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Chapter 9 

Vulnerability of coastal fisheries in the tropical Pacific 
to climate change

Morgan S Pratchett, Philip L Munday, Nicholas AJ Graham, Mecki Kronen,
Silvia Pinca, Kim Friedman, Tom D Brewer, Johann D Bell, Shaun K Wilson,
Joshua E Cinner, Jeff P Kinch, Rebecca J Lawton, Ashley J Williams,
Lindsay Chapman, Franck Magron and Arthur Webb

'Reef fish fisheries have long sustained coastal communities throughout the tropics as 
an important, sometimes sole, source of protein and livelihood.’ (Sadovy 2005)i 

 

i  Sadovy Y (2005) Trouble on the reef: The imperative for managing vulnerable and valuable 
fisheries. Fish and Fisheries 6, 167–185. 

 Photo: Jack Fields/Corbis
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CHAPTER   9

9.1 Introduction

Although the coastal fisheries of the Pacific Island countries and territories (PICTs) 
differ considerably from the industrial tuna fisheries of the region (Chapter 8), the 
importance of coastal fisheries cannot be overstated. Throughout the tropical Pacific, 
coastal fisheries contribute significantly to the food security, livelihoods, and culture 
of both rural communities and urban populations1–5. In the majority of PICTs, fish 
consumption by coastal communities exceeds 50 kg per person per year, and is > 90 kg 
per person per year in six PICTs4. In comparison, average global fish consumption per 
person is 16–18 kg per year6,7.

Not surprisingly, therefore, coastal fisheries in the tropical Pacific are based mainly 
on subsistence activities to provide fish and invertebrates for household food1,4,8,9. 
Nevertheless, an average of 47% of households in fishing communities also earn 
their first or second income from selling surplus fish and invertebrates caught from 
coastal and nearshore waters10. Specialised fisheries for coastal invertebrates (e.g. sea 
cucumbers and trochus) and fish (e.g. groupers and snappers) for export commodities, 
have also contributed substantially to national income and local livelihoods over 
the years. The only parts of the tropical Pacific where coastal fisheries do not help 
underpin food security and livelihoods are the inland areas of Papua New Guinea 
(PNG), Solomon Islands and Fiji (Chapter 10). The significance of coastal fisheries is 
demonstrated by the total contributions of subsistence and commercial catches to 
gross domestic product (GDP) across the region; together, they are estimated to be 
worth USD 272 million. This is considerably higher than the USD 200 million derived 
from locally-based industrial tuna fleets5.

The benefits of coastal fisheries depend on the coral reefs, mangroves, seagrasses and  
intertidal sand and mud flats that support the many fish and invertebrate species 
harvested. Taken together, these habitats constitute the littoral and sublittoral areas 
surrounding PICTs (Chapters 5 and 6), and provide shelter and/or feeding areas for 
various life history stages of the hundreds of species of fish and invertebrates caught 
regularly by coastal communities in the tropical Pacific1,10.

In some areas, the benefits to PICTs from coastal fisheries have been undermined 
by habitat degradation or loss, resulting from coastal development, pollution, 
sedimentation from careless land use within catchments, reclamation or excavation 
of reef areas, and destructive fishing practices11–14, as well as over-exploitation of 
coastal fish and invertebrates8,15–17. In coral reef habitats, the increasing range of 
anthropogenic effects is compounding the disturbances caused by natural events, 
such as cyclones and outbreaks of the coral feeding crown-of-thorns starfish 
Acanthaster planci18–19. Crown-of-thorns starfish, for example, have contributed greatly 
to loss of coral in Fiji and French Polynesia over the last 40 years and remain the 
major cause of reef degradation in much of the Pacific20–21. Together with reduction of 
seagrass and mangrove habitats (Chapter 6), damage to complex coral reef ecosystems 
significantly reduces biological productivity in tropical coastal waters22.
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Overfishing in the tropical Pacific has been driven mainly by rapid growth of 
human populations (Chapter 1), the need for coastal communities to earn cash in 
increasingly ‘Westernised’ societies, greater demand for export commodities, and 
a lack of alternative livelihoods2,23–25. Exploitation of fisheries resources is strongly 
linked to economic development at the national level, and availability of alternative 
income opportunities at the community level9,26. Coastal communities with 
limited access to alternative livelihoods are most vulnerable because of their high 
dependence on coastal fisheries resources. This dependence is demonstrated by the 
direct relationship between small-scale artisanal invertebrate catches and daily cash 
expenditure26.

Projected changes to the surface climate of the region and the tropical Pacific 
Ocean (Chapters 2 and 3) have the potential to affect the productivity of coastal 
fisheries, and the success of management measures to improve sustainability of 
these essential resources. Recent and rapid changes in the global climate (Chapter 2) 
are having major impacts on physical and biological processes across a wide 
range of ecosystems27–29. Periodic large-scale climatic events, such as the El Niño-
Southern Oscillation, are known to have significant effects on the distribution 
or productivity of exploited fish populations30–33, leading to widespread 
concern about the future impact of global climate change34 (Chapters 1 and 8).
Variations in water temperature, current regimes, availability of nutrients and 
the pH of the ocean can be expected to have a direct influence on the physiology, 
growth and replenishment of many fisheries species, leading to marked changes in 
their size, abundance and/or distribution35–37. Changes to water temperature, ocean 
acidity, severity of storms and cyclones, sea level, sedimentation, and rainfall are 
also likely to affect coastal fisheries indirectly by altering the extent and structure 
of the coral reefs, mangroves, seagrasses and intertidal areas that support them 
(Chapters 5 and 6). 

The purpose of this chapter is to assess the vulnerability of coastal fisheries in the 
tropical Pacific to projected climate change. As a prelude to this assessment, we 
summarise the nature and status of coastal fisheries by describing the main species 
of fish and invertebrates harvested, together with their uses, recent catch levels, status 
and estimated sustainable production. We then use the vulnerability framework 
outlined in Chapter 1 to assess (1) the exposure and sensitivity of the major groups 
of fish and invertebrates to projected changes in surface climate (Chapter 2), oceanic 
conditions (Chapter 3) and the habitats that support them (Chapters 5 and 6); and 
(2) the adaptive capacity of these species to reduce the potential impact stemming 
from their exposure and sensitivities. Changes in fisheries production by 2035 and 
2100 are projected for representative low (B1) and high emissions (A2) scenarios38

(Chapter 1). 

We conclude with the gaps in knowledge that currently limit confidence in 
vulnerability assessments for coastal fisheries, the research needed to fill these gaps, 
and the management actions required to reduce the vulnerability of coastal fisheries 
in the tropical Pacific to climate change.
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9.2 Nature and status of coastal fisheries

9.2.1 Main fisheries and their uses

For the purposes of this chapter, coastal fisheries are defined as the harvesting of 
wild demersal fish and invertebrates from inshore coastal habitats to a depth of 50 m, 
as well as pelagic fish caught in nearshore waters within 10 km of the coast. We give 
only limited consideration to finfish and invertebrates that spend either part or all of 
their lives in brackish water because these species are covered in Chapter 10. Marine 
and estuarine ecosystems are, however, strongly interconnected and it is difficult to 
attribute some fisheries activities (e.g. trawl-based fisheries for penaeid shrimp in 
PNG) to a single ecosystem.

We do not consider the deep slope fisheries for snappers, groupers and other species1 
because these deeper-water environments are likely to be buffered against the main 
effects of climate change, particularly increasing temperature, during the timeframes 
(25–90 years) considered in this chapter. Deepwater fish species may be affected by 
changes in productivity and food supply due to changes in current patterns and 
eddies (Chapter 3). Information on the biology of these fish is very limited, however, 
preventing effective assessment of their vulnerability to climate change.

This assessment does not include sharks, rays, reptiles or mammals. The effects of 
climate change on sharks and rays are generally unknown but assumed to be similar 
to those for finfish occupying equivalent habitat types. For example, reef sharks such 
as Carcharhinus amblyrhynchos and Triaenodon obesus are highly dependent on coral 
reefs and are likely to be affected negatively by extensive habitat degradation39. 
Although turtles, crocodiles, dolphins and dugongs are culturally important 
and clearly vulnerable to climate change40, they are not assessed here. With some 
exceptions41, these species generally make a limited contribution to subsistence 
or commercial fisheries in PICTs and are increasingly subject to environmental 
protection or regulations based on customary use.

The coastal fisheries of the tropical Pacific, as we define them, are based on wild 
capture of a wide range of fish and invertebrate species and are best thought of as 
low-investment, small-scale, multi-gear, multi-species fisheries. Even so, there are 
marked differences in catch composition among PICTs1,10. In particular, the number 
of species caught declines from west to east, corresponding with known gradients 
in the biodiversity of marine species42 (Chapter 1). Further differences in catch 
composition arise from the use of different fishing methods, variation in available 
fish habitats (Chapters 5 and 6), and regional differences in dietary preferences and 
cultural practices of Pacific Island people1.

Considering both target species and their key supporting habitats, the coastal 
fisheries of the region fall into four distinct categories (1) demersal (bottom-dwelling) 
fish; (2) nearshore pelagic fish; (3) targeted commercial invertebrates; and (4) shallow 
subtidal and intertidal invertebrates. Importantly, these four categories of fisheries 
may be affected in different ways by climate change.
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The main species caught by these fisheries, the habitats that support them, the main 
fishing methods, and the uses of the resources (subsistence and income generation) 
are summarised below. This review of the main groups of fish and invertebrates 
comprising coastal fisheries, and the present range of coastal fishing activities, 
is based largely on comprehensive sampling conducted by the Pacific Regional 
Oceanic and Coastal Fisheries (PROCFish) Development Project, implemented by the 
Secretariat of the Pacific Community (SPC)10 (Appendix 9.1).

9.2.1.1 Demersal fish

A diverse range of demersal fish are caught from the coastal waters of PICTs, spanning 
specialist species associated mainly with coral reefs to generalist species that occur 
across a range of different habitats (Figure 9.1). The greatest abundance and diversity 
of fish are caught around coral habitats1,9,10,17. However, fishing also occurs close to 
mangroves, in seagrass meadows and over inter-reefal habitats with little biological 
structure (Chapters 6 and 10).

Figure 9.1 Main habitats where demersal fish are caught in the tropical Pacific, and the 
most common methods used to catch these fish.

The main families of demersal coral reef fish caught for subsistence and livelihoods 
are fairly consistent across the tropical Pacific (Figure 9.2, Table 9.1), i.e. catches 
are dominated by carnivorous emperors (Lethrinidae), snappers (Lutjanidae) and 
groupers (Serranidae), as well as herbivorous parrotfish (Scaridae), surgeonfish 
(Acanthuridae) and rabbitfish (Siganidae). In Melanesia, catches of demersal fish are 

http://www.spc.int/climate-change/e-book/images/c9fig1.png
http://www.spc.int/climate-change/e-book/images/c9fig2.png
http://www.spc.int/climate-change/e-book/images/c9table1.png
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comprised mainly of emperors, whereas the composition of catches in Micronesia 
and Polynesia varies depending on the country or territory (Table 9.1). Across these 
two regions, carnivorous species dominated catches in Kiribati, Marshall Islands, 
Palau, Niue and Tonga, whereas herbivorous surgeonfish, parrotfish, rabbitfish, or 
drummers (Kyphosidae) were caught more often in Federated States of Micronesia 
(FSM), Nauru, Cook Islands, French Polynesia and Samoa (Table 9.1). 

Table 9.1 Proportional catches of major families of demersal fish in 17 Pacific Island 
countries and territories (PICTs). Information based on extrapolated catches from 
socio-economic surveys conducted in 4–5 coastal fishing communities in each PICT 
between 2002 and 2008. The trophic group of each family is designated as carnivore (C) 
or herbivore (H), based on the predominant role of species in each family (source: SPC 
PROCFish Project).

Regional differences in catch composition do not reflect the availability of fish. 
Rather, comparisons of the relative importance of the main fish families in catches, 
with estimates of their average biomass from underwater visual census, show that 
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Melanesia 20.4 7.2 8.4 8.5 8.9 6.4 1.3 3.6 1.2 0.9 2.4 30.7
Fiji 37.4 7.7 2.8 9.4 8.0 1.4 1.8 2.1 0.0 0.0 1.8 27.6

New Caledonia 21.5 10.7 11.5 12.7 3.1 10.3 0.0 4.4 0.0 0.1 0.0 26.0

PNG 14.5 1.9 5.8 5.2 16.0 4.2 0.7 2.1 1.8 0.7 2.1 44.9

Solomon Islands 10.5 5.5 9.2 13.1 18.1 2.0 3.3 1.8 0.1 3.9 4.0 28.5

Vanuatu 17.8 9.0 12.1 1.3 0.9 13.3 1.2 7.6 4.4 0.0 4.5 27.8

Micronesia 12.8 14.0 11.4 14.3 10.9 9.1 2.1 3.1 1.7 0.7 0.3 19.7
FSM 7.8 29.3 26.4 8.1 1.2 14.0 0.1 2.9 0.0 1.0 0.0 9.2

Kiribati 9.2 2.5 2.0 10.8 11.0 0.4 2.0 3.6 0.3 1.0 0.1 57.2

Marshall Islands 10.5 9.5 4.5 28.8 17.2 12.2 3.0 3.7 5.6 0.2 0.3 4.6

Nauru 0.0 34.1 8.3 6.6 10.4 0.0 10.9 0.0 4.5 0.0 4.0 21.2

Palau 26.8 9.5 13.5 11.4 14.4 12.1 0.9 3.1 0.4 0.6 0.1 7.1

Polynesia 13.2 16.8 15.4 8.4 7.2 3.1 6.1 2.8 5.7 1.3 0.2 19.8
Cook Islands 2.6 10.4 36.8 9.7 2.3 4.6 4.9 4.1 14.5 2.3 0.0 7.9

French Polynesia 4.6 19.4 18.1 9.4 4.3 3.3 10.0 4.0 2.0 1.0 0.0 23.8

Niue 0.3 2.4 2.2 6.4 1.3 0.0 22.3 1.2 25.0 4.7 0.3 34.0

Samoa 13.6 22.9 18.7 5.0 5.4 5.1 8.1 3.7 0.7 1.9 0.8 14.0

Tonga 40.3 12.9 11.0 10.9 9.4 4.7 0.8 1.4 1.5 1.3 0.2 5.5

Tuvalu 9.4 17.4 3.1 10.9 14.7 0.8 4.1 0.8 8.7 0.1 0.0 29.9

Wallis and Futuna 14.5 21.8 4.9 3.7 9.7 0.0 3.1 2.7 2.0 0.0 0.1 37.6

* Includes a wide range of species, such as trevallies (Carangidae) and mullet (Mugilidae).

http://www.spc.int/climate-change/e-book/images/c9table1.png
http://www.spc.int/climate-change/e-book/images/c9table1.png
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emperors, groupers, parrotfish and surgeonfish are differentially selected among 
PICTs  (Figure 9.2, Table 9.2). This selection is presumably due to regional variation 
in fishing techniques, and preferences for different fish as food.

Figure 9.2 Proportional use versus availability of the 11 most harvested families of demersal 
fish. Proportional use (solid column) was estimated from extrapolated catches from 
socio-economic surveys conducted in 4–5 coastal fishing communities within each Pacific 
Island country and territory (PICT) between 2002 and 2008. Availability of each family 
(blank column) was assessed based on average biomass (tonnes per km2) estimated using 
visual census at 1–4 coral reef habitats at 4–5 sites within each of 17 PICTs, between 2002 
and 2008. The primary trophic group of each family is designated as carnivore (blue) or 
herbivore (green) (source: SPC PROCFish Project).
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The fishing methods used to catch demersal fish in the tropical Pacific are diverse 
(Figure 9.1). They include handlines, gill nets, spearguns and handheld spears, cast 
and scoop nets, and mobile and permanent artisanal and commercial fish traps. The 
traps are made from stones, sticks and/or wire mesh and concentrate fish as they 
retreat from shallow habitats during tidal exposure, or pass through passages to atoll 
lagoons. Traditionally, fish are also chased into ‘drive-in’ nets and corrals1. Handlines 
are used more frequently in Melanesia, than in Micronesia and Polynesia, whereas 
handspears, spearguns and gill nets are widespread43. The fishing method influences 
the range of species caught44, as well as the impact of fishing on the habitat. Highly 
destructive fishing practices (e.g. dynamite, derris root and cyanide) rapidly deplete 
both target and non-target species, and also contribute to habitat degradation, further 
increasing the likelihood of overfishing.
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Melanesia 40.9 35.0 15.0 6.6 2.9 4.5 2.3 3.0 2.2 3.5 1.3
Fiji 27.2 30.6 10.2 4.4 1.1 3.2 1.4 3.5 0.7 4.8 0.2

New Caledonia 26.3 41.3 3.3 3.1 0.3 3.8 2.4 2.1 0.4 3.4 0.1
PNG 54.5 29.3 20.2 6.5 2.8 4.1 1.9 2.5 3.6 1.9 1.9
Solomon Islands 44.7 22.4 21.8 13.1 7.5 7.9 3.2 2.8 4.0 4.3 0.2
Vanuatu 51.8 51.7 19.4 5.8 2.7 3.4 2.8 4.3 2.1 3.2 4.3
Micronesia 62.3 16.6 25.7 8.9 12.5 2.1 4.1 3.4 2.0 0.9 1.3
FSM 28.3 25.9 10.2 9.1 1.7 1.6 0.7 1.3 1.7 0.8 1.3
Kiribati 72.9 18.5 88.4 18.4 24.2 2.7 12.6 12.2 2.7 0.2 3.6
Marshall Islands 22.0 17.3 10.8 8.4 1.3 3.3 3.8 0.9 2.0 1.1 0.0
Nauru 153.4 6.9 4.3 4.5 34.2 0.2 2.1 0.1 1.5 0.1 21.2
Palau 34.8 14.5 14.6 4.2 1.2 2.9 1.3 2.3 2.2 2.2 0.4
Polynesia 40.4 17.8 7.3 4.8 3.9 3.6 2.7 1.5 1.1 0.8 1.6
Cook Islands 59.3 13.8 1.2 3.0 1.7 12.3 3.9 1.8 0.6 0.3 0.7
French Polynesia 23.2 25.4 2.7 4.7 5.4 4.0 1.7 1.2 0.5 0.7 0.0
Niue 35.0 11.2 1.6 0.8 3.5 1.5 2.2 0.8 0.3 0.0 2.4
Samoa 43.7 24.3 7.8 3.0 4.6 2.4 0.8 1.0 1.4 1.2 0.3
Tonga 12.3 8.6 0.9 0.7 0.2 1.7 0.6 1.3 1.0 0.5 0.0
Tuvalu 77.7 32.4 26.7 14.6 10.7 0.8 7.7 3.6 1.3 1.6 6.8
Wallis and Futuna 31.8 8.8 10.5 6.8 1.4 2.2 1.8 0.9 2.8 0.5 0.7

Table 9.2 Average biomass (tonnes per km2) of commonly harvested demersal fish 
families associated with coral reef habitats. Information derived from underwater visual 
census at 1–4 coral reef habitats at 4–5 sites within each of 17 Pacific Island countries and 
territories (PICTs) between 2002 and 2008. The trophic group of each family is designated 
as carnivore (C) or herbivore (H), based on the predominant role of species within each 
family (source: SPC PROCFish Project).

http://www.spc.int/climate-change/e-book/images/c9fig1.png
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In all but the most remote locations, demersal fish contribute to both food security 
(subsistence) and livelihoods (to earn income through sales at markets) in rural and 
urban areas. In general, however, catches for subsistence far exceed those made for 
sale, often by several-fold5,45 (Section 9.2.2). Small-scale commercial (artisanal) fisheries 
for demersal fish are most important in PICTs where urban populations are large 
relative to the total population (e.g. Fiji, French Polynesia, Kiribati, New Caledonia 
and Tonga), or where the large urban areas or national or provincial capitals allow 
for market opportunities (e.g. PNG and Solomon Islands). In these PICTs, demersal 
fish are caught across a wide range of locations, including increasingly remote and 
outlying areas, to supply central markets46.

Other ways in which coastal demersal fish have been used to earn income are 
through the capture of fish for the live fish food trade and the market for tropical 
marine ornamental products47,48. Several species of groupers, and the large wrasse, 
Cheilinus undulatus (Labridae), have been caught in some countries in the western 
Pacific to supply the export trade in live food fish. It is estimated that as much as 
30,000 tonnes of live reef fish are caught per year within the Asia-Pacific region to 
supply this trade49, although official figures are 13,000–14,000 tonnes per year, with 
an annual value of USD 350 million50. These highly valuable species are targeted by 
specialised operations5,51. However, catches from the Pacific have usually comprised 
< 10% of the trade and have recently ceased due to environmental concerns, and 
ciguatera poisoning from fish caught in Kiribati. 

Smaller species associated with coral reefs, such as damselfish (Pomacentridae), 
butterflyfish (Chaetodontidae), wrasses (Labridae), triggerfish (Balistidae), 
cardinalfish (Apogonidae) and gobies (Gobiidae) are caught for export to the 
ornamental (aquarium) market in the United States, Asia and Europe48,52–54. This trade 
is estimated to be worth at least USD 300 million per year worldwide55,56, and makes 
an important contribution to the national economies of several PICTs. For example, 
> 600 people are employed in the marine aquarium trade in Fiji. In Kiribati, coral 
reef aquarium fish account for 78% of export earnings. The trade is also significant 
in Vanuatu, which exports 180,000 aquarium fish each year10. Active fisheries for 
ornamental specimens also exist in Cook Islands, French Polynesia, Marshall Islands, 
Palau, Solomon Islands and Tonga10,48.

9.2.1.2 Nearshore pelagic fish

Although the vast majority of the region’s rich tuna resources are caught offshore 
by industrial fleets (Chapter 8), skipjack tuna Katsuwonus pelamis, yellowfin tuna 
Thunnus albacares and bigeye tuna Thunnus obesus, and a range of other large 
pelagic fish species, are also caught in nearshore waters (Figure 9.3). Together, these 
fish contribute significantly to coastal fisheries production and are used for both 
subsistence and earning income through sales to rural and urban markets. The large 
pelagic species are caught mostly by trolling along reef edges and within several 

http://www.spc.int/climate-change/e-book/images/c9fig3.png
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kilometres of the coast. Increasingly, however, they are also being targeted using 
mid-water fishing techniques, such as vertical longlines, drop-stone and palu-ahi 
(mid-water handlines) around low-cost, anchored rafts or fish aggregating devices 
(FADs) deployed close to shore in depths < 1000 m7,57.

Figure 9.3 Habitats where large and small pelagic fish are caught by the nearshore fishery 
and the methods used to catch them, including fish aggregating devices (FADs).

Large pelagic fish other than tuna caught by the nearshore fishery include Spanish 
mackerel Scomberomorus commerson, barracuda Sphyraena spp., rainbow runner 
Elagatis bipinnulata, wahoo Acanthocybium solandri, mahi-mahi Coryphaena hippurus, 
sailfish Istiophorus platypterus, marlin Makaira spp. and Tetrapturus spp.1. Spanish 
mackerel is particularly important in PNG, Solomon Islands, Fiji and New Caledonia, 
because of the occurrence there of suitable nursery habitats – shallow lagoons fringed 
with mangroves1. 

Nearshore catches of large pelagic fish can be seasonal, with some of the more 
sought-after species (e.g. yellowfin tuna and mahi-mahi) caught mainly during 
cooler months1. Accurate information on the relative contribution of tuna and non-
tuna species to the nearshore pelagic fishery is not available for many PICTs. This 
contribution varies among PICTs, however, for example in Niue the non-tuna species 
comprise more than two thirds of the catch, whereas in Cook Islands two thirds of 
the landings are tuna10. In most PICTs, non-tuna species are currently thought to 
dominate the nearshore pelagic fishery, because of the fishing methods used. 
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Small pelagic fish (< 500 g), comprising mackerel (Scombridae), scads (Carangidae), 
flying fish (Exocoetidae), pilchards and sardines (Clupeidae) and anchovies 
(Engraulidae), are also caught in nearshore waters throughout the tropical Pacific. 
They can represent an important part of production for subsistence catches, especially 
in PICTs with a limited reef area1, and are one of the resources that could be harvested 
more widely for food security. Schools of small mackerel Rastrelliger spp., bigeye 
scad Selar spp. and mackerel scad Decapterus spp. are seasonally abundant and are 
exploited opportunistically using a combination of seine nets, gill nets, cast nets and 
scoop nets. Some artisanal fisheries target small pelagics to supply bait for industrial 
pole-and-line tuna fleets, for example, in Solomon Islands and Fiji58,59.

In contrast to demersal fish, several species targeted by the nearshore pelagic fishery 
(tuna, mahi-mahi, wahoo, marlin and small pelagic species) are not highly dependent 
on coastal habitats. Thus, although these species associate closely with nearshore 
habitats for feeding and shelter, they are likely to be relatively insensitive to changes 
in coral cover and composition of coral species.

9.2.1.3 Targeted invertebrates

Fisheries for high-value invertebrates (Figure 9.4) have a long history throughout 
the tropical Pacific1,60. In fact, harvesting of sea cucumbers for processing into
bêche-de-mer (or trepang) was the first intensive commercial fishery in the region, 
established in Fiji during the early 1800s61. Artisanal fisheries for sea cucumbers 
have brought considerable benefits to remote communities, and supported export 
enterprises in PICTs such as PNG, Solomon Islands, New Caledonia and Fiji. 
These benefits have accrued because the harvesting, processing and storage of sea 
cucumbers is relatively easy and requires no specialised equipment62. Exports of 
up to 1000 tonnes of bêche-de-mer per year were made from PNG and Fiji during 
peak production in the late 1980s63 and have remained significant. For example, 
exports from PNG alone supplied up to 10% of bêche-de-mer caught from the wild 
worldwide64 before PNG’s recent moratorium on harvesting of sea cucumbers under 
a national management plan. When exports of bêche-de-mer are converted to wet 
weight of sea cucumbers, the fisheries in Fiji, Solomon Islands and New Caledonia 
have landed between 19% and 32% of the weight of tuna caught by national tuna 
fleets from their exclusive economic zones (EEZs)10. The export value of bêche-de-mer 
from New Caledonia in 2007 (USD 5.3 million) was twice that of tuna65.

Sea cucumbers have traditionally been collected from coral reef habitats by gleaning 
(opportunistic gathering) and snorkelling, but also commonly from seagrass 
meadows and soft substrata near mangroves. However, in some PICTs, the high value 
of sea cucumbers has induced fishers to invest in larger boats, SCUBA or hookah 
diving gear, and drag nets. Use of this equipment exacerbates the current overfishing 
of these valuable resources66 (Section 9.2.3).

http://www.spc.int/climate-change/e-book/images/c9fig4.png
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Figure 9.4 Habitats where invertebrates for export and sale to local markets are collected, 
and the methods used to catch them. 

