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Small island nations are highly dependent on food from aquatic environments, or blue food, and vulnerable to
climate change and global food market price volatility. By 2050, rising populations will demand more food
through various protein sources, including from the sea. This study identifies which small island nations can
improve food self-sufficiency from the sea by implementing tailored climate-adaptive fisheries governance
strategies that adapt to shifting marine resources. We combined projections of seafood demand and local catch
under different future scenarios of global carbon emissions and local adaptive fisheries management to estimate
potential seafood surpluses or deficits from by 2050 for 31 small island nations worldwide. We find that adapting
fisheries management every 10 years could mitigate even worst-case projections of climate change impacts on
locally available seafood, building a seafood surplus by 2050 in the Seychelles, Maldives, Cabo Verde, Bahamas,
Antigua and Barbuda, Kiribati, PNG, Fiji, FSM, Tuvalu, and Marshall Islands. Strategic financial and capacity
investments by the international community could help realize the full potential of food security from the sea for
those nations. However, we project deficits in locally caught seafood by 2050 in Comoros, Sao Tome and
Principe, Mauritius, Barbados, Dominican Republic, Cuba, Dominica, Jamaica, Grenada, St. Lucia, St. Vincent
and the Grenadines, Trinidad and Tobago, Haiti, Palau, Samoa, Nauru, and the Solomon Islands, regardless of
adapting fisheries management. For those nations, we recommend international collaboration that strengthens
food security from sources other than the sea coupled with investments in locally sustainable aquaculture.
Overall, we find that climate-adaptive fisheries management can benefit a range of the studied small island
nations, by supporting both food security goals as well as economic goals of productive fisheries for international
trade

1. Introduction

The ocean is the primary source of protein for roughly 20 % of the
world’s population [1]. The tropics have especially high levels of
dependence on the productivity of marine fisheries, yet have some of the
lowest potential for maintaining fisheries into the future [2,3]. Climate
change in these areas is also expected to generate the highest degree of
marine fisheries productivity decline in the coming decades with asso-
ciated threats to food supply and public health [4,5]. Small island

nations, predominantly situated in the tropics, are at the forefront of
many sustainable development challenges, all exacerbated by the
threats posed by climate change [6]. Local food systems in island nations
are limited; livelihoods are often constrained by high dependence on
healthy natural resources, and food security is vulnerable to economic
price shocks on the global market [7,8]. Small island nations are also
prone to market and price volatility of imported foods due to their
geographic isolation and high dependence on imports for food avail-
ability [9]. Such economic vulnerability is exacerbated by
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nutrition-related public health concerns, including high rates of
non-communicable diseases linked to a diet of imported processed foods
[10,11].

A growing human population, especially in resource-limited island
nations, will increase the demand for access to nutritious food including
seafood. By some estimates, global food demand could increase by up to
100 % by 2050 compared to 2005 levels [12]. Access to safe, nutritious,
and sustainable food that meets local needs is often referred to as food
security, while food self-sufficiency refers to a region’s capacity to guar-
antee food security locally, and seafood self-sufficiency describes the ca-
pacity for a region to locally supply the amount of seafood its population
demands [13-15]. The high dependence of small island nations on the
ocean for food and the decline in wild marine fisheries harvests, coupled
with anticipated population pressures and climate change impacts,
compound to worrisome threats to seafood self-sufficiency and by
extension, to food security [4,8]. With total seafood, or blue food, de-
mand expected to nearly double globally by mid-century, meeting global
blue food demand will depend on good governance of natural resources
attentive to both environmental and nutritional consequences of ocean
mismanagement [16].

This paper investigates how island nations can achieve blue food self-
sufficiency through improved fisheries management. We explore under
what conditions small island nations could achieve blue food self-
sufficiency by 2050 because we believe that blue food provisioning is
another motivation for good ocean governance in addition to sustaining
economic opportunity in fisheries. We further investigate how fisheries
management could mitigate climate change impacts on marine re-
sources for small island nations that are typically highly reliant on
marine resources. This research can improve our understanding of
which island nations are likely to benefit most from climate-adaptive
fisheries management, not only by way of maximizing local wild fish-
eries catch, but also by meeting future local food security and nutrition
needs. In this study, we use the terms ‘seafood’ and ‘blue food’ inter-
changeably to mean food from the sea and underscore its importance to
island nations’ food policy.

