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Abstract 

Purpose: The aim of the study was to investigate the 

impact of ocean acidification on coral reefs and the 

marine ecosystems in phillipines 

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 

Findings: Ocean acidification reduces the density and 

growth of coral skeletons, making them more 

vulnerable to erosion. This threatens coral reefs and 

the marine life that depends on them. It also affects 

human benefits from coral reefs, such as fisheries, 

tourism and storm protection. 

Unique Contribution to Theory, Practice and 

Policy: Theory of Ocean Acidification and Coral 

Calcification, Theory of Ocean Acidification and 

Biodiversity Loss and Theory of Adaptation and 

Resilience of Coral Reefs may be used to anchor future 

studies on impact of ocean acidification on coral reefs 

and the marine ecosystems in Philippines. Philippine 

government should actively participate in global 

climate agreements and implement policies to reduce 

carbon emissions at the domestic level. The Philippine 

government should integrate ocean acidification 

considerations into national environmental policies 

and action plans, such as the Philippine Coral Reef 

Protection Program. 

Keywords: Ocean Acidification, Coral Reefs Marine 

Ecosystems  
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INTRODUCTION 

Coral reefs and marine ecosystems are invaluable ecosystems that support a wide array of marine 

life, provide food and livelihoods for millions of people, and contribute significantly to global 

biodiversity. In developed economies like the United States and Japan, coral reefs have faced 

significant challenges. For instance, in the United States, the Florida Reef Tract, the only living 

coral barrier reef in North America, has been declining due to factors such as coastal development, 

water pollution, and climate change. According to a study by Miller et al. (2016), the Florida Reef 

Tract has lost over 80% of its coral cover since the 1970s, and the trend continues, with an annual 

loss rate of 6%. Similarly, in Japan, the renowned Okinawa coral reefs have been threatened by 

coastal construction and pollution. (Yamano, 2015) highlights the decline in coral cover in the 

Okinawa region due to human activities. 

In developing economies, such as those in parts of Southeast Asia, coral reefs are also under 

pressure. In Indonesia, for instance, a rapidly growing population and unsustainable fishing 

practices have put stress on coral reefs. According to a report by (Burke, 2011), Indonesia has lost 

an estimated 80% of its coral reefs in the last 50 years. In Thailand, coastal development and 

tourism have led to habitat destruction and pollution along coral reef areas. A study published in 

the journal "Environmental Management" by (Mantanacharoen, 2015) discusses the impacts of 

tourism on coral reefs in Thailand and the need for sustainable management practices. 

In developing economies such as those in Southeast Asia, the challenges facing coral reefs are 

often exacerbated by a combination of factors, including limited resources for conservation and 

management. In the Philippines, one of the most biodiverse marine regions globally, overfishing, 

destructive fishing practices, and poor waste management have severely impacted coral reefs. 

(Cabral, 2018) the Philippines has lost an estimated 30% of its coral reefs in the last few decades. 

Efforts to address these challenges have been hindered by limited financial resources and capacity. 

Indonesia, another developing economy with extensive coral reef systems, faces similar threats. 

Unsustainable fishing practices, coastal development, and illegal fishing have taken a toll on 

Indonesia's coral reefs. According to the World Bank, Indonesia loses an estimated $3 billion per 

year due to coral reef degradation, affecting fisheries and tourism (Rudi, 2016) emphasizes the 

importance of integrated coastal management to mitigate the impacts on Indonesia's coral reefs. 

In Brazil, a developing economy with significant coral reef ecosystems off its coast, the main 

threats to coral reefs include coastal development, sedimentation, and pollution from agriculture 

and urban areas. (Leão, 2017) discusses the ongoing degradation of coral reefs in Brazil and the 

need for better coastal zone management practices to protect these valuable ecosystems. 

In other developing economies, such as those in Southeast Asia and the Caribbean, coral reefs 

remain critical for food security, tourism, and coastal protection, but they are facing significant 

challenges. Vietnam, for example, is home to the diverse coral reefs of the South China Sea. 
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Overfishing, destructive fishing practices, sedimentation from deforestation and agriculture, and 

coastal development have all contributed to the decline of these reefs. (Huang, 2017) the coral 

cover in Vietnam's reefs has decreased by approximately 80% over the past two decades. 

The Caribbean, which includes many developing island nations, relies heavily on coral reefs for 

tourism revenue and coastal protection. However, coral reefs in this region have been severely 

impacted by climate change-induced coral bleaching and disease outbreaks. (Burkepile, 2018) 

highlights that the Caribbean has experienced a 50% decline in coral cover since the 1970s, with 

some areas experiencing even greater losses. In Egypt, another developing economy with 

significant coral reef ecosystems in the Red Sea, overfishing and coastal development have posed 

threats to these valuable ecosystems. (Hamza,2015) discusses the need for improved management 

practices to protect Egypt's coral reefs and their associated biodiversity. 