Several species of molluscs are harvested as export commodities in the tropical 
Pacific. The most important of these is the topshell Trochus niloticus, a herbivorous 
gastropod collected by diving on shallow coral reefs. The nacre of topshell (also 
known as trochus) has been in demand for buttons since the early 1900s67, and 
this species has been extensively introduced beyond its normal geographic 
range to expand the economic benefits to other PICTs1,68. Trochus has contributed 
substantially to fishery exports for Cook Islands, Fiji, FSM, New Caledonia, PNG, 
Solomon Islands, Vanuatu and Wallis and Futuna. Over the past century, the 
combined harvests of topshell from Fiji, PNG and Solomon Islands exceeded 
50,000 tonnes, with a present-day value of USD 200 million10. Green snail Turbo 
marmoratus has also been harvested and translocated in the tropical Pacific for its 
nacre, although the quantities involved are low compared with topshell69. Before 
the development of large-scale black pearl farming around 1980 (Chapter 11), 
~ 450 tonnes of black-lipped pearl oysters Pinctada margaritifera collected from the 
wild were exported each year from French Polynesia and Cook Islands70.

Commercial fisheries for crustaceans (spiny lobsters, mangrove crabs and coconut 
crabs) for sale at local and export markets also occur in many PICTs. Spiny lobsters 
were caught traditionally by skin divers for local markets, but are now the target of 
export fisheries in some PICTs, increasing the likelihood of overfishing. Mangrove 
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crabs are caught mainly by being removed from their burrows at low tide, often 
by women, and are common at central markets in Fiji, FSM, New Caledonia, Palau, 
PNG, Solomon Islands and Vanuatu. Penaeid shrimp are the basis of a commercial 
trawl fishery in PNG. Most of the fleet operates in the Gulf of Papua and catches have 
been as high as 1000 to 1300 tonnes per year, while smaller trawl fisheries have been 
established at several other locations in PNG71,72.

9.2.1.4 Shallow subtidal and intertidal invertebrates

Invertebrates inhabiting shallow reeftops and reef platforms, mangrove areas, 
seagrass meadows, and sand or mud flats exposed or accessible at low tide, are 
regularly gleaned by people in the tropical Pacific (Figure 9.5) (Chapter 6). A large 
variety of sessile or sedentary invertebrates are harvested in this way (Table 9.3). 
Gleaning is mainly a subsistence activity, although some gastropods are collected for 
their shells which are made into handicrafts and sold at markets. Several species of  
sea cucumbers are also collected, processed and sold as bêche-de-mer (see above). 
Importantly, gleaning is a fall-back fishery for times when adverse weather prevents 
sea-based fishing activities. The diversity of animals harvested may often be much 
greater than indicated in Table 9.3. For example, at least 50 species of molluscs alone 
are routinely harvested from shallow coral reefs and mangrove forests in Fiji, Guam, 
Palau, PNG and Tonga1.

Figure 9.5 Shallow subtidal and intertidal habitats where invertebrates are collected by 
gleaning, together with a selection of the key species harvested.

http://www.spc.int/climate-change/e-book/images/c9fig5.png
http://www.spc.int/climate-change/e-book/images/c9table3.png
http://www.spc.int/climate-change/e-book/images/c9table3.png
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Densities of invertebrate species on shallow intertidal reefs and in other coastal 
habitats can be high (Table 9.4). As a result, production from gleaning in subtidal and 
intertidal areas can be substantial. For example, annual harvests of arc shells Anadara 
holoserica were estimated to be 1800 tonnes for Tarawa Atoll and 3286 tonnes for 
the Gilbert Islands in the 1980s. Regrettably, potential harvesting of arc shells from 
Tarawa Lagoon is now threatened by the health risks associated with eating shellfish 
contaminated by deteriorating water quality, because of dense human populations. In 
general, harvests of intertidal invertebrates are dominated by bivalves (giant clams, 
arc and venus shells), echinoderms (sea cucumbers and sea urchins) and gastropods 
(turban shells, spider shells and trochus) (Figure 9.6).
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Melanesia 

Fiji 5.1 69.1 2.5 2.6 4.6 4.3 8.3 2.7 0.8

New Caledonia 10.2 5.5 8.1 18.3 28.4 6.5 7.1 15.9 0.0

PNG 13.8 52.1 15.8 3.2 3.6 6.2 4.6 0.8 0.0

Solomon Islands 49.8 0.7 12.7 5.5 12.9 0.8 6.6 9.1 2.0

Vanuatu 5.2 19.9 36.5 0.1 14.0 4.2 18.1 0.8 1.2

Micronesia

FSM 34.4 13.9 2.1 31.9 3.5 5.9 0.7 7.6 0.0

Kiribati 60.7 3.6 1.5 12.4 2.0 1.1 2.2 0.0 16.5

Marshall Islands 33.4 0.0 39.4 8.7 10.1 7.2 1.2 0.0 0.0

Nauru 0.0 12.3 28.6 10.5 33.5 13.4 0.8 0.7 0.0

Palau 28.5 68.9 0.0 0.7 1.9 0.0 0.0 0.0 0.0

Polynesia

Cook Islands 30.8 24.4 15.4 15.3 4.3 2.3 2.7 0.8 4.0

French Polynesia 69.1 0.0 3.6 24.1 1.6 0.0 0.1 0.0 1.5

Niue 5.0 3.9 72.1 10.6 5.8 1.2 1.3 0.0 0.0

Samoa 34.4 45.0 2.4 2.1 7.4 3.9 3.1 1.1 0.6

Tonga 24.7 17.4 14.3 8.5 0.0 28.4 0.9 0.0 5.8

Tuvalu 7.5 0.0 46.1 27.5 3.3 2.8 12.7 0.0 0.0

Wallis and Futuna 15.4 1.9 7.7 30.8 9.0 2.2 3.1 29.9 0.0

Table 9.3 Average catch composition (percentage wet weight) of the major groups of 
invertebrates used for food and livelihoods in 17 Pacific Island countries and territories 
(PICTs). Information based on extrapolated catches from socio-economic surveys 
conducted in 4–5 coastal fishing communities within each PICT between 2002 and 2008 
(source: SPC PROCFish Project).

http://www.spc.int/climate-change/e-book/images/c9table4.png
http://www.spc.int/climate-change/e-book/images/c9fig6.png
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The species composition and relative abundance of invertebrate catches from 
coral reefs, and other coastal habitats has been documented across the tropical 
Pacific (Table 9.3), but the total contribution of gleaning to coastal fisheries 
production for food security is largely unknown. The importance of intertidal 
gleaning to historical and contemporary seafood consumption is often 
overlooked, mostly because the entire catch is consumed almost immediately 
and is highly variable and difficult to characterise. Catches of the larger and 
more conspicuous invertebrates (e.g. octopus) have often been incorporated in 
estimates of subsistence reef fisheries45, but such species may represent only a small
percentage of the total fisheries production from gleaning1 (Figure 9.6).
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Melanesia
Fiji 0.1 72 3.7 174 52 1.8 77 69 8.3 769 8.2 0.0 5.8 16.1 0.2

New Caledonia 5.3 418 22.1 59 252 3.2 226 123 13.5 462 2.8 0.0 1.3 0.2 0.7

PNG 0.8 63 1.8 3 40 2.5 93 18 11.8 244 8.3 0.5 0.1 52.9 1.3

Solomon Islands 0.2 4 1.0 6 20 2.5 141 59 17.1 105 2.9 > 0.1 0.6 0.7 1.5

Vanuatu 1.1 428 5.3 88 188 1.7 23 35 10.3 80 4.0 0.0 2.3 0.5 0.4

Micronesia
FSM 1.6 0 5.6 70 336 0.9 23 68 8.1 79 0.7 0.0 0.0 > 0.1 0.2

Kiribati 0.2 0 3.5 988 0 3.5 1 0 0.0 5665 1.0 > 0.1 25.8 0.0 0.5

Marshall Islands 0.2 0 2.4 302 16 2.2 3 10 9.3 1024 6.7 0.4 0.0 0.0 0.1

Nauru 0.0 0 0.0 2 0 0.0 0 50 0.0 0 0.0 0.0 0.0 0.0 0.0

Palau 8.4 281 15.7 116 299 2.8 129 32 29.5 240 14.1 0.8 0.0 0.0 0.6

Polynesia
Cook Islands 0.1 0 0.4 4350 608 0.2 0 1 0.0 635 0.0 0.0 0.0 23.5 0.0

French Polynesia 0.0 0 33.2 1306 1387 2.4 0 35 0.0 5657 0.0 0.0 0.0 0.4 > 0.1

Niue 0.3 0 0.3 0 0 0.0 0 0 0.0 215 0.0 0.0 0.0 0.0 0.0

Samoa 1.1 0 16.2 2231 0 0.0 8 0 0.3 6 < 0.1 0.0 0.0 0.0 0.0

Tonga 3.9 0 19.3 670 195 2.1 65 26 1.3 61 1.0 0.0 0.1 0.5 0.1

Tuvalu 0.7 0 2.7 3 0 0.0 36 3 0.0 78 5.0 0.0 0.0 0.0 > 0.1

Wallis and Futuna 4.3 1.1 17.2 603 91 0.0 15 7 0.0 51 0.0 0.0 0.3 0.0 0.1

Table 9.4 Mean densities (individuals per ha) of commonly harvested groups of 
invertebrates caught mainly for export commodities (in light blue), or gleaned from 
shallow subtidal and intertidal habitats for food security and livelihoods (in darker blue). 
Information derived from surveys at 4–6 sites in 17 Pacific Island countries and territories 
(PICTs) between 2002 and 2008 (source: SPC PROCFish Project).

http://www.spc.int/climate-change/e-book/images/c9table3.png
http://www.spc.int/climate-change/e-book/images/c9fig6.png
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9.2.2 Recent harvest levels, stock status and estimated sustainable yields

The existing level of harvesting in coastal fisheries throughout much of the world 
is generally regarded as unsustainable, and in many cases the resources are 
already over-exploited73,74. Despite some notable errors75, Newton et al.17 suggested 
that inshore fisheries, and specifically coral reef fisheries, have collapsed in 18% of 
tropical island countries worldwide, and are fully- or over-exploited in a further 
17% of countries. The sustainability of coastal fisheries depends on the area and 
quality of critical coastal habitats, relative to the level of exploitation. Many coastal 
fish and invertebrates are associated with specific habitat types (e.g. coral reefs, 
seagrasses and mangroves) (Chapters 5 and 6), and decline in abundance after 
the degradation or loss of these habitats76. Major causes of habitat degradation
(Section 9.1) generally increase with human population densities, further 
compounding the ecological impacts of overfishing. However, fisheries exploitation 
is relatively low within most PICTs compared with other parts of the world, due to 
relatively small human populations75.

Estimates of coastal fisheries production in the tropical Pacific in 20075 indicate that 
production totalled ~ 155,000 tonnes across the 22 PICTs, of which 110,000 tonnes 
resulted from subsistence fishing and ~ 45,000 tonnes from commercial (artisanal) 
activities (Table 9.5). Although subsistence catches exceeded commercial catches in 
19 of 22 PICTs (Table 9.5), many studies have suggested that subsistence catches are 
likely to be grossly under-estimated4,5,8. Despite the overwhelming importance of 

Figure 9.6 The main groups of invertebrates harvested by gleaning and free-diving from 
shallow subtidal and intertidal habitats in Pacific Island countries and territories (PICTs). 
Values are percentages of total reported catch (wet weight). Information based on socio-
economic surveys conducted in 4–5 coastal fishing communities within 17 PICTs between 
2002 and 2008 (source: SPC PROCFish Project).
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subsistence and small-scale artisanal fisheries, there is no uniform system to measure 
the composition and volume of national fish consumption, or sales of seafood at 
local markets4,5. Therefore, national estimates of coastal fisheries production are 
often based largely on extrapolation of fish consumption per person derived from 
household income and expenditure surveys (HIES)5,7,17.

PICT

Coastal habitat Coastal fisheries production 
(tonnes per year)c Standardised 

fisheries  
production 
(tonnes per 

km2 per year)

Population 
density 

(no. people 
per km2 
coastal 

habitat)d

Area 
(km2)a

Coral reef
(%)b Subsistence Commercial Total

Melanesia
Fiji* 10,020 ? 17,400 9500 26,900 2.68 85

New Caledonia 35,930 12.7 3500 1350 4850 0.13 7

PNG* 22,178 ? 30,000 5700 35,700 1.61 135

Solomon Islands 12,635 56.0 15,000 3250 18,250 1.44 43

Vanuatu 1250 56.8 2830 538 3368 2.69 196

Micronesia
FSM 15,070 21.0 9800 2800 12,600 0.84 7

Guam 240 77.1 70 44 114 0.48 780

Kiribati 4160 47.4 13,700 7000 20,700 4.98 24

Marshall Islands 13,570 14.7 2800 950 3750 0.28 4

Nauru 5 100.0 450 200 650 130.00 2000

CNMI 250 40.0 220 231 451 1.80 82

Palau 2975 23.9 1250 865 2115 0.71 21

Polynesia
American Samoa 365 17.8 120 35 155 0.42 181

Cook Islands 665 31.6 267 133 400 0.60 24

French Polynesia 15,130 19.8 2880 4002 6882 0.45 18

Niue 55 54.5 140 10 150 2.73 27

Pitcairn Islands 50 80.0 7 5 12 0.24 1

Samoa 465 43.0 4495 4129 8624 18.50e 394

Tokelau 210 47.6 375 0 375 1.79 6

Tonga 6160 58.3 2800 3700 6500 1.06 17

Tuvalu 3170 27.4 989 226 1215 0.38 4

Wallis and Futuna 930 45.7 840 121 961 1.03 15

Total 145,483 19.9 109,933 44,789 154,722 1.06 42

Table 9.5 Estimated area of coastal habitat and subsistence and commercial coastal 
fisheries production for all Pacific Island countries and territories (PICTs). Standardised 
estimates of total fisheries production per area of coastal habitat, and human population 
density in 2010, are also shown.

* Preliminary estimates only; a = information derived from Dalzell et al. (1996)1 and Institut de Recherche 
pour le Développement; b = Chapter 5; c = Gillett (2009)5; d = SPC Statistics for Development Programme; 
e = reduces to 16.40 when deep-slope species are removed.
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Catches from distinct fisheries sectors, such as the four categories of resources 
described in Section 9.2.1, are almost never differentiated in national fisheries 
statistics or household income and expenditure surveys. At best, estimates of volume 
and value of coastal fisheries are divided into subsistence versus commercial catches5. 
This classification is a major impediment to understanding the contribution of 
demersal fish, nearshore pelagic fish, targeted invertebrates and shallow subtidal and 
intertidal invertebrates to food security and livelihoods, and to measuring the success 
of management to optimise the benefits from these resources. For example, tuna and 
other pelagic species clearly make a significant but unquantified contribution to 
coastal fisheries production in Nauru, as well as Samoa and Kiribati5, and greatly 
affect estimates of standardised fisheries production for these PICTs (Table 9.5).

To address this problem, we used the results from the socio-economic surveys 
conducted during the SPC PROCFish Project10 (Appendix 9.1) to disaggregate 
estimates of national subsistence and commercial catches in 20075 into the four 
categories of coastal fisheries (Table 9.6, Appendices 9.1 and Supplementary Table 9.1 
at www.spc.int/climate-change/fisheries/assessment/chapters/12-supp-tables.pdf). 
The surveys conducted by the SPC PROCFish project also provide information on 
the status of important families of demersal fish, and the two groups of invertebrates, 
across a subset of 17 PICTs. 

9.2.2.1 Fisheries for demersal fish

Demersal fish dominate the catch from coastal fisheries in the tropical Pacific – they 
are estimated to yield 86,000 tonnes per year and account for an average of 56% of the 
total coastal fisheries production, ranging from ~ 30% to 80% among PICTs (Table 9.6). 
As highlighted above, the majority of demersal fish are caught by subsistence fishing.

The status of demersal fish stocks throughout much of the tropical Pacific is poorly 
known, because of the lack of long-term catch records. However, two broad measures 
indicate that demersal fish populations are not as over-exploited as in many other 
developing countries. First, recent estimates of national-level fish catches5, converted 
to production per area, show that the majority of PICTs are harvesting < 2 tonnes 
of seafood per km2 per year from coastal habitats (Table 9.5). Given that only a 
portion (at most ~ 80%) of the catch comprises demersal fish, such harvests appear 
to be sustainable (see estimated sustainable yields below). Second, underwater visual 
surveys of coral reef fish at 4 to 5 sites in each of 17 PICTs show that the biomass 
of commonly caught species is often in the range of 50 to 250 tonnes per km2

(Figure 9.7), suggesting that stocks of coral reef fish have the potential to sustain 
substantial harvests in many locations across the region.

These broad indicators need to be interpreted with caution, however. As mentioned 
earlier, the extent to which estimates of subsistence catches may have been 
underestimated is unknown4,5. Also, low standardised catches for PICTs with large 
areas of coastal habitat relative to their human populations (Table 9.5) do not account 

http://www.spc.int/climate-change/e-book/images/c9table5.png
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http://www.spc.int/climate-change/e-book/images/c9table1.png
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http://www.spc.int/climate-change/e-book/images/c9table6.png
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for significant spatial variation in exploitation (Box 9.1). In most PICTs, dense human 
populations occur around provincial centres and urban areas, where intense fishing 
is likely to lead to localised over-exploitation. Fish stocks may also be over-exploited 
in areas of low development and low human population densities, if efficient 
transportation exists that enables increased sale of fish in urban centres.

Another important consideration in assessing the status of fisheries for demersal 
fish is the extent to which fishing is concentrated on different species, especially 
those considered to play an important role in maintaining the resilience of coral 
reefs. Foremost among functionally important reef fish, are the herbivorous species 
that keep reefs relatively free of macroalgae, thereby facilitating the settlement and 
growth of habitat-forming corals19. The role of these fish is especially important given 
the increasing incidence of coral loss due to climate change18. Over-exploitation of 
herbivorous fish may ultimately lead to a ‘phase-shift’, where reef habitats become 
dominated by macroalgae77,78. Such phase shifts threaten the status of other reef-
associated fish, which is a cause for concern because herbivorous fish (parrotfish, 
surgeonfish and rabbitfish) comprise a large proportion of the catch in several PICTs 
(Table 9.1). Furthermore, the proportions of parrotfish and rabbitfish in catches are 
greater than those occurring on reefs (Figure 9.2).

A comparison of the recent status of commonly-caught demersal fish with the catch 
rates of these fish at 63 sites across 17 PICTs, using an approach that integrates many 
of the key factors outlined above79, is shown in Figure 9.8. The status of demersal 
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Figure 9.7 Mean biomass (tonnes per km2) of commonly harvested demersal fish 
associated with coral reefs at 63 sites from 17 Pacific Island countries and territories 
(PICTs). Sites are plotted by distance from the equator (degrees of latitude N and S). 
Information derived from underwater visual census within each PICT between 2002 and 
2008 (source: SPC PROCFish Project).

http://www.spc.int/climate-change/e-book/images/c9table1.png
http://www.spc.int/climate-change/e-book/images/c9fig2.png
http://www.spc.int/climate-change/e-book/images/c9fig8.png


513

CHAPTER   9

fish at 38% of sites was estimated to be poor to medium even though current fishing 
pressure is low. Such sites appear to have limited potential to produce fish, or 
productivity may have already been compromised by historical overfishing and/or 
habitat degradation. Another 25% of sites were in more serious trouble – the status 
of demersal fish resources was poor to medium and they were subject to high fishing 
pressure. Demersal fish resources at another 17% of sites had medium to good status 
but fishing pressure was high and probably unsustainable. Only 19% of sites had 
medium to good resource status and low fishing pressure.

PICT
Demersal fish Nearshore 

pelagic fish
Targeted 

invertebrates
Sub/intertidal 
invertebrates

Total 
catch 

(tonnes)tonnes % tonnes % tonnes % tonnes %
Melanesia
Fiji 17,450d 64.9 5270a 19.6 630 2.3 3550 13.2 26,900
New Caledonia 2670 55.1 560a 11.5 300e 6.2 1320 27.2 4850
PNG 14,520 40.7 13,760a 38.6 1300f 3.6 6120 17.1 35,700
Solomon Islands 8925 48.9 5750a,g 31.5 950 5.2 2625 14.4 18,250
Vanuatu 1730 51.3 753a 22.4 70 2.1 815 24.2 3368
Micronesia
FSM 6290 49.9 3560b 28.3 30 0.2 2720 21.6 12,600
Guam 33 28.9 77b 67.6 0 0.0 4 3.5 114
Kiribati 15,075 72.8 4250c 20.5 60 0.3 1315 6.4 20,700
Marshall Islands 2417 64.4 1080a 28.8 3 0.1 250 6.7 3750
Nauru 310 47.7 310c 47.7 0 0.0 30 4.6 650
CNMI 260 57.6 161a 35.7 0 0.0 30 6.7 451
Palau 950 44.9 680a 32.2 100 4.7 385 18.2 2115
Polynesia
American Samoa 92 59.4 47a 30.3 0 0.0 16 10.3 155
Cook Islands 146 36.5 240c 60.0 0 0.0 14 3.5 400
French Polynesia 3666 53.3 2582c 37.5 104 1.5 530 7.7 6882
Niue 62 41.3 75a 50.0 0 0.0 13 8.7 150
Pitcairn Islands 10 83.4 1a 8.3 0 0.0 1 8.3 12
Samoa 4419 51.2 2550b 29.6 0 0.0 1655 19.2 8624
Tokelau 182 48.5 150c 40.0 0 0.0 43 11.5 375
Tonga 5245h 80.7 650b 10.0 0 0.0 605 9.3 6500
Tuvalu 837 68.9 326b 26.8 0 0.0 52 4.3 1215
Wallis and Futuna 718 74.7 106a 11.0 17 1.8 120 12.5 961
Total 86,007 55.6 42,938 27.8 3564 2.3 22,213 14.4 154,722

Table 9.6 Preliminary annual estimated catches in tonnes, and as a percentage of total 
catch, for the four categories of coastal fisheries in all Pacific Island countries and 
territories (PICTs). See Appendices 9.2 and Supplementary Table 9.1 (www.spc.int/
climate-change/fisheries/assessment/chapters/12-supp-tables.pdf) for the derivation of 
these estimates.

a = Nearshore pelagic fishery dominated by non-tuna species; b = nearshore pelagic fishery 
comprised equally of non-tuna and tuna species; c = nearshore pelagic fishery dominated by tuna; 
d = includes deepwater snappers; e = includes mangrove crabs and spiny lobsters sold on local 
market; f = includes hundreds of tonnes of penaeid shrimp; g = includes 800 tonnes of baitfish; 
h = includes 700 tonnes of deepwater snappers. 

www.spc.int/climate
www.spc.int/climate
12-supp-tables.pdf
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Box 9.1 Within country variation in fisheries resources and exploitation: 

Case study from Solomon Islands

For much of the tropical Pacific, the fine-scale patterns in the abundance and 
distribution of coastal fisheries species, and variation in the nature and extent 
of fisheries activities, are poorly understood. Yet the factors that contribute to 
fisheries depletion often operate at local scales. For example, the supply of larvae to 
replenish fished stocks varies at the scale of islands or reefs259–261. The size of coastal 
communities, and the extent of their impacts on coastal fish habitats and stocks,  
e.g. through sedimentation from poor coastal development (Chapters 5–7), destructive 
fishing and over-harvesting, also vary at localised scales81.

How these factors and impacts interact to affect multi-species coastal fisheries 
within PICTs is still not well understood. Depletion of resources is more likely to 
be exacerbated where these effects coincide. Without adequate understanding of the 
factors that affect the status of resources, the incidence of localised stock depletion is 
likely to increase, leading to reduced resilience of coral reef ecosystems19.

The information on the abundance of coastal fisheries species at 66 sites across 
Solomon Islands262 illustrated here shows the variability in the status of local 
resources within a country. The highly variable abundance of demersal fish in 
Solomon Islands is attributable to differences in habitat quality, levels of exploitation, 
resource management practices, and accessibility to markets46. This variation calls for 
a better understanding of coastal fisheries, including local abundance of key species, 
quality of fish habitats, socio-economic conditions and cultural practices.
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Coral reef habitats are generally expected to yield 3 tonnes of demersal fish per km2 
of reef habitat per year17. This yield is the median value for estimates of maximum 
sustainable production from diverse multispecies coral reef fisheries and, provided 
that relative species composition remains stable, consistent harvests at this level are 
likely to be possible. This value is consistent with estimates of long-term (20 years) 
sustained harvests of 2.9 to 3.7 tonnes per km2 from Fiji80. However, as indicated 
in Figures 9.7 and 9.8, sustainable harvests from coral reefs will vary considerably 
depending on their condition and productivity. For example, reefs in Fiji with low 
impacts from land-based activities have been estimated to provide sustained yields of 
at least 10 tonnes per km2 per year81. Documented yields in 43 locations in the tropical 
Pacific range from 0.3 to 64 tonnes per km2 per year82, and earlier surplus production 
yield curves suggested a maximum sustainable yield for reef fish in the region of 6 to 
20 tonnes per km2 per year1. 

Although coral reefs are the most significant habitat for coastal fisheries across the 
region (Table 9.5), mangroves, seagrasses, intertidal sand and mud flats also play 
an important role, both in enhancing productivity of nearby coral reef habitats, and 
sustaining fisheries production in their own right83 (Chapter 6). Many of the fish that 
occupy coral reef habitats as adults reside in other habitats as juveniles84, although 
the extent to which these habitats actually contribute to fisheries production on coral 
reefs is still unknown. The important question is how much of coastal demersal 
fish production would be lost if there was widespread degradation of mangroves, 
seagrasses and intertidal flats? To address this issue, catches of demersal fish from 
distinct habitat types need to be assessed.

