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ABSTRACT

The current contribution of wild animal proteins has been poorly quantified, particularly in the rapidly growing
urban centers of tropical forests. Lack of such evidence impairs food security strategies to include the diversity
of food supply inherent to traditional food systems. In this study we focus on wild sources of animal protein: wild
fish and bushmeat, which have traditionally been important in people’s diets in the Amazon. We compare the
consumption of wild and non-wild (domestic, processed) sources of animal proteins in a rural to urban gradient in
the Colombian Amazon. In rural areas, most people are indigenous from the Ticuna ethnical group, while in urban
areas, the population is a result of a mixture of different indigenous groups, mestizos and colonos. Our results show
that, despite its geographical position, the region is increasingly dependent on domestic and industrialized sources
of animal protein. The frequency of wild fish and bushmeat consumption decreases from rural to urban areas to the
advantage of domestic and processed meat/fish. Patterns of animal protein consumption for indigenous children
indicate that indigenous families adopt non-indigenous consumption patterns when they move to town. Bushmeat
consumption in urban areas is more frequent in wealthier families and could be considered as a luxury product. In
urban areas, chicken is the protein of the poor and beef replaces chicken for the families that can afford it. In rural
settings, chicken replaces wild sources of animal protein as people increase theirincome and move away from forest/
agriculture dependent livelihoods. Despite, the low importance of bushmeat and wild fish in urban areas measured
in terms of consumption frequencies, we show that these foods continue to play an important role in terms of dietary
diversity, which is fundamental to eradicate energy and micronutrient deficiencies. The increased consumption of
industrial chicken in rural communities poses important food security issues because it provides less nutritional
balance than wild foods and access to this protein is dependent on the availability of cash in rural communities. While
the harvest of wild proteins poses a sustainability problem, industrial foods also carry a heavy ecological footprint. In
conclusion our results call for a better attention to the changes observed in diets in the Amazon, given their potential
food security and ecological consequences.
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INTRODUCTION

Tropical forest resources are inextricably
linked to people’s food security, nutrition and
health in a number of fundamental ways: forests
provide a diversity of healthy foods, culturally
valued products integral to local food systems
and food sovereignty, and occasionally products
that act as a ‘safety net’ or ‘buffer’ in times of
shortages (see Wunder et al. 2014 for a broader
discussion on the role of forests to overcome short
crisis). Until the mid nineties, food consumption in
tropical forests was still primarily related directly
to the process of food acquisition and dominated
by foraging strategies and subsistence cultivation.
However, globalization, urbanisation and the
expansion of market economies in the last decades
are transforming dietary patterns throughout the
world by replacing locally produced/harvested
food with industrial and processed products
(Popkin 2006; Popkin and Gordon-Larsen 2004).
These changes in diet and activity patterns are
commonly referred to as the “nutrition transition”
(Popkin 2006). In tropical forest areas in general,
the nutrition transition is characterised by a shift
away from traditional foods (such as coarse grains,
starchy roots and wild source of meat) toward
staples (such as rice and wheat, increased fat,
including animal fat from domestic and industrial
sources of meat, and refined sugar consumption)
(Drewnowski and Popkin 1997). The rapid rate of
this transition and its impact on health in middle-
income developing nations has drawn significant
attention given the increased rates of intrinsically
related chronic diseases (cancer, heart disease,
stroke, diabetes, and osteoporosis) linked to the
nutrition transition (Monteiro et al. 2007; Popkin
1994; Popkin et al. 2001). Because of the potential
impacts on the increase of dietary and energy
expenditure-related health problems such as
obesity and high blood pressure, both commonly
associated with cardiac diseases and type Il
diabetes (Silva and Padez 2010), the nutritional
changes are important to assess, particularly in
tropical forest areas where food from the forest or
from small scale farming systems is replaced by
industrialised products.

