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A growing body of evidence demonstrates the importance of forests and wild

animal-based foods for diets within tropical environments. However, deforestation and

associated land-use changes can have competing effects on nutrition and food security

as communities reorient from wild food use and subsistence-based agriculture to

import/export markets. This research examines dietary differences and associated

changes in food security during intermediate stages of deforestation and market

integration in the agriculture-forest frontier of Cross River State, Nigeria. We used

participant responses to mixed-methods interviews (n = 528) in six communities to

measure individual dietary diversity, household food access, and short-term nutritional

status, with specific attention to animal-based foods and the cultural and economic

values attached to them, in two interior forest (n = 177) and four forest-edge

(n = 351) communities. Multivariate analysis of dietary compositions revealed differences

in food categories and types of meat consumed between forest environments.

People in forest-edge communities reported consuming less bushmeat and dark

green leafy vegetables, and more pulses, domestic meat, fish, eggs, dairy, other

vegetables, sweets, condiments, and non-red palm oil compared to interior forest

communities. Bushmeat was highly preferred and had more economic value than

other animal-based foods, regardless of location. Forest-edge communities had

fewer households involved in bushmeat related activities, and fewer hunters per

household. However, traders in forest-edge communities sold a larger proportion

of meat to people outside of the community than did traders in interior forest

communities. Measures of nutrition and food security, but not wealth, improved

in relation to dietary patterns in forest-edge communities compared to interior

forest communities. Our results may reflect a “best of both worlds” scenario

during the intermediate stages of deforestation and agricultural expansion near

forested areas, where people have access to forest resources, increased ability to
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capitalize on forest goods, and access to market goods as they become integrated into

market economies. Understanding the dietary consequences of environmental change is

important, as food-related experiences may shape the trajectories of livelihood practices

and landscape changes in tropical forests of biodiversity significance.

Keywords: agriculture, deforestation, bushmeat, conservation, diet, food security, West Africa

INTRODUCTION

Food provisioning is an important ecosystem service of forests,
contributing to improved dietary diversity, nutrition, and food
security in rural areas (Powell et al., 2011; Johnson et al., 2013;
Vinceti et al., 2013; Ickowitz et al., 2014; Vira et al., 2015;
Galway et al., 2018; Rasolofoson et al., 2018). Consumption of
wild animals (colloquially known as “bushmeat”) is considered
particularly valuable, as it improves access to bioavailable
nutrients that can be difficult to obtain from plants alone
(Fa et al., 2003, 2015; Murphy and Allen, 2003; Sirén and
Machoa, 2008; Cawthorn and Hoffman, 2015). Mounting
evidence for nutritional benefits of forests suggests that forest
conservation itself may offer benefits on par with nutrition-
sensitive interventions (Ruel et al., 2013; Rasolofoson et al., 2018).
For example, forest proximity causes children to have 25% greater
dietary diversity (Rasolofoson et al., 2018), and removing access
to wildlife is projected to induce a 29% increase in the prevalence
of childhood anemia and a tripling of cases among those in the
poorest households in Madagascar (Golden et al., 2011).

There are multiple interrelated pathways by which food
systems may respond to tropical land use changes, including
interactions between agricultural expansion, market integration,
and conservation policies. Agricultural expansion is the leading
cause of tropical deforestation, altering local ecologies and
contributing to biodiversity losses (Geist and Lambin, 2002;
van Vliet et al., 2012). Conservation policies aimed, in part,
at reducing agricultural expansion and deforestation often
restrict use of remnant forests thereby also limiting access
to wild foods and new agricultural land (Ribot et al., 2006;
Sandbrook et al., 2010). Limited access to wild foods can have
negative consequences for nutrition and food security in local
communities, especially in low income areas (Myers et al.,
2013; van Noordwijk et al., 2014). Limited access to land from
agricultural expansion and/or conservation policies further alters
food systems by encouraging intensive agriculture when space is
limited and forest clearing is prohibited (van Vliet et al., 2012).
Land use intensification and monocropping can in turn create
new agricultural challenges; for example from pests, weeds, and
reduced soil quality (Geist and Lambin, 2002; van Vliet et al.,
2012). Overall, declining diversity in agricultural production is
associated with lower household and individual dietary diversity
(Jones, 2017).

Land use change can have additional effects on food systems
when deforestation results in reorientation to import/export
markets. Markets can negatively affect dietary diversity (Reyes-
García et al., 2019), as communities shift away from locally
collected and produced foods toward processed foods high in

fat, sugar, and salt (Kuhnlein and Receveur, 1996; Popkin,
2004; Kuhnlein et al., 2009; Piperata et al., 2011; Van Vliet
et al., 2015; Reyes-García et al., 2019). Market access is also
associated with decreased use of shifting cultivation strategies
and increased reliance on intensive and commercial agriculture
(van Vliet et al., 2012). However, market access and integration
can also help redistribute food, increase dietary diversity, and
shape food preferences (Bowles, 1998; Sibhatu et al., 2015; Clary
et al., 2017; Koppmair et al., 2017; Ickowitz et al., 2019). Thus,
with market integration, commercialization of agricultural, and
forest products can provide new food and income opportunities
that may improve nutritional outcomes and purchasing power.
However, this may lead to trade-offs when income does not
translate into improved nutrition (Herforth and Ahmed, 2015).

Bushmeat provides a clear example of the trade-off between
nutrition and income. Bushmeat is a nutritionally significant
component of local diets, providing an important source of
protein (Fa et al., 2003), fat (Sirén and Machoa, 2008), and
iron (Golden et al., 2011). There are demonstrated links
between bushmeat consumption and improved nutritional
status in rural hunting communities (Golden et al., 2011; Fa
et al., 2015; Sarti et al., 2015). However, large profit margins
incentivize trade in local, national, and international markets,
thereby diverting nutritionally important resources outside of
communities (Fa et al., 2002, 2006). Widespread exploitation and
commercialization of bushmeat across West and Central Africa
may therefore threaten food security as well as biodiversity (Fa
et al., 2002, 2015; Ripple et al., 2016; Wilkie et al., 2016). For
example, projected declines in availability of bushmeat protein
over the next 50 years is expected to leave very few countries
in the Congo Basin able to meet daily protein requirements
(Fa et al., 2003).

