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Abstract
Despite the Amazon’s natural wealth, food insecurity is a major concern among indigenous communities. Yet, little is known
about the socio-ecological dynamics shaping the contributions of local ecosystems to food security. In this study we examine how
ecological features interact with normative structures, lifestyles, and livelihoods to expose indigenous peoples to food shortages
and how they attempt to cope with worsening food insecurity conditions through participatory exercises with ten indigenous
communities along the Caquetá River, Colombia. Our results indicate that traditional food systems are sensitive to human and
natural capital disruptions. However, severe food insecurity is prevented by the combination of a well-preserved environment and
traditional social institutions, which facilitates widespread access to wild foods, farmland, environmental knowledge, supportive
relations, and labour. Nevertheless, traditional adaptations appear insufficient when food insecurity results from health shocks.
Our findings highlight the need for interventions that pursue conservation objectives whilst promoting social structures
supporting resilience.
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Introduction

Food insecurity, defined as the lack of Bsecure access to suf-
ficient amounts of safe and nutritious food for normal growth

and development and an active and healthy life^ (FAO 2017:
107), remains a global problem. Currently, 815 million people
endure chronic undernourishment worldwide (FAO 2017). In
a context of growing concern about climate change, the
United Nations’ Sustainable Development Goals
demand signatory countries to end hunger whilst preserving
ecosystems (UN 2015). There is consensus that further re-
search is needed to better understand the role natural ecosys-
tems may play in developing sustainable and resilient food
systems that benefit vulnerable populations, such as the poor,
women, and indigenous populations (Cruz-Garcia et al. 2016;
Poppy et al. 2014; Powell et al. 2015; Sunderland et al. 2013).

There is substantive evidence that wild foods and other
non-timber forest products (NTPFs) support the regular func-
tioning of food and livelihood systems among the rural poor,
generating ‘daily net’ contributions in various forms that en-
hance dietary diversity and nutritional intake (Powell et al.
2015; Shackleton and Shackleton 2004; Sunderland et al.
2013). In this regard, studies in tropical forest settings have
shown that rural indigenous communities are more likely to
consume a varied diet than those mostly relying on market
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purchases or farm produce (Piperata et al. 2011; Roche et al.
2007; van Vliet et al. 2015). Natural ecosystems can also
indirectly support regular access to food by facilitating liveli-
hood diversification. Key resources, such as fuelwood or fresh
water, and foods, like fruits and vegetables, can be freely
obtained from the wild, allowing poor families to free up
resources to enrich their diets through market purchases.
Moreover, abundance of natural resources can foster
income-generation activities, ranging from eco-tourism to
fishing and hunting, which enhance purchasing power for
food and other commodities (Cruz-Garcia et al. 2016; van
Vliet et al. 2014).

Natural ecosystems can also strengthen the resilience of
food systems by offering a ‘safety net’ to those experiencing
shocks such as health emergencies or natural hazards through
the provision of nutritious resources in the form of wild-
plants, insects, or bushmeat (Powell et al. 2015; Pramova
et al. 2012) and additional income through sales resources
such as timber or game (McSweeney 2004; Pattanayak and
Sills 2001; Takasaki et al. 2004). Furthermore, it has been
argued that uncultivated plants and trees can be more resilient
to climate variability than many cultivated crops, potentially
reducing the impact of damaging climate events (Pramova
et al. 2012).

However, elucidating the specific roles that natural ecosys-
tems may play in preventing food insecurity remains a chal-
lenge. Food insecurity is not a condition with well-delimited
boundaries but rather comprises a gradient of worsening con-
ditions, ranging from worrying about food or being unable to
eat ones’ favourite foods, to hunger and famine, which may
occur under a variety of timescales, from transitory to chronic
(FAO 2016, 2017). In this context, examining nature’s contri-
butions as part of either a ‘daily’ or ‘safety’ net appears insuf-
ficient, given that similar practices and resources can play both
roles depending on the type of event being experienced.
Among forest dwellers, for instance, harvesting wild vegetables
not only constitutes a daily activity but can also reflect deteri-
orating levels of food availability depending on the volume,
quality, and social acceptability of the items being collected
(Paumgarten et al. 2018; Powell et al. 2015). Moreover, in
the context of adaptation to climate change, both notions inter-
mingle. Current uses of natural resources as insurance mecha-
nisms are expected to shape communities’ future daily uses of
NTFPs, as associated natural hazards become more frequent
and communities gradually adopt measures to manage risk
(Berman et al. 2012; Eriksen et al. 2005). Examinations of
natural ecosystems’ contributions to mitigating food insecurity
therefore need a comprehensive account of the resources and
practices people resort to under a variety of food insecurity
scenarios (Powell et al. 2015; Pramova et al. 2012).

Likewise, researchers need to look beyond the direct food
contributions from natural ecosystems to assess the sustain-
ability of existing strategies against food insecurity, since

strong dependence on nature-based insurance and livelihood
strategies can sometimes operate as ‘poverty traps’
(Paumgarten et al. 2018; Pramova et al. 2012) that lead to
increased vulnerability to covariate shocks, such as floods or
droughts. The stresses from such shocks may not only force
people to dispose of their assets to survive but can also lead to
a spike in the rates of extraction of valuable natural resources.
The latter not only reduces the availability of NTFPs but also
further exposes residents to natural hazards due to ecosystem
degradation or mismanagement (Ferse et al. 2014; Richardson
2010). Furthermore, even when natural capital is abundant and
accessible, vulnerable groups, like the extreme poor or the el-
derly, customarily lack the assets base necessary to collect suf-
ficient volumes and varieties of forest resources (Pattanayak
and Sills 2001; Paumgarten et al. 2018; Paumgarten and
Shackleton 2011) or to invest in activities that can generate high
returns (e.g., costs of transporting NTFPs to markets)
(McSweeney 2004; Pattanayak and Sills 2001).

