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Introduction
This study provides a systematic quantitative global analysis of the multi-dimensional contributions of small-scale fisheries to sustainable development. It presents data at an unprecedented resolution on: (a) small-scale fisheries capture including the catch composition; (b) local contributions to nutrient supply; (c) number of livelihoods supported by this catch, including (d) the importance of women in the sub-sector; and (e) the governance potential for fishers.
A transdisciplinary approach allowed for a systematic analysis of more than 2,000 small-scale fisheries in 58 countries and territories (when needed for brevity we only use the word ‘ countries,’ particularly in the main text) (Extended Data Figure 6), representing about 69% and 63% of the global marine and inland catch respectively (according to FAO FishStat data, average values for 2013-2017), as well as of a number of databases and supplementary data, which were used to extrapolate key global estimates. Linking different types of data (e.g., species, gear types, price, women employment, co-management policies) provided new ways to understand small-scale fisheries contributions and much-needed regional and global baseline knowledge. Involvement of ca. 800 in-country stakeholders and experts within an academic-practitioner-United Nations partnership1 ensured the work was well aligned with the global research and policy agenda on small-scale fisheries.  
The data and methodology presented below were produced within the framework of the Illuminating Hidden Harvests (IHH) Initiative conducted by FAO, Duke University and WorldFish. Data were collated from different data sources applying specific methodologies described below and in FAO-Duke University-WorldFish1, for the exclusive purpose of the IHH study. Therefore, data is not to be considered official country data and does not replace the information provided in official FAO data systems.
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Glossary
	Term
	Definition

	Catch
	Catch figures refer to “nominal catch”, which is defined as the live weight equivalent of the landings (i.e. landings on a round, fresh basis; landings on a round, whole basis; or landings on an ex-water weight basis), excluding discards2.

	Country case
studies (CCS)
	Data collection instruments for estimating measures for the key indicators to accurately describe small-scale fisheries at country or territory level. The CCS provided the basis for disaggregation between small- and large-scale fisheries, as well as for global extrapolations of key indicators. These case studies harnessed existing data from the best available sources at national, subnational and/or local levels, and ensured comparability across countries and territories as defined by the United Nations. When needed, for brevity we only use the word 'countries.’ This is particularly applicable to the main text. 

	Dependent livelihoods
	Partially dependent livelihoods: all members of a household where at least one member is employed in small-scale fisheries or engaged in subsistence fishing.

Fully dependent livelihoods: the total number of household members who are solely dependent upon employment in small-scale fisheries, calculated as the proportion of employed household members who are participating in small-scale fisheries, multiplied by the total number of household members3-5.

	Devolution of tenure rights
	Refers to when fishing authorities grant management, exclusion and/or transferability (also called withdrawal) rights to individuals, groups and/or communities over the catch or any other aspect of the fishery as well6.

	Employment (full-time, part-time, occasional)

	All persons of working age who, during a short reference period (typically the week prior to a survey interview), were engaged in any activity to produce goods or provide services for pay or profit. This covers (i) employed persons “at work”, i.e. who worked in a job for at least one hour during the reference period; and (ii) employed persons “not at work” due to temporary absence from a job, or to working-time arrangements (such as shifts in work, flexitime and compensatory leave for overtime). The definition includes both part and full-time employment in order to capture seasonal variation. Employed persons are typically engaged in market-oriented activity, selling the majority of the product (though in some cases consuming a portion of their catch)3-5.

	Fish
	The term includes fin-fish, crustaceans, molluscs, and other aquatic invertebrates in this study.

	Functional group (of species)
	A group of species sharing ecological, taxonomic and/or economic characteristics. The functional groups of this study were based on a combination of pre-existing species classification schemes (International Standard Statistical Classification of Aquatic Animals and Plants (ISSCAAP) Division, ISSCAAP Group, FAOSTAT Group of Commodities, and Central Product Classification) and some individual adjustments, where necessary, to add or remove species from a functional group, based on IHH team expert opinion.

	Landed value
	Ex-vessel/first value of amount of production being landed/sold. 

	Micronutrient supply
	The quantity of dietary nutrients contained in the edible portion of landed catch.  We focus on six nutrients essential to health (calcium, iron, selenium, zinc, vitamin A, omega-3 fatty acids). Although fatty acids are not defined as micronutrients, because the RI (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.

	Small-scale fisheries
	The definition of small-scale fisheries varies considerably in different countries, but generally includes low-technology, low-capital, labour-intensive fishing practices. Often, the term artisanal is used to refer to small-scale fisheries. In the context of this study, the term small-scale fisheries refers to the whole value chain of pre-harvest, harvesting and post-harvest activities, including subsistence fisheries and excluding recreational fisheries. For country case study data collection, the most common definition (e.g. legal or operational) for small-scale fisheries in each country or territory was used.









A. General Research Design and Data Collection Process

A1 Selection of Indicators
Preliminary identification of indicators was achieved at the project's inception workshop convened by FAO in Rome in 2017 with about 40 external experts from the fields of fisheries biology and ecology, nutrition and food security, fisheries social sciences, and sustainable development from around the world. Experts also included relevant FAO technical staff from the Fisheries and Aquaculture Division, Statistics Division, and the Food and Nutrition Division. This workshop made evident that data on small-scale fisheries did exist but was found within individual countries so creating a coherent research strategy and systematic data gathering tool would be needed to gain a global picture of small-scale fisheries contributions to sustainable development. Literature reviews of peer-reviewed and gray literature, ad hoc searches and expert queries allowed further refinement of key indicators and a more complete understanding of data availability and needs7. Available data was organized into global or regional (e.g., FAO Food Balance Sheets), subregional (e.g., national fisheries accounting datasets, household income and expenditure surveys, labour force surveys), and local or context-specific (e.g., local case studies). A second workshop in May 2018 at the University of Washington with an additional 12 experts produced the criteria for country selection and a final list of indicators for data collection in those countries. Table A1 shows the indicators used in this paper with their corresponding definitions.

Table A1. Main indicators and their definition by dimension.

	Indicator 
	Definition

	FOOD AND NUTRITION INDICATORS

	Fish supply from domestic small-scale fisheries
	The volume of fish available for human consumption from domestic small-scale fisheries over a period for a specific population.

	Omega-3 fatty acid contribution from small-scale fisheries
	The supply of omega-3 fatty acids from fish over a specific period for a specific population.

	Micronutrient supply     from small-scale fisheries
	The supply of micronutrients (specifically vitamin A, calcium, iron, zinc,  selenium and Omega-3 fatty acids) from fish over a specific period of time for a specific population. Fatty acids are not defined as micronutrients. However because the RI (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.

	Distribution of nutritional benefits
	The proportion of the supply from fish (or protein and/or micronutrients from fish) available to segments of the population that are vulnerable in terms of income and gender.

	PRODUCTION AND ENVIRONMENTAL INDICATORS

	Catch
	Volume of fish (in tonnes) caught by fishing operations and landed, by taxonomic level and disaggregated between marine, inland, small- and large-scale fisheries. Catch defined as nominal catch: the live weight equivalent of the landings (i.e. landings on a round, fresh basis; landings on a round, whole basis; or landings on an ex-water weight basis, excluding discards). 

	ECONOMIC INDICATORS

	Employment
	All persons of working age who engage in any activity to produce goods or provide services for pay or profit, including harvesting (e.g. removing or collecting live wild aquatic organisms from oceanic, coastal or inland waters), pre-harvest (e.g. building of ships and floating structures, repair of equipment) and post-harvest activities (e.g. processing and preserving of fish, crustaceans and mollusks; wholesale of fishery products; and retail sale of aquatic products). This includes both part- and full-time employment in order to capture seasonal variation. 

	Subsistence fishing
	Also defined as “working for own consumption”: individuals of any sex and age who carried out an activity at least once over the previous 12 months to produce fish for their own final use, with no transaction occurring in the marketplace. By definition, subsistence fishing is considered here to include only small-scale fisheries activities.

	Dependent livelihoods
	Total dependent livelihoods (partial): all members of a household where at least one member is employed in small-scale fisheries or engages in subsistence small-scale fishing.
Total dependent livelihoods (full): total number of household members who are solely dependent upon employment in small-scale fisheries. The calculation of sole dependence on SSF involves multiplying the total number of household members by a scaling factor. This scaling factor accounts for the proportion of individuals within the household engaged in SSF relative to the total people employed in the household

	Landed economic value
	The first sale value of the catch, calculated by multiplying the ex-vessel price by landed catch weight (essentially capturing an average of the economic value of the catch).

	Price of catch
	Ex-vessel prices (USD), i.e. the prices that fishers receive for their catch (per tonne), or the price at which fish are sold when they first enter the supply chain of aquatic products. 

	GOVERNANCE INDICATORS

	Management rights
	The right to regulate internal use patterns and transform the resource by making improvements.

	Exclusion rights
	The right to determine who will have an access right, and how that right may be transferred.

	Transferability rights
	The right to sell or lease either or both of the above collective choice rights. Also known as alienation rights.


Source: Modified from Mancha-Cisneros et al. (2023)8.


A2 Country prioritization criteria
A prioritization approach was developed to select candidate countries for country case studies. Following this scheme, countries were prioritized according to different criteria, including their contributions to global fisheries catch, small-scale fisheries catch and employment in fisheries, as well as the role of fisheries within countries, e.g. looking at catch per capita and the importance of fish in the diet. This way, the selection criteria allowed prioritizing both countries with high absolute contributions to global fisheries indicators and countries where, despite low global contributions, fisheries played an important role.  

Available data from various sources (Table A2) was used to order and rank countries according to the different criteria and to allocate them into four tiers, with Tier 1 including priority countries and Tier 4 including countries of lowest importance according to the criteria applied and available data. 


Additional selection criteria to refine the final list of candidate countries were added to help retain a balanced representation with regards to geographic diversity and the Human Development Index (HDI), which summarizes the average achievement encompassing conditions of life expectancy, education, and a decent standard of living. Expert knowledge was also used to make sure that important countries that were not prioritized as Tier 1 by the data-based selection (e.g., for limitations related to data availability/quality) were still included in the study. A summary of the country prioritization approach is provided in Table A2.
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Table A2. Summary of criteria, rationale, indicators, and decision rules for the prioritization of candidate countries to be included in the IHH study. 

	Criteria
	Rationale &
Indicators for evaluation
	Decision Rule for Country Tier Identification

	1. Contribution of countries  to global fisheries production
	Rationale: Accounting for countries contributions to global capture fisheries production.

Indicator: Percent contribution of countries’ fisheries production to global fisheries production (marine and inland; tonnes, 2015, FAO 20179).
	Based on available data, the percent contribution of countries to global fisheries production, global small-scale fisheries production and global employment in fisheries was calculated and cut-offs based on cumulative percentage were established to allocate countries to different tiers (the process was done for marine and inland fisheries indicators separately): 

Tier 1: Top contributing countries making 80% of the cumulative percentage for either global fisheries production, global small-scale fisheries production and/or global employment in fisheries.
Tier 2: Countries making the next 10% (between 81 % and 90 %) of the cumulative percentage for either global fisheries production, global small-scale fisheries production and/or global employment in fisheries. 
Tier 3: Countries making the next 5% (between 91%t and 9 %) of the cumulative percentage for either global fisheries production, global small-scale fisheries production and/or global employment in fisheries.
Tier 4: Countries making the next 5% (between 96% and 100%) of the cumulative percentage for either global fisheries production, global small-scale fisheries production and/or global employment in fisheries.

	2. Contribution of countries to global small-scale fisheries productiona
	Rationale: Accounting for countries’ contribution   to global small-scale fisheries production.

Indicator: Estimated percent contribution of countries’ small-scale fisheries production to global small-scale fisheries production from Sea Around Us Project (SAUP 2016 for marine; tonnes, 2010 data) 10

aThis indicator was only applied to marine SSF as for the purpose of country selection inland fisheries were assumed to be 100% small-scale.
	

	3. Contribution of countries to global employment in the fisheries sector 
	Rationale: Accounting for countries’ contribution to global employment in the fisheries sector. 

Indicator: Percent contribution of number of fishers by country to global employment in fisheries (marine and inland; Source FAO 201611 Funge-Smith 201812. 
	

	4. Contribution of fisheries production within- country
	Rationale: Accounting for the relative importance of fisheries production within countries.

Indicator: Global capture fisheries production per capita (kg/cap/yr, 2015; Source: FAO 2017b9; UN/DESA 2015: https://population.un.org/wpp/) for marine and inland
	Countries were ranked according to their contribution for each indicator under criteria 4 to 7, from highest to lowest. Then, the average country ranking across all the indicators was calculated and cutoffs based on average ranking were established to allocate countries to the different tiers (the process was done for marine and inland fisheries separately, except for indicator 7):

Tier 1: The top ten ranking countries (for marine and inland fisheries separately).
Tier 2: Countries ranking between 11 and 20 (for marine and inland fisheries separately).
Tier 3: Countries ranking between 21 and 30 (for marine and inland fisheries separately).
Tier 4: Remaining countries.

	5. Contribution of SSF production within- countrya
	Rationale: Accounting for the relative importance of SSF production within countries.

Indicator: Estimated SSF capture fisheries production per capita (kg/cap/yr, 2015; Source: SAUP 2016 for marine; tonnes, 2010 data10, UN/DESA 2015: https://population.un.org/wpp/). 
 aThis indicator was only applied to marine SSF as for the purpose of country selection inland fisheries were assumed to be 100% small-scale. 
	

	6. Contribution of employment in fisheries to total countries employment
	Rationale: Accounting for the contribution of employment in fisheries to total employment within countries. 

Indicator: Percent contribution of fishers to total country labour force (marine and inland; Source: FAO 201611; Funge-Smith201812; World Bank 2023: https://data.worldbank.org/indicators/SL.TLF.TOTL.IN)
	

	7. Contribution of fish protein to diet
	Rationale:  Accounting for the contribution of fish protein consumption per capita in countries.

Indicator: Percent protein supply from fish products (g/capita/day, 2013; Source = FAO 2017b9).
	

	8. Human Development Index Diversity
	Rationale:  Ensuring the countries chosen from the previous indicators yield a minimum number of countries in each quartile.

Indicator: Human Development Index (2016) which encompasses average conditions of life expectancy, education, and a decent standard of living: https://hdr.undp.org/data-center/human-development-index#/indices/HDI)
	This criterion was added to ensure that representation of Tier 1 countries within each quartile is balanced.

	9.Geographic diversity
	Rationale: Ensuring there is no underrepresented geographic stratum

Indicator: World sub-regions
	This criterion was added to ensure that for Tier 1, at least one country from each of the 18 relevant sub-regions was included.

	10. Expert knowledge
	To make sure that important countries that were not prioritized as Tier 1 by the data-based selection (e.g. for limitations related to data availability/quality) are included in the study,



A2.1 Application of Criteria Described in Table A2 and final selection of countries
Countries were allocated to the different Tiers applying criteria 1-3 and 4-7 (and related decision rules) in parallel. In some cases, the selection process led to allocation of the same country to different Tiers according to criteria 1-3 and 4-7, respectively, and, by default, countries were finally assigned to the highest Tier. This allowed prioritizing countries where absolute importance of fisheries was found to be high (i.e. countries with high percent contributions to global catch and/or employment) as well as countries where absolute contributions of fisheries were not high, but their relative importance within the country was (i.e. high per capita production and/or high relative employment in fisheries). After application of criteria 1-3 and 4-7, the list of prioritized countries was reviewed and a few ad-hoc adjustments were made to improve geographic balance and to include important countries due to expert judgment. As a last step, in-country experts to conduct the country case studies in the priority countries were sought. In certain cases, it was not possible to find available and suitable in-country experts in priority countries (e.g., Malaysia, Myanmar, Kazakhstan, Cambodia, Finland, Russia, Iceland, Yemen, Democratic People’s Republic of Korea Canada, New Zealand, Turks and Caicos, Japan, Denmark, Faroe Islands, Pakistan), and these were substituted with countries from subsequent Tiers. 

A2.2 Considerations on Selection Criteria and Decision Rules
As indicated in Table A2 expert knowledge was also used to make sure that important countries that were not prioritized as Tier 1 by the data-based selection (e.g. for limitations related to data availability/quality) were included in the study. If a country expert within the list of Tier 1 could not be identified or was available to participate in the study, countries within Tiers 2, 3, and 4 were prioritized in that order (e.g., Malaysia, Myanmar, Kazakhstan, Cambodia, Finland, Russia, Iceland, Yemen, Democratic People’s Republic of Korea, Canada, New Zealand, Turks and Caicos, Japan, Denmark, Faroe Islands, Pakistan).  Six more countries were added in an opportunistic manner (i.e., a country case study author was available for a geographic region with poor country representation).
For marine fisheries, taking into account total catch and SSF catch allowed for inclusion of countries where fisheries were an important sector responsible for most biomass removals, and those countries where total catch might not be that important but SSF catch is.

There was good overlap among countries selected according to criteria 1 to 3 independently (Table A2). On the other hand, the overlap among countries selected according to indicators 4 – 6 independently would have been very low. For this reason, the average ranking across indicators was used as an alternative to select countries for these criteria (as summarized in Table A2). This approach allowed the selection of countries where the relative contribution of fisheries was high when considering all indicators at once. Tables A3 to A6 below provide additional descriptive statistics showing overall representation of countries in a number of indicators of interest.

In-country experts estimated how much of the total national catch was represented in the reported data. Data was validated through a thorough quality assessment process that included training sessions to all in-country teams on the IHH methodology and iterative feedback and communication throughout the data collection process. Compiled data were thoroughly screened by a five-person team to ensure quality, completeness, coherence, and clarity.


























Table A3. Sub-regional representation of countries included in the study.

	Region
	Sub-region
	Marine
	Inland

	Africa
	Eastern Africa
	5
	7

	Africa
	Middle Africa
	3
	4

	Africa
	Northern Africa
	2
	1

	Africa
	Southern Africa
	1
	1

	Africa
	Western Africa
	9
	6

	Americas
	Caribbean
	4
	0

	Americas
	Central America
	1
	1

	Americas
	Northern America
	2
	0

	Americas
	South America
	4
	3

	Asia
	Central Asia
	0
	0

	Asia
	Eastern Asia
	1
	1

	Asia
	South-eastern Asia
	4
	4

	Asia
	Southern Asia
	5
	3

	Asia
	Western Asia
	1
	1

	Europe
	Eastern Europe
	0
	0

	Europe
	Northern Europe
	2
	0

	Europe
	Southern Europe
	1
	1

	Europe
	Western Europe
	0
	0

	Oceania
	Australia and New Zealand
	0
	0

	Oceania
	Melanesia
	2
	2

	Oceania
	Micronesia
	1
	0

	Oceania
	Polynesia
	4
	3

	TOTAL
	52
	38






Table A4. Importance of fish in the diet of countries included in the study.

	Categories of % of protein from fish in diet (based on quartiles)
	Marine
	Inland

	high
	21
	15

	medium high
	9
	6

	medium low
	11
	9

	low
	5
	5

	No data
	6
	3






Table A5. Human Development Index (HDI) of countries included in the study.

	Categories for HDI Index (based on quartiles)
	Marine
	Inland 

	high
	6
	2

	low
	13
	13

	medium high
	13
	9

	medium low
	17
	12

	No data
	3
	2



















Table A6. Total global and sub-regional data coverage for catch and number of fishers for countries included in the study.

	Region
	Sub-region
	Percentage of global marine production (FAO, 2017b)
	Percentage of global marine SSF production (SAUP 2016)
	Percentage of global marine fishers (FAO, 2016)
	Percentage of global inland production (FAO, 2017b)
	Percentage of global inland fishers and post-harvest workers 
(FAO, 2016; Funge-Smith, 2018)

	Africa
	Eastern Africa
	0.6
	1.6
	2.0
	10.5
	2.6

	Africa
	Middle Africa
	0.1
	0.3
	0.1
	3.4
	2.2

	Africa
	Northern Africa
	1.8
	0.2
	3.3
	2.1
	0.2

	Africa
	Southern Africa
	0.7
	0.2
	0.1
	0.0
	0.0

	Africa
	Western Africa
	2.2
	6.3
	3.7
	5.1
	5.1

	Americas
	Caribbean
	0.2
	0.0
	0.1
	NA
	NA

	Americas
	Central America
	1.6
	2.7
	0.9
	1.3
	0.2

	Americas
	Northern America
	6.5
	7.2
	1.1
	NA
	NA

	Americas
	South America
	9.7
	10.7
	4.5
	2.5
	0.9

	Asia
	Eastern Asia
	18.8
	18.4
	15.8
	19.9
	3.1

	Asia
	South-eastern Asia
	14.9
	15.6
	28.5
	8.0
	13.6

	Asia
	Southern Asia
	6.4
	9.3
	15.5
	10.3
	2.7

	Asia
	Western Asia
	0.5
	0.2
	0.3
	0.3
	0.0

	Europe
	Northern Europe
	3.7
	1.5
	0.1
	NA
	NA

	Europe
	Southern Europe
	1.2
	0.1
	0.2
	0.1
	0.0

	Oceania
	Melanesia
	0.1
	0.2
	0.0
	0.0
	0.0

	Oceania
	Micronesia
	0.2
	0.1
	0.0
	NA
	NA

	Oceania
	Polynesia
	0.0
	0.1
	0.0
	0.0
	0.0

	Grand Total
	69.1
	74.8
	76.3
	63.4
	30.5





A3 Who collected the data in each country?
Data was collected by in-country and international experts in small-scale fisheries for each of the countries included in the study. Expert teams were diverse in terms of professional sectors including academia, non-profit and civil society organizations, government officials, and independent researchers (Figure A3). The total number of experts was 259 (63% male and 37% female). Often national teams additionally consulted with other experts to complete the information required. Therefore the total number of experts involved in data collection came to be over 543 (70% male, 30% female).
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Figure A3. National expert teams composition by profession/sector, including lead expert, other experts, and research assistants.




A4 Definition of small-scale fisheries
This study is anchored on the FAO Voluntary Guidelines for Securing Sustainable Small-Scale Fisheries in the Context of Food Security and Poverty Eradication (SSF Guidelines herein), which represent the only global instrument on small-scale fisheries that has been negotiated and endorsed through a multilateral process. The SSF Guidelines do not prescribe a definition of what is meant by 'small-scale fisheries', but they indicate that their objectives should be achieved by ‘placing emphasis on the needs of developing countries and for the benefit of vulnerable and marginalized groups’ (FAO 2015, Paragraph 1.213). For this study, these latter groups have been interpreted to be included within subsistence small-scale fisheries, but not recreational fisheries. Only small-scale capture fisheries were included in our analysis, excluding recreational fisheries, aquaculture systems and integrative systems (e.g. rice-fish systems). 

'Recreational fisheries' were defined as “fishing of aquatic animals (mainly fish) that do not constitute the individual’s primary resource to meet basic nutritional needs and are not generally sold or otherwise traded on export, domestic or black markets.” following FAO Technical Guidance on recreational fisheries (FAO, 2012)14, section 1.1 https://www.fao.org/3/i2708e/i2708e00.pdf). Based on the above, it could be argued that recreational fishing, in general, requires a reasonable degree of economic 'development' in order to exist and therefore be distinct from subsistence fisheries. However, we recognize that SSF exists alongside recreational fishing for household food provision (especially in inland waters), and that the crossover between occasional fishing for household food and recreational fishing represents a “fuzzy boundary” in the transition between capture fisheries as a livelihood strategy versus a form of recreation, particularly in middle-income countries15. Future studies should include recreational fishing to better understand how they can contribute to local economies and complement commercial or subsistence fishing activities. Importantly, recreational fishing also involves many individuals, beyond those typically accounted for in estimates of small-scale fisheries. The numbers are variable with estimates ranging from 140 million across North America, Europe and Oceania14 to a global figure of around 700 million14.

There is certainly some overlap between retained recreational catches with small-scale fishery catch estimates for middle and low income-countries and such recreational catches are also not typically included in catch reports to FAO. This does indicate that there is additional hidden catch in inland fisheries from recreational activities. The actual retained catch from recreational fisheries is extremely challenging to estimate, and there are currently no published, credible global estimates. Even if these were available, in most cases it would not be possible to determine the extent to which these overlap with the small-scale fishery catch extrapolations obtained in this study (see section B1), especially in low- and middle-income countries. In consideration of this, estimates of recreational catches are not included in this study.