If national fisheries production is standardised according to the area of coral reef 
habitats (rather than all coastal habitats), it exceeds 3 tonnes of seafood per km2 of reef 
habitat per year for 10 out of 22 PICTs. Harvest levels of demersal fish are presently  

http://www.spc.int/climate-change/e-book/images/c9fig7.png
http://www.spc.int/climate-change/e-book/images/c9fig8.png
http://www.spc.int/climate-change/e-book/images/c9table5.png
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< 3 tonnes per km2 of reef per year in American Samoa, Cook Islands, French 
Polynesia, Guam, Marshall Islands, New Caledonia, Palau, Pitcairn Islands, Solomon 
Islands,  Tonga, Tuvalu and Wallis and Futuna.
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Figure 9.8 Relationships between the status and catches of demersal fish at 63 sites in
17 Pacific Island countries and territories, for the 11 families of fish listed in Table 9.1, 
based on (a) estimates of fish biomass from underwater visual surveys and socio-
economic surveys of adjacent fishing communities; and (b) a more integrated 
approach to assessing resource status, which combines features of the fish community  
(size composition from size spectra slopes, differences between cumulative biomass and 
density dominance curves, relative density of large species, relative biomass of small fish 
and piscivores, and the ratio of herbivores to carnivores) and site quality (distance from 
centre of biodiversity, number of reef types, and proportion of the outer-reef surface area) 
(source: Kronen et al. 2010, Pinca et al. 2011, SPC PROCFish Project)79,271.
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9.2.2.2 Fisheries for nearshore pelagic fish

Large and small pelagic fish also make a significant contribution to the production of 
coastal fisheries in many PICTs. They are estimated to yield 43,000 tonnes annually, 
and to make up an average of 28% of total coastal fisheries production, ranging from 
~ 10 to 70% among PICTs (Table 9.6). In 12 of the 22 PICTs, species other than tuna are 
estimated to collectively dominate the catch of nearshore pelagic fish (Table 9.6). In 
the remainder of PICTs, tuna (especially skipjack and yellowfin tuna) make up 50% 
or more of this component of coastal fisheries. 

The status of the main species of tuna caught in the nearshore pelagic fishery is 
monitored closely by the SPC Oceanic Fisheries Programme85 (Chapter 8). The 
biomass of the most abundant species in tropical waters, skipjack tuna, remains 
high and fishing mortality is low. The status of yellowfin tuna is also considered 
reasonable, with fishing mortality still below the level recommended to achieve 
maximum sustainable yield, although the impacts of fishing are apparent in the 
tropical western Pacific (Chapter 8). On the other hand, the present catch rate of 
bigeye tuna throughout the Western and Central Pacific Ocean is now considered to 
be unsustainable (Chapter 8). There are few concerns about the status of the other 
truly oceanic fish species caught by coastal fisheries (mahi-mahi, wahoo, rainbow 
runner, sailfish and marlin).

The status of pelagic species more closely associated with coastal habitats, such 
as Spanish mackerel and barracuda, is largely unknown because catch data and 
knowledge of the population biology and regional abundance of these species are 
limited. However, Spanish mackerel populations have very low levels of connectivity86 
and there is, therefore, considerable risk of localised depletion.

There is little concern about the status of the small pelagic species used for subsistence 
and bait. The target species have regular rates of replenishment due to their multiple-
spawning reproductive strategy, rapid growth and early recruitment87. Even when 
the pole-and-line tuna fleet in Solomon Islands was operating at its maximum 
capacity, annual catches of baitfish of around 2000 tonnes per year were considered 
to be sustainable59.

The nearshore fisheries take only a tiny fraction of the regional harvests of skipjack 
and yellowfin tuna, and catches of these two species by the coastal fisheries sector 
could be increased greatly. The need to do so to provide food security for coastal 
communities is being actively promoted4,88. Ultimately, this increase will involve more 
of the recommended national sustainable catches of tuna being allocated for this 
purpose. Such allocations are likely to be in the range of 5–10% of total recommended 
catches by 2035 (Chapter 12). Increasing fisheries production from nearshore pelagic 
resources may be used to offset increasing fishing pressure on demersal fish. The 
fact that tuna and other pelagic species already contribute significantly to coastal 
fisheries in many PICTs1,5,10 (Table 9.6) suggests that the rates at which demersal fish 
are being harvested may not be as great as the standardised production figures in 
Table 9.5 indicate.

http://www.spc.int/climate-change/e-book/images/c9table6.png
http://www.spc.int/climate-change/e-book/images/c9table6.png
http://www.spc.int/climate-change/e-book/images/c9table6.png
http://www.spc.int/climate-change/e-book/images/c9table5.png
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9.2.2.3 Fisheries for targeted invertebrates

Disaggregating the total regional catch from coastal fisheries shows that invertebrates 
targeted for export commodities make up only about 2% (~ 3500 tonnes) of the total 
harvest (Table 9.6).  However, the relatively low catches of targeted invertebrates belie 
the importance of this fishery, which can contribute significantly to export income in 
some PICTs5. Sea cucumbers often dominate this component of the catch, and the 
fact that exports of these species comprise processed bêche-de-mer, which typically 
weighs < 10% of the harvested animals, also masks the importance of this fishery. 
National records indicate that around 1500 tonnes of bêche-de-mer were exported 
from the region in 2007. When this catch is converted to live weight, an additional 
~ 13,500 tonnes needs to be added to the total harvests64.

Underwater visual surveys of the densities of sea cucumbers and trochus by the SPC 
PROCFish Project show that these important resources have been severely overfished 
in many PICTs10. In general, densities of sea cucumbers of high and medium value 
in fished areas have been greatly reduced, compared with densities in protected 
and unfished sites in the region, or sites in PICTs where a moratorium has been in 
place on fishing for these species for at least 10 years64. These trends are illustrated 
by the densities of black teatfish across the Pacific (Figure 9.9). Similarly, analyses of 
the proportion of replicate counts made during surveys of sea cucumber abundance 
above or below a ‘high status’ threshold level, show that sea cucumbers have 
been overfished across most of the region (Figure 9.10). The potential yields of sea 
cucumbers remain low in many parts of the region due to this chronic overfishing. In 
an effort to restore stocks, some countries (e.g. Palau, PNG, Marshall Islands, Samoa, 
Solomon Islands and Tonga) have implemented long-term bans on the export of 
bêche-de-mer at various times. Such measures need to be maintained until densities 
well exceed the threshold needed for regular replenishment, and appropriate 
management plans to sustain increased catches are developed66,89.

Most trochus stocks across the Pacific are also now at very low densities, and 
experiencing limited recruitment10. Only 12 of the 63 shallow water sites surveyed 
by the SPC PROCFish Project had densities of trochus great enough to support 
commercial operations (500–600 individuals per ha) (Figure 9.11). Interestingly, 
despite the large number of depleted sites, 44% of sites had 500–600 trochus per ha for 
at least one of the replicate counts during recent surveys10. This density indicates that 
many areas have potential for recovery provided effective management controls can 
be implemented to protect the number of adults required for successful reproduction. 
The potential for rapid recovery is also evident from the fact that viable fisheries for 
trochus have been established at several places in the Pacific after the introduction of 
relatively low numbers of adults68,90,91.

9.2.2.4 Fisheries for shallow subtidal and intertidal invertebrates

The estimated catches of intertidal and subtidal invertebrates of ~ 22,000 tonnes 
per year, comprising 14% of all coastal fisheries production (Table 9.6), may well be 
underestimates because of the difficulties in effectively capturing the contribution 

http://www.spc.int/climate-change/e-book/images/c9table6.png
http://www.spc.int/climate-change/e-book/images/c9fig9.png
http://www.spc.int/climate-change/e-book/images/c9fig10.png
http://www.spc.int/climate-change/e-book/images/c9fig11.png
http://www.spc.int/climate-change/e-book/images/c9table6.png
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of intertidal gleaning to subsistence catches. Moreover, the use of shallow subtidal 
and intertidal invertebrates increases when alternative fisheries are inaccessible, 
or collapse.

There are few reliable indicators of the status of invertebrates gleaned from 
shallow subtidal and intertidal coastal habitats. However, the densities of the giant 
clam Tridacna maxima, recorded during surveys by the SPC PROCFish Project in
17 PICTs from 2002 to 2008 is a useful one, particularly because giant clams are 
the invertebrates collected most frequently for food (Figure 9.6). Average densities 
of T. maxima were very high (> 5000 clams per ha) in Kiribati and French Polynesia 
(Figure 9.12), due to the suitability of habitats there92 and low human population 
density. Elsewhere, however, their average density was < 1000 individuals per ha, 
and was especially low in PICTs with dense human populations, such as Nauru and 
Samoa (Figure 9.12, Table 9.4).

Whereas some species of spiny lobsters and crabs have proved to be vulnerable to 
over-exploitation93, gleaning of infaunal bivalves such as arc and venus shells from 
soft substrata has remained productive even under heavy fishing pressure94. The 
opportunistic nature of subtidal and intertidal invertebrate fisheries suggests the 
presence of an element of self-regulation, which prevents localised depletion of most 
species. Large, rare or highly prized species will still be vulnerable, however.

Figure 9.9 Mean density (individuals per ha, +SE) of the high-value black teatfish 
sea cucumber (Holothuria whitmaei) at a range of sites in the tropical Pacific where 
fishing has occurred (white bars), where fishing has been halted for a decade or more 
(blue bars), and where fishing has not been recorded in recent history (orange bars) 
(source: SPC PROCFish Project and, for a single site, S. Purcell, the WorldFish Center).
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Figure 9.10 Relative status of populations of three ‘indicator’ species of sea cucumbers 
across 17 Pacific Island countries and territories (PICTs). The sum of the percentages of 
the blue and orange portions of each bar gives the total percentage of survey transects 
where the species was recorded for each PICT. Blue represents abundance at or above a 
‘high’ status threshold and orange reflects a density below this threshold. The threshold 
is the average of the transects with the 25% highest abundances across 17 PICTs. 
Holothuria whitmaei is a low-density/high-value species, Bohadschia argus is a medium-
density/mid-value species and Holothuria atra is a high-density/low-value species
(source: SPC PROCFish Project).
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9.3 Vulnerability to climate change

Recent harvests from coastal fisheries are generally within estimated sustainable 
limits across much of the region (Table 9.5) except for some targeted invertebrates. 
However, there is evidence that catches are not distributed equitably among areas 
within PICTs and potential target species (Section 9.2.2), and several sites have 
a poor to medium resource status and high fishing pressure (Figure 9.8). The real 
challenge to sustainability of coastal fisheries will arise as the food requirements of 
rapidly growing human populations increase by 20–60% over the next two decades4, 
and more people seek to fulfil their aspirations to derive livelihoods from fisheries 
resources25. These problems will be particularly acute in Melanesia (Chapters 1 and 12).
The difficulties involved in establishing levels of fishing that maximise benefits for 
people engaged in small-scale fisheries are considerable24, due largely to the lack of 
necessary data and understanding of coastal fisheries in the region (Chapter 13). These 
problems can be expected to increase under the added effects of climate change. 

Climate change is expected to alter the potential productivity of coastal fisheries 
directly, by changing the ‘milieu’ in which fish and invertebrates live36,94–96

(Chapters 2 and 3), and indirectly by altering the habitats (Chapters 5 and 6) that 

Figure 9.11 Mean density (individuals per ha, +SE) of trochus at a range of sites in the 
tropical Pacific where fishing has occurred (white bars), fishing is strongly regulated 
through government and traditional community controls (blue bars), fishing is strongly 
regulated through community controls alone (yellow bars), trochus have recently 
been introduced and are subject to national regulations (grey bars), and fishing has 
not occurred (orange bar). Information derived from underwater visual census in 
17 Pacific Island countries and territories between 2002 and 2008 (source: SPC PROCFish 
Project).
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provide them with shelter and food96–99. The most important direct effects are likely to 
be due to the projected increases in sea surface temperature and ocean acidification, 
and changes in ocean currents36,100 (Chapter 3). The most significant indirect effects 
will be the projected degradation, fragmentation and loss of coral reefs, mangroves, 
seagrasses and intertidal flats (Chapters 5 and 6).

Additional environmental changes and severe climatic events, such as increased 
severity of tropical cyclones, more extreme rainfall events and sea-level rise, could 
have further direct and indirect effects for some species or life stages36,37. For 
example, tropical cyclones are expected to become more intense in a warmer world101

(Chapter 2) and cause greater damage to key habitat-forming species, such as corals102 
and seagrasses (Chapters 5 and 6). The effects of cyclones are expected to compound 
damage to coral reefs caused by bleaching and acidification. Indeed, cyclones are 
known to reduce abundance of fish due to loss of critical habitat76,103. Overall, the 
indirect influence of cyclones on the physical and biological complexity of fish 
habitats is expected to have greater effects on coastal fisheries than the direct effects 
of more intense cyclones, and increases in rainfall and sea-level rise.

The direct and indirect effects of climate change on coastal fish and invertebrate 
species will vary depending on their biology and ecology36. For example, recent 
effects of climate-induced coral loss on reef fish vary depending on their reliance on 
live corals for food, shelter and/or recruitment104. Butterflyfish, and certain species 
of damselfish, cardinalfish and coral-dwelling gobies have the greatest dependence 
on live coral and are directly at risk from loss of corals104. Other fish may also be 

Figure 9.12 Average density (individuals per ha) of the giant clam Tridacna maxima for
17 Pacific Island countries and territories (PICTs), and its frequency in the total number of 
replicate visual underwater survey transects for each PICT (average n = 420). Information 
collected between 2002 and 2008 (source: SPC PROCFish Project).
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particularly susceptible to climate change owing to their sensitivity to changes in 
temperature or ocean chemistry106. However, specific tests of sensitivity of reef fish 
to projected environmental changes are restricted to a few species and mostly one to 
two families105–107. It is unclear how the results from these limited experiments will 
relate to species targeted by fisheries, which are often larger and more mobile.

The vulnerability of key fisheries species to changes in environmental conditions 
(temperature, ocean acidification, ocean circulation and nutrient supply) and 
habitats depends on their exposure, sensitivity, and capacity to modify the potential 
impact (Chapter 1). Exposure is the magnitude and extent of projected changes in 
environmental variables and/or habitats relative to the existing conditions, whereas 
sensitivity refers to the likely responses of the species to the projected changes, in 
terms of local abundance, size or productivity (Chapter 1). The potential impact of 
projected changes on species is moderated by the species ability to alter its physiology, 
behaviour and/or distribution to cope with change. Species with a high sensitivity 
to changes in environmental conditions and habitats, which are unable to adapt, for 
example by switching to other prey, living in slightly different habitats, or evolving 
increased tolerances, are most vulnerable and potentially at risk of local extinction 
due to climate change108,109.

Changes in the distribution and abundance of coastal fisheries resources are also 
expected to the social and economic fabric of Pacific Island nations, depending on 
their willingness and capacity of communities to alter and/or diversify fisheries 
activities, their access to alternative sources of food, and alternative opportunities 
to earn income26,110,111. However, with the exception of possible risks to changes in the 
incidence of ciguatera fish poisoning, this chapter focuses on the vulnerability of 
coastal fisheries resources to climate change, not the socio-economic effects. The risks 
to food security and livelihoods of coastal communities in the region are assessed in 
Chapter 12.

9.3.1 Vulnerability to the direct effects of climate change 

9.3.1.1 Water temperature

Changes in water temperature have a major influence on most coastal fish and 
invertebrates because they have limited capacity to maintain an independent body 
temperature. Indeed, variation in temperature tolerances112–114 has a major bearing 
on the geographic ranges115–116 and general biology117 of fish and invertebrates. As sea 
surface temperature (SST) increases due to global warming, populations of thermally-
sensitive marine organisms are expected to shift towards higher latitudes, whereas 
populations that can endure warmer waters may exhibit changes in their life history 
traits, such as growth rates and longevity36. Global warming is likely, therefore, to 
have significant consequences for the distribution and abundance of key fish and 
invertebrate species, as well as productivity and composition of coastal fisheries 
throughout the region.
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Exposure and sensitivity

Average global atmospheric temperatures have increased by > 0.7°C over the past 
100 years (Chapter 2), with the current rate of warming far greater than at any time 
during the last 1000 years27. In the tropical Pacific Ocean, mean SST is expected to 
increase substantially by the end of this century (Chapters 2 and 3). Even under a 
low (B1) emissions scenario, average SST in the region is likely to increase by 0.7°C 
by 2035, and 1.0–1.5°C by 2100 relative to 1980 to 1999. However, if recent increases 
in global CO2 emissions continue unabated (represented by the A2 scenario), average 
SST for the tropical Pacific may increase by as much as 2.5–3.0°C. The projected 
surface warming also has a spatial pattern, with greater warming in the eastern 
than western equatorial Pacific and less warming in the southeast Pacific (Chapters 2 
and 3).

Many marine species can withstand a considerable range in water temperature, as 
apparent from their large geographic and latitudinal distributions118,119. Even within 
their limited home ranges, tropical and subtropical organisms are regularly exposed 
to a range of temperatures due to diurnal and seasonal cycles of warming and 
cooling. Diurnal variation in water temperatures is particularly apparent in shallow 
coastal habitats, where it can fluctuate by > 14°C throughout the day120.

In contrast, water temperature typically varies less than 1°C per day for deep 
subtidal habitats121 and the average daily SST range in the ocean is only about 0.2–
0.3°C122. Seasonal variation in SST in the tropical Pacific Ocean is generally < 7°C
(Chapter 3), but marked increases in solar radiation can heat shallow water bodies 
rapidly during summer. These habitats also cool quickly during cold winter nights. 
Seasonal variations in SST can also be amplified by large-scale climatic events on 
decadal cycles (Chapter 2). For example, in the eastern tropical Pacific, the El Niño-
Southern Oscillation can increase SST by up to 2.0–3.0°C during El Niño events and 
cause similar reductions during La Niña episodes123,124 (Chapter 3).

Tropical marine fish and invertebrates are sensitive to variations in SST because 
temperature regulates metabolism and development, and limits activity and 
distribution. Many of these species are relatively tolerant of short-term changes in 
ambient temperature, and tend to live well within their critical thermal limits125,126. 
However, virtually all organisms have a ‘hump-shaped’ temperature-performance 
curve, which shows how growth, reproduction or movement increases with SST 
elevations, until the optimal temperature is reached, after which performance 
declines117,127 (Figure 9.13). The rate of change in performance with increasing SST is 
often more pronounced beyond the optimal temperature, up until the point at which 
it becomes lethal. Therefore, small increases in SST above the thermal optimum can 
have important consequences.

http://www.spc.int/climate-change/e-book/images/c9fig13.png


525

CHAPTER   9

Month

A2
Present day

 A S O N D J F M A M J J

Temperature (°C)

W
ei

gh
t g

ai
n 

(m
g)

S
ea

 s
ur

fa
ce

 te
m

pe
ra

tu
re

 (°
C

)

32

30

28

26

24

22

20

550

500

450

400

350

300

250

200
  22 24 26 28 30 32

Figure 9.13 (a) Mean weight gains (mg ±SE) for larval damselfish Acanthochromis 
polyacanthus reared in captivity at 29°C, and then maintained at different temperatures 
for 6 weeks from one week-post hatching (Liao, Coker and Pratchett, unpublished data). 
The thermal optima (at which weight gains were maximised) appear to be 28–30°C; 
(b) present-day and increased mean monthly sea surface temperatures (SSTs) expected 
to occur by 2100 under a high (A2) emissions scenario – the shaded area represents the 
current thermal optima (28–30°C) for A. polyacanthus at Orpheus Island, central Great 
Barrier Reef, which corresponds with the present-day mean summer maximum SST 
(source:  Munday et al. 2008)105.
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The extent to which increasing SST will have positive or negative effects on individual 
species depends on whether water temperatures are moving towards or away from 
the thermal optima for a particular population128. Increases in overall SST may 
increase growth and production during months and seasons where temperatures 
are presently well below the optimum (Figure 9.13). However, there are likely to be 
increased risks to fish populations in seasons where SSTs begin to exceed thermal 
optima129. Indeed, projected increases in SST of 1–3°C will take summer maximum 
temperatures beyond the range at which growth, reproduction and metabolic rate are 
maximised for some populations105,130,131.

The main effect of rising water temperatures on fish relates to increases in their 
metabolic processes, and limitations in meeting the associated higher demands for 
oxygen (O2)117. The metabolic rate of an individual reflects the total energy expended 
for ingestion and digestion of food, growth, maintenance and activity113. Metabolic 
activity for fish increases in direct proportion to moderate increases in ambient 
temperature119,132–134. However, with increasing SST, there is a decrease in available 
dissolved O2, whereas a fish’s demand for O2 is increasing116,135. Consequently, oxygen 
becomes a limiting factor in cardiovascular performance136. Decreased capacity 
of the ventilatory system to keep pace with increased oxygen demands at higher 
temperatures is therefore the key physiological mechanism controlling an organism’s 
thermal tolerance, and determines its response to increasing SST116,117.

The sensitivity of the aerobic system to increased SST is unknown for most tropical 
marine species. However, sensitivity to increasing temperature has been shown 
to differ greatly among five species of coral reef fish130. In two cardinalfish, the 
maximum oxygen uptake for aerobic activity (aerobic scope) declined dramatically 
with an increase of 2–4°C. Aerobic scope was reduced by nearly half at 31°C compared 
with 29°C and virtually all capacity for additional oxygen uptake was exhausted at 
33°C. In contrast, three species of damselfish were relatively tolerant of the same 
increase in temperature and retained over half their aerobic scope at 33°C. These 
results suggest that adults of some species are highly sensitive to small increases in 
temperature, whereas other species may be quite tolerant to the increases of 2.5–3.0°C 
in SST projected to occur under the A2 emissions scenario by the end of the century.

Potential impact and adaptive capacity

Projected increases in SST within shallow coastal environments of up to 2.5–3°C 
by 2100 are expected to have limited direct effects on survival of adults for most 
fisheries species, but may still interfere with reproduction, recruitment and juvenile 
growth131,137,138. Even temperature increases of 1–2°C can affect the reproductive 
performance of some reef fish131,138 and are likely to lead to shifts in the timing of 
spawning, and possibly falling egg production, in some populations. Where 
reproductive development and spawning synchrony are cued to temperature, 
seasonal changes in SST may lead to alterations in the timing of breeding36. Increases 
in average SST could also lead to more protracted or more irregular opportunities for 

http://www.spc.int/climate-change/e-book/images/c9fig13.png
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successful reproduction, depending on how close present-day SSTs are to the optimum 
temperatures36. Species that use photoperiod as the major cue for spawning137 are less 
likely to adjust the timing of reproduction to suit the thermal environment. For these 
species, reproductive success may be compromised if higher water temperatures 
cause egg production to be impaired139, increase embryonic mortality138, or lead to 
a mismatch between the timing of spawning (set by photoperiod) and the optimal 
conditions in the plankton for survival and dispersal of larvae (set by temperature)140.

Increases in ambient temperature, and corresponding increases in food demands, are 
also expected to affect the survival of offspring, especially during pelagic dispersive 
phases. Larval fish grow and develop more rapidly at higher temperatures37, meaning 
that they may experience lower rates of mortality141. However, under higher SSTs, 
entire cohorts of larval fish may not be able to obtain sufficient food to sustain their 
rapid growth and development, leading to more frequent recruitment failure37,142.

Increases in SST above the thermal optima are also expected to reduce individual 
performance, leading to declines in growth and reproduction. For example, a 3°C 
increase in SST would mean that optimal temperatures for growth of the damselfish 
Acanthochromis polyacanthus would be exceeded for at least half the year (Figure 9.13). 
If such effects are also typical of harvested species, decreases in fisheries production 
can be expected. A decline in summer performance of fish species may, however, 
be offset by increased growth during cooler months. Ambient temperatures may 
be below the local optima at such times, except where the warming causes mean 
monthly SST to exceed normal summer optima for extended periods. Thus, unless 
species can acclimatise or adapt to such temperature increases, an overall reduction 
in biomass may occur. The capacity of most tropical marine fish and invertebrates to 
acclimatise or adapt to rapid temperature change is unknown143. This serious gap in 
our knowledge must be filled before projections about the consequences of future 
increases in SST on demersal fish and invertebrates associated with coral reefs can be 
made with confidence.

Many tropical marine fish have large latitudinal ranges that extend across 
temperature gradients greater than the expected increases in SST due to global 
warming. Life history traits of some species covary in a predictable way with these 
latitudinal and temperature gradients144,145. Although there are many exceptions, reef 
fish species tend to be shorter-lived and reach smaller maximum sizes in equatorial 
areas compared with the subtropics36. Juveniles are also expected to reach their 
asymptotic size at a faster rate at higher temperatures. Consequently, we might expect 
that as SST increases, life history traits of populations in the subtropics will become 
more like those exhibited in populations already living at higher temperatures 
(e.g. shorter-lived and smaller maximum sizes), with knock-on effects on fisheries 
production. However, life history traits are also influenced by food supply, and 
population density and structure, which vary at a range of spatial scales, and might 
themselves be influenced by increased SST. Thus, projecting the likely effects of 
elevated temperature on life history traits is extremely difficult36.

http://www.spc.int/climate-change/e-book/images/c9fig13.png
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The main way that fish and invertebrates are likely to respond to altered environmental 
regimes is to shift their geographic (especially latitudinal) ranges115,146,147. Poleward 
shifts in geographic ranges have been observed for many marine organisms115,148–150. 
However, the ability of species associated with coral reefs to establish permanent 
populations at subtropical latitudes will depend on their specific requirements for 
food, shelter and reproduction, their tolerance to lower minimum temperatures in 
winter, and competition from established subtropical species36.

Vulnerability

The net effects of increasing SST on growth, abundance and productivity of coastal 
fisheries species are uncertain100, but moderate increases in temperature are likely to 
affect reproductive output as well as the development and survival of larval stages. 
As a result, fished stocks may become more vulnerable to periodic collapse due to 
greater inconsistency in the supply and survival of larvae. This threat would be 
compounded by changes in population connectivity caused by more rapid larval 
development; in particular, the opportunity for larval replenishment from distant 
stocks in cases of local overfishing is likely to be reduced37. Productivity of coastal 
fisheries is also likely to be reduced as a result of the effects of higher SST on metabolic 
rates. Fish and invertebrates are expected to need more food, given their higher rate 
of metabolism in warmer waters, under circumstances where changes in climate are 
projected to reduce nutrient inputs (Chapters 3 and 4) and degrade benthic habitats 
(Chapters 5 and 6) (as discussed below). Overall fisheries production is expected 
to decline with increasing SST, except in locations of local nutrient enrichment99

(Section 9.3.3).

 Photo : Hemis.fr/SuperStockChecking a fish trap in Polynesia
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An independent global analysis has also concluded that the redistribution of fisheries 
species associated with increasing SST and shifts in climate is expected to have 
significant impacts on fisheries production of tropical countries147. Geographical 
shifts in the distribution and abundance of major fisheries species, combined with 
projected changes in primary production, are expected to cause a decline of up to 
40% in fisheries production in the tropical Pacific under high emissions scenarios147. 
However, these estimates fail to take account of habitat requirements that will 
limit latitudinal shifts of many reef species; only generalist species that are loosely 
associated with coral and reef habitats are expected to move poleward to escape 
rising SST in the tropics.