This paper focuses on 31 small island nations and the potential that
climate-adaptive fisheries management to meet these nations’ antici-
pated seafood needs by 2050. We build on studies which focus on how
climate change may affect national fisheries’ yields and profits by add-
ing the dimension of projected island seafood demand due to growing
populations. The results offer new insights into 1) how the rate of
adaptation of fisheries management to a changing climate can determine
whether small island nations can maintain or achieve seafood self-
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sufficiency, and 2) which nations would be priorities for global coop-
eration to achieve their full blue food security potential by 2050 and
which nations would need help securing food sources other than wild
fisheries.

2. Methods
2.1. Overview

We use the 5-, 10-, and 20-year climate-adaptive fisheries manage-
ment projections from Free et al. [17] to examine the extent to which
adaptive management could meet 2050 seafood demands under climate
change. We build upon the work of Free et al. [17] by focusing on the
potential for different management and climate scenarios to affect island
nations’ ability to secure local blue food provisions.

We focused on 31 small island nations identified by the UN Sus-
tainable Development Goals Knowledge Platform maintained by the
United Nations Department of Economic and Social Affairs (UN-DESA)
[18]. These include UN member states from the Caribbean (n = 13),
Pacific (n = 11), and Atlantic and Indian Oceans (AIO; n = 7) (Fig. 1).
We did not include Tonga, Cook Islands, Timor-Leste, and Niue due to
lack of reliable data for both seafood consumption and local fisheries
production; we excluded Singapore from this analysis due to its vastly
different economic classification (i.e., it is considered a high-income
nation by the World Bank and is not a target of international develop-
ment support). For each island nation, we calculated potential fisheries
yields in local waters under future climate scenarios to determine which
countries will come short of or exceed the projected local need for
seafood based on extrapolations from present-day seafood demand and
future population growth.

We present model projections of anticipated seafood demand
through 2050 for 31 small island nations. We then project the impact of
climate change and alternative fisheries management actions on catch in
each of these nations. The projections explore four different future
climate change scenarios (RCPs 2.6, 4.5, 6.0, 8.5) and three fisheries
management regimes and the ability of these nations to meet projected
seafood demand under each scenario. The adaptation scenarios from
Free et al. [15] assume perfect and instant adaptation to climate-driven
changes in fisheries productivity and distribution at 5-yr, 10-yr, and
20-yr intervals. In short, these scenarios assume that economically
optimal harvests are updated in response to current productivity and are
coordinated across national boundaries on the specified interval (see
details below). Depending on fisheries context, these reforms could be
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Fig. 1. Island nations considered in this study; colors for clarity of boundaries between neighboring exclusive economic zones (EEZs).
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achieved through area-based conservation (e.g., seasonal or perennial
no-take marine reserves), input measures (e.g., various gear restrictions
for different species, number of fishing operations allowed for different
fished species), and output measures (e.g., total allowable catch or size
and bag limits).

2.2. Indicators

Indicators for this analysis are summarized in Table 1 and data
sources and calculations are further described below.

2.2.1. Per capita annual seafood consumption (SC)

We estimated average annual seafood consumption for 2000-2009
from FAOSTAT Food Balance Sheets [19]. FAOSTAT lacked seafood
consumption per capita data for Bahrain, Marshall Islands, Federated
States of Micronesia, Nauru, Palau, Papua New Guinea, and Tuvalu. For
these nations, average seafood consumption per capita was available for
2007-2009 from the U.S. National Oceanic and Atmospheric Adminis-
tration [20].

2.2.2. Population growth (PG)

Population growth projections were obtained from UN DESA [21].
Three different scenarios from those projections were accessed from the
UN database to offer an error envelope for the period from 2021 to 2050.
‘No change” scenario A assumes constant fertility and constant mortality
for the 2021-2050 period. Scenario B is a ‘low fertility variant’,
assuming low fertility from 2021 to 2050, and scenario C is ‘high fertility
variant’, assuming high fertility from 2021 to 2050.

2.2.3. Projected demand (PD)

Projected Demand (PD) refers to the average seafood demand per
capita for each year from 2021 to 2050. We estimated PD for each of the
31 island nations in this analysis by multiplying the average annual
seafood consumption per capita (SC) by the population projected (PG)
for each year. The different population growth models served to provide
an uncertainty envelope for the seafood demand projections, along with
proper error propagation. We also estimated the projected percent in-
crease in seafood demand nationally from 2021 to the period
2046-2050.

