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Our use of fossil fuels, deforestation and land use 

changes are wreaking havoc on the oceans. Besides 

causing global climate change, which could cause 

catastrophic impacts around the world, the release 

of carbon dioxide from these activities is also leading 

to ocean acidification. The oceans ultimately absorb 

most carbon dioxide from the atmosphere, and thus 

play a critical role in regulating climate. They also 

help to mitigate human caused climate change. But 

the unprecedented amount of carbon dioxide being 

created by human activity has surpassed what  

the oceans can healthfully absorb, changing ocean 

chemistry and making them more acidic.1 

Acidity is measured on a pH scale, where lower pH 
indicates more acidic water. Ocean pH has dropped 
by thirty percent globally during the last two hundred 
years.2 Even though the drop in pH appears small 
(from 8.2 to 8.1),3 the pH scale is logarithmic, meaning 
that this change is large enough that it may already be 
beginning to affect some of the oceans most beloved and 
biologically important residents, including corals.4 

The changing acidity of the oceans threatens to throw 
off the delicate chemical balance upon which marine 
life depends for survival. The scant attention this issue 
has received has focused primarily on corals, which are 
threatened with extinction within this century unless we 
change course. Corals are the framework builders of 
reefs, by far the most diverse ecosystems of our oceans. 
However, the effects of acidification are not going to stop 
with reefs, like dominoes, the impacts are going to be  
far-reaching throughout the oceans.  

The increased acidity in the oceans is expected to lead 
to a shortage of carbonate, a key building block that 
some animals (and plants) need to build their shells 
and skeletons. Besides corals, other animals that use 
carbonate to build and strengthen their shells (called 
calcifiers) may also suffer. These animals include 
shellfish like clams, oysters, crabs, and lobsters. 

INTRODUCTION
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But the problem is not just about carbonate. Marine life 
ranging from the smallest plankton to the largest whale 
may be affected by ocean acidification, with direct and 
indirect impacts. Direct effects on the physiology of 
animals and plants may result from a lack of available 
carbonate needed to build and strengthen shells and 
skeletons. Within this century, increasing acidity may 
reduce the ability of certain fish to breathe, and increase 
the growth rates of some sea stars. In addition, it is likely 
to inhibit some fish from smelling cues that direct them 
to suitable habitat or away from predators, and divert 
energy away from important survival tasks of many 
species. Indirect effects may occur due to loss of habitat, 
changes in food availability or the abundance of predator 
populations. These direct and indirect impacts could all 
result in animals becoming less fit to survive which could 
lead to population level consequences and ripple effects 
throughout marine ecosystems. 

pH is important to all living things and changes in 
internal pH can compromise an animal’s health or even 
kill it. Marine plants and animals must maintain their 
internal pH relative to that of the surrounding seawater. 
Some have complex systems that regulate internal pH, 
preventing it from becoming dangerously acidic or basic. 
Other species without these systems are more heavily 
influenced by their surrounding environment and can be 
quickly threatened by changes in acidity. 

Some marine species, such as fish, were once 
considered immune to the effects of ocean acidification 
because of their complex buffering capabilities. However, 
research is showing that even some marine fishes are 
likely to become overwhelmed by rising ocean acidity. If 
we allow ocean acidification to continue unabated we risk 
having the oceans become far less vibrant and dynamic. 
The future oceans under more acidic conditions will not 
be like the oceans of today.

It is clear that ocean acidification poses a serious threat 
to marine life and to the ocean-derived goods and 
services that we depend on. The only way to prevent 
these potentially catastrophic changes from taking place, 
including large losses of coral reefs and the animals 
that depend on them, is to drastically reduce our carbon 
dioxide emissions. Our actions over the next few years 
will determine how acidic the oceans will become. 
Without any changes the oceans are expected to 
become more acidic in the coming decades than at any 
time in at least the last 20 million years.5 The speed at 
which we are changing ocean acidity is unprecedented. 
This is highly concerning because most marine 
organisms living today have never adjusted to such 
rapid changes in pH.6 Luckily, this does not have to be 
the oceans’ fate. We must reduce the risk of catastrophe 
by quickly and comprehensively reducing our carbon 
dioxide emissions. 

