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Fisheries, aquaculture and associated post-harvest activities support
millions of livelihoods and contribute significantly to food security and
socio-economic well-being in coastal zones, freshwater systems and
beyond. Fisheries provide 3 billion people with at least 20 percent of
their average per capita consumption of animal protein, with 400 million
depending critically on fish for their food security. Globally, 850 million
people live within 100 km of tropical coastal ecosystems, such as coral reefs
and mangroves, from which they derive multiple benefits, such as food
security, coastal protection, cultural services and income from activities
such as fishing, aquaculture and tourism.
Climate change – alongside climate variability events such as El Niño and
extreme weather events – is affecting the abundance and distribution
of fisheries resources and suitability of geographical locations for
aquaculture systems. Underlying climate-related physical and chemical
changes are linked to growing CO2 emissions. In turn, these emissions are

being absorbed in large part by aquatic systems and trigger substantial
shifts of aquatic ecosystems and related services, with socio-economic
consequences around the globe. To note, shifts imply both risks and
opportunities. Scientific knowledge varies on the impact of individual
climatic drivers and is limited on their combined effects and implications for
aquatic resources and dependent communities. These uncertainties, in our
understanding, can complicate adaptation planning within the sector.
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AR5 and the fisheries and
aquaculture sector
THE FAO FISHERIES AND AQUACULTURE DEPARTMENT has prepared this Brief
on Fisheries, Aquaculture and Climate Change in the AR5 to provide an entry point to
the vast AR5 content specifically for those interested in the fisheries and aquaculture
sector and its dependent communities who are directly and indirectly affected by
climate change and variability.
This brief synthesizes the Intergovernmental Panel on Climate Change Fifth
Assessment Report’s (AR5) important knowledge on how climate change is already
manifesting itself through the aquatic systems, what the future changes may be and
their predicted impacts on food and livelihood security, marine and inland fisheries
and aquaculture systems, and overviews AR5’s information on implications of climate
change and variability for capture fisheries, aquaculture and dependent communities
in eight regions: Africa, Asia, Australasia, Central and South America, Europe,
North America, Small Island States and Polar Regions. In this context, adaptation
options suggested by the AR5 will be outlined for each. It concludes with a review
of knowledge gaps from the fisheries and aquaculture perspective that could benefit
from further IPCC efforts.
All statistics and data in Fisheries, Aquaculture and Climate Change are taken
from AR5 and thus are not individually cited. Readers are also encouraged to access
the sister document, Summary of IPCC AR5 findings on climate change implications
for fisheries and aquaculture, which includes more information from the AR5, links
that guide readers to relevant IPCC documents, and citations with page numbers to
facilitate deeper dives into the contents of the AR5.
The AR5 – the culmination of four year’s work by a global community of
scientists, decision-makers, climate experts and writers – provides the world with
a view of the current and potential impact of climate change and variability across
sectors and continents. The AR5 was presented as three Working Group (WG)
documents and special reports. This brief provides an overview of information
relevant for the fisheries and aquaculture sector collected from WGI (physical science
basis), WGII (impacts, adaptation, and vulnerability) and the special report Managing
the Risks of Extreme (SREX). The WGIII document (mitigation) is not included in this
brief, although the authors acknowledge the important links between adaptation and
mitigation within fisheries, aquaculture and aquatic systems.
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Climatic change
and the aquatic environment
THE CHANGING CLIMATIC CONDITIONS contribute to ocean warming, rising sea
levels, increased extreme weather events, and changes in the chemical makeup of the
aquatic environment that are driving change in the world’s fisheries and aquaculture
sector.

