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Aquatic food 
consumption 
is growing
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Fig. 2 Global meat and fish consumption in edible weight from 1961 to 2017. a Per capita animal consumption by type. Annual per capita consumption of
poultry increased five-fold from ~3 kg to 15 kg, while that of seafood more than doubled from ~7 kg to nearly 16 kg. Global annual per capita consumption of
beef has declined since the mid-1970s. In 2017, in absolute terms, per capita seafood and poultry meat consumption converged and pork consumption
leveled off. b Normalized global per capita animal consumption by type from 1961 to 2017, pegged to 1961. Annual growth rates of poultry meat, seafood,
pork, and beef during this period were 3.4%, 1.6%, 1.4%, and −0.08% respectively. Data Source: FAOSTAT23.
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Fig. 3 Per capita apparent fish consumption by region and species group (kg/cap/year, edible weight) in 2015. Numbers in parentheses above the bars
represent the share of global consumption. Asia, Europe, and Oceania demonstrate a high level of edible fish consumption per capita in relation to the
global average (14.6 kg/cap/year, edible). Fish consumption in North America is close to the global average, whereas Africa and South America are
significantly below the global per capita average. Data Source: FAOSTAT23.
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Naylor et al. 2021 Blue food demand across geographic and temporal scales. 
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Sources of fish production

of aquatic food production came from aquaculture, which
provided 52% of the fish for human consumption [6].
Freshwater production systems, which account for 62.5%
of current aquaculture production, have driven this
growth [6]. Nearly 90% of production comes from Asia,
and mainly China, India, Indonesia, Viet Nam, and
Bangladesh [6]. Further, the majority of aquatic foods
produced in Asia come from small and medium sized

farms that are increasingly using intensive methods,
which aim to maximize harvest with improved fingerling
varieties, feed inputs, mechanization, and other markers
of industrialized production [11]. While farmed species
are traded internationally, Asian production largely serves
domestic urban markets [11], where farmed aquatic foods
are consumed in larger quantities relative to the rural
regions where they are produced [12]. Estimates suggest
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Figure source: Fiorella, KJ, Okronipa, H, Baker, K, Heilpern, S. 2021. Contemporary aquaculture: 
implications for human nutrition. Current Opinion in Biotechnology. 70.
Data source: FAO. FishStat. Graphs of fish global fish production from wild fisheries and aquaculture



US Aquaculture: Catfish production, Mississippi
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Kenyan aquaculture
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Cage culture Recirculating aquaculture system (RAS)



Kenyan aquaculture
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Cage culture Recirculating aquaculture system (RAS)

Small-scale cage culture Integrated poultry



Nutrient availability from aquatic foods

Fiorella, KJ, Okronipa, H, Baker, K, Heilpern, S. 2021. Contemporary aquaculture: implications for human 
nutrition. Current Opinion in Biotechnology. 70.
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Environmental impacts shape nutrient access 
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Access to small, nutrient-rich fish
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Short Communication

Quantity and species of fish consumed shape breast-milk
fatty acid concentrations around Lake Victoria, Kenya
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Abstract
Objective: Long-chain PUFA (LCPUFA) found in breast milk are derived from dietary
sources and critical for optimal infant development. We examined associations
between fish consumption and concentrations of LCPUFA and essential n-3 and n-6
fatty acids in breast milk among mothers living around Lake Victoria.
Design: We used cross-sectional analyses of associations between recent fish
consumption and breast-milk fatty acid concentrations.
Setting: The study was conducted around Lake Victoria on Mfangano Island, Kenya,
where multiple fish species are key dietary components and also are widely exported.
Subjects: Breast-feeding mothers (n 60) provided breast-milk samples, anthropometric
measurements and questionnaire responses.
Results: In the previous 3d, 97% of women consumed a mean of 178 (SD 111) g fish
(~2 servings/3d). Mean breast-milk concentrations included DHA (0·75% of total fatty
acids), EPA (0·16%), α-linolenic acid (ALA; 0·54%), arachidonic acid (AA; 0·44%) and
linoleic acid (LA; 12·7%). Breast-milk DHA concentrations exceeded the global
average of 0·32% in fifty-nine of sixty samples. We found native cichlids (Cichlidae)
and dagaa (Rastrineobola argentea) contributed high levels of DHA, EPA and AA to
local diets. We also found evidence for associations between fish species consumed
and breast-milk LCPUFA concentrations when controlling for intake of other fish
species, maternal body mass, maternal age, child age and exclusive breast-feeding.
Conclusions: The fatty acid composition of breast milk was influenced by the fish
species consumed. Ensuring access to diverse fish and particularly inexpensive,
locally available species, may be important for diet quality as well as infant growth
and development.

Keywords
Dagaa
DHA

Fish consumption
Lake Victoria

Long-chain PUFA

Sufficient intake of long-chain PUFA (LCPUFA), including
n-3 and n-6 fatty acids, is critical for infant growth and
development(1). LCPUFA include DHA, EPA and arachi-
donic acid (AA). The essential n-3 fatty acid linoleic acid
(LA) is the parent of the n-6 fatty acid family, including AA,
while the essential n-6 fatty acid α-linolenic acid (ALA) is
the parent of the n-3 fatty acid family, including DHA and
EPA(2). DHA is essential for retinal development and DHA
and AA are important components of neural membranes,
while EPA and DHA have been associated with cardio-
vascular health and inflammation(3). LCPUFA thus play
important roles in brain and eye development, as well as in
the immune, metabolic and automatic nervous systems(3),
and may also be important for immunological and

cardiovascular health(1). Supplementation and observa-
tional studies demonstrate links between LCPUFA and
child neural development, attention and cognitive
outcomes(1,4).

