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3. Adaptations and supporting policies

3.1 Choosing the best adaptations

The adaptations required to reduce the threats of climate change to the important 
contributions made by fisheries and aquaculture to PICTs, and capitalise on the 
opportunities, should also address the other key drivers affecting the sector. These 
include population growth, urbanisation, governance and political stability, status 
of fisheries resources in other oceans, technological innovation, markets and trade 
and fuel costs. Population growth and urbanisation are expected to be particularly 
significant, especially in Melanesia {Chapters 1 and 12}.

Most of these drivers have the potential to affect fisheries and aquaculture before 
the projected effects of climate change become limiting. A framework is needed for 
planned adaptations that addresses the other drivers in the near term, and climate 
change in the longer term. The best adaptations will be those that deliver both short-
term and long-term benefits (‘win-win’ adaptations) (Figure 3.1). 

Adapting to climate change will also involve some ‘lose-win’ adaptations – where the 
economic and social costs are relatively high initially, but where investments position 
PICTs to receive net benefits in the longer term. ‘Win-lose’ investments represent 
maladaptation to climate change and should be avoided, except in extreme cases 
where human survival may otherwise be compromised.

Figure 3.1 Decision framework for identifying adaptations to address climate change and 
other drivers (source: Grafton 2010)24.
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Identification of win-win and lose-win adaptations should not be based simply on the 
projected future responses of the resources underpinning fisheries and aquaculture. 
There are potential social barriers to the uptake of appropriate technology {Chapter 13}. 
Examples of such barriers include the cultural norms and gender issues that may limit 
broad-based community participation. The probability of removing these barriers 
to provide communities with a wider range of strategies to adapt to climate change 
must also be assessed when evaluating the likely success of proposed adaptations.

In this section, we provide details of the win-win and lose-win adaptations needed 
to maximise sustainable benefits from fisheries and aquaculture for economic 
development and government revenue, food security, and livelihoods as the climate 
changes. Each set of adaptations is followed by a list of the policies needed to support 
them.

3.2 Adaptations for economic development and government 
revenue (E)

The projected eastward shift in the distribution of skipjack tuna {Chapter 8}, and 
ultimately fishing effort, is expected to have two important implications for gross 
domestic product (GDP) and government revenue. First, it should increase the 
contribution of licence fees from DWFNs to those PICTs in the central Pacific (Kiribati, 
Nauru, Tokelau and Tuvalu) that already rely heavily on these fees for government 
revenue. Larger catches of tuna further east should also increase the contribution 
of fishing to GDP in American Samoa and Marshall Islands, and perhaps create 
new opportunities for economic development in Polynesia {Chapter 12}. Second, it 
could affect plans to expand national industrial fishing and processing operations 
to increase benefits from tuna resources in some PICTs in the western part of the 
region, particularly PNG and Solomon Islands. However, while potential decreases in 
contributions of fishing and processing operations to GDP and government revenue 
from licence fees may occur for countries in the west, the implications should not 
be profound in PNG due to the relatively large size of its economy {Chapter 12}. The 
effects are expected to be greater in Solomon Islands, where industrial fishing and 
processing presently contributes ~ 5% to GDP and where more canneries are planned 
{Chapter 12}. 

The adaptations and suggested policies to maximise the economic benefits from 
oceanic fisheries for PICTs in the central and eastern Pacific, and to minimise 
the impacts for PICTs in the west, are outlined below. These adaptations involve  
(1) development of flexible management measures to allow fishing effort to shift 
east, while ensuring that large quantities of tuna can still be channeled through the 
established and proposed canneries in the west; and (2) optimising the productivity 
of tuna resources across the region.
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 ¾ Adaption E1: Full implementation of sustainable fishing effort schemes 
(win-win)

The vessel day scheme (VDS) for the purse-seine fishery, which allocates fishing effort 
among the EEZs of the eight countries that are the Parties to the Nauru Agreement 
(PNA), provides an important means of accommodating the effects of El Niño-
Southern Oscillation (ENSO) events on the distribution of tuna now and in the future. 
The VDS for each fishery is intended to hold total fishing effort for PNA members 
constant, yet allow them to trade fishing days when the fish are concentrated either 
in the west or east due to ENSO events. The VDS is designed to operate in a similar 
way to the ‘cap and trade’ systems proposed to limit emissions of carbon dioxide 
(CO2) and ensures that all PNA members continue to receive some level of benefits, 
regardless of where tuna are concentrated. For the VDS to work efficiently, however, 
PNA countries will need to develop the capacity and governance to ensure that 
fishing effort conforms to the specified levels. Allocation of effort among members 
will also need to be adjusted periodically, as provided for under the VDS, as tuna 
stocks move progressively east. Periodic adjustment will still allow the transfer of 
effort during ENSO events well into the future, but avoid the need for PNA members 
further to the east to continually purchase vessel days from those in the west, based 
on present-day catches. 

A VDS is also being developed by PNA for the longline fishery but is likely to be 
more challenging to implement because of the larger number of vessels involved, 
the difficulties in providing observers for vessels and the lower value of the fishery. 
The sustainable fishing effort scheme for albacore and other species of tuna being 
developed by members of the Te Vaka Moana Arrangement in southern subtropical 
waters should also be a practical way of adapting to any changes in the distributions 
of these species.

 ¾ Adaptation E2: Diversify sources of fish for canneries (win-win)

The Interim Economic Partnership Agreements (IEPA) between Papua New Guinea 
(PNG) and the European Union (EU), and Fiji and the EU, assist these PICTs to 
develop their fish processing operations in the near term by paving the way for 
exports to Europe in the face of strong competition from canneries in Asia. The ‘global 
sourcing provision’ of the IEPA is particularly advantageous because it enables a 
country to acquire and export fish from any other country. Obtaining a full Economic 
Partnership Agreement (EPA) for the long term is of great importance to PNG so 
that the nation can secure supplies of fish for its canneries as tuna are redistributed 
further east. It is also in the strong interest of Solomon Islands to sign an IEPA with 
the EU, given the plans underway to build additional canneries in that country. 
Papua New Guinea, Fiji and Solomon Islands should continue to take an active role in 
the negotiations for interim and full economic partnership agreements to ensure that 
the global sourcing provision and other development incentives included in these 
agreements are available for many years.
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An important proviso, however, is that any PICTs supplying fish to PNG for the 
European market will need to comply with (1) EU food safety requirements by 
establishing a fishery product food safety competent authority and the associated 
laboratory testing facilities; and (2) illegal, unreported and unregulated (IUU) 
fishing regulations by setting up a system of certification and product tracking to 
demonstrate that fish were caught legally.