The marine environment – open oceans and
coastal systems
The oceans are major contributors to global food security, with total global marine
capture fisheries having stabilized in the mid-1990s at about 90 million tonnes per
year, and with marine aquaculture contributing more than 63 million tonnes annually
to seafood production.
Today, all oceans are experiencing a mean warming trend of surface layers, with
the Indian Ocean warming fastest followed by the Atlantic and the Pacific. This trend
is likely to continue with regional variations.
The global mean sea level rose each year by 1.7 mm from 1901 to 2010, with sea
level in the warm pool of the western Pacific rising at rates three times higher than
the global mean. Ocean salinity has been observed to decrease in mid- and highlatitude waters and increase at low latitudes. High agreement exists that oxygen
concentrations will continue to decrease in many parts of the global oceans, although
with regional variations. High agreement exists that oxygen concentration has
decreased in the upper layer of the equatorial Pacific and Atlantic Oceans. The global
oceanic CO2 inventory increased from 1994 to 2010. The increased uptake of CO2
changes the chemical balance in the ocean resulting in a gradual decrease of the pH
value and a subsequent acidification of seawater. In addition, a rise in the frequency of
intense cyclones in the Atlantic has been observed since 1987.
Coastal systems are particularly exposed to changes in sea level rise, sea surface
temperatures, ocean acidity, and extreme (weather) events, and are also highly
influenced by additional human drivers, such as pollution and overfishing, which often
exacerbate the effects of the climatic drivers. Alarmingly, sea surface temperature
has significantly warmed during the past 30 years along more than 70 percent of the
world’s coastlines. Overall, sea surface temperature in coastal areas is warming at
rates higher than water in the open oceans with potentially severe implications for
coral reefs, small-scale and large-scale capture fisheries, and aquaculture production.
In fact, small-scale fisheries (SSF) have been identified to be a particularly vulnerable
group to climate change (see Box 1). Acidification has been observed to be higher
in coastal systems than in the open oceans. This trend is very likely to continue and
contains severe implications, especially for capture fisheries and aquaculture systems
specializing in shellfish. AR5 predicts that coastal systems and low-lying areas will
increasingly be exposed to impacts such as coastal flooding. Furthermore, tropical
cyclones are very likely to increase in mean maximum wind speed with potentially
serious repercussions for coastal communities and beyond.

Inland fisheries
Freshwater environments are considered among the most threatened ecosystems
on the planet as they are heavily impacted by both climatic and non-climatic drivers.
Freshwater species populations declined on average 50 percent (compared with
30 percent for marine species) between 1970 and 2000. Clear attribution of climate
change-related fluctuations in freshwater ecosystems is often difficult, owing to the
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variety of human drivers, such as pollution and freshwater extraction, that can affect
these systems.
However, an increase in water temperatures has been widely evident in many
streams, rivers and lakes around the globe. This warming has caused species range
shifts in river fish communities as well as range contraction of cold-water species,
such as salmonids. It is estimated that up to 75 percent of freshwater fish biodiversity
is headed towards extinction by 2070 (relative to 2005), due to the combined effects
of freshwater withdrawal and climate change. The highest rates will occur in tropical
and subtropical areas.
In addition, climatic drivers, such as temperature which affects aquatic inland
ecosystems and species distribution, interact with and are often enhanced by nonclimatic drivers such as overfishing and pollution. Moreover, non-climatic drivers
such as dams and dykes fragment rivers and can lead to habitat modification that
negatively affect aquatic species. It is projected that hydropower dams along the
Mekong River will have severe impacts on fish productivity and biodiversity, by
blocking their critical migration routes, altering the habitat of non-migratory fish
species, and reducing nutrient flows downstream. Climate impacts, though less
severe than the impact of dams, will exacerbate these changes. In Brazil, which

Climate implications for aquatic species and food security
The combination of water surface warming,
the spread of low oxygen zones and increasing
acidity due to decreasing pH values is
contributing to a variety of changes in biological
systems, such as reducing the body size of
individual animals, shifting biogeographical
ranges of whole stocks, and influencing species
abundance and composition, food chain linkages
and interaction dynamics.
Evolutionary adaptation potential – species
acclimatize to rising temperatures, reduced
oxygen and lowered pH levels in their traditional
habitats – of most fully aquatic species appears
to be limited. Certain species such as bigeye tuna
have been found to adapt, at least temporarily,
to reduced oxygen conditions in marine waters.
Where evolutionary adaptation is out of reach,
some species experience distribution shifts,
abundance losses, or become locally extinct.
Within the view of potentials of adaptation
by some species and changing biogeographical
ranges, one model predicts that climate change
processes could lead to an average 30–70
percent increase in marine capture fisheries
yields from high latitude regions and up to a
40 percent decrease in the tropics by 2055
(as compared with 2005). This prognosis does
not take changes in pH value and fishing into
consideration.