9.3.1.2 Ocean acidification

Ocean acidification, caused by the uptake of carbon dioxide (CO2) emissions by 
the ocean (Chapter 3), is a serious threat to marine ecosystems151,152 and fisheries153. 
Additional CO2 dissolved in the ocean reacts with sea water to form weak carbonic 
acid, causing pH to decline and reducing the availability of dissolved carbonate 
ions required by many marine calcifying organisms (particularly corals, other 
invertebrates and coralline algae) to build their shells or skeletons154 (Chapter 3). 
Ongoing ocean acidification will reduce growth and survival of many calcifying 
organisms and affect the food webs that depend on them152,155 (Chapters 4 and 5). The 
reduction in ocean pH could also have a range of direct effects on coastal fish, from 
increased metabolic demands to developmental problems156.

Exposure and sensitivity

Atmospheric CO2 concentrations have increased from ~ 280 ppm in pre-industrial 
times to ~ 390 ppm today, causing the average pH of the ocean to decline from 8.2 to 
8.1157. Depending on emissions scenarios, CO2 concentrations are projected to reach 
540–800 ppm by the end of the century157 (Chapter 1), resulting in a further decline in 
average ocean pH of 0.3 to 0.4 units158 (Chapter 3). The projected emissions of CO2 are 
expected to make the ocean more acidic than at any time in the past 800,000 years159. 
Changes in global ocean pH will be most apparent in open ocean waters, where 
pH naturally varies by only 0.1–0.2 units depending on biological production and 
nutrient inputs. In contrast, pH is naturally variable in coastal habitats. For example, 
pH ranges up to 0.8 units throughout the day in shallow coral reef habitats due to 
diurnal patterns of respiration, photosynthesis and calcification160. The potential for 
dissolution of carbonate within extensive coral reef frameworks to partly buffer the 
effects of ocean acidification is also unknown, but this effect may limit declines in pH 
of near shore, shallow carbonate systems.

Many coastal invertebrates (including molluscs, echinoderms and crustaceans) 
are expected to be sensitive to any changes in the pH of nearshore waters because 
their exoskeletons, shells or skeletal elements are composed of aragonite or high-
magnesium calcite161, both of which have low saturation states in sea water. Levels 
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of acidification that could occur in the world’s oceans within the next 50 years 
are below the levels that have been shown (in controlled experiments) to reduce 
calcification rates for a wide range of species162–167. Calcifying molluscs that have been 
subject to reduced pH, either under experimental conditions or in marine habitats 
with naturally low pH, usually have much thinner shells, reduced growth and lower 
survival rates166,168. For commercially important invertebrates in the tropical Pacific 
that are harvested for their shell (e.g. trochus), these weaknesses may simultaneously 
affect the size of populations as well as the individual value of each animal.

Reduced calcification rates could also possibly affect spicule formation in sea 
cucumbers64, thereby reducing growth or increasing susceptibility to predation. In 
contrast, decapod crustaceans (spiny lobsters, crabs and shrimp) may be capable of 
higher rates of calcification in acidified conditions. These animals have an external 
organic layer (epicuticle), which separates their carapace from sea water and can 
effectively regulate internal pH at the site of calcification161. Growth and survival 
of some decapods declines at low pH169, however, which may reflect the increased 
physiological costs associated with adverse environmental conditions.

The internal bony skeletons of fish are unlikely to be affected to the same degree 
as the external skeletons of invertebrates. Fish bones are composed of calcium 
phosphate, not calcium carbonate, and the skeletons of fish may be protected 
from external pH changes by the fish’s own internal acid-base regulation170. Fish 
otoliths (ear bones) are more likely to be susceptible because they are composed of 
aragonite. However, otoliths may also be protected by active acid-base regulation of 
the endolymph. Indeed, one recent study found that otolith calcification increased 
in larvae kept at low pH, possibly as a result of increased carbonate concentrations 
in the endolymph caused by acid-base regulation171. Whether acidification affects 
otolith growth or development in other species is unknown, but any effects could 
be significant because otoliths are important for individual orientation and hearing, 
especially during the dispersive larval stage37.

Increased CO2 not only acidifies the ocean, it also decreases the pH of animal 
tissue156,170,172. Fish compensate for this acidification with bicarbonate accumulation 
and counter-exchange of ions across the gills173,174. Consequently, most fish tolerate a 
wide range of dissolved CO2 and pH levels156,172,175. Although compensation of acidosis 
is not detrimental in the short-term, ultimately, it might have some physiological 
costs, especially for species or life stages with high metabolic demands156 or when 
compounded by higher metabolic demands at elevated temperatures117.

Enzymatic changes consistent with a shift from aerobic to anaerobic metabolic 
pathways have been observed in a temperate marine fish exposed to CO2 levels
~ 4.5 times above average176. Also, significant declines in aerobic scope have been 
detected for two species of coral reef fish exposed to CO2 levels ~ 2.5 times above 
ambient177. In the latter study, the effect on aerobic scope of 1000 ppm CO2 was similar 
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to that caused by a 3°C increase in water temperature above the summer average. 
This effect indicates that ocean acidification could have consequences for the aerobic 
performance of coral reef fish in addition to those expected to occur as a result of 
increasing SST130. Limited research on marine invertebrates suggests that there is 
considerable variation in the extent to which species can regulate internal pH to 
withstand short-term changes in ambient conditions161,178. It is not clear whether this 
regulation will enable species to withstand projected changes in ocean chemistry.

Potential impact and adaptive capacity

Direct effects of elevated CO2 are likely to be greatest during the early life history 
phases of marine fish and invertebrates156,179. Indeed, fertilisation of eggs180 and 
development of larvae168 of some invertebrates is influenced significantly at the range 
of CO2 concentrations that are projected to occur by 2100. Even moderate increases in 
CO2 concentrations (560 ppm leading to a decline in pH to ~ 7.9) reduce the growth of 
adult gastropods and sea urchins due to reduced calcification168. In contrast, a study 
of reef fish, using CO2 levels relevant to climate change projections (up to 1000 ppm),
did not detect any negative effects on the growth or development of clownfish 
larvae106. Clearly, more research is needed to test the effect of elevated CO2 on the 
early life stages of coastal fish across a broader range of species, and to examine 
possible synergistic effects of elevated temperature and CO2.

A greater concern for coastal fisheries in the tropical Pacific is the effect that elevated 
CO2 levels could have on the sensory ability of larvae. Clownfish larvae exposed to 
CO2-acidified water lose their ability to distinguish olfactory cues from preferred 
settlement habitat106, or to detect and avoid the smell of predators181, at the end of their 
larval phase. When reared in water treated with 1000 ppm CO2, the larvae became 
strongly attracted to chemical cues they normally avoided. The larvae of many 
marine fish use chemical cues for a wide range of important behaviour decisions, 
including navigation to reefs and selection of settlement sites182–184. Impairment of this 
process by ocean acidification could have serious implications for the replenishment 
of adult populations and patterns of population connectivity in coral reef ecosystems.

Despite the fact that acclimatisation or adaptation are important considerations when 
assessing the vulnerability of fish and invertebrates to projected climate change18,152,185, 
the potential for most marine organisms to adapt to a rapid reduction in ocean pH has 
rarely been tested. Ocean pH has changed very little over the past 800,000 years159, 
and so it might be expected that marine organisms lack genetic variation necessary 
for rapid adaptation to changes in seawater chemistry151.

Vulnerability

Declines in global ocean pH and associated decreases in the availability of carbonate 
ions will cause reduced calcification, growth and survival of calcifying organisms in 
the absence of rapid and effective adaptation. Key fisheries species that are likely to be 
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directly affected include bivalves (giant clams), gastropods (trochus), sea cucumbers 
and sea urchins. If greenhouse gas emissions continue unabated, as projected by the 
A2 scenario, these calcifying organisms are unlikely to be able to sustain significant 
commercial and subsistence fisheries into the future.

Ocean acidification is also expected to compound the negative effects of increasing 
SST for fish and invertebrates. Impaired larval behaviour caused by elevated CO2 
could also affect the replenishment of populations, increasing the risks of decline in 
the stocks that support coastal fisheries.

9.3.1.3 Ocean currents

Changes to ocean circulation and current patterns throughout the tropical Pacific, 
expected to occur as a consequence of climate change (Chapter 3), could affect the 
production of coastal fisheries in two main ways. Firstly, currents, eddies, and other 
hydrodynamic features play an important role in the retention and dispersal of pelagic 
larvae186–188. Any changes to circulation patterns as a result of climate change could 
have fundamental effects on the spatial and temporal patterns of larval settlement, 
and the degree of connectivity among meta-populations37. Secondly, currents play 
an important role in providing nutrients and food to coastal habitats that are often 
limiting. In the waters surrounding PICTs, nutrient supply influences the production 
and distribution of phytoplankton and zooplankton189,190 (Chapter 4), which are 
integral parts of the food webs supporting both larval fish and planktivorous adult 
fish residing on reefs. Changes to primary and secondary productivity caused by 
altered ocean circulation are expected to affect the growth and survival of these two 
categories of fish191–193 and biological production throughout the entire ecosystem99.

Exposure and sensitivity

The South Equatorial Current (SEC), which flows westward just south of the equator, 
is a major oceanographic feature of the tropical Pacific Ocean. The SEC generates 
significant surface currents and eddies, and drives vertical mixing and upwelling 
of nutrient-rich waters (Chapter 3). The transport volume of the SEC is expected to 
decrease in strength by 3–5% under the B1 and A2 emissions scenarios by 2035, by  
~ 10% under B1 by 2100, and ~ 20% under A2 by 2100 (Chapter 3). The eastward-
flowing South Equatorial Counter Current (SECC) is also expected to decrease in 
velocity and change direction. These changes are expected to take time to appear  
– flow of the SECC is projected to decrease by < 5% under the B1 and A2 scenarios by 
2035. However, flow is expected to decrease by ~ 30% under B1 by 2100, and by 60% 
under A2 by 2100. The surface flow is also likely to turn towards the south, reducing 
the penetration of the SECC to the east (Chapter 3). Consequently, associated eddies 
and upwellings are expected to decline. The projected increases in SST are also likely 
to enhance stratification and reduce vertical mixing35,194 (Chapters 3 and 4).
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Such large-scale changes to circulation patterns have potential to influence dispersal 
and survival patterns of marine fish larvae (Figure 9.14), while reductions in 
vertical mixing and supply of nutrients to shallow coastal habitats could reduce the 
productivity of coastal ecosystems. In nearshore environments, diminished supplies 
of nutrients from the ocean may be compensated by increased inputs from runoff, 
which are expected to increase with climate change (Chapters 2 and 7).

Figure 9.14 Postlarvae of demersal fish families from the tropical Pacific (a) Lethrinidae, 
(b) Lutjanidae, (c) Acanthuridae, and (d) Holocentridae (photos: Colin Wen).

a)

c)

b)

d)

Fisheries production is sensitive to changes in ocean circulation, and especially 
the strength and persistence of upwellings. Approximately 25% of total global 
marine fish catches are concentrated in areas where the strong vertical mixing 
of ocean layers brings nutrients to the surface99. Increased thermal stratification of 
the ocean layers reduces the delivery of nutrients from the deeper, cooler waters to 
coastal habitats35,194,195 (Chapter 3). This reduction in supply of nutrients decreases 
the productivity of the plankton communities that provide an important food 
source for many coastal fish and invertebrates, and which underpin the food webs 
sustaining large pelagic fish species (Chapter 4). In the Western Pacific Warm Pool 

http://www.spc.int/climate-change/e-book/images/c9fig14.png
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and the Archipelagic Deep Basins provinces of the region196, where the larger 
PICTs are situated, phytoplankton production is estimated to decline by 5–8% 
under the B1 and A2 emissions scenarios in 2035, by 9–20% under B1 in 2100, and 
by 9–33% under A2 in 2100 as a result of reduced vertical mixing197 (Chapter 4).
The productivity of planktonic communities can also be reduced at higher 
temperatures190 (Chapter 4). Reduced availability of food, combined with increased 
metabolic rates at higher temperatures36, may lead to starvation of fish and 
invertebrates, especially among early life history stages.

Impact and adaptive capacity

Changes to major ocean currents and wind-driven surface currents, upwelling, eddies, 
and other hydrodynamic features of the tropical Pacific Ocean could have important 
effects on the dispersal and survival of coral reef fish larvae37. Connectivity among 
distant reefs and islands is likely to be compromised, so that stocks are expected to be 
more reliant on local reproduction to replenish populations. Projected declines in the 
strength of surface currents (of up to 50%) will reduce the transport of pelagic larvae 
among disparate islands and reefs and declines in the strength of eddies may reduce 
the retention and accumulation of larvae within the vicinity of appropriate settlement 
habitats. Connectivity is likely to be reduced further by increased fragmentation of 
coastal habitats (Chapters 5 and 6), and declines in the pelagic duration for larvae 
(as discussed previously). Management to avoid localised depletion of fisheries stocks 
will be essential, as replenishment of depleted populations from distant spawning 
adults becomes less likely. 

At this time, the projections of how ocean currents are expected to change lack 
sufficient confidence and resolution, at scales relevant to the ecology of coastal fish 
and invertebrate species, to enable meaningful estimates of the likely impact on 
individual coastal fisheries species36,37. Also, little is known about the present levels 
of connectivity within meta-populations among reefs, islands and nations for any 
of the target species in the tropical Pacific. However, vertical stratification of the 
water column and associated declines in the delivery of nutrients to surface waters 
are likely to cause a general decline in productivity of coastal marine assemblages. 
Declining nutrient availability imposes fundamental limitations on available energy 
and productivity. Although some changes in community structure and energy 
dynamics within coastal ecosystems may occur, the adaptive capacity to withstand 
a fall in nutrient availability is limited. Nutrient limitation may also compound the 
increased metabolic demands of marine organisms coping with higher SST and 
reduced pH and lead to a significant decline in biological production.

Vulnerability

The productivity of all coastal fisheries is expected to be vulnerable to changes in the 
delivery of nutrients to coastal habitats, which are generally expected to decrease in 
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the tropical Pacific as a result of weakening of the SEC and SECC, and increases in 
stratification of the water column. Local increases in productivity may occur in some 
locations, however, as currents change in velocity and direction (Chapter 3), and as 
freshwater runoff increases around high islands due to the projected higher rainfall 
intensity in the tropics (Chapter 2). In general, the stocks of predatory demersal fish, 
and the large nearshore pelagic fish that depend on the food chains supported by 
nutrient-rich waters198, are expected to be negatively affected as the occurrence and 
intensity of the vertical mixing of the water column decline.

Any changes in the supply and settlement of larvae caused by changing currents and 
eddies are likely to have major effects on coastal fish and invertebrates. Locations that 
consistently receive a disproportionate number of settlers (recruitment ‘hotspots’) 
may be very important in supplying recruits to surrounding locations. Vulnerability 
to changing hydrodynamics is likely, therefore, to be localised. The capacity to 
downscale changes in ocean circulation to project these effects is presently limited. 
At the scales of islands and reefs, the weakening of the SEC and SECC is likely to 
reduce both the transport of pelagic larvae among distant islands and reefs, as well 
as the retention and accumulation of larvae within eddies formed adjacent to islands 
and reefs by currents.

9.3.2 Vulnerability to the indirect effects of climate change

Coastal habitats are particularly susceptible to a wide range of natural and 
anthropogenic disturbances22,76. The diversity, frequency and intensity of the 
anthropogenic influences on coastal habitats have been increasing worldwide over 
the past 100 years, leading to strong shifts in the structure of coral reefs18,19, seagrass 
meadows199,200 and mangroves201–203. Although the causes and the extent of coral 
loss vary regionally, mean coral cover throughout the Indo-Pacific decreased from 
42.5% in the early 1980s to 22.1% in 200320. Climate change threatens to compound 
the natural and direct anthropogenic disturbances, accelerating the degradation and 
loss of coral reefs (Chapter 5). Similarly, 35% of the global area of mangrove forests 
has disappeared since 1980, mostly due to intensified use and destruction203. These 
losses are also expected to be exacerbated by climate change, especially sea-level rise 
(Chapter 6). These structurally complex, yet highly vulnerable, coastal habitats are 
fundamental to sustaining coastal fisheries through their roles as nursery, feeding 
and shelter areas83,204,205. Climate-induced degradation of these habitats also poses a 
major threat to the great marine biodiversity of the tropical Pacific.

Exposure and sensitivity

The fish and invertebrates associated with coral reefs, seagrasses and mangroves are 
exposed to great changes in the quality and extent of the habitats that support them, 
due to climate change27,104,206–208 (Chapters 5 and 6).
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Based on the rate of coral loss reported over the last 20 years20, and the projected 
effects of more frequent coral bleaching and ocean acidification, average coral cover 
throughout the Pacific is expected to decline to 15% by 2035. Moreover, coral reefs 
will become increasingly dominated by relatively robust coral genera (e.g. Porites and 
Favia), rather than the branching coral species (Acropora and Stylophora) prevalent 
today. By 2100 under the B1 emissions scenario, coral cover is likely to decrease to 
< 5% with weak management, and to < 2% under the A2 scenario (Chapter 5).

Extensive death of corals leads to profound changes in the biological and physical 
structure of reef habitats (Figure 9.15) (Chapter 5). Over time, coral skeletons of dead 
branching corals (e.g. Acropora and Pocillopora) break down into coral rubble97,209, 
and the more robust skeletons of massive corals (e.g. Porites) become dislodged or 
gradually eroded in situ209. These processes contribute to long-term declines in 
structural complexity, and ultimately result in low-profile reef landscapes209,210. The 
bioeroding algae, which contribute to physical collapse of dead coral skeletons, also 
grow faster under elevated CO2 conditions211, further contributing to degradation of 
coral reefs with ongoing climate change.

Figure 9.15 Changes in the state of coral reef ecosystems caused by climate-induced 
coral bleaching. Coral-dominated and structurally complex coral reef habitats (a) once 
bleached (b) can become overgrown with algae (c) and then collapse to form rubble banks (d) 
[Photos: Morgan Pratchett (a); Darren Coker (b); Shaun Wilson (c and d)]. 

a)

c) d)

b)

http://www.spc.int/climate-change/e-book/images/c9fig15.png
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In some instances, coral reef habitats become dominated by macroalgae78 or other 
sessile fauna212, fundamentally altering the nature of these ecosystems. Macroalgae 
are expected to proliferate on reefs under climate change for the following reasons  
(1) the reduced abundance of corals increases space for colonisation of algae; (2) the 
lack of physical structure (formerly provided by reef-building corals) leads to declines 
in abundance of herbivorous fish that typically control the growth of macroalgae; and 
(3) increasing temperatures and higher rainfall/runoff will favour the growth and 
productivity of macroalgae. The onset of such degradation is expected to occur even 
earlier in places where overfishing has already reduced the abundance and diversity 
of herbivores18,19,77.

As mentioned above, the demise of coral reefs is not the only way in which coastal 
fisheries are exposed to degradation and loss of habitat. Depending on the location 
of PICTs, projected increases in water temperature, sea level, cyclone intensity and 
turbidity of coastal waters caused by higher rainfall, can be expected to affect the 
growth and survival of mangroves, seagrasses, non-reefal algal habitats, and the 
nature of intertidal flats. While data are scarce on recent and projected effects of 
climate change within non-reefal habitats of the tropical Pacific, data from elsewhere 
(e.g. Australia) indicate the likelihood of major effects35. The response of mangroves 
to such impacts is typically manifested as a change in their zonation, structure and 
species composition (Chapter 6). Similarly, for seagrasses, changes in local patterns of 
abundance and species composition are likely, but reductions in the overall extent of 
seagrass habitats may or may not occur (Chapter 6).

The fish and invertebrates that depend on coral reefs for food and/or shelter are highly 
sensitive to degradation and loss of these important habitats213–215. The frameworks 
provided by living and intact corals are also important for sustaining a great 
diversity and abundance of species that do not feed or live on corals directly216–218. 
As habitat diversity and topographic complexity decline, there are fewer places for 
reef-associated species to shelter from potential predators or competitors219,220, with 
the result that degraded reef environments support fewer individuals and fewer 
species76,97,210,218 (Figure 9.16). Loss of habitat complexity is especially detrimental for 
small-bodied fish (including both small species and juvenile phases of larger-bodied 
species) because such individuals are more exposed to predatory fish associated with 
coral reef environments221.

The projected decline in abundance of juvenile stages of fishery target species due 
to degradation and loss of coral reefs is of particular concern. Small to medium size 
classes (up to 30 cm total length) of target species can decline substantially after 
the collapse of the reef structure, which is likely to lead to failure of recruitment to 
adult stocks, and declines in fisheries catch222. These declines have been profound for 
herbivorous fish stocks, for example parrotfish, and a decline in medium size classes 
of piscivorous species can result due to the absence of their prey222. An estimated 56% 

http://www.spc.int/climate-change/e-book/images/c9fig16.png
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of fisheries species targeted by subsistence fisheries in PNG are strongly associated 
with coral reefs9 and likely to be affected by degradation or loss of coral-dominated 
habitats.

The role played by seagrasses, mangroves and intertidal flats in supporting fisheries 
production in the tropical Pacific is poorly understood. However, vegetated areas 
may provide important nurseries and feeding habitats for a wide range of coastal 
fish species223–225. Reduced coverage and structural complexity of the vegetated 
habitats caused by more severe disturbance from cyclones, increased stress from 
higher temperatures, reduced light levels from more turbid conditions and sea-level 
rise226–229, can be expected to reduce recruitment success for many species of fish and 
invertebrates in the absence of other shelter230. Erosion of intertidal flats, and changes 

Figure 9.16 Degradation of coral reef habitats (declines in live coral cover and loss of 
structural complexity) has implications for the abundance and diversity of reef-associated 
fish and invertebrates. Prey are expected to decline in abundance due to lack of suitable 
habitat, ultimately leading to declines in abundance of predatory fish. Generalist benthic 
feeding fish (e.g. herbivores) may have access to more food on degraded reefs because of 
the increase in macroalgae, and become more abundant. However, the projected changes 
in habitat structure, and the expected alterations in sea surface temperature and oceanic 
currents, may simultaneously reduce recruitment success of such generalist species. 
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to the associated microalgae that drive the high productivity of these areas224, are also 
likely to occur as a result of more intense cyclones and sea-level rise (Chapter 6). Such 
changes can be expected to alter the function and productivity of intertidal flats, 
which represent feeding areas for roving fish and are in themselves an important 
source of food for subsistence fishers (e.g. the fishery for arc shells in Kiribati).

Potential impact and adaptive capacity

The loss of the structural and biological complexity of coral reefs is expected to 
profoundly affect the types of fish and invertebrates associated with them. Species 
that depend on live coral for food, and on the variety of shelter created by structurally 
complex reefs for their survival, are likely to disappear76,97,104. These coral-dependent 
and highly specialist reef fish may be replaced by herbivorous and generalist species, 
leading to changes in community composition rather than net losses of biodiversity231. 
However, simplification of reef habitats will involve the loss of many existing energy 
pathways, making these ecosystems much more sensitive to future disturbances, 
including overfishing232. As such, effects of climate change on coastal fisheries 
associated with coral reefs may not be immediately apparent, but may result in slow, 
long-term (decadal) declines in yields as resilience and productivity are gradually 
eroded.

Increasing loss and degradation of non-reefal habitats (e.g. mangroves and seagrasses) 
will also affect coastal fisheries, though the effect this will have on overall fisheries 
production is not clear. It remains to be determined what proportion of target fisheries 
species are specifically reliant on mangrove and seagrass habitats, either as juveniles 
or throughout their life, and whether these fish can use alternative areas in the 
absence of preferred habitats. In the Caribbean, some coral reef fish (e.g. parrotfish) 
depend heavily on mangroves as nursery areas, and have become locally extinct 
where mangroves have been removed84. However, some fish that use mangroves 
as nurseries were able to use alternative habitat types, and were no less abundant 
on islands without mangroves84. Similar studies conducted in the tropical Pacific 
have revealed relatively little overlap in fish assemblages from coral reef habitats 
versus mangroves or seagrass beds83,233, but some of the fish found in mangroves 
have important functional roles on coral reefs83. Widespread loss or degradation of 
non-reefal habitats is likely to lead to loss of some species, causing local declines in 
biodiversity, which may or may not affect overall fisheries production.

The extent to which species may be able to adapt to changes in resource availability 
and habitat structure depends on their ecological versatility. Highly specialised 
species, such as the coral feeding butterflyfish Chaetodon trifascialis are completely 
dependent on specific types of corals and will die without access to them234,235. On 
the other hand, other species of butterflyfish, such as C. lunulatus, are capable of 
switching their diets to feed on whatever coral prey is available236. Highly specialist 
species are, therefore, extremely vulnerable to habitat loss and degradation, and likely 
to become locally extinct if catastrophic changes in reef habitats occur104,213, whereas 
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more generalist species capable of using a range of prey and habitat types are likely 
to persist231. Thus, species vary along a continuum from highly specialised to highly 
generalist, with the most specialised species likely to be affected first and worst by 
environmental disturbances113. The extent to which other more generalist species are 
affected will depend upon the severity and extent of the habitat degradation and 
associated resource depletion.

Vulnerability

Reef-associated fish and invertebrates are likely to become less abundant following 
extensive degradation and loss of the coastal habitats on which they depend, 
especially coral reefs. The demersal fish commonly associated with coral reefs that are 
expected to be affected include emperors, snappers, groupers, surgeonfish, parrotfish 
and rabbitfish9. These fish currently account for 35–80% (by weight) of the estimated 
total catch of demersal fish in PICTs (Table 9.2).

If water temperatures increase by 3°C, and CO2 exceeds 550 ppm, as projected under 
the A2 emissions scenario by 2100, coral cover and habitat complexity will be greatly 
reduced (Chapter 5). This is likely to result in substantial reductions in the abundance 
of 62–75% of coral reef species, and similar proportions of reef-associated fish and 
invertebrates76,210,215,218, including many species presently caught by subsistence and 
artisanal fishers9. Some of these species could persist in areas with remnant coral 
growth, but these areas will be small and poorly connected and unlikely to support 
diverse assemblages of fish and invertebrates. There may also be some replacement 
of specialist reef-associated species with more generalist species (e.g. Mugilidae). 
However, the loss of coral reefs and other critical coastal habitats is expected to 
progressively reduce production of demersal fish throughout the tropical Pacific.

9.4 Vulnerability of the four categories of coastal fisheries

Vulnerability to the combined effects of changes in SST, the pH of the ocean, currents 
and habitats, is expected to differ among the four categories of coastal fisheries. 
The direct effects of altered atmospheric and oceanic conditions are likely to vary 
among the key species within each category due to differences in their ontogeny and 
physiology. The indirect effects due to changes in habitats are also expected to differ 
among the four categories because the key species depend on coral reefs and the 
other coastal habitats in different ways. Integrating the effects of climate change on 
coastal fisheries involves combining the vulnerability of all four categories of coastal 
fisheries to both the direct and indirect effects.

