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Executive Summary 

In the South Pacific Island region, fisheries and aquaculture make vital contributions to 

economic development, government revenue, food security and livelihoods. Traditionally, 

most of the fish used for food in Pacific Island countries and territories (PICTs) has come from 

small-scale coastal fisheries, based mainly on coral reefs, and artisanal livelihoods rely mostly 

on coastal fisheries and aquaculture. Climate change is expected to have profound effects on 

the status and distribution of coastal and oceanic habitats, the fish and invertebrates they 

support and, as a result, the productivity of Pacific fisheries and aquaculture.  

Small island states in the tropical Pacific are increasingly vulnerable to the impacts of climate 

variability, extremes and change, including loss and damage to infrastructure and natural 

assets from climate-related natural disasters and associated threats to food security, 

livelihoods and wellbeing of the population. Additional slow onset changes are also expected 

into the future as a result of climate change induced ocean acidification and warming, and 

these changes are occurring on top of natural climate variability. 

In particular, declines in the productivity of demersal and invertebrate coastal fisheries and 

more extreme weather events, are expected to present the greatest challenges for Pacific 

communities and livelihoods. Some aquaculture commodities, such as species with shells, will 

also be impacted by climate change and ocean acidification. The projected decreases in 

coastal fisheries production will widen the gap between fish available for growing human 

populations and sustainable harvests, with shortages expected in some Pacific nations by 

2035. There will also be a need to diversify livelihoods among fisheries and aquaculture 

operations in the region as some are negatively affected, and others favoured, by global 

warming and ocean acidification.  

Clearly, changes in the climate have far-reaching consequences that will affect Pacific 

ecosystems, fisheries and communities. This report focuses on areas that are expected to 

experience loss and damage from climate change, and include coastal resources, marine 

ecosystems, fisheries, aquaculture, and as a result, food security and livelihoods. 

Given that independent Pacific nations often have limited resources and rely heavily on 

external aid and support to address climate change, this review primarily focuses on the 14 

independent countries: Cook Islands, Federated States of Micronesia (FSM), Fiji, Kiribati, 

Marshall Islands, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, 

Tuvalu and Vanuatu. While information is provided for other PICTs in some sections, it is 

provide for contextual purposes, and is not the foundation for any of the report 

recommendations. 

The key recommendations are that: (1) PICTs are supported to implement national, locally-

relevant and ecosystem-based management of coastal fisheries, (2) adoption and further 

downscaling of climate change assessments for national coastal fisheries and aquaculture to 

prioritise adaptations for the 8 PICTs, (3) development of clear climate change risk 

management plans that are specific to the sector. These would need to be supported by 

adequate resourcing, integrated management systems, leadership, education and awareness 

raising, and clear roles and procedures. Preliminary consideration of the key climate change 

risks for each of the 14 independent PICTs in this study has identified some targets for 

adaptation action, and from this potential pilot projects that would demonstrate local 

adaptations that can be applied to the sector to minimise climate change loss and damage. 



1. Background  

1.1 The Pacific region  

The region of the South Pacific Ocean encompasses a vast tropical and sub-tropical area with 

over 22 Island Countries and Territories that have combined exclusive economic zones (EEZ) 

covering an area of >27 million km2 (Figure 1). Contextual information is provided for all 22 

Pacific Island Countries and Territories (PICTs), while the focus of the analyses and 

recommendations is on the 14 Pacific Island countries that are independent (see Table 1). 

These 14 Pacific Island countries have a combined EEZ area of approximately 19,091,563 

km2 however the land area of these jurisdictions represent only 2.7 % (526,127 km2) of the 

total area (Table 1). Dominated by ocean, PICTs are best regarded as ‘large ocean states’. 

 

Figure 1. Map of the tropical Pacific Island region, including all 22 PICTs within the cultural sub-regions, 

and their Exclusive Economic Zones (Source: SPC [Pacific Community]). 

 

 

 

 



Table 1. Land and Exclusive Economic Zone (EEZ) areas (km2) and population for each of the 22 Pacific 

Island Countries and Territories (PICTs) (Adapted from Johnson et al. 2016; population data from SPC).  

PICT 
Land area 

(km2) 
EEZ area 

(km2) 
Ratio 

land:sea (%) 
Population 

(2015) 

MELANESIA     

Fiji* 18,272 1,229,728 1.464 867,000 

New Caledonia 19,100 1,111,900 1.689 272,700 

Papua New Guinea* 462,243 2,446,757 15.890 8,083,700 

Solomon Islands* 27,556 1,553,444 1.743 642,000 

Vanuatu* 11,880 668,220 1.747 277,500 

MICRONESIA     

Federated States of Micronesia* 700 2,939,300 0.024 102,800 

Guam 541 241,059 0.252 184,200 

Kiribati* 690 3,600,000 0.019 113,400 

Marshall Islands* 112 2,004,888 0.006 54,880 

Nauru* 21 293,079 0.007 10,840 

Northern Mariana Islands 478 752,922 0.063 56,940 

Palau* 494 605,506 0.082 17,950 

POLYNESIA     

American Samoa 197 434,503 0.045 57,100 

Cook Islands* 240 1,947,760 0.012 14,730 

French Polynesia 3,521 4,200,000 0.084 273,200 

Niue* 259 296,941 0.087 1,470 

Pitcairn Islands 5 800,000 0.001 48 

Samoa* 2,935 110,365 2.590 187,300 

Tokelau 10 318,990 0.003 1,160 

Tonga* 699 676,401 0.103 103,300 

Tuvalu* 26 719,174 0.004 11,010 

Wallis & Futuna 255 242,445 0.105 11,750 

Total 550,354 27,116,382 2.03% 11,344,978 

* Denotes independent PICTs 



1.2 Fisheries and aquaculture in the Pacific region  

Fisheries in the Pacific region can be broadly categorized as either oceanic or coastal. 

Oceanic fisheries are comprised of large-scale, industrialized fleets (national and foreign) that 

principally target tuna. Coastal fisheries tend to be highly diverse in gears and species, 

targeting nearshore pelagic fish, coastal fish and invertebrates. Coastal fisheries are primarily 

artisanal, characterised by being local, small-scale and relatively low technology. Therefore, 

terminology consistent throughout the Pacific is used in this report, with the term coastal 

fisheries referring to artisanal fisheries. Aquaculture development in the Pacific is regionally 

variable however production levels are generally very low in a global context.  

Oceanic Fisheries 

The Western and Central Pacific Ocean (WCPO) tuna fishery operates in waters of the 22 

PICTs, Indonesia and the Philippines, and is comprised of large industrial vessels from distant 

water fishing nations and locally-based national fleets (Williams & Terawasi, 2015). The region 

has highly productive grounds for four target tuna species: skipjack tuna (Katsuwonus 

pelamis), yellowfin (Thunnus albacares), bigeye (Thunnus obesus) and South Pacific albacore 

(Thunnus alalunga). There are two sub-fisheries: (i) a surface fishery using purse-seine and 

pole-and-line methods to target skipjack and juvenile yellowfin tuna, and (ii) a longline fishery 

which targets mature bigeye and yellowfin tuna. The longline fishery supplies high-value 

sashimi markets (e.g. Japan) and albacore for canneries in American Samoa and Fiji. While 

the surface fishery primarily supplies canneries in the Pacific, Asia and Europe (Johnson et al. 

2017). Catches of tuna in the WCPO are currently considered sustainable except for bigeye 

(Harley et al. 2014; SPC 2014; Williams & Terawasi 2015). Although climate-related loss and 

damage (L&D) to oceanic fisheries may have significant economic consequences to PICTs, 

the focus of this report is on climate-related L&D to Pacific artisanal fisheries.   

Coastal Fisheries 

Artisanal fisheries occur in coastal areas on all islands in the Pacific region and target a range 

of reef (demersal) and nearshore pelagic fish species, and invertebrates. Fishing occurs 

across a range of habitats including seagrass, mangroves, intertidal reef flats, coral reefs, and 

nearshore deep-water habitats, and a variety of different methods are used. Catches provide 

primarily for subsistence but also for local livelihoods through local sale or for export. 

Demersal reef fish 

The vast majority of demersal fish catches are coral reef fish from the shallow coastal fringing 

reef areas, particularly parrotfish, surgeonfish, rabbitfish, groupers, emperors and snappers. 

These species are targeted using various gears, including hook and line fishing, spearguns, 

traditional spears, monofilament nets and traps. Deep-water demersal snappers are also 

targeted, usually in depths of 40–400 m, using hook and line gear from small vessels and are 

important for local and export markets (SPC 2013). Due to a lack of robust quantitative data 

the status of demersal reef fish species in the Pacific are poorly understood, however there 

has long been evidence of widespread overfishing and a lack of coastal fisheries management 

(Gillett 2016; Gillett et al. 2014; Pinca et al. 2010). It is estimated that 70% of the total 

demersal reef fish catch is for subsistence, however many believe this to be an underestimate 

(Zeller et al. 2007; Gillett 2009). Small reef fish are also harvested for the overseas aquarium 

trade. 



Pelagic (nearshore) fish 

Across the Pacific as much as 30% of the total coastal fisheries catch (by weight) is estimated 

to be small and large pelagic species, mostly tuna (Pratchett et al. 2011). These are taken by 

local fishers using trolling methods from small vessels for local consumption and market sales. 

Invertebrates 

Reef gleaning or diving is used to harvest many invertebrate species from shallow subtidal 

and intertidal habitats for subsistence, sale at local markets and export (Johnson et al. 2017). 

These species include sea cucumber, trochus, giant clams, green snails, spiny lobsters, 

mangrove crabs and the land-based coconut crabs. While sea cucumbers are predominantly 

exported, other invertebrates are harvested mostly as food and also for the nacre of shells to 

make buttons and other trinkets. Unfortunately, due to their sedentary behaviour, ease of 

harvest, and for some their very high market value, invertebrate species have been overfished 

in most parts of the Pacific. Most PICTs have management measures in place to rebuild key 

invertebrate stocks (e.g. sea cucumbers) however their effectiveness has not been well 

demonstrated (Pakoa & Bertram 2013; Pakoa et al. 2014). Penaeid shrimps are also 

harvested in coastal PNG waters using large beam trawlers. 

Aquaculture 

Aquaculture development is limited in the Pacific region and, although small in scale, involves 

a diversity of species. These support local food security and livelihoods through local sale or 

export and include freshwater species such as the freshwater prawn Macrobrachium sp., 

black-lipped pearl oysters, penaeid shrimps, seaweed, milkfish and tilapia. The main 

aquaculture species cultured in the Pacific are black-lipped pearl oysters (Pinctada 

margaritifera) in French Polynesia, Cook Islands and Fiji, and penaeid shrimps in New 

Caledonia. Hatchery-rearing of giant clams, trochus, green snail and sea cucumbers has also 

increased in recent years to re-stock depleted wild populations (Johnson et al. 2017).  

1.3 Regional relevance of fisheries and aquaculture 

Oceanic tuna fisheries are the driving force of economic development at the national level, 

and provide local jobs and income in many PICTs, while coastal artisanal fisheries provide 

significant benefits for local food and livelihoods. Unfortunately, the significant economic and 

nutritional benefits derived from coastal fisheries are not well quantified or documented (Gillett 

et al. 2014).  

Economic benefits 

The vast size of the Pacific Ocean, and the high abundance of the four high-value target tuna 

species, means the area has the highest overall fisheries dependence of any region in the 

world (Johnson et al. 2017). The WCPF tuna catch from the EEZs of PICTs represents 

approximately 30% of the world’s total tuna catch, meaning that most PICTs are reliant on 

fisheries for economic revenue and jobs based on tuna fisheries alone (Harley et al. 2015; 

Johnson et al. 2017; SPC 2016). For the 14 independent Pacific Island countries, where total 

fishery dependence tends to be greatest, the average contribution of all fishery types to 

national GDP was recently estimated to be 6.87%1 (Gillett 2016). The contribution was highly 

 
1 The official estimate of 5.16% is likely to be an underestimate given that some PICT estimates exclude some 

offshore fishery components. It should also be noted that reliable estimates of the contribution of fishing to GDP are 

not available for all PICTs due to data limitations. See Gillett (2016). 



variable among these countries ranging from 1% for the Cook Islands and as high as 29.5% 

for the Marshall Islands. This is much higher than the global average that estimates fish 

production contributes between 0.5 and 2.5% of a nation’s GDP (Allison 2011).  

National 

Export of fishery products provides significant economic benefits to PICTs, and the main 

exports are tuna (canned or fresh caught by national vessels), dried beche de mer, 

ornamental products, and aquarium fish. Fisheries exports are highly variable among PICTS. 

For example, the value of PNG’s fishery exports represents about 41% of the value of fishery 

exports from all other Pacific independent countries combined. Other than PNG, income from 

fishery exports is also significant for Fiji, Solomon Islands, New Caledonia, American Samoa 

and French Polynesia (Gillett 2016). 

The combined harvest of the four main tuna species from the EEZ of PICTs totalled 1.5 million 

tonne in 2014 (Williams & Terawasi 2015). These tuna resources contribute to the economies 

of PICTs through the sale of access fees to foreign vessels, from local tuna processing, and 

export sales of tuna caught by national fleets. Access fees from distant water fishing nations, 

particularly Japan, USA, China, Chinese Taipei, Korea and Spain, generate the greatest 

income. For example, in 2013/14, seven PICTs received 10–84% of their total government 

revenue from access fees and associated licenses (Gillett 2016; Johnson et al. 2017). 

Onshore processing of tuna also contributes significantly to employment and to GDP in many 

PICTs, such as American Samoa, Fiji, PNG and Solomon Islands, (Bell et al. 2011). The 

relative contribution of tuna to PICTs varies. For example, in 2014 the tuna catch from Kiribati 

was 40.7% of the regional total, worth US$1.1 billion (Gillett 2016: Johnson et al. 2017), and 

of all tuna industry-related employment in the region, 52.7% is in PNG. 

Household income generation 

Fisheries and aquaculture provide an important source of household income and part- or full-

time employment in the region. More than 23,000 jobs exist in tuna processing operations in 

American Samoa, Fiji, Marshall Islands, PNG and Solomon Islands, as crew on foreign and 

local fishing vessels, and through observer programs to monitor compliance in the tuna purse-

seine fishery (Pacific Islands Forum Fisheries Agency [FFA] n.d.).  

For the vast majority of PICTs however, coastal artisanal fishing activities contribute to the 

income of hundreds of thousands of households across the region. Socio-economic surveys 

by the Pacific Community (SPC) showed that an average of 47% of surveyed coastal 

households across 17 PICTs earned their first or second income from catching or selling fish 

and invertebrates (Pinca et al. 2010). This source of income is often based on catch surplus to 

subsistence needs and sold at local markets, but also includes targeted high-value species 

(e.g. sea cucumbers and trochus) for export markets.  

Under the revised estimates of Gillett (2016) and from fishing only, the relative contribution of 

coastal artisanal fisheries (commercial and subsistence), excluding foreign-based offshore 

vessels, was approximately 41% of the regional GDP. This provides a guide of the relative 

importance of artisanal fisheries to local household income generation in the Pacific region. 

This contribution was variable among PICTs, with the economic contribution from coastal 

commercial fisheries ranging from 5% in the Marshall Islands to 56% in Tonga (Table 2). For 

many PICTs – Fiji, Samoa, Kiribati, Tonga, Vanuatu, Nauru, Tuvalu, Pitcairn Islands – the 

relative contribution of coastal commercial fisheries to the national GDP is greater than 30% of 



all local fishery economic inputs; providing a significant proportion to household income (Table 

2). 

Table 2. Approximate (%) contribution of coastal commercial and subsistence artisanal fishing categories 

to the GDP of PICTs, relative to other fishery types (excluding foreign-based offshore vessels), 

demonstrating their significant input in many PICTs. Derived from text and Figure 30-5 in Gillett (2016).2 

PICT 
Coastal 

commercial (%) 

Coastal 

subsistence (%) 

Coastal artisanal 

total (%) 

MELANESIA    

Fiji 35 39 74 

New Caledonia 20 43 63 

Papua New Guinea 8 11 19 

Solomon Islands 13 41 54 

Vanuatu 34 60 94 

MICRONESIA    

FSM 8 15 23 

Guam 27 13 40 

Kiribati 39 58 97 

Marshall Islands 5 8 13 

Nauru 42 58 100 

Northern Mariana Islands 23 53 76 

Palau 19 13 42 

POLYNESIA    

American Samoa 10 26 36 

Cook Islands 29 42 71 

French Polynesia 23 12 35 

Niue 7 93 100 

Pitcairn Island 51 49 100 

Samoa 52 41 93 

Tokelau 11 89 100 

Tonga 56 40 96 

Tuvalu 35 64 99 

Wallis and Futuna 16 84 100 

 

 
2 Data limitations mean that reliable estimates of the value of coastal artisanal fisheries in PICTS are rare and 

outdated, and methods to estimate GDP are also variable and potentially dubious (Gillett 2016).  



Farming of black pearls, shrimp and seaweed also provides thousands of people with full-time 

or part-time work (Bell et al. 2011; Pickering et al. 2011). However, the input of aquaculture to 

local incomes is generally very low except for a few PICTs, in particular French Polynesia, 

New Caledonia, Northern Mariana Islands (CNMI) and Guam (Gillett 2016). In fact, 93% of the 

value of all aquaculture in the region is produced in two French territories: French Polynesia 

and New Caledonia (Gillett 2016). 

Non-economic benefits 

Food security 

Per capita fish consumption in many PICTs is 3–5 times the global average and in rural areas 

fish often supplies 50–90% of dietary animal protein (Bell et al. 2009, Bell et al. 2017). Most of 

this fish has been caught from coral reefs by subsistence fishing. However, across much of 

the Pacific Island region, rapid population growth and population drift to urban areas are 

outstripping the capacity of reefs to provide the quantities of fish recommended for good 

nutrition in the region (35 kg per person per year) (SPC 2008).  

Figures of coastal fisheries catch volumes estimated by Gillett (2016) further emphasise the 

importance of fish for food security throughout the Pacific, with subsistence catches 

comprising approximately 67% of all coastal fisheries catch across the region (Table 3). The 

reliance on coastal fisheries as a source of local food is variable among PICTs. For example, 

the proportion of coastal fisheries production used for subsistence is as high as 80% or 

greater in PNG, FSM, Wallis and Futuna, Tuvalu, Niue and Tokelau, while is only 29% and 

37% for French Polynesia and Guam, respectively (Table 3). 

 

Table 3. Estimated subsistence catch volumes (mt) compared to total coastal catch production, and the 

proportion (%) of subsistence catch in the total coastal catch for all 22 PICTs. Source: Gillett (2016). 

PICT 
Coastal subsistence 

catch (mt) 

Total coastal catch 

(mt) 

Proportion 

subsistence (%) 

MELANESIA    

Fiji 16,000 27,000 59 

New Caledonia 3,500 4,850 72 

Papua New Guinea 35,000 41,500 84 

Solomon Islands 20,000 26,468 76 

Vanuatu 2,800 3,906 72 

MICRONESIA    

FSM 3,555 4,280 83 

Guam 42 114 37 

Kiribati 11,400 19,000 60 

Marshall Islands 3,000 4,500 67 

Nauru 210 373 56 

Northern Mariana Islands 350 492 71 



Palau 1,250 2,115 59 

POLYNESIA    

American Samoa 120 162 74 

Cook Islands 276 426 65 

French Polynesia 2,350 8,016 29 

Niue 154 165 93 

Pitcairn Island 6 9 67 

Samoa 5,000 10,000 50 

Tokelau 360 400 90 

Tonga 3,000 6,900 43 

Tuvalu 1,135 1,435 79 

Wallis and Futuna 675 825 82 

  Average: 66.73 

 

1.4 Challenges  

Marine ecosystems and fish populations are already threatened by degradation due to over-

exploitation, pollution and destructive activities. Climate change will exacerbate the pressures 

on these systems (IPCC 2014). Climate change impacts include slow onset changes such as 

sea-level rise, ocean warming and acidification, as well as rapid onset events such as storm 

surges, more intense tropical cyclones and coastal flooding. Projections for the Pacific Ocean 

region indicate greater exposure to both slow onset and rapid onset events that will have 

implications for oceanic and coastal fisheries, and aquaculture (see Appendix A for details). 

Climate change-related and damage (L&D) in artisanal coastal and offshore fisheries 

threatens food security and the economic livelihoods of people who depend on them. 