This study contributes to ongoing debates regarding the
role of natural ecosystems in helping communities to deal with
food insecurity by examining the socio-ecological dynamics
affecting regular access to food among rural indigenous com-
munities living in well-preserved parts of the Colombian
Amazon, in the Caquetá river basin. We address two issues.
First, the extent to which traditional adaptations to the envi-
ronment that support local food systems may simultaneously
render residents vulnerable to diverse forms of food insecurity.
Second, the factors that shape the final benefits local residents
may accrue from natural ecosystems when coping with food
scarcity events.

We purposively selected the study area to illustrate a socio-
ecological configuration associated with beneficial ecosystem
contributions to food systems (Powell et al. 2015; Sunderland
et al. 2013) since the communities enjoy substantive forest
cover (>90%), low population density, favourable rights of
access to forests and rivers, and minimal presence of market-
oriented extractive activities (Fontaine 2008; Ramirez-Gomez
et al. 2015; Sánchez-Cuervo et al. 2012). Together these con-
ditions give rise to an ‘ideal’ case-scenario (Yin 2008) that
serves to ascertain the role (and limitations) of natural ecosys-
tems in ensuring food security among those groups whose food
and livelihood systems are well-adapted to their environment
(Paumgarten et al. 2018; Paumgarten and Shackleton 2011).

This study is relevant to socio-ecological settings in which
communities pursue subsistence-oriented livelihoods in
biodiversity-rich rainforest areas, chiefly in Amazonia. We
argue that there is a pressing need for in-depth examinations
of the human-nature interactions shaping food insecurity in
such settings. Whilst there have been recent efforts to promote
related policy debates in response to environmental change
due to urbanisation, deforestation, and pollution (Ortiz et al.
2013; UNEP 2009), such discussions commonly overlook the
plight of communities yet to be directly affected by these
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trends (Kuhnlein et al. 2013). Food insecurity is in fact a
constitutive part of indigenous populations’ reality. For exam-
ple, Brazil’s and Colombia’s health and demographic surveys
from 2009 and 2011 found, in their respective Amazonas de-
partments, that stunting1 rates among children under five were
over twice their country-level estimates (Brazil: 40.8% against
7.1%; Colombia: 28.7% against 13.2%) (Horta et al. 2013;
Ojeda et al. 2011). In addition, hydrological data indicate that
severe flooding and droughts periodically occur in Amazonia,
exposing residents to covariate shocks (Marengo et al. 2013).
Climate models suggest that seasonal weather patterns are
changing in the region, reporting a gradual intensification
and lengthening of the dry-season (Joetzjer et al. 2013); while
conservation models highlight that biodiversity-rich areas
may face extinction threats originating elsewhere, as intensive
deforestation can produce knock-on effects on sensitive mam-
malian species (Soares-Filho et al. 2006).

We examine food insecurity through indigenous groups’
own descriptions of disturbances affecting access to food and
the response mechanisms they adopt. We use the concept of
‘coping strategies,’ defined as the range of responses that peo-
ple adopt temporarily in the face of stressors or shocks that take
place within existing social structures, such as production,
knowledge, and governance systems (Ellis 2003; Eriksen
et al. 2005). These structures include those institutionalised
forms of adaptation to the environment that helpmanaging risk,
known as ‘adaptive strategies’ (Berman et al. 2012; Eriksen
et al. 2005). Accounts of coping behaviours are considered
suitable indicators of food insecurity. Comparisons across
countries found that coping strategies reflect worsening food
insecurity conditions, as people attempt to balance their food
needs with income generation and assets preservation (Davies
1993; Harvey et al. 2014; Maxwell et al. 2008). When food
insecurity is mild, for instance, families typically draw on
existing resources (e.g., wild foods). However, as scarcity
worsens, unsustainable means of accessing food become in-
creasingly prevalent, like selling durable assets. Survival strat-
egies such as begging or skipping meals signal failure to cope.
The range and times in which such responses are adopted,
moreover, are considered to reflect sensitivity and resilience
to food insecurity (Davies 1993; Ellis 2003). A rapid transition
towards harsh measures in the face of short-term shocks, for
example, indicates a highly sensitive livelihoods system, as in
the case of landless casual labourers, who may rapidly experi-
ence hunger when unemployed for a few days. In turn, the
absence of destitution-type coping strategies despite experienc-
ing shocks indicates that a food system can recover fast enough
to prevent the collapse of local livelihoods.

We frame our examination in the sustainable livelihoods
framework (Scoones 1998) and privilege a qualitative lens

to account for the socio-cultural structures guiding residents’
food provision activities, which are then defined not only in
economic terms but also in relation to lifestyles and forms of
identity (Rigg 2007). This approach helps to broaden our un-
derstanding of livelihoods from a set of measurable stocks of
money, labour, and goods to one that incorporates immaterial
forms of capital, such as social relations and forms of associ-
ation (social capital) (Bebbington et al. 2006) as well as tra-
ditional knowledge (cultural capital) (Reyes-García et al.
2008). We pay particular attention to the position of indige-
nous communities at the interface between different institu-
tional settings: the traditional rules that govern community life
and those of the wider political economy, which rule the State
and markets. This circumstance can be critical since indige-
nous peoples’ capacity to profit from NTFPs may face formal
restrictions, like conservation laws (UNEP 2009; van Vliet
et al. 2014), or informal hurdles, such as social discrimination
(Kuhnlein et al. 2013; van Vliet et al. 2014).

Study Area

The study was conducted in the corregimiento La Pedrera,
department of Amazonas, Colombia.2 It comprises four indig-
enous reserves (resguardos), containing ten villages, two infor-
mal rural settlements (veredas), La Pedrera town, and two
State forest reserves (Fig. 1). The region experienced substan-
tive population growth in recent decades. Colombia’s 1985
census reported 1631 inhabitants while that of 2005 found
3267 residents. Official projections estimated 4700 inhabitants
by 2013 (DANE 2011). The corregimiento’s area is 394,944 ha
(Ramirez-Gomez et al. 2015) so population density remains
low (0.012 persons/ha). Yucuna, Macuna, Tanimuka, and
Miraña ethnicities live in shared lands around La Pedrera town.
The Yukuna are aboriginal to the region. Other groups arrived
in the late nineteenth century as forced labour for the natural
rubber industry. Since the 1940s, others have arrived attracted
by availability of fertile land, presence of primary schools, and
growing trade in the town market (Van der Hammen 1992).