Here we provide preliminary estimates of how each coastal fisheries category may 
be expected to respond to the projected changes in the atmosphere and ocean, and 
the habitats that support them, under the B1 and A2 emissions scenarios by 2035 
and 2100. These vulnerability estimates are based on our expert opinion of how the 
various types of species in each category might be affected by climate change.

http://www.spc.int/climate-change/e-book/images/c9table2.png
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9.4.1 Fisheries for demersal fish

The dominance of demersal fish in the catches of coastal fisheries (Table 9.6) means 
that any negative effects of climate change on these fish will lead to major declines in 
fisheries production and/or marked changes in the structure of coastal fisheries. The 
most immediate and apparent threat of climate change to demersal fish is the loss 
and degradation of critical coastal habitats, particularly coral reefs. The demersal fish 
likely to be affected first and most severely are the small, strongly coral-dependent 
species, such as butterflyfish, wrasses and damselfish104, which are the basis of 
fisheries for aquarium specimens. However, many large reef-associated fish species 
could also become locally extinct given the extent of habitat loss and reef degradation 
projected to occur if SST increases by more than 2.0°C (Chapter 5).

Alternatively, there may be corresponding increases in abundance of highly generalist 
species (e.g. herbivores) that do not rely on live coral substrates231,237–239. Some studies 
have documented increases in the local abundance of herbivorous fish immediately 
after extensive coral bleaching, possibly due to the greater abundance of algae 
caused by coral loss104. On longer time-frames, however, most reef-associated fish 
are expected to be less abundant in habitats with low coral cover because negative 
effects associated with declines in the structural complexity of reef habitats (reduced 
settlement and survivorship of juvenile fish) will offset any advantage provided by 
increases in food availability97,222.

Consequently, overall declines in the abundance of demersal fish, and fisheries 
production, from coral reef habitats will be a combination of the responses of obligate, 
reef-associated and generalist species to the projected decreases in coral cover and 
structural complexity of coral reefs (Chapter 5 and Section 9.3.2). Major declines 
in species richness and the community structure of demersal fish are very likely, 
because of ongoing habitats loss and degradation of coastal habitats76, but declines 
in fisheries production are likely to be minimal (restricted to a few strongly coral-
dependent species) until 2035 (Table 9.7). Indeed, the vulnerability of demersal fish 
is expected to be low under the B1/A2 emissions scenarios in 2035 and any declines 
in production may be indiscernible against the backdrop of ongoing exploitation 
and habitat degradation. Very few locations in the Pacific are unaffected by human 
activities, which makes it difficult to isolate the effects of climate change240.

By 2100 under the B1 scenario, increasing coral loss and associated degradation of 
coastal habitats are projected to affect a number of species. Coral reefs, for example, 
are expected to lose > 40% of their structural complexity, thereby reducing the 
number of reef-associated fish (individuals and species) that can be sustained by as 
much as 40%, and all demersal fish by 20%. Under A2 in 2100, coastal fish habitats are 
expected to be severely degraded (Chapters 5 and 6), leading to extensive loss of reef-
associated and other habitat-dependent fish and a 20–50% reduction in all demersal 
fish (Table 9.7). Therefore, demersal fish are expected to have a moderate vulnerability 
to climate change under B1 in 2100 and a high vulnerability under A2 in 2100.

http://www.spc.int/climate-change/e-book/images/c9table6.png
http://www.spc.int/climate-change/e-book/images/c9table7.png
http://www.spc.int/climate-change/e-book/images/c9table7.png
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Projected declines in demersal fish by 2100 will result not only from the anticipated 
degradation of coral reefs, but also by progressive increases in recruitment limitation, 
due to decreases in strength of the SEC and SECC, and the effects of higher water 
temperatures on development and survival of fish larvae. Making projections 
about likely changes in recruitment is challenging, because of the complexity of the 
interacting factors that could be affected by climate change, but declines of up to 40% 
may possibly occur (based on the present inputs of larvae from distant sources). Such 
effects would lead to reduced and more localised replenishment of populations.

Alterations in the relative abundance of carnivorous and herbivorous fish, and 
changes in SST and the quality of coral reefs, have possible implications for the 
incidence of ciguatera fish poisoning in demersal fish, as well as the nearshore 
pelagic fish (e.g. Spanish mackerel and barracuda) that prey on them (Box 9.2). 
Chronic incidences of ciguatera are already limiting potential fish consumption in 
some parts of Cook Islands and French Polynesia241, leading to significant decreases 
in the amount of fresh fish consumed. In the past, high incidences of ciguatera may 
have instigated the movement of Pacific settlements242.

Data on the biology and ecology of fish associated with mangroves, seagrasses and 
intertidal flats are insufficient to assess additional consequences of declines in the 
quality and/or quantity of non-reefal habitats. For example, whether larval fish that 
settle in mangrove and seagrass habitats fail to do so successfully if the structure 
of these habitats is degraded or lost, or whether they will simply settle in other less 
optimal areas84,230, is unknown. It is somewhat likely, however, that habitat loss and 
degradation of other coastal habitats will compound declines in fisheries production 
caused by expected changes in the structure of coral reef habitats. Changes in the 

Table 9.7 Projected changes in productivity of the demersal fish component of coastal 
fisheries under low (B1) and high (A2) emissions scenarios in 2035 and 2100. The 
estimated responses of broad types of demersal fish are also shown. The likelihood of 
these responses (especially for A2 in 2100) is low to medium.

 Unlikely  Somewhat likely  Likely  Very likely  Very low  Low  Medium  High  Very high

0%  29%  66%  90% 100%  0%  5%  33%  66%  95%  100%

Type of species
Emissions scenarios

B1/A2 2035 B1 2100 A2 2100

Coral-dependent -50% -90% -100%

Reef-associated 0% -20 to -40% -20 to -80%

Generalist 0% 0% -10 to -20%

All demersal fish -2 to -5% -20% -20 to -50%
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Box 9.2 Ciguatera fish poisoning

Ciguatera poisoning has been known for centuries in regions where people eat 
fish associated with coral reef environments – during his second expedition to the 
Pacific in the late 1790s, Captain Cook related how two red fish (possibly Lutjanus 
bohar) poisoned his officers. Ciguatera is the most common illness arising from eating 
fish, with 3400–4700 cases recorded from Pacific Island countries and Territories 
each year263. Because of inaccurate reporting, however, the records are considered to 
represent only 10–20% of the actual number of cases264.

The organisms responsible for ciguatera fish poisoning are dinoflagellate microalgae 
in the genus Gambierdiscus. These microalgae live as epiphytes on the surface of 
macroalgae, or on dead coral, and are ingested by herbivorous fish when they graze 
the larger plants or substrate263.

Gambierdiscus spp. produce toxins that are biotransformed into ciguatoxins by the 
fish that eat them264. The ciguatoxins reside in the muscle tissue of fish, and at much 
higher levels in the liver and viscera, and ‘bioaccumulate’ through the food chain. 
Consequently, the toxins may be found at highest concentrations in large or old 
carnivorous fish. Where Gambierdiscus bloom, however, herbivorous parrotfish and 
surgeonfish can also be poisonous241. Ciguatera-related toxins are resistant to cooking 
and freezing, so that people who eat ciguatoxic fish are exposed, regardless of how 
they prepare these fish.

 

It is difficult to tell whether a fish is ciguatoxic, but the symptoms of ciguatera, and 
the range of possible symptomatic remedies, are well known246,263,264. In general, the 
symptoms include numbness, tingling of the lips, tongue and throat, joint, muscle 
and abdominal pain, nausea, vomiting and severe diarrhoea. The classic symptom 
is the reversal of hot and cold sensations. The prognosis is usually benign, although 
severe cases of poisoning, which are the exception, can lead to paralysis, coma and 
even death.

Although this form of fish poisoning has been reported from coral reef habitats 
worldwide, both the incidence and toxicity of ciguatera are greatest in the Pacific. 
Within the region, ciguatera is more prevalent where corals have been damaged, 
allowing macroalgae to grow more profusely263. The disturbances to reefs that can 
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promote ciguatera include rises in sea surface temperature (SST)265. Interestingly, 
ciguatera poisoning does not occur throughout the tropical Pacific, for example, it 
has not been observed in much of Solomon Islands, or in Pitcairn Islands – see map  
below showing relative abundance of ciguatera cases (blue circles) in the tropical and 
subtropical Pacific relative to maximum SST266.

Positive correlations have been observed between the annual incidence of fish 
poisoning and local increases in SST in PICTs that experience warming during El 
Niño conditions267. However, subsequent analysis indicates that any relationship 
between ciguatera and climate change needs to take account of more complex 
effects of temperature on the abundance of Gambierdiscus, the production of the 
toxin by the dinoflagellates, and the metabolism of the ciguatoxin by fish266. In 
particular, it appears that (1) SST needs to be above a lower threshold long enough 
to generate enough toxin in the ecosystem for ciguatera to be widely observed in a 
human population; and (2) if SST exceeds an upper limit long enough, occurrence 
of ciguatera decreases. Thus, increases in SST may have both a positive and negative 
effect on ciguatera case rates. If this hypothesis is correct, the zone in which ciguatera 
is prevalent may move poleward with climate change.

Regardless of the temperature range that favours ciguatera, the risk of higher 
incidences of this type of fish poisoning could increase in the future as a result of the 
projected degradation of coral reefs (Chapter 5). The consequence of such degradation 
is that, as corals die and macroalgae proliferate, reefs are likely to have more substrate 
for Gambierdiscus. Increases in ciguatera pose problems for many PICTs because both 
rural and urban communities depend heavily on fish associated with coral reefs for 
food4.
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strength and/or direction of major surface currents would also be expected to affect 
connectivity among different habitats, causing direct effects on recruitment by 
demersal fish that depend on links between habitats during ontogeny.

9.4.2 Fisheries for nearshore pelagic fish

The potential to expand the catches of many of the small and large pelagic species 
involved in this fishery, particularly skipjack and yellowfin tuna, will be determined 
by changes to the production of the phytoplankton and zooplankton that underpin 
the food webs on which these species depend (Chapter 4). The wide-ranging nature 
of these species also means that they are likely to respond to future changes in 
environmental conditions by moving to more suitable regions and habitats30,243 
(Chapter 8).

Preliminary estimates of the future changes in the availability of nearshore 
pelagic species (Table 9.8) can be made by using the modelling for skipjack tuna
(Chapter 8), and the projections of zooplankton production near the base of the food 
web (Chapter 4) that also supports the non-tuna species. When the large projected 
differences in abundance of tuna between the west and the east, and the greater 
projected decreases in productivity of zooplankton in the west (Table 9.8), are 
combined with the average proportions of tuna and non-tuna species in the catch, 
there are substantial differences in projected abundances of nearshore pelagic fish in 
the two parts of the region. In the west, the overall catch is projected to decrease by 
2100, whereas it is likely to increase in the east by 15–20% in 2035 and 10–20% in 2100 
(Table 9.8). 

Type of 
species

West* East**
B1/A2 2035 B1 2100 A2 2100 B1/A2 2035 B1 2100 A2 2100

Tunaa +10% 0% -20% +35 to +40% +40 to +45% +25 to +30%

Non-tunab -4% -10 to-15 % -10 to -25% -3% -4% -8%
Totalc 0% -10% -15 to -20% +15 to +20% +20% +10%

            

 Unlikely  Somewhat likely  Likely  Very likely  Very low  Low  Medium  High  Very high

0%  29%  66%  90% 100%  0%  5%  33%  66%  95%  100%

Table 9.8 Projected changes in productivity of the nearshore pelagic fish component of 
coastal fisheries for the eastern and western areas of the tropical Pacific region under low 
(B1) and high (A2) emissions scenarios in 2035 and 2100.

* 15°N–20°S and 130°–170°E; ** 15°N–15°S and 170°E–150°W; a = approximations based on 
preliminary modelling for skipjack tuna (Chapter 8); b = approximations based on estimated 
average percentage change in the production of zooplankton in the Warm Pool, Archipelagic Deep 
Basins and North Pacific Tropical Gyre Provinces for the western part of the region; and for the 
Pacific Equatorial Divergence and South Pacific Subtropical Gyre Provinces in the east (Chapter 4); 
c = based on approximate weighted average for tuna and non-tuna species, where non-tuna species 
usually dominate the catch of nearshore pelagic fish from Pacific Island countries and territories 
(PICTs) in the west, and tuna and non-tuna species make approximately equal contributions on 
average to catches for PICTs in the east (derived from Table 9.6).

http://www.spc.int/climate-change/e-book/images/c9table8.png
http://www.spc.int/climate-change/e-book/images/c9table8.png
http://www.spc.int/climate-change/e-book/images/c9table8.png
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Overall, the nearshore pelagic fishery in the west is expected to have little 
vulnerability to climate change in 2035, a low to moderate vulnerability under B1 in 
2100 and a moderate vulnerability under A2 in 2100. In the east, vulnerability is likely 
to be low because tuna are projected to be more abundant there under all scenarios 
(Table 9.8).

Notwithstanding the projected decreases in availability of nearshore pelagic fish in 
the west, all PICTs there should be in a position to substantially increase catches of 
tuna by nearshore pelagic fisheries in the years ahead because there should still be 
ample tuna for allocation to the coastal fishery (Chapter 8).

It is possible that the increased runoff from major rivers (Chapter 7) may increase 
the productivity of phytoplankton and zooplankton in coastal areas within the 
archipelagic waters of PNG, improving the environmental conditions for some 
species of small pelagic fish. However, we are not in a position to project the extent of 
potential increases in this component of the coastal fisheries catch.

9.4.3 Fisheries for targeted invertebrates

Climate change is expected to affect the targeted invertebrate species mainly through 
the loss and degradation of critical habitats (e.g. coral reefs, seagrasses and mangroves). 
In general, the greatest effects are likely to occur for highly specialist species with 
particular habitat requirements, e.g. the sea cucumbers Holothuria fuscogilva and 
H. scabra, which settle only in shallow seagrass meadows244,245. By 2035, the 
vulnerability of targeted invertebrates to climate change is expected to be low, with 
the projected changes to habitats estimated to result in a 2–5% decrease in production 
of the fishery. During the next 2–3 decades, however, overfishing will remain a 
much greater threat to stocks than climate change, especially for sea cucumbers64,66. 
Thereafter, depending on the extent to which fisheries management can prevent 
widespread over-exploitation, the effects of climate change may become apparent.

Continued degradation of the supporting habitats and increases in acidification of 
the ocean are likely to have significant effects on many target invertebrate species, 
with reduced calcification leading to higher rates of predation on juvenile molluscs. 
By 2100, vulnerability is expected to be low to moderate under B1 scenario, resulting 
in a 10% decrease in production. Under A2 in 2100, targeted invertebrate fisheries are 
likely to have a moderate vulnerability and a possible 20% decrease in production. 
The quality of many high-value invertebrates harvested for their shell (e.g. trochus, 
green snail and pearl oysters) is also expected to decrease progressively due to the 
projected increases in acidification of the ocean153 (Chapter 11).

9.4.4 Fisheries for shallow subtidal and intertidal invertebrates

Climate change is expected to affect subtidal and intertidal habitats in several ways. 
First, projected increases in surface air temperatures (Chapter 2) will lead to marked 
increases in water temperatures in shallow environments. The higher temperatures 

http://www.spc.int/climate-change/e-book/images/c9table8.png
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are expected to reduce the number of species that can use intertidal areas. Second, 
the projected declines in pH and carbonate ion saturation are likely to affect growth 
and survival of bivalves (e.g. giant clams, arc and venus shells) and gastropods 
(e.g. trochus, turban and spider shells), which typically dominate catches from 
this fishery. Third, sea-level rise will reduce the area of the mangrove forests and 
intertidal flats (Chapter 6) favoured by some species, especially where land barriers 
constrain the shoreward migration of those habitats. 

The extent to which these changes affect potential harvests requires estimates of 
the productivity of invertebrates from subtidal and intertidal habitats, which are 
unknown for the tropical Pacific. It is also very likely that there will be changes in 
abundance of different invertebrate species. Some species are expected to be favoured 
and others disadvantaged by the changing environmental conditions and alterations 
to the areas of mangrove, seagrass and intertidal flats. For example, predation 
on invertebrates by demersal fish would be expected to increase where intertidal 
areas become subtidal. Increased ocean acidification poses another grave risk to 
the potential production of the many molluscs that comprise this coastal fisheries 
category (Figure 9.6). Such effects are expected to be generally negative across these 
species. 

Given the opportunistic nature of the species that underpin existing subtidal and 
intertidal invertebrate fisheries, the future potential production of this coastal 
fisheries category is very uncertain. Mainly on the basis of ocean acidification, we 
estimate that this fishery would have little or no vulnerability to climate change by 
2035. By 2100, vulnerability could be low (a 5% decrease in production) under the 
B1 scenario, and low to moderate (a 10% decrease in production) under A2. These 
estimates would need to be revised considerably in the event of catastrophic sea-
level rise, where sea level increases by up to 2 m by 2100 due to the breakup of the 
Greenland and West Antarctic ice sheets (Chapter 3), effectively drowning many 
highly productive intertidal habitats.

9.5 Integrated vulnerability assessment

Vulnerability of coastal fisheries in the tropical Pacific to climate change is expected to 
vary among PICTs, and be driven by a wide range of factors. These include the extent 
of the various coastal habitats, local biodiversity, the relative contributions of the four 
categories of coastal fisheries to the total catch, regional variation in projected changes 
to atmospheric and oceanic conditions and habitats, past levels of exploitation of 
stocks, and the extent of habitat degradation. Relative changes to atmospheric climate 
and features of the ocean are likely to be most pronounced in subtropical areas, 
although highest overall air temperatures and SST will be experienced in equatorial 
regions (Chapters 2 and 3). The consequences of local species extinctions are likely 
to be greatest for PICTs with naturally depauperate coastal fauna and flora247,
i.e. those in the southern and eastern parts of the tropical Pacific (Chapter 1). Fisheries 

http://www.spc.int/climate-change/e-book/images/c9fig6.png
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for demersal fish and the two categories of invertebrate fisheries are expected to be 
more vulnerable in PICTs where stocks have been chronically overexploited, and 
where the supporting habitats have been severely degraded.

In this section, we summarise the projected changes to SST, ocean acidification, 
currents and habitats for the tropical Pacific under the B1 and A2 emissions scenarios 
in 2035, B1 in 2100 and A2 in 2100. We then integrate the projected changes in 
vulnerability and production for each coastal fisheries category, based on the relative 
contribution of each category to total catches (Table 9.6), to produce overall projected 
changes in total coastal fisheries production in 2035 and 2100 under B1 and A2.

9.5.1 Low and high emissions scenarios in 2035

Changes in environmental conditions in the tropical Pacific are expected to 
be fairly moderate until 2035 under both the B1 and A2 emissions scenarios 
(Chapters 2 and 3). By 2035, surface air temperatures are expected to be 0.5–1.0°C 
higher, increasing average SST in the tropical Pacific Ocean to 28.0°C whereas ocean 
pH is projected to decline by < 0.1 (Chapter 3) (Table 9.9). As described in Sections 9.3
and 9.4, the direct effects of these changes on all categories of coastal fisheries are 
likely to be fairly limited by 2035. Small increases in ocean temperatures of < 1°C 
may actually be beneficial for some key fish and invertebrate species, increasing 
reproductive success through more rapid development and increased survival of 
larvae248.

The ongoing effects of climate-induced changes to nutrient supply (Chapter 4) and 
habitat degradation (Chapters 5 and 6) expected to occur by 2035 (Table 9.9) are 
likely to be more important. The projected declines in coral cover to around 15%, 
resulting in losses to the structural complexity of coral reefs (Chapter 5), and changes 
to mangroves and seagrasses are expected to reduce the diversity and abundance of 
demersal fish species progressively. Nevertheless, the dominance of coastal fisheries 
by demersal fish and nearshore pelagic species, some of which are likely to cope with 
the changes projected to occur by 2035, or even increase, means that reductions in 
total coastal fisheries production are expected to be negligible over the next two  to 
three decades (Table 9.10). 

When the projected vulnerability of all four categories of coastal fisheries are 
integrated, the overall vulnerability of coastal fisheries production is expected to be 
low in 2035 under the B1/A2 emissions scenarios across the region (Table 9.10).

Some variations in these overall conclusions are expected to occur, however. In the 
more eastern PICTs, the availability of nearshore pelagic fish is projected to increase 
(Table 9.10). In places where overfishing and/or anthropogenic habitat degradation 
(e.g. destructive fishing, sedimentation and pollution) have already reduced the 
diversity of key functional groups (e.g. herbivores), the effects of climate change 
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may be more apparent by 2035 because the resources are expected to have greatly 
reduced resilience. In such places, effects of climate change in the coming decades 
may be indistinguishable from, and compounded by, the effects of increasing fishing 
pressure due to the rising local and global demand for fish. 

At national levels, the ‘health’ of coral reefs and the productivity of the fisheries they 
support are broadly correlated with human population density17,249,250 and the lack of 
alternative opportunities to earn income43. Well-designed monitoring programmes 
will be needed to separate the effects of climate changes on coastal fisheries from 
other stressors (Chapter 13).

9.5.2 Low emissions scenario in 2100

By 2100 under B1, surface air temperatures are expected to increase by 1.0–1.5°C 
(Chapter 2) and atmospheric concentrations of CO2 are likely to exceed 500 ppm
(Table 9.9). In the tropical Pacific, average SST is projected to increase by > 1.4°C to 

Variable Present
Emissions scenario

B1/A2 2035 B1 2100 A2 2100

Environmental Conditions

Carbon dioxide (CO2) (ppm) > 380 > 400 500–600 750–800

Ocean

Sea surface temperature (°C) 27.3 28.0 28.7 29.8

pH 8.1 7.9 7.9 < 7.7

Aragonite saturation 3.5–4.0 < 3.0 < 3.0 < 2.5

Surface currents

- SEC (transport) n/a -3 to -5% -9% -18%

- SECC (strength) n/a -8 to -18% -28% -60%

Net primary productiona n/a -4% -8% -13%

Habitats

Coral cover (%) 30–40

- Strong management 15–30 10–20 < 2

- Poor management 15 < 5 < 2

Dominant corals Acroporidae Poritidae, 
Faviidae  

Poritidae, 
Faviidae None

Reef structural complexity 
(% decrease) n/a 20–30 > 50 > 90

Table 9.9 Projected changes to environmental conditions and habitats that underpin coastal
fisheries for 2035 and 2100 under the low (B1) and high (A2) emissions scenarios. 
Information derived from Chapters 3–5. 

a = Average for all five provinces listed in footnote to Table 9.8 (derived from Chapter 4); 
SEC = South Equatorial Current; SECC = South Equatorial Counter Current; n/a = non applicable.

http://www.spc.int/climate-change/e-book/images/c9table9.png
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28.7°C  and pH will decline to ~ 7.9. These changes in SST and seawater chemistry 
are expected to have noticeable effects on the growth and survival of coastal fisheries 
species. In addition, major impacts on coastal fisheries production are expected 
to arise from projected loss and degradation of coral reefs, mangroves, seagrasses 
and intertidal flats (Chapters 5 and 6). Redistribution of species from equatorial 
to subtropical locations in response to the direct effects of climate change is also 
expected to occur – fish and invertebrate species not constrained to living on coral 
reefs or in other tropical coastal habitats are expected to move poleward, reducing 

Variable

Coastal fisheries category

Total coastal 
fisheries***Demersal fish Nearshore

pelagic fish
Targeted 

invertebrates

Shallow 
subtidal and 

intertidal 
invertebrates

Present 
contribution to 
coastal fisheries 
production

56% 28% 2% 14%

West* East** West* East**

Vulnera-
bility and 
projected 
change in 
production

B1/A2 
2035

V L nil L L nila nila nila

P -2 to -5% nil +15 to +20% -2 to -5% nil Negligible Negligible

              

B1 
2100

V M L-M L L-M L M L
P -20% -10% +20% -10% -5% -10 to -20% -5 to -10%

              

A2 
2100

V H M L M L-M M-H M
P -20 to -50% -15 to -20% +10% -20% -10% -20 to -35% -10 to -30%

              

Major 
impacts

Habitat 
loss, and 
reduced 
recruitment 
due to 
ñSST and 
òcurrents

Reduced production 
of zooplankton in food 
webs for non-tuna 
species and changes in 
distribution of tuna

Habitat 
degradation, 
and declines 
in aragonite 
saturation 
due to ocean 
acidification 

Declines in 
aragonite 
saturation 
due to ocean 
acidification

* 15°N–20°S and 130°–170°E; ** 15°N–15°S and 170°E–150°W; *** assumes that the proportions of the four coastal 
fisheries categories remain constant; a = nil or very low vulnerability; ñ = increasing sea surface temperature;
ò = reduced currents; L = low; M = moderate; H = high.

 Unlikely  Somewhat likely  Likely  Very likely  Very low  Low  Medium  High  Very high

0%  29%  66%  90% 100%  0%  5%  33%  66%  95%  100%

Table 9.10 Vulnerability (V) and projected changes in production (P) of the four categories 
of coastal fisheries and total coastal fisheries production in 2035 and 2100 for the B1 and 
A2 emissions scenarios. Note that the availability of nearshore pelagic fish is expected 
to increase in the eastern part of the region (Chapter 8). The main potential impacts of 
climate change projected to cause future variations in production of coastal fisheries are 
also summarised here.
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the abundance and diversity of fisheries species in equatorial regions. Independent 
analyses also project that, without any compensatory increases in growth and 
abundance of local species, the estimated redistribution of tropical fisheries species 
could contribute to declines in coastal fisheries production147.

On coral reefs, increased temperatures and ocean acidification are expected to 
effectively eliminate branching corals and other sensitive habitat-forming species, 
thereby reducing coral cover to < 5% under poor management, which will reduce 
habitat complexity by > 50% (Table 9.9). Extensive coral depletion will have a 
disproportionate effect on many smaller, coral-dependent demersal reef fish 
(Table 9.7) not targeted by coastal fisheries76,104 (except for aquarium fisheries). 
However, there are also likely to be knock-on effects for overall production of 
carnivorous reef-associated demersal fish (Table 9.7), caused by declines in the 
abundance of potential prey fish. When the effects of degradation of other coastal 
habitats are included, the abundance and diversity of all demersal fish in coastal 
habitats is expected to decrease by 20%76 (Table 9.10).

The availability of nearshore pelagic fish is expected to decrease by 10% in the western 
part of the region, but increase by 20% in the east (Table 9.8). Targeted invertebrates 
and those gleaned from subtidal and intertidal areas are projected to decrease by 10% 
and 5%, respectively.

Taken together, declines in the local production of fish and invertebrates from critical 
coastal habitats, and movement of some generalist species, are somewhat likely to 
cause a decline in total coastal fisheries production of 10–20%  in the west and 5–10% 
in the east (Table 9.10). The integrated vulnerability for all coastal fisheries is estimated 
to be moderate in the west and low in the east by 2100 under the B1 emissions 
scenario (Table 9.10). This assessment is based on the assumption that movement of 
demersal fish is likely to be highly constrained, even though the potential of corals to 
acclimatise and adapt to moderate long-term temperatures may increase18 (Chapter 5).

