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Abstract

Background: Despite the connections between terrestrial and marine/freshwater livelihood strategies that we see in
coastal regions across the world, the contribution of wild fisheries and fish farming is seldom considered in analyses
of the global food system and is consequently underrepresented in major food security and nutrition policy initiatives.
Understanding the degree to which farmers also consume fish, and how fishers also grow crops, would help to inform
more resilient food security interventions.

Results: By compiling a dataset for 123,730 households across 6781 sampling clusters in 12 highly food-insecure
countries, we find that between 10 and 45% of the population relies on fish for a core part of their diet. In four of our
sample countries, fish-reliant households are poorer than their counterparts. Five countries show the opposite result,
with fish-reliant households having higher household asset wealth. We also find that in all but two countries, fish-
reliant households depend on land for farming just as much as do households not reliant on fish.

Conclusions: These results highlight the need for food security interventions that combine terrestrial and marine/
freshwater programming if we are going to be successful in building a more resilient food system for the world’s most
vulnerable people.
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Background

With close to a billion people around the world chroni-
cally food insecure [1] and more than 100 million chil-
dren undernourished and underweight [2], food security
is a major policy priority across national and interna-
tional government and non-governmental institutions
[3, 4]. Fish and other aquatic food products provide
more than 15% of animal protein to a third of the planet’s
population and are important sources of essential micro-
nutrients such as calcium, iron, vitamin A and zinc [5].
Furthermore, fishing-based activities contribute to the
livelihoods of over a half-billion people, with a global
trade worth more than $100 billion U.S. a year [5]. At the
project scale, the contribution of aquatic-source foods
to food security is increasingly recognized; however,
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this contribution is seldom considered in analyses of the
global food system and is consequently underrepresented
in major food security and nutrition policy initiatives [4,
6-9].

This underrepresentation is in striking contrast to the
reality of millions of people’s livelihood strategies and
diet. Many of the world’s poor and food-insecure people
employ a diversity of livelihood activities and draw from
a diversity of food production systems to meet their daily
needs [10-13]. The dynamic where households utilize
both terrestrial- and marine/freshwater-based livelihood
activities has been documented in coastal areas, and such
a portfolio approach to livelihoods is essential for house-
hold welfare in many places across the globe [10, 14].
However, programmatic interventions that address food
and nutrition security do not typically take a cross-secto-
ral approach. For example, US Government’s global hun-
ger and food security initiative, Feed the Future, led by
USAID [4] is an innovative undertaking in 19 countries
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across the developing world, focused on improving
nutrition, building capacity and promoting private sec-
tor engagement—but initially focused mainly on ter-
restrial agricultural interventions and value chains (e.g.,
improving productivity, expanding markets and trade).
On the flip side, the World Bank’s PROFISH [3] program
aims to improve fisheries management with knock-on
positive impacts for nutrition and sustainable economic
growth. However, it pays little attention to land-based
food and nutrition strategies that can, and do, comple-
ment fishing livelihoods. So while fish-based and ter-
restrial-based food security strategies are tightly linked
within households and communities in poor parts of the
world, major international food security programs often
do not adequately address this interconnection in their
interventions.

One reason for this on the fisheries side is likely
because capture-fishery interventions typically focus on
maximizing economic output and are rarely focused on
local food security [15]. On the agricultural side, while
it has long been argued that a single program focus, like
increasing grain yield, may be counterproductive to over-
all food security if it takes away from a more systemic
approach such as an institutional reform [16], rarely are
connections with marine livelihoods made, even when
agricultural projects are dealing with coastal and river
delta or floodplain agriculture [17]. The failure of food
security strategies to comprehensively understand varied
traditions and livelihood approaches is flawed at best and
counterproductive at worst. For example, the failure to
integrate traditional ways of subsistence food production
and hunting of Northern Canadian Indigenous peoples
led to the failure of Canada’s “Nutrition North Canada”
program. Here, a focus on financial subsidies for food
production undermined the broader “wellness” and tra-
ditional food production approaches of indigenous peo-
ples [18]. Moving up a level in scale from local cultural
approaches, recent analysis of the global food system
suggests that even broader connections need to be made,
not just between culture, food security and overall health
goals, but between food availability, global energy prices
and the functioning of financial markets [19], if policies
are to help meet food security goals in the longer term.

