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eckiorupdates Sustainable development aspires to “leave no one behind™. Even so, limited attention

has been paid to small-scale fisheries (SSF) and theirimportance in eradicating
poverty, hunger and malnutrition. Through a collaborative and multidimensional
data-driven approach, we have estimated that SSF provide at least 40% (37.3 million
tonnes) of global fisheries catches and 2.3 billion people with, on average, 20% of their
dietary intake across six key micronutrients essential for human health. Globally, the
livelihood of 1in every 12 people, nearly half of them women, depends at least partly
onsmall-scale fishing, in total generating 44% (US$77.2 billion) of the economic value
of all fisheries landed. Regionally, Asian SSF provide fish, supportlivelihoods and
supply nutrition to the largest number of people. Relative to the total capture of the
fisheries sector (comprising large-scale and small-scale fisheries), across all regions,
African SSF supply the most catch and nutrition, and SSF in Oceania improve the most
livelihoods. Maintaining and increasing these multidimensional SSF contributions to
sustainable development requires targeted and effective actions, especially increasing
the engagement of fisherfolk in shared management and governance. Without
management and governance focused on the multidimensional contributions of SSF,

the marginalization of millions of fishers and fishworkers will worsen.

The Sustainable Development Goals (SDGs) aspire to “leave no one
behind”’. However, an important and culturally diverse group of
economic actors and resource stewards—the global population of
small-scale fishers and fishworkers—are currently lagging behind
because their contributions to society remain obscure and are fre-
quently overlooked?. SSF are diverse and elusive in definition but gener-
allyinclude pre-harvest, near-shore harvest and post-harvest activities
using low-technology, low-capital and labour-intensive practices®.
Wild-capture SSFininland and marine waters is the mostimportant food
production system based on non-cultivated natural resources, but this
small-scale subsector is often not recognized in agricultural, develop-
mentand nutrition policy. Despite having adedicated SDG target (goal
14b) aimed at securing their access to (marine) fishery resources and
markets, small-scale fisherfolk were excluded, for example, from OECD
blue-economy employment statistics* because their numbers were
judgedtoo difficult to estimate. As with some terrestrial resource-based

food supplies, including hunting, foraging and pastoralism, SSF are
frequently excluded fromanalyses of food systems®®. Despite being an
importantsource of high-quality protein and micronutrients globally?,
fishare hardly visiblein strategies to achieve SDG 2 (zero hunger). Even
less visible are SSF ininland water systems, which are not addressed in
the SDGs®. A consequence of this is the marginalization of small-scale
fisherfolk in national and international policy dialogue, in which they
have limited influence on the governance of aquatic resources and
ecosystems, including the implementation of measures againstillegal,
unreported and unregulated fishing®; marine spatial planning'®; des-
ignation and management of marine protected areas”; and integrated
management of freshwater systems®. Similarly, SSF often lose out to
more-visible economicsectors, such as industrial fishing, aquaculture,
tourism, agriculture, irrigation and hydropower development, in gov-
ernanceinterventions designed to manage oceans?and inland waters®.
This in turn leads to patterns of inadequate resource management,
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loss of access to fishing areas and fishery resources (including ‘coastal
squeeze’ or ‘grabbing’)** ' or displacement from rivers and wetlands'%,
leading to a variety of cascading effects from community-level loss of
cultural heritage and economic revenue to negative effects onindividu-
als’ mental and physical health, among other issues”.

Being invisible to national economic planners and in statistics
increases the likelihood of being left out of social-protection pro-
grammes®, climate national adaptation programmes of action?, large
debt-relief assistance programmes designed to promote growth and
reduce poverty (such as poverty-reduction strategy papers)*and pub-
lichealthinterventions®. The lack of adequate attention from govern-
ments and international development agencies®** has also resultedin
inadequate or inappropriate assistance after disasters® and has exac-
erbated vulnerabilities to emerging economic, social, environmental
and health stressors such as COVID-19 (ref. 26). Despite this, every
day this sub-sector serves as a highly important socio-economic and
nutritional safety net for millions of people around the globe?, often
providing low-income communities with high levels of life satisfaction
comparable with those of wealthy countries?. Coastal Indigenous
populations are particularly reliant on SSF, consuming 15 times more
seafood per capita than do non-Indigenous populations®. The interna-
tional failure to better recognize the contributions of SSF and include
themin sustainable development through national and international
policy frameworks has consequences not only for the fisherfolk and
the consumers of the fish they catch, but to the broader global society.

The historic marginalization of SSF in national and international
policy and development stands in sharp contrast to case studies from
around the world highlighting the important contributions small-scale
fisherfolk make to sustainable development®?., As such, achieving the
SDGs will not be feasible in many countries without ensuring a sustaina-
ble future for SSF as key components of food systems®, encompassing all
aspectsofthe production, provisionand consumption of food, and their
interrelationships®. SSF provide food and nutrition security (SDG 2,
zero hunger), contribute to good health and well-being (SDG 3)* and
provideincome inareasthat often lack other economic opportunities
(SDG1, no poverty)'***, Women participate (SDG 5, gender equality) not
only in post-harvest activities but also in pre-harvest and harvesting
activities, making direct inputs to household food production and
monetary income® %, Most species targeted by SSF are destined for
direct human consumption, particularly highly nutritious and afford-
able small pelagic species, such as those of the clupeid family (includ-
ing sardine, herring and anchovy)®. This constitutes one of the most
energy-efficient animal-sourced food production systems, generat-
ing among the lowest environmental impacts in terms of greenhouse
gas and other stressors***, and they do not require feed, fertilizer or
pesticide inputs or the consumptive use of fresh water*®. With enabling
policy frameworks in place, small-scale fishers and fisheries have the
potential to make substantial contributions to responsible production
and consumption (SDG17) and beimportantenvironmental stewards
for the maintenance of public access to healthy aquatic environments
and the sustainable, equitable use of aquatic resources (SDG 14 and
14.b)***¢, among other contributions to food systems and SDGs.

In this study, we address the demand for better global and regional
multidimensional data to guide sustainable development of the sub-
sector (Supplementary Section Table E1), through the first global-scale
systematic data-gathering initiative of the multidimensional contribu-
tions of SSF to food provision, poverty eradication, women’s employ-
mentand peoples’ dietary micronutrient supply. Better dataare needed
to underpin and garner more economic and political support for SSF.
Actions such as legal mandates, capacity building, research and other
supporting initiatives by coalitions of practitioners, development
partners and academics are also needed, together with participatory
approaches, to enable the sustainability of SSF. Previous data-collection
efforts on SSF have mostly focused on providing global estimates of
marine catchand value**® (such as the Sea Around Us project; Extended
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DataTable2), beenbased onindividual case studies and mostly qualita-
tiveinformation (including the Too Big to Ignore research network), or
had alimited methodological scope®. Although such information has
contributed to valuable policy insights***, alack of harmonized multi-
dimensional quantitative data has probably hindered policy action®.
Without adequate quantitative data, policy-makers may struggle to
calibrate the scale of investments and priority of response, including
relative to other food production systems.

Our study aims to establish the absolute and relative contributions
of SSF to the multiple dimensions of sustainable development, and
to determine the main policy actions needed to enhance the critical
contributions of SSF. To do this, we developed global estimates for
SSF catch, micronutrient supply, employment, livelihood depend-
ency, women employed, economic value, governance participation
and tenure (that is, regimes of property and access rights). We argue
that improving data availability and quality for the contributions of
SSF, coupled with analysis of how they are governed, can provide afirm
empirical justification for recognizing them in development policies
and programmes, to attain the SDGs through mechanisms that enhance
this sub-sector at global, regional and national levels®"2,

In those rare instances for which SSF data are available as part
of national fisheries or demographic information systems, crucial
employment data are rarely disaggregated by sex, and production
data are rarely linked to national accounting of food and nutrition
supply. Although scholars are starting to recognize and enumerate the
importance of aquatic foods to global nutrition®™, the focus has been
almost entirely on marine fisheries, whereas in this study we incorpo-
rate the substantial contribution from inland fisheries.

Absolute and relative contributions

Marine and inland catches

SSF provide at least 37.3 million tonnes of fish, including fin-fish and
aquatic invertebrates, annually (95% confidence interval (CI), 27
million-53 million tonnes), representing at least 40% of the global
capture-fisheries production reported by the Food and Agriculture
Organization of the United Nations (FAO) (92.5 million tonnes, average
for2013-2017)%* (Fig.1a,b and Extended Data Table1). Thisis equivalent
toatleast31.2% of the marine (25.1 million tonnes of fish annually) and
about 99.7% of inland (12.2 million tonnes; averages for 2013-2017)
globalffisheries capture reported by the FAO*. Our estimates of global
SSF catcharein line with previous studies (Extended Data Table 2 and
Supplementary Table C5), particularly for marine SSF. For the inland
sub-sector, we acknowledge that our estimates are more conserva-
tive than those of previous modelling approaches based mostly on
non-fishery data®*® and should be interpreted as the visible, lower
end of the global estimates derived from previous studies. The limited
availability of inland data is largely due to fishery agencies perceiv-
ing alack of economic return on collecting structural and statistical
data, as well as the sheer logistic constraints of covering an often vast
mosaic of small water bodies, making this sub-sector particularly data
deficient and thus often marginalized. Data for inland SSF should be
improved, particularly atlocal or national levels, but we underscore the
importance of including them to reverse the narrative that leads to the
persistent marginalization and undervaluation of inland small-scale
contributions to sustainable development. Although they are argu-
ably smallscale, recreational fisheries were not included because this
study fell under the scope of the Voluntary Guidelines for Securing
Sustainable Small-Scale Fisheries in the Context of Food Security and
Poverty Eradication (hereafter SSF guidelines). Recreational fisheries
areestimated to contribute only 2.2% of the global fisheries catch, and
about 6% of our global estimate of SSF catch***° (Supplementary Sec-
tion C3), butitis recognized that recreational fisheries may provide
important economic, recreational and health benefits, particularlyin
high-income countries®..
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Fig.1|SSF multidimensional contributions to sustainable development.
a, Global absolute contributions of SSF, including a catch ofaround 37 million
tonnes (95% Cl, 27 million-53 million), micronutrient supply for 2.3 billion
peoplewithin 20 km of a coastline or large water body (10-30 km, 1.5-3.0
billion), employment for 21 million women (95% CI, 18 million-24 million),
total employment for 60 million people (95% Cl, 52 million-68 million) and
livelihoods (part or full dependency) for 492 million people (95% Cl, 447 million-
535 million). Regional contributions by marine and inland sector, when
possible, areshownas pie charts. Global micronutrient supply to local dietsis
quantified as the number of people within 20 km of a coastline or water body
for whom SSF catches could contribute an average of 20% of their dietary
intakes of six key micronutrients (calcium, iron, selenium, zinc, vitamin A

and omega 3). Although fatty acids are not defined as micronutrients because
therecommended intake foromega 3 fatty acids thatare concentrated in
aquatic foods (EPA and DHA) is within the micronutrient range, here we refer