Other adaptations that should help maintain continuity in the supply of fish for 
canneries in PNG and Solomon Islands during El Niño episodes in the short term, 
and under the projected effects of climate change on tuna in the long term, include 
(1) reducing access for DWFNs to their EEZs to provide more fish for national vessels; 
(2) requiring DWFNs operating within their EEZs to land a proportion of catches for 
use by local canneries; (3) enhancing existing arrangements for their national fleets to 
fish in the EEZs of other PICTs; and (4) creating any additional incentives necessary 
for tuna caught in other EEZs to be landed in their ports. These adaptations would 
need to be integrated with the provisions of the VDS and IEPA/EPA.

 ¾ Adaptation E3: Immediate conservation management measures for bigeye tuna 
(lose-win)

Addressing the current overfishing of bigeye tuna in the Western and Central Pacific 
Ocean (WCPO) {Chapter 8} by reducing fishing mortality should help rebuild the 
population to a level that is expected to assist this species adapt to the projected 
changes to the tropical Pacific Ocean {Chapters 3 and 4}. The benefits of management 
measures to reduce fishing mortality are not expected to be fully effective for  
10–20 years because bigeye tuna is a relatively long-lived species (> 12 years).

 ¾ Adaptation E4: Energy efficiency programmes for industrial fleets (win-win)

Energy audits to identify how to reduce the use of fuel for routine fishing operations, 
followed by energy efficiency programmes to implement these savings, should 
increase the economic efficiency of fleets in both the near and long term. These 
initiatives should assist industrial fleets to cope with fluctuations in oil prices, and 
reduce the costs for national vessels from Federated States of Micronesia (FSM), 
PNG and Solomon Islands of fishing further afield as the distribution of tuna shifts 
to the east. Although purse-seine vessels use less fuel per tonne of fish caught than 
longliners, this adaptation is still expected to result in significant reductions in 
operating costs for purse-seiners.

To reduce the effects of future increases in international oil prices, locally-based 
industrial fishing fleets in Melanesia should evaluate the economic, social and 
environmental benefits of coconut oil and other biofuels to ascertain whether they 
are a viable alternative energy source. Some coastal shipping vessels in PNG have 
already made the transition to locally produced biofuels and further uptake is 
expected once the lubrication qualities of these fuels are improved. 
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 ¾ Adaptation E5: Environmentally-friendly fishing operations (win-win)

Identifying how to reduce any effects of existing tuna fishing operations, and those 
projected to occur as the distribution of tuna moves to the east, on non-target and 
dependent species should assist PICTs to meet the requirements of certification 
schemes to promote responsible fishing practices. Finding ways to (1) reduce CO2 
emissions from commercial fishing fleets (outlined above) and canneries to ensure 
that tuna from the region is competitive in carbon labelling schemes; and (2) replace 
steel cans with alternative forms of packaging, should also help maintain access to 
markets for tuna as global pressure to minimise the carbon footprint of fishing and 
processing operations increases.

 ¾ Adaptation E6: Gender-sensitive fish processing operations (win-win)

The efficiency and productivity of existing and planned tuna canneries and loining 
plants in PNG, Solomon Islands and elsewhere in the region rely heavily on women 
for their labour force. Efficiency and productivity are likely to be improved by 
ensuring that the rights and responsibilities of Pacific women are recognised in 
their employment conditions, and that they have the appropriate training and 
opportunities to undertake managerial roles. Management that is sensitive to culture 
and gender provides a potential win-win adaptation because it should enhance the 
loyalty of staff, even when climate change imposes stresses on households.

 ¾ Adaptation E7: Safety at sea (win-win)

Although the weather forecasts available to tuna fleets in the region will continue 
to improve, safety audits should be conducted to ensure that longline vessels (and 
any purse-seine vessels) operating within the cyclone belt {Chapter 2} can achieve 
acceptable standards for safety at sea in the event that more severe cyclones occur. 
This adaptation will help protect fishing crews both now and in the future.

 ¾ Adaptation E8: Climate-proof infrastructure (lose-win)

New infrastructure built to support fishing fleets, canneries and loining plants 
should be constructed in locations that will not be inundated by rising sea levels 
projected to occur during the expected life spans of such facilities {Chapter 3}. At 
latitudes higher than ~ 10°S–10°N, infrastructure should also be built to withstand the 
possible effects of more severe cyclones {Chapter 2}. Investments may also be needed 
to modify existing infrastructure for industrial fishing operations and processing 
facilities. The planning and expenditure involved in climate-proofing infrastructure 
for the fisheries sector may reduce profits in the shorter term, but enable operations to 
continue in the longer term.

 ¾ Adaptation E9: Pan-Pacific tuna management (lose-win)

The projected progressive shift of tuna from the WCPO to the east may eventually 
require cooperation in all aspects of tuna fisheries management between the WCPFC 
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and the Inter-American Tropical Tuna Commission (IATTC). A merger of these 
organisations to form a pan-Pacific tuna fisheries management agency is something 
that may eventually need to be considered (providing the relative effort by vessels 
from the WCPO and Eastern Pacific Ocean is maintained). The costs of any such re-
organisation are likely to exceed the advantages initially, but the benefits are expected 
to outweigh these costs as the distributions of tuna species change.

3.3 Supporting policies for economic development and government 
revenue (E)

The suggested policies required to implement the adaptations to maintain or improve 
the contributions from oceanic fisheries to economic development and government 
revenue described in Section 3.2 are outlined below. The policies that apply to each 
adaptation are listed in Table 3.1. 

 ¾ Policy E1: Promote transparent access agreements between PICTs and 
DWFNs so that the VDS allocations, in particular, can be easily understood by 
all PNA members (and non-PNA countries which purchase fishing days from 
PNA members under bilateral arrangements and have vessels fishing in PNA 
waters). Strengthen national capacity to recognise successes and failures in VDS 
arrangements (and other fishing effort schemes), and the governance needed to 
administer the VDS, so that this fishing effort scheme fulfils its potential.

