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EXECUTIVE SUMMARY

In the Pacific Islands region, fish and invertebrates (specifically shellfish) fulfil important ecological roles in
coastal and oceanic habitats, and many species are targeted by fisheries, making vital contributions to food
security, livelihoods, government revenue and cultural heritage. 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 fisheries and aquaculture. In particular, declines in the productivity of
demersal fish and invertebrates, and a more eastward distribution of some tuna species, are expected to
present the greatest challenges for the use of fisheries resources by Pacific communities and economies.
Some invertebrates which are important aquaculture commodities (such as pearl oysters and shrimp) will
also be impacted by global warming and ocean acidification. The projected declines in coastal fish and
invertebrate populations will widen the gap between fish needed by growing human populations and
sustainable harvests, with shortages expected in some Pacific nations (e.g. Papua New Guinea, Solomon
Islands) by 2035. There will also be a need to diversify livelihoods based on fisheries and aquaculture
operations in the region because some of these operations are expected to be negatively affected, and others
favoured, by climate change. In some cases, building the resilience of Pacific communities to climate change
will involve reducing dependence on, or finding alternative uses of, vulnerable marine resources.

What is Already Happening?

Fish and invertebrates in coastal habitats — coral reefs,
seagrass meadows, mangroves and intertidal flats
(Figure 1) —fulfil important ecological roles and provide
a significant source of protein and artisanal livelihoods
for communities in the Pacific Islands region. For the
purposes of this paper, we have divided the fish and
invertebrates of the Pacific into four broad groups: (i)
demersal (bottom dwelling) fish, including shallow- and
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deep-water species (i) shellfish (crustaceans,
molluscs and echinoderms) in shallow subtidal and
intertidal habitats, (iii) pelagic species, often dominated
by tuna and tuna-like species, and (iv) sharks and rays.
Tuna are also found throughout oceanic waters of the
Pacific Ocean and are critically important for national
revenue and livelihoods in many nations, and there are
four species targeted by industrial fleets (albacore,
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bigeye, skipjack and yellowfin tuna) (see Science
Review 2018: Oceanic Fisheries paper).

Figure 1. Examples of coastal habitats and the fisheries they
support: A) Mangrove-coral connectivity in the Western Province,
Solomon Islands, B) a fish market in Fiji, C) a fish market in Manus,
PNG, D) invertebrates for sale in Suva, Fiji. Photo credits: A)
Andrew Olds, B & D) David Welch, C) Brad Moore.

(i) Demersal fish and (ii) Invertebrates (shellfish)
There are approximately 7,000 species of fish in the
Pacific islands region, and demersal fish are a key
component of coastal ecosystems. They have
specialised roles in reef ecosystems that include
corallivores that eat corals (e.g. butterflyfish),
herbivores that eat algae (e.g. rabbitfish), generalist
species (e.g. damselfish), and predators (e.g.
groupers). A range of families of demersal fish are
harvested for subsistence and for local sale in the
Pacific Islands region, the most common being
parrotfish (Scaridae), surgeonfish (Acanthuridae),
trevallies and scads (Carangidae), soldierfish and
squirrelfish  (Holocentridae), wrasse (Labridae),
emperors (Lethrinidae), snappers (Lutjanidae), mullet
and goatfish (Mullidae), groupers (Serranidae), and
rabbitfish (Siganidae) (Table 1). The species
harvested within these families vary among Pacific
Island countries and territories (PICTs) (Figure 2) due
to gradients in biodiversity, differences in fishing gear,
habitat availability, local dietary preferences, and
cultural differences and taboos (Pratchett et al. 2011a).

Current pressures on coastal fish habitats in the Pacific
include coastal development, resource extraction (e.g.
fishing, sand and coral mining) and land-based
pollution (UNEP 2017). These pressures are already
impacting coastal habitat condition (UNEP 2017), with
indirect impacts on the demersal fish and invertebrates
that depend on these habitats. In addition, current
fishing effort is high due to rapidly growing human
populations and the high demand for seafood.
Targeting spawning aggregations and destructive
fishing practices and gears (e.g. small mesh nets)
used in most PICTs, place additional pressure on fish
and invertebrate populations. All these impacts will be
exacerbated by climate change.

Figure 2. 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. Adapted from Pratchett et al. (2011a),
reproduced with permission from the Pacific Community, New
Caledonia. (Symbols courtesy of the Integration and Application
Network: www.ian.umces.edu/symbols/).

The status of demersal fish stocks is not well known
in many PICTs due to lack of regular fisheries data
collection. In-water assessments at 63 sites across
17 PICTs conducted in the early to mid-2000s found
that demersal fish populations at 54% of sites were in
‘average-to-low’ or ‘poor’ condition (Pinca et al.
2010).
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Table 1. Percent contribution to total catches (in terms of weight,
kg) of major demersal fish families observed during creel surveys
of artisanal fishers at selected Pacific Island locations. The average
catch per trip per fishing method is given in the last row. H =
handline/bottom fishing, S night-time spearfishing. FSM

Demersal Fish Family Pohnpei, Tarawa,

FSM Kiribati

H S H S
Acanthuridae 1.2 47.9 0.2 n/a
Carangidae 39.6 1.9 3.1 n/a
Haemulidae 0.2 0.6 - n/a
Holocentridae 9.3 2.2 1.8 n/a
Kyphosidae - 3.3 - n/a
Labridae 0.1 0.6 - n/a
Lethrinidae 5.4 4.1 17.0 n/a
Lutjanidae 29.2 2.3 71.4 n/a
Mullidae 0.1 3.2 - n/a
Scaridae - 16.0 - n/a
Serranidae 10.1 10.0 3.0 n/a
Siganidae - 6.7 - n/a
Sphyraenidae 3.2 0.2 3.2 n/a
Others 1.6 1.0 0.3 n/a
Average catch (kg) 20.6 27.9 73.6 n/a

In addition, fishing impacts are evidenced by small
average sizes of key species, targeting of juveniles,
and fishing down the food web (i.e. disproportionately
fewer higher-order species; predators) in many PICTs
(e.g. Welch 2016, Pinca et al. 2010). Available data
from household surveys indicate that the total annual
demersal fish catch for the region is ~86,000 tonnes
(Table 2), with 70% taken for subsistence (Bell et al.
2018). However, subsistence catches in the region are
likely to be grossly under-estimated (Zeller et al. 2007,
Gillett 2016).

Many invertebrate species are harvested in the Pacific
islands for subsistence, sale at local markets and/or
export. For the purposes of this paper, we consider
only the shellfish — crustaceans, molluscs and
echinoderms — that are important for coastal fisheries
and aquaculture. Harvesting of sea cucumbers to
supply the béche-de-mer (dried sea cucumber) export
trade supports livelihoods across the region (Kinch et
al. 2008, Purcell et al. 2009). However, the ease with
which sea cucumbers can be collected and their high
value has led to widespread overfishing, with fisheries
in many PICTs now closed. Bivalve molluscs, in
particular giant clams and ark shells, are among the
most commonly harvested invertebrates in PICTs. The
largest of the giant clams, Tridacna gigas, is now

Federated States of Micronesia (source: SPC unpublished data).
“Others” includes Balistidae, Caesionidae, Ephippidae, Gerreidae,
Megalopidae, Monodactylidae, Pomacanthidae, Pomacentridae,
Priacanthidae and Scombridae.