9.5.3 High emissions scenario in 2100

Under the A2 emissions scenario, drastic changes in environmental conditions for 
the tropical Pacific are expected to occur by 2100 (Table 9.9). Surface air temperatures 
are projected to increase by up to 3.0°C and CO2 concentrations are likely to be
750–800 ppm. These changes are expected to raise average SST to 29.8°C, reduce pH 
by 0.3–0.4 units and take aragonite saturation below 2.5. The major consequences 
are likely to be increased coral bleaching and declines in calcification by corals and 
coralline algae, molluscs and echinoderms (Chapter 5) (Section 9.4.3). This is expected 
to reduce habitat for demersal fish, food for nearshore pelagic fish, and the abundance 
of sea cucumbers, gastropods and bivalves that comprise the fisheries for targeted 
invertebrates and those gleaned for subsistence. 

http://www.spc.int/climate-change/e-book/images/c9table9.png
http://www.spc.int/climate-change/e-book/images/c9table7.png
http://www.spc.int/climate-change/e-book/images/c9table7.png
http://www.spc.int/climate-change/e-book/images/c9table10.png
http://www.spc.int/climate-change/e-book/images/c9table8.png
http://www.spc.int/climate-change/e-book/images/c9table10.png
http://www.spc.int/climate-change/e-book/images/c9table10.png
http://www.spc.int/climate-change/e-book/images/c9table9.png
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The drastic loss of structural and biological complexity of coral reefs, and their 
subsequent domination by macroalgae (Chapter 5) under this scenario, is likely to 
have profound effects on local abundance and diversity of fish and invertebrates 
associated with coral reefs. Production of demersal fish is expected to be severely 
affected. Indeed, heavy mortality of corals, and corresponding decline in habitat 
complexity, have been calculated to reduce coral reef fish abundance by up to 
65%97,210,218,251. In addition, reduced oceanic transport associated with weakening of the 
SEC and SECC is expected to affect replenishment of demersal fish and decrease the 
supply of nutrients to coastal areas in the western Pacific (Table 9.9) (Chapter 4). Even 
among herbivorous fish, negative effects associated with declines in habitat structure 
and reduced replenishment could more than offset any benefit from increased 
availability of food resources (macroalgae).

The combination of these expected effects is likely to reduce the production of 
demersal fish by 20–50% under the A2 scenario by 2100 through strong effects on 
coral-dependent and reef-associated species (Table 9.7). A 15–20% reduction in the 
productivity of nearshore pelagic fish is also expected in the western Pacific, and a 10% 
increase in the east (Table 9.8). The productivity of targeted invertebrates is likely to 
decrease by 20% and those collected from shallow subtidal and intertidal areas by 10%  
(Table 9.10). Taken together, these changes are expected to reduce the overall 
production from coastal fisheries by  20–35% in the west and 10–30% in the east under 
the A2 scenario by 2100 (Table 9.10), with negative impacts likely to be apparent 
across most species, except the tuna taken by the nearshore pelagic fishery in PICTs 
in the east. Thus, the vulnerability of all coastal fisheries categories combined to 
climate change under the A2 scenario in 2100 is expected to be moderate to high in 
the west and moderate in the east (Table 9.10).

9.6 Uncertainty, gaps in knowledge and future research

The expected effects of climate change on the productivity of the four categories 
of coastal fisheries outlined above are surrounded by various levels of uncertainty  
(Table 9.10). While climate change is expected to have significant direct and indirect 
effects on coastal fisheries, our knowledge of such effects is extremely limited. For 
example, the effects of increasing temperature and declining pH on tropical marine 
fish have only been tested for relatively small and strongly site-attached species, 
mostly damselfish143. The extent to which these findings are relevant to important 
fisheries species (e.g. emperors, snappers, groupers, parrotfish, surgeonfish and 
rabbitfish) is unknown, which reduces the confidence with which we can project 
changes in coastal fisheries production due to expected alterations in environmental 
conditions and the structural complexity and biological diversity of supporting 
habitats.

http://www.spc.int/climate-change/e-book/images/c9table9.png
http://www.spc.int/climate-change/e-book/images/c9table7.png
http://www.spc.int/climate-change/e-book/images/c9table8.png
http://www.spc.int/climate-change/e-book/images/c9table10.png
http://www.spc.int/climate-change/e-book/images/c9table10.png
http://www.spc.int/climate-change/e-book/images/c9table10.png
http://www.spc.int/climate-change/e-book/images/c9table10.png
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Improving our understanding of the vulnerability of coastal fisheries to climate 
change, and identifying effective management actions, will depend to a large extent 
on doing the following research, outlined in Chapters 2 to 6. 

 ¾ Obtaining high-quality observations of surface climate  and oceanographic 
conditions throughout the tropical Pacific and identifying their links to coastal 
ecosystems.

 ¾ Downscaling the models for surface climate and oceanographic conditions to 
the scale of islandsii to allow more rigorous assessment of local sensitivity and 
vulnerability of coastal fish and invertebrates to changes in SST, nearshore 
currents and ocean acidification.

 ¾ Producing an inventory of vegetated coastal habitats, including mangroves and 
seagrasses, their connectivity to coral reefs, and their environmental thresholds 
for growth and survival.

Filling important gaps in knowledge also depends on the specific research on coastal 
fish and invertebrates listed below, so that we can understand better the likely 
responses of key species to changes in environmental conditions and habitats.

1. Assessing the role of coral reefs, and variation in their structural complexity 
and biological diversity, in moderating the distribution and abundance of reef-
associated fish and invertebrate species harvested by commercial and subsistence 
fisheries, especially during larval settlement and recruitment. This research needs 
to be combined with studies of comparative resilience of different reef-building 
corals, to assess likely changes in composition and structure of reef habitats.

2. Improving our knowledge of the role of mangroves, seagrasses and intertidal flats 
in supporting the fish and invertebrates caught by coastal fisheries. In particular, 
we need to know how these habitats function as nursery and feeding areas, their 
links with coral reefs, and whether fish and invertebrates use the different habitats 
sequentially during ontogeny, or whether the configuration of the habitat mosaic 
affects the ecosystem services provided by mangroves, seagrasses and intertidal 
flats.

3. Testing the sensitivity and adaptive capacity of fish and invertebrate species 
important for existing and future fisheries production to the effects of rising SST 
and declining pH, including effects on early life history stages. This research 
should include (i) testing the combined effects of these variables and their 
interactions with other anthropogenic stressors, and (ii) assessing the ability of 
target fisheries species to adapt to these environmental changes.

ii  This work is now being done for the tropical Pacific by the Australian Bureau of Meteorology 
and CSIRO, and partners, under the Pacific Climate Change Science Programme; 
see www.cawcr.gov.au/projects/PCCSP

www.cawcr.gov.au/projects/PCCSP
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4. Determining whether there is a link between ciguatera fish poisoning, which 
can render demersal fish and some nearshore pelagic fish inedible, and climate 
change. In particular, research is needed to determine whether (i) populations of 
the microalgae Gambierdiscus spp., from which ciguatera originates, are affected 
by deterioration of coral reefs due to climate change; and (ii) projected changes in 
SST are likely to alter the areas in which ciguatera occurs, and its virulence.

5. Determining the risks to coastal fisheries, and the communities that rely on them 
for food, that climate change may alter the incidence of toxic marine algae other 
than Gambierdiscus spp.

6. Evaluating the likely effects of higher levels of nutrients from the projected 
increases in runoff around high islands in tropical Melanesia (Chapter 7) on the 
productivity of small pelagic fish species.

7. Assessing the vulnerability to climate change of deepwater species taken by 
coastal fisheries not considered in this chapter, especially snappers and groupers.

In addition, monitoring the size and composition of catches for all four categories of 
coastal fisheries must be established across the region. In particular, practical, well-
designed sampling programmes are needed to (1) build up more reliable information 
on the contribution of the four categories of coastal fisheries to food security and 
livelihoods in each PICT, and the success of adaptations to retain the benefits of 
coastal fisheries, using household income and expenditure surveys252; (2) distinguish 
the catches for each category of coastal fisheries derived from different habitats; and 
(3) separate the effects of climate change from other impacts on coastal fisheries.

Photo: Joshua Cinner
Harvesting demersal fish, Papua New Guinea
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9.7 Management implications and recommendations

Coastal fisheries have immense nutritional, social, cultural and economic value to 
the people of the Pacific1,4,5,23,253 (Chapters 1 and 12). Improving the management of 
coastal fisheries to meet the needs and aspirations of growing populations is an 
imperative for PICTs, particularly given their heavy reliance on subsistence fisheries 
for food security, the limited opportunities to earn income in many rural areas, and 
a broad range of other drivers affecting the sector25,26. This challenge is made all the 
more demanding by the likely effects of climate change on the production of all four 
categories of coastal fisheries, but especially demersal fish. 

Apart from urgent actions to keep atmospheric CO2 concentrations below 
levels expected to damage coral reefs254 (Chapter 5), a number of management 
recommendations can be made to optimise benefits from coastal fisheries in the face 
of ongoing changes to the climate. These measures centre on nurturing the habitats 
that support coastal fisheries, and avoiding overfishing, which is likely to make some 
species more sensitive to the effects of climate change34. Most of these measures have 
long been proposed for the toolbox for managing coastal fisheries in the Pacific1,66,255, 
but now take on added importance to build resilience to climate change. These 
measures are outlined briefly below.

 ¾ Prohibit local activities that reduce the structural complexity and biological 
diversity of coral reefs, mangroves and seagrasses to assist these important 
coastal fisheries habitats to maximise their potential to adapt to climate change 
(Chapters 5 and 6). The high value of fish habitats needs to be emphasised in 
coastal zone management plans, and the principles of integrated coastal zone 
management256,257 need to be applied. Such efforts will help avoid or minimise 
impacts from runoff of nutrients and sediments from land use in adjacent 
catchments, destructive fishing, coral extraction, removal of mangroves, dredging 
of seagrasses and pollution. 

 ¾ Keep production of demersal fish and invertebrates within sustainable bounds 
by ensuring that sufficient spawning adults are safeguarded for regular 
replenishment of stocks. This constraint requires diagnosis of the internal and 
external factors affecting fishing by coastal communities, and the implementation 
of durable, practical and adaptive management to address these various drivers24 

(Chapter 13). Important management measures include (1) creating alternative 
livelihoods through development of enterprises outside the fisheries sector and 
through sustainable aquaculture to prevent fishing effort that cannot be supported 
by stocks24,26; (2) strengthening simple community-based management255;
(3) implementing national fishery regulations (e.g. size limits, closed seasons 
and areas, gear restrictions and export bans) to underpin community-based 
management in a way that prevents overfishing; and (4) promoting awareness of 
the inter-dependence of fishing communities, based on the connectivity between 
habitats in the life cycles of target species and the need for all stakeholders to 
manage their resources cooperatively258.
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It is especially important to protect stocks against localised depletion to avoid the 
situation where replenishment of populations relies on sporadic recruitment from 
distant sources within a meta-population. Such replenishment is increasingly 
unlikely where increased SST and altered current patterns reduce the availability 
of juveniles derived from remote areas (Section 9.3.1.3).

 ¾ Raise awareness among fishing communities of the likely changes in species 
composition of demersal fish under climate change, for example, greater relative 
abundance of herbivorous fish. Assist communities to switch effort to these 
species and develop methods to harvest them within sustainable bounds, and in 
ways that do not adversely affect the important role played by herbivores on coral 
reefs.

 ¾ Rebuild populations of targeted invertebrate species to densities above the 
thresholds identified for regular replenishment, in order to restore the benefits 
of these resources on a sustained basis. Sea cucumber fisheries are particularly 
susceptible to recruitment overfishing64,66,91. Strict controls on the export of the 
smaller size classes and conservative management thresholds based on indicators 
should be established. Populations of trochus need to be restored in many areas 
to at least 500–600 individuals per ha, with a wide spread of size classes, before 
fishing is considered. Restricting future catches to 180 shells per ha per year, 
preferably with 3- to 5-year moratorium periods between fishing events, should 
then provide sustainable harvests10.

 ¾ Diversify and increase fishing activities for nearshore pelagic fish through 
(1) use of low-cost, inshore anchored FADs to improve the catches of skipjack 
and yellowfin tuna by subsistence and small-scale commercial fishers; and 
(2) development of fisheries for small pelagic species (fusiliers, anchovies, 
mackerel, pilchards, sardines, scads and squid)4,10. Inshore, anchored FADs, in 
particular, promise to provide access to the greater quantities of fish that will be 
needed for food security by many PICTs as their human populations continue to 
grow (Chapter 12). However, care needs to be taken to position such FADs where 
they provide access to tuna, so that the FADs do not increase the fishing mortality 
of large nearshore pelagic species associated with coral reef habitats (e.g. Spanish 
mackerel).



557

CHAPTER   9

References

1. Dalzell P, Adams TJH and Polunin NVC (1996) Coastal fisheries in the Pacific Islands. 
Oceanography and Marine Biology: An Annual Review 34, 395–531.

2. Kronen M, Sauni S, Magron F and Fay-Sauni L (2006) Status of reef and lagoon resources 
in the South Pacific – The influence of socioeconomic factors. Proceedings of the 10th 
International Coral Reef Symposium, 1185–1193.

3. Anon (2007) Valuing Pacific Fish: A Framework for Fisheries-Related Development Assistance 
in the Pacific. Australian Government, Canberra, Australia. www.ausaid.gov.au/
publications/pdf/fisheries.pdf

4. Bell JD, Kronen M, Vunisea A, Nash WJ and others (2009) Planning the use of fish for food 
security in the Pacific. Marine Policy 33, 64–76.

5. Gillett R (2009) Fisheries in the Economies of Pacific Island Countries and Territories. Pacific 
Studies Series, Asian Development Bank, Manila, Philippines.

6. Delgado CL, Wada N, Rosegrant MW, Meijer S and Ahmed M (2003) Fish to 2020: Supply 
and Demand in Changing Global Markets. International Food Policy Research Institute, 
Washington, United States of America, and The WorldFish Center, Penang, Malaysia.

7. FAO (2007) The State of World Fisheries and Aquaculture: 2006. Food and Agriculture 
Organization of the United Nations, Rome, Italy.

8. Zeller D, Booth S and Pauly D (2007) Fisheries contributions to the gross domestic product: 
Underestimating small-scale fisheries in the Pacific. Marine Resource Economics 21, 355–374.

9. Cinner JE, McClanahan TR, Daw TM, Graham NAJ and others (2009) Linking social and 
ecological systems to sustain coral reef fisheries. Current Biology 19, 206–212.

10. SPC (2008) Status Report: Nearshore and Reef Fisheries and Aquaculture. Secretariat of the 
Pacific Community, Noumea, New Caledonia. www.spc.int/mrd/ministers/2008/
MIN4WP03-coastal-fisheries-status-annex-a.pdf

11. Veitayaki J, Ram-Bidesi V, Matthews E, Gibson L and Vuki V (1995) Overview of Destructive 
Fishing Practices in the Pacific Islands Region. South Pacific Regional Environmental 
Programme Reports and Studies Series 93, Apia, Samoa.

12. Riegl B and Luke K (1998) Ecological parameters of dynamited reefs in the northern Red 
Sea and their relevance to reef rehabilitation. Marine Pollution Bulletin 37, 488–498.

13. Bleakly C (2004) Review of Critical Marine Habitats and Species in the Pacific Islands 
Region. International Waters Project Pacific Technical Report 5, South Pacific Regional 
Environmental Programme, Apia, Samoa.

14. Terry JP, Kisun P, Qareqare A and Rajan J (2006) Lagoon degradation and management in 
Yanuca Channel on the Coral Coast of Fiji. South Pacific Journal of Nature 24, 1–10.

15. Craig P, Ponwith B, Aitaoto F and Hamm D (1993) The commercial, subsistence, and 
recreational fisheries of American Samoa. Marine Fisheries Review 55, 109–116.

16. Jennings S, Reynolds JD and Polunin NVC (1999) Predicting the vulnerability of tropical 
reef fish to exploitation with phylogenies and life histories. Conservation Biology 13, 
1466–1475.

17. Newton K, Cote IM, Pilling GM, Jennings S and Dulvy NK (2007) Current and future 
sustainability of island coral reef fisheries. Current Biology 17, 655–658.

18. Hughes TP, Baird AH, Bellwood DR, Card M and others (2003) Climate change, human 
impacts and the resilience of coral reefs. Science 301, 929–933.

19. Bellwood DR, Hughes TP, Folke C and Nyström M (2004) Confronting the coral reef crisis. 
Nature 429, 827–833.

www.ausaid.gov.au/publications/pdf/fisheries.pdf
www.ausaid.gov.au/publications/pdf/fisheries.pdf
www.spc.int/mrd/ministers/2008/MIN4WP03-coastal-fisheries-status-annex-a.pdf
www.spc.int/mrd/ministers/2008/MIN4WP03-coastal-fisheries-status-annex-a.pdf


558

20. Bruno JF and Selig ER (2007) Regional decline of coral cover in the Indo-Pacific: Timing, 
extent, and sub-regional comparisons. Plos One 8, 711.

21. Trapon ML, Pratchett MS and Penin L (2011) Contrasting effects of different 
disturbances on coral assemblages in the central Pacific. Journal of Marine Biology 2011, 
doi:10.1155/2011/807625

22. Worm B, Barbier EB, Beaumont N, Duffy JE and others (2006) Impacts of biodiversity loss 
on ocean ecosystem services. Science 314, 787–790.

23. Sadovy Y (2005) Trouble on the reef: The imperative for managing vulnerable and valuable 
fisheries. Fish and Fisheries 6, 167–185.

24. Andrew NL, Bene C, Hall SJ, Allison EH and others (2007) Diagnosis and management of 
small-scale fisheries in developing countries. Fish and Fisheries 8, 227–240.

25. Gillett R and Cartwright I (2010) The Future of Pacific Island Fisheries. Secretariat of the 
Pacific Community, Noumea, New Caledonia.

26. Kronen M, Vunisea A, Magron F and McArdle B (2010) Socio-economic drivers and 
indicators for artisanal coastal fisheries in Pacific Islands countries and territories and 
their use for fisheries management strategies. Marine Policy 34, 1135–1143.

27. Walther GR, Post E, Convey P, Menze A and others (2002) Ecological responses to recent 
climate change. Nature 416, 389–395.

28. Walther GR, Berger S and Sykes MT (2005) An ecological ‘footprint’ of climate change. 
Proceedings of the Royal Society B 272, 1427–1432.

29. Parmesan C and Yohe G (2003) A globally coherent fingerprint of climate change impacts 
across natural systems. Nature 421, 37–42.

30. Lehodey P, Bertignac M, Hampton J, Lewis A and Picaut J (1997) El Niño-Southern 
Oscillation and tuna in the western Pacific. Nature 389, 715–718.

31. O’Brien CM, Fox CJ, Planque B and Casey J (2000) Fisheries: Climate variability and North 
Sea cod. Nature 404, 142.

32. Worm B, Sandow M, Oschlies A and Lotze HK (2005) Global patterns of predator diversity 
in the open oceans. Science 309, 1365–1369.

33. Ottersen G, Hjermann DØ and Stenseth NC (2006) Changes in spawning stock structure 
strengthen the link between climate and recruitment in a heavily fished cod (Gadus 
morhua) stock. Fisheries Oceanography 15, 230–243.

34. Brander KM (2007) Global fish production and climate change. Proceedings of the National 
Academy of Science of the USA 104, 19,709–19,714.

35. Poloczanska ES, Babcock RC, Butler A, Hobday AJ and others (2007) Climate change and 
Australian marine life. Oceanography and Marine Biology: An Annual Review 45, 409–480.

36. Munday PL, Jones GP, Pratchett MS and Williams A (2008) Climate change and the future 
for coral reef fish. Fish and Fisheries 9, 261–285.

37. Munday PL, Leis JM, Lough JM, Paris CB and others (2009) Climate change and coral reef 
connectivity. Coral Reefs 28, 379–395.

38. Nakicenovic N, Alcamo J, Davis G, de Vries B and others (2000) Special Report on Emissions 
Scenarios: A Special Report of Working Group III of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, New York, United States of America.

39. Chin A and Kyne PM (2007) Vulnerability of chondrichthyan fish of the Great Barrier Reef 
to climate change. In: JE Johnson and PA Marshall (eds) Climate Change and the Great Barrier 
Reef: A Vulnerability Assessment. 1st edition, Great Barrier Reef Marine Park Authority and 
Australian Green House Office, Townsville, Australia, pp. 394–425.



559

CHAPTER   9

40. Johnson JE and Marshall PA (2007) Climate Change and the Great Barrier Reef: A Vulnerability 
Assessment. 1st Edition, Great Barrier Reef Marine Park Authority and Australian 
Greenhouse Office, Townsville, Australia.

41. Kinch J (2001) Clam harvesting, the Convention on the International Trade in Endangered 
Species (CITES) and conservation in the Milne Bay Province, Papua New Guinea. 
Secretariat of the Pacific Community Fisheries Newsletter 99, 24–36.

42. Hughes TP, Bellwood DR and Conolly SR (2002) Biodiversity hotspots, centres of 
endemicity, and the conservation of coral reefs. Ecology Letters 5, 775–784.

43. Kronen M, Pinca S, Magron F, McArdle B and others (2011) Socio-economic and fishery 
indicators to identify and monitor artisanal finfishing pressure in Pacific Island countries 
and territories. Ocean and Coastal Management, doi:10.1016/j.ocecoaman.2011.07.011

44. Cinner JE, McClanahan TR, Graham NAJ, Pratchett MS and others (2009) Gear-based 
fisheries management as a potential adaptive response to climate change and coral 
mortality. Journal of Applied Ecology 46, 724–732.

45. Gillett R and Lightfoot C (2001) The Contribution of Fisheries to the Economies of Pacific Island 
Countries. Asian Development Bank, Manila, Philippines.

46. Brewer TD, Cinner JE, Green A and Pandolfi JM (2009) Thresholds and multiple scale 
interaction of environment, resource use, and market proximity on reef fishery resources 
in the Solomon Islands. Biological Conservation 142, 1797–1807.

47. Kronen M, Sauni S, Fay-Sauni L and Vunisea A (2006) A socioeconomic perspective on 
the live reef fish food trade for small-scale artisanal fishers based on case studies from the 
Pacific. Secretariat of the Pacific Community Live Reef Fish Information Bulletin 16, 33–37.

48. Kinch J and Teitelbaum A (2009) Proceedings of the Sub-Regional Workshop on the Marine 
Ornamental Trade in the Pacific. Secretariat of the Pacific Community, Noumea, New 
Caledonia.

49. Sadovy YJ, Donaldson TJ, Graham TR, McGilvray F and others (2003) The Live Reef Food 
Fish Trade: While Stocks Last. Asian Development Bank, Manila, Philippines.

50. Muldoon G, Peterson L and Johnston B (2005) Economic and market analysis of the live 
reef food fish trade in the Asia-Pacific region. Secretariat of the Pacific Community Live Reef 
Fish Information Bulletin 13, 35–41.

51. Bell JD, Clua E, Hair CA, Galzin R and Doherty P (2009) The capture and culture of post-
larval fish and invertebrates for the marine ornemental trade. Reviews in Fisheries Science 17,
223–240.

52. Kolm N and Berglund A (2003) Wild populations of a reef fish suffer from the 
‘nondestructive’ aquarium trade fishery. Conservation Biology 17, 910–914.

53. Tissot BN and Hallacher LE (2003) Effects of aquarium collectors on coral reef fish in 
Kona, Hawaii. Conservation Biology 17, 1759–1768.

54. Lunn KE and Moreau M-A (2004) Unmonitored trade in marine ornamental fish: The case 
of Indonesia’s Banggai cardinalfish (Pterapogon kauderni). Coral Reefs 23, 344–351.

55. Sadovy YJ and Vincent ACJ (2002) Ecological issues and the trades in live reef fish. 
In: PF Sale (ed) Coral Reef Fish: Dynamics and Diversity in a Complex System. Academic Press, 
San Diego, United States of America, pp. 391–420.

56. Wabnitz C, Taylor M, Green E and Razak T (2003) From Ocean to Aquarium. United Nations 
Environment Programme – World Conservation Monitoring Centre, Cambridge, United 
Kingdom.

57. Chapman L, Pasisi B, Bertram I, Beverly S and Sokimi W (2005) Manual on Fish Aggregating 
Devices (FADs): Lower-Cost Moorings and Programme Management. Secretariat of the Pacific 
Community, Noumea, New Caledonia.

10.1016/j.ocecoaman


560

58. Blaber SJM, Milton DA, Rawlinson NJF, Tiroba G and Nichols PV (1990) Reef fish and 
fisheries in Solomon Islands and Maldives and their interactions with tuna bait fisheries. 
In: SJM Blaber and JW Copland (eds) Tuna Baitfish in the Indo-Pacific Region: Proceedings 
of a Workshop. Australian Centre for International Agricultural Research Proceedings 30, 
Canberra, Australia, pp. 169–178.

59. Barclay K and Cartwright I (2007) Capturing Wealth from Tuna: Case Studies from the Pacific. 
Australian National University Press, Canberra, Australia.

60. Wright A and Hill L (1993) Nearshore Marine Resources of the South Pacific. Institute of Pacific 
Studies, Suva, Fiji, Forum Fisheries Agency, Honiara, Solomon Islands, and International 
Centre for Ocean Development, Canada.

61. Ward R (1972) The Pacific bêche-de-mer trade with special reference to Fiji. In: R Ward 
(ed) Man in the Pacific: Essays on Geographical Change in the Pacific Islands. Clarendon Press, 
Oxford, United Kingdom, pp. 91–123.

62. Preston GL (1993) Bêche-de-mer. In: A Wright and L Hill (eds) Nearshore Marine Resources 
of the South Pacific. Institute of Pacific Studies, Suva, Fiji, Forum Fisheries Agency, Honiara, 
Solomon Islands, and International Centre for Ocean Development, Canada, pp. 371–407.

63. Preston G (1990) Mass bêche-de-mer production in Fiji. South Pacific Commission Bêche-de-
mer Information Bulletin 1, 4–5.

64. Kinch J, Purcell S, Uthicke S and Friedman K (2008) Population status, fisheries and 
trade of sea cucumbers in the Western Central Pacific. In: V Toral-Granda, A Lovatelli 
and M Vasconcellos (eds) Sea Cucumbers. A Global Review of Fisheries and Trade. Food and 
Agriculture Organization of the United Nations, Rome, Italy, pp. 7–55.

