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Abstract:

Ocean acidification, driven by increased atmospheric CO2
levels, poses significant threats to marine ecosystems,
affecting biodiversity, species interactions, and overall
ocean health. As CO2 is absorbed by seawater, it lowers
the pH, resulting in detrimental effects on marine life.
This study employs a comprehensive meta-analysis of
existing literature to assess the ecological consequences of
acidification on key marine organisms, such as corals and
shellfish, while also examining the broader implications
for marine food webs and fisheries. The findings reveal
that ocean acidification leads to decreased calcification
rates, altered species composition, and disrupted trophic
dynamics, which can compromise ecosystem resilience
and functionality. Furthermore, these changes may result
in economic repercussions for coastal communities reliant
on fisheries. This research underscores the urgent need
for effective mitigation strategies and informed policy
decisions to address ocean acidification. By enhancing our
understanding of these impacts, this study highlights the
critical importance of preserving marine biodiversity and
ensuring the sustainability of oceanic resources for future
generations. The results not only contribute to the scientific
discourse but also serve as a call to action for stakeholders
involved in marine conservation and climate change
mitigation efforts..
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1. Introduction

triggering a series of chemical changes. This will
further lead to a decline of pH and a reduction in car-

Ocean acidification arises from CO2 emissions of
human activities. It has been considered as a major
environmental issue in terms of marine ecosystems.
Due to the rise of CO2 concentrations, about 30% of
CO2 will be subjected to oceanic absorption, thereby

bonate concentrations. Consequently, this series of
changes will break the balance of marine ecology. In
particular, those organisms forming a skeleton struc-
ture by calcium carbonate, e.g., corals, mollusks, and
certain planktonic species, will be influenced as a re-



sult. Such changes could cause irrevocable damage to ma-
rine biodiversity, fisheries, and even the health of the en-
tire ocean. Thus, it is imperative to urgently resolve ocean
acidification, as ocean acidification is of vital significance
for human livelihoods and global food security[1,2].

In recent years, ocean acidification has influenced ma-
rine ecosystems to an extensive extent. According to
Hoegh-Guldberg, et al. [3], coral reefs are highly sensi-
tive to pH changes, and thus they are exposed to the risks
of large-scale bleaching and reduced calcification rates.
Besides, Fabry, et al. [4]also revealed that shell organ-
isms (certain planktonic species incl.) may disrupt the
marine food chain, because they are easily influenced by
the acidified environment. Furthermore, As concluded by
Doney, et al. ocean acidification could exacerbate climate
changes, bringing about more severe impacts to marine
organisms. These studies show that it is of crucial signif-
icance for recognizing and reducing the impacts of ocean
acidification on the conservation of marine ecosystems|[5].
This study aims to figure out the impacts of ocean acidifi-
cation on marine ecosystems. Thus, the project is intended
to delve into the impacts of acidification on wetland eco-
systems based on preliminary work. To this end, this proj-
ect, focusing on the process of ocean acidification as the
research object, intends to analyze the impacts of acidifi-
cation on marine ecosystems, with the chemical process of
ocean acidification as the entry point. Building upon this
foundation, the research will also examine potential re-
mediation strategies as well as future research directions.
This paper aims to deepen the insight into ocean acidifica-
tion and to lay a scientific foundation for the conservation
and sustenance of marine ecological systems.

2. Causes and Mechanisms of Ocean
Acidification

2.1 Key Drivers of Ocean Acidification

The primary driver of ocean acidification is the signifi-
cant increase in atmospheric CO2 levels, a direct result
of various human activities that have escalated over the
past century. Among these activities, the burning of fossil
fuels, including coal, oil, and natural gas, stands as the
most significant contributor. These activities release vast
amounts of CO2 into the atmosphere, contributing to the
greenhouse effect and global climate change. However,
not all of this CO2 remains in the atmosphere; approx-
imately 30% is absorbed by the oceans, a process that,
while mitigating the full impact of global warming, has
severe consequences for marine chemistry and biology
[6,7].
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Deforestation further exacerbates the situation by reduc-
ing the number of trees available to absorb CO2 through
photosynthesis. The clearing of forests, especially tropical
rainforests, not only increases the concentration of CO2
but also disrupts the natural carbon cycle, limiting the
Earth’s ability to offset emissions. Industrial processes,
such as cement production and certain chemical manu-
facturing, also contribute significantly to CO2 emissions.
These industries release CO2 as a byproduct, adding to
the overall atmospheric burden [8,9].