T
0 20 40 60 80 100
SSF share of total fisheries sector (%)

collectively toall six nutrients as micronutrients. Total and women’s employment
include pre-harvesting, harvesting and post-harvesting activities. Livelihoods
include employed and subsistence fishers plus members of their households.
Here nindicates the number of countries with data available for each metric.

b, Proportion of SSF catch, micronutrient supply, women employed, total
number of people employed and livelihoods relative to the total fisheries sector
(comprisinglarge-scale and small-scale fisheries) at global (vertical red line)
andregional (black circles) scales, highlighting the distribution of proportions
across countries (violin plots). Further details are found in Supplementary
Section C1, including 95% Cls for catch, employment and livelihoods, maximum
and minimum values for micronutrients (Extended Data Table 1), uncertainty in
coastal populationsize (Extended Data Fig. 1) along with details per country
casestudy, extrapolated countries, sample size and datasources (Supplementary
Tables C1,C2and C3).
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Fig.2|Illustration of main linkages between the various dimensions of
contributions to and impacts of SSF and the SDGs. Dimensions shown are
catch, poverty eradication, shared governance, advancing gender equality and

Atthegloballevel, marine SSF catchis more substantial thaninland
catch in terms of volume (67% of total small-scale catch), but the lat-
ter represents a vital contribution to food security and nutrition for
households living near bodies of open water®?, particularly for the
Africaregion (Fig.1a).

Most of the catch (53.0% for marine and 76.1% for inland) surveyed
in our study was not identified taxonomically at species level or was
recorded as “not elsewhere included”. For the catch identified at the
functionalgrouplevel, herring, sardines and anchovies made up the larg-
estfraction (3.8 million tonnes, 20% of the total catch), closely followed
by miscellaneous pelagic fish (3.7 million tonnes, 19%) (Extended Data
Fig.2a). The category of miscellaneous freshwater fish dominated the
reported inland catch (6.7 million tonnes, 63%) followed by the group
of carps, barbels and other cyprinids (1.6 million tonnes, 15%) (Extended
Data Fig. 2b). Overall, we found that SSF target a total of 2,104 species
(1,798 marine and 488 inland, based on 58 national case studies). Increas-
ingnations’ ability to understand the species composition of their catch
isimportant for effective management; for example, species character-
istics such as life-history traits are vital to define the manner and rate
at which they can be harvested and the minimum sizes to be retained.
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Use diverse access strategies

Increase uptake of SSF guidelines

Institutionalize data collection

Ensure gender-equitable access

8. Decent work and
economic growth

1. No poverty

5. Gender equality

2. Zero hunger

nutrient supply. Identification of key actions that mediate the realization of
contributions to the SDGs are mostly based on findings from the Illuminating
Hidden Harvests study™and are synthesized in Supplementary Section D.

Information on catch volumes at species level, together with information
onfishingintensity and ancillary information, such as size-based data,
can provide information on the biological sustainability (for example,
stock status) of SSF as key informationin designing adequate manage-
ment measures®, Effective management is needed to ensure that fishing
activitiesdonot cause detrimental harmto the ecosystems they depend
on (forexample, minimizing destructive fishing practices®*), avoid tar-
geting vulnerable species® and promote climate-resilient fisheries (for
example, acknowledging the cumulative effects of climate change'®), in
accordance with SDG 14 (life under water) and SDG 10 (climate action)
(Fig. 2 and Supplementary Table D1). Without effective and tailored
management, many SSF will continue to overfish or move towards over-
fishing, compromising their long-term sustainability.

Micronutrient supply

Poor-quality diets can lead to micronutrient deficiencies that cause
complicationsin pregnancy, impair child growth, undermine long-term
health and cognitive outcomes and increase susceptibility to disease®®.
Global catches from SSF currently provide 20% of the intake of six criti-
cal but commonly lacking micronutrients®”*® for up to 2.3 billion people



(Fig.1a and Extended Data Table 1) living within 20 km of a coastline
or large inland body of water (1.5-3.0 billion people living 10-30 km
from a large body of water; Extended Data Fig. 1). This is one in four
peopleglobally and represents alarge share of the estimated 3.2 billion
people globally who depend on aquatic animal foods, fromall sources,
including large-scale fisheries and aquaculture, for 20% of their animal
protein®. A study that focused on marine catchand coastal populations
found that SSF contributes an average of10% of dietary micronutrient
intake from all foods®. Our estimates refine this body of evidence.

Based on global SSF catch data, the sub-sector provides the equiva-
lent of 50% of anindividual’s omega-3 fatty acid (docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA)) intake, 28% of their selenium,
11-12% of their calcium and zinc, 9% of their iron and 3% of their vitamin
Aintake (Extended Data Table 3). SSF contributions to dietary intake
were highest in Africa, Asia and Oceania, for both inland and marine
systems, reflecting the high micronutrient density of these catches.
Inland fisheries made the greatest contributions to dietary intake in
Africaand Asia, reaching a potential 146 million people with 32% of their
micronutrientintakein Africa, and 360 million people with 24% of their
micronutrientintakein Asia. In Africa, however, estimates indicate that
micronutrient deficiencies remain prevalent®, with intake of micro-
nutrients well below requirements®®®°, Marine SSF make the greatest
relative contributions to dietary intake in Oceania, providing 36% of
micronutrient intake to 25 million people, and Africa, providing 23%
of micronutrient intake to 181 million people (Extended Data Table 3).

For people within 20 km of a coastline or large (more than 50 km?)
inland body of water, SSF contribute the equivalent of, on average, 54%
oftheir daily aquatic food consumption (including that from small-and
large-scale fisheries and aquaculture) (Extended Data Table 3). Region-
ally, this can be as high as 85% and 77% in Oceania and Africa, respec-
tively,andin46 countries, SSF supply exceeded consumption.Indeed,
in case studies of countries, an average of 79% of catch was retained for
domestic use, confirming that the catch from SSF is directed primarily
towards local nutrient needs (Extended Data Table 3). Many of these
micronutrients are available butstill lacking in diets, particularly in low-
and middle-income countries with large catches from SSF%, indicating
that there is scope for developing nutrition-sensitive SSF policies to
help address nutrient gaps in nutrient-deficient populations™.

The data on available micronutrients from SSF provide evidence of
theunder-recognized and under-realized importance of this sub-sector
in eradicating hunger and malnutrition, which is directly linked to
achieving SDG 2 (zero hunger). For SSF to be part of this solution, greater
coordinationis needed between the actors tasked with decision-making
inthe fisheries, healthand nutrition, and economics and trade arenas’.
Sustainable supply and access to fish for the most vulnerable popula-
tions need to be prioritized and enhanced through evidence-based,
effective fisheries management and nutrition-sensitive govern-
ance*®’°72 For marginalized populations in low- and middle-income
nations, this means supporting vulnerable groups, including women,
children and those living in poverty, to give them better access to SSF
catchesas an affordable source of animal food that also has alow envi-
ronmental footprint (notably carp, barbel and other cyprinids from
inland SSF, and herring, sardine and anchovy species from marine
SSF)**#27, Other relevant actions include ensuring that information
is available on appropriate handling, processing and storage proto-
colsto ensure access to safe and high-quality aquatic foods and avoid-
ing post-harvest losses™, and on the benefits of fish consumption for
infants, children and lactating mothers (Fig. 2 and Supplementary
Table D2). National policies and appropriate incentives are required
to retain an adequate proportion of SSF catches of small pelagic fish
inlocalfood markets, to help low-income consumers secure access to
healthy diets. Insome regions (such as West Africa), these fish are other-
wise increasingly used for fishmeal and other non-human-consumption
purposes”. How much fish needs to be retained for local consumption
will depend onthe number of nutritionally vulnerable people and their

access to alternatives with similar nutrition at a comparable cost”.
Incentives for small-scale fishers to supply fish to domestic markets
must account for the potential for fishers to earn higherincomes from
exports to distant urban or export markets™.

Poverty eradication

Although poverty is a multi-dimensional concept characterized by
vulnerability”, previous case studies have shown that SSF can support
livelihoods and alleviate poverty through arange of pathways, from the
provision of safety nets in times of shock or vulnerability, toincreased
labour productivity and incomes*’%”, Our study estimated that one
in every 12 people around the world (about 492 million people; 95%
Cl, 447 million-535 million, Extended Data Table 1) are at least partly
dependent on SSF pre-harvesting, harvesting and/or post-harvesting
activities through formal employment, work for self-consumption or
asrelated household members (defined as being a member of ahouse-
hold in which at least one member is working in SSF for commercial
employment or subsistence) in 2016.

Although data were not available to measure change over time,
the snapshot provided by this study shows the global importance of
SSF livelihoods that alleviate poverty through either prevention or
reduction, or acombination of the two. In terms of prevention, most
of those who participate in SSF live in low-income contexts marked
by vulnerability, and low opportunity costs of labour in other sectors,
in which the livelihoods supported may help to prevent poverty and
provide safety nets that are not otherwise available in the economy.
For example, 54% of those commercially employed in SSF and 57% of
subsistence workers resided in countries considered to have ‘high’ or
‘very high’ vulnerability to climatic and natural hazards, according to
the World Risk Index®°. Approximately 60% of subsistence workers
were located in low- or lower-middle-income countries®, and at least
13.2% of the total population lived inahousehold in which one person
worked in SSF for commercial employment or subsistence in 2016 in
the world’s 45 least-developed countries, where alternative livelihood
opportunities may be limited”. Relative to the total capture-fisheries
sector, SSF support 95% of all livelihoods at least partly dependent on
fisheries, providing 89% of formal employment (Fig. 1b).

In economic terms, SSF generated 44% of the total landed value in
the 58 countries surveyed (representing approximately 68% of FAO
global capture-fisheries production). The estimated global landed
value of the SSF catch (generated by multiplying catch and first-sale
price) was US$77.2 billion (95% ClI, $70.4 billion-$83.3 billion). Marine
catchaccounted for $58.1billion (95%Cl, $53.7 billion-$62.2 billion) and
inland for $19.0 billion (95% Cl, $16.7-$21.1billion) based on the average
for2013-2017 (Extended Data Table 4). The total revenues from the first
sale of the marine SSF catch exceeded the total individual revenues
of some of the largest ocean-based industries in 2018, such as cruise
tourism, port activities and offshore wind power®. Accounting for
boththe poverty prevention and reduction functions of SSF in assess-
ing their potential contributions to SDG 1 (no poverty)*”® and SDG 8
(decentwork and economic growth)®%, policies should aim to achieve
afair distribution of catch benefits and access to resources (SDG 14b),
among otheractions highlightedin Fig.2 and Supplementary Table D3.