Following the SSF Guidelines13, we did not prescribe a standard global definition of capture small-scale fisheries due to the vast diversity and complexity of the sub-sector in different countries. The colloquial definition often used for small-scale fisheries is based on technological metrics, often including vessels of less than 12 m in length (i.e., excluding trawling and purse seine fishing). Our rationale to avoid the use of technological metrics such as vessel size or gear type is that in some cases legitimate small-scale fisheries might be excluded (e.g., fishers without a vessel) or large-scale operations might be included as part of the small-scale fishing fleet. To avoid reifying dominant notions about what small-scale fisheries are, in-country experts provided data based on the most common definition (e.g., legal or operational) for the sub-sector adopted in their country. This allowed flexibility to determine which fisheries would be covered in each country and how data would be best organized at the fleet level to suit the country’s context (i.e., based on geographic location, ecosystem type, gear or vessel types, or species targeted). The unit of assessment used was the “fishery unit”. Because the same metadata about each fishery unit was collected, regardless of how each fishery unit was initially defined (see section A5), it was possible to account, prevent double counting, and build global estimates for the variables of interest.


A5 The fishery unit concept
We used the concept of a “fishery unit” as a unit of assessment for specific indicators for which data existed aggregated at or above species-level. Fishery units were the units for data collation within the country case studies (CCS), allowing the connection between catch data and when possible, the rest of the dimensions (landed value, governance, catch use, and when possible, employment). Fishery units constituted a relatively homogenous group of fishing activity in terms of the characteristics relevant for grouping fisheries and were defined by in-country experts. The unit of aggregation was chosen according to the type of management and available information, and fishery units could be composed of single or multiple fisheries that vary from one another in characteristics relevant to the country’s small-scale fisheries sector (e.g. a given specific location within the country, gear types or fishing methods primarily used, vessel types, species or groups of species) or because they differed on how catch data was originally aggregated (e.g. by fishing fleet). 
The organization of species and fleet data into fishery units was determined by each in-country expert team at their own discretion and following the characteristics that best suited the data collection protocol and the restrictions in their data. Fishery units were classified as marine or inland within each country. There was no general rule for distinguishing fishery units occurring in estuarine and other brackish areas (which can include species associated with marine or inland waters, or both in the case of diadromous fishes). Consequently, fisheries occurring in these areas were classified as either inland or marine by in-country experts depending on the local definitions and knowledge of the fisheries. Hence, there are a number of species with catches occurring in both inland and marine waters. Depending on the country, fishery units made reference to one or more of the following: 

· Target fish species, groups of species, or stock (including its geographic area or location); 
· Fishing method, gear and/or vessel type; 
· Fishing fleet/groups of vessels or individual fishing operators pursuing the fishing operation(s). 

Below we provide examples of how fishery units have been characterized across case studies.
Example 1. Spain (marine): In the case of Spain, a fishery unit is generally defined as the set of fishers who belong to the same region and conduct their fishing activity using a particular fishing gear. Considering that regions are the competent authority in small-scale fisheries management and are fairly similar from an ecological point of view (with the exception of Andalucía), fishery units were first characterized using regions. In regions where landings data was available per fishing gear, fishery units were also divided by gear. A total of 56 marine fishery units were characterized in Spain.
Example 2. Fiji (Marine): In the case of the marine small-scale fisheries in Fiji, a fishery unit is characterized slightly differently depending on the targeted biological group (invertebrates vs. fin-fish). As invertebrates are typically taken by gleaning and are specifically targeted, fishery units are in this case defined by species or group of similar species. Since fin-fish fisheries are less selective, fishery units targeting fin-fish are defined by fishing gear instead of taxa. In both cases, fishery units have been then disaggregated by catch use to differentiate subsistence vs. artisanal fisheries per taxa (invertebrates) and gear (fin-fish). This characterization generated a total of 40 fishery units in Fiji. 
Example 3. Kenya (Inland): In the case of the inland small-scale fisheries in Kenya, fishery unit is defined by target species. Since most freshwater species traverse the main inland water bodies, geographical factors were not considered in the characterization. A total of 15 fishery units were characterized, with around half of the fishery units at the species level and the other half by group of similar species.
Example 4. Bangladesh (Inland): In the case of inland small-scale fisheries in Bangladesh, fishery unit is defined by ecosystem. Five main types of inland aquatic ecosystems were distinguished in Bangladesh: Rivers and estuaries, the Sundarbans mangrove forest, beels (lake-like wetland that accumulates surface runoff water through internal drainage channels), the Kaptai lake and floodplains (low-lying crop lands that remain inundated during monsoon). Each ecosystem represents a fishery unit, although rivers and beels were divided into two to differentiate particular taxa: the hilsa (Bangladesh´s national fish) in rivers, and major carps in beels. Hence, a total of seven inland fishery units were characterized in Bangladesh.


A6 Obtaining national estimates 
A6.1 Catch data cleaning and harmonization
For the indicators of nominal catch and ex-vessel price, data were requested for the five most recent years (from 2013 to 2017, if possible). This dataset constituted the basis for the calculation of the catch, landed economic value, and the basis for their extrapolation to the global level. Data went through a thorough diagnostic process to detect outlier data points, assessment of identified discrepancies, gap filling when reasonable, and corrections when necessary. 

Whenever possible, catch data were compiled at the species level and organized according to functional groups of species. There was no general rule for distinguishing fishery units occurring in estuarine or brackish environments (which can include species associated with marine, inland, or both environments, such as diadromous fish). Fisheries occurring in these areas were classified as either inland or marine by the in-country experts according to the local definitions and knowledge of the fisheries. Species names were checked and harmonized using FishBase (http://www.fishbase.org/search.php) and World Register of Marine Species (https://www.marinespecies.org/) online databases that continuously update the taxonomy of fish. FAO species nomenclatures and species classification schemes were used to identify the functional groups of species: The International Standard Statistical Classification of Aquatic Animals and Plants (ISSCAAP) Division, ISSCAAP Group, FAOSTAT Group of Commodities and Central Product Classification (CPC) Class (Table A7). The following functional taxonomic groups were excluded: Aquatic plants, miscellaneous aquatic products (including corals, pearls, mother-of-pearl, shells, and sponges), aquatic mammals (including blue whales, fin whales, eared seals, hair seals, walruses, sperm whales, and other miscellaneous aquatic mammals) and some miscellaneous aquatic animals (including crocodiles and alligators, frogs, and other amphibians, and turtles). The  detailed list of species for the ISSCAAP group (ASFIS list) is available online in the following link: https://firms.fao.org/fi/website/FIRetrieveAction.do?dom=collection&xml=asfis.xml&lang=en

Table A7. Classification of functional taxonomic groups of species applied to all species-level data in the species-level datasets of the study. These groups already reflect aggregations and pooling of more detailed groups of species together to ensure adequate sample sizes for the final prediction of marine and inland small-scale fisheries catches while keeping groups as detailed as possible.

	Major groups of species
	Detailed groups of species

	Diadromous and freshwater fishes
	Diadromousa and freshwaterb fishes

	Demersal marine fishes
	Flounders, halibuts, soles

	
	Cods, hakes, haddocks

	
	Miscellaneous coastal fishes

	
	Miscellaneous demersal fishes

	
	Sharks, rays, chimaeras

	Pelagic marine fishesc
	Herrings, sardines, anchovies

	
	Tunas, bonitos, billfishes

	
	Miscellaneous pelagic fishes

	Shrimps, prawns
	Shrimps, prawnsd

	Other crustaceans
 
	Crabs, king crabse

	
	Lobsters, spiny-rock lobsters

	Cephalopods
	Cuttlefish and squid

	
	Octopus

	Mollusks excluding Cephalopods
 
	Abalones, winkles, conchs

	
	Bivalvesf

	Miscellaneous aquatic animals
	Miscellaneous aquatic invertebratesg

	Freshwater species NEI
	Freshwater species NEI

	Marine species NEI
	Marine species NEI


NEI= Not elsewhere included
Miscellaneous categories include observations that have been identify taxonomically but are not included in the other groups. 
Notes: a Including sturgeons and paddlefishes; river eels; salmons, trouts, smelts; shads; miscellaneous diadromous fishes. b Including carps, barbels and other cyprinids; tilapias and other cichlids; miscellaneous freshwater fishes. c Including scads and mackerels. d Including cold-water shrimps and prawns; other shrimps and prawns. e Including crabs, sea-spiders; king crabs, squat-lobsters. f Including oysters; mussels; scallops, pectens; clams, cockles, arkshells. g Including freshwater crustaceans; krill, planktonic crustaceans; miscellaneous marine crustaceans; freshwater mollusks; miscellaneous marine mollusks; cephalopods NEI; sea squirts and other tunicates; horseshoe crabs and other arachnoids; sea urchins and other echinoderms.
Source: Mancha-Cisneros et al. (20238, Annex A).


A6.2 Validation process for catch and other indicators
Data were checked and corroborated with available global databases and expert consultations via a series of data quality, triangulation, and outlier detection tests (see Table A8 for examples on indicator-species checks). A separate process described below was also applied to catch estimates (as an average from 2013 to 2017) disaggregated by inland, marine, small- and large-scale fisheries at the national level to ensure the methodology implemented by in-country experts was appropriate and robust to produce reliable national-level estimates, and that differences with other data sources were consistent with the different data sources and methodologies used. The process also aimed at highlighting any specific issues with the data and followed three steps: (a) Scrutiny of the methodology followed by in-country experts and data sources used to produce catch estimates; (b) Triangulation with independent data sources such as FAO official statistics and responses to the FAO ad hoc questionnaire on small-scale fisheries designed and deployed for this purpose); (c) Expert review, with experts outside of the IHH team, internal and external to FAO.
For marine fisheries, the validation process was done by aggregating national level country data from large-scale and small-scale fisheries since FAO’s global fisheries statistics are not disaggregated by small- and large scale. For inland fisheries, FAO global statistics data were assumed to be corresponding to small-scale fisheries, since inland fisheries are most likely to take place in the small-scale sub-sector. In the few cases (10 in total) where the validation process showed that specific years of data had incomplete catch information. These years were removed from the dataset for those countries. Similarly where it was found that catch estimates contained landings from foreign fleets data was removed and made sure they were accounted for under the relevant flag state. When validation showed catch estimates were incomplete (i.e., Peru for marine) country values were substituted by the respective FAO ad hoc questionnaire value or the respective FAO value. When it was determined that large-scale fisheries’ estimates were not reliable, the FAO ad hoc questionnaire value was used instead (1 case). In cases where the FAO ad hoc questionnaire could not be used, large-scale fisheries catch were estimated using the FAO total country value minus the small-scale fisheries estimate from the country-level data (9 cases total). This process resulted in a dataset with information on the volume of catch from small-scale fisheries for more than 70,000 records at species level, 876 records at detailed taxonomic functional group level and 474 records at a major taxonomic functional group level, disaggregated by marine and inland. 

Table A8. Data quality and validation checks for key indicators.

	Indicator
	Quality assessment and validation checks

	Catch 
	· Scrutiny of in-country experts’ application of the methodology and data sources to produce catch estimates.
· Catch outlier detection protocols.
· Triangulation with independent data sources: FAO official statistics (aggregating country data from large-scale and small-scale fisheries) and the responses to the FAO ad hoc questionnaire.
· Expert review of national level estimates, with experts outside of the Illuminating Hidden Harvests (IHH) team, internal and external to FAO.

	Ex-vessel price (as input for landed value estimations)
	· Scrutiny of in-country experts’ application of the methodology and data sources to produce catch estimates.
· Price outlier detection protocols.
· Gap-filling protocols via a four-tiered imputation process according to prices within the same countries, within the most similar and best available data from neighboring countries, within countries sharing the same income level, and from data at the global level.
· Expert review of national and territory level estimates, with experts outside of the IHH team, internal and external to FAO.

	Small-scale fisheries exports
	· Scrutiny of in-country experts’ application of the methodology and data sources to produce SSF export estimates from catch utilization data at the species level.
· Exported catch outlier detection protocols.
· Triangulation with independent data sources: FAO official statistics, and IHH countries estimates of SSF exports at the country level.

	Employment
	· Scrutiny of in-country experts application of the methodology and data sources to produce employment estimates for the harvest sector at country and territory level, including through ILO and NFI statistics colleagues, and TAG members.
· Expert review of national and territory level estimates, including gender disaggregation, with internal and external experts to the IHH team.
· Triangulation with other data sources:
· For employment in the primary sector of fisheries disaggregated by small-/large-scale fisheries: triangulation with IHH countries and responses to the FAO ad hoc questionnaire.
· For employment in the primary sector of total capture fisheries (not disaggregated small-/large-scale fisheries): triangulation with FAO employment data.
· For employment in the fisheries post-harvest sector: triangulation with IHH countries and responses to the FAO ad hoc questionnaires, where available (~ 30 countries).

	Governance arrangements
	· Scrutiny of in-country experts’ application of the methodology and data sources to exclude arrangements that only pertained to large-scale fisheries, aquaculture, or did not pertain to the harvest of aquatic resources; and that only pertained to species not included in the study (e.g. seaweeds). 
· Data screening for internal coherence. 


Source: Mancha-Cisneros et al. (2023)8.


A7 FAO ad hoc questionnaire design, response rate, and data use
The FAO ad hoc questionnaire was created for purposes of triangulation with data collected in-country and distributed to all country members in December 2018. This questionnaire was designed by the IHH team and dispatched as an official FAO ad hoc questionnaire to all 228 countries and territories from which FAO annually collates fisheries and aquaculture statistics. The questionnaire was developed following FAO guidelines and structured to minimize the burden on the respondent. It was dispatched in English, Spanish, French, and Russian, and at least three reminders for responding were sent over the course of one year. The questionnaire was organized into different worksheets according to five different key indicators: Production, Catch utilization, Export, Employment, and Fishing fleet. Data was requested at the national level for the years 2013 to 2017 for both small- and large-scale fisheries, marine and inland fisheries, separately. The response rate was 47.8% with 109 responses out of 228 countries and territories.
B. Data Analyses
B1 Global extrapolation of small-scale fisheries catch
Data on the weight of catch (expressed in tonnes) for the 58 countries were collected at the species level and disaggregated between marine and inland, small and large-scale fisheries. Each collected record provided the full taxonomy of each species (i.e. species, genus, subfamily, family, order, class, superclass, phylum, and kingdom); as well as its corresponding Species for Fishery Statistics Purposes code (ASFIS) following the FAO species list (i.e. a 3-letter code that uniquely identifies each of the 13,417 potentially available species in the ASFIS classification: http://www.fao.org/fishery/collection/asfis/en).  

B1.1 Marine
The modeling framework used random forest regression and linear regression models to generate predictions of recent average catches of marine small-scale fisheries in 152 countries (representing > 99% of the marine global capture production) around the world using models fit to marine catches in 52 countries (representing 69% of marine global capture production according to FAO FishStat data, average values 2013-2017). A number of fishery-related, economic, and geographic covariates were used. Candidate models were constructed on the basis of simple data-driven rules, and for each fitted model a number of model fit and cross-validation summary statistics were compared to choose the best model. Predicted catches were estimated under all candidate models, using two separate levels of analysis. First, a country-level analysis (up to 152 countries; across 68 candidate models) was used for reporting global and regional SSF catch estimates. Second, an analysis at the joint country and taxonomic functional group levels (up to 2013 combinations of country and functional group; across 172 candidate models) was used to provide SSF catch predictions for subsequent use in nutrition analyses (see section B4 below). 

B1.1.1 Response (dependent) variables
Marine small-scale capture fisheries catches were collected under the IHH project for 52 countries and treated as observed values known without error. One dataset involved marine small-scale fisheries catches aggregated to the country level (), and another involved country-level marine small-scale fisheries catches further disaggregated by taxonomic functional group () where SSF_Catch is marine small-scale fisheries catch, c denotes country, and f denotes taxonomic functional group).  Extrapolation of small-scale fisheries catches consisted of a snapshot in time, rather than modeling changes over time. For each country or each combination of
country and functional group, the mean value over the period 2013-2017 was calculated. The two response variables were then ln-transformed.

B1.1.2 Potential explanatory variables for prediction
Three main groups of predictor variables (categorical variables, scaling variables and other variables) were used to extrapolate marine small-scale fisheries catch to other countries or other combinations of country and functional group. For countries that were not part of collected in-country data, the predictions of marine small-scale fisheries catch were based on the covariate values of the selected predictors and the fitted model. For the first group of variables, two multi-level categorical variables were considered: (a) “region” -with countries grouped into one of five levels (Africa, Europe, Asia, Americas, Oceania), included in half of the candidate models; and (b) “functional group” -constructed as an intermediate level of taxonomic classification (with 18 levels, see section on model fitting). This variable was included in all candidate models involving predictions at functional group level. 
In addition to multi-level categorical variables, 15 scaling explanatory variables were potentially included in regression analyses. These variables were expected to scale with the magnitude of marine small-scale fisheries catches. Some were fishery-related variables like marine catches from FAO-FishStat data, effort, or employment, others were geographic variables like EEZ area or shelf area, and others were economic variables like country-wide subsidies or country-wide GDP, with the expectation that countries with more subsidies or larger economies may, all else equal, have greater small-scale fisheries catches. Like the response variable, all scaling variables were ln-transformed for normality.
Finally, other explanatory variables (see Table B1) were considered that were not expected to share positive strong covariation with marine small-scale fisheries catches but were still expected to explain variation in catches. These covered a wide range of geographic, social, economic, and fishery-related variables. Many of these consisted of ratios between available variables. All but one of these other explanatory variables were numeric; the other was a two-level categorical variable. Some were ln-transformed, others were not as their distributions were already roughly normal. While 17 other explanatory variables were initially considered, five were found to have high correlation (r < 0.7) with others and were omitted, and another was omitted on the basis of moderate collinearity (see below), leaving 11 possible variables.


Table B1. The other explanatory variables considered for possible inclusion in the analyses.
	Variable

	Chlorophyll-a

	Coastal population (elevation)/Coastline

	Per capita GDP

	Capacity-enhancing subsidies/country catch

	Beneficial subsidies/GDP

	Beneficial subsidies/Country catch

	% of total subsidies to rural communities

	% of MPA coverage in territorial waters

	% of country jobs in marine SSF (estimated on the basis of country employment in
  marine SSF and LSF)

	% of country effort in marine SSF (estimated on the basis of country employment in marine SSF and LSF)

	% of  IUU effort in marine SSF (estimated based on the ratio of Rousseau et al.
  (2019) reported effort and IUU effort variables at country level)



B1.1.3 Construction of predictive models
To manage the very large number of possible combinations of exploratory variables, we followed a stepwise approach, including four data-based rules aimed at constraining the number of predictors to be included in each candidate model. These rules were: 
1. Constraints based on correlation among scaling variables. To limit the number of potential combinations of scaling variables (which are expected to share positive covariation), two rules were applied: 1) a maximum of 3 scaling variables were allowed to be included in the same candidate model; and 2) all pairs of scaling variables had to have correlation coefficients r < 0.4 to be included in the same candidate model.
2. Constraints based on identifiability. Some explanatory variables were log-transformed ratios of pre-transformed explanatory variables, for example the log-transformed ratio of coastal population to coastline length. Including all these variables in any one candidate model would result in issues of model identifiability because, despite the differing application of log transformations, they are not independent predictors. To avoid issues of model identifiability, when both variables used to construct ratios were contained in the same candidate model, the corresponding ratio variable was omitted.
3. Constraints based on variance inflation factors (VIF). VIFs were calculated to help detect multicollinearity among predictor variables. VIFs measure the extent to which the variance of a regression coefficient associated with an explanatory variable is inflated as a result of correlation with other explanatory variables. VIFs were calculated twice for sets of explanatory variables to remove some of the violating predictors, in case multicollinearity was detected. First, they were calculated for the 12 remaining other explanatory variables (after filtering out five sharing high correlation with others based on r > 0.7). One variable (ratio of coastline length to land area) had moderate collinearity (VIF 5.4) and therefore was omitted.  Second, the 11 remaining other explanatory variables were assembled with each of the combinations of scaling and categorical explanatory variables (68 combinations at country level and 172 combinations at country and functional group level), and VIFs were calculated for the combined set of explanatory variables. Variables were sequentially dropped if calculated VIF values were greater than 3 for linear regression models or greater than 5 for random forest models.
4. Constraints based on maximum specified number of parameters. To potentially limit the number of explanatory variables (and thus estimated parameters) included in candidate models, step-down procedures were considered. The values assumed were: 1) for linear regressions, maximum 6 or 8 parameters for  or  analyses, respectively; 2) for random forest regressions, maximum 8 or 10 parameters for  or  analyses, respectively.

[bookmark: _heading=h.1fob9te]B1.1.4 Model fitting, cross-validation, and selection of the best predictive model
[bookmark: _heading=h.3znysh7]B1.1.4.1 Model fitting
Candidate models were constructed as outlined above for use in random forest regression analyses and linear fixed-effect or mixed-effect regression models. 
Random forest regression is a non-parametric method that makes no assumption about the distribution of a response variable, but for consistency with linear regression summaries and predictions, ln-transformed values of were used. The method implicitly incorporates interactions among explanatory variables and allows for non-linear relationships between explanatory and response variables. 
In linear regression analyses, instead, the response variable is assumed to be normally distributed, and ln-transformation of catches appeared to sufficiently normalize both  and . No interactions between explanatory variables and higher-order terms of any explanatory variables were included. Estimated parameters were an overall intercept, variances of random effects, and coefficients associated with each explanatory variable. In half the candidate models, the 5-level geographical “region” categorical variable was included as a random intercept. In all of the candidate models for , the categorical variable for the taxonomic functional group was included as a random intercept. In models that included both “region” and functional group random effects, these were treated as crossed random effects. All other explanatory variables were treated as fixed effects.

[bookmark: _heading=h.2et92p0]B1.1.4.2 Extrapolation of predicted values
After step-down procedures, the final fitted models were used to predict marine small-scale fisheries catch values for all 152 countries in the dataset. These predictions were based on the covariate values of the 152 countries and were generated separately for  and . For any given candidate model, values of all explanatory variables used in fitting the model had to be available for a given country for a predicted value of marine small-scale fisheries catch to be generated. Predicted catches (which were fit and extrapolated in log space) were back-transformed (i.e., exponentiated) to the linear scale. A non-parametric smearing adjustment16 was applied to correct the back-transformation bias by re-scaling back-transformed predicted catches to observed catches.

[bookmark: _heading=h.tyjcwt]B1.1.4.3 Cross-validations
Following the extrapolation of marine small-scale fisheries catches, cross-validations were carried out for all candidate models to evaluate prediction accuracy, ensuring a separation of training and testing datasets. Prediction accuracy represents how well predicted catches adhere to corresponding observed catches from case studies. The best model in terms of fit (e.g. low sum of squared residuals, high R-squared, etc.) is not necessarily the best model for predicting values outside of the dataset used for fitting. Cross-validations split the dataset into portions for fitting (training) and testing, so that validation of a candidate model does not involve data that were used for fitting the model. Cross-validations do not affect the predicted values under the final model fit of each candidate model, they only inform which of the candidate model(s) may be most reliable in terms of prediction accuracy. 

Common splits for training and testing datasets include 5-fold or 10-fold cross-validation (splits of 80/20% or 90/10%, respectively) or leave-one-out cross validation in which all but one observation is used for training. In our case, however, extrapolations to 152 countries were generated from a dataset of 52 countries, so a larger fraction of data reserved for testing was preferable. Two-fold cross-validation was therefore implemented, with one random subset of half the countries being used for training and the other for testing, and then the reverse was applied. This was repeated for 100 sets of countries being randomly assigned into one of two bins, for a total of 200 cross-validation evaluations for each candidate model. Three metrics were summarized across the cross-validation evaluations, comparing observed and predicted values from the testing dataset: (a) mean value of standardized mean absolute error; (b) mean value of standardized root mean squared error; (c) mean value of correlation coefficients.

[bookmark: _heading=h.3dy6vkm]B1.1.4.4 Selection of the best candidate model
Two main criteria were used to select the best candidate model for presenting estimates of marine small-scale fisheries predicted catch: 1) high cross-validation mean correlation, 2) large number of predicted catch values available. These are shown plotted against one another at country level (Figure B1) and at the combination of country and taxonomic functional group level (Figure B2). Given project aims of estimating regional and global SSF contributions, a high priority was placed on candidate models that produced a greater number of predicted catch values (criterion 2 above). For both analyses, a model was available that maximized this count while still providing a reasonably high cross-validation accuracy compared to other candidate models. For the country-level analysis, model lm_c_14 was selected, which provided 152 predicted catch data points and 86% accuracy (Figure B1). This model included three explanatory variables: a regional random intercept and fixed effects for GDP and number of jobs in SSF (both log-transformed).  For the analysis at both county and taxonomic functional group levels, model lm_c_f_34 was selected, which provided 2013 predicted catch data points and 62% accuracy (Figure B2; prediction accuracies are expected to be lower for these more disaggregated catches compared to those at only country level). This model included four explanatory variables: random intercepts for region and taxonomic functional group and fixed effects for GDP and number of jobs in SSF (both log-transformed).