The cumulative effect of these activities has led to a
steady increase in atmospheric CO2 concentrations, from
pre-industrial levels of approximately 280 parts per mil-
lion (ppm) to over 400 ppm today. This increase has a
direct impact on ocean chemistry, driving the process of
acidification. In addition to these primary sources, land-
use changes, agricultural practices, and urbanization con-
tribute to the increased CO2 levels, further accelerating
ocean acidification.

2.2 Chemical Mechanisms of Acidification

The absorption of CO2 by seawater triggers a complex se-
ries of chemical reactions that lead to ocean acidification.
When CO2 dissolves in the ocean, it reacts with water
(H20) to form carbonic acid (H2CO3). This weak acid
dissociates into hydrogen ions (H+) and bicarbonate ions
(HCO3-). The rise in hydrogen ions is significant as it di-
rectly lowers the seawater pH, increasing its acidity [10].
As hydrogen ion concentration rises, the availability of
carbonate ions (CO3"2-) decreases because some hydro-
gen ions react with carbonate to produce more bicarbon-
ate. This decline in carbonate ions is particularly concern-
ing for marine organisms, such as corals, mollusks, and
certain plankton species, that depend on calcium carbon-
ate (CaCO3) for building their shells and skeletons.

The decrease in carbonate ions means that these organ-
isms must expend more energy to maintain their calcium
carbonate structures, leading to slower growth rates and
weaker skeletal formations. In severe cases, the ocean’s
acidity can reach levels that cause the dissolution of exist-
ing calcium carbonate structures, leading to the degrada-
tion of coral reefs and the shells of marine organisms.

The chemical mechanisms of ocean acidification also have
broader implications for the ocean’s buffering capacity.
The ocean’s natural ability to neutralize acids, primarily
through the dissolution of calcium carbonate minerals, is
diminished as carbonate ion concentrations decline. This
reduced buffering capacity means that the ocean becomes
more susceptible to further acidification as CO2 levels
continue to rise.

Moreover, the process of ocean acidification is not uni-
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form across the globe. Variations in temperature, salinity,
and ocean circulation patterns cause regional differences
in the extent and rate of acidification. Polar regions, for
instance, are experiencing more rapid acidification due to
the colder waters’ greater capacity to absorb CO2. These
regional differences underscore the complexity of ocean
acidification and the challenges it poses for marine life
and ecosystems globally.

3. Impact of Ocean Acidification on
Ecosystems

3.1 Impact on Coral Reef Ecosystems

Coral reefs, often called the “rainforests of the sea,” are
some of the most diverse ecosystems on the planet. How-
ever, they face significant threats from ocean acidification,
which endangers their survival. The reduction in car-
bonate ion concentration, resulting from increased CO2
absorption by the ocean, severely affects corals’ ability to
form their calcium carbonate skeletons. This essential pro-
cess, known as calcification, is crucial for the growth and
structural stability of coral reefs.

As carbonate ion availability diminishes, corals must ex-
pend more energy to build and maintain their skeletons,
resulting in slower growth rates. This reduced calcifica-
tion makes coral structures more fragile and susceptible to
physical damage from storms, waves, and human activi-
ties such as fishing and tourism. The weakened structural
integrity also means that coral reefs are less able to pro-
vide the necessary habitat for the myriad of species that
rely on them.

The impact on coral reefs extends far beyond the corals
themselves. Coral reefs support a vast array of marine
life, including fish, crustaceans, mollusks, and numerous
other species. These organisms depend on the complex,
three-dimensional structure of coral reefs for shelter,
breeding grounds, and food sources. As the health of coral
reefs declines due to ocean acidification, the species that
depend on them are also at risk.