Such integrated approaches can incur large cost and
logistical barriers for large-scale initiatives, but at the
project level it is essential to jointly consider the inte-
grated, multiple livelihood strategies, such as with fishing
and farming, when planning food security interventions.
For example, work in northern coastal Mozambique has
revealed that the majority of households (~70%) farm
and fish in order to secure food and nutrition require-
ments [20]. Such multiple livelihood strategies change
in response to changing socio-ecological conditions.
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Drought, storms and diminishing soil quality all force
households to modify the amount of time and labor allo-
cated at any one period of time to either fishing or farm-
ing (e.g., when drought negatively impacts small-holder
farms, more time is allocated to fishing-based activities).
Across the developing world livelihood strategies also
change in response to changing economic conditions, for
example where market access may change the frequency
or magnitude of different household activities (e.g., fish-
ing, hunting, farming—[21, 22]).

With the fact that the High Level Panel on Food Secu-
rity [23], as part of the World Commission on Food
Security, concluded that it was critical to make “fish an
integral element in inter-sectoral national food security
and nutrition policies” (p. 18), and the clear evidence
from a suite of sites around the world that mixed-live-
lihood strategies were not an exception, we aimed to
investigate how widespread this mixed-strategy of fishing
and farming is across food-insecure regions of the world.
To do so, we compiled household survey data for 123,730
households across 6781 sampling clusters in 12 of the 19
Feed the Future countries, representing highly food-inse-
cure regions [data were unavailable for 7 countries] ([24];
see additional file for data sources and references [see
Additional file 1]). This is the largest dataset we know of
assembled to help us to begin to answer this question. It
was assembled to hopefully provide larger-scale empiri-
cal evidence to support mixed-livelihood findings from
case studies and conservation-development projects.
Using these data, we tested to see whether fish-reliant
households differed from households not reliant on fish
with respect to asset wealth and the amount of land they
farm.

If the dynamic of mixed-strategy approaches observed
on the project scale is indicative of a general trend, then
large-scale programs which target only farming or only
fishing will fail to address the breadth of livelihood chal-
lenges and opportunities that households face, and will
probably fail to deliver a resilient approach to food and
nutrition security to those that need it most.

Methods

To quantitatively examine the prevalence of mixed-
livelihood dependencies in countries where large-scale
food security interventions are happening, we built a
database with wealth and land ownership characteris-
tics for fish-reliant households and their counterparts
based on responses from the Demographic and Health
Surveys (DHS) for the Feed the Future target countries.
These countries were targeted in part because of the high
levels of food insecurity. We were able to get nationally
representative survey data from DHS for 12 of these tar-
get countries—Bangladesh, Cambodia, Ethiopia, Ghana,
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Haiti, Malawi, Mozambique, Nepal, Rwanda, Senegal,
Uganda, and Zambia [an additional file documents the
survey reference information (see Additional file 1)]. This
dataset represented over 6781 sampling “clusters” (often
villages or groups of villages) and over 123,730 house-
holds (Table 1).

DHS collect nationally and regionally representative
survey data where typically between 5000 and 30,000
households per country are surveyed in proportion to the
country’s population [an additional file shows an example
of figure of the coverage of such surveys (see Additional
file 2: Figure S1)]. The sampling design is two-stage. First,
DHS selects clusters and then households within these
clusters. The survey instrument includes modules on
household health, education, wealth and diet.

From these surveys, we extracted data related to under-
standing wealth and land ownership differences between
households reliant on fish for protein and households
that did not rely on fish for protein. We defined fish-
reliant households as those households where fish con-
sumption is part of the 24-h dietary recall. The specific
DHS question for this was worded as whether or not the
household head “Gave child fish or shellfish” the previ-
ous day. Wealth and land ownership questions revealed
(1) a wealth index based on the presence of a variety of
physical assets in a household [25] and (2) the area of
agricultural land the household owns or utilizes (a sup-
plementary file details the DHS questions used in this
study [see Additional file 1]). We structured the analysis
by first (1) characterizing the degree to which fish reli-
ance in households is present across our data set; and
then (2) testing whether households that are fish reliant

