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Abstract

2FHDQ DFLGL;FDILRQ SULPDU\ GULYHQ EN LQFUHDVHG DIPRVSKHUF FDUERQ GLR[IGH &2  (HYHV SRVHV D VLIQL;FDQI
IIKUHDI IR PDULQH HFRVAVIHPV DQG ELRGLYHUWIN $V &2 LV DEVRUEHG E\ VHDZDIHU Ui XQGHUJRHV D VHULHV Rl FKHPLFD)
UHDFILRQV (HDGLQJ IR D GHFUHDVH LQ S+ DQG DWHULQJ WKH FDUERQDIH FKHPLVIU\ RI IKH RFHDQV 7KLV SKHQRPHQRQ LV
H[DFHUEDIHG E\ FILPDIH FKDQJH ZKIFK LQIHQVL HV IKH VIUHVV RQ PDUQH RUJDQLVPV SDUILFXIDUN IKRVH ZUIK FDIFLXP
FDUERQDIH VIUXFIXUHV VXFK DV FRUDIV PRIXVNV DQG FHUIDLQ SIDQNIRQ VSHFIHV 7KH H HFIV RI RFHDQ DFLGL¢, FDILRQ LQFIXGH
UHGXFHG FDIFL; FDILRQ UDIHV DOfHUHG SUHGDIRU SUH\ G\QDPLFV DQG GLVUXSIHG IRRG ZHEV (HDGLQJ IR FDVFDGLQJ LPSDFIV
RQ ¢VKHUHV DQG PDUQH EIRGLYHUWUN ORUHRYHU KH LQIHUDFILRQ EHIZHHQ RFHDQ DFLGL: FDILRQ DQG RIKHU FILPDIH UHIDIHG
VIUHVVRUV VXFK DV IHP SHUDIXUH LQFUHDVHY DQG GHR\JHQDILRQ IXUIKHU FRPSILFDIHV IKH UHVLILHQFH RI PDULQH RUJDQLVPYV
8QGHWIDQGLQJ IKH LQILFDIH UHIDILRQVKLS EHIZHHQ FILPDIH FKDQJH DQG RFHDQ DFLGL;FDIRQ LV FUXFLDI IRU GHYHIRSIQJ
H HFILYH PULIDILRQ DQG DGDSIDILRQ VIUDIHILHV IR SURIHFI PDULQH HFRVAVIHPV DQG WKH VHUYLFHV IKH\ SURYLGH 7KLV UHYIHZ
H[DPLQHV IKH PHFKDQLYPV XQGHU\LQJ RFHDQ DFLGL¢, FDILRQ LIV HFRIRJILFD) FRQVHTXHQFHY DQG IKH LPSILFDILRQV IRU PDULQH

UHVRXUFH PDQDJIHPHQV LQ IKH IDFH RI RQJRLQJ FILPDIH FKDQJH
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Introduction

e oceans, which cover over 70% of the Earth's surface, play a
crucial role in regulating global climate and supporting a diverse range
of ecosystems. One of the most signi cant changes currently a ecting
these vital bodies of water is ocean acidi cation, a direct consequence
of increased atmospheric carbon dioxide (CO2) levels due to human
activities, such as fossil fuel combustion and deforestation [1]. AsCO2 is
absorbed by seawater, it undergoes a series of chemical transformations
that lead to a decrease in pH, thus altering the carbonate chemistry
of the ocean. s process not only threatens marine life but also has
profound implications for global biogeochemical cycles.

Climate change exacerbates the e ects of ocean acidi cation by
raising sea temperatures and altering circulation patterns, which
further disrupts the delicate balance of marine ecosystems [2]. e
synergistic e ects of these stressors pose a substantial risk to calcifying
organisms, such as corals, mollusks, and certain phytoplankton, which
rely on carbonate ions to build their calcium carbonate structures.
As the availability of carbonate ions declines with lower pH, these
organisms face increased challenges to growth and survival, leading to
potential shi s in species distributions and community dynamics.

e implications of ocean acidi cation extend beyond individual
species; they threaten the integrity of entire marine ecosystems and
the services they provide to humanity, including sheries, coastal
protection, and carbon sequestration [3]. Understanding the complex
interplay between climate change and ocean acidi cation is essential
for developing e ective management strategies aimed at mitigating
their impacts. is introduction sets the stage for a comprehensive
exploration of the mechanisms driving ocean acidi cation, itsecological
consequences, and the urgent need for coordinated global responses to
protect marine environments in the face of climate change [4].

Discussion

Ocean acidi cation represents one of the most pressing challenges
to marine ecosystems in the context of climate change, driven
primarily by increased atmospheric CO2 emissions. As the ocean

absorbs this excess CO2, the resulting chemical reactions decrease the
pH of seawater, leading to an array of ecological consequences that
threaten biodiversity and the functionality of marine habitats [5]. e
implications of ocean acidi cation are particularly severe for calcifying
organisms, such as corals, mollusks, and some species of plankton,
which struggle to maintain their calcium carbonate structures in
increasingly acidic conditions.

One of the most alarming aspects of ocean acidi cation is its
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Given the complex and interconnected nature of these processes,
it is essential for marine researchers and policymakers to adopt an
integrated approach to understanding and mitigating the impacts
of ocean acidi cation. Future research should prioritize long-term
monitoring and modeling of acidi cation e ects in conjunction with
other climate stressors to better predict changes in marine biodiversity
and ecosystem services [9]. Additionally, e ective management
strategies must involve collaborative e ortsat local, national, and global
levels, focusing on reducing CO2 emissions while promoting resilient
marine ecosystems through conservation and restoration initiatives.

In conclusion, addressing ocean acidi cation requires urgent action

emissions and fostering the resilience of marine ecosystems through
targeted conservation and restoration initiatives.

In summary, the role of climate change in ocean acidi cation
is profound and multifaceted, necessitating urgent action and
collaborative approaches to safeguard marine biodiversity and ensure
the sustainability of the ocean's resources. Addressing this challenge
is not only essential for the health of marine ecosystems but also
for the well-being of communities that rely on them, underscoring
the importance of stewardship in preserving the ocean for future
generations.
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