 ¾ Policy E2: Explore further approaches to collective management to see whether 
they can boost national capacity to implement measures that will continue to 
strengthen national economies and conserve tuna stocks.

 ¾ Policy E3: Adjust national tuna management plans and marketing strategies 
to provide more flexible arrangements to sell tuna, or acquire tuna needed for 
national processing operations. Depending on the country, this policy may 
involve securing a long-term EPA with the EU, establishing a fishery product food 
safety competent authority and associated laboratory testing facilities or services, 
and demonstrating that catches comply with IUU fishing regulations. Additional 
markets to the EU should also be developed.

 ¾ Policy E4: Include implications of climate change in the development of 
future management objectives and strategies for the Western and Central 
Pacific Fisheries Commission (WCPFC), particularly in relation to the projected 
eventual reduction in overall abundance of skipjack, yellowfin and bigeye tuna in 
the WCPO. In particular, WCPFC should consider the need to (1) strengthen the 
mechanisms to manage total fishing effort or catches (or both) in its convention 
area; and (2) develop the necessary tools to monitor and enforce its conservation 
and management measures to anticipate any large change in the fundamental 
biological parameters of exploited stocks.
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 ¾ Policy E5: Revise licensing conditions for DWFNs, as needed, to require that 
all vessels provide operational-level catch and effort data from log sheets 
(including historical data) for fish caught both within the EEZ and on the high 
seas. The data should be submitted to the licensing country for subsequent use 
by WCPFC and SPC to improve the models for estimating tuna distributions and 
catches in the future (Section 5).

 ¾ Policy E6: Finalise the declaration of national ocean boundaries in compliance 
with the United Nations Convention on the Law of the Sea. For many countries, 
this involves completing the technical work to establish their baselines (terrestrial 
base reference points).

 ¾ Policy E7: Apply regionally-responsible, spatially-explicit national management 
measures to address the implications of climate change for subregional 
concentrations of tuna in national archipelagic waters beyond the mandate of 
WCPFC.

 ¾ Policy E8: Develop further measures to mitigate the capture of bigeye tuna 
by purse-seine as climate-driven redistribution of this species occurs to the east, 
where purse-seine catch per unit effort is much higher.

 ¾ Policy E9: Use regional trade and preferential access agreements to market 
environmentally-friendly tuna products based on responsible fishing methods, 
equitable processing operations, and distribution channels that minimise CO2 
emissions throughout the supply chain.

 ¾ Policy E10: Ensure all industrial fishing operations meet accepted standards 
for safety at sea, by including any changes in design or equipment needed to 
make longline and purse-seine vessels more seaworthy during cyclones in fishing 
licences.

 ¾ Policy E11: Require all new infrastructure to be more climate-proof, by ensuring 
that (1) land-based facilities are not constructed where they could be inundated 
by rising sea levels or exposed to any projected increase in storm surge during 
the expected term of the investment; and (2) wharfs and access roads continue to 
function as sea level rises, and if cyclones increase in intensity.
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3.4 Adaptations for maintaining the contribution of fish to food 
security (F)

The projected decreases in coastal fisheries production caused by the direct and 
indirect effects of climate change {Chapter 9} are expected to widen the gap between 
the quantities of fish required for good nutrition, or eaten traditionally, and the fish 
available from coastal (and freshwater) habitats due to population growth in nine of 
the 22 PICTs {Chapter 12}. Decreases in coastal fisheries production are also expected 
to exacerbate problems in supplying fish for the large urban populations in another 
seven PICTs {Chapter 12}.

The adaptations and suggested policies for maintaining the important role of fish 
for food security in the region {Chapter 1} centre on minimising the size of this 
gap through (1) appropriate management of coastal (and freshwater) fish habitats 
and stocks; (2) increasing access to tuna for rural and urban populations; and  
(3) boosting pond aquaculture. The recommended adaptations are set out below. 
Many of these interventions are not new – they have been proposed for many years as 
an integral part of effective coastal zone management and ecosystem-based fisheries 
management, and to address the effects of population growth on the availability of 
fish for food security.

The community-based ecosystem approach to fisheries management (CEAFM) co-
management framework, which integrates customary marine tenure and other social 
capital, local governance, traditional knowledge, self-interest and self-enforcement 
capacity, provides the most effective way to implement many of these adaptations. 
This is particularly the case when the adaptations are considered by cross-sectoral 
management advisory groups comprised of both government and non-government 
members.

Table 3.1 Summary of adaptations and companion supporting policies to maintain or 
improve the contributions of oceanic fisheries to economic development and government 
revenue for Pacific Island countries and territories (see Sections 3.2 and 3.3 for details).

Adaptation Type Supporting 
policy*

E1 Full implementation of sustainable fishing effort schemes W-W E1, E2, E4–E6

E2 Diversify sources of fish for canneries W-W E1–E5, E7

E3 Immediate conservation management measures for bigeye tuna L-W E7, E8

E4 Energy efficiency programmes for industrial tuna fleets W-W

E9E5 Environmentally-friendly fishing operations W-W

E6 Gender-sensitive fish processing operations W-W

E7 Safety at sea W-W E10

E8 Climate-proof infrastructure L-W E11

E9 Pan-Pacific tuna management L-W E2

* Refers to supporting policy number in Section 3.3; W = win; L = lose.
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3.4.1 Adaptations to safeguard fi sh habitats

 ¾ Adaptation F1: Manage and restore vegetation in catchments (win-win)

Sustaining coastal and freshwater fi sh production for food security in much of 
Melanesia begins with maintaining catchment vegetation {Chapter 12}. Good 
vegetation cover reduces the transfer of sediments and nutrients into river networks 
after heavy rainfall, and greatly reduces the potential impacts on freshwater and 
coastal fi sh habitats. Poor vegetation cover results in accelerated runoff and erosion 
{Chapter 7}, which directly damages coral reef, mangrove and seagrass habitats, and 
makes corals less resilient to bleaching {Chapters 5 and 6} (Figure 3.2). For freshwater 
habitats, lack of shade on riverbanks also increases exposure of fi sh to increasing 
temperatures. The main interventions needed to ensure that adequate levels of 
vegetation are maintained or restored in catchments are summarised below.

