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Human management of anthropogenic environments and species is tightly linked to

the ecology and evolution of plants gathered by humans. This is certainly the case for

wild food plants, which exist on a continuum of human management. Given alarming

deforestation rates, wild food plant gathering is increasingly occurring in anthropogenic

ecosystems, where farmers actively manage these species in order to ensure their

availability and access. This study was conducted in a mestizo village in the Peruvian

Amazon deforestation frontier, with the objective of documenting the management

practices, including the human-induced movement of wild food plant species across

the forest-agriculture landscape, and the motivations that farmers have to manage them

using a qualitative ethnobotanical approach. The results of focus group discussions

showed that 67% of the 30 “wild” food plant species reported for the village were

managed, and almost all plants that were managed have been transplanted. The

strongest flow of transplanted material was from forest to agricultural field (11 species),

followed by market to field (five species), and field to home garden (four species). Farmers

argued that the main reason for transplanting “wild” food plants was to have them closer

to home, because they perceived that the abundance of 77% of these species decreased

in the last years. Conversely, the most important reason for not transplanting a “wild”

plant was the long time it takes to grow, stated for 67% of the species that have not been

transplanted. Remarkably, more than half (57%) of the “wild” food plant species, including

76% of the species that are managed, have been classified as weeds by scientific

literature. Finally, the “wild” food plant species were classified in six mutually exclusive

groups according to management form and perceived abundance. The study concluded

that “wild” food plant management, including management of species classified as

weeds by scientific literature, is a crucial adaptation strategy of farmers aimed at ensuring

their food security in scenarios of increasing deforestation. Finally, the article reflects on

the major implications of human management on the ecology and evolution of food plant

species.
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INTRODUCTION

Wild food plant gathering is a deeply rooted component of
human heritage, with millions of people gathering these species
around the world. From 250,000–300,000 higher plant species
known, ∼5,000 species have been managed at certain periods of
time (Cotton, 1996; Heywood, 1999), but nowadays the diet of
humanity largely depends on 53 crop commodities (Khoury et al.,
2016). In a global context of increasing dietary homogenization
(Khoury et al., 2014), the consumption of thousands of wild food
plants and other underutilized food species plays a key role for
food and nutritional security (Cruz-Garcia and Ertug, 2014). In
addition, it has been documented that wild vegetables and fruits
constitute a very important source of vitamins, minerals, and
secondary metabolites (Johns, 2007), and many of these species
are essential components of the diet during food scarcity periods
(Scoones et al., 1992; Heywood, 1999; Cruz-Garcia and Price,
2014a).

Rural families gather wild food plants from highly intervened
environments such as agricultural fields, more subsistence
environments such as home gardens, and less intervened areas
such as forests. They, however, increasingly collect wild food
plants from anthropogenic ecosystems, given the alarming loss
of natural habitats. For example, it has been documented that
families that are more distant from forests (i.e., due to high
deforestation rates) prefer to gather in areas closer to home
(Price and Ogle, 2008). Ogle and Grivetti (1985) coined the term
“botanical dietary paradox” explaining that farmers increasingly
depend on agricultural “weeds” when the forest area decreases.
For example, they documented in a study conducted in Swaziland
that the area with higher management intensity presented a
greater number of wild food plants. Likewise, Kosaka et al.
(2006a,b) reported from research in Savannakhet (Laos) that
households located closer to the forest depended more on forest
foods, whereas those far from the forest relied more on wild food
plants from agricultural fields to compensate the lack of forest
resources.

Wild food plants exist on a continuum of humanmanagement
from “truly” wild to semi-domesticated and cultivated species
(Casas et al., 1996; González-Insuasti and Caballero, 2007).
Plant management can be defined as “the set of actions or
practices directly or indirectly performed by humans to favor
availability of populations or individual phenotypes within
populations of useful plant species” (González-Insuasti and
Caballero, 2007, p. 303). Certainly, human management is
tightly linked to the ecology and evolution of species (Clement
et al., 2010). The interactions of humans with plants is
clearly contextualized in the continuum model for agricultural
(Harris, 1989) and agroforestry systems (Wiersum, 1997b).
This model explains that these interactions change in time
and space along a gradient that is neither unidirectional nor
deterministic. The levels of interaction are not necessarily pre-
ordinated steps of increasing management intensity toward
domestication; therefore most wild managed species are not
necessarily becoming domesticated species (Harlan, 1975; Harris,
1989). In addition, while some plants that used to be intensely
managed in the past are only tolerated or slightly protected at

present, other wild food species are becoming domesticated ones
(Harris, 1989).

Plant species could be grouped into three main categories
according to forms of management intensity: (1a) gathered
species, (1b) species with incipient management, and (1c) species
cultivated ex situ. There is also a gradient within incipient
management that includes: (2a) tolerance, (2b) protection, and
(2c) promotion. Management practices include those related to
protection, such as watering and fertilizing; practices related
to promotion, like pruning and weeding; and practices related
to ex situ cultivation, such as (trans)planting and sowing
(Casas et al., 1996; González-Insuasti and Caballero, 2007).
Additionally, incipient management practices can take place
in situ, i.e., in the original place occupied by the plant, or
ex situ, when transplanted to another place (Casas et al.,
1996). In this way, human induced movement of wild food
plants across the farming landscape, e.g., transplanting a plant
from an agricultural field to a home garden, is a type of
management (Cruz-Garcia and Price, 2014b). Domestication
processes have (indirectly) promoted management practices
such as propagation, protection, transplanting, and selective
harvesting, which are important in order to ensure the availability
of and access to useful plants that are in risk of decreasing or even
disappearing (Price, 1997; Balemie and Kebebew, 2006; Daly,
2014). This plays a key role in the conservation of plant genetic
resources particularly in the deforestation frontier.

A species management intensity and the types of management
practices associated to the species might vary from place to place
(Cotton, 1996; Ogle, 2001; González-Insuasti and Caballero,
2007). Furthermore, local people and scientists might use
different classifications for wild and domesticated species. For
instance, a species might be classified as wild by a socio-
cultural group but classified as domesticated by another group,
or by scientists, which has implications for research (Michon
and De Foresta, 1997; Clement, 1999; Orwa et al., 2009). This
might be the case for the Amazon, where, although plant
domestication started earlier than 8,000 years ago (Levis et al.,
2017), a substantial portion of the genetic heritage was lost when
the indigenous population drastically declined after European
contact (Clement, 1999). Nowadays domesticated plant species
persist in the forests (Levis et al., 2017), and this might
hypothetically imply that some of these species are not managed
or present incipient management practices, and newcomers (i.e.,
mestizomigrants) regard them as “wild” species.