Dietary transitions, and their associated health consequences,
are primarily understood from studies of hunter-gatherer
populations that provide a baseline for measuring the effects of
market integration and increased reliance on agriculture (e.g.,
Reyes-García et al., 2019), and large panel studies that offer
insights into the global trends and causal pathways by which
forests impact nutrition (e.g., Rasolofoson et al., 2018). However,
these approaches can systematically miss important variation at
intermediate stages of deforestation and/ or market integration,
when communities are lumped together using low stringency
criteria, or when sites are ignored because they do not align
within well-defined categories (e.g., forested vs. not forested;
hunter-gatherer vs. farmer). Furthermore, forest communities
with limited deforestation and market integration are often
remote, making data collection resource intensive (Reyes-García
et al., 2019). As a result, we know very little about the diets of
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people who live inmarginal environments or who exist within the
unexamined spaces of these gradients (i.e., semi-forested; hunter-
farmers). Understanding these contexts is important, in that they
reflect intermediate stages of dietary transitions, where people
have access to forest, agricultural, and market foods, as well as
the ability to capitalize on these resources via increased market
vicinity. Furthermore, the food experiences in these intermediate
stages contribute to the trajectory of dietary transitions within
landscapes of change, and their consequent effects on health of
humans and the environment.

In this study, we examine the effects of tropical deforestation
and land use change on diets and food security in an agricultural-
forest frontier in West Africa. Our research is focused in a highly
relevant system within Cross River State in the South-South
geopolitical zone of Nigeria, where expansion of subsistence and
commercial agriculture and regional conservation efforts have
altered the landscape that provides food and livelihoods. Cross
River State contains the largest tract of contiguous forest left
in Nigeria and is one of Africa’s most important biodiversity
reserves (Oates, 1999; Myers et al., 2000; Kamden-Toham et al.,
2006). Diverse faunal assemblages within Cross River provide
bushmeat to rural communities and urban markets throughout
Nigeria and into Cameroon (Fa et al., 2014; Friant et al., 2015;
Lameed et al., 2015; Abere et al., 2016). Communities in Cross
River vary in their proximity and access to forests and their
degree of market integration, in part, because of the long and
complicated history of the formation of Cross River National
Park and the more recent expansion of the agricultural frontier
(Oates, 1999; Ite and Adams, 2000; Schoneveld, 2014). Here we
examine how these landscape changes (i.e., the combined impacts
of deforestation, agricultural expansion, and forest protection)
affect diets and food security within this agriculture-forest
frontier. We use a concept of food security that extends beyond
caloric sufficiency and dietary staples, toward a more balanced
view that reflects access to sufficient quantities of nutritious food
for an active and healthy life (USDA, 1996; Ickowitz et al., 2014;
Pingali, 2015). Using this framework, we examine how land use
changes and market integration at the agriculture-forest frontier
affect: (1) diets, (2) bushmeat consumption and trade, (3) food
values, and (4) nutrition and food security outcomes. Finally, we
consider the implications of our results for human and ecosystem
health within landscapes of change.

The forests in Cross River are part of the Cross-Sanaga-Bioko
coastal forest, which contains primary and secondary growth
forest and unusually high species richness and diversity (Myers
et al., 2000; Oates et al., 2004; WWF, 2016). The southern forests
of Nigeria cover <2% of Nigeria’s landmass, with deforestation
in this region dating back to colonial rule in the 1800s and
continuing beyond independence (1960s) at an estimated annual
rate of 3.7% (FAO, 2010; Enuoh and Ogogo, 2018). Cross River
National Park was established in 1991 with an initial plan to
extend park boundaries to protect most nearby intact forest and
bring rural development projects and guaranteed support for
communities that would lose access to agricultural land and non-
timber forest products (Ite, 1998; Oates, 1999; Ite and Adams,
2000). However, these plans were never fully implemented due
to disputes over funds that were prioritized over conservation

objectives, and the withdrawal of support from international
donors in response to the execution of environmental activists
in Nigeria at the time (Oates, 1999; Ite and Adams, 2000). As
a result, Cross River National Park was never fully established,
and limited funds have resulted in a support zone consisting of
uncompensated and resentful communities on the periphery and
interior of protected areas. Meanwhile, population growth and
limited access to land contributed to early refusals to grant land
for re-settlement of interior forest communities (Ewah, 2013).
These communities now exist as designated enclaves within
both divisions of the park, where they are allocated forest for
farming and hunting. Communities outside of the designated
park boundaries are classified as support zone communities.
The South is one of Nigeria’s largest producers of export crops,
including cocoa, rubber, and palm oil, with rapid expansion of
large new privatized areas of land allocated to “high-capacity”
agricultural investors that are encroaching on both protected and
indigenous lands (Schoneveld, 2014).

Local inhabitants of this region do not easily fall within
the “hunter-gatherer”—“farmer” dichotomy, and are perhaps
best characterized as hunter-agriculturalist societies that
depend mainly on agriculture for staple food items and
use a combination of wild and cultivated vegetables and
animals (Rupp, 2003; Ewah, 2013; Friant et al., 2015; Lameed
et al., 2015; Abere et al., 2016). Rural communities in this
area depend on the forest for cooking fuel, farmland, and
for non-timber forest products, including bushmeat. Forest
protection prohibits, to some extent, agricultural expansion
into protected areas. However, lax enforcement of laws has
resulted in exploitation of forests for timber, construction of
roads, agricultural land, and non-timber forest products. The
ecological integrity of the forest is now severely threatened
by a myriad of human activities, exacerbated by population
explosion and high levels of poverty and unemployment
(Mahmoud et al., 2017; Enuoh and Ogogo, 2018).

METHODS

Study Site and Participants
Our study included six out of 105 (est.) communities near
the Oban (∼3,000 km2) and Okwangwo (∼640 km2)
divisions of Cross River National Park (CRNP) in Nigeria
(Figure 1). To increase the generalizability of our results, we
included communities that represent the three predominate
cultural groups living near the park: Boki, Ejagham, and Ayo
(Chrisomalis, 2006). Communities were selected to ensure both
divisions of the park were represented and to maximize sampling
across cultural groups and local government areas. Within these
criteria, we selected communities where we had previous research
experience or the ability to establish contact with people who
could facilitate our entry into potentially resentful communities.