Location (country)

M;J;:Zil Koror, Funafuti
Palau Tuvalu
Islands

H S H S H S

- 37.1 - 27.7 - 55.7

- 0.5 18.5 - 6.2 1.6

- - - 2.9 - -
0.6 12.2 0.2 2.5 3.3 4.3

- 1.7 - - - -

- 0.3 - 0.2 - -
20.3 0.6 41.4 2.2 17.2 2.8
8.3 2.6 33.1 2.6 40.5 5.4

- 1.3 - 12.6 0.1 0.6

- 11.4 - 38.5 - 11.3
70.8 9.2 3.4 6.2 18.1 6.7

- 19.9 - 4.6 - 1.6

- - 0.3 - 11.9 10.0

- 3.2 3.1 - 2.7 -
285 50.0 | 23.7 53.7 | 31.2 99.2

considered rare as a result of heavy fishing pressure
in the past (Bell et al. 2005, Pinca et al. 2010). Ark
shells (Anadara spp.) are also an important fishery and
commonly found in mud and seagrass habitats. They
constitute higher landings than clams in countries with
appropriate habitats, such as Fiji and Kiribati (e.g. Lee
et al. 2018). In Fiji, ark shells are harvested in
guantities second only to freshwater clams for bivalve
fisheries (Gonzalez et al. 2015).

A variety of crustaceans, e.g. mangrove crabs (Scylla
spp.), spiny lobsters (Panulirus spp.), slipper lobsters
(Parribacus spp.) and coconut crabs (Birgus latro) are
also harvested in the region, largely for subsistence
and sale at local markets. Coconut crabs, which are
long-lived and slow-growing, are particularly
vulnerable to over-harvesting (Fletcher and Amos
1994) and are locally depleted on numerous Pacific
islands. Some commercially important molluscs and
crustaceans, such as pearl oysters, shrimp and marine
ornamentals (e.g. giant clams), are vulnerable to
climate change and ocean acidification. For these
organisms, reductions in growth, poor shell production
and quality will occur under increasing SST and lower
pH conditions (e.g. Kroeker et al. 2013).
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Table 2. Estimates of annual catches (in tonnes and as a percentage of total catch) for the three main categories of Pacific Island coastal
fisheries. Data are based on catches for 2014 reported by Gillett (2016) and calculated using the method described by Bell et al. (2018).

PNG = Papua New Guinea; FSM = Federated States of Micronesia; CNMI = Commonwealth of the Northern Mariana Islands.

PICT Demersal fish Nearshore Invertebrates Total catch
pelagics
Tonnes
Tonnes % Tonnes % Tonnes %
Melanesia
Fiji 17,406 64.5 5,430 20.1 4,164 154 27,000
New Caledonia 2,667 55.0 560 115 1,623 33.5 4,850
PNG 16,984 40.9 16,082 38.8 8,434 20.3 41,500
Solomon Islands 14,957 56.5 7,850 29.7 3,662 13.8 26,469
Vanuatu 2,119 54.2 929 23.8 858 22.0 3,906
Micronesia
FSM 3,832 72.6 1,166 22.1 282 5.3 5,280
Guam 33 28.9 78 68.4 3 2.6 114
Kiribati 13,942 73.4 3,949 20.8 1,109 5.8 19,000
Marshall Islands 2,875 63.9 1,346 29.9 279 6.2 4,500
Nauru 115 30.8 252 67.6 6 1.6 373
CNMI 254 51.5 185 375 54 11.0 493
Palau 973 46.0 783 37.0 359 17.0 2115
Polynesia
American Samoa 97 59.9 49 30.2 16 9.9 162
Cook Islands 154 36.2 253 59.4 19 45 426
French Polynesia 3,914 48.8 3,254 40.6 848 10.6 8,016
Niue 22 13.3 132 80.0 11 6.7 165
Pitcairn Island 5 55.6 3 33.3 1 11.1 9
Samoa 3,817 38.2 3,723 37.2 2,461 24.6 10,001
Tokelau 140 35.0 220 55.0 40 10.0 400
Tonga 4,892 70.9 668 9.7 1,340 194 6,900
Tuvalu 918 64.0 455 31.7 62 4.3 1,435
Wallis and Futuna 645 72.1 83 9.3 166 18.6 894
Total 90,761 55.3 47,450 28.9 25,797 15.7 164,008

Increasing thermal stress has been observed to have
both indirect and direct impacts on demersal fish and
invertebrates in the Pacific Islands region. Indirect
impacts include habitat declines due to coral bleaching
that have been shown to impact reef fish populations
over time (Pratchett et al. 2009, 2011b, Khalil et al.
2013). Extensive coral bleaching was reported across
much of the Pacific in 2015-2016, with associated
bleaching of giant clams. Declines in diversity and
abundance of coral reef fishes due to coral bleaching
have been observed elsewhere (Pratchett et al. 2011),
and it is likely that these events had significant effects
on local fish communities in the region. At the same
time, mass fish kills were observed on the Coral Coast
of Fiji and in 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
(Welch and Johnson 2017). The influence of higher

water temperatures on oxygen concentrations are
thought to be responsible for this mass fish mortality.

Beyond these large focused events, however, few
direct effects of climate change have been
documented for the majority of wild demersal fish and
invertebrate species in the Pacific Islands region,
largely due to a lack of regular and long-term
monitoring in most locations. In addition, in temperate
environments climate change effects are typically
exemplified by range shifts of species to higher
latitudes and an overall ‘tropicalization’ of ecosystems
(Johnson et al. 2011, Verges et al. 2014). The largely
tropical nature of the region, the relatively weak
latitudinal structure observed for many demersal fish
and invertebrate species, and the general lack of
suitable habitat adjacent to the north and south,
precludes such observations in the Pacific Islands.
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Coral trout (Plectropomus spp.) are an important reef
predator and are targeted by fisheries throughout the
Pacific region. Experimental studies show that the
thermal optimum for P. leopardus is 27-30°C (Frisch et
al. 2016, Pratchett et al. 2017), while wild stocks
occupy areas where sea surface temperatures can
exceed 30°C. These fishes may be able to moderate
their exposure and sensitivity to increasing
temperatures by exploiting thermal refugia or
moderating food intake and energetic expenditure
during warmer periods (Scott et al. 2017). Even so,
ocean warming will increasingly jeopardize the
sustainability of ongoing harvesting of coral trout,
especially at low latitudes (Pratchett et al. 2017). A
range of climate-induced effects on biology and
behaviour in wild coral trout populations have been
recorded to date, including shifts in dietary composition
(Wen et al. 2016) and declines in abundance
(Williamson et al. 2014) and catch rates (Tobin et al.
2010). These impacts will also be compounded by
increasing coral loss and the structural collapse of
shallow-reef habitats due to severe coral bleaching
(e.g. Hughes et al. 2017). These studies provide
information to predict what is likely to happen for coral
trout under future climate change scenarios, and the
combination of ocean warming and degradation of
coral reef habitats is expected to significantly reduce
yields from coral trout fisheries.

(iii) Pelagic fish

A range of large and small pelagic fish species are
found in Pacific waters. Although there are few data
guantifying biomass or the catches of these species, it
is estimated that ~30% (around 43,000 t) of the total
coastal fisheries catch in the region is comprised of
nearshore pelagic species (Bell et al. 2018), while four
species of tuna are targeted by oceanic fisheries (see
Oceanic Fisheries paper, this volume). The most
common larger species are skipjack tuna Katsuwonus
pelamis, South Pacific albacore Thunnus alalunga,
bigeye tuna Thunnus obesus, yellowfin tuna Thunnus
albacares, wahoo Acanthocybium solandri, mahi mabhi
Coryphaena hippurus, rainbow runner Elegatis
bipinnulata, Spanish mackerel Scomberomorus
commerson, billfish (Istiophoridae) and sharks (SPC
2013). The smaller pelagic species mainly comprise
mackerels (Scombridae), scads (Carangidae), flying
fish (Exocoetidae), pilchards and sardines (Clupeidae)
and anchovies (Engraulidae) (Pratchett et al. 2011a).