According to Levis et al. (2017, p. 925) “domestication of
plant populations is a result of the human capacity to overcome
selective pressures of the environment by creating landscapes
to manage and cultivate useful species.” In order to better
understand the processes of management and domestication
it is necessary to incorporate socio-cultural aspects related to
the use and valuation of a species (Casas et al., 1996; Blancas
et al., 2013), which are distributed inter-culturally and intra-
culturally (González-Insuasti et al., 2011). Certainly, the values
attributed to species by people will affect their incentives to
manage them (Guijt, 1998) and to continue using them (Ogle,
2001). For instance, González-Insuasti and Caballero (2007)
and González-Insuasti et al. (2008) demonstrated, from a study

Frontiers in Ecology and Evolution | www.frontiersin.org 2 October 2017 | Volume 5 | Article 127

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Cruz-Garcia Management and Motivations to Manage “Wild” Food Plants

conducted in Tehuacán-Cuicatlán (Mexico), that management
intensity depends on a species’ cultural importance and biology,
and these factors, together with land ownership, substantially
influence farmer’s decisions to intensify management practices.
It has also been hypothesized by a number of authors (Stoffle
et al., 1990; Cunningham, 1993; Price, 1997) that intensive
management of wild food plant species in anthropogenic systems
occurs when species have multiple use value and are perceived
as rare. Furthermore, Price (1997) concluded from her research
in Northeast Thailand that farmers increasingly manage wild
food plant species with a high market value that are perceived
as rare. Certainly, it has been documented by more authors that
the local perception of a species abundance, i.e., perceptions of its
rarity, influences the decision to manage the species (Price, 1997;
Blancas et al., 2013, 2014).

Domestication is a cultural process (Clement, 1999), therefore
the documentation of farmers’ motivations to manage “wild”
food plant species, taking into account the influence of
their perceived abundance and cultural aspects related to
these motivations, would contribute to the scientific study of
domestication. Farmers’ motivations explain why decisions are
made and, ultimately, help to understand the distribution of
useful species in the anthropogenic landscape. In other words,
motivations are the human reasons underlying co-evolutionary
domestication processes. The study of the motivations to
manage food species is certainly necessary for communities
in the deforestation frontier, where families are continuously
adapting (or trying to adapt) to the loss of biodiversity,
which provides an ideal setting for the study of contemporary
domestication processes. This is certainly the case of Ucayali,
which, together with Madre de Dios, are the regions with the
highest deforestation rate in the country (Oliveira et al., 2007).
The perspectives of mestizo farmers are of particular importance
in Ucayali, since they constitute 80% of the population in this
region (Porro et al., 2015), and have been frequently blamed
for contributing to a major extent to the deforestation in the
Peruvian Amazon (Alvarez and Naughton-Treves, 2003) as a
response to secure tenure rights given a political-ecological
context of high demand for land for extractive activities and
industrial agriculture (Porro et al., 2015).

This paper presents an ethnobotanical perspective to
domestication as an ongoing process, focused on the analysis
of human factors influencing artificial selection operating on
“wild” food species. In this way, the objective of this study was
to document, in a mestizo village of Ucayali, the management
practices, including the human-induced movement of “wild”
food plant species across the forest-agriculture landscape, and
the motivationsmestizo farmers have for managing these species.
The motivations not only include reasons for managing but also
for not managing “wild” food plants. Whereas most research
aimed at understanding the factors affecting plant management
has been quantitative (e.g., González-Insuasti et al., 2008, 2011;
Blancas et al., 2013), this study presents a qualitative approach. In
addition, this article compares farmers’ motivations to manage
“wild” food plants in relation to their perceived abundance,
and discusses the findings in a context of deforestation
processes.

Given that this study was conducted from an ethnobotanical
perspective, the inventory of “wild” food plants was built based
on these species classified as “wild” by local people. In this
way this study includes species that are not locally classified
as domesticated, along a gradient of varying management
intensity, from truly wild species (absence of management), wild
tolerated, protected, and/or promoted and cultivated species.
Management refers to practices and forms. Management forms
include incipient management and ex situ cultivation (excluding
gathering, unless indicated otherwise). Management practices
include transplanting, watering, fertilizing, protecting, pruning,
weeding, and mulching (González-Insuasti and Caballero,
2007). Transplanting includes sowing, planting and actual
transplanting. Protecting refers to conscious care activities other
than watering and fertilizing. Toleration is not considered a
management practice per se, given that it does not imply any
activity specifically aimed at promoting the growth of a plant;
toleration is considered a more incipient type of management
form. The motivations focus on transplanting (why farmers
transplant a species or not), which was the most common
management practice and it is related to the human-induced
movement of these plants across the landscape. Finally, the
farming landscape, or forest-agriculture landscape includes
anthropogenic ecosystems along different degrees of human
intervention, encompassing agricultural fields, home gardens and
secondary forests (forests in the study site are mainly secondary).

STUDY SITE

This study took place in the village of Pueblo Libre, located in
Ucayali, Peruvian Amazon. In 2012, Ucayali had a total of 490,000
inhabitants. Twenty percent of the department is inhabited
by indigenous communities, whereas most of the population
consists of mestizos. Mestizos, who are migrants from non-
Amazonian regions of Peru, are mainly settled along the Federico
Basadre highway or the Ucayali river and its tributaries (Porro
et al., 2015). The highway was built in 1945 and connects Pucallpa
with Lima (860Km), which is the capital of the country (Pimentel
et al., 2004). Sixty percent of the population of Ucayali lives in
Pucallpa, which is the capital of the department. Pucallpa is the
second most populated capital in the Peruvian Amazon (INEI,
2011a).

The main economic activities of Ucayali are agriculture,
livestock farming and timber industry, contributing altogether
to almost 20% of the gross domestic product (MINEM-GOREU,
2007; INEI, 2011b). Certainly, Ucayali is the main center of the
Peruvian timber industry (Ramos Delgado, 2009). The staple
crops are cassava, maize, plantain, rice, and beans. However,
during the last decade, the region experienced an increase in
palm oil and cacao plantations (Salisbury and Fagan, 2013). The
mean annual rainfall in Ucayali ranges from 1,800 to 3,000mm
(Fujisaka et al., 2000), whereas the mean annual temperature is
25.7◦C with 80% of relative humidity (Lojka et al., 2008).

Peru, after Brazil, is the country with the highest extension
of Amazonian forest (Lu, 2009). However, Peru has an average
of 64,500 ha deforested every year, which are mainly located
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in the departments of Ucayali and Madre de Dios (Oliveira
et al., 2007). Deforestation and land degradation are prevalent in
Ucayali mainly due to the expansion of legal and illegal logging,
land clearing and road construction (Galarza and La Serna, 2005;
Miranda et al., 2014). For instance, by 2010 about 9% of the
original forest area of Ucayali, which was 8.7 million ha, had
been deforested (Porro et al., 2015). Ucayali’s increasing rate of
deforestation goes back to 2002, when half of the forest was
declared fit for permanent production and given as concessions
by the Instituto Nacional de Recursos Naturales (INRENA; INEI,
2011c). After 2002, the proportion of illegal logging increased
when most forest concessions lost their licenses due to a change
in regulations (Smith et al., 2006). Certainly, 80–95% of logging
in Peru is illegal (Sears and Pinedo-Vasquez, 2011; Cossío et al.,
2014).