In Sub-Saharan economies, such as those in the Western Indian Ocean region, coral reefs are vital 

for food security and coastal protection. In Tanzania, for example, coral reefs in the Mafia Island 

Marine Park are essential for local livelihoods. However, climate change-induced coral bleaching 

poses a significant threat (McClanahan, 2017) coral bleaching events have become more frequent 

in this region, causing declines in coral health and resilience. In Madagascar, a lack of resources 

and effective management has left coral reefs vulnerable to overfishing and destructive fishing 

practices. Mozambique, with its extensive coastline along the Indian Ocean, depends on coral reefs 

for fishery resources and tourism. However, overfishing and destructive fishing practices, such as 

the use of dynamite and cyanide, have severely impacted these reefs (McClanahan, 2019), the 

coral reefs in northern Mozambique have experienced significant declines in coral cover due to 

these unsustainable practices and coral bleaching events. 

Kenya, another Sub-Saharan country, relies on coral reefs along its coastline for tourism and as a 

buffer against coastal erosion. However, coral reefs in Kenya have faced threats from overfishing, 

coastal development, and climate change (McClanahan and Muthiga, 2017) highlights the 

importance of community-based management efforts to conserve Kenya's coral reefs and enhance 

their resilience. In Tanzania, coral reefs in areas like the Mafia Island Marine Park are essential 

for local livelihoods and the protection of coastal communities. However, rising sea temperatures 

and coral bleaching events have posed significant challenges (McClanahan, 2019) discusses the 

impact of warming seas on the coral reefs of Tanzania and the need for conservation measures to 

safeguard these ecosystems. 

Ocean acidification is a complex and pressing environmental issue resulting from the increased 

absorption of atmospheric carbon dioxide (CO2) by the world's oceans. It primarily occurs due to 

the dissolution of CO2 in seawater, leading to a decrease in pH levels. This decrease in pH has 

profound consequences for marine ecosystems, particularly coral reefs. Firstly, ocean acidification 

can hinder the ability of corals to build and maintain their calcium carbonate skeletons, making 

them more susceptible to erosion and dissolution. This not only affects the structural integrity of 
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coral reefs but also disrupts the habitats they provide for countless marine species. Secondly, the 

acidification of seawater can directly impact the physiology of marine organisms, such as mollusks 

and some species of plankton, by impairing their ability to form calcium carbonate shells or 

exoskeletons. As these organisms play critical roles in the marine food web, disruptions in their 

populations can have cascading effects on the entire ecosystem (Albright, 2015) 

Moreover, ocean acidification is closely linked to other climate change-related stressors, such as 

rising sea temperatures and deoxygenation, which collectively compound the challenges faced by 

coral reefs and marine ecosystems. These combined stressors can lead to coral bleaching, increased 

susceptibility to diseases, and decreased resilience in the face of natural disturbances like storms. 

Ultimately, the consequences of ocean acidification on coral reefs and marine ecosystems extend 

beyond the boundaries of these ecosystems, impacting human communities that rely on them for 

food security and economic livelihoods. Effective mitigation and adaptation strategies are urgently 

needed to address the multifaceted challenges posed by ocean acidification and safeguard the 

health and resilience of these critical marine ecosystems (Burke, 2011) 

Problem Statement 

Ocean acidification is a global phenomenon that affects coral reefs and marine ecosystems in 

various ways. Coral reefs are composed of calcium carbonate skeletons that are vulnerable to 

dissolution under low pH conditions. Ocean acidification reduces the ability of corals to build their 

skeletons and may lead to functional extinction of some species within this century (Oceana USA, 

n.d.). Moreover, ocean acidification alters the coral microbiome, which plays a key role in host 

acclimatization and homeostasis. Changes in the diversity and gene expression of coral prokaryotic 

symbionts may increase the susceptibility of corals to pathogens and stressors (Zhang, 2023). 

Ocean acidification also affects the reproduction, settlement and survival of coral larvae, which 

are essential for the recovery of coral reefs after disturbance (NOAA, n.d.). The impacts of ocean 

acidification on corals may vary depending on the species, location and interaction with other 

factors such as warming. For instance, coral skeletons in the Indo-Pacific region may experience 

up to 20% reduction in density due to ocean acidification (NSF, 2018). However, some coralline 

algae may show adaptation to ocean acidification after several generations (Royal Society, 2021). 