Decreasing fish resources are likely to contribute to poverty rise, further marginalisation of 

socially disadvantaged groups, and local if not regional food insecurity, particularly in terms of 

protein and micronutrient shortages. Loss and damage in fisheries and coastal habitats may 

impose socio-economic constraints and potentially increase the likelihood of climate-induced 

migration (World Bank 2013). In addition, non-economic L&D, including loss of traditional and 

cultural values associated with marine resources and their use, is likely to contribute to 

deterioration of community identity and unity.  

Besides the growing challenge that climate change presents, PICTs have other persistent and 

growing issues. In particular, management of coastal resources has been either non-existent 

or generally ineffective, primarily due to a lack of local capacity and resourcing. This has 

largely been influenced by the significant economic value of oceanic fisheries, resulting in the 

bulk of fisheries-based management efforts targeting industrial tuna fisheries and not the 

unregulated fishing of coastal resources causing overfishing (Gillett et al. 2014). However, this 

challenge is against a backdrop of rapidly growing human populations in the Pacific region, 

with birth rates among the highest globally (UNPF 2014), adding increasing pressure on 



already depleted coastal resources. Therefore, the challenges facing artisanal fisheries 

among PICTs are both significant and complex. 

2. Climate change implications for artisanal fisheries in PICTs 

2.1 Major drivers of change 

An emerging trend in national climate change assessments, and the development of policy 

and strategic planning, is the suggestion that observations of declining coastal fish resources 

are attributed to climate change. While this is consistent with the projected impacts of climate 

change (see Appendix A), increasing pressure on coastal resources throughout the Pacific in 

the immediate-term have been driven by rapidly expanding human populations. This is the 

more likely explanation for declining resources compounded by the lack of management of 

coastal fisheries (USAID 2010; Gillett et al. 2014). Any adaptation efforts to mitigate future 

impacts on coastal resources must first be underpinned by robust and effective primary 

fisheries management (USAID 2010), and there is an imperative for appropriate increased 

awareness and capacity building to effectively achieve this. 

In the Pacific region, climate is a key factor that influences fish harvests from coastal and 

oceanic ecosystems, and managing fisheries in the context of regional climate cycles (e.g. 

ENSO and the Pacific Decadal Oscillation) and climate change is essential. Climate change is 

of particular concern to the tropical Pacific region due to the vast area of ocean, the 

dependence of Pacific Islanders on their marine resources, and the exposure of many small 

island nations to projected changes. The projected changes in climate parameters are well 

documented for the Pacific region (see Bell et al. 2011a; Johnson et al. 2017) (Table 4; see 

Appendix A for further details). Importantly, climate change in the tropical Pacific region will be 

spatially variable, particularly between the western and eastern Pacific. These projected 

changes will affect PICTs in different ways, depending on their location in the Pacific region 

and their geomorphology. Spatial downscaling of climate projections to a national-level has 

been undertaken for 14 PICTs (BoM & CSIRO 2014) and provides higher resolution data to 

inform decision-making for fisheries adaptation and disaster risk management (Table 5).  

 

Table 4. Summary of observed and projected climate changes under RCP8.5 from AR-5 (from multi-model 

mean values) to the main features of the tropical Pacific region, relative to 1980-2000. Shown in brackets is 

the multi-model mean percentage change. SEC = South Equatorial Current; SECC = South Equatorial 

Counter Current; n/a = data not available/not applicable. Sources: Bell et al. 2011a; Johnson et al. 2017).  

Climate feature Unit 
Observed 

1980 – 2000 

Projected 

2050 

Projected 

2100 

Air temperature °C 25.7 
26.8–27.0 

(+1.3oC) 

28.3–28.6 

(+2.8oC) 

Rainfall 

Western equatorial  

7°S–7°N, 130°E–180° 
mm/day 6.3 

6.7–7.0 

(+8.3%) 

7.1– 7.7 

(+16.2%) 

Eastern equatorial 

7°S–7°N, 180°–130°W 
mm/day 2.7 

2.9–3.2 

(+14.3%) 

3.2–3.8 

(+33.3%) 

Sea surface temperature (SST) 

Basin average °C 27.4 28.5-28.7 29.8–30.1 



(+1.2 oC) (+2.5 oC) 

Maximum Warm Pool SST °C 29.4 
30.5–30.7 

(+1.2 oC) 

31.8–32.2 

(+2.6 oC) 

Ocean currents 

Westward equatorial SEC speed, 
upper 50 m, 160°E–130°W, 2oS–2oN 

cm.s-1 28 n/a 
18–23 

(–7.7 cm.s-1) 

Eastward SECC speed, upper 50 m, 
170°E–175°E 

cm.s-1 14 n/a 
9–13 

(–4 cm.s-1) 

Sea-level rise  cm n/a +22 to +38 +45 to +82 

Ocean acidification pH 8.143 
7.78 

(–0.3) 

7.48 

(–0.6) 

 Aragonite saturation4 Ω 3.9 
2.8–3.2 

(–0.9) 

2.3–2.7 

(–1.4) 

Tropical cyclones 
number 
per year 

9 
Less frequent but more 

severe 

1 = 5–95% range; 2 = range is one standard deviation; 3 = since 2000, pH has declined by 0.06 units and is 

currently at 8.08; 4 = range is two standard deviations. 

 

Table 5. Summary of downscaled climate projections for 2050 based on a high emissions scenario for the 14 

independent PICTs. Source data: BoM & CSIRO (2014). 

PICT 

Climate change projections (2050)a 

Surface 
temperature 

(°C annual) 

Total rainfall 

(% annual) 

Mean sea 
level (cm) 

Aragonite 
saturation (Ω) 

Coral bleaching risk 
(recurrence interval)b 

MELANESIA 

Fiji  +1.3 +1 +25 -0.7 6.4 months to 2 years 

Papua New 
Guinea  

+1.4 +8 +25 -0.7 1.5 months to 1.9 years 

Solomon Islands  +1.3 +3 +25 -0.7 1.4 months to 2.2 years 

Vanuatu  +1.3 0 +26 -0.8 4.9 months to 3.2 years 

MICRONESIA 

Federated States 
of Micronesia  

+1.4 +5–6 +26 -0.7 1.1 months to 1.4 years 

Kiribati: 

Gilbert Group  
+1.5 +30 +24 -0.6 

1 month to 2.3 years  
Phoenix Group +1.5 +23 +24 -0.6 

Line Group +1.4 +9 +24 -0.6 

Marshall Islands: 

Northern  
+1.5 +8 +26 -0.7 

3.4 months to 2.5 years 

Southern +1.4 +4 +26 -0.7 

Nauru  +1.5 +32 +25 -0.6 0.8 months to 2.5 years 

Palau  +1.4 +4 +26 -0.7 0.8 months to 1.1 years 



POLYNESIA 

Cook Islands: 

 Northern  
+1.3 -1 +24 -0.7 2.1 months to 2.7 years 

Southern +1.2 +1 +24 -0.8 1 to 7 years 

Niue  +1.2 +1 +25 -0.7 10.3 months to 6.7 years 

Samoa  +1.3 0 +24 -0.7 1.1 months to 2.7 years 

Tonga  +1.2 +2 +25 -0.7 7.9 months to 7.7 years 

Tuvalu +1.4 +3 +24 -0.7 0.8 months to 2.3 years 

a= based on projections under a high emissions scenario relative to 20-year period centred on 1995; b=expected 

changes in severe coral bleaching risk based on projected increase in SST by 2050 relative to 1982–1999 mean. 

 

The primary risks that climate change presents for coastal fisheries and aquaculture in the 

Pacific are from declines in coastal fisheries productivity, compromised calcification of some 

species and aquaculture commodities, and changes to fishing practices due to extreme 

events and safety at sea concerns. These implications of climate change can cause significant 

loss and damage through compromised food security of coastal communities, reduced local 

income and livelihoods from artisanal fisheries, and reduced economic profitability of specific 

aquaculture ventures. Some of these impacts can be minimized, restored or repaired through 

practical adaptations that are in-place now or can readily be implemented, while others will 

require significant investment to support effective adaptation and/or fundamental industry 

changes. Below are the key risks of climate change to food security, artisanal livelihoods and 

aquaculture, and consideration of those impacts that require greatest future investment.  

Key risks to food security 

The projected effects of increased ocean temperature and acidification on the coral reefs that 

provide the majority of coastal fisheries production across the region, as well as population 

growth, will influence access to coastal fish that are critical for food security of PICTs. The 

area of coral reef per capita and the distance of reefs from population centres are key 

considerations. Based on these factors, PICTs fall into three groups with respect to their 

capacity to provide the 35 kg of fish per person per year recommended for good nutrition of 

Pacific Island people (Bell et al. 2011d): (1) PICTs with coastal fisheries that are expected to 

meet the increased demand for fish into the future, (2) PICTs where the area of coral reef 

should be able to produce the fish needed in the future, but where it will be difficult to 

distribute the fish to urban centres from remote islands, atolls and reefs, and (3) PICTs where 

coral reefs and other coastal habitats do not have the potential to produce the fish needed for 

good nutrition of the population. The implications for each group are described below. 

Group 1 (Cook Islands, Marshall Islands, New Caledonia, Palau, Pitcairn Islands, Tokelau): 

There are few implications for the supply of fish related to the projected degradation of coral 

reefs for these PICTs. They will all continue to have large ratios of coral reef area per person 

under predicted rates of population growth and the projected decrease in production of fish 

associated with coral reefs is not expected to affect access to the fish needed for local food 

security by 2100. Possible implications are that fishers supplying urban markets may have to 

travel greater distances to maintain harvest levels as catch per unit effort of reef-associated 

fish decreases due to climate change. A possible increase in ciguatera fish poisoning in PICTs 

outside the equatorial zone could cause localised problems (Bell et al. 2017).  



Group 2 (FSM, Fiji, French Polynesia, Kiribati, Niue, Tonga, Tuvalu, Wallis and Futuna): 

Climate change is not expected to significantly affect the potential availability of reef-

associated fish per person for PICTs in Group 2 due to their large areas of reef (Bell et al. 

2011d). However, climate change is expected to alter catch per unit effort at locations where it 

is cost-effective to send fish to the urban markets, reducing the supply of reef fish and 

affecting the viability of small-scale fisheries. As populations grow and reefs degrade, greater 

reliance will need to be placed on other sources of fish. 

Group 3 (American Samoa, Guam, Nauru, CNMI, PNG, Samoa, Solomon Islands, Vanuatu): 

There are profound implications of the combined effects of population growth and climate 

change for fish supply per capita in these PICTs. In many cases, the availability of fish from 

coral reefs per person per year is already below the recommended 35 kg, and the gap will 

increase over time. The main implications focus on the need to take swift and effective action 

to provide access to fish required for good nutrition of growing populations in the face of 

climate change. These actions are: (i) improve the management of coastal habitats and fish 

stocks to reduce the gap between the fish needed for food security and the sustainable 

harvests available from coastal fisheries, (ii) assess how best to fill the gap with other sources 

of fish, and (iii) promote population control (Bell et al. 2011d). 

The rich tuna resources of the region provide a practical way of increasing access to fish, and 

expanding small pond aquaculture and developing fisheries for small pelagic fish also have 

potential. Indeed, the role of tuna in providing fish for PICTs in Group 3 in the future is critical. 

This means that countries in Group 3 may need to allocate more tuna caught within their 

waters to local food security or develop other ways to access the resource. Recent estimates 

indicate that across the region, ~6% of present-day tuna harvests from PICTs will be needed 

for this purpose by 2035. And for PNG, the largest country in the region, ~10% of tuna 

harvests from the nation’s waters may be needed to help feed growing coastal and urban 

populations (Bell et al. 2015). However, the availability of tuna as an alternative to coastal fish 

depends on predicted climate impacts on their distribution, meaning that tuna availability will 

be less reliable for some PICTs in the western Pacific in the future (Bell et al. 2015).  

Key risks to artisanal livelihoods 

The implications of the projected changes in production of oceanic fisheries, coastal fisheries 

and aquaculture for sustaining or increasing livelihoods are that: (i) more flexible 

arrangements are needed to ensure that tuna can be supplied cost-effectively to existing fish 

processing operations in the Pacific, and (ii) livelihoods may need to be switched from one 

resource to another. Within the coastal fisheries sector, the effort of small-scale fishers will 

need to be increasingly transferred from demersal fish associated with coral reefs, mangroves 

and seagrass, to large and small nearshore pelagic species, including skipjack and yellowfin 

tuna (Bell et al. 2015). Transferring effort to pelagic species is not only expected to maintain 

the livelihoods of fishers as demersal coastal fisheries decline, it can also create additional job 

opportunities in several PICTs in the eastern part of the WCPO because of the projected 

movement of tuna and increases in their abundance. 

An assessment of the vulnerability of reef-dependent communities in PICTs to the effects of 

ocean acidification impacts on food security and livelihoods based on fishing, aquaculture and 

tourism found that communities in Solomon Islands, Kiribati, PNG, FSM, Tonga and Tuvalu 

were the most vulnerable. Communities that had the lowest relative vulnerability were: Niue, 

CNMI, Tokelau, New Caledonia and Guam (Johnson et al. 2016). The PICTs most at risk from 



climate-related loss and damage will need further support to implement effective adaptations 

for food security and livelihoods. 

Key risks to aquaculture 

For aquaculture, the main climate change risks are reduced or deformed growth of marine 

ornamentals, shrimp, seaweeds, pearl oysters and to a lesser extent, freshwater prawns (see 

Appendix A). The main drivers of these declines are increasing ocean temperature and 

acidification, and there are relatively few options for mitigating the expected L&D. There may 

be opportunities to relocate facilities into deeper cooler waters, or co-cultivate seaweed and 

calcareous commodities to locally buffer acidification, however, these adaptations are 

untested and may be cost-prohibitive. Ultimately, the livelihoods and communities that depend 

on income from marine aquaculture ventures may require support to exit the industry or 

change the commodities they cultivate. 

High vulnerability PICTs, ecosystems and communities in the Pacific region  

The main impacts of climate change will manifest through reduced coastal fisheries 

productivity, compromised calcification of some aquaculture commodities (e.g. pearl oyster), 

potential loss of some livelihood opportunities associated with tuna fisheries and canneries in 

the western Pacific, and greater influence of extreme weather events on fishing effort. 

Therefore, PICTs that are highly dependent on artisanal fisheries for food and livelihoods, 

significant aquaculture ventures that culture vulnerable commodities, and large coastal 

populations will be the most vulnerable (Table 6), particularly if they have low adaptive 

capacity and climate risks cannot be minimized, restored or repaired. Fisheries adaptive 

capacity will be significantly enhanced if they are already well managed (e.g. existing 

management plans with effective enforcement and compliance).  

Examination of the three sub-regions in the Pacific found that PICTs in Melanesia face some 

of the greatest risks from climate change in terms of food security and livelihoods from coastal 

fisheries, tuna canneries and aquaculture. These risks are exacerbated by population growth, 

particularly in PNG and Solomon Islands. Their high dependence on coastal fisheries for food 

and livelihoods, and farming of vulnerable commodities such as pearls, seaweed and marine 

ornamentals, identify clear targets for adaptation. While in Micronesia, the culture of highly 

vulnerable commodities – pearls, marine ornamentals, seaweed, trochus and clam – suggest 

adaptation measures in these PICTs need to focus on alternative aquaculture opportunities. 

FSM and Nauru also face food security issues due to their high subsistence needs and 

declining catches, respectively. PICTs in Polynesia face risks to their primary aquaculture 

commodities that are vulnerable to ocean acidification – pearls and marine ornamentals – as 

well as food security issues in Niue and Samoa (Table 6). 

These areas of risk and vulnerability are obvious targets for action, requiring additional 

support to enhance adaptation and resilience of fisheries and aquaculture to future change. 

Decisions about the most appropriate options for PICTs to adapt to the effects of climate 

change must take into account the many other drivers that also affect the ability of fisheries 

and aquaculture to support food security and livelihoods (Gillett & Cartwright 2010). Although 

there are a suite of adaptations that have been shown to be effective and can be applied in 

most PICTs, individual socio-ecological characteristics will determine appropriate adaptations.  



Table 6. Summary of key dependencies in PICTs that are expected to drive vulnerability and therefore loss and damage from climate change for the 14 independent 

PICTs. Colours are indicative only of relative risk; For ‘Dependence on coastal fisheries’, red = high (>80%); orange = moderate (50-79%); unshaded = low risk 

(<50%). For aquaculture commodities risk is assigned subjectively. Risk categories are relative and indicative for the recommendations in this report only. 

PICT 

Dependence on coastal fisheries Aquaculture commodities 

Key challenges/ risks 1st & 2nd 
Household income 

(%)a 

Subsistence 
catch 

(% total)b 

Food security 
groupc  

Primary & 
secondary 
commodity 

Local jobs 
(number)d 

MELANESIA 

Fiji  93.3 59 2 
Black pearls; 

shrimp 
550 

High dependence on coastal fisheries and 
vulnerable aquaculture 

PNG 85.8 84 3 Tilapia; shrimp >10,000 
Very high dependence on coastal fisheries; 

growing population 

Solomon Islands  61.0 76 3 
Seaweed; 

marine orn. 
610 

High dependence on coastal fisheries; 
vulnerable aquaculture; growing population 

Vanuatu  61.1 72 3 
Shrimp; marine 

orn. 
30 

High dependence on coastal fisheries; 
vulnerable aquaculture; growing population 

MICRONESIA 

Federated States 
of Micronesia  

52.5 83 2 
Black pearls; 
marine orn. 

20 
High dependence on coastal fisheries for 

food; vulnerable aquaculture 

Kiribati  58.1 60 2 
Seaweed; 

marine orn. 
10 

Slow onset impacts of sea-level rise; 
vulnerable aquaculture 

Marshall Islands  53.6 67 1 
Black pearls; 
marine orn. 

5 
Vulnerable aquaculture commodities 

Nauru  22.0 56 3 Milkfish n/a Food security issues 

Palau  25.9 59 1 
Trochus; giant 

clam 
5 

Vulnerable aquaculture commodities 

POLYNESIA 

Cook Islands  20.1 65 1 Black pearls 450 Vulnerable aquaculture commodities 

Niue  10.1 93 2 None n/a 
High dependence on coastal fisheries for 

food 

Samoa  50.8 50 3 Tilapia 16 Food security issues 



Tonga  46.2 43 2 
Pearls; marine 

orn. 
20 

Vulnerable aquaculture commodities 

Tuvalu 48.4 79 2 None n/a 
Over-population and slow onset impacts of 

sea-level rise 

a = Johnson et al. (2016); b = Gillett (2016); c = Bell et al. (2013); d = Ponia (2010) based on 2007 figures. 

 

 



3. Current state of climate change loss and damage assessment and 

mitigation  

Regional organization and national governments in the Pacific Island region have recognised 

that climate is one of the key factors influencing fish harvests from coastal and oceanic 

ecosystems and that managing fisheries in the context of regional climate cycles (e.g. the El 

Niño Southern Oscillation (ENSO) and the Pacific Decadal Oscillation) and climate change is 

essential. The region has, therefore, invested in assessing the risks that climate change poses 

to fisheries and aquaculture, as well as identifying potential adaptations to minimise loss and 

damage. These programs have informed the increasing development and inclusion of climate 

change in regional and national policies and action plans. The uptake and explicit inclusion of 

coastal fisheries and aquaculture in strategic documents however has been slower. 

3.1 Regional fisheries and climate change programmes  

Projects addressing climate related risk in Asia-Pacific has increasingly become a busy space 

in the past decade or more (e.g. see USAID 2010). In the Pacific region, there are many 

recent and current large programmes that are directly or indirectly focused on addressing 

climate-related L&D in a range of sectors, largely through capacity building and adaptation. 

The 14 independent PICTs have been major recipients of international funds however there 

appears to be the potential for significant overlap among these programmes. A review of 

these programmes indicates that the extent to which these multi-scale and multi-disciplinary 

studies have attempted to integrate with other programmes is either unclear or limited. 

Importantly for this study, there has been a comprehensive assessment of fisheries and 

aquaculture vulnerability to climate change in the Pacific (Bell et al. 2011a), but to date most 

Pacific adaptation programmes have not directly addressed climate-related L&D in the 

artisanal fisheries and aquaculture sector (Table 7).  

Regional climate change vulnerability assessment: 

The results of a large-scale and comprehensive region-wide vulnerability assessment 

identified targeted adaptations and supporting policies for all 22 PICTs to address climate 

change L&D (Bell et al. 2011a). Critically, the study provided sector-specific and PICT specific 

recommendations for adaptation actions for oceanic, coastal and freshwater fisheries, and 

coastal and freshwater aquaculture, to minimise climate change L&D. The results were 

disseminated through summaries for each PICT (Bell et al. 2011b), a regional adaptation 

workshop (Johnson et al. 2013), and a series of national adaptation workshops in select 

PICTs (Fiji, Solomon Islands, Vanuatu, Samoa, Nauru and Cook Islands; workshop outcomes 

available online3). 