Pueblo Libre (174m. asl) is a mestizo upland village situated
at km. 60 of the Federico Basadre highway, followed by 22 km.
of dirt road (Figures 1, 2). Pueblo Libre is inhabited by mestizos
who migrated from the Peruvian highlands and coast, as well as
people from other regions of the Amazon. It has a population of
∼75 families encompassing more than 350 inhabitants. Most of
the houses have electricity and access to drinking water. There is
telephone signal and there is an internet service in town, which
was built in 2013 by a project funded by the United States Agency
for International Development (USAID). The main source of
income consists of the production of palm oil, cacao, plantain
and, to a lesser degree, livestock. There is no communally owned
land in the village, and the forest, which is privately owned,
is fragmented and scattered across the different land properties
of the families (Vael, 2015). It has been reported that villagers
from Pueblo Libre consume “wild” food plants, which are mainly
gathered from agricultural fields, forests and home gardens.
People mostly consume “wild” fruits (mainly gathered by men),
followed by tubers and roots (mainly collected by women; Cruz-
Garcia and Vael, 2017).

METHODS

This study took as a baseline a list of 30 “wild” food plant species
belonging to 18 botanical families reported by Cruz-Garcia and
Vael (2017) in a study conducted in Pueblo Libre. This list was

constructed during focus group elicitations using local names
of plants in Spanish, which is the main language spoken in the
village. The villagers use the term planta silvestre alimenticia (wild
food plant) as a cultural domain; for instance, they identified the
species of the list based on their local knowledge. According to
Borgatti (1999), a cultural domain is a set of items that belong
to the same category corresponding to a socio-cultural group.
In this way, the informants explained that “wild” food plants
are plants from the forest or transplanted from the forest near
the house, as well as plants that grow in the home garden or
agricultural field and do not require much care (Cruz-Garcia
and Vael, 2017). The botanical identification of plant species
was conducted by a local taxonomist from the Universidad
Intercultural de la Amazonía Peruana in Pucallpa. Herbarium
specimens of most identified species are on repository in the
Herbarium of the University.

Fieldwork was conducted from August to September 2014
in Pueblo Libre, and encompassed three focus group discussion
sessions in order to cover information for all 30 species.
Focus groups were conducted with men and women ranging
from 23 to 52 years of age, identified by the villagers
themselves as knowledgeable about contemporarily gathered
food plants. Each session lasted about 2 h and consisted of
five to six informants, following Bernard’s recommendations on
the number of participants per focus group (Bernard, 2002).
During focus groups mestizo farmers were asked if people in
the village manage each “wild” food plant species from the list
(“do you transplant the species?” “do you water it,” “do you
protect it?” “do you fertilize it?” “do you prune it?” “do you weed
it?” and “do you mulch it?”). They were also asked the origin
of planting material when a species was transplanted (“from
where did you bring the planting material?”); the motivations
for transplanting (“why do you transplant the species?” if the
species was not transplanted “why you did not transplant it?”);
and perceived abundance (“the species was more abundant, less
abundant, or had the same abundance as 10 years ago?”). This
study was carried out in accordance with the recommendations
of the guidelines of the International Society of Ethnobiology
Code of Ethics. Participation was voluntary and all participants
provided oral, informed consent, in accordance with the Code of
Ethics.

FIGURE 1 | Photograph of Pueblo Libre village, Ucayali, Peru. Source: Photograph taken by G. S. Cruz-Garcia.
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FIGURE 2 | Location of the mestizo village Pueblo Libre, in the Ucayali department, Peruvian Amazon. The map indicates the changes in land use from January 2004

to December 2013 in a color gradient, according to Terra-i (CIAT, 2015). The map also shows the deforestation that occurred before 2004 along the Federico Basadre

highway and surrounding roadsides. Source: Terra-i; map prepared by Paula Paz.

Focus groups have been well-established in the area of
development studies (Rifkin and Pridmore, 2001; Desai and
Potter, 2006; Chambers, 2012). Focus groups are particularly
useful when a study focuses on the everyday use of culture
for a particular socio-cultural group (Morgan and Kreuger,
1993). In this study, focus groups did not aim to analyze how
many people carry out a management practice, nor to quantify
the proportion of farmers that share a particular opinion.
Rather, the implementation of focus groups aimed at providing
an exploratory assessment of practices and perceptions, and
the results obtained were neither suitable for estimations of
statistical significance or accuracy, nor for generalization to larger
populations (Kumar, 2002; Chambers, 2012). The preference for
this approach was driven by the lack of information on “wild”
food plant management in mestizo villages and, consequently is
exploratory. In this way, the present study paves the road for
future in-depth and quantitative studies on this topic.

The list of “wild” food plants was compared to the Global
Compendium of Weeds (HEAR, 2007). Growth form and
endemicity were determined for each species with literature

review (USDA, 2015a; United States Department of Agriculture
(USDA), 2015b). The species were classified based on their
associated management practices in different types of non-
agricultural management forms following González-Insuasti
and Caballero (2007) and Casas et al. (1996). A data matrix
was prepared in Microsoft Excel where each row was a
species and each column a variable (management practices,
motivations, perceived abundance, weed category, growth
form, and endemicity). Data analysis consisted of comparing
frequencies of species in relation to the studied variables, and was
conducted with Microsoft Excel.

RESULTS

Management Practices and Movement of
Planting Material across the Landscape
The results of the focus group discussions showed that
more than two-thirds (67%) of the “wild” food plant species
have associated management practices (Figure 3). Almost all
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FIGURE 3 | Additional management practices associated with transplanting “wild” food plant species (n = 18).

plants that have associated management practices have been
transplanted (18 out of 20 species, see Table 1), with the
exception of Mauritia flexuosa and Manilkara bidentata that are
only pruned. Sixty-one percent of all transplanted species did not
include additional management practices. Among those species
that included additional management practices were Artocarpus
altilis, Passiflora quadrangularis, and Solanum sessiliflorum var.
sessiliflorum that were transplanted and weeded; Bactris gasipaes
and Myrciaria dubia that were transplanted, watered, fertilized
and weeded; Theobroma cacao that was transplanted, fertilized,
weeded and pruned; and Matisia cordata, which is a native
fruit tree that not only was transplanted, watered, fertilized and
weeded, but also protected from chickens by placing a little fence
around it. None of the species was mulched. Contrarily, species
like Attalea phalerata andOenocarpus bataua did not present any
management practices (Table 2).

More than half (57%) of the “wild” food plant species,
including 76% of the species that have associated management
practices, have been classified as weeds by scientific literature.
In addition, weeds such as the introduced tree A. altilis, native
climber P. quadrangularis and native shrub S. sessiliflorum var.
sessiliflorum are weeded by the local population.

The most important origin of planting material was the forest,
with 61% of transplanted species, followed by the market (28%)
and agricultural fields (22%). The most common environments
where species were transplanted were the agricultural field (83%
of transplanted species), followed by the home garden (33%).
This was reflected in the flows of transplanted material. For
instance, the strongest flow of transplanted material was from
forest to farm, encompassing 11 species; followed by market
to agricultural field with five species, and agricultural field
to home garden with four. Flows also included species that
were transplanted from one place to another within the same
environment (Figure 4).

