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Abstract. Coronel-Castro E, Meza-Mori G, Torres-Guzman C, Oliva-Cruz M, Pariente-Mondragén E, Sopla-Tafur R, Barboza E,
Amasifuen Guerra CA. 2024. Impact of subsistence hunting on the diversity of wildlife species in the Amazonian Andes of Northeastern
Peru. Biodiversitas 25: 4816-4828. This study examines the impact of subsistence hunting on wildlife diversity in the northeastern
Amazonian Andes of Peru, where hunting is a crucial activity for the food and livelihoods of rural communities. Fieldwork was
conducted in 25 communities, where 1,027 residents were interviewed to identify the species hunted, the motivations behind this
practice, and the impact of hunting on species population abundance. A total of 53 hunted species were recorded (24 birds and 29
mammals), with notable orders including Carnivora, Columbiformes, and Rodentia. Species diversity was assessed using diversity
indices, and community clustering was analyzed, revealing a high diversity of hunted species. In two communities, Omia and Primavera,
hunting was fairly evenly distributed among various species. In comparison, in Lonya Grande and Nuevo Tingo, we found a
concentration of hunting on a few species, potentially leading to the overexploitation of these populations. Additionally, communities
were categorized into two main hunting groups based on ecosystem and elevation. Principal component analysis revealed that species
such as majaz (Cuniculus taczanowskii) and venado gris (Odocoileus virginianus) are hunted primarily for food, while others, such as
loro choclero (Psittacara mitratus), are hunted for conflict with humans. Moreover, there was a widespread perception of the declining
abundance of hunted species, indicating the pressure that subsistence hunting places on local wildlife. These findings highlight the need
for collaborative, sustainable management strategies to conserve wildlife in this ecoregion, emphasizing the role of the entire community
in this crucial effort.
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INTRODUCTION

Wildlife plays a fundamental role in the structure and
dynamics of ecosystems and is critical for essential
ecological processes such as energy flow, seed dispersal,
and pollination. Their presence and function within
ecosystems not only help maintain environmental stability
but are also vital to the livelihoods of diverse human
communities (Hernandez et al. 2013; Lira-Torres et al.
2014). Wildlife serves as an indispensable resource for
multiple aspects of human life, ranging from meeting
nutritional and medicinal needs to preserving cultural
practices and generating economic income through the
trade of animal-derived products (Monroy and Garcia
2013). In this context, hunting emerges as a primary
method of exploiting wildlife and plays a crucial role in
local economies, especially in regions where hunting is a
subsistence activity. This economic role of hunting
underscores the significance of wildlife in rural economies,
providing a source of income and livelihood for many
communities (Francesconi et al. 2018).

Subsistence hunting is of great importance to many
rural and traditional communities, providing an important
source of food and income. In many regions, wildlife meat
is not only an essential part of the diet, but also
economically supports household livelihoods, making
hunting a vital activity for the survival and economic well-
being of these populations (Shoobridge 2019). Moreover,
in many cultures, hunting is deeply rooted in traditions and
cultural practices, reinforcing its value beyond its purely
economic function. This activity is characterized as an
adaptive strategy that allows hunters to meet the basic
needs of their families and, in some cases, entire
communities (Santos-Frita 2013). Importantly, hunting also
plays a significant role in social cohesion, strengthening
community ties and fostering a sense of shared
responsibility and mutual support, thereby contributing to
the preservation of traditional knowledge (Maturbongs et
al. 2024).

Despite its importance, subsistence hunting poses
certain risks to wildlife populations, although these risks
are generally lower compared to commercial hunting. On
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the other hand, the increasing availability of firearms has
intensified hunting and improved hunter strategies (De
Souza-Mazurek et al. 2000). This has influenced the
increase in wildlife crime worldwide in recent years
(Koutchoro et al. 2024). In fact, human activities can
determine how animals use the landscape (Mumme et al.
2023; Handschuh et al. 2024). The problem, in some
developing countries is serious, as wildlife crime
regulations and enforcement are weak (Koutchoro et al.
2024). These regulations propose guidelines for subsistence
and sport hunting, however, in practice, they do not
officially define hunting seasons, species, or quotas for
native wildlife, which promotes the mismanagement of
natural resources and wildlife (El Bizri 2024; Koutchoro et
al. 2024). This could generate social conflicts and affect
economic progress and tourism (Kurland et al. 2017). In
addition, illegal wildlife trade can deprive local
communities of their livelihoods and increase poverty and
inequality (Duffy et al. 2016; Anagnostou et al. 2021).