For instance, fish species that rely on coral reefs for shel-
ter and spawning grounds may face population declines
as their habitats deteriorate. This can lead to reduced fish
stocks, impacting not only marine biodiversity but also
human communities that depend on these fish for food and
economic livelihoods. The loss of coral reefs also affects
the broader marine ecosystem, as the decline in reef-asso-
ciated species can disrupt food webs and ecological bal-
ances.

Furthermore, coral reefs provide critical ecosystem ser-
vices, such as coastal protection, by buffering shorelines

from the impacts of waves and storms. The degradation of
coral reefs due to ocean acidification compromises their
ability to perform this function, increasing the vulnerabili-
ty of coastal communities to erosion and extreme weather
events. The economic implications are significant, as
coral reefs contribute to tourism, fisheries, and the overall
health of marine ecosystems. The loss of these ecosystems
could result in economic losses that disproportionately af-
fect developing countries and small island nations, where
coral reefs are integral to local economies.

3.2 Impact on Marine Biodiversity

Ocean acidification presents a significant threat to marine
biodiversity, especially for species dependent on calci-
um carbonate for their shells and skeletons. Mollusks,
including oysters, clams, and snails, along with echino-
derms like sea urchins and specific plankton species, are
particularly at risk due to shifts in ocean chemistry. These
organisms are vital to marine food webs and ecosystems,
and their decline can lead to widespread consequences
throughout the marine environment.As ocean acidity in-
creases, the reduced availability of carbonate ions makes
it more difficult for these organisms to form and maintain
their shells and exoskeletons. For example, pteropods, of-
ten called “sea butterflies,” are small planktonic mollusks
that serve as a critical food source for a variety of marine
species, including fish and whales. Studies have shown
that in more acidic conditions, pteropods experience shell
dissolution and reduced survival rates, which could lead
to a decline in their populations. This decline would have
far-reaching implications for the species that depend on
them, potentially disrupting entire food chains.

The impact on calcifying organisms is just one aspect of
the broader threat to marine biodiversity. Ocean acidifica-
tion can also affect non-calcifying organisms by altering
their behavior, physiology, and reproductive success. For
instance, some fish species have shown altered sensory ca-
pabilities and behavior in more acidic conditions, making
them less able to detect predators or find suitable habitats.
These changes can reduce their chances of survival and
reproduction, leading to population declines.

Additionally, ocean acidification can lead to shifts in spe-
cies composition within marine ecosystems. Species that
are more resilient to acidic conditions may outcompete
those that are more vulnerable, leading to changes in com-
munity structure and biodiversity. For example, seagrass-
es, which can absorb CO2 and potentially thrive in more
acidic environments, might expand their range, while
coral reefs and their associated species decline. While this
might benefit seagrass-dominated ecosystems, it could
result in the loss of biodiversity and ecosystem services



provided by coral reefs.

The reduction in biodiversity due to ocean acidification
is not just a loss of species but also a loss of genetic di-
versity, which is critical for the resilience of ecosystems
in the face of environmental changes. As species and
populations decline, the genetic pool shrinks, reducing the
ability of marine ecosystems to adapt to further changes,
such as warming temperatures and pollution. This loss of
resilience makes marine ecosystems more susceptible to
additional stressors and increases the risk of ecosystem
collapse.

The consequences of reduced marine biodiversity extend
beyond the ocean. Human societies rely on the services
provided by healthy marine ecosystems, including food,
medicine, and climate regulation. The loss of biodiversity
due to ocean acidification could therefore have profound
implications for global food security, economic stability,
and human health.

3.3 Impact on Fisheries Resources

Fisheries resources, a critical component of global food
security and economic stability, are increasingly at risk
due to the cascading effects of ocean acidification on
marine food webs. The health and abundance of many
commercially important fish species are closely tied to
the availability of their primary food sources, which in-
clude shellfish and various types of plankton. As ocean
acidification progresses, these foundational organisms are
among the first to suffer, leading to a chain reaction that
threatens entire fisheries and the communities that rely on
them.