Average annual temperatures range from 26.1 °C to 26.6 °C
and annual rainfall averages 3100 to 3500mm (IDEAM2014a,
b). Over 90% of the corregimiento is covered by natural forest,
with no significant deforestation observed in the past decade
(Sánchez-Cuervo et al. 2012). Two seasons are observed: dry
(September –March) and rainy (April – August). The Caquetá
river’s levels and discharges are at their highest during June –
July (9 m, 15.37 m3/s) and lowest around January–February
(4 m, 4.83 m3/s) (IDEAM 2015). Severe climate events peri-
odically occur. Droughts were documented in 1996, 2005, and
2011 and severe floods in 2004 and 2012. During droughts,

1 Children are considered stunted if their height-for-age ratio is over two stan-
dard deviations below the WHO Child Growth Standards.

2 Corregimientos are a sub-division of a department that encompass small
rural populations. Unlike municipalities, they have no elected town council.
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discharges may decrease 40%–50% below average and during
unusually wet periods they may increase 30% to 80% above
average (IDEAM 2015; Marengo et al. 2013).

Villages lack electricity, water, or sanitation services.
Primary schools service villages but secondary education is
only available in town. Governance structures are based
around community-level authorities: Resguardos were legally
established between 1985 and 2002. They constitute terri-
tories ceded by the State to communities, under a collective
ownership arrangement, and managed by traditional authori-
ties. Veredas, established in the 2000s, are administrative areas
formally under the corregimiento’s jurisdiction but are in fact
managed by community boards.

Residents mainly pursue subsistence livelihoods, centred on
slash-and-burn agriculture, prevalent in the region since pre-
Columbian times (Arroyo-Kalin 2012), fishing, hunting, and
foraging (Ramirez-Gomez et al. 2015; Van der Hammen
1992). Different types of farmland (chagras) are cultivated: (i)
upland plots; (ii) lowland plots; (iii) flood-plains; and (iv) river
islands. Floodplains, islands, and lowland chagras are cultivated
only during the dry season, being under water the rest of the year.
Inter-cropping is predominant, usually including tubers—mainly
cassava—and fruits—chiefly bananas and pineapples. Farm

produce is largely for household consumption. Productive land
is neither sold nor rented. Within resguardos land is communal.
Chagras are assigned by authorities to community members. In
the veredas, plots are undocumented and claims are based on
historical occupation and recognition by community-boards.

Fishing and hunting are also mostly for household con-
sumption, although occasional sales are common. Catfish spe-
cies, like dorado (Brachyplatystoma flavicans) and pintadillo
(Pseudoplatystoma tigrinum), and white-lipped peccaries
(Tayassu pecari) and tapirs (Tapirus terrestris) are sold in the
town market. Bushmeat trading is illegal but widely accepted.
Apart from some households that rear poultry, livestock is non-
existent. The extraction of timber for shelter is common in the
region but its commercialisation is limited. Foraging of wild
fruits is mostly for subsistence and ritual use. Paid farm labour
is non-existent. When required, households rely on collabora-
tive agreements (mingas) in which friends and neighbours pro-
vide labour in return for food, drinks, andmambe (roasted coca
leaves). The few forms of remunerated non-farm labour report-
ed include (i) non-professional services (e.g., cooks), (ii) ad-
ministrative work for public or civil organisations (e.g., schools
or NGOs), and (iii) being amember of a village authority. Apart
from the last, employment is usually short-term.

Fig. 1 Corregimiento La Pedrera, Colombia
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Residents had previously experienced periods of greater
market integration associated with certain forms of natural re-
source extraction temporarily prevalent in different decades
(fur trading in the 1970s, timber extraction in the 1980s and
1990s as the town-market expanded due to expanding fishing
and mining activities). Presently, La Pedrera remains a source
of freshwater fish for Colombia’s urban markets (Ramirez-
Gomez et al. 2015; Van der Hammen 1992). Perceived biodi-
versity and income losses after these industries lost momentum,
however, motivated resguardos and veredas to adopt conserva-
tion measures to support traditional livelihoods since the early
2000s. In collaboration with the NGO Conservation
International, communities have formulated natural-resource
management plans that include a zoning scheme, dividing com-
munities’ territories into use and conservation areas (excluded
from daily foraging, hunting, and fishing), a system of quotas
for the extraction of thatch, timber, and game, and a ban on
fishing practices using large nets, dynamite, or poison. These
measures are perceived to have preserved wildlife and aided
recovery of some native plants (Ramirez-Gomez et al. 2015).

Methods

Data were obtained using participatory methods between
March and June 2013. Three thematic group exercises were
conducted on (i) local livelihoods, (ii) diets, and (iii) coping
strategies for food insecurity (Schreckenberg et al. 2016).
During group discussions on livelihoods, participants de-
scribed predominant living conditions, economic activities,
domestic roles, and seasonality issues. They also produced a
socioeconomic classification of residents using local criteria.
During discussions of diets, participants jointly produced a list
of food items consumed locally, identifying their sources.
These exercises provided contextual information for subse-
quent descriptions of food shortages and coping mechanisms.

Discussions on coping strategies were adapted from
Maxwell and colleagues (Maxwell and Caldwell 2008;
Maxwell et al. 2008). Participants described common events
limiting normal access to food and the strategies households
adopt to deal with them. Food scarcity events were grouped
into ‘severity scenarios’ representing the extent to which house-
holds’ diets were affected. These served to identify which bun-
dles of coping strategies were most commonly adopted accord-
ing to different levels of worsening conditions. Finally, partic-
ipants described the resources mobilised for each coping be-
haviour and the (in)formal rules affecting their implementation.