Well-managed catchment Poorly-managed catchment

Land useHabitats Processes

Burial of habitat

Vegetated 
catchment

Unvegetated 
catchment

Agriculture

Mining

Logging

Mangrove

Bare sand

Seagrass

Coral reef

Freshwater input

Sediment and 
nutrient input

Sediment and 
nutrient transfer

Scouring of 
streambank

Sediment deposition

Nutrient uptake

Figure 3.2 Differences in the quality of freshwater and coastal fi sh habitats under the 
infl uence of well-managed and poorly-managed catchments.
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 y Promote the importance of catchment management for fisheries at national 
planning meetings and obtain commitments from the agriculture, forestry and 
mining sectors to implement best practice to conserve vegetation and replant 
trees, minimise soil exposure and loss during construction of infrastructure, and 
prevent fertilizers and pollutants from entering watercourses.

 y Encourage benign farming practices, including those built on traditional 
knowledge; raise awareness of the ‘downstream’ effects of poorly-designed 
agriculture and forestry operations (such as ‘slash and burn’); and facilitate broad-
based participation of customary owners, including men, women and youth, 
in the diversification of agro-forestry practices which are in harmony with the 
maintenance of fish habitats to build resilience to climate change. 

Maintaining and restoring catchment vegetation should improve the quality of 
freshwater and coastal habitats in the short term. It should also help safeguard 
coastal habitats {Chapters 5 and 6}, and allow freshwater habitats to expand and 
support more fish {Chapters 7 and 10} in PICTs where rainfall is projected to increase 
{Chapter 2}.

 ¾ Adaptation F2: Foster the care of coastal fish habitats (win-win)

In addition to the vital importance of minimising sediment and nutrient inputs to the 
coastal zone from runoff, several measures are needed to improve the resilience of 
coastal fish habitats to climate change. These measures are listed below.

 y Prevent deterioration in water quality that can arise from urban areas (e.g. sewage 
from humans and animal husbandry, chemical discharges, solid waste and factory 
effluent) by controlling pollution and managing waste. These are responsible 
interventions at any time, but require even greater attention in the future because 
the projected changes to coastal waters may reduce their capacity to attenuate 
waste. 

 y Eliminate activities that damage the three-dimensional structure of coral reefs, 
which provide much of the coastal fisheries production {Chapters 5 and 9}. Such 
activities include destructive fishing methods (particularly dynamite fishing), 
extraction of coral for building materials; careless anchoring of boats and tourism 
activities; and poorly-designed coastal infrastructure and tourist facilities. 
Degradation of coral reefs can also promote the incidence of ciguatera fish 
poisoning.

 y Prohibit activities that reduce mangroves, e.g. removing trees, and damage the 
structural complexity of seagrasses, e.g. dredging or fishing with trawl nets 
{Chapter 6}.

 y Raise awareness of communities about the dependence of fish and invertebrates 
on coastal habitats that may not already be part of their traditional knowledge 
(or has been lost). This involves liaising with communities to maintain connectivity 
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among coral reefs, mangroves, seagrasses and intertidal flats to (1) conserve the 
habitat mosaic needed for successful recruitment of juvenile fish and invertebrates, 
and (2) provide a diverse range of feeding areas for adult demersal fish {Chapters 6 
and 9}.

 y Enlist the assistance of NGOs, coral reef task forcesi, and programmes such as 
Seagrass-Watchii to help communities protect fish habitats, while using these 
habitats for firewood, tapa, building materials and medicines etc., in ways that 
combine traditional approaches and government regulations for sustainable use 
of resources.

These measures should help maintain coastal fish habitats and recruitment of coastal 
fish and invertebrates in the short term. They are also expected to help make coral 
reefs, mangroves and seagrasses more resilient to the various stressors associated 
with climate change in the future, such as increased water temperature, greater 
turbidity and nutrient loads, acidification and sea-level rise {Chapters 5 and 6}.

 ¾ Adaptation F3: Provide for landward migration of coastal fish habitats 
(lose-win)

On large high islands, national planners and community leaders should avoid 
building infrastructure on low-lying land adjacent to mangroves, seagrasses 
and intertidal flats, which will eventually have to be protected from sea-level rise 
by erecting barriers to inundation. Instead, such low-lying areas should remain 
undeveloped to provide opportunities for fish habitats to migrate landward 
{Chapter 6}, particularly where projected increases in sea level {Chapter 3} are 
expected to inundate large areas of land. Because land is subject to traditional 
ownership in much of the region, national governments should help communities 
identify areas that will be inundated and consider compensating resource owners 
who agree to forego development of their land, if necessary.

Where existing road infrastructure blocks the inundation of low-lying land suitable 
for the colonisation of mangroves, channels and bridges should be constructed to 
allow inundation to occur. Communities should also be encouraged and trained 
to plant mangroves in such places to fast-track the establishment of the trees 
{Chapter 6}.

The short-term opportunity costs of this adaptation – loss of some uses of undeveloped 
low-lying land – are expected to be balanced by the benefits of maintaining fish 
habitats in the longer term. Some short-term benefits are also expected, however, 
through raising awareness among national planners of the importance of coastal fish 
habitats, and avoiding the construction of infrastructure on low-lying land that will 
be difficult to protect in the future. 

i For example, the Coral Triangle Initiative (www.cti-secretariat.net/about-cti/plan-of-actions).

ii www.seagrasswatch.org/about.html

www.cti
-secretariat.net/about
www.seagrasswatch.org/about.html
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 ¾ Adaptation F4: Allow for expansion of freshwater habitats (lose-win)

The following management measures are needed to maintain, and maybe increase, 
freshwater fish production in the region under a changing climate.

 y Allow river channels to migrate naturally so that there is no permanent loss of 
habitat quality and area following floods {Chapter 7}.

 y Permit freshwater habitats to expand with increasing rainfall, by ensuring 
that inundation of undeveloped areas of floodplain habitats is not constrained 
{Chapter 7}.

 y Remove or modify man-made barriers that prevent freshwater fish and 
invertebrates from retreating upstream as salt water penetrates further into rivers 
as sea level rises {Chapters 7 and 10}. Low-cost fishways constructed with local 
materials may improve access to upstream habitats in places where it is impractical 
to remove barriers such as causeways and weirs.