[image: ]
[bookmark: _heading=h.w0jdz0xt422m]Figure B1. Diagnostic plot for the 68 candidate models considered at country level for marine SSF catches. For both axes, greater values are preferred. Shading is used to indicate the slope of back-transformed catches in relation to observed catches prior to application of a smearing adjustment. Dotted circle shows the selected model, a linear regression model with a random intercept for region.
[image: ]
[bookmark: _heading=h.1t3h5sf]Figure B2. Diagnostic plot for the 172 candidate models considered at the country and taxonomic functional group level for marine SSF catches. For both axes, greater values are preferred. Shading is used to indicate the slope of back-transformed catches in relation to observed catches prior to application of a smearing adjustment. Dotted circle shows the selected model, a linear regression model with random intercepts for region and taxonomic functional group.
B1.1.5 Estimated uncertainty in catch estimates
For both analyses, the observed SSF catch estimates from country case studies were considered to be preferred to the predicted values from the regression models as data were compiled by country experts and validated (see section B1.3). A ‘mixed’ approach of observed and predicted values was used to construct a combined dataset, using observed country case study catch estimates when available, and otherwise filling in gaps with predicted catches (see Table C1). Uncertainties in estimated catches were treated separately for case study countries and extrapolated countries. For case study countries, variances in estimated SSF catches were calculated based on a qualitative assignment of confidence level to the country, which was applied to both a base term in observed catch magnitudes and to the fraction of total SSF covered by the base estimate (Table B2). For assignments of low, medium, and high confidence, coefficients of variation of 0.3, 0.2, and 0.1 were assumed, respectively, for the two parameters. This resulted in a combined coefficient of variation for the catch estimate of 0.45, 0.29, and 0.14, respectively. This approach is consistent with other efforts working with limited SSF data (e.g., Embke et al. 202217).

For extrapolated countries, 95% prediction intervals were estimated for all predicted catch values based on the preferred fitted model in each analysis (see Extended Data Table 1). Confidence intervals reflect the uncertainty in the mean catch, whereas prediction intervals reflect the uncertainty in the prediction for any single new observation, i.e. a country with extrapolated catch. The same smearing adjustment applied to back-transformed predicted catches was also applied to back-transformed 95% prediction limits. Variances in back-transformed predicted catches were calculated for each extrapolated country. These were much larger than the variances for case study countries; coefficients of variation for predicted catches ranged from 1.7 to 4.8 (median 2.0) for the country-level analysis and from 2.8 to 121.1 (median 20.9) for the analysis also at functional group level.









Table B2. Confidence categories, number of countries, description of the defining conditions, and illustrative examples.
	Confidence category
	Countries (N)
	Conditions
	Example

	High confidence
(coefficient of variation = 0.1)
	43 marine
30 inland
	Country case studies met all three of the following conditions:
1. Catch determination was well documented and based on reliable data sources.
2. Followed a robust approach to arrive at a national-level SSF catch, with reliable disaggregation between LSF and marine and inland SSF, and no risk of double counting.
3. Produced reliable catch data with high confidence on how much it covered relative to the total (defined as encompassing at least 70% of the total national catch).
	A country estimated national catch covered 100% of total catch, including mostly official data sources (83%) from the Fisheries Department from: 1) All registered SSF vessels; 2) Subsistence fishing from unregistered vessels but with permit to catch and sell fish; and 3) Subsistence fishers harvesting catch for household with no market value (not included in official statistics, only for household consumption, carried out by non-registered fishers, and extrapolated from a previous study). In-country experts included reliable data sources and a well-explained robust methodology for their estimations.

	Medium confidence
(coefficient of variation = 0.2)

	7 marine
7 inland
	Country case studies did not meet one of the conditions mentioned above.
	A country had data split between official and unofficial sources. In-country experts indicated the estimated national catch covered 70% of the total catch. However, disaggregation between SSF and LSF posed many challenges that may have been reflected in the data.

	Low confidence
(coefficient of variation = 0.3)

	2 marine
1 inland
	Country case studies did not meet two of the conditions mentioned above.
	Country used only official landings data by species. In-country experts indicated the estimated national catch covered 65% of the total catch due to missing data since SSF catches were not all landed in official or registered landing sites or ports. Therefore, the national estimate was supplemented with data from the ad hoc questionnaire which also included official landings data but with higher coverage.




B1.1.6 Catch adjustments and aggregations
For the analysis involving taxonomic functional groups, an adjustment was made for miscellaneous fish groups to prevent over-counting of their catches where necessary. Such a case may arise when the catch for only one highly aggregated miscellaneous group is observed, but catches for multiple miscellaneous groups are predicted, and then the larger observed catch (which is preferred under the ‘mixed’ approach) overrides the predicted catch. To adjust these cases, we calculated the ratio of total predicted catch in fish miscellaneous groups to total observed catch in fish miscellaneous groups. If this ratio was >1, we calculated a reduction factor (ratio - 1) and used this value to reduce all miscellaneous predicted catches, separately for each  country (e.g. if the predicted to observed ratio was 1.3, we reduced predicted catches in all miscellaneous groups by 30%). This process was applied for each country, and separately for freshwater and marine catches, ensuring that the total predicted catch in miscellaneous groups was no greater than the total observed catch in miscellaneous groups.
Country-level catches were summed within each region to provide the estimates in Figure 1A, and further summed to provide the global estimates reported. Aggregation of country-level variances into regional-level variances is not a simple sum given the lognormal distributions of observed and predicted catches. Instead, the sum of individual country catch estimates was assumed to be approximately lognormally distributed with standard deviation derived from the mean and variance of the sum of catches converted to log scale:[image: ]
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Lognormally-distributed aggregate 95% confidence intervals around were calculated as 
[image: ]
combining estimates for case study countries and extrapolated countries.
[bookmark: _heading=h.4d34og8]
B1.2 Inland
The same general approach as described for marine SSF in section B1.1 was also applied for inland SSF. Notable differences are listed below for the analysis of inland fisheries.

Response variables – estimated catches from case study countries were, similarly, treated as observed data without error, although inland SSF estimates were available for only 35 countries (representing 63% of the inland global captures fisheries landings according to FAO FishStat data, average values 2013-2017). An additional 65 countries were known to have negligible inland catches, of which 31 also had sufficient explanatory variable data for inclusion. These 31 countries were also included in the training datasets with inland SSF catches of 0 t (prior to log-transformation, a small offset of 0.01 t is added to all catch values). Inclusion of these countries, many of which were small island states with limited inland waters, provided better grounding for model predictions based on covariate values. For the combined country and functional group-level analysis, the observed dataset included 247 combinations.

Explanatory variables – some covariate data used in marine SSF analyses were not available for inland SSF, and some covariates were less relevant to inland fisheries so were not considered for analyses. In contrast, other variables were more relevant to inland SSF and so were included as potential covariates: lake area, renewable freshwater volume, rural population, and ratios involving these variables. For models including the taxonomic functional group variable, only five pooled groups were considered (four fish groups and one invertebrate group) as a result of limiting sample sizes in less aggregated groups.
Candidate models – with fewer scaling variables considered, fewer candidate models for inland SSF predictions were considered: 44 for the country-level analysis and 48 for the analysis at both country and taxonomic functional group levels.
Extrapolations – predicted inland SSF catches were generated for 185 countries, more than the 152 countries with marine SSF predictions available, as a result of fewer data bottlenecks in input data. Predicted inland SSF catches were generated for 574 combinations of country and functional group, fewer than the 2013 made for marine SSF catches, as a result of fewer functional groups after pooling. Predicted inland catches closely adhere to FAO inland landings data, which is to be expected for two reasons. First, the vast majority of inland catches globally are considered to be small-scale in nature. Second, there is some circularity in these estimates: estimated inland catches for many of the case study countries were based on the same information reported to FAO for official inland landings data; FAO inland landings are included as a predictor variable in some candidate models; and FAO estimates of fisheries employment, which is included as a predictor variable in some candidate models, are in turn partly based on catch estimates. Measures of prediction accuracy are therefore interpreted cautiously given this circularity.
Model selection – for the country-level analysis, model lm_c_2 was selected, which provided 185 predicted catch data points and 99% prediction accuracy (Figure B3). Note, however, that this prediction accuracy is artificially high because one of the predictor variables was FAO inland landings data, which is not independent of the SSF catch response variable. In addition to FAO landings data, this model included a regional random intercept. For the analysis at both county and taxonomic functional group levels, model lm_c_f_12 was selected, which provided 574 predicted catch data points and 70% accuracy (Figure B4). This model included four explanatory variables: random intercepts for region and taxonomic functional group and fixed effects for GDP and number of jobs in SSF (both log-transformed).
[image: ]Figure B3. Diagnostic plot for the 44 candidate models considered at country level for inland SSF catches. For both axes, greater values are preferred. Shading is used to indicate the slope of back-transformed catches in relation to observed catches prior to application of a smearing adjustment. Dotted circle shows the selected model, a linear regression model with random intercept for region.
[image: ]Figure B4. Diagnostic plot for the 48 candidate models considered at the country and taxonomic functional group level for inland SSF catches. For both axes, greater values are preferred. Shading is used to indicate the slope of back-transformed catches in relation to observed catches prior to application of a smearing adjustment. Dotted circle shows the selected model, a linear regression model with random intercepts for region and intermediate functional group.
 B1.3 Sensitivity analysis
Estimates of national SSF catches for the case study countries were derived by adjusting catch records by an estimate of the percent coverage of the case study (see section A6). That is, catch records were adjusted upwards if they were considered to under-represent true catch quantities. Percent coverage levels estimated by country case study authors ranged from 36% to 100% (average 91%) for marine SSF catches and from 10% to 100% (average 86%) for inland SSF catches. However, alternative estimates of percent coverage were also available from elicitation surveys conducted by additional independent experts. Percent coverage levels for this alternative measure ranged from 18% to 100% (average 63%) for marine SSF caches and from 5% to 100% (average 53%) for inland SSF catches. Pairing these independent estimates of coverage for the same country yielded a positive correlation (marine, r = 0.32; inland, r = 0.31), but the paired estimates were highly variable for both marine and inland SSF (Figure B5). As country case studies’ experts were responsible for the data collection, and their estimates often involved positive adjustments made to official data, their perceptions on coverage tends to be higher than in the case of independent experts not fully aware of the protocols used (e.g. 91% vs 63% for marine coverage). 

[image: ]
Figure B5. Paired estimates of percent coverage of SSF catch records from case study countries. Data points represent individual countries. If more than one estimate was available for the same country from an expert elicitation survey, these were averaged for comparison. Points to the left or above the dashed 1:1 line correspond to coverage estimates from expert elicitation surveys being greater than estimates from country case studies.

A sensitivity analysis evaluated the effect of the two figures of coverage by the above-described methods on the estimates of regional aggregated catches. For countries where two estimates of coverage were available (Figure B5), an average of the two was calculated. For marine SSF, the resulting estimates ranged from 0.25 to 1.33, with a median of 0.74. For inland SSF, the resulting estimates ranged from 0.20 to 4.40, with a median of 0.63. The regional aggregated catch estimates (Figure 1A) were divided by these median values to provide alternative measures of regional aggregated catches. Aggregate 95% confidence limits were similarly adjusted by these median values. As a result, alternative catch estimates were 35% greater for marine SSF and 60% greater for inland SSF than the primary estimates (Figure B6; this was the case for catch estimates both at the level of countries and at the level of joint country and functional group, as the same median estimate was applied to both levels). Although not by any means negligible, these differences between primary and alternative catch estimates were small relative to the estimated uncertainty in regional catches (Figure B6).
Differences in regional aggregate catch estimates were also relatively small between the analysis at country level and the analysis at the joint country and functional group level (Figure B6; Table B3). The most notable exceptions were observed for inland catches, which at the functional group level were greater for Oceania and less for Europe compared to the regional estimates of catch at the country level only (Figure B6; Table B3). The further disaggregation of estimated catches into functional groups resulted in wider confidence intervals (Figure B6). Co-authors’ expert knowledge of inland SSF suggests that the catches estimated at country-level only (i.e., the greater estimates for Europe and lower estimates for Oceania) are closer to expectation. 









Figure B6. Regional aggregate catch estimates under different estimation methods for both marine SSF (top) and inland SSF (bottom). ‘Primary’ and ‘alternative’ approaches differ in the assumed estimates of % survey coverage applied to catch records in case study countries to estimate SSF catches. ‘Level’ approaches differ in whether or not catch estimates are by country or further disaggregated by taxonomic functional group. Error bars represent 95% confidence intervals.
Table B3. Regional and global aggregate SSF catch estimates. Predictions are given for analyses at country level and at country & functional group level; and for primary and alternative estimates of catch data coverage. Predictions are provided for the preferred models identified in sections B1.1.4.4 and B1.2.
	Region
	Marine/Inland
	Summed predicted catch (t)

	
	
	Country-level analysis
	Country & functional group-level analysis

	
	
	Primary % coverage
	Alternative % coverage
	Primary % coverage
	Alternative % coverage

	Global
	Marine
	25,099,739
	33,842,345
	24,012,096
	32,375,859

	Africa
	Marine
	3,143,100
	4,237,888
	3,253,574
	4,386,841

	Americas
	Marine
	5,017,453
	6,765,105
	4,660,450
	6,283,753

	Asia
	Marine
	15,685,351
	21,148,788
	14,695,911
	19,814,711

	Europe
	Marine
	861,141
	1,161,089
	987,867
	1,331,956

	Oceania
	Marine
	392,693
	529,474
	414,294
	558,598

	Global
	Inland
	12,183,276
	19,442,740
	11,232,314
	17,925,143

	Africa
	Inland
	3,090,970
	4,932,740
	3,130,243
	4,995,413

	Americas
	Inland
	582,341
	929,332
	621,332
	991,555

	Asia
	Inland
	7,993,883
	12,757,077
	7,065,592
	11,275,659

	Europe
	Inland
	408,225
	651,469
	28,478
	45,446

	Oceania
	Inland
	107,856
	172,123
	386,670
	617,069



B2 Landed value of small-scale fisheries
B2.1 Price and landed value data: Definitions, collection and processing
Data was collected in 58 countries for the years 2013-2017 according to the standard IHH protocol and training sessions conducted with each in-country expert. Data was compiled on nominal catch (in annual tonnes of live weight equivalent) and average annual ex-vessel prices by species within fishery units (eg., multiple species caught within a fishery unit as defined in each country, and average annual ex-vessel prices per species). Ex-vessel price was defined as prices that fishers receive for their catch or the price at which fish are sold when they first enter the seafood supply chain, for commercially exploited fish stocks. The aim was to use average annual ex-vessel prices per species caught within a fishery unit, and the annual catch of the species within that fishery unit, to calculate landed value per species, and aggregate to a total landed value for small-scale fisheries. Landed value was considered as the first sale value of the catch and calculated by multiplying the ex-vessel price by landed catch weight (i.e., the net weight of the quantities landed as recorded at the time of landing). Admittedly, applying an average price for the year to the total catch of a given fishery unit does not capture the heterogeneity of fleets that constitute a fishery unit, nor even the heterogeneity of catch (and value) for a specific vessel. However, the aim was to capture the average across different product qualities and supply chains. Finally, while the catch was reported in nominal weight, the ex-vessel prices were reported for the landed weight of the catch. Nominal catch weight constituted the live weight equivalent of the landings and does not include discards. For calculation of landed value, the nominal weight of the catch was assumed to equal the landed weight (i.e. no processing of the catch occurred before landing), unless specified otherwise – in which case nominal weight was converted to landed weight for the calculation of landed value. For large-scale fisheries, researchers compiled data on nominal catch, and landed value.

The following protocol (and associated assumptions) was followed as a first step regarding the data compiled from in-country experts. Data on ex-vessel price or landed value was received as long as catch was also included so it was possible to convert landed value to average annual ex-vessel price. Catch volumes were assumed to be in nominal weight unless otherwise specified, and nominal weight was assumed to equal landed weight unless specified otherwise. If ex-vessel prices were specified in landed weight of the catch, and this weight confirmed to differ from nominal weight, conversion factors were requested to ensure that nominal weight could be converted to landed weight (where nominal weight was assumed always to be greater than or equal to landed weight) before the catch was multiplied by the price to calculate landed value. If no conversion factors were given, the nominal weight was assumed to equal landed weight, for purposes of calculating the landed value. 
An iterative review process between in-country experts and the IHH research team was conducted regarding ex-vessel prices and landed value, often focusing on confirming the units the data was provided in and on ensuring that nominal weight equaled landed weight of catch, or if not, a conversion factor was provided. Once the country’s data review was completed and any clarifications and amendments completed, the data was processed and harmonized to generate a uniform set of small- and large-scale fisheries catch average annual ex-vessel prices, associated with the catch in nominal and landed weight (if differing), as a basis for landed value calculations. 

B2.2 Outlier detection and analysis of landed value from CCS
The datasets of small- and large-scale fisheries average annual ex-vessel prices throughout a country were both harmonized to USD and converted to Purchasing Power Parity (PPP, i.e. a currency converter which expresses the number of local currency units per international $ and used to control for price level differences between countries) for purposes of comparison – to identify outliers. All currency conversions were conducted with World Bank conversion factors https://data.worldbank.org/indicator/PA.NUS.PPP.
Once the dataset of average annual ex-vessel prices was converted to PPP (The Cook Islands and Greenland prices were reviewed in USD and not converted to PPP, as rates were not available from the World Bank), an outlier detection protocol was run to identify anomalies for review by subject matter experts, and if needed for review by in-country experts. Outliers were identified for individual prices (i.e. prices considered outliers because of how high or low they were), and for time series of prices (i.e. prices entered for one year that deviated significantly from the mean for the time series). All catch entries for which prices were not available (entered as “NA”) were excluded from the review and treated as missing data. All individual price outliers, i.e. “high and low-price outliers”, were investigated by subject matter experts to clarify discrepancies and take decisions to include or exclude the outliers in the final dataset. After the investigation by subject matter experts, less than 0.35% of the average annual ex-vessel prices for any given year ultimately were excluded from the final dataset (with the exception of 2017 where 0.85% of the data was excluded). 
In summary, most data flagged as a potential outlier was the result of a data processing error (e.g. prices were provided for units of catch in kilograms instead of tonnes, or prices were recorded in the wrong currency), or upon investigation assessed as reasonable for the context (e.g. lionfish a low-value species, or spiny lobster a high value species). Remaining price anomalies that could not be explained by the context or further investigation, were excluded from the final dataset and considered as missing data.
B2.3 Imputation of missing ex-vessel prices
[bookmark: _heading=h.2s8eyo1]B2.3.1 Data coverage after processing and cleaning
Of the 58 country case studies (52 with marine ecosystems; 36 with inland ecosystems), in-country experts were able to provide some price data on marine small-scale fisheries for 48 countries and on inland small-scale fisheries for 30 countries.  Complete price data (for 100% of small-scale fisheries catch) was available for at least one year in the time series, for 36 of the countries, while another 11 countries provided price data for at least 85% of the catch for at least one year. There were 5 countries which yielded no small-scale fisheries price data (Chad, Egypt, Ghana, Seychelles, and Sri Lanka) and 2 countries (Zambia (21%), India (45%)) which yielded price data for less than 50% of the catch volume. Five countries yielded price data for 50-75% of the catch volume. 
For large-scale fisheries, 34 of the 58 country case studies were able to provide at least partial data for one year of ex-vessel price or landed value data. Of these, 31 countries provided almost complete price data (at least 97% of catch) for at least one year in the time series. There were 23 case studies which yielded no large-scale fisheries landed value data and 3 case studies (Mauritania (34%), Samoa (50%), Greenland (68%)) that yielded landed value data for between 30-70% of the case study’s catch volume data. 

[bookmark: _heading=h.17dp8vu]B2.3.2 Imputation of missing ex-vessel prices (“gap-filling”)
[bookmark: _heading=h.19c6y18]While most countries were able to produce data on either ex-vessel prices or landed value and catch volumes for some of their small- and large-scale fisheries, a number of gaps remained where data was missing. To fill these gaps, a process to impute missing ex-vessel prices was developed. The imputation procedure of missing ex-vessel prices assigned the mean price value from a set of records with observed prices --i.e.  the “donor” -- to a record with a missing ex-vessel prices, "the recipient”. Four “imputation classes” were then defined according to four hierarchical levels, with the first level that had priority over the others. If it was not possible to use the first level, we then turned to the next level, and so on, to fill in missing ex-vessel prices. The first level was defined within the same countries in our sample; the second level was defined within the most similar and best available data from neighboring countries; the third level was defined within countries sharing the same income level; finally, the fourth level was defined from data at the global level if not available at national or regional levels. 
Within each imputation class, missing ex-vessel prices were imputed using the mean price for the same species and year, but turned to the mean price for the same species (but different years) if the former was not available. In instances where neither the mean price for the same species and year, nor the mean price for the same species were available, missing ex-vessel prices were imputed using the mean price for the same detailed taxonomic functional group of species and year, or if not possible then, the mean price for the same detailed functional group of species (but different years). If none of the above mean prices could be calculated, the same mean prices were calculated using the second level imputation class. 
[bookmark: _heading=h.3rdcrjn]This imputation process was conducted separately for the small- and large-scale fisheries data (i.e. data from large-scale fisheries were not used to impute gaps for small-scale fisheries, and vice versa). It is noteworthy that the imputation process only applied to those countries with partial price data that had gaps, e.g. missing prices for some (but not all) taxonomic functional groups. Following this imputation process, a complete dataset of average annual ex-vessel prices of the catch was generated for the 52 country case studies with marine small-scale fisheries and 38 country case studies with inland small-scale fisheries.

B2.4 Global extrapolation of the landed value of small-scale fisheries
The dataset of average annual ex-vessel prices of the catch formed the basis for the development of an econometric model used to extrapolate the landed values of small-scale fisheries, disaggregated by marine and inland. The econometric framework used for the global extrapolation was largely based on machine learning algorithms and it uses models fit to small-scale fisheries landed values in the 52 countries with data on marine small-scale fisheries and 38 countries with data in inland small-scale fisheries (Figure B7) to produce regional and global estimates of landed value at taxonomic functional group level. The final dataset for the global extrapolation of landed value was constructed based on the combination of countries and taxonomic functional groups, leading to an average of 15 detailed taxonomic functional groups in 152 countries with marine small-scale fisheries, and 4.5 detailed taxonomic functional groups in 155 countries with inland small-scale fisheries.
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[bookmark: _heading=h.26in1rg]Figure B7. Distribution of country case studies with data on ex-vessel prices of capture small-scale fisheries, and the mean landed value of the catch (USD) over the period 2013 to 2017. Source: Mancha-Cisneros et al (20238, Annex A). 
[bookmark: _heading=h.lnxbz9]
B2.4.1 Selected predictor variables for the prediction of landed value of small-scale fisheries
To extrapolate small-scale fisheries landed value at global level, 48 predictor variables were initially selected for inclusion in the econometric framework. For countries that were not part of the IHH case studies, the econometric predictions of landed value in small-scale fisheries were based on the covariate values of the combination of countries and taxonomic functional groups, for a total of 2,315 observations predicted. The selection of predictor variables was guided by the theory of what drives prices and landed value of fisheries. 
In general, a fishery’s short-run yield (or catch), in simplest terms, is expected to reflect the biomass of the targeted stock(s), some measures of their catchability under different fishing technology, and the amount of fishing effort. Assuming the primary goal is profit maximization, the amount of fishing effort that a firm or enterprise decides to produce reflects a vessel’s profit function (i.e. price multiplied by yield, subtracting fixed and operating costs). In short, fish availability is expected to reflect yield, which depends upon stock biomass or resource status, fishing technology used, and the amount of fishing effort produced, the latter of which reflects vessel/unit profitability where profit maximization is the primary goal of fishing18. 
In addition to the ones listed above, a number of indirect factors -- e.g. the compensation of employees, the average inflation rate in the past ten years and the unemployment rate--, can help explain the variation in landed values of fisheries through their direct impact on the average level of price in the economy and, in turn, their indirect effects on fishery-specific prices. 
Although the initial selection of predictor variables was largely guided by their expected impact on small-scale fisheries landed value, the final list of predictor variables included in the econometric framework was further constrained by their availability in external data repository.
Predictors were selected according to two underlying and mutually interdependent principles: 
· The “expected” predictive power on the two components of small-scale fisheries landed value (i.e. price and catch), as suggested by the theory; 
· The availability of covariate values in external data repositories for the largest possible number of countries (and taxonomic functional groups). This latter principle for the selection of explanatory variables was a key priority, considering the goal of predicting small-scale fisheries landed value for the largest possible number of countries and related taxonomic functional groups.
The 48 selected predictor variables included the volume of catch from marine and inland small-scale fisheries, employment in marine and inland small-scale fisheries, exclusive Economic Zone in sq Km, continental shelf area in sq Km, length of coastline in sq km, area of inland water bodies with fisheries, the perimeter of inland water bodies with fisheries, coastal pop. by elevation, the gross domestic product in USD, the volume of catch from marine and inland fisheries multiplied by the corresponding efforts and level of employment, capacity enhancing subsides, beneficial subsides, the volume of catch exported from marine and inland fisheries, a number of macroeconomic variables capturing the variation the general level of price in the economy, some bioclimatic variable (e.g. temperature and precipitation), the logistic performance index and their sub-components and, finally, three multilevel categorical variables measuring, respectively,  the taxonomic, region and income group classification. Whenever possible, variables were further disaggregated by small- and large-scale fisheries. These variables were further arranged in four separate family groups and all of them were initially considered for model fitting. The first two family groups of explanatory variables --catch- and price-related predictors-- included variables that were expected to scale with both the magnitude of prices (for a total of 7 explanatory variables) and with the magnitude of catch (for a total of 22 explanatory variables). The third family group included 16 explanatory variables --other explanatory variables-- that were neither catch nor price-related but may still explain variation in small- and large-scale fisheries landed values. For example, geographic, economic, infrastructure, weather, and social-related explanatory variables may co-vary with landed values of fisheries, despite their covariation not expected to be as strong as the one that landed values would share with catch and price-related variables. Finally, a fourth family group of variables included multi-level categorical variables (for a total of 3 variables).