Observations of climate change impacts on pelagic
fish species have been more elusive than for demersal
fish (Pecl et al. 2017). In the Pacific islands region, this
is due to the strong influence of climate variability on
the distribution of tuna and billfish (Hobday and Evans

2013). For example, the locations where skipjack tuna
biomass is predicted to be highest are strongly
influenced by the El Nifio Southern Oscillation (ENSO),
varying by up to 4,000 km of longitude between strong
El Nifio and La Nifia events (Lehodey et al. 1997). The
status of the tuna species in the region is generally well
understood (see Science Review 2018: Oceanic
Fisheries paper). In contrast, little is known about the
status of the other pelagic species, with the exception
of some billfish and shark species (Johnson et al.
2017).

(iv)  Sharks and rays

Over 130 species of sharks and rays are believed to
occur in the Pacific (Lack and Meere 2009) although
this is likely to be an under-estimate, especially for
PICTs closer to the Indo-Pacific centre of biodiversity.
For example, at least 133 species of sharks and rays
occur in the Great Barrier Reef (Chin et al. 2010) and
species are still being described (Last et al. 2016).
Sharks and rays are mainly taken in two distinct
fisheries: (i) pelagic species caught in association with
tuna fisheries; and (ii) coastal species taken as target
or incidental catch by small-scale coastal fishers.
However, there are reports of some illegal, unreported
and unregulated (IUU) fishing activity targeting sharks
(oceanic and coastal) in the Pacific, primarily for their
fins (Rika 2017).

The main pelagic sharks captured include silky sharks
(Carcharhinus falciformis), blue sharks (Prionace
glauca), ocean whitetip sharks (C. longimanus), as
well as hammerheads (Sphyrna spp.), thresher sharks
(Alopias spp.) and mako sharks (Isurus spp.) (SPC
Oceanic Fisheries Program 2010). Significant
numbers of sharks have been caught in association
with tuna fisheries that historically retained fins for the
shark fin trade. However, long-term, accurate data on
the catch of sharks in these fisheries are limited and
there is great uncertainty about species-specific catch
rates, catch fate and trade (Clarke et al. 2006).
However, there are several indications that sharks are
under significant pressure in the Pacific (Lack and
Meere 2009, Clarke et al. 2013). As a result, several
species of pelagic sharks have been listed on
Appendix Il of the Convention on International Trade in
Endangered Species of Wild Flora and Fauna
(CITES), and the Western and Central Pacific
Fisheries Commission (WCPFC) has a no-retention
requirement on some of these species (WCPFC 2015).
Some other species of conservation interest, such as
whale sharks (Rhincodon typus) and mobulid rays
(Mobula spp.), are also sometimes caught as bycatch
by purse-seine vessels (SPC Oceanic Fisheries
program 2010).
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Coastal sharks are mainly caught by small-scale
fishers who consume the meat directly, or sell shark
meat and fins for income (Glaus et at. 2015, Hylton et
al. 2017). Stingrays may be particularly important to
some indigenous peoples. Very little is known about
the catch of sharks and rays in Pacific small-scale
fisheries and the status of coastal populations but
there are anecdotal accounts of declines in some
areas. While most conservation and management
attention is focused on pelagic fisheries, emerging
evidence is documenting the importance of sharks and
rays in Pacific coastal fisheries. Shark fin can be a
valuable income source for some coastal communities
alongside béche-de-mer, and loss of this resource can
have significant effects (Vieira et al. 2017).

There is limited information about the effects of climate
change on sharks and rays in the Pacific, apart from a
systematic risk assessment in the Great Barrier Reef
(Chin et al. 2010). No observed changes have been
reported and the lack of data on existing patterns of
diversity and occurrence make it difficult to identify
climate related changes in range and movements.
However, experimental evidence suggests that some
species may be adversely affected by rising sea
temperatures and ocean acidification (Rosa et al.
2017).

What Could Happen?

(i) Demersal fish and (ii) Invertebrates (shellfish)
Increased greenhouse gas emissions will have direct
and indirect effects on demersal fish and invertebrates
in the Pacific Island region. These impacts include the
effects of global warming and ocean acidification on
the habitats that support fish and invertebrates.
Coastal habitats — coral reefs, mangrove forests,
seagrass meadows and intertidal flats — are expected
to decline due to changes in temperature, pH, light and
hydrology (Figure 2) (Waycott et al. 2007, 2011, Collier
and Waycott 2009, Hoegh-Guldberg et al. 2011; see
Corals, Seagrass and Mangrove papers, this volume),
while oceanic habitats and food webs are expected to
be modified due to climate-driven changes in
temperature, pH, stratification, oxygen and hydrology
(Le Borgne et al. 2011, Johnson et al. 2017; see
Oceanic Fisheries paper, this volume).

Climate-induced degradation of tropical marine
habitats poses the most immediate and greatest threat
to the biodiversity and functioning of demersal fish
(Pratchett et al. 2008). Highly degraded coral reefs, for
example, support less than one-third of the biodiversity
of reef fishes found on reefs with high coral cover and

topographic complexity. Ocean warming and
acidification will also have direct effects on reef fish
physiological performance and fithess (Munday et al.
2011, 2012). Many coral reef fishes appear to be living
very close to their upper thermal optimum, such that
any significant increases in ocean temperature will
constrain metabolic performance, with effects on
movement, prey capture, reproduction and growth.
Under laboratory conditions, ocean acidification has
been demonstrated to have significant effects on
sensory responses and individual behaviour of fishes,
which will affect recruitment, predator avoidance, and
individual survival (Munday et al. 2011, 2012),
however increasing sea surface temperature (SST) is
expected to be the more immediate and greater threat.

Continued declines in the areal extent and condition of
critical coastal habitats, particularly coral reefs, are
expected to exert increasing pressure on marine
fishes. Importantly, there is limited evidence of
compensatory responses among tropical fish
assemblages (Pratchett et al. 2014), meaning that
species losses erode not only the biodiversity and
functional redundancy of these systems (i.e. the
capacity for species loss to be compensated by
remaining species contributing similarly to ecosystem
functioning) but directly contribute to declines in
productivity. There is also increasing evidence of non-
linear or threshold responses, whereby the effects of
habitat loss are highly magnified when habitats
become highly degraded (Pratchett et al. 2014).
Increasing habitat degradation and fragmentation will
also compromise the capacity of fish populations and
assemblages to recovery in the aftermath of major
disturbances.

Although many demersal fish and invertebrates are
adapted to variable diurnal and seasonal temperature
cycles, and are relatively tolerant of short-term
changes, 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, fish and invertebrate species dependent on
reef habitats are unlikely to occur on reefs where their
thermal optima no longer overlap. On the other hand,
tuna and other mobile pelagic fish are expected to be
able to move more easily to areas with optimal thermal
conditions.
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Projected changes in the direction and strength of
ocean currents are also expected to affect many
demersal fish and invertebrate species in the Pacific
Island region. Alterations in circulation patterns are
likely to result in changes to spatial and temporal
patterns of larval dispersal and settlement (Bell et al.
2011a). 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 CO:
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 PICTSs, resulting in reductions in the
productivity of coastal ecosystems with significant
implications for larval survivorship. However, any such
effects may be diminished around some high islands
due to the projected increase in nutrient inputs from
terrestrial runoff (Pratchett et al. 2011a).