The adaptations identified during the regional and national workshops were designed to 

address the ‘drivers’ and ‘root causes’ influencing the management of fisheries and 

aquaculture in the shorter term (e.g. population growth), and climate change in the longer 

term. The workshop participants also recognised that many adaptations to climate change are 

management actions that should already be in place to deliver sustainable benefits from the 

nation’s fisheries and aquaculture resources. For example, integrated coastal zone 

management, commonly called the ‘ridge to reef’ approach, is important to protect and restore 

 
3 http://www.spc.int/fame/en/meetings  

http://www.spc.int/fame/en/meetings


both catchment and marine habitats and support sustainable fisheries. A brief overview of the 

key adaptations are provided below and summarized in Table 7. Although the workshop 

outcomes were developed by regional and national government representatives, 

implementation of sector-specific adaptations have been limited, and outputs were mostly 

used to inform national planning for fisheries, aquaculture and climate change (e.g. NAPAs, 

JNAPs) rather than action.  

Most donor programmes funding climate change adaptation in the Pacific focus on terrestrial 

resources (e.g. water and agriculture sectors), capacity building and education, health, energy 

and tourism sectors, and/or advising governments on development of national plans and 

policy. While at the national and regional level, many partner countries have integrated climate 

adaptation approaches into national strategies (with the help of international organisations), 

local on-ground adaptation actions are limited, particularly in the coastal fisheries and 

aquaculture sector. A small number of national-level projects are beginning to include fisheries 

in delivering climate change adaptations, for example the GIZ Coping with Climate Change in 

the Pacific Island Region (CCCPIR) programme and USAID Pacific-American Climate Fund 

projects. However, these sector-specific adaptation actions do not appear to have been 

targeted to highly vulnerable PICTs or communities, and are too recent to determine if they 

will address coastal fisheries L&D effectively. Table 7 summarises the recent major donor 

programmes in the Pacific region that have potential to address climate change L&D in 

coastal fisheries and aquaculture.  

 



Table 7. Summary of select recent major donor programmes addressing L&D in artisanal fisheries and/or aquaculture in the Pacific region.   

Programme/ 
Projects  

Funding 
agency 

Implementing agencies Focal PICTs Objective(s) 
Period of 
implementation 

Institutional 
Strengthening in 
Pacific Island 
Countries to Adapt 
to Climate Change 

US Agency for 
International 
Development; 
US$5M 

Pacific Community (SPC); 
Secretariat of the Pacific 
Regional Environment 
Programme (SPREP); 
Pacific Islands Forum 
Secretariat 

FSM, Fiji, Kiribati, Palau, 
Samoa, Solomon Islands, 
Tuvalu, Vanuatu 

Strengthen the national institutional 
capacity of countries to effectively 
plan for, coordinate and respond to 
the adverse impacts of climate 
change. The project will build on 
multi-sector, whole-of-island 
approaches that have been 
implemented successfully by 
regional climate change projects. 
Does not directly address fisheries 
but should ultimately (indirectly) 
benefit capacity to address fisheries. 

2015 – 2020 

Coping with 
Climate Change in 
the Pacific Island 
Region (CCCPIR) 

GIZ 

Pacific Community (SPC); 
Secretariat of the Pacific 
Regional Environment 
Programme (SPREP); 
Melanesian Spearhead 
Group (MSG) 

14 independent PICTs 
(Cook Is, FSM, Fiji, Kiribati, 
Marshall Islands. Nauru, 
Niue, Palau, PNG, Samoa, 
Solomon Is, Tonga, Tuvalu, 
Vanuatu) plus Timor Leste 

Enhance the skills and capabilities of 
the local population, national 
governmental authorities and regional 
organisations in order to cope with 
the effects of climate change and 
combat its causes. Some artisanal 
fisheries addressed in some PICTs. 

2009 – 2018  

Strengthening 
Climate Change 
Adaptation in the 
Pacific: Fisheries & 
Aquaculture 

USAID 
Pacific-
American 
Climate Fund 
(PACAM)  

Solomon Is Community 
Conservation Partnership 
(SICCP); Solomon Is 
Association of Community 
Learning Centres; Samoa 
Umbrella for NGOs; 
Community Centred 
Conservation Fiji; 
Aquaculture Technologies 
of the Marshall Is; 
Conservation 
International; Marine & 
Environmental Institute of 
Pohnpei  

Fiji, FSM, Marshall Is, PNG, 
Samoa, Solomon Islands 

Improve food security and livelihoods 
within target communities by 
diversifying sustainable livelihoods, 
fisheries and aquaculture, and raising 
climate change awareness. Limited  

2016 – 2018 



Strengthening 
Climate Change 
Adaptation in the 
Pacific: Disaster 
Risk Management 

USAID 
Pacific-
American 
Climate Fund 
(PACAM) 

Adventist Development 
and Relief Agency 
Samoa; Care International 

 

Samoa, Vanuatu 

Reduce vulnerabilities of selected 
communities to climate 
change effects through disaster risk 
management and income generation 
diversification adaptation measures 

2016 – 2018  

Restoration of 
Ecosystem 
Services and 
Adaptation to 
Climate Change 
(RESCCUE) 

French 
Development 
Agency 
(AFD); French 
Global 
Environment 
Facility 
(FFEM) 

SPC; University of the 
South Pacific; Opus 
International; Landcare 
Research; Wildlife 
Conservation Society; 
Conservation 
International; Biotope; 
University of French 
Polynesia, CRIOBE, IRD 

Fiji, French Polynesia, New 
Caledonia, Vanuatu 

Increase the resilience of PICTs in 
the context of global changes by 
supporting adaptation to climate 
change through integrated coastal 
management (ICM), resorting 
especially to economic analysis and 
economic and financial mechanisms. 
Includes some activities around 
improving coastal marine resource 
management. 

2014 – 2018  

Asia Pacific 
Disaster Response 
Fund: Fish 
aggregating 
devices (FADs) for 
food security 

Asian 
Development 
Bank 

Conservation 
International; WorldFish; 
Vanuatu Fisheries 
Department 

Vanuatu 

Post-cyclone Pam assistance to 
restore FAD infrastructure and 
improve food security. Aims to reduce 
coastal fisheries pressure by transfer 
of effort to near shore pelagic stocks. 

2017 – 2018  

Climate and 
Oceans Support 
Program in the 
Pacific 

Australian Aid 
(AusAID) 

Australian Bureau of 
Meteorology; SPREP 

Cook Is, FSM, Fiji, Kiribati, 
Marshall Is, Niue, Palau, 
Nauru, PNG, Solomon Is, 
Samoa, Tonga, Tuvalu, 
Vanuatu 

Enhance the capacity of Pacific 
Islands to manage and mitigate the 
impacts of climate variability and tidal 
events 

2012 – 2018  

Finnish-Pacific 
climate and 
disaster ready 
communities 
through improved 
national 
meteorological 
services (FINPAC) 

Government 
of Finland  

SPREP 

Cook Is, FSM, Fiji, Kiribati, 
Marshall Is, Niue, Palau, 
Nauru, PNG, Solomon Is, 
Samoa, Tonga, Tuvalu, 
Vanuatu 

Reduced vulnerability of Pacific 
Island Countries' livelihoods to the 
effects of climate change through 
improved climate services and 
disaster risk reduction 

2013 – 2017  

Pacific Islands 
Coastal 

USAID 
Various in-country 
agencies 

Fiji, FSM, Kiribati, Marshall 
Is, Palau, Nauru, PNG, 

Build the resilience of vulnerable 
coastal communities in the Pacific 

2012 – 2016  

https://www.pacificclimatechange.net/glossary/letter_c#Climate_Change
https://www.pacificclimatechange.net/glossary/letter_c#Climate_Change
https://www.pacificclimatechange.net/glossary/letter_a#Adaptation
https://www.pacificclimatechange.net/glossary/letter_m#Measures
https://www.pacificclimatechange.net/glossary/letter_c#Climate
https://www.pacificclimatechange.net/glossary/letter_v#Vulnerability


Community 
Adaptation Project 

Solomon Is, Samoa, 
Tonga, Tuvalu, Vanuatu 

region to withstand more intense and 
frequent weather events and 
ecosystem degradation in the short 
term, and sea level rise in long term 

Pacific Multi-
Country 
Programming 
Framework (CPF)  

Food and 
Agriculture 
Organization 
of the United 
Nations (FAO) 

Various government 
ministries, private sector 
and farmers’ 
organizations and NGOs 

 

Cook Is, Fiji, FSM, Kiribati, 
Marshall Is, Nauru, Niue, 
Palau, PNG, Samoa, 
Solomon Is, Tokelau, 
Tonga, Tuvalu, Vanuatu 

Promote food and nutrition security 
resilient to the impacts of disasters 
and climate change 

 

2013 – 2017  

New Zealand Aid 
Programme: 
Increase economic 
and food security 
benefits from 
sustainable 
fisheries and 
aquaculture 
(priority) 

New Zealand 
Aid 

National governments 
Kiribati, Solomon Islands, 
Tokelau, Tuvalu 

Increasing revenue, incomes and 
employment from sustainable 
fisheries through providing training, 
expertise in fisheries management 
and funding trials of new fishing 
vessels, methods and access to 
markets 

2015 – 2019  



3.2 Overview of Pacific regional strategies 

Since the early 2000’s, PICT governments have begun to prioritise climate change as part of 

their core business including, with the assistance of local and international NGO’s and 

regional development organisations (e.g. SPC and SPREP), the development of specific 

policies and strategic plans to combat projected climate-related impacts on many sectors in 

their jurisdiction, including fisheries and aquaculture. Nevertheless, while a number of 

approaches and measures are currently in use for short-term risk assessment and 

management, they are often either not operational, are operating ineffectively or do not 

address climate change explicitly. Moreover, they neither adequately address nor monitor 

slow-onset changes.  

3.2.1 International support for government planning 

The National Adaptation Plan Global Support Programme (NAP-GSP4) is assisting Least 

Developed Countries (LDCs) to advance National Adaptation Plans (NAPs). The Global 

Support Programme on NAPs has been set up to assist countries to bring greater focus and 

attention to medium- and long-term climate change adaptation planning as well as budgeting. 

The NAP-GSP was launched in June 2013 and is financed by the LDC Fund under a UNDP-

UNEP programme.  

The United Nations Framework Convention on Climate Change (UNFCCC) supports LDCs to 

develop National Adaptation Programme of Action (NAPAs). NAPA's were intended as a way 

for LDCs to identify and prioritise their urgent adaptation needs, so that they may be funded 

and implemented as a priority. Priorities were identified based on existing information, and the 

process was very much bottom-up, which encourages participation at the community level all 

the way up to national decision makers. There are five LDC's who qualify for NAPA funding 

and support in the Pacific: Kiribati, Samoa, Solomon Islands, Tuvalu and Vanuatu. All five of 

these countries have now submitted NAPAs and are reported to be in the process of 

implementing those priority needs identified through the NAPA process. 

In recognition of the fact that climate change adaptation relates very closely to disaster risk 

management and reduction, the climate change adaptation (CCA) and disaster risk 

management (DRM) communities have more recently and increasingly started to work 

together in the Pacific to produce what are known as Joint National Action Plans (JNAPs). 

Many of the disasters experienced in the Pacific relate to climate, and will be further 

exacerbated by climate change. For example, extreme weather events such as storms, 

cyclones, droughts and floods are all expected to worsen as impacts of climate change. 

A JNAP brings together the CCA and DRM sectors with the intention to address risks to key 

development sectors in a coordinated fashion. To avoid duplication of effort, and ensure a 

more efficient use of scarce resources, the climate change and disaster management 

communities in many Pacific countries have worked together to create coordinated national 

strategies, which deal with these key issues and sectors jointly. To date, JNAPs have been 

prepared by the governments of Tonga, the Republic of the Marshall Islands, Niue, Cook 

Islands, Tuvalu and Nauru. A joint partnership arrangement exists between SPREP, SPC 

(SOPAC Division) and UNDP to support national governments in this process, and has 

 
4 http://globalsupportprogramme.org/nap-gsp  

http://globalsupportprogramme.org/nap-gsp


bilateral assistance from governments such as Australia. These plans and policies are 

supported by various national-level assessments and activities. 

3.2.2 Current policies, frameworks and action plans 

The national level plans that have been developed in many PICTs with international support 

(e.g. JNAPs, NAPAs) are delivered in theory through national policy, frameworks and action 

plans. Many PICTs have such national tools, and current climate change policies, frameworks 

and action plans are provided for a selection of PICTs from each of the three key Pacific 

cultural sub-regions: Melanesia, Micronesia and Polynesia in Tables 8, 9, 10. These are in 

part guided by regional frameworks that outline national level approaches and coordinated 

regional approaches (Table 11). 

Typically, the goals and strategies for the national-level documents are broad in scope and 

crosscutting sectors, generally taking a whole of government approach for each PICT. In 

many cases, fisheries and aquaculture are not a specific focus for action, and even in the 

more detailed action plans designed to guide specific actions to achieve high level goals, 

guidance on strategies for dealing with climate risks to fisheries and aquaculture are limited. 

Moreover, most adaptation actions relating to fisheries are more about sound management 

and assessment practices. These types of activities are normally viewed as core business for 

relevant agencies thereby not a true adaptation response to climate change impacts. However 

this reflects the reality of historically poor resourcing of coastal resource management in the 

Pacific (e.g. Gillett et al. 2014). Refreshingly, Tuvalu acknowledged in the 2007 Tuvalu 

National Adaptation Programme of Action (NAPA) the importance of sound “environmental 

management of fisheries” as a means to maximize the resilience of marine resources to the 

impacts of climate change. This has been a key message for the region for some time as 

demonstrated by a recent USAID report which states “unless non-climate stressors are 

addressed in the near term, the challenges of adaptation will be made much more difficult” 

(USAID 2010). However, this message is not being implemented through down-scaled action. 

As an example of the lack of progress on addressing the marine sector in climate change risk 

planning, the Fiji Climate Change Division under the Ministry of Finance has requested 

support from the NAP-GSP to update and finalize the Fiji National Climate Change Strategy. 

To date the National Climate Change Strategy only focuses on land resources. Through the 

acknowledgment that the ocean is a strategic resource for the country and that 

comprehensive policies are needed to successfully adapt to climate change, the Climate 

Change Division wants to widen the scope of the current National Climate Change Strategy 

actions to the marine sector. 

Also, it is notable that many of the adaptation measures recommended in PICT national 

documents commonly include industry development (including fisheries), improving 

governance systems, widening access to rural services, and addressing population growth, 

which are general prescriptions for development rather than specific responses to climate-

related risks. This is particularly the case for, but not limited to, tuna fisheries. Even in 

development initiatives aquaculture is rarely mentioned. 

Due to the crosscutting nature of national policies and frameworks, many plans and policy 

documents include specific objectives and/or strategies that may indirectly improve coastal 

fisheries resilience. For example, strategies to improve coastal protection through enhancing 

mangrove areas are common among relevant documents and will likely indirectly provide 



fisheries benefits, although they appear not to be implemented with this in mind. Despite this, 

the overall trend among PICTs is that current policies and plans that guide climate change 

(and disaster) risk management are generally multi-sectoral and broad in scope. Because of 

this, fisheries and aquaculture are generally poorly represented relative to other sectors. It is 

apparent that an important step yet to be attained among PICTs are sector-specific 

approaches to climate change and disaster risk management. For fisheries and aquaculture 

this would enable the relevant frameworks to be is place as the basis for specific and detailed 

actions that are locally-relevant and promote effective adaptation and mitigation. 



 

Table 8. Summary of climate change risk–related policies and frameworks for independent PICTs relevant to fisheries and aquaculture: Melanesia. 

PICT CC risk management policy  Description 

MELANESIA  

Fiji 
Republic of Fiji National Climate 
Change Policy, 2012 

In 2012, Fiji endorsed its National Climate Change Policy facilitated by the NCCCT and 
guided by the NCCCC. The policy provides a platform for coordination among sectors, 
and direction on national positions and priorities regarding climate change mitigation and 
adaptation. The implementation framework of the policy has allowed Fiji to develop a 
Coordination guideline, Finance Guideline and Relocation Guideline that will enable the 
policy to achieve its goals in addressing climate change in Fiji. The Policy is broad in 
scope and being non-specific with regard to sectors, fisheries are not explicitly 
addressed. 

Papua New Guinea 

Papua New Guinea National Climate 
Compatible Development Management 
Policy (draft for consultation), 2015 

This draft policy identifies a high level plan for implementation and review of 
development in PNG that is compatible with future climate change. It does not 
specifically address fisheries.  

Papua New Guinea Development 
Strategic Plan 2010-2030 

A plan for PNG to become a prosperous, middle-income country by 2030 with an 
economic development focus. For fisheries the goal centres on maximising profits from 
oceanic fisheries (Goal: Develop a fisheries sector that is both sustainable and highly 
profitable for PNG, including the establishment of PNG as a world leader in the supply of 
tuna.). Although the plan includes several key strategic areas that address climate 
change issues, none of them relate to fisheries. 

Solomon Islands 

Solomon Islands Climate Change 
Policy 2012-2017 

The policy acknowledges the identification of fisheries and marine resources as a 
vulnerable sector in the SI NAPA however only addresses fisheries in the context of 
“improving the resilience of food production” and improve understanding of climate 
induced variability in fishery resources. 

Solomon Islands NAPA, 2008 

In dealing with fisheries and marine resources the programmes’ key objective is “to 
improve the capacity to protect inshore fisheries and marine resources” through 
education and awareness raising, and habitat protection measures. The programme 
outlines some adaptation options for fisheries that lack tangible detail. It is unknown how 
these activities have progressed. In terms of prioritizing sectors for adaptation, fisheries 
and marine resources were ranked 7th out of 10 sectors. 

Vanuatu Vanuatu NAPA, 2007 The objective of the NAPA project for Vanuatu was to develop a country-wide 
programme of immediate and urgent project-based adaptation activities in priority 



sectors, in order to address the current and anticipated adverse effects of climate 
change, including extreme events. 

Has relatively clear guidance on priority adaptation strategies for fisheries and how 
they should be implemented and includes community based marine resource 
management programmes and alternative fisheries. 

Ministry of Agriculture, Livestock, 
Forestry, Fisheries and Biosecurity. 
Corporate Plan: 2014-2018. 

Provides guidance on key objectives to be achieved by the Ministry and its departments. 
An overarching objective for the Ministry (Food security and climate change) supports 
the provision of better access of seafood to local markets, and mainstreaming adaptation 
and mitigation into policy, legislation and plans. For the Fisheries Department, the 
plan focuses on core fisheries management activities generally and does not 
highlight climate change impacts on fisheries.  

Vanuatu Climate Change and Disaster 
Risk Reduction Policy 2016 - 2030 

The purpose of this policy is to, among other things, articulate Vanuatu’s vision, 
principles, strategic goals, priorities and strategies for climate change and disaster risk 

reduction, and provide a coordinated framework for mainstreaming climate change and 

disaster risk reduction into sustainable development processes. It does not specifically 
address fisheries or aquaculture, though some overarching themes (e.g. ecosystem 
approaches to management) would apply to fisheries. 

Vanuatu Aquaculture Development 
Plan 2008 - 2013 

The plan is to guide development of aquaculture in Vanuatu. It does not mention climate 
change since the aquaculture industry in Vanuatu is poorly developed. 

 

  



Table 9. Summary of climate change risk–related policies and frameworks for independent PICTs relevant to fisheries and aquaculture: Micronesia. 

PICT CC risk management policy  Description 

MICRONESIA 

Federated States of 
Micronesia 

Federated States of Micronesia 
Nationwide Climate Change Policy 
2009 

The focus of this policy is to mitigate climate change especially at the international level, 
and adaptation at the national, state and community levels to reduce the FSM's 
vulnerability to climate change adverse effects. In this context, reaffirms its social and 
cultural identity and its people's rights and desire to continue to live sustainably on their 
islands.  

Kiribati 

National Framework for Climate 
change and climate change 
adaptation, 2013 

 A framework to guide the national approach to climate change and climate change 
adaptation. The framework acknowledges the importance of and likely impacts of climate 
change on coastal habitats and marine resources, however does little to guide focused 
CC adaptation for fisheries. 

Kiribati Joint Implementation Plan for 
climate change and disaster risk 
management, 2014 - 2023 

Designed to complement the above document, this integrated plans’ goal is to increase 
resilience through CC adaptation and disaster risk reduction strategies. The plan presents 
very detailed strategies across sectors and issues with a generally comprehensive 
coverage of fisheries adaptation approaches and how to successfully implement them. 