Ten villages participated in the study.3 Five were
interviewed separately and the remainder were clustered into
two groups due to their shared access to forest areas and similar
livelihoods. Twenty-seven discussion groups were conducted

(Table 1). A purposive sampling strategy was used for all ex-
ercises. Discussion groups on livelihoods aimed to obtain de-
pictions from different social groups, so male and female res-
idents of different ages and from different community areas
were invited to participate. Discussions on diets included only
women who were responsible for preparing family meals.
Based on information from the livelihood discussions, coping
strategy exercises were carried out separately with ‘better-off’
and ‘worse-off’ residents as a proxy indicator for vulnerability
to food insecurity (Horta et al. 2013). Participants classified
households according to landholding areas, health, and age of
household members, and access to cash income. In one village
participants considered everybody to be doing equally well, so
only one coping strategy discussion group was conducted.

Two trained facilitators led each discussion group in
Spanish. When needed, community-based fieldwork coordi-
nators helped with translation to local dialects. Discussions
were recorded and free-hand notes were taken. Participation
was voluntary and written consent was obtained from each
participant after an explanation of the project’s objectives,
participants’ rights, and data uses. The study obtained ethics
approval from the University of Southampton’s Ethics
Committee (Ref 8717).

Thematic framework analysis was used to analyse com-
bined free-hand notes and transcribed excerpts. Two general
themes were established: (i) food scarcity scenarios and (ii)
coping strategies. The first contained three categories according
to the severity scenario established (Table 2). The second theme
was divided into 14 categories, one for each coping strategy
identified. These, in turn, contained sub-categories related to
the livelihoods framework: capital endowments (financial,
physical, social, cultural, and natural) and institutional factors.

Finally, coping strategies were grouped according to their
association with different severity scenarios to ascertain pat-
terns in capital mobilisation and institutional set-ups. A ‘con-
sensus ranking’ approach was adopted (Maxwell and
Caldwell 2008). Strategies were allocated to the severity sce-
nario into which they were placed by the greatest number of
discussion groups. If a strategy was equally allocated to two
scenarios, the number of mentions in adjacent categories was
used to determine the final classification (Table 3).

Results

Local Diets

Informants considered a meal satisfying and nourishing if it
comprised fish or bushmeat, onions, peppers, and chilies,
cooked as a soup, accompanied by cassava-based products
(casaba, flat bread made from cassava flour, or fariña, roasted
cassava flour), tucupí sauce (boiled cassava starch seasoned
with salt, chilli, and spices), and fruit-based drinks, like

3 Two villages were not included: we had incomplete information for one due
to time constraints, the other declined to participate.
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caguanas (cassava starch mixed with fruit pulp), coladas (fruit
pulp mixed with water), or chucula (pureed boiled bananas).
The main agricultural contribution to local diets was cassava,
which was typically cultivated across upland, lowland, and
flood-plain chagras to ensure its availability across seasons.
Residents stated that chilies and peppers were usually gathered
from home gardens while perennial fruit plants, like bananas
and pineapples, were usually grown in upland chagras.

Wild food contributions came mainly in the form of fish or
bushmeat. The species caught for household consumption
usually differed from those used for trade, like dorado fish
or tapir. Most residents fish for small species such as pintadillo
(Pseudoplatystoma spp), sábalo (Brycon sp.), and boquichico
(Prochilodus sp.), whilst hunting focuses on medium-sized
borugo rodents (Agouti taczanowskii), although white-lipped
peccaries (Tayassu pecari) are also common. The wild fruits
commonly harvested are palm fruits like chontaduro (Bactris
gasipaes), canangucho (Mauritia flexuosa), milpesos
(Oenocarpus bataua) and asai (Euterpe oleracea).
Seasonality affects wild food availability. Residents reported
a greater variety of small scaled-fish species and palm fruits
during the dry season, when the abundance of palm fruits and
low water levels were perceived to entice game to lowland
areas, facilitating hunting.

Fishing, hunting, and foraging (collectively known as
rebusque) are typically conducted on a daily basis. Aside from
casabe and fariña, food is rarely stored due to a combination
of factors: lack of electricity, warm and humid climatological
conditions, and residents’ preference for fresh produce. Meat-
smoking techniques are mostly used as a culinary choice rath-
er than a conservation measure. Easy-to-store non-indigenous

products, such as rice and pasta (labelled ‘white-people’s
food’), are occasionally added to meals.

Food Insecurity in La Pedrera

Participants from ‘better-off’ and ‘worse-off’ discussion
groups reported that there had not been instances of starvation
in the previous two decades and that residents, in general,
‘always had something to eat.’ However, they identified var-
ious factors that affected residents’ capacity to obtain food in
the quantity, variety, or quality desired (Table 2). First, they
stated that hunting and fishing constituted unpredictable activ-
ities: while they generally managed to obtain food, they could
not be sure about the amount or type of game or fish they
would obtain on a daily basis. This uncertainty was perceived
as more acute during adverse environmental conditions.
Specifically, at the beginning of the rainy season many fishing
and hunting grounds became flooded and small fish species
dispersed in the floodplains, and game moved deeper into the
forest, becoming more difficult to hunt. Friaje events (short-
term decreases in temperature, strong winds, and heavy rains)
commonly occur between May and June, further limiting
hunters’ mobility and game availability. During the rainy-to-
dry transition, households that fished in streams and ponds
were negatively affected by the decreasing water levels.
Extreme dry or wet seasons exacerbated these challenges.

A second factor affecting food availability concerned short-
term household labour unavailability due to travel or minor
illness, which interrupted families’ daily harvesting and
rebusque activities. Finally, health emergencies, particularly
those requiring constant care or hospital treatment, meant
households could facemid- or long-term labour unavailability,
affecting productive activities as well as generating financial
pressures due to the need to purchase food to substitute natural
resources and to cover travel and subsistence expenses if seek-
ing treatment in cities. Deaths of adult family members affect-
ed households’ access to food on a more permanent basis.

