
Map shows tropical Pacific 

Island region with 5 

ecological zones, including 

the Western Pacific warm 

pool, critical for tuna 

populations (Credit: SPC)

Fact sheet for the Oceanic Fisheries Management Project (OFMP2)

OFMP2 is designed to achieve systematic, sustained changes in fishing patterns and on-the-water behaviour  

at regional, sub-regional and national levels.
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Pacific Island Countries and Territories (PICTs) manage a large area of the Pacific 
Ocean rich with tuna

There are 22 PICTs in the tropical and subtropical zones of the Pacific. Their combined Exclusive 
Economic Zones (an area of coastal water and seabed within a certain distance of a country’s 
coastline, to which the country claims exclusive rights for fishing, drilling, and other economic 
activities) is greater than 27million2.  The PICTs’ combined land area is about 2% of their combined 
EEZs.  This region has the greatest dependence on fisheries in the world.

Tuna is largely caught in the Western and Central Pacific Ocean (WCPO), which also include the 
waters of Indonesia and Philippines. 

Our changing climate is changing the ocean’s 
physical, chemical and biological make up. 

Due to tuna’s ability to move to favourable 
conditions, climate change’s impacts are 
expected to have limited effects on the overall 
abundance of tuna in the Pacific until 2050/60. 
Then there will be a decrease in abundance.  

But fishing will continue to have the most 
significant effect on tuna population numbers, 
and ongoing fisheries management is crucial.

Under projected climate change skipjack, 
yellowfin and bigeye tuna populations will move 

eastwards, and South Pacific albacore will move 
to the south. 

To maintain the benefit of tuna fisheries to all 
Pacific island Countries and Territories (PICTs) 
there will need to be adjustments in how fishing 
licenses are given and monitored.  Conservation 
management measures will need to be 
maintained, and markets for tuna will need to be 
negotiated. 

PICTs will need to make greater domestic use 
of tuna for food security as coastal fisheries 
decline. 

Climate change and 
Pacific tuna fisheries
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Climate naturally affects the distribution 
and abundance of tuna

ENSO (El Niño–Southern Oscillation) is the most important driver of climate 
in the Pacific

The simplest way to understand El Niño and La Niña is through the sloshing around of warm 
water in the ocean.

The neutral phase of ENSO is when the top layer of the tropical Pacific Ocean (about the 
first 200 metres) is warm, with water temperatures between 20oC and 30oC. Underneath, 
the ocean has a colder more stable temperature. 

Winds over the tropical Pacific, known as the trade winds, blow from east (South America) 
to west (Australia) piling the warm top layer water against the east coast of Australia and 
Indonesia. 

In an El Niño, the trade winds weaken, so some of the warm water flows back toward 
the east towards the Americas. The movement of warm water to the American continent 
usually reduces the rainfall of countries in the Western Pacific (e.g. Palau, Solomon Islands, 
Vanuatu, Fiji, Tonga, Samoa) and increases for countries in the central Pacific (e.g. Kiribati, 
Tuvalu). 

With La Niña, the trade winds strengthen bringing more warm water to the Western Pacific 
and increasing rainfall there, with the opposite happening towards the Eastern Pacific.

El Niño and La Niña events have been happening for centuries and are part of the normal 
climate variability. 

The distribution and abundance of tuna species 
is influenced by natural climate variability 
through the influence of climate drivers like 
El Niño Southern Oscillation (ENSO) and the 
Pacific Decadal Oscillation (PDO). During a La 
Niña, tuna populations are found more in the 
Western Pacific, and during an El Niño more in 
the Central and East Pacific.

ENSO affects where and how much tuna is 
found by: 

(a) Their effects on the survival of tuna larvae 
(microscopic fish that develop from fish eggs) 

(b) How they change marine habitats.  El Niño 
conditions mean more skipjack tuna larvae 
survive to become juvenile fish.
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Climate change under continued high 
greenhouse gas emissions will change 
tuna habitats
Climate change affects ocean environments Warmer water with less oxygen available 

will shift tropical tuna east and change 

composition of catchIncreased greenhouse gases (mainly carbon 
dioxide from fossil fuel burning for electricity, 
transportation, industry) affect our oceans by: 

(a)  Creating both warmer air and sea surface 
temperatures, which in turn changes: 

•  Wind and rainfall patterns 

•  Water currents 

•  Vertical mixing of water 

•  The intensity and frequency of cyclones 

•  Sea levels due to land ice melting and 
water expanding.