Breast milk is the primary source of infants’ intake of
LCPUFA. Yet breast-milk levels of LCPUFA can vary sub-
stantially, with up to tenfold variation in DHA across
countries resulting from differences in dietary intake(5).
This substantial variation underscores the importance of
access to high-quality foods rich in essential LCPUFA for
pregnant and breast-feeding women.

Fish, and particularly fatty fish, are good sources of
DHA and EPA. Maternal fish consumption is associated
with higher concentrations of LCPUFA in breast milk(6–8).
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Fishing for food? Analyzing links between fishing livelihoods
and food security around Lake Victoria, Kenya

Kathryn J. Fiorella & Matthew D. Hickey & Charles R. Salmen & Jason M. Nagata &

Brian Mattah & Richard Magerenge & Craig R. Cohen & Elizabeth A. Bukusi &
Justin S. Brashares & Lia H. Fernald
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Abstract Food-producing livelihoods have the potential
to improve food security and nutrition through direct
consumption or indirectly through income. To better
understand these pathways, we examined if fishing
households ate more fish and had higher food security
than non-fishing households around Lake Victoria,
Kenya. In 2010, we randomly sampled 111 households
containing 583 individuals for a cross-sectional house-
hold survey in a rural fishing community. We modeled
the associations between fish consumption and food se-
curity and fishing household status, as well as socio-
economic variables (asset index, monthly income,

household size) for all households and also for a subset
of households with adult male household members (76 %
of households). Participating in fishing as a livelihood
was not associated with household fish consumption or
food security. Higher household fish consumption was
associated with higher household income and food secu-
rity, and was weakly associated with lower household
morbidity. Household food security was associated with
higher incomes and asset index scores. Our results sug-
gest socioeconomic factors may be more important than
participation in food-producing livelihoods for predicting
household consumption of high quality foods.

Keywords Food insecurity . Livelihoods . Socio-ecologic
systems . LakeVictoria . Fish . Nile perch . Animal source
foods

Introduction

Gains in food production are often assumed to improve house-
hold food security and nutrition among people engaged in
food-producing livelihoods. However, somewhat paradoxi-
cally, the majority of the world’s 50 million small-scale fishers
and 2.6 billion farmers are food insecure (FAO 2012a).
Understanding why those engaged in food production so often
are food insecure is complicated by the intricate pathways
from fishing nets to dinner plates, and the dynamics of pro-
duction systems affected by such factors as resource depletion,
globalized markets, price fluctuations and climate change.

Fishing livelihoods are of particular concern as 90 % of
fishers work in small-scale fishing operations and most oper-
ate in economically developing countries (FAO 2012b). Fish
serves as the primary protein source for 1 billion people
worldwide and often contributes the large majority of dietary
protein in areas near fisheries, such as the shores of Lake
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Fish nutrient composition: a review of global data from poorly
assessed inland and marine species
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Diagnostic, Cornell University, S2-004 Shurman Hall, Ithaca, NY 14853, USA
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Abstract
Objective: Our understanding of the nutrient contribution of fish and other aquatic
species to human diets relies on nutrient composition data for a limited number of
species. Yet particularly for nutritionally vulnerable aquatic food consumers, con-
sumption includes a wide diversity of species whose nutrient composition data are
disparate, poorly compiled or unknown.
Design: To address the gap in understanding fish and other aquatic species’
nutrient composition data, we reviewed the literature with an emphasis on species
of fish that are under-represented in global databases. We reviewed 164 articles
containing 1370 entries of all available nutrient composition data (e.g. macronu-
trients, micronutrients and fatty acids) and heavy metals (e.g. Pb and Hg) for
515 species, including both inland and marine species of fish, as well as other
aquatic species (e.g. crustaceans, molluscs, etc.) when those species were returned
by our searches.
Results:We highlight aquatic species that are particularly high in nutrients of global
importance, including Fe, Zn, Ca, vitamin A and docosahexaenoic acid (DHA), and
demonstrate that, in many cases, a serving can fill critical nutrient needs for preg-
nant and lactating women and young children.
Conclusions:By collating the available nutrient composition data on species of fish
and other aquatic species, we provide a resource for fisheries and nutrition
researchers, experts and practitioners to better understand these critical species
and include them in fishery management as well as food-based programmes
and policies.

Keywords
Food security

Nutrition security
Fish access

Small indigenous species
Aquatic food systems
Marine food systems

Globally, more than 1 billion people rely on fish for con-
sumption and livelihoods(1). In fish-dependent regions,
fisheries provide livelihoods, income and nutritious food.
Fish have long been recognised as particularly nutritious,
contributing essential fatty acids, micronutrients, such as
Fe, Zn, Ca and vitamin A, as well as animal protein(2,3).
However, understanding of the nutrient contribution of
the world’s wide diversity of fish and other aquatic species
remains starkly limited.

TheUnited Nations FAOhas catalogued a growing num-
ber of fish species, recently expanding data on their
nutrient composition. In 2014, a total of 2033 fish species
were listed, but nutrient composition is only available

for a quarter of these (25·7%, 526 species) in FAO
INFOODS, a database commonly used to calculate nutrient
consumption(1,4). The nutrient composition of large-sized,
marine species of commercial importance is relatively bet-
ter assessed. In some settings, regional databases provide
nutrient composition data; for example, India’s Central
Inland Fisheries Research Institute maintains a detailed
database(5). Yet in many settings, because of data limita-
tions, fish are often treated as a largely homogenous food
group in analysing diets. Innovative modelling approaches
have attempted to fill gaps in nutrient composition data,
though they too are restricted to ray-finned species by lim-
ited data availability(6–8).