[bookmark: _heading=h.35nkun2]B2.4.2 Construction of predictive models
The predictive models were constructed and fitted to estimate the parameters of the relationship between the observed small-scale fisheries landed value and the final list of selected explanatory variables (predictors) included in each candidate model. More generally, the final objective of each predictive model was to estimate the unknown effect on the dependent variable of changing one predictor variable, ceteris paribus. Estimated parameters from each predictive model were finally used to predict small-scale fisheries landed values for all combinations of countries and taxonomic functional groups – only in countries where data were not observed (i.e. countries that were not part of the IHH study) -- based on the covariate values of the selected explanatory variables (final extrapolation) and the corresponding estimated coefficients.

The final combination of explanatory variables that were considered for inclusion in the construction of candidate models only included variables that passed the Variance Inflation Factor test in Hardin (1995)19. Moreover, all pairs of explanatory variables with a correlation higher than 0.4 were not included in the same constructed candidate model, but they were considered separately in one or more candidate models. 

In addition, in all candidate models, we included 21- and 15-level categorical variables that define marine and inland taxonomic functional groups and that were treated as fixed-effects respectively in models used for the prediction of marine and inland small-scale fisheries landed value We included in our models 20 (n-1) dummy variables for each functional group related to marine small- /large-scale fisheries and 14 (n-1) dummy variables for each functional group related to inland small-scale fisheries. The inclusion of taxonomic functional group fixed-effects reflected the need to remove omitted variable bias by measuring changes within a functional group across country.
As a result of this process, model fitting was performed on 40 candidate models constructed for the prediction of marine small-scale fisheries landed value and 40 candidate models constructed for the prediction of inland small-scale fisheries landed value. The predictive models were constructed for a combination of countries and taxonomic functional groups. An important step for the construction of the predictive models concerned the identification of those taxonomic functional groups for which marine and inland landed value was to be predicted, for countries with unknown landed values of small-scale fisheries. Predicted marine and inland landed values by taxonomic functional groups were restricted to the functional groups contained in FAO-FishStat data, which provided the only basis for extrapolation of a given functional group. Departing from FAO-FishStat classification, an intermediate level of taxonomic classification was then constructed according to the IHH functional Classification scheme. 

[bookmark: _heading=h.1ksv4uv]B2.4.3 Model fitting, cross-validation and selection of best predictive models
To predict missing data points for the combination of countries and taxonomic functional groups where landed value was not observed, the constructed predictive models were estimated using a Random Forest regression analysis.
Given the large number of constructed predictive models, cross-validation (or out-of-sample testing) was carried out to select the best candidate model according to its accuracy. The method helped identify the constructed predictive models whose underlying relationship did not contain issues of overfitting and, therefore, could be generalized to the out-of-sample dataset. 
The cross-validation technique allowed assessing how the results of the regression models would generalize to an independent data set20. The performance of each predictive model was summarized using the sample of model evaluation scores (i.e. the mean value of correlation coefficients21. The predictive model(s) with the highest mean correlation coefficients were selected and used for the global extrapolation of marine and inland small-scale fisheries landed value.

The final best fitted models were used to predict small-scale fisheries marine and inland values for all combinations of countries and taxonomic functional groups in the dataset. These predictions were based on the covariate values for the combination of countries and functional groups. In addition to functional group fixed-effects, statistically significant explanatory variables included in the best model were: 1) the volume of catch from marine small-scale fisheries at functional group level, 2) the unemployment rate, 3) the price level ratio (i.e. the ratio between the average level of domestic prices and the average level of price in the USA) and 4) the marine protected areas in territorial waters. In a similar fashion, statistically significant explanatory variables included in the best predictive model for inland small-scale fisheries landed value were: 1) the volume of catch from inland small-scale fisheries at taxonomic functional group level, 2) the area (expressed in squared Km) of selected inland water bodies where inland small-scale fisheries are expected to take place, and the 3) the average inflation rate over the past 10 years.

[bookmark: _heading=h.44sinio]B2.4.3.1 Outlier detection and imputation after global extrapolation
As a last step, the detection of outliers was performed to avoid predicted landed values of small-scale fisheries that were extremely high (or low) relative to the volume of catch and, as such, out of range of the plausible values of prices (calculated by dividing landed values by the corresponding quantity of catch). To avoid implausible values of the predicted observations, outlier detection was performed according to four interdependent steps, as follows.
1. First, predicted landed values obtained from the regression analysis were converted into international USD (PPP), using the price level ratio from World Bank WDI database, a measure of the ratio of a purchasing power parity (PPP) conversion factor to an exchange rate. 
The conversion of landed values into international USD (or PPP) allowed for a better cross-country comparison of landed values belonging to the same functional group, as the spatial price deflator (i.e. the price level ratio) controls for differences between countries in the general price level. This conversion allowed standardizing landed values and it helps to ensure that the potentially detected high or low extreme values were due to high standard errors in the predictive models, rather than due to differences in the general level of prices between countries9,22. 
2. Second, predicted landed values obtained from the regression framework and converted into international USD were standardized on the same scale. The process of standardization involved dividing the predicted landed values expressed in international USD by the corresponding predictions of the volume of catch, to eventually generate the average price at functional group level (price per 1 MT of catch).
3. Finally, following the conversion to international USD and the standardization process, outlier detection was carried out to identify extreme values that raised suspicions by differing significantly from most of the values within a given cluster, the latter defined according to a combination of functional groups and geographic areas23,24. Extreme high and low prices were identified according to their distance from the median: by default, the outlier is defined as a price value per 1 MT within a given cluster which is higher or lower than 2 Standard Deviations (SD) from the median of the cluster. 

The detection of outliers for a given taxonomic functional group was performed by dividing the dataset into smaller stratified clusters, with stratification based on functional groups and large marine ecosystem (LME) for marine small-scale fisheries landed value, and functional groups and FAO region for inland small-scale fisheries landed value. These stratifications were expected to encompass prices that were more homogeneous within the created clusters, to better capture “real” outliers.
The imputation of outliers represents a viable option to conduct the analysis by using a complete sample at both taxonomic functional group and country level. The basic form of imputation for outliers was based on deductive methods and it involved using logical relationships to derive a value for the outlier item. 

The method adopted for the imputation of outliers in this study was largely based on “donor method” and was implemented by assigning the value from a set of records with an observed item (the donor), to a record with an outlier value on that item (the recipient). Thus, outlier data for a recipient functional group was substituted with the median value from a donor that had similar characteristics. To select the best donor, many “imputation classes” were constructed, with classes defined based on functional group and LME for the imputation of marine small-scale fisheries outliers, and functional groups and FAO region for the imputation of inland small-scale fisheries outliers. Within each class, the median value at functional group level was then calculated from non-outlier data. 
The choice of replacing outlier data using the median value calculated from non-outlier data, rather than its mean value, largely depended on the distribution of non-outlier data themselves. If the variable was skewed, the mean was biased by the values at the far end of the distribution. In these instances, the median was a better representation of most of the values in the variable related to non-outlier data. Finally, it is worth noting that not only outliers but also missing predictions were imputed using the donor method.

The detection and imputation of price data only applied to those prices that were extrapolated through regression analysis. On the contrary, price data from countries included in the study were treated as without error and as such not imputed in this phase. Yet countries with partial price data or any gaps also went through an outlier detection and imputation process (for more details go to “gap-filling” section on imputation of missing ex-vessel prices, section B2.2). Also exceptions concerned the prices of two taxonomic functional groups in China, i.e. "crabs and king crabs" from marine small-scale fisheries and "freshwater crustaceans" from inland small-scale fisheries which, despite being derived from in-country data, appeared to be problematic and unlikely to be observed. The extreme high value of the prices of these two functional groups (35,845 USD per tonne for crabs and king crabs and 11,436 USD per tonne for freshwater crustaceans), both relative to the volume of catch and to the mean prices of the same functional groups, resulted in an extreme high value of landings.  More specifically, the price of “crabs and king crabs” from marine small-scale fisheries in China was almost 11.5 times higher than the corresponding global mean price of crabs and king crabs calculated over 94 countries; the price of freshwater crustaceans from inland small-scale fisheries in China was 7.7 times higher than the global mean price of freshwater crustaceans calculated over 26 countries. Given the extremely high prices detected in China, it was decided to apply the imputation procedure also to the observed prices of these two functional groups in China.
Finally, as a check on the results, the weighted average of the estimated mean prices of functional groups of species caught in small-scale fisheries (weighted by the national landed value of the catch as a proportion of the total landed value from all countries of the functional group) were compared to the global mean prices from FAO of the same groups of species caught in all capture fisheries (both small and large-scale combined) (Table B4).

Table B4. Global mean ex-vessel prices of small-scale fisheries (weighted by portion of total national landed value of the catch) and global mean capture fisheries prices, at taxonomic functional group level (2013 to 2017).

	Functional groups
	Mean price
(USD per tonne)
	Number of observations
	Total capture fisheries Mean pricea 
(USD per tonne)

	Marine small-scale fisheries 

	Abalones, winkles, conchsb
	2,382.27
	61
	6,186.00

	Cods, hakes, haddocks
	1,624.62
	68
	1,610.00

	Flounders, halibuts, soles
	4,051.52
	90
	2,740.00

	Herrings, sardines, anchovies
	1134.25
	111
	668

	Lobsters, spiny-rock lobsters
	12,712.47
	101
	11,620.00

	Miscellaneous coastal fishes
	2,795.08
	125
	2,870.00

	Miscellaneous demersal fishes
	1,727.66
	103
	2,660.00

	Miscellaneous pelagic fishes
	1,810.45
	129
	721

	Sharks, rays, chimaeras
	1683.26
	121
	1,208.00

	Shrimps, prawnsc
	13,837.10
	108
	4,040.00

	Tunas, bonitos, billfishes
	2,320.49
	129
	1,750.00

	Inland small-scale fisheriesd

	Carps, barbels and other cyprinids
	1,218.92
	74
	915

	Clams, cockles, arkshells
	913.18
	3
	1,244.00

	Crabs, sea-spiders
	6,005.25
	4
	4,060.00

	Freshwater crustaceans
	3,008.14
	34
	3,040.00

	Freshwater molluscse
	3,518.91
	7
	1,138.00

	Herrings, sardines, anchovies
	704.05
	10
	668

	Miscellaneous coastal fishesf
	5,044.13
	28
	2,870.00

	Miscellaneous demersal fishes
	646.53
	4
	2,660.00

	Miscellaneous diadromous fishes
	2410.54
	10
	1,029.00

	Miscellaneous freshwater fishes
	2,174.76
	138
	772

	Miscellaneous marine crustaceans
	2,730.57
	2
	3,138.00

	Miscellaneous pelagic fishes
	2,057.03
	10
	721

	River eels
	7,091.72
	34
	10,570.00

	Salmons, trouts, smelts
	2,719.36
	42
	2,780.00

	Shads
	5,633.56
	20
	1,322.00

	Sharks, rays, chimaeras
	784.24
	5
	1,208.00

	Sturgeons, paddlefishes
	7,339.40
	8
	7,640.00

	Tilapias and other cichlids
	1,644.57
	42
	979



Note: a FAO mean prices; b The relatively low price of this functional group reflects low prices from Senegal (US$378.4/MT), which when excluded increases the mean to US$3,700/MT.; c The higher mean price for shrimps and prawns is largely driven by observations from China, which represents an estimated 48.9% of the global small-scale fisheries catch of this taxonomic functional group of species, and when excluded the mean price for small-scale fisheries drops to US$ 2,800/MT. d Some functional groups by definition include marine species, but were associated to inland fisheries at the country level, e.g. for brackish areas. For this reason, in some instances functional groups labeled “marine” include species also associated to inland fisheries in some country case studies. e Price driven largely by China (97.8% of total catch). f Price driven largely by Iran (US$21,019/MT), and when excluded the mean price for small-scale fisheries drops to US$ 3,270/MT. 
Source: Mancha-Cisneros et al. (20238, Annex A)

B2.4.4 Estimated uncertainty in landed value predictions
The uncertainties around SSF marine and inland landed values were estimated using the 95% prediction intervals (upper and lower bound) based on the best-performing regression model. For each predicted (marine and inland) landed value data point, the 95% prediction interval was obtained using the Stata command “stdf (standard error of forecast)” which calculates the standard error of each point prediction. Since the regression model used the log-transformed (marine and inland) observed landed value (from case study countries) to extrapolate to other countries where landed values were not observed, both the predicted landed values data points and the prediction intervals were back-transformed using the exponential function.
Similarly to the uncertainties calculated in the catch analyses, the observed SSF landed value estimates from country case studies were considered to be preferred over the predicted values from the regression model extrapolations. A 'mixed' approach of both observed and predicted values was employed to construct the final SSF landed value dataset, using observed country case study landed value estimates when available and filling in gaps with predicted landed values otherwise. For case study countries, the 95% prediction intervals associated with the predicted landed values from the regression analysis were applied to the observed landed values.

B3 Employment and livelihood dependency of small-scale fisheries
[bookmark: _heading=h.2jxsxqh]B3.1 Defining and operationalizing employment in small-scale fisheries
We defined employment according to the 19th International Conference of Labor Statisticians (ICLS, 2013), as all persons of working age who, during a short reference period, were engaged in any activity to produce goods or provide services for pay or profit. These persons comprise: employed persons “at work”, i.e. who worked in a job for at least one hour during the reference period; and employed persons “not at work” due to temporary absence from a job, or to working-time arrangements (such as shifts in work, flextime and compensatory leave for overtime).
Employment was also classified according to common standards that allow for cross-country comparison, according to the type of activity undertaken as defined by the International Classification of Economic Activity (ISIC) and the International Standard Classification of Occupations (ISCO) standards, as well as the relation of the employee to the job (either paid or self-employed, with the latter sub-divided into “employers”, “own-account workers” and “contributing family workers”). Persons employed in activities related to fisheries, that are classified as “own-account workers” and “contributing family workers” are assumed to participate in small-scale fisheries, and of the remainder, all of those persons employed in enterprises whose total number of workers is less than two-thirds of the 90th percentile number of workers engaged in all fisheries-related enterprises within a given country were assumed to participate in small-scale fisheries. Categories within the ISIC and ISCO classification standards were cross-checked to identify employment categories of pre and post-harvest activities related specifically to fisheries.
B3.2 Livelihoods dependent upon small-scale fisheries
Livelihoods dependent upon small-scale fisheries are defined as the total number of people living in households where at least one member is employed in small-scale fisheries. It is important to acknowledge that other members may engage in other economic sectors, and so these are livelihoods at least “partially dependent” upon employment in SSF.
On the other hand, livelihoods considered "fully dependent" on SSF are defined as the total number of household members who are solely dependent on SSF. Computationally, this involves counting the total number of household members where at least one individual is employed in SSF, further adjusting the total number of household members by a scaling factor that takes into account the proportion of household members employed in SSF relative to the total employed household members. 
Estimates of the total number of partial livelihoods dependent upon small-scale fisheries form the basis to also estimate the total number of livelihoods dependent upon subsistence fishing.  Livelihoods dependent upon subsistence fishing are defined as the sum of all household members belonging to those households where at least one member engages in subsistence fishing. Subsistence fishing is defined as an activity carried out to catch or process fish that is predominantly consumed within the household (non-market-oriented fishing activity as also defined by the ICLS- see Table B5).

Table B5. Total livelihoods estimated to be dependent upon small-scale fisheries employment and subsistence fishing (upper and lower bounds at 95% confidence intervals).
	 
Region 
 
	Employment (part and full-time)
	Subsistence Fishing

	
	Employed
 
	Dependents (full)
Including employed 
	Dependents (partial)
Including full dependents 
and employed 
	Subsistence workers
 
	Dependent (partial)
Including 
subsistence workers

	
	
	
	
	
	

	Africa
	8,960,421
	17,825,915
(15,107,848 - 20,494,694)
	42,269,420 
(38,191,300 - 46,240,867)
	4,658,907
	17,298,259 
(14,742,477 - 19,766,718)

	Asia
	46,132,988
	103,766,243 
(90,755,969 - 115,816,768)
	189,281,514 
(171,914,437 - 205,673,085)
	46,451,878
	214,604,069 
(198,115,416 - 229,713,716)

	Europe
	978,383
	2,042,439 
(1,326,327 - 2,756,261)
	4,243,848 
(3,216,578 – 5,267,192)
	NA
	NA

	Americas
	3,600,148
	5,239,743 
(3,941,074 - 6,538,413)
	15,085,795 
(12,867,066 - 17,304,523)
	701,646
	2,599,846 
(1,707,262 - 3,492,432)

	Oceania
	528,788
	835,431
(726,165 - 925,767)
	2,078,715
(1,904,532 - 2,211,353)
	1,024,716
	4,278,363
(3,772,895 - 4,206,773)

	TOTAL
	60,200,729
	129,709,771
(111,857,383 - 146,531,903)
	252,959,292
(228,093,913 - 276,697,020)
	52,837,147
	238,780,538
(218,338,050 - 257,179,639)



Notes: Livelihoods at least partially dependent on small-scale fisheries include those defined as fully dependent - the two are not mutually exclusive. Household-based surveys include labour force surveys and household income and expenditure surveys.
Source: Virdin et al. (2023)25.


[bookmark: _heading=h.z337ya]B3.3 Data collected on employment, subsistence and livelihoods dependency in small-scale fisheries 
Three different types of national representative household-based surveys, namely population censuses (PCs), labor force surveys (LFS) and household income and expenditure surveys (HIES), were used to estimate 1) employment in small-scale fisheries, 2) participation in subsistence fishing and 3) livelihoods dependent upon employment in small-scale fisheries and subsistence fishing. In total, the national national representative household-based survey used to estimate employment and dependency in small-scale fisheries (PCs, LFS and HIES) were available for 78 countries over the period 2008-2018: LFS for 33 countries, HIES employment modules for 44 countries, and a PC for one country (Figure B8). These surveys represent almost 79% of the total world population in 2016 and cover an estimated 78.8 % of the world's employed population in 2016. The available surveys spread over the period 2008 to 2018, although most survey data have been collected starting in 2014 (54 out of 78 surveys). Unsurprisingly, China and India absorb more than one-third (38.5 %) of the world employment population, followed by the United States, Indonesia, and Brazil. For all these countries, either a LFS or a HIES was found. 

Estimates of employment, subsistence fishing and dependency in small-scale fisheries from these 78 national surveys provide the basis for global extrapolation of the number of people employed and dependent upon small-scale fisheries.

[image: Map
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Figure B8. Number of national datasets available for analysis during the study period (2008 to 2018), by type of household survey instrument and geographic region. 
Source: Mancha-Cisneros et al. (20238, Annex A).

[bookmark: _heading=h.3j2qqm3]B3.4 Global extrapolation of employment, subsistence and livelihoods dependency  in small-scale fisheries
[bookmark: _heading=h.cw9r9p4siwu2]This section provides a summary of a more complex methodology that is explained in further detail in the Supplementary Information of Virdin et al. (2023)25. 
[bookmark: _heading=h.24uivb4mur2c]Global and regional estimates of employment, subsistence and livelihood dependency in small-scale fisheries were generated through three steps: (i) Collection,processing and harmonization of individual-level microdata from household-based  surveys (LFSs, HIESs and PC) from the 78 national datasets, including imputation of any variables of interest missing in specific national datasets; (ii) extrapolation from these 78 national datasets to the regional and then global level, using weighted regression analysis; and (iii) comparison with other global datasets to evaluate the results. 
For the first step, we extracted the employment and livelihood dependency-related variables from these 78 national datasets. Where data for variables were missing in the 78 national datasets (e.g., distinction between marine and inland small-scale fisheries, pre- and post-harvest employment, subsistence data, etc.), they were imputed, by calculating and applying ratios from the mean of available data from other countries within a geographic archetype, according to the regional grouping provided by the ILO (https://ilostat.ilo.org/resources/concepts-and-definitions/classification-country-groupings/).
For the second step, the results were extrapolated to the regional level (according to the geographic archetypes used by the ILO), and subsequently to the global level. To correct for non-response bias in countries not included in the 78 national datasets (given that these datasets were selected based on the availability of information, and not randomly as a representative sample of nations worldwide, and assuming that countries with higher representation in small-scale fisheries may have a different likelihood of conducting LFSs), a weighted regression analysis based on independent variables considered as predictors was used, following recommendations by the ILO (2017)26. 
Weights of the different predictor variables were calculated as the inverse probability of selection (or inverse propensity score), to account for differences between the 78 countries for which data was collected, and the world’s remaining countries to which the results were extrapolated. Using these weights to correct for non-response bias, the weighted regression analysis was conducted, essentially generating estimates based on assumed relationships between employment and livelihood dependency variables and a set of predictor variables.
The choice of the predictor variables for estimation purposes was guided by two considerations: first, the predictor variables must be strongly correlated with the outcome variables to ensure a high explanatory power of selected variables. Second, the selected predictor variables must be available for the largest number of countries in the global data set. For both marine and inland small-scale fisheries, the main predictor variables included: i); Employment in agriculture, forestry and fishery; ii) Employment in industry and employment in services; iii) Total population; iv) GDP per capita (PPP); v) GDP growth; vi) Value added in agriculture, forestry and fisheries. For marine small-scale fisheries, the additional predictor ‘Length of coastline (km)’ was included, whereas for inland small-scale fisheries it was ‘Area of inland water bodies’ (Virdin et al. (2023)25. 
For the third and final step, the regional and global estimates resulting from the weighted regression analysis were compared to the compiled available data on employment in small- and large-scale fisheries from the 58 national-level case studies, as well as government responses to the FAO ad-hoc questionnaire to member states between 2018-2019. In addition, two publicly available global datasets were reviewed for comparison, although they do not contain employment data disaggregated between small and large-scale fisheries: (i) the ILOSTAT data on employment in either fishing or aquaculture (aggregated), and (ii) FAO data on employment in fisheries (aggregated between small and large-scale fisheries). For countries where significant differences emerged, experts were consulted to help provide further explanations and eventually adjust estimates from the weighted regression analysis.
Finally, the employment distribution between marine small-scale fisheries and marine large-scale fisheries was further revised based on data on efforts of the global marine fishing fleet, in both the artisanal and industrial sectors, as provided by Rousseau et. al.27. The Rousseau’s dataset contains a reconstruction of marine fishing efforts disaggregated by the artisanal and industrial sector and, as such, it provides useful information to identify countries where marine fisheries take place in the small-scale, the large-scale or in both sectors. The revision process was applied to a handful of countries where fishing efforts in large-scale fisheries (or small-scale fisheries) in the Rousseau dataset were found to be zero but estimates from surveys suggested that employment in large-scale fisheries was different from zero (and vice-versa). For those countries, the inconsistency between the two sources of data was due to the criteria used from the surveys to estimate employment in small-scale fisheries vis-à-vis employment in large-scale fisheries. In those countries where no fishing efforts in large-scale fisheries (small-scale fisheries) were found in estimates from the surveys, we shifted marine employment from large-scale fisheries (small-scale fisheries) to small-scale fisheries (large-scale fisheries) and recoded employment in large-scale fisheries (small-scale fisheries) as zero. Although the Rousseau’s dataset was not considered authoritative relatively to the IHH assumed distribution of marine small- and large-scale fisheries, the dataset provided useful information on the distribution between small and large-scale fisheries especially in those countries where the distinction of employment in small-and large-scale fisheries was placed along a continuum. In this regard, the recoding process was aimed at ensuring coherence between the two sources of data concerning the distribution by small-scale fisheries and large-scale fisheries.