We selected two communities designated as enclaves within
the interior of CRNP (“interior forest”) and four communities
designated as the support zone on the periphery of CRNP
(“forest-edge”). Interior and forest-edge communities differed in:
(1) proximity and access to forests, (2) road access, and (3) access
to markets for selling and purchasing food. Due to their location
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FIGURE 1 | Study communities. Map showing location of deep (red) and

marginal (blue) forest communities relative to Cross River National Park (green)

in Nigeria.

within CRNP, interior forest communities are surrounded by
forest, lack motorable roads, and are typically accessed by foot
or motorbike via forest trails and partially graded dirt roads
that cut through protected areas representing a mosaic of forest
and agricultural land. Depending on the mode of travel, it took
inhabitants of interior forest communities between half and a full
day to reach the nearest markets, and their loads were limited
to what they could fit on the back of a motorbike on poor
roads or what could be carried on their heads (∼20–50 kg).
Forest-edge communities are typically accessed by motorbike,
vehicles, or motorboat via grated dirt roads, paved roads, or
rivers that connect communities to major roads. It took people
between 30min and 2 h to reach major roads and markets, and
goods were transported via motorbikes (with heavier loads),
vehicles, or boats. Due to their location on the periphery
of CRNP, forest-edge communities had access to remnant
community forest areas between communities and the park,
but most of the surrounding landscapes were heavily deforested
from expansion of farmlands, timber business, and/or private
commercial agriculture industries (e.g., palm oil plantations).

Data Collection
We restricted data collection to the wet/lean season (June–
August 2017) to limit effects of seasonal variation in food

availability and road access across sites. We combined individual
questionnaires and anthropometric measurements with key
informant interviews and participant observations to obtain
data on individual diets and nutritional status, household
food security, and cultural and economic values attached to
food items. All interviews were conducted in Nigerian Pidgin
English, which is the lingua franca of the region, to limit
differences in interpretation of questionnaires across cultures.
However, translations to local languages were made ad hoc
when specific words or phrases were not well-understood.
Questionnaire instruments were translated into Nigerian Pidgin
English, back translated, piloted, and adapted in a neighboring
village where no study activities took place. During this pilot
phase, we developed initial food lists from observations in
households, farms, and local markets and shops. We then
worked with key informants who added foods, information
on edible parts, and food sources. They also provided locally
relevant phrases and examples for evaluating food insecurity
(e.g., lists of undesirable foods and local phrasing for “lack
of resources”) (Coates et al., 2007; Kennedy et al., 2011).
Within each study community, we piloted the questionnaire,
asking key informants to answer and then explain the meaning
of each question to help ensure it was understood locally.
However, because we did not undergo the full adaptation process
in each community, we caution that biases could have been
introduced where we missed more optimal phrases and locally
relevant examples.

Within communities, we randomly selected households
from a drawn village map. Households were defined as
people who regularly shared food from the same pot. From
the questionnaires, we obtained demographic, livelihood,
and socioeconomic information, including household
participation in the bushmeat trade and household food
insecurity, alongside information on individual dietary diversity
and meat consumption. Questionnaires were implemented
with the head of household responsible for food production
(n= 323), representing an average of 48% of households per
village (range: 14–84%). This person was typically female (n
= 318), unless there was no female present in the household
(n = 5). We then randomly re-sampled ∼50% of those
households to obtain dietary information from men within
the same household (n = 155) for a total of 478 individuals
(interior forest n = 158, forest-edge n = 320). To evaluate
undernutrition, we recorded the mid-upper arm circumference
of all respondents (Godoy et al., 2006; USAID et al., 2018).
Questionnaire responses and anthropometric measures were
recorded by one of four Nigerian research assistants who were
accompanied by local translators who verbally translated into
local dialects as needed. Answers to closed-ended questions
were recorded using ODK R© software on a tablet, and open-
ended questions were transcribed in real time. All households
were offered soap as an incentive gift for participation.
We then purposively selected men and women involved in
hunting, cooking, and trading in meat as key informants to
obtain information on meat preferences and economic values
attached to different types of meat (interior forest n = 19,
forest-edge n= 31).
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Household and Sociodemographic Information
We collected information to identify demographic and
socioeconomic factors that may influence diets and food
security status, including: age (years); marital status (yes/no);
children (number); education (primary school or less/ beyond
primary school); and primary occupations (top 3; open). We
collected more detailed information from households that
participated in hunting or trading bushmeat, including: hunters
per households (number), household participation in trading
meat (yes/no), destination of meat sold (inside/outside of
community), and average proportion of meat sold within
(vs. outside of) communities (none [0%], little [5%], some
[25%], half [50%], most [75%], all [100%]). We created a
wealth index by scoring household assets, including: house
ownership, material of roof and walls, number of rooms,
type of toilet, household items, and hired farm laborer
(Malleson et al., 2008).

Individual Dietary Diversity
We recorded dietary diversity data for 478 participants using
24-h open recalls followed by a second round of probing for
additional food items (Kennedy et al., 2011). We categorized
food items into 15 food categories−10 main food categories
([1] grains, white roots and tubers, and plantains, [2] pulses
(beans, peas, and lentils), [3] nuts and seeds, [4] dairy, [5]
meat, poultry and fish, [6] eggs, [7] dark green leafy vegetables,
[8] other vitamin-A fruits and vegetables, [9] other vegetables,
and [10] other fruits) and five “other” categories ([1] insects
and other small protein foods, [2] red palm oil, [3] other
oils and fats, [4] sweets, [5] condiments, other beverages,
and seasonings) (FAO and FHI 360, 2016) (Table S1). Large
invertebrates (e.g., African giant snails and land crabs) were
incorporated into the initial meat, fish and seafood category,
whereas smaller invertebrates (e.g., small snails, shrimp, and
crayfish) were incorporated into the insects and other small
proteins category. We added an expanded 30-day recall for
animal-based foods where meat, fish, and large invertebrates
were disaggregated (Table S2). Within each category we further
categorized food sources as either imported or produced within
the community or collected from the forest. We calculated
dietary diversity scores by first summing the 10 main food
categories into a score ranging from 0 to 10. We calculated
proportion of the respondents reporting consumption of food
items from each group, comparing interior and forest-edge
communities. We then calculated Minimum Dietary Diversity
for Women of Reproductive Age (MDD-W) by sub-setting
women of reproductive age (15–49; n = 232) and categorizing
them as achieving minimum dietary diversity (score ≥ 5; more
likely to have adequate micronutrient intakes) or not achieving
minimum dietary diversity (score < 5) (FAO and FHI 360,
2016). Mid-upper arm circumference (MUAC), an indicator
of short-term nutritional status, was measured to the nearest
millimeter (mm) using MUAC tape (Frisancho, 2008). We
used standard MUAC cutoffs to further categorize participants
as overweight (MUAC ≥ 25 cm) or underweight (MUAC ≤