Photo: Brandon Cole
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IMPACTS MAY ALREADY BE OCCURRING

Pacific Oyster Farms Fail

Shellfish farmers may already be feeling the devastating impacts of ocean acidification 
on their livelihood, as they have been experiencing difficulties raising oyster larvae 
since 2005. This is likely due at least in part to more acidic conditions along the U.S. 
Pacific Coast.7 These losses are reportedly having drastic consequences for the 111 
million dollar oyster industry of the West Coast.8 

Other mollusks, including mussels, scallops and clams, also appear to be extremely 
vulnerable to increasing acidity. These animals all create calcium carbonate shells to 
protect their soft bodies from predators, disease and harsh ocean conditions. Mollusks 
create their shells out of a highly soluble form of calcium carbonate. Severe declines in 
shell growth rate are likely by the end of this century.9 
 
Slower shell growth is likely to reduce the ability of mollusks to survive, which would 
have significant impacts on commercial fisheries. One study suggests that if this 
slowed growth predicted for 2100 had occurred in 2006, mollusk fisheries would have 
lost between 75-187 million dollars.10 This prediction is likely to be an underestimate 
since it does not take into account other negative impacts of rising acidity, such as 
reduced reproductive success and larval survival.

Corals Show Decreased Growth

Coral reefs are very important to many coastal communities and national economies, 
and they too have started to show signs of decline that may be due to ocean 
acidification. Some of the largest reef-building corals on the Great Barrier Reef are 
showing more than fourteen percent reductions in skeletal growth since 1990, the 
largest decrease in growth rate in the last 400 years.11 Declines in growth rate could 
result in a mass die-off of tropical coral reefs by the middle to end of this century.12,13

Some 500 million people worldwide depend on reefs for coastal protection, food and 
income.14 Economists value reefs at between 30 to 172 billion dollars per year.15 
Healthy reefs provide goods and services to society, including fisheries, coastal 
protection, tourism, education and aesthetic values. In Hawaii alone, coral reefs 
annually generate some 364 million dollars through tourism.16 If reefs collapse because 
of rising acidity, global warming and other threats, coastal communities will bear the 
brunt of these losses. Serious health consequences could ensue for the estimated 
30 million people who rely almost solely on coral reef ecosystems for protein and 
protection.17 The potential losses from a decline in coral reefs will be felt from the 
smallest coastal subsistence communities all the way up through the global economy. 

Top Photo: Elizabeth McIntyre
Bottom Photo: David Burdick
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This is not something that’s off in the future. This is not 
something for our children’s children. It’s happening now. 

– Dr. Christopher Sabine,  
   NOAA Pacific Marine Environmental Laboratory

“ ”( )

It perplexes me that we are still, as a country, and really, 
globally, denying that there is something going on. I don’t have 
the background in the natural sciences to tell you it’s one thing 
or the other. I can just say that over the last 10 years it’s clear  
to me…something’s changing. There’s no doubt in my mind.  

– Brian Sheldon, owner of Northern Oyster Co.,          
   Willapa Bay, Washington

“
”( )

Photo: David Burdick
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Coral Reefs

Coral reefs are probably home to at least a quarter of 
the entire biological diversity of the oceans, a seemingly 
limitless number of species, and serve as some of the 
most beautiful habitats in the world. Although they cover 
just over one percent of the world’s continental shelves, 
coral reefs serve as important habitat to as many as one 
to three million species, including more than twenty-five 
percent of all marine fish species.18 These millions of 
species feed, reproduce, shelter larvae and take refuge 
from predators in the vast three-dimensional framework 
offered by coral reefs.19 

By the middle of this century, if carbon dioxide 
emissions continue unabated, coral reefs could be 
eroding through natural processes faster than they can 
grow their skeletons due to the combined pressures 
of increasing acidity and global warming.20 Reefs may 
become nothing more than eroded rock platforms, greatly 
changed from the structures that so many species rely 
upon for habitat.21 Corals face severe declines and even 
extinction,22 which will in turn threaten the survival of reef 
dependent species.23,24

CORAL REEF HABITAT LOSS

These organisms [corals] are central to the formation and function of 
ecosystems and food webs, and precipitous changes in the biodiversity 
and productivity of the world’s oceans may be imminent.