Kiribati NAPA, 2007 
A three-year strategic plan to address key CC impacts using priority adaptation strategies. 
Adaptations specific for fisheries are included, although they are limited and are not 
ranked highly compared with other issues. 

Marshall Islands 

National Climate Change Policy 
Framework, 2011 

The purpose of this policy is to set out the strategic priorities for scaling up the 
Government of the Marshall Island’s commitments to address climate change, both in 
terms of current and future vulnerabilities. The aim of this policy framework is to foster 
and guide a national plan of action to address current and short, medium and long term 
effects of climate change. The Marshall Islands developed the Vision 2018 as the first 
segment of its Strategic Development Plan Framework 2003-2018. Vision 2018 consists 
of ten sustainable development goals for the Marshall Islands to achieve by 2018. Two of 
these goals directly inform climate change efforts in the Marshall Islands. “The 
implementation of the Climate Change Policy will be addressed through a Climate 
Change and Disaster Risk Management National Action Plan for Marshall Islands (Joint 
NAP), as well as the Roadmap (FFA 2015a). Such a plan will be developed following 
Cabinet endorsement of the Climate Change Policy.” This framework does not address 
climate risks to fisheries explicitly. 

Republic of the Marshall Islands 
Climate Change Roadmap, 2010 

Developed through a whole- of-government, inter-agency process that identifies 
immediate priorities to respond to climate change, including developing a national climate 



change policy by the end of 2010.  

Nauru 

National sustainable development 
strategy 2005-2009, revised 2009 

The includes strategies to improve fisheries management and development and also to 
combat climate change, including adaptation and increasing resilience, however it does 
not include CC adaptations specific to fisheries. 

Framework for climate change 
adaptation and disaster risk reduction, 
2015 

Identifies priorities relating to climate change adaptation (CCA) and disaster risk 
management (DRM), and provides a general framework for longer term planning and 
programming of CCA and DRM activities, including guidance on their mainstreaming in 
national and sectoral development policies. The framework specifically addresses 
fisheries with priorities to: identify vulnerable fisheries; support community-based 
ecosystem approach to fisheries management; promote aquaculture to relieve pressure 
on coastal fisheries; and strengthen human capacity (relating to fisheries). 

 

 

 



Table 10. Summary of climate change risk–related policies and frameworks for independent PICTs relevant to fisheries and aquaculture: Polynesia. 

PICT CC risk management policy  Description 

POLYNESIA 

Niue 

Climate Change Policy, 2009 
Provides national broad objectives and strategies to respond to climate change across all 
sectors, with a goal to implement at least two adaptation strategies for each sector 
(including fisheries) by 2013.  

Niue joint national action plan for 
disaster risk management and climate 
change, 2012 

Provides a three-year plan of action to address existing gaps relating to vulnerability to 
climate change impacts and disasters. It maps out the actions, activities and tasks 
required to meet these goals, and provides indicative costing for implementation. This plan 
aims to operationalize the national Climate Change Policy. The plan does not explicitly 
address climate risks to fisheries but rather focuses on capacity building to create 
communities and systems that are better positioned to respond to CC and disasters. 

Niue National Strategic Plan 2016 – 
2026 

The central purpose of the Niue National Strategic Plan is to focus and invest on creating 
opportunities for everyone in Niue through Financial Stability, Good Governance, 
Economic, Environment, Social and Tāoga development pillars with economic growth as 
the identified anchor and vital for prosperity. 

Tonga 

Tonga Climate Change Policy: A 
resilient Tonga by 2035, 2016 

The purpose of this Tonga Climate Change Policy is to provide a clear vision, goal, and 
objectives to direct responses to climate change and disaster risk reduction over the next 
five years. The policy, and the associated revised Joint National Action Plan for Climate 
Change Adaptation and Disaster Risk Management (JNAP; below), is not intended to 
replace or duplicate sector specific policies and plans. Rather, it is intended to provide an 
overarching context and guiding framework with policy objectives that for the most part will 
require multi-sector coordination. 

The policy reviews achievements against the 2006 Climate Change Policy and the JNAP 
2010-2015 goals. It also assesses how well sectoral policies, plans and strategies align 
with this document. The Fisheries Sector Plan only partially aligns while the Fisheries 
Management Act is yet to be reviewed. 

Tonga Climate Change Policy, 2006 
Does not explicitly address fisheries. Only 3 of 21 strategies were achieved during its 
lifetime, while 11 were partially achieved.  

Tonga Joint National Action Plan on 
Climate Change Adaptation and 
Disaster Risk Management, 2010-2015 

During its lifetime out of 20 objectives not one was fully achieved, while 12 were partially 
achieved, including the only one relating to fisheries: Improve fisheries and coral reef 
management in view of climate change. The policy outlines key actions to achieve this 
objective but these were limited to capacity building particularly in monitoring marine 
resources. 



Tuvalu 

Tuvalu National Adaptation 
Programme of Action, 2007 

The goal of the Tuvalu NAPA is to provide a framework that will guide the coordination 
and implementation of adaptation activities in the country. Two of the top 7 highest 
priority projects to address immediate adaptation needs across sectors are 
fisheries-related. 

Tuvalu Climate Change Policy (Te 
Kaniva), 2012 - 2021 

This prescribes Tuvalu’s high level strategic polices for responding to climate change 
impacts and related disaster risks for the period 2012–2021. It focuses on capacity 
building to a large extent and includes one key strategy specific to fisheries: 
Legislation and policies to govern sustainable resource management, (marine, coastal and 
land) in the context of climate change impacts. The policy also addresses loss and 
damage across sectors (Appropriate insurance arrangements to address loss and damage 
from the impacts of climate change). 

National Strategic Action Plan for 
Climate Change and Disaster Risk 
Management, 2012 - 2016 

This provides the detailed strategies and actions to facilitate the implementation of the 
Climate Change Policy. Although fisheries are mentioned in this action plan, it is in 
the context of cross-sectoral strategies such as: improving governance systems, capacity 
building, awareness raising and core fisheries activities such as resource assessments. 

 

 



Table 11. Summary of regional climate change risk–related policies and frameworks for Pacific fisheries and aquaculture. 

Regional CC risk management policy Description & status 

Pacific-wide 

SPC (2016) Framework for Resilient 
Development in the Pacific: An 
Integrated Approach to Address 
Climate Change and Disaster Risk 
Management 2017 – 2030  

High-level strategic guidance to different stakeholder groups on how to enhance resilience 
to climate change and disasters through priority actions. 

Requires PICT-specific implementation, and necessary resourcing, etc.  

Melanesia 

Melanesian Spearhead Group 
roadmap for inshore fisheries 
management and sustainable 
development 2015-2024 

A coordinated sub-regional effort (Fiji, Solomon Islands, PNG and Vanuatu) using a 
roadmap specifically for the protection of inshore fisheries. A technical advisory 
committee comprising regional agencies and development partners is tasked with 
ensuring the implementation of core components of the roadmap by 2024. The roadmap 
guiding principles acknowledge the adverse impacts that climate change will have on 
inshore fisheries and tasks the partnership in investing in the improvement of 
management systems as a means to increase resilience and adaptation ability. 
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At a regional-scale, there has been a concerted effort in recent years to understand the 

factors most likely to drive the fisheries and aquaculture sector into the future, including 

climate change, and the strategic planning needed to secure desired outcomes. In 2007, the 

theme of the 5th Conference of the Pacific Community was ‘The Future of Pacific Fisheries’ 

(SPC 2007). This led to the Vava’u Declaration on Pacific Fisheries Resources ‘Our Fish, Our 

Future’ by Pacific Island Forum Leaders (Pacific Islands Forum Secretariat, 2007), and an 

analysis of the importance of fish for food security (Bell et al. 2009). These initiatives were 

followed by a joint study by the Pacific Islands Forum Fisheries Agency (FFA) and SPC on 

‘The Future of Pacific Island Fisheries’ (Gillett & Cartwright 2010), which outlined three 

scenarios for the region’s fisheries, depending on the response of management to the many 

drivers affecting the sector. 

Fisheries Ministers across the region revisited the ‘Future of Pacific Island Fisheries’ study in 

2015 within the new Framework for Pacific Regionalism. Together, the Ministers identified 

seven goals for tuna fisheries and coastal fisheries and 11 strategies to achieve these goals. 

Pacific Island Leaders endorsed the resulting Regional Roadmap for Sustainable Pacific 

Fisheries (FFA 2015a) in August 2015. Importantly, the fisheries ministers prepare an annual 

report card of progress each year, with the first for coastal fisheries released in 2015 (FFA 

2015b). 

The coastal fisheries component of the Roadmap is based largely on the outcomes of a 

landmark meeting at SPC in March 2015 on developing innovative approaches to deal with 

declines in coastal fisheries resources. The meeting resulted in a broad range of stakeholders 

agreeing to a manifesto entitled ‘A New Song for Coastal Fisheries – Pathways to Change – 

the Noumea Strategy’. The overarching expected outcomes of the New Song are improved 

wellbeing of coastal communities, and productive and healthy ecosystems and fish stocks. 

Although the New Song acknowledges climate change as a key threat, the multitude of 

actions identified for improving coastal resources do not explicitly or directly address climate 

change related impacts or L&D. 

A number of other regional groups have also launched management initiatives to promote the 

sustainable use of coastal fisheries resources. These include the Micronesia Challenge 

(members include: the Northern Mariana Islands, Federated States of Micronesia, Guam, 

Marshall Islands and Palau), the Melanesian Spearhead Group (members include: Fiji, PNG, 

Solomon Islands and Vanuatu), and Te Vaka Moana (members include: Cook Islands, Niue, 

Samoa, Tokelau and Tonga and New Zealand).  

Broadly, the various regional and national plans for fisheries and aquaculture do not attempt 

to directly address specific climate risks; rather they are designed to ensure that Pacific 

coastal fisheries and aquaculture are sustainable into the future. This is a key outcome that is 

acknowledged as imperative to underpin future adaptation (USAID 2010).  

3.3 Progress in the Pacific region 

Given the generally low local capacity to identify and implement climate-specific risk 

management actions, and the low priority afforded to fisheries and aquaculture at national 

scales, progress for the sector is limited. The few examples of sector-specific management 

actions that do exist, demonstrate that at a national level there is generally poor coordination 

between government agencies, and other sectors are given a greater focus. In climate change 

adaptation workshops for fisheries and aquaculture in various PICTs from 2012 – 2014, the 
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take home message was that fisheries are neglected by the Climate Change Ministry and 

climate change is neglected by the Fisheries Ministry. While efforts to identify locally-relevant 

climate change adaptations have been undertaken in some PICTs (see Section 3.1), to date, 

implementation of adaptation actions at a national or local scale has been slow and poorly 

resourced, and has primarily been undertaken by non-government organisations (NGOs) or 

only with substantial international aid support. 

A contributing factor to this is that the development of policies guiding responses to climate 

risks in the Pacific region have been hindered by lack of local capacity and the necessary 

resourcing. Responses to climate risks can be generally grouped into the four main issues of: 

(1) disaster risk reduction/management (DRM), (2) sudden onset impacts, (3) slow onset 

impacts, and (4) loss and damage (L&D), generally referring to the economic and non-

economic impacts on fishery operations (Table 12). These four issues are discussed in the 

following sections. 

 

Table 12. Example instruments available for responding to the four issues posed by climate change risk to 

fisheries and aquaculture  

Disaster Risk Reduction/ Management 
(DRM) 

National strategies (e.g. JNAP, NAPA) and 
policy instruments  

 

Insurance schemes – indemnify against loss & 
damage after disasters 

  

Regional early warning systems 

  

Expertise in coordinating large disaster 
response 

  

Community-based planning and preparedness 
(e.g. food preservation and storage) 

Adaptation to slow onset 

Integrated coastal zone management that 
includes water, fisheries and agriculture sectors 

 

Effective ecosystem approach to fisheries 
management (EAFM) 

 

Migration away from vulnerable areas 

 

Insurance Schemes – indemnify against 
economic losses due to practice change 

 

Long-term planning horizons that target win-win 
and lose-win adaptations 

Adaptation sudden onset   

Overlaps with DRM (see above) 

 

Community-based planning and preparedness 
(e.g. food preservation and storage) 

 

Migration away from disaster prone areas 

 

Disaster-proof infrastructure, particularly water 
ad food storage, sanitation, fishing structures 

Loss & Damage  

Instruments to quantify and separate climate 
change from other driving factors 

  

Strategies to minimise or cope with losses 
(fisheries and non-fisheries sectors) 

  

Industry diversification or exit strategies  

 

 

3.3.1 Disaster risk reduction/ management & sudden onset impacts 

Although natural disasters have always been a part of Pacific conditions, climate change is 

increasing the frequently and/or intensity and extremes of these events. This increased risk is 
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considered a sudden onset climate impact and in the Pacific, refers to the projections of an 

increase in the frequency of very intense cyclones, greater extremes in rainfall resulting in 

more severe flood and drought events, and an increase in localised ocean temperature 

hotspots (BoM & CSIRO 2011, 2014). Strategies and plans to deal with natural disasters have 

therefore always been important, however climate change has increased this threat and so 

there is a greater imperative for PICTs to have disaster risk reduction strategies in place. 

Despite the ever-present threat of natural disasters, national plans for responding to disasters 

and to reduce their risk have not always been in place. The increasing threat due to climate 

change has encouraged the development of national disaster response and risk reduction 

strategies in recent years while also integrating this explicitly with climate change (see Section 

3.2.2). This has only occurred with significant assistance from international and regional 

organizations. Examples of sudden onset events and challenges in dealing with them in 

PICTs are provided in three case studies below. 

Case study 1: Disaster preparedness in Tuvalu 

“Rapidly increasing human population presents a sensitive but critical issue 

throughout the Pacific region, and in Tuvalu overpopulation has a dramatic 

consequence in case of a disaster warning. On Funafuti, in case of tsunami, 

cyclones or any other kind of hazards, the population has to gather in one of only 

two emergency centres. It is highly doubtful that the two buildings could host the 

5,000 people living on the island. Further, in Tuvalu the population density is one 

of the highest in the world on islands that are often no more than 3 m above sea 

level (at their highest point) and only as wide as a few hundred metres. This 

highlights the extent of risk and lack of disaster preparedness of Funafuti and of 

Tuvalu generally.” As climate change is expected to very significantly increase the 

intensity of the climate related natural disasters in the Pacific, such as cyclones, 

this presents a major challenge for the Tuvalu Government (http://klima-

tuvalu.no/2011/07/20/too-many-tuvaluans-22/). 

 

Case Study 2: Tropical Cyclone Pam 2015, Vanuatu 

On 13 March 2015, Vanuatu experienced the most intense tropical cyclone ever 

recorded in the South Pacific Ocean. Category 5 Severe Tropical Cyclone (TC) 

Pam caused widespread destruction across the eastern and south-eastern islands 

of the country, and the eye passed close to Efate Island – the location of Vanuatu’s 

capital Port Vila. 190,000 people across 22 islands were affected with an 

estimated 15,000 homes damaged or destroyed, approximately 96% of food 

stocks were decimated and the water supply for 110,000 people was disrupted, 

destroyed or contaminated. Fifteen people were also killed as a result of the storm 

and many thousands injured (Barber, 2015; Government of Vanuatu, 2015). A 

severe El Nino event followed the passing of this cyclone resulting in lower than 

usual rainfall, which further hindered the recovery of crops and restoration and 

maintenance of water supplies for drinking and sanitation. 

The most serious impacts requiring immediate attention following TC Pam was 

humanitarian aid where people had been injured, their homes destroyed, and food 

http://klima-tuvalu.no/2011/07/20/too-many-tuvaluans-22/
http://klima-tuvalu.no/2011/07/20/too-many-tuvaluans-22/
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and water resources were destroyed or contaminated. Due in part to a lack of 

airstrips and deep-water ports, relief operations took two weeks to eventually 

provide necessary aid to all of the affected communities. Since crops were 

damaged, water supplies were affected and fishery resources were scarce (as fish 

had reportedly moved away), food and water was limiting. On the island of Moso, 

on the northwest coast of Efate, residents were forced to drink saltwater and many 

survivors resorted to scavenging for food.  

Coastal and island communities, fringing reefs, beaches and coastal terrestrial 

habitats of northeast Efate were severely impacted by TC Pam. There was also 

damage to villages, public infrastructure and shorelines (Government of Vanuatu, 

2015). The people of North Efate reported that the devastation caused by TC Pam 

was much worse than was expected, despite extensive cyclone warnings and 

preparation in many communities. Mangrove areas and coastal fringes were also 

damaged extensively from the storm surge, damaging local coastal roads. Nearly 

two years later the roads in north-eastern Efate are still damaged (pers. Obs.; see 

Government of Vanuatu, 2015). 

 

Reviews of the response to TC Pam in Vanuatu have been conducted by both the Vanuatu 

Government and locally based international NGOs (Barber 2015; Government of Vanuatu 

2015). Both acknowledged that, although the Government has many policies and guidelines to 

support disaster response management that have worked in the past for smaller-scale 

disasters, the unprecedented scale of TC Pam stretched local capabilities to coordinate the 

overwhelming international aid response (over 100 organisations) after the Government made 

their first ever international plea for help (Barber 2015). 

The biggest challenge was the influx of many international aid organisations that reportedly 

did not cooperate well with the national Government, and whose systems were pushed to the 

limit due to the extreme scale of the event. This caused significant coordination challenges in 

terms of communication, logistics and community support. Essentially the national 

coordination structures were not equipped to meet the scale of the disaster and the scale of 

international assistance. So, despite multiple plans and policies to support disaster risk 

management and reduction, international technical and financial support is still required, even 

if to highlight the international frameworks available to guide responses to large-scale disaster 

events (Barber 2015). This is more important given that such large-scale disasters are 

projected to become more commonplace. 

Parallel to this is the need for international aid organisations to be better aware of local 

structures or be more prepared to engage national governments in how aid is to be delivered. 

That is, to enable the relevant local people to lead and coordinate disaster response in their 

own countries (Barber 2015).  

Also, the NGO review highlighted that communities must be further supported to reduce their 

vulnerability and mitigate the impact of disasters. It was found after the cyclone that those 

communities that were better able to mitigate the impacts had been previously supported in 

ways to prepare for disasters. Conversely, those communities who had received no support 

were most impacted (Barber 2015). Also, the Government review raised the concern that the 

enormous food relief response from international aid may cause a sense of dependency and 
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less reliance on traditional food preservation, which may be critically important in sustaining 

communities in future events, particularly in rural areas (Government of Vanuatu 2015). 

Several climate change adaptation options strongly advocated among PICTs, including 

Vanuatu, but poorly implemented to date (primarily due to a lack of strategic and adequate 

resourcing), would have potentially made a huge difference to the food security crisis. Healthy 

coastal marine resources would more likely be able to provide for a short-term pulse in fishing 

pressure due to food shortages. Further, appropriately designed fish culture ponds even at 

small village scale could act as a food reservoir. Such measures would prevent the 

unnecessary opening of traditionally protected marine areas, which are potentially an 

important local management tool in preserving the spawning stock of key species and 

promoting resilient habitats. Quite often in PICTs, the effectiveness of marine protected areas 

is questionable, and in Vanuatu they have been assessed as generally ineffective (Johnson et 

al. unpublished; Dumas et al. 2012). If traditionally closed areas are to act as a potential buffer 

to immediate food security issues arising from events such as TC Pam, they need to be 

effectively implemented. Therefore, there is also a requirement for community education of the 

role of conservation areas and the ecological importance of this role. 

Case Study 3: Fish kills, Fiji & Vanuatu 

In early 2016, sea surface temperatures (SST) across the central and western 

Pacific were higher then normal due to a strong El Nino event, resulting in 

widespread coral bleaching at many locations (https://coralreefwatch.noaa.gov). 

During this period of very calm weather, anomalously high SST also caused 

localised incidents of mass fish kills with thousands of reef fish being washed 

ashore, notably on the Coral Coast of Fiji and on several islands of Vanuatu. In 

both locations, water temperatures on reef flats were reported to be consistently 

over 30 °C and in Fiji as high as 35 °C (http://www.huffingtonpost.com/lagipoiva-

cherelle-jackson/fish-kills-reported-in-fiji_b_9233612.html).  

National weather forecasts and early warning systems did not provide any 

indication that this event was likely as a result of the El Nino induced increased 

SST. In addition, there are no plans or policy mechanisms in Fiji or Vanuatu for 

either minimizing the risks to communities reliant on their coastal fisheries for food, 

or for responding to such an event.  