Public Health Nutrition: 24(3), 476–486 doi:10.1017/S1368980020003857
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recommended intake for pregnant and lactating women,
respectively, and fulfils 167 % of the recommended intake
for a child 6–24 months of age (Fig. 5). Put another way, to
fulfil 100 % of the recommended intake of vitamin A, a
pregnant woman would need to consume 29 g, a lactating
women 32 g and a child 6–24 months of age 15 g of whole
mola. The concentration of vitamin A in mola is particularly
high in the eyes and therefore nutritionally advantageous
that the fish are consumed whole(30).

DHA
DHA was analysed in 33·4 % of the entries in our review,
and Table A6 highlights the content from selected species
from Bangladesh, Laos, Malawi, and the countries border-
ing Lake Victoria. Several fish species provide high quan-
tities of DHA. For example, Usipa from Malawi and Nile
Perch from Uganda contain 444 mg/100 g wet weight
and 970 mg/100 g wet weight. A serving of Atlantic
Salmon contains 1115 mg DHA/100 g raw; however, it is
not an accessible food to many populations (Table A6).
A serving of Usipa, Marbled Lungfish and Nile Perch fulfils
over 100 % of the recommended DHA intake for both
women and children within the first 1000 d of life, com-
pared with the Atlantic Cod, which provides 30 % or
less (Fig. 6).

Notably, freshwater species provide high amounts of
DHA in settings where DHA access is of concern. While
cold water marine species are often assumed to contribute
relatively high levels of essential fatty acids, inland species
such as Dagaa or Nile Perch may also make important con-
tributions to dietary DHA, especially where fish are widely
and frequently consumed(31–33).

Discussion

By collating the available nutrient composition data, we
provide a resource for fisheries and nutrition researchers,
experts and practitioners to better understand the diversity
of fish species and include them in programmes and poli-
cies. Our findings regarding fish nutrient composition sug-
gest that poorly assessed fish species are high in nutrients of

global importance. Such species may be of particular value
for meeting the nutritional needs of vulnerable people
around the world. Yet, our findings also reveal the geo-
graphic limitations in fish nutrient composition data avail-
ability, with a subset of fisheries being relatively well
assessed, compared with others where data are highly
limited.

Many of the fish included within our review offer prom-
ising but under-utilised opportunities to increase access to
key nutrients and address nutrient deficiencies that cause
widespread morbidity and mortality. We present the RNI
in our analyses(22). The RNI provide an estimated require-
ment that ensures the needs of nearly all of a group (97·5 %
of the needs of a given age group or life stage) are met and
are thus a more conservative estimate than the estimated
average requirement (EAR), which provide a nutrient value
that meets the needs of 50 % of a group.

Policy implications

Small indigenous fish species and food and nutrition
security
Fish are typically treated as a homogenous category in ana-
lysing diets. Although ‘fish’ are normally placed on par with
poultry, beef or pork, the categorisation of fish refers to
thousands of different species which offer unique nutrient
profiles to the consumer. While the large marine fish spe-
cies with better established nutrient composition are
unquestionably nutritious, there are relevant distinctions
between them and other types of fish, particularly small
indigenous species and species that are supplied by global
small-scale fisheries.

First, some small indigenous species and other aquatic
species caught within small-scale fisheries may be higher
in micronutrient content than large, high market value spe-
cies. For example, the Ca content of Kata Phasa is 93 times
higher than that of Atlantic Cod, the Zn content of the Big
Apple Snail is 20 times higher than Atlantic Salmon, and the
Fe content of Jat Punti is 209 times higher than Atlantic Cod
or Atlantic Salmon. Consumption patterns are a factor in
these differences. Small fish are commonly consumed
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recommended intake for pregnant and lactating women,
respectively, and fulfils 167 % of the recommended intake
for a child 6–24 months of age (Fig. 5). Put another way, to
fulfil 100 % of the recommended intake of vitamin A, a
pregnant woman would need to consume 29 g, a lactating
women 32 g and a child 6–24 months of age 15 g of whole
mola. The concentration of vitamin A in mola is particularly
high in the eyes and therefore nutritionally advantageous
that the fish are consumed whole(30).

DHA
DHA was analysed in 33·4 % of the entries in our review,
and Table A6 highlights the content from selected species
from Bangladesh, Laos, Malawi, and the countries border-
ing Lake Victoria. Several fish species provide high quan-
tities of DHA. For example, Usipa from Malawi and Nile
Perch from Uganda contain 444 mg/100 g wet weight
and 970 mg/100 g wet weight. A serving of Atlantic
Salmon contains 1115 mg DHA/100 g raw; however, it is
not an accessible food to many populations (Table A6).
A serving of Usipa, Marbled Lungfish and Nile Perch fulfils
over 100 % of the recommended DHA intake for both
women and children within the first 1000 d of life, com-
pared with the Atlantic Cod, which provides 30 % or
less (Fig. 6).

Notably, freshwater species provide high amounts of
DHA in settings where DHA access is of concern. While
cold water marine species are often assumed to contribute
relatively high levels of essential fatty acids, inland species
such as Dagaa or Nile Perch may also make important con-
tributions to dietary DHA, especially where fish are widely
and frequently consumed(31–33).

Discussion

By collating the available nutrient composition data, we
provide a resource for fisheries and nutrition researchers,
experts and practitioners to better understand the diversity
of fish species and include them in programmes and poli-
cies. Our findings regarding fish nutrient composition sug-
gest that poorly assessed fish species are high in nutrients of

global importance. Such species may be of particular value
for meeting the nutritional needs of vulnerable people
around the world. Yet, our findings also reveal the geo-
graphic limitations in fish nutrient composition data avail-
ability, with a subset of fisheries being relatively well
assessed, compared with others where data are highly
limited.