2.2.4. Projected catch (PC)

We used the Free et al. [17] climate-linked fisheries bioeconomic
model to examine country-level changes in seafood production under
four climate change scenarios and three fisheries management scenarios

Table 1
Methods for future seafood indicators in this study.

Indicator Equation Inputs

Projected Demand
(PD), in 1000 s kg
per capita per
person

PDy = SC x PGy SC = Per capita annual seafood
consumption (mean
2000-2009)

PG = population projected for
a given year 2021-2050

N = year 2021-2050
PDso46_2050 = the average
projected demand for
2046-2050 period

PDyg21 = demand for 2021

Seafood Demand
Increase (SDI), %

SDI (%) = (PD2o46-2050 —
PD2021)/PD2021 *100 %

Projected Catch (PC),  See Free et al. (2020) See Projected Catch paragraph
in 1000 s kg [17] in text below for details.
Surplus Seafood (SS), SS (%) = (PC2046-2050 — PC = projected catch for
% PD204s2050)/PD204s 2050  2046-2050 period

*100 % PD = projected demand for
2046-2050 period

This was done for all 4 climate
scenarios and 3 adaptive
fisheries management

scenarios.
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from 2021 to 2050 [17]. Free et al. [17] projected catch and profits of
nearly 800 harvested marine fish and invertebrate fisheries which were
separately evaluated within every exclusive economic zone (EEZ) from
2012 to 2100. Initial biomass statuses and fishing mortalities were
determined based on Costello et al. [22]. To project changes in pop-
ulations and geographical shifts, we updated annually the distributions
using a bioclimatic envelope model [23]. We assumed fisheries pro-
ductivity would change proportionately to changes in geographical
range size, e.g., a 5 % growth in geographical range size would translate
to a 5 % increase in productivity; Gaines et al. [24] provides detailed
justification for this assumption. Finally, biomass and catch model es-
timates for 2021-2050 were then developed based on the above and an
updated version of Costello et al. [22] bioeconomic model inclusive of
selected adaptive fisheries management scenarios. We summed the
catch across all species caught within a nation’s EEZ to generate
nation-wide outcomes.

We consider three of the “realistic” climate-adaptive management
scenarios evaluated by Free et al. [17]. In these scenarios, productivity
shift adaptations improve fisheries management by implementing a
dynamic, economically optimal harvest policy given current produc-
tivity. Range shift adaptations result from international cooperation that
effectively maintains management as stocks shift into new management
areas. The realistic adaptation scenarios acknowledges that manage-
ment rarely changes annually. Instead, these scenarios consider man-
agement that sets an economically optimal harvest rate based on current
productivity at regular assessment intervals (5-yr, 10-yr, and 20-yr) and
then maintain this rate until the next assessment. As mentioned above,
economically optimal harvest rates could be achieved through input
controls, output controls, area-based management, or other measures,
depending on each country’s unique fishery regulatory frameworks.
Ecological connectivity and genetic rescue across coral reefs may boost
climate resilience in some reefs that could support fish populations, but
diverse and large adaptation networks are necessary to maximize the
adaptive capacity of fish and coral species [25].

We acknowledge that every model has limitations. Our model is
limited in that it only considers the impact of temperature on population
dynamics and does not consider the impacts of other environmental
stressors such as deoxygenation, acidification, and changing primary
productivity or their interactions. It also does not consider important
ecosystem interactions such as predation, competition, and changing
phenology, which can have significant impacts on population dynamics.
In attempting to be globally scalable, the model makes simplifications
that may be overcome in future more detailed national or subnational
analyses.