 

3.3.2 Slow onset climate impacts 

Slow onset climate change impacts generally refer to projected impacts due to sea surface 

temperature increases, ocean acidification and sea level rise, as well as the longer term 

scenarios predicted by changes in rainfall patterns. Preparing for slow onset climate impacts 

is inherently more difficult as they are less tangible and tend to be changes projected to occur 

beyond political cycles. However, there are generally robust scientific projections for long-term 

climate-induced change based principally on climate modelling, and IPCC global reporting.  

 

 

https://coralreefwatch.noaa.gov/
http://www.huffingtonpost.com/lagipoiva-cherelle-jackson/fish-kills-reported-in-fiji_b_9233612.html
http://www.huffingtonpost.com/lagipoiva-cherelle-jackson/fish-kills-reported-in-fiji_b_9233612.html
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Assessment of slow onset impacts on fisheries  

A number of scientific studies in recent years have assessed the vulnerability of the fisheries 

sector to slow onset impacts in the Pacific region (e.g. Bell et al. 2011a,b; Johnson and Welch 

2016; Welch et al. 2014). A major study for fisheries and aquaculture was lead by SPC that 

assessed the impacts of climate change on fisheries, supporting habitats and communities for 

the 22 PICTs throughout the Pacific (Bell et al. 2011a,b). The results are discussed 

throughout this report as they provide sector-specific local level adaptation options.  

Studies that assess the vulnerability of fisheries and impacts on fishery species have also 

been done for fisheries across northern Australia and in the Torres Strait islands (Johnson 

and Welch 2016; Welch et al. 2014). The focus of these studies again was on slow onset 

impacts, for 2030 and 2070, although there was greater emphasis on 2030 in each. As with 

the Pacific study, the adaptation recommendations have not been included in any forward 

planning exercise for addressing climate change impacts on fisheries and aquaculture. 

Slow onset assessment tools 

Several approaches have been used to assess the impact of slow onset climate change on 

fisheries ranging in simple correlative analyses to complex modelling approaches. These 

approaches are able to infer impacts based on the outputs from global climate models, and 

most commonly approaches in the Pacific region have used the IPCC vulnerability 

assessment framework to achieve this. These approaches started out as primarily qualitative 

methods (e.g. Bell et al. 2011a) however there has been a shift towards semi-quantitative 

approaches in more recent times that can be more readily adapted to local use as decision-

support tools (e.g. Cinner et al. 2013; Johnson and Welch 2016; Welch et al. 2014; Johnson 

et al. 2016). 

Other sectors have started to implement tools that aim to address future slow onset impacts, 

such as insurance schemes that indemnify primary producers from any short-term losses that 

are the result of practice changes aimed at minimizing future impacts. For example, a new 

scheme in the Great Barrier Reef catchment will ‘insure’ crop farmers from production losses 

that result from reduced fertilizer and pesticide use (funded by the Australian National 

Environmental Science Programme). The ultimate goal is to reduce the long-term impacts of 

agriculture chemical run-off into the Great Barrier Reef that is projected to increase as rainfall 

extremes intensify under climate change. In addition, there will be immediate and direct 

environmental benefits to waterways, the Reef and fisheries by reducing agricultural 

chemicals, which is hoped will increase resilience to other slow onset climate change impacts, 

such as increasing SST and ocean acidification.  

3.3.3 Loss and Damage 

The potential economic and non-economic loss and damage from climate change for Pacific 

fisheries and aquaculture is significant. For example, the coastal fisheries sector in Vanuatu 

suffered damage after TC Pam through destruction of fisheries infrastructure (including market 

facilities), fishing equipment, canoes and boats, with the estimated loss being VT268 million 

(approx. US$2.4 million) (Government of Vanuatu 2015). This included some damage to 

community aquaculture facilities. Losses for fisheries were estimated at VT122 million 

(approx. US$1.1 million) from reductions in daily catch due to lost fishing equipment, canoes 

and boats, and reduced access to fishing grounds due to debris and sedimentation 
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(Government of Vanuatu 2015). Also, using a basic benefits-transfer methodology and 

economic valuation studies, it was estimated that losses to environmental services due to 

damage to coral reefs and mangroves were approximately VT713 million (approx. US$6.4 

million) and VT 1.13 billion (approx. US$10.1 million), respectively (Government of Vanuatu 

2015). 

To compensate for reduced access to marine resources, and fill the immediate need for fresh 

food in the aftermath of TC Pam, marine conservation areas and closed fisheries were re-

opened to fishing throughout Efate, creating additional pressure on already depleted fisheries 

(Johnson and Welch 2016; Johnson et al. unpublished). Over two years later, many of these 

closed areas are still being fished. 

The experiences from TC Pam have highlighted the need for a complete review of the DRM 

arrangements to cover disaster preparedness, response, and early warning as well as DRM 

coordination across all of government, the private sector, NGOs and communities. The loss 

and damage from TC Pam did however increase awareness about the need to secure food 

supplies not only during events but before and after. As a result, a number of national and 

regional projects are funding efforts to provide more nearshore FADs in Vanuatu and other 

PICTs as an alternative source of fish and to relieve pressure on coastal reef fisheries. Storms 

of the intensity of TC Pam are likely to cause FADs to be lost, however, immediately following 

such storms a resilient and healthy coastal fishery resource will be more able to provide an 

immediate food source, notwithstanding the possibility of localised but generally short-term 

displacement of some reef fish after large storms (Tobin et al. 2010). Further, most national 

plans for adaptation where fisheries are included explicitly, advocate for robust and effective 

primary coastal fisheries management, however this goal has not been met across most (if not 

all) PICTs. 

Case Study 4: Tropical Cyclone Winston 2016: Fiji 

Less than 12 months after TC Pam hit Vanuatu, in February 2016, TC Winston 

became the second category 5 cyclone in history to directly impact a Pacific 

nation. TC Winston caused extensive damage, estimated at approximately US$1.4 

billion, and 44 deaths in Fiji (https://en.wikipedia.org/wiki/Cyclone_Winston). The 

Wildlife Conservation Society (WCS) conducted a post TC Winston assessment of 

the impacts on fishing-dependent communities and estimated that total loss and 

damage to boats, fishing gear, engines, post-harvest equipment and fish 

aggregating devices amounted to approximately FJ$3 million (US$1.5 million) 

(Chaston et al. 2016). The report also found that food security was impacted, with 

households eating fresh fish over 6 times per week pre-cyclone and only 2.5 times 

per week after the cyclone. Communities in rural areas of Fiji regularly provide 

fresh fish to feed children at local schools and post-cyclone this declined 

dramatically. The reductions in fresh fish consumption was assumed to be due to 

the combination of fishing infrastructure damage that occurred, reduced access to 

marine resources and reduced ability to buy fish (Chaston et al. 2016). 

Interestingly, and in contrast to the response to reduced access to fresh fish and 

income after TC Pam in Vanuatu, the majority of Fijian communities did not open 

their periodically harvested tabu areas. The report did acknowledge that there was 

heightened potential for community conflict over the opening of tabu areas if 

recovery was slow.  

https://en.wikipedia.org/wiki/Cyclone_Winston
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The WCS study further examined the response of impacted fishing communities ranked in 

terms of the relative impact on fisheries infrastructure, livelihoods and food security. This 

process used a number of criteria to rank the relative impact of TC Winston, and the two major 

indicators and their ranking criteria were: 

1) Impacts on the ability to restore fishing activities and livelihoods  

• Proportion of boats and engines damaged and lost   

• Proportion of fishing gear damaged and lost   

• Proportion of post-harvest equipment damaged and lost 

2) Dependency on fisheries for food security and livelihoods   

• Percentage of households relying on fishing for subsistence pre-cyclone   

• Percentage of households relying on fishing as main source of livelihood pre-cyclone   

• Change in fish consumption (pre-cyclone compared to post- cyclone)   

 

This ranking enabled support for communities to be prioritised to ensure that most impacted 

communities were the first to receive assistance (Chaston et al. 2016). The study also 

provided guidance on the types of assistance required to help communities recover from the 

impacts to their fishing capacity to restore access to food and livelihoods. The study further 

recommended that community assistance include education in robust fisheries management 

and governance approaches as well as independent in-water surveys to assess impacts to 

fish populations and habitats. 

The two case studies on severe tropical cyclone impacts on fisheries (Vanuatu and Fiji) 

demonstrate the potential extent of damage and loss that may be felt by communities. 

Although it may appear that TC Winston resulted in less loss for the fisheries sector compared 

to TC Pam, the Vanuatu study used a different approach and was possibly more 

comprehensive in terms of the metrics accounted for. This in itself highlights the need for a 

consistent and robust approach for disaster response efforts among PICTs in estimating loss 

and damage. The community response to tabu area management also differed in each 

country after the respective cyclones. Guidance for communities in appropriate and 

commensurate responses to fisheries management after natural disasters will help ensure 

communities have access to food while also minimising undue impacts on local fisheries 

populations. 

3.4 Lessons learned  

From the work completed to date, some key lessons and challenges have been identified. For 

the Pacific region, like most developing areas, progress in improving governance and 

addressing climate change issues for all sectors is notoriously slow. This is due mainly to low 

local capacity and resources, which in turn is part of the underlying cause of many of the local 

challenges. PICTs have and continue to need the assistance of the developed world both in 

terms of financing actions but most importantly in terms of building local expertise and 

leadership. The latter is the only way to build local internal structures that enable sustainable 

and locally-driven solutions with less reliance on international help in the future. In the short-

term however, there is the need for expertise and effective capacity building. That is, the 

knowledge, skills, leadership and mentoring that can be fostered in government and 

communities that are critical to long-term success. These skills and capacity provide a 
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fundamental platform to build sustainable management and compliance, and deliver 

successful adaptations. Although “hard infrastructure” adaptations (e.g. aquaculture ponds, 

FADs) are often appealing to donors since they are tangible, the significant lack of capacity in 

many PICTs requires a greater focus on “soft infrastructure” (leadership and skills).  

Coastal marine resources have been the lifeblood of a huge proportion of PICTs for centuries, 

and yet are one of the most neglected sectors in terms of sustainable management efforts. To 

reduce risk to coastal fisheries and aquaculture from disasters and slow onset impacts due to 

climate change, thereby reducing damage and loss, it is critical to ensure that marine 

resources are as resilient as possible, especially with increasing non-climate stress from 

overharvesting due to rapidly increasing human populations (Bell et al. 2017). Therefore, in 

terms of maintaining food security and livelihoods, particularly in rural areas, two key actions 

for PICTs are: (1) establish robust coastal resource management, and (2) curb population 

growth. These actions, although not directly addressing climate risks, are crucial for 

minimising loss and damage to fisheries and aquaculture in the Pacific from climate change.  

Although addressing long-term climate risk is important, it is understandable that climate 

change adaptation planning development has focused on addressing the immediate issues 

facing fisheries and aquaculture (sudden onset). Therefore, there has been recent progress in 

disaster risk reduction through updated national policies that integrate with climate change, 

however fisheries and aquaculture remain a neglected sector in terms of broader climate 

change adaptation. Reviews of the response to recent severe cyclones identified that 

adaptation for communities does enhance resilience and hence recovery, and simple tools 

have the potential to assist in disaster response. For example, in the wake of TC Winston in 

Fiji in 2016, disaster recovery was greatly assisted through the use of “Rapid Damage 

Mapping” using an online web portal. Damage assessment and prioritisation was conducted 

rapidly using uploaded images taken by responders on the ground and in the air. However, 

greater capacity and planning is still needed in local disaster response coordination. The 

development of consistent guidance for national and community level responses for fisheries 

and aquaculture following disasters such as cyclones, including estimating loss and damage, 

is also needed.  

It is necessary to recognise that many of the adaptations needed to minimise climate change 

impacts are management actions that are (or should be) already be in place to deliver 

sustainable benefits from each nation’s fisheries and aquaculture resources (e.g. Ecosystem 

Approach to Fisheries Management; EAFM). These actions would serve to build resilience of 

coastal fisheries and habitats to both the sudden onset and slow onset impacts of climate 

change. 

This cannot be done without the full support of national governments, including integration 

across sectors, recognizing the inter-dependencies between fisheries, aquaculture and other 

sectors such as disaster risk management, agriculture and catchment management, and 

community-based management.  

Although there have been numerous relevant studies that provide outlooks for slow onset 

climate impacts for PICTs, and tools to make these assessments are available and have 

improved, integrating this information into regional and national plans and strategies has been 

poor. In saying this, studies such as the vulnerability assessment for PICTs by Bell et al. 

(2011a), have significantly raised the profile of climate change in the Pacific region and its 
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projected impacts on fisheries and aquaculture. This has influenced national focus to 

incorporate climate change issues into national policies and planning, however in most cases 

these are high level documents with poor resolution of the required actions. Further, 

implementation of these policies has been mixed but generally poor, again likely due to low 

resourcing and capacity.  

Despite significant investment in regional and sub-regional assessments of climate change 

vulnerability, limited downscaling to the national level has been undertaken. It is essential that 

PICTs not only identify the key climate risks that their local fisheries and aquaculture face, but 

also prioritise the most important adaptations that will address their specific climate risks. 

Despite this, the trend is that long-term climate change impacts are increasingly being 

discussed in high-level meetings and included in key policies, and in some PICTs at least, 

specific adaptation for fisheries and aquaculture are being identified (but not implemented). 

The challenge will be for other PICTs to follow this trend and more importantly for the 

implementation of intended actions in order to manage L&D from climate impacts. 

4. Recommendations 

4.1 Summary of key issues 

• Coastal fisheries and aquaculture are among the most vulnerable sectors in the Pacific 

to climate change and ocean acidification because they are highly exposed to changes 

in environmental conditions and often have limited capacity to adapt. 

• Disaster response in the Pacific requires international support but better coordination 

of efforts are required. Simple tools such as online damage assessment portals can 

assist recovery efforts as long as communication is restored rapidly. 

• The loss and damage to the fisheries sector from climate change will 

disproportionately affect least-advantaged and dependent rural communities through 

impacts on food security and livelihoods. 

• Capacity building among PICTs is needed in the short-term to reduce long-term 

reliance on external aid and to ensure responses and solutions are locally relevant and 

structures governing these are sustainable. 

• Adaptations to climate change may require some short-term compromises to allow for 

long-term benefits, and options include best management practices to build resilience 

and minimise vulnerability, as well as targeted actions specific to the sector. 

• Discussions and negotiations with other sectors are needed, as current pressures from 

external sectors mean that there are adaptations that must be implemented in 

cooperation with the fisheries and aquaculture sector.  

• Support is needed for transitions within the sector (e.g. diversification to new gear 

types or species/commodities, flexible spatial and temporal planning, alternative 

production systems, post-harvest improvements) as well as potential shifts in activities 

away from the sector. 

• Longer-term development planning in the sector will need to take into account 

increased climate variability, exposure to natural hazards, species changes and 

declines in coastal fisheries productivity. Critically however, shorter-term options will 

help build the necessary resilience for coping with longer-term impacts.  
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• Marine aquaculture of calcareous commodities faces high risks from ocean 

acidification, while pond aquaculture presents opportunities to diversify activities away 

from vulnerable fisheries/commodities and maintain food security. 

• PICT national governments have high-level climate change strategies and risk 

management plans, however, they tend to be generic, poorly coordinated and 

resourced, and place a low priority on fisheries and aquaculture when compared to 

other sectors. 

• Despite national level climate change adaptation and disaster risk management plans, 

integration across sectors is poor, and implementation will be challenged by the 

expected increase in intensity of extreme events such as tropical cyclones.  

• Climate change assessments and adaptation plans need to be conducted at local 

scales specific for the fisheries and aquaculture sector and to each PICT. Detailed 

plans for action need to be costed, resourced, prioritised and implemented. 

• Rapid human population growth underpins the issues confronting PICTs and there is a 

need for intervention through education and explicit national level planning. 

• Slow onset inundation in some PICTs due to sea level rise will result in significant 

migrations to other countries, most likely other PICTs, exacerbating existing pressures 

on natural resources.  

4.2 Instruments and mechanisms that have potential for adaptation 

4.2.1 Instruments to inform adaptation 

The PICT-specific climate change vulnerability assessments conducted for coastal fisheries 

and aquaculture have used an approach adapted from the IPCC vulnerability assessment 

framework (IPCC 2007; Bell et al. 2011a). This framework has since evolved using a semi-

quantitative approach that has been applied effectively for fisheries in several areas of 

northern Australia (Johnson et al. 2016; Johnson and Welch 2015; Welch et al. 2014). This 

framework approach provides a tool for the next necessary step of downscaled PICT-specific 

assessments to identify locally relevant and context-specific adaptations for the fisheries and 

aquaculture sector. These locally based assessments should guide national policy and legal 

instruments specific to the fisheries and aquaculture sector. However, the implementation of 

these processes and the establishment of these instruments will still not overcome the major 

constraint of poor acknowledgement of the coastal fisheries sector and capacity that will 

require a dedicated strategy likely involving significant international support. 

4.2.2 Adaptations for food security 

The projected slow onset declines in coastal fisheries productivity due to climate change has 

important implications for the food security of PICTs. The magnitude of the loss and damage 

and whether it can be mitigated depends on the severity of coral reef decline (that provide 

much of the coastal fisheries production across the region), as well as population growth, the 

area of coral reef per capita and the distance of reefs from population centres.  

Adaptations for maintaining the important role of fish for food security in the region (SPC 

2008; Bell et al. 2011a) centre on minimising the gap between the quantities of fish required 

for good nutrition and the fish available from coastal habitats due to population growth and 

productivity declines using: (i) appropriate best management of coastal fish habitats and 

stocks, (ii) increasing access to tuna for rural and urban populations, and (iii) boosting pond 

aquaculture. The recommended adaptations are not new – they have already been proposed 
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as an integral part of integrated coastal zone management (Ehler et al. 1997; Done & Reichelt 

1998; Gilman 2002; Wilkinson & Brodie 2011) and ecosystem-based fisheries management 

(Garcia & Cochrane 2005; Leslie & McLeod 2007; Tallis et al. 2010); and to address the 

effects of population growth on available fish for food (SPC 2008; Bell et al. 2011a). 

In general, adaptation actions will need to focus on: (i) improving the management of coastal 

zones and coastal fish stocks to minimise the productivity declines due to climate change and 

support sustainable fish harvests from coral reefs (Bell et al. 2011a), and (ii) developing 

practical ways to fill the gap between the fish required for food with pelagic fish, particularly 

tuna, and small-pond aquaculture (Bell et al. 2015). A range of practical adaptation options 

have been identified by Bell et al. (2011a,c, 2013) and Johnson et al. (2013) and represent the 

best options for mitigating the loss and damage of coastal fisheries that underpin food security 

in the region (Table 13). 

4.2.3 Adaptations for sustainable artisanal livelihoods 

The implications of the projected changes in production of coastal fisheries and aquaculture 

for sustainable livelihoods are that: (i) livelihoods may need to switch from one resource to 

another, and (ii) more flexible arrangements may be needed for operating fishing and 

aquaculture ventures. Within the coastal fisheries sector, the effort of small-scale fishers will 

need to be increasingly transferred from demersal fish associated with coral reefs, mangroves 

and seagrass, to large and small pelagic species, such as mahi mahi, mackerel, wahoo, 

skipjack and yellowfin tuna (Bell et al. 2011c). Transferring effort to pelagic species is not only 

expected to maintain the livelihoods of artisanal fishers as demersal coastal fisheries 

productivity declines, it may also create additional job opportunities in several PICTs in the 

eastern part of the Pacific Ocean because of the projected changing distribution of tuna 

eastward and increases in the abundance of tuna (see Appendix A). 

For aquaculture, much of the potential for growth in jobs is expected to be based on farming 

freshwater fish in ponds and sea-ranching to rebuild populations of overfished stocks of sea 

cucumbers and trochus. While primary fisheries management is essential to restore these 

depleted stocks, aquaculture has a role to play. Aquaculture can supplement management 

efforts (e.g. harvest quotas) by providing juveniles that can be released in locations where the 

wild stock is severely depleted with densities too low for natural replenishment. The 

adaptations required to minimise the climate-driven losses of livelihoods derived from fisheries 

and aquaculture, and capitalise on the opportunities are summarized in Table 13. 

4.2.4 Adaptations for aquaculture 

Aquaculture commodities in the tropical Pacific that are expected to be most at risk from 

climate change are pearl oysters, shrimp, marine ornamentals, seaweed and freshwater 

prawns, while brackish water fish (tilapia and milkfish) are expected to benefit in many 

locations due to increasing temperatures and rainfall (see Appendix A). Improving the 

resilience of aquaculture in the region by reducing the risks to high-value commodities (e.g. 

pearl and shrimp) through selective breeding for climate-resistant strains, investigating the 

scope for polyculture of seaweed and pearl oysters, and assessing the potential of new 

species for aquaculture are key adaptations (Table 13). The establishment of small pond 

aquaculture in communities using resilient species can also act as an effective food security 

measure for recovery following cyclones where access to fresh fish becomes compromised. 
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Table 13. Summary of climate change adaptation options to minimise, restore or repair loss and damage to food security, artisanal livelihoods and aquaculture. 