The opportunity cost for communities and governments associated with these 
adaptations is the alienation of land adjacent to rivers from some uses that may 
otherwise have been possible through engineering works to contain floods or prevent 
intrusion of salt water. However, the recommended measures should not only 
pave the way for expansion of freshwater and estuarine fish production under the 
projected increases in rainfall and sea-level rise {Chapters 2 and 3}, they should also 
prevent infrastructure from being built in places where it is likely to be at risk from 
climate change.

3.4.2 Adaptations to optimise catches from coastal demersal and 
freshwater fish stocks

 ¾ Adaptation F5: Sustain production of coastal demersal fish and invertebrates 
(lose-win)

Community-based ecosystem approaches to fisheries management should be 
strengthened in all PICTs without delay. Such CEAFM approaches should be based on 
primary fisheries management {Chapter 13} intended to keep production of demersal 
fish and invertebrates within sustainable bounds using a range of methods to assess 
data-poor fisheries. This precautionary approach will reduce the supply of demersal 
fish and invertebrates, but also reduce the gap between coastal fisheries production 
and the fish needed by rapidly growing populations by safeguarding the potential 
for stocks to be replenished. Conversely, poor management is likely to increase this 
gap {Chapter 12}. Understanding the dimensions of the gap will assist governments 
and communities to plan the adaptations needed to fill it (see below). 

It is important to note, however, that CEAFM will need to be progressively more 
precautionary to allow for the increased uncertainty associated with climate change 
{Chapter 13}. Indeed, the effects of overfishing may become increasingly difficult to 
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reverse because replenishment of local fish stocks from distant sources is expected to 
become more sporadic as increased sea surface temperature (SST) and altered ocean 
current patterns reduce the availability of juveniles from remote areas {Chapter 9}.

 ¾ Adaptation F6: Diversify catches of coastal demersal fish (lose-win)

Raising awareness among fishing communities of the alterations in species 
composition of demersal fish likely to be caused by a changing climate will assist 
communities to optimise catches. Changes in species composition are expected to 
be driven by (1) local increases in the abundance of some species not currently 
harvested due to changes in distribution; and (2) an increase in herbivorous species 
as a result of the expected changes in the structure of coastal habitats {Chapters 5, 6 
and 9}. Diversifying fishing practices to take catches representative of the changes 
in relative abundance of species, within a primary fisheries management framework 
{Chapter 13}, should help maximise the potential to realise gains from the increases 
of some fish species. 

Nevertheless, harvesting of herbivorous fish needs to be restrained to ensure they 
remain plentiful enough to remove the algae that inhibit the survival and growth of 
corals. An abundance of herbivorous fish is also expected to enhance the resilience of 
corals to increases in water temperature {Chapter 5}, with positive knock-on effects 
on other types of reef fish {Chapter 9}. Foregoing some of the catch of herbivorous 
species reduces potential supplies of fish in the short and long term, but should 
increase overall productivity of other demersal fish in the future.

 ¾ Adaptation F7: Manage freshwater and estuarine fisheries to harness 
opportunities (lose-win)

Community-based ecosystem approaches to fisheries management also needs to 
be introduced for PNG’s extensive freshwater and estuarine fisheries, and smaller 
fisheries elsewhere in Melanesia. In contrast to coastal fisheries, the communities 
who depend on freshwater and estuarine resources can be guided to harvest 
more fish incrementally as production increases under greater projected rainfall 
and water temperatures, and sea-level rise {Chapters 7 and 10}. Effective primary 
fisheries management {Chapter 13} is needed to secure these benefits.  Governments 
and communities can use the measures described below to take advantage of the 
projected increases in freshwater and estuarine fisheries production.

 y Diversify fisheries over a wider range of species and habitats to harness the 
expected increases in freshwater and estuarine fisheries production, including 
fisheries based on species at low trophic levels (e.g. river herring), and introduced 
and invasive species tolerant of the direct and indirect effects of climate change 
(e.g. snakehead) {Chapter 10}. Fishing methods should also be developed for 
floodplain habitats presently considered inaccessible.
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 y Investigate ways to manage populations of low-value invasive species that may 
be favoured by climate change to reduce negative interactions with more valuable 
food species. For example, using walking catfish and climbing perch to produce 
fishmeal for pond aquaculture, or fish-silage fertiliser {Chapter 11}.

 y Strengthen traditional mechanisms regulating access to, and use of, rivers and 
other freshwater habitats to conserve the projected increased benefits for rapidly 
growing resident communities.

Although CEAFM for freshwater and estuarine fisheries based on primary fisheries 
management limits production in the face of the great need for fish by the large inland 
communities in PNG, it should allow these fisheries to make greater contributions to 
food security as the projected increases in productivity occur due to climate change.

3.4.3 Adaptations to fill the gap in fish needed for food security

 ¾ Adaptation F8: Increase access to tuna for urban and rural populations 
(win-win)

The rich tuna resources of the region {Chapter 8} provide PICTs with the opportunity 
to fill the gap between the fish needed for good nutrition in urban and rural 
communities in the future, and the demersal fish expected to be available from coastal 
fisheries. The key adaptations for increasing access to tuna are described below.

 y Promote the storage and distribution of low-value tuna and bycatch retained 
by industrial vessels to provide inexpensive fish for rapidly-growing urban 
populations. This adaptation should meet most of the shortfall in the fish needed 
for good nutrition in many of the main urban centres in the short and long term. It 
should be reinforced in PNG and Solomon Islands through increased landings of 
fish to supply the canneries being constructed there. In some other urban centres, 
e.g. Tarawa in Kiribati, projected changes in distribution of skipjack tuna should 
also make this adaptation easier to achieve {Chapter 8}. This adaptation should 
also aim to increase the involvement of women in the distribution and selling 
of low-value tuna and bycatch. In some of the smaller urban centres in the near 
term, care may be needed to release low-value tuna and bycatch onto the market 
in ways and at times that do not undermine the livelihoods of local small-scale 
commercial fishers.

 y Transfer coastal fishing effort from demersal fish to nearshore pelagic fish, 
especially tuna. This can be done most effectively by installing networks of low-
cost, fish aggregating devices (FADs) (Figure 3.3) anchored close enough to the 
coast (usually within 1–6 km from the shore at depths of 300–1000 m) to provide 
better access to skipjack and yellowfin tuna for subsistence and small-scale 
commercial fishers.
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Figure 3.3 (a) Design of anchored, low-cost fi sh aggregating devices (FADs) suitable for 
placing in coastal waters (usually 300–1000 m deep) to increase access to skipjack and 
yellowfi n tuna, and other large pelagic fi sh species; (b) surface buoys of a FAD in Papua 
New Guinea (photo: William Sokimi).