Nowadays, the majority of rural households in
tropical regions, and a large proportion of urban
households still rely on wild products to meet part
of their food, nutritional, health and livelihood
needs. In the rapidly growing urban centres of
tropical forests, the contribution of these wild
foods to people’'s diets is less known. Such
evidence is crucial to include the diversity of the
food supply inherent to indigenous and traditional
food systems in food security strategies (Frison
et al. 2011). At the same time, it is important to
understand whether the use of wild products
is sustainable from an ecological perspective,
to avoid the “empty forests, empty stomachs”
syndrome (Nasi et al. 2011). In recent years, world
researchers have increased interest in describing
the inextricable link between biodiversity and
nutrition security (Johns and Eyzaguirre 2006;
Burlingame et al. 2009; Kuhnlein et al. 2009;
Bharucha and Pretty 2010). Several recent studies
have analysed the contribution of wild sources
of food in Africa (Jenkins et al. 2011; Cloete and
Idsardi 2013; Sneyd et al. 2013), mostly focusing on
edible plants (Termote et al. 2012; Weinberger and
Swai 2006; Lutaladio et al. 2010) and on the links
between wild foods and poverty (Ladio et al. 2013;
Cloete and Idsardi 2013).

The Amazon tropical rainforest is one of
these regions in which the nutrition transition is
rapidly occurring. Previously, changes in food
consumption patterns were costly, and only people
in medium to high wealth levels were able to afford
industrial food (Tagle 1988). A wide gap appeared
between population groups who could afford more
expensive, usually highly processed, foods and
the poorer groups that maintained their traditional
diets of mostly cereals, vegetables, roots, and
grains (Bermudez and Tucket 2003). Currently,
signs of nutrition transition are also commonly
observed among the poorer households in remote
rural forest areas (Benefice et al. 2007; Coimbra et
al. 2002; Godoy et al. 2005a,b; Godoy et al. 2010;
Gugelmin and Santos 2001; Lourengo et al. 2008;
Piperata 2007; Silva et al. 2010; Tavares et al.
2003; Welch et al. 2009; Nardoto et al. 2011). With
rurally focused research and village case studies
increasing, we start to understand the changes
observed in the consumption of wild products
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among rural people. However, we still need a better
understanding of whether the consumption of wild
food products persists or disappears in gradients
from rural to growing urban areas (Stoian 2003).
In this study we focus on wild sources of
animal protein: wild fish and bushmeat, which have
traditionally been important in people’s diets in the
Amazon(Dufour1991;DaSilveiraand Thorbjarnarson
1999, Begossi et al. 1999, Silva and Begossi,
2009). In this research, we analyse consumption
frequencies of wild fish and bushmeat as compared
to domestic animal meat and processed animal
products in a rural to urban gradient in the state of
Amazonas, Colombia. The study is guided by the
following research questions: 1. Is there a significant
difference in consumption frequencies, diversity
and preferences of different sources of animal
products from rural to urban areas? 2. Is the demise
of wild sources of animal products a reality in rural
and urban food intake, particularly for indigenous
people? 3. What wild fish and bushmeat species
are mostly consumed?; 4. Is there a link between the
consumption frequencies of wild animal products

1680000

and ethnic background (indigenous/non-indigenous)
or between consumption frequencies of wild animal
products and income?

MATERIAL AND METHODS

Study Site

The study was carried out in 2012-2013 in the
state of Amazonas, Colombia. The sampled sites
comprised the town of (37,832 inhab.), a medium
sized town (Puerto Narino, 6,983 inhab), peri-
urban communities close to Leticia (Kilometro 6,
Kilometro 11 and Kilometro 18) and indigenous
rural communities along the Amazon river (San
Rafael, San Francisco, 20 de Julio, Macedonia,
Nazareth, Mocagua and San Martin) (Fig. 1). While
rural populations are exclusively indigenous, the
urban population has resulted from different waves
of migrants of indigenous (Ticuna, Yagua Cocama,
Huitoto), colonos and mestizo origins from different
countries (INEI 2010; Suarez-Mutis et al. 2010).
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Figure 1. Map of the study area
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Methods of data collection

Our method of data collection follows van
Vliet et al. (2014a) and is based on consumption
surveys carried out with school children using a
24 hour recall method. This method is particularly
suitable for rapid assessments, because it allows
collecting data on numerous children, requires
considerably less financial and human resources
than household interviews, and has the potential
to be used to monitor consumption over time at
larger scales (van Vliet et al. 2014a). Permissions
for working with children were obtained with the
informed consent from competent authorities
(school directors, teachers, parents), following
the ethical research guidelines from the Center for
International Forestry Research.