Food Security adaptations Artisanal livelihoods adaptations Aquaculture adaptations 

Conserve and restore coastal fish habitats, 
including managing catchment land use and 
vegetation to reduce pollutant delivery 

Conserve and restore coastal fish habitats, 
including managing catchment land use and 
vegetation to reduce pollutant delivery 

Diversify production of coastal aquaculture 
commodities expected to be favoured by future 
climate conditions 

Sustain production of coastal fisheries through 
climate-informed, community-based ecosystem 
approaches to fisheries management  

Provide access to near real-time weather 
information to ensure safety at sea  

Develop climate-resilient (e.g. temperature-
tolerant) strains for coastal aquaculture 

Diversify catches of coastal demersal fish to 
match changes in reef species composition  

Diversify fishing effort from demersal fish to 
nearshore large and small pelagic species  

Modify locations and infrastructure for coastal 
aquaculture to mitigate impacts from extreme 
events and sea-level rise 

Install nearshore FADs to transfer fishing effort 
from reef fish to pelagic species to feed growing 
rural communities 

Install nearshore FADs to improve access to 
tuna and other pelagic fish for small-scale 
commercial fishermen  

Increase participation in sea-ranching to rebuild 
overfished populations of sea cucumber and 
trochus  

Increase access to tuna for urban and rural 
populations by assisting small-scale enterprises 
to distribute small tuna and bycatch  

Secure the supplies of tuna required to base 
more tuna fishing and processing operations 
within PICTs 

Provide incentives for aquaculture enterprises to 
assess and minimise risks  

Develop coastal fisheries for small pelagic fish 
species, e.g. mackerel, anchovies, pilchards, 
sardines and scads 

Develop freshwater pond aquaculture in peri-
urban areas for small-scale livelihoods 

Provide access to training needed to operate 
profitable businesses under future climate 
change 

Improve simple post-harvest methods, such as 
traditional smoking, salting and drying, to extend 
the shelf life of fish  

Develop climate-resilient (e.g. temperature-
tolerant) strains for coastal aquaculture  

 

Develop hatchery and grow-out systems for 
expansion of semi-intensive and intensive 
freshwater pond aquaculture 

Market environmentally-friendly products that 
are high-value and will increase income 
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4.3 Entry points for support  

While earlier sections have discussed the potential risks climate change poses to Pacific 

fisheries and aquaculture, the current status and shortcomings of national adaptation efforts 

and the critical future needs, it is clear that there a lot of work to be done and support will be 

needed from international, regional and national institutions and organisations.  

The implementation of risk management policies, frameworks and strategic plans in the 

Pacific region, and their relative success or otherwise, is generally poorly documented. Even 

in succeeding policy documents, their development relative to the previous versions are poorly 

documented, with some minor exceptions (e.g. Tonga, see Table 10). As discussed 

previously, national action plans, being high-level, fail to provide a detailed and strategic 

approach to risk management and adaptation implementation for artisanal fisheries and 

aquaculture. Therefore assessing their implementation is challenging. Further, although there 

have been PICT-specific climate change vulnerability assessments done for coastal fisheries 

and aquaculture specific to all PICTs, there is little evidence that government planning has 

adopted the outcome recommendations from this work or implemented actions. 

The work done by SPC provides a comprehensive assessment for the Pacific region including 

a summary for individual PICTs that describes the key likely impacts and the recommended 

adaptation options (Bell et al. 2011a, 2011b) (see Section 3.1). The next steps are to 

downscale the adaptations to be context-specific for each PICT, and importantly, to actively 

trial and demonstrate effective local adaptations that can be applied to the sector throughout 

the Pacific to minimise climate change impacts. 

4.4 Next steps  

A primary recommendation is that PICTs are supported in anyway possible to develop  and 

implement national, locally relevant and effective management of coastal fisheries 

resources. For too long this has been neglected and is now seen as a critical adaptation 

response for PICTs to the predicted impacts from climate change. Secondly, for PICTs to fully 

adapt to climate change there also needs to be the adoption and further downscaling of 

existing PICT-specific climate change assessments carried out for coastal fisheries and 

aquaculture. Regional and sub-regional assessments (see Bell et al. 2011a,b) have broadly 

identified adaptations for food security, livelihoods and economic development (Johnson et al. 

2013). These adaptations need to be prioritised so that actions are specific to the local needs 

of the sector and agreed by all relevant parties. PICT-specific workshops have been held in 6 

of the 14 independent countries (Cook Islands, Fiji, Nauru, Samoa, Solomon Islands, and 

Vanuatu), and the remaining 8 PICTs require the same effort and resources to undertake a 

similar locally-focused exercise. The PICTs that have not had support to locally prioritise 

context-specific climate change adaptations for fisheries and aquaculture are: 

Federated States of Micronesia (FSM), Kiribati, Marshall Islands, Niue, Palau, PNG, Tonga, 

and Tuvalu. An important aspect of this exercise will be to build local capacity so that 

necessary follow up actions can be implemented in the long-term. This will require significant 

international financial and technical support. 

Thirdly, although relevant national government departments generally have in place both 

NAPAs/JNAPs and fisheries and aquaculture strategic plans and policies, the climate change-
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specific approaches may be overlapping, contradictory and/or poorly coordinated. What is 

lacking are clear climate change risk management plans that are specific to the sector. 

In developing these, climate change risk management plans for the sector, and adaptation 

planning and policy, the interactions with other sectors must be included. Partnership between 

national agencies responsible for fisheries and aquaculture with agencies responsible for 

climate change and other natural resources are needed as cross-sectoral approaches are 

essential to identify and implement effective adaptations.  

Climate change risk management requires resourcing to develop but must also include 

financial commitment for effective implementation. Inadequate resourcing has been an 

ongoing issue for local PICT capacity to implement primary fisheries management for coastal 

fisheries; something that is needed for resilient coastal fisheries. In many cases, this will 

require the development and implementation of basic but robust management systems, and 

will also require significant education and awareness raising as well as enforcement at all 

levels – from government through to individual communities. 

Clear delineation of roles and procedures is lacking for disaster response in PICTs. This 

applies to the fisheries sector where a pre-agreed and coordinated response to access either 

closed fisheries and/or closed tabu areas is required. The Vanuatu experience with TC Pam 

demonstrated a lack of coordination or direction by government whereby all closed fisheries 

were declared open to address food shortages. This resulted in a rapid increase in fishing 

pressure on stocks that were already overfished, and reports of foreign buyers taking 

advantage of locals by offering cash for high-value products from local tabu (closed) areas, 

also rapidly depleting stocks. However, given the extent of international aid, albeit with the 

need for improved response coordination, these steps may not have been necessary. A 

strategic plan for future events would better guide the national response, particularly to 

addressing food shortages, and better ensure it is in the interest of all sectors, including 

humanitarian needs and longer-term fisheries sustainability. 

Alternatives to the harvest of coastal resources for food and income, such as pond 

culture of tilapia and eco-tourism, are lacking in most PICTs. Such alternatives require 

substantial investment in skills training and infrastructure, and support (financial and social) for 

communities to change their (often traditional) activities. This would not only assist in 

achieving healthy and resilient marine resources but also the provision of an important food 

source in times of natural disasters. Support is also needed to explore alternatives to 

culturing vulnerable commodities – pearl, seaweed, marine ornamentals – which will again 

require skills training and infrastructure, and support (financial and social) for changes in 

activities. 

Preliminary (but not quantitative) consideration of the key climate change risks for each of the 

14 independent PICTs in this study has identified some targets for adaptation action (see 

Table 6), and from this potential pilot projects that would demonstrate local adaptations that 

can be applied to the sector to minimise climate change impacts. These are summarized 

below, and should be explored in more detail, particularly for remote and regional 

communities in independent PICTs that have limited international support at this time. 
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Melanesia  

• Initiatives that provide alternative food resources in PNG, Solomon Islands and Vanuatu, 

such as small pond aquaculture, nearshore FADs for pelagic fish, and access to 

industrial tuna (undersized fish or by-catch). 

• Initiatives that provide alternative livelihood opportunities instead of coastal fisheries, 

such as nearshore small pelagic fish or eco-tourism, particularly in PNG and Fiji. 

• Trial initiatives that identify more suitable aquaculture locations (e.g. deeper) or co-

culture of commodities (e.g. seaweed and pearls) to minimize the effects of increasing 

SST and ocean acidification on pearls, marine ornamentals and seaweed, in PNG, 

Solomon Islands and Vanuatu. 

• Expansion of effective locally managed marine areas/ridge-to-reef approaches to 

support ecosystem-based fisheries management, including monitoring and enforcement. 

• A suitable pilot site to address multiple climate risks and implement complementary 

adaptations for food security, fisheries livelihoods and aquaculture (as outlined above) 

would be a remote community in PNG that is facing significant multiple impacts. 

Micronesia  

• Trial initiatives that identify more suitable aquaculture locations (e.g. deeper) or co-

culture of commodities (e.g. seaweed and pearls) to minimise the effects of increasing 

SST and ocean acidification on pearls, marine ornamentals and seaweed, in FSM, 

Kiribati, Marshall Islands and Palau. 

• Initiatives that provide alternative food resources in FSM and Nauru, such as small 

pond aquaculture, nearshore FADs to target pelagic fish, and access to industrial tuna 

(undersized fish or by-catch). 

• Expansion of effective locally managed marine areas/ridge-to-reef approaches to 

support ecosystem-based fisheries management, including monitoring and 

enforcement. 

• A suitable pilot site to address multiple climate risks and implement complementary 

adaptations for food security and aquaculture (as outlined above) would be a remote 

community in FSM that is facing multiple impacts. 

Polynesia  

• Trial initiatives that identify more suitable aquaculture locations (e.g. deeper) or co-

culture of commodities (e.g. seaweed and pearls) to minimize the effects of increasing 

SST and ocean acidification on pearls, marine ornamentals and seaweed, in Cook 

Islands and Tonga. 

• Initiatives that provide alternative food resources in Niue and Samoa, such as small 

pond aquaculture, nearshore FADs in Samoa, and access to industrial tuna 

(undersized fish or by-catch). 

• Expansion of effective locally managed marine areas/ridge-to-reef approaches to 

support ecosystem-based fisheries management, including monitoring and 

enforcement. 

• A suitable pilot site to address multiple climate risks and implement complementary 

adaptations for food security and aquaculture could be any of Cook Islands, Niue, 

Samoa or Tonga. 
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Future adaptation projects 

The recommended focal areas for adaptation in each of the three cultural sub-regions of the 

Pacific provide indicative targets for future project investment. Below are adaptation pilot 

studies for each of the three cultural regions (FSM, Micronesia; PNG, Melanesia; Niue, 

Polynesia) as examples of the type of climate change adaptation project that would address 

sector-specific risks from climate change. These pilot projects would demonstrate effective 

adaptation actions that could be implemented in other Pacific locations. Importantly, these 

three studies would provide added benefit if they could be conducted together, to provide a 

range of different sites to compare implementation success of climate change adaptation 

actions that target L&D in food security, livelihoods and aquaculture.  

Climate Change Adaptation in FSM (Micronesia) 

• Context: The Federated States of Micronesia (FSM) are projected to experience 

climate change impacts on their coastal fisheries resources that provide 83% of their 

subsistence food, and their black pearl and marine ornamentals aquaculture ventures 

that will decline due to ocean acidification. The primary area of concern is for coastal 

subsistence communities that gain their livelihoods from reef fisheries and aquaculture 

ventures.   

• Objective: Implement effective adaptation actions that minimise the impacts of 

declining coastal fisheries and marine aquaculture on communities by promoting 

sustainable resource management and reducing dependence on vulnerable resources. 

• Tasks: 

o Downscale climate change vulnerability assessment to identify vulnerable 

communities and prioritise local context-specific adaptations for fisheries and 

aquaculture. 

o Work with communities and fisheries managers to discuss cultural preferences 

and trial initiatives that provide alternative food resources (e.g. small pond 

aquaculture, nearshore FADs to target pelagic fish, non-marine protein). 

o Support fisheries managers and build national capacity to implement 

ecosystem-based approach to fisheries management for coastal areas in the 

project site, laying the foundation for a national framework for coastal fisheries 

management. 

o Work with communities to trial alternative aquaculture practices (e.g. deeper 

sites for black pearls, co-culture of pearls with seaweed to buffer ocean 

acidification), and diversify commodities (e.g. shift effort away from vulnerable 

marine ornamentals). 

o Explore and support alternative livelihood options for those dependent on 

artisanal coastal fisheries or aquaculture for income, where there is interest in 

diversifying or leaving the sector. 

o Build knowledge and capacity in local communities to manage and monitor 

their coastal resources, and identify impacts early (e.g. declines in coastal fish 

catch or supporting habitat degradation). 

o Establish a network between fisheries managers and communities to enable 

sharing of knowledge and information, and co-management of vulnerable 

marine resources. 
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• Deliverables (over 2-3 years):  

o Climate Change Action Plan for target communities in FSM that were identified 

as highly dependent and vulnerable to climate change loss and damage. 

o Improved coastal fisheries management consistent with regional frameworks 

and national strategies, implemented at a local scale. 

o Enhanced long-term food security for communities that currently depend 

heavily on coastal fish, with alternative protein sources and post-disaster 

planning for food supplies. 

o Resilient community livelihoods that are less vulnerable to climate change 

impacts or have diversified into alternative commodities or industries. 

o Remote/rural communities with knowledge and capacity to engage in emerging 

economies and drive new community opportunities. 

o Enhanced knowledge and capacity of local communities for coastal 

ecosystems, management practices and sustainable fishing. 

• Application:  

o Any rural or remote Pacific communities that have a very high dependence on 

coastal fisheries for food, such as Niue and PNG. 

o Any rural or remote Pacific communities that have established livelihoods from 

vulnerable aquaculture commodities, such as Cook Islands, Fiji, Kiribati, Palau, 

Marshall Islands, Solomon Islands, Tonga and Vanuatu. 

o Ideally, the project would include a second community site with similar socio-

economic feature to compare the success of adaptations between PICTs, and 

assess their transferability (e.g Niue and PNG).  

 

Climate Change Adaptation in Niue (Polynesia) 

• Context: Niue is a very small Pacific nation in Polynesia that is projected to 

experience climate change impacts on their coastal fisheries resources that provide 

93% of their subsistence food with limited alternative protein sources. The primary 

area of concern is for coastal subsistence communities that gain their food and also 

livelihoods from reef fisheries.   

• Objective: Implement effective adaptation actions that minimise the impacts of 

declining coastal fisheries on communities by promoting sustainable resource 

management and reducing dependence on vulnerable resources. 

• Tasks: 

o Downscale climate change vulnerability assessment to identify vulnerable 

communities (villages and artisanal groups) and prioritise local context-specific 

adaptations for coastal fisheries. 

o Work with communities and fisheries managers to discuss cultural preferences 

and trial initiatives that provide alternative food resources (e.g. small pond 

aquaculture, nearshore FADs to target pelagic fish, non-marine protein). 

o Support fisheries managers and build national capacity to implement 

ecosystem-based approach to fisheries management (EAFM) for Niue as part 

of a national framework for coastal fisheries management. 
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o Explore and support alternative livelihood options for those dependent on 

artisanal coastal fisheries for income, where there is interest in diversifying or 

leaving the sector. 

o Build knowledge and capacity in local communities to manage and monitor 

their coastal resources, and identify impacts early (e.g. declines in coastal fish 

catch or supporting habitat degradation). 

o Establish a network between fisheries managers and communities to enable 

sharing of knowledge and information, and co-management of vulnerable 

marine resources. 

• Deliverables (over 2-3 years):  

o Climate Change Action Plan for coastal fisheries in Niue that have been 

identified as vulnerable to climate change loss and damage. 

o Improved coastal fisheries management consistent with regional frameworks 

Niue NAP and National Strategic Plan, implemented at a local scale. 

o Enhanced long-term food security for communities that currently depend 

heavily on coastal fish, with alternative protein sources and post-disaster 

planning for food supplies. 

o Resilient community livelihoods that are less vulnerable to climate change 

impacts or have diversified into alternative commodities or industries. 

o Remote/rural communities with knowledge and capacity to engage in emerging 

economies and drive new community opportunities. 

o Enhanced knowledge and capacity of local communities for coastal 

ecosystems, management practices and sustainable fishing. 

• Application:  

o Any rural or remote Pacific communities that have a very high dependence on 

coastal fisheries for food, such as Tuvalu and Kiribati. 

o Ideally, the project would include a second community site with similar socio-

economic feature to compare the success of adaptations between PICTs, and 

assess their transferability (e.g. FSM and PNG). 

 

Climate Change Adaptation in PNG (Melanesia) 

• Context: PNG are projected to experience significant climate change impacts on their 

coastal fisheries resources that provide 84% of their subsistence food, 86% of coastal 

household income, and more than 10,000 local jobs, particularly in canneries. The 

primary areas of concern are coastal subsistence communities that gain their food and 

livelihoods from reef fisheries and canneries.   

• Objective: Implement effective adaptation actions that minimise the impacts of 

declining coastal fisheries and tuna supply in the Western Pacific on communities by 

promoting sustainable resources and reducing dependence on vulnerable resources. 

• Tasks: 

o Downscale climate change vulnerability assessment to identify vulnerable 

communities and prioritise local context-specific adaptations for fisheries and 

aquaculture. 

o Work with communities and fisheries managers to discuss cultural preferences 

and trial initiatives that provide alternative food resources (e.g. small pond 
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aquaculture, nearshore FADs to target pelagic fish, tuna by-catch, non-marine 

protein). 

o Support fisheries managers and build national capacity to implement 

ecosystem-based approach to fisheries management (EAFM) for coastal areas 

in the project site, consistent with a national framework for coastal fisheries 

management. 

o Explore and support alternative livelihood options for those dependent on 

artisanal coastal fisheries or local cannery jobs for income, where there is 

interest in diversifying or leaving the sector. 

o Build knowledge and capacity in local communities to manage and monitor 

their coastal resources, and identify impacts early (e.g. declines in coastal fish 

catch or supporting habitat degradation). 

o Establish a network between fisheries managers and communities to enable 

sharing of knowledge and information, and co-management of vulnerable 

marine resources. 

• Deliverables (over 2-3 years):  

o Climate Change Action Plan for target communities in PNG that were identified 

as highly dependent and vulnerable to climate change loss and damage. 

o Improved coastal fisheries management consistent with regional frameworks 

and national strategies, implemented at a local scale. 

o Enhanced long-term food security for communities that currently depend 

heavily on coastal fish, with alternative protein sources and post-disaster 

planning for food supplies. 

o Resilient community livelihoods that are less vulnerable to climate change 

impacts or have diversified into alternative commodities or industries. 

o Remote/rural communities with knowledge and capacity to engage in emerging 

economies and drive new community opportunities. 

o Enhanced knowledge and capacity of local communities for coastal 

ecosystems, management practices and sustainable fishing. 

• Application:  

o Any rural or remote Pacific communities that have a very high dependence on 

coastal fisheries for food, such as Tuvalu and Kiribati. 

o Ideally, the project would include a second community site with similar socio-

economic feature to compare the success of adaptations between PICTs, and 

assess their transferability (e.g. FSM and Niue).  
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APPENDIX A: Climate change in the Pacific region 

Past and current (observed) climate in the Pacific region 

The human-induced warming of the global climate observed during the 20th century is 

estimated to have occurred 10 times faster than the 4–7 °C warming since the last glacial 

period ~21,000 years ago (Bell et al. 2011b). The Pacific Ocean covers almost one third of the 

Earth’s surface and the surface climate in the region has been in the current warming phase 

for 21,000 years with regards to atmospheric circulation, temperature, seasonal variation in 

winds, rainfall, temperatures and tropical cyclones. Observed trends in the last ~50 years 

show increases in air and sea temperatures, changes to atmospheric circulation and rainfall, 

sea-level rise, and changes in the frequency and intensity of extreme weather events (CSIRO 

et al. 2015). Past and current patterns in (observed) climate in the Pacific region are 

summarized in Table 1A. 

 

Table 1A. Past and current (observed) surface and oceanic climate in the Pacific Island region.  