– Dr. Glenn De’ath and colleagues,  
   Australian Institute of Marine Science in Townsville

“ ”( )
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Fish

As many as four thousand species of fish depend on 
coral reefs for habitat.25 Some of these fish, such as 
butterfly fish, feed exclusively on the coral itself. Other 
species of fish also depend on coral reefs as sources  
of food, shelter and nurseries. Loss of coral reef-
dependent fish can be expected as reef habitats become 
less available.26 

Extensive die-offs of coral due to bleaching events can 
serve as an example of how interrelated coral reef fish 
are with their coral habitats. After one event in Papua 
New Guinea, 75 percent of the coral reef fish species 
declined in abundance and several species even went 
extinct.27 Unfortunately, these examples give us a clue 
about what we might expect in the future as reefs begin 
to disappear due to rising ocean acidity.

Sea Turtles

Sea turtles are some of the most endangered marine 
animals and are often found resting and feeding within 
coral reefs. They like to feed on reef species such as 
sponges, mollusks, algae and soft corals.28 Declines in 
coral reefs could impact turtle feeding behaviors and 
could cause them to turn to less nutritious food sources 
or even go hungry. 

The ability for a turtle to dig a nest and successfully 
incubate eggs has also been connected to healthy coral 
reefs, as these activities are in part connected to the 
type and amount of sand on nesting beaches.29 Beach 
sand near coral reefs is most often made up of the 
skeletal remains of plants and animals that live on the 
reef, including parts of the reefs themselves. As ocean 
acidification worsens the abundance of reef species will 
likely diminish, which could result in changes to the type 
and amount of sand reaching nearby beaches. Changes 
in the make up of the sands on nesting beaches could 
negatively impact sea turtles’ ability to successfully 
produce new hatchlings and could reduce the population 
size of these already endangered species.30

Photo: Brandon Cole
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FOOD WEB DISRUPTION

Pteropods

Pteropods, abundant, tiny swimming sea snails are 
sometimes referred to as the “potato chips of the sea” 
because of their importance as a food source for so 
many species. They can reach densities of thousands 
of individuals per cubic meter,31 and are particularly 
important in the polar and sub-polar food webs and 
serve as an important part of the diets of zooplankton,32 
salmon,33 herring,34 birds35 and baleen whales.36 
Pteropods build calcium carbonate shells, a process 
that is particularly vulnerable to increasing ocean acidity. 
As early as the year 2050, pteropods may be unable to 
form these shells, threatening their ability to survive.37 If 
they cannot adapt to living in more acidic waters, their 
populations will plummet,38 which could result in ripple 
effects throughout the food webs that depend on them.

Salmon

The high-latitude seas are home to some of the most 
lucrative fisheries on the planet, fisheries that are heavily 
dependent upon pteropods and other marine calcifiers 
for food. Some areas of the Arctic Ocean are already 
experiencing corrosive conditions that within the decade 
could be more common throughout the high-latitude 
waters of both the North and South. By the end of 
this century surface waters of the Arctic and Southern 
Oceans and parts of the Northern Pacific will be 
corrosive to marine calcifiers,39 with obvious cascading 
effects for the fisheries that rely on them.

North Pacific salmon depend heavily upon pteropods for 
food. In fact, pteropods can make up 45 percent of the 
diet of juvenile pink salmon.40 The North Pacific salmon 
fisheries provided three billion dollars worth of personal 
income to fishermen and others in 2007, and supported 
35 thousand jobs in just the harvesting and processing  
of the fish.41 Other commercially important fish species 
that eat pteropods include mackerel, herring and  
cod—all of which could risk collapse if pteropod 
populations decline.42,43
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Killer Whales 

One of the most devastating impacts of rising ocean 
acidity could be the collapse of food webs. Declines 
in the smallest of species, like pteropods and other 
plankton, could reverberate throughout the oceans, 
ultimately impacting the largest marine species. The 
Chukchi and Northern Bering Seas are some of the 
richest fishing grounds in the oceans and are home to 
predators as varied as gray whales, seals, sea ducks 
and walruses that all depend on marine calcifiers for 
food.44 By the end of this century parts of these seas 
will be inhospitable to many shell-making organisms,45 
which could result in food web collapse.