We assessed 1145 children from 11 schools (6
schools in Leticia (out of 11), 2 schools in Puerto
Narino (out of 2), 4 peri-urban school (out of 6),
and 3 schools in rural indigenous communities),
491 children during low waters (September and
October 2012) and 654 children from the same
schools during high waters (April and May 2013)
(Table 1). In both study periods we tried to interview
the same children, but this was not always possible
since we had to adapt to the availability of the class
and the fact that class compositions change from
one school year to the other. In rural areas, the
small town of Puerto Narino and peri-urban areas,
we interviewed the only schools available (often
one or two), whereas in Leticia (our urban site), our
sample included schools that were geographically
well distributed in town, including private and
public schools, to account for the socio-economic
diversity of the towns (6 out of the 11 schools were
included in our sample). Our sample in rural areas
was almost composed of only indigenous children
because very few colonos or mestizos live in those
communities. In urban areas instead, indigenous
children only represented 15% of the sample
(the others were either mestizos or colonos). In
our sample of schools, we chose classes where
children were between 12 to 16 years old to ensure
that they were able understand the questions
asked and recall the composition of their meals.
When a school had several classes corresponding
to these criteria, we chose to work with those

where the professors showed greatest interest
in the research. All children from a class were
assessed concurrently by distributing a simple
written questionnaire during lectures, explaining
each question one by one, and leaving some time
between questions for the children to complete the
questionnaire with the assistance from the teacher
andtheresearchers. The fact that the questionnaire
was completed as an assignment during lectures
with their own teacher’s presence ensured that
children responded with more
and respected silence when completing the
responses, thereby guarantying the independence
of individual questionnaires. The researchers also
checked the responses and asked questions to the
interviewee if any doubt subsisted with a given
response, therefore guarantying the quality of the
responses collected and ensuring that no blanks
were left.

seriousness,

Table 1. Number of children interviewed in each site
(low waters and high waters seasons)

Number of children
interviewed
Location low waters | high waters
season season

Leticia 274 353
Puerto Narino 94 166
Peri urban areas of “los 63 59
Kilometros”
Indigenous 60 76
communities

Subtotal 491 654

For each of the meals consumed the day
before the interview, children were asked if they
had eaten any of the most common sources of
animal products available: wild fish, bushmeat,
pork, chicken, eggs, mouton, beef, duck, or canned
meat/fish. Here we use the definition of bushmeat
from the Convention on Biological Diversity
Bushmeat Liaison Group, which defines bushmeat
(or wild meat) as wild animals (including mammals,
amphibians, insects, reptiles, birds but excluding
fish or aquatic molluscs) hunted or harvested in
tropical and sub-tropical countries for food and for
non-food purposes, including medicinal use (CBD
2011). If they had consumed bushmeat or wild fish,
we asked aboutthe names ofthe speciesconsumed.
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Children were asked to name their most preferred
animal proteins. We also complemented our
qguestionnaire with information about the ethnical
group (indigenous, colono or mestizo) and father’s/
mother’s profession/occupation. The profession/
occupation categories were used to infer an
estimation of the qualitative and quantitative
characteristics of income. Four categories were
used: 1: low or no income: for retired persons,
students, housekeepers or unemployed; 2.
irregular non-forest/non-agricultural income for
persons with temporary or unqualified job, small
business holders or craftmen; 3. irregular income
from forest or agriculture: for farmer/hunter/
fishermen, 4. wage above the minimum salary for
civil servants or other salaried job.

Data analysis

Inagradientfromruralindigenouscommunities
to the town of Leticia (including the small town
and peri urban communities), we qualitatively
compared: 1. the consumption frequencies of
different sources of animal food (bushmeat and
wild fish; domestic meats, processed meat/fish); 2.
the wild species consumed (wild fish and bushmeat
species). and 3. the preferences for different types
of animal food. We also analysed the diversity of
animal food types consumed at those different
sites, using the Shannon index of diversity, a
quantitative measure that reflects richness taking
into account how evenly the meals are distributed
among those animal food sources. The index is
based on the following formula (Equation 1) where
H is the index of diversity and pi is the percentage
of meals with animal sources of food:

H=- Zpi*m(pi)

Equation 1. Index of diversity used to assess the
diversity of animal protein consumption

With H=index of diversity of sources of animal
food and pi= frequency of children that consumed
each source of animal food.