Table 1 Country sample sizes for full dataset; significance
tests were performed for households with a valid value
for variable for question V414n (see Additional file 3: Table
S1)

Country Survey year Sampling clusters Households
Bangladesh 2011 600 8753
Cambodia 2010 611 8232
Ethiopia 2010 596 11,654
Ghana 2008 408 2992
Haiti 2006 339 6015
Malawi 2010 849 19,967
Mozambique 2011 610 11,102
Nepal 2011 289 5306
Rwanda 2010 492 9002
Senegal 2011 391 12,326
Uganda 2011 404 7878
Zambia 2007 319 6401
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have different levels of wealth and land ownership com-
pared to non-fish-reliant households.

Results

We found that fish reliance is a major phenomenon
across our sample countries. Across 10 of the 12 target
countries, between 10 and 45% of the human popula-
tion relies on fish for protein (Fig. 1), even though Feed
the Future interventions in these countries was initially
focused almost exclusively on terrestrial food systems.
Such fish reliance represents over 90 million people in
these countries alone.

In several countries, fish-reliant households are among
the most asset-poor households in these already poor and
food-insecure target countries. In four of the 12 coun-
tries (Cambodia, Ethiopia, Mozambique and Zambia),
fish-dependent households are poorer than their coun-
terparts (Fig. 2a). In Haiti, Malawi, Rwanda, Senegal and
Uganda, asset wealth of the average household is signifi-
cantly higher for households where fish is in the dietary
recall than in households where fish is not in the dietary
recall (Fig. 2a). In Bangladesh, Ghana and Nepal, there is
no statistically significant difference in wealth between
the two types of households. Also, in all but two coun-
tries (Nepal and Ethiopia, both of which are landlocked
nations with limited freshwater fish production capacity
and low rates of fish consumption), fish-reliant house-
holds use as much agricultural land as households not
reliant on fish (Fig. 2b). An additional file contains the
results of the statistical tests, for testing the difference in
means across households (see Additional file 3: Table S1).
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Fig. 1 Percentage of households dependent on fish across 12 of
Feed the Future's food-insecure countries. Percentages based on
nationally representative household survey data, but are likely to be
underestimates given that results are based on dietary recall data for
households with children
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Fig. 2 Wealth and land comparisons between fish-reliant households and non-fish-reliant households for a wealth, b access to land. Dashed lines
represent no difference between the means for fish-reliant households and households not reliant on fish as measured in their dietary recall. Values
in blue are countries where fish-reliant households have more wealth or land than their counterparts (red indicates the converse). Closed circles
represent statistically significant differences among household types (open circles no statistical difference from zero), with horizontal lines represent-
ing 95% confidence limits

Discussion

Our analysis of 123,730 households across 12 highly food-
insecure countries reveals three key points. First, the
level of dependence on fish for food across these coun-
tries is high. The estimate of roughly 90 million people
in these 12 countries who rely on fish is likely to under-
estimate the level of dependence on fish and fish-based
livelihoods. Our metric for fish dependency was based
on a question which asked parents whether their children
ate any fish in the past 24 h. This is the one consistent
question in the survey that allows us to look at fish con-
sumption. We were unable therefore to assess how many
households without young children have adults who are
reliant on fish for daily nutrition. This unknown num-
ber of households would presumably add substantially to
our estimate of 90 million fish-dependent individuals. In
addition, even in households where we could assess fish
reliance, children (especially infants) might be less likely,
compared to adults, to receive fish or seafood, particu-
larly when quantities are scarce [26]. It is unclear how our
90 million estimate (for these 12 countries) extrapolated
across the globe would compare to other estimates of the
reliance on fish protein around the world, but our con-
servative estimate is that one in five people are fish reli-
ant in these countries. Were this to hold for the globe,
our figures are in line with other global estimates [5, 27].
The global figures come from nationally averaged “appar-
ent consumption” (imports and domestic production,
minus exports, divided by population size). The global
figures are thus averages of indirectly measured averages.
The direct figures compiled here, however incomplete,
are a useful indicator of reliance on fish protein.