Building upon these descriptions, informants outlined dif-
ferent scenarios of growing inability to cover food needs. All
except one group proposed a 3-tier severity gradient, which
was thus adopted:

Table 1 Number of discussion groups and informants per subject

Exercise No. of discussion
groups

Average length
(minutes)

No. of
participants

Men Women

Livelihoods 7 180 28 12

Local diets 7 225 0 38

Coping
strategies

13 132 33 30

Table 2 Events leading to food scarcity reported by socioeconomic category

Scarcity Event No. of group discussions reporting a scarcity event TOTAL (n = 13)

Better-off Worse-off Mixed*

Seasonal transition 5 5 1 11

Household-labour shortages 6 6 1 13

Health emergencies 6 6 1 13

*Single discussion group conducted in village reporting socioeconomic equality among residents

360 Hum Ecol (2019) 47:355–368



1) Low-severity: short-term disruptions in the provision of
animal protein, when residents could not obtain fish or
bushmeat for a few days either because of unsuccessful
hunting and fishing, weather conditions, or temporary
household labour unavailability.

2) Medium-severity: a more prolonged period of limited ac-
cess to animal protein, when diets becamemore reliant on
farm produce. This responded to severe flooding or de-
clining water levels or times when labour unavailability
extended for a week or longer.

3) High-severity: Periods when households could no longer
cover their food needs through traditional rebusque activ-
ities, commonly due to health crises. This resulted in poor
diets, given residents’ limited capacity to purchase food in
markets due to scarce cash income and medical expenses,
particularly if they travelled to cities to receive treatment.

Local Responses to Growing Food Insecurity

Participants detailed their responses to the food insecurity
scenarios outlined (Table 3). ‘Better-off ’ and ‘worse-off’
groups largely reported similar coping strategies. The most
common coping behaviours comprised travelling farther to
less frequently used hunting and fishing grounds, purchasing
food on credit, asking for donations from relatives or friends,
as well as rationing the frequency and amount of food con-
sumed. Destitution-type strategies, such as selling assets,
sending children away, or theft, were mentioned only once
each and so were excluded from the analysis. The sole dissim-
ilarity observed across socioeconomic groups consisted of an
apparently greater reliance among ‘worse-off’ residents on
exchanging tools or farm produce for food.

Low-severity food insecurity was associated with re-
sponses focused on managing locally available resources.
These consisted of investing more time and energy in
rebusque activities, with affected residents travelling farther
than usual to reach fishing or hunting grounds; increasing
consumption of wild foods that are less-preferred due to their
taste, like mojojoy (Melolonthidae beetle grubs) and arriera
ants (leafcutter ants, Attine tribe); or relying more heavily than
usual on forms of collective consumption, such as sharing
meals with or borrowing food from neighbours for a few days
until rebusque activities could be resumed.

Under a medium-severity scenario, strategies shifted to-
wards adopting rationing measures, mobilising additional
household resources, and accessing external food sources.
Rationing involved reducing the size of food portions and
the variety of diets, with meals increasingly comprised of
chagra produce (cassava, chilies, and fruits). The mobilisation
of additional resources involved women and children engag-
ing in rebusque activities, chiefly minor foraging and fishing
activities. Accessing external food sources entailed trading
cassava-based products for bushmeat or fish with villagers
from other locations; conducting a form of tool ‘rental’where-
by households provided hunting or fishing gear to neighbours
who then shared their catch or game; or trading farm produce
with colonists, traders, or town residents in exchange for easy-
to-store processed items, like pasta or canned tuna. Residents
also reported buying these items from traders on credit.

Responses to high-severity food insecurity were aimed at
accessing cash income while adopting stringent forms of ra-
tioning. Rationing entailed children receiving larger meals
(cassava and fruits) than adults. Informants reported, however,
that adults rarely had to skip meals. Improving access to cash
was mostly achieved via unconditional financial support from

Table 3 Coping strategies against food insecurity by socioeconomic category and severity scenario allocation

Coping Strategies (CS) TOTAL
(n = 13)

No. of groups reporting CS by
socioeconomic composition

No. of groups
assigning CS to a severity scenario

Consensus
ranking

Better-off Worse-off Mixed * Low Medium High

Travelling to uncommonly used
hunting and fishing grounds

11 4 6 1 7 3 1 Low severity

Consuming less preferred wild foods 6 2 3 1 4 1 1

Relying heavily on food borrowed from
neighbours and friends

4 2 2 – 2 2 0

Buying food on credit 9 4 4 1 2 5 2 Medium severity
Rationing meal portions 8 3 4 1 3 4 1

Exchanging tools / products for food 5 1 4 – 2 2 1

Women and children to conduct rebusque activities 4 2 2 – 0 3 1

Eating same food every day (no meat or fish) 4 2 2 – 1 2 1

Financial donations from relatives 9 3 5 1 1 2 6 High severity
Giving children priority 8 3 4 1 2 1 5

Hunting in conservation areas 3 1 2 – 0 1 2

*Single discussion group conducted in village reporting socioeconomic equality among residents
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relatives or selling bushmeat in town markets. To obtain
bushmeat, residents resorted to hunting mainly in community
conservation areas where wildlife stocks are likely to be high.

Coping Strategies and Forms of Capital Mobilisation

In low-severity food insecurity scenarios, local responses re-
lied chiefly on human, cultural, and social capital as inputs to
access missing protein sources (Table 4). Human capital in-
volved healthy household members walking for long dis-
tances to access distant fishing or hunting grounds whilst en-
during mud, heat, humidity, and insects. Apart from shotguns,
required physical capital was basic artisanal foraging and fish-
ing equipment (e.g., harpoons or straw baskets). Alongside
these material resources, informants highlighted the impor-
tance of various forms of knowledge and skills. These includ-
ed being able to identify edible plants or fruits; fishing, hunt-
ing, and foraging techniques and skills; and recipes suitable
for the food available. Additionally, informants considered it
important to have a good understanding of the spiritual and
ritual value of the landscape to avoid disturbing sacred areas
when travelling. Social capital, in turn, helped residents to
access fish and bushmeat through food-borrowing or meal-
sharing practices, embedded in traditional forms of reciprocity
and redistribution. These involved continuous exchanges of
favours and gifts among community households as expres-
sions of closeness and a form of bonding. These forms of
support did not demand reciprocity within specified
timeframes or equivalent exchange. Food donations, instead,
could be returned at an unspecified future occasion and in a
different form (e.g., labour).