We computed a Discriminant Factor Analysis
(Lambda Wilks test) computed on Xlstat2014® to
test the difference in animal protein consumption
patterns between rural and urban areas. To account
for ethnic differences, and based on the fact that
rural children in our sample are all indigenous, we
only tookinto account indigenous children for both
rural and urban areas. This analysis allowed us to
understand whether animal food consumptions
patterns varied between indigenous living in their
communities and indigenous families that have
migrated to town. In addition, we also computed
a Discriminant Factor Analysis (Lambda Wilks test)
between low waters and high waters seasons for
urban children. The one-way analysis of variance
(ANOVA) and pair wise post hoc analysis was used
to compare mean frequencies of animal protein
consumption according to the main occupation
of the father. The same was done to compare
mean frequencies of animal protein consumption
according to mother’s occupation.

RESULTS

Our results show that less than 1% of the
sampled children did not eat any type of animal
food the day before the questionnaire (including
children from indigenous communities, small
town, peri-urban areas and town). As we move
from rural indigenous communities to urban areas,
we show a clear gradient characterized by an
increased frequency of children having consumed
poultry or eggs, beef and processed meat/
fish, and a decreased frequency of those having
consumed wild fish and bushmeat (Fig. 2). In urban
areas, only 2% of the children ate bushmeat the
day before the questionnaire and 9% ate wild fish,
whereas in rural communities the percentage of
children having consumed bushmeat or wild fish
was equal to 11% and 40% respectively.
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Figure 2. Percentage of meals containing each type of animal protein in rural communities along the river, the
small town of Puerto Narifo, peri-urban areas and the major town of Leticia

The sources of animal protein consumed
were twice as diversified in rural communities,
small towns and peri-urban areas than in towns
(indigenous rural communities: H=0.33; small
towns: H=0.37; peri-urban areas: H=0.32; urban
areas: H=0.14). The results of the Discriminant
factor analysis on animal food consumption
between indigenous children and non-indigenous
children in urban areas show a non-significant

difference between these two groups (p=0,191).
Indigenous children in urban areas ate significantly
less bushmeat and wild fish (p=0,001 and p<=0,001
respectively) and significantly more chicken
(p<0,0001) and eggs (p=0,006) than indigenous
childrenfrom rural areas and consumption patterns
of non-indigenous urban children matched those
of indigenous urban children (Fig. 3).
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Figure 3. Percentage of meals containing each type of animal protein among indigenous and non indigenous

children in Leticia
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There was no significant difference in animal
food consumption patterns between the rainy
and dry seasons (p=0,08), except for bushmeat
consumption (p=0,008) (significantly more children
ate bushmeat during the rainy season). The most
consumed bushmeat species were paca (Cuniculus
paca, 58% of the meals containing bushmeat)
during the dry season and paca (56%), deer
(Mazama Americana, 22%), tapir (Tapirus terrestris,
17%) during the rainy season (Table 2). The most

consumed fish species were palometa (Mylossoma
duriventis, 34% of the meals containing fish) and
surubi (Pseudoplatystoma fasciatum, 17%) during
the dry season and bocachico (Prochilodus sp.,
43%), palometa (Mylossoma duriventis, 21%)
and pintadillo (Pseudoplatystoma tigrinum, 14%)
during the rainy season.

All children from rural to urban areas stated a
preference for beef and eggs (Fig. 4).

Table 2. List of bushmeat and fish species consumed during low waters and high waters

Percentage of | Percentage of
meals with each| meals with
I species durin each species
Common name Scientific name thpe high watergs during t‘;ie low
season waters season
(N=1962) (N=1473)