Many of the fish included within our review offer prom-
ising but under-utilised opportunities to increase access to
key nutrients and address nutrient deficiencies that cause
widespread morbidity and mortality. We present the RNI
in our analyses(22). The RNI provide an estimated require-
ment that ensures the needs of nearly all of a group (97·5 %
of the needs of a given age group or life stage) are met and
are thus a more conservative estimate than the estimated
average requirement (EAR), which provide a nutrient value
that meets the needs of 50 % of a group.

Policy implications

Small indigenous fish species and food and nutrition
security
Fish are typically treated as a homogenous category in ana-
lysing diets. Although ‘fish’ are normally placed on par with
poultry, beef or pork, the categorisation of fish refers to
thousands of different species which offer unique nutrient
profiles to the consumer. While the large marine fish spe-
cies with better established nutrient composition are
unquestionably nutritious, there are relevant distinctions
between them and other types of fish, particularly small
indigenous species and species that are supplied by global
small-scale fisheries.

First, some small indigenous species and other aquatic
species caught within small-scale fisheries may be higher
in micronutrient content than large, high market value spe-
cies. For example, the Ca content of Kata Phasa is 93 times
higher than that of Atlantic Cod, the Zn content of the Big
Apple Snail is 20 times higher than Atlantic Salmon, and the
Fe content of Jat Punti is 209 times higher than Atlantic Cod
or Atlantic Salmon. Consumption patterns are a factor in
these differences. Small fish are commonly consumed
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Abstract
Objective: Our understanding of the nutrient contribution of fish and other aquatic
species to human diets relies on nutrient composition data for a limited number of
species. Yet particularly for nutritionally vulnerable aquatic food consumers, con-
sumption includes a wide diversity of species whose nutrient composition data are
disparate, poorly compiled or unknown.
Design: To address the gap in understanding fish and other aquatic species’
nutrient composition data, we reviewed the literature with an emphasis on species
of fish that are under-represented in global databases. We reviewed 164 articles
containing 1370 entries of all available nutrient composition data (e.g. macronu-
trients, micronutrients and fatty acids) and heavy metals (e.g. Pb and Hg) for
515 species, including both inland and marine species of fish, as well as other
aquatic species (e.g. crustaceans, molluscs, etc.) when those species were returned
by our searches.
Results:We highlight aquatic species that are particularly high in nutrients of global
importance, including Fe, Zn, Ca, vitamin A and docosahexaenoic acid (DHA), and
demonstrate that, in many cases, a serving can fill critical nutrient needs for preg-
nant and lactating women and young children.
Conclusions:By collating the available nutrient composition data on species of fish
and other aquatic species, we provide a resource for fisheries and nutrition
researchers, experts and practitioners to better understand these critical species
and include them in fishery management as well as food-based programmes
and policies.

Keywords
Food security

Nutrition security
Fish access

Small indigenous species
Aquatic food systems
Marine food systems

Globally, more than 1 billion people rely on fish for con-
sumption and livelihoods(1). In fish-dependent regions,
fisheries provide livelihoods, income and nutritious food.
Fish have long been recognised as particularly nutritious,
contributing essential fatty acids, micronutrients, such as
Fe, Zn, Ca and vitamin A, as well as animal protein(2,3).
However, understanding of the nutrient contribution of
the world’s wide diversity of fish and other aquatic species
remains starkly limited.

TheUnited Nations FAOhas catalogued a growing num-
ber of fish species, recently expanding data on their
nutrient composition. In 2014, a total of 2033 fish species
were listed, but nutrient composition is only available

for a quarter of these (25·7%, 526 species) in FAO
INFOODS, a database commonly used to calculate nutrient
consumption(1,4). The nutrient composition of large-sized,
marine species of commercial importance is relatively bet-
ter assessed. In some settings, regional databases provide
nutrient composition data; for example, India’s Central
Inland Fisheries Research Institute maintains a detailed
database(5). Yet in many settings, because of data limita-
tions, fish are often treated as a largely homogenous food
group in analysing diets. Innovative modelling approaches
have attempted to fill gaps in nutrient composition data,
though they too are restricted to ray-finned species by lim-
ited data availability(6–8).
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Small pelagic fish supply abundant and 
affordable micronutrients to low- and 
middle-income countries

James P. W. Robinson    1  , David J. Mills2,3, Godfred Ameyaw Asiedu4, 
Kendra Byrd    2,5, Maria del Mar Mancha Cisneros6,7, Philippa J. Cohen2,8, 
Kathryn J. Fiorella    9, Nicholas A. J. Graham    1, M. Aaron MacNeil    10, 
Eva Maire    1, Emmanuel K. Mbaru1,11, Gianluigi Nico    12, 
Johnstone O. Omukoto    1,11, Fiona Simmance2 & Christina C. Hicks    1

Wild-caught !sh provide an irreplaceable source of essential nutrients in 
food-insecure places. Fishers catch thousands of species, yet the diversity 
of aquatic foods is often categorized homogeneously as ‘!sh’, obscuring an 
understanding of which species supply a"ordable, nutritious and abundant 
food. Here, we use catch, economic and nutrient data on 2,348 species to 
identify the most a"ordable and nutritious !sh in 39 low- and middle-income 
countries. We !nd that a 100 g portion of !sh cost between 10 and 30% of 
the cheapest daily diet, with small pelagic !sh (herring, sardine, anchovy) 
being the cheapest nutritious !sh in 72% of countries. In sub-Saharan Africa, 
where nutrient de!ciencies are rising, <20% of small pelagic catch would 
meet recommended dietary !sh intakes for all children (6 months to 4 years 
old) living near to water bodies. Nutrition-sensitive policies that ensure local 
supplies and promote consumption of wild-caught !sh could help address 
nutrient de!ciencies in vulnerable populations.

