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Chapter 1  

Pacific communities, fisheries, aquaculture  
and climate change: An introduction

Johann D Bell, Tim JH Adams, Johanna E Johnson, Alistair J Hobday and  
Alex Sen Gupta

‘[There is] an imperative need for us to take immediate and decisive collective 
action to ensure that we secure our peoples’ future livelihoods, regional food 
security, and the environmental sustainability of our seas and their ecosystems.’ 
(Pacific Islands Forum, Vava’u Declaration 2007)i

i  Pacific Islands Forum, Vava’u Declaration (2007) The Vava’u Declaration on Pacific Fisheries 
Resources: ‘Our Fish, our Future’. Forum Communiqué, Thirty-eighth Pacific Islands Forum, 
Nuku’alofa, Tonga, 16–17 October 2007.  

Photo: Natalie Behring
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1.1 Introduction

The 22 Pacific Island countries and territoriesii span much of the tropical and subtropical 
Pacific Ocean. The area encompassed by the exclusive economic zones of these 
countries and territories, from the Commonwealth of the Northern Mariana Islands 
(CNMI) in the north (25°N) to New Caledonia in the south (25°S), and from Palau in the 
west (130°E) to Pitcairn Islands in the east (130°W), exceeds 27 million km2 (Figure 1.1)iii. 
From a fisheries perspective, the ocean area bounded by these islands almost matches 
the tropical portion of the Western and Central Pacific Ocean (WCPO) defined in the 
Western and Central Pacific Fisheries Conventioniv. From an oceanographic viewpoint, 
it includes the area known as the western tropical Pacific Ocean. 

It comes as no surprise given this vast area that the region covered by the Pacific 
Island countries and territories (PICTs) is one of great geological, biological and social 
diversity. The region has historically been divided into three subregions in recognition 
of this diversity – Melanesia, Micronesia and Polynesia – based on the physical nature 
of the islands, biogeography, and ethnic and cultural factors (Figure 1.1). 

This chapter sets the scene for this book by describing the physical, biological and 
social diversity of the tropical Pacific; the demography of the region; the nature of 
local economies and limitations to economic development; and the importance of 
oceanic, coastal and freshwater fisheries and aquaculture to economic development 
and government revenue, food security and livelihoods. 

We briefly outline regional arrangements and plans to optimise benefits from 
fisheries and aquaculture, the ways in which climate change could derail these plans, 
and the need for a comprehensive assessment of the vulnerability of fisheries and 
aquaculture in the Pacific to climate change. We also describe the approach we have 
taken to deliver this vulnerability assessment and how the results can be used to help 
industry and communities adapt to maintain the benefits of fisheries and aquaculture. 

1.1.1 Physical nature of the islands

In the west of the region high islands (Figure 1.2) dominate the land-scape of 
Melanesia, which includes Fiji Islands (Fiji), New Caledonia, Papua New Guinea 
(PNG), Solomon Islands and Vanuatu (Figure 1.1). The large size of these high islands, 

ii  The 22 Pacific Island countries and territories are American Samoa, Cook Islands, Federated States 
of Micronesia, Fiji, French Polynesia, Guam, Kiribati, Marshall Islands, Nauru, New Caledonia, 
Niue, Commonwealth of the Northern Mariana Islands, Palau, Papua New Guinea, Pitcairn 
Islands, Samoa, Solomon Islands, Tokelau, Tonga, Tuvalu, Vanuatu and Wallis and Futuna.

iii This map is indicative only of agreed and potential maritime boundaries between Pacific Island 
countries and territories (PICTs). It does not reflect the claims of PICTs to offshore areas.

 
iv  Convention for the Conservation and Management of Fisheries for Highly Migratory Species in 

the Western and Central Pacific Ocean. www.wcpfc.int/key-documents/convention-text 

http://www.spc.int/climate-change/e-book/images/c1fig1.png
http://www.spc.int/climate-change/e-book/images/c1fig1.png
http://www.spc.int/climate-change/e-book/images/c1fig2.png
http://www.spc.int/climate-change/e-book/images/c1fig1.png
www.wcpfc.int/key-documents/convention-text
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and the prevailing weather conditions (Chapter 2), have supported the expansion of  
human settlement by providing opportunities for agriculture, fisheries, forestry 
and mining. The coastal waters surrounding the islands of Melanesia are relatively 
productive due to (1) nutrients delivered from terrestrial runoff; and (2) the occurrence 
of small-scale, nutrient-rich upwellings created by deflection of large-scale ocean 
currents around the islands. 

Local climate is also affected by the size of the islands in Melanesia – by intercepting 
the monsoons and trade winds, they generally receive much higher rainfall than 
the low-lying islands further to the east (see below). However, these high islands 
are generally subject to strong spatial variations in rainfall, with windward (usually 
eastern) slopes typically receiving more rain than the leeward (usually western) 
slopes. 

Papua New Guinea is so large compared to the other countries and territories it 
could be considered a distinct biophysical area. Both its land area and population are 
greater than those of all the other PICTs combined (Table 1.1 and 1.2). Mainland PNG 
is also the only Pacific island situated on a continental shelf, which it shares with 
Australia and Indonesia. The geography of PNG has a significant influence on the 
surrounding ocean and on the nation’s fisheries. The scale and value of PNG’s tuna 
industry1, the diversity of its coastal and freshwater fisheries, and the opportunities 
for aquaculture far exceed those of other PICTs. 

Figure 1.2 Guadalcanal, Solomon Islands: a typical high island in Melanesia (photo: Michael 
McCoy).

http://www.spc.int/climate-change/e-book/images/c1table1.png
http://www.spc.int/climate-change/e-book/images/c1table2.png
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Further eastwards and northwards of Melanesia are the countries and territories 
of Micronesia and Polynesia (Figure 1.1). The islands within these subregions are 
typically smaller than those in Melanesia (Table 1.1) and can be considered ‘atolls’ 
in various stages of evolution2. They range from geologically recent volcanic peaks 
surrounded by a narrow fringing reef, to partially subsided peaks surrounded by a 
lagoon, to fully evolved atolls, i.e. ring reefs formed around a completely submerged 
peak (Figure 1.3). Some islands have gone through more than one cycle of uplift and 
erosion (e.g. Nauru). Others are as large as some of the high islands of Melanesia  
(e.g. Pohnpei in the Federated States of Micronesia). Consequently, the islands of 
Micronesia and Polynesia vary greatly in the size and extent of their lagoons and 
their capacity to support a diverse range of habitats and resources for fisheries and 
aquaculture.

1.1.2 Biogeography 

There is a general reduction in marine biodiversity from west to east across the 
region, proportional to the distance from the centre of Indo-Pacific diversity in insular 
southeast Asia3,4. For example, the number of fish species associated with coral reefs 
decreases from ~ 1600 in PNG to 600 in French Polynesia5. The number of coral reef 
fish species used for subsistence and livelihoods also decreases from west to east6. 
There is also lower diversity of hard and soft corals7, seagrasses8 and mangroves9 in 
the eastern Pacific than in the western Pacific. 

The great biodiversity of the western tropical Pacific is recognised internationally and 
has resulted in high-level marine conservation initiatives in many of the countries in 
this area. These include the Coral Triangle Initiativev involving Indonesia, Malaysia, 
Philippines, Timor Leste, PNG and Solomon Islands, and the Micronesia Challengevi 
underway in the Federated States of Micronesia (FSM), Guam, Marshall Islands, 
CNMI and Palau.

1.1.3 Ethnic and cultural diversity

The broad ethnic and cultural distinctions among the people of the tropical Pacific 
coincide generally with the geomorphological differences between the islands. 
Melanesians inhabit the larger high islands in the southwest of the region, while 
Micronesians occupy the smaller islands to the north and Polynesians the islands to 
the east (Figure 1.1). However, there is some integration between regions, particularly 
in Fiji where Melanesia meets Polynesia. Somewhat unusual exceptions are the 
Polynesian communities on the small outlying islands of Melanesia. Many of these 
Polynesian communities were established relatively recently by secondary or tertiary 
migration from east to west, following a primary wave of migration from west to east 
that populated Polynesia10.
v  www.cti-secretariat.net
vi  www.micronesiachallenge.org

http://www.spc.int/climate-change/e-book/images/c1fig1.png
http://www.spc.int/climate-change/e-book/images/c1table1.png
http://www.spc.int/climate-change/e-book/images/c1fig3.png
http://www.spc.int/climate-change/e-book/images/c1fig1.png
www.cti-secretariat.net
www.micronesiachallenge.org
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Figure 1.3 ‘Atolls’ in varying stages of evolution; (a) a geologically-recent volcanic peak 
surrounded by a narrow fringing reef (Rarotonga, Cook Islands) (Photo: Ewan Smith);  
(b) a partially subsided peak surrounded by a lagoon (Bora Bora, French Polynesia)  
(Photo: Jerry Lew); and (c) a ring reef around a completely submerged peak (Majuro, 
Marshall Islands) (Photo: Greg Vaughn).

The time since first settlement declines from west to east across the region10. In PNG, 
human habitation is measured in tens of thousands of years, and agriculture appears 
to have developed there at about the same time as in the Middle East11. Towards the 
east, settlement is more recent. Fiji has archaeological sites dating back thousands 
of years and still has oral legends about the ’first landing’. Some Polynesian island 
cultures record their history in terms of hundreds of years.

The migrations out of Polynesia were possibly due as much to the inability of small-
island ecosystems to support large human populations as they were to social causes12. 
Indeed, there is sporadic evidence of depletions or local extinctions of species known 
to be vulnerable to exploitation, such as some species of giant clams in Fiji13.

a) b)

c)
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A consequence of the large differences in availability of land across the region  
(Table 1.1) is that Micronesians and Polynesians generally have a strong affinity 
with the sea and fishing, whereas most Melanesians have a stronger culture of using 
agricultural methods to produce food. This is reflected in the generally lower fish 
consumption per person in PNG, Vanuatu and New Caledonia1,14,15.