The increased concentration of carbon dioxide (CO.)
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 CO. 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 CO; seawater. 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). Although more
recent work has demonstrated that these impacts may
be less severe than previously documented (Jarrold et
al. 2017), this may still have negative implications for
population replenishment and further studies on
species exploited by fisheries are needed. Potential
negative, synergistic effects between elevated SST
and ocean acidification has had limited attention
although recent work suggest that temperature
changes will have the greatest consequences (Miller et
al. 2015). 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 calcifying
invertebrates, including 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 pH conditions (Shirayama and Thornton 2005,
Watson et al. 2012, Gazeau et al. 2013). Lower rates
of calcification are expected to result in declines in the
size and growth of molluscs for export (e.g. trochus,
green snail and pearl oysters), and in the abundance
of bivalves and gastropods gleaned for local
consumption. Shellfish important for aquaculture in the
tropical Pacific that are expected to be most vulnerable
to climate change and ocean acidification are pearl
oysters, shrimp and marine ornamentals, while
seaweed may benefit in some locations depending on
the influences of increasing SST and rainfall.

There is special interest in the effects of ocean
acidification on sea cucumbers, given their importance
as a source of income for remote Pacific Island
communities. However, there has been limited long-
term research on the direct effects of projected ocean
acidification on the main species of sea cucumbers
harvested in the Pacific region (Collard et al. 2014).
Research on other sea cucumber species, and related
sea urchins (Brennand et al. 2010, Byrne 2011, Byrne
et al. 2011), suggests that these species may be
sensitive to reduced concentrations of carbonate ions
in seawater. Larval survival may be affected and the
size and strength of the calcareous spicules in the
outer layer of their skin is likely to be reduced as
acidification of the ocean increases (Pickering et al.
2011).

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.
As live coral cover declines, abundances of coral-
dependent demersal fish and invertebrate species are
expected to decrease. Generalist demersal fish
species, such as emperors, snappers and goatfish, are
not likely to be affected significantly, at least in the
short-term, 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. 2017). However,
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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 consequent effects on recruitment and
survival.

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 (Waycott et al.
2011). 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, Laurent et al. 2005, 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, b, Rongo and van Woesik
2013).

For reef fish that sustain important tropical coastal
fisheries across the Pacific (Bell et al. 2013), the
combined effects of ocean warming and acidification
will almost certainly lead to greater interannual
variability in reproduction and replenishment, and
overall declines in fisheries productivity (Table 3;

Figure 3). However, more recent work has shown that
previous studies may have over-estimated the impacts
of acidification (Jarrold et al. 2017) creating uncertainty
for future fisheries management.
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Figure 3. Coastal fisheries productivity declines projected for 2050
and 2100 under a high emissions scenario (source: Bell et al.
2016).

(iii) Pelagic fish

Recent modelling for the Pacific Ocean (Dueri et al.
2014, Lehodey et al. 2015, Matear et al. 2015, Senina
et al. 2015) suggests that the effects of climate change
on ocean dynamics will affect the future distribution
and abundance of tuna and other pelagic species. The
four main tuna species (albacore, bigeye, skipjack and
yellowfin tuna) are expected to respond directly to
changes in water temperature, oxygen, ocean
currents, ocean acidification and the location of the
Western Pacific Warm Pool (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 tropical Pacific Ocean and
decreases in the strength of major currents and in the
formation of eddies, are likely to have two primary
effects on the spatial distributions of the four 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
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Table 3. Projected changes in production of the three categories of coastal fisheries, and total coastal fisheries production, 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 that availability of nearshore pelagic fish is expected to increase in the eastern part of the region (source:

Pratchett et al., 2011a and the Pacific Community, New Caledonia).

Coastal fisheries category Total coastal fisheries
(assumes that the
Variable Demersal Nearshore Invertebrates proportions of the three
fish pelagic fish coastal fisheries categories
remain constant)
28%
Contribution to
. . West* East*
0, 0,
coajtal flsherles 56% (15°N—20°S and (15°N—15°S and 16% West East
production 130°E-170°E) 170°E-150°W)
Change in
production | 2050 —-20% -10% +20% 5% -10t0-20% | -5to-10%
due to
C'r']mate 2100 —20 to —50% ~15 to —20% +10% ~10% —20t0-35% | —10to—30%
change
Habitat loss, and Habitat
Main direct and Egggiﬁﬂg&;ggem Reduced production of zooplankton in ggglriﬁgzt:gn’
indirect effects of 9 food webs for non-tuna species and ;
. temperature and R aragonite
climate change reduced water changes in distribution of tuna saturation due to
movement) ocean acidification

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 albacore, bigeye and yellowfin tuna
spawn where SST is greater than 24-25 °C (Schaefer
2001), whereas skipjack tuna prefer SST greater than
28-29 °C (Lehodey et al. 2011). The early life stages
are expected to be more sensitive and vulnerable to
changes in water temperatures and circulation, and to
changes in oxygen and pH, than adults (Lehodey et al.
2011, Bromhead et al. 2015).

Projected changes in primary productivity due to
climate change are also likely to affect where tuna
spawn. In particular, 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
vertical distribution of fish. 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). Increases in temperature and
concomitant decreases in oxygen in subsurface waters
are expected to have less impact on skipjack tuna,

which inhabit the surface layer. In contrast, greater
impacts are expected to occur for yellowfin tuna and
albacore, which swim between the surface and
subsurface, and for bigeye tuna, which descend to
deeper layers. The higher tolerance of bigeye tuna to
low oxygen levels may reduce the impacts for this
species unless anoxic conditions or ‘dead zones’
(oxygen concentration < 1 ml/L) develop. The dynamic
relationship between tuna and their environment,
combined with their life history characteristics, results
in complex interactions, feedback loops and non-linear
effects. This complexity has been modelled by the
dynamic Spatial Ecosystem and Populations
Dynamics Model (SEAPODYM) (Lehodey et al. 2008;
Senina et al. 2008) and Apex Predator Ecosystem
Model Estimation (APECOSM-E) model (Dueri et al.
2012) which simultaneously evaluate interactions
between environmental changes, biological function
and spatial dynamics of tuna populations.

Preliminary simulations of climate change impact 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) use outputs from
global coarse resolution Earth Climate models. They
point to declining abundances in the western Pacific
Ocean and/or distribution shifts towards the eastern
Pacific (see Oceanic Fisheries paper, this volume).
These changes are driven largely by the projected
weakening of equatorial upwelling and current
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systems, and the warming of waters and associated
increase of water stratification in the western region
leading to lower primary production (Steinacher et al.
2010, Bopp et al. 2013).

Tuna populations are thought to be especially sensitive
to changes in the food web that supports them, 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 of tuna and lower the overall
production of tuna fisheries in the region. The expected
eastward shift of the convergence zone between the
warm pool and the Pacific equatorial divergence (Le
Borgne et al. 2011) could lead to decreases in tuna
abundance in the warm pool where primary
productivity is relatively low (Lehodey et al. 2011).
However, the projected increases in rainfall in
equatorial areas (Lough et al. 2011) could increase the
supply of nutrients in the archipelagic waters of PNG,
with subsequent increases in productivity creating
better feeding grounds. In addition, current Earth
climate models may have too coarse resolution to
provide accurate projections of change in primary
productivity (Matear et al. 2015). While the projected
changes in productivity of the Western Central Pacific
Ocean remain uncertain, it is clear that the high
mobility of tuna is expected to assist them to adapt to
changes in oceanic habitats and the availability of
micronekton by moving to favourable foraging areas
where there are fewer physiological constraints
(Lehodey et al. 2011; see Oceanic Fisheries paper,
this volume).

Modelling of the effects of climate change on the
preferred habitats of two other large pelagic fish
commonly caught by small-scale fishers, wahoo and
mahi mahi, using a multi-species distribution
approach, indicates that: 1) climate change is likely to
result in poleward migration of both species; and 2)
conditions for mahi mahi are likely to deteriorate more
rapidly than those for wahoo (Bell et al. 2018).

(iv)  Sharks and Rays

Predicting the effects of climate change on Pacific
sharks and rays is challenging due to: (i) the lack of
knowledge about the status and ecology of these
species; (ii) the diversity of these species (e.g. they
have six different modes of reproduction); and (iii) their
position as higher order predators, which means that
indirect impacts may depend on the impacts to — and
responses of — lower trophic level species to climate
change.