Shellfish like oysters, clams, and mussels are especially
susceptible to ocean acidification due to their dependence
on calcium carbonate for shell formation.The decline in
carbonate ion concentration in acidified waters makes it
more difficult for these organisms to maintain their shells,
leading to slower growth, weaker shells, and increased
mortality rates. This not only affects the shellfish popula-
tions themselves but also has broader implications for the
species that depend on them, including many fish species
that are integral to commercial fisheries. For example,
juvenile fish often rely on shellfish beds as habitats that
provide protection and abundant food sources. As shellfish
populations decline, these habitats may become less via-
ble, leading to lower survival rates for young fish.
Plankton, especially those that produce calcium carbonate
shells, such as pteropods and foraminifera, are another
critical group impacted by ocean acidification. These mi-
croscopic organisms form the base of the marine food web
and are essential to the diet of many fish species, includ-
ing commercially important ones like herring, mackerel,
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and salmon. The decrease in plankton populations due to
acidification can lead to reduced food availability for these
fish, affecting their growth, reproduction, and survival
rates. This decline can translate into smaller fish popula-
tions, lower catches, and ultimately, significant economic
losses for fisheries.

The economic implications of these changes are profound.
Coastal communities, particularly in developing countries,
are highly dependent on fisheries for both food and in-
come. As fish stocks dwindle, these communities may face
severe food shortages and economic hardship. In addition,
the global seafood industry, which contributes significant-
ly to the economy in many regions, may see declines in
productivity and profitability, leading to job losses and
higher prices for consumers. The reduction in fishery re-
sources due to ocean acidification not only threatens local
economies but also poses a risk to global food security,
as seafood is a major protein source for billions of people
worldwide.

Moreover, the impacts of ocean acidification on fisher-
ies are likely to exacerbate existing challenges, such as
overfishing and habitat destruction. As fish populations
decline, there may be increased pressure to overexploit
remaining stocks, further threatening the sustainability of
marine ecosystems. In the long term, this could lead to the
collapse of certain fisheries, with devastating consequenc-
es for both marine biodiversity and human livelihoods.

3.4 Impact on Marine Food Webs

Marine food webs are intricate networks of interactions
among various species, from the smallest plankton to the
largest predators, and ocean acidification has the potential
to disrupt these delicate balances at multiple levels. The
base of the marine food web consists primarily of phyto-
plankton and zooplankton, which are essential food sourc-
es for a wide range of marine species. These organisms
are particularly susceptible to changes in pH levels, and as
ocean acidification progresses, their populations are at risk
of decline, with far-reaching consequences for the entire
marine ecosystem.

Phytoplankton, which perform photosynthesis and form
the primary production base of the ocean, may experience
changes in their growth rates and species composition
due to acidification. Some species of phytoplankton may
thrive in more acidic conditions, while others may decline,
leading to shifts in the overall community structure. These
changes can affect the availability and nutritional quality
of food for zooplankton, which feed on phytoplankton. As
the balance of phytoplankton species shifts, the entire ma-
rine food web can be affected, with potential implications
for all species that rely on these primary producers.
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Zooplankton, including species such as copepods and krill,
are key intermediaries in the marine food web, linking the
primary producers (phytoplankton) to higher trophic lev-
els, including fish, marine mammals, and seabirds. Many
zooplankton species, particularly those that form calcium
carbonate shells, are vulnerable to ocean acidification. As
their populations decline, the availability of food for spe-
cies at higher trophic levels diminishes. For example, krill
are a primary food source for many fish species, as well
as for larger predators like whales and penguins. A decline
in krill populations due to ocean acidification could lead
to a reduction in these predator species, with ripple effects
throughout the food web.

The disruption of marine food webs due to ocean acid-
ification can have particularly severe consequences for
species that are key to human food supplies. Many fish
species that are critical for commercial and subsistence
fisheries rely on zooplankton as a major food source. As
the availability of zooplankton decreases, fish popula-
tions may decline, leading to reduced fishery yields and
economic impacts. Additionally, the reduction in fish
populations can disrupt the balance of marine ecosystems,
potentially leading to the collapse of certain food webs.
Higher trophic levels, including top predators such as
sharks, tuna, and marine mammals, are also affected by
changes in the food web caused by ocean acidification.
These species may struggle to find sufficient prey if the
populations of their prey species decline. In turn, this can
lead to changes in predator behavior, such as shifts in
hunting strategies or migration patterns, and can even re-
sult in population declines or local extinctions. The loss of
top predators can further destabilize marine ecosystems,
leading to unchecked growth of certain species and the
decline of others, ultimately reducing biodiversity and al-
tering ecosystem dynamics.