Table 1.1 Land and exclusive economic zone (EEZ) areas for each of the 22 Pacific Island 
countries and territories (PICTs).

PICT Land area 
(km2) 

Area of EEZ* 
(km2) 

Ratio land/sea 
(%)

Melanesia

Fiji 18,272 1,229,728 1.464

New Caledonia 19,100 1,111,900 1.689

PNG 462,243 2,446,757 15.890

Solomon Islands 27,556 1,553,444 1.743

Vanuatu 11,880 668,220 1.747

Micronesia

FSM 700 2,939,300 0.024

Guam 541 214,059 0.252

Kiribati 810 3,550,000 0.023

Marshall Islands 112 2,004,888 0.006

Nauru 21 293,079 0.007

CNMI 478 752,922 0.063

Palau 494 605,506 0.082

Polynesia

American Samoa 197 434,503 0.045

Cook Islands 240 1,947,760 0.012

French Polynesia 3521 4,200,000 0.084

Niue 259 296,941 0.087

Pitcairn Islands 5 800,000 0.001

Samoa 2935 110,365 2.590

Tokelau 10 318,990 0.003

Tonga 699 676,401 0.103

Tuvalu 26 719,174 0.004

Wallis and Futuna 255 242,445 0.105

Total (average) 550,354 27,116,382 (2.03)

* The area between the territorial/archipelagic sea boundary and 200 nautical miles from the 
base points. This area denotes the ‘Fisheries Zone’ where a country does not have an EEZ. 

http://www.spc.int/climate-change/e-book/images/c1table1.png
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1.2 Demography

Like most developing regions around the world, the populations of many Pacific 
Island countries and territories are increasing. In 2010, the total population of all PICTs 
combined was estimated to be 9.9 million people, and is projected to rise by ~ 50% to  
~ 15 million in 2035 (Table 1.2). 

Most of the region’s population is concentrated in Melanesia, which also has higher 
population growth rates in general16. PNG alone accounted for 69% of the regional 
population in 2010 and is predicted to contribute 79% of the population growth by 
2035 (Table 1.2). This overall outlook hides two important demographic trends. Firstly, 
some of the smallest countries and territories (Cook Islands, Nauru, Niue, Pitcairn 
Islands, Tokelau, Tuvalu) have experienced a population decline in recent years due 
to emigration. Secondly, there is rapid urbanisation throughout the region. This 
widespread urbanisation is a result of migration from outer islands and rural areas 
within larger countries to the main population centres. PNG provides a particularly 
potent example – urban populations there are predicted to increase by 180% by 2035, 
compared to a total population increase of 60%16.

1.3 Nature of local economies and limitations to economic development

The economies of PICTs are diverse, but all are characterised by the advantages and 
constraints typical of oceanic islands, particularly the effect of geographic isolation17. 
Tourism plays the major role in some economies, including those of Cook Islands,   
Fiji, French Polynesia, Guam, CNMI and Palau. Other countries and territories in 
Melanesia and Nauru have derived economic benefits from forestry, agriculture  
and/or mineral resources. Several of the smaller island nations are heavily dependent 
on remittances from family members working overseas. But in almost all PICTs, 
fisheries play a much larger role in the economy than in most other countries1,15.

Oceanic fisheries are the only natural resources that PICTs have which are not limited 
by the small sizes of their islands. Geographic isolation has also helped protect Pacific 
island fisheries from the overexploitation afflicting many stocks elsewhere in the 
world18. The potential to develop the tropical Pacific tuna fishery within the limits set by 
regional and international agreements is of great interest to several PICTs. In particular, 
the transfer of capacity from distant water fishing nations (DWFNs) to Pacific Island 
countries holds the promise of substantial, sustainable economic returns. 

There are, however, constraints to the onshore development of the processing facilities 
needed to domesticate the benefits of oceanic fisheries in the smaller countries. These 
constraints include limited freshwater supplies, high freight charges, relatively high 
wage rates compared to Southeast Asia and the limited capacity of the environment 
and society to absorb such large-scale operations. 

http://www.spc.int/climate-change/e-book/images/c1table2.png
http://www.spc.int/climate-change/e-book/images/c1table2.png
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Table 1.2 Population estimates for the 22 Pacific Island countries and territories (PICTs) 
for 2010, with projections to 2020 and 203516, based on the 2010 assessments. See www.spc.
int/sdp for ongoing adjustments to population estimates and projections for each PICT.

PICT
Mid-year population estimate

2010  2020  2035
Melanesia 8,654,200 10,465,000 13,492,371
Fiji 847,800 890,400 977,600
New Caledonia 252,300 291,200 322,538
PNG 6,752,700 8,267,400 10,822,300
Solomon Islands 549,600 703,500 969,900
Vanuatu 251,800 312,500 400,033
Micronesia 538,800 607,700 676,300
FSM 102,400 100,000 105,300
Guam 187,100 224,200 250,400
Kiribati 100,800 119,900 144,600
Marshall Islands 54,400 59,500 62,700
Nauru 10,000 12,000 14,400
CNMI 63,100 70,300 76,200
Palau 20,500 21,800 22,700
Polynesia 663,800 710,800 780,800
American Samoa 65,900 74,600 87,300
Cook Islands 15,700 16,400 16,900
French Polynesia 268,800 297,600 330,800
Niue 1500 1200 1200
Pitcairn Islands * * *
Samoa 183,100 188,400 202,000
Tokelau 1200 1200 1200
Tonga 103,400 106,500 115,000
Tuvalu 11,100 11,800 12,800
Wallis and Futuna 13,100 13,100 13,600
Total 9,856,300 11,783,500 14,949,471

* Population for Pitcairn Islands not estimated (currently 66).

Forest resources in Melanesia do not have the same sustainable development 
potential – they have long renewal times relative to current exploitation rates. Indeed, 
the remaining lifetime of logging industries in Solomon Islands is estimated to be 
less than five years19. Terrestrial mineral deposits promise to generate wealth in the 
region but in Nauru primary phosphate reserves have already been exhausted. On the 
other hand, tourism has significant economic potential. However, this potential will 
depend largely on the way tourists perceive the health of the marine environment.

www.spc.int/sdp
www.spc.int/sdp
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1.3.1 Exclusive economic zones

The United Nations Convention on the Law of the Sea (UNCLOS) increased 
the potential for economic development and government revenue for all PICTs 
by allowing them to declare national exclusive economic zones (EEZs) of up to 
200 nautical miles from national territorial sea baselines (territorial seas extend  
12 nautical miles from these baselines in most PICTs). UNCLOS provided international 
recognition of the vast areas over which Pacific Island states could exercise sovereign 
rights (Table 1.1) to exploit, manage and conserve resources found in the surrounding 
waters and on the ocean floor.

As well as providing opportunities, sovereign rights over EEZs also carry the 
responsibility for conservation and management of resources. In this regard, 
Pacific Island countries have a long history of regional cooperation, particularly in 
managing shared highly migratory stocks of tuna and associated species. The Pacific 
Islands Forum Fisheries Agency (FFA)vii was set up in 1978 for the specific purpose of 
allowing the members to cooperate in the management of these highly migratory fish 
stocks within their EEZs (Section 1.5). The establishment of the Western and Central 
Pacific Fisheries Commission (WCPFC)viii in 2004 enables PICTs to cooperate with 
other states for the conservation and management of tuna resources and associated 
species in tropical Pacific high seas. The WCPFC also allows PICTs to impose an 
overall limit on the fishing of tuna across the entire distribution of the stocks, not just 
in their EEZs.

UNCLOS also conveys other rights and responsibilities, including the assessment 
of resources. Regional cooperation in fisheries science is supported by the Fisheries, 
Aquaculture and Marine Environment Division (FAME) of the Secretariat of the Pacific 
Community (SPC), which provides PICTs with the scientific expertise and research 
required to understand the size and status of oceanic fisheries in the western and 
central Pacific. FAME also provides technical assistance for the development and 
management of coastal fisheries and aquaculture. 

Surveys of seabed minerals and the delimitation of EEZs are coordinated through the  
Applied Geoscience and Technology Division of SPC (SOPAC), and regional cooperation 
in the protection and preservation of the marine environment is coordinated by the 
Secretariat of the Pacific Regional Environment Programme (SPREP). 

vii Members of FFA are: Cook Islands, Federated States of Micronesia, Fiji, Kiribati, Marshall 
Islands, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Tokelau, Tonga, 
Tuvalu, Vanuatu, together with Australia and New Zealand.

viii Members of WCPFC and participating territories include Australia, Canada, China, Cook 
Islands, European Union, Federated States of Micronesia, Fiji, France, Japan, Kiribati, Korea, 
Marshall Islands, Nauru, New Zealand, Niue, Palau, Papua New Guinea, Philippines, Samoa, 
Solomon Islands, Taiwan/ROC, Tonga, Tuvalu, United States of America and Vanuatu. 

http://www.spc.int/climate-change/e-book/images/c1table1.png
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1.4 Importance of fisheries to the people of the tropical Pacific

‘Tuna fisheries are the wealth of small island nations in the Pacific; reef fisheries are 
their food’. These two phrases have been heard so many times over the past 20 years 
that they have lost their immediacy. Nevertheless, they still hold a great deal of truth 
even though the reality may be more complex. For example, in much of Melanesia, 
economic development and government revenue are based mostly on forestry or 
mining, and the people are more dependent on agriculture than fishing for their 
subsistence. This is particularly true for inland PNG20. In some small islands, tourism 
is the main source of income and tuna provide more local food than reef fish. 