At an intermediate level of need, households used a more
limited variety of capital endowments. Given the lack of la-
bour availability, households resorted to mobilising women
and children for rebusque activities. However, this mostly
involved minor foraging and fishing since women and chil-
dren were generally considered to lack the knowledge, skills,
and physical strength of experienced male hunters and fishers.
The repertoire of rebusque techniques and equipment was
hence more limited. At this level of need, chagra produce
became more central to diets, mainly cassava-based products
and cultivated fruits that did not require labour-intensive
harvesting.

Community members also engaged in different forms of
trade. Households provided hunting or fishing gear to vil-
lagers who, in turn, shared the bushmeat or fish they caught.
The loan periods varied according to the amount and type of
food expected and relationship between parties. Another form
of exchange involved exchanging cassava-based products
with colonists, traders, and townspeople for easy-to-store
‘white people’s food’ (e.g., canned tuna). Financial capital,
moreover, appeared for the first time as a consideration for
obtaining food, in the form of credit in local stores.

Although better and worse-off informants alike reported being
able to obtain credit, the amount of food they could obtain
depended on their monetary income. Only those with regular
wages (e.g., village authorities) were in a position to cover
their food needs through this strategy. For all these transac-
tions, social capital was relevant but in the form of acquain-
tanceships with non-community members. Unlike the
community-based mutually supportive relationships, transac-
tions with outsiders required negotiating the conditions of
return or repayment, particularly in the case of non-
indigenous products with a known monetary value.

At the highest level of need, the range of equipment,
knowledge, and skills required for hunting were more limited
than in previous scenarios because hunting was now specifi-
cally aimed at game with market value, such as agouties and
peccaries. If possible, hunting was conducted in wildlife-rich
conservation areas so that human capital investments (time
and energy) were not too demanding. Social capital was key
for dealing with severe shocks as well, since having a good
relationship with traders was valuable for bushmeat
commercialisation. In addition, having relatives in urban
areas, with easier access to cash income, was considered ad-
vantageous to provide financial support to families facing
health emergencies.

Coping Strategies at the Institutional Interface

Villagers’ responses to varying levels of food insecurity re-
quired them to engage with different normative structures.
When facing short-term food shortages, coping strategies
were guided by community-based rules. These included resi-
dents’ rights to exploit the natural resources within the
community’s territory and their obligations to respect the con-
servation areas delimited by local management plans. In ad-
dition, traditions of reciprocity and gift giving enabled food
sharing and borrowing practices; while the extraction of nat-
ural resources largely followed traditional gender-based roles,
with major fishing and hunting considered male activities.

Under a medium-severity scenario, residents dealt with a
mix of local and external rules. At the community level, a
strong reliance on farm produce for home consumption
underscored the importance of traditional entitlements to
chagras. Informants’ observation that they ‘always had some-
thing to eat’ centred on the expectation that all residents, in-
dependently of their wealth, would have at least one chagra
and that the cultivation of perennial crops would ensure a
basic but constant access to food that could be complemented
through foraging and food-sharing practices. Complementary
response mechanisms, however, relied on equivalent ex-
changes, rental schemes, and purchases on credit, which
entailed dealing with market-economy considerations.
Informants then experienced difficulties in negotiating satis-
factory terms of exchange. In a market context, fellow-
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indigenous residents became competitors, each of them offer-
ing similar produce (fish, fruits, and cassava-based products).
Moreover, seasonality effects on traditional production func-
tions hindered a favourable integration of traditional produc-
tive activities into market transactions since periods of ‘abun-
dance’ implied low market prices. Finally, market prices were
also affected by a range of external factors, such as fluctua-
tions in fuel prices and inflation that were difficult for resi-
dents with limited access to mass media to track. Furthermore,
some difficulties were specific to women, who reported being
offered lower prices than men and facing male traders’ reluc-
tance to engage in price negotiations with them.

This combination of local and external norms was also
observed in high-severity scenarios. When food insecurity
followed health emergencies, residents relied upon their ac-
cess to chagras for basic sustenance and their rights to exploit
forest areas to obtain bushmeat for sale. If hunting was to take
place in conservation areas, village authorities needed to be
consulted. Residents then requested a permit by detailing the
nature of the emergency and the amount of resources required.
Once bushmeat was obtained, however, villagers faced the
challenge of market negotiations. Informants explained that
bushmeat sales were unlikely to raise substantive cash due
to market conditions. Since the town-market was the only
one accessible for most villagers and only a handful of traders
operated there, prices paidwere regularly pushed down, whilst
transportation costs were high for local standards. Informants’
descriptions of traders as ‘greedy’ or ‘abusive’ reflected their
difficulties in overcoming these hurdles.

Discussion

Depictions of diets, food shortages, and coping behaviours in
La Pedrera highlight three general features of the socio-
ecological dynamics of food insecurity among subsistence
indigenous communities in Amazonia. First, as reported in
nutritional studies in similar socio-ecological settings, resi-
dents have adapted their daily practices to the surrounding
biodiversity, with wild foods constituting a central part of their
diets (Piperata et al. 2011; Roche et al. 2007; Sunderland et al.
2013). This dependency on wild foods, however, exposes res-
idents to constant fluctuations in food access. Rebusque activ-
ities are inherently unpredictable and cannot guarantee steady
access to quality foods, even if fishers and hunters possess
substantive expertise and operate under favourable climate
conditions. In addition, communities are vulnerable to adverse
climate events, such as flooding and friaje events, which re-
duce the availability of wild foods indirectly by shaping wild-
life migration patterns, and directly by restricting peoples’
physical access to fishing and hunting grounds. Traditional
livelihoods are particularly vulnerable to idiosyncratic
stressors as well, in the form of labour unavailability. Since

rebusque is conducted on a daily basis, any labour restrictions
due to illness or forced absence have a rapid impact on house-
hold diets, with health crises potentially compromising a
household’s long-term capacity to satisfy its food needs if they
result in physical disability, chronic illness, or death. Adult
men are critical to this dynamic, since they are customarily
responsible for major fishing and hunting activities.