(b)  Increasing the concentration of carbon 
dioxide in the ocean making it more acidic.

Climate change affects the environment of 
the ocean through increases in air and ocean 
temperatures and increases in acidity (Source: 
SPC)

Average sea surface temperatures (SST) in the 
Western Pacific have already increased by about 
0.7oC since 1900. 

The following predictions are under ‘business 
as usual’, where greenhouse gas emissions 
continue to be high and keep increasing until 
2100.

Surface water temperature increases 
[Considered very likely]

• SST to rise by 1.2-1.6oC by 2050 and 2.2-
2.7oC by 2100 compared to temperatures 
measured during 1980-1999 

• Size of the ‘warm pool’ within the Western 
and Central Pacific Ocean to increase in size
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Water circulation in the Pacific changes 
[Considered likely]

• Increases in SST decrease northeast trade 
winds and currents near the equator and 
increase southeast winds and currents in the 
subtropical Southern Hemisphere

• The Southern Equatorial Current flowing 
east to west to carry 20-40% less water, and 
the Southern Equatorial Counter current to 
decrease by more than 10%

• Decrease of eddies and upwelling of ocean 
water that bring nutrients closer to the 
surface associated with the weakening 
circulation of water

Oxygen levels in the water decrease 
[Considered likely]

• A decrease in oxygen concentrations of 
surface waters due to the reduced solubility 
of oxygen in warmer waters

• A bigger decrease in oxygen concentration 
further down in the water as the amount of 

oxygen absorbed by ocean waters is reduced

Ocean becomes more acid  
[Considered very likely]

• Increased absorption of carbon dioxide in 
the water to increase ocean acidity from a 
pH 8.08 in 2000 to 7.81 by 2100 (the effect 
of changes in acidity on oceanic food webs, 
and hence tuna populations, is yet to be 

determined)

Results for tuna: 

• Warmer water with less oxygen available and 
less mixing of water leads to less production 
of microscopic plants and animals needed 
for tuna food webs, especially in the Western 
Pacific and for skipjack and yellowfin

• With less oxygen deeper down, catch rates 
of surface dwelling skipjack and yellowfin will 
likely increase where the SST are still suitable

• Yellowfin tuna will likely be constrained to 
surface waters

• Warmer water in the Western Pacific will 
shift the spawning grounds for tropical tuna 
(skipjack, yellowfin and big eye) to the central 
and eastern equatorial regions of the Pacific; 
southern Albacore’s spawning grounds may 
move into Tasman sea

Increases in temperature and changes in oxygen availability will change where tuna species 
are found from the surface to deeper down. Each tuna species has its own needs for and 
tolerances of water temperature and oxygen levels. For example, bigeye is tolerant of a range of 
temperatures from warm surface temperature to lower cold temperature. They also tolerate low 
oxygen levels. Albacore tolerates colder water but needs more oxygen than bigeye.  (Source: 
Valerie Allain)
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There is considerable uncertainty about how 
food webs operate, and where and when 
upwelling of nutrients may increase or decrease. 
But in general:

• The amount, timing and location of the 
upwelling of nutrients from the ocean depth 
is predicted to change as water circulation 
changes, which will affect the nutrients 
available for plant growth in surface waters 

• With less availability of nutrients (at least in 
some locations) there will be a decrease in 
the abundance of microscopic plants and 
animals (phytoplankton and zooplankton) 
in surface waters; however warming of 

water and increased rainfall in some places 
(like PNG) may increase the growth of 
phytoplankton

• In some waters there may be increased 
mixing of water from top to bottom, making 

more nutrients available

Results for tuna: 

• Less nutrients available in the Western Pacific 
Ocean, meaning a decline of microscopic 
plants and fewer smaller fish and crustaceans 
important to tuna diets, meaning a decline 
in tuna populations overall, especially for 

skipjack

As microscopic plants and animals decline with fewer nutrients available under climate change, 
there will be less food available for small fish, squids and crustaceans (e.g. shrimp). This means 
there will also be less food available for predatory fish such as tuna (Source: SPC)
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Research to-date points to declining abundance of tuna in the Western Pacific with a shift towards 
the Eastern Pacific for the 3 tropical species (skipjack, yellowfin and bigeye) and to the south for 
albacore.  This will likely decrease tuna being caught in PICTs’ EEZs and increase the abundance in 
international waters.