But whatever the details and exceptions, many PICTs are heavily dependent on their 
fisheries resources for economic development, government revenue, food security 
and livelihoods, and are vulnerable to any change in the status of these resources. 
For these reasons, three main questions frame national aspirations and plans for the 
sustainable use of fish (1) How can oceanic (tuna) fisheries best contribute to economic 
development  and government revenue? (2) How much fish will be needed for future 
food security? and (3) How many livelihoods can be based on the sustainable use of 
fisheries resources? 

1.4.1 Economic development  and government revenue

The future potential for economic development and government revenue within 
the fisheries sector is dominated by the harvesting of oceanic fish, particularly tuna 
(Figure 1.4). For the purposes of this book, we use the usual broad definition of 
economic development  as ‘an increase in the production levels of goods and services, 
resulting in a greater real gross domestic product (GDP)’. However, we also highlight 
the contribution of fisheries to government revenue, given the high proportion of 
such revenue derived from tuna in several PICTs1.

Fishing for tuna in Solomon Islands      
 

Photo: Bruno Leroy

http://www.spc.int/climate-change/e-book/images/c1fig4.png
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The annual production from oceanic fisheries in PICTs, based on data for industrial 
fleets that target four species of tuna (skipjack, yellowfin, bigeye and albacore), is  
~ 10 times greater than production derived from coastal fisheries. An accurate 
comparison is difficult, however, because data on production from the region’s coastal 
fisheries are still quite poor1 and industrial tuna catches are normally aggregated 
for the whole WCPO Convention area, which is larger than the region under the 
jurisdiction of PICTs. 

In 2009, the total landings of tuna in the WCPO Convention area were almost  
2,468,000 tonnes (Table 1.3). The majority of the catch was skipjack tuna and most of 
the fish were caught by purse-seine vessels (Table 1.3). The 2009 catch from the WCPO 
represented 58% of total world tuna landings and, based on the average for 2005–2009, 
48% of the catch in the WCPO was taken from the EEZs of PICTs.

Figure 1.4 The basis of tuna production in the Western and Central Pacific Ocean, and the 
main methods used to harvest tuna. 

http://www.spc.int/climate-change/e-book/images/c1table3.png
http://www.spc.int/climate-change/e-book/images/c1table3.png
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The main contribution of tuna fisheries to government revenues within the region 
comes from a combination of access fees paid by vessels from DWFNs, transshipping 
fees, export duties and taxes. The broader contribution to economic development  in 
a number of countries comes from Pacific island-owned or joint-venture industrial 
fishing operations, onshore processing plants, and the employment created. These 
enterprises also contribute to government revenue, although many benefit from tax 
concessions.

Access fees have historically provided the most stable of these benefits. Currently, 
they contribute ~ USD 80 million per year to the region1. In the case of FSM, Tuvalu, 
Tokelau, Nauru and Kiribati, these fees provide ~ 10–40% of annual government 
revenue1. Although access fees contribute less to national economies per tonne of 
catch than domestic fishing or processing operations, they avoid many of the risks 
of such investment. Nevertheless, access fees fluctuate due to market forces and 
the uncertainty associated with the way large-scale climate events influence the 
availability of tuna within different EEZs. 

The best-known of these climate events is the influence of the El Niño-Southern 
Oscillation (ENSO) on purse-seine fisheries near the equator. Under La Niña 
conditions, the Western Pacific Warm Pool (Warm Pool), where 80% of purse-seined 
tuna are caught, becomes more confined towards the west of the basin (Figure 1.5), 
and these fishing operations are concentrated in PNG’s waters. During El Niño 
episodes, the Warm Pool spreads eastwards and purse-seine catch rates in Kiribati’s 
EEZ increase21.

Table 1.3 Total catch and estimated landed value of the four species of tuna, and main 
fishing methods, for the Western and Central Pacific Ocean (WCPO) Convention area in 
2009. Note that 48% of the catch is estimated to have come from the EEZs of Pacific Island 
countries and territories (source: SPC Oceanic Fisheries Programme).

Species Catch  
(tonnes)

Value  
(USD x 1000)

Skipjack 1,789,979 2,193,000
Yellowfin 433,788 1,023,000
Bigeye 118,657 650,000
Albacore 125,479 320,000
Total 2,467,903 4,186,000

Fishing method
Purse-seine 1,894,500 2,354,000
Longline 223,792 1,296,000
Pole-and-line 165,814 344,000
Other 183,797 192,000
Total 2,467,903 4,186,000

http://www.spc.int/climate-change/e-book/images/c1fig5.png
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Pacific island-owned fishing operations have a history of variable success. 
Competition with more industrialised countries, or those with lower labour, 
transport and infrastructure costs, is intense. Also, many Pacific island enterprises 
have been unable to attract private investment and have had to be financed 
or managed by government. Nevertheless, local operations have produced 
substantial economic benefits in some island nations. For example, a large 
percentage of the tuna unloaded from vessels fishing in the region now passes 
through FSM, Kiribati, Marshall Islands and Solomon Islands. Successful tuna  
loining and canning operations have also been established in American Samoa, Fiji,  
Marshall Islands, PNG and Solomon Islands1,15. 

Figure 1.5 Position of the Warm Pool in the western Pacific under La Niña conditions, and 
the convergence zone where the Warm Pool meets nutrient-enriched waters of the eastern 
equatorial Pacific. Tuna and their prey are most abundant in this convergence zone21,48 

(source: HadISST)109.

In 2009, the total value of all fish landed by locally-based offshore fleets in PICTs was 
more than USD 600 million1, compared to the total value of ~ USD 4.2 billion from the 
entire WCPO (Table 1.3). Due to the relatively low percentage value added by industrial 
tuna operations (compared to small-scale coastal fisheries), the combined contribution of 
catches from locally-based fleets to the GDP of PICTs is estimated to be ~ USD 200 million 
per year1. A key challenge for the region is to develop the optimum mix of domestic and 
distant water fishing operations to increase these returns on a sustainable basis.

Aquaculture contributes to the economies of Cook Islands, French Polynesia and 
New Caledonia, and their  governments receive revenue from income taxes of people 
employed in the sector and from other charges. For many years, French Polynesia 
imposed a tax on the export of pearls. Other governments, e.g. Solomon Islands, 
have also benefitted in a modest way from export duties on commodities such as  
bêche-de-mer, trochus, finfish, aquarium products and seaweed. 

Convergence zone

Warm Pool
Cold tongue

  140°E   160°E   180°   160°W  140°W  120°W

http://www.spc.int/climate-change/e-book/images/c1table3.png
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1.4.2 Food security

Food security means that all people, at all times, have physical, social and economic 
access to sufficient, safe and nutritious food to meet their dietary needs and 
preferences for an active and healthy lifeix. 

In the tropical Pacific, fishx is a cornerstone of food security14,22,23. The average annual 
consumption of fish (including shellfish) by coastal rural populations ranges from  
30–118 kg per person in Melanesia, 62–115 kg in Micronesia, and 50–146 kg in 
Polynesia14. Even in urban centres, fish consumption usually greatly exceeds the 
global average of 16–18 kg per person per year14,18,24.

Most of the fish used for food in the region comes from subsistence fishing in coastal 
waters (Figure 1.6, Table 1.4), particularly around coral reefs12,14. However, in some of 
the larger islands, particularly in inland PNG, freshwater fisheries (Figure 1.7) also 
contribute to food security. 

Figure 1.6 The range of coastal fisheries activities in the tropical Pacific, and the habitats 
that support them.
ix World Food Summit (1996) www.ipu.org/splz-e/food.htm

x Fish is used here in the broad sense to include fish and invertebrates.

http://www.spc.int/climate-change/e-book/images/c1fig6.png
http://www.spc.int/climate-change/e-book/images/c1table4.png
http://www.spc.int/climate-change/e-book/images/c1fig7.png
www.ipu.org/splz-e/food.htm 
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Table 1.4 Estimates of catch, and landed value, for subsistence and commercial coastal 
fisheries in Melanesia, Micronesia and Polynesia in 20071.

Subregion

Type of coastal fishery

Subsistence Commercial

Catch (tonnes) Value (USD) Catch (tonnes) Value (USD)

Melanesia 68,730 101,776,365 20,338 74,950,795

Micronesia 28,290 52,636,474 12,090 33,775,731

Polynesia 12,913 45,954,124 12,361 56,964,478

Total 109,933 200,366,963 44,789 165,691,004

Serious concerns are now being raised about the capacity of coastal fisheries to 
supply the fish needed for food security by the region’s rapidly growing populations. 
Another 115,000 tonnes of fish (a 47% increase) will be needed to help provide good 
nutrition for the expanding population of the region by 2030 (Figure 1.8).

These concerns arise because preliminary analysis indicates that by 2030 coastal 
fisheries will supply the nutritional demands for fish in only a minority of the  
22 PICTs14. The main problems are that the reef area available to support fisheries in 
many countries and territories does not have the capacity to produce the fish required

Figure 1.7 Range of freshwater and estuarine fisheries in the tropical Pacific, and the 
habitats that support these fisheries.

http://www.spc.int/climate-change/e-book/images/c1fig8.png
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to maintain current levels of fish consumption into the future, and that other sources 
of protein for a healthy diet will not be readily available. In other places, there are 
fears that overexploitation has already reduced the productivity of coastal fisheries 
substantially, and that it may be difficult to restore stocks to more productive levels 
given the high dependence on reef fish for food and livelihoods. 