Non-agricultural Management Forms for
“Wild” Food Plants
A total of four species are managed in situ and 18 species are
managed ex situ (Table 3). From the species managed in situ
only two presented associated management practices (pruning,
i.e., M. flexuosa and M. bidentata), whereas the other two were
tolerated. The tolerated species were Passiflora acuminata and
Physalis angulata, which are spared within agricultural fields and
are not taken out when weeding the crop. Species cultivated ex
situ include these transplanted from one environment to other
(e.g., from forest to farm), within the same environment (e.g.,
from farm to farm) and from the market to an environment
(e.g., from market to farm). All management forms, including
incipient management in situ and management ex situ, include
species classified as weeds by scientific literature.

Farmers’ Perceived Abundance and
Motivations to Transplant “Wild” Food
Plant Species
Farmers perceived that the abundance of 77% of the “wild” food
plants decreased during the last decade, whereas the abundance
of 20% of the species increased, and the abundance of Pourouma
cecropiifolia remained the same, because, as farmers clarified,
they did not cut it down given that it takes too long to grow.
Instead, they transplanted P. cecropiifolia from the forest to their
farms to have it nearer to their homes. Fifty-seven percent of the
plants that are less abundant, have been transplanted, two are
pruned but not transplanted, and the remaining are notmanaged.
Four species that are more abundant, have been transplanted and
two have not. The most important motivation for transplanting a
“wild” food plant was to have it close to home, mentioned for 72%
of the species that have been transplanted (n = 18). Conversely,
the most important reason for not transplanting a “wild” plant

Frontiers in Ecology and Evolution | www.frontiersin.org 6 October 2017 | Volume 5 | Article 127

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
https://www.frontiersin.org/journals/ecology-and-evolution#articles


Cruz-Garcia Management and Motivations to Manage “Wild” Food Plants

TABLE 1 | List of transplanted “wild” food plant species indicating botanical name, local name, growth form, endemicity, weed category, origin of planting material,

environment where the species was transplanted, and additional management practices (n = 18).

Botanical

family

Botanical name Local name Growth form Endemicity-B Weed

categoryα

Origin of planting

material

Environment

where it was

transplanted

Additional

management

practicesÇ

Araceae Colocasia esculenta (L.)

Schott

Pituca Herb I8 AW, CA, CE,

EW, GT, NW, W

Forest Agricultural field

Arecaceae Bactris gasipaes Kunth Pijuayo Tree N Forest, market Agricultural field Wa, F, We

Asteraceae Smallanthus sonchifolius

(Poepp.) H.Rob.

Jacon Herb N Forest Agricultural field

Bixaceae Bixa orellana L. Achote Shrubby tree N CE, EW, GT, W Forest Home garden

Dioscoreaceae Dioscorea cf. trifida L.f. Sachapapa Climber Iř CA, CE, W Forest Agricultural field

Fabaceae Inga edulis Mart. Guaba Tree N CE, EW, W Agricultural field Home garden

Pachyrhizus tuberosus

(Lam.) Spreng.

Ashipa Climber N CE, W Forest Agricultural field

Icacinaceae Poraqueiba sericea Tul. Umari Tree N Agricultural field Agricultural field,

home garden

Malvaceae Matisia cordata Humb. and

Bonpl.

Zapote Tree N Forest Agricultural field,

home garden

Pro, Wa, F, We

Marantaceae Calathea allouia (Aubl.) Lind. Dale dale Herb N Forest Agricultural field

Moraceae Artocarpus altilis (Parkinson)

Fosberg

Pan de árbol Tree IU CA, W Forest Agricultural field We

Myrtaceae Myrciaria dubia (Kunth) Mc

Vaugh.

Camu camu Shrubby tree N Market Agricultural field Wa, F, We

Passifloraceae Passiflora quadrangularis L. Tumbo Climber N CE, EW, GT,

SW, W

Market Agricultural field We

Rubiaceae Inga feuillei DC. Pacay Tree N Forest Agricultural field

Sapotacea Pouteria caimito (Ruiz &

Pav.) Radlk.

Caymito Tree N Agricultural field Home garden

Solanaceae Solanum sessiliflorum var.

sessiliflorum Dunal

Cocona Shrub N CE, W Agricultural field,

market

Agricultural field,

home garden

We

Sterculiaceae Theobroma cacao L. Cacao Tree N CE, W Market Agricultural field F, We, Pru

Urticaceae Pourouma cecropiifolia

Mart.

Ubilla Tree N Forest Agricultural field

-BN, native; I, introduced.
8 Introduced from Australasia.
ř Introduced from the Caribbean.
U Introduced from Asia and the Pacific.
αAW, agricultural weed; CA, casual alien; CE, cultivation escape; EW, environmental weed; GT, garden thug; NW, noxious weed; SW, sleeper weed; W, weed.
ÇPro, protection; Wa, watering; F, fertilizing; We, weeding; Pru, pruning.

was the long time it takes to grow (cannot make immediate use of
it), stated for 67% of the species that have not been transplanted
(n= 12; Tables 4, 5).

Villagers explained that transplanting is a local strategy to
ensure the presence of species that are less abundant than a
decade ago, because nowadays they are unusually cultivated in
the village, used as firewood, have difficulties to grow due to their
ecological requirements, or are decreasing in availability, because
they are not frequently used. For example, farmers explained that
they have transplanted Bixa orellana from the forests to their
home gardens to give color to food and juices during carnival.
They highlighted that they have transplanted B. gasipaes in their
farms, because they cannot find it in other environments within
the village anymore, given that they cut down the trees, which
were very tall, to collect the fruits. Likewise, Pouteria caimito
and Inga feuillei have been transplanted near the house to be

used as firewood. Regarding the “wild” food plants that are more
abundant than 10 years ago, villagers explained that although
some species are characterized by their favorable ecological
requirements, they have been transplanted to have them close to
home. For example, Inga edulis has been transplanted from farms
to home gardens, andA. altilis has been transplanted from forests
to farms (Table 4).

There are species like P. acuminata and P. angulata that are
perceived to be more abundant than 10 years ago, and have not
been transplanted by villagers because, as they stated, these plants
grow like “weeds” and, in the case of P. angulata, the birds bring
the seeds so there is no need to propagate them. Conversely,
there are species that despite their decreased abundance, have not
been transplanted. Farmers explained that their abundance has
decreased, because they cut down the trees to sell the timber, use
the firewood, collect the fruit, or make a new agricultural field.
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TABLE 2 | List of “wild” food plant species that are not transplanted indicating botanical name, local name, growth form, endemicity, and weed category (n = 12).

Botanical family Botanical name Local name Growth form Endemicity-B Weed categoryα

Anacardiaceae Spondias mombin L./Spondias venosa Mart. ex Colla Uvos Tree N AW, CE, W

Arecaceae Attalea phalerata Mart. ex Spreng. Shebon Tree N W

Mauritia flexuosa L.f.0 Aguaje Tree N

Oenocarpus bataua Mart. Ungurahui Tree N

Phytelephas macrocarpa Ruiz and Pav. Yarina Tree N

Astrocaryum sp. G.Mey. Huicungo Tree N

Euterpe precatoria Mart. Huasai Tree N

Fabaceae Inga sp. Shimbillo Tree 8 W

Passifloraceae Passiflora acuminata DC. Granadilla Climber N

Rubiaceae Genipa americana L. Huito Tree N

Sapotacea Manilkara bidentata (A.DC.) A.Chev.0 Quinilla Tree N

Solanaceae Physalis angulata L. Muyaca Herb N AW, CA, CE, EW, W

0This species is not transplanted but pruned.
-BN, native; I, introduced.
8Cannot define the endemicity because the species has not been identified.
αAW, agricultural weed; CA, casual alien; CE, cultivation escape; EW, environmental weed; W, weed.