24 cm) (Tang et al., 2013), however pregnancy status was not
known for females.

Household Food Security
We ranked 323 households on a Household Food Insecurity
Access Scale (HFIAS) based on the prevalence and frequency
of experiences of food insecurity (Coates et al., 2007). In
each household, we interviewed the individual most involved
in food preparation and meals and asked them to respond
on behalf of the household. Interview responses were used to
quantify experiences of nine household food insecurity access-
related conditions within three domains (i.e., anxiety, insufficient
quality, and insufficient quantity and physical consequences).We
ranked households on the food insecurity access scale by combing
prevalence and frequency-of-occurrence to create a score ranging
from 0 (secure) to 27 (insecure) (Coates et al., 2007).

Cultural Salience of Bushmeat
To measure the cultural salience of different meat items, we
asked key informants to free list animals across multiple domains
(e.g., taste preferences and economic value). Following free listing
exercises, we used images of wild animals from Kingdon’s Pocket
Guide of AfricanMammals (Kingdon, 2005) and standard images
of domestic animals and fish sourced from the internet, to ask
participants to rank their listed animals.

Data Analysis
We used descriptive statistics to analyze sociodemographic,
dietary, and nutritional characteristics of our study population.
From dietary recall data, we categorized each food item into food
categories (FAO and FHI 360, 2016) (Table S1) and calculated
the percentage of diets that included at least one food item in
each food category. We also calculated the percentage of diets
that included food items from each category that were produced
or imported and food items that were harvested from the wild (in
either forest or farm). We used mixed-effects linear and logistic
regression models, in which we incorporated village as a random
effect to account for community clustering of non-independent
samples, to compare our samples between interior forest and
forest-edge communities. For models containing more than one
predictor variable, we used backwards elimination of variables
and retained only significant variables (at the alpha = 0.05 level)
and first-order interactions among significant main effects in
the final model. All analyses were performed in RGui 3.4.4 and
statistical significance was determined at the alpha= 0.05 level.

Multivariate Analysis of Diet Composition
We examined the multivariate composition of diets, and
bushmeat specifically, in deep and forest-edge communities
via non-metric multidimensional scaling analysis (NMDS)
with Jaccard dissimilarity matrices. We removed unidentified
bushmeat and collapsed categories for animals that were
not regularly differentiated (e.g., pangolin, monkey, and
nocturnal primate species). We tested for differences in
compositional dissimilarity (position of the group centroid)
using Permutational Multivariate Analysis of Variance
(PERMANOVA) and analysis of multivariate homogeneity
of group dispersion (average distance of group members to the
group centroid) (PERMADISP), both with 999 permutations.
To identify the specific food items that characterized deep and
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TABLE 1 | Sociodemographic characteristics of respondents.

Interior (n = 158) Edge (n = 320) Total (N = 478)

Women: men (%) 63: 36 68: 32 66: 33

Average age 41.1 ± 14.23 41.6 ± 15.52 41.3 ± 15.09

Family size 5.22 ± 2.75 4.86 ± 2.67 4.97 ± 2.73

Education beyond

primary school (%)

60.1 69.1 66.1

Occupation (%)

Farmer 93.7 90.6 91.6

Harvest NTFPs 39.9 31.6 34.3

Trade goods 12.6 20.3 17.8

Wealth Index 7.41 ± 2.35

(n = 97)

7.76 ± 2.41

(n = 203)

7.65 ± 2.39

(n = 300)

forest-edge communities, we used an indicator species analysis.
Indicator values (IV) range from 0 to 1, with higher values for
stronger indicators. Only food items with IV > 0.3 and p <

0.05 were considered good indicators (Dufrene and Legendre,
1997). We performed analyses using the metaMDS, adonis2, and
betadisp functions within the vegan and indval function within
labdsv package in RGui 3.4.4.

Cultural Domain Analysis
We calculated cultural salience (Smith’s S) from ranked free lists
produced during key informant interviews, where:

S =
∑ inverted item rank/# items

# of informants

We constructed salience plots to visualize taste preferences and
economic values of animals by relating the frequency that each
animal was mentioned to the average rank assigned to it. We
performed analysis using the AnthroTools package in RGui 3.4.4.

RESULTS

Demographics
The primary occupations of our respondents were farming,
harvesting of non-timber forest products, and trading in goods
(Table 1). We found no differences between deep and forest-
edge communities with respect to demographics, livelihoods, or
household size (Table 1).

Dietary Diversity
Dietary diversity was significantly related to village location
(X= 9.7, df = 1, p < 0.01) and wealth (X = 6.4, df = 1, p
< 0.05), with a marginally significant interactive effect (X =

3.8, df = 1, p = 0.05) such that individuals from wealthier
households had marginally higher dietary diversity in forest-
edge communities but lower dietary diversity in interior forest
communities (Figure 2).