Changes in regional pH values are of particular
concern for calcifying organisms – such as
crabs, lobsters and shellfish – that rely on
seawater calcium to produce their carbonite
shells. Exposure to more acidic water has been
observed to affect their reproduction cycles,
weakening or actually dissolving their shells.
However, mussels in the Baltic Sea have been
observed to conduct a special coating procedure
to protect their shells from direct contact with
seawater.
Implications for food security and nutrition
derived from the sector vary across the globe
and stakeholder groups. One group that has
been identified as particular vulnerable to
climate change is small-scale fisheries (see box
1). In the long-run, certain countries are likely
to be increasingly dependent on re-positioning
their industrial fishing fleets and substituting
reduced marine capture fisheries potential with
upscaling aquaculture production. Competition
for freshwater with, for example, crop and
livestock production will be a challenge for dry
regions. Timely adaptation to observed and
anticipated climate changes impacts will reduce
overall costs and decrease the risk of food
insecurity of those dependent on fisheries and
aquaculture.
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has the richest regional fish biology on the planet, 40 percent of the 540 small
microbasins that host 819 fish species, overlap with hydrodams and suffer from high
rates of habitat loss.

Aquaculture
Aquaculture is an increasingly important contributor to global fish production
and food security. Addressing the hunger of the growing global population while
maintaining the current global average per capita consumption of fish will require an
additional 71 to 117 million tonnes of aquaculture output to be produced per year.
On a global scale, upscaling the quantity of aquaculture produce will be
challenged by climate change and variability through, for example, gradual warming,
ocean acidification and extreme events such as changes in the frequency, intensity
and location of storms. In addition, as water surface temperature continues to
increase, a number of endemic diseases of both wild and farmed fish populations
are likely to become more prevalent, and threats associated with exotic pathogens
will potentially rise. Related to increasing acidification of the marine environment,
especially the coastal context, global mollusc production is predicted to experience a
substantial decline between 2020 and 2060. The high dependency of aquaculture on
capture fisheries for feed adds to the vulnerability of farming systems.
While certain aquaculture species are increasingly at risk from climate change,
species such as the major carp in India’s Ganges River have been observed to benefit
from climate change. In the tropical Pacific, the production of freshwater species
such as tilapia and milkfish will probably benefit from climate change. However,
aquaculture production systems that could benefit from certain aspects of climate
change are still at risk from increasing competition for freshwater with other sectors.

Adaptation
THE AR5 PROVIDES INFORMATION on general adaptation option categories on
the structural/physical, social, and institutional levels, which are also applicable to
the fisheries and aquaculture sector. Designed to reduce risks and vulnerabilities,
seek opportunities and build the capacity of nations, regions, cities, the private
sector, communities, individuals, and natural systems to cope with climate change
and variability impacts, AR5 suggested adaptation options that include, but are
not limited to, building seawalls, technology to support early warning, irrigation
and rainwater harvesting, ecosystems-based management to, for example, control
overfishing, social services such as safety nets, international trade standards,
implementation of informational systems, and behavioral or community changes such
as livelihood diversification, inland migration and changing aquaculture practices.
The AR5 underlines the need to design strategies that help ecosystems, fisheries and
aquaculture, and human systems to adapt to climate change and variability.
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A particularly
vulnerable group:

small-scale fisheries

Small-scale fisheries (SSFs) have been
identified by the AR5 as particularly
vulnerable to climate change. Located
in coastal areas and inland systems,
SSFs account for around half of the fish
harvest from the ocean and provide jobs
for about 47 million people – 12.5 million
directly engaged in fishing and another
34.5 engaged in post-harvest activities.
Problems are exacerbated because
SSFs often operate from decentralized
locations, have poor governance and
management structures, and lack
sufficient data to monitor catches
effectively. Further, the movement of
fish stocks can increase “transboundary
rivalry” among communities or states,
resulting in economic and geopolitical
tensions. Approaches, suggested by
the AR5, to support SSF adaption to
climate change include introduction
and monitoring of harvest controls to
avoid irreversible damage to stocks,
and investing in the social capital and
institutions needed for communities and
governments to manage SSFs.