Climate change affects the 4 species of 
tuna differently

Skipjack 
(Credit: SPC)

Yellowfin 
(Credit: SPC)

Bigeye 
(Credit: SPC)

South Pacific  
Albacore 
(Credit: SPC)

Fishing 
methods

Purse-seine and pole-
and-line fishing on the 
surface of the waters 

Purse-seine and pole-
and-line fishing on the 
surface of the waters for 
juvenile fish 
Purse-seine fishing of 
mature fish
Longline fishing of 
deeper waters for 
mature fish

Purse seine fishing of 
juveniles at the surface
Longline fishing of 
deeper water for mature 
fish

Longline fishing 

Markets Sold fresh, frozen, 
canned, dried, salted, 
and smoked

Juveniles sold fresh, 
frozen, canned, dried, 
salted and smoked
Mature fish for high 
value Japanese sashimi 
market

High value Japanese 
sashimi market

Use in canneries

Where they 
normally live in 
the water

Live in the surface layer 
of the ocean

Swim between surface 
and subsurface layers of 
the water

Descend to deeper 
layers

Swim between surface 
and subsurface layers of 
the water, but go deeper 
than yellow fine

Effect of 
decreased 
oxygen 
deeper down 
on vertical 
distribution in 
water

Little difference More found in surface 
waters

Have a high tolerance 
for low oxygen 
conditions, so may have 
little effect unless very 
low oxygen conditions 
develop

More found in surface 
waters

Change in 
Geographic 
range (without 
fishing)

Increases in Central and 
East Pacific, decreases in 
West Pacific

Increases in Central and 
East Pacific, decreases in 
West Pacific

Little change in 
distribution

Uncertain, but possible 
decrease in western 
part of South Pacific, 
and possible increase in 
eastern part

Long term 
effect on 
numbers after 
2050 (without 
fishing)

Uncertain, but likely to 
decrease in the Western 
and Central Pacific 
Ocean (WCPO) and 
increase in the Eastern 
Pacific Ocean (EPO) 
(overall decline Pacific 
wide)

Decrease in the WCPO 
and increase in the EPO 
(overall stable across the 

Pacific) 

Likely to decrease 
slightly in the WCPO 
and increase in the EPO 
(overall stable across the 
Pacific)

Highly uncertain and 
depends on effects of 
oxygen levels, but if no 
effect then rapid increase 
in numbers until 2035, 
otherwise numbers likely 
to remain stable
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The effects of fishing on the abundance of 
Pacific tuna species strongly outweigh any 
likely decreases from climate change. 

Fishing pressure will continue to be the 
dominant driver of what happens to tuna fishing 
populations, at least until 2050. This means 
good fishing management is paramount for 
sustaining tuna populations given the predicted 
effects of climate change. 

Tuna of critical economic importance

PICTs benefit economically from their rich tuna 
resources through the sale of license fees to 
fishing vessels from more distant countries, 
especially Japan, USA, China, Chinese Taipei, 
Korea and Spain. (e.g. in 2013-14, 7 PICTs 
received 10-84% of their government revenue 
from these fees).

Tuna processing by some PICTS (American 
Samoa, Fiji, Papua New Guinea and Solomon 
Islands) has created more than 23,000 jobs in 

addition to other jobs as crew or observers on 
fishing vessels.

The redistribution of tuna to the Central and 
East Pacific will benefit PICTs in those regions 
(Vanuatu, New Caledonia, Pitcairn Islands and 
French Polynesia) compared to those in the 
West Pacific (PNG, FSM, Nauru, Palau) if average 
levels of fishing efforts increase in their EEZs.