Advancing gender equality

A crucial step towards overcoming gender-blind policies that per-
petuate the marginalization of women in the fisheries sector is the
collection, use and sharing of gender-inclusive and disaggregated
data.Inachange from previous global studies that estimated women’s
participation in SSF harvesting®*, this study reveals approximately
21 million women (95% CI, 18 million-24 million women) employed
commercially in SSF activities worldwide in pre-harvest, harvest and
post-harvestactivities (Fig. 1aand Extended Data Table 1), generating
about 90% of allemployment for womenin the entire fisheries sector
(Fig.1b).
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Furthermore, about 24 million women wereidentified inunpaid and
informal activities such as subsistence fishing and processing, bringing
the total participation by women to atleast 44.7 million?®. Importantly,
more women engage informally in SSF activities than are commercially
employed. Informal engagement (such as subsistence and other unpaid
work) can limit women’s inclusion in social protection programmes,
exposes themto greater occupational hazards and constrains the eco-
nomicbenefits that canbe derived from formalized fishing (for example,
accessto licences are often determined by ability to prove historic use)®.
Women also participate less in governance mechanisms that shape
decision-making processes, thereby directly and indirectly affecting
access to nutritional and livelihood benefits®. Better recognizing the
diverse waysinwhich women participatein fisheries value-chainactivi-
ties, and the scale of women involved, is essential to advancing SDG 5,
SDG1and SDG2,amongothers. Toincrease the contributions of women
in SSF to sustainable development, asummary of indicative actions is
showninFig.2and Supplementary Table D4. These include theimpera-
tive of ensuring gender-equitable access to SSF through secure tenurein
supportof food and livelihood security®; and transforming dominant
gender norms to promote women’s leadership and governance in SSF*>%,

Understanding regional patterns in multidimensional
contributions

The magnitude of the global contribution of SSF with respect to the total
fisheries sector highlights the criticalimportance of this sub-sector to
sustainable development. Explaining regional patterns helps to con-
textualize it. Asia benefits from the highest absolute contributions in
most dimensions (catch volume and value, people employed, liveli-
hoods supported and women employed), producing four times as much
SSF catch as Africa, which is the region with the second-highest SSF
catch (Fig.1a). Africais where SSF were mostimportant relative to total
fisheries, contributing 67% of the total catch for the region and 75% of
the total contribution to nutrition (Fig. 1b). By contrast, Europe’s SSF
support the lowest absolute number of livelihoods of all the regions
(Fig. 1a) and make the lowest relative contributions across all dimen-
sions (Fig. 1b). Despite this, for several countries in the region, the
sub-sector represents100% of the total fisheries sector, highlighting its
importance for many national coastal communities®. These differences
in catchshare of SSFindifferent countries also occurin otherregions,
illustrating the importance of assessing these contributions at national
orevenlocallevels. Therelative average contribution of SSF to overall
fisheries catchin Oceaniais below the global average, largely because
of the high volumes of industrial tuna catches for some countries®, but
itisone of the mostimportantregionsin terms of their relative contri-
butionsto dietaryintake, people employed and livelihoods supported
(Fig. 1b). Moreover, marine SSF catch is four times more important
in terms of kilograms of fish produced per capita in Oceania than in
Asia (52.6 kg per person per year versus 14.3 kg per person per year;
Extended Data Fig. 3). Our findings in Oceania serve as an important
reminder that SSF are critically important to achieving SDG 2 (zero
hunger) and other SDGsin those regions or countries where alternative
economic and livelihood opportunities are more limited, including
smallisland developing states and other least-developed countries.

Securerights for fishers

Granting small-scale fishers secure rights to participate in the manage-
ment and governance of their fisheries is increasingly recognized as a
necessary condition for the development of locally appropriate gov-
ernance systems® and the realization of the SDGs’°. Devolving rights
tofishers can address constraints in management capacities by fishery
agencies and provide fishers with greater incentives tobecome stewards
oftheirlocal environment® %, However, we found that about two-thirds
(63.8%) of the SSF catchfromthe 51countries surveyedin this respect (45
for marine and 34 for inland fisheries) are not associated with formally
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Fig.3|Percentage of catch with differentlevels of rights devolutionin
formally governed SSF. Data are based on analysis of policies from 51 countries
thatgovernaround 82% of their reported SSF catch. Combinations of rights that
accounted for lessthan 1% of total SSF catch, such as devolved transferability
rights, arenotincludedin the figure.

recognized rights to participate inmanagement and decision-making
processes (thatis, there are no explicit statements in written national,
subnational or localfisheries policies) (Fig. 3). The remaining one-third
(36.2%) of the catchis associated with different types of fishers’ rights
to participateindecision-making. For12.9% of the catchin our dataset,
fishers have been granted only management rights (Fig. 3), meaning
they can participate in decisions about where, when and how to fish®.
For 20.9% of the catch, fishers are increasingly empowered to manage
their fisheries because, as well as management rights, fishers have been
granted rights to determine who can fish through exclusion or transfer-
ability rights (Fig. 3). Full devolution of rights to fishers (as defined by
granting the full suite of management, exclusion and transferability
(alienation) rightsina previous classification®) represented only 1.7% of
the catchinour dataset (Fig. 3). These general patterns are similar when
the data are disaggregated by marine and inland fisheries (Extended
DataFig.4).Our data highlight that when management or acombination
of amore complete set of rights are devolved in a particular country,
this typically represents only a small proportion of the national SSF
catch (Supplementary Fig. C2), indicating that these arrangements
are mostly localized and are not covered in national statistics, or are
appliedtoonly asubset of specific fisheries, and are not representative
of national SSF policies (Supplementary Fig. C2).

Although two-thirds of catchis from fisheries for which small-scale
fisherfolk cannot formally participate in management, this does not
constitute evidence that these fisheries are mostly unmanaged or
unregulated. Local, customary self-governance might be in place in
the absence of formal regulations or devolved rights®.

However, formally securing rights, either recognizing customary
arrangements or developing new ones, is critical to reducing the
vulnerability of small-scale fishers to exclusion or competition from
more-powerful economic sectors® and external political, social,
economic or environmental drivers of change*>%%, The absence of
rights to access, harvest and manage resources threatens the sur-
vival of fishers’ culture, way of life and ecological sustainability, par-
ticularly among Indigenous peoples®. When rights are secure and
there is good alignment between the rights being devolved and the



circumstances fishers and managers face in localized social-eco-
logical contexts, empowered fishing communities are more likely
to develop processes that reflect local values around stewardship of
the aquatic environment, sustainable fisheries and/or equitable liveli-
hoods?1°°192, Actions demonstrated to secure rights to fishersinclude
eliminating barriers to fishers’ participationin fisheries management
processes; creating local enabling conditions to exercise their tenure
rights, including legal recognition of Indigenous rights to land and
water; strengthening local supporting institutions, such as civil society
organizations and decentralized fisheries agencies with clear roles
and responsibilities. Stock health in SSF depends partly on fisheries-
and non-fisheries-related external drivers, including climate change,
pollution, infrastructure development, such as damming, and habitat
degradation’. Measures that enhance organizational, administrative,
enforcement and scientific capacity among co-management groups,
ultimately leveraging securerights, are likely to move the SSF towards
sustainable practices'®'°? (Fig. 2 and Supplementary Table D5).

Discussion

Multidimensional measurement of the scale and impact of SSF has
rarely been quantified, so it is unsurprising that the policy support
they currently receive is not commensurate with the range and size of
the different global contributions they make to sustainable develop-
ment (Fig. 2). This situation is changing and there are now reasons for
optimismwith developments such as: the policy momentum created by
the SSF Guidelines®***®* and the International Year of Artisanal Fisheries
and Aquaculture 2022; the upward trend in interest from academia,
including the Too Big to Ignore research network®; increased funding
by international development organizations and private philanthro-
pists***%; continued engagement of global fisher organizations and
their supporters, suchasthe World Forum of Fish Harvesters and Fish
Workers, the World Forum of Fisher Peoples and the International Col-
lective in Support of Fishworkers, in global policy processes; and the
emergence of coordinated SSF campaigns, such as the Call for Action
released at the 2022 UN Ocean Conference'®.

Thereis evidence thatimproved information systems are associated
with positive outcomes to several SDGs in a variety of cases and geog-
raphies (Supplementary Table D6). When such information systems
are inclusive of SSF, the sub-sector experienced greater visibility and
inclusion in a range of supportive policies, increased investment by
governments and development partners, and improved outcomes'®®.
Forexample,incorporation of the fisheries sector in national statistics
on HIV and AIDS enabled countries where fisheries supportanimpor-
tant number of livelihoods (Uganda, Thailand and India) to include
this sectorin national response strategies and development assistance
programmes'®%, contributing to the reversal of their HIV epidemicin
adirect contribution to SDG 3 (good health and well-being)'*", Effec-
tively improving the inclusion of SSF in national policies will need not
only increased awareness of their importance, or more technical data
andinformation, but also better communication between government
andthe sub-sector (through, for example, fishers’ organizations), better
cooperationacross governmentalinstitutions (such as ministries of fish-
eries and social development), and ultimately more-effective inclusion
and participation of the sub-sector in the design and implementation of
inclusive policies. Asdemonstrated by the highly participatory process
of developing the SSF Guidelines™, purposefully designing coherent,
inclusive policy frameworks with the support and participation of rights
holders means they are more likely to lead to desired improvements'®,

Multidimensional SSF

Focusing on unidimensional metrics of SSF contributions (for example,
only as catchorlanded value, or omitting pre- and post-harvest activi-
ties) misrepresents and undervalues theimportance of this sub-sector
with respect to other dimensions such as employment or nutrition

supply, or broader cultural values relating to sense of identity and rec-
reation. This unidimensional production focus typically overlooks the
roles of SSF in policies aimed at economic development. For instance,
whereas SSF contribute to atleast 40% of the total fisheries catch, when
pre- and post-harvest activities are included, they contribute to 89%
of the total employment, 95% of the total livelihoods and 90% of the
women employed in the total fisheries sector (Fig. 1b).