A comprehensive risk assessment for tropical sharks
and rays identified direct and indirect pressures, and
used a semi-quantitative risk assessment approach to
individually rank 133 shark and ray species for climate
change vulnerability (Chin et al. 2010). As a group,
sharks and rays are generally larger, more mobile
species that are fairly adaptable and resilient. This
means they can respond to changing conditions by
moving to more favourable conditions and exploiting
new resources (Chin and Kyne 2007). Applying this
assessment to the wider Pacific region, climate change
impacts can be described by examining specific
groups of sharks and rays.

Pelagic sharks are highly dependent on food
resources, and their occurrence is closely linked to that
of their prey species, which in turn, respond to
oceanographic factors. As such, changes in the
distribution of pelagic fishes will likely result in
changing distribution patterns of pelagic sharks (Chin
et al. 2010). These changes in movement and
distribution could also affect reproduction, as pelagic
shark stocks are structured by sex and size
(Wearmouth and Sims 2008), and increased
unpredictability in phenology such as location and
timing of upwellings could affect provisioning and
survival. However, if pelagic sharks are able to
respond to changing conditions and prey distribution,
they may be able to adapt to climate impacts.

Coastal sharks occur on mud and sand flats, reef flats,
seagrass beds, coral reefs and reef lagoons.
Increased rainfall and runoff and increasing
temperatures may cause direct physiological stress
that affect shark movement and behaviour (Schlaff et
al. 2014). Additionally, these factors, as well as more
intense storms, can significantly alter the quality and
availability of suitable habitat, and can also alter
coastal productivity and the availability of prey species.
Many coastal sharks and rays are mobile and may be
able to relocate to more favourable conditions.
However, their survival depends on the availability of
these alternative habitats and locations, their ability to
locate and move to these areas, and their ability to
successfully establish viable populations in these
areas (Chin et al. 2010). Species with specific habitat
requirements such as reef sharks or species that use
specific coastal nurseries, may also be severely
impacted by the loss of coral reefs and certain coastal
habitats that are highly vulnerable to climate change.
Consequently, some coastal species may be able to
adapt to changing conditions but changes in local
abundance and distribution are likely. Other species
with specific habitat requirements may experience
declines if those habitats are degraded or lost.

83



Importantly, these impacts may be exacerbated in
spatially small and/or isolated locations that have
limited habitat availability.

Some species of sharks and rays, such as river sharks
(Glyphis spp.) and sawfishes (Pristis spp.) are
especially rare and globally threatened due to a
combination of their biology, habitat specificity, over-
harvesting and habitat loss (Dulvy et al. 2014). These
sharks also rely on specific coastal habitats such as
rivers and estuaries and thus, are likely restricted to
the high island countries and territories of Melanesia.
Changing rainfall patterns, storm intensity, and sea
level rise could reduce habitat availability and cause
direct mortality. Given the precarious conservation
status of these species and extant threats, climate
change could cause localised depletion and even
localised extinction of these species in PICTs where
they occur.

Deep water sharks are extremely poorly understood
and climate change effects on these species cannot
currently be reliably predicted.

A central factor in predicting climate change effects on
sharks and rays in the Pacific region is the assumption
that many species are able to physiologically tolerate
a range of conditions, and when limits are exceeded,
relocate to more favourable conditions. Certainly,
these adaptive behaviours are already widely evident
(Schlaff et al. 2014), and sharks have survived mass
extinction events through evolutionary history. As
such, physiological and/or behavioural adaption is an
expected climate change response (Chin et al. 2010).
Nevertheless, a significant unknown is the effect of
rising sea temperature and ocean acidification on
shark and ray physiology. Experimental data are
becoming available and suggest that these changes
may have significant impacts on some sharks and
rays. Recent research suggests that increased
temperature and acidity may affect body condition,
growth, pigmentation, and the ability to detect and
pursue prey (Gervais et al. 2016, Rosa et al. 2017).
However, some species may be tolerant of extreme
conditions (Heinrich et al. 2014). The limited available
information suggests that sharks and rays exposed to
extreme environmental ranges, such as a reef flat
specialist like the epaulette shark Hemiscyllium
ocellatum, may be able to physically tolerate increased
temperature and acidity much better than species such
as pelagic sharks (Heinrich et al. 2014), but effects on
other key traits such as hunting ability are still largely
unexplored.

In summary, many current pressures are impacting
fish and shellfish and the coastal fisheries they support

in the short-term, and climate change adds a medium-
to long-term threat that will affect oceanic and coastal
fisheries in different ways (Table 4).

Year Coastal fisheries

Oceanic fisheries**

Nearshore pelagic fish Otherresources

Present* ‘T ‘j‘ U
2035 ' '
2050 1 1
2100 1 1 | |
* Indicates general direction of new opﬁ\.ortunities for livelihoods based on the activity; ** based on
projected changes in skipjack tuna catches.
[ T T ([ T .

] 5 0 20 30 0 5 0 20 30
Percentage increase Percentage decrease

Table 4. Summary direction of future trajectory of oceanic and
coastal fisheries resources under a high emissions climate change
scenario, particularly as a source of livelihoods opportunities.
“Other resources” refers to demersal fish and invertebrates
(shellfish).

Confidence Assessment

T =tuna;

P = pelagic fish (not including tuna);
F = demersal fish;

| = invertebrates (shellfish);

S= sharks & rays

What is already happening

Level of +H ngh. -
agreement or M F.I,P T Medium
consensus L S Low

(incl. dataset L M H

agreement and >

model Amount of evidence (theory /

confidence) observations / models) modelled)

Extensive experimental research (albeit on a relatively
limited range of reef fish species) has provided
mechanistic insight into the various ways that
environmental change will impact on the physiology
and abundance of demersal fish (Munday et al. 2008,
Donelson et al. 2010). Field-based studies have found
significant changes in abundance of many reef fish
following acute disturbances that cause extensive and
widespread habitat degradation (reviewed by Wilson et
al. 2006, Pratchett et al. 2008, 2014), and Pratchett et
al. 2008 documented the impacts of coral bleaching on
reef fish. Interspecific differences in vulnerability to
habitat degradation and climate change can be
explained based on their individual resource
requirements and physiological limits. However, there
is still some uncertainty surrounding the acclimation
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and adaption capacity for different species, which
could moderate effects of on-going environmental
change (Pratchett et al. 2017).

What could happen in the future
A

Ll |H [ High [
evel o .
M FILP| T Medium
agreement
or consensus L S Low
(incl. dataset L M H
agreement ] N
and model Amount of evidence (theory /
confidence) observations / models) modelled)

The confidence in predicting future effects of climate
change on demersal fish and invertebrate populations
in the Pacific region described above follows that of
Bell et al. (2011a), who consider declines in overall
demersal fisheries production with a high to very high
degree of confidence. This consideration largely
results from the expected (and observed) effects of
climate change on coastal habitats, in particular coral
reefs, mangroves and seagrass.

Confidence regarding climate change impacts on
sharks and rays is low due to the diversity of species
and lack of basic information on patterns of occurrence
and distribution, physiology, and ecology. As larger,
more mobile species, sharks and rays are difficult to
observe in the field, which confounds efforts to monitor
population changes. They are also very difficult to
study under experimental conditions, restricting
physiological studies to small benthic species. Their
high trophic position also means that impacts will
depend on complex ecological relationships that are
extremely variable, especially in complex tropical
environments.