[bookmark: _heading=h.1y810tw]B3.4.1 Global extrapolation of gender-disaggregated variables
The national datasets used for the global extrapolation of employment in small-scale fisheries and large-scale fisheries contain information on the gender of the individual who participated in any small-scale fisheries/large-scale fisheries related activity, namely pre-harvest, harvest or post-harvest. In order to capture the share of women who participate in each small-scale fisheries/large-scale fisheries activity, the employment variables extracted from the 78 national datasets were gender disaggregated. Regional and global estimates of the gender distribution in each small-scale fishery/large-scale fishery activity was achieved by imputing values for the non-reporting countries using the information from countries with available national datasets and, finally, aggregating the results to regional and global totals. 

The imputation method was based on three interrelated steps: 1) computation of gender ratios from the available 78 national datasets; 2) extrapolation of the average gender ratio from the sample of national datasets at the lowest possible regional grouping; 3) finally, imputation of missing gender-disaggregated data in countries for which datasets were not available by applying the average gender ratio to the corresponding employment variable derived from the econometric specification. 

B3.5 Estimated uncertainty in employment and livelihood predictions
The uncertainties surrounding SSF and LSF employment and livelihood values were estimated using 95% prediction intervals (upper and lower bounds) based on the best-performing ordinary least squares (ols) regression model. For each predicted data point related to both SSF and LSF employment and livelihoods, the 95% prediction interval was calculated using the Stata command 'stdf' (standard error of forecast), which provides the standard error of each point prediction. The ols regression model use the log-transformed employment and livelihoods data estimated from 78 household income and expenditure surveys (HIES) and labor force surveys (LFS)  to extrapolate to countries without available surveys. Therefore, both the predicted data points and prediction intervals for employment and livelihoods were subsequently back-transformed using the exponential function.
Similarly to catch and landed value, survey estimates for SSF and LSF employment and livelihoods were considered preferable over the predicted values from the ols regression model extrapolations. Therefore, a ‘mixed’ approach was used to construct a combined dataset, using survey estimates from 78 countries with available HIES and LFS surveys; otherwise, gaps were filled with predicted employment and livelihoods from the ols regression model for the remaining countries. For estimates from the 78 surveys, the 95% prediction intervals associated with predictions from ols regression model were applied to the estimates from the surveys.


B4 Contribution to micronutrient supply from small-scale fisheries
The contribution to micronutrient supply from small-scale fisheries was calculated based on the predicted average annual catch of each functional (fin-fish and invertebrates) group for 177 country and territory case studies, including extrapolated catches, relative to average dietary micronutrient intakes in each country.

B4.1 Micronutrient concentrations
For each fin-fish species with recorded catch,  we extracted nutrient concentration from FishBase (www.fishbase.org), using median posterior predictions from a  trait and phylogenetic model (Hicks et al. 2019) for 6 nutrients essential to health (calcium, iron, selenium, zinc, vitamin A, omega-3 fatty acids). Although fatty acids are not defined as micronutrients, because the RI (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. Predictions are therefore the concentration of calcium, iron, selenium, zinc, vitamin A, omega-3 fatty acids in 100 g of raw muscle tissue. For invertebrate catch, species-level micronutrient concentrations were extracted from INFOODS, using analytical data covering 63 invertebrate species, from 195 samples in 50 studies. Micronutrient concentrations were assigned to each species, genera, family, order, and class in the reported catch in order of descending priority28. All catches with missing species information (i.e. mixed species or NEI catch) were assigned the mean micronutrient concentration of the country-level catch, weighted by species. Catches without species information were assigned the catch-weighted mean micronutrient concentration of total catch with species information, by the subregion average, and by the global functional group average, in order of descending priority. We then estimated the catch-weighted average micronutrient concentration of each functional group in each country, separately for marine and inland sectors.

B4.2 Micronutrient supply by country
Micronutrient supply is the amount of edible micronutrients available. To calculate this, we multiplied for each functional group, the micronutrient concentration (from B4.1), by the annual catch (tonnes) (from B1), and multiplied this by the edible portion. Edible portions were assigned 87% for fin-fish, 48% for shrimps and prawns, 78% for cephalopods, 34% for molluscs, and 28% for other crustaceans28-30. We then summed each country’s micronutrient supply across functional groups, to estimate the total annual supply of each micronutrient (in g, mg, or mug).


B4.3 Contribution to diets 
To calculate the potential contribution of small-scale fisheries catches to dietary nutrient intake, we calculated for each country the per capita supply of micronutrients from marine and inland small-scale fisheries, based on people living within 20 km of a coastline or inland water body, and compared this to each country's per capita micronutrient supply from all foods and from all seafood. Small-scale fisheries typically supply domestic demand for aquatic foods, with households living close to water bodies more likely to consume more fish31,32. We therefore focused on people living within 20 km of a coastline or inland water body (lakes with area > 50 km2 and reservoirs with storage capacity ≥ 0.5 km3)33, as the populations most likely to benefit from small-scale fisheries catches. We tested the sensitivity of this assumption by also using coastal buffer distances of 10 km and 30 km. For each country, we estimated the total number of people living within 10, 20 and 30 km of a coastline or inland water body33, using spatially-gridded population estimates for 2020, at 30 arc-second resolution (Center for International Earth Science Information Network, 2018)34. We then divided each country’s SSF micronutrient supply (from section B4.2) (tonnes per year) by each country’s coastal population (at 10, 20, and 30 km), and then by 365, to estimate the daily micronutrient supply to coastal (marine and freshwater) populations from small-scale fisheries (in mg, mug, or g per person per day). We also drew on catch use data to understand the proportion of catch that was retained locally for direct human consumption (see Extended Data Table 3), rather than exports or for non-human consumption uses. Catch use data was available for 33 country case studies for all/some years between 2013 and 2018. The granularity of the catch use data was heterogeneous across case studies, ranging from cases like Chile with detailed information at species/detailed functional group level to cases like Lao PDR with only one catch use estimate for all freshwater fishes. For Pacific Island nations (with the exception of Fiji, where data were available) we assumed 100% of small-scale fisheries catch to be locally available. For the remaining case studies where catch use data was not available we either use estimates from a neighbor and ecologically similar country, or regional averages.

To understand the potential contribution of the micronutrient supply from small-scale fisheries  to diets, we compared the SSF micronutrient supply to published estimates of dietary micronutrient supply from all foods using dietary intake data from the Global Dietary Dartabase (2018)35. We extracted population-level estimates of dietary intake for each of the six nutrients (in mg, mug, or g per person per day). Dietary data were available for 177 countries in the IHH dataset (i.e. unavailable for 10 countries, 3.7 million people). These data were combined to estimate the potential contribution to per capita micronutrient intakes of coastal and inland populations (e.g. the per capita quantity of micronutrients in catch relative to total micronutrient intake) and averaged across the six micronutrients. All spatial analyses were conducted in R 4.2.0 using packages rnaturalearth36, simple features, and raster36-38.

B 4.4 Micro nutrient supply of small-scale fisheries relative to global fisheries
We calculated the micronutrient supply from small-scale fisheries (as in B4.2) relative to the micronutrient supply from large-scale fisheries (‘LSF’, i.e. global wild-caught fish and invertebrate catch). LSF estimates were based on FAO’s global fisheries statistics of country catches by functional groups. FAO data is not disaggregated by small- and large scale, so we estimated LSF catch as total FAO national catch minus the predicted SSF catch.  As with SSF, we estimated micronutrient supply from LSF catches by calculating the edible catch fin-fish and invertebrates, and multiplying this by the catch-weighted average micronutrient concentration of each functional group in each country, separately for marine and inland sectors (see B4.1 and B4.2 for more details). The relative contribution of SSF to the total fisheries sector was then calculated as a proportion of the total combined micronutrient supply, separately for each nutrient. For countries where SSF catch estimates were larger than FAO reported catch, relative contributions of SSF to total fisheries were capped at 100%.


B5 Analysis of governance arrangements
B5.1 Definition of governance arrangements
Governance arrangements were defined as a formal or informal prescription of rules or norms39  assigning rights of access, withdrawal, management, exclusion, or transferability as defined by Schlager and Ostrom (1992)6 Table B6. 
Prescriptions could take the form of laws, acts, regulations, etc., affecting the said fishing rights in their country. The property rights classification system of Schlager and Ostrom (1992)6 provided a basis to synthesize and summarize the large diversity of tenure rights found in small-scale fisheries around the world (In this study property rights and tenure rights are used as equivalents). By paying attention to five different broad types of property rights (i.e. access, withdrawal, management, exclusion and transferability), granted by governments through legislation or national, subnational or local policy, it became possible to measure the devolution of rights across the thousands of fisheries included in this study. 



Table B6. The Schlager and Ostrom property right typology. Modified from Schlager and Ostrom (1992)6

	Type of tenure or property right
	Definition

	Access
	The right to enter a defined physical property. In this case a body of water where fishing will take place.

	Withdrawal (or harvest)
	The right to obtain the “products” of a resource (e.g., catch fish).

	Management
	The right to regulate internal use patterns and transform the resource by making improvements.

	Exclusion
	The right to determine who will have an access right, and how that right may be transferred.

	Transferability (Alienation)
	The right to sell or lease either or both of the above collective choice rights.



B5.2 Data sources and coverage
The analyses of governance arrangements were based on two independent sources of data. The first source was data collected through in-country experts with the directive to list the most important formal and informal governance arrangements influencing each fishery unit in their country. Governance arrangements were the main unit of observation and included written policies, directives, mandates, or customary agreement in the public domain. The data collection effort yielded 976 governance arrangements for 51 country-case studies. Note that this number is less than the total of 58 country-case studies covered for catch because only 51 country case studies provided governance data. Through the fishery unit concept it was possible to link governance arrangements to small-scale fisheries catch (in tonnes) as a way to estimate their relative importance for the sample of 51 countries. Altogether those governance arrangements govern about 82% of the reported small-scale fisheries catch for the 51 countries, representing 61% of estimated global catch. The second data source was the FAO-LEX fisheries legislation database accessible as of June 15, 2023, through: https://www.fao.org/faolex/en/. The FAO-LEX is a fisheries policies database maintained by FAO for all member countries. It is self-described as “a comprehensive and up-to-date legislative and policy database, one of the world’s largest online repositories of national laws, regulations and policies on food, agriculture and natural resources management.” We used FAO-LEX to code all fisheries policies in FAO-LEX for the 19 top producing countries (in terms of catch) and used this data to verify and complement the policy information obtained from in-country experts through our data collection effort. We also relied on FAO-LEX when in-country experts indicated they could not provide sufficient information for their countries. Altogether we complemented data with FAO-LEX for 38 of the countries yet following a conservative approach, we assumed FAO-LEX did not contain 100% of all relevant policies for each country. 

B5.3 Data collection and cleaning process
Arrangements were removed from the governance dataset when they fell outside of the scope of the study. (i.e. pertained only to large-scale fisheries, aquaculture, described only enforcement, monitoring, or research; or did not pertain to the harvest of aquatic resources; only pertained to species not included (e.g. seaweeds)). Data was screened for internal coherence and modifications were done when a response clearly conflicted with the description of the arrangement (i.e. a protected area indicated no spatial restrictions). Arrangements were consolidated if they had identical characteristics in the spreadsheet, and they also pertained to the same fishery units. In addition, they were disaggregated if it became clear that the arrangement applied differently to different fishery units, and if these differences affected the answers within the arrangements’ spreadsheet. Finally, answers were organized to facilitate machine reading. All changes were approved by multiple members of the IHH research team, and all changes were documented in a log noting the original entry, the changes made, and the reason for these changes.
Some arrangements were excluded from the dataset because they did not define specific governance harvesting actions, but instead set the parameters by which fisheries may be governed. For instance, the conditions by which the director of fisheries could be appointed. Including these would lead to an overestimation of the catch governed. These arrangements were therefore left in the overall dataset to retain evidence of their existence but removed from analyses related to catch. 

[bookmark: _heading=h.4i7ojhp]B5.4 Main assumptions and caveats
It was assumed that the entirety of a fishery unit was governed by an arrangement. As such, an arrangement applied to the full quantity of particular attributes of the fishery unit it governed (e.g. its catch, the species included, etc.). Given that countries defined fishery units in different ways, it was likely that some governance arrangements did not apply to entire fishery units, for example:
· When the arrangement covered an area smaller than the fishery unit
· When the arrangement restricted only some species caught in a fishery unit
· When the arrangement restricted only some gears used in a fishery unit
In these cases, the analyses possibly led to the overestimation of the catch governed by certain arrangements.
It is also important to note that not all fishery units had available catch data. Therefore, all results that took catch into consideration should be understood in terms of “reported catch”. In addition, catch amounting to 18% of the global reported catch did not have information on governance arrangements. However, this catch was included as the denominator of calculations for “% of total catch”. For this reason, there might be an underestimation of the amount of governed catch. Given the sources of overestimation and underestimation no artificial weights were implemented in the estimations of governed catch to correct for these issues.    

B5.5 General approach for types of rights analysis
If at least one fishery unit within a country was governed by a right (management, exclusion or transferability), then that right type was considered present for that country. However, the total amount of catch under each type of right was calculated by only summing the catch of all the fishery units governed by each type of right. Table B7 shows the data collected in relation to management, exclusion and transferability rights. Differently from the typology of rights outlined by Schlager and Ostrom (1992)6, the analysis did not include the rights of access and withdrawal, as it was assumed access and withdrawal rights were present by definition whenever fishing took place. 

Table B7. Data collected about management, exclusion and transferability rights including perceptions of in-country experts about the engagement or participation of fishers with respect to management rights.

	Rights
	Survey question for each fishery unit 

	Management rights
	yes-fishers are allowed to engage.
no-fishers are not allowed to engage in it 

	Exclusion rights
	yes-fishers have the right to decide who is allowed to harvest the resource(s)
no-fishers do not have the right to decide who is allowed to harvest the resource(s) 

	Transferability rights
	yes-fishers have the right to transfer their fishing rights to others
no-fishers do not have the right to transfer their fishing rights to others 




C. Estimation of the contributions of small-scale fisheries to catch, landed value, micronutrient supply, employment, livelihoods, women employed and devolved rights

C1 Absolute and relative contributions of marine and inland small-scale fisheries estimated by this study
Absolute and relative contributions of small-scale fisheries at global and regional levels for catch, micronutrient supply, livelihoods, employment and women employed are presented in Figure 1 in the main text and in Extended Data Table 1. Results are disaggregated by marine and inland when data allows. Extended Data Table 1 includes 95% confidence intervals (catch, employment and livelihoods) and the lowest and highest values for individual micronutrients (micronutrient supply). Micronutrient supply is quantified as the number of people for whom SSF catches could contribute an average of 19.9% (rounded to 20% in the main text) of their dietary micronutrient intakes, across six micronutrients (Ca, Fe, Se, Zn, Vitamin-A, Omega-3) essential for human health[footnoteRef:1]. 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. Employment and livelihood estimates cover a total of 187 countries with available country-level covariates. Notably, for Europe, data on subsistence workers in fishing wasn't available, and consequently, the corresponding number of livelihoods dependent on SSF is exclusively derived from SSF employment.  [1:  Although fatty acids are not defined as micronutrients, because the RI (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.] 


Absolute and relative SSF contributions are presented at a country level in Table C1 and C2 respectively. The number and proportion of countries per region, and the proportion of the global reported catch represented per dimension are shown in Table C3. The relationship between observed and predicted country-level catch for marine and inland are shown in Figure C1.

Relative contributions of SSF are calculated using the SSF absolute estimates from panel a and FAO’s global fisheries statistics. FAO’s global fisheries statistics are not disaggregated by small- and large scale, so national reported catches from FAO were used to obtain LSF estimates by subtracting to them our SSF estimates. All FAO’s reported catch for inland was assumed to be SSF. For a few countries, our SSF catch estimates were larger than FAO reported catch so when this occurred values were capped to 100% (this only occurred in countries with very small catch). In panel b, regional contributions are the total regional SSF contribution relative to the total regional fisheries sector (SSF+LSF), and the global contribution is the total global SSF contribution relative to the total global fisheries sector (SSF+LSF).
The relative contributions of SSF shown in the panel b of the Figure are with respect to the total fisheries sector (SSF+LSF) to inform policy makers of two related issues: (1) be aware that focusing capacities and resources in managing and policies related to industrial fisheries might overlook the majority of contributions of the sector to sustainable development. For example, for some countries the SSF sector employs more than 90% of the workforce in the fisheries sector; and (2) by stacking the different panels in one column, we aim at representing visually how the global or regional averages contribution in terms of catch might be low, but in terms of women employed are significant. This aims at supporting our statements that small-scale fisheries particularly should be looked at through a multi-dimensional lens instead of only as e.g. food production systems.
Table C1. Absolute contributions of SSF for CCS (disaggregated) and extrapolated (aggregated) countries for catch, micronutrients, employment (pre-harvest, harvest and post-harvest), livelihoods (partial or full dependency) and women’s employment (pre-harvest, harvest and post-harvest) shown in Figure 1a. We present disaggregated data for the observations we made for 58 country case studies. Country-level model-based extrapolations do not constitute empirically observed data, thus they are only presented in an aggregated form in this table.

	Country
	Catch (in tonnes)
	Micronutrients*  (average contribution to dietary micronutrient intake, %)
	People employed
(Marine and Inland)
	Women employed
(Marine and Inland)
	Livelihoods
(Marine and Inland)

	
	Country case studies data
	Predicted from the model
	
	
	
	

	
	Marine
	Inland
	Marine
	Inland
	Marine
	Inland
	
	
	

	Country Case Studies (CCS)

	Argentina
	26,095
	25,945
	45,045
	19,242
	2.9
	21.2
	49,160
	14,633
	203,783

	Bangladesh
	586,393
	1,140,074
	553,908
	1,112,416
	22.8
	71.2
	3,189,814
	715,765
	55,484,901

	Barbados
	2,612
	NA
	2,994
	NA
	5.8
	NA
	2,763
	754
	10,582

	Brazil
	306,317
	272,339
	607,225
	251,168
	13.7
	18.3
	771,214
	206,754
	3,899,647

	Chad
	NA
	111,409
	NA
	127,007
	NA
	56.6
	174,251
	42,175
	2,572,305

	Chile
	895,779
	NA
	110,474
	NA
	84.6
	NA
	148,509
	42,399
	670,555

	China
	6,512,723
	2,213,028
	6,460,905
	2,185,951
	29.6
	22.1
	18,068,360
	6,991,256
	154,111,764

	Congo
	17,340
	42,273
	17,683
	43,646
	34.1
	25.5
	67,767
	20,666
	588,870

	Congo, Dem. Rep. of the
	14,668
	229,300
	18,236
	257,963
	37.8
	21.5
	511,066
	168,153
	3,890,309

	Cook Islands
	426
	NA
	2,530
	NA
	NA**
	NA
	NA
	NA
	NA

	Egypt
	32,105
	243,645
	70,073
	277,215
	4.3
	31.4
	333,025
	29,864
	1,329,528

	Fiji
	27,000
	4,852
	11,718
	17,341
	30.3
	 NA***
	14,147
	3,757
	89,987

	Gabon
	20,150
	1,763
	11,416
	12,953
	28.4
	24.3
	16,761
	5,982
	118,831

	Gambia
	41,938
	10,386
	5,865
	3,646
	24.7
	58.7
	19,037
	7,784
	126,764

	Ghana
	210,266
	93,220
	50,292
	102,726
	28.6
	24.2
	297,443
	58,118
	1,658,374

	Greenland
	37,391
	NA
	2,986
	NA
	NA**
	NA
	NA
	NA
	NA

	Guinea
	122,288
	60,792
	43,546
	29,894
	40
	64.5
	78,376
	23,566
	643,211

	Guinea-Bissau
	467
	NA
	7,615
	178
	8.2
	20.4
	15,617
	3,761
	106,314

	India
	510,278
	NA
	1,314,396
	1,471,889
	10.7
	30.3
	9,580,693
	3,405,292
	63,167,567

	Indonesia
	1,533,984
	408,917
	1,645,380
	472,248
	8.8
	24.9
	3,317,355
	757,276
	20,321,834

	Iran (Islamic Rep. of)
	515,600
	76,712
	433,895
	99,420
	47.2
	9.3
	587,282
	231,679
	4,735,347

	Kenya
	25,811
	174,212
	37,376
	158,420
	22.6
	44.6
	175,687
	48,894
	1,133,252

	Kiribati
	19,000
	NA
	14,944
	NA
	86.4
	NA
	5,807
	1,797
	309,302

	Lao People's Dem. Rep.
	NA
	173,325
	NA
	66,136
	NA
	95.9
	155,740
	70,711
	4,979,193

	Liberia
	13,291
	NA
	12,703
	1,521
	19.1
	39.7
	31,921
	10,704
	256,493

	Madagascar
	69,414
	34,048
	110,046
	31,621
	26
	73.2
	320,067
	64,923
	2,277,088

	Malawi
	NA
	142,037
	NA
	164,434
	NA
	55.7
	157,048
	33,546
	966,478

	Maldives
	145,997
	NA
	14,456
	NA
	88.4
	NA
	16,788
	3,791
	124,630

	Mali
	NA
	104,860*
	NA
	109,655
	NA
	59.6
	598,106
	153,861
	3,760,354

	Mauritania
	420,654
	NA
	20,807
	17,302
	84
	16.7
	29,970
	3,418
	247,652

	Mexico
	430,797
	80,526
	374,837
	166,015
	24.8
	9.1
	374,145
	171,759
	1,994,324

	Morocco
	83,339
	NA
	115,028
	17,539
	17.9
	1.4
	301,390
	37,863
	1,217,453

	Mozambique
	188,361
	74,618
	103,194
	103,836
	38.1
	50.5
	286,581
	74,996
	2,003,196

	Nigeria
	428,778
	353,061
	420,884
	414,218
	26.8
	36
	2,552,434
	889,575
	15,874,070

	Norway
	279,391
	NA
	30,238
	384
	27.5
	NA***
	23,406
	3,732
	93,053

	Peru
	1,314,436Ɣ
	47,670
	86,530
	31,037
	57.1
	42.2
	229,863
	82,580
	982,374

	Philippines
	1,005,673
	198,722
	971,447
	203,399
	9.9
	6.4
	2,283,761
	841,854
	15,323,794

	Saint Kitts and Nevis
	410
	NA
	1,097
	NA
	NA**
	NA
	NA
	NA
	NA

	Saint Lucia
	1,673
	NA
	2,221
	NA
	10.9
	NA
	1,698
	448
	8,883

	Saint Vincent/Grenadines
	772
	NA
	2,234
	NA
	16.5
	NA
	2,865
	659
	11,186

	Samoa
	10,000
	NA
	7,408
	NA
	41.3
	NA
	11,390
	2,680
	73,150

	Senegal
	486,473Ɣ
	31,617
	84,978
	36,310
	47.5
	33.6
	289,709
	92,917
	1,701,466

	Seychelles
	3,539
	NA
	1,522
	NA
	36.3
	NA
	NA
	NA
	NA

	Sierra Leone
	302,545
	NA
	34,085
	2,664
	64.9
	NA***
	122,730
	45,499
	875,491

	South Africa
	24,479
	2,342
	49,356
	1,055
	10
	10.6
	70,073
	21,572
	443,720

	Spain
	120,576
	3,000
	37,369
	6,021
	2.9
	1.3
	72,946
	37,230
	300,860

	Sri Lanka
	574,830
	67,075
	282,988
	79,582
	42.5
	26.9
	439,455
	108,535
	3,512,192

	Tanzania, United Rep. of
	62,700
	351,110
	62,814
	350,611
	23
	49.5
	376,273
	155,160
	2,339,059

	Thailand
	391,622
	212,335
	157,579
	206,849
	20.7
	44.4
	391,943
	141,468
	7,685,761

	Tonga
	8,366
	NA
	5,171
	NA
	64.3
	NA
	8,267
	1,921
	52,489

	Turkey
	13,100
	29,133
	50,942
	36,774
	1.3
	10.3
	61,886
	15,719
	312,317

	Tuvalu
	1,435
	NA
	572
	NA
	NA**
	NA
	NA
	NA
	NA

	Uganda
	NA
	451,007
	NA
	465,061
	NA
	39
	279,453
	92,955
	2,143,446

	United Kingdom
	49,614
	NA
	38,433
	1,004
	1.4
	0.4
	38,496
	9,158
	155,527

	United States of America
	1,245,278
	NA
	411,045
	24,494
	21.9
	0.3
	390,417
	157,513
	2,164,177

	Vanuatu
	3,906
	80
	8,435
	NA
	27.4
	 NA***
	7,166
	2,531
	92,514

	Viet Nam
	1,010,763
	NA
	444,857
	169,474
	18.8
	9.2
	930,463
	266,134
	5,659,399

	Zambia
	NA
	94,390
	NA
	93,112
	 NA
	55
	100,244
	25,824
	815,748

	Extrapolated countries

	Aggregated
	NA
	NA
	4,948,896
	2,917,006
	11.5
	14.7
	11,819,352
	4,457,793
	98,117,314



Catch:
ƔFAO data used for Peru (marine), Senegal (marine) and Mali (inland).