Overall, a larger proportion of individuals from interior forest
communities reported consuming dark green leafy vegetables
(Table 2). Individuals living in forest-edge communities reported
consuming more pulses (i.e., beans), dairy, fish, eggs, other
vegetables, other oils and fats (i.e., non-red palm oil), sweets, and

FIGURE 2 | Socioecological predictors of dietary diversity. Results from linear

mixed model predicting individual dietary diversity from sociodemographic and

landscape differences. Coefficient estimates from full models are shown in blue

and coefficients from reduced models retiaing only significant predictors are

shown in orange.

condiments, other beverages, and seasoning (Table 2). Interior
and forest-edge communities differed in where they sourced food
items from each category. Specifically, individuals from interior
forest communities reported consuming more meat, poultry, and
fish (including skin) collected from the wild, and more cultivated
vitamin A-rich fruits and vegetables compared to forest-edge
communities (Table 2). The opposite trend was true for forest-
edge communities, who had a larger proportion of individuals
who consumed produced or imported meat, poultry, and fish
(including flesh, internal organs, and skin), and more vitamin
A-rich fruits and vegetables collected from the forest).

Comparison of Jaccard dissimilarity matrices, built from
binary responses to 24-h dietary recalls assessing dietary
diversity (n = 15 food categories), showed that individuals from
interior forest communities had a different dietary composition
than forest-edge communities (PERMANOVA: F = 12.1, df
= 1, p < 0.001). Intragroup variability did not differ between
sites (PERMADISP: F = 0.39, df = 1, p = 0.52). A non-metric
multidimensional scaling plot shows a degree of dietary similarity
(overlapping dietary compositions) but also dietary differences
(different group centroids) between interior and forest-edge
communities (Figure 3A). Dark green leafy vegetables were a
significant indicator category characteristic of interior forest
community diets (IV = 0.43, p < 0.001). Other vegetables (IV
= 0.40, p < 0.05), fruits (IV = 0.54, p < 0.01), insects and other
small proteins (IV = 0.51, p < 0.001), and condiments (IV
= 0.50, p < 0.05) were all indicator categories of forest-edge
diets (Figure 3B).

Comparison of Jaccard dissimilarity matrices, built from
animal-source foods reported during 30-day dietary recalls,
showed that individuals from interior and forest-edge
communities consumed different compositions of meat
(PERMANOVA: F = 9.33, df = 1, p < 0.001) and had different
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TABLE 2 | Consumption of food items and the sources of those foods in diets of deep and forest-edge communities based on 24-h recall data.

% of diets including food items % food items produced or imported % food item collected

Interior Edge Interior Edge Interior Edge

Grains, white roots and tubers, and plantains 99.4 99.7 100 100 0 0

Pulses (beans, peas, and lentils) 10.1 24.4*** 100 100 0 0

Nuts and seeds 82.3 80 64.6 89.1 73.1 57

Dairy 3.2 12.2** 100 100 0 0

Meat, poultry, and fish 87.3 92.8 43.4 73.4** 89.8* 64

Flesh meat 70.9 54.7 0.8 23.3* 100 83.4

Internal organs 14.5 9.4 4.3 27.6* 95.6 73.3

Skin 28.5 25 40 76*** 64.4*** 25

Fish 50.6 75*** 60.0 78.7 47.5 29.1

Eggs 1.3 8.1* 100 100 0 0

Dark green leafy vegetables 77.8* 61.2 77.2 66.7 47.1 46

Other vitamin A-rich fruits and vegetables 10.1 6.6 75** 28.6 25 81.0**

Other vegetables 62.5 74.7* 83.8 88.3 17.2 13.8

Other fruit 43.7 62.2 100 100 0 0

Insects and other small protein 67.1 81.6 97.2 99.6 13.2 12.6

Red palm oil 99.4 96.6 100 100 0 0

Other oils and fats 10.7 24.1*** 100 100 0 0

Sweets 13.3 25.6* 100 100 0 0

Condiments, other beverages, and seasonings 94.9 99.1* 100 100 5.3 2.2

*p < 0.05, **p < 0.01, ***p < 0.001 in linear and logistic mixed-effects regression models comparing deep and forest-edge communities with village incorporated as a random effect.

intragroup variability (PERMDISP: F = 4.86, df = 1, p < 0.05).
The non-metric multidimensional scaling plot shows a degree of
similarity in meat consumed (overlapping dietary compositions)
but also dietary differences (different group centroids) between
deep and forest-edge communities, with the latter showing
higher dispersion (Figure 3C). Together, these results show
that the core composition of consumed meat was similar in
interior and forest-edge communities, and that individuals from
forest-edge communities consumed on average a higher diversity
of animals. Monkeys (Cercopithecus sp.) (IV = 0.41, p < 0.001)
and porcupine (Atherurus africanus) (IV = 0.43, p < 0.05) were
significant indicator species of interior forest diets, whereas
crayfish (IV = 0.52, p < 0.001), pigs (IV = 0.34, p < 0.001),
and cows (IV = 0.33, p < 0.001) were indicators of forest-edge
diets (Figure 3D).

Food and Nutrition Security
Households from interior forest communities exhibited
significantly higher household food insecurity access scores,
fewer women of reproductive age who achieved minimum
dietary diversity scores, and lower average mean upper arm
circumference (MUAC) in men (Table 3). However, differences
in MUAC were not associated with significant differences
in the proportion of adults who were categorized as over or
underweight (as designated using standard MUAC cutoffs) in
interior and forest-edge communities (Table 3).

Bushmeat Hunting and Trade
Interior forest communities had a significantly higher proportion
of households with bushmeat hunters and/or traders and a

higher number of hunters and/or trappers per hunting household
compared to forest-edge communities (Table 4). Respondents
from both locations reported selling meat that they hunted
to people within and outside of the community. However,
traders from interior forest communities reported selling a
relatively larger proportion of meat to people within the
communities (Table 4).

Cultural Salience of Animals as Food
Seventy-four percent of participants reported a preference for
bushmeat, compared to 19% who preferred fish, and 7% who
preferred domestic animal meat. Salience scores (Smith’s S)
for specific animals revealed preferences for similar species
across sites. The top five preferred animals in each landscape
type were: African brush-tailed porcupine (Atherus africanus)
(interior forest: S= 0.35; forest-edge: S= 0.20), pangolin (Manis
spp.) (interior forest: S = 0.20; forest-edge: S = 0.13), red river
hog (Potamochoerus porcus) (interior forest: S = 0.09; forest-
edge: S = 0.09), monkeys (Cercopithecus sp.) (interior forest:
S = 0.17; forest-edge: S = 0.07), Ogilby’s duiker (Cephalophus
ogilbyi) (interior forest: S = 0.04), and blue duiker (Cephalophus
monticola) (forest-edge S= 0.04) (Figures 4A,B).