65. Purcell SW, Gossin H and Agudo NN (2009) Status and Management of the Sea Cucumber 
Fishery of la Grande Terre, New Caledonia. The WorldFish Center Studies and Reviews 1901, 
Penang, Malaysia.

66. Friedman K, Purcell S, Bell J and Hair C (2008) Sea Cucumber Fisheries: A Manager’s Toolbox. 
Australian Centre for International Agricultural Research, Canberra, Australia.

67. Nash WJ (1993) Trochus. In: A Wright and L Hill (eds) Nearshore Marine Resources of the 
South Pacific. Institute of Pacific Studies, Suva, Fiji, Forum Fisheries Agency, Honiara, 
Solomon Islands, and International Centre for Ocean Development, Canada, pp. 452–495.

68. Eldredge LG (1994) Introductions of Commercially Significant Aquatic Organisms to the Pacific 
Islands: Perspectives in Aquatic Exotic Species Management in the Pacific Islands. Inshore 
Fisheries Research Project Technical Document 7, South Pacific Commission, Noumea, 
New Caledonia.

69. Richards AH, Bell LJ and Bell JD (1994) Inshore fisheries resources of Solomon Islands. 
Marine Pollution Bulletin 29, 90–98.

70. Dalzell P and Adams T (1994) The Present Status of Coastal Fisheries Production in the South 
Pacific Islands. South Pacific Commission Twenty-Fifth Regional Technical Meeting on 
Fisheries, Noumea, New Caledonia, 14–18 March 1994, Working Paper 8.

71. Gwyther D (1982) Yield estimates for the banana prawn (Penaeus merquiensis de Man) in 
the Gulf of Papua prawn fishery. ICES Journal of Marine Science 40, 245–258.

72. Somers IF, Poiner IR and Harris AN (1987) A study of the species composition and 
distribution of commercial penaeid prawns of Torres Strait. Australian Journal of Marine 
and Freshwater Research 38, 47–61.

73. Pauly D, Christensen V, Guenette S, Pitcher TJ and others (2002) Towards sustainability in 
world fisheries. Nature 418, 689–695.



561

CHAPTER   9

74. FAO (2009) The State of World Aquaculture and Fisheries 2008. Food and Agriculture 
Organization of the United Nations, Rome, Italy.

75. Sabater MG and Carroll BP (2009) Trends in reef fish population and associated fishery 
after three millennia of resource utilization and a century of socio-economic changes in 
American Samoa. Reviews in Fisheries Science 17, 318–335.

76. Wilson SK, Graham NAJ, Pratchett MS, Jones GP and Polunin NVC (2006) Multiple 
disturbances and the global degradation of coral reefs: Are reef fish at risk or resilient? 
Global Change Biology 12, 2220–2234.

77. Hughes TP, Rodrigues MJ, Bellwood DR, Ceccarelli D and others (2007) Phase shifts, 
herbivory, and the resilience of coral reefs to climate change. Current Biology 17, 360–365.

78. Hughes TP, Graham NAJ, Jackson JBC, Mumby PJ and Steneck RS (2010) Rising to the 
challenge of sustaining coral reef resilience. Trends in Ecology and Evolution 25, 633–642.

79. Kronen M, Magron F, McArdle B and Vunisea A (2010) Reef finfishing pressure risk model 
for Pacific Island countries and territories. Fisheries Research 101, 1–10.

80. Kuster C, Vuki VC and Zann LP (2005) Long-term trends in subsistence fishing patterns 
and coral reef fisheries yield from a remote Fijian island. Fisheries Research 76, 221–228.

81. Jennings S and Polunin NVC (1996) Impacts of fishing on tropical reef ecosystems. Ambio 
25, 44–49.

82. Adams TJH, Dalzell P and Farman R (1997) Status of Pacific island coral reef fish. In: HA 
Lessios and IG Macintyre (eds) Proceedings of the 8th International Coral Reef Symposium. 
Smithsonian Tropical Research Institute, Panama, pp. 1977–1980.

83. Unsworth RKF, Garrard SL, De Leon PS, Smith DJ and others (2009) Structuring of Indo-
Pacific fish assemblages along the mangrove-seagrass continuum. Aquatic Biology 5,
85–95.

84. Mumby PJ, Edwards AJ, Arias-Gonzalez JE, Lindeman KC and others (2004) Mangroves 
enhance the biomass of coral reef fish communities in the Caribbean. Nature 427, 533–536.

85. SPC (2009) Oceanic Fisheries Programme. Secretariat of the Pacific Community, Noumea, 
New Caledonia. www.spc.int/oceanfish

86. Newman SJ, Buckworth RC, Mackie MC, Lewis PD and others (2009) Spatial subdivision 
among assemblages of Spanish mackerel, Scomberomorus commerson (Pisces: Scombridae) 
across northern Australia: Implications for fisheries management. Global Ecology and 
Biogeography 18, 711–723.

87. Milton DA, Rawlinson NJF and Blaber SJM (1996) Recruitment patterns and factors 
affecting recruitment of five species of short-lived clupeoids in the tropical South Pacific. 
Fisheries Research 26, 239–255.

88. SPC (2008) Fish and Food Security. Policy Brief 1/2008, Secretariat of the Pacific Community, 
Noumea, New Caledonia.

89. Purcell SW, Lovatelli A, Vasconcellos M and Ye Y (2010) Managing Sea Cucumber Fisheries 
with an Ecosystem Approach. Food and Agriculture Organization of the United Nations, 
Fisheries and Aquaculture Technical Paper 520, Rome, Italy.

90. Gillett R (1993) Pacific Islands trochus introductions. South Pacific Commission Trochus 
Information Bulletin 2, 13–16.

91. Bell JD, Rothlisberg PC, Munro JL, Loneragan NR and others (2005) Restocking and stock 
enhancement of marine invertebrate fisheries. Advances in Marine Biology 49, 1–370.

92. Gilbert A, Andréfouët S, Yan L and Remoissenet G (2006) The giant clam Tridacna maxima 
communities of three French Polynesian islands: Comparison of their population sizes 
and structures at early stages of their exploitation. ICES Journal of Marine Sciences 63,
1573–1589.

www.spc.int/oceanfish


562

93. Adams T and Dalzell P (1993) Pacific Island lobster fisheries: Bonanza or bankruptcy? 
South Pacific Commission Fisheries Newsletter 67, 28–33.

94. Tebano T (2004) The Biology and Harvesting of Anadara holoserica (Reeve, 1843) in Kiribati. 
PhD Thesis, University of the South Pacific, Suva, Fiji.

95. Harley CDG, Hughes AR, Hultgren KM, Miner BG and others (2006) The impacts of 
climate change in coastal marine systems. Ecology Letters 9, 228–241.

96. Roesssig JM, Woodley CW, Cech JJ and Hanen LJ (2004) Effects of global climate change 
on marine and estuarine fishes and fisheries. Reviews in Fish Biology and Fisheries 14,
251–275.

97. Graham NAJ, Wilson SK, Polunin NVC, Bijoux J and Robinson J (2006) Dynamic fragility 
of oceanic coral reef ecosystems. Proceedings of the National Academy of Science of the USA 
103, 8425–8429.

98. Coker DJ, Pratchett MS and Munday PL (2009) Coral bleaching and habitat degradation 
increase susceptibility to predation for coral-dwelling fishes. Behavioural Ecology 20, 
1204–1210.

99. Jennings S and Brander K (2010) Predicting the effects of climate variation and change 
on marine communities and the consequences for fisheries. Journal of Marine Systems 79, 
418–426.

100. Brander K (2009) Impacts of climate change on fisheries. Journal of Marine Systems 79, 3–4.
101. Webster PJ, Holland GJ, Curry JA and Chang HR (2005) Changes in tropical cyclone 

number and intensity in a warming environment. Science 309, 1844–1846.
102. Madin JS and Connolly SR (2006) Ecological consequences of major hydrological 

disturbances on coral reefs. Nature 444, 477–480.
103. Halford A, Cheal AJ, Ryan D and Williams DM (2004) Resilience to large-scale disturbance 

in coral and fish assemblages on the Great Barrier Reef. Ecology 85, 1892–1905.
104. Pratchett MS, Munday MS, Wilson SK, Graham NAJ and others (2008) Effects of climate-

induced coral bleaching on coral-reef fish: Ecological and economic consequences. 
Oceanography and Marine Biology: An Annual Review 46, 251–296.

105. Munday PL, Kingsford M, O’Callaghan M and Donelson JM (2008) Elevated temperature 
restricts growth potential of the coral reef fish Acanthochromis polyacanthus. Coral Reefs 27, 
927–931.

106. Munday PL, Dixson DL, Donelson JM, Jones GP and others (2009) Ocean acidification 
impairs olfactory discrimination and homing ability of a marine fish. Proceedings of the 
National Academy of Sciences of the USA 106, 1848–1852.

107. Munday PL, Donelson JM, Dixson DL and Endo GGK (2009) Effects of ocean acidification 
on the early life history of a tropical marine fish. Proceedings of the Royal Society London B 
276, 3275–3283.

108. Adger WN (2000) Social and ecological resilience: Are they related? Progress in Human 
Geography 24, 347–364.

109. IPCC (2001) Climate Change 2001: The Scientific Basis. Contribution of Working Group I to 
the Third Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge, United Kingdom, and New York, United States of America.

110. McClanahan TR, Cinner JE, Maina J, Graham NAJ and others (2008) Conservation action 
in a changing climate. Conservation Letters 1, 53–59.

111. Allison EH, Perry AL, Adger WN, Badjeck M and others (2009) Vulnerability of national 
economies to the impacts of climate change on fisheries. Fish and Fisheries 10, 173–196.



563

CHAPTER   9

112. Brett JR (1969) Temperature and fish. Chesapeake Science 10, 275–276.
113. Brett JR (1970) Temperature – animals – fishes. In: O Kinne (ed) Marine Ecology: A 

Comprehensive, Integrated Treatise on Life in Oceans and Coastal Waters, Vol 1 – Environmental 
factors Part 1. Interscience John Wiley, Chichester, United Kingdom, pp. 515–560.

114. Fry FEJ (1967) Responses of vertebrate poikilotherms to temperature. In: AH Rose (ed) 
Thermobiology. Academic Press, London, United Kingdom, pp. 375–409.

115. Perry AL, Low PJ, Ellis JR and Reynolds JD (2005) Climate change and distribution shifts 
in marine fish. Science 308, 1912–1915.

116. Pörtner HO and Knust R (2007) Climate change affects marine fish through the oxygen 
limitation of thermal tolerance. Science 315, 95–97.

117. Pörtner HO and Farrell AP (2008) Physiology and climate change. Science 322, 690–692.
118. Brongersma-Sanders M (1957) Mass mortality in the sea. In: JW Hedgpeth (ed) Treatise on 

Marine Ecology and Palaeoecology. Geological Society of America Memoirs 67, Part 1, United 
States of America, pp. 941–1010.

119. Hunt Von Herbing I (2002) Effects of temperature on larval fish swimming performance: 
The importance of physics. Journal of Fish Biology 61, 865–876.

120. Heath AG, Turner BJ and Davis WP (1993) Temperature preferences and tolerances of 
three fish species inhabiting hyperthermal ponds on mangrove islands. Hydrobiologia 259, 
47–55.

121. Berkelmans R and Willis BL (1999) Seasonal and local spatial patterns in the upper 
thermal limits of corals on the inshore central Great Barrier Reef. Coral Reefs 18, 219–228.

122. Kinne O (1970) Marine Ecology. John Wiley, Chichester, United Kingdom.
123. Rasmusson EM and Carpenter TH (1982) Variations in tropical sea surface temperature 

and surface wind fields associated with the Southern Oscillation/El Niño. Monthly 
Weather Review 110, 354–384.

124. Trenberth KE and Hoar TJ (1997) El Niño and climate change. Geophysical Research Letters 
24, 3057–3060.

125. Brett JR (1956) Some principles in the thermal requirements of fish. The Quarterly Review of 
Biology 31, 75–87.

126. Mora C and Ospina AF (2001) Tolerance to high temperatures and potential impact of 
sea warming on reef fish of Gorgona island (tropical eastern Pacific). Marine Biology 139, 
765–769.

127. Huey RB and Stevenson RD (1979) Integrating thermal physiology and ecology of 
ectotherms: A discussion of approaches. American Zoologist 19, 357–366.

128. Tewksbury JJ, Huey RB and Deutsch CA (2008) Putting the heat on tropical animals. 
Science 320, 1296–1297.

129. Morgan IJ, McDonald DG and Wood CM (2001) The cost of living for freshwater fish in a 
warmer, more polluted world. Global Change Biology 7, 345–355.

130. Nilsson GE, Crawley N, Lunde IG and Munday PL (2009) Elevated temperature reduces 
the respiratory scope of coral reef fish. Global Change Biology 15, 1405–1412.

131. Donelson JM, Munday PL, McCormick MI, Pankhurst NW and Pankhurst PM (2010) 
Effects of elevated water temperature and food availability on the reproductive 
performance of a coral reef fish. Marine Ecology Progress Series 401, 233–243.

132. Houde ED (1989) Comparative growth, mortality, and energetics of marine fish larvae: 
Temperature and implied latitudinal effects. Fishery Bulletin US 87, 471–495.



564

133. Jobling M (1997) Temperature and growth: Modulation of growth rate via temperature 
change. In: CM Wood and DG McDonald (eds) Global Warming: Implications for Freshwater 
and Marine Fish, Society for Experimental Biology Seminar Series 61. Cambridge University 
Press, United Kingdom, pp. 223–254.

134. Clark A and Johnston NM (1999) Scaling of metabolic rate with body mass and 
temperature in teleost fish. Journal of Animal Ecology 68, 893–905.

135. Taylor EW, Egginton S, Taylor SE and Butler PJ (1997) Factors which may limit swimming 
performance at different temperatures. In: CM Wood and G McDonald (eds) Global 
Warming: Implications for Freshwater and Marine Fish, Society for Experimental Biology Seminar 
Series 61. Cambridge University Press, United Kingdom, pp. 105–133.

136. Farrell AP (1997) Effects of temperature on cardiovascular performance. In: CM Wood 
and DG McDonald (eds) Global Warming: Implications for Freshwater and Marine Fish, Society 
for Experimental Biology Seminar Series 61. Cambridge University Press, Cambridge, United 
Kingdom, pp. 135–158.

137. Pankhurst NW and Porter MJR (2003) Cold and dark or warm and light: Variations on 
the theme of environmental control of reproduction. Fish Physiology and Biochemistry 28, 
385–389.

138. Gagliano M, McCormick MI and Meekan MG (2007) Survival against the odds: 
Ontogenetic changes in selective pressure mediate growth-mortality trade-offs in a 
marine fish. Proceedings of the Royal Society B 274, 1575–1582.

139. Van Der Kraak G and Pankhurst NW (1997) Temperature effects on the reproductive 
performance of fish. In: CM Wood and DG McDonald (eds) Global Warming: Implications 
for Freshwater and Marine Fish, Society for Experimental Biology Seminar Series 61. Cambridge 
University Press, Cambridge, United Kingdom, pp. 159–176.

140. Edwards M and Richardson AJ (2004) Impact of climate change on marine pelagic 
phenology and trophic mismatch. Nature 430, 881–884.

141. O’Connor NE, Crowe TP and McGrath D (2006) Effects of epibiotic algae on the survival, 
biomass and recruitment of mussels, Mytilus L. (Bivalvia: Mollusca). Journal of Experimental 
Marine Biology and Ecology 328, 265–276.

142. Sponaugle S, Grorud-Colvert K and Pinkard D (2006) Temperature-mediated variation in 
early life history traits and recruitment success of the coral reef fish Thalassoma bifasciatum 
in the Florida Keys. Marine Ecology Progress Series 308, 1–15.

143. Wilson SK, Adjeroud M, Bellwood DR, Berumen ML and others (2010) Crucial knowledge 
gaps in current understanding of climate change impacts on coral reef fish. Journal of 
Experimental Biology 213, 894–900.

144. Choat JH and Robertson DR (2002) Age-based studies. In: PF Sale (ed) Coral Reef Fish: 
Dynamics and Diversity in a Complex Ecosystem. Academic Press, San Diego, United States 
of America, pp. 57–80.

145. Robertson DR, Ackerman JL, Choat JH, Posada JM and Pitt J (2005) Ocean surgeonfish 
Acanthurus bahianus. I. The geography of demography. Marine Ecology Progress Series 295, 
229–244.

146. Cheung WWL, Close C, Lam V, Watson R and Pauly D (2008) Application of 
macroecological theory to predict effects on climate change on global fisheries potential. 
Marine Ecology Progress Series 365, 187–197.

147. Cheung WWL, Lam V, Sarmiento JL, Kearney K and others (2010) Large-scale 
redistribution of maximum fisheries catch potential in the global ocean under climate 
change. Global Change Biology 16, 24–35.



565

CHAPTER   9

148. Holbrook SJ, Schmitt RJ and Stephens Jr. JS (1997) Changes in an assemblage of temperate 
reef fish associated with a climate shift. Ecological Applications 7, 1299–1310.

149. Parker RO and Dixon RL (1998) Changes in a north Carolina reef fish community after 
15 years of intense fishing – Global warming implications. Transactions of the American 
Fisheries Society 127, 908–920.

150. Ling SD, Johnson CR, Ridgway K, Hobday AJ and Haddon M (2009) Climate-driven 
range extension of a sea urchin: Inferring future trends by analysis of recent population 
dynamics. Global Change Biology 15, 719–731.

151. Hoegh-Guldberg O, Mumby PJ, Hooten AJ, Steneck RS and others (2007) Coral reefs under 
rapid climate change and ocean acidification. Science 318, 1737–1742.

152. Fabry VJ, Seibel BA, Feely RA and Orr JC (2008) Impacts of ocean acidification on marine 
fauna and ecosystem processes. ICES Journal of Marine Science 65, 414–432.

153. Cooley SR and Doney SC (2009) Anticipating ocean acidification's economic 
consequences for commercial fisheries. Environmental Research Letters 4, 024007
doi:10.1088/1748-9326/4/2/024007

154. Orr JC, Fabry VJ, Aumont O, Bopp L and others (2005) Anthropogenic ocean acidification 
over the twenty-first century and its impact on calcifying organisms. Nature 437, 681–686.

155. Doney SC, Fabry VJ, Feely RA and Kleypas JA (2009) Ocean acidification: The other CO2 
problem. Annual Review of Marine Science 1, 169–192.

156. Pörtner HO, Langenbuch M and Reipschlager A (2004) Biological impact of elevated 
ocean CO2 concentrations: Lessons from animal physiology and earth history. Journal of 
Oceanography 60, 705–718.

157. IPCC (2007) Summary for policymakers. In: S Solomon, D Qin, M Manning, Z Chen, M 
Marquis, KB Averyt, M Tignor and HL Miller (eds) Climate Change 2007: The Physical Science 
Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge University Press, Cambridge, United Kingdom, and 
New York, United States of America.

158. Royal Society (2005) Ocean Acidification due to Increasing Atmospheric Carbon Dioxide. The 
Royal Society, London, United Kingdom.

159. Luthi D, Floch ML, Bereiter B, Blunier T and others (2008) High-resolution carbon dioxide 
concentration record 650,000–800,000 years before present. Nature 435, 379–382.

160. Ohde S and van Woesik R (1999) Carbon dioxide flux and metabolic processes of a coral 
reef, Okinawa. Bulletin of Marine Science 65, 559–576.

161. Ries JB, Cohen AL and McCorkle DC (2009) Marine calcifiers exhibit mixed responses to 
CO2-induced ocean acidification. Geology 37, 1131–1134.

162. Langdon C and Atkinson MJ (2005) Effect of elevated pCO2 on photosynthesis and 
calcification of corals and interactions with seasonal change in temperature/irradiance and 
nutrient enrichment. Journal of Geophysical Research 110, C09S07, doi:10.1029/2004JC002576

163. Kleypas JA, Feely RA, Fabry VJ, Langdon C and others (2006) Impacts of Ocean Acidification 
on Coral Reefs and Other Marine Calcifiers: A Guide for Future Research. Proceedings of a 
Workshop held on 18–20 April 2005, St Petersburg, Russia.

164. Kuffner IB, Andersson AJ, Jokiel PL, Rodgers KS and Mackenzie FT (2007) Decreased 
abundance of crustose coralline algae due to ocean acidification. Nature Geoscience 1,
 114–117.

165. Anthony KR, Kline DI, Diaz-Pulido G, Dove S and Hoegh-Guldberg O (2008) Ocean 
acidification causes bleaching and productivity loss in coral reef builders. Proceedings of 
the National Academy of Sciences of the USA 105, 17,442–17,446.



566

166. Hall-Spencer JM, Rodolfo-Metalpa R, Martin S, Ransome E and others (2008) Volcanic 
carbon dioxide vents show ecosystem effects of ocean acidification. Nature 454, 96–99.

167. De’ath G, Lough JM and Fabricius KE (2009) Declining coral calcification on the Great 
Barrier Reef. Science 323, 116–119.

168. Shirayama Y and Thornton H (2005) Effect of increased atmospheric CO2 on shallow water 
marine benthos. Journal of Geophysical Research 110, C09S08, doi:10.1029/2004JC002618

169. Kurihara H (2008) Effects of CO2 driven ocean acidification on the early developmental 
stages of invertebrates. Marine Ecology Progress Series 373, 275–284.

170. Ishimatsu A, Hayashi M and Kikkawa T (2008) Fish in high-CO2, acidified oceans. Marine 
Ecology Progress Series 373, 295–302.

171. Checkley Jr. DM, Dickson AG, Takahashi M, Radich JA and others (2009) Elevated CO2 
enhances growth in young fish. Science 324, 1683.

172. Ishimatsu A, Hayashi M, Lee K-S, Kikkawa T and Kita J (2005) Physiological effects on fish 
in a high-CO2 world. Journal of Geophysical Research 110, C09S09, doi:10.1029/2004JC002564

173. Heisler N (1989) Acid-base regulation in fish. 1. Mechanisms. In: R Morris (ed) Acid Toxicity 
and Aquatic Animals. Cambridge University Press, Cambridge, United Kingdom, pp. 85–97.

174. Claiborne JB, Edwards SL and Morrison-Shetlar AI (2002) Acid-base regulation in fish: 
Cellular and molecular mechanisms. Journal of Experimental Zoology 293, 302–319.

175. Pörtner HO and Langenbuch M (2005) Synergistic effects of temperature extremes, 
hypoxia, and increases in CO2 on marine animals: From earth history to global change. 
Journal of Geophysical Research 110, C09S10, doi:10.1029/2004JC002561

176. Michaelidis B, Spring A and Pörtner HO (2007) Effects of long-term acclimation to 
environmental hypercapnia on extracellular acid-base status and metabolic capacity in 
Mediterranean fish Sparus aurata. Marine Biology 150, 1417–1429.

177. Munday PL, Crawley NE and Nilsson GE (2009) Interacting effects of elevated temperature 
and ocean acidification on the aerobic performance of coral reef fish. Marine Ecology 
Progress Series 388, 235–242.

178. Kurihara H, Matsui M, Furukawa H, Hayashi M and Ishimatsu A (2008) Long-term effects 
of predicted future seawater CO2 conditions on the survival and growth of the marine 
shrimp Palaemon pacificus. Journal of Experimental Marine Biology and Ecology 367, 41–46.

179. Ishimatsu A, Kikkawa T, Hayashi M, Lee K and Kita J (2004) Effects of CO2 on marine fish: 
Larvae and adults. Journal of Oceanography 60, 731–741.

180. Havenhand JN, Buttler F-R, Thorndyke MC and Williamshon JE (2008) Near-future levels 
of ocean acidification reduce fertilization success in a sea urchin. Current Biology 18, 
R651-R652, doi:10.1016/j.cub.2008.06.015

181. Dixson DL, Munday PL and Jones GP (2010) Ocean acidification disrupts the innate ability 
of fish to detect predator olfactory cues. Ecology Letters 13, 68–75.

182. Atema J, Kingsford MJ and Gerlach G (2002) Larval reef fish could use odour for detection, 
retention and orientation to reefs. Marine Ecology Progress Series 241, 151–160.

183. Kingsford MJ, Leis JM, Shanks A, Lindeman KC and others (2002) Sensory environments, 
larval abilities and local self-recruitment. Bulletin of Marine Science 70, 309–340.

184. Gerlach G, Atema J, Kingsford MJ, Black KP and Miller-Sims V (2007) Smelling home can 
prevent dispersal of reef fish larvae. Proceedings of the National Academy of Sciences of the 
USA 104, 858–863.

185. Skelly DK, Joseph LN, Possingham HP, Freidenbrug LK and others (2007) Evolutionary 
responses to climate change. Conservation Biology 21, 1353–1355.

10.1016/j.cub


567

CHAPTER   9

186. James MK, Armsworth PR, Mason LB and Bode L (2002) The structure of reef fish 
metapopulations: Modelling larval dispersal and retention patterns. Proceedings of the 
Royal Society B 22, 2079–2086.

187. Cowen RK (2002) Larval dispersal and retention and consequences for population 
connectivity. In: PF Sale (ed) Coral Reef Fish: Dynamics and Diversity in a Complex Ecosystem. 
Academic Press, San Diego, United States of America, pp. 149–170.

188. Burgess SC, Kingsford MJ and Black KP (2007) Influence of tidal eddies and wind on the 
distribution of presettlement fish around One Tree Island, Great Barrier Reef. Marine 
Ecology Progress Series 341, 233–242.

189. Hays GC, Richardson AJ and Robinson C (2005) Climate change and marine plankton. 
Trends in Ecology and Evolution 20, 337–344.

190. McKinnon AD, Carleton JH and Duggan S (2007) Pelagic production and respiration in 
the Gulf of Papua during May 2004. Continental Shelf Research 27, 1643–1655.

191. Searcy SP and Sponaugle S (2000) Variable larval growth in a coral reef fish. Marine Ecology 
Progress Series 206, 213–226.

192. Sponaugle S and Pinkard DP (2004) Impact of variable pelagic environments on natural 
larval growth and recruitment of a reef fish. Journal of Fish Biology 64, 34–54.

193. Meekan MG, Vigliola L, Hansen A, Doherty PJ and others (2006) Bigger is better: Size-
selective mortality throughout the life history of a fast-growing clupeid, Spratelloides 
gracilis. Marine Ecology Progress Series 317, 237–244.

194. Bindoff NL, Willebrand J, Artale V, Cazenave A and others (2007) Observations: Oceanic 
climate change and sea level. In: S Solomon, D Qin, M Manning, Z Chen, M Marquis, 
KB Averyt, M Tignor and HL Miller (eds) Climate Change 2007: The Physical Science Basis. 
Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel 
on Climate Change. Cambridge University Press, Cambridge, United Kingdom, and New 
York, United States of America, pp. 385–428.