Micronutrients:
* Although fatty acids are not defined as micronutrients, because the RI (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.
**Due to the lack of dietary micronutrient intake data, Cook Islands, Greenland, Saint Kitts and Nevis and Tuvalu had to be dropped from the micronutrient analysis.
***Countries with some inland catch but not large enough inland features (populations living near large water bodies) to be captured in the micronutrient analysis (Fiji, Norway, Sierra Leone and Vanuatu).

Figure C1. Correlation between observed and predicted country-level catch for marine and inland (columns 2-5 in Table C1).
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Table C2. Relative contributions of SSF to total fisheries: Global, regional and national contributions of marine and inland small-scale fisheries for catch, micronutrient supply, employment and women employed (pre-harvest, harvest and post-harvest) and livelihoods (partial or full dependency). Data rounded to one digit.

	Country
	Catch
	Micronutrient supply
	Employment
	Women employed
	Livelihoods

	Africa

	Algeria
	90.5%
	38.3%
	80.8%
	76.3%
	88.1%

	Angola
	33.2%
	25.6%
	82.2%
	83.3%
	89.8%

	Benin
	100.0%
	100.0%
	92.2%
	91.2%
	95.6%

	Botswana
	100.0%
	100.0%
	86.1%
	86.9%
	92.3%

	Burkina Faso
	100.0%
	70.1%
	100.0%
	100.0%
	100.0%

	Burundi
	100.0%
	74.8%
	92.2%
	88.9%
	97.2%

	Côte d'Ivoire
	100.0%
	100.0%
	88.9%
	80.1%
	95.0%

	Cabo Verde
	7.7%
	4.2%
	84.2%
	83.7%
	89.3%

	Cameroon
	42.2%
	37.8%
	92.4%
	90.3%
	95.8%

	Central African Republic
	100.0%
	83.9%
	100.0%
	100.0%
	100.0%

	Chad
	100.0%
	100.0%
	96.2%
	93.7%
	99.0%

	Comoros
	26.2%
	15.8%
	100.0%
	100.0%
	100.0%

	Congo
	68.5%
	84.7%
	92.4%
	90.4%
	96.5%

	Democratic Republic of the Congo
	100.0%
	100.0%
	99.9%
	99.9%
	100.0%

	Djibouti
	100.0%
	100.0%
	86.1%
	84.9%
	91.4%

	Egypt
	78.7%
	82.6%
	62.2%
	33.2%
	70.4%

	Equatorial Guinea
	100.0%
	96.7%
	89.1%
	89.3%
	94.2%

	Eritrea
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Eswatini
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Ethiopia
	100.0%
	100.0%
	98.8%
	98.6%
	99.5%

	Gabon
	75.7%
	70.6%
	88.6%
	87.2%
	93.7%

	Gambia
	89.0%
	100.0%
	94.6%
	94.6%
	96.9%

	Ghana
	87.5%
	85.3%
	90.9%
	85.3%
	93.6%

	Guinea
	73.9%
	100.0%
	95.0%
	92.9%
	97.7%

	Guinea-Bissau
	100.0%
	34.0%
	84.9%
	78.8%
	91.1%

	Kenya
	99.9%
	100.0%
	90.6%
	90.6%
	94.3%

	Lesotho
	100.0%
	100.0%
	79.5%
	74.2%
	90.5%

	Liberia
	91.1%
	100.0%
	77.2%
	72.9%
	87.8%

	Libya
	100.0%
	62.1%
	85.4%
	76.8%
	91.5%

	Madagascar
	75.0%
	100.0%
	84.8%
	75.8%
	91.2%

	Malawi
	98.0%
	100.0%
	95.6%
	90.9%
	97.3%

	Mali
	100.0%
	93.6%
	98.9%
	98.3%
	99.3%

	Mauritania
	85.1%
	100.0%
	59.7%
	62.1%
	76.3%

	Mauritius
	89.0%
	100.0%
	85.6%
	74.8%
	91.2%

	Morocco
	8.4%
	5.8%
	97.6%
	95.3%
	98.4%

	Mozambique
	90.0%
	100.0%
	72.9%
	68.7%
	83.0%

	Namibia
	1.0%
	0.3%
	21.0%
	13.3%
	22.9%

	Niger
	100.0%
	21.2%
	96.7%
	95.6%
	98.1%

	Nigeria
	98.4%
	100.0%
	96.6%
	96.1%
	97.8%

	Rwanda
	100.0%
	28.8%
	97.8%
	97.4%
	98.6%

	Sao Tome and Principe
	11.1%
	12.0%
	91.9%
	92.5%
	95.2%

	Senegal
	88.6%
	100.0%
	95.7%
	95.8%
	97.2%

	Seychelles
	4.3%
	7.5%
	NA
	NA
	NA

	Sierra Leone
	74.7%
	100.0%
	94.5%
	95.0%
	97.0%

	Somalia
	36.4%
	12.0%
	100.0%
	100.0%
	100.0%

	South Africa
	6.4%
	3.3%
	81.0%
	72.2%
	87.7%

	South Sudan
	100.0%
	9.6%
	93.9%
	88.6%
	96.4%

	Sudan
	100.0%
	35.4%
	86.9%
	78.2%
	91.4%

	Togo
	67.5%
	48.1%
	96.1%
	96.8%
	97.5%

	Tunisia
	45.1%
	35.7%
	89.5%
	88.7%
	93.9%

	Uganda
	100.0%
	89.7%
	100.0%
	100.0%
	100.0%

	United Republic of Tanzania
	100.0%
	100.0%
	99.7%
	99.7%
	99.8%

	Zambia
	91.0%
	94.9%
	97.7%
	96.7%
	98.9%

	Zimbabwe
	100.0%
	100.0%
	98.4%
	98.5%
	99.3%

	TOTAL AFRICA
	66.8%
	74.9%
	91.5%
	90.4%
	95.4%

	Americas

	Antigua and Barbuda
	62.9%
	36.3%
	NA
	NA
	NA

	Argentina
	6.3%
	6.9%
	74.2%
	71.0%
	79.8%

	Bahamas
	72.2%
	42.4%
	96.6%
	95.4%
	97.4%

	Barbados
	100.0%
	100.0%
	87.3%
	83.7%
	90.0%

	Belize
	6.2%
	1.8%
	79.9%
	89.1%
	85.6%

	Bolivia (Plurinational State of)
	100.0%
	78.0%
	100.0%
	100.0%
	100.0%

	Brazil
	69.8%
	68.6%
	84.7%
	82.7%
	90.2%

	Canada
	17.6%
	5.3%
	68.8%
	67.4%
	82.3%

	Chile
	51.3%
	34.5%
	84.4%
	86.5%
	89.0%

	Colombia
	100.0%
	100.0%
	96.0%
	96.4%
	97.4%

	Costa Rica
	100.0%
	70.7%
	92.2%
	95.6%
	95.5%

	Cuba
	26.9%
	10.8%
	63.6%
	69.6%
	68.9%

	Dominica
	100.0%
	52.7%
	NA
	NA
	NA

	Dominican Republic
	100.0%
	82.9%
	100.0%
	100.0%
	100.0%

	Ecuador
	16.6%
	19.6%
	50.0%
	46.9%
	61.2%

	El Salvador
	38.3%
	20.7%
	75.7%
	79.1%
	82.6%

	Greenland
	13.2%
	12.2%
	NA
	NA
	NA

	Grenada
	99.6%
	79.7%
	NA
	NA
	NA

	Guatemala
	100.0%
	73.3%
	82.2%
	88.0%
	88.9%

	Guyana
	16.3%
	7.8%
	79.9%
	73.5%
	85.2%

	Haiti
	100.0%
	85.7%
	100.0%
	100.0%
	100.0%

	Honduras
	100.0%
	100.0%
	72.7%
	77.8%
	83.5%

	Jamaica
	100.0%
	31.6%
	74.5%
	72.7%
	82.9%

	Mexico
	40.5%
	25.2%
	87.3%
	90.5%
	92.4%

	Nicaragua
	59.2%
	69.8%
	76.9%
	79.1%
	86.1%

	Panama
	21.3%
	8.4%
	83.4%
	85.1%
	88.4%

	Paraguay
	100.0%
	38.1%
	98.7%
	98.4%
	99.2%

	Peru
	28.6%
	15.6%
	85.4%
	83.9%
	89.2%

	Puerto Rico
	NA
	NA
	82.4%
	85.4%
	86.9%

	Saint Kitts and Nevis
	0.6%
	1.5%
	NA
	NA
	NA

	Saint Lucia
	81.9%
	86.9%
	81.2%
	78.6%
	88.6%

	Saint Vincent and the Grenadines
	1.9%
	2.0%
	92.7%
	90.2%
	94.5%

	Suriname
	16.6%
	8.6%
	78.8%
	73.6%
	83.7%

	Trinidad and Tobago
	100.0%
	46.3%
	88.8%
	85.8%
	91.5%

	United States of America
	24.6%
	36.0%
	84.9%
	88.5%
	92.4%

	United States Virgin Islands
	NA
	NA
	71.0%
	73.8%
	77.5%

	Uruguay
	21.8%
	5.3%
	66.7%
	53.9%
	73.9%

	Venezuela (Bolivarian Republic of)
	78.5%
	32.1%
	85.6%
	81.3%
	90.1%

	TOTAL AMERICAS
	32.1%
	24.9%
	81.9%
	82.8%
	88.2%

	Asia

	Afghanistan
	100.0%
	100.0%
	99.1%
	99.2%
	99.8%

	Armenia
	100.0%
	7.2%
	100.0%
	100.0%
	100.0%

	Azerbaijan
	100.0%
	8.8%
	100.0%
	100.0%
	100.0%

	Bahrain
	100.0%
	60.3%
	100.0%
	99.9%
	100.0%

	Bangladesh
	97.8%
	100.0%
	96.6%
	97.3%
	99.3%

	Bhutan
	74.2%
	100.0%
	97.1%
	97.7%
	99.7%

	Brunei Darussalam
	44.0%
	17.2%
	86.8%
	88.0%
	93.0%

	Cambodia
	100.0%
	26.6%
	94.5%
	96.5%
	98.1%

	China
	53.6%
	60.9%
	89.9%
	92.0%
	95.9%

	China, Hong Kong SAR
	NA
	NA
	99.7%
	99.7%
	99.7%

	Cyprus
	100.0%
	16.2%
	50.5%
	46.7%
	58.5%

	Democratic People's Republic of Korea
	NA
	NA
	81.0%
	79.6%
	90.9%

	Georgia
	1.2%
	0.4%
	61.0%
	56.4%
	68.9%

	India
	39.4%
	48.4%
	94.6%
	94.6%
	97.1%

	Indonesia
	31.3%
	38.4%
	93.6%
	93.2%
	96.8%

	Iran (Islamic Republic of)
	92.3%
	100.0%
	89.1%
	91.6%
	95.1%

	Iraq
	100.0%
	21.3%
	100.0%
	100.0%
	100.0%

	Israel
	100.0%
	37.8%
	81.0%
	77.4%
	86.1%

	Japan
	19.8%
	7.0%
	94.3%
	95.0%
	95.6%

	Jordan
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Kazakhstan
	100.0%
	4.0%
	100.0%
	100.0%
	100.0%

	Kuwait
	100.0%
	68.6%
	99.6%
	99.6%
	99.7%

	Kyrgyzstan
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Lao People's Democratic Republic
	100.0%
	100.0%
	96.8%
	97.2%
	99.7%

	Lebanon
	100.0%
	100.0%
	98.0%
	97.9%
	98.9%

	Malaysia
	13.8%
	7.6%
	83.4%
	84.4%
	92.7%

	Maldives
	100.0%
	100.0%
	50.7%
	31.2%
	69.2%

	Mongolia
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Myanmar
	68.3%
	14.5%
	83.1%
	85.1%
	94.6%

	Nepal
	100.0%
	100.0%
	98.7%
	98.9%
	99.8%

	Oman
	15.9%
	8.4%
	97.0%
	96.6%
	98.3%

	Pakistan
	100.0%
	100.0%
	95.3%
	96.5%
	98.8%

	Palestine
	NA
	NA
	100.0%
	100.0%
	100.0%

	Philippines
	53.5%
	56.9%
	94.6%
	94.7%
	97.6%

	Qatar
	98.1%
	32.8%
	100.0%
	100.0%
	100.0%

	Republic of Korea
	23.0%
	10.7%
	94.5%
	95.2%
	97.1%

	Saudi Arabia
	100.0%
	58.4%
	97.5%
	97.4%
	98.6%

	Singapore
	100.0%
	100.0%
	NA
	NA
	NA

	Sri Lanka
	84.5%
	100.0%
	59.4%
	56.4%
	77.1%

	Syrian Arab Republic
	100.0%
	100.0%
	98.4%
	98.3%
	99.1%

	Taiwan, Province of China
	NA
	NA
	84.1%
	85.8%
	92.2%

	Tajikistan
	100.0%
	40.4%
	82.9%
	86.5%
	87.7%

	Thailand
	33.2%
	37.5%
	91.3%
	91.4%
	98.6%

	Timor-Leste
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Turkey
	12.0%
	8.2%
	54.5%
	50.8%
	64.7%

	Turkmenistan
	100.0%
	2.2%
	100.0%
	100.0%
	100.0%

	United Arab Emirates
	83.0%
	30.5%
	100.0%
	100.0%
	100.0%

	Uzbekistan
	100.0%
	3.0%
	100.0%
	100.0%
	100.0%

	Viet Nam
	37.0%
	42.0%
	64.7%
	57.3%
	78.9%

	Yemen
	34.4%
	12.2%
	97.7%
	97.5%
	99.0%

	TOTAL ASIA
	47.0%
	47.4%
	90.7%
	91.7%
	96.4%

	Europe
	
	
	
	
	

	Albania
	60.1%
	78.0%
	49.8%
	48.1%
	50.5%

	Austria
	100.0%
	21.4%
	78.6%
	72.5%
	78.4%

	Belarus
	100.0%
	30.3%
	100.0%
	100.0%
	100.0%

	Belgium
	1.5%
	0.7%
	37.2%
	33.7%
	36.5%

	Bosnia and Herzegovina
	NA
	NA
	68.5%
	56.3%
	69.2%

	Bulgaria
	100.0%
	100.0%
	55.7%
	45.3%
	58.0%

	Channel Islands
	NA
	NA
	53.3%
	48.6%
	52.2%

	Croatia
	17.7%
	28.2%
	52.1%
	43.3%
	53.0%

	Czechia
	100.0%
	15.9%
	90.6%
	88.0%
	91.5%

	Denmark
	1.1%
	1.4%
	66.2%
	65.6%
	67.1%

	Estonia
	8.7%
	6.5%
	64.2%
	61.1%
	64.7%

	Faroe Islands
	0.3%
	1.0%
	NA
	NA
	NA

	Finland
	23.6%
	1.7%
	63.5%
	58.2%
	64.6%

	France
	11.0%
	14.6%
	67.5%
	69.3%
	69.5%

	Germany
	20.9%
	12.8%
	60.3%
	57.5%
	61.6%

	Greece
	35.4%
	44.4%
	72.1%
	69.8%
	73.3%

	Hungary
	100.0%
	4.5%
	79.7%
	78.8%
	81.1%

	Iceland
	0.2%
	0.3%
	45.7%
	44.9%
	45.3%

	Ireland
	4.0%
	6.2%
	52.8%
	50.3%
	53.7%

	Italy
	26.8%
	25.5%
	40.9%
	38.7%
	42.7%

	Latvia
	0.9%
	0.6%
	30.3%
	26.6%
	29.7%

	Lithuania
	2.7%
	1.4%
	51.5%
	54.5%
	51.5%

	Luxembourg
	NA
	NA
	43.4%
	12.2%
	39.2%

	Malta
	25.4%
	36.5%
	55.0%
	52.3%
	54.3%

	Montenegro
	43.1%
	23.0%
	53.7%
	53.0%
	53.4%

	Netherlands
	3.5%
	2.9%
	41.6%
	44.4%
	42.5%

	North Macedonia
	100.0%
	100.0%
	98.1%
	95.7%
	98.2%

	Norway
	12.2%
	9.6%
	54.6%
	43.0%
	55.9%

	Poland
	13.9%
	5.1%
	70.2%
	70.6%
	72.7%

	Portugal
	6.2%
	7.3%
	54.3%
	52.1%
	55.7%

	Republic of Moldova
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%

	Romania
	53.4%
	7.0%
	78.4%
	78.0%
	79.9%

	Russian Federation
	8.8%
	7.4%
	45.8%
	47.2%
	50.3%

	Serbia
	100.0%
	6.6%
	65.1%
	58.9%
	65.0%

	Slovakia
	100.0%
	4.2%
	78.1%
	77.6%
	79.3%

	Slovenia
	100.0%
	100.0%
	44.5%
	43.7%
	44.3%

	Spain
	13.3%
	17.4%
	47.4%
	51.1%
	49.3%

	Sweden
	10.5%
	6.4%
	54.2%
	49.7%
	55.5%

	Switzerland
	100.0%
	9.5%
	81.1%
	75.8%
	81.0%

	Ukraine
	21.5%
	4.8%
	49.5%
	49.9%
	52.8%

	United Kingdom of Great Britain and Northern Ireland
	7.1%
	11.0%
	42.0%
	43.5%
	43.4%

	TOTAL EUROPE
	9.1%
	8.6%
	51.7%
	51.5%
	54.3%

	Oceania
	
	
	
	
	

	Australia
	100.0%
	100.0%
	94.4%
	94.5%
	99.3%

	Fiji
	67.8%
	80.0%
	86.1%
	80.7%
	93.2%

	French Polynesia
	NA
	NA
	90.4%
	85.4%
	95.5%

	Guam
	NA
	NA
	82.2%
	78.0%
	93.7%

	Kiribati
	15.9%
	37.9%
	89.3%
	81.0%
	99.4%

	Marshall Islands
	3.4%
	3.6%
	NA
	NA
	NA

	New Caledonia
	NA
	NA
	93.5%
	91.9%
	96.8%

	New Zealand
	3.1%
	3.0%
	86.0%
	82.7%
	88.8%

	Niue
	100.0%
	94.3%
	NA
	NA
	NA

	Palau
	100.0%
	100.0%
	NA
	NA
	NA

	Papua New Guinea
	65.6%
	76.4%
	88.3%
	83.2%
	94.8%

	Samoa
	NA
	NA
	93.2%
	87.5%
	96.9%

	Solomon Islands
	39.9%
	62.6%
	95.7%
	91.4%
	97.5%

	Tonga
	93.4%
	100.0%
	95.2%
	90.9%
	97.8%

	Vanuatu
	5.7%
	9.1%
	83.8%
	80.4%
	95.9%

	TOTAL OCEANIA
	36.0%
	57.4%
	91.0%
	87.9%
	97.7%

	GLOBAL
	40.3%
	42.6%
	89.2%
	89.8%
	95.3%

	Regional Summary
	Catch
	Micronutrient supply
	Employment
	Women employed
	Livelihoods

	Total Africa
	66.8%
	74.9%
	91.5%
	90.4%
	95.4%

	Total Americas
	32.1%
	24.9%
	81.9%
	82.8%
	88.2%

	Total Asia
	47.0%
	47.4%
	90.7%
	91.7%
	96.4%

	Total Europe
	9.1%
	8.6%
	51.7%
	51.5%
	54.3%

	Total Oceania
	36.0%
	57.4%
	91.0%
	87.9%
	97.7%


Data sources: Catch and micronutrient data average 2013-2017 extrapolated from 58 country and territory case studies (see sections B1 and B4); employment and livelihoods extrapolated from 78 national household-based surveys for 2016  (see section B3.4)

Table C3. Number and percentage of countries with data for each region and metric presented in Figure 1b.
	Region
	Metric
	Number of countries with data
	Percentage of countries with data
	Proportion of the catch represented

	Africa
	Catch
	54
	90.00%
	100.00%

	Americas
	Catch
	36
	63.16%
	100.00%

	Asia
	Catch
	46
	90.20%
	98.19%

	Europe
	Catch
	38
	70.37%
	100.00%

	Oceania
	Catch
	11
	37.93%
	93.08%

	Africa
	Employment
	53
	88.33%
	99.11%

	Americas
	Employment
	33
	57.89%
	97.95%

	Asia
	Employment
	49
	96.08%
	100.00%

	Europe
	Employment
	40
	74.07%
	95.88%

	Oceania
	Employment
	12
	41.38%
	88.20%

	Africa
	Livelihoods
	53
	88.33%
	99.11%

	Americas
	Livelihoods
	33
	57.89%
	97.95%

	Asia
	Livelihoods
	49
	96.08%
	100.00%

	Europe
	Livelihoods
	40
	74.07%
	95.88%

	Oceania
	Livelihoods
	12
	41.38%
	88.20%

	Africa
	Micronutrient supply
	54
	90.00%
	100.00%

	Americas
	Micronutrient supply
	36
	63.16%
	100.00%

	Asia
	Micronutrient supply
	46
	90.20%
	98.19%

	Europe
	Micronutrient supply
	38
	70.37%
	100.00%

	Oceania
	Micronutrient supply
	11
	37.93%
	93.08%

	Africa
	Women employed
	53
	88.33%
	99.11%

	Americas
	Women employed
	33
	57.89%
	97.95%

	Asia
	Women employed
	49
	96.08%
	100.00%

	Europe
	Women employed
	40
	74.07%
	95.88%

	Oceania
	Women employed
	12
	41.38%
	88.20%
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Figure C2. Variability in countries´ small-scale fisheries catch among the different levels of rights devolution, based on analysis of policies from 45 marine and 34 inland countries (N=51). Black dots indicate the percentage of small-scale fisheries' catch for each category of rights across the 51 countries. The height of the histograms indicates the number of countries.