Tapir Tapirus terrestris 17% 3%
Paca Cuniculus paca 56% 58%
Peccari Pecari tajacu, Tayassu pecari 0% 6%
Bushmeat Agouti Dasyprocta fuliginosa 6% 6%
species Deer Mazama americana 22% 3%
Capybara Hydrochoerus hydrochaeris 0% 6%
Caiman Caiman crocodilus 0% 6%
Tortoises Chelonoidis denticulata 0% 6%
Mojojoi (beetle larvae) | Rhynchophorus palmarum 0% 8%
Palometa Mylossoma duriventis 22% 33%
Pintadillo Pseudoplatystoma tigrinum 14% 8%
Cucha Hypostomus plecostomus 2% 0%
Bocachico Prochilodus sp. 43% 0%
Arenga Pellona castelnaeana 0% 8%
Surubi Pseudoplatystoma fasciatum 2% 17%
Fish species Yaguariche Potamorhina latior 2% 0%
Carahuasu Astronotus ocellatus 2% 0%
Paco Piaractus brachypomus 6% 8%
Pirarucu Arapaima gigas 4% 8%
Tucunare Cichla sp. 2% 0%
Sabalo Brycon melanopterus 2% 0%
Mota Calophysus macropterus 0% 8%
Tambaqui Colossoma macropomum 0% 8%

Among urban children, those whose father
had a wage above minimum salary ate significantly
less chicken (ANOVA, p=0,04), and more beef and
bushmeat (but not significantly). Instead, mother’s
profession did not significantly explain consumption
patterns. In rural communities, peri-urban areas
and the small town of Puerto Narino, children

whose father had wage above minimum salary ate
significantly more chicken (ANOVA, p<0,0001) and
more eggs (ANOVA, p=0,04). Children whose father
an irregular income from forest or agriculture ate
significantly more fish (ANOVA, p=0,0002). There was
no significant difference in consumption patterns of
fish and bushmeat in relation to mother’s profession.
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Figure 4. Percentage of children stating preference for each type of animal protein in rural communities, the
small town of Puerto Narino, peri-urban areas and the major town of Leticia

DISCUSSION

Our results show that, despite its geographical
position along the Amazon river and in the middle
of a large forest block, the region is increasingly
dependent on domestic and industrialized sources
of animal protein. In Leticia, we show that only
2% of the children ate bushmeat and 9% ate wild
fish the day before the interview, whereas in rural
communities the frequency reached 11% and 40%
for bushmeat and wild fish respectively. Silva and
Begossi (2009) also reported a lower consumption
of wild foods in the urban area as compared to
rural communities in the Brazilian Amazon, and, as
also shown here, they evidenced higher bushmeat
consumption during the high waters season and
higher fish consumption during low waters. In
comparison, in a study conducted in Madagascar,
Jenkins et al. (2011) found wild fish and bushmeat
consumption frequencies to reach 24% in urban
areas and 12% in rural areas where the majority
of the children did not eat any source of animal
food at all. In our study site, less than 1% of the
children did not eat any animal protein at all (as
compared to 44% among urban kids in Democratic
Republic of Congo, van Vliet et al. 2014a) and
this is probably explained by the availability and
low price of domestic and industrialized sources

of animal protein characteristic of Latin America
(Rushton et al. 2005).

Our results show a gradient in the frequency of
wild fish and bushmeat consumption decreasing
from rural to urban areas to the advantage of
domestic and processed meat/fish. Indigenous
children that live in urban areas eat significantly
more chicken and eggs and less bushmeat and
wild fish than indigenous children from rural
communities. In fact, the patterns of animal
protein consumption for indigenous children in
urban areas match those from non-indigenous
children, indicating that indigenous families adopt
non-indigenous consumption patterns when they
move to town. Similar patterns were observed in
Alto Solimdes (Nardoto et al. 2011) and in ltuqui
Island in the Brazilian Amazon (Murrieta and
Dufour 2004) where the typical diet is shifting
away from bushmeat and fresh fish consumption
to the dependency on frozen fish and industrial or
mass processed foods. As suggested by Dounias
and Froment (2011), diets are sensitive indicators
of the ecological and cultural costs that indigenous
people currently pay to achieve their share of
modernity. Indeed, this transition translates in the
increase of dietary and energy expenditure-related
health problems such as obesity and high blood
pressure, both commonly associated with cardiac
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diseases and type Il diabetes (Silva and Padez
2010). As the urbanization process in the Amazon
region seems to follow a complex pattern along a
rural-urban gradient (Guedes et al. 2009; Padoch
et al. 2008; WinklerPrins and de Souza 2005), the
speed at which such change occurs might also
result in a mixed pattern in which under- and
over-nutrition might coexist, placing an additional
burden on Amazonian people (Nardoto et al. 2011).