For example, resident killer whales in the North Pacific 
prefer to eat salmon, in fact 96% of some killer whales 
diet is made up of salmon.46 When the base of the food 
web disappears, the effects can travel all the way to the 
top. If predators are unable to supplement their diets 
with other food sources, food webs may even collapse 
entirely. Top predators like the emblematic killer whale 
could suffer, which in turn could have further implications. 
This iconic species and important tourist attraction could be 
threatened by cascading impacts from the loss of pteropods. 

Ocean acidification really scares me, because the effects 
could hit us in our lifetime and the potential disruption to 
the marine food chain would be catastrophic.

– Dr. Bob Rheault,  
   president of the East Coast Shellfish Growers Association

“ ”( )
Background Photos: Brandon Cole

Inset Photo: NOAA
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ACIDIFICATION MAY AFFECT SHELLFISH

Sea Urchins

Sea urchins are found in various environments, from 
coral reefs to rocky coasts, and are crucial grazers in 
any environment. Sea urchins on a reef help to protect 
the reef by eating some of the algae that might otherwise 
encroach on corals and displace them from the reef.47 
Sea urchins are also the target of a lucrative fishery that 
brought in nearly six million dollars in revenue for the 
state of Maine in 2009.48

Sea urchins reproduce by releasing eggs and sperm 
directly into the surrounding seawater. Under acidified 
conditions the sperm of some sea urchins swim more 
slowly,49 which reduces their chances of finding and 
fertilizing an egg, forming an embryo and developing 
into sea urchin larvae.50,51 Even under normal conditions, 
only a small percentage of sperm are able to locate and 
fertilize the eggs. The majority of sea urchin embryos 
and larvae are eaten by fish and only a few survivors 
mature into adults. To make up for this low success rate, 
sea urchins normally release millions of eggs and sperm 
into the surrounding water. However, the more acidic 
conditions predicted for the end of this century could 
reduce the number of sperm certain species release,52 
thereby further decreasing the size of the next generation 
of sea urchins.

Sea urchins are in the category referred to as calcifiers 
since they create their skeletons, called tests, out of 
calcium carbonate. Like many other calcifiers, such as 
corals,53 pteropods,54 and oysters,55 sea urchins are likely 
to find it more difficult to build their calcium carbonate 
skeletons in an acidified ocean. Young sea urchins have 
been observed to grow slower and have thinner, smaller, 
misshapen protective shells when raised in acidified 
conditions, like those expected to exist by the year 
2100.56 Slower growth rates and deformed shells may 
leave urchins more vulnerable to predators and decrease 
their ability to survive.57 

Photo: Brandon Cole
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Lobsters

Lobsters are long-lived and are found through all the 
oceans of the world. Under more acidic conditions, their 
larvae had lighter, less dense shells, which could make 
them more susceptible to predation and less able to 
survive.58 Declines in lobster populations may also result 
from losses in food sources, such as sea urchins, which 
are also vulnerable to increased acidity. 

Lobsters and other crustaceans such as crabs 
periodically molt throughout their lives and grow new 
shells out of calcium carbonate and chitin. They use 
the calcium carbonate to harden their shells in a very 
different process than the one used by other marine 
calcifiers.59 This process of calcification is very important 
as hard exoskeletons protect lobsters, crabs and other 
crustaceans from predators and disease.60 The creation 
of a new shell requires a lot of energy—energy that is 
also needed for other functions like growing, breathing 
and reproducing. Increasing ocean acidity may drive 
some lobsters to create larger shells. The exact reason 
for this is unknown; however, it is likely to have negative 
consequences as it will almost certainly result in energy 
being diverted away from other activities that are vital  
to survival.61 

Decreased survival of lobsters and crabs due to 
increased predation and abnormal shell growth could 
have serious implications for the economies of many 
local communities. In 2008, the U.S. lobster fisheries 
alone brought in an estimated 300 million dollars.62 Crabs 
also provide an important part of the fishery for many 
coastal states, including Maryland, where half of the total 
fisheries catch is often made up of blue crabs.63

Photo: Brandon Cole
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Brittle Stars

Brittle stars play a crucial role in their environment as 
burrowers and as a food source for larger predators, 
like flatfish.64 Burrowing stirs up sediment and allows 
oxygen to mix with it, which is very important to many 
bottom dwelling species.65 Brittle stars, like sea stars, 
have a calcium carbonate skeleton made up of many 
small plates held together by skin and tissue. As their 
name implies, brittle stars are quite fragile, but this trait 
is usually to their advantage. The spindly arms of a brittle 
star break off when the animal senses danger and, under 
normal conditions, can quickly regenerate.66 However, 
this process is likely to be disrupted in the future as the 
oceans become more acidic. 