Knowledge Gaps

(i) Demersal fish and (ii) Invertebrates

Much uncertainty still exists about the effects of climate
change on demersal fish and invertebrates. For
example, the effects of increasing temperature and
ocean acidification have mostly been tested on small-
bodied, site-attached, demersal fish species. There
has been relatively limited comparable research on
larger reef fishes that support major tropical fisheries
(but see Messmer et al. 2017). These studies therefore
need to be replicated on exploited species to confirm
whether the results are applicable or if exploited
species  will respond differently.  Moreover,
assessments of changes to key environmental
variables (e.g. increasing SST or declining pH) have

largely been conducted in isolation, but are likely to
have synergistic effects and will co-occur with on-going
environmental change.

Priority knowledge gaps to better increase our
understanding of the effects of climate change on
demersal fish, invertebrates and coastal fisheries, and
the consequences for food security and livelihoods
include:

1. Further examination of the synergistic effects of
increasing ocean acidification, SST and other
anthropogenic stressors, on the biology and
ecology of demersal fish and invertebrates, and
the ability of target fisheries species to adapt to
these changes.

2. Monitoring shifts in the distributions of species,
and the effects of climate-induced changes in
species composition on ecosystems, by
establishing long-term monitoring at specific
sites to measure distributional shifts and
biological impacts as well as environmental
conditions, such as pH, SST and habitat
condition.

3. Undertaking a cost-benefit analysis of the key
adaptation options for food security to inform
sustainable and adaptive management that can
supply fish for food, noting that a holistic
approach needs to incorporate a range of
adaptation tools (see ‘Adaptation Options and
Supporting Policies’ section).

Dedicated sampling programs will be needed to
monitor the effects of climate change on reef fish and
their habitats, and the fisheries they support, to provide
information for adaptive management. These
programs will require an experimental approach that
controls for the effects of other stressors, such as
fishing pressure, poor land management practices and
pollution (SPC 2013). Regional standardisation of both
fisheries-independent (e.g. in-water surveys) and
fisheries-dependent (e.g. creel and market surveys)
methodologies for data collection, storage, analysis
and reporting will also be needed for purposes of
Pacific-wide comparison and advice. Importantly, the
status of coastal fisheries resources in PICTs is either
uncertain or overexploited due to rapidly growing
human populations and other pressures, such as
coastal development. Therefore, there is an urgent
need to better understand the most effective options for
sustainable management of coastal resources to
address these existing pressures recognising that the
expected effects of climate change will potentially
constrain fisheries productivity and food availability.
For example, marine protected areas (MPAs) are
commonly applied but are rarely compared to other
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management options or assessed for their cost-
effectiveness or feasibility. The Noumea Strategy (SPC
2015) clearly states that over-reliance on site-based
approaches, such as MPAs, is unlikely to achieve
widespread goals of fisheries management and hence

proposes other ecosystem-based fundamental
approaches.

(iii) Tuna and pelagic fish

Much of the research needed to improve

understanding of the projected effects of climate
change on tuna in the tropical Pacific centres on
strengthening SEAPODYM. Importantly however, the
focus to date has been on the four main species of tuna
due to their high economic value.

1. Extend the application of SEAPODYM-like
models to include the dynamics of other pelagic
fish species and projections of how their
populations will be affected under climate
change.

2. Research to further develop and parameterise
the biogeochemical SEAPODYM model (as
described by Lehodey et al. (2011)):

o assess the effects of higher atmospheric
concentration of CO, on the C:N ratio of
organic matter in the ocean and influences
on primary production and the carbon

cycle; and
e define the optimal range and thresholds of
temperature and dissolved 0O,

concentrations for the different life history
stages of the four species of tuna.

3. Further evaluation of the potential impacts of
increased ocean acidification on tuna
(Bromhead et al. 2015) and other mobile
pelagic species, particularly on production of
gametes, fertilisation, embryonic development,
and hatching and larval behaviour and ecology
of tuna.

SEAPODYM results will also be improved by creating
an ensemble of simulations from a range of global
climate models endorsed by IPCC to estimate the
likely effects of global warming on tuna distribution and
abundance (Senina et al. 2015).

Delineation of the spatial structure of tuna stocks will
also improve our understanding of the likely effects of
climate change on these important resources. At
present, the models assume that each species of tuna
is a panmictic stock across the tropical Pacific basin.
There is growing evidence that for yellowfin and bigeye
tuna at least that there are multiple stocks of each
species. Once the spatial structure of each tuna
species has been identified, the effects of climate

change will need to be modelled for each self-
replenishing population (stock).

It will also be important to develop a wider range of
modelling approaches for the other large pelagic
species commonly caught by small-scale fishers, e.g.
wahoo and mahi mabhi. In particular, data should be
assembled to apply SEAPODYM to these species.

(iv) Sharks and Rays

The level of confidence in describing current and future
impacts of climate change on sharks and rays in the
Pacific is low. This is largely because sharks and rays
in the Pacific have received little attention. Indeed,
taxonomy and species diversity are still being explored
(e.g. Hylton et al. 2017). At the same time, the diversity
of life history characteristics, ecological niches,
potential adaptability, and linkages with lower trophic
levels in food webs, makes it difficult to generalise
about climate change responses and impacts.
Predicting climate change impacts may require case-
by-case assessments such as has been done for the
Great Barrier Reef (Chin and Kyne 2007), and even
then, many unknowns remain about species ecology
and physiology. As such, much of the forecasting
about expected responses and effects of climate
change is based on ecological theory instead of
demonstrated case studies. Indeed, there is a general
lack of data and assessments on climate change
impacts on sharks and rays. While experimental
studies on physiological limits and responses are
increasing, they are currently limited to a few (mainly
benthic) species that can be feasibly maintained in
experimental conditions. Lastly, sharks and rays in
some areas of the Pacific are already heavily impacted
by human activities and it is difficult to disentangle
climate change impacts from existing threats and
impacts.

Nevertheless, securing the future of the Pacific’s
sharks and rays in a changing climate could be aided
by targeted research as described below:

1. A systematic review of the diversity and status
of sharks and rays in each PICT to describe
biodiversity and identify key threats.

2. For highest risk species, targeted
disciplinary research to identify, trial
evaluate management options.

3. Improved data on the extent of the most

inter-
and

significant existing threats, i.e. fishing.
Specifically, improved data on catch
composition and fate, risk assessment,

improved stock assessment, especially for
small-scale fisheries that are not well studied
and generally under-valued.
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The challenges facing sharks and rays are complex
due to their biological and ecological diversity, and the
range of uses, values and interactions they have with
fisheries and communities. This means that case-by-
case research and conservation programs need to be
devised to tailor management and conservation
actions to specific contexts (Dulvy et al. 2017).

Socio-economic Impacts

The socio-economic risks from climate change impacts
on fish and shellfish in the Pacific region relate to
changes to the coastal fisheries that they support and
fall under three main areas: (i) food security, (ii)
livelihoods, and (iii) economic development and
government revenue. These all relate to the primary
goods and services and cultural significance that fish
and shellfish provide to Pacific communities. In
addition, given the finite amount of coastal marine
resources and increasing population pressure, there is
growing “competition” between subsistence fishers for
food, and commercial fishers for income, leading to
poaching and the undermining of management
arrangements.

The key implications of climate change for coastal
fisheries governance and management centre around
identifying the extent to which declines in fisheries and
aquaculture productivity are likely to affect the regional
and national plans and policies that PICTs have put in
place to maximize the sustainable benefits for
economic development, food security and livelihoods.
Efforts to reduce dependence on marine resources will
present part of the solution as the impacts of ocean
acidification manifest in the Pacific region, and marine
resources decline.

Food security

Fish and shellfish are cornerstones of food security for
the people of the tropical Pacific - fish provides 50—
90% of animal protein in the diet of coastal
communities, and national fish consumption per
person in many PICTs is more than 3—4 times the
global average (Bell et al. 2009, 2011a). In rural areas,
much of this fish (60-90%) is caught by subsistence
coastal fishing.