FIGURE 4 | Human-induced movement of “wild” food planting material in the farming landscape (n = 18).

They argued that these species, with the exemption of Genipa
americana and M. flexuosa, have not been transplanted because
it takes them too much time to grow. They also indicated that
G. americana is not commonly used by the mestizos but mainly
utilized by indigenous communities. Although they cut down the
trees of M. flexuosa to collect the fruits, they explained that they
cannot transplant it because it requires a lot of soil moisture,
which they do not have in the village (Table 5).

Groups of “Wild” Food Plants According to
Management and Local Perceptions
The “wild” food plants gathered in Pueblo Libre (n = 30) could
be classified into six groups, according to management forms and
local perceptions (mainly in relation to species abundance). Four
groups present species classified as weeds by scientific literature
(Figure 5).

Group 1 includes species that are not managed although
famers perceived that they have decreased in abundance.

Informants reported that the abundance of all species from
this group, except for G. americana, has decreased because
they cut down the trees to sell timber, to collect fruits, for
firewood or when slashing for a new agricultural field; but
they do not transplant them because it takes them too much
time to grow. For example, farmers cut down the trees of O.
bataua and Phytelephas macrocarpa to collect the fruits. Farmers
mentioned that although G. americana decreased in numbers, it
is not transplanted, because they do not use it frequently. The
other species that belong to this group, are Inga sp., Euterpe
precatoria, Astrocaryum sp., Spondias mombin/Spondias venosa,
and A. phalerata. This group includes three species classified as
weeds (I. sp., S. mombin /S. venosa and A. phalerata). All species
in this group are native.

Group 2 encompasses species with non-agricultural incipient
management, managed in situ and with a perceived increased
abundance. This group includes the two species that are tolerated
(P. acuminata and P. angulata), which farmers mentioned as
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TABLE 3 | Number of “wild” food plant species according to different

non-agricultural management forms (n = 22).

Number of species

In situ Ex situd

Weeds Not weeds Weeds Not weeds

Species with incipient

management

1 3 4 3

Tolerance 1 1 NA NA

Protectiona 0 0 1 3

Promotionb 0 2 4 3

Species cultivated ex situ NA NA 9 9

Transplantingc NA NA 9 9

From one environment

to another

NA NA 7 8

Within the same

environment

NA NA 1 1

From the market NA NA 3 2

aProtection includes watering, fertilizing and other types of protection.
bPromotion includes pruning and weeding.
cTransplanting also includes planting and sowing.
dAll species with incipient management ex situ have been transplanted.

growing like “weeds.” P. angulata has also been classified as weed
by the literature. Both species in this group are native.

Group 3 includes species with non-agricultural incipient
management, managed in situ and with a perceived decreased
abundance. This group includes the two species that are pruned
but not transplanted (M. flexuosa andM. bidentata). Informants
stated that they have decreased in abundance because they cut
down the trees to collect the fruit or to sell the timber; and they
do not transplant them because M. flexuosa requires a lot of soil
moisture and M. bidentata takes a long time to grow. None of
these species has been classified as weed. Both species in this
group are native.

Group 4 comprises species cultivated ex situ that farmers
perceived having a decreased abundance. The reasons for
decreasing in numbers include explanations related to little
use or knowledge about the uses of the plant, unfavorable
ecological conditions, and cutting down the trees for firewood
or to collect the fruit. The main motivations to transplant them
are related to use-value (having the plant close to home, to
sell it and to give color to juices). The species belonging to
this group are B. orellana, M. dubia, Smallanthus sonchifolius,
P. caimito, I. feuillei, Poraqueiba sericea, S. sessiliflorum var.
sessiliflorum, P. quadrangularis, Dioscorea cf. trifida, Pachyrhizus
tuberosus, C. allouia, Colocasia esculenta, and B. gasipaes. All
the species from this group have been transplanted, and four
of them presented additional incipient management practices
(M. dubia, S. sessiliflorum var. sessiliflorum, P. quadrangularis,
and B. gasipaes). Six species from this group have been
classified as weeds (B. orellana, S. sessiliflorum var. sessiliflorum,
P. quadrangularis, D. cf. trifida, P. tuberosus, and C. esculenta).
C. esculenta and D. cf. trifida are the only species that have been
introduced to the region (from Australasia and the Caribbean
respectively).

Group 5 includes a native species, i.e., P. cecropiifolia, which is
cultivated ex situ and has a perceived unchanged abundance. In
contrast to the species from the previous groups, as mentioned
before, this is the only plant that farmers do not cut down because
it takes a long time to grow. This plant has not been classified as
weed.

Group 6 encompasses species that farmers cultivated ex situ
although they perceived an increased abundance. They explained
that the abundance of these plants increased because of favorable
ecological conditions. The motivations for transplanting these
species are related to use-value. The species that belong to this
group are T. cacao, I. edulis, A. altilis, andM. cordata. All species,
except I. edulis, presented additional incipient management
practices. M. cordata is the only species that has not been
classified as weed. All species are native, except for A. altilis,
which has been introduced from Asia and the Pacific.

DISCUSSION

General Reflections on Management of
“Wild” Food Plants
This study, which was based on focus group discussions
conducted with mestizo farmers, showed that more than two-
thirds of the “wild” food plant species in the study village are
managed, and most of them have been transplanted ex situ.
Certainly, humans have intervened in the populations of wild
species throughout the world, for example, changing the diversity
and density of food plants by transplanting or introducing new
species to an environment (Wiersum, 1997a; Daly, 2014; Parrotta
et al., 2015). The use and management of wild food plants have
already been reported in Latin America, for example, among
the Nahua and Mixtec communities (Casas et al., 1996) and
in Santa Maria Tecomavaca (González-Insuasti and Caballero,
2007) in Mexico, among the Mapuche in Chile (Daly, 2014), in
the Monte region in Argentina (Ladio and Lozada, 2009), in
the Bolivian Amazon (Reyes García et al., 2005; Thomas, 2012)
and Andes (Vandebroek and Sanca, 2007), in Pernambuco in
Brazil (Cruz et al., 2013), and in Cuba (Volpato and Godinez,
2007). Furthermore, the management of wild food plants has
also been documented in Africa, for example in the Collines
region in Central Benin (Avohou et al., 2012) and Central
Shewa of Ethiopia (Feyssa et al., 2012); and Asia, for example in
Northeastern Thailand (Cruz-Garcia and Price, 2014b), among
others.