A nutrient-adequate diet is unaffordable for almost three billion 
people, particularly in Southern Asia and sub-Saharan Africa, con-
tributing to growing global malnutrition and food insecurity1,2. In 
these regions, fish is a key component of the food system that is 
often produced by small-scale sectors3. Critically, in these settings 
fish provide a local source of highly bioavailable micronutrients such 
as iron and zinc4 that are often lacking in diets5. In populations that 
have access to and consume relatively high amounts of fish, studies 
have demonstrated improved pregnancy and birth outcomes6,7 and 
faster child growth8.

Fish is expected to contribute to healthy diets where it is afford-
able and accessible but the cost and availability of nutrient-rich foods, 
including fish, is highly variable across and within countries9–11. In the 
Global South, lower household income9 and proximity to markets12 
and fisheries13 can restrict access to fish and thus limit its potential 
to contribute to people’s health. Yet scarcity of data on fish prices at 
the species level mean that large-scale analyses of fish affordability 
typically combine aggregate products by ecosystem category (for 
example, pelagic or demersal fish14) or simply as ‘fish’10. These data 
simplifications limit understanding of how the affordability of fish 
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recommended intake for pregnant and lactating women,
respectively, and fulfils 167 % of the recommended intake
for a child 6–24 months of age (Fig. 5). Put another way, to
fulfil 100 % of the recommended intake of vitamin A, a
pregnant woman would need to consume 29 g, a lactating
women 32 g and a child 6–24 months of age 15 g of whole
mola. The concentration of vitamin A in mola is particularly
high in the eyes and therefore nutritionally advantageous
that the fish are consumed whole(30).

DHA
DHA was analysed in 33·4 % of the entries in our review,
and Table A6 highlights the content from selected species
from Bangladesh, Laos, Malawi, and the countries border-
ing Lake Victoria. Several fish species provide high quan-
tities of DHA. For example, Usipa from Malawi and Nile
Perch from Uganda contain 444 mg/100 g wet weight
and 970 mg/100 g wet weight. A serving of Atlantic
Salmon contains 1115 mg DHA/100 g raw; however, it is
not an accessible food to many populations (Table A6).
A serving of Usipa, Marbled Lungfish and Nile Perch fulfils
over 100 % of the recommended DHA intake for both
women and children within the first 1000 d of life, com-
pared with the Atlantic Cod, which provides 30 % or
less (Fig. 6).

Notably, freshwater species provide high amounts of
DHA in settings where DHA access is of concern. While
cold water marine species are often assumed to contribute
relatively high levels of essential fatty acids, inland species
such as Dagaa or Nile Perch may also make important con-
tributions to dietary DHA, especially where fish are widely
and frequently consumed(31–33).

Discussion

By collating the available nutrient composition data, we
provide a resource for fisheries and nutrition researchers,
experts and practitioners to better understand the diversity
of fish species and include them in programmes and poli-
cies. Our findings regarding fish nutrient composition sug-
gest that poorly assessed fish species are high in nutrients of

global importance. Such species may be of particular value
for meeting the nutritional needs of vulnerable people
around the world. Yet, our findings also reveal the geo-
graphic limitations in fish nutrient composition data avail-
ability, with a subset of fisheries being relatively well
assessed, compared with others where data are highly
limited.

Many of the fish included within our review offer prom-
ising but under-utilised opportunities to increase access to
key nutrients and address nutrient deficiencies that cause
widespread morbidity and mortality. We present the RNI
in our analyses(22). The RNI provide an estimated require-
ment that ensures the needs of nearly all of a group (97·5 %
of the needs of a given age group or life stage) are met and
are thus a more conservative estimate than the estimated
average requirement (EAR), which provide a nutrient value
that meets the needs of 50 % of a group.

Policy implications

Small indigenous fish species and food and nutrition
security
Fish are typically treated as a homogenous category in ana-
lysing diets. Although ‘fish’ are normally placed on par with
poultry, beef or pork, the categorisation of fish refers to
thousands of different species which offer unique nutrient
profiles to the consumer. While the large marine fish spe-
cies with better established nutrient composition are
unquestionably nutritious, there are relevant distinctions
between them and other types of fish, particularly small
indigenous species and species that are supplied by global
small-scale fisheries.

First, some small indigenous species and other aquatic
species caught within small-scale fisheries may be higher
in micronutrient content than large, high market value spe-
cies. For example, the Ca content of Kata Phasa is 93 times
higher than that of Atlantic Cod, the Zn content of the Big
Apple Snail is 20 times higher than Atlantic Salmon, and the
Fe content of Jat Punti is 209 times higher than Atlantic Cod
or Atlantic Salmon. Consumption patterns are a factor in
these differences. Small fish are commonly consumed
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Fig. 5 Contribution (%) of recommended nutrient intake (RNI)(22) of vitamin A by fish species. Percentage is estimated based on a 50
g/d serving of fish for pregnant and lactating women, and a 25 g/d serving of fish for children 6–24 months. Vitamin A values and
sources are given in Table A5. , Pregnant women; , lactating women; , children 6-24 months
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recommended intake for pregnant and lactating women,
respectively, and fulfils 167 % of the recommended intake
for a child 6–24 months of age (Fig. 5). Put another way, to
fulfil 100 % of the recommended intake of vitamin A, a
pregnant woman would need to consume 29 g, a lactating
women 32 g and a child 6–24 months of age 15 g of whole
mola. The concentration of vitamin A in mola is particularly
high in the eyes and therefore nutritionally advantageous
that the fish are consumed whole(30).