Similarly, the economic salience of different animals was
comparable across landscape types, with large bodied wild
animals listed as most valuable: red river hog (interior forest: S=
0.38; marginal: S = 0.26), Ogilby duiker (interior forest S= 0.13;
forest-edge S = 0.08), African buffalo (Syncerus caffer) (interior
forest: S = 0.10; forest-edge: S = 0.06), African forest elephant
(Loxodonta cyclotis) (interior forest: S = 0.13; forest-edge S =

0.21), African brush-tailed porcupine (interior forest: S= 0.06),
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FIGURE 3 | Diet compositions of deep and forest-edge communities. Nonmetric multidimensional scaling (NMDS) plot of the first two axes of Jaccard distance

matrices describing dietary composition from 24-h recall data (stress = 0.11, k = 4) (A) and bushmeat composition from 30-day recall data (stress = 0.16, k = 3) (C).

Plots are comparing dietary compositions of individuals in interior (red) and forest-edge (blue) forest communities. Barplots compare relative frequency of consumption

of food items from each food category (B) and different animals (D) between locations (items with relative frequency < 0.05 not shown). Asterisks indicate indicator

foods with IV > 0.3 and p < 0.05 of deep and forest-edge diets.

and drill monkey (Mandrillus leucophaeus) (forest-edge: S =

0.07) seen as most valuable (Figures 4C,D).
Domestic animals appeared only in salience plots as preferred

foods in forest-edge communities, and included, chicken, dog,
goat, and cow (Figure 4B). Similarly, more domestic animals
appeared in economic salience plots of forest-edge communities
(goat, cow, and pig). Goat appeared in plots derived from both
locations, but it was listed more frequently and was assigned
higher average rank in forest-edge communities.

DISCUSSION

Across the tropics, forests are being converted to land for
subsistence and commercial agriculture, altering local food
systems and diets in ways that are currently not well-
understood. Our comparison of interior and forest-edge

diets highlight the effects of tropical land use changes on
local food systems, with implications for understanding the
changes occurring at intermediate stages of ecological and
dietary transitions at the agricultural-forest frontier. Our
results show a high degree of dietary overlap coupled with
dietary differences that are associated with better nutrition
and food security in forest edges. We argue that nutritional
benefits may accrue during intermediate phases of dietary
transitions in the tropics—where people retain access to forest
resources, obtain access to more agricultural and market goods,
and gain the ability to commercialize their food resources.
Understanding people’s dietary experiences during the early
and intermediate stages of deforestation and market integration
will be critical, as these early experiences inform dietary
and livelihood strategies that further shape ecological and
nutritional transitions.
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TABLE 3 | Food security and nutritional status, by forest proximity.

Interior Forest-edge

Household food

insecurity access score

(M ± SD)

13.50 ± 5.70 (n = 103)* 8.85 ± 5.84 (n = 220)

Achieved minimum

dietary diversity (%)

57% (n = 73) 75% (n = 158)**

Male MUAC (M ± SD) 27.03 ± 2.54 (n = 58) 28.19 ± 3.14 (n = 102)*

Female MUAC (M ± SD) 26.81 ± 3.52 (n = 99) 27.60 ± 2.86 (n = 218)

Underweight (%) 14.0 (n = 158) 12.8 (n = 320)

Overweight (%) 7.6 (n = 158) 7.2 (n = 320)

*p < 0.05, **p < 0.01 in linear and logistic mixed-effects regression models comparing

deep and forest-edge communities with village incorporated as a random effect.

Although forest foods contributed to diets across all sites,
we observed fewer forest foods in diets of people living in
areas with more deforestation and increased market access. In
contrast to forest-edge communities, interior forest communities
consumed more dark green leafy vegetables and bushmeat.
These observed dietary changes are, to a degree, similar to
what has been described during dietary transitions following
integration into market economies. Similar to conservation
zones with rapid commercial agricultural expansion in Laos
(Broegaard et al., 2017), we found that more people in forest-
edge communities consumed animal-based foods that were not
sourced from the wild. We also observed integration of more
processed foods, sweets, and fats, which is similar to dietary
transitions described in contemporary hunter-gatherers (Popkin,
2004; Kuhnlein et al., 2009; Crittenden and Schnorr, 2017;
Reyes-García et al., 2019). However, we found that interior and
forest-edge zone communities were equally likely to consume
animal-based foods overall (e.g., meat, protein, and fish), but
that forest-edge diets included more beans, dairy, fish, eggs,
and other vegetables. Small proteins were an indicator food
of forest-edge communities, which can be best explained by
high consumption of dried crustaceans, locally referred to as
“crayfish,” that are obtained from markets and imported into
communities. These findings contrast with dietary transitions
described in hunter-gatherer groups, which are characterized
by decreased availability of nutritionally important foods (e.g.,
fruits, vegetables and animal foods) with integration into market
economies (Popkin, 2004; Kuhnlein et al., 2009; Crittenden
and Schnorr, 2017; Reyes-García et al., 2019). The differences
between our study and “typical” hunter-gatherer transitions
could be reflective of differences in livelihood strategies (e.g.,
hunter-agriculturalist) and/or the degree of market integration
already present in interior forest communities, while also
indicative of non-linear dietary responses to land use change and
market integration.

Dietary differences between locations were associated
with higher dietary diversity, increased measures of protein,
energy, and micronutrient status (e.g., MUAC in men and
MDDS-W), and improved food access (i.e., low HFIAS)
in forest-edge communities. These results are contrary to
previous studies, which found increased dietary diversity in

TABLE 4 | Participation in bushmeat hunting and trade, by forest proximity.