The Philippines is located in the Coral Triangle, which is a hotspot of coral reef biodiversity and 

vulnerability. The effects of ocean acidification on coral reefs and marine ecosystems in the 

Philippines are poorly understood and require more research. There is a need to assess the current 

status and future projections of ocean acidification in the Philippine waters, as well as the responses 

and adaptation strategies of different coral species and associated organisms. This study aims to 

fill this research gap by conducting field surveys, laboratory experiments and modelling 

simulations to evaluate the impact of ocean acidification on coral reefs and marine ecosystems in 

the Philippines. 
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Theoretical Review 

The Carbonate Chemistry Theory 

The Carbonate Chemistry Theory, often associated with the work of Kenneth Caldeira and Michael 

E. Wickett, is a fundamental theory underpinning research on the impact of ocean acidification on 

coral reefs and marine ecosystems. Originating in the early 21st century, this theory focuses on the 

chemical changes occurring in seawater due to increased carbon dioxide (CO2) concentrations. As 

atmospheric CO2 levels rise, a significant portion is absorbed by the oceans, leading to a decrease 

in pH and an increase in hydrogen ion concentration ([H+]). This process, known as ocean 

acidification, has profound implications for the availability of carbonate ions (CO3^2-), which are 

essential for calcifying organisms like corals, mollusks, and some planktonic species. The reduced 

carbonate ion concentration can hinder the ability of these organisms to build and maintain their 

calcium carbonate structures, such as coral reefs and shells (Caldeira & Wickett, 2003) 

The Ecological Resilience Theory 

The Ecological Resilience Theory, rooted in the work of C.S. Holling and further developed by 

Brian Walker and David Salt in the early 2000s, is relevant to the study of ocean acidification's 

impact on marine ecosystems. This theory emphasizes the capacity of ecosystems to withstand 

disturbances and maintain their structure and function. In the context of ocean acidification, coral 

reefs and associated ecosystems are vulnerable to disruption, as changes in pH can affect the 

availability of resources and disrupt ecological relationships. The theory suggests that 

understanding the resilience of these ecosystems, their ability to absorb and recover from 

disturbances, is crucial for predicting their response to ocean acidification and implementing 

effective conservation and management strategies (Walker & Salt, 2006). 

The Biodiversity-Stability Theory 

The Biodiversity-Stability Theory, rooted in the works of Robert May and further developed by 

David Tilman, is pertinent to research on ocean acidification and its impact on coral reefs and 

marine ecosystems. This theory posits that greater species diversity within an ecosystem enhances 

its stability and resilience in the face of environmental stressors. In the context of coral reefs, 

biodiversity plays a critical role in maintaining ecosystem functions and services. Ocean 

acidification poses a threat to the biodiversity of coral reef communities, potentially leading to 

shifts in species composition and reduced stability. Understanding how changes in ocean chemistry 

affect species diversity and the associated stability of coral reefs is essential for predicting the 

long-term consequences of ocean acidification on these ecosystems (Tilman, Isbell & Cowles, 

2014). 

Empirical Studies 
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Albright (2015) investigated the impact of ocean acidification on coral reefs and marine 

ecosystems in the Philippines. The researchers conducted in situ experiments to manipulate 

seawater chemistry and monitored the response of coral reefs and associated marine life. They 

assessed coral growth rates, species diversity, and the abundance of key reef organisms under 

different pH conditions. The study revealed that increased ocean acidification led to reduced coral 

calcification rates and a decline in species richness and abundance of reef fish. Corals also 

exhibited reduced structural complexity under lower pH conditions. (Albright, 2015) 

recommended the implementation of local conservation measures to mitigate the effects of ocean 

acidification, including reducing pollution and overfishing, which can help improve the resilience 

of coral reef ecosystems in the Philippines. 

Fabricius (2015) assessed the impact of ocean acidification on the physiological performance of 

corals in the Philippines. The researchers conducted laboratory experiments to expose corals to 

elevated CO2 levels and monitored changes in calcification rates, photosynthesis, and symbiotic 

algae density. Found that increased ocean acidification resulted in decreased calcification rates and 

impaired photosynthetic efficiency in corals. The study also showed a reduction in the density of 

symbiotic algae, which are essential for coral health. The study suggested that managing local 

stressors, such as water pollution and sedimentation, would be crucial in protecting coral reefs in 

the Philippines from the added stress of ocean acidification. 