Defour and Wilson (1994) reported a total of 131 wild food
plant species for all Amazonia, which mainly include trees
and palms, consumed by indigenous communities. Certainly,
the study of management and domestication of food plants in
the Amazonia has largely focused on fruit trees (Clement and
Villachica, 1994; Clement, 2006; Miller and Nair, 2006); and
the documentation of food plant management in this region
has mainly focused on indigenous communities (e.g., Reyes-
García et al., 2006; Thomas, 2012), but not on mestizo villages.
The Botanical Garden—Arboretum El Huayo (JBAH) from
the Universidad Nacional de la Amazonía Peruana (National
University of the Peruvian Amazon) located in Iquitos, Peru,
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TABLE 4 | Farmers’ motivations for transplanting a “wild” food plant species in relation to perceived abundance (n = 18).

Perceived abundance Motivations for transplanting a species

To have it closer to our home To sell it To give color to food

and juices during

carnival

We keep it in the farm

because there are not

other places where

we could find it

To consume as food

and medicine

LESS THAN 10 YEARS AGO

We can hardly find it growing

in the village

Smallanthus sonchifolius

(Poepp.) H.Rob.

Solanum sessiliflorum var.

sessiliflorum Dunal

Passiflora quadrangularis L.

Not many people cultivate it,

some people do not know it

Pachyrhizus tuberosus (Lam.)

Spreng.

Calathea allouia (Aubl.) Lind.

Colocasia esculenta (L.) Schott

The ecology does not favor

the growth of the plant

Poraqueiba sericea Tul. Myrciaria dubia

(Kunth) Mc Vaugh.

We cut down the plant for

firewood

Pouteria caimito (Ruiz and Pav.)

Radlk.,

Inga feuillei DC.

We do not use it frequently Dioscorea cf. trifida L.f. Bixa orellana L.

We cut down the tree to

collect the fruit (the tree is very

tall)

Bactris gasipaes Kunth

THE SAME AS 10 YEARS AGO

We do not cut it down

because it takes too long to

grow

Pourouma cecropiifolia Mart.

MORE THAN 10 YEARS AGO

The ecology favors the growth

of the plant

Inga edulis Mart. Theobroma cacao L. Artocarpus altilis

(Parkinson) Fosberg

It grows like weed Matisia cordata Humb. and

Bonpl.

possess a collection of 46 species of edible fruit plants reported
in surrounding communities (Freyre, 2003). Taking into account
these numbers, the amount of food plants documented by using
focus group discussions for Pueblo Libre village (n = 30 species)
might seem low. However, compared to other studies conducted
in the Amazonia, the number of “wild” food plants documented
for Pueblo Libre is higher than those reported by Reyes-García
et al. (2006) for the Tsimane’ communities of the Bolivian
Amazon (n= 18), and very similar to the number of food species
reported by Vásquez and Peláez (2015) for the inhabitants of
Berlín village in Bagua Grande, Peru (n= 29).

Ucayali has been highly affected by high deforestation rates
(Smith et al., 2006; Miranda et al., 2014; Porro et al., 2015).
Land use change, deforestation, and unsustainable management
of natural resources are the main drivers of loss of biodiversity
and, consequently, decrease of wild food plants (Daly, 2014) and
other underutilized species. This decline affects the food security
of rural families directly (e.g., availability and accessibility to
food) and indirectly (e.g., modifying the ecological conditions
where species grow) (Van Noordwijk et al., 2014; Agarwal
et al., 2015). Management practices: (a) allow rural families to

have sufficient food and nutritional diversity by increasing the
availability and access to wild food plants and other underutilized
species, and (b) favors the conservation of these species in highly
intervened anthropogenic environments when forests decline
(i.e., by bringing planting material from forests to farms and
home gardens). Certainly, the dietary diversity and nutritional
quality of the diet of hundreds of millions of people in the
world rely on the consumption of wild food plants and other
underutilized edible plants (Grivetti and Ogle, 2000; Johns and
Eyzaguirre, 2006; Heywood, 2011).

There are two points of recommendations for future research
in relation to management and domestication of food plants
by mestizo villagers (or immigrant communities). The first is
to understand the historical process of knowledge acquisition
about Amazonian flora by mestizos from indigenous peoples
and/or by experimentation. The second is to assess the historical
management of these species bymestizo villages. For instance, are
the practices described in this study new ones that emerged as
a response to deforestation and loss of biodiversity? Or are they
practices that existed amongmestizo villages before deforestation
rates started to increase, and were adjusted to the new settings
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TABLE 5 | Farmers’ motivations for not transplanting a “wild” food plant species in relation to perceived abundance (n = 12).

Motivations for not transplanting a species

Perceived abundance It takes a long time to grow We do not use it much

(it is mainly used in

native communities)

It requires a lot of soil

moisture (we do not

have this conditions)

It grows well without

the need to be

transplanted

The birds bring

the seeds

LESS THAN 10 YEARS AGO

We cut down the plant

for firewood

Inga sp.

We do not use it

frequently

Genipa americana L.

We cut down the tree to

collect the fruit (the tree

is very tall)

Oenocarpus bataua Mart. Mauritia flexuosa L.f.

Phytelephas macrocarpa Ruiz

and Pav.

We cut down the tree

for timber (for sale)

Euterpe precatoria Mart.

Astrocaryum sp. G.Mey.

Manilkara bidentata (A.DC.)

A.Chev.

Spondias mombin L./Spondias

venosa Mart. ex Colla

We cut down the plant

when slashing for a new

agricultural field

Attalea phalerata Mart. ex

Spreng.

MORE THAN 10 YEARS AGO

It grows like weed Passiflora acuminata DC. Physalis angulata L.

(i.e., intensifying human induced movement of biodiversity from
forests to more intervened anthropogenic environments)? Such
additional studies would shed light on understanding historical
processes of management and domestication by non-indigenous
societies.

Human Induced Movement of “Wild” Food
Plants across the Farming Landscape as a
Management Strategy
The findings of this study provide evidence that mestizo
farmers transplant “wild” food plant species across different
environments within the farming landscape. This emphasizes the
spatial and seasonal complementarity of different anthropogenic
ecosystems for food provision, which is particularly important for
families living in the forest-agriculture interface. The importance
of this complementarity for the food security of rural families
has been also reported in other regions of the world, for
example in Northeastern Thailand (Cruz-Garcia and Price,
2014a) andWest Java in Indonesia (Abdoellah andMarten, 1986).
Certainly, Frison et al. (2011) emphasized that a major basis of
dietary diversity is the diversity of environments within farming
landscapes, which was also illustrated by this study in Ucayali.

The key role played by forests, agricultural fields, and home
gardens for provisioning food to rural households has been
highlighted by various studies around the world. For instance,
the importance of forests for food security has largely been

acknowledged in scientific literature (e.g., Arnold et al., 2011;
FAO, 2011; Sunderland et al., 2014); as well as the importance
of multiple habitats, ranging from terrestrial to aquatic ones,
that diversified agricultural fields encompass to facilitate the
growth of multiple food species (e.g., Altieri and Anderson,
1987; Cruz-Garcia et al., 2016); and the importance of home
gardens not only as source of food but also for processes of
domestication and biodiversity conservation (e.g., Miller and
Nair, 2006; Galluzzi et al., 2010; Cruz-Garcia and Struik, 2015;
Freedman and Stoilova, 2015). Additionally, it is important to
highlight that not only the farming landscape but also the market
plays a key role in providing planting material, which has also
been reported in other regions of the world (e.g., Ruiz-Pérez et al.,
2004).