DHA
DHA was analysed in 33·4 % of the entries in our review,
and Table A6 highlights the content from selected species
from Bangladesh, Laos, Malawi, and the countries border-
ing Lake Victoria. Several fish species provide high quan-
tities of DHA. For example, Usipa from Malawi and Nile
Perch from Uganda contain 444 mg/100 g wet weight
and 970 mg/100 g wet weight. A serving of Atlantic
Salmon contains 1115 mg DHA/100 g raw; however, it is
not an accessible food to many populations (Table A6).
A serving of Usipa, Marbled Lungfish and Nile Perch fulfils
over 100 % of the recommended DHA intake for both
women and children within the first 1000 d of life, com-
pared with the Atlantic Cod, which provides 30 % or
less (Fig. 6).

Notably, freshwater species provide high amounts of
DHA in settings where DHA access is of concern. While
cold water marine species are often assumed to contribute
relatively high levels of essential fatty acids, inland species
such as Dagaa or Nile Perch may also make important con-
tributions to dietary DHA, especially where fish are widely
and frequently consumed(31–33).

Discussion

By collating the available nutrient composition data, we
provide a resource for fisheries and nutrition researchers,
experts and practitioners to better understand the diversity
of fish species and include them in programmes and poli-
cies. Our findings regarding fish nutrient composition sug-
gest that poorly assessed fish species are high in nutrients of

global importance. Such species may be of particular value
for meeting the nutritional needs of vulnerable people
around the world. Yet, our findings also reveal the geo-
graphic limitations in fish nutrient composition data avail-
ability, with a subset of fisheries being relatively well
assessed, compared with others where data are highly
limited.

Many of the fish included within our review offer prom-
ising but under-utilised opportunities to increase access to
key nutrients and address nutrient deficiencies that cause
widespread morbidity and mortality. We present the RNI
in our analyses(22). The RNI provide an estimated require-
ment that ensures the needs of nearly all of a group (97·5 %
of the needs of a given age group or life stage) are met and
are thus a more conservative estimate than the estimated
average requirement (EAR), which provide a nutrient value
that meets the needs of 50 % of a group.

Policy implications

Small indigenous fish species and food and nutrition
security
Fish are typically treated as a homogenous category in ana-
lysing diets. Although ‘fish’ are normally placed on par with
poultry, beef or pork, the categorisation of fish refers to
thousands of different species which offer unique nutrient
profiles to the consumer. While the large marine fish spe-
cies with better established nutrient composition are
unquestionably nutritious, there are relevant distinctions
between them and other types of fish, particularly small
indigenous species and species that are supplied by global
small-scale fisheries.

First, some small indigenous species and other aquatic
species caught within small-scale fisheries may be higher
in micronutrient content than large, high market value spe-
cies. For example, the Ca content of Kata Phasa is 93 times
higher than that of Atlantic Cod, the Zn content of the Big
Apple Snail is 20 times higher than Atlantic Salmon, and the
Fe content of Jat Punti is 209 times higher than Atlantic Cod
or Atlantic Salmon. Consumption patterns are a factor in
these differences. Small fish are commonly consumed
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Aquaculture feed innovation



Aquaculture feed innovation

Black soldier fly larvae
co-benefits– 

• Improved sanitation
• Diverted nutrients
• Reduced methane   

emissions
• Aquaculture constraint



Access to small, nutrient-rich fish

of aquatic food production came from aquaculture, which
provided 52% of the fish for human consumption [6].
Freshwater production systems, which account for 62.5%
of current aquaculture production, have driven this
growth [6]. Nearly 90% of production comes from Asia,
and mainly China, India, Indonesia, Viet Nam, and
Bangladesh [6]. Further, the majority of aquatic foods
produced in Asia come from small and medium sized

farms that are increasingly using intensive methods,
which aim to maximize harvest with improved fingerling
varieties, feed inputs, mechanization, and other markers
of industrialized production [11]. While farmed species
are traded internationally, Asian production largely serves
domestic urban markets [11], where farmed aquatic foods
are consumed in larger quantities relative to the rural
regions where they are produced [12]. Estimates suggest
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SECOND PHOTO 
 

Date:   07/16/2019   Participant ID Number: 30108 
 

Photo Number:  100-0006 (The photo number on the camera) 
Caption Number: 02 (Number of photos with completed captions) 

 

 

 
11. Looking at this photo(s), what does your eye sees? (What is it? What is happening here?) 

 

I see crabs. I was frying the crabs for breakfast.  

 

12. Is there an unseen story behind what the eye sees? What does this photo mean to you? What 

does your heart see? How do you feel? Apart from what you see, how else can you interpret this 

photo? What does it symbolize? 
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Date:   07/16/2019   Participant ID Number: 30108 
 

Photo Number:  100-0006 (The photo number on the camera) 
Caption Number: 02 (Number of photos with completed captions) 

 

 

 
11. Looking at this photo(s), what does your eye sees? (What is it? What is happening here?) 

 

I see crabs. I was frying the crabs for breakfast.  

 

12. Is there an unseen story behind what the eye sees? What does this photo mean to you? What 

does your heart see? How do you feel? Apart from what you see, how else can you interpret this 

photo? What does it symbolize? 