Zooming into the
eight AR5 regions
AFTER HAVING PROVIDED A GLOBAL OVERVIEW, the
following section zooms in to the eight geographical regions
referred to in the AR5. Through infographics, it outlines
information on observed and predicted climate change
impacts on the sectors and touches upon region-specific
adaptation measures.
The color coding of the infographics refers to five
major oceanic systems, which are all affected or likely to be
affected by climate change in the future. The list below gives
examples of what is expected for each.
High-Latitude spring bloom systems are very likely
to experience increasing fish and invertebrate biomass
because of northward expansion of fauna.
Subtropical gyres are dealing with temperatures that
increased from 1998 to 2010, causing thermal expansion,
stratification, reduced oxygen availability and nutrient
circulation.
Equatorial upwelling systems, especially in the Pacific,
experienced significant temperature increases from 1950
to 2009, causing adverse implications for corals and small
pelagic fisheries.
Coastal boundary systems will very likely see their coral
dominated reef ecosystems and related ecosystems
services continue to decline if sea temperatures increase by
more than 10 C above current temperatures.
Eastern boundary upwelling systems have strong natural
decadal variability making detection and attribution of
changes difficult. However, AR5 states that these systems
are vulnerable to changes in surface temperature, oxygen
availability, wind strength and direction and acidification.
NOTE: strong regional variability exists with regard to all five of these
systems.
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Africa

A glance into the AR5

Capture fisheries (marine and inland) and aquaculture
are an important source of livelihoods in many African
countries. A global analysis of economies’ vulnerability to
climate change through their fisheries sector published
in 2009 revealed that of 132 countries, an estimated twothirds of the most vulnerable economies are in Africa.

1/3

of Africa’s total animal
protein intake comes from capture
fisheries and aquaculture.

500%

increase
is needed for African aquaculture
production to meet nutritional needs
by 2020.

21% potential
decline in annual landed value of
marine fish in West Africa will result
in US$311 million economic loss and
a 50% decline in fisheries-related
employment by 2050 (compared with
2012).

Up to 50%
reduction in annual catch potential
is predicted for countries in
North Africa that rely on the
Mediterranean and Red Seas which
are shallow, landlocked, and heating
up faster than the global mean
ocean temperature (1991–2010 to
2041–2060).

14 m storm swell combined with
2.2 m high tide from a 2007 cyclone
caused US$100 million damage in
South Africa.
Many African coastal systems are
likely to experience storm swells and
sea level rise. For the more than 25%
of Africans who live within 100 km
of the coast, this can foreshadow
economic interruptions for both
fisheries and tourism.

Adaptation strategies

30% decrease
in fish yields in Lake Tanganyika in
East Africa has been attributed to
increased temperature although
certain studies also attribute
reduction to unsustainable fishing
practices.

Climate change
is evidently beginning to affect
freshwater systems in Africa as
elevated surface water temperatures
have been reported for the Lakes
Kariba, Kivu, Tanganyika, Victoria and
Malawi.

Strategies suggested by the AR5 to improve adaptive capacity across Africa include
private and public insurance schemes, setting up marine protected areas, and training to
enable livelihood diversification.
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Areas to watch

Asia

A glance into the AR5

High latitude spring bloom system
Subtropical gyres
Equatorial upwelling system
Coastal boundary system
Eastern boundary current upwelling system

Globally, Asia dominates both capture fisheries and
aquaculture output with the West Pacific and Indian
Ocean having produced more than half the word’s global
marine catch in 2008, and the lower Mekong River basin
supporting the world’s largest freshwater capture fishery. It
is predicted that climate change will adversely affect food
security in Asia by the middle of the twenty-first century,
with South Asia being most affected.

90%

of global population
exposed to extreme events is located
in Asia. A combination of cyclone
intensification and sea level rise could
further increase coastal flooding
and add to losses of coral reefs
and mangrove forests which would
exacerbate wave damage. Flooding
and human and material losses
are heavily concentrated in India,
Bangladesh and China.

Coral reef vulnerability

to warming and acidification is a
strong element of the climatic impact
on marine fisheries, especially in
Indonesia, Cambodia, Viet Nam.
Although warming would permit
expansion of coral habitats in the
north, acidification is likely to limit
such a trend.

30-to-50-year

Redistribution of marine

capture fisheries due to climaterelated changes is likely to lead to
increases in high latitudes such as
Asian Russia and large declines in
the tropics, particularly Indonesia.

Seaweed bed

decline
in temperate Japan and northern
expansion of macro-algae and
reef-forming species may be due to
increased water temperatures.

observations have found an increase
in temperatures in the Lower
Mekong Delta, along with intensified
flood and drought events and
sea level rise which have affected
agricultural production as well as
fisheries. Viet Nam and Cambodia
fisheries are most vulnerable to
Lower Mekong Delta climate change
impacts.