Figure 1.8 Forecasts of population growth, and the fish needed for food security in 
rural ( g ) and urban ( g ) areas of Melanesia, Micronesia and Polynesia in 2030 (source: SPC). 

SPC’s Coastal Fisheries Programme recently surveyed fish populations associated 
with coral reefs in 17 PICTs. Their findings showed great variation in the productivity 
of sites and the status of coral reef fisheries across the region6. The challenge is to 
improve the management of coastal fisheries in PICTs so that they fulfill their 
potential to contribute to future food security14.

There can be no doubt, however, that additional sources of fish are required to meet 
the growing need for high-quality dietary protein in the majority of PICTs. The 
region is fortunate that there are at least two options for increasing the supply of fish 
in many places. 

First, allocating a relatively small proportion of the rich tuna resources of the tropical 
Pacific for food would go a long way to filling the emerging gap between the amount 
of fish required for food security and the fish available from coastal fisheries. The 
challenge is how to distribute this proportion of the tuna resources among coastal 
communities and the urban poor, where it is needed most, and how to make it socio-
economically feasible for these communities to access the fish14,23,25.
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A second option involves progressive development of small pond aquaculture14,25, 
particularly in Melanesia, where the availability of fresh water and widespread 
acceptance of tilapia as a food fish provide the basis for such production systems. 
Although development of small pond aquaculture has yet to become economically 
sustainable in many areas, this option has longer-term potential to supply substantial 
quantities of fish for household nutrition. For example, culture of Nile tilapia in ponds 
of 450–500 m2 in Fiji can yield up to 500 kg of fish every 4–5 months, equivalent to
 ~ 25 tonnes per ha per year14. 

Small pond aquaculture also promises to provide a hedge against times when it 
is too rough to fish at sea, as used to be the case in several Pacific island traditions 
before trade goods became available26. However, for small pond aquaculture to fulfill 
its potential as a well-integrated, economically viable and sustainable production 
system, several issues need to be overcome. These include identifying appropriate 
species and culture methods; reducing possible effects on freshwater biodiversity; 
developing cost-effective feeds based on locally available ingredients; providing 
incentives for investment to produce and distribute fry; and training farmers14,27.

1.4.3 Livelihoods

Livelihood has been defined as ‘the activities, assets and access that jointly determine 
the living gained by an individual or household’28. Although ‘livelihood’ is often used 
to embrace all the activities involved in making a living, including subsistence farming 
and fishing, we treat it more narrowly as the ‘activities, assets and access needed to 
earn income’ because the widespread involvement of people in subsistence fishing is 
covered under ‘food security’ above. Our definition also highlights the aspirations of 
many rural households to obtain cash where opportunities to do so are often limited 
but the need is increasing, driven by the ‘westernisation’ of the region.

Fisheries and aquaculture provide an important source of household income and part-
time or full-time employment in the tropical Pacific. Throughout much of the region, 
people are involved in the chain supplying fish and aquaculture commodities to local 
and export markets. Full-time jobs have been created through development of domestic 
industrial tuna fleets and tuna processing operations within the region (Figure 1.9). 
For example, almost 12,000 people are employed in canneries or other tuna processing 
operations in American Samoa, Fiji, Marshall Islands, PNG and Solomon Islands1. 
Crewing on foreign vessels and transshipping operations at designated ports also 
provide employment opportunities based on tuna resources in some PICTs. Elsewhere 
in the region, shrimp farming (New Caledonia) and the culture of black pearls (French 
Polynesia, Cook Islands and Fiji) provide thousands of people with full-time or part-
time work1.

Although information on participation in coastal fisheries is generally poor 
throughout the region1, artisanal and small-scale coastal fishing enterprises provide 
a source of income for hundreds of thousands of people. The recent socio-

http://www.spc.int/climate-change/e-book/images/c1fig9.png
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economic surveys by SPC’s Coastal Fisheries Programme demonstrated that an average 
of 47% of coastal households, across 17 PICTs, earned their first or second income from 
selling the fish and shellfish they catch. These enterprises are based on (1) selling catch 
surplus to subsistence needs to local markets or urban centres; (2) exporting high-value 
invertebrates such as sea cucumber, trochus and spiny lobster, and high-value finfish 
such as deepwater snapper, to export markets; and (3) supplying a wide range of wild-
caught fish and invertebrates to the tropical marine ornamental trade. 

Figure 1.9 (a) Processing tuna for export in Fiji (photo: Peter Sharples); (b) crew on a tuna 
longline vessel in Cook Islands (photo: Steve Beverly).

Aquaculture of marine ornamental commodities (e.g. ‘live rock’, giant clams and 
corals) and seaweed farming (Figure 1.10) also provide opportunities to earn 
income in several countries. In most cases, the artisanal and small-scale fisheries 
and aquaculture operations do not provide full-time employment for many people.
Instead, they help diversify the income earned by households. 

Several PICTs, particularly in Melanesia29, are looking to fisheries and aquaculture to 
provide more livelihoods for their rapidly growing populations. In many cases, this will 
be a challenge. Tuna processing plants face competition from operations in Asia, the 
productivity of coastal fisheries is naturally relatively low and already damaged due 
to overfishing in some places, and the remoteness of many PICTs limits the potential to 
develop competitive aquaculture operations for fresh seafood export commodities. 

1.5 Arrangements to optimise the benefits of fisheries for the region

Pacific Island governments are well aware of the importance of their fisheries and 
have invested considerable effort in regional cooperation to maximise the sustainable 
benefits. Most of this cooperation is focused through (1) SPC, which provides 
scientific support for management of fisheries at both national and regional levels  
(Section 1.3.1); (2) FFA, which assists countries with national tuna fishery management 
and development, as well as administering various regional tuna fishery agreements; 
and (3) the Office of the Parties to the Nauru Agreement (PNA)xi, established to 
provide of focal point for optimising the benefits from the purse-seine fishery for 
PNA members. 
xi PNA members: Federated States of Micronesia, Kiribati, Marshall Islands, Nauru, Palau, Papua 

New Guinea, Solomon Islands and Tuvalu. www.pnatuna.com

a) b)

http://www.spc.int/climate-change/e-book/images/c1fig10.png
www.pnatuna.com


CHAPTER   1

21

Figure 1.10 The range of aquaculture commodities in the tropical Pacific, and the habitats 
that support them.

Examples of the cooperative regional management arrangements are the recent 
measures by the PNA to limit and monitor catches of purse-seine vessels licensed to 
fish in their EEZs. These measures were introduced in response to scientific advice that 
fishing mortality for bigeye tuna in the WCPO needed to be reduced by 30%, and by 
10% for yellowfin tuna, to avoid the possibility of these stocks becoming overfished. 
They include a ban on fishing around drifting fish aggregating devices (FADs) for 
several months each year and a fishing closure for the high seas pockets adjacent to 
their EEZs (Figure 1.1). PNA members also prohibited discarding of undersized tuna 
at sea, directed that all purse-seine vessels must have fishery observers on board, and 
established fishing effort schemes. 

Pacific Island countries negotiate with DWFNs to identify suitable bilateral and 
multilateral licensing arrangements. The countries also engage with DWFNs and 
adjacent coastal states such as the Philippines and Indonesia through the Western 

http://www.spc.int/climate-change/e-book/images/c1fig1.png
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and Central Pacific Fisheries Commission. This regional fisheries management 
organisation administers the Convention for the Conservation and Management of 
Highly Migratory Fish Stocks in the Western and Central Pacific Ocean. 

In addition to these regional fisheries arrangements, various agencies and countries 
provide bilateral assistance to PICTs for the development of fisheries and aquaculture, 
management and capacity building. These agencies include the Food and Agriculture 
Organization of the United Nations (FAO), the University of the South Pacific and the 
WorldFish Center. The countries include Australia, China, members of the European 
Union, Japan, Korea, New Zealand, Taiwan/ROC and USA.

Although management of the tuna fishery is the most active expression of regional 
cooperation in fisheries, several other regional instruments have been developed to 
move the rest of the sector forward in an efficient and responsible way. The most 
important of these is the Pacific Plan30, and the ensuing Vava’u Declaration on 
Sustainable Fisheries issued by the Pacific Islands Forum31. The Vava’u Declaration 
recognises the importance of well-managed fisheries to the countries of the region 
and includes commitments to: 

 ¾ ‘domesticate’ tuna fisheries by increasing the involvement of Pacific Island 
countries in the catching, processing and trading subsectors, rather than focusing 
mainly on optimising access revenues;

 ¾ promote food security, sustainable livelihoods and economic growth through the 
development and management of coastal fisheries and aquaculture;

 ¾ strengthen solidarity among Pacific Island countries in applying a regionally 
harmonised approach to the management of tuna fisheries; and

 ¾ protect high seas biodiversity and develop conservation and management 
measures for fish stocks in the Pacific Ocean that are not highly migratory. 

Relevant elements of the Vava’u Declaration were also welcomed by the 5th Conference 
of the Pacific Community in 200725. Collectively, Pacific Community members called 
for a long-term strategic approach to fisheries in the region. FFA and SPC took up this 
challenge and commissioned ‘The Future of Pacific Island Fisheries’ study to identify 
the most appropriate range of fisheries interventions to optimise outcomes over the 
next 25 years. The study focused on:

 ¾ assessing trends in the sustainability of production from oceanic, coastal and 
freshwater fisheries, and aquaculture;

 ¾ identifying the key drivers of fisheries and aquaculture at local, national, regional 
and international levels, and possible scenarios for the status of fisheries and 
aquaculture in the region in 2035; 
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 ¾ harmonising the use of the various sources of fisheries production and aquaculture 
to optimise economic development and government revenue, food security and 
livelihoods; and  

 ¾ informing national and regional agencies about the policies, management 
measures and collaborative arrangements needed to deliver sustainable supplies 
of fish.