Second, despite these forms of vulnerability, there is no
evidence that adverse climate conditions, labour unavailability,
or health emergencies lead to hunger or destitution in the re-
gion, signifying that local food systems are resilient enough to
avoid severe food insecurity (Davies 1993; Ellis 2003). Whilst
institutionalised food-sharing practices act as a mitigating mea-
sure during short-term food scarcity events in La Pedrera, reg-
ular access to food is largely achieved through institutionalised
community-based norms guiding farmland management.
Traditional cultivation systems, based on shifting slash-and-
burn agriculture, intercropping of perennial crops, cultivation
of upland chagras, and home gardening, ensure access to staple
crops and fruits all-year-round; at the same time land-tenure
arrangements based on community membership and reciprocal
free-labour schemes allow residents to cultivate chagras regard-
less of their wealth. Previous studies have highlighted the role
forest resources play as insurance mechanisms (McSweeney
2004; Pattanayak and Sills 2001; Takasaki et al. 2004). Our
results suggest that in comparable socio-ecological settings,
NTFPs mostly play a complementary role during food insecu-
rity events. That is, they help to enrich agriculture-dependent
diets by providing alternative protein sources (e.g., insects) and
a source of cash (bushmeat) to purchase easy-to-store proc-
essed foods. Moreover, it can be argued that although NTFP
sales typically render low returns, as reported here and else-
where (Takasaki et al. 2004; van Vliet et al. 2014), they con-
stitute a practical strategy for dealing with food insecurity in
large part because residents are already able to cover their most
basic needs through chagra produce.

Thirdly, as reported for other forest-dwelling communities,
La Pedrera residents’ responses to stressors and shocks show a
strong reliance on natural capital (Harvey et al. 2014; F.
Paumgarten et al. 2018; Sunderland et al. 2013). The manner
in which it is used, however, varies according to degree of
severity. At lower levels of severity, residents can rely upon
a wide range of wild foods, like insects and wild fruits, to cope
with food insecurity. During emergencies, their focus turns
exclusively to game. This narrowing down of options indi-
cates a gradual change in the type of food-provisioning activ-
ities residents conduct, which shift from non-monetary collec-
tive-consumption and sharing practices to equivalent ex-
change and trade. That is, under severe pressure, indigenous
peoples centre on the exchange-value of natural resources as
commodities. In this manner, while the coping mechanisms
reported under severe food insecurity may not indicate desti-
tution, they still reflect a failure in the capacity of traditional
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livelihoods to cover residents’ food needs. Residents then are
compelled to move away from their community context into
the wider economy. This constitutes a major challenge since,
aside from being small economic actors, villagers usually lack
extended good connections with town-traders and the knowl-
edge and skills relevant to market exchanges.

These three overall features help to identify key sustainabil-
ity challenges associated with natural ecosystems’ contribu-
tions to the food systems of subsistence indigenous peoples. It
is apparent that although traditional adaptations to the envi-
ronment and the well-preserved state of forest areas prevent
severe food insecurity in La Pedrera, it is doubtful that these
can ensure food security understood as regular access to suf-
ficient nutritious foods for normal growth and a healthy life
(FAO 2017). Certainly, nutritional evidence indicates that tra-
ditional food systems can provide healthy and balanced diets
(Kuhnlein et al. 2013; Roche et al. 2007). However, fluctua-
tions in the volume and quality of foods consumed constitute a
persistent feature given the systems’ sensitivity to labour
shortages and climatic events. A 2014 census in the
corregimiento, for instance, found that 47.5% of households
reported having been unable to consume their preferred meals
at some point during the dry season (Handini 2016). Historical
hydrological data indicate frequent above-average dry and wet
seasons (2005 and 2011; 2004 and 2012, respectively)
(IDEAM 2015). At the same time, the labour-intensive life-
styles of forest dwelling subsistence farmers have elevated
energy requirements. A parallel study in the region noted that
subsistence livelihoods rendered daily energy requirements
between 3200 and 5900 cal, depending on the season
(Duran et al. 2016). Temporary incapacity to achieve such
caloric intakes may have significant implications for residents’
health, particularly vulnerable groups like infants and preg-
nant and lactating women (Moore 2004).

Prospective environmental change scenarios raise additional
concerns. Presently, the rich biodiversity observed in La Pedrera
buffers fluctuations in food access, so that periods of scarcity are
usually short-term and a range of less-preferred wild-foods are
customarily at hand when favoured options are not available.
However, this regional ecological equilibrium can be affected
by drivers of environmental change operating at a larger scale
(Pramova et al. 2012; UNEP 2009). For instance, climatological
assessments for the entire Amazon have recorded an intensifi-
cation and lengthening of dry seasons (Joetzjer et al. 2013) and
conservation models report that biodiversity-rich areas can face
extinction threats originating elsewhere due to knock-on effects
from deforestation (Soares-Filho et al. 2006).

In this regard, examining the interdependency between nat-
ural and other forms of capital acquires particular significance
since the latter condition people’s capacity to maximise the
benefits they accrue from ecosystems. Human capital is criti-
cal, since natural resources are only accessed through a
healthy labour force in subsistence-economies. In Amazonia,

however, indigenous populations face many threats to their
health. They customarily lack of access to health services
and sanitation infrastructure, pursue livelihoods that expose
them to natural hazards and accidents, and reside in endemic
areas for tropical diseases, such as malaria and dengue fever
(Takasaki et al. 2004; UNEP 2009). Unless governments in-
vest in relevant public services, indigenous peoples’ food se-
curity could be threatened not only by frequent short-term
labour losses but also by the potential transformation of minor
illnesses into health emergencies due to the absence of treat-
ment. Moreover, endemic diseases can reduce peoples’ capac-
ity to absorb nutrients from food (FAO 2016). Uncertainty
regarding to the impact of climate change on vector-borne
diseases (Brondízio et al. 2016) adds a sense of urgency to
integrating human capital considerations in conservation de-
bates around food security.