2.2.5. Projected Surplus

Having estimated a timeseries from 2021 to 2050 for projected total
seafood demand for each island nation, we used the projected locally
landed total wild fisheries catch in the above fisheries management
scenarios under different climate change scenarios to determine the
Seafood Surplus (SS). We defined surplus seafood as the projected
percent available seafood in 2046-2050 above the projected seafood
demand for 2046-2050. A negative surplus seafood value indicates a
deficit and translates to a nation not being able to meet the seafood
demand projected for the future. A positive SS implies the nation would
be able to produce excess seafood beyond local projected demand. It is
important to note that in these analyses, we assumed that taste and
consumption preferences are such that locally produced and harvested
seafood is also likely to meet the local seafood demand. In these ana-
lyses, we also assumed that the locally produced seafood (i.e., seafood
caught by local fishermen in local waters) would first be used to satisfy
local seafood demand, before exports were considered.
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3. Results
3.1. Projected potential fisheries catch

The standard deviation of 2050 projected seafood amount within any
given RCP scenario across adaptive management interval options is
much smaller compared to the standard deviation of 2050 seafood
production estimates across different carbon emission scenarios (Fig. S1,
Table S1). The analysis we highlight in the Supplementary materials is
derived from Free et al. [17] and offers projections for 2046-2050 in
wild catch estimates specifically for the 31 nations of interest in the
present study, focused on 4 different RCP emission scenarios (2.6, 4.5,
6.0, and the worst one, 8.5) and 3 different adaptive fisheries manage-
ment scenarios (5-yr; 10-yr; and 20-yr adaptive management cycles).

3.2. Projected mid-century island nation seafood demand

Although our models project that most island nations in this study
would experience an increase in total seafood demand by 2050 (Fig. 2,
Table S2), changes in total seafood demand between early 2020 s and
mid-century range from —9-70 % growth. The total seafood demanded
in all Pacific Island nations is expected to grow, but the small island
nations in the Atlantic and Indian Ocean (e.g., Comoros and Sao Tome
and Principe) are anticipated to have the greatest growth in seafood
demand at nearly 70 %. Five nations are projected to experience no
change or declines in total seafood demand as a function of anticipated
population decline, including Cuba, Dominica, Jamaica, Trinidad and
Tobago, and Mauritius.

3.3. Projected mid-century island nation surplus seafood

We examined the relative percentage of surplus seafood projected to
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be available by 2050 under fisheries management scenarios adapting at
5-year, 10-year, or 20-year intervals (Fig. 3). We find that the frequency
of adapting fisheries management matters. More frequent adaptive
fisheries management regimes (at least every 10 years) can mitigate
anticipated climate change impacts for marine resources and wild fish-
eries catch for many small island nations (Fig. 3, Table S2). However,
when comparing how the frequency of adaptation of fisheries manage-
ment practices, that we tested for, could affect the potential for future
seafood available, in most cases, the scenario of adapting fisheries
management every 5 years, yields the highest amount of projected
locally available seafood. When we take the projections of seafood
available by mid-century under scenarios of different fisheries man-
agement adaptation frequency (5-year, 10-year, 20-year) and subtract
them from the projected seafood demand, we find that indeed the 5-year
adaptation scenarios yield levels of wild catch that generate the greatest
surplus seafood estimates or at least, the least deficit.

In eight nations (Fiji, Papua New Guinea, Kiribati, Vanuatu,
Maldives, Seychelles, Bahamas, Saint Kitts and Nevis), adapting fisheries
management every 20 years instead of every 10 years or 5 years could
make the difference between being able to meet local seafood-
dependent nutritional demands and not. Adapting management more
frequently in these countries would increase the likelihood of securing
seafood sources from local waters. However, in over half (n = 17) of the
countries, seafood will be in deficit regardless of how frequently fish-
eries management is adapted: Comoros, Sao Tome and Principe,
Mauritius, Barbados, Dominican Republic, Cuba, Dominica, Jamaica,
Grenada, Saint Lucia, Saint Vincent and the Grenadines, Trinidad and
Tobago, Haiti, Palau, Samoa, Nauru, and Solomon Islands (Fig. 3).

4. Discussion

Our results show that blue food security and self-sufficiency could be
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key motivators for achieving climate-adaptive adaptive fisheries man-
agement. Further, these results point to potential geographical priorities
for investments to support the implementation of climate-adaptive
fisheries policies specifically supporting local food sufficiency.

We find that adapting fisheries management makes a more signifi-
cant difference to potential local catches in the future in most nations in
this study when compared to the different level of impact of climate
change scenarios on wild fisheries catches. Adapting national fisheries
management plans every 10 years could mitigate even worst-case pro-
jections of climate change impacts on locally available seafood, building
a seafood surplus by 2050 in the cases of Seychelles, Maldives, Cabo
Verde, Bahamas, Antigua and Barbuda, Kiribati, Papua New Guinea, Fiji,
FSM, Tuvalu, and Marshall Islands. Strategic financial and capacity in-
vestments by the international community can help realize the full po-
tential of food security from the sea for those nations.