Climate change will affect fishing catch 
and revenue, but there are options

Tuna catch increasing, especially 
for domestic fleets

The amount of tuna caught in the WCPO 
has doubled in the past 25 years from 1.4 
million tonnes in 1990 to 2.8 million in 
2014. While large foreign fishing vessels 
dominate this catch, the percentage 
caught by domestic fleets is increasing 
substantially and 550,000t of tuna was 

caught by PICTs in 2014.

Purse seining dominates tuna fishing efforts in the Pacific 

(Photo credit: Malo Hoskens, SPC)
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To maintain tuna canneries in PNG and the Solomon Islands, agreements will be needed for tuna 

caught in other areas to be landed in these countries (Photo credit: Francisco Blaha)

Tuna total catch predicted to be 

maintained until 2050, then decrease

Under continued high emissions scenarios, total 
catch is predicted to be maintained until 2050 
and to decrease later in the century. But this will 
depend on:

• The Parties to the Nauru Agreement (PNA) 
members and industrial fleets fully complying 
with the vessels days scheme:

• The target reference points for catches of all 
tuna species being agreed by the Western 
and Central Pacific Fisheries Commission

• PNA members continuing to develop 
flexible ways of coping with the changing 
distribution of tuna and fishing efforts

As tropical tuna move east this will affect 

fishing revenues

As tuna move to east, this will mean increased 
opportunities for tuna fishing revenue for 
Kiribati, Tuvalu and Tokelau. However, the PICTs 
in the west (especially PNG, Solomon Islands, 
and FSM) could be affected by: 

• Declining revenue from fishing licences and 
processing operations

• Less availability of fish to expand industrial 
fishing and processing of tuna (canneries) 
in PNG and Solomon Islands (however, 
while these activities generate significant 
employment, they only contribute a relatively 
small % to the economies of these countries)

To get enough skipjack and yellowfin for their 
onshore tuna canneries, PNG and Solomon 
Islands will need to:

• Maintain or secure agreements for tuna 
caught in other EEZs to be landed in their 
ports

• Reduce foreign fishing vessels in their own 
EEZs in favour of national vessels

• Require other nations fishing within their EEZ 
to supply a proportion of their catch to local 
canneries

• Increase existing arrangements for national 
fleets to fish in other EEZs

Issues that will need to be managed include:

• Distant nation fishing vessels who operate 
outside EEZs on the high seas who are not 
subject to agreements like the Vessel Day 
Scheme

• Sea level rise and inundation affecting coastal 
tuna canneries, meaning relocation or 
increased operating costs

• The need to use tuna to feed local people 
as coastal fisheries decline under climate 
change (e.g. 4-10% of tuna harvests may 
need to be used to feed local communities 
by 2035)

• Less full time jobs being available in ocean 
fisheries and canneries

As tuna shift to the east, it will be more difficult 
to monitor and manage the fisheries, and total 
tuna business opportunities will likely decline in 
the second half of this century.
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Win-win options for adapting to climate change

The following table identifies win-win adaptation options and policies for helping PICTs reduce the 
economic threats posed by climate change while capitalising on any opportunities.

Vessel Day Scheme can help Parties to the Nauru Agreement (PNA) distribute 
economic benefits under climate variability and change

The Vessel Day Scheme controls the numbers of days that foreign nations can fish for tuna 
within the exclusive economic zone of PNA members.

It currently applies to purse seiners but the members intend extending it to cover long line 
fishing as well.

Allocation of Vessel Days to PNA members based on their history of fishing effort can be 
adjusted regularly. Such periodic adjustments means that if tuna populations move east 
with climate change, there will be less need for members to trade days. 

PNA controls the world’s largest sustainable tuna purse seine fishery. PNA Members are 
Federated States of Micronesia, Kiribati, Marshall Islands, Nauru, Palau, Papua New Guinea, 
Solomon Islands and Tuvalu.