What gets measured is more likely to be managed, and better account-
ing for the many ways SSF contribute to sustainable development
induces an explicit recognition of SSF in advancing multidimensional
goals®>*1'218 (Fig, 2). It also implies expanding current approaches in
managementand governance™ focused on maximizing catch orlanded
value, while minimizing biologicalimpacts on stocks (Fig. 4a), towards
explicitly including other critical contributions in management objec-
tives in line with the Ecosystem Approach to Fisheries', notably total
employment, women employed or nutrient supply (Fig. 4b). Through
multidimensional analyses, such as this study, afuller contribution of SSF,
related strengths and weaknesses in policy and management towards
sustainable development of the sector can be more readily understood
and acted on™"®, Attending to the multidimensional contributions fish-
eries make will require the government agencies responsible for manag-
ingfisheriestoincrease or better use the available human, financial and
technological resources and also foster a culture of tolerance and trust
for colleagues trained under different disciplinary traditions and an
appreciation of types of data other than those conventionally collected
on fisheries®'. Redefining SSF as multidimensional activities is not
entirely new"®" Japan and the European Union have engaged in policy
development for fisheries and agriculture within a similar framework
as ameans of reconciling investments in rural development"®'?° while
alsoaligning with the principles of the ecosystemapproachto fisheries.
Similarly, fishing activities in other parts of the world could be valued
for their role in the development of rural economies, the maintenance
of rural landscapes, communities and cultural heritage, contributions
torecreationand cultural values, and in managing landscapes and bio-
diversity,amongthe other diverse functions they provide to ecosystems
andsociety. Importantly, SSF are not staticand may transform or adapt
inresponseto diverse changing ecological contexts (such as fish stock
status), economic factors (such as market preferences) and social or
cultural perceptions (arising demographic shifts, for example). This
may take the form of economic and operational diversification of fish-
ing and associated livelihood activities. This type of transition is most
apparent for those in industrialized societies, in which there may be
greater opportunities to engage in other economicactivities, buthowto
transformis achallenge that confronts all SSF regardless of context. The
allocation of rights, organizational and management capacity, develop-
ment of better policies, and greater empowerment of SSF will support
their ability to move towards greater self-determination and to chart a
positive course for their continued development.

Evidence-based trade-offs
Obtaining sufficient multidimensional data and information about
SSF in a given context, and institutionalizing the capacity to analyse
and use it (Fig. 2), is necessary but not sufficient to sustain the wide
range of benefits from SSF. Effective management and governance will
require the evaluation of trade-offs in multidimensional management
objectives and associated policies that reflect the diverse contribu-
tions of SSF to sustainable development. For instance, institutional-
ized collaboration between different government agencies (such as
ministries of fisheries and economy) will allow the generation and
analysis of multidimensional data and information that contribute to
anunderstanding of the inherent trade-offs in management objectives
for these social-ecological systems (Fig. 4b).

Fisheries in developed countries are often explicitly managed with
asingle goal, such as maximizing the long-term catch, based on the
concept of (single species) maximum sustainable yield (enshrined in
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Fig.4 |Reconceptualizing SSF as multidimensional contributors to
sustainable development. a, Schematics of SSF managed for asingle objective,
forinstance toreduce environmentalimpacts or toincrease economic value
generated from the activity,among other single-objective management choices.
b, Analternative multidimensional approach. Managing SSF through evidence-

international conventions and agreements'*'??), maximizing economic
efficiency and profitability, or maximizing the sustainability of fishing
communities through employment generation'? (Fig. 4a). The past two
decades have seen anincreasing trend towards the explicit inclusion of
nutrition objectives in fisheries policy'*. Policy formulation requires
trade-offs between often competing objectives to be confronted, but
these are often not sufficiently evaluated or explicitly articulated. Sev-
eral model-based approaches to assess trade-offs between food secu-
rity, economic development and biodiversity conservation exist, and
these could be used in the context of operationalizing the ecosystem
approach to fisheries'®. For example, maximizing economic value while
maintaining ecosystem structure would require areductionin fishing
effort, with high social cost for fishing communities with limited alterna-
tive livelihoods'®. However, most of these approaches require specific
ecological, social and economic reference points and are context and
fishery specific?*'¥, making them costly and data heavy. Irrespective
of context, our results show that small-scale fishers make important
contributions and so should be carefully considered as part of trade-off
analyses when promoting transitions. Trade-off analyses also typically
require a level of ecological knowledge of SSF that is often lacking in
those regions where the bulk of them occur'®, limiting the local applica-
tion of these approaches. We call for the development and use of simple,
low-cost, data-driven and participatory approaches to understand
trade-offs of multiple objectives aimed atinforming the evidence-based
management of SSF (Fig. 4). Standardization and coordination across
datasources will facilitate the alignment of data across dimensions and
enhance sound trade-off assessments™. Evaluation of these trade-offs
shouldincorporate both fisher and non-fisher stakeholders, to ensure
that the distribution of benefits and interest are well supported by
adequate evidence and to give legitimacy to balancing difficult choices
between social, nutritional, economic or environmental goals (Fig. 4b).
Inthisrespect, theinvolvement of small-scale fishers as co-generators
and owners of data (such as traditional and local knowledge) guiding
management and governance arrangements is key'?>°, This study has

882 | Nature | Vol 637 | 23 January 2025

Economic

based, participatory multidimensional analysis (such as this study) will better
allow integration of SSF into afood systems approach and trade-off evaluation
toinformevidence-based management, policy and governance that contributes
tosustainable development.

synthesized data at a global level, but further actions are needed to
institutionalize and support community-based data-collection pro-
grammes™, inwhich fishers are trained to collect and analyse their own
fishery and socio-economic data. These programmes can create finan-
cial incentives™, enhance social cohesion, drive broader investment
in SSF**and incentivize fishers’ involvement in co-management™*, For
data-poor fisheries that are often overlooked instatistical systems, these
approaches may constitute the only viable option for systematic data
collectionand areincreasingly tested and implemented ininland fisher-
iesin Africa’, and in coastal fisheries in, for example, the Timor Sea'®*,
South Africa™ and Mexico™®, with strong support from practitioners,
donors and intergovernmental organizations' ¥, Collaborative data
collection and research among fishers, managers, practitioners and
scientists may support better access to information but will not auto-
matically result in more collaborative management, fishers’ steward-
ship towards sustainable practices, or the effective implementation of
management arrangements. Capacity development for participatory
design and implementation of tailored, evidence-based approaches
for collaborative legal frameworks, management, devolution of rights
and SSF empowerment (Fig. 3) and resource stewardship are needed,
particularly for SSF in the least-developed countries in line with the
FAO Blue Transformation roadmap™°.

Conclusions

This paper illuminates the size and range of the contributions of SSF to
sustainable development, supporting amore holistic understanding of
what SSF are, theirimportance and the need to reconceptualize them
for more-inclusive governance and management as part of global food
systems (Fig.4).In coastal and inland waters worldwide, particularly in
lower-income contexts in which SSF form animportant pillar of liveli-
hoods, such comprehensive reconceptualization will be essential for
achieving multiple policy goals for sustainable development. Moreover,
we argue for a better contextualization of the importance of the SSF



sector with respect to other uses of water and land, such as tourism,
shipping, energy and aquaculture. Evaluating trade-offs across the
multidimensional benefits provided by these sectors at local or regional
levels can betterinform policies aimed at ensuring broader sustainable
development. In providing these multidimensional contributions and
values, our study highlights the policy attention deficit that resultsin
systemic global underinvestmentinthe evidence and knowledge base,
and ultimately in the management and governance of SSF, perpetuating
the social, economicand political marginalization of millions of fishers
and fishworkers worldwide.

Online content

Anymethods, additional references, Nature Portfolio reporting summa-
ries, source data, extended data, supplementary information, acknowl-
edgements, peer review information; details of author contributions
and competinginterests; and statements of data and code availability
are available at https://doi.org/10.1038/s41586-024-08448-z.

1. United Nations Sustainable Development Group. Universal values principle two: leave no
one behind https://unsdg.un.org/2030-agenda/universal-values/leave-no-one-behind
(UNSDG, 2024).

2. Brondizio, E. S. et al. Millions of jobs in food production are disappearing — a change in
mindset would help to keep them. Nature 320, 33-36 (2023).

3. Smith, H. & Basurto, X. Defining small-scale fisheries and examining the role of science in
shaping perceptions of who and what counts: a systematic review. Front. Mar. Sci. 6,
https://doi.org/10.3389/fmars.2019.00236 (2019).

4.  OECD. The Ocean Economy in 2030. https://doi.org/10.1787/9789264251724-en (OECD,
2016).

5. High Level Panel of Experts on Food Security and Nutrition of the Committee on World
Food Security. Food Security and Nutrition: Building a Global Narrative Towards 2030
(HLPE, 2020).

6. Bennett, A. et al. Recognize fish as food in policy discourse and development funding.
Ambio 50, 981-989 (2021).

7. Ahern, M. et al. The Role of Aquatic Foods in Sustainable Healthy Diets (UN Nutrition, 2021).

8.  Lynch, A. J. etal. Inland fish and fisheries integral to achieving the Sustainable Development
Goals. Nat. Sustain. 3, 579-587 (2020).

9. Song, A. M. et al. Collateral damage? Small-scale fisheries in the global fight against IUU
fishing. Fish Fish. 21, 831-843 (2020).

10. Jentoft, S. Small-scale fisheries within maritime spatial planning: knowledge integration
and power. J. Environ. Policy Plan. 19, 266-278 (2017).

1. Voyer, M. et al. The role of voluntary commitments in realizing the promise of the Blue
Economy. Glob. Environ. Change 71,102372 (2021).

12.  Cohen, P. J. et al. Securing a just space for small-scale fisheries in the Blue Economy.
Front. Mar. Sci. 6,171 (2019).

13.  Arthur, R. |. et al. Small-scale fisheries and local food systems: transformations, threats
and opportunities. Fish Fish. 23, 109-124 (2022).

14. Bavinck, M. et al. The impact of coastal grabbing on community conservation - a global
reconnaissance. Marit. Stud. 16, 8 (2017).

15.  Fabinyi, M. et al. Coastal transitions: small-scale fisheries, livelihoods, and maritime zone
developments in Southeast Asia. J. Rural Stud. 91,184-194 (2022).

16. Gill, D. A. et al. Triple exposure: reducing negative impacts of climate change, blue growth,
and conservation on coastal communities. One Earth 6, 118-130 (2023).

17. Castello, L. & Macedo, M. N. Large-scale degradation of Amazonian freshwater ecosystems.
Glob. Change Biol. 22, 990-1007 (2016).