Interior Forest-edge

Household involvement in

bushmeat trade (%)

66.0 (n = 103)* 44.5 (n = 220)

Bushmeat hunters per

household (M ± SD)

2.41 ±1.64 (n = 49)** 1.67 ± 0.87 (n = 92)

Hunter households selling

bushmeat (%)

93.9 (n = 46) 92.4 (n = 85)

Sell bushmeat inside

communities (%)

76.1 (n = 42) 85.7 (n = 70)

Sell bushmeat outside

communities (%)

38.8 (n = 42) 59.8 (n = 92)

Proportion of meat sold

within communities (%)

41.2 (n = 32)** 23.4 (n = 58)

*p < 0.05, **p < 0.01 in linear and logistic mixed-effects regression models comparing

deep and forest-edge communities with village incorporated as a random effect.

isolated hunter-gatherers compared to close communities with
increased market integration (Reyes-García et al., 2019), positive
associations between forest use, tree cover, and dietary diversity
(Powell et al., 2011), and negative effects of land use change
on quality of nutrition in areas adjacent to conservation zones
(Broegaard et al., 2017). However, our results are similar to
other studies showing improved dietary diversity associated with
market access (Sibhatu et al., 2015; Koppmair et al., 2017), and
support the notion that market access may be more important
for dietary diversity than forest proximity, at least in early and
intermediate stages of deforestation. We also note however,
that we did not measure differences in agricultural diversity
between these sites, which is shown to have a positive effect on
dietary diversity (Jones, 2017). Interestingly, while we found no
systematic differences between sociodemographic composition
of our study samples, we did find a marginal interactive effect
of wealth on the relationship between dietary diversity, such
that wealth appeared to only contribute to improved dietary
diversity in forest-edge communities. This further highlights
the importance of market access in the translation of wealth to
improved nutrition.

Our results revealed some additional and unexpected trends.
For example, we found that vitamin-A rich fruits and vegetables
(e.g., bush mango [Irvingiaceae]) were wild-sourced more in
forest-edge than interior forest communities. Although contrary
to our expectations, this finding may reflect higher availability
of bush mango in agroforest areas. Agroforest and fallow areas
are known to be important for obtaining wild foods and
may contribute to increased dietary diversity in forest-edge
areas (Powell et al., 2011). Alternatively, this could indirectly
reflect widespread trade of bush mango seeds, known locally
as “ogbono” and used in preparing Nigerian soups. Bush
mango is mass-harvested in agroforests and in protected and
unprotected forest areas in this region, with people setting up
forest camps for the primary purpose of harvesting bush mango.
The bush mango fruit is typically discarded, but sometimes
consumed opportunistically when people are processing the fruit
for the seed. Thus, increased consumption of wild vitamin-
A rich fruits in marginal communities could reflect increased
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FIGURE 4 | Salience of animals as food and economic resource, by forest proximity. Salience plots of the frequency an animal was mentioned (x-axis) and the

average rank assigned to each animal (y-axis) during free-listing exercises with key informants. Plots show preferred animals (A,B) and most economically important

(C,D) animals in the lower right-hand corner, comparing deep (A,C) and marginal (B,D) forest communities.

handling and opportunistic consumption of bush mango in areas
with better access to markets, demonstrating how commercial
trade might affect diets, even in small and unexpected ways.
Overall, the pathways by which forest-edge households achieve
improved food access (e.g., direct subsistence from forest,
agricultural, and market goods, or purchasing power gained
from commercialization of these goods) is variable across food
categories and systems.

Despite interior forest communities having more households
that hunted and more hunters per household, forest-edge
households sold a higher proportion of the meat they hunted to
people outside of their communities. This switch toward income-
driven hunting did not appear to result in nutrition-income
trade-offs, likely due to the availability of alternatives. Interior
and forest-edge communities had diets with similar proportions
but different compositions of animal-based foods. Meat in
interior forest diets was more likely to come from the wild than
in forest-edge communities. Specific indicators of interior forest

diets were porcupines andmonkeys, whereas indicators of forest-
edge diets were dried crustaceans, and domestic pig and cow
meat/skin, which were imported into communities by traders.
These findings align with previous studies showing that bushmeat
consumption declines along the rural to urban gradient, being
replaced by domestic and processed meat and fish (Van Vliet
et al., 2015). Unlike those studies, however, dietary differences we
documented were not associated with nutritional inadequacies
in forest-edge communities (Sarti et al., 2015; Van Vliet et al.,
2015), potentially because these communities still retained access
to forests and bushmeat. However, hidden nutrition-related
consequences could accrue via putative differences in micro
and macro nutrient composition of wild animals compared to
domestic animals and fish, though these are not well-understood
(Cawthorn and Hoffman, 2015).

Differences in bushmeat consumption in interior forest
communities may reflect differences in availability (i.e., animal
biomass) and/or access (e.g., affordability). However, evidence
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from Central Africa indicates that mammalian biomass can
actually be higher in marginal rainforest zones, despite higher
biodiversity in interior forest zones (Fa et al., 2015). Market
vicinity also influences rates of trade in bushmeat, with increased
proximity related to higher extraction rates and concentration
on large bodied species in the Amazon (Espinosa et al., 2014).
If supply is limited, market proximity may reduce access to
bushmeat within local communities, when profit margins for
selling bushmeat are high. Reduced consumption of bushmeat
in forest-edge communities could therefore reflect differences
in availability due to ecological degradation associated with
deforestation, or reduced access to the meat when hunters
and traders prefer to sell outside of the community at higher
profit margins.

Markets not only influence trade in goods, but also the
values and taste preferences attached to those goods, which
may accelerate dietary transitions or preserve the use of
traditional foods (Bowles, 1998). Our results showed that the
cultural salience of animals was similar across communities
but differed across domains. Bushmeat was preferred and had
more economic value than domestic animals and fish in both
deep and forest-edge communities. Communities shared four
out of five of the same preferred species (porcupine, pangolin,
monkey, and red river hog) and economically valuable species
(red river hog, Ogilby’s duiker, African buffalo, and African forest
elephant). While the importance of bushmeat likely has much
to do with availability, during several interviews key informants
referred to domestic animals as “dirty” compared to bushmeat
which is “natural” and “sweet” (meaning it has good taste)
as reason for their preference. Overall, bushmeat consumption
in our study communities is shaped, in part, by preference
for bushmeat over domestic species. This preference preserves
the use of wild animals, even when other components of
the diet differ.