 

FIRST PHOTO 
Date:  07/17/2019                                                                        Participant ID Number: 30208 

               

Photo Number: 100-0028 (The photo number on the camera) 
Caption Number: 01 (Number of photos with completed captions) 

 

 

 
1. Looking at this photo(s), what does your eye sees? (What is it? What is happening here?) 

 
I am seasoning the fish. My husband caught them with the net. There were opsarius koratensis 
and xenentodon cancila. 
I used the fish to make a sour soup and fried fish.  

 

2. Is there an unseen story behind what the eye sees? What does this photo mean to you? What does 
your heart see? How do you feel? Apart from what you see, how else can you interpret this photo? 
What does it symbolize? 

 
 
It represents our good health, we have energy. Fish have good vitamins. I feel happy when I get fish 
to cook as food for our everyday life.  
No, no other message.  

FIRST PHOTO 
 

Date: 07/04/19        Participant ID Number: 20408 
Photo Number: 100-0017 (The photo number on the camera) 

Caption Number: 01 (Number of photos with completed captions) 
 

 
 

1. Looking at this photo(s), what does your eye sees? (What is it? What is happening here?) 
• I’m preparing my lunch. 
• I’m having fish soup with water lily, and I’m also having fried salted minced pork seasoned with coconut 

milk to go with fresh morning glory. 
• This meal is for my entire household. 
• This is my second meal of the day. I usually eat plain porridge with grilled salted fish for breakfast. 

 

2. Is there an unseen story behind what the eye sees? What does this photo mean to you? What does 
your heart see? How do you feel? Apart from what you see, how else can you interpret this photo? 
What does it symbolize? 
• It represents that dishes are our food. 
• This is my usual meal. We often eat two dishes per meal. 
• I feel happy because I know I have enough food to provide for my family. 

 

Photovoice: Aquatic foods in Cambodia

Fiorella, KJ, Magnuson, H, Finney Stable, A, Sim, C, Phan, V, Fox, EL. 2023. Environmental change and resource access in aquatic food systems: a 
Photovoice case study of Cambodian fisheries. Ecology and Society. 28(4).

Wang, Q, Byrd, K, Thilsted, S, Navin, C, Kim, M, Fiorella, K. 2023. Nutrition and Food Safety of a Locally-Processed Fish Product in Cambodia. 
Aquatic Ecosystem Health and Management. 25(3).
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Increasing food security while minimizing environmental deg-
radation is one of the greatest sustainability challenges facing 
humanity1. Fisheries are at the centre of this challenge for their 

role in both transforming aquatic ecosystems and in providing mil-
lions of people across the world with a major source of key macro- 
and micronutrients2. Yet fish catch is stagnating and many of the 
world’s fisheries are exploited beyond sustainable levels3. Strategies 
to supplement the contribution of fisheries to population nutri-
tion partially hinge on finding substitutes for wild fish, particularly 
with economically comparable animal foods, such as farm-raised 
fish and chicken4,5. Animal production farming, however, is most 
often characterized by low species diversity cultivated for their eco-
nomic rather than their nutritional potential6. Furthermore, farmed 
species contribute to greenhouse gas emissions, eutrophication of 
waterways and land conversion7. Although the environmental costs 
of farmed foods are well established1,8, the nutritional implications 
of substituting wild fisheries with farmed species, such as chicken 
and aquaculture, have not been widely quantified.

Here we analyse the nutritional consequences of substituting 
wild inland fish with chicken and aquaculture in Loreto, in the 
Peruvian Amazon. As in many other inland and coastal regions, 
Loreto’s population is heavily dependent on diverse capture fisher-
ies but is rapidly transitioning to a less diverse set of farmed animal 
foods. This transition is concentrated on chicken and aquaculture 
species, which are considered less financially and environmentally 
costly than other farmed animals such as livestock7. Wild fish har-
vests in Loreto have remained relatively constant but are showing 
signs of overexploitation9. In contrast, between 2010 and 2016, 
chicken production increased from 19,628 to 32,671 t, and aqua-
culture from 642 to 1,136 t10,11. These patterns reflect global trends, 
where growth in chicken and aquaculture production has outpaced 

that of capture fisheries, particularly in developing countries12. 
Further mirroring these global patterns, aquaculture production 
in Loreto is low diversity, with four species (Prochilodus nigricans, 
Brycon sp., Colossoma macropomum and Arapaima gigas) account-
ing for over 98% of regional farmed fish production. Although 
expanding chicken and aquaculture production is driven by myriad 
factors, including human population growth, shifting dietary pref-
erences and stagnating wild fish production, governmental policies 
in particular, typically supported by multilateral institutions, such 
as the World Bank, are incentivizing dietary shifts from wild fish 
to chicken and aquaculture13. Although these policies are often 
designed to mitigate food insecurity, whether these alternatives to 
wild fish undermine or support nutrition has yet to be determined.