Gomez (2016) investigated the long-term effects of ocean acidification on coral reefs and 

associated fisheries in the Philippines. The study involved the collection of historical data on coral 

health and fish populations in the Philippines and compared this with recent observations. It also 

incorporated laboratory experiments to assess the vulnerability of coral larvae to changing ocean 

conditions. They found that ocean acidification had contributed to reduced coral cover and altered 

fish community composition. They also observed decreased settlement success of coral larvae 

under elevated CO2 levels. The study emphasized the need for sustainable fisheries management 

and the reduction of local stressors to enhance the resilience of coral reef ecosystems in the 

Philippines in the face of ocean acidification. 

Villanoy (2017) assessed the impact of ocean acidification on the biogeochemistry of coastal 

waters surrounding coral reefs in the Philippines. The researchers collected water samples from 

reef areas and analyzed them for pH, dissolved oxygen, and nutrient concentrations. They also 

used numerical models to predict future changes in seawater chemistry. The study observed a 

decrease in seawater pH and dissolved oxygen levels in coastal areas adjacent to coral reefs. This 

could potentially affect the health of coral and other marine organisms. The study highlighted the 

importance of monitoring coastal water quality and taking measures to reduce nutrient runoff to 

mitigate the impacts of ocean acidification on coral reefs in the Philippines. 

Cabaitan (2018) sought to examine the effects of ocean acidification on the recruitment and 

settlement of coral larvae in the Philippines. The researchers conducted controlled laboratory 
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experiments in which they exposed coral larvae to different pH levels and assessed their settlement 

success on substrates. The study found that reduced pH hindered the settlement of coral larvae, 

potentially affecting the replenishment of coral populations on reefs in the Philippines.  The study 

suggested that efforts to protect and restore coral reefs in the Philippines should consider the 

potential impacts of ocean acidification on recruitment and settlement processes. 

Mamauag (2019) aimed to assess the impact of ocean acidification on the behavior and physiology 

of reef-associated fish in the Philippines. The researchers conducted field observations and 

laboratory experiments to study the response of fish species to elevated CO2 levels, focusing on 

aspects such as feeding behavior, predator-prey interactions, and sensory perception. Study found 

that ocean acidification could alter the behavior of reef fish, affecting their foraging patterns and 

predator avoidance abilities, which could have cascading effects on the structure of reef 

ecosystems. The study emphasized the importance of further research on the ecological 

consequences of altered fish behavior due to ocean acidification and suggested that conservation 

efforts in the Philippines should consider these behavioral changes. 

Manzello (2020) investigated the impact of ocean acidification on the resilience of coral reefs in 

the Philippines to bleaching events. The researchers combined field surveys of coral health with 

laboratory experiments to assess how acidified seawater affected the recovery of corals after 

bleaching events. Study found that ocean acidification slowed the recovery of corals following 

bleaching events, making them more vulnerable to recurrent bleaching and other stressors. The 

study underscored the importance of reducing local stressors and improving the overall health of 

coral reefs in the Philippines to enhance their resilience in the face of ocean acidification. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low-cost advantage as compared to field research. The study looked into already 

published studies and reports as the data was easily accessed through online journals and libraries. 

FINDINGS 

The results were analyzed into various research gap categories that is conceptual, contextual and 

methodological gaps 

Conceptual Research Gaps: While the studies conducted by Albright (2015), Fabricius (2015) 

and have significantly advanced our understanding of the impact of ocean acidification on coral 

reefs in the Philippines, there are several conceptual research gaps that warrant further 

investigation. One critical gap lies in the need to explore the interactive effects of ocean 

acidification with other environmental stressors, such as rising sea temperatures and nutrient 

pollution. Understanding how these stressors synergistically or antagonistically affect coral reef 
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ecosystems can provide more comprehensive insights into their future trajectories. Additionally, 

there is a need to delve deeper into the mechanisms by which ocean acidification influences the 

physiology and behavior of key reef organisms, including corals and fish, to elucidate the 

underlying biochemical and genetic processes involved. 

Contextual Research Gaps: In the context of the Philippines (Mamauag, 2019) where the 

vulnerability of coral reefs to ocean acidification is of significant concern, there are specific 

research gaps that pertain to local contextual factors. One such gap involves the limited assessment 

of the socioeconomic implications of ocean acidification on coastal communities in the 

Philippines. Understanding how changes in coral health and associated fisheries affect livelihoods 

and food security is essential for developing context-specific adaptation and mitigation strategies. 

Furthermore, the studies primarily focus on specific regions within the Philippines, and there is a 

need for more extensive geographical coverage to account for regional variations in environmental 

conditions and reef resilience. Exploring the unique characteristics of different Philippine reef 

systems could offer insights into site-specific management approaches. 