a) b)

The technology for these anchored FADs has been developed over decades and 
works well, provided the FADs are placed where they attract mainly tuna and 
other oceanic fi sh, not pelagic fi sh closely associated with reefs {Chapter 9}. 
Anchored fi sh aggregating devices now cost ~ USD 1000–2000, depending on 
depth. The value of tuna and other fi sh caught around these FADs can greatly 
exceed the costs of construction and deployment. However, many communities 
will need training in the methods used to fi sh around FADs, and in post-harvest 
processing of catches (see below), to derive the full range of benefi ts. Networks 
of FADs should be seen as part of the national infrastructure for food security. 
Communities and their development partners should make plans to maintain 
FADs regularly, and replace them when they are lost.

Transferring effort from demersal to nearshore pelagic fi sh should deliver much of the 
fi sh required for food by coastal communities {Chapter 12} in the short and long term. 
Increased reliance on nearshore pelagic fi sh should be favoured by climate change 
across the region until 2035, and in the east until 2100, due to projected changes in the 
distribution and abundance of tuna {Chapter 8}. Even in PNG and Solomon Islands, 
where tuna catches are eventually expected to diminish, tuna should still be plentiful 
enough to make anchored FADs an effective adaptation response to increasing 
human populations and declining demersal fi sheries.

 ¾ Adaptation F9: Develop pond aquaculture to diversify the supply of fi sh
(win-win)

Although there is great potential for tuna to supply PICTs with much of the additional 
fi sh they need for good nutrition of their populations {Chapter 12}, providing access 
to tuna everywhere in the region, or at all times, will not be possible. Development 
of pond aquaculture (Figure 3.4) in peri-urban areas, and for the benefi t of inland 
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communities in PNG and coastal communities with limited access to demersal fish 
or FADs in other PICTs, should also supply more fish {Chapters 11 and 12}. Pond 
aquaculture has long been successful in Asia, where much of the production is based 
on Nile tilapia Oreochromis niloticus, including genetically improved, farmed tilapia 
(GIFT) varieties. Nile tilapia are easy to reproduce and usually reach harvest size 
within 4–6 months in the tropics. Carp and milkfish also have potential for pond 
aquaculture {Chapter 11}.

Key considerations involved in implementing pond aquaculture are (1) selection of 
appropriate species; (2) design and construction of hatchery systems and networks 
that allow good quality fingerlings to be distributed effectively to farmers; (3) location 
of ponds where they will not be affected by floods; (4) availability of cost-effective 
feeds for semi-intensive and intensive farming systems, based on locally-available 
ingredients wherever possible; (5) capacity of fisheries staff and extension officers to 
provide training; (6) mechanisms for distributing production to markets; (7) possible 
effects on freshwater biodiversity of fish escaping from ponds; (8) prevention of 
effluent from intensive commercial operations in peri-urban areas from entering 
nearby rivers and coastal habitats; and (9) the threat of greater incidence of malaria as 
the breeding habitat for mosquitoes is increased through pond construction.

The simple, proven technology for farming species like tilapia, carp and milkfish 
is expected to help meet the growing demand for fish in some locations in the 
short term, and is likely to be favoured by the projected increases in rainfall and 
temperatures in the future {Chapter 11}. Availability of suitable feeds is likely to be 
one of the major limiting factors and could be exacerbated by increased exposure to 
shortfalls in global supplies of fishmeal due to climate change. Specific adaptations to 
secure adequate supplies of fishmeal include (1) rationalising allocation of fishmeal 
from tuna processing plants in the region for aquaculture and agriculture; (2) using 
undesirable introduced and invasive freshwater fish species in PNG to produce fish 
feeds at the village level; (3) replacing fishmeal with suitable local alternative sources 
of protein; and (4) promoting best management practice (BMP) for feeding of farmed 
fish to increase feed efficiency.

Figure 3.4 (a) Harvesting Nile tilapia from a freshwater pond in Fiji; and (b) a farmed Nile 
tilapia (photos: Timothy Pickering).

a) b)
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 ¾ Adaptation F10: Develop coastal fisheries for small pelagic fish (win-win?)

Diversify coastal fisheries to catch small pelagic species (mackerel, anchovies, 
pilchards, sardines, scads, fusiliers and squid), and support communities with the 
training and equipment required. The generally sustainable (though variable) nature 
of small pelagic fish harvests {Chapter 9} should provide access to more fish in the 
near term. The outlook for the long term is uncertain – projected decreases in primary 
productivity due to increased stratification associated with higher SST {Chapter 4} 
may cause abundance of small pelagic fish to decline. Conversely, projected increases 
of nutrients in coastal waters due to greater runoff may increase their production in 
some locations in the long term {Chapter 9}.

 ¾ Adaptation F11: Improve post-harvest methods (win-win)

Extend the shelf life of fish caught in coastal and inland areas by training communities, 
particularly women, in appropriate ways to improve traditional methods for smoke 
curing, salting and drying fish. In this way, coastal communities could make better 
use of large catches of tuna and small pelagic fish in the short term and, if climate 
change makes catches of these species more variable, in the long term. Improved 
post-harvest methods could also enable households to store fish for those times when 
conditions are not suitable for fishing and create opportunities to trade products with 
those inland communities without access to fish.

3.5 Supporting policies for maintaining the contribution of fish to 
food security (F)

The suggested policies required to implement the adaptations to maintain the 
contributions of fish to food security described in Section 3.4 are outlined below. 
Table 3.2 lists the policies that apply to each adaptation.

 ¾ Policy F1: Strengthen governance and legislation to ensure the sustainable 
use and protection of all coastal and freshwater fish habitats by (1) building 
the capacity of management agencies to understand the threats posed by climate 
change; (2) amending existing legislation to empower communities to manage 
fish habitats; (3) establishing networks to transfer this knowledge to rural 
communities; (4) introducing regulations and licence conditions for forestry and 
mining operations to reinforce protection for catchments and coastal fish habitats; 
(5) strengthening traditional and national institutions and regulations for 
sustainable use of coastal land and aquatic habitats; and (6) assisting communities 
to monitor changes in habitats and comply with management decisions and 
regulations.