Second, there is no consistent relationship between
fish-dependence and wealth across the food-insecure
countries in our dataset. In some places, households reli-
ant on fish are wealthier than their counterparts, while
the reverse is true in other countries. This is certainly
not a novel insight, but simply supports the notion that
the relationships between human development and fish/
fishing-based livelihoods are complex [9, 28] and a func-
tion of many factors, including access to fish, access to
alternative sources of income, state of fish stocks, and
initial wealth endowment. A full disentanglement of this
relationship requires building more sophisticated data-
intensive models with information on a suite of poten-
tially important predictor variables that cross a variety
of socio-ecological domains. The types of databases nec-
essary for such analyses are beginning to be assembled
([29, 30]; https://www.sesync.org/finding-link-between-
conservation-and-human-health;  https://international.
ipums.org/international/index.shtml). Due to the lack of
a predictive model used in this analysis, our results must
be at best considered indicative. Additionally, DHS ques-
tionnaires only occasionally include questions that would
help to build a more sophisticated understanding of the
fishing-farming dynamic within a household (e.g., ques-
tions about boat ownership, source of fish protein, house-
hold labor allocations). Unfortunately, the data gaps we
are trying to fill are systemic with respect to our knowl-
edge of the global scale aspects of fisheries. For example,
the estimated number of fishers in the world ranges two
orders of magnitude (see [31] for review). Such gaps will
need to be filled if we, as a global community, are going
to be able to make real progress toward the Sustainable
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Development Goals, and in particular Goal 14—Con-
serve and sustainably use the oceans, seas and marine
resources for sustainable development.

Third, our analysis suggests, across a suite of coun-
tries where food security is of paramount importance,
that households that typically rely on fish in their diet
also rely on farm-based livelihood strategies. In only two
landlocked countries with limited surface freshwater
resources do our data suggest that fish-reliant households
use less land for agriculture than households not reli-
ant on fish. As such, at the household level, livelihoods
and food security approaches could be characterized as
fishing-farming households, or farming-fishing house-
holds [32]. Such a conceptualization is not simply an
interesting moniker. The results suggest that existing and
forthcoming food security programs should better rec-
ognize that the livelihood and coping strategies of food-
and nutrition-insecure households and communities are
based on both marine/freshwater and terrestrial systems,
i.e., fisheries and farms. Of course, geographic conditions
and cultural histories predicate that in many parts of the
world this farming-fishing duality may not hold. Across
the Asian-Pacific and high latitudes in the Arctic, many
livelihood strategies rely more solidly on fishing than on
terrestrial-based farming. The fact that these systems are
increasingly vulnerable to socioeconomic and climate
shocks requires a concerted effort to develop strategies
that do focus largely on marine resource governance [31,
33]. There are similar parallels in landlocked countries
and mountainous regions where livelihoods are predi-
cated upon, and policies will focus on, agricultural and
terrestrial resource management.

However, our findings of integrated aquatic-terrestrial
food systems dependence in food-insecure countries is
likely to apply to a suite of conditions for marginalized
people around the world. For example, it might suggest
that for coastal, riparian and lakeshore areas across the
globe, food security programs and interventions should
focus on integrated coastal or wetland food systems that
simultaneously address the management and sustainabil-
ity of fisheries and farms. Evidence is growing that marine
protected areas and co-management reserves are improv-
ing fish size, abundance and catch [34, 35]. On the terres-
trial side, access to nutrients, improved seeds and the use
of conservation agricultural techniques have shown to
increase soil quality and agricultural yields [36, 37]. Rec-
ognizing that fisheries and farms together often support
the livelihoods of food-insecure households, communi-
ties and nations suggests that linking these activities is
warranted. The work of the CARE-WWF Partnership on
community managed no-take fishing zones simultane-
ously with conservation agriculture trainings in Mozam-
bique is an example of this type of integration [20], as was
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the program on Aquatic Agricultural Systems managed
by the WorldFish Center [17], and the ‘More Meat, Eggs,
Milk and Fish for the Poor’ program managed by the
International Livestock Research Institute [38]. Explicit
evaluation of integrated strategies is wanting; however,
there is suggestive evidence of its effectiveness with
respect to rice-fish systems [39] and with respect to the
integrated nature of the Millennium Development Vil-
lages [37]. Additionally, a review of systems in Asia and
Africa suggests that the tradeoffs between seemingly
competing water uses (such as for irrigated agriculture
versus maintaining freshwater flows for fisheries) can be
minimal when designed with both uses in mind [40].