The implications of climate change for the important
role that fish and shellfish play in the food security of
PICTs depends not only on the projected effects of
increases in SST and ocean acidification on the coral
reefs that provide much of the coastal fisheries
production across the region, but also on population
growth, the area of coral reef per capita and the

distance of reefs from population centres and the
effectiveness of management strategies. Based on
these criteria, 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. 2011b, 2018): (1) PICTs with
coastal fisheries that are expected to meet the
increased demand for fish for the foreseeable 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) those
PICTs where coral reefs and other coastal habitats do
not have the potential to produce the fish needed for
good nutrition of the population (see Table 5).

Table 5. Summary table of the three food security groups based on
assessment of their capacity to provide the 35 kg of fish per person
per year recommended for good nutrition of Pacific Island people
under projected population growth (dominant influence) and
climate change (longer-term influence). Source: Bell et al. (2017).

Group 1: Group 2: Group 3:
Coastal fisheries | Coastal Coastal fisheries
are expected to | fisheries should | cannot meet the
meet the | be able to | increased
increased produce the fish | demand for fish
demand for fish | needed in the | for food for their
for food in the | future but | growing
foreseeable difficult to | populations
future distribute to

urban centres

from remote

islands & atolls
Cook Islands FSM American Samoa
Marshall Islands French Fiji

Polynesia
New Caledonia Kiribati Guam
Palau Niue Nauru
Pitcairn Islands Tonga CNMI
Tokelau Tuvalu PNG

Wallis & Futuna | Samoa

Solomon Islands
Vanuatu

For PICTs in group 2 and 3, a gap is emerging between
the amount of fish recommended for food security and
sustainable harvests from coastal fisheries. For the
reasons explained in ‘What could happen in the
future?’, climate change and ocean acidification are
expected to increase that gap. It should also be noted
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that food security is a wider issue than the supply of
protein. Wild capture fisheries also provide nutritional
security by providing essential minerals, vitamins and
fatty acids that support community health (Kawarazuka
and Béné 2010). Some of these nutrients are difficult
to obtain from other sources, and thus, climate change
impacts on fisheries can also affect community health.

Livelihoods

Many people in the Pacific Island region catch and sell
fish — an average of 47% of households in surveyed
coastal communities in 17 PICTs derived either their
first or second income in this way (Pinca et al. 2010).
The main implication of the projected changes in
production of coastal fisheries for livelihoods is that
income may decline for artisanal fishers. Within the
coastal fisheries sector, the effort of small-scale fishers
will need to be increasingly transferred from demersal
fish associated with coastal habitats, to currently
under-utilised species such as large and small pelagic
species, including skipjack and yellowfin tuna (Bell et
al. 2011c) and squid. Transferring effort to pelagic
species is not only expected to maintain the livelihoods
of fishers as coastal fisheries decline, it may also
create additional job opportunities in several PICTs in
the eastern Pacific because of the projected increases
in the abundance of tuna. Some small-scale fishers
derive important incomes from high value export goods
such as sea cucumber and shark fins (Vieira et al.
2017). The loss of these resources could impact the
limited cash revenue flowing into these communities
and thus their purchasing power for vital services and
commodities. Alternative use of coastal resources for
livelihood opportunities in sports fishing, tag and
release venture and eco-tourism will be worth
exploring.

The projected shift to the east in the distributions of
tuna is expected to alter the availability of full-time jobs,
and opportunities to earn income from industrial
fisheries and canneries (Bell et al. 2011b). For
aquaculture, livelihood opportunities are expected to
decline in mariculture for species vulnerable to ocean
acidification, such as pearl oyster.

A recent assessment of the vulnerability of reef-
dependent communities in PICTs to the effects of
ocean acidification on food security and livelihoods
from 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
to the impacts on the goods and services provided by
reefs were: Niue, CNMI, Tokelau, New Caledonia and
Guam (Johnson et al. 2016).

For PICTs with tourism capacity, healthy reefs with
abundant fish life, sharks and rays may act as a
tourism attraction and provide significant income at
national and local levels. Shark and ray tourism is
important in many PICTs such as French Polynesia
and Fiji (Brunnschweiller 2010, Clua et al 2011), and
could make a substantial contribution to GDP (Vianna
et al. 2012), particularly if expanded in smaller states
like Palau, the Cook Islands and Niue.

Economic development and government revenue
Based on the available modelling for the four species
of tuna, which projects increases in abundance in the
east and decreases in the west, the progressive
redistribution of tuna could confer livelihood
advantages in the medium term. The advantages
include opportunities for countries like Kiribati, Tuvalu
and Tokelau, which have a high dependence on
access fees from distant water fishing nations
(DWFNSs), to obtain even more government revenue
from tuna fishing if average levels of effort increase in
their EEZs. The modelling suggests that the total
catch, essentially driven by the skipjack fishery, will be
maintained until 2050, even under a high emissions
scenario, and will decrease later in the century. These
benefits will depend on PNA members and industrial
fleets complying fully with the Vessel Day Scheme
(VDS) and with the target reference points for catches
of all tuna species. They will also depend on PNA
members continuing to develop more flexible
management systems to cope with the changing
spatial distribution of tuna stocks and fishing effort.
The increasing shift of tuna resources towards
international waters of the central-eastern Pacific
Ocean will also make monitoring and management
regulations more difficult to impose, and total tuna
business opportunities are expected to be reduced in
the second half of the century if projected lower
primary productivity eventuates.

Despite ongoing investments in coastal fisheries
development and increased fishing effort, the value
and volume of coastal fisheries landings has not
substantially increased in the last 15 years. This is
consistent with the view that the fish resources that
support coastal fisheries in the region are fully or over-
exploited (Gillett 2016). Govan (2015) also found that
most governments are not allocating adequate
operational  resources for coastal fisheries
management compared to the value of the coastal
fisheries, and that this was particularly the case in the
lesser-developed countries with projected near-term
deficits in coastal fish production. Governments will
need to increase their regular budget allocations to
coastal fisheries management, which will be vital to
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ensuring sustainable management systems are
established and maintained. Increasing the
effectiveness of coastal fisheries management may
substantially increase returns to coastal fisheries and
national revenue. For instance, Carleton et al. (2013)
estimate that the value of the béche-de-mer fishery
could be doubled. Furthermore, there is considerable
scope for recovery of the costs of management
through reviewing currently low commercial licensing
fees and penalties (Govan 2017).

Adaption Options and Supporting
Policies

Decisions about the most appropriate options for
PICTs to adapt to the effects of climate change on fish
and invertebrates supporting coastal fisheries must
take into account the many other drivers that affecting
the sector (Gillett and Cartwright 2010). Rapid human
population growth, political will and good governance
structures, and the impacts of land use on coastal
habitats and stocks of fish and invertebrates, represent
just some of these drivers.

The adaptation options recommended here focus on:
(i) maximising resilience by supporting PICTs to
recognise the need for increased investment in
management and to implement national, locally-
relevant and ecosystem-based management of fish
habitats and fisheries, (ii) adoption and further
downscaling of climate change assessments for
national coastal fisheries and aquaculture to prioritise
adaptations, and (iii) development of clear climate
change risk management plans that are specific to the
sector (Welch and Johnson 2017). While actions to
sustainably use fish and invertebrates in the face of a
changing climate are key, they will need to be coupled
with support for responsible fisheries transitions (e.g.
to different gears, techniques, or species, such as
squid or small pelagics), alternative use of marine
resources (e.g. sports fishing, ecotourism), and
alternative protein and income sources as harvest
controls increase.