18. Sor, R. et al. Fish biodiversity declines with dam development in the Lower Mekong Basin.
Sci. Rep. 13, 8571 (2023).

19. Britton, E., Kindermann, G., Domegan, C. & Carlin, C. Blue care: a systematic review of
blue space interventions for health and wellbeing. Health Promot. Int. 35, 50-69 (2020).

20. Béné, C., Devereux, S. & Roelen, K. Social Protection and Sustainable Natural Resource
Management: Initial Findings and Good Practices from Small-scale Fisheries. FAO Fisheries
and Aquaculture Circular No. 1106 (FAQ, 2015).

21.  Vadacchino, L., De Young, C. & Brown, D. The Fisheries and Aquaculture Sector in National
Adaptation Programmes of Action: Importance, Vulnerabilities and Priorities. FAO Fisheries
and Aquaculture Circular No. 1064 (FAO, 2011).

22. Thorpe, A., Reid, C., Anrooy, R. V., Brugere, C. & Becker, D. Poverty reduction strategy
papers and the fisheries sector: an opportunity forgone? J. Int. Dev. 18, 489-517 (2006).

23. Allison, E. H. & Seeley, J. A. HIV and AIDS among fisherfolk: a threat to responsible
fisheries'? Fish Fish. 5, 215-234 (2004).

24. Hamilton, J., Basurto, X., Smith, H. & Virdin, J. How does the World Bank shape global
environmental governance agendas for coasts? 50 years of small-scale fisheries aid
reveals paradigm shifts over time. Glob. Environ. Change 68, 102246 (2021).

25. Lebel, L., Khrutmuang, S. & Manuta, J. Tales from the margins: small fishers in post-tsunami
Thailand. Disaster Prev. Manag. 15, 124-134 (2006).

26. Ferrer, A. ). G. et al. COVID-19 and small-scale fisheries in Southeast Asia: impacts and
responses. Asian Fish. Sci. 34, 99-113 (2021).

27. Béné, C., Hersoug, B. &Allison, E. H. Not by rent alone: analysing the pro-poor functions
of small-scale fisheries in developing countries. Dev. Policy Rev. 28, 325-358 (2010).

28. Virdin, J. et al. Fishing for subsistence constitutes a livelihood safety net for populations
dependent on aquatic foods around the world. Nat. Food https://doi.org/101038/s43016-
023-00844-4 (2023).

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Galbraith, E. D. et al. High life satisfaction reported among small-scale societies with low
incomes. Proc. Natl Acad. Sci. USA 121, 2311703121 (2024).

Cisneros-Montemayor, A. M., Pauly, D., Weatherdon, L. V. & Ota, Y. A global estimate of
seafood consumption by coastal Indigenous peoples. PLoS ONE 11, e0166681 (2016).
Bitoun, R. E. et al. A methodological framework for capturing marine small-scale fisheries’
contributions to the sustainable development goals. Sustain. Sci. 19, 1119-1137 (2024).
Ericksen, P. J. Conceptualizing food systems for global environmental change research.
Glob. Environ. Change 18, 234-245 (2008).

Golden, C. D. et al. Nutrition: fall in fish catch threatens human health. Nature 534, 317-320
(2016).

Jentoft, S. & Eide, A. (eds) Poverty Mosaics: Realities and Prospects in Small-scale Fisheries
(Springer, 2011).

Kleiber, D., Harris, L. M. & Vincent, A. C. J. Gender and small-scale fisheries: a case for
counting women and beyond. Fish Fish. 16, 547-562 (2015).

Frangoudes, K. & Gerrard, S. (En)gendering change in small-scale fisheries and fishing
communities in a globalized world. Marit. Stud. 17, 117-124 (2018).

Gopal, N., Hapke, H. M., Kusakabe, K., Rajaratnam, S. & Williams, M. J. Expanding the
horizons for women in fisheries and aquaculture. Gend. Technol. Dev. 24, 1-9 (2020).
Harper, S., Adshade, M., Lam, V. W. Y., Pauly, D. & Sumaila, U. R. Valuing invisible catches:
Estimating the global contribution by women to small-scale marine capture fisheries
production. PLoS ONE 15, 0228912 (2020).

Robinson, J. P. W. et al. Small pelagic fish supply abundant and affordable micronutrients
to low- and middle-income countries. Nat. Food 3, 1075-1084 (2022).

Hilborn, R., Banobi, J., Hall, S. J., Pucylowski, T. & Walsworth, T. E. The environmental cost
of animal source foods. Front. Ecol. Environ. 16, 329-335 (2018).

Parker, R. W.R. et al. Fuel use and greenhouse gas emissions of world fisheries. Nat. Clim.
Change 8, 333-337 (2018).

Gephart, J. A. et al. Environmental performance of blue foods. Nature 597, 360-365 (2021).
Kolding, J., Funge-Smith, S., Valbo-Jargensen, J. & van Zwieten, P. A. M. in Small Fish

for Food Security and Nutrition. FAO Fisheries and Aquaculture Technical Paper 694

(eds Bavinck, M. et al.) Ch. 6 (FAO, 2023).

Barner, A. K. et al. Solutions for recovering and sustaining the bounty of the ocean:
combining fishery reforms, rights-based fisheries management, and marine reserves.
Oceanography 28, 252-263 (2015).

Gelcich, S. et al. Alternative strategies for scaling up marine coastal biodiversity
conservation in Chile. Marit. Stud. 14, 5 (2015).

Bennett, N. J. et al. Environmental stewardship: a conceptual review and analytical
framework. Environ. Manag. 61, 597-614 (2018).

Chuenpagdee, R., Liguori, L., Palomares, M. L. D. & Pauly, D. Bottom-up, global estimates
of small-scale marine fisheries catches. Fisheries Centre Research Reports Vol. 14 No. 8
(Univ. British Columbia, 2006).

Pauly, D., Zeller, D. & Palomares, M. L. D. Sea around us concepts, design and data. www.
searoundus.org (Univ. British Columbia, 2020).

World Bank. Hidden Harvest: The Global Contribution of Capture Fisheries (World Bank,
2012).

Pauly, D. & Charles, A. Counting on small-scale fisheries. Science 347, 242-243 (2015).
Thorpe, A., Andrew, N. L. & Allison, E. H. Fisheries and poverty reduction. CAB Rev. Perspect.
Agric. Vet. Sci. Nutr. Nat. Resour. 2, 085 (2007).

Morgan, P. et al. (eds) Blue Economy and Blue Finance. Toward Sustainable Development
and Ocean Governance (Asian Development Bank Institute, 2022).

Hicks, C. C. et al. Harnessing global fisheries to tackle micronutrient deficiencies. Nature
574, 95-98 (2019).

Golden, C. D. et al. Aquatic foods to nourish nations. Nature 598, 315-320 (2021).

Viana, D. F., Zamborain-Mason, J., Gaines, S. D., Schmidhuber, J. & Golden, C. D. Nutrient
supply from marine small-scale fisheries. Sci. Rep. 13, 11357 (2023).

FAO. Fishery and Aquaculture Statistics: Global capture prodution 1950-2017 (FishstatJ)
(FAO Fisheries and Aquaculture Department, 2019).

Fluet-Chouinard, E., Funge-Smith, S. & Mcintyre, P. B. Global hidden harvest of freshwater
fish revealed by household surveys. Proc. Natl Acad. Sci. USA 115, 7623-7628 (2018).
Ainsworth, R. F., Cowx, |. G. & Funge-Smith, S. J. Putting the fish into inland fisheries - a
global allocation of historic inland fish catch. Fish Fish. 24, 263-278 (2023).

Freire, K. M. F. et al. Estimating global catches of marine recreational fisheries. Front. Mar.
Sci. 7,12 (2020).

Lynch, A. J. et al. Inland recreational fisheries contribute nutritional benefits and economic
value but are vulnerable to climate change. Nat. Food 5, 433-443 (2024).

Arlinghaus, R. et al. Governing the recreational dimension of global fisheries. Proc. Natl
Acad. Sci. USA 116, 5209-5213 (2019).

Simmance, F. A. et al. Proximity to small-scale inland and coastal fisheries is associated
with improved income and food security. Commun. Earth Environ. 3,174 (2022).

FAQ. The State of World Fisheries and Aquaculture 2024. Blue Transformation in Action
(FAQ, 2024).

Alfaro-Shigueto, J. et al. Untangling the impacts of nets in the southeastern Pacific: rapid
assessment of marine turtle bycatch to set conservation priorities in small-scale fisheries.
Fish. Res. 206, 185-192 (2018).

Lloret, J. et al. Recreational and small-scale fisheries may pose a threat to vulnerable
species in coastal and offshore waters of the western Mediterranean. ICES J. Mar. Sci. 77,
2255-2264 (2020).

Beal, T., Massiot, E., Arsenault, J. E., Smith, M. R. & Hijmans, R. J. Global trends in dietary
micronutrient supplies and estimated prevalence of inadequate intakes. PLoS ONE 12,
e0175554 (2017).

White, J. M. et al. Micronutrient gaps during the complementary feeding period in 6
countries in Eastern and Southern Africa: a comprehensive nutrient gap assessment.
Nutr. Rev. 79, 16-25 (2021).

Stevens, G. A., Beal, T, Mbuya, M. N. N., Luo, H. & Neufeld, L. M. Micronutrient deficiencies
among preschool-aged children and women of reproductive age worldwide: a pooled
analysis of individual-level data from population-representative surveys. Lancet Glob.
Health 10, €1590-e1599 (2022).

Nature | Vol 637 | 23 January 2025 | 883


https://doi.org/10.1038/s41586-024-08448-z
https://unsdg.un.org/2030-agenda/universal-values/leave-no-one-behind
https://doi.org/10.3389/fmars.2019.00236
https://doi.org/10.1787/9789264251724-en
https://doi.org/10.1038/s43016-023-00844-4
https://doi.org/10.1038/s43016-023-00844-4
http://www.searoundus.org
http://www.searoundus.org

Analysis

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.
95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Vlok, M. et al. The role of dietary calcium in the etiology of childhood rickets in the past
and the present. Am. J. Hum. Biol. 35, €23819 (2023).

Allegretti, A. & Hicks, C. C. ‘Getting the right nutrients to those who need them most':
towards nutrition-sensitive governance of fisheries in the Global South. Rev. Fish Biol.
Fish. 33, 561-571(2023).

Tigchelaar, M. et al. The vital roles of blue foods in the global food system. Glob. Food
Secur. 33,100637 (2022).

Ruel, M. T., Quisumbing, A. R. & Balagamwala, M. Nutrition-sensitive agriculture: what
have we learned so far? Glob. Food Secur. 17, 128-153 (2018).