Table C4. Percentage of marine and inland catch per country and territory (N=51, 45 countries for marine and 34 for inland) with different levels of rights devolution in formally governed small-scale fisheries. Data is rounded to two digits. In Argentina, Chile, Morocco and Peru a proportion of the catch only has transferability rights so in these countries the four categories presented in the table do not add up to a 100%.
	Country
	No devolved rights 
(% of catch)
	Only management rights
(% of catch)
	Management, and exclusion or transferability rights
(% of catch)
	Management, exclusion and transferability rights
(% of catch)

	Africa

	Chad
	99.99
	0.01
	0
	0

	Congo
	76.88
	0
	23.12
	0

	Democratic Republic of the Congo
	10.72
	89.28
	0
	0

	Egypt
	0
	0
	100
	0

	Gabon
	99.73
	0.27
	0
	0

	Gambia
	82.74
	17.26
	0
	0

	Ghana
	100
	0
	0
	0

	Guinea
	33.2
	66.8
	0
	0

	Guinea-Bissau
	100
	0
	0
	0

	Kenya
	30
	0
	70
	0

	Liberia
	100
	0
	0
	0

	Madagascar
	20.67
	0
	0
	79.33

	Malawi
	0
	0
	0
	100

	Mali
	92.91
	0
	7.09
	0

	Mauritania
	100
	0
	0
	0

	Morocco
	52.07
	0
	46.24
	0

	Mozambique
	22.31
	77.69
	0
	0

	Nigeria
	100
	0
	0
	0

	Senegal
	22.64
	77.36
	0
	0

	Seychelles
	0
	100
	0
	0

	Sierra Leone
	35
	0
	65
	0

	South Africa
	53.49
	1.67
	44.83
	0

	Uganda
	25.71
	0
	74.29
	0

	United Republic of Tanzania
	0
	0
	100
	0

	Zambia
	8.9
	91.1
	0
	0

	AVERAGE AFRICA
	47.58
	20.18
	27.88
	4.33

	Americas

	Argentina
	76.81
	2.45
	0
	0

	Barbados
	26.82
	73.18
	0
	0

	Brazil
	99.57
	0.24
	0.11
	0.08

	Chile
	0
	0
	81.31
	0.48

	Greenland
	0.13
	99.87
	0
	0

	Mexico
	37.52
	62.48
	0
	0

	Peru
	97.61
	0
	1.38
	0

	Saint Kitts and Nevis
	100
	0
	0
	0

	Saint Lucia
	97.55
	2.45
	0
	0

	Saint Vincent and the Grenadines
	100
	0
	0
	0

	United States of America
	NA
	NA
	NA
	NA

	AVERAGE AMERICAS
	72.23
	7.72
	15.97
	0.10

	Asia

	Bangladesh
	74.82
	25.18
	0
	0

	China
	100
	0
	0
	0

	India
	82.24
	17.76
	0
	0

	Indonesia
	10
	0
	88.57
	1.43

	Iran (Islamic Republic of)
	97.91
	0
	0
	2.09

	Lao People's Democratic Republic
	100
	0
	0
	0

	Maldives
	93.08
	0
	0
	6.92

	Philippines
	0
	0
	100
	0

	Sri Lanka
	5
	0
	67.95
	27.05

	Thailand
	3.52
	66.26
	30.23
	0

	Turkey
	0.99
	99.01
	0
	0

	Viet Nam
	10
	90
	0
	0

	AVERAGE ASIA
	67.41
	10.84
	20.46
	1.29

	Europe

	Norway
	0
	100
	0
	0

	Spain
	74.44
	1.06
	1.47
	23.03

	United Kingdom of Great Britain and Northern Ireland
	15
	0
	85
	0

	AVERAGE EUROPE
	21.97
	62.02
	9.72
	6.29

	Oceania
	
	
	
	

	Cook Islands
	NA
	NA
	NA
	NA

	Kiribati
	NA
	NA
	NA
	NA

	Fiji
	65.21
	0
	34.79
	0

	Samoa
	NA
	NA
	NA
	NA

	Tonga
	NA
	NA
	NA
	NA

	Tuvalu
	NA
	NA
	NA
	NA

	Vanuatu
	NA
	NA
	NA
	NA

	AVERAGE OCEANIA
	85.25
	0
	14.76
	0

	GLOBAL
AVERAGE
	63.76%
	12.88%
	20.92%
	1.74%



Data sources: Catch data (average 2013-2017) based on an analysis of 976 policies from 51 country case studies (marine and inland). The 976 policies account for 82% of the estimated catch in the 51 countries, representing around 61% of the estimated global catch. The analysis does not include governance regimes with informally devolved rights, which are recognized to be important around the world but for which data and analysis are not currently available or feasible at a global scale. Although governance data was not available for seven countries, the catch from these countries was still considered to calculate regional and global percentages of devolved rights (see section B5.4).



C2 Comparison of IHH estimates with previous studies
Small-scale fisheries catch
[bookmark: _heading=h.euou506n6ap3]In Extended Data Table 2 and Table C5 a comparison of IHH catch estimates vs. catch from other previous studies for marine and inland small-scale fisheries is presented. Our estimates of global small-scale fisheries catch are in line with previous studies, particularly for the marine small-scale fisheries. For the inland sub-sector, we acknowledge our estimates are more conservative than previous modeling approaches based mostly on non-fishery data (eg. Fluet-Chouinard et al. 201840) and should be interpreted as the lower end of global estimates derived from previous studies. We also acknowledge that for Europe and Oceania inland fisheries have been underrepresented in our study. However, this is the first attempt to quantify inland fishery data at a global scale using a bottom-up approach, and is based on a substantial number of case studies (38 countries, representing 63% of total inland catches according to FAO FishStat data, average values 2013-2017). We recognize that:
1) [bookmark: _heading=h.zcgy996tzrzv]As a bottom-up approach, based on existing local data, will still be constrained by the issue of unmonitored or hidden fisheries, particularly important for inland fisheries, and that our global figure for inland catch represents the lower end of global estimates derived from the other studies. We therefore still acknowledge the significant uncertainties around our global SSF inland catches and we explicitly call for future studies to improve data and develop new and innovative methods to better reflect the importance of inland SSF caches with respect to the overall sector. 
2) [bookmark: _heading=h.a5iwo61llpti]The other studies have covered estimates of catch and not other associated data. Collecting inland SSF catches at species level allowed us, for the first time ever, to estimate the nutrient intake for Africa and Asia (32% and 25% in Africa and Asia respectively, reaching inland populations of 146 million and 360 million). The integrated nature of the data and study design has also allowed the same data set to be linked across other contributions or dimensions, including improved estimates of landed value and insights into the governance arrangements of the case study fisheries. Whilst previous studies have attempted to quantify these data in isolation, this study is the first to attempt such a high degree of integration and cross-linkage. 
[bookmark: _heading=h.xwh5uv32jlg2]Having said the above, our study achieved a new level of taxonomic resolution (i.e. species level) compared to previous research efforts. While most of the catch (53.0% for marine and 76.1% for inland) surveyed in our study was not identified taxonomically at the species level and/or recorded as “not elsewhere included” (NEI). For the catch identified at the functional group level, herrings, sardines and anchovies made up the largest fraction (3.8 million tonnes, 20% of total catch), closely followed by miscellaneous pelagic fishes (3.7 million tonnes, 19%) (Extended Data Figure 2a). The category of miscellaneous freshwater fishes dominated reported inland catches (6.7 million tonnes, 63%) followed by the group of carps, barbels and other cyprinids (1.6 million tonnes, 15%) (Extended Data Figure 2b). Overall, we found that small-scale fisheries target a total of 2,104 species (1,798 marine and 488 inland; based on 58 country case studies). Increasing nations’ ability to better understand the species composition of their catch is important for effective management (e.g. species characteristics such as growth and mortality traits are vital to define the rate to which they can be harvested and/or the minimum sizes to be retained).

[bookmark: _heading=h.w7cf2ulo4k14]Inland Fisheries
Below we provide a summary of the main differences between this study and (1) Fluet-Chouinard et al. (2018)40 and (2) Ainsworth et al. (2023)41. 
1) Fluet Chouinard et al. (2018)40. This model was an attempt to use a fishery independent data source (household consumption and expenditure surveys, HCES) as a means to get a ballpark estimate of the amount of fish that was consumed in households. The principle being that the vast majority of inland fishery catch, especially the unreported inland fish catch is eaten locally rather than exported or traded. However, it is also recognized that HCES have a number of weaknesses that can introduce significant errors. HCES are not standardized and thus the design of the survey provides considerably different quality of and disaggregation of information on fish consumed. For example, HCES often does not differentiate between the source of the fish (culture/capture) or whether the origin of fish is marine or freshwater. This requires additional modeling or use of other data. In this paper, the model used aquaculture statistics to remove fish from aquaculture and a variety of methods to exclude fish likely to come from marine sources. The model did provide some very interesting results at the national level and enabled an idea to be gained about the possible amount of inland catch that are not recorded or reported. Some of the country results seemed plausible, others might be overly high or low (as with all models). This can be attributed to weak aquaculture statistics or issues with the conversion factors to back calculate from the consumed fish to the equivalent fresh weight (very tricky with dried, salted and smoked fish). It is clear that this model works best in a country with little marine fish catch and negligible aquaculture. Results from large countries such as India and China returned unusable/negative results. This was mainly due to their huge aquaculture industries overshadowing the inland fishery and consequently presenting large errors. Please note that in these large countries, the aquaculture statistics may not be that accurate and are typically area-based estimates as well, thus contributing to uncertainty. This study was the only global estimate that did not use inland fishery catch as a basis for estimates and this is what makes it exciting - although the assumptions and potential errors that the method entails mean that it is also easy to question the result. An important and final point is that the model of this paper had a median date of 2008 and so cannot be a current global catch estimate.

2) Ainsworth et al. (2023)41 used an accounting method to aggregate reports of inland fisheries within basins. These were compiled to give a basin catch estimate (around 15 million tonnes). The original FAO circular provides a figure somewhat lower than Fluet-Chouinard et al. (2018)40 for a similar year. However, as with the other model, this also relied on results for different years to obtain the basin estimate. This method also required some gap filling from FAO statistics. It is possible, even likely that some of the basin estimates used similar data sources, to those which are aggregated and reported to FAO (especially in developing countries where a periodic estimate from research is “adjusted” to provide an annual figure to FAO). We consider that the final global figure of this paper is a reasonable ballpark figure for global inland catch, but note that this is largely driven by a few outlier countries who report lower national estimates to FAO than those found by independent research. We would also point out that in the process of review of this journal article, a reviewer requested that a model was developed to provide a confidence range for the results as their opinion was that the value for global catch was too low. The authors developed a model to do this and the curve fitted did give a higher value (around 17 million tonnes). This method has been questioned by FAO and inland fishery experts, who believe that the model was overly driven by some outliers and that the curve fitted did not use log transformed data and was thus biased upwards. The conclusion was that the global figure from this work is likely lower, closer to 13.5 million tonnes. 
Important conclusions from the experience of these efforts are as follows:
· All the models have inherent weaknesses and assumptions that can result in over-estimates and some underestimates. 
· The models are often driven by a small number of exceptional outlier countries that have very high estimates of  inland fisheries production beyond those officially reported  to , or estimated by FAO. 
· The use of non-fishery data as proxy data for fish production have issues relating to conversion factors and reliance on other statistics, which may also have inherent bias or weaknesses which are equally hard to quantify and substantiate.
· Research papers that give much higher figures are still open to question and may be yet prove to be over-estimates. 
· The value ranges for inland landings are such that FAO reported figures typically occur at the lower end. 
· The median date for the estimates is now over 15 years ago and we cannot assume that inland fisheries have remained stable or grown significantly in that period. Most evidence points to declines over the period. 
· There are important recent changes on inland fisheries that have yet to filter into official statistics reported to FAO:
· China has now decided to close inland fishing for 10 years and instituted bans in major areas.
· The original estimates of the Mekong basins (which drive higher global estimates -particularly the basin estimate approach) have been queried by the Mekong River Commission (MRC) membership (which derived the original estimate) and  are being reassessed. The assumption is that the inland caches are lower than previously estimated (or have declined significantly in the intervening 15 years due to the significant changes in the Mekong River dams). 
· A recent re-estimation of Russia and India’s inland fisheries shows an increase over the reports of FAO - however, these increases, whilst substantial, are not sufficiently large to influence the global aggregate inland catch estimate. 
· It is against the backdrop of these uncertainties, that the use of these alternate estimates can be argued as likely to introduce even more unquantifiable uncertainty to a global inland catch figure. We contend that this does not add significant value to the (admittedly) conservative estimates for inland catch derived by the current study and the overall global estimate of global SSF catch (inland and marine).
· Noting the limitations of our estimate of inland catch and the existence of other higher estimates, we do acknowledge in our paper that there are higher estimates out there and that the hidden catches for inland fisheries were not captured by the IHH methodology. 
· We did not use a direct measurement and relied on secondary data at local levels and gap filling (this is somewhat like the basin catch inventory of Ainsworth et al. 202341). 
· We note that the largest underestimates that are likely to occur are in countries with very small inland fishery catches. Aggregating and applying uncertainties from the smallest countries may inappropriately drive up the global figure, and thus we believe this would introduce unjustified bias, unless we could use an appropriate weighting. However, we have no fishery independent basis to do this. 

[bookmark: _heading=h.uc2kw92fxirv]We have acknowledged the existence of higher estimates of inland fishery catch and note that they point to the elusive hidden inland catch. However, these are derived from modeling or aggregation exercises and are subject to the assumptions and caveats explained above and in the manuscript. We therefore maintain that the approach of the paper and final figures are the most parsimonious.  
[bookmark: _heading=h.sg40pacxk6ho]
[bookmark: _heading=h.e069xn9hgjzl]Micronutrient supply
[bookmark: _heading=h.st2tf9td6ljx]The analysis of micronutrient supply is completely new and different from previous work. Different from all previous studies it includes analysis for inland fisheries and invertebrate catch. Findings show that SSF could supply up to ca. 2.3 billion people (Fig. 1a, Extended Data Table 1), who live within 20 km of a coastline or large inland water bodies, with 19.9% of their dietary micronutrient intake, averaged across six micronutrients critical to human health, but commonly lacking in people's diets42,43. These micronutrient estimates, based on wild caught small-scale fisheries, are lower than global estimates that include aquaculture totaling 3.3 billion people who are dependent on fish for at least 20% of their animal-protein44. However, our estimates are higher than recent work focused only on marine catch, and that find small-scale fisheries contribute an average of 10% of dietary micronutrient intake from all food across five of the same micronutrients45. Our findings are coherent with all previous studies and because each uses a different source of data45 use Sea Around Us data), they build confidence in the data and analysis. New in the micronutrient analysis is the finding that relative to all seafood consumption (small scale, large scale, and aquaculture), small-scale fisheries within 20 km of a coastline or large inland water bodies contribute the equivalent of, on average, 54% of daily aquatic food consumption (g day-1 capita-1) (Extended Data Table 3).
[bookmark: _heading=h.r2tl51dn7cmv] 
[bookmark: _heading=h.4tqpzt4d5qca]Poverty eradication
[bookmark: _heading=h.f1c3wr522k5u]Past contributions of small-scale fisheries to poverty eradication have often been based on case studies that measure their role in supporting livelihoods and local economies. These seminal studies have been key  to bringing attention to this issue (e.g., Béné et al. 201646). The Illuminating Hidden Harvests project innovated from previous work by identifying and synthesizing available standardized, national household surveys that allow for better estimates of global livelihoods supported by these fisheries. Based on the same data sources here we estimated for the first time the total number of people living in households where at least one person participates in small-scale fisheries, to give a first measure of the global number of livelihoods at least partially dependent upon small-scale fisheries. The companion publication, Virdin et al. (2023)47 focused on estimating the number of people engaged in subsistence fishing. Both publications are part of the same research effort and therefore use the same estimated employment data.

[bookmark: _heading=h.zc2g4smxvkje]Additionally, to illustrate the importance of small-scale fisheries to support incomes, particularly in lower income and vulnerable contexts, we provide an updated estimate of the total revenues generated by the first sale of small-scale fisheries catch worldwide extrapolating from 58 country case studies25. This study also updates the 2012 Hidden Harvest study, which estimated employment based on a much smaller sample size of countries48, thus the relevance to include it here too. This study also expands upon previous efforts to estimate the prices of fisheries catch globally49-51. For coastal communities, the results provide policy-makers with a measure of the scale of these fisheries to support incomes in comparison to some of the largest ocean-based industries in what has been dubbed in some cases as “the blue economy”52. 
[bookmark: _heading=h.4d3roeof1vbj] 
[bookmark: _heading=h.vz0ourw08585]Gender Equity
[bookmark: _heading=h.o3fz1zca9aza]Fisheries policy and management has been increasingly recognized as being gender blind53, with the roles and contributions of women being overlooked and undervalued54. Advancing gender equity and inclusivity across all sectors of society, including in fisheries, calls for the collection, use and sharing of gender disaggregated data. Currently this is not the norm in fisheries data collection, but the extensive and rigorous effort highlighted in this study to bring together previously underutilized or difficult to collate data sources has provided the most comprehensive estimate to date of fisheries employment and participation data that gets closer to representing the scope and scale of contributions by women in fisheries, providing important data for developing policies and programs that support the realization of SDG 5, among many other SDGs. While this study is not the first to attempt such estimates of the scale and scope of participation by women in the fisheries sector, it uses a much more rigorous approach, drawing on national datasets from 78 countries, extrapolation to regional and global level using regression analysis, cross-comparison with other global datasets, and a validation process via expert consultations that included 28 experts in gender and small-scale fisheries from around the world. This is compared to the first global estimate of employment by women in fisheries from the Worlk Bank’s (2012)48 Hidden Harvest study, which drew from a much smaller sample size (n=19). A study published more recently55 included a larger sample size (n= 62) but included many more assumptions and data sources that introduced substantial uncertainty to the estimates. The latter also includes only marine harvest activities, so is much narrower in scope. The scope of participation in the current study is much more comprehensive including both inland and marine fisheries and estimates the number of people engaged along the small-scale fisheries value chain, consisting of estimated number of people employed in pre-harvest, harvest, processing, and trading segments. Additionally, and likely the most significant improvement to SSF data is that here we provide estimates of subsistence fishing activities. Subsistence fishing activities (fishing and processing) are often the most hidden aspects of the fishery sector, and especially so for women whose ‘subsistence fishing activities’ are often considered an extension of their domestic duties and take place out of sight of data collectors. However, subsistence activities are where women tend to be most involved56, and thus a major contributor to their invisibility in the sector. Although subsistence fishing activities are informal and unpaid, these provide an important safety net for many – contributing to food and livelihood security47. Recognizing this work, and the many women involved in it, is essential to advancing SDG 5, SDG 1, etc.

[bookmark: _heading=h.vg5lzhcslusj]Advancing gender-inclusive and disaggregated small-scale fisheries data (as has been highlighted in this manuscript), is a crucial step towards overcoming gender blind policies that perpetuate the marginalization of women in the fisheries sector. Gender-disaggregated data are essential for developing policies and programs that support women in fisheries and advance gender equality (SDG 5), among other SDGs such a Poverty Eradication, Zero Hunger, etc. As a global goal, gender equality and the empowerment of women is cross-cutting and universal, and without the full participation of all people (women, men and gender minorities), free from discrimination based on sex or gender, none of the SDGs will be realized57.
[bookmark: _heading=h.t0qub98yp1jc]
[bookmark: _heading=h.4nbqcql7yhbz]Shared Governance
[bookmark: _heading=h.2nb9yowuzu75]The governance analysis provides the first global estimates of the percentage of SSF catch that is managed with the involvement of fishers through devolved management rights. This unprecedented effort required (a) collecting governance data about the most important policies in place for 51 countries (representing 61% of the global catch). (b) It also required developing a methodology that allowed linking these policies to the global SSF catch (see description of the 'Fishery Unit in SI section A5). The governance section provides a tangible example of the advantages of collecting multi-dimensional SSF data and linking them together to provide novel insights of policy relevance. This analysis provides a global baseline from which progress on the devolution of rights to fishers can be measured. Our findings show that in most countries fishers are involved in decision-making for less than 25% of the SSF catch (Figure 3 and Extended Data Figure 4). Granting small-scale fishers secure rights to participate in management and governance of their fisheries is increasingly recognized as a necessary condition for the development of locally-appropriate governance systems13 and realization of the Sustainable Development Goals58 . Our findings show governments, development partners and the sector itself, need to increase efforts to develop appropriate policy processes that increase the participation of the sector in the management and governance of the fishing resources on which they depend on for their livelihoods.


[bookmark: _heading=h.wnj4uik2vxeq]Table C5. Summary of catch volumes by data source for total fisheries (SSF + LSF) (average annual values, 2013–2017).
	
	IHH study
	Sea Around Us Database
	FAO FishStat,
(2020)

	
	Marine
	Inland
	Marine
	Marine
	Inland

	Total Fisheries (SSF+LSF) Global Catch
	80.33 mt
	12.21 mt
	103.6 mt
	79.66 mt
	11.27 mt

	Approach
	SSF estimates come from a prediction model that used the CCS data and predictors to extrapolate SSF catch values for non-CCS 
	Estimates based on FAO FishStat catch data and adjusted or reconstructed for catch elements not reported in official data
	These estimates come from official FAO catch data and are based on the official statistics of countries and territories. They do not distinguish between SSF and LSF


[bookmark: _heading=h.3bn8cl78f2pt]

C3 Comparison of FAO reported catch and recreational catch estimates
Our study did not consider recreational fishing explicitly, however it can be acknowledged that all regions of the world have examples of occasional fishing as a leisure or ad hoc activity that results in retention of catch for consumption. 

Whilst this type of catch is relatively insignificant in those countries reporting major inland fisheries (e.g. Africa, Asia) to FAO, we must acknowledge that this may be equal to, or even greatly exceed, reported commercial catches in Northern America, many European countries and East Asia (Japan, Republic of Korea). In at least some of these countries, this type of catch may be fully or partially reported as inland catch to FAO, as FAO does request member countries to include retained recreational catch in their report. However, the nature of the fishing activity that yields the catch may not be disaggregated in the statistic provided. This is primarily because national surveying and estimation methods may not clearly distinguish between the nature of the fishing activities on its water bodies, leading to a degree of confusion in the data. There are also different systems in place for recording or estimating subsistence catch and retained recreational catch. This is perhaps less of an issue where countries only report commercial inland catches from their monitored fisheries, or in developed countries where recreational fishing associations may routinely collect and publish or share data with the fishery agency. 

Recent modelled estimates (data from year range 2010-2021) for consumed recreational fish in Lunch et al. (2024)59, indicate that this could be comparable to inland catches in European countries reported to FAO. There is however a risk that for some of these countries, there is some overlap between the retained recreational catch and other types of inland catch reported to FAO. The largest discrepancies between recreational consumed catch and reported inland fishery catch to FAO are Poland and Germany. These two countries were not IHH case study countries (so we used the FAO statistics for extrapolation). Most European countries only report their modest commercial catches to FAO, excluding recreational catch, partly because of catch release policies, partly due to the burden of data collection and verification. In such cases the estimates for recreational fishing in Lynch et al. (2024)59 would be additional to these national figures. However, there is no way to disaggregate the overlap. It is also worth mentioning that the Lynch et al. (2024)59 estimate is a long way off in the case of France, which was comprehensively reviewed by Changeux et al. (2024)60,61. Lynch et al. estimate 45 tonnes, whereas the French review indicates closer to 13,000 tonnes. This just shows that no modelling/estimation exercise is perfect. The IHH review only used Spain as a case study for European inland fishery catch (Norway and UK only covered marine) with the remaining countries based on FAO data for extrapolation. We can thus acknowledge a lacuna in the coverage for European inland fisheries, whereby retained recreational catch or catch for household consumption might be in the range of 148,440 to 156,847 tonnes, but is likely somewhat less due to a degree of inclusion of some of this type of catch in the inland fishery report to FAO by some countries. Moreover, the consideration of the European retained recreational catch from these modeling exercises would only increase our estimates in less than 0.4% of the global small-scale fisheries catch, thus considered negligible in light of the levels of uncertainties arisen from this study. 

Northern American (USA/Canada) freshwater recreational fisheries (223,405 tonnes) are not reported to FAO and do not influence the FAO statistics or the results of this review. The retained recreational catches can thus be considered additional to any other estimate of inland catch.  

In the exceptional case of China, there is a large estimate for consumed recreation catch. In this case there is a strong potential overlap between the inland catch reported to FAO (1,166,256 tonnes) and the estimate of the IHH review, versus the estimate of recreational and subsistence fishing (835,900 tonnes) provided in Lynch et al. (2024)59. The methods that are used to estimate inland water catches in China from their various water bodies do not, or may not, distinguish clearly between the catches of commercial fishing, fishery organisations and individuals. The recent FAO (2023)62 review of Chinese inland fisheries identified such challenges in deriving an accurate picture of how national catches were estimated (Page 61: "existing statistical indicators are not specific enough; for example, natural fishing, enhancement fishing and recreational fishing are not counted separately”).

Lynch et al. (2024)59 acknowledge: “Although the boundaries between recreational and subsistence fisheries can be ‘fuzzy’, and the misclassification of small-scale fishers as recreational fishers or vice versa may have resulted in the over- or underestimation of consumption, this data collection exercise specifically targeted inland recreational fisheries harvest for consumption and we used national experts to reduce this potential bias." This caveat indicates that in countries where subsistence fishing significantly overlaps with recreational fishing, it is basically impossible to tease them apart. In which case, any estimate of inland catch will depend upon the survey method (i.e., who or what type of fishing is or water body is covered) and the extrapolations/estimations approach used by the competent authorities that generate sub national level data or which report a national total to FAO. 

It is therefore beyond the IHH study and the Lynch et al. (2024)59 paper to determine the extent to which the results overlap. We can thus acknowledge that the Lynch et al. (2024)59 estimate of 1,325,505 tonnes for consumed catch of freshwater recreational fishing would be partially in addition to the inland fishery catch estimates of the IHH review,  noting that the uncertainty of China (835,900 tonnes) and that of other non-European countries (90,100 tonnes) where there is potential overlap between catch reported to FAO and the recreational catch represents at least 70% of this total figure. 