Geographical Research Gaps: Expanding beyond the Philippines, geographical research gaps 

emerge regarding the broader applicability of findings from these studies. While the Philippines 

serves as a valuable case study due to its rich coral reef diversity and vulnerability, research should 

be extended to include other geographical regions with varying environmental conditions and coral 

species compositions. This can help assess the generalizability of findings and provide a more 

global perspective on the impact of ocean acidification on coral reefs. Additionally, considering 

the interconnectedness of oceanic systems, transboundary research collaborations are crucial to 

understanding how ocean acidification in one region can have repercussions on neighboring 

ecosystems and beyond (Gomez, 2016) 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusion 

The impact of ocean acidification on coral reefs and marine ecosystems in the Philippines is a 

cause for significant concern. Coral reefs in the Philippines, known for their rich biodiversity and 

vital ecological services, are under increasing stress due to ocean acidification driven by the 

absorption of excess atmospheric carbon dioxide. This acidification disrupts the delicate balance 

of marine ecosystems in multiple ways. Firstly, it directly affects the calcification process of corals, 

leading to reduced growth rates and weaker coral structures. This not only undermines the 

structural integrity of reefs but also hinders their ability to provide habitat for a multitude of marine 

species. 

Furthermore, ocean acidification has ripple effects throughout the marine food web. It impacts the 

availability of carbonate ions, which are essential for the formation of calcium carbonate shells 

and skeletons by marine organisms like mollusks and some planktonic species. As these organisms 

http://www.iprjb.org/


International Journal of Natural Sciences  

ISSN: 2958-9126 (Online) 

Vol.3, Issue 2, No.5. pp. 48 - 60, 2023 

                                                                                                                 www.iprjb.org 

 

56 
 

struggle to adapt to changing conditions, it poses a threat to the entire ecosystem, as many species 

depend on them as a primary food source. Additionally, the stress of ocean acidification, coupled 

with other stressors like warming waters and pollution, weakens the resilience of coral reefs, 

making them more susceptible to diseases and bleaching events. 

In conclusion, ocean acidification is a complex and insidious threat to coral reefs and marine 

ecosystems in the Philippines. It not only directly harms corals but also disrupts the intricate web 

of life that relies on these reefs for survival. Urgent and coordinated efforts are needed, both 

globally and locally, to mitigate the root causes of ocean acidification through reducing carbon 

emissions and to enhance the resilience of these precious ecosystems through conservation and 

sustainable management practices to ensure the long-term health and vitality of Philippine coral 

reefs and the diverse marine life they support. 

Recommendations 

Theory 

To advance our understanding of the specific impacts of ocean acidification on Philippine coral 

reefs and marine ecosystems, it is crucial to establish long-term monitoring programs and increase 

research efforts. This will contribute to the development of a comprehensive theoretical framework 

that elucidates the complex interactions between ocean acidification, coral health, and ecosystem 

dynamics in the region. Develop and refine integrated ecological models that incorporate ocean 

acidification as a key factor affecting the entire marine ecosystem. Such models should consider 

the synergistic effects of ocean acidification with other stressors, such as rising sea temperatures 

and pollution, to provide a more accurate representation of future ecosystem changes. 

Practice 

Implement proactive coral reef management strategies that focus on enhancing the resilience of 

coral ecosystems. This includes the establishment of marine protected areas, coral restoration 

efforts, and the promotion of sustainable fishing practices. Practical measures can include the 

cultivation of acid-resistant coral species, which can be transplanted onto degraded reefs. Advocate 

for carbon emission reduction both nationally and internationally. Reducing greenhouse gas 

emissions is essential to slow down the rate of ocean acidification. The Philippine government 

should actively participate in global climate agreements and implement policies to reduce carbon 

emissions at the domestic level. 

Policy 

The Philippine government should integrate ocean acidification considerations into national 

environmental policies and action plans, such as the Philippine Coral Reef Protection Program. 

This includes the establishment of specific regulations aimed at reducing local stressors like 

pollution and overfishing, which can exacerbate the impacts of ocean acidification. Engage in 
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international collaborations and partnerships to access funding and resources for research, 

monitoring, and mitigation efforts. Active participation in regional and global initiatives focused 

on climate change adaptation and marine conservation can help the Philippines address the cross-

border challenges posed by ocean acidification. Implement public awareness and education 

campaigns to inform local communities, policymakers, and industries about the consequences of 

ocean acidification. This can lead to greater support for sustainable practices and policies that 

protect marine ecosystems and the livelihoods of coastal communities. 
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