Studies have shown that brittle stars can still regenerate 
their arms under acidic conditions but do so with less 
muscle mass than usual. It appears the brittle stars are 
sacrificing building muscle in order to create the calcium 
carbonate parts of their arms.67 The brittle stars not only 
created insufficient amounts of muscle for their new 
arms to function correctly, they also devoured muscle 
from their already existing arms to provide energy 
for the now much harder process of building calcium 
carbonate. Muscle is essential for movement, finding 
food, and burrowing in sediment, which are all tasks vital 
to survival. Weakened arms could decrease the ability of 
brittle stars to survive in a more acidic ocean.68 

Increased acidity is also likely to threaten brittle star 
larvae. By the middle of this century it is likely that they 
will have difficulty developing and many, if not all, are 
expected to die after exposure to acidified conditions.69 
Thus, brittle stars appear to be very vulnerable to 
increasing ocean acidity both as adults and larvae, which 
could result in severe population declines in the future.   

Photo: Brandon Cole
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Sea Stars

Sea stars help to maintain diversity on a reef by acting 
as important predators, keeping the populations of other 
species in check. Sea stars do not have a continuous 
skeleton made up of calcium carbonate, rather they have 
hundreds of tiny calcium carbonate plates embedded 
within their tissue.70 These plates tend to make up a 
relatively small percentage of a sea star’s total body 
weight. This may explain why sea stars appear to 
respond differently to increased ocean acidity than other 
marine calcifiers that have larger, more continuous 
calcium carbonate shells and skeletons, like corals 
and oysters.71 Studies on sea stars have shown varied 
responses to increased acidity; for example, one study 
found that the purple sea star decreases calcification but 
increases its overall growth.72 This increase in growth 
rate could lead to increased feeding rates, putting more 
pressure on preferred food sources (like mussels) and 
therefore causing population declines among mussels. 
As mussel populations are likely to have already declined 
because of ocean acidification, sea stars could be forced 
to switch to other food sources or suffer population 
declines themselves if they cannot find suitable 
substitutes. Increasing growth rates among sea stars 
could cause large changes through the ecosystems that 
sea stars have traditionally kept in balance.73

Another type of sea star, the sun star, has also been 
found to increase its growth rate in acidic conditions and 
was in fact found to perform better due to positive effects 
to its metabolism, which could decrease the time it takes 
for its larvae to develop.74 The sun star is an important 
predator in its food web and influences how abundant 
many species are. Decreased larval development times 
could mean that larvae develop into juveniles earlier, but 
this new timing could be out of sync with the factors that 
the survival of juveniles are reliant upon, such as water 
temperature, food availability and lack of predators. 
Developing early could put juveniles in adverse 
conditions that prevent them from growing properly or 
surviving.75 Ecosystems’ exquisite balance is determined 
by the interconnectedness of many species relying 
upon each other’s development and abundance. Small 
changes can put these systems out of balance, and while 
changes may appear advantageous in a lab setting they 
may be harmful in the natural environment. 

Photo: Brandon Cole
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ACIDIFICATION MAY AFFECT ANIMALS WITHOUT 
SHELLS OR SKELETONS

Squid

Squid are the fastest marine invertebrates, propelling 
themselves in speedy bursts at up to 25 miles an 
hour.76 This form of high-energy jet propulsion con-
sumes large amounts of oxygen which is sent to the 
tissues through the blood. Increased ocean acidity is 
likely to inhibit a squid’s ability to transport such large 
amounts of oxygen,77 which could impede these fast 
bursts and inhibit important activities like hunting and 
avoiding predators. This would inevitably affect a 
squid’s ability to survive. While one study has sug-
gested that cuttlefish, which are similar to squid, 
show resilience to changes in metabolism from high 
levels of carbon dioxide,78 another study identified 
significant drops in metabolic rates and activity levels 
for jumbo squid.79 Clearly more research is needed 
to better understand the impacts of acidification on 
these species. 