 ¾ Policy F2: Promote ecosystem-based management measures for agriculture, 
forestry and mining at all levels to prevent damage to freshwater and coastal fish 
habitats through soil loss, transport of sediments and nutrients to watercourses 
and coasts, and pollution.
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 ¾ Policy F3: Protect source and resilient coral reefs expected to supply recruits to 
‘downstream’ reefs to help these reefs recover after coral bleaching or damage by 
cyclones.

 ¾ Policy F4: Minimise barriers to landward migration of coastal habitats and 
expansion of freshwater fish habitats during development of strategies to assist 
other sectors to respond to climate change.

 ¾ Policy F5: Promote mangrove replanting programmes in suitable areas 
{Chapter 6} to meet the twin objectives of enhancing habitat for coastal fisheries, 
and capturing carbon.

 ¾ Policy F6: Apply primary fisheries management to coastal and freshwater fish 
stocks to maintain their potential for replenishment.

 ¾ Policy F7: Restrict export of demersal fish to ensure that these resources are 
available for national food security where necessary (this policy does not apply to 
deepwater snappers).

 ¾ Policy F8: Allocate tuna from national catches for food security, so that rural 
and urban communities have greater access to fish.

 ¾ Policy F9: Revise national and regional tuna management plans to provide 
the fish needed for local consumption, including the general tuna management 
framework of the WCPFC.

 ¾ Policy F10: Encourage coastal fishing communities to transfer effort to 
nearshore pelagic species to supply more tuna for subsistence, and for local and 
urban markets.

 ¾ Policy F11: Include FADs (anchored inshore) as part of the national 
infrastructure for food security, ensure a maintenance programme is in place 
and make provision to replace FADs lost through wear and tear and storms.

 ¾ Policy F12: Provide incentives for the private sector to purchase, store, process 
and distribute lower-value tuna and bycatch landed by industrial fleets in major 
ports to increase access to fish in urban areas. Ensure that such enterprises comply 
with the Right to Food standards contained in the International Covenant on 
Economic, Social and Cultural Rights (ICESCR), and Humanitarian Law.

 ¾ Policy F13: Dedicate a proportion of the revenue from fishing licences to 
improve management of all fisheries and aquaculture, and access to fish for rural 
and urban populations. For example, by upgrading transport links to inland 
communities in PNG to enable better access to locally-canned tuna, and smoked 
and dried fish.

 ¾ Policy F14: Provide incentives for the private sector to invest in pond aquaculture, 
and support effective systems for producing and distributing fry to smallholders 
in rural areas.
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 ¾ Policy F15: Reconcile the use of introduced fish species for pond aquaculture 
with the potential effects on freshwater biodiversity by zoning pond 
aquaculture. Until the research recommended (Sections 4 and 5) is completed, 
the introduction of Nile tilapia should be limited to (1) PICTs where coastal 
fisheries resources and local access to tuna are likely to be insufficient to meet 
the present and future recommended level of fish consumption for good nutrition 
{Chapter 12}; and (2) catchments where Mozambique tilapia Oreochromis 
mossambicus already occurs.

 ¾ Policy F16: Strengthen national capacity, and collaboration between national 
agencies, to manage environmental issues related to aquaculture development, 
such as application of Environmental Impact Assessment procedures that consider 
present and future risks associated with aquaculture proposals.

 ¾ Policy 17: Provide training and technical support for coastal fishing communities 
to catch small pelagic fish, and for inland and coastal communities to improve 
post-harvest methods to extend the shelf life of catches.

 ¾ Policy F18: Revise primary school curricula to teach children about fish and 
food security, focusing on (1) the importance of fish for their health; (2) the basic 
management actions needed to maintain fish habitats and fish stocks; and (3) the 
options for increasing future supplies of fish.

Table 3.2 Summary of adaptations and companion supporting policies to maintain 
the contributions of fish to food security for Pacific Island countries and territories  
(see Sections 3.4 and 3.5 for details).

* Refers to supporting policy number in Section 3.5; W = win; L = lose.

Adaptation Type Supporting 
policy*

Adaptations to safeguard habitats producing fish

F1 Manage and restore vegetation in catchments W-W F1, F2, F18

F2 Foster the care of coastal fish habitats W-W F1–F3, F18

F3 Provide for landward migration of coastal fish habitats L-W F4, F5, F18

F4 Allow for expansion of freshwater habitats L-W F4, F18

Adaptations to optimise catches from coastal demersal and freshwater fish stocks

F5 Sustain production of coastal demersal fish and invertebrates L-W F6, F7, F13, F18

F6 Diversify catches of coastal demersal fish L-W
F6, F13, F18

F7 Manage freshwater and estuarine fisheries to harness opportunities L-W

Adaptations to fill the gap in fish needed for food security

F8 Increase access to tuna for urban and rural populations W-W F8–F13, F18

F9 Develop pond aquaculture to diversify the supply of fish W-W F13–F16, F18

F10 Develop coastal fisheries for small pelagic fish W-W? F13, F17, F18

F11 Improve post-harvest methods W-W F17, F18
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3.6 Adaptations for maximising sustainable livelihoods (L)

The eventual projected shift to the east in the distributions of tuna, decreases in 
production of coastal fisheries and coastal aquaculture commodities, and increases 
in production of freshwater fisheries and pond aquaculture, are expected to alter the 
availability of full-time jobs, and opportunities to earn income {Chapter 12}. Many of 
the  adaptations and suggested policies required to minimise the loss of livelihoods 
derived from some fisheries and aquaculture activities, and to capitalise on the 
opportunities expected to be created for others, are the same as those described in 
Section 3.4. Examples include the imperative to conserve and restore fish habitats, the 
need to secure the supplies of tuna required to base more tuna processing operations 
within PICTs, switching fishing effort from demersal fish to nearshore pelagic fish, 
installing inshore FADs to improve access to tuna for small-scale commercial fishers, 
developing pond aquaculture in peri-urban areas, and marketing environmentally-
friendly products. The additional adaptations needed to optimise the number of jobs 
that can be sustained by the sector are outlined below.

