
A A R A T I  K R I S H N A    

A
S the world grapples with 
the visible impacts of cli-
mate change — melting gla-
ciers, rising sea levels, and 
extreme weather — an 
equally urgent, but less vis-
ible threat is unfolding be-

neath the ocean’s surface. Ocean 
acidification, often referred to as the 
“evil twin” of  global warming, is a 
chemical shift in the seas driven by 
the same carbon emissions altering 
climate. It is quietly, but profoundly 
changing marine ecosystems, threat-
ening food security, economies, and 
biodiversity. Unlike many environ-
mental crises that are localised, 
ocean acidification is global, affect-
ing every corner of  the world’s 
oceans and touching countless lives.

The root cause of ocean acidifica-
tion is excess atmospheric carbon 
dioxide. When fossil fuels like coal, 
oil, and natural gas are burned, CO2 
is released into the atmosphere, 30% 
of  which is absorbed by the ocean. 
While this might seem like a natural 
climate buffer, it comes with a hid-
den cost.

Once in seawater, CO2 reacts to 
form carbonic acid. This acid disso-
ciates, releasing hydrogen ions and 
lowering the pH of  the ocean. The re-
sulting increase in acidity depletes 
carbonate ions — an essential build-
ing block for organisms that rely on 
calcium carbonate to form shells and 
skeletons. As pH levels drop, these 
organisms face increasing difficulty 
in maintaining their structures, 
weakening the very foundation of  
marine food chains.

Vulnerable marine life
The consequences of  ocean acidifica-
tion are already visible in many 
coastal regions. In the Pacific North-
west of  the United States, oyster 
hatcheries have experienced mass 
die-offs due to acidic seawater pre-
venting larvae from forming shells. 
Clams, mussels, and corals, creatures 
that form the structural backbone of  
marine ecosystems, are suffering 
similar fates.

Coral reefs, already under siege 
from warming waters and pollution, 
are particularly at risk. Acidification 
hampers their ability to produce cal-
cium carbonate, making it difficult 
for reefs to grow and recover. Some 
projections warn that, by the end of  
the century, coral reefs could erode 
faster than they are able to rebuild, 
potentially collapsing ecosystems 
that support a quarter of  all marine 
species.

Tiny pelagic snails known as pter-

opods, also called ‘sea butterflies’, 
are also dissolving in more acidic po-
lar waters. Though small, these crea-
tures play a crucial role in the ma-
rine food web, sustaining fish, 
seabirds, and even whales. Recent 
studies have also shown that acidi-
fied waters can impair fish behav-
iour, affecting navigation, predator 
avoidance, and even reproductive 
success.

India’s coastal warning signs
With over 7,500 km of  coastline, India 
sits at the frontline of  this crisis. 
From the coral-rich Lakshadweep is-
lands to the biodiversity hotspots of  
the Sundarbans, early signs of  acidi-
fication are already being observed.

In Lakshadweep, researchers have 
documented coral bleaching events 
not solely linked to rising tempera-
tures, but also to decreasing pH lev-
els. “We’ve seen a steady drop in reef  
calcification,” says Dr Dinesh Kumar 
of  the National Centre for Coastal 
Research (NCCR), adding, “The cor-
als are not just bleaching — they’re 
struggling to maintain their skeletal 
structure.”

This chemical stress has implica-
tions beyond biodiversity. In coastal 
states like Kerala, Tamil Nadu, and 
West Bengal, millions depend on fish-
eries and aquaculture for livelihood 
and nutrition. Shellfish, such as oys-
ters and mussels, are particularly 
vulnerable to declining 
carbonate availability. A 
collapse in their popula-
tions would have both 
economic and nutritional 
consequences.

Ocean acidification is 
not just an environmental 
issue; it is a socio-econom-
ic and cultural one as well. 
Across the globe, coral 
reef  tourism generates an 
estimated $36 billion annu-
ally. In India, coastal communities 
rely heavily on the ocean, 
not only for food and 
income but as an 
integral part 
of  cultural 
heritage and 
identity.

As ecosystems shift, tradi-
tional knowledge and cultural prac-
tices rooted in a stable marine envi-
ronment are being challenged. 
Indigenous and fishing communi-
ties, already vulnerable to economic 
shifts, are often the first to feel the 
impacts of  environmental decline, 
yet the last to receive support.

Monitoring and mitigation
Globally, efforts are under way to 
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Ocean acidification is largely caused 
by humans, calling for urgent steps of 
mitigation 
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monitor ocean acidification. The 
Global Ocean Acidification Observ-
ing Network (GOA-ON) coordinates 
measurements using satellites, bu-
oys, and research vessels to build a 
clearer picture of  acidification pat-
terns and trends.

In India, agencies like the Indian 
National Centre for Ocean Informa-
tion Services (INCOIS) and the Na-
tional Institute of  Oceanography 
are tracking pH levels in the Ara-
bian Sea and the Bay of  Bengal. 
Their research is critical in identi-
fying high-risk zones and inform-
ing policy responses.

Local adaptation strategies are 
also emerging. In Kerala and Odis-
ha, for instance, hatcheries are ex-
perimenting with lime-buffering 
techniques to raise water pH for 
shellfish breeding. Community-led 
projects are restoring mangroves 
and seagrass beds — ‘blue carbon’ 
ecosystems that not only absorb 
CO2 but also help buffer acidity and 
protect coastlines from erosion.

At the core of  addressing ocean 
acidification lies the need to reduce 
atmospheric CO2, which means ac-
celerating the transition to renew-
able energy, improving energy effi-
ciency, and halting deforestation. 
While global decarbonisation is es-
sential, regional and local solutions 
also have a role.

One emerging approach is ocean 
alkalinity enhancement, where al-
kaline minerals are added to seawa-
ter to counteract acidification. Oth-
ers include selective breeding of  
more resilient coral and shellfish 
species, and expanding marine pro-
tected areas to give ecosystems a 
chance to recover.

Restoring blue carbon ecosys-
tems — mangroves, seagrasses, and 
salt marshes — is especially prom-
ising. These habitats not only cap-
ture large amounts of  carbon, but 
also act as nurseries for fish and 
natural buffers against acidic 
conditions.

If  global CO2 emissions continue 
at their current rate, the ocean’s 
surface pH could fall from a pre-

industrial average of  8.2 to 
around 7.7 by 2100. Though 

this drop may seem small, 
the pH scale is logarithmic 
— a decline of  0.5 repre-
sents a 150% increase in 
acidity. This would se-
verely impair marine 
life, diminish seafood 
availability, and reduce 
the ocean’s capacity to 

absorb future CO2 
emissions.

A 2023 study by 
the National Insti-
tute of  Oceanogra-

phy warns that the Bay of  
Bengal could become un-

dersaturated with aragonite 
— a form of  calcium carbonate 

essential for shell-building — by the 
2040s. Such “corrosive zones” would 
be inhospitable to many forms of  
marine life, particularly those cru-
cial to fisheries and coral ecosys-
tems. Worse still, acidification acts 
as a feedback loop: as the ocean’s 
ability to absorb CO2 diminishes, 
more CO2 remains in the atmos-
p h e re,  a c c e l e r at i n g  g l o b a l 
warming.