Using human demographic and health information, and animal 
nutrient composition data from Loreto (Supplementary Data 1), we 
examined the nutritional overlap between wild and common farm 
species, and employed simulation models to estimate how substi-
tuting wild fish with chicken and aquaculture affects the supply 
of animal-derived nutrients to Loreto’s urban population (that is, 
protein, iron, zinc, calcium and omega-3 fatty acids—α-linolenic 
acid (ALA), eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA)). Nutrient supplies were estimated as the number of 
people, scaled to Loreto’s population age structure, meeting their 
annual reference nutrient intakes (RNIs), or the amount required to 
ensure nutritional needs are met for a given nutrient as established 
by the World Health Organization14. In Loreto, 43.3% of children 
under 5 yr are iron deficient and 25.3% are chronically malnour-
ished, or stunted; and 22.4% of women of reproductive age are iron 
deficient15. Thus, beyond considering how adjustments to food sup-
ply might exacerbate existing nutritional gaps, we further discuss 
our results in the context of other environmental and food security 
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With declining capture fisheries production, maintaining nutrient supplies largely hinges on substituting wild fish with econom-
ically comparable farmed animals. Although such transitions are increasingly commonplace across global inland and coastal 
communities, their nutritional consequences are unknown. Here, using human demographic and health information, and fish 
nutrient composition data from the Peruvian Amazon, we show that substituting wild inland fisheries with chicken and aqua-
culture has the potential to exacerbate iron deficiencies and limit essential fatty acid supplies in a region already experiencing 
high prevalence of anaemia and malnutrition. Substituting wild fish with chicken, however, can increase zinc and protein sup-
plies. Chicken and aquaculture production also increase greenhouse gas emissions, agricultural land use and eutrophication. 
Thus, policies that enable access to wild fisheries and their sustainable management while improving the quality, diversity and 
environmental impacts of farmed species will be instrumental in ensuring healthy and sustainable food systems.
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dimensions. The study underscores the substantial, although often 
underappreciated, role that inland fisheries play in providing people 
with a diversity of nutrients16,17.

Results and discussion
Fish substitutions, diversity and nutrient supplies. To under-
stand how nutritionally substitutable wild fish are, we examined 
nutrient diversity across all species under consideration here (wild 
fish, chicken and aquaculture) using principal-component analysis. 
Farmed animals were found typically to have lower nutritional qual-
ity and variation than wild fish (Fig. 1). The first two principal com-
ponents combine to explain 63.4% of the variation in nutritional 
composition, with omega-3 fatty acids (PC1), and iron and zinc 
(PC2) dominating the loadings for these axes. Wild fish species, 
and particularly small and low trophic species, are notably rich in 
both minerals and fatty acids (Fig. 1b–d and Supplementary Fig. 1). 
Chicken is rich in protein and offers moderate quantities of zinc, but 
otherwise has relatively lower nutrient content. Aquaculture species 
fall near the centroid of nutritional principal-component space and 
thus are not distinguished in any particular nutrient.

Current annual capture fisheries harvests could feed many of 
Loreto’s approximately 600,000 urban residents. Annually, capture  

fisheries in the region provided enough protein for 275,000 people, 
essential omega-3 fatty acids for 230,000 people, zinc for 45,000, 
iron for 30,000 and calcium for 5,000 (Supplementary Fig. 2). 
However, substituting wild fish with chicken or aquaculture affected 
nutrient supplies. For each wild fish species replaced by chicken, 
the mean ± s.e. number of people potentially meeting annual  
protein and zinc requirements increased by 924 ± 213 and 
382 ± 115, respectively (Fig. 2). With each wild fish replaced, how-
ever, there were declines in the number of people meeting annual 
iron (272 ± 91) and fatty acid requirements (ALA, 397 ± 106; EPA, 
470 ± 147; DHA, 2,332 ± 434). The reduction in supply of critical 
nutrients was largest for children under 5 yr and women of repro-
ductive age, particularly for iron and omega-3 fatty acids, which 
are most in demand for those groups (Fig. 3 and Supplementary  
Figs. 3 and 4).

Positive and negative changes induced by replacing capture fish-
eries production with aquaculture were similar in direction but 
less pronounced than with chicken because aquaculture species are 
nutritionally more like average wild fish species (Fig. 2). For each 
wild fish species replaced by aquaculture species, the number of 
people potentially meeting annual protein increased by 101 ± 42, 
whereas for zinc, changes were negligible (3 ± 65). Calcium, iron, 
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Fig. 1 | Variation in nutritional composition of wild fish, chicken and aquaculture species from Loreto, Peru.  a, Constituent nutrient factor loadings 
(inset) indicate that animal food species separate primarily by omega-3 fatty acids (associated with PC1) and minerals (that is, iron, zinc; associated with 
PC2). Example fish species (inset photographs) are ordered by body size and trophic level (smaller, lower trophic-level species in light grey, to larger and 
higher trophic-level species in dark grey): Psectrogaster amazonica (i), Ageneiosus sp. (ii), Potamorhina altamazonica (iii), Prochilodus nigricans (iv), Brycon sp. 
(v), Colossoma macropomum (vi) and Arapaima gigas (vii). The scale bar below each species represents 15 cm. b–d, Poultry (tan) has above-average zinc, 
but low iron and DHA compared to wild (grey) and aquaculture (blue) fish options. Aquaculture production focuses on a small set of species whereas wild 
species span high diversity in nutrient profiles. Coloured bars indicate nutrient values for poultry and aquaculture species (from low to high values):  
b, vi, vii, v, iv; c, iv, vii, v, vi; d, iv, vi, vii, v. For farmed P. nigricans and A. gigas, nutrient values for their wild counterparts were used.
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Research priorities
• Integrate environmental sustainability and health outcomes

• Strategies to prioritize nutritional output of whole food system
• Fish health and antimicrobial resistance management
• Environmental impact of production systems
• Risk-benefit trade-offs; pollutants and contamination – e.g., heavy metals, algal toxins

• International examples where aquaculture systems are developing fast
• E.g., cage culture systems rapidly expanding in Lake Victoria (East Africa) largely prohibited in the US Great 

Lakes

• Circularity 
• Circular use of nutrients from aquaculture systems – RAS systems, integration with other production 

systems
• Feed innovation

• Species selection, for cultivation and feed
• Wide differences in nutritional composition of fish species

• Access to aquatic foods, participation in aquatic food value chains
• Aquatic food access for vulnerable groups
• Cultural importance of aquatic foods a leverage point
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