Social and cultural capital considerations equally emerge as
important mediators of natural resources. Institutionalised
forms of collective consumption help villagers to access
scarce food items through friends and neighbours (Kuhnlein
et al. 2013; Van der Hammen 1992). Equally, good environ-
mental knowledge and rebusque skills are essential to ensure
access to a wide range of wild foods (Paumgarten and
Shackleton 2011; Reyes-García et al. 2008). Under severe
food insecurity scenarios, however, these capitals appear in-
sufficient since residents are forced to look for resources in
non-indigenous settings. Discussions around the sustainability
of nature-based strategies would thus benefit from expanding
their assessments beyond the local context, which traditionally
focus on household-level economic indicators (McSweeney
2004; Takasaki et al. 2004) or individual-level nutrition mea-
sures (Godoy et al. 2005; Piperata et al. 2011). Community-
based forms of support have clear limitations, since the re-
sources required to fulfil people’s nutritional requirements
may not available locally or the level of need may be too high
for local resources to accommodate. In these circumstances, it
is connections with external actors – known as ‘bridging’
social capital – that offer poor people the potential for over-
coming crises (Bebbington et al. 2006). Access external re-
sources also appears central to enhancement of people’s cul-
tural capital. Limited access to market information constitutes
an economic barrier that is not only relevant to market-
oriented farmers but also to subsistence indigenous house-
holds facing worsening food insecurity (van Vliet et al. 2014).

The presence of structural barriers raises additional ques-
tions about the extent to which forest products can provide
adequate support to subsistence-oriented indigenous groups in
case of severe food insecurity. On the one hand, indigenous
communities’ adaptations to their environment favour the ac-
cumulation of capital endowments of limited value in the mar-
ket context. Expressions of human capital, for instance, centre
on physical strength; physical capital mostly consists of artisan-
al equipment; labour is accessed through support networks; and
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residents have no ownership over their landholdings (Fontaine
2008; Van der Hammen 1992). Consequently, the very factors
that allow a household to successfully pursue traditional liveli-
hoods also place it at a disadvantage within the wider political
economy (Rigg 2007). On the other hand, the geographical
isolation that protects communities from biodiversity losses
often favour market conditions that exacerbate unfavourable
negotiating positions (Rigg 2007; van Vliet et al. 2014). As
observed in our study, fishers and hunters are forced to compete
against each other, face substantial transportation costs, and
trade in a reduced number of markets as well as with buyers
who are then able to control prices. These barriers contribute to
undermining the environmental sustainability of nature-based
nutritional insurance mechanisms. If ongoing environmental
change negatively affects livelihoods, this might generate in-
creasing pressures on wildlife as villagers turn to bushmeat
trade to boost their income (van Vliet et al. 2014).

Limitations

There are constraints associated with the participatory
methodology we used in this study. First, while the
research team tried to include testimonies from multiple
sources, participants did not constitute a statistically rep-
resentative sample. As previously noted, the study
accounted for gender and socioeconomic differences
and reported only those findings consistently found
across discussion groups. However, it remains uncertain
if hidden forms of bias may have affected participation
or data-elicitation (e.g., friendship networks) (Mosse
1994). This limits the generalisability of our results to
the entire region.

Our methods, in addition, did not utilise standard
food insecurity measures, such as stunting or caloric
intake (FAO 2017). Participatory approaches instead
centre on local forms of knowledge and representations
(Schreckenberg et al. 2016). Thus, we examined food
security as perceived and understood by participants
themselves. The highly-contextualised nature of depic-
tions, however, affected the possibility of integrating
our results into technical nutritional assessments.
Nevertheless, our qualitative results identified a wide
range of human-nature relationships that can inform fu-
ture quantitative food insecurity assessments. Moreover,
they also provide contextual data that help to explain
indigenous populations’ policy preferences regarding
conservation and nutrition (Kuhnlein et al. 2013).

Finally, participatory appraisals have been conceived
to render detailed accounts of living conditions in a
short timeframe (Mosse 1994). An associated drawback
is that they are unable to generate the same level of in-
depth understanding of knowledges and perceptions as

ethnographic approaches. Reported narratives of scarcity
events and coping strategies hence provide an initial
portrayal of a complex and dynamic process. Longer-
term research efforts could provide additional insights.
Similarly, the focus on residents’ testimonies constrained
our understanding of interactions with external actors.
Future examinations would benefit from direct observa-
tion of indigenous peoples’ interactions outside their
communities (e.g., market transactions).

Conclusion

This case study illustrates the challenges of ensuring
sustainable natural resource-based contributions to pre-
vent food insecurity among rural indigenous populations
in Amazonia. Results show that natural ecosystems are
unlikely to provide sufficient protection even under
favourable conditions given variable climatic conditions,
unpredictability of rebusque practices, and local food
systems’ sensitivity to labour losses. Moreover, it
emerged that natural resource-based strategies to deal
with severe food insecurity are realised outside the local
socio-ecological setting under unfavourable terms of ex-
change. Market integration in the region is associated
with forest-degradation and deforestation (Ortiz et al.
2013; UNEP 2009), increasing consumption of sugar
and fats (Piperata et al. 2011; van Vliet et al. 2015;
Welch et al. 2009), and losses of environmental knowl-
edge and social institutions (Reyes-García et al. 2008;
Rigg 2007). Furthermore, indigenous communities may
be reluctant to adopt strategies that depart from their
traditional livelihoods given their past experiences with
cultural, economic, and biodiversity losses (Kuhnlein
et al. 2013). Further efforts are thus required to examine
how the socio-ecological dynamics of food insecurity
operate across different combinations of market integra-
tion and natural resource management strategies (e.g.,
eco-tourism or ago-forestry) (Poppy et al. 2014;
Sunderland et al. 2013). As discussed, such assessments
cannot be confined to environmental, nutritional, or eco-
nomic measures. Careful attention should be given to
the social structures that allow for the incorporation of
natural resources into local diets and promote resilience
of the local ecosystem. To be viable, any ensuing policy
decisions must incorporate Amazon indigenous popula-
tions’ own understandings of food insecurity conditions.
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