Hydropower

dams along
the Mekong River will have severe
impacts on fish productivity and
biodiversity, by blocking critical fish
migration routes, altering the habitat
of non-migratory fish species and
reducing nutrient flows downstream.

Adaptation strategies

Strategies suggested by the AR5 to improve adaptive capacity across Asia include implementing
marine protected areas; establishing landward buffer zones to allow for inward migration of mangroves
and human settlements as opposed to hard coastal defenses such as seawalls; and including climate
change as a topic in higher education to train more people for analytical work in the field.
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Australasia

A glance into the AR5

Populations of Australia and New Zealand are expected
to grow significantly in the next decades. Economies
of both countries depend on natural resources, and the
ecosystems of both countries are considered hotspots of
global marine biodiversity with many rare, endemic and
commercially important species.

10% of the 50%
decline in coral cover on the Great
Barrier Reef has been attributed to
temperature-related coral bleaching
since 1985. Ability of the corals to
adapt to rising temperatures and
acidification remains limited.

45 fish

species (inshore)
have exhibited major distributional
shifts in Tasmanian waters since
the 1980s. There is robust evidence
these shifts are related to increasing
sea surface temperature. Such shifts
suggest substantial changes in
production and profit of wild fisheries
and aquaculture species such as
salmon, mussels and oysters.

1.1 m sea level

rise could result in financial damage
of AU$226 in Australia. The AR5
expresses high confidence that sea
level rise is a significant risk for the
whole region.

Species overlap

can occur as pelagic fishes such as
sharks, tuna and billfish move south
along the Australian coastlines. This
will have implications for bycatch
management strategies.

Tropical cyclones
are predicted to increase in intensity,
although they will maintain similar
or decreasing numbers. They are
also predicted to occur further south
in Australia, and to increase their
average intensity during winters in
south New Zealand.

El Nino-related

variability is the key driver of change
in the distribution and abundance of
marine species in New Zealand.

Adaptation strategies

AU$590

million in
economic losses by the tourism
sector of Queensland resulted from
2011 Tropical Cyclone Yasi, its related
flood events, and the damage it
caused to the Great Barrier Reef.

Māori

have seen their
use of the natural environment
compromised due to degradation.
AR5 expresses medium confidence
that climate change-related shifts in
natural ecosystems will add further
challenges to their capacities to
maintain their livelihoods.

Strategies suggested by the AR5 to support adaptation in Australasia include raising minimum floor
levels of buildings and limiting further development in high risk areas; water recycling, desalinization
and rainwater harvesting to deal with increasing freshwater scarcity; and assisted colonization to
maintain production of high value species such as lobster.
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Central and South America

A glance into the AR5

Areas to watch
High latitude spring bloom system
Subtropical gyres
Equatorial upwelling system
Coastal boundary system
Eastern boundary current upwelling system

Climate change is altering coastal and marine ecosystems
and, in South and Central America, the vulnerability of
natural coastal systems, in particular coral reefs and
mangroves, to climate drivers is often further exacerbated
by overfishing, habitat pollution and destruction. In Central
America, projected climate change and variability events
could severely affect food and nutrition security of the
poorest.

US$395–559

million each year goes to the
Belize economy, through tourism
and fisheries centered around the
Mesoamerican Coral Reef. High sea
surface temperatures caused reef
bleaching in 1993, 1998, 2005 and
2010, leading to indication it could
collapse by mid-century.

Collapsing of
mangrove ecosystems is

especially dramatic in Columbia.
This could result in ecosystem
collapse, fisheries reductions, and put
livelihoods at risk.

39 hurricanes

occurred in the Caribbean basin
from 2000 to 2009, compared with 9
in the 1990s.

540

freshwater microbasins
in Brazil host 819 fish species.
However, 29% have already lost more
than 70% of their natural vegetation
cover, and 40% overlap with
hydrodams and suffer from habitat
loss.

Peru and
Colombia are identified

among the region’s most vulnerable
countries to climate change impacts
on fisheries. In addition to impacts
of observed and projected warming
trends, and species and productivity
shifts in oceanic upwelling systems,
fisheries play an important role in
their economies and diets.

613

climatological and
hydro-meteorological extreme
events occurred in Central and
South America between 2000–2013,
affecting 53.8 million people, resulting
in 13 883 fatalities and economic
losses of US$52.3 billion.