The frequency of fisheries management adaptation also makes a
difference for some nations’ potential to meet food security needs from
the sea by 2050. Rapid adaptation of management commensurate with
climate change impacts can best help secure the highest likelihood of
healthy fisheries for local food security. For example, for Bahrain,
Bahamas, Saint Kitts and Nevis, Fiji, Kiribati, Maldives, and Papua New
Guinea, a 20-year adaptive management regime would not meet the
seafood demand, while adapting every 10 years would result in a surplus
(Fig. 3). Importantly, in some cases a 10-year frequency of recalibrating
the adaptive management can lead to exceeding local seafood needed
many times over (Fig. 3). For example, focusing on the seafood surpluses
projected under the 10-year adaptive management scenarios, the

Marshall Islands, Federated States of Micronesia, Tuvalu, Maldives, and
Antigua and Barbuda can exceed their projected seafood demand by
2050. Exceeding food self-sufficiency need from marine sources could
add economic and development opportunities for island nations via
strengthening export markets. With many island nations currently
exploring potential sources of economic activity from the ocean as part
of national blue economy planning exercises, this result provides a
sound economic case for adopting climate-adaptive fisheries
management.

The potential for 2050 seafood surpluses (i.e., locally caught seafood
exceeding project local demand) under frequent climate-adaptive fish-
eries management appears to hold for both island nations that are
heavily dependent on local marine resources for nutrition and those
without a high dependence. Kiribati, Maldives, Federated States of
Micronesia and some Caribbean nations are highly reliant on the health
of local marine resources for their nutrition [e.g. 21]. Other island na-
tions, namely Antigua and Barbuda, Bahamas, St. Kitts and Nevis, Fiji,
and Cabo Verde, may be capable of producing a seafood surplus locally
but do not have a high dependence on seafood for local nutrition. This
difference suggests that climate-adaptive fisheries management can
benefit a range of the studied small island nations here, both by sup-
porting food security goals as well as economic goals of productive
fisheries for international trade.

In terms of the geographical focus of seafood deficits by 2050, our
results suggest that Comoros, Sao Tome and Principe, Mauritius,
Barbados, Dominican Republic, Cuba, Dominica, Jamaica, Grenada, St.
Lucia, St. Vincent and the Grenadines, Trinidad and Tobago, Haiti,
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Palau, Samoa, Nauru, and the Solomon Islands, would not be able to
meet projected seafood demand by mid-century regardless of adaptation
intervals. For those nations, our results indicate that additional tools
beyond climate-adaptive fisheries management are needed for ensuring
food security locally. We recommend international collaboration that
strengthens food security from land-based sources, trade, coupled
potentially with investments in locally appropriate sustainable
aquaculture.

These nations with projected seafood deficits (i.e., locally caught
seafood which comes short of projected demand) will need to consider
tools other than sound fisheries management to develop more durable
food self-sufficiency in the context of climate change and rising pop-
ulations. Some additional tools could include improving the national
and regional regulatory environment, foreign fleet fishing agreements,
strengthening enforcement, and managing the supply chain through
market regulations and trade policies [26,27]. These nations may need
significant alternative food source investments, for example, in-
vestments in their sustainable aquaculture sector for both local markets
as well as export markets. The role of aquaculture in humanity’s aquatic
food supply has markedly increased [28], and therefore there may be
appropriate forms of small-scale aquaculture in some geographies that
meaningfully support local food security in a way that results in climate
resilience by diversifying stressed food systems. It is important to note
that small-scale or large-scale aquaculture may not be equally appro-
priate for small-island nations everywhere due to specific environmental
conditions, cost, local preferences, and other factors.