Many of the national and regional scientific, managerial and monitoring activities 
needed to implement the Vava’u Declaration have already been developed (Table 1.5). 
However, there is a need to prioritise and integrate these activities to help fulfill the 
aspirations of Pacific leaders. The results of ‘The Future of Pacific Island Fisheries’xii 
study now provide a roadmap for this process.

Table 1.5 Science, management and monitoring currently underway in the tropical Pacific 
region to help optimise benefits from fisheries resources.

Regional strategy/Management measure Responsible 
agency

Science 

Regular scientific assessments of the status of tuna stocks and their supporting 
ecosystem99, and occasional scientific assessments of non-tuna fisheries

SPC

Tuna tagging programme99 SPC

Management plans and action

Regional Tuna Fisheries Management and Development Strategy – a regional 
agreement on a set of shared principles for the management and development 
of tuna fisheries by FFA member countries100

FFA 

Implementation of effort quotas, and other subregionally agreed management 
measures for tuna, by Parties to the Nauru Agreement (PNA) on vessels fishing 
within their EEZs101, and the Te Vaka Moana Arrangement (TVMA) for limits on 
longline fishing in the EEZs of Polynesian countries

PNA, 
TVMA

National tuna fishery development plans, incorporating regionally agreed 
standards, domestication of fisheries operating in their zones, and mechanisms 
to implement ecosystem approaches to fisheries102

FFA

Definition of a Western Tropical Pacific Insular Area (WTPIA) that could form part 
of the emerging South Pacific Regional Fisheries Management Convention area 

FFA

The Apia Policy – regional agreement on best-practice strategies to improve the 
management of coastal fisheries103

SPC

Aquaculture Action Plan27 SPC

Monitoring

Monitoring, Control, Surveillance (MCS) strategy for the tuna fishery104 FFA

Regional, subregional and national observer programme for industrial tuna 
fisheries105

FFA/SPC, 
WCPFC

xii  www.spc.int/fame/doc/corporate_docs/Future_of_PI_fisheries_Report.pdf

http://www.spc.int/climate-change/e-book/images/c1table5.png
www.spc.int/fame/doc/corporate_docs/Future_of_PI_fisheries_Report.pdf
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1.6 Threats to fisheries benefits from climate change

The plans outlined above to optimise the benefits of fisheries for PICTs will not only 
have to contend with the various forces driving the sector, such as rapid population 
growth, market demand, fuel costs, and the need to develop an ecosystem approach, 
they will also have to be adapted to a changing climate. The effects of climate change 
on fisheries are already apparent elsewhere in the world. Here, we briefly summarise 
why and how the climate in the tropical Pacific is expected to change, and outline 
some of the likely effects on fisheries and aquaculture in the region.

1.6.1 The changing climate

The build-up of greenhouse gases in the atmosphere is acting in two major ways 
that are ultimately expected to affect fisheries and aquaculture in the tropical Pacific. 
First, the accumulation of greenhouse gases is trapping more of the heat that would 
normally escape from the Earth, leading to an overall increase in global surface 
temperature32. The oceans have absorbed almost 80% of the additional heat, acting 
as a buffer against more rapid atmospheric warming. However, the continued uptake 
of this extra heat has wide-ranging implications for marine resources33 (Figure 1.11). 
Thermal expansion of the ocean, together with melting of land ice, is resulting in 
rising sea levels. Increases in ocean temperatures are also changing the strength 
and direction of currents, and making surface waters more stable, reducing vertical 
mixing and the availability of nutrients in the upper layer of the ocean. Reductions in 
the supply of nutrients usually limit the primary production at the base of the food 
chains that support fisheries. 

Warmer oceans also cause changes in atmospheric circulation patterns, giving rise to 
regional changes in climate. In the tropical Pacific, greater evaporation and moisture 
availability are expected, leading to an intensification of the hydrological cycle, and 
a poleward expansion and possible slow down of the Hadley circulation34,35. As a 
result, rainfall is projected to increase in tropical areas of the Pacific and decrease in 
subtropical areas, although there is still considerable uncertainty about the regional 
pattern of projected changes. There is also the possibility that warmer conditions may 
result in more intense cyclones and storms, resulting in rougher seas, more powerful 
waves and greater physical disturbance of coastal environmentsxiii. 

The second way that increasing greenhouse gases are expected to affect fisheries and 
aquaculture is through changes to oceanic concentrations of CO2 and the resulting 
effect on ocean acidity. The ocean has absorbed more than 30% of human CO2 
emissions since the beginning of the industrial revolution and it is now more acidic 
than at any time during the last 800,000 years36,37. This effect is largely independent 
of global warming but also has grave consequences for marine ecosystems. The 
xiii Chapters 2 and 3 provide details on projected changes to surface climate and the physical and 

chemical nature of the ocean.

http://www.spc.int/climate-change/e-book/images/c1fig11.png


CHAPTER   1

25

dissolved CO2 reacts with sea water to form weak carbonic acid, which reduces the 
availability of dissolved carbonate required by many marine calcifying organisms to 
build their shells or skeletons33,38,39. 

There is serious concern that continued emissions of CO2 will drive sufficient gas 
into the sea to cause under-saturation of carbonate in some areas of the ocean this 
century40,41. Where this happens, the environment will favour dissolution rather than 
formation of carbonate shells and skeletons42,43.

Figure 1.11 Generalised effects of increased greenhouse gases on oceanic and coastal 
ecosystems in the tropical Pacific.

1.6.2 Nature of effects of climate change on fisheries and aquaculture 
worldwide

Although investment in assessing the likely effects of climate change on the 
productivity of fisheries and aquaculture has been modest compared to that for 
agriculture, there is much concern worldwide about the effects of future climate 
changes on the sector44,45. We already know that variations in climate on time scales 
of years to decades can cause significant changes in fisheries production. For example, 
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catches of Peruvian anchovies have varied between < 100,000 tonnes and > 13 million 
tonnes since 1970 as a result of changes in ENSO46,47. The different phases of the ENSO 
cycle also determine the distribution of skipjack tuna in the Western and Central 
Pacific Ocean – the fish move further east during El Niño events and further west 
during La Niña episodes21,48 (Section 1.4.1). 

Over and above normal year-to-year variations, longer-term changes in physical 
oceanography and biology, known as regime shifts, can have major consequences for 
the species composition and productivity of fisheries46,49. Some heavily fished stocks 
have collapsed due to the additive effects of environmental and fishing stresses50,51. 
However, the effects of such changes in climate have not always been negative. For 
example, a period of ocean warming around Greenland starting in 1925 resulted 
in a northern extension in the range of cod by > 1000 km and the creation of an 
international fishery of up to > 400,000 tonnes per year46.

Questions abound for fisheries management. Will the species that currently support 
substantial harvests still be available as climate change continues? If not, which types 
of species are most likely to replace them? For those species that continue to support 
fisheries, will climate change reduce the capacity for replenishment and production, 
and increase the risk of overfishing? How should managers and policymakers 
respond to the projected changes to maintain sustainable benefits from fisheries? 
How will fishers perceive and react to the risks associated with projected changes? 
Will fishing at sea become more hazardous? How much will it cost to adapt?

In some parts of the world, a concerted effort is being made to answer such questions. 
Numerous studies have documented how the observed and projected changes to the 
atmosphere and oceans are directly and indirectly affecting, or likely to affect, the 
distribution and production of fish, and the fisheries that depend on them33,45,46,52 –58,xiv.

1.6.2.1 Effects on distribution of fish

Climate-induced changes to water temperature, currents and the depth of the surface 
mixed layer are having significant effects on the distribution of both oceanic and 
coastal fish. In particular, changes in water temperature have a direct effect on the 
distribution of fish because each species is adapted to complete its life cycle within a 
specific temperature range. 

On the grounds of thermal tolerances and preferences alone, many studies have 
now documented or projected (1) expanded distributions of warm-water fish species 
towards the poles53,59,60, (2) contracted distributions of species adapted to cooler 
waters61,62, (3) latitudinal shifts in areas where species occur53,55,56, (4) increased depth 
range of some species63, and (5) increases in local diversity of species64.

xiv See also papers in ICES Journal of Marine Science Volume 68(6) and www.pices.int/meetings/
international_symposia/2010/cc_effects_fish

www.pices.int/meetings/international_symposia/2010/cc_effects_fish
www.pices.int/meetings/international_symposia/2010/cc_effects_fish
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Other effects of climate change are also altering the patterns of fish distribution. 
These include (1) expansion of oceanic nutrient-poor zones65, which fish avoid in 
their search for food; (2) occurrence of key species of phytoplankton and zooplankton 
at increasingly higher latitudes66–68, which help support the food chain for oceanic 
fish in areas where it was previously inadequate; and (3) changes in the strength 
of currents, which affect the dispersal of fish larvae and consequently the areas of 
habitat that may or may not be replenished56.

1.6.2.2 Effects on production of fish

Climate change can be expected to mediate fish production through effects on 
reproductive success, recruitment processes, survival and growth. These effects can 
occur both directly due to changes in the atmosphere and oceans and/or indirectly 
through the influence of climate change on the habitats that support fish46.

Reproduction of fish is often highly sensitive to fluctuations in temperature56. 
Therefore, warming seas could have either a positive or negative effect on egg 
production and the timing and location of egg release, depending on whether the 
fish species is living where the temperature is close to its thermal optimum for 
reproduction. Total lifetime egg production could be enhanced if species reach 
maturity at a younger age and spawn over a longer period each year due to earlier 
onset of spawning. Egg production will be reduced where peak seasonal water 
temperatures inhibit species that normally reproduce year-round, and where higher 
temperatures cause mortality of eggs. Increases in ocean acidity can also reduce 
fertilisation success in some species33,69,70.