 1980 – 2000 average Recent trends Data sources 

Surface climate 

Atmospheric CO2 
(ppm) 

339–368 407 (January 2017) 
IPCC 2014; 
https://www.co2.earth  

Air temperature (°C) 25.7 

+0.9 (1961–2011); 

Accelerated rate of warming at 
+0.18 /decade (1961–2011) 

CSIRO et al. 2015 

Sea surface 
temperature (°C) 

27.4a 

29.0 (Warm Pool) 
+0.6 to +1.0 since 1950 

Ganachaud et al. 2011;  

CSIRO et al. 2015 

Rainfall:  

- Western (mm/d)  

- Eastern (mm/d) 

 

6.3 

2.7 

Wetter south-west Pacific (since 
1985); 

Drier central Pacific (since 1985); 

More extreme rainfall events 

Lough et al. 2011; 
CSIRO et al. 2015 

ENSO Inter-annual variable No discernible change Lough et al. 2011 

PDO-decadal 
variability 

Decadal variable No discernible change Lough et al. 2011 

Tropical cyclones 
(average/year) 

9 

(November – April) 

Numbers per year have 
decreased in western Pacific 

CSIRO et al. 2015 

Ocean climate 

Currents: 

Westward equatorial 
SEC speed (cm/s) 

28 South Pacific Gyre strengthened; 

 

15–30% variation in eddy activity 
(1993–2001) 

Ganachaud et al. 2011; 
CSIRO et al. 2015 Currents: 

Eastward SECC 
speed (cm/s) 

14 

Ocean temperature 
at 80 m (°C) 

Spatially variable +0.6 to +1.0 since 1950 Ganachaud et al. 2011 

Nutrient supply Slight decrease 
Decrease in nutrient supply; 
Increased stratification 

Ganachaud et al. 2011 

https://www.co2.earth/
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Dissolved oxygen 

Shallowing of low-O2 
waters (< 90 µmol/kg) 
from ~300 m to 260 

m 

Decreasing dissolved O2; 

Expansion of low-O2 waters 
Ganachaud et al. 2011 

Ocean pH (units) 8.14 
–0.06 in pH; 

Ω decrease 4.3 to 3.9 

Lenton et al. 2015;  

Johnson et al. 2016 

Sea level (cm) +17b 
+6 cm since 1960; 

+2.5 cm per decade 
Ganachaud et al. 2011 

Waves (significant 
wave height) 

Decrease in far west; 
no data elsewhere 

–8 cm per decade in far west 
Pacific 

Ganachaud et al. 2011 

ENSO = El Nino Southern Oscillation; PDO = Pacific Decadal Oscillation; SEC = Southern Equatorial 

Current; SECC = Southern Equatorial Counter-current; a = warmer in western Pacific and cooler in 

eastern Pacific; b = since pre-Industrial period. 

 

Pacific climate variability  

Superimposed on seasonal cycles and observed trends in surface climate are various sources 

of natural variability that modulate atmospheric and ocean climate from weeks to decades. 

The El Niño Southern Oscillation (ENSO) is the principle source of inter-annual global climate 

variability and is centred in the tropical Pacific. ENSO fluctuates between two phases, El Niño 

and La Niña with most of the tropical Pacific experiencing significantly warmer than normal 

sea surface temperatures (SST) during El Niño events and, conversely, significantly cooler 

SST during La Niña events. Different rainfall patterns are also associated with the two phases. 

The inter-annual variability of ENSO is modulated decadally by the Pacific Decadal Oscillation 

that results in distinct warm or cool phases of SST anomalies that persist for several decades.  

The fish and invertebrates harvested in the tropical Pacific depend intimately on the ocean 

environment. Large- and small-scale circulation patterns influence larval dispersal and the 

migration of species; water temperature, salinity, nutrient availability, dissolved oxygen 

concentration and pH affect biological activity; and oceanic currents, waves and sea level 

shape coastal habitats. The circulation of the central and western tropical Pacific Ocean is 

dominated by two westward currents, the North Equatorial Current and the South Equatorial 

Current (SEC), which are separated by two eastward counter currents (Figure 1A). As the 

flows encounter islands and coasts, they form narrow and powerful currents that can transport 

heat, nutrients, particles and larval fish and invertebrates over large distances. In the central 

and eastern equatorial region, trade winds drive upwelling of deep water and create the 

nutrient-rich Pacific Equatorial Divergence (Figure 1A). Much of the remaining tropical Pacific 

Ocean is nutrient-poor, including the Western Pacific Warm Pool (Warm Pool), a large pool of 

warm water that moves back and forth along the equator driven by ENSO.  
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Figure 1A. Map of the tropical Pacific Island region showing the five ecological provinces or oceanographic 

sub-regions relative to Pacific Island countries and territories. Source: Bell et al. (2013). 

 

In addition to the substantial natural variability in the tropical Pacific Ocean, long-term 

changes to ocean temperature, circulation, ocean pH, nutrient supply, oxygen concentration, 

equatorial upwelling and sea level have been observed over the past 30 to 50 years (Table 

1A). The present-day features of the tropical Pacific Ocean, observed trends, and projections 

of how the ocean will change will continue to be driven by increasing greenhouse gases as 

well as natural sources of variability. Under ‘business as usual’ (high) emissions scenarios, 

surface climate in the tropical Pacific region is projected to continue to warm rapidly with 

associated atmospheric changes (BoM & CSIRO, 2014; CSIRO et al. 2015) that will impact 

ecosystems (Bell et al. 2015).  

Climate change projections  

Global warming and ocean acidification are environmental changes being driven by increasing 

greenhouse gas emissions, and will affect many biophysical properties of the tropical Pacific 

Ocean – SST, sea level, nutrient supply, dissolved oxygen levels and ocean circulation 

patterns. These changes will have implications for the food webs and habitats that support 

fisheries and aquaculture. Global climate model outputs from the IPCC 4 th and 5th Assessment 

Reports (IPCC 2007, 2014) downscaled for the Pacific region (Ganachaud et al. 2011; Lough 

et al. 2011; BoM & CSIRO, 2014; CSIRO et al. 2015) provide projections for many ocean 

properties in 2050 and 2100 (summarised in Table 1A). 

Despite the spatial variability in future climate projections, some climate drivers pose 

universally high risks to most PICTs. For example, ocean acidification, increasing sea surface 

temperatures and thermal coral bleaching will impact all PICTs, with subsequent changes to 
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marine habitats, fisheries and aquaculture (Bell et al. 2011a; Johnson et al. 2016). While sea-

level rise presents the greatest risk to low-lying atoll nations, such as Kiribati, Marshall Islands 

and Tuvalu, despite the greater homogeneity of projections across the region. Conversely, 

changes in rainfall, particularly total annual and extreme rainfall, are projected to be highly 

spatially variable, and pose a greater risk to equatorial PICTs more than nations in sub-

tropical areas. Decreases in wave heights and tropical cyclone genesis (although cyclones 

that form are likely to be more intense) pose a lesser risk to most PICTs, particularly those in 

equatorial regions.  

Physical oceanic habitats 

Global warming is projected to have profound effects on the physical environment in the 

tropical Pacific Ocean. Average SST in the Warm Pool, which has increased by ~0.7 °C since 

1900 (Bindoff et al. 2007; Cravatte et al. 2009), is expected to continue rising another 1.2–1.6 

°C by 2050 and 2.2–2.7 °C by 2100, relative to 1980-1999, under a high emissions scenario 

(Ganachaud et al. 2011) (Table 1A). The size of the Warm Pool is also projected to increase, 

and a decrease in oxygen (O2) concentration by 2100 in surface waters is expected, due to 

the reduced solubility of O2 in warmer water. In subsurface waters, the increased temperature 

and stratification of the ocean at higher latitudes are expected to lead to a decrease in O2 

transfer from the atmosphere, resulting in lower O2 concentrations in the thermocline 

(Ganachaud et al. 2011).  

Increases in SST are projected to affect the atmospheric pressure patterns responsible for 

wind generation, which has implications for the strength and direction of major surface 

currents. Observations show that the South Pacific gyre has already increased in strength 

(Roemmich et al. 2007), resulting in alterations to the complex current system of the 

southwest Pacific and changes to the depth structure of thermoclines in the region. 

Simulations project a decrease in currents in the upper water column near the equator due to 

weakened wind regimes at low latitudes and strengthened winds in the subtropical Southern 

Hemisphere (Ganachaud et al. 2011). The transport of water from the South Equatorial 

Current (SEC) at the equator is expected to decrease by 20-40%, and the South Equatorial 

Countercurrent (SECC) is expected to decrease by >10% by 2100 under a high emissions 

scenario (Table 1A). Eddies and upwellings associated with the SEC and SECC are also 

expected to decrease due to weakening circulation, and the maximum mixed layer depth in 

the tropical Pacific is expected to become 20 m shallower by 2100 (Ganachaud et al. 2011). 

Effects on oceanic food webs  

The changes in circulation described above are expected to alter the timing, location, and 

extent of the upwelling processes on which most oceanic primary productivity depends. 

Changes in the vertical structure of the water masses and in the depth and strength of the 

thermocline will also impact the availability of nutrients. The production of phytoplankton at the 

base of the food web supporting pelagic fish is primarily constrained by the availability of 

nutrients, such as nitrogen, and/or micro-nutrients, such as iron. Because phytoplankton 

rapidly exhaust the limited nutrients of surface waters, substantial primary production occurs 

only where deep nutrient-rich waters reach the surface by upwelling, eddies, or shallowing of 

the thermocline (Le Borgne et al. 2011). In turn, production of organisms at higher trophic 

levels in the food web (zooplankton, micronekton, mid-level and top predators) (Figure 2A) are 

constrained by variations in phytoplankton production, and directly by environmental factors 

such as temperature and ocean acidification. 
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Figure 2A. Generalized oceanic food web supporting all species of tuna and other large pelagic fish. Source: 

Le Borgne et al. (2011). 

 

Based on the IPSL-CM4 climate model for a high emissions scenario a 9% decrease in 

phytoplankton is projected in the Warm Pool by 2100, and a 20% to 33% decrease in the 

archipelagic deep basins in the southwest of the region (Le Borgne et al. 2011) (see Figure 

1A). Zooplankton is also projected to decrease in these regions. A 10–20% reduction of the 

phytoplankton biomass is also projected in the central north Pacific by 2100, causing a decline 

in the total biomass of all higher trophic level groups combined (Howell et al. 2012). Long-term 

simulations from six climate models also suggest a weakening of primary production in the 

tropics (Henson et al. 2013).  

Ocean acidification projections 

Future changes in ocean pH and calcium carbonate saturation will largely depend on the 

atmospheric concentration of CO2. They are also affected, to a smaller extent, by changes in 

water temperature and salinity. Based on the RCP8.5 ‘business-as-usual’ scenario5 that 

assumes a continuation of the rapid increase in global CO2 emissions, tropical Pacific pH is 

projected to decrease by a further 0.15 units from the historical 1986–2005 period into the 

2040–2060 period (averaged between 15°S to 15°N and 120°E to 280°E) under a ‘business-

as-usual’ emissions scenario (Lenton et al. 2015).  

Dramatic changes in aragonite saturation are also projected to occur (Figure 3A). Saturation 

levels greater than 4 are considered optimal for coral calcification while levels less than 3.5 

are considered very low for a healthy reef system to continue reef-building (Langdon and 

Atkinson 2005). Saturation levels less than 3 are considered extremely marginal for growth of 

 
5 RCP85 ‘business-as-usual’ scenario assumes that atmospheric CO2 concentration rises from present day values 

of ~400ppm to ~540ppm in 2050. 
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corals, with no major reef systems currently found at locations within these levels. Model 

projections suggest that by mid-century the entire tropical Pacific region will have shifted to 

sub-optimal conditions, with aragonite saturation between 3 and 3.5. This represents a drop of 

approximately 0.6 in the tropical region, corresponding to a decline in coral calcification rate of 

about 10% (Chan and Connolly 2013). 

 

Figure 3A. Aragonite saturation state for the periods: a) 1986-2005 (based on a multi-model median from 

the CMIP5 historical simulations) and b) 2040-2060 (based on RCP8.5 simulations). 3 & 3.5 contour lines 

superimposed. Black dots indicate location of coral reefs. Multi-model data source: Lenton et al. (2015). 

 

Climate change implications for Pacific fisheries and aquaculture 

All these projected changes to the Pacific Ocean, food webs and habitats will interact to 

impact on marine ecosystems and organisms in the Pacific Islands region, which will have 

implications for dependent communities, fisheries, aquaculture and economies (Bell et al. 

2011a, Bell and Taylor 2015, Bell et al. 2017). 

Direct and indirect effects on tuna fisheries  

Modelling suggests that the effects of climate change on ocean dynamics will affect the future 

distribution and abundance of tuna. The four main tuna species targeted in the Pacific – 

skipjack (Katsuwonus pelamis), yellowfin (Thunnus albacares), bigeye (Thunnus obesus) and 
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South Pacific albacore (Thunnus alalunga) – are expected to respond directly to changes in 

SST, O2, currents, ocean acidification and the location of the Warm Pool, and indirectly to 

changes in the structure of the food web (Lehodey et al. 2010a, 2011, Bromhead et al. 2015). 

Projected warming of the Pacific Ocean and changes in circulation patterns (decreases in the 

strength of major currents and in the formation of eddies), are expected to have two primary 

effects on the spatial distributions of tuna species. The first involves potential changes in the 

timing and location of spawning, and in recruitment success. The magnitude of these effects 

will depend on the phenological adaptation of each species. Assuming limited adaptation, 

spawning tuna are expected to avoid areas with temperatures above their thermal optimum to 

prevent overheating. The exact location of spawning areas would differ among tuna species 

because the difference species prefer to spawn in different water temperatures (Lehodey et al. 

2011), and early life stages are expected to be more sensitive and vulnerable to changes in 

water temperatures and circulation, and to changes in O2 and pH, than adults (Lehodey et al. 

2011, Bromhead et al. 2015). Generally, spawning areas are projected to shift to the central 

and eastern equatorial region where productivity is projected to remain relatively high, and 

could extend into the Tasman Sea (Lehodey et al. 2015).  

The second potential impact relates to changes in the distribution of fish outside the spawning 

season. Increased stratification of the water column due to higher SST may alter the vertical 

distribution of tuna and affect their access to food during the diel vertical migrations of their 

prey (Le Borgne et al. 2011). Preliminary simulations of climate change impact using Spatial 

Ecosystem and Populations Dynamics Model (SEAPODYM) on albacore (Lehodey et al. 

2015), skipjack tuna (Lehodey et al. 2013b, Dueri et al. 2014, Matear et al. 2015), bigeye tuna 

(Lehodey et al. 2010b, 2013a) and yellowfin tuna (Senina et al. 2015) project declining 

abundances in the western Pacific and/or distribution shifts towards the eastern Pacific.  

The projected changes in vertical and horizontal distribution of pelagic fish are likely to have 

consequences for fishing operations. Changes in the location of prime fishing grounds and the 

catchability of tuna by surface and longline fisheries are expected to affect the sector in a 

similar way to that observed during El Niño events. In particular, fishing grounds are likely to 

be displaced further eastward along the equator and at higher latitudes, and increasing 

access to tuna resources in international waters (Lehodey et al. 1997, 2011, 2012, 2013a, Bell 

et al. 2013). Regardless of where fishing is concentrated, increased stratification could 

enhance catch rates of the surface-dwelling skipjack and yellowfin tuna where SST remains 

within their preferred ranges.  

Tuna and other large pelagic fish (e.g. mahi mahi, wahoo) populations are thought to be 

especially sensitive to changes in the oceanic food web, ranging from changes in primary 

productivity to the abundance of their micronekton prey (Lehodey et al. 2011). In particular, 

decreases in micronekton are likely to increase natural mortality and lower the overall 

production of oceanic fisheries in the region.  

Effects on coastal fish habitats 

Climate change is expected to compound existing anthropogenic pressures on coastal fish 

habitats in the Pacific from development, resource extraction and pollution. The greatest 

impacts from climate change are likely to occur due to increased temperature stress, 

increased sedimentation and turbidity from higher rates of runoff, ocean acidification, rising 
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sea levels, and physical damage from the combination of rising sea levels and more severe 

cyclones (Figure 4A; Hoegh-Guldberg et al. 2011, Waycott et al. 2011). 

 

Figure 4A. Changes in the state of Pacific coral reef ecosystems caused by climate change: Structurally-

complex coral reef habitats that support high species diversity (A), once bleached (B), become overgrown 

with algae (C), and then collapse to form rubble banks (D), leading to declines in fish diversity and 

abundance of coral-dependent species (C and D). Predatory fish are expected to decline due to reductions 

in coral-dependent prey species, while generalist species (e.g. herbivores) may become more abundant on 

algae-dominated reefs due to access to more food, at least in the short- to medium-term. Symbols courtesy 

of the Integration and Application Network. Adapted from Hoegh-Guldberg et al. (2011). 

 

For coral reefs, the projected increase in SST is expected to cause mass coral bleaching at 

least twice as frequently by 2050, and every 1–2 years by 2100. The projected declines in pH 

of the tropical Pacific Ocean, from 0.15 units by 2050 to 0.3 units by 2100, will degrade coral 

reefs significantly. This is because reductions in pH result in decreases in aragonite saturation 

(Ω) (Ganachaud et al. 2011), which is essential for corals and other calcifying organism to 

build their skeletons and shells (Hoegh-Guldberg et al. 2011). By 2050, Ω is expected to be ~3 

(Table 1A, Figure 3A; Johnson et al. 2016), which will result in poor conditions for coral growth 
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across much of the region (Hoegh-Guldberg et al. 2007, Doney et al. 2009, Chan & Connolly 

2013). 

The combined effects of increased coral bleaching and ocean acidification are expected to 

reduce live coral cover (estimated at 20-40% for the Pacific in 2010) by 50% by 2050 under 

good management, and by 75% under poor management (Hoegh-Guldberg et al. 2011). By 

2050, there will be net erosion of coral reefs and the more robust species, such as Porites 

spp. and Favia spp., are expected to dominate. The projections for 2100 are more dramatic; 

even with good management, live coral cover is projected to decrease by >90% relative to 

2010 (Hoegh-Guldberg et al. 2011). Competition between reef-building corals and non-

calcareous macroalgae is expected to intensify under climate change as coral cover, growth 

and calcification continue to decrease (De’ath et al. 2009, Cooper et al. 2008). In short, 

macroalgae are likely to outcompete corals for space and become a dominant feature of reefs.  

Mangroves are projected to be most vulnerable to sea-level rise, increasing cyclone intensity, 

and changes in rainfall. Mangroves are expected to have a high vulnerability to a high 

emissions scenario by 2050, increasing to very high by 2100 (Waycott et al. 2011). 

Seagrasses are likely to be most vulnerable to increasing SST, the effects of increased 

turbidity on solar radiation, changes to rainfall and increases in cyclone intensity. Seagrasses 

are expected to have a moderate vulnerability under high emissions scenarios in 2050, 

increasing to high in 2100 (Waycott et al. 2011). Intertidal flats are projected to be most 

vulnerable to sea-level rise, and are expected to have a moderate vulnerability in 2050, and a 

high vulnerability in 2100 (Waycott et al. 2011). 

As a result of the impacts of increasing SST and ocean acidification on the biological and 

structural complexity of coral reefs (Hoegh-Guldberg et al. 2011), the productivity of reef 

fisheries is expected to decrease by 20% by 2050 under a ‘business as usual’ (high) 

greenhouse gas emissions scenario (Pratchett et al. 2011). This will be exacerbated by 

degradation of other important coastal habitats, with the area of mangroves in the Pacific 

Island region expected to decrease by 50-70% by 2050 due mainly to sea-level rise, and the 

area of seagrass habitats expected to decrease by 5-35% by 2050 due to increased runoff 

from more extreme rainfall and other stresses associated with global warming (Waycott et al. 

2011). The loss of live coral cover, the structural complexity of coral reefs and fragmentation 

of coastal habitat mosaics will be particularly detrimental for demersal fish and invertebrates 

that support artisanal fisheries (Johnson et al. 2016, Johnson et al. 2017).  

Direct effects on coastal fish stocks  

Although many demersal fish and invertebrates are adapted to widely varying diurnal and 

seasonal temperature cycles, and are relatively tolerant of short-term changes in temperature, 

the projected increases in SST are likely to exceed the optimum thermal levels of many 

species. Increases in metabolic rate caused by higher SST will alter biological processes, 

reproductive success, recruitment and juvenile growth of many demersal fish and invertebrate 

species, resulting in changes in distribution and abundance (Gagliano et al. 2007, Munday et 

al. 2008, Donelson et al. 2010). For example, demersal fish and invertebrate species 

dependent on reef habitats are unlikely to occur where their thermal optima no longer overlap 

with reefs. On the other hand, tuna and other large pelagic fish caught in nearshore waters 

are expected to be able to move to areas with optimal conditions more easily.  
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The increased concentration of carbon dioxide (CO2) in seawater is expected to have negative 

effects on the growth and survival of early life history stages of demersal fish because they 

lack specialised internal pH regulatory systems (Frommel et al. 2011, 2014, Miller et al. 2012). 