Ryckman, T, Beal, T., Nordhagen, S., Chimanya, K. & Matji, J. Affordability of nutritious
foods for complementary feeding in Eastern and Southern Africa. Nutr. Rev. 79, 35-51
(2021).

FAO, Duke University & WorldFish. llluminating Hidden Harvests. The Contributions of
Small-scale Fisheries to Sustainable Development (FAO, 2023).

Deme, E. h. B., Deme, M. & Failler, P. Small pelagic fish in Senegal: a multi-usage resource.
Mar. Policy 141,105083 (2022).

Béné, C., Lawton, R. & Allison, E. H. “Trade matters in the fight against poverty”: narratives,
perceptions, and (lack of) evidence in the case of fish trade in Africa. World Dev. 38,
933-954 (2010).

Narayan, D., Chambers, R., Shah, M. K. & Petesch, P. Voices of the Poor: Crying Out for
Change (World Bank, 2000).

Cunningham, S., Neiland, A. E., Arbuckle, M. & Bostock, T. Wealth-based fisheries
management: using fisheries wealth to orchestrate sound fisheries policy in practice.
Mar. Resour. Econ. 24, 271-287 (20009).

Béné, C. et al. Contribution of fisheries and aquaculture to food security and poverty
reduction: assessing the current evidence. World Dev. 79, 177-196 (2016).

Aleksandrova, M. et al. World Risk Report 2021 (Bundnis Entwicklung Hilft & Ruhr
University Bochum, 2021).

Virdin, J. et al. The Ocean 100: transnational corporations in the ocean economy. Sci. Adv.
7, eabc8041(2021).

Teh, L. C. L. & Sumaila, U. R. Contribution of marine fisheries to worldwide employment.
Fish Fish. 14, 77-88 (2013).

Schuhbauer, A. & Sumaila, U. R. Economic viability and small-scale fisheries — a review.
Ecol. Econ. 124, 69-75 (2016).

Biswas, N. Towards Gender-Equitable Small-Scale Fisheries Governance and Development.
A Handbook in Support of the Implementation of the Voluntary Guidelines for Securing
Sustainable Small-Scale Fisheries in the Context of Food Security and Poverty Eradication
(FAO, 2017).

Lawless, S. et al. Gender norms and relations: implications for agency in coastal livelihoods.
Marit Stud 18, 347-358 (2019).

Chuku, E. O. et al. Spotlighting women-led fisheries livelihoods toward sustainable
coastal governance: the estuarine and mangrove ecosystem shellfisheries of West Africa.
Front. Mar. Sci. 9, 884715 (2022).

Pascual-Fernandez, J. J., Pita, C. & Bavinck, M. (eds) Small-Scale Fisheries in Europe: Status,
Resilience and Governance (Springer, 2020).

FAQ. Fishery and Aquaculture Statistics. Global Capture Production 1950-2017 (FishstatJ)
(FAO Fisheries and Aquaculture Department, 2020).

FAO. Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries in the Context of
Food Security and Poverty Eradication (Food and Agriculture Organization of the United
Nations, 2015).

Smallhorn-West, P. et al. Linking small-scale fisheries co-management to U.N. Sustainable
Development Goals. Conserv. Biol. 36, €13977 (2022).

Ostrom, E. A general framework for analyzing sustainability of social-ecological systems.
Science 325, 419-422 (2009).

Berkes, F. & Franz, N. Governing For Transformation Towards Sustainable Small-Scale
Fisheries (FAQ, 2025).

Campos-Silva, J. V. et al. Sustainable-use protected areas catalyze enhanced livelihoods
in rural Amazonia. Proc. Natl Acad. Sci. USA 118, e2105480118 (2021).

Ostrom, E. Understanding Institutional Diversity (Princeton Univ. Press, 2005).

Schlager, E. & Ostrom, E. Property-rights regimes and natural resources: a conceptual
analysis. Land Econ. 68, 249-262 (1992).

Tholan, B. et al. Accounting for existing tenure and rights over marine and freshwater
systems. NPJ Ocean Sustain. 3, 47 (2024).

Basurto, X. et al. A global assessment of preferential access areas for small-scale fisheries.
npj Ocean Sustain. 3, 56 (2024).

Cudney-Bueno, R. & Basurto, X. Lack of cross-scale linkages reduces robustness of
community-based fisheries management. PLoS ONE 4, e6253 (2009).

IPMG. Global Report on the Situation of Lands, Territories and Resources of Indigenous
Peoples (Indigenous Peoples Major Group for Sustainable Development, 2019).

Ostrom, E. Governing the Commons: The Evolution of Institutions for Collective Action
(Cambridge Univ. Press, 1990).

Gutiérrez, N. L., Hilborn, R. & Defeo, O. Leadership, social capital and incentives promote
successful fisheries. Nature 470, 386-389 (2011).

Cinner, J. E. et al. Comanagement of coral reef social-ecological systems. Proc. Natl Acad.
Sci. USA 109, 5219-5222 (2012).

Chuenpagdee., R. & Jentoft., S. (eds) Transdisciplinarity for Small-Scale Fisheries
Governance (Springer, 2019).

Jentoft, S. & Chuenpagdee, R. Interactive learning and governance transformation for
securing blue justice for small-scale fisheries. Admin. Soc. 54, 1255-1282 (2022).
Coalition for Fair Fisheries Arrangements. A call to action from small-scale fisheries.
https://www.ssfcalltoaction.org/ (2024).

Thorpe, A., Reid, C. & Smith, S. F. Mainstreaming fisheries in development and poverty
reduction strategies in the Asia-Pacific region. J. Asia Pac. Econ. 13, 518-541(2008).

884 | Nature | Vol 637 | 23 January 2025

107.

108.

109.

110.

m.

2.

3.

1n4.

1S.

6.

n7.

ne.

120.

121
122.

123.

124.

125.

126.
127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.
140.

Greene, W. C. A history of AIDS: looking back to see ahead. Eur. J. Inmmunol. 37, $94-S102
(2007).

Hecht, R. et al. Critical choices in financing the response to the global HIV/AIDS pandemic.
Health Aff. 28,1591-1605 (2009).

Sgaier, S. K. et al. Knowing your HIV/AIDS epidemic and tailoring an effective response:
how did India do it? Sex. Transm. Infect. 88, 240-249 (2012).

Kremer, C. et al. Modelling the impact of combining HIV prevention interventions on HIV
dynamics in fishing communities in Uganda. BMC Infect. Dis. 23,173 (2023).

Jentoft, S. Walking the talk: implementing the international voluntary guidelines for
securing sustainable small-scale fisheries. Marit. Stud. 13, 16 (2014).

Belton, B. et al. Farming fish in the sea will not nourish the world. Nat. Comm. 11, 5804
(2020).

Crona, B. I. et al. Four ways blue foods can help achieve food system ambitions across
nations. Nature 616, 104-112 (2023).

Pitcher, T. J., Hart, P. J. B. & Pauly, D. (eds) Reinventing Fisheries Management (Springer,
1998).

Garcia, S. M. & Cochrane, K. L. Ecosystem approach to fisheries: a review of
implementation guidelines. ICES J. Mar. Sci. 62, 311-318 (2005).

Jentoft, S. & Chuenpagdee, R. Interactive Governance for Small-Scale Fisheries: Global
Reflections (Springer, 2016).

Kretschmer, S. & Kahl, J. Sustainable development goal drivers in food systems. Front.
Sustain. Food Syst. 5, 536620 (2021).

. Van Huylenbroeck, G. V. & Durand, G. (eds) Multifunctional Agriculture. A New Paradigm

for European Agriculture and Rural Development (Ashgate, 2003).

Wilson, G. A. Multifunctional Agriculture. A Transition Theory Perspective (CABI, 2007).
Urquhart, J. & Acott, T. G. Re-connecting and embedding food in place: rural development
and inshore fisheries in Cornwall, UK. J. Rural Stud. 32, 357-364 (2013).

United Nations. United Nations Convention on the Law of the Sea (United Nations, 1982).
UN General Assembly. 48th session: 1993-1994, United Nations Conference on Straddling
Fish Stocks and Highly Migratory Fish Stocks : resolution / adopted by the General
Assembly, A/RES/48/194 (UN General Assembly, 1993).

Asche, F. et al. Three pillars of sustainability in fisheries. Proc. Natl Acad. Sci. USA 115,
11221-11225 (2018).

Doyen, L. et al. Ecoviability for ecosystem-based fisheries management. Fish Fish. 18,
1056-1072 (2017).

Natugonza, V. et al. Simulating trade-offs between socio-economic and conservation
objectives for Lake Victoria (East Africa) using multispecies, multifleet ecosystem models.
Fish. Res. 229, 105593 (2020).

Grafton, R. Q. et al. Realizing resilience for decision-making. Nat. Sustain. 2, 907-913 (2019).
Briton, F., Thébaud, O., Macher, C., Gardner, C. & Little, L. R. Managing biological, economic
and social trade-offs in the Australian Southern and Eastern Scalefish and Shark Fishery.
Mar. Freshw. Res. 74, 1355-1369 (2023).

Smith, H. et al. Ecology and the science of small-scale fisheries: a synthetic review of
research effort for the Anthropocene. Biol. Conserv. 254, 108895 (2021).

Bradley, D. et al. Opportunities to improve fisheries management through innovative
technology and advanced data systems. Fish Fish. 20, 564-583 (2019).

Gutierrez, N. L. Harnessing citizenry awareness and technology to improve fisheries
information: The Power of Data. Fisheries 42, 615-620 (2017).

Danielsen, F. et al. Community monitoring of natural resource systems and the environment.
Annu. Rev. Environ. Resour. 47, 637-670 (2022).

Nthane, T. T., Saunders, F., Gallardo Fernandez, G. L. & Raemaekers, S. Toward
sustainability of South African small-scale fisheries leveraging ICT transformation
pathways. Sustainability 12, 743 (2020).

Tilley, A. et al. The impacts of digital transformation on fisheries policy and sustainability:
Lessons from Timor-Leste. Environ. Sci. Policy 153, 103684 (2024).

McCay, B. J. et al. Cooperatives, concessions, and co-management on the Pacific coast of
Mexico. Mar. Policy 44, 49-59 (2014).

Mbewe, M. Stakeholder involvement in data collection: shall we get the same desired
results? Aquat. Ecosyst. Health Manag. 17, 472-476 (2014).

Quintana, A., Basurto, X., Rodriguez Van Dyck, S. & Weaver, A. H. Political making of
more-than-fishers through their involvement in ecological monitoring of protected areas.
Biodivers. Conserv. 29, 3899-3923 (2020).

Abalobi. Fish with a story. https://abalobi.org/ (2024).

Peskas. Automated analytics system for small scale fisheries in Timor-Leste. https://timor.
peskas.org (2024).