Adaptation options Supporting policies

Implement fully the Vessel Day Scheme (VDS) to 
control fishing efforts by the Parties to the Nauru 
Agreement

Strengthen national capacity to administer the VDS

Diversify sources of fish for canneries and maintain 
trade agreements

Make national tuna management plans and 
marketing strategies more flexible for buying and 
selling tuna

Identify ways to add more value to skipjack tuna Promote partnerships to process and market 
skipjack tuna in new ways

Continue conservation and management measures 
for all species to maintain healthy populations 
resilient to climate change

Address climate change in WCPFC’s management 
objectives
Develop national means of managing tuna 
populations outside the WCPFC mandate at a 
subregional level
Require all commercial tuna vessels to provide 
catch and effort data to improve our modelling of 
the effects of climate change

Promote energy efficiency programs to assist fleets 
to minimise their greenhouse gas emissions, and 
cope with rising oil prices and the costs of fishing 
further afield as tuna populations move east

Promote environmentally-friendly fishing 
operations
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Decline in coastal fisheries under climate 
change means tuna is vital for food security

Production of coastal fish living just above the sea floor (demersal fish) is predicted to decline by 20% 
in 2050 and 20-50% by 2100 under continued high emission of greenhouse gases. This will have a 
huge impact on coastal Pacific communities reliant on such food for their subsistence and income. 

To ensure food and livelihood security into the future, PICTs will need to:

1. Supply tuna to meet local food security needs

2. Manage oceanic and local fishing efforts to maintain sustainable tuna populations

3. Implement integrated coastal management to build the resilience of coral reefs, mangroves and 
seagrasses to climate change; such integrated coastal management recognises that what happens 
in one part of the ecosystem affects the other (i.e. what happens on our coasts also affects our 
oceanic tuna populations).

Community fishers will need to attract tuna as coastal fisheries decline under climate change (Photo 

credit: Francisco Blaha)
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Research modelling addressing knowledge 
gaps

SEAPODYM (Spatial Ecosystems and Populations 
Dynamics Model) is the most advanced scientific 
model for investigating the effects of climate 
change on Pacific tuna populations and fisheries. 
It helps scientists to understand the complex 
and changing relationships between tuna, their 
environment, characteristics of their life history, 
fishing impacts and climate. 

Scientists use models to predict the effects of 
climate change on tuna habitat, population 
numbers and distribution.

There is uncertainty in our models about the:

• Exact changes to ocean temperatures, 
dissolved oxygen, primary production or 
currents with projected climate change

• Adaptive ability of tuna to live and reproduce 
in warmer waters

• Changes to the upwelling of nutrients (in 
some parts of the ‘warm pool’ there may be 
more, and in other parts less)

• Amount of small fish, squid and crustaceans 
that will be available for tuna diets

We need to fill gaps in our knowledge about how:

• Oxygen and nitrate levels in the ocean water 
change with different climate drivers (e.g. El 
Niño) and what effects such changes have on 
tuna populations

• Changes in sea surface temperatures, 
oxygen levels and pH affect tuna growth and 
distribution

• Genetically different each population of 
tuna is so we have a better idea of the 
spatial distribution of tuna and the potential 
of populations to adapt to changing 
environment conditions

• Tuna populations change in response to 
natural climate variability

• Changes in tuna distribution and abundance 
will affect PICT economies

• Fisheries managers can better manage tuna 
stocks under the projected climate change 
effects

Filling such gaps will help strengthen SEAPODYM 
ability to predict the future under a changing 
climate.

Valerie Allain (right) collects tissues from 

tuna to help her better understand what 

they eat and how they interact with their 

environment. New knowledge feeds into 

making models like SEAPODYM more 

accurate at making climate projections. 

(Photo credit: Jenni Metcalfe)



For further information:

Chapter 14: ‘Climate change impacts, vulnerabilities and adaptations: Western and Central Pacific 
Ocean marine fisheries’ in Impacts of climate change on fisheries and aquaculture: Synthesis of 
current knowledge, adaptation and mitigation options http://www.fao.org/3/I9705EN/i9705en.pdf

‘Impact of climate change on tropical Pacific tuna and their fisheries in Pacific Islands’ waters and 
high seas areas. 14th Meeting of the Scientific Committee of the Western and Central Pacific Fisheries 
Commission, WCPFC-SC14, Busan, Republic of Korea, 8-16 August 2018 WCPFC-SC14-2018/EB-
WP-01: 1–43. https://www.wcpfc.int/node/30981

Dr Valerie Allain, Fisheries Research Scientist, Pacific Community, ValerieA@spc.int