The supply of juveniles available to replenish populations, varies greatly between 
years and locations for many species of fish and invertebrates. This variation occurs 
because the developing larvae have to survive a series of bottlenecks; in particular, 
they need to find sufficient planktonic food, encounter currents that help them reach 
suitable habitats, and avoid predators71–73. The great natural variation in abundance 
of juveniles resulting from the vagaries of larval life is projected to become even 
more extreme under climate change56,58,74. Interactions between the effects of higher 
water temperatures, ocean acidification, altered currents, changes to the depth of the 
mixed layer and disruptions to food webs on the production, dispersal and survival 
of larvae33,74–78 are expected to result in new patterns of recruitment. As a result, the 
areas that have the potential to yield the most fish within the distribution of a species 
can be expected to change. 

Collectively, these effects can alter the productivity of fisheries. For example, the 
dynamics of 12 important commercial Atlantic and Pacific fish stocks have mirrored 
long-term changes in air-sea temperatures and atmospheric circulation49.
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The direct effects on the distribution and abundance of fish, and the potential for 
replenishment, are not the only ways in which changes to the atmosphere and 
oceans will affect fisheries. Many components of climate change are expected to have 
strong indirect effects on the survival of coastal and freshwater fish species through 
modification to the habitats that they depend on for food and shelter. For example, 
the seagrasses and mangroves which provide nurseries for many coastal fish species 
would be vulnerable to increased rates of damage if storms and cyclones become 
more intense. Seagrasses and mangroves are also likely to be affected by changes in 
sedimentation from new patterns of rainfall, and rising sea levels33,79. The extent of 
these fish nursery areas has already been dramatically reduced worldwide through 
the impacts of development in the coastal zone80–82. The concern is that synergies 
between the effects of climate change and localised non-climate stressors will 
exacerbate loss of habitats54,58.

Of particular concern to coastal fisheries in the tropical Pacific are the indirect effects 
of climate change on fisheries caused by degradation of coral reefs38,83. Survival of fish 
that depend on coral reefs and their associated communities for food and shelter is 
expected to decline as reefs become progressively degraded through the combined 
effects of (1) more frequent bleaching, (2) reduced capacity to grow or repair 
skeletons as a result of lower levels of carbonate ions in sea water, and (3) possible 
increased damage by more severe storms or cyclones56,58,84,85. Degraded coral reefs and 
populations of associated fish and invertebrates are also expected to provide fewer 
opportunities for aquaculture of wild-caught juveniles.

Rising sea temperatures are projected to increase the risk of marine pathogens52,86,87, 
affecting the growth and survival of fish and invertebrates both directly and 
indirectly. For example, diseases are expected to have a greater impact on corals, and 
ultimately the coral reef habitats that support fish. The increased risk of pathogens 
may be particularly relevant to both small pond and marine aquaculture operations, 
where greater incidence of disease at high temperatures is already linked to mortality 
in some regions88.

The effects of climate change on the growth of fish will be manifested largely through 
the way faster growth influences reproduction and dispersal, although production 
of adult fish may also improve where temperatures currently limit growth during 
much of the year89. However, the impact of this increased production may well be 
overshadowed by alterations to the species composition of catches, which are likely 
to occur as a result of changes to fish distribution and modification of supporting 
habitats.

1.6.3 Implications for fisheries

Climate-induced changes to the distribution and abundance of fish have numerous 
implications for fisheries. They may include, for example, the following changes:
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 ¾ Availability of target species: Varying ocean temperatures or distributions of key 
habitats or prey species may affect the distance that fishers must travel to access 
commercially viable fish stocks, or the time of year that fish occupy preferred 
fishing grounds.

 ¾ Catchability of target species: Alterations to the depth distribution, abundance 
or behaviour of fish species can be expected to affect catch rates, even though 
the fish are still present in traditional fishing areas. Any variation in average fish 
size stemming from climate change will influence the selectivity of fishing gear, 
possibly causing changes in catchability as well.

 ¾ Proportion of non-target species: Lower-value fish species favoured by climate 
change may affect the productivity and profitability of industrial fishing 
operations through, for example, the increased time and effort needed to exclude 
them, and greater loss of bait. Increases in unwanted species may eventually 
trigger catch restrictions to limit bycatch.

 ¾ Value of fishers’ knowledge: Changes to the distribution and abundance of target 
species will reduce the benefits of current knowledge about fish and increase 
variation in catches until information on new patterns of fish behaviour and 
movements can be obtained.

Where climate-induced changes in landings are strong and negative, economic 
benefits will be curtailed, food security will be diminished and livelihoods will 
be lost. Investment decisions are also likely to be postponed and the lower returns 
on labour may reduce willingness to engage in long-term stewardship of fisheries 
resources.

Purse-seining for skipjack tuna
Photo: SPC collection
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1.7 Potential impact of climate change on fisheries and aquaculture  
 in the tropical Pacific

All fisheries and aquaculture activities in the region are likely to be affected by 
climate change. The distribution and abundance of tuna, which dominate oceanic 
fisheries and are the mainstay of the economies of some smaller PICTs1, are influenced 
largely by water temperature and the availability of nutrients. 

The coastal fisheries that currently provide much of the animal protein for Pacific 
islanders14, and the contribution of aquaculture to the economies of French Polynesia 
and Cook Islands, are based largely on coral reef habitats. These habitats are 
threatened by changes to water temperature, acidification of the ocean and sea-level 
rise, and possibly more severe cyclones and storms. 

The freshwater fisheries of PNG have evolved in a climate of heavy rainfall and 
any major alterations in precipitation can be expected to change the nature of these 
resources, on which hundreds of thousands of people rely. 

Preliminary analysis90,91 has already identified the following possible effects of 
climate change on fisheries and aquaculture production in the tropical Pacific from 
climate change:

 ¾ Changes to the distribution and abundance of tuna: Alterations in ocean 
temperatures and currents and the food chains that support tuna, are projected 
to affect the location and abundance of tuna species21,48. In particular, the 
concentrations of skipjack and bigeye tuna are likely to be located further east than 
in the past. This has implications for the long-term management of the region’s 
tuna resources, and for the development and profitability of national industrial 
fishing fleets and canneries in the western Pacific. 

 ¾ Decline in coral reefs and coastal fisheries: Rising sea surface temperatures and 
more acidic oceans are projected to have direct impacts on coral reefs and the 
habitats and food webs they provide for reef fish and invertebrates83. Degraded 
coral reefs are likely to support different types of fish and lower yields of some 
species56,85,92. Reduced catches of reef-associated fish will widen the expected gap 
between the availability of fish and the protein needed for food security.

 ¾ Freshwater fisheries: The projected increases in rainfall for the tropics, and sea-
level rise, are expected to increase the extent and duration of inundation that 
governs the life cycles and productivity of fish in the large rivers of PNG. These 
changes will also affect where and when people can catch fish. Increased flooding 
and warmer water are also likely to enhance the ability of some exotic species 
to colonise PNG from Irian Jaya. Freshwater fisheries in the tropical Pacific are 
based largely on species that migrate between the sea and fresh water. Changes 
in either rainfall or sea level may have impacts on these migration patterns with 
consequences for fisheries production.
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 ¾ Difficulties in developing aquaculture: Changing patterns of rainfall and more 
intense storms could flood aquaculture ponds more regularly in some places, and 
make small pond farming for food security impractical in others due to more 
frequent droughts18,45,90,93. There could also be higher financial risks associated 
with coastal aquaculture as a result of (1) greater damage to infrastructure and 
equipment from rising sea levels and the possibility of more severe cyclones 
and storms; and (2) the effects of higher water temperatures, ocean acidification, 
reduced salinity and increased incidence of disease on the growth and survival of 
shrimp, pearl oysters, seaweed and ornamental specimens90.

 ¾ Increased operating costs: Projections that cyclones and storms could possibly 
become progressively more intense would involve increased risk of damage 
to shore-based facilities and fleets for domestic tuna fishing, and processing 
operations. Fleets operating within the cyclone belt may need to be upgraded 
to provide improved safety at sea. Rising sea level may eventually make many 
existing wharfs and shore-based facilities unusable. Taken together, increased 
costs associated with repairing and relocating shore-based facilities, and 
addressing increased risks to occupational health and safety for fishers, may affect 
the profitability of domestic fishing operations. Such increased costs will need to 
be taken into account by PICTs when planning the optimum mix of developing 
local industries for tuna and providing continued access for DWFNs.

1.8 Assessing the vulnerability of fisheries and aquaculture in the  
 tropical Pacific to climate change 

1.8.1  General approach

The heavy dependence of PICTs on fisheries, and the wide range of ways that fishery 
resources may be affected, warrants a comprehensive analysis of the vulnerability of 
fisheries and aquaculture in the region to climate change. The purpose of this book 
is to provide this assessment. To do this, we have assembled the latest information 
available  from the tropical Pacific to determine the degree to which access to oceanic, 
coastal and freshwater fisheries resources, and the productivity of aquaculture, is likely 
to be affected by the changing climate. Our approach involves six steps (Figure 1.12).