PescaData. Con PescaData, cada pez, cuenta. https://pescadata.org/ (2024).

FAQ. Blue Transformation. Roadmap 2022-2030: A Vision for FAO's Work on Aquatic Food
Systems (FAO, 2022).

@@@@ Open Access This article is licensed under a Creative Commons Attribution-
BY NC ND

NonCommercial-NoDerivatives 4.0 International License, which permits any
non-commercial use, sharing, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide

a link to the Creative Commons licence, and indicate if you modified the licensed material.
You do not have permission under this licence to share adapted material derived from this
article or parts of it. The images or other third party material in this article are included in the
article’s Creative Commons licence, unless indicated otherwise in a credit line to the material.
If material is not included in the article’s Creative Commons licence and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025


https://www.ssfcalltoaction.org/
https://abalobi.org/
https://timor.peskas.org
https://timor.peskas.org
https://pescadata.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Methods

The data and methodology for this paper were produced within the
framework of the llluminating Hidden Harvests (IHH) initiative con-
ducted by the FAO, Duke University and WorldFish. Datawere collated
from different data sources applying specific methodologies described
below and by the FAO, Duke University and WorldFish™ for the exclusive
purpose of the IHH study. Therefore, data are not to be considered
official country data and do not replace the information provided in
official FAO data systems.

Information on the various dimensions of contributions and impacts
of SSF to sustainable development was compiled and synthesized
(Extended DataFig. 5), resulting in a database that provides estimates
oncatch, landed value, livelihood dependency, employment, number
of women employed, contribution to dietary micronutrientintake and
governance (see Supplementary Table Al for the main indicators).
In-country experts from 58 country-case studies (20 countries were
strictly marine, 6 strictly inland and 32 combined marine and inland;
Extended Data Fig. 6) collected secondary data on species-specific
catch, ex-vessel price (as input for landed value estimations), contri-
bution to dietary micronutrient intake and governance. For employ-
mentand livelihood dependency, microdata from national household
survey instruments in 78 countries (for example, population censuses,
labour-force surveys and household income expenditure surveys) were
used (Supplementary Section B3.3). Primary data collection took place
only when secondary sources were not available (for inland Brazil and
coastal China, forexample). Countries were selected onthe basis of the
absolute contribution to global fisheries production and employment;
therelativeimportance of the fisheries sectorinagiven country (that
is, production and employment per capita); the importance of fish as
asource of protein in people’s diet; and ensuring geographic balance
(Supplementary Table A2 shows datasources, the full set of criteriaand
decision rules for the selection process). For this study, only capture
fisheries wereincludedin the analysis (excluding recreational fisheries
and aquaculture; Supplementary Section A4). Itis possible that some
retained recreational fisheries catch has ‘polluted’ SSF catch data, par-
ticularly for inland fisheries in Europe, and to a lesser extent in North
America, for which FAO data were used (Supplementary Section C3
and Annex 3 of ref. 141).

To accommodate the diversity and heterogeneity of fishing fleets
considered to be ‘small-scale’, an a priori, standard definition was not
used. Our rationale to avoid the use of technological metrics such as ves-
selsize or gear type as cut-off points to define SSF is that, in some cases,
legitimate SSF might be excluded, or large-scale operations might
beincluded as part of the small-scale fishing fleet. Instead, experts
compiled data following the most common legal or operational defi-
nition in use in each country, and comparability was assured because
the same metadata about each fishery unit was collected, regardless
of how each fishery unit was initially defined (Supplementary Sec-
tions A4 and A5). Case-study data were corroborated and validated by
consultation with external global fisheries experts, comparison with
responses toanad hoc questionnaire that the FAO sent to all countries,
and with the FAO’s capture-fisheries database® and ref. 74 (Supple-
mentary Sections A6 and A7). The compiled country case-study catch
data (in tonnes), grouped by functional groups of species (Extended
Data Fig. 2) for the years 2013-2017, were used as inputs to a regres-
sion model used to predict the catches of 152 countries using a set of
suitable predictor variables (Supplementary Section B1). For marine
catch, final predictorsincluded gross domestic product, SSF jobs and
region (Supplementary Section B1.1). Forinland catch, final predictors
included FAO landings dataand world region (Supplementary Section
B1.2). The FAO capture-fisheries production database is primarily based
on official statistics submitted by countries, but complemented or
replaced, when necessary, with datafromother sources (such asfisher-
ies regional bodies). The FAO has established a series of mechanisms

toensure that the best available informationis submitted, revised and
validated. However, it is acknowledged that official statistics often
underestimate SSF catches, particularly those from inland fisheries,
supporting the need toimprove national statistical collection with the
aim of better representing inland and marine SSF landings. Variances
of catch estimates for case-study countries were based on qualitative
confidence assignments to each country, whereas variances of catch
predictions for extrapolated countries were based on regression model
outputs (Supplementary Section B1). Catch estimates and variances
were summed across all countries to calculate the global and regional
catchcontributions of SSF (Fig.1a). Aggregate 95% confidence intervals
are shown in Extended Data Table 1. Country-level predictions do not
constitute empirically observed dataand are no replacement for obser-
vational data for the purpose of country-level analyses. A sensitivity
analysis considered an alternative set of estimates of the percentage
coverage of SSF catch records in each country, which were used to
expand national estimated catches (Supplementary Section B1.3).
Landed economic value was estimated using species catch and annual
average ex-vessel price data from country case studies as inputs and
external global dataon fishery-related variables driving the price and
value of fisheries (for example, stock biomass or resource status, fish-
ingtechnology used or fishing effort) to generate global predictions by
statistical modelling and global extrapolation (Supplementary Section
B2). For employment and livelihood dependency, data from national
household surveys were used as inputs to produce global estimates by
extrapolation (Supplementary Section B3 and ref. 28), and estimates
were triangulated and validated using country case-study data and
extraexternal datasets (such as FAO data on employmentin fisheries,
responses to the FAO ad hoc questionnaire, and global marine fishing
fleet effort data'?). Regional and global gender distribution was esti-
mated by extrapolation and imputation of average gender ratios and
triangulated with the ad hoc questionnaire responses and the country
case studies (Supplementary Section B3.4.1 and ref. 74).

To calculate the potential contribution of SSF to local dietsin Fig. 1a,
fish catch data for the 58 country case studies were supplemented
with extrapolated global catch data for all 186 countries, resolved
to functional group level. Second, existing databases were used to
extract fin-fish (www.fishbase.org) and invertebrate (INFOODS) nutri-
ent concentrations, for six micronutrients (calcium, iron, selenium,
zinc, vitamin A and omega 3). Although fatty acids are not defined as
micronutrients, because the recommended intake for omega 3 fatty
acids that are concentrated in aquatic foods (EPA and DHA) is within
the micronutrient range, we refer collectively to all six nutrients as
micronutrients important to human health, often lacking in diets but
found inaquatic foods'. These concentrations were assigned to each
species, genera, family, order and classin the reported catch, in order of
descending priority™*, to estimate the catch-weighted average micro-
nutrientconcentration (for each of the six nutrients) of each functional
group in each country, for the marine and inland sub-sectors. Third,
catch-weighted average micronutrient concentration of each country’s
functional group were multiplied by the annual catch (in tonnes) and
the edible portion™***, before summing across functional groups, to
calculate, for each of the six nutrients, each country’s micronutrient
supply from SSF. Each country’s daily micronutrient supply from SSF
(average annual edible catch x nutrient concentration of catch/365)
was used to calculate the per capitasupply of micronutrients from SSF
(daily micronutrient supply/coastal population), based on the popula-
tion living within 20 km of a marine coastline or inland body of water
(lakes with an area of more than 50 km? and reservoirs with a storage
capacity of 0.5 km®or more). The sensitivity of these results to coastal
population size was tested by estimating micronutrient intake for popu-
lations within buffers of 10 km, 20 km and 30 km. The per capita supply
of micronutrients from SSF relative to each country’s per capita nutrient
supply was estimated fromall foods using dietary intake data from the
Global Dietary Database™®. These contributions were then averaged
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across the six nutrients to give the average contribution of SSF catch
to per capitadietary micronutrient intake. Finally, the contribution of
SSF to micronutrient supply from all fisheries (Fig. 1b) was estimated
relative to the total supply from global fisheries'’.

Governance analyses relied on the country case-study governance
dataset containing 976 observations of diverse governance arrange-
ments and associated catch (in tonnes), accounting for 61% of the
estimated global catch in 51 countries (7 countries did not provide
governance data). The fishery unit concept allowed linking catch with
governance data (Supplementary Section A5). The FAO-LEX database
(https://www.fao.org/faolex/en/) was also used for corroborationand
gap filling. The analysis of the presence of different types of tenure
rights (management, exclusionand transferability) in each governance
arrangement follows ref. 95. For definitions, main assumptions and
caveats, see Supplementary Section B5.

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Input files are available at Zenodo at https://zenodo.org/records/
13887065 (ref. 148). All companion data, including a list of all input
files (Supplementary Section F), can be found in the Supplementary
Information. Source data are provided with this paper.

Code availability

Datawere analysed using Microsoft Excel (Excel 2021v.18.0), Stata (v.17)
and R (v.4.2.0 and v.4.3.1). R packages: rnaturalearth (v.1.0.1.9000),
simple features (unique version) and raster (v.3.6-30). To reproduce
analyses, tables and figures, please refer to https://github.com/
DanOvando/ihh_figs.
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Extended DataFig.1| Contribution of marine and inland small-scale fisheries to micronutrientintakes. Average per country for 10 km, 20 km, and 30 km
buffers.
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Herring, sardine, anchovy [ 38
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onbarsrepresent catch volumes in million tonnes (averages annual values, <1%are not shown. Source: Gutierrezetal.2023 in Supplementary Literature.
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Extended DataFig. 6 | Map of countriesincluded as case studiesin this
study by region. Adapted from Mancha-Cisneros et al. (2023) in Supplementary
Literature. Africa: Chad, Congo, Democratic Republic of the Congo, Egypt,
Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Liberia (marine only),
Madagascar, Malawi, Mali, Mauritania (marine only), Morocco (marine only),
Mozambique, Nigeria, Senegal, Seychelles, Sierra Leone (marine only), South
Africa, United Republic of Tanzania, Uganda and Zambia; Americas: Argentina,

Asia (12) Europe (3) ] oceania (7)

Barbados, Brazil, Chile, Greenland, Mexico, Peru, Saint Kitts and Nevis, Saint
Lucia, Saint Vincent and the Grenadines and United States of America (marine
only); Asia: Bangladesh, China, India (marine only), Indonesia, Iran (Islamic
Republic of), Lao People’s Democratic Republic, Maldives, Philippines, SriLanka,
Thailand, Turkiye and Viet Nam (marine only); Europe: Norway (marine only),
Spain, and United Kingdom of Great Britain and Northern Ireland (marine only);
Oceania: CookIslands, Fiji, Kiribati, Samoa, Tonga, Tuvalu and Vanuatu.