610 million

people live
in coastal states of Latin America and
the Caribbean, 3/4 of them within
200 km of the coast. In El Salvador,
Nicaragua, Costa Rica, Panama,
Colombia, Venezuela, Ecuador,
30 percent of the populations live in
coastal areas and are exposed to sea
level rise and weather extremes that
pose threats to fish stocks, corals,
mangroves, recreation, livelihoods
and safety.

Adaptation strategies

Adaptation strategies suggested by the AR5 include conservation of key ecosystems through
community-based management; establishing effective and enforceable regulations; and improving
understanding of the oceanic processes in the region for sufficiently addressing future risks and
opportunities.
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Europe

A glance into the AR5

Little information is provided in the AR5 on the implications
of climate change for employment or livelihoods
of Europeans. However, changes in employment
opportunities by sub-region and by sector are likely to
occur. One study conducted in Great Britain found that
vulnerability to climate change in coastal communities is
likely to be increased by social deprivation.

Topography

and
shallow structure of Europe’s semienclosed seas makes their flora
and fauna sensitive to increasing
temperatures, lower oxygen levels
and increasing acidification, and puts
them especially at risk under climate
change. Evidence exists that climate
change is affecting productivity of
marine ecosystems and that changes
in temperatures have impacted
the distribution of fisheries in all
European seas.

Economic
implication

s of climate
change-related impacts on marine
fisheries’ profits range from negative
for the sardine fishery in the Iberian
Atlantic to non-significant for the
Bay of Biscay to positive along the
Portuguese coast, where most
of the immigrant fish species are
marketable.

Aquaculture

could
be affected by climate change as sea
level rise is likely to reduce habitat
area. Evidence exists that higher
water temperatures have already
adversely affecting both wild and
farmed freshwater salmon production
in southern distribution areas, and
that acidification may adversely affect
shellfish production.

Algal blooms

reduced the mussel aquaculture
harvesting season in the Iberian
Atlantic, and toxic algae, likely linked
to climate warming, may affect oyster
production in France.

Food safety

could be affected by algal blooms
that cause the uptake of marine
biotoxins in seafood.

Adaptation strategies

Every four
weeks

in recent years, one
invasive aquatic species has arrived
in the Mediterranean basin.

Coastal flood risk

remains a key challenge for several
European cities, ports and other
infrastructures, with extreme sea
level events such as storm surges
expected to vary along coasts with
significant increases projected for the
west coasts of the UK and Ireland.

£17 billion

annual cost
could result from sea level rise in the
EU27 by 2100 without adaptation,
with highest absolute damage
predicted for Netherlands, Germany,
France, Belgium, Denmark, Spain,
Italy.

One suggested AR5 strategy calls for European countries to adapt their fishery management, as new
thresholds will have to be developed to accommodate changes in native and immigrant species.
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North America

A glance into the AR5

Areas to watch
High latitude spring bloom system
Subtropical gyres
Equatorial upwelling system
Coastal boundary system
Eastern boundary current upwelling system

Canada and USA are relatively food secure, although
households living in poverty are vulnerable. On the
contrary, 17.6% of Mexicans are classified as food insecure.
Indigenous communities are strongly dependent on
climate-sensitive sectors, such as fisheries, for livelihoods
and food across the region.

90%

of wetlands and
mangroves in Veracruz, Mexico,
would be lost with a 1-meter sea
level rise. Projected sea level rises –
particularly along the coastlines of
Florida, Louisiana, North Carolina,
Texas – are likely to threaten coastal
plant ecosystems such as dunes,
wetlands, mangroves, seagrasses
and oyster beds.

20–50%

of chinook
salmon in the Pacific Northwest may
decline by 2040–2050 as part of an
increase in sea surface temperature
that threatens species diversity,
especially coldwater fish. However,
increases in sea surface temperature
will expand the suitable habitat for
warmwater species. The livelihoods of
25 000 families in British Columbia
are estimated to be impacted by
these shifts in the Pacific Northwest
marine ecosystems

Tropical coral

reefs in the Gulf of California and
Caribbean have been affected by
increases in diseases associated
with warm water. Ocean acidification
in combination with temperature
increase is likely to increase the risk
of coral bleaching, and to create
unfavorable conditions for colonial
mussel beds and Chesapeake Bay
oysters.

Water

withdrawals are
exceeding stressful levels in
southwestern USA, northern
and central Mexico and southern
Canadian prairies. Climate change
and population growth are likely to
further this stress.