The impact of ocean acidification on marine food webs
is complex and multifaceted, with the potential to cause
widespread disruption to marine ecosystems. These
changes not only threaten the biodiversity of the oceans
but also have significant implications for human societies
that depend on healthy and productive marine ecosystems.
To mitigate these impacts, it is essential to reduce global
CO2 emissions, protect and restore marine habitats, and
develop strategies to enhance the resilience of marine spe-
cies and ecosystems in the face of ongoing acidification.

4. 4Strategies to Mitigate Ocean Acidi-
fication

4.1 International and National Policy Respons-

€S

Addressing ocean acidification requires coordinated glob-
al action, as the root cause—rising atmospheric CO2 lev-
els—transcends national borders. One of the most critical
international efforts in this regard is the Paris Agreement,
which aims to limit global temperature rise to well below
2°C above pre-industrial levels, with efforts to limit the
increase to 1.5°C. By curbing greenhouse gas emissions,
the Paris Agreement plays a crucial role in mitigating the
root cause of ocean acidification.

However, international agreements like the Paris Agree-
ment must be complemented by robust national policies
that address CO2 emissions directly. National govern-
ments have the responsibility to implement regulations
that reduce emissions from key sectors, such as energy,
transportation, and industry. These regulations can in-
clude setting emission reduction targets, mandating the
use of cleaner technologies, and enforcing penalties for
non-compliance. Additionally, national policies should in-
centivize the adoption of renewable energy sources, such
as solar, wind, and hydropower, which do not contribute
to CO2 emissions and thus help to mitigate ocean acidifi-
cation.

Carbon pricing mechanisms, including carbon taxes and
cap-and-trade systems, play a crucial role in lowering
emissions. By putting a price on CO2 emissions, these
strategies motivate businesses and individuals to decrease
their carbon footprint. The funds raised from carbon pric-
ing can be redirected into renewable energy projects, re-
search and development of low-carbon technologies, and
efforts to protect and restore marine ecosystems.
Moreover, national governments should work together
to establish and strengthen international cooperation on
ocean acidification. This includes sharing scientific re-
search, monitoring data, and best practices for mitigation
and adaptation. Collaborative efforts, such as the Inter-
national Alliance to Combat Ocean Acidification, bring
together governments, NGOs, and the private sector to co-
ordinate actions and advocate for stronger climate policies
that address ocean acidification.

4.2 Technological and Engineering Solutions

Innovative technologies and engineering approaches are
essential for addressing ocean acidification and safeguard-
ing marine ecosystems. A notable advancement is carbon
capture and storage (CCS), which captures CO2 emissions
from power plants and industrial facilities and stores them
in underground geological formations. By stopping CO2
from reaching the atmosphere, CCS can considerably de-
crease the volume of CO2 absorbed by oceans, thus help-
ing to alleviate the effects of ocean acidification.



In addition to CCS, the development of marine protected
areas (MPAs) is a key strategy for preserving vulnerable
ecosystems from the impacts of acidification. MPAs can
provide refuge for marine species that are particularly
sensitive to changes in pH levels, allowing them to thrive
in a protected environment. These areas can also serve
as research sites where scientists can study the effects of
acidification and test mitigation strategies in a controlled
setting. The establishment and expansion of MPAs are
crucial for maintaining biodiversity and ecosystem resil-
ience in the face of ocean acidification.

Another emerging area of research is ocean alkalinity
enhancement, a technique that involves adding alkaline
substances, such as crushed limestone or olivine, to sea-
water to increase its buffering capacity. By enhancing the
ocean’s natural ability to neutralize acids, this method
could help to counteract the effects of acidification. Al-
though still in the experimental stage, ocean alkalinity
enhancement shows promise as a long-term solution for
mitigating ocean acidification on a large scale.
Furthermore, the restoration of marine habitats, such as
seagrass meadows and mangrove forests, can also con-
tribute to mitigating ocean acidification. These habitats
act as carbon sinks, absorbing CO2 from the atmosphere
and storing it in biomass and sediments. Restoring and
protecting these ecosystems not only helps to sequester
carbon but also enhances the resilience of marine environ-
ments to acidification.