Ogle and Grivetti (1985) in their botanical dietary paradox
highlighted that wild food plant gathering increasingly occurs
in more intervened anthropogenic environments rather than less
disturbed environments, i.e., forests, in the face of deforestation
and land use change. However, the results of this study go beyond
the botanical dietary paradox, showcasing that humans have a
more active role in ensuring the availability of food species,
for instance supporting the flows of planting material from less
to more intervened environments. This was observed in the
following findings: (a) the human induced movement of “wild”
food plants across the landscape occurred for all transplanted
species in the study site; (b) the most common source of
planting material was the forest (for 61% of transplanted
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FIGURE 5 | Groups of “wild” food plant species according to management and local perceptions (n = 30).

species); (c) informants constantly highlighted the need to
have “wild” food plant species closer to home (for 72% of
transplanted species), and (d) villagers usually bring planting
material from less to more intervened environments, i.e., from
forests to agricultural fields, from forests to home gardens, from
agricultural fields to home gardens. Certainly Zohary (2004)
highlighted that human selection leads to the dispersal of plant
populations toward more disturbed anthropogenic ecosystems.
The movement of planting material is necessary in order to
ensure the availability of wild food plants and other underutilized
species given scenarios of increasing deforestation. Undoubtedly,
the importance of agricultural fields and home gardens as
recipients of plant genetic material has to be taken into account
in agricultural interventions.

Reflections on the Definitions of “Wild”
Food Plants
The use of cultural domains, capturing the emic or native’s point
of view, is a starting point of ethnobotanical research (Borgatti,
1999) that can be very useful for the study of wild food plants
and domestication, given that different socio-cultural groups
perceive and conceive the world differently according to their
own social, historical, cultural and environmental conditions and
experiences (Brosius et al., 1986). Through comparing the list
of native “wild” food plants from Pueblo Libre with the results
of Clement (1999) and Levis et al. (2017), it was possible to
see that 10 species that were categorized as “wild” by villagers,
were domesticated before European contact, whereas nine were
either semi-domesticated or presented incipient domestication
by that time (see Table 6). Clearly, villagers and scientists
have different classifications for “wild” and “domesticated,” as
previously highlighted by Michon and De Foresta (1997) and
Clement (1999).

Interestingly, some species of “wild” food plants that were
domesticated before European contact, are nowadays treated as
“wild,” as emphasized in the mestizo’s emic conceptualization of
“wild” food plants where “wilderness” is associated with species
that “do not require much care” (Cruz-Garcia and Vael, 2017).
This was expected, given that a significant part of the crop
genetic resources was lost—alongside traditional knowledge—
with the eradication of 90–95% of the Amazonian population
after European contact (Clement, 1999), and consequently it
is still possible to see that domesticated species are nowadays
dominant across the Amazon forest (Levis et al., 2017). Certainly,
the domesticated species reported by this study, did not exhibit
management patterns in an intensity expected for domesticates,
for instance fully depending on human intervention for survival
(González-Insuasti and Caballero, 2007). For example, although
B. gasipaes was domesticated during pre-Colombian times
(Clement and Urpí, 1987), it was listed as a “wild” species by
the informants. They transplant B. gasipaes to their agricultural
fields, where they collect the chonta (inner core of the stem)
and fruits for food (Cruz-Garcia and Vael, 2017), bringing the
planting material not only from the market but also from the
forest. This species is watered, fertilized, and weeded, but neither
pruned nor protected.

Conversely, T. cacao was semi-domesticated before European
contact, but nowadays most populations are domesticated.
Families from Pueblo Libre, however, not only manage the
species in the agricultural field with the objective to sell the
seeds in the market, but also gather and consume the fruits
of non-transplanted, non-managed individuals of T. cacao
that are growing in the forest (Cruz-Garcia and Vael, 2017).
Another example is I. edulis, which was semi-domesticated before
European contact, but nowadays is domesticated throughout
Amazonia for its fruits and wood (Clement et al., 2010).
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TABLE 6 | “Wild” food plant species that were reported as domesticated (D),

semi-domesticated (SD), and with incipiently domesticated populations (ID) in

Amazonia at European contact (Clement, 1999; Levis et al., 2017).

Botanical name Degree of domestication

at European contactδ

Attalea phalerata Mart. ex Spreng. D

Bactris gasipaes Kunth D

Bixa orellana L. D

Calathea allouia (Aubl.) Lind. D

Euterpe precatoria Mart. D

Genipa americana L. D

Inga edulis Mart. SD

Inga feuillei DC. SD

Manilkara bidentata (A.DC.) A.Chev. SD/ID

Matisia cordata Humb. and Bonpl. SD

Mauritia flexuosa L.f. ID

Oenocarpus bataua Mart. ID

Passiflora quadrangularis L. D

Phytelephas macrocarpa Ruiz and Pav. D

Pourouma cecropiifolia Mart. SD

Pouteria caimito (Ruiz and Pav.) Radlk. D

Solanum sessiliflorum var. sessiliflorum Dunal D

Spondias mombin L./Spondias venosa Mart.

ex Colla

SD

Theobroma cacao L. SD

δOnly for native species.

Undoubtedly, González-Insuasti and Caballero (2007) explained
that a species could be managed differently in different places
and times, and Cruz-Garcia and Price (2014b) stated that
domestication is a locally differentiated concept and process.
Clement et al. (2010) also explained that domestication as a
process occurs at population level (not at species level); therefore
it is not correct to say that a species is a domesticate unless all
its wild populations are extinct, which is unusual. Instead they
recommended to affirm that a species “exhibits domesticated
populations” that, for this study in Ucayali, might be the case of
T. cacao and I. edulis.

It would be interesting if future studies evaluate the
management and motivations to manage wild food plants for
the different indigenous communities in Ucayali, for instance,
to assess how do they conceptualize the cultural domain of
“wild food plant,” which species do they classify as part of this
cultural domain, and which management practices and forms
do they exhibit. Do they classify the species of this study as
wild or as domesticated? Do they recognize different species as
wild food plants? Do they manage those species that have been
domesticated before European contact (according to Clement,
1999; Levis et al., 2017) with higher intensity thanmestizos?

Reflections on the Definitions of “Weeds”
Another term that deserves further discussion is “weed,” which
has historically been defined as “a plant growing where it
is not wanted” (Mortimer, 1990), or, contrarily as “a plant
whose virtues are yet to be discovered” (Perrins et al., 1992).