195. Polovina JJ, Mitchum GT, Graham NE, Craig MP and others (1994) Physical and biological 
consequences of a climate event in the central north Pacific. Fisheries Oceanography 3, 
15–21.

196. Longhurst AR (2006) Ecological Geography of the Sea. Academic Press, New York, United 
States of America.

197. Bopp L, Monfray P, Aumont O, Dufresne JL and others (2001) Potential impact of climate 
change on marine export production. Global Biogeochemical Cycles 15, 81–99.

198. Lehodey P, Chai F and Hampton J (2003) Modelling climate-related variability of tuna 
populations from a coupled ocean-biogeochemical-populations dynamics model. Fisheries 
Oceanography 12, 483–494.

199. Short FT, Burdick DM, Granger S and Nixon SW (1996) Long-term decline in eelgrass, 
Zostera marina L., linked to increased housing development. In: Seagrass Biology: Proceedings 
of an International Workshop, 25–29 January 1996. Rottnest Island, Australia, pp. 291–298.

200. Duarte CM (2002) The future of seagrass meadows. Environmental Conservation 29, 192–206.
201. Ellison AM and Farnsworth EJ (1996) Anthropogenic disturbances of Caribbean mangrove 

ecosystems: Past impacts, present trends and future predictions. Biotropica 28, 549–565.
202. Alongi DM (2002) Present state and future of the world’s mangrove forests. Biological 

Conservation 29, 331–349.
203. Valiela I, Kinney E, Bulbertson J, Peacock E and Smith S (2009) Global losses of mangroves 

and salt marshes. In: CM Duarte (ed) Global Loss of Coastal Habitats: Rates, Causes and 
Consequences. Fundación BBVA, Madrid, Spain, pp. 107–142.



568

204. Laegdsgaard P and Johnson CR (1995) Mangrove habitats as nurseries: Unique 
assemblages of juvenile fish in subtropical mangroves in eastern Australia. Marine Ecology 
Progress Series 126, 67–81.

205. Sheaves M (1995) Large lutjanid and serranid fish in tropical estuaries: Are they adults or 
juveniles? Marine Ecology Progress Series 129, 31–40.

206. Williams EH Jr and Bunkley-Williams L (1990) The world-wide coral reef bleaching cycle 
and related sources of coral mortality. Atoll Research Bulletin 335, 1–71.

207. Glynn PW (1991) Coral reef bleaching in the 1980s and possible connections with global 
warming. Trends in Ecology and Evolution 6, 175–179.

208. Parmesan C (2006) Ecological and evolutionary responses to recent climate change. 
Annual Review of Ecology, Evolution and Systematics 37, 637–669.

209. Sheppard CRC, Spalding S, Bradshaw C and Wilson S (2002) Erosion versus recovery of 
coral reefs after 1998 El Niño: Chagos reefs, Indian Ocean. Ambio 31, 40–48.

210. Sano M, Shimizu M and Nose Y (1987) Long-term effects of destruction of hermatypic 
corals by Acanthaster planci infestation on reef fish communities at Iriomote Island, Japan. 
Marine Ecology Progress Series 37, 191–199.

211. Tribollet A, Godinot C, Atkinson M and Langdon C (2009) Effects of elevated pCO2 on 
dissolution of coral carbonates by microbial euendoliths. Global Biogeochemical Cycles 23, 
GB3008, doi:10.1029/2008GB003286

212. Norström A, Nystrom M, Lokrantz J and Folke C (2009) Alternative states on coral reefs: 
Beyond coral-macroalgal phase shifts. Marine Ecology Progress Series 376, 295–306.

213. Munday PL (2004) Habitat loss, resource specialisation, and extinction on coral reefs. 
Global Change Biology 10, 1642–1647.

214. Pratchett MS, Wilson SK and Baird AH (2006) Declines in the abundance of Chaetodon 
butterflyfish (Chaetodontidae) following extensive coral depletion. Journal of Fish Biology 
69, 1269–1280.

215. Pratchett MS, Wilson SK, Graham NAJ, Munday MS and others (2009) Multi-scale 
temporal effects of climate-induced coral bleaching on motile reef organisms. In: M van 
Oppen and J Lough (eds) Coral Bleaching: Patterns and Processes, Causes and Consequences. 
Springer, Heidelberg, Germany, pp. 139–158.

216. Reaka-Kudla ML (1997) The global biodiversity of coral reefs: A comparison with rain 
forests. In: ML Reaka-Kudla, DE Wilson and EO Wilson (eds) Biodiversity II: Understanding 
and Protecting our Biological Resources. Joseph Henry Press, Washington, United States of 
America, pp. 83–108.

217. Chittaro PM (2002) Species-area relationships for coral reef fish assemblages of St. Croix, 
US Virgin Islands. Marine Ecology Progress Series 233, 253–261.

218. Jones GP, McCormick MI, Srinivasan M and Eagle JV (2004) Coral decline threatens fish 
biodiversity in marine reserves. Proceedings of the National Academy of Sciences of the USA 
101, 8251–8253.

219. Hixon MA and Jones GP (2005) Competition, predation, and density-dependent mortality 
in demersal marine fish. Ecology 86, 2847–2859.

220. Lee SC (2006) Habitat complexity and consumer-mediated positive feedbacks on a 
Caribbean coral reef. Oikos 112, 442–447.

221. Hixon MA and Beets JP (1993) Predation, prey refuges, and the structure of coral-reef fish 
assemblages. Ecological Monographs 63, 77–101.



569

CHAPTER   9

222. Graham NAJ, Wilson SK, Jennings S, Polunin NVC and others (2007) Lag effects in the 
impacts of mass coral bleaching in coral reef fish, fisheries and ecosystems. Conservation 
Biology 21, 1291–1300.

223. Coles RG, Lee Long WJ, Helmke SA, Bennett RE and others (1992) Seagrass Beds and Juvenile 
Prawn and Fish Nursery Grounds. Cairns to Bowen (Queensland). Queensland Department of 
Primary Industries, Brisbane, Australia.

224. MacIntyre HL, Geider RJ and Miller DC (1996) Microphytobenthos: The ecological role 
of the ‘secret garden’ of unvegetated, shallow-water marine habitats. I. Distribution, 
abundance and primary production. Estuaries and Coasts 19, 186–201.

225. Bloomfield AL and Gillanders BM (2005) Fish and invertebrate assemblages in seagrass, 
mangrove, saltmarsh, and non vegetated habitats. Estuaries and Coasts 28, 1559–2731.

226. Lovelock CE and Ellison JC (2007) Vulnerability of mangroves and tidal wetlands of the 
Great Barrier Reef to climate change. In: JE Johnson and PA Marshall (eds) Climate Change 
and the Great Barrier Reef: A Vulnerability Assessment. 1st edition, Great Barrier Reef Marine 
Park Authority and Australian Greenhouse Office, Townsville, Australia, pp. 237–269.

227. Sheaves M, Brodie J, Brooke B, Dale P and others (2007) Vulnerability of coastal and 
estuarine habitats in the Great Barrier Reef to climate change. In: JE Johnson and PA 
Marshall (eds) Climate Change and the Great Barrier Reef: A Vulnerability Assessment.
1st edition, Great Barrier Reef Marine Park Authority and Australian Greenhouse Office, 
Townsville, Australia, pp. 593–620.

228. Waycott M, Collier C, McMahon K, Ralph P and others (2007) Vulnerability of seagrasses 
in the Great Barrier Reef to climate change. In: JE Johnson and PA Marshall (eds) Climate 
Change and the Great Barrier Reef: A Vulnerability Assessment. 1st edition, Great Barrier 
Reef Marine Park Authority and Australian Greenhouse Office, Townsville, Australia,  
pp. 193–235.

229. Gilman EL, Ellison J, Duke NC and Field C (2008) Threats to mangroves from climate 
change and adaptation options: A review. Aquatic Botany 89, 237–250.

230. Bell JD, Westoby M and Steffe AS (1987) Fish larvae settling in seagrass: Do they 
discriminate between beds of different leaf density? Journal of Experimental Marine Biology 
and Ecology 111, 133–144.

231. Bellwood DR, Hoey AS, Ackerman JL and Depczynski M (2006). Coral bleaching, reef fish 
community phase shifts and the resilience of coral reefs. Global Change Biology 12, 1–8.

232. Nyström M, Graham NAJ, Lokrantz J and Norström AV (2008) Capturing the cornerstones 
of coral reef resilience: Linking theory to practice. Coral Reefs 27, 795–809.

233. Thallot P and Kulblicki M (1988) Overlap between the fish fauna inventories of coral reefs, 
soft bottoms and mangroves in Saint-Vincent Bay (New Caledonia). Proceedings of the 6th 
International Coral Reef Symposium 2, 613–618.

234. Berumen ML and Pratchett MS (2008) Trade-offs associated with dietary specialization 
in corallivorous butterflyfish (Chaetodontidae: Chaetodon). Behavioural Ecology and 
Sociobiology 62, 989–994.

235. Berumen ML and Pratchett MS (2006) Persistent disturbance and long-term shifts in the 
structure of fish and coral communities at Tiahura Reef, Moorea. Coral Reefs 25, 647–653.

236. Pratchett MS, Wilson SK, Berumen ML and McCormick MI (2004) Sub-lethal effects of 
coral bleaching on an obligate coral feeding butterflyfish. Coral Reefs 23, 352–356.

237. Cheal AJ, Wilson SK, Emslie MJ, Dolman AM and Sweatman H (2008) Responses of reef 
fish communities to coral declines on the Great Barrier Reef. Marine Ecology Progress Series 
372, 211–223.



570

238. Wilson SK, Burgess S, Cheal AJ, Emslie MJ and others (2008) Habitat utilization by coral 
reef fish: Implications for specialists vs. generalists in a changing environment. Journal of 
Animal Ecology 77, 220–228.

239. Wilson SK, Dolman AM, Cheal AJ, Emslie MJ and others (2009) Maintenance of fish 
diversity on disturbed coral reefs. Coral Reefs 28, 3–14.

240. Sandin SA, Smith JE, DeMartini EE, Dinsdale EA and others (2008) Baselines and 
degradation of coral reefs in the northern Line Islands. PLoS One 3, e1548, doi:10.1371/
journal.pone.0001548

241. Chinain M, Darius HT, Ung A, Fouc MT and others (2009) Ciguatera risk management in 
French Polynesia: The case study of Raivavae Island (Australes Archipelago). Toxicon  56, 
674–690.

242. Rongo T, Bush M and van Woesik R (2009) Did ciguatera prompt the late Holocene 
Polynesian voyages of discovery? Journal of Biogeography 36, 1423–1432.

243. Hobday AJ, Griffiths S and Ward T (2009) Pelagic fish and sharks. In: ES Poloczanska, 
AJ Hobday and AJ Richardson (eds) A Marine Climate Change Impacts and Adaptation Report 
Card for Australia 2009. NCCARF Publication 05/09, ISBN 978-1-921609-03-9.

244. Riechenbach N (1999) Ecology and fishery biology of Holothuria fuscogilva (Echinodermata: 
Holothuroidea) in the Maldives, Indian Ocean. Bulletin of Marine Science 64, 103–114.

245. Hamel JF, Conand C, Pawson D and Mercier A (2001) The sea cucumber Holothuria scabra 
(Holothuroidea: Echinodermata): Its biology and exploitation as bêche-de-mer. Advances 
in Marine Biology 41, 129–223.

246. Friedman MA, Fleming LE, Fernandez M, Bienfan P and others (2008) Ciguatera fish 
poisoning: Treatment, prevention and management. Marine Drugs 6, 456–479.

247. Bellwood DR and Hughes TP (2001) Regional scale assembly rules and biodiversity of 
corals reefs. Science 292, 1532–1535.

248. Munday PL, Jones GP, Sheaves M, Williams AJ and Goby G (2007) Vulnerability of fish 
of the Great Barrier Reef to climate change. In: JE Johnson and PA Marshall (eds) Climate 
Change and the Great Barrier Reef: A Vulnerability Assessment. 1st edition, Great Barrier 
Reef Marine Park Authority and Australian Greenhouse Office, Townsville, Australia,  
pp. 357–391.

249. Bryant D, Burke L, McManus J and Spalding M (1998) Reefs at Risk. World Resources 
Institute, Washington, United States of America.

250. Friedlander A and DeMartini EE (2002) Contrasts in density, size and biomass of reef fish 
between the northwestern and the main Hawaiian islands: The effects of fishing down 
apex predators. Marine Ecology Progress Series 230, 253–264.

251. Graham NAJ, McClanahan TR, MacNeil MA, Wilson SK and others (2008) Climate 
warming, marine protected areas and the ocean-scale integrity of coral reef ecosystems. 
PLoS One 3, e3039, doi:10.1371/journal.pone.0003039

252. Bell J, Bright P, Gillett R, Keeble G and others (2008) Importance of household income and 
expenditure surveys and censuses for management of coastal and freshwater fisheries. 
Secretariat of the Pacific Community Fisheries Newsletter 127, 34–39.

253. Zeller D, Booth S, Davis G and Pauly D (2007) Re-estimation of small-scale fishery catches 
for U.S. flag-associated island areas in the western Pacific: The last 50 years. Fisheries 
Bulletin 105, 266–277.

254. Veron JEN, Hoegh-Guldberg O, Lenton TM, Lough JM and others (2009) The coral reef 
crisis: The critical importance of < 350 ppm CO2. Marine Pollution Bulletin 58, 1428–1436.

10.1371/journal.pone
10.1371/journal.pone
10.1371/journal.pone


571

CHAPTER   9

255. SPC (2008) Pacific Islands Regional Coastal Fisheries Management Policy and Strategic Actions 
(Apia Policy 2008–2013). Secretariat of the Pacific Community, Noumea, New Caledonia.

256. Cicin-Sain B and Knecht R (1998) Integrated Coastal and Ocean Management: Concepts and 
Practices. Island Press, Washington, United States of America.

257. Anon (2001) Future Directions in Integrated Coastal Management: The Consensus from Block 
Island. University of Rhode Island, Rhode Island, United States of America.

258. Bell JD, Ratner BD, Stobutzki I and Oliver J (2006) Addressing the coral reef crisis in 
developing countries. Ocean and Coastal Management 49, 976–985.

259. Swearer SE, Caselle JE, Lea DW and Warner RR (1999) Larval retention and recruitment in 
an island population of a coral-reef fish. Nature 402, 799–802.

260. Doherty PJ (2002) Variable replenishment and the dynamics of reef fish populations. 
In: PF Sale (ed) Coral Reef Fishes: Dynamics and Diversity in a Complex System. Academic 
Press, San Diego, United States of America, pp. 327–355.

261. Almany GR, Berumen ML, Thorrold SR, Planes S and Jones GP (2007) Local replenishment 
of coral reef fish populations in a marine reserve. Science 316, 742–744.

262. Green A, Lokani P, Atu W, Ramohia P and others (2006) Solomon Islands Marine Assessment: 
Technical Report of Survey Conducted 13 May to 17 June 2004. The Nature Conservancy 
Pacific Island Countries Report No. 1/06.

263. Laurent D, Yeeting B, Labrosse P and Gaudechoux J-P (2005) Ciguatera Field Reference Guide. 
Secretariat of the Pacific Community, and Institut de Recherche pour le Développement, 
Noumea, New Caledonia.

264. Lehane L and Lewis RJ (2000) Ciguatera: Recent advances but risk remains. International 
Journal of Food Microbiology 61, 91–125.

265. Chateau-Degat M-L, Chinain M, Cerf N, Gingras S and others (2005) Seawater temperature, 
Gambierdiscus spp. variability and incidence of ciguatera poisoning in French Polynesia. 
Harmful Algae 4, 1053–1062.

266. Llewellyn L (2010) Revisiting the association between sea surface temperature and the 
epidemiology of fish poisoning in the South Pacific: Reassessing the link between 
ciguatera and climate change. Toxicon 56, 691–697.

267. Hales S, Weinstein P and Woodward A (2001) Ciguatera (fish poisoning), El Ninõ, and 
Pacific sea surface temperatures. Ecosystem Health 5, 20–25.

268. Kronen M, Stacey N, Holland P, Magron F and Power M (2007) Socioeconomic Fisheries 
Surveys in Pacific Islands: A Manual for the Collection of a Minimum Dataset. Secretariat of the 
Pacific Community, Noumea, New Caledonia.

269. Clua E, Legendre P, Vigliola L, Magron F and others (2006) Medium-scale approach (MSA) 
for improved assessment of coral reef fish habitat. Journal of Experimental Marine Biology 
and Ecology 333, 219–230.

270. English SA, Wilkinson CR and Baker VJ (1997) Survey Manual for Tropical Marine Resources. 
2nd edition, Australian Institute of Marine Science, Townsville, Australia.

271. Pinca S, Kronen M, Magron F, McArdle B and others (2011) Relative importance of habitat 
and fishing in influencing reef fish communities across seventeen Pacific Island Countries 
and Territories. Fish and Fisheries, doi: 10.111/j.1467-2979.2011.00425



572

Appendix 9.1 Overview of the SPC PROCFish Project

The Pacific Regional Oceanic and Coastal Fisheries (PROCFish) Development Project 
was initiated in March 2002, and conducted by the Coastal Fisheries Programme and 
Oceanic Fisheries Programme at the Secretariat of the Pacific Community. The coastal 
component of PROCFish combined socio-economic surveys and local ecological 
assessments to gauge the importance and condition of reef and lagoon fisheries 
throughout the region. Research was undertaken at 4–5 sites in each of 17 Pacific 
Island countries and territories (PICTs) (Table 9.1). Sites represented distinct fishing 
grounds with active reef fisheries by a discrete human population (i.e. a relatively 
closed system of local exploitation). As such, the data from the PROCFish Project 
do not encompass the full range of variation within each PICT. Most importantly, 
relatively little information was collected close to large urban centres.

Socio-economic surveys were conducted at each site, using a ‘snapshot approach’268, 
involving analyses of 25 households and a corresponding number of people catching 
fish and invertebrates. Random sampling was used to provide an average and 
representative picture of fishing in each community, including people who do not 
fish, those engaged in fishing for fish and/or invertebrates for subsistence, and those 
engaged in fishing activities for livelihoods (income) on a small-scale, artisanal basis. 
The main aims of the household surveys were to (1) collect recent demographic 
information (needed to calculate seafood consumption); (2) determine the number of 
fishers per household by gender and type of fishing activity (needed to assess the 
total fishing impact of a community); and (3) assess the relative dependency of the 
community on coastal resources.

Ecological assessments were conducted separately for fish and invertebrates. Fish 
resources and associated habitats were sampled using distance-based underwater 
visual census (D-UVC). At each site, surveys were conducted along 24 transects, 
with six transects in each of the four main coral reef structures: sheltered coastal 
reefs, intermediate reefs, back-reefs and outer reefs. Only coral reef fish of interest 
for consumption or sale, and species that could potentially serve as indicators of 
coral reef health (e.g. butterflyfish), were surveyed. Low percentage occurrence could 
either be due to scarcity (which is of interest) or low detectability (representing a 
methodological bias). Therefore, analyses were restricted to the 15 most frequently 
observed families of fish for which D-UVC is an efficient resource assessment method. 
Substrate characteristics were recorded within ten, 5 m × 5 m quadrats located on 
each side of a 50 m transect (n = 20 quadrats per transect), using a standard method269.

Various survey methods were used to compare the status of commonly targeted 
invertebrates across PICTs and the region. A general assessment of large sedentary 
invertebrates and habitats was made at spatial scales relevant to species (or species 
groups), using a tow-board technique270. Broad-scale surveys were used to record 
a range of invertebrates caught for subsistence across sites, whereas invertebrate 

http://www.spc.int/climate-change/e-book/images/c9table1.png
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species targeted by commercial fisheries for export were assessed using more 
detailed surveys of specific habitats. At each site, surveys were made at multiple 
‘stations’. At each station, epibenthic invertebrate resources, and some sea star and 
urchin species (potential indicators of habitat condition), were counted within six, 
40 m × 1 m transects. Dedicated night searches were made for sea cucumbers at each 
station for predominantly nocturnal species. Sea cucumbers were also sampled by 
collecting all individuals present during three, 5-minute searches by two divers.
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Appendix 9.2 Method used to estimate catches for the four categories of 
coastal fisheries 

The following method was used to produce the estimates of catches for the four 
categories of coastal fisheries (demersal fish, nearshore pelagic fish, targeted 
invertebrates and subtidal and intertidal invertebrates) for each Pacific Island country 
and territory (PICT) in Table 9.6 and Supplementary Table 9.1 (www.spc.int/climate-
change/fisheries/assessment/chapters/12-supp-tables.pdf).

Subsistence catches

Subsistence catches for demersal fish, nearshore pelagic fish, and subtidal and 
intertidal invertebrates were derived from the total coastal subsistence catches for 
each PICT in 2007, as reported by Gillett (2009)5. Expert opinion from national and 
regional fisheries agencies familiar with coastal subsistence fisheries in each PICT 
was used to estimate the average proportion of nearshore pelagic species (as defined 
in Section 9.2.1.2) in total national subsistence catches (see first data column in the 
table below). The total subsistence catch was then divided by this proportion to 
estimate the catch of nearshore pelagic species used for subsistence.

The remainder of the subsistence catch was assumed to be a combination of demersal 
fish and subtidal and intertidal invertebrates. To divide the remaining catch between 
these two categories, we used the proportions of fish and invertebrates recorded 
in the catches from coral reefs used by households for consumption from the SPC 
PROCFish Project socio-economic surveys at 4–5 sites in 17 PICTs (see third and 
fourth data columns in the table below). For those PICTs where surveys were not 
done, we used the average from other PICTs with communities of the same ethnic 
origin.

Commercial catches

The total catch of targeted invertebrates was derived from national records (or 
estimates) of exports for sea cucumbers (bêche-de-mer) and trochus for 2007, and 
anecdotal descriptions of catches for other species, such as mangrove crabs and spiny 
lobsters, and shrimp in the case of PNG, from Gillett (2009)5, and occasionally expert 
opinion (e.g. for mangrove crabs in the case of New Caledonia).

When catches of targeted invertebrates occurred for a PICT, these were deducted 
from the total commercial catch. The remainder was then partitioned into the 
estimated proportion of nearshore pelagic fish in coastal commercial catches, based 
on the expert opinion of national and regional fisheries staff (see second data column 
in table below, and note that the estimated proportion of nearshore pelagic fish in 
total commercial fish catches differs from the proportion for subsistence fisheries in 
some PICTs). The remainder represented demersal fish.

http://www.spc.int/climate-change/e-book/images/c9table6.png
http://www.spc.int/climate-change/e-book/images/c9table1.png
www.spc.int/climate
www.spc.int/climate-change/fisheries/assessment/chapters/12-supp-tables.pdf
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Example for Fiji

In 2007, the total annual subsistence catch was estimated to be 17,400 tonnes5. The 
percentage of total subsistence catch comprised of nearshore pelagic fish was 
estimated to be 15% (2610 tonnes).

The reminder of the subsistence catch  of 14,790 tonnes (17,400  tonnes - 2610 tonnes) 
was comprised of 76% (11,240 tonnes) demersal fish and 24% (3550 tonnes)  subtidal 
and intertidal invertebrates.

PICT
% nearshore pelagic fish

% demersal 
fish in 

remainder 
subsistence 

catch

% subtidal 
and intertidal 
invertebrates 
in remainder 
subsistence 

catch

Source of estimate for 
nearshore pelagic fish

Subsistence Commercial

Melanesia
Fiji 15 30 76 24 A Vunesia, SPC
New Caledonia 10 20 58 42 J Bell, SPC
PNG 40 40 66 34 J Manieva, SPC
Solomon Islands 30 30 76 24 C Oengpepa, WorldFish
Vanuatu 20 35 64 36 L Chapman, SPC
Micronesia

FSM 25* 40** 63 37
* Gillett (2009)5;
** A Vunisea, SPC

Guam 67 67 82a 18a 'Dominate' commercial landings, 
Gillett (2009)5

Kiribati 20** 22*** 88 12
** A Vunisea, SPC; 
*** 1500 tonnes, Gillett (2009)5

Marshall Islands 25* 40** 88 12
* Gillett (2009)5;
** A Vunisea, SPC

Nauru 50 50 95 5 T Adams, Nauru Fisheries
CNMI 20 50 82a 18a L Chapman, SPC
Palau 35 40 56 44 A Vunisea, SPC
Polynesia
American Samoa 30 30 81b 19b Gillett (2009)5

Cook Islands 60 60 87 13 I Bertram, SPC

French Polynesia 9 58 80 20
2332 tonnes commercial catch, 
Gillett (2009)5

Niue 50 50 81b 19b Gillett (2009)5

Pitcairn Islands 15 n/a 81b 19b Gillett (2009)5

Samoa 20 40 54 46 A Vunisea, SPC

Tokelau 40 n/a 81b 19b K Passfield, IUCN;
A Vunisea, SPC

Tonga 10 10 76 24 L Chapman, SPC
Tuvalu 25 35 93 7 A Vunisea, SPC
Wallis and Futuna 10 10 84 16 L Chapman, SPC

a = Average for surveys in Micronesia; b = average for surveys in Polynesia; n/a = not applicable. 
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National records show that the total catch of targeted invertebrates was 630 tonnes. 
When the catch of targeted invertebrates is deducted from the total commercial 
catch of 9500 tonnes5, the remainder of the commercial catch was 8870 tonnes. This 
remainder is comprised only of nearshore pelagic fish and demersal fish because 
subtidal and intertidal invertebrates are used for subsistence. Nearshore pelagic 
fish comprised 30% (2260 tonnes) of the remainder and the rest (6210 tonnes) was 
demersal fish.

Sources of error

Considerable caution is needed in interpreting these estimated catches. The 
estimates are provided as a first attempt to quantify the relative importance of the 
four categories of coastal fisheries, and will need to be amended as more thorough 
methods are developed by PICTs to measure the catches within these categories of 
coastal fisheries. It is particularly important to note that:

 ¾ any errors in the catch estimates assembled by Gillett (2009)5 are transferred here;

 ¾ estimates of the proportions of nearshore pelagic fish are seldom based on national 
catch records and represent expert opinion for most PICTs;

 ¾ the socio-economic surveys by the SPC PROCFish Project may not represent national 
trends, particularly in the larger PICTs, because they were conducted at only  
4–5 sites and were targeted at coastal communities heavily engaged in fishing;

 ¾ the weights of invertebrates recorded in the SPC PROCFish Project socio-economic 
surveys represent whole animal weights but for several species the amount eaten 
is often a minor proportion of total weight; and

 ¾ the total catch of targeted invertebrates was often dominated by exports of bêche-
de-mer, which usually represent < 10% of the live weight of sea cucumbers. Thus, 
the relative importance of targeted invertebrate catches is grossly underestimated.