4.3 Public Education and Engagement

Public awareness and education are essential for driving
action against ocean acidification. A well-informed public
is more likely to support and engage in efforts to reduce
CO2 emissions and protect marine ecosystems. Educa-
tional campaigns should aim to increase understanding of
ocean acidification, its causes, and its impacts on marine
life and human communities.

These campaigns can take many forms, from school cur-
ricula and public lectures to social media campaigns and
community workshops. By integrating ocean acidifica-
tion into educational programs at all levels, students can
learn about the science behind the phenomenon and the
importance of reducing carbon emissions. Public lectures
and workshops can provide opportunities for community
members to engage with experts, ask questions, and learn
how they can contribute to mitigation efforts.

Behavioral change is another critical aspect of public en-
gagement. By promoting sustainable practices, such as re-
ducing energy consumption, supporting renewable energy,
and minimizing waste, individuals can reduce their carbon
footprint and help mitigate ocean acidification. Public
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campaigns can encourage these behaviors by highlighting
the connections between individual actions and broader
environmental impacts.

In addition to education and behavioral change, public
engagement should also focus on advocacy and policy
support. By mobilizing public opinion, stakeholders can
put pressure on policymakers to implement and enforce
regulations that reduce CO2 emissions and protect marine
ecosystems. Grassroots movements, petitions, and public
demonstrations can all play a role in advocating for stron-
ger climate action and the preservation of our oceans.
Moreover, engaging the private sector in efforts to miti-
gate ocean acidification is essential. Businesses, partic-
ularly those in industries such as fishing, tourism, and
shipping, have a vested interest in maintaining healthy
oceans. By working with companies to adopt sustainable
practices and reduce their environmental impact, public
engagement initiatives can help to create a more resilient
and sustainable economy.

In conclusion, addressing ocean acidification requires a
comprehensive strategy that includes international and
national policy responses, technological and engineer-
ing solutions, and public education and engagement. By
working together, governments, businesses, scientists, and
the public can mitigate the impacts of ocean acidification
and ensure the health and sustainability of marine ecosys-
tems for future generations.

5. Conclusion

Therefore, this project is designed to, focusing on the
coastal ecosystems of our country as the research object,
systematically study the impacts of ocean acidification on
marine ecosystems using a combination of field surveys
and laboratory simulations. The launch of this project is
anticipated to enhance our in-depth understanding of the
impacts of ocean acidification on marine ecological sys-
tems, aiming to make an overall review of the existing lit-
erature and to analyze the biological and ecological effects
of the ocean acidification process.

This project is poised to elucidate several critical func-
tions within the process of ocean acidification. Initially,
coral reefs, which are highly prone to harm, are affected
by acidification that leads to reduced rates of calcifica-
tion and increased susceptibility to bleaching, potentially
leading to the breakdown of these ecosystems. Moreover,
marine ecosystems, particularly those organisms that
depend upon calcium carbonate as their main raw mate-
rial, are exposed to significant risks. This disruption may
be transmitted through the food chain to carnivores and
other organisms. Furthermore, the research also suggests
that fishery resources, vital for global food security, may
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undergo a reduction. As marine chemical conditions alter,
the adaptive capacity of key species to the marine chemi-
cal environment is increasingly weakened, thereby posing
a threat to the stability of the marine food chain and ex-
erting far-reaching influences on both the ecology and the
economy.

Despite these findings, the enduring effects of ocean acid-
ification remain uncertain due to global warming, over-
fishing, and other stress factors. The emphasis of future
research should be directed towards identifying adaptive
strategies within marine ecosystems and assessing the
effects of proposed emission reduction measures. The ex-
ecution of this project is expected to lay a scientific foun-
dation for the global understanding of ocean acidification
and the development of marine ecosystem conservation
policies in China. As the work of ocean acidification
forges ahead, it is imperative to make proactive efforts to
preserve the health and sustainable growth of our marine
domains.
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