However, for both economic and food security needs, it would be
prudent for researchers to further study the potential for cost-effective
and productive aquaculture options, for example, in Caribbean small
island nations which tend to have less healthy marine ecosystems than
many Pacific Islands and not much arable land for home-grown animal
protein. In fact, FAO has a strategic plan Climate Change Adaptation and
Disaster Risk Management in Fisheries and Aquaculture in the CAR-
ICOM and Wider Caribbean Region, discussed in FAO (2018) [1], which
emphasizes the need for cooperation and development of climate-smart
small-scale aquaculture and fisheries management in the Caribbean, in
order to avert fisheries disasters and strengthen the aquaculture sector
for food security goals and local livelihood goals.

How do we support the ‘2050 seafood surplus’ nations above to
realize their potential?

To achieve blue food self-sufficiency and even a seafood surplus,
island nations may consider embracing localized, collaborative man-
agement involving participatory decision-making, power-sharing, and
integration of traditional, customary, and Western fisheries manage-
ment tools for achieving sound environmental governance and liveli-
hood sustainability [27,29-31]. Embedding blue food in national food
policies would be critical, meaning explicitly addressing food produc-
tion from the sea in national nutrition goals while acknowledging that
this nutrition source is threatened by climate change [32]. These
governance arrangements would be driven by national commitments to
the transformation of national food systems [6,16], as well as local-scale
understanding of social vulnerability and resilience linked to the adap-
tive capacity of individuals, their access to capital, flexibility in fish gear
use, available alternative livelihoods, and other factors that often can
extend to local coastal communities [33-35].

Embedding blue food in national food policies can lead to managing
fisheries from a food security perspective with potentially positive out-
comes for oceans and people, specifically reducing fisheries conflict and
vulnerability from foreign fleets catching too much fish in poor ocean-
resource dependent nations [36]. Blue food policy could provide
greater incentives for managing local natural capital with a greater focus
on sustainability, because of clear connections between natural re-
sources, public health, social stability, and conflict. We need only look to
the Arab Spring of 2011 for a classic example of how food insecurity and
lack of robust national food policies broadly can disrupt socio-political
stability and also lead to forced migration [37]. Further, concerted
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blue food policies in line with ocean sustainability can improve human
health by reducing the burden of disease associated with inadequate
nutrient intake [38].

Adaptation and cooperation between national and regional fishery
management institutions is also required to build capacity for climate-
adaptive fisheries management in collaboration with food policy im-
plementers, especially for many small island nations with limited
management and human resources. Regional Fishery Management Or-
ganizations (RFMOs) already represent management institutions for
facilitating international cooperation. They can foster climate-adaptive
fisheries solutions for some fisheries, potentially through investing re-
sources in tracking climate change impacts, facilitating data-sharing in
often data-poor environments, improving the equity in foreign fleet
vessel day lease negotiations, and enhancing maritime enforcement [39,
40].

The capacity to adapt island fisheries can be examined through
several lenses, e.g., through individual fisher, community, national, and
regional responses [35,41-43]. While the literature is rich with studies
of the adaptive capacity of individuals and communities to climate
change and fishery regimes, particularly in small island contexts in the
Pacific and Indian Oceans [27,44,45], few studies have examined the
pathways for national governments to cooperate at the international
level on blue food security and sustainable fisheries. With globalized
seafood markets, the footprint of global fisheries has increased in the last
several decades far beyond coastal waters, deeper into the sea, and far
from effective enforcement control [46]. As a result, the vast marine
resources in national jurisdiction of capacity-constrained small island
nations are often overexploited due to illegal, unreported, unregulated
(IUU) fishing linked to profitability that stems from global seafood de-
mand [47,48]. The benefits of international cooperation will be greatest
for nations with high ecological connectivity and for species with high
adult mobility and/or larval dispersal. The benefits will be more limited
for remote nations and species with strong habitat associations and/or
limited mobility.

Distant-water fishing contracts, wherein foreign fishing fleets buy or
lease the rights to fish in the waters of developing nations, often small
island nations with large EEZs, have presented a legal instrument for
foreign fleets to fish out other nations’ waters, and have often led to
overexploitation and essentially a displacement of seafood demand
footprint [49]. However, the Parties to the Nauru Agreement (PNA),
which encompassed the Federated States of Micronesia, Kiribati,
Marshall Islands, Nauru, Palau, Papua New Guinea, Solomon Islands,
and Tuvalu, are a good example of how arrangements with distant water
fleets can be made with a climate strategy in mind and leveraged for
climate adaptation [50,51]. The PNA allows the trading on a quota of
fishing days to sell to distant fleets based on how highly migratory tuna
stocks move during El Nino or La Nina events [52,53]. By embracing a
highly adaptive management strategy, the PNA is often presented as a
best practice model for climate-adaptive regional fisheries management
[54]. To protect from potentially escalating inequities associated with
availability of tuna in signatory nations’ EEZs, the PNA could go further
in transboundary cooperation by establishing dynamic temporary
no-fishing zones for several months or years at a time, which would act
as climate refuges buffering some of the stochasticity in the fishery
response to climate impact on the environment and the fish [55]. It is
possible that such tactics may also reduce risk from fisheries conflict and
secure higher locally landed catches for these island nations, helpful for
local food security.

