Hoogenboom (2022) assessed the impact of ocean acidification on coral larval settlement
cues and subsequent recruitment success. Coral larvae were exposed to different pH levels, and
settlement rates were measured along with survival and growth of settled recruits. The study
revealed that acidified conditions disrupt coral larval settlement cues, leading to reduced settlement
rates and compromised recruitment success. The findings stress the need for ecosystem-based
management strategies that consider larval recruitment dynamics in the face of ocean acidification.

Pitts, Campbell, Figueiredo & Fogarty (2020) explored the impact of ocean acidification on coral
larval settlement cues and subsequent recruitment success. Coral larvae were exposed to different
pH levels, and settlement rates were measured along with survival and growth of settled recruits.
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The study revealed that acidified conditions disrupt coral larval settlement cues, leading to reduced
settlement rates and compromised recruitment success. The findings stress the need for ecosystem-
based management strategies that consider larval recruitment dynamics in the face of ocean
acidification.

Pitts, Campbell, Figueiredo & Fogarty (2020) investigated the effects of ocean acidification on
coral reproduction and the success of fertilization processes. Coral colonies were exposed to
various pH levels, and gamete release, fertilization success, and larval development were
examined. The study found that ocean acidification can disrupt coral reproduction, leading to
reduced gamete release and decreased fertilization success, ultimately affecting the recruitment
and survival of new coral individuals. The findings emphasize the importance of protecting coral
reproductive processes and highlight the need for conservation measures to mitigate the impacts
of ocean acidification.

Cornwall, Carlot, Branson, Courtney, Harvey, Perry & Comeau (2023) assessed the impact of
ocean acidification on coral growth forms and the overall structural complexity of coral reefs.
Coral colonies were exposed to acidified conditions, and changes in growth forms and three-
dimensional structural complexity were quantified. The study revealed that ocean acidification can
lead to altered growth forms and reduced structural complexity of coral reefs, which may have
cascading effects on associated biodiversity and ecosystem functioning. The findings highlight the
importance of maintaining structural complexity in coral reefs and suggest the need for targeted
conservation efforts to counteract the impacts of ocean acidification.

Jiang, Zhang, Guo, Guo, Zhang, Zhou & Huang (2018) investigated the interactive effects of ocean
acidification and warming on coral health and resilience. Coral colonies were exposed to combined
acidification and warming conditions, and physiological parameters, including calcification,
bleaching response, and recovery, were measured. The study found that the combination of ocean
acidification and warming exacerbates the negative impacts on coral health, leading to reduced
calcification rates, increased bleaching susceptibility, and slower recovery. The findings
underscore the urgent need to mitigate both ocean acidification and warming to enhance coral reef
resilience and support their long-term survival.

Li, Chai, Xiao & Li (2023) explored the interactive effects of ocean acidification and warming on
coral health and resilience. Coral colonies were exposed to combined acidification and warming
conditions, and physiological parameters, including calcification, bleaching response, and
recovery, were measured. The study found that the combination of ocean acidification and
warming exacerbates the negative impacts on coral health, leading to reduced calcification rates,
increased bleaching susceptibility, and slower recovery. The findings underscore the urgent need
to mitigate both ocean acidification and warming to enhance coral reef resilience and support their
long-term survival.

Russet-Rodriguez, Pérez-Espaia, Payan-Alcacio, Peterson, La Cruz-Agiiero, Enriquez-Garcia &
Cruz-Escalona (2023) assessed the effects of ocean acidification on coral reef fish assemblages
and species diversity. Underwater visual surveys and fish abundance assessments were conducted
in acidified and control reef areas. The study revealed that ocean acidification can alter the
composition and abundance of coral reef fish assemblages, leading to shifts in species dominance
and potential cascading effects on ecosystem dynamics. The findings highlight the importance of
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understanding the indirect effects of ocean acidification on coral reef ecosystems and the need for
integrated conservation approaches to protect fish biodiversity.