A range of practical adaptation options have been
identified by Bell et al. (2011c, 2013) and Johnson et
al. (2013). The recommended adaptation options are
those considered to be either ‘win-win’, in that they will
deliver short-term and long-term benefits, or ‘lose-win’,
where the economic and social costs exceed the
benefits in the near term, but where investments
position economies and communities to receive net

benefits in the longer term under a changing climate.
‘Win-lose’ investments (i.e. those that offer short-term
benefits but do not address long-term requirements,
such as support to increase coastal fishing effort or
capacity through construction of larger vessels or more
effective gear types) represent maladaptation to
climate change and should not be considered. The
recommended adaptations are not new — they have
already been proposed as an integral part of effective
coastal zone management (Ehler et al. 1997, Gilman
2002, Wilkinson and Brodie 2011) and ecosystem-
based fisheries management (Garcia and Cochrane
2005, Leslie and McLeod 2007, SPC 2010, Tallis et al.
2010); and to address the effects of population growth
on the availability of fish for food security (SPC 2008,
Bell et al. 2009, Bell et al. 2011c).

In addition, it is important that adaptations are
designed and delivered in ways that are acceptable to
the people they are intended to benefit. This pre-
requisite is expected to be relatively easy to achieve in
many cases because of how Pacific Island people
traditionally respond to and cope with extreme events,
such as cyclones and droughts (Ruddle and Johannes
1989, Reenberg et al. 2008, UNESCO 2010).
However, improvements can be made to traditional
ways of responding to extreme events by: (i)
increasing the participation of women in all aspects of
planning and applying adaptations (equal access to
and sharing of benefits), and (ii) ensuring that any
barriers to involvement in negotiations to select and
implement adaptations by the people likely to be
affected are removed.

Palicies are required to support the implementation of
the adaptation options described above at local and
regional scales. Various policies have been suggested
in recent years, including in the regional vulnerability
assessment of tropical Pacific fisheries and
aquaculture (Bell et al. 2011c), the Noumea Strategy
(‘A New Song for Coastal Fisheries — Pathways to
Change; SPC 2015) and elsewhere (e.g. Bell et al.
2018, Dunstan et al. 2018). It is important to note that
owing to the focus on supporting community-based
approaches, the Noumea Strategy identifies the need
to substantially improve provincial fisheries offices and
other decentralized mechanisms for government
service delivery in many PICTs (Govan 2017).

The main categories of adaptations to maintain the
benefits of coastal fisheries for food security and
livelihoods are summarised below, and specific
adaptations and matching supporting polices are listed
in Table 6.
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Table 6. Summary of key adaptions and supporting policies to maintain or improve benefits of small-scale fisheries for food security,

livelihoods and economic development in the Pacific Islands region.

Supporting policies

Focus Adaptation option

Adaptations ~ for ® Improving management of coastal habitats N\ Improved governance for sustainable use
maintaining  the _ _ _ and protection of coastal fish habitats,
role of fish for food ® Improving management of coastal fisheries including better land-use practices for
security resources agriculture, forestry and mining; strengthen
. L fisheries governance and legislation to
¢ Diversifying fish catches 9 ) 9 i
apply community-based management;
e Alternative uses of coastal resources !oromote access.to. fish expected to increase
in abundance; limit export of demersal fish
e Improving fish handling and preservation and ecologically-significant invertebrates;
develop ecotourism to relieve fishing
e Boosting pond aquaculture J pressure on demersal fish and invertebrate
_ ' _ _ stocks; apply targeted subsidy and training

Adaptations to ¢ Conservation and restoration of fish habitats \ programs to support key adaptations.

minimise the loss
of livelihoods from ®

fisheries, and
capitalise on the PICTs
benefits

e Switching fishing effort to nearshore pelagic

species

¢ Installing nearshore FAD to improve access to

tuna

¢ Developing climate-resilient strains for coastal

aquaculture

e Alternative uses of coastal resources

e Marketing environmentally-friendly products

Adaptations to °
maximise benefits

from tuna to

economic o N

development and ° Optimising productivity of tuna resources across
government the region

revenue

Securing supplies of tuna required to base more
tuna fishing and processing operations within

Improved governance for sustainable use
and protection of coastal fish habitats,
including better land-use practices for
agriculture, forestry and mining; include
nearshore FADS as part of the national
infrastructure for food security; transfer
some access rights and revenues from
industrial tuna fisheries to small-scale
fisheries; evaluate whether industrial fishing
exclusion zones provide adequate access
to tuna for small-scale fishers; develop
ecotourism to relieve fishing pressure on
demersal fish and invertebrate stocks; apply
) targeted subsidy and training programs to
support key adaptations.

Development of flexible management measures
to allow fishing effort to shift eastward

Adopt collaborative and flexible
management, monitoring and decision-
making processes to ensure proposed
interventions and  appropriate  and
effective.

Food security

In general, adaptation actions for maintaining the
important role of fish for food security in the region
(SPC 2008, Bell et al. 2009, 2011c) centre on: (i)
improving the management of the coastal zone and
coastal fish stocks to reduce the gap to be filled
between the fish needed for food security and
sustainable fish harvests from coral reefs (Bell et al.
2011a), (ii) diversifying fish catches to target species
expected to be least impacted by climate change, or
more resilient to environmental change, to maintain the
overall catch of fish, such as nearshore pelagic
species, particularly tuna (Bell et al. 2015a,b); (iii)
alternative uses of coastal resources, (iv) improved

fish handling, processing and preservation; and (v)
boosting pond aquaculture (Bell et al. 2011a).

A community-based ecosystem approach to fisheries
management (CEAFM) co-management framework
(e.g. SPC 2010), integrates customary marine tenure
and other social capital, local governance, traditional
knowledge, self-interest and self-enforcement
capacity, and provides the most effective way to
implement many of these adaptations. However, it will
be necessary to establish cooperative management
arrangements that support many more communities
than currently is the case; only 8% of coastal
communities are recorded as receiving coastal
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fisheries management support (Govan 2015).
Regional policies therefore provide strong emphasis
on enabling frameworks such as information and
awareness and legislative and institutional reform.

Livelihoods

The adaptations required to minimise the loss of
livelihoods derived from fish and invertebrate fisheries
and aquaculture, and capitalise on the opportunities,
include: (i) conserving and restoring fish habitats; (ii)
the need to secure the supplies of tuna required to
base more tuna fishing and processing operations
within PICTs; (iii) switching fishing effort from demersal
fish to the nearshore fishery for large and small pelagic
species; (iv) installing nearshore FADs to improve
access to tuna for small-scale commercial fishers; (v)
developing climate-resilient strains for coastal
aquaculture; (vi) alternative use of coastal resources;
and (vii) marketing environmentally-friendly products.

Community-based adaptation is a key pathway for
minimising the negative impact of climate change on
the fish and invertebrates that communities depend on,
and capitalising on any opportunities. The climate-
informed  ecosystem  approach to fisheries
management (Heenan et al. 2015) provides a suitable
road-map for adaptation. Johnson and Welch (2010,
2015) outlined a semi-quantitative approach for Pacific
Island communities to identify their vulnerability to
climate change and their most effective adaptation
options. A community-scale assessment  of
vulnerability to the projected impacts of climate change
on coastal species and habitats considers implications
for demersal and invertebrate fisheries for food
security, income from reef fisheries and tourism for
livelihoods, employment in aguaculture, and reef area
as a proxy for coastal protection. Results provide
insight into the main drivers of community vulnerability
and the adaptations that are most likely to effectively
minimise vulnerability (Johnson et al. 2016).

Economic development and government revenue
The adaptations to maximise the economic benefits
from tuna for PICTs in the central and eastern Pacific
Ocean, and to minimise the impacts for PICTs in the
west, revolve around: (i) development of flexible
management measures to allow fishing effort to shift
east, while ensuring that large quantities of tuna can
stil be channelled through the established and
proposed fish processing operations in the west, and
(i) optimising the productivity of tuna resources across
the region.
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