Extended Data Table 1| Absolute contributions of small-scale fisheries

Region Catch (in tonnes) Micronutrients (average contribution to dietary People employed Women employed Livelihoods
micronutrient intake, %) (Marine and Inland) {Marine and Inland) {Marine and Inland)
Marine Inland Marine Inland
Africa 3,143,100 (2,399,426 - 3,090,970 (2,611,182 - 22.9% 32.0% 8,960,421 2,646,206 59,567,680
4,117,268) 3,658,915) (0.7 -75.6) (1.8-80.1) (7,857,891 - (2,251,226 - (53,015,050 -
10,062,950) 3,041,187) 66,120,310)
Americas | 5,017,453 (3,601,103 - 582,341 15.2% 13.5% 3,600,148 1,179,244 17,685,637
6,990,868) (362,482 - 935,555) (1.1 53.1) (4.5-43.3) (2,874,468 - (906,658 - (14,572,992 -
4,325,828) 1,451,831) 20,798,292)
Asia 15,685,351 (11,445,697 - 7,993,883 (3,442,211 - 16.8% 24.1% 46,132,988 16,516,120 403,885,600
21,495,437) 18,564,276) (2.2-53.3) (9.2-47.7) (40,471,300 - (14,521,780 - (370,896,300 -
51,794,680) 18,510,470) 436,874,900)
Europe 861,141 408,225 8.1% 3.3% 978,383 357,528 4,241,897
(405,343 - 1,829,472) (50,523 - 3,298.452) (0.3-22.2) (0.1-12.4) (646,449 - (220,627 - 494 432) (3,214,339 -
1,306,964) 5,269,455)
Oceania 392,693 107,856 35.6% 41.7% 528.788 160,250 6,357,078
(68,229 - 2,260,161) (10,672 - 1,090,091) (6.5 -67) (28.9 - 51.6) A (138,017 - 178,889) (5,677,427 -
(472,279 - 573,684)
6,418,126)
GLOBAL | 25,099,739 (20,231,912 - 12,183,276 (6,840,205 - 17.7% 20.0% 60,200,729 20,859,349 491,737,892
31,138,772) 21,699,965) (1.5 -53.6) (4.6 - 46.5) (52,322,387 - (18,038,307 - (447,376,108 -
68,064,106) 23,676,808) 535,481,083)

Global and regional contributions of marine and inland small-scale fisheries for catch, micronutrients, employment, livelihoods and women’s employment. Total and women’s employment
include pre-harvest, harvest and post-harvest activities. Livelihoods include employed/subsistence fishers plus partial or fully dependent household members. In parentheses 95% confidence
intervals are shown for catch, employment and livelihoods. Micronutrient values are the average contribution to dietary intake of six micronutrients (calcium, iron, selenium, zinc, omega-3
fatty acids, vitamin A) for coastal populations, where uncertainty is the lowest and highest value for individual micronutrients. Although fatty acids are not defined as micronutrients, because
the Rl (recommended intake) for omega-3 fatty acids that are concentrated in aquatic foods (EPA and DHA) is within the micronutrient range, here we refer collectively to all six nutrients as
micronutrients.
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Extended Data Table 2 | Summary of other initiatives aimed at estimating global small-scale fisheries (SSF) catch

approach used

operational) definitions of SSF.
Data was compiled from 58
CCS (68% of global capture
production). Although most data
came from official sources
(68% and 88% for marine and
inland respectively), other data
and approaches were
considered. Catches from 58
CCS were extrapolated to
global levels.

within “inshore fishing
areas’, defined as shelf
area ranging from
shoreline to 50 km in
distance or 200 m in
depth, whichever
comes first

subsistence fisheries.
FAO FishStat global
capture production
database was used as
a basis, with figures
augmented or allocated
to estimate SSF catch

information from 17
case studies to derive
a global picture of
inland and marine
capture fisheries

built on household expenditure
and consumption surveys from
42 countries was used. An
extrapolation model was
developed to derive a global
estimate

Using a river basin
approach, the reported
catches for different fishery
components were
compiled to give a basin
estimate. FAO FishStat
inland fisheries catch data
for countries outside of the
basins were added to give
a final value

This study Bottom-Up, Global Sea Around Us Hidden Harvest Global hidden harvest of A review of major river Putting the fish into
Estimates of Small- Database freshwater fish revealed by basins and large lakes inland fisheries — A
Scale Marine household surveys relevant to inland global allocation of
Fisheries Catches fisheries historic inland fish
catch
Marine Inland Marine Marine Marine Inland Inland Inland Inland
SSF Catch 25.10 mt 12.18 mt 21 mt 27.4 mt 34 mt 14 mt 16.6 mt 15.2mt 17.4 mt*
Year 20132017 2000 2013-2017 2004-2007 Range: 2008 {(median year) 78% of catch (1960-2018 1960-2018
rivers, 1980-2018 lakes)

Working Country and territory case study | Study assumed SSF Study covered Study used national Study only covered inland Study only covered inland Similar approach than

definition of (CCS8) experts used the activities in each commercial SSF definitions of SSF fisheries, with all assumed to fisheries, with all assumed | Ainsworth etal. 2021,

SSF and national (legal and/or country take place (named artisanal) plus and compiled be SSF. A modeling approach to be small-scale fisheries. | butincluding a model to

calculate upper and
lower range catch
estimates and the
literature

Input data/
information and
extrapolation

CCS in 58 countries and
termritories and extrapolated to
196 countries and termitories

~84 country case
studies with catch data
available; extrapolation
to 140 countries using
a modeling approach

204 countries and
temitories; based on
FAO FishStat data and
adjusted or
reconstructed for catch
not reported in official
data

17 developing and 11
developed countries
extrapolated to global
level, using fixed
assumptions

Consumption data from 42
countries extrapolated

to 38 additional countries (total
80), representing 93.4% of
global catch reported to FAO
in 2008

Global estimate compiled
from research data of
fisheries within a basin for
major hydrological basins;
FAO FishStat data used for
countries that lie outside
major basins

Same than Ainsworth et
al. 2021

Reference

This study

Chuenpagdee, R.,
Liguori, L., Palomares,
M.LD. & Pauly, D.
2006. Bottom-up,
global estimates of
small-scale marine
fisheries catches.

Zeller, D. et al. 2016.
Still catching attention:
Sea Around Us
reconstructed global
catch data, their spatial
expression and public
accessibility. Marine
Policy, 70: 145-152

World Bank. 2012.
Hidden harvest: the
global contribution of
capture fisheries.
Washington, DC.

Fluet-Chouinard, E., Funge-
Smith, S. & Mcintyre, P.B.
2018. Global hidden harvest of
freshwater fish revealed by
household surveys.
Proceedings of the National
Academy of Sciences of the
United States of America,
115(29): 7623-7628

Ainsworth, R., Cowx, 1.G. &
Funge-Smith, S.J. 2021. A
review of major river
basins and large lakes
relevant to inland fisheries.
FAO Fisheries and
Aguaculture Circular No.
1170. Rome, FAO.

Ainsworth, R., Cowx,
I.G. & Funge-Smith,
$.J. 2023. Putting the
fish into inland fisheries
— A global allocation of
historic inland fish
catch. https://doi.org/1
0.1111/faf.12725

*As mentioned by the authors, this figure is considered a likely maximum due to recent reductions in catches because of closures, threats, and fisheries declines in the most productive fisheries.




Extended Data Table 3 | Small-scale fisheries (SSF) supply, aquatic food consumption and contribution to daily intake of 6
micronutrients for coastal populations in 177 countries, averaged by region and marine or inland sectors

SSF available Aquatic SSF SSF contribution to total dietary micronutrient intake, %  Catch  Dietary
food intake  contribution retained population
to aquatic locally*  (million)
food intake
| 'g/day/person | g/day/person '% rAverage Calcium Iron Omega Selenium Vitamin A Zinc'% '<20km of
3 SSF
Inland | 97.1 329 76.9 320 225 123804 |60 |18 189/840 146
Africa
Marine| 68.1 434 60.8 229 139 95 756 262 07 116570 4809
Inland | 215.5 21.7 446 135 |54 7.7 |433 |134 |45 70 |820  l069
Americas
Marine| 45.1 248 65.1 152 62 81 5314 147 1.1 77 |880 |84
Inland | 614.1 386 56.9 241 197 120477 |377 o2 184|960 3506
Asia
Marine| 86.8 434 53.1 168 96 69 533 204 22 g4 (900  lg5738
Inland | 4.6 325 12.1 33 0.6 05 57 124 01 05 |- 784
Europe
Marine| 12.8 352 39.0 8.1 1.8 19 202 222 03 20 /380 1564
Inland | 400.6 217 537 M7 445 358516 510 289 387 - 3.8
QOceania
Marine| 238.0 39.1 84.9 356 298 200670 475 65 327990 249
Inland | 235 318 496 200 14 92 465 328 46 127/873 7849
Global mean |\ ine 698 371 575 177 10 86 536 231 15 97 (704 14748
Global | 149.2 34.6 53.7 188 119 892502 278 3 11.2/789  2,259.7

Contributions to required nutrient intake (RNI) or aquatic food consumption are capped at 100% (e.g. for Oceania where small-scale fisheries supply exceeds consumption rate). Inland populations
in Oceania were not detectable as there were no large water bodies in that region in our spatial analysis. Aquatic food consumption from Global Dietary Database (2018). *Catch retained locally
was only available for country case studies (CCS).
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Extended Data Table 4 | Global and regional landed value

(in USD billion; generated by multiplying catch and first-sale
price) for marine and inland small-scale fisheries including
country case studies and extrapolations

Region Landed value (USD billion)
Marine Inland

Africa 4.25 (3.99 - 4.49) 5.66 (5.05 - 6.22)
Americas 9.83 (9.21 - 10.41) 0.81 (0.73 - 0.89)
Asia 41.38 (37.98 - 44.51) 11.97 (10.42 - 13.33)
Europe 2.04 (1.92 - 2.15) 0.59 (0.52 - 0.66)
Oceania 0.61 (0.56 - 0.65) 0.016 (0.013 -0.018)
GLOBAL 58.11 (53.66 - 62.23) 19.05 (16.73 - 21.11)

In parentheses 95% confidence intervals are shown.
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