Differences in consumption of bushmeat in forest-edge
communities were mirrored by slight differences in value
orientation toward domestic animals. Although domestic
animals were not highly salient in either domain, they were listed
as preferred species in forest-edge communities alone. Similarly,
more domestic animals were listed as economically salient in
forest-edge communities (e.g., goat, cow, and pig). Goat was
listed in both interior and forest-edge communities but was
listed more frequently and assigned higher rank in forest-edge
communities. These data suggest that preferences can shift
toward integration of domestic species as transitions progress.
Importantly, rural diets are heavily intertwined with livelihood
choices. Although bushmeat is highly preferred, hunting
within this region, and in many of the same communities, is
considered a low-merit livelihood described as full of suffering
and stress, unpredictable, and something people turn to for
lack of better alternatives (Friant et al., 2015). Thus changes
in livelihood opportunities may further modify consumption
practices away from bushmeat consumption (Nasi et al., 2011;
Van Vliet et al., 2015). However, high demand for bushmeat
by urban populations (Fa et al., 2006; Macdonald et al., 2012)
show that even when domestic animals are integrated into daily
diets, preferences for bushmeat are maintained, and economic

incentives from urban demand will motivate people to continue
to hunt.

Heavy regional involvement in the bushmeat trade is
associated with wildlife declines and expected species extinctions
that may decrease availability of this preferred and nutritionally
rich resource (Fa et al., 2002, 2006; Ripple et al., 2016). Indeed,
hunters report having to travel further distances and stay longer
in the forest to obtain meat, and community members report
reduced availability of wild fish due to the use of unsustainable
fishing practices (e.g., use of poison and dynamite in streams).
When faced with declining availability of meat, especially during
lean seasons, interior forest communities have limited ability
to supplement wild resources with domestic and imported
alternatives. Forest-edge communities may therefore have a
dietary advantage, in that they are able to switch between
consumption of wild and domesticated meat. Thus, forest-
edge communities may be better able to cope with declines
in bushmeat by importing meat and using capital from traded
goods. Meanwhile, when households lack funds, they may still
fall back on forest resources for food in times of need. Indeed,
results from Congolese agricultural communities indicate that
wild foods play a small role in household consumption but a
major role in household income with 90% of bushmeat and fish
sold at the market and increased value of these resources during
the lean season (de Merode et al., 2004).

Overall, increasing commercialization of forest resources,
coupled with high rates of extraction and land conversion
in this region is unsustainable (Fa et al., 2006; Schoneveld,
2014), and our data support the notion that ensuing ecological
change may disproportionately affect different members of
society (Myers et al., 2013). Our results imply that continued
heavy extraction from communities for sale of bushmeat would
more heavily impact the diets of interior forest communities
that lack alternatives. Improved access to markets, when
coupled with forest protection, could help enhance dietary
diversity and preserve the use wild foods for rural communities.
Inclusion of alternative animal-based foods, especially in interior
forest communities, will be important for maintaining high
quality diets in the face of increased deforestation, agricultural
expansion, and improved conservation efforts. Although cultural
preference for wild foods is often seen as a barrier to acceptance
of new or alternative foods, our results indicate that food
preferences may shift as alternatives are introduced and become
more culturally salient. However, access to alternative meat
sources in rural forested communities may have very little effect
on hunting, given that in the presence of alternatives people
tend to shift to income-driven hunting and supplement their
diets with alternatives. We argue that forest protection and
economic alternatives, alongside improved access to alternative
animal-based, will be critical for protection of bio- and
dietary diversity.

Our study offers an in-depth analysis of food systems in
a region of Nigeria undergoing rampant and unregulated
environmental change. However, our study has several
limitations, including non-random sampling of a small number
of communities (n = 6) and lack of associated ecological and
landscape data, which together limit the generalizability of our
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results. Due to logistical constraints of accessing our remote
study communities, and the potential that these communities
would be uncooperative based on the complicated history of
their relationship with the park, we strategically selected a small
number of study sites that were representative of the area, but
where we could feasibly carryout the study (i.e., connections
with people who could favorably introduce us and our research
and ability to stay in communities for up to a month). Despite
the importance of Cross River as a unique biodiversity reserve
in Africa, limited research effort in these areas has severely
limited availability of data on deforestation and land-use
changes, and thus prohibited a quantitative comparison of the
ecological differences between our interior and forest-edge
study communities. We have therefore evoked the complicated
history of CRNP to aid in explaining site specific differences.
Despite the myriad challenges faced during the formation of
Cross River National Park, its existence has so far prevented
interior forest areas from experiencing the large-scale land
conversion that is typical of forest-edge communities. CRNP
has also prevented the construction of access roads that link
interior communities to major roads and markets. Despite
these key differences, we cannot assume that food systems
are homogenously impacted based on proximity to CRNP
alone. For example, communities in the northern Okwangwo
division of the park have been more heavily impacted by
conservation policies due to the presence of the Cross-River
Gorilla, whereas communities in the southern Oban division
have been more heavily impacted by industrial agriculture.
Thus, while our data describe the responses of food systems to
differences in locations and landscapes, we cannot infer causal
processes due to the multiple interacting pathways by which
communities might be affected by and respond to tropical
land-use change.

CONCLUSIONS

Diets at the agricultural-forest frontier of southern Nigeria
are characterized by fewer forest-based resources, specifically
nutrient-rich foods such as bushmeat and dark green leafy
vegetables. Bushmeat was consumed less but traded more often
by in forest-edge communities, illustrating potential nutrition-
income tradeoffs. However, forest-edge communities appear
to compensate for the reduction of forest foods in diets by
incorporating alternative animal-based foods (e.g., fish and
domestic animals) and other nutritionally important foods,
including small proteins, beans, dairy, eggs, and other fruits and
vegetables. These data also highlight the heterogeneity in the
effect of tropical land use change in diets overtime, suggesting
that in the intermittent stages of tropical deforestation,
communities experience the best of two worlds—the agricultural
and forest frontier. In our study sites, these dietary differences
led to improved nutrition and dietary diversity in forest-edge
communities. We explain these differences through trade-offs
between market access, agricultural expansion and deforestation,

and conservation policies. Understanding “micro-transitions”
at intermediate stages of land use change will be necessary to
provide a clearer picture of the trajectory of livelihood responses
to ecological transitions and their associated consequences for
human and ecosystem health.
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