1. Describing the observed and projected changes to atmospheric (surface) climate  
in the region (Chapter 2).

2. Describing the observed and projected changes to the main features of the tropical 
Pacific Ocean (Chapter 3).

3. Assessing the way in which projected changes to the climate and ocean are likely 
to affect the ecosystems that support fisheries resources, i.e. the food webs in the 
open ocean (Chapter 4), coral reefs (Chapter 5), other important coastal habitats 
such as mangroves, seagrasses and intertidal flats (Chapter 6), and freshwater and 
estuarine habitats (Chapter 7).

http://www.spc.int/climate-change/e-book/images/c1fig12.png
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4. Assessing the likely direct effects of projected changes to surface climate and 
oceanic conditions, and the indirect effects of projected changes to ecosystems 
on the abundance and distribution of species supporting oceanic fisheries  
(Chapter 8), coastal fisheries (Chapter 9), freshwater and estuarine fisheries 
(Chapter 10) and aquaculture (Chapter 11).

5. Identifying the economic and social implications of projected changes to the 
productivity of oceanic, coastal and freshwater fisheries, and aquaculture, 
for regional plans to use fisheries resources for economic development and 
government revenue, food security and livelihoods (Chapter 12).

6. Recommending management measures and policies to enable communities and 
fishing industries to adapt effectively, and to help maintain the benefits of fisheries 
in the face of climate change (Chapter 13). In making these recommendations, we 
have also identified key gaps in knowledge and the investments needed to fill 
them and to launch the recommended adaptations.

Figure 1.12 Summary of the approach used to assess the vulnerability of tropical Pacific 
fisheries and aquaculture to climate change. The approach is applied separately for 
oceanic, coastal and freshwater fisheries, and aquaculture.

1.8.2  Climate models

Global climate models were used to provide the projections involved in Steps 1  
and 2 of the approach outlined above. A climate model is a numerical description 
of our understanding of the physics, and in some cases chemistry and biology, of 
the ocean, atmosphere, land surface and ice regions. Climate models with reasonable 
‘skill’ in capturing present and past states of the climate system are the best tools 
we have to make projections of what the future might hold, based on current 
understanding. 

Atmospheric climate

Oceanic conditions

Ecosystems supporting fish

Fish stocks and aquaculture

Economic and social implications

Adaptations and policies needed to maintain productivity
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At its most basic level, a climate model describes (1) Newton’s law that the motion 
of a fluid (water or air) can be determined if the forces acting on it are known  
(e.g. the winds pushing the surface of the ocean, or the friction trying to oppose any 
motion), and (2) the laws of conservation of mass and energy (e.g. if water flows into 
an obstacle it will be deflected, or if solar energy penetrates the ocean surface, the 
water will warm). In principle, we should be able to use these mathematical formulas 
to give a near perfect description of the real world, but in practice compromises must 
be made due to computational limitations. 

To implement these physical laws within the architecture of even the most powerful 
computers, our simulation of the climate system must be greatly simplified and 
broken down into a collection of grid ‘boxes’. For the current generation of global 
climate models, these boxes have a resolution in the ocean that is typically 1–2° or  
100–200 km on each side (atmospheric resolutions are generally even coarser). This 
means that all the currents (or variations in temperature or salinity, etc.) within the 
area of a particular box will be represented by a single average current (temperature 
or salinity, etc.). Consequently, many smaller-scale processes (e.g. finer-scale 
circulation in coastal zones) with widths of a few kilometres are not resolved by the 
models. Unfortunately, these smaller scales are often the ones we are most interested 
in and care must be taken in ‘downscaling’ the projections from models to ensure 
they are useful in assessing  regional impacts. To help address this limitation, many 
of the unresolved processes are ‘parameterised’. These parameterisations essentially 
translate the effect of small-scale processes to the larger scales on which the models 
operate.

Model results presented in various chapters of this book are primarily from the 
Coupled Model Intercomparison Project Phase 3 (CMIP3) multi-model data set, 
which was used by the Fourth Intergovernmental Panel on Climate Change (IPCC) 
Assessment Report (AR4). All models are state-of-the-art ‘coupled’ models, meaning 
that ocean, atmosphere, land and ice models are coupled together, with information 
continuously being exchanged between these components to produce an estimate of 
global climate that evolves with time. 

These global climate models are generally run for hundreds of simulation-years 
subject to constant, pre-industrial (1870) forcing, i.e. constant solar energy and 
appropriate greenhouse gas levels (Figure 1.13). This gives the ocean time to ‘settle 
down’ into a near equilibrium. Using the ‘pre-industrial run’ as a baseline, the  
20th century simulations incorporate increasing greenhouse gasesxv in the atmosphere 
in line with historical emissions and take observed natural forcing (e.g. changes in 
solar radiation, volcanic eruptions) into account. 

xv  Some simulations also include sulphate aerosols and ozone.

http://www.spc.int/climate-change/e-book/images/c1fig13.png
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Figure 1.13 Globally averaged surface air temperature (SAT) simulated by a multi-
model average of the CMIP3 coupled climate models (pre-industrial simulation – purple;  
20th century simulation – black; 21st century SRES B1 scenario – blue, and SRES A2 scenario 
– red). The spread associated with output from different models is highlighted by the 
translucent shading. Also shown are observed and multi-model average changes in SAT 
relative to 1980–2000. Information after 1900 is based on IPCC-AR4 (Working Group 1, 
Figure 10.4). Inset shows the historical and future CO2 concentrations used by the models.

At the end of the 20th century, projection simulations are carried out based on pre-
defined ‘plausible’ future emission trajectories. In our case, we focus on two of these 
trajectories, corresponding to low (B1) and high (A2) emissions scenarios from the 
IPCC Special Report on Emissions Scenarios (SRES) (Section 1.8.4). Assessments are 
made of the ability of the models to simulate the atmosphere and ocean (for the 
end of the 20th century) and both near-term (2035) and long-term (2100) projections 
(Figure 1.13)xvi. These models are far from perfect, however, and represent only an 
approximation of the real world. Two different models will simulate two different 
climate trajectories, even when subject to the same carbon dioxide equivalent 
emissions, due to the use of different parameterisations and levels of approximation. 

The difference between models is highlighted by the spread in the projections 
around each of the scenarios in Figure 1.13. In general, the projected changes tend 
to be more certain at large spatial scales (e.g. global average temperature) but become 
increasingly uncertain at more local scales (e.g. the strength of a particular ocean 
current). To overcome some of these uncertainties, average output from a suite of 
xvi  Since this study was designed, the IPCC has decided to use a new generation of scenario 

simulations based on Representative Concentration Pathways (RCPs), i.e. prescribed greenhouse 
gas concentration pathways throughout the 21st century, corresponding to different radiative 
forcing stabilisation levels by the year 2100107,108. The highest priority global model simulations 
will be RCP4.5 and RCP8.5, corresponding roughly to SRES B1 and A2, respectively.

1870  2000  2100
Year

http://www.spc.int/climate-change/e-book/images/c1fig13.png
http://www.spc.int/climate-change/e-book/images/c1fig13.png
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independent climate models is considered, rather than the outputs from individual 
climate models. For this book, we selected subsets of the possible 24 CMIP3 models, 
based on their ability to simulate present climate. By averaging across multiple 
models it is possible to reduce many of the biases inherent in individual models. 
However, systematic biases still persist in some cases, so it is important to interpret 
model results with an awareness of their shortcomings. 

The CMIP3 models only provide projections of the physical climate (Figure 1.14) and 
do not explicitly simulate responses of habitats and fish stocks to climate change. Such 
responses must be inferred from our best understanding of how productivity and 
higher trophic levels react to observed climate variability. For some of the analyses 
in this book, a number of biological components have been coupled to one of the 
CMIP3 models (IPSL-CM4)94 to make projections of (1) primary production and the 
extent of the different ecological provinces in the Pacific Ocean (Chapter 4), and  
(2) catches of skipjack and bigeye tuna (Chapter 8). Thus, any uncertainties associated 
with this model are transferred to the simulated biological responses.

Figure 1.14 An example of a model output of physical climate from one of the CMIP3 models 
(CCSM3); in this case sea surface temperature for the A2 emissions scenario in 2035 
(source: IPCC)110.

1.8.3 Assessing vulnerability – a framework

Steps 3, 4 and 5 of our approach (Section 1.8.1) involve determining the vulnerability 
of ecosystems, fish stocks and fishing industries and communities to climate change. 
The IPCC has described vulnerability to climate change as ‘the degree to which a 
system is susceptible to, or unable to cope with, adverse effects of climate change, 
including climate variability and extremes’32. 

20  22  24  26  28  30  32

http://www.spc.int/climate-change/e-book/images/c1fig14.png
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In this book, we have used the framework adopted by the IPCC, and several other 
initiatives in the fisheries sector55,95,96, to assess the vulnerability of fisheries and 
aquaculture in the tropical Pacific to climate change. The framework assesses 
vulnerability as a function of the character, magnitude and rate of climate variation 
to which natural and social systems are exposed, their sensitivity and their adaptive 
capacity (Figure 1.15).

Exposure is the nature and degree to which a species, ecosystem or society is 
subjected to significant direct or indirect effects of a changing climate, including 
variations to natural extremes that exceed known stress thresholds. An example 
of a direct effect of climate change is the way that higher sea surface temperatures 
increase the frequency of coral bleaching83. An indirect effect is the way that coral 
reefs degraded by higher temperatures and ocean acidification provide a poorer 
habitat for fish85.

Sensitivity is the degree to which a species, ecosystem or society is affected, either 
adversely or beneficially, by exposure to the direct and indirect effects of climate 
change. Sensitive species, ecosystems and societies are highly responsive to such 
effects and can be significantly affected by small changes in the magnitude and 
frequency of climate variables. Assessing sensitivity requires an understanding 
of the thresholds at which these responses begin to occur, and knowledge about 
whether these adjustments are likely to be gradual or ‘step changes’ and whether 
they are reversible. 