International aid, donor funding, support from non-governmental
organizations (NGOs), and increased cooperation and collaboration
could support the improved governance required for small island na-
tions to maintain healthy marine resources for their own development
and food security goals, including the UN Sustainable Development
Goals [56,57]. Our results indicate that systematic fisheries manage-
ment and food policy investments in capacity-building, sustainable
financing, and institutionalized science-based adaptation, potentially
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through climate financing mechanisms, would be highly productive in
the island nations exhibiting high potential to generate seafood sur-
pluses, including Federated States of Micronesia, Kiribati, Maldives,
Tuvalu, and Antigua and Barbuda. Our results indicate that these six
nations are highly dependent on healthy marine resources for their
prosperity and food availability, and with improved capacity to adap-
tively respond to environmental change, these nations may be quite
successful in supporting their islanders’ nutritional needs, as well as
those of trading partners.

Seafood is the most traded food commodity in the world, and 35 % of
all the seafood produced is traded internationally [58]. Many devel-
oping nations export high-value seafood to developed nations while
importing lower value seafood to feed local citizens [49]. National food
security relying on seafood supply chains are also vulnerable to
demand-side market shocks or supply-side environmental shocks. Dur-
ing the COVID-19 pandemic, for example, disruptions to fishermen and
seafood markets led to significant food security and livelihood impli-
cations throughout many island nations [59,60]. Food self-sufficiency
for small island nations will continue to be important, especially as
supply and demand shocks such as the COVID-19 pandemic continue to
introduce volatility in food supplies globally [22]. This can cause a net
export of nutrition and may threaten the ability of these nations to
support their populations [61,62]. In the case with tuna in the Pacific
and other similar examples, species have been used for national gov-
ernment revenue via foreign fishing fleet leases rather than kept locally
to benefit national food security benefits. But one potential adaptation in
the future, consistent across food policies and fisheries management
could be the prioritization of such important species for local food se-
curity; this would also necessitate an economic diversification and in-
ternational development support to substitute the role of fishing leases’
contributions to government revenue [63,64].

5. Conclusion

This study, built on previous modeling efforts, evaluates how effec-
tively the seafood security gap for small island nations could be filled by
2050 via climate-adaptive ocean governance and better fisheries man-
agement. Our work shows that food security and food self-sufficiency
could be important motivators for achieving climate-adaptive fisheries
management for many small island nations. The results identify which
small island nations stand to benefit from fisheries management to
address blue food security and blue food self-sufficiency. The models
further identify nations where investment in fisheries management
alone may not be able to address prior environmental degradation of
marine resources or the anticipated climate change impacts on fisheries
catch, pointing to a need for them to consider alternative pathways in
securing local food self-sufficiency (Fig. 3). This implies that island na-
tions with the largest deficits are at the greatest peril in achieving food
self-sufficiency from marine sources and are most likely to experience
overall national food insecurity if no action is taken.

Aquaculture will become more and more important as a low-carbon
footprint protein source particularly for small island nations for whom
no amount of sustainable fisheries management can support local sea-
food demand into the future. Local pilot projects and significant national
and foreign investments for aquaculture will continue to be critical for
many parts of the Caribbean and several islands in the Pacific Ocean
characterized by already historically beleaguered fisheries. As climate
change and other threats increasingly affect global food production
systems, the ability of vulnerable small island nations to sustainably
harvest food from within their own marine waters via wild fisheries and
aquaculture will be crucial to feed future populations and achieve sus-
tainable development goals. Embedding these blue foods into national
food policies will be a critical piece of improved ocean governance and
food system transformation for a climate-smart future.
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