If there were a loss of squid, or population reductions, 
this could be bad news for many of the commercial 
species that feed on it, such as king and coho  
salmon, lingcod and rockfish.80 Declines in squid 
populations would also have drastic consequences 
for squid fisheries, which are very important to 
California where they are caught and exported all 
over the world. The fishery for market squid was the 
most profitable in California in 2008, providing 25 
million dollars in revenue.81 

Clownfish

Larvae of fish that live on coral reefs hatch on the 
reef and then leave their parents and migrate to the 
open ocean where they spend the next two to three 
weeks adrift. When the larvae are ready to return to 
their home reefs they use their sense of smell and 
sound to guide them back. Under present day  
conditions, clownfish can cleverly orient themselves 
to the smell of home using the scent of sea anemo-
nes or the vegetation characteristics of a reef.82 
Unfortunately, under the more acidic conditions  
predicted for the end of this century, larvae may not 
be able to discern between the smells of a suitable 
home and a hostile environment, which could result 
in their death.83 

In addition, clownfish larvae also use their sense of 
smell to avoid predators. In carbon dioxide conditions 
expected around the end of this century, this smell-
related predator defense system is disrupted and 
most returning clownfish larvae are no longer able to 
discern between predator and non-predator cues.84 

This disruption in the sense of smell may also result  
in riskier behaviors in clown fish and damselfish. 
Increased levels of carbon dioxide have been associ-
ated with these fish being more active, swimming 
further away from shelter and not responding to 
threats such as predators.85 In studies, five to nine 
times more fish died because of their risky behavior 
than those not in acidified conditions.86 As the oceans 
become more acidic, larval clownfish could not only 
be lost at sea, but the conditions may even cause 
them to swim right into the jaws of their predators.

Photo: © OCEANAPhoto: © OCEANA/SUAREZ
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If acidification continues unabated, the impairment of sensory ability will reduce population 
sustainability of many marine species, with potentially profound consequences for marine diversity.

– Dr. Philip Munday, Australian Research Council Centre of Excellence for Coral Reef Studies“ ”)(

Damselfish

In addition to smell, some reef fish like the 
damselfish rely on hearing to find their way back 
to their home reef.87 They listen to the noises of a 
reef using otoliths, which are calcium carbonate 
structures similar to human ear bones. Using their 
otoliths, fish larvae can separate the low frequency 
sounds of breaking waves, currents, and surface 
winds of the open ocean from the high frequency 
sounds of gurgling, cracking, and snapping of a coral 
reef. Damselfish larvae use these distinct noises 
to navigate back to their home reef and away from 
the open ocean.88 Carbon dioxide concentrations 
expected around the end of this century have been 
observed to alter the normal development of otoliths 
in the larvae of an open ocean fish, white sea bass.89 
If ocean acidification also causes malformation of 
otoliths in the larvae of reef fishes, such as zebrafish 
or damselfish, the enhanced otolith growth could 
make it difficult for the fish to locate appropriate reef 
habitats and result in population declines. Larger 
than normal otoliths in damselfish have been shown 
to decrease their ability to recognize sounds and 
return to a coral reef.90 These larger otoliths may 
cause damselfish larvae to take longer to find the 
reef and even result in fewer larvae successfully 
returning to the reef at all.91 Similarly, in zebrafish 
abnormal otolith growth has been shown to create 
serious disruptions in locomotion and balance.92 

Cardinalfish 

Increased levels of carbon dioxide in sea water 
may decrease the ability of some fish to breathe. 
Cardinalfish have been found to be particularly 
vulnerable to increasingly acidic conditions. The 
ability to take up oxygen decreased by as much 
as 47 percent in one species of cardinalfish when 
exposed to carbon dioxide levels similar to those 
expected by the end of this century.93 Increasing 
amounts of carbon dioxide can cause acidification 
of the blood and tissue, which can lead to death.94 
The cardinalfish may have to divert energy towards 
mechanisms that balance their internal acidity, 
leaving less energy for other activities necessary for 
survival, such as breathing.95 The reduced ability to 
breathe will likely have wide-ranging impacts on these 
fish, including decreased ability to feed, grow and 
reproduce, which could result in adverse consequences 
for the sustainability of cardinalfish populations.   