Our results show that bushmeat consumption
in urban areas is more frequent in families where
the household lives out of a wage above minimum
salary (civil servants or qualified salaried jobs).
Bushmeat is actually among the most expensive
protein typesin Leticia together with beef (van Vliet
et al. 2014b) and could be considered as a luxury
product. In urban areas, our results suggest that
chicken is the protein of the poor and beef replaces
chicken for the families that can afford it. In rural
settings, fish is more frequently consumed among
children whose household depends on forests/
agriculture and chicken is most often consumed
by the wealthiest rural families (with a wage above
minimum salary), suggesting that chicken replaces
wild sources of animal protein in rural areas as
people increase their income and move away
from forest/agriculture dependent livelihoods.
Some authors claim that as dependence on a
market economy and external goods increases,
subsistence-based production shifts toward
consumption of processed foodstuffs (Padoch et
al. 2008).

Despite, the low importance of bushmeat
and wild fish in urban areas measured in terms
of frequency of consumption, we show that these
wild sources of animal food continue to play an
important role in terms of dietary diversity. We
found a higher diversity in animal proteins in the
diets from rural children than those found in urban
children, in particular because the later have a diet
dominated by chicken and eggs. More over, in rural
areas where wild sources of animal food are more
frequently consumed, children have access to a
variety of sources of meat from the wild (14 species
of fish and 9 species of bushmeat mentioned in
two 24 hours recall sessions). The contribution of
wild foods to food intake diversity has also been
demonstrated by Cloete and Idsardi (2013) in

South Africa, Termoto et al. (2012) in Democratic
Republic of Congo and Sneyd (2013) in Cameroon.
Several researchers consider that the promotion
of biodiverse diets (diets with a high number
of species) can be an effective and sustainable
way to address the current dietary challenges by
increasing the number of foods in the diet, and
eradicating energy and micronutrient deficiencies
(Burlingame et al. 2006; Flyman and Afolayan
2006; Johns and Eyzaguirre 2006; Englberger et
al. 2010a; FAO 2010). Diversified diets have been
shown to contribute to food security (Hoddinott
and Yohannes 2002), to be adequate in nutrients
(Ruel 2003; Torheim et al. 2004; Steyn et al. 2006;
Kennedy et al. 2007), and to be associated with
improved nutritional status (Arimond and Ruel
2004; Savy et al. 2005).

In ecological terms, the consequences of such
nutrition transition is not necessarily straight
forward. Conservation policies usually alienate
local users from their natural resources pushing
for the adoption of alternative foods (often from
domestic and/or industrial origin) as a strategy to
reduce unsustainable harvest. However, these
alternative sources of animal protein come from
industrial production systems from the South
of Brazil (in the case of frozen chicken) with
a high ecological footprint (including the fact
that chicken are fed with industrially produced
agricultural crops potentially pushing the Amazon
deforestation frontier and the carbon footprint of
transporting this product to remote areas in the
Amazon). On the other hand, sustainable fishing
and hunting is increasingly difficult to achieve
with growing human populations, increased
efficiency of fishing and hunting techniques
and habitat destruction due to urbanization and
infrastructure development, challenging the
ecological sustainability of urban consumption of
wild foods (Nasi et al. 2008). The potential impact
of large-scale development projects or habitat
change, such as deforestation and dams in rivers,
on availability of wild foods in the Amazon Basin,
also needs further consideration. For example,
recent studies emphasize the impact of dams
on fish and bushmeat species in the Amazon
(Hallwass et al. 2013; Benchimol and Peres 2015).
These major changes are in course in most of the
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Amazon Basin, so their potential influence on food
security needs to be addressed.

In conclusion our results call for a better
attention to the changes observed in the quality of
protein intake in the Amazon, given it's potential
consequences on health, nutrition and biodiversity
conservation. We particularly emphasize the need
fora betterintegration of biodiversity conservation,
food security policies and development strategies.
These sectors need to work in collaboration to
ensure complementarity and reduce the inevitable
trade-offs.
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