Adaptation strategies

Extratropical
cyclones

are likely
to increase in frequency over the
northern Canadian Arctic while
strong storms are likely to decrease
in frequency and intensity over
southeastern and southwestern
Canada, according to robust evidence
which also sees hurricanes and
cyclones increasing along the east
coast of the USA and Mexico.

Developing early warning and response systems to provide protection against storms, floods and droughts
is one strategy suggested by the AR5 that would help adapt to new climatic conditions. In areas with high
risk to weather extremes, insurance prices have gone down where adaptation measures have been put in
place. For North America, where there is high confidence there will be, e.g. urban floods in riverine and
coastal areas as well as sea level rise, a strategy suggested by the AR5 calls for conservation of wetlands,
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including mangroves, to reduce flood intensity.

Small Island States

A glance into the AR5

Small islands are often economically dependent on a
limited number of climate-sensitive sectors such as
fisheries and tourism, and are particularly exposed to
extreme events such as tropical cyclones, drought and
storm wells. Identifying and adopting measures that
reduce associated risks and support the well-being of
ecosystems such as coral reefs, mangrove and seagrass
environments, and communities depending on them for
livelihoods, food security and protection, are therefore
of highest importance for maintaining and improving the
adaptive capacity of small island states under climate
change.

Coral bleaching

is
triggered by thermal stress, elevated
CO2 levels and human stressors.
Coral reef bleaching events, observed
between 1998 and 2009, occurred in
Phoenix, Maldives, Seychelles and
Chago Islands, Barbados, Belize,
Madagascar, and the Tarawa and
Abaiang Atolls.

Seagrass

environments
have been observed to be adversely
impacted by temperature stress.

Spawning of adult
reef fish has been negatively affected
by rising sea surface temperatures at
Rangiroa Atoll, French Polynesia.

Mangrove
survival of small island states
is particularly threatened by rising
sea levels, as mangroves – which
provide coastal protection from
erosion and storm events – have
difficulty tolerating increasing water
depth.

Food safety is influenced
by rising sea surface temperatures
which are linked to the presence
of the organism responsible for
producing the toxin that causes
Ciguatera fish poisoning, rising rates
of which have been observed in
Lesser Antilles, Tokelau, Tuvalu,
Kiribati, Cook Islands, Vanuatu, and
the Mediterranean.

Adaptation strategies
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Invasive fauna
threaten coral and

sponge ecosystems, as shown by the
invasion of the Caribbean by IndoPacific lionfish, a predator which
has contributed to the decline of
coral reef fish. Although not directly
linked to climate change, its presence
enhances the effects of climaterelated drivers and thus further
reduces coral reef resilience.

Skipjack and
bigeye tuna catches are

projected to increase or decrease,
dependent on location and emissions
scenarios.

Among the approaches suggested by the AR5 to help small island states adapt to sea level rise are
protecting people, property, and infrastructure through hard protection measures such as seawalls, or soft
protection measures such as protecting coasts by applying an ecosystems-based approach; retrofitting
buildings and infrastructure to make them more resistant to sea level rise; and managing retreat of people
away from the coast.

A glance into the AR5

Polar regions

Areas to watch
Indigenous populations in the Arctic are considered
especially vulnerable to climate change impacts due
to their strong dependence on natural resources for
their livelihoods, which are affected by, e.g. decreased
sea ice thickness and extent; less predictable extreme
weather events such as severe storms; sea level rise; and
climate drivers triggering spatial redistribution of aquatic
resources. Under climate change, hunting and fishing have
become riskier undertakings for many Arctic communities.
Climate-related changes have also been observed in the
Antarctic.

Indigenous
people are abandoning their

11%

of the Arctic Ocean
experienced a trend towards earlier
phytoplankton blooms between
1997 and 2009, which coincided with
decreased sea ice concentration
in early summer triggered by,
e.g. rising temperatures. These
increasingly longer periods without
ice contributed to a 20% increase in
annual net primary production in the
Arctic Ocean between 1998 and 2009.

Harmful algal
blooms are predicted to

increase in the Arctic Ocean with
potentially serious implications for
human and animal health. Alaskan
oysters have been affected by a
cholera-like disease due to increasing
sea surface temperature, and
incidences of aquatic parasites,
bacteria and viruses are predicted to
increase.

nomadic lifestyles due to the climate
change impact on their natural
environment and are becoming
dependent on non-traditional diets.