As the acidity of the ocean increases, they are 
simultaneously getting warmer due to climate 
change. These factors, when combined, may create 
even more problems than either would create on its 
own. For example, increased temperature combined 
with the acidity levels expected by the end of this 
century proved lethal for one species of cardinalfish 
tested in the laboratory.96 These results are particularly 
concerning, especially if they are found to apply to 
other marine species, since they show that while 
individuals might be able to survive one threat, they 
are less able to endure the simultaneous threats of 
increasing temperatures and ocean acidification.

Photo: Brandon ColePhoto: © OCEANA
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ECOLOGICAL WINNERS –  
ALGAE, JELLIES AND INVASIVES MAY DOMINATE

Jellies

Jellyfish may be one of the “winners” in a more acidic ocean. It’s unclear whether 
increasing acidity is directly related to the recent increases in jellyfish prevalence,97 
but it does appear that ocean acidification does not harm jellyfish reproduction or the 
formation of their internal structures, as it does for many other forms of marine life.98 
It is likely that even if acidification is not directly responsible for their recent increased 
prevalence, it may be creating ocean conditions that are ripe for jellyfish to flourish. 

Jellyfish blooms could have disastrous impacts, especially if past disruptions from 
these creatures are replicated. Previous outbreaks have been responsible for 
decreasing commercial fish stocks due to competition and predation, as well as 
harboring various fish parasites.99 In addition, they also represent a threat to beach-
goers and can harm economies that depend on coastal tourism.100

Sea Plants

Algae and sea grasses are likely do well in an acidified ocean. These species take 
up carbon dioxide and sometimes directly compete with calcifiers. So as acidity 
increases, conditions will likely shift in their favor and they may be able to move into 
areas where they have not previously flourished.

Observations at natural carbon dioxide vents can give us a glimpse into what the 
future oceans may look like. These visions show marine communities dominated by 
green algae and sea grasses. One study of naturally occurring carbon dioxide vents 
off the coast of Italy found 30 percent lower species diversity, especially of calcifiers, 
close to the vents compared to the surrounding areas.101 Some of the calcifiers near 
the vents had weakened and dissolving shells. The areas near the vents also had 
higher levels of invasive algal species, including some that are already recognized 
as stubborn invasives in other marine systems.102 These vents may serve as an 
example of how future oceans may look after acidification sets in—our oceans may 
be dominated by algae and invasives.

There will likely be some species that are able to flourish 
in an acidified ocean, either because increased carbon 
dioxide levels benefit them directly or because their 
competitors are directly harmed by it. The only problem is 
that the species that appear to be best suited to prosper 

in high-carbon dioxide conditions are those that we 
currently see as nuisance, or weedy species. These 
species are unable to provide adequate habitat and food 
for the species that we love, and as a result the oceans 
will look very different if acidification worsens.

We’re pushing the oceans back to the dawn 
of evolution, a half-billion years ago when the 
oceans were ruled by jellyfish and bacteria.

– Dr. Jeremy Jackson, Scripps Institution of Oceanography
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We are currently conducting an uncontrolled experiment 
on our oceans, forcing marine species to live in unusual 
conditions unlike any that have existed for many millions 
of years. We do not know the full extent of this global 
experiment, but we do know that for some species the 
changes we are forcing on them will be too great and 
they will likely be pushed into extinction. 

There will be ecological winners and losers, but overall, 
marine ecosystems will change for the worse. They will 
become less vibrant and diverse, devoid of the animals 
we love and depend upon and full of those that have 
less value. Undesirable species are likely to be among 
the winners as declines in their direct competitors and 
predators will allow them to flourish. Some species 
will even increase their growth rates and abundance 
because of increasing carbon dioxide.103 The problem 
lies in that these resilient communities do not mirror a 
healthy ocean; rather, they reflect an overall decline in 
biodiversity and signify an ocean out of balance. From a 
whole ocean perspective, ocean acidification can never 
be a good thing.104,105 

The results from this global experiment are starting to 
come in, and they are confirming our worst fears—that 
rising acidity will have widespread impacts on many types 
of marine life. Results suggest that species will respond 
negatively to rising acidity by decreasing calcification and 
in other more surprising ways, including increasing shell 
growth and decreasing muscle mass. Non-calcifiers have 
also exhibited responses that will likely decrease their 
ability to survive in an acidified future.