 ¾ Adaptation L1: Improve technical and business skills of communities 
(win-win)

Increase community participation in fishing around FADs and for small pelagic 
species, developing pond aquaculture and applying post-harvest methods. Together, 
these adaptations (Section 3.4) provide considerable opportunities to diversify 
income-earning activities. Training programmes to teach community members 
(including women) the necessary fishing and farming techniques, and small business 
skills, will be required to capitalise on these opportunities. Micro-finance schemes 
may also be needed to assist people to diversify into the broader range of fishing 
operations and value-added activities involved in these adaptations. Because the 
technology for all these adaptations already exists, these activities are expected 
to deliver benefits in the short term. The projected increases in abundance of tuna 
{Chapter 8}, and improvements in conditions for pond aquaculture {Chapter 11}, in 
many PICTs due to climate change means that investments in these adaptations are 
also likely to result in benefits well into the future.

 ¾ Adaptation L2: Rebuild populations of sea cucumbers and trochus (lose-win)

Primary fisheries management {Chapter 13} is needed to reverse the declines 
in stocks of sea cucumbers and trochus. For sea cucumbers, this involves 
(1) conservative harvests based on indicators such as species composition and size-
frequency to restore the densities of adults to levels above the thresholds required for 
regular replenishment {Chapter 9}; and (2) strict controls on the size of individuals 
exported. For trochus, densities should be restored to 500–600 individuals per ha, 
with a wide spread of size classes. Harvests should then be restricted to 180 shells  
per ha per year, preferably with 3–5 year periods of moratorium between fishing 
events {Chapter 9}. This adaptation results in some loss of income while stocks are 
rebuilt, but sets the stage for greater benefits in the future. Although climate change 
may affect the productivity of sea cucumbers and trochus {Chapters 9 and 11}, more 
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robust populations should have a greater resilience to increased water temperatures 
and ocean acidification.

 ¾ Adaptation L3: Develop coral reef ecotourism ventures (win-win?) 

Reducing the pressure on fisheries resources by providing viable alternative sources 
of income for local communities in the tourism sector is expected to help maintain 
fish stocks within sustainable limits and make fisheries for demersal fish and 
invertebrates less vulnerable to climate change. However, the projected degradation 
of coral reefs due to increases in SST and ocean acidification may affect the long-
term viability of ecotourism operations. Much care is also needed in the planning 
and construction of facilities for tourism to ensure that they do not affect the extent 
and quality of coastal fish habitats (Section 3.4).

 ¾ Adaptation L4: Diversify production of coastal aquaculture commodities 
(win-win)

Assess the potential to grow ‘new’ commodities in the region likely to (1) support 
profitable enterprises; and (2) be favoured by prevailing environmental, economic 
and social conditions in PICTs. Because the species involved in producing new 
commodities are most likely to be introduced from other regions, the potential 
risks to marine biodiversity need to be reconciled with opportunities to provide 
livelihoods. Otherwise, any production gains may be undermined by losses to other 
valued species.

 ¾ Adaptation L5: Modify locations and infrastructure for coastal aquaculture 
(lose-win)

A variety of adaptations can be made, as and when required, to reduce the expected 
negative effects of sea-level rise, ocean acidification and higher water temperatures 
on coastal aquaculture activities {Chapter 11}, as described below.

 y Relocate pearl farming operations to sites close to existing coral reefs and seagrass 
meadows, where aragonite saturation levels are likely to remain high enough 
for good growth and survival of pearl oysters, and formation of high-quality 
nacre {Chapter 11}. This adaptation also applies to the small-scale village-based 
operations to culture giant clams and corals for the ornamental market.

 y Raise the walls and floor of existing shrimp ponds so that they can continue 
to function under sea-level rise, and identify which ponds would need to be 
abandoned in favour of new structures further landward at higher elevations 
{Chapter 11}.

 y Assess which alternative commodities (perhaps sea cucumbers) could be produced 
in ponds no longer suitable for shrimp in ways that do not impede landward 
migration of mangroves and seagrasses.

Such adaptations may involve foregoing production at existing sites or facilities, or 
production of present commodities, in an effort to ensure that aquaculture creates 
jobs in the future.



308

3.7 Supporting policies for maximising sustainable livelihoods (L)

The suggested policies needed to implement adaptations recommended for 
maximising the contributions of fisheries and aquaculture to livelihoods described 
in Section 3.6 are outlined below. The policies that apply to each adaptation are listed 
in Table 3.3.

 ¾ Policy L1:  Provide access to the training needed to operate profitable 
businesses based on small-scale coastal fisheries and aquaculture activities for 
rural communities.

 ¾ Policy L2: Develop partnerships with regional technical agencies to provide the 
necessary technical support to manage coastal fisheries and develop aquaculture 
enterprises.

 ¾ Policy L3: Promote private sector investment in coastal tourism designed to 
accommodate climate change, particularly the projected changes in sea level, 
storm surge and changes to coral reefs and other coastal habitats. 

 ¾ Policy L4: Inform prospective private sector investors in coastal aquaculture 
about the projected horizons for economically viable operations for each 
commodity under climate change. 

 ¾ Policy L5: Strengthen national and regional capacity to adopt and implement 
aquatic animal health and biosecurity measures, including development of a 
regional aquatic biosecurity framework and international protocols for monitoring, 
detecting and reporting aquatic animal diseases to prevent introduction of new 
pathogens51. These measures will require cross-sectoral approaches, involving 
fisheries, quarantine and environmental agencies.

 ¾ Policy L6: Provide incentives for aquaculture enterprises to assess risks 
to infrastructure so that farming operations and facilities can be relocated if 
necessary.

Table 3.3 Summary of adaptations and companion supporting policies to maximise the 
contributions of fisheries and aquaculture to the creation of livelihoods in Pacific Island 
countries and territories (see Sections 3.6 and 3.7 for details). 

* Refers to supporting policy number in Section 3.7; W = win; L = lose.

Adaptation Type Supporting 
policy*

L1 Improve technical and business skills of communities W-W L1, L2

L2 Rebuild populations of sea cucumbers and trochus L-W L2

L3 Develop coral reef ecotourism ventures W-W? L3

L4 Diversify production of coastal aquaculture commodities W-W L4, L5

L5 Modify locations and infrastructure for coastal aquaculture L-W L6
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