Krill fisheries,

which
amount to 6% of the total capture
fisheries production in Antarctica,
are declining, very likely due to
changes in sea ice thickness and
temperature.

In the Antarctic,

warming of once cold freshwater
habitats will allow for an invasion
of sub-Antarctic species. In Arctic
freshwater systems, alterations to ice
duration are projected to go hand
in hand with changing patterns of
species abundance and diversity, and
a decrease in winter kill of resident
fish with cascading effects on lower
tropic levels.

High latitude spring bloom system
Subtropical gyres
Equatorial upwelling system
Coastal boundary system
Eastern boundary current upwelling system

Small planktonic
molluscs exposed to

the acidification and temperature
conditions projected for the Arctic
started showing dissolution marks in
their shells. In the Southern Ocean,
the red king crab appears to react
to elevated CO2 concentrations with
increased hatch durations, increased
larval size and decreased larval
survival.

Sea ice loss in
summer allows greater

access to fisheries resources in
the Arctic Ocean. However, some
nations have prohibited commercial
fishing within their exclusive
economic zones until there is
sufficient understanding of stock
status to ensure that proposed
fisheries would be managed
sustainably.

Adaptation strategies

As outlined by the AR5, indigenous communities have started to develop long-term adaptation strategies
such as changing their resource base, shifting settlement areas, and changing timing and location of
fishing areas. Moreover, as fishing becomes riskier, AR5 suggests using GPS navigation, constructing
permanent shelters on land as storm protection, using synthetic aperture radar to provide estimates on
sea ice condition, and avoiding dangerous terrain.
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Conclusion
IN ITS OVERVIEW of the knowledge related to fisheries,
aquaculture and dependent communities in the AR5,
this Brief on Fisheries, Aquaculture and Climate Change
in the AR5 recognizes the AR5 as a vast resource for
understanding the implications of climate change and
variability on oceanic, coastal and inland resources.
As recognized by the AR5, fisheries and aquaculture
derive important services from these resources, which
are highly important for food security, nutrition, cultural
identities and livelihoods around the globe. In addition,
fisheries and aquaculture communities are part of
the low-lying coastal, riparian and small island state
populations with direct risks of death, injury, ill-health or
disrupted livelihoods due to storm surges, flooding, and
sea level rise.

What we see already

Change is already being documented in the aquatic
systems and impacts of climate variability and change
will likely grow in the future. The survival of several small
island states is increasingly threatened by rising sea
surface levels, the Mediterranean sea is experiencing
an influx of one new aquatic species every four weeks
which is changing the traditional fauna, organisms
such as shellfish are facing challenges through water’s
changing pH values, Australasia is seeing high levels
of coral bleaching, and North America is increasingly
experiencing extreme weather events. Many freshwater
species face increased extinction risks due to climate
change impacts, especially when there are other
stressors, such as habitat modification, overfishing and
pollution. Changes in weather patterns have created an
environment in which small-scale fisheries communities

in the Arctic find their traditional food processing
approaches, such as drying of fish, increasingly affected
by wet conditions. In addition, under climate change,
fishing has become a riskier undertaking for many
Arctic communities.

What we are likely to see

Catch potential of marine fisheries is predicted to
increase in the mid- to high-latitudes and decrease
in the tropical latitudes by mid-century. Ocean
acidification, warming and decreasing oxygen levels
will combine with other drivers to impact aquatic
species and ecosystems. Risks faced by fisheries and
aquaculture due to climate change will depend on local
exposure to changes in the aquatic systems as well
as the underlying vulnerability of the social-ecological
systems. Without appropriate and timely adaptation
measures that address climatic drivers as well as
current non-climatic drivers (e.g. overfishing, pollution,
poor governance), the sector’s potential to continuously
contribute to food security and sustainable livelihoods
will be at risk.

What we need to know more about

Preparing aquaculture and capture fisheries for the
future requires additional knowledge on climate
change implications and suitable adaption strategies
for inland capture fisheries and aquaculture systems
in particular, and the post-harvest sector in general.
Further down-scaling of predictive models is needed at
the subregional and local levels for targeted adaptation
planning and policy support.

The authors of this brief would like to recognize the University of Cambridge publication, Climate Change: Implications
for Fisheries and Aquaculture, which is part of its series synthesizing the most pertinent findings of AR5 for specific
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