We have already established that the non-inclusion of recreational catches and aquaculture was determined by our grounding of the study in the SSF Guidelines. This analysis further justifies the non-inclusion of the recreational catches as an addition to the IHH review estimates for the following reasons. We can however acknowledge that at least some of that catch would be additional to our estimations, but we cannot give a clear figure with confidence:

1) There is too much uncertainty over the degree of overlap (between reported catch and recreationally consumed catch) in the most important country (835,900 tonnes, China) and also for many of the non-European countries (Mexico, Argentina, Japan and Republic of Korea: 90,100 tonnes). This represents 70% of the total global estimate of recreational consumed catch and we cannot determine the extent to which this overlaps with national reports, thus there is not enough confidence and scientific rigour to include these figures as possible additional catch. 

2)  For a group of important inland fishery countries (5.6 million tonnes) where Lynch et al. (2024)59 estimate recreational consumed catch (16,117 tonnes: African and Asian countries excluding China, Russian Federation, Brazil), it is an insignificant component of the total national reported catch (<0.3%). Please note that many of these countries were IHH case studies countries, with the notable exception of the Russian Federation. In these countries, there is also a considerable risk of confusing recreational consumed catch with subsistence of household fishing and the recreational catch addition is not justified.

3) We do acknowledge that in Northern America (USA & Canada) the estimated consumed recreational catch (223,405 tonnes) is much higher than the reported figure to FAO (39,268 tonnes), which represent only monitored commercial fisheries. This could be considered additional to the IHH global inland catch value. We also acknowledge that the European countries consumed recreational catch estimates of 48,440 to 156,847 tonnes is likely partially in addition to the catch reported to FAO. Combined (371,845 tonnes), this represents 86% of the Northern American and European inland catch reported to FAO. However, it is still only 3.3% of the total global inland catch reported to FAO, and thus not sufficiently significant to warrant detailed explanation. We include a note to the effect that the grey area of recreational consumed catches in the Americas and Europe are likely significant in terms of inland fish catch, as their small-scale and commercial inland fisheries have largely been replaced, or greatly exceeded by recreational catches. 

4) We do not believe it is feasible to estimate with an appropriate degree of accuracy and rigour, the proportion of the Lynch global figure (1,325,505 tonnes) of consumed recreational catch that could be added to the IHH estimates. The Lynch et al. (2024)59 paper acknowledges the fuzzy boundaries and overlaps and reliance on expert opinion. Their data is also modeled across an 11-year date range. Their methodology also does not provide adequate certainty for disaggregation in the case of countries that have high recreational consumed catches and low inland fishery reports, or cases where their estimate of inland recreational consumed catch is similar to the inland catch figure reported to FAO. 

5) We however acknowledge that at least part of the 1,325,505 tonnes estimated for consumed recreational catch is additional to the IHH review figure as we acknowledge the IHH review figures are conservative low end. Overall this figure may be in the order of <5% of the total.














D. Various Synthesis

D1 Synthesis of information compiled in the FAO-Duke-WorldFish (2023) global report showing the contributions SSF make to sustainable development and actions needed to realize such contributions.

Table D1. Summary of actions needed to realize the contributions to marine and inland catch of small-scale fisheries. Modified from Gutierrez et al. (2023)63.
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Description automatically generated with low confidence] Marine and Inland catch 

	Dimension
	Actions needed
	Sustainable Development Goals

	40% of global capture fisheries production
	[image: ]
Improved systematic collection of reliable data
	[image: ]
Target 14.4 Effectively regulate harvesting and end overfishing, illegal, unreported and unregulated fishing and destructive fishing practices and implement science-based management plans, in order to restore fish stocks in the shortest time feasible, at least to levels that can produce maximum sustainable yield as determined by their biological characteristics.
Target 14.7 Increase economic benefits to Small Island Developing States and least developed countries from the sustainable use of marine resources, including through sustainable management of fisheries, aquaculture and tourism. 
Target 14.b Provide access for small-scale artisanal fishers to marine resources and markets.
[image: ]
Target 15.1 Ensure the conservation and restoration and sustainable use of terrestrial and inland freshwater ecosystems.
Target 15.9 Integrate ecosystem and biodiversity values into national and local planning, development processes, poverty reduction strategies and accounts.
[image: ]
Target 13.1 Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters in all countries.
Target 13.2 Integrate climate change measures into national policies, strategies and planning.
Target 13.3 Improve education, awareness-raising and human and institutional capacity on climate change mitigation, adaptation, impact reduction and early warning.
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Description automatically generated]
Improved accounting and understanding of impacts of catch on sensitive habitats and threatened species  
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Description automatically generated]
Ensure the inclusion of small-scale fisheries in climate change adaptation strategies to increase resilience.
	



Table D2. Summary of actions needed to realize the nutrient supply of small-scale Fisheries. Modified from this study and Millis et al. (2023)64. 

	[image: ]  Nutrient Supply

	Dimension
	Actions needed
	Sustainable Development Goals

	


Small fish (constituting the bulk of global catch) are a particularly affordable and available source of nutrients that are hard to obtain from other sources.












Small-scale fisheries landings could provide with on average 20% of their dietary intake across 6 key micronutrients (calcium, iron, selenium, zinc, Vitamin A, Omega-3 fatty acids) for up to 2.3 billion people in 187 countries.
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Description automatically generated]
Increase access to aquatic foods rich in omega-3 fatty acids and micronutrients as carp, barbel and other cyprinids for marginalized inland populations, and herring, sardine and anchovy for marginalized coastal populations.
	[image: ]
Target 2.1 End hunger and ensure access by all people, in particular the poor and people in vulnerable situations, including infants, to safe, nutritious and sufficient food all year around.

Target 2.2 End all forms of malnutrition, including achieving, by 2025, the internationally agreed targets on stunting and wasting in children under 5 years of age, and address the nutritional needs of adolescent girls, pregnant and lactating women and older persons.

	
	[image: A fish on a plate

Description automatically generated with medium confidence]
Eliminate barriers to the sustainable harvest and consumption of aquatic foods rich in omega-3 fatty acids and micronutrients.
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Description automatically generated with medium confidence]
Ensure that aquatic foods rich in omega-3 fatty acids and micronutrients are affordable for marginalized rural populations.
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Description automatically generated with low confidence]
Introduce appropriate handling processing and storage protocols to ensure access to high-quality aquatic foods.
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Description automatically generated with medium confidence]
Ensure benefits of fish consumption for infants, children and lactating mothers are widely known and incorporated into practice.
	


Table D3. Summary of actions needed to realize the contributions to poverty eradication of small-scale fisheries. Modified from Virdin et al. (2023)25.
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Description automatically generated] Eradicating Poverty

	Dimension
	Actions needed
	Sustainable Development Goals

	Sale of SSF products generated 44% of total landed economic value of global fisheries catch
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Description automatically generated with low confidence]
Ensure the benefits of SSF catches, which have an average landed economic value of USD 77.2 billion, are fairly distributed
	[image: ]
Target 1.1 Eradicate extreme poverty poverty for all people everywhere,
currently measured as people living
on less than USD 1.25 a day.

Target 1.5  Build the resilience of the poor and those in vulnerable situations and reduce their exposure and vulnerability to climate-related extreme events and other economic, social and environmental shocks and disasters. 

	113 Million people globally are either employed in small-scale fisheries along the value chain or engaged in harvesting or processing for subsistence
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Description automatically generated]
Envision and govern small-scale fisheries as multi-dimensional livelihood portfolios, taking into account the 491.7 million people worldwide who are at least partially dependent on the sub-sectors as of 2016.
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Target 8.1 Sustain per capita economic growth in accordance with national circumstances and, in particular, at least 7 percent gross domestic product growth per annum in the least developed countries.

Target 8.5 By 2030, achieve full and
productive employment and decent
work for all women and men, including for young people and persons with disabilities, and equal pay for work of equal value.
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Description automatically generated]
Empower women to increase their share of participation in employment along small-scale fisheries value chains above the current 35%
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Target 5.a Undertake reforms to give women equal rights to economic resources, as well as access to ownership and control over land and other forms of property, financial services, inheritance and natural resources, in accordance with national laws.
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Description automatically generated with low confidence]
Include share of small-scale fisheries products in trade statistics to inform related policies
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Target 14.b Provide access for small-scale fishers to marine resources and markets.





Table D4. Summary of actions needed to realize the contributions to advancing gender equality of small-scale fisheries. Modified from Harper et al. (2023)56.

	 [image: ] Advancing Gender Equality

	Dimension
	Actions needed
	Sustainable Development Goals

	At least 44.7 million women participate worldwide
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Description automatically generated]
Institutionalize the collection, analysis and use of gender-disaggregated data on small-scale fisheries to support inclusive policies and programmes
	[image: ]
Target 5.c Adopt and strengthen sound policies and enforceable legislation for the promotion of gender equality and the empowerment of women and girls at all levels.
Target 5.1 End all forms of discrimination.
Target 5.5 Ensure women’s full and effective participation and equal opportunities for leadership.

	Women are over-represented in informal and unpaid activities, limiting their social protections and economic benefits
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Description automatically generated with low confidence]
Include subsistence, informal and unpaid work in characterizations of small-scale fisheries.
	

	Women have less access to the nutritional and livelihood benefits.
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Description automatically generated]
Ensure gender-equitable access to small-scale fisheries in support of food and livelihood security
	

	Women are under-represented in governance
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Description automatically generated with low confidence]
Transform gender norms to promote women’s leadership and governance in small-scale fisheries
	



Table D5. Summary of actions needed to realize the contributions to shared governance of small-scale fisheries. Modified from Basurto et al. (2023)65.
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	Dimension
	Actions needed
	Sustainable Development Goals

	Support for the SSF Guidelines is found in fisheries policies across all world regions, but mostly in local-level policies that focus on small-scale fisheries.

Licensing based systems govern over 70% of marine and inland small-scale fisheries catch, and up to 45% of this catch is paired with devolved rights.

Management rights are formally granted to fishers in nearly 75% of countries, governing more than one-third of the marine and inland catch reported.

State policies have often failed to protect indigenous fishers’ tenure rights, who have as a result, experienced loss of rights to access, harvest and manage resources, thus threatening the survival of their culture and way of life.

Coastal preferential access areas for small-scale fishers are a commonly used spatial restriction in all regions of the world for marine fisheries, but coverage is low.
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Description automatically generated with medium confidence]
Increase support to the SSF Guidelines uptake in general fisheries policies at the national level.
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Target 14.b Provide access for small-scale fishers to marine resources and markets.


[image: ]
Target 1.1 Eradicate extreme poverty
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Target 2.1 End hunger
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Target 5.1 Achieve gender equality and empower all women and girls.
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Target 8.8. Protect labour rights and promote safe and secure working environments for all workers, including migrant workers, in particular women migrants, and those in precious employment.
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Description automatically generated]
Employ diverse access strategies for small-scale fishers that are appropriate to their local identity, history and culture.
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Eliminate barriers to fishers’ participation in fisheries management processes.
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Create local enabling conditions for fishers to be able to exercise their tenure rights, including legal recognition of indigenous rights to land and water.
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Description automatically generated with low confidence]
Strengthen local supporting institutions, such as civil society organizations and decentralized fisheries agencies with clear roles and responsibilities.
	



D2 Summary of examples and evidence of assistance programs failing to include small-scale fishing 

Table D6. Summary Table of examples of evidence that inclusion of data (e.g., about small-scale fisheries, but not exclusively) in information systems, analysis and policy design can contribute favorably to SDGs.

	SDGs
(specific area)
	Context
	Outcome
	Supporting evidence

	SDG 1  - No poverty
	Mounting evidence of the vulnerability and poverty of the fisheries sector. 
	Increased inclusion of SSF sector in national development plans and Poverty Reduction Strategy Papers in countries of the Asia-Pacific region
is associated with increased national  representation of fisheries issues, the recognition of sectoral poverty, policy responses, and stakeholder representation in those countries. These differences are noticeable with other fish producing regions.
	Thorpe et al. 200666
Thorpe et al. 200867

	SDG 2 – Zero hunger
(nutrition)
	Increased availability of data on the nutrient richness of aquatic foods
	Increased inclusion of fisheries in nutrition plans and policies.
	Hicks et al. 201917
Golden et al. 202168
Koehn et al. 202269
Bavinck et al. 202370

	SDG 3 – Good health and well-being
(HIV and Aids)
	After a long period of neglect, statistics about SSF enabled inclusion in national response strategies and development assistance programmes.
	Decreased incidence of AIDS-related disease, improved health outcomes of those living with HIV (through access to antiretroviral drugs) and likely reduction on transmission rates in Uganda, Thailand and India.
	Allison et al. 200471
Kissling et al. 200572 
Slutkin et al. 200673 
Greene 200774
Hecht et al. 200975 
Kapesa et al 201876
Sgaier et al. 201277
Kremer et al. 202378

	SDG 3 – Good health and well-being
(Covid-19 pandemic)
	Some health systems developed real-time data analysis capabilities.
 
	Important insights to inform national-level responses and international deliberations.
	Sowman et al. 202179
Dhami et al. 202280

	SDG 5 - Gender Equality & the empowerment of women
	Increased visibility of women in fisheries connected to funding for and programs to reduce gender inequalities
	Increasing Official Development Assistance targeting gender related fisheries projects; informing policies and programs to reduce gender gaps and improve fisheries sustainability (e.g., postharvest losses)
	Siles et al., 201981
Wabnitz et al., 202182
FAO & Care, 201983

	SDG 8 – Decent work and Economic growth
(Social protection)
	In 2005 social protection and Fisheries authorities in Morocco started collaborating to link catch and social security enrollment data.
	In 2012 collaboration had resulted in increased social security and medical coverage among SSF
	Béné et al. 201584
FAO 2019a85

	SDG 13 – Climate action
	Increased scientific evidence of the negative consequences of climate change.
	U.S. Federal investment in climate action has increased from 4 billion in 1998 to 13.2 billion in 2017.
	Webre 201086
United States Government Accountability Office (2018)87 https://www.gao.gov/products/gao-18-223

	SDG 14 – Life underwater
SDG 15 – Life on land
(biodiversity)
	Increased documentation of biodiversity loss was positively correlated with increased public investment on biodiversity issues.
	Funds allocated to national biodiversity programs were associated with a reduction in the number of threatened species and the rate of biodiversity loss of about 1% per year.
	Seidl et al. 202188



 


E. Summary of evidence of need for more and better data, analysis and synthesis for decision making on the multiple dimensions of small-scale fisheries by the United Nations Food and Agriculture Organization's Committee of Fisheries (COFI), Sub-Committee on Fisheries Management Reports and Evaluation of FAO’s Support to Life below Water (SDG 14) (2014-2023) and related advances at regional and national level

Table E1. Direct quotes contained in the United Nations' Committee of Fisheries (COFI), the Sub-Committee on Fisheries Management reports, and the Evaluation of FAO’s Support to Live below Water (SDG 14) between 2014 and 2023. 

These quotes show requests by member countries for more and better data, analysis, and synthesis for decision-making on the multiple dimensions of small-scale fisheries. 


	Year
	Quote from COFI Report
	Source

	2014
	“The Committee acknowledged the importance of applying the ecosystem approach to fisheries and aquaculture management, also taking into account all dimensions of sustainability (social, economic, environmental)” (para. 85 in section FAO’s work in Fisheries and Aquaculture under the Reviewed Strategic Framework)
	FAO (2015)89 

	2016
	“Members recommended the creation of a database for existing rights-based management systems.” (Item 123 in section Outcome of and Follow-Up to the Tenure and Fishing Rights 2015: A Global Forum on Rights-Based Approaches for Fisheries)
	FAO (2017)90

	2018
	“The Committee encouraged FAO to provide capacity development and technical support to SSF, including by addressing socio-economics, gender dimensions, and post-harvest and data collection challenges found in the sector.” (Item 65. Section on Small-scale and Artisanal Fisheries Governance.)
	FAO (2019)91

	2021
	“…emphasized the need to improve data and scientific evidence on the role of aquatic products in healthy diets to support policy and action, including advocacy. The Committee requested FAO’s support in capacity development, and stressed the need to strengthen gender equality, and gender and youth empowerment issues within the strategy.” (Item j in section 12. Contribution of Fisheries and Aquaculture Towards Achieving the 2030 Agenda)

“...reaffirmed the importance of FAO’s role in collecting, analysing and disseminating statistics on fisheries and aquaculture, including gender disaggregated data when possible, and requested FAO to inform Members on additional needs to improve data collection systems, in particular for small-scale and artisanal fisheries and aquaculture.” (item g in section 19. FAO’S Programme of work in fisheries and aquaculture under the FAO strategic framework)
	FAO (2022)92

	2022
	“reconfirmed the importance of improving data collection and analysis of marine and inland small-scale fisheries, and building on the results and methods of the Illuminating Hidden Harvests (IHH) study to better inform governance and management…” (item f of section 13. Supporting Small-Scale and Artisanal Fisheries, Including in the International Year of Artisanal Fisheries and Aquaculture (IYAFA))
 
	FAO (2023)93

	2023
	The Sub-Committee on Fisheries Management ‘emphasized the need to explore multi-dimensional management objectives in management systems in line with the Ecosystem Approach to Fisheries (EAF) and encouraged FAO to continue to support the development of capacities in Members for the design and implementation of such management systems, in particular for marine and inland small-scale fisheries;’  and ‘encouraged FAO to continue improving capacity on data and information collection and analysis in support of evidence-based, tailored management approaches, building on the Illuminating Hidden Harvest study and the CCRF questionnaire’ (para. 13-14 in section on Current fisheries management practices with special consideration for small-scale fisheries) 
	FAO (2024)94

	2023
	Recommendation 2. Improve the quality of SDG 14 data published. This requires reconciling discrepancies in fish stock status reporting by different sources (national data by governments versus regional and global data by SOFIA), addressing data gaps in small-scale fisheries, improving communications on the status of fish stocks and, to the extent possible, sustaining partnerships established as part of the Illuminating Hidden Harvests Global Initiative to extend the coverage of data on small-scale fisheries and support to countries providing data.  
	FAO (2023)95


















Table E2. Direct quotes contained in policy briefs and meeting reports of regional fisheries bodies on the use of multidimensional data for decision-making on the multiple dimensions of small-scale fisheries. 
	Year
	Quote 
	Source

	2018
	‘In reality, there is no one, simple cut-off for distinguishing between small-scale or large-scale fishing activity and therefore advancing a universal definition is not considered appropriate. Nonetheless, characterizing the scale of fishing activity is often useful, and even necessary, for informing fisheries management, policies, research and governance. Thus, there is a need for methods that assess scale without imposing a narrow definition and, in line with the SSF Guidelines, also allow for a participatory characterization process.’ (1st meeting of the Fisheries Data and Statistics Working Group, Western Central Atlantic Fishery Commission (WECAFC))
	FAO (2018)96

	2019
	‘It was noted that many countries have legal definitions of small-scale fisheries generally based on the size of the boat and power of motorisation and/or level of mechanization. The participants also stressed the fact that it will be difficult to have a regional definition of small-scale fisheries due to the diversity of the sector and differences among the countries. However, it would be useful to have a clearer characterization to better assess and manage the main components/categories of small-scale fisheries. To this end, it was recommended that all countries carry out a technical exercise to apply the FAO matrix of characteristics which is a tool that can help to better understand the diversity of fisheries in the different countries of the region.’ (FAO/CECAF Working Group for artisanal fisheries of the Fishery Committee for the Eastern Central Atlantic (CECAF))
	FAO (2020)97

	2020
	‘There are millions of Zambians who directly depend on small-scale fisheries for household income and food and nutrition security. I am happy with this collaborative research, which shows how this previously overlooked sector supports livelihoods for so many people.’ (Minister for Livestock and Fisheries, Zambia in Policy Brief on ‘  Strengthening small-scale fisheries for food and nutrition security, human well-being and environmental health in Zambia’)
	Kakwasha et al. (2020)98

	2022
	‘Activities for the intersessional period…TG on small-scale fisheries:  agencies to voluntarily test the matrix approach for use in characterizing small-scale fisheries and report results at the next CWP-IS meeting’. (Twenty-Seventh Session of the Coordinating Working Party on Fishery Statistics (CWP))
	FAO (2022)92

	2022
	‘This work …utilizes results from the Illuminating Hidden Harvests Initiative.…The work was also conducted in collaboration with the Government of Uganda and small-scale fisheries stakeholders, with contributions from technical experts from the Ministry of Agriculture, Animal Industry and Fisheries (MAAIF) and local small-scale fisheries organizations. Box 1 outlines specific ‘Opportunities for safeguarding and enhancing the value of small-scale fisheries in Uganda’ (Policy Brief - The contribution of small-scale fisheries to healthy food systems in Uganda).
	FAO (2023)99






F. Data input files

All data files used in analyses are organized into a ZIP file (non_anon_SI_input_data), with folders specific to one of the main dimensions of investigation. The following files are provided in a repository that can be accessed through the following link:xData files contained within each folder of the ZIP file are described in Table F1.
non_anon_SI_input-data_catch, non_anon_SI_input-data_nutrition, non_anon_SI_input_data_employment, non_anon_SI_input-data_landed-value, non_anon_SI_input-data_governance

Table F1. Description of input data files used in analyses.
	Folder
	Data file
	Description

	non_anon_SI_input-data_catch
	non_anon_csv_IHH_Funct_Class_detailed_2023-12-03.csv
	IHH catch data by country, detailed functional group, SSF/LSF classification, marine/inland fishery classification, and year

	non_anon_SI_input-data_catch
	non_anon_FishStat2020 - Funct class detailed.csv
	FAO catch data by country, detailed functional group, marine/inland fishery classification, and year

	non_anon_SI_input-data_catch
	non_anon_merged_IHH_ENV_predictors_2021-04-19.csv
	Country-level covariates. Some are static, others vary by year

	non_anon_SI_input-data_catch
	non_anon_Empl_estimates_gaps_filled_30-03-21.csv
	Fishing employment by country, SSF/LSF classification, and marine/inland fishery classification

	non_anon_SI_input-data_catch
	regions subregions.csv
	Region and sub-region classifications by country for IHH project

	non_anon_SI_input-data_catch
	non_anon_Rousseau_Effort_estimates_aggregated_by_country.csv
	Marine fishing effort by country, SSF/LSF classification, and year. Estimates are given for combinations of reported/IUU estimated, and nominal/effective

	non_anon_SI_input-data_nutrition
	non_anon_IHH_nutrition_data_catch.csv
	Nutrient concentration and edible portion of each functional group catch. 

	non_anon_SI_input-data_nutrition
	non_anon_IHH_nutrition_data_external_sources.csv
	Data on each country's per capita nutrient supply from all foods and from all seafood, and population within 20 km of coastline or inland water body. These variables were compiled from external sources, as described in Methods.

	non_anon_SI_input-data_landed_value
	non_anon_Average_IHH_SSF_marine_prices_output.csv
	Marine SSF ex-vessel prices (USD/ton) by functional group of species 

	non_anon_SI_input-data_landed_value
	non_anon_Average_IHH_SSF_inland_prices_output.csv
	Inland SSF ex-vessel prices (USD/ton) by functional group of species 

	non_anon_SI_input-data_landed_value
	non_anon_merged_predictors_ex_vessel_prices_marine_ssf.csv
	Country-level covariates used to predict average ex-vessel prices for marine SSF. Some are static, others vary by functional group of species

	non_anon_SI_input-data_landed_value
	non_anon_merged_predictors_ex_vessel_prices_inland_ssf.csv
	Country-level covariates used to predict the average ex-vessel prices for inland SSF. Some are static, others vary by functional group of species.


	non_anon_SI_input_data_employment
	non_anon_List_of_surveys_emp_liv_ssf.csv
	Source of data: Household income and expenditure surveys (HIES) and labor force surveys (LFS) for estimates of employment and livelihoods in SSF/LSF from 78 countries (used as input estimates for global extrapolation of employment and livelihoods). Note: the raw individual-level microdata from LFS and HIES are available from each government’s National Statistical Office , which were used with permission  and are generally publicly available upon request.

	non_anon_SI_input_data_employment
	non_anon_Merged_countr_level_predictors_for_emp_ssf_lsf_estimates.csv
	Country-level covariates used to predict the employment in SSF/LSF.

	non_anon_SI_input_data_governance
	non_anon_SI_input-data_governance.csv
	Number of fishery units and governance arrangements per country case study for each category of devolved rights
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