Taken together, the consequences of exposure and sensitivity result in a potential 
impact due to the changing climate. However, this impact can be modified by the 
capacity of the species, ecosystem or society to adapt to the consequences. Adaptation 
may be autonomous (the only option for most species) or planned (where human 
interventions are feasible). A planned adaptation is a strategic change in anticipation 
of a variation in climate. 

This approach to assessing vulnerability involves integrating scientific information, 
professional and community knowledge, and expert opinion across all the variables 
that affect species, ecosystems and societies directly and indirectly to highlight the 
risks and costs imposed by climate change. Expert opinion played an important role 
in the assessments presented in this book because quantitative scientific information 
and professional and community knowledge were often lacking. In such cases, expert 
judgments were used to (1) project the direction and degree of change, (2) suggest 
thresholds, and (3) gauge the likelihood of the projections occurring and confidence 
in the estimates (see Appendix 1.1 for definitions of these and other relevant terms). 

As a result, there are uncertainties at a variety of levels in the vulnerability 
assessments. First, there is uncertainty about how human society will change to 
address greenhouse gas emissions, and what our future emissions trajectory will be. 

http://www.spc.int/climate-change/e-book/images/c1fig15.png
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Ultimately, this controls a large component of the differences in the model projections 
of surface climate and oceanic conditions that underpin the assessments in this book 
and inferences of the extent of the exposure of fisheries and aquaculture to climate 
change. Secondly, there is uncertainty in the global climate models themselves    
(Section 1.8.2). Thirdly, there is uncertainty due to incomplete knowledge of several 
of the ecosystems and biological processes that support fisheries and aquaculture 
– referred to as ‘structural’ uncertainty. Finally, there is still a lack of data on 
some important processes and relationships at appropriate spatial or temporal 
scales, contributing to difficulty in quantifying all parameters adequately in  
models – referred to as ‘value’ uncertainty97. Structural and value uncertainty affect 
all components of the vulnerability framework.

Figure 1.15 Framework used for assessing vulnerability of tropical Pacific fisheries and 
aquaculture to climate change. Adapted from Schroter and the ATEAM Consortium (2004)106.

1.8.4 Scenarios for the tropical Pacific

We deal with the uncertainties described above by basing the vulnerability 
assessments on scenarios. Scenarios are plausible alternative pictures of how the 
future might unfold. The rationale for using scenarios is not only to encompass 
the range of possible outcomes stemming from the uncertainties but also to alert 
decision-makers to potential future situations. Ultimately, governments need to be 
ready to adapt to all scenarios. For any scenario, they need to be able to answer the 
question: ‘How can we best respond if these circumstances eventuate?’

As noted above, the scenarios used in this book were based on the IPCC Special Report 
on Emissions Scenarios storylines B1 (low emissions) and A2 (high emissions)98 for 
2035 and 2100, outlined below. 

 B1 storyline – describes a convergent world with a global population that peaks 
in mid-century and declines thereafter, rapid changes in economic structures 
towards a service and information economy, reductions in material intensity, 
and the introduction of clean and resource-efficient technologies. The emphasis 
is on global solutions to economic, social and environmental sustainability, 
including improved equity, but without additional climate initiatives.
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 A2 storyline – describes a very heterogeneous world. The underlying theme 
is self-reliance and preservation of local identities. Fertility patterns across 
regions converge very slowly, which results in a continuously increasing global 
population. Economic development is primarily regionally orientated, and per 
capita economic growth and technological change are more fragmented and 
slow compared to other storylines.

It is important to note that the term ‘low emissions’ is used in a relative sense. Even 
following the B1 scenario, large changes to the climate system are projected. Indeed, 
the B1 trajectory is likely to result in average global surface air temperatures that 
exceed 2°C above pre-industrial levels in 2100, commonly defined as the boundary 
for ‘dangerous’ climate change.

The four scenarios we use in this book (i.e. the four combinations of the B1 and A2 
storylines for 2035 and 2100) were chosen to portray (1) a near-term timeframe that 
people can relate to easily, and longer-term projections; and (2) an optimistic scenario 
for greenhouse gas emissions (B1 storyline) and one that foreshadows the extent of 
possible impacts if the world continues to emit high concentrations of greenhouse 
gases (A2 storyline). It should be noted, however, that the global community is 
presently following an emissions trajectory that is at least as damaging as the A2 
scenario, if not worse – between 2005 and 2009 an average of 2 ppm of CO2 was added 
to the atmosphere each yearxvii. For those interested in mid-term projections, the B1 
scenario in 2100 can be used as a proxy for A2 in 2050. Note, however, that although 
CO2 emissions are similar, the multi-model means for some variables differ slightly in 
model simulations for B1 2100 and A2 2050. For example, sea surface temperature is 
0.18°C (±0.23) higher under B1 2100 than under A2 2050. 

All four scenarios were constructed first for surface climate (Chapter 2) and 
oceanic conditions (Chapter 3), and then cascaded throughout the book along two 
pathways (Figure 1.16). This process was carried out separately for oceanic, coastal 
and freshwater fisheries, and aquaculture. In one pathway, the scenarios developed 
for Chapters 2 and 3 were used to define the direct exposure of the species/stocks 
supporting fisheries and aquaculture. In a second pathway, the four scenarios that 
resulted from the vulnerability assessments for the ecosystems underpinning fisheries 
and aquaculture (Chapters 4–7) were used to determine the indirect exposure of the 
species/stocks. Estimates of direct and indirect exposure of the species/stocks were 
then integrated and used in the framework (Figure 1.15) to assess the vulnerability 
of oceanic, coastal and freshwater fisheries, and aquaculture, under each of the four 
scenarios (Chapters 8–11).

xvii  See www.esrl.noaa.gov/gmd/ccgg/trends/#mlo_growth for the latest trends in the growth of 
CO2 emissions.

http://www.spc.int/climate-change/e-book/images/c1fig16.png
http://www.spc.int/climate-change/e-book/images/c1fig15.png
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Figure 1.16 The two pathways used to develop scenarios of the exposure of the various 
fisheries resources and aquaculture species in the tropical Pacific to climate change.

The four scenarios that resulted from merging these two pathways for oceanic 
fisheries were used to assess the vulnerability of the tuna industry and identify 
the implications for economic development and government revenue in each PICT 
(Chapter 12). A similar integrated process was used to assess the vulnerability of 
rural and urban communities to the future availability of fish, and the implications 
for food security and livelihoods, based on the projected changes in production from 
oceanic, coastal and freshwater fisheries, and aquaculture (Chapter 12). 

We conclude by describing the adaptive management measures, policies and 
investments that governments, enterprises and communities in PICTs can use to 
maintain the benefits of fisheries and aquaculture. These proposed interventions are 
designed to reduce the vulnerability of PICTs to the effects of climate change, and help 
them take advantage of opportunities created by the changing climate (Chapter 13).

But this book provides more than just a vulnerability assessment. Chapters 2–11 all 
begin with extensive descriptions of how the region’s climate, ocean, fish habitats, 
fisheries resources and aquaculture have functioned recently. These summaries 
not only provide a yardstick against which the impacts of climate change can 
be evaluated, they should also be useful to anyone seeking information on the 
significance of fisheries and aquaculture to PICTs, and the ecosystems that support 
these important activities.
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Appendix 1.1 Definitions of terms

Adaptation, as broadly defined by the Intergovernmental Panel on Climate Change, is 
an adjustment in natural or human systems in response to actual or expected climatic 
changes or their effects, which moderates harm or exploits beneficial opportunities.

Adaptive capacity is the potential for a species, ecosystem or society to adapt to 
climate change (including changes in variability and extremes) to maximise their 
fitness, moderate potential damage, take advantage of opportunities or cope with 
consequences.

Attribution is the process of establishing cause and effect with some defined level of 
confidence, including the assessment of competing hypotheses. 

Detection is the process of demonstrating that an observed change is significantly 
different (in a statistical sense) to one that can be explained by natural variability. 

A prediction is a statement that something will happen in the future, based on 
known conditions at the time the prediction is made, and assumptions about the 
processes that will lead to change. Because present conditions are often not known 
precisely, and the processes affecting the future are not perfectly understood, such 
predictions are seldom certain and are often best expressed as probabilities. Daily 
weather forecasts are ‘predictions’ in this sense – they are predictions of what the 
weather will be like, but have uncertainties due to inexact observations and weather 
models. They are often expressed in probabilistic terms.

Projections are sets of future conditions, or consequences, derived from explicit 
assumptions, such as scenarios. Even for a given scenario or set of assumptions, 
projections introduce further uncertainties due to the use of inexact rules or ‘models’ 
connecting the scenario conditions to the projected outcomes.

Resilience is the amount of change a species, ecosystem or society can withstand 
without fundamental alteration or loss. For example, the resilience of an ecosystem is 
its capacity to absorb shocks and regenerate and re-organise to maintain key functions, 
without undergoing a ‘phase shift’ (moving into another state controlled by different 
processes). Both sensitivity and adaptive capacity are influenced by resilience.

Likelihood is the probability that a future projection or prediction will occur based 
on expert judgement. The categories of likelihood, expressed as a percentage, used in 
this book are:

Very likely 90–99% chance
Likely 66–90% chance
Somewhat likely 30–66% chance
Unlikely 29% chance or less
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Confidence is a quantitative or qualitative evaluation of the level of scientific 
understanding in support of a conclusion. A quantitative assessment specifies the 
degree of belief among authors in the validity of a conclusion based on collective 
knowledge, evidence, modelling results and theory. A qualitative assessment is an 
evaluation based on the amount of supporting evidence, and the level of agreement 
between experts about the interpretation. The levels of confidence, expressed as a 
percentage, applied to assessments made in this book are:

Very High 95% or greater
High 67–95% 
Medium 33–67%
Low 5–33%
Very Low 5% or less