Although most agronomists and agricultural extension officers
recommend their eradication to favor crop production, 89% of
the most aggressive weeds in the world are edible (Rapoport
et al., 1995) and several of them are highly nutritional (Duke,
1992). Certainly, the consumption of weeds has been reported
throughout the world (Grivetti et al., 1987; Duke, 1992; Tanji
and Nassif, 1995; Casas et al., 1996; Díaz-Betancourt et al.,
1999; Pieroni, 1999; Turner et al., 2011; Cruz-Garcia and Price,
2012). Likewise, the results of this study showed that more
than half of food plant species reported in the village have
been classified as weeds by scientific literature (HEAR, 2007). In
addition, 76% of these “weeds” have been transplanted by the
villagers in order to increase their availability and to have them
closer to home. Indeed, “weeds” exhibited different management
forms: (a) incipient management in situ (toleration) despite their
increased abundance (group 2), (b) managed ex situ due to their
decreased abundance (group 4), and (c) managed ex situ despite
their increased abundance (group 6). Therefore, none of both
definitions of “weed” adjusts to the species documented by this
study: they are tolerated or managed in the place where they are
growing, and their virtues have already been discovered (i.e., as
food).

It might also sound somehow contradictory that species that
have been classified as domesticates by scientists—as some food
plants reported by this study—have also been classified as weeds
by other scientists. However, on the one hand, this can be
explained by the fact that weed classifications are controversial,
given that the way scientists define weeds and classify species as
weeds depend on their disciplinary background (Perrins et al.,
1992). On the other hand, crops might become weeds in other
parts of the world, depending on the biological characteristics
of the species, the environment where it is growing and the
associated management practices (Harlan, 1965).

Farmers’ Motivations to Manage “Wild”
Food Plants
Mestizo farmers’ motivations to manage “wild” food plant species
affect management practices and forms. Management, including
human induced movement of planting material across the
landscape, influences: (a) artificial selection and, consequently,
evolution; and (b) the availability and distribution of species
across the farming landscape and, consequently, their ecology.
The results of this study, based on focus group discussions,
showed that farmers’ motivations belong to two major groups:
motivations related to cultural importance, particularly in
relation to use-value, and motivations related to perceived
abundance. These will be discussed in the following paragraphs.

Human management practices usually focus on the
preservation of culturally important species. Although, as
part of this study we did not directly ask informants about the
cultural value of each species, culture was captured through the
study of motivations to manage “wild” food plants, particularly
in relation to species use-value. This is reflected in the following:
(a) villagers transplanted almost three-fourths of the species
to have them close to home, which facilitates their availability
and access for frequent use; (b) informants also emphasized the
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use of species as food and medicine, or their use for coloring
food and drinks, and for firewood; (c) the most common
reason for not transplanting a species, accounting for more
than two-thirds of the species that have not been transplanted,
was the long time it takes to grow, what implies that villagers
cannot make immediate use of it. This is aligned to the findings
of various authors that have documented the influence of
cultural importance, including use-value, on farmers’ incentives
to manage a species (e.g., Casas et al., 1996; Guijt, 1998;
Ogle, 2001; González-Insuasti et al., 2008, 2011; Blancas et al.,
2013).

Human management practices also focused on the
preservation of species perceived to decrease in abundance.
For instance, more than half of the species that were perceived to
be less abundant, were transplanted, plus two species that were
not transplanted but presented incipient management practices.
Likewise, it has been reported by other studies that decreased
abundance (or perceptions of a species rarity) are directly related
with a farmers’ decisions to manage a species (e.g., Stoffle et al.,
1990; Cunningham, 1993; Price, 1997; Blancas et al., 2013,
2014).

Although the results of this study showed that human
adaptation to rapidly changing environments (i.e., under
scenarios of deforestation) promotes the management of food
species and their movement across the farming landscape, the
findings also reported the presence of destructive harvesting
practices. For instance, villagers cut down trees to collect
fruits (four species), for timber (four species), for firewood
(two species) and when slashing and burning (one species),
accounting for almost half of the species that have decreased
in abundance. Whereas some of these species are transplanted
to home gardens (but cut down in forests and agricultural
fields), others are not transplanted because of—as villagers
mentioned—the long time it takes them to grow. This is
not surprising in the deforestation frontier, where multiple
stakeholders, including villagers themselves, contribute to forest
loss. For instance, it has been documented that timber production
is facilitated by legal and illegal channels of trade, which are
more available for mestizo upland villages in Ucayali than
for mestizos living in lowlands or indigenous communities
(Porro et al., 2015). The presence of unsustainable management
practices related to useful wild plants has also been reported
in other regions (e.g., González-Insuasti et al., 2011; Blancas
et al., 2013). In these cases, it is necessary to promote
sustainable management practices that favor the conservation
of important wild food plants and other underutilized species.
For example, local organizations are teaching the communities
situated in the buffer zone of the Cordillera Azul National
Park (Peruvian Amazonia) sustainable practices to collect
the fruits of M. flexuosa without cutting down the trees
(CIMA, 2012). This kind of initiatives is very important
and necessary for ensuring the conservation of valuable food
species, particularly those whose populations are decreasing
in the Amazon deforestation frontier. Furthermore, it is
necessary to implement interventions that simultaneously aim
at environmental conservation, social equity, and sustainable
livelihoods (Porro et al., 2015).

Limitations of this Study
The main constraint of this study was that the results obtained
were not suitable to generalization for larger populations, given
that the data collection was based on focus group discussions.
For instance, a limitation of participatory methods, like focus
groups, is that their outputs do not allow statistical estimations
(Kumar, 2002; Chambers, 2012). However, focus groups capture
group perspectives and provide reliable information on topics
that are significant for marginalized communities (Bernard,
2002). It is important to emphasize that the results from
this study should not constitute the endpoint for decision-
support processes, but should rather constitute the exploratory
and hypothesis generating stage of future quantitative scientific
projects. In this way, this study opens the possibilities for future
in-depth and quantitative studies on management perspectives,
for example aimed at understanding how motivations to manage
wild food plants are shared within and among socio-cultural
groups. In addition, future studies should take into consideration
issues related to gender, education, wealth and geographical
location, which affect the ways people interact with plants (and,
consequently, people’s motivations to manage them). This is
certainly necessary, given that the study of people’s motivations
contributes to understanding the reasons behind management
decisions and, ultimately, domestication.

CONCLUSIONS

The results of this study on management practices, including
the human-induced movement of “wild” food plant species
across the forest-agriculture landscape, and the motivations that
mestizo farmers have to manage them, magnify the already
acknowledged importance of “wild” food plant management,
including weed management, for ensuring the availability of
“wild” food species. In this way, management practices see to
rural families having sufficient food and nutritional diversity,
and to these species being preserved in highly intervened
anthropogenic environments when forests decline.

This research, conducted in a village in the Peruvian Amazon,
provides empirical evidence that mestizo farmers transplant
food plant species across different environments within the
farming landscape, bringing planting material from less to more
disturbed anthropogenic environments. This emphasizes the
spatial and seasonal complementarity of different anthropogenic
ecosystems for food provision, which is particularly important
for families living in the forest-agriculture interface. The findings
of this study showed that farmers’ motivations to manage “wild”
food plant species are related to their cultural importance,
particularly in relation to use-value, and to their perceived
abundance. However, the presence of unsustainable management
practices was also reported, therefore initiatives that support the
conservation and sustainable use of these species are increasingly
needed in the region.
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