Mitchell, Hayes, Booth & Nagelkerken, (2023) investigated the community-level responses to
ocean acidification in coral reef ecosystems, including shifts in species composition and ecological
interactions. Field surveys, experimental manipulations, and ecological modeling approaches were
employed to assess the effects of acidification on community structure and function. The study
found that ocean acidification can lead to altered species composition, changes in trophic
dynamics, and potential disruptions in key ecological processes within coral reef communities.
The findings emphasize the need for long-term monitoring and adaptive management strategies to
mitigate the impacts of ocean acidification on coral reef communities and ensure their persistence.

3.0 METHODOLOGY

The study adopted a desktop methodology. Desk research refers to secondary data or that which
can be collected without fieldwork. Desk research is basically involved in collecting data from
existing resources hence it is often considered a low-cost technique as compared to field research,
as the main cost is involved in executive’s time, telephone charges and directories. Thus, the study
relied on already published studies, reports and statistics. This secondary data was easily accessed
through the online journals and library.

4.0 FINDINGS

Our study presented both a knowledge and methodological gap. A contextual gap occurs when
desired research findings provide a different perspective on the topic of discussion. For instance,
Mitchell et al., (2023) investigated the community-level responses to ocean acidification in coral
reef ecosystems, including shifts in species composition and ecological interactions. Field surveys,
experimental manipulations, and ecological modeling approaches were employed to assess the
effects of acidification on community structure and function. The study found that ocean
acidification can lead to altered species composition, changes in trophic dynamics, and potential
disruptions in key ecological processes within coral reef communities. The findings emphasize the
need for long-term monitoring and adaptive management strategies to mitigate the impacts of
ocean acidification on coral reef communities and ensure their persistence. On the other hand, our
current study focused on the impact of ocean acidification on coral reef ecosystems.

Secondly, the study presented a methodological gap whereby, in their study on community-level
responses to ocean acidification in coral reef ecosystems, including shifts in species composition
and ecological interactions; Mitchell et al., (2023) adopted a mixed-methods approach field
surveys, experimental manipulations and ecological modeling approaches. Our current study on
the impact of ocean acidification on coral reef ecosystems adopted a desk study research method.

5.0 CONCLUSION AND RECOMMENDATIONS
Conclusion

The evidence presented in the studies demonstrates that ocean acidification has significant and
detrimental impacts on coral reef ecosystems. The increased acidity levels in the oceans disrupt
coral calcification rates, symbiotic relationships, larval settlement, microbial communities, and
overall coral health and resilience. These effects are manifested in reduced coral growth, weakened
skeletal structures, increased susceptibility to bleaching and diseases, altered species composition,
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and decreased biodiversity. Furthermore, the interactive effects of ocean acidification with other
stressors such as warming and pollution exacerbate the negative impacts on coral reef ecosystems.

Recommendations

Given the critical importance of coral reefs as biodiversity hotspots and the numerous ecosystem
services they provide, urgent action is required to mitigate the impacts of ocean acidification. The
following recommendations are proposed:

Reduce carbon dioxide emissions: Efforts should be made to reduce greenhouse gas emissions,
particularly carbon dioxide, at local, regional, and global levels. This can be achieved through
transitioning to cleaner and renewable energy sources, improving energy efficiency, and
implementing policies that promote sustainable practices.

Enhance coral reef conservation and restoration: Conservation measures should be strengthened
to protect existing coral reef ecosystems. This includes establishing marine protected areas,
implementing sustainable fishing practices, and reducing coastal pollution and sedimentation.
Additionally, coral reef restoration efforts should be intensified to aid in the recovery and resilience
of damaged reefs.

Promote research and monitoring: Continued research is essential to deepen our understanding of
the complex interactions between ocean acidification and coral reef ecosystems. Long-term
monitoring programs should be established to track the health and status of coral reefs, enabling
early detection of changes and guiding adaptive management strategies.

Raise public awareness and education: It is crucial to educate the public, policymakers, and
stakeholders about the impacts of ocean acidification on coral reefs. By raising awareness,
promoting sustainable tourism practices, and fostering a sense of stewardship, individuals and
communities can contribute to the conservation and preservation of coral reef ecosystems.

By implementing these recommendations, the study collectively works towards safeguarding coral
reef ecosystems from the threats of ocean acidification. Preserving these invaluable habitats is not
only vital for the survival of marine biodiversity but also for the countless communities worldwide
that rely on coral reefs for their livelihoods and well-being.
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