By directly impacting many important habitat and 
food providers, increasing acidity may change entire 
ocean ecosystems and cause collapses in food webs. 
Ocean acidification is rapidly changing the conditions 
to which marine species have adapted to for millions of 
years, threatening to push species that can not adapt 
beyond their limits of survival. Some species are already 
challenged by current conditions, but these changes are 
just the tip of the iceberg. If ocean acidification continues 
unabated, many more species will be pushed to the edge.

As the oceans become less vibrant and diverse, the 
many goods and services they provide will dwindle, 
forcing millions of people to find new food sources, 
new homes and new sources of income. Some of the 
most vulnerable communities will not have alternatives 
available to make up for the loss of marine goods 
and services. Adapting to these losses will take huge 
resources from the global community and in some cases 
adaptation will not be possible. 

A smarter future is one where we reduce carbon dioxide 
emissions, transition to cleaner, renewable sources of 
energy and prevent the need for large-scale adaptation. 
Transitioning to a new energy economy is not only the 
best and most cost effective way forward, it is also 
the only way to protect the oceans. This transition will 
not be easy, but with current and emerging alternative 
technologies and improvements in energy efficiency 
and conservation it is possible, and for the sake of the 
oceans and ourselves it is a necessity.

OUR FUTURE OCEANS”

Our oceans face enormous challenges from the carbon dioxide in the 
atmosphere already. Further increases threaten to destroy the ocean 
services upon which we all depend. The implications are extremely serious.

– Dr. Ove Hoegh-Guldberg, University of Queensland, Australia
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RECOMMENDATIONS

Adopt a Policy of Stabilizing 
Atmospheric Carbon Dioxide at  
350 ppm or Below

In order to best protect the oceans and 
the goods and services they provide, we 
must strive to return the level of carbon 
dioxide in the atmosphere to 350 parts 
per million (ppm) from the current level 

of 390 ppm. This will be a monumental task, one that 
will require emissions to peak and begin to be drastically 
reduced within the decade. Industrialized nations will 
have to reduce their emission 25 to 40 percent below 
1990 levels by 2020 and 80 to 95 percent by 2050, and 
global emissions will need to be reduced at least 85 
percent below 2000 levels by 2050. 

Conserve Energy and Shift to 
Alternative Energy Sources

Energy should be conserved at every 
opportunity by adopting widespread 
energy efficiency standards for homes, 
businesses and transportation. The 
energy needs that remain should be  

met by alternative energy sources, such as offshore 
wind. Governments should implement programs that 
curtail subsidies to fossil fuel production and redirect 
those funds towards alternative energy production and 
energy efficiency programs. Alternative energy can be 
viable and effective and when it is put on a level playing 
field with fossil fuels, alternative energy sources show  
that they are not only safer and cleaner but also more 
cost effective. 

Stop Offshore Drilling

To combat ocean acidification and climate 
change, destructive practices such as 
offshore drilling need to be stopped. Not 
only is oil pollution damaging to marine 
life and ecosystems, but the emissions 

from the continued use of oil are driving acidification 
and climate change. To both protect our oceans and to 
reduce carbon dioxide emissions, new offshore drilling 
should be banned, and we must transition from oil to 
alternative energy.

Promote Offshore Wind Energy

An essential way to transition to clean 
energy is to support offshore wind 
development. Offshore wind utilizes 
the oceans in a cleaner and safer way 
than offshore drilling. To facilitate the 

growth of wind energy, federal subsidies for fossil fuels 
should be redirected to renewable energies. Tax credits 
for investment in wind technology should be extended, 
and policy mechanisms that increase the long-term 
demand for and supply of renewable energies should 
be developed and used. Finally, the electrification 
of the transportation fleet must be accelerated and 
infrastructure should be established to allow maximal  
use of this new technology.

Preserve Natural Resilience

The natural resilience of marine 
ecosystems should be maintained by 
curtailing other human-caused threats, 
such as offshore drilling and overfishing 
that decrease the ability of the oceans to 

cope with rising acidity. Ocean acidification and climate 
change are not isolated threats, but act in concert with 
others. Ocean ecosystems will have the best chance of 
surviving the pressures of ocean acidification if they are 
not simultaneously struggling to overcome other threats. 

If there’s no action before 2012, that’s too late.  
What we do in the next two to three years will 
determine our future. This is the defining moment.

– Dr. Rajendra Pachauri, Chair of the IPCC
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