The effects of elevated CO2 levels on the sensory ability of early life history stages of 

demersal fish are expected to be even more significant. Increased boldness and activity 

(Munday et al. 2013), altered auditory responses (Simpson et al. 2011), loss of lateral 

movement (Domenici et al. 2012), and impaired olfactory function (Munday et al. 2009, Dixson 

et al. 2010, Cripps et al. 2011, Devine et al. 2012) have been observed in juvenile demersal 

fish reared in elevated CO2. Such changes are expected to affect the homing and settlement 

behaviour of juveniles, and their ability to detect and avoid predators (Munday et al. 2013). 

This has implications for population replenishment. Potential negative, synergistic effects 

between elevated SST and ocean acidification remain to be investigated in detail. The scope 

for genetic variation within reef fish populations to adapt to changing seawater chemistry is 

also unknown (Cheung et al. 2015). 

Ocean acidification is expected to affect molluscs, crustaceans and echinoderms because, 

like corals, their shells, exoskeletons or skeletal elements are composed of aragonite (or high-

magnesium calcite in some species) (Ries et al. 2009). Calcifying molluscs reared under lower 

pH form thinner shells, and have reduced growth and lower survival rates, than those reared 

under normal conditions (Shirayama & Thornton 2005, Watson et al. 2012, Gazeau et al. 

2013). Lower rates of calcification are expected to result in declines in the size and quality of 

molluscs for export (e.g. trochus, green snail and pearl oysters), and in the abundance of 

bivalves and gastropods gleaned for local consumption. Elevated CO2 concentrations have 

also been shown to affect skeletal development in echinoderms, leading to reductions in 

growth and potentially increased susceptibility to predation (Sheppard Brennand et al. 2010, 

Byrne et al. 2013). 

Projected changes in the direction and strength of ocean currents are also expected to affect 

many demersal and invertebrate species in the Pacific Islands region. Alterations in circulation 

patterns are likely to result in changes to spatial and temporal patterns of larval dispersal and 

settlement. Consequently, replenishment of demersal fish and invertebrate stocks may 

become more reliant on local reproduction. 

Interactions between altered ocean circulation and the other effects of increased CO2 

emissions described above are also likely to affect the dispersal of demersal fish and 

invertebrates in at least two ways. First, connectivity among populations may be reduced 

further by reductions in pelagic larval duration due to increases in SST and the effects of 

ocean acidification on settlement success. Second, the combination of altered ocean 

circulation and increased thermal stratification is expected to reduce the mixing of deep, 

nutrient-rich waters with the surface waters surrounding many PICTs, resulting in reductions in 

the productivity of coastal ecosystems with significant implications to larval survivorship. 

However, any such effects may be diminished near some high islands due to the projected 

increase in nutrient inputs from terrestrial runoff (Pratchett et al. 2011a).  

Indirect effects on coastal fish stocks  

The indirect effects of climate change on coastal fisheries will result largely from changes in 

the quantity (area) and quality (condition) of coastal fish habitats (see section above). As live 

coral cover declines, the abundances of coral-dependent demersal fish and invertebrate 
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species are expected to decrease. Generalist demersal fish species, such as emperors, 

snappers and goatfish, are not likely to be affected significantly because they use a range of 

habitats. In contrast, the proportions of herbivorous demersal fish species, including 

surgeonfish, parrotfish and rabbitfish, are likely to increase as the cover of live coral declines 

and macroalgae increases (Hoegh-Guldberg et al. 2011; Johnson et al. 2013). However, in 

the medium to long term, significant reductions in entire demersal fish assemblages are likely 

(see below) due to declines in the extent and structural complexity of coral reef, mangrove 

and seagrass habitats, and the knock-on effects on recruitment and survival of fish. 

Changes in the quantity and quality of coastal habitats projected under climate change are 

also likely to have deleterious effects on invertebrate populations (Przeslawski et al. 2008, 

Kroeker et al. 2013). In particular, there will be fewer places within coral reefs for species to 

forage and shelter from potential predators, resulting in reductions in the diversity and 

abundance of invertebrate species (Pratchett et al. 2011a). However, habitat degradation will 

not be limited to the effects of coral bleaching, ocean acidification and more intense cyclones 

on coral reefs. Sea-level rise will reduce the area of mangrove, seagrass and intertidal 

habitats, particularly where land barriers such as steep terrain or coastal infrastructure limit 

shoreward migration (Bell et al. 2011b). Species with specialist habitat requirements, such as 

the sea cucumber Holothuria scabra, which settles only in shallow seagrass meadows 

(Mercier et al. 2000), are likely to be affected.  

There is also concern that the progressive degradation of coral reefs could increase the 

incidence of ciguatera fish poisoning and other problems related to toxic algae. The organisms 

responsible for ciguatera and ciguatera-like symptoms are dinoflagellate microalgae in the 

genera Gambierdiscus, Prorocentrum and Ostreopsis. These microalgae live as epiphytes on 

dead coral, turf algae and macroalgae, and are ingested by grazing herbivorous fish. The 

microalgae produce a range of toxins that bio-accumulate through the food chain (Dalzell, 

1993, Roué et al. 2013). Greater availability of the preferred substrata of these microalgae – 

dead coral and macroalgae – resulting from increased coral bleaching events and cyclones of 

greater intensity will likely increase the incidence of ciguatera in the region (Pratchett et al. 

2011a, Rongo & van Woesik 2013).  

The indirect effects of climate change on the tuna and other large nearshore pelagic fish (e.g. 

wahoo and mahi mahi), are expected to be similar to those described in the oceanic section.. 

However, species with a greater association with coastal habitats (e.g. Spanish mackerel) are 

likely to be impacted by changes to coral reefs and nutrient supplies on their prey. 

Combined effects on coastal fish stocks  

Integrating the direct and indirect effects of global warming and ocean acidification on the 

distribution and abundance of demersal fish, pelagic fish caught in nearshore waters, and 

invertebrates indicates that coastal fisheries production could decrease by up to 20% by 2050 

under a high emissions scenario (Pratchett et al. 2011a) (Table 2A). This projection 

amalgamates expected changes in the diversity and abundance of three main groups of 

demersal fish: (i) obligate corallivores and coral residents, (ii) reef-associated species, and (iii) 

generalist species (Pratchett et al. 2011a). Projected changes to nearshore pelagic fish 

productivity are based on preliminary modeling for tuna, and the anticipated effects of 

changes in net primary productivity on non-tuna species (Le Borgne et al. 2011, Pratchett et 

al. 2011a). Note that separate estimates have been made for catches of nearshore pelagic 



73 

 

fish east and west of 170oE (Table 2A), based on preliminary projected changes in the 

distribution of skipjack tuna (Lehodey et al. 2011). By 2100, the combined direct and indirect 

effects of high emissions scenario are projected to reduce the total production of coastal 

fisheries by up to 35% in the west and 30% in the east (Table 2A). 

 

Table 2A. Projected changes in production coastal fisheries (three categories) in 2050 and 2100 under a 

high emissions scenario. The main direct and indirect effects of climate change projected to affect each 

coastal fisheries category are also provided. Note: availability of nearshore pelagic fish is expected to 

increase in the eastern part of the region. Source: Pratchett et al. (2011). 

 

Coastal fisheries category 

Total coastal fisheriesc Demersal 

fish 

Nearshore 

pelagic fish 
Invertebrates 

Contribution to coastal 
fisheries production 
(2010) 

56% 28% 16% 100% 

Change in 
primary 
productivity  

2050 – 20% 
Westa Eastb 

–5% 
Westa Eastb 

–10% +20% –10 to –20% –5 to –10% 

2100 –20 to –50% –15 to –20% +10% –10% –20 to –35% –10 to –30% 

Main effects (direct 
and indirect) of climate 
change 

• Habitat loss; 

• Reduced 
recruitment 

(due to 
+SST & 
reduced 

circulation) 

• Reduced prey 
(zooplankton) in 

food webs; 

• Shifted tuna 
distribution 

• Habitat loss; 

• Reduced 
calcification 

 

a = 15°N–20°S and 130°E and 170°E; b = 15°N–15°S and 170°E and 150°W; c = assumes that the 

proportions of the three coastal fisheries categories remain constant. 

 

Implications of climate change for aquaculture 

Both coastal and freshwater aquaculture in the tropical Pacific are expected to be affected by 

the changes to the Pacific Ocean and/or surface climate. Under a high emissions scenario, 

coastal aquaculture is projected to be directly vulnerable to increasing rainfall and cyclone 

intensity, higher SST, ocean acidification and sea-level rise, and indirectly vulnerable to 

changes in supporting habitats (Pickering et al. 2011). Climate change is also expected to 

affect the viability of coastal aquaculture enterprises in two other ways. First, greater 

temperature stress is likely to increase the vulnerability of several species to pathogens and 

parasites (Yukihira et al. 2000, Pouvreau & Prasil 2001), or harmful algal blooms. Second, 

any effects of global warming on the production of fishmeal elsewhere in the world is likely to 

increase the cost of high-protein formulated feeds for carnivorous species, affecting the 

economic viability of fish and shrimp farming. 

Conversely, freshwater pond aquaculture is likely to be favoured by climate change 

throughout much of the region due to the beneficial effects of water temperatures and higher 

rainfall (Pickering et al. 2011). The exception is the southwest Pacific, where more extreme 

wet and dry periods are projected to occur (Lough et al. 2011).  
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Nile tilapia  

The feeding, growth and reproduction of Oreochromis niloticus is normally limited at 

temperatures <25oC. Climate change is therefore expected to allow tilapia farming to expand 

to higher altitudes and latitudes, for example, in the highlands of PNG where there is a large 

human population with limited access to animal protein. In addition, higher rainfall will increase 

the amount of freshwater available for filling ponds. However, without good farm design and 

management, improved conditions for tilapia farming may be offset by the effects of higher air 

temperatures on pond water quality and stratification, or the consequences of flooding during 

more intense cyclones and more frequent extreme rainfall events. 

Milkfish  

The projected increases in SST will lengthen the season in which wild milkfish fry are 

available for stocking ponds (e.g. currently limited to a 6-month season in Fiji). Higher SST 

should also extend the geographical range of milkfish and permit spawning at higher latitudes 

(milkfish do not presently occur in the southern Cook Islands or Tongatapu in Tonga).  

Freshwater prawn  

Warming air and pond temperatures will make culture of Macrobrachium. rosenbergii more 

practical in subtropical areas, and increases in rainfall will enable freshwater prawns to be 

farmed in a greater range of locations. However, by 2100 the warming in equatorial regions 

could result in pond temperatures in excess of 34°C, resulting in losses of production unless 

measures are taken to reduce pond stratification and heat stress. 

Black pearls  

The projected increases in SST are eventually likely to affect the growth and survival of P. 

margaritifera in the warmer months of the year. Increased nutrient loads in lagoons around 

high islands, e.g. where spat are collected in Fiji, would be expected to drive spat collection 

further offshore. Ocean acidification is expected to have the greatest impacts on pearl oysters 

and pearl production. The collection of spat is likely to become more difficult due to increased 

predation on spat with shells weakened by lower aragonite saturation. The most serious 

potential problem but is that the combined effects of ocean acidification and higher water 

temperature could affect the quality of the nacre that forms pearls. This would pose a problem 

because the economic viability of pearl farming depends on the percentage of high-quality 

pearls harvested (Fong et al. 2005). 

Marine shrimp  

The likely impacts of the projected rise in surface air temperature and SST on the penaeid 

shrimp industry in New Caledonia remain unclear. Two scenarios are possible: the present 

mortality-inducing autumn and spring seasonal temperature transitions could become 

smoother, or they could become even more variable. An overall increase in pond 

temperatures, combined with reduced variation in temperature during April and May, would 

benefit the production of Litopenaeus stylirostris by extending the growing season and 

perhaps even enable two production cycles per year. However, if climate change exacerbates 

variations in temperature during autumn and spring, then high losses due to vibriosis would be 

expected to continue. The effects of sea-level rise on the drainage of shrimp ponds is 

expected to have an adverse effect on some of the existing ponds used to grow L. stylirostris 

in New Caledonia and Penaeus monodon in Fiji. It will become more difficult to drain the 

ponds to remove nutrient-laden sediments between production cycles. 
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Seaweed  

Red algae Kappaphycus alvarezii is already being farmed at the upper limits of its optimal 

thermal range in Kiribati, Solomon Islands and PNG, where it has similar temperature 

tolerances to many corals - when coral bleaching occurs, K. alvarezii is also severely affected. 

By 2050, the areas for growing seaweed in these countries are expected to be above the 

upper thermal limit for the existing varieties of K. alvarezii. For atolls in these countries, 

increased SST will be mitigated to some extent by rising sea level because increased over-

topping of reefs by ocean swells will shorten lagoon water residence times and reduce 

temperatures. Seaweed farming will be affected to a lesser extent due to the lower 

temperature of coastal waters in Fiji. However, by 2100, SST is expected to be above the 

upper thermal limits for part of the year in Fiji. Higher runoff from increased rainfall on high 

islands will reduce salinity and increase the risk of episodic losses of seaweed from ice-ice 

and epiphytic filamentous algae (Pickering et al. 2011). More intense cyclones are expected to 

increase the risk of damage to seaweed farms in Fiji. 

Marine ornamentals  

The projected changes to SST, rainfall, ocean acidification, sea-level rise and cyclones are 

likely to cause some problems for producing marine aquarium products in the tropical Pacific. 

By 2050, more frequent bleaching events, ocean acidification and more turbid water from 

higher rainfall will make it harder to grow corals and giant clams with attractive shapes quickly. 

On the other hand, conditions for growing these marine ornamental products should improve 

in subtropical countries such as Vanuatu and Tonga as SST increases.  

Sea cucumbers  

Higher SST could permit hatchery production of Holothuria scabra year-round in more PICTs 

(in Fiji the season is presently limited to October-April). Farming of sandfish in ponds in 

subtropical areas is also expected to benefit from faster growth rates due to increased SST 

provided problems associated with stratification, and reduced salinity caused by higher 

rainfall, are managed. However, ocean acidification is expected to affect the success of sea 

ranching operations by reducing the fitness of released juveniles.  

Trochus  

Loss to predation is a significant problem when hatchery-reared juvenile trochus are released 

into the wild to restock overfished populations (Bell et al. 2005). Ocean acidification is 

expected to exacerbate this problem by weakening the shells of released trochus, making 

them even more vulnerable to predation.  
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Table 3A. Projected changes in production efficiency for the main aquaculture commodities grown in the 

Pacific region, under a high emissions scenario in 2035, 2050 and 2100 relative to 2010 production figures. 

Source: Bell et al. (2011b). 
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APPENDIX B: Information gaps and needs 

The gaps and needs relating to climate change loss and damage and mitigating risk in 

fisheries and aquaculture relate to knowledge gaps, policy and governance strategic needs, 

and capacity needs. The following sections highlight these main gaps and needs for coastal 

fisheries and aquaculture. 

Coastal fisheries 

Uncertainty still exists about the effects of climate change on coastal fisheries. For example, 

the effects of increasing temperature and ocean acidification have to date only been tested on 

a limited range of small, site-attached, demersal fish species. How their responses translate to 

target fish species in the region remains unknown. Moreover, assessments of changes to key 

environmental variables (e.g. increasing SST or declining pH) have largely been conducted in 

isolation, without considering possible synergistic effects between variables.  

These represent important knowledge gaps that inform local assessments and adaptation 

planning, however, given the capacity issues highlighted for the Pacific region, they are not 

the highest priority actions for PICTs. That said, with international support and opportunities 

this research should be pursued, but not at the expense of establishing key actions required to 

secure the sustainability of coastal marine resources or improving community resilience. To 

inform this potential, some of the key areas for research to increase the understanding of the 

effects of climate change on coastal fisheries in the tropical Pacific include: 

• Improve knowledge of the role of mangroves, seagrasses and intertidal flats in 

supporting fish and invertebrates harvested by coastal fisheries, and how the 

juxtaposition of these habitats, and their proximity to coral reefs, affects their value as 

nursery and feeding areas. 

• Examine the effects of increasing ocean acidification, SST and other anthropogenic 

stressors, individually and together, on the biology and ecology of demersal fish and 

invertebrates, and the ability of target fisheries species to adapt to these changes. 

• Identify the spatial structure of target invertebrate and demersal fish stocks, and how 

changes in direction and strength of ocean currents under climate change could affect 

replenishment of these stocks.  

• Monitor shifts in the distributions of species, and the effects of climate-induced 

changes in species composition on ecosystems. 

• Improve understanding of socio-economic dependence of Pacific communities on 

coastal fisheries and likely responses to declining catches to guide decisions and 

support integrated coastal management and marine spatial planning. 

Of greater importance will be dedicated sampling programs to monitor the status of coastal 

fisheries resources and their habitats, assess their resilience to change and provide 

information for adaptive management. This could be achieved through comparisons of 

‘impacted’ (e.g. fished) and ‘control’ (e.g. unfished) areas, with multiple control and impact 

sites surveyed at multiple times. Regional standardisation of methodologies for data 

collection, storage, analysis and reporting will also be needed. Both fisheries-independent 

(e.g. in-water surveys) and fisheries-dependent (e.g. creel and market surveys) will be 

required. For in-water assessments, simple, cost-effective approaches that minimise observer 
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variation when estimating abundances of demersal fish and invertebrates, and that ensure 

standardisation, are recommended. Visual records (e.g. photos, videos) are valuable for 

verification purposes and ensuring overall data quality. For fisheries-dependent surveys, 

household income and expenditure surveys could also be used in addition to creel and market 

surveys (Bell et al. 2008), to examine changes in fish consumption patterns by coastal 

communities. Approaches for assessing coastal habitats should include remote sensing and 

in-water approaches, including examination of cover of live coral and algae, species 

composition and topographic complexity. SPC and SPREP are two regional organisations that 

have a strong history of providing these services to PICTs and this support will be needed 

even more into the future. 

Aquaculture  

Most PICTs lack capacity to collect, store and analyse data on aquaculture, e.g. quantities of 

commodities produced, number of farms, gender disaggregated number of people employed, 

and export value. Increasing this capacity, is not only essential for planning the development 

of the sector, it will also enable effective adaptations to minimize impacts and optimise 

production in the face of climate change.  

Although tilapia farming has much potential to build resilience of inland communities impacted 

by effects of climate change by increasing access to animal protein, the potential will vary 

within and among PICTs. Downscaling projections for rainfall and temperature will help 

identify priority locations for expanding tilapia farming, and ensure there are no negative 

impacts on ecosystems.  

Small-scale community culture of species like tilapia represent adaptations for diversifying 

food sources both as a means to relieve pressure on wild populations but also as a secure 

food source during disaster events such as cyclones and local flooding. These have been 

explored with the introduction of ponds in some PICTs however their success has been limited 

as the flesh has been deemed unpalatable compared to traditional reef fish. This is an 

important area of research that should be explored further, to better understand the 

constraints and potential incentives, and possible alternative species. 

Assessments are also needed to identify the potential impacts of freshwater pond aquaculture 

based on introduced fish species on freshwater biodiversity. The design of such research will 

need to ensure that any such effects are not confounded with those due to deforestation, 

agriculture, mining, or poor land management practices. A key issue is whether introductions 

of the Nile tilapia into catchments where Mozambique tilapia Oreochromis mossambicus is 

already established are likely to have any effects on freshwater biodiversity over and above 

any effects attributed to O. mossambicus. 

Downscaled projections for SST and rainfall are also needed to identify the locations and 

timeframes where farming of the seaweed Kappaphycus alvarezii is likely to remain viable. 

Such projections will enable the scope for growing areas to be located at higher latitudes to be 

identified. However, cyclones occur in such subtropical areas, which is an important 

consideration for open-water cultivation of seaweed on lines. Similarly, development of 

seaweed varieties tolerant of higher temperatures and/or more brackish salinities could help 

maintain seaweed aquaculture in equatorial locations. 
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The gravity of the threat of ocean acidification to survival and growth of pearl oysters and 

other calcifying commodities needs to be assessed. Understanding how ocean acidification 

will affect the quality of these commodities is needed to determine whether locations exist 

where aragonite saturation levels stay within acceptable limits. Such locations may include, for 

example, places where nearby macroalgae and seagrasses buffer increased CO2 

concentrations.  
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