For areas without direct access to fish resources but
where people have diets traditionally rich in fish (e.g.,
fermented and dried fish products around the Sahel and
inland Central and Southern Africa), maintaining access
to fish might mean some focus on sustaining traditional,
regional fish-based supply chains, rather than favoring
investment in fishing value chains supplying wealthier
consumers in developed countries [15]. Sustaining tra-
ditional systems will also be critical where fluid mar-
kets are either nonexistent or where the development
of such markets could lead to crowding out benefits to
those most in need. For example: one Cree community in
Northern Manitoba has a system of sharing the benefits
of the commercial and community fish harvests such that
almost 50% of all community members benefit directly
[41]. It is unlikely that a market-oriented approach, in
such a context, could deliver such an equitable out-
come. Interventions that fail to understand not only the
varied livelihood strategies but the varied distributional
approaches and cultural knowledge (e.g., traditional cus-
tomary management of Hawaiian fisheries) will likely fail
to deliver sustainable outcomes [42].

Mixed-livelihood strategies (including forest, river-
ine and pasture-based livelihoods not addressed here)
are one of the approaches that marginalized house-
holds employ to buffer against social and environmen-
tal changes they cannot control. These strategies often
rely directly on utilizing natural resources, which for
coastal populations across the world means a reliance
on well-functioning ecosystems for food security on
both land and sea. It also makes explicit the functional
linkages between the two systems, such as how nutrient
management on land affects pollution at sea [43]. Addi-
tionally, managing coastal mangroves and wetlands as
fish-nurseries gives these ecosystems explicit economic
value and therefore may mitigate future agricultural
conversion pressures [44]. Understanding the dynamic
of how the management and functioning of ecosystems
in one domain affects the other is critical for long-term
sustainability of both systems. Integrating fish and farm
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programmatic work explicitly highlights the importance
of such socio-ecological reliance and resilience. As such,
if agricultural productivity falls due to drought, pests
and other problems, then healthy fisheries, managed as
commons, can buffer against the worst impacts on poor
people. Similarly, if coastal fish stocks are decline, then
improved agricultural conditions and programs in the
same area could buffer against such shocks. This ability
of managers and stakeholders to adapt to changing socio-
ecological conditions has been shown to be critical for
long-term ecological resilience (e.g., see [45]).

Conclusion

In many of the most vulnerable parts of the world, the ter-
restrial and freshwater/marine resource bases that people
rely on are highly stressed and likely to be less stable in
the future. With 90% of the world’s assessed fisheries fully
or over-exploited [27] and up to 25% of the world’s agri-
cultural lands considered highly degraded [46], stresses
on marine and terrestrial resources could already be at
unsustainable levels. Population growth, coastal migra-
tion, climate change and large-scale land acquisitions by
wealthier countries are all likely to exacerbate these pres-
sures on critical natural resources and increase the vul-
nerability of people who are already food insecure.

Using a large and nationally representative dataset
across 12 of the world’s most food-insecure countries has
shown that households utilize mixed-livelihood welfare
strategies. Many locally based NGOs and field programs in
coastal and riverine areas witness this dynamic throughout
their daily programming. However, at larger scales and in
multilateral bureaucratic processes that often decide fund-
ing allocations and make strategic intervention decisions,
this deeper understanding of mixed-livelihood strategies is
often lost. Hence, large programs focused on food security
typically follow sectoral approaches that treat the land and
sea as distinct. Given the predicted changes we are likely to
see in coastal regions over the next few decades, a deeper
understanding of dynamic nature of coastal livelihoods
at higher levels of decision-making will be critical. Food
security programs that discount this dynamic are unlikely
to be sustainable and will likely fail to build resilient food
systems in the face of the myriad of challenges facing the
already poor and food insecure.
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Additional file 1. Demographic and Health Survey questions and refer-
ences used in this study.

Additional file 2: Figure S1. Example of the spatial coverage of DHS
surveys—Malawi, Mozambique, and Zambia.

Additional file 3: Table S1. T test results for testing the difference
between fish-dependent and non-fish-dependent households for A)
wealth B) land.
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