Research has shown that subsistence hunting can
increase pressure on target species, particularly on large
and medium-sized vertebrates, which can lead to
significant negative impacts on wildlife populations
(Benitez-Lopez et al. 2017). Studies such as those by
Kirkland et al. (2018) highlight hunting as a significant
threat to wildlife, noting that the overexploitation of faunal
resources can have negative impacts on both animal
populations and human communities that depend on these
resources. Harrison et al. (2016) also points out that
hunting negatively affects the structure of vertebrate
communities, mainly due to the selective and excessive
removal of certain species, such as large prey. This
phenomenon contributes to the massive population collapse
and geographic range reduction of many terrestrial
mammals worldwide. Bowyer et al. (2019) highlights that
the world's mammals are endangered by hunting,
highlighting the urgent need for action to prevent the
continued loss of biodiversity.

4817

In Peru, research has been conducted on wildlife
hunting in Amazonian communities where the predominant
ecosystem is tropical rainforest (Gonzales and Llerena
2014; Pérez-Pefia et al. 2023). However, there is a notable
lack of kind of studies in rural communities in the
Amazonian Andes of Peru, despite the fact that subsistence
hunting is a common practice in all rural areas of this
country. This gap in scientific knowledge represents an
opportunity to explore and document the specific
characteristics of hunting in these communities. In this
study we find to fill this information gap by documenting
the characteristics of hunting in rural communities in the
Amazonian Andes of northeastern Peru. The goal of this
study is to document the diversity of species hunted and the
reasons for this activity, in order to provide a more
comprehensive and accurate understanding of its impact on
local wildlife and the socioeconomic dynamics of the
region.

MATERIALS AND METHODS

Study area

This research was conducted in the Amazonian Andes
of northeastern Peru, in a transitional zone that combines
both Amazonian and Andean characteristics, differentiated
by its ecosystem composition, climate, and topography as a
consequence of its location on the eastern flank of the
Andes Mountain range (Barboza et al. 2020). Culturally,
this region extends from 2,000 to 3,000 meters above sea
level (masl) (Kauffmann Doig 1994). Ecologically,
however, the Amazonian Andes encompass elevations
from 500 to 3800 masl, characterized by the presence of
high rainforests with typical Amazonian vegetation, as well
as narrow valleys and steep slopes (Young et al. 2015;
Chaca and Fernandez 2016). This study focused on various
rural communities in the Amazonian Andes of northeastern
Peru (Figure 1).
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Figure 1. Location of the rural communities of the Amazonian Andes of northeastern Peru
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The variation in altitudes and topographic diversity
generate a wide range of ecological conditions and soil
types, giving rise to different ecological floors, such as
high forest (basimontane forest, montane forest and pluvial
altimontane forest), and jalca (Ministerio del Ambiente
2017, 2019). However, humid forests mainly characterize
this region as a result of intense annual rainfall. In terms of
biodiversity, the area is home to a wide variety of fauna,
including primates, rodents, felines, birds, reptiles,
amphibians, river fish, and a large diversity of insects, as
well as a rich flora with an abundance of palms, ferns, and
fruit trees (Chaca and Fernandez 2016). In Peru, this region
covers approximately 208,077.44 km? and is more
predominant in the northern departments, such as
Amazonas, Cajamarca, Piura and San Martin (Brack 1986;
Ministerio del Ambiente 2017).

Field study

This study was based on a field survey applied in
several rural communities located in the Amazonian Andes,
in the northeastern of the department of Amazonas, Peru.
The selection focused on the central and southern areas of
the department, where most of the rural communities are
concentrated. In order to identify the most representative
communities in this region that offered the appropriate
conditions to understand hunting practices, several criteria
were considered. First, the selected communities are
located in ecosystems such as basimontane forest, montane
forest, pluvial altimontane forest and jalca, natural areas
with remarkable biological diversity (Ministerio del
Ambiente 2019; Pronaturaleza 2021). In addition, those
with the largest rural population were prioritized (Instituto
Nacional de Estadistica e Informatica 2018), in order to
ensure adequate representativeness of hunting perceptions.
Another key criterion was geographic location, choosing
communities centrally located in each ecosystem to ensure
representativeness. Finally, communities with greater
vegetation cover were selected, as a greater expanse of
vegetation provides more resources and opportunities for
hunting practices (Day Pilaria 2018). A total of 25
communities were selected: Camporredondo, Chiliquin,
Choctamal, Cocabamba, Granada, Jorobamba,
Leimebamba, Levanto, Lonya Grande, Maria,
Molinopampa, Montevideo, Nuevo Olmal, Nuevo Tingo,
Ocalli, Olleros, Omia, Pedro Ruiz, Primavera, San José,
San Juan de La Libertad, Shucush, Sonche,
Yambrasbamba, and Yomblon (Figure 1). Prior to the
application of each survey, verbal consent was obtained
from participants, and the ethical guidelines of the
International Society of Ethnobiology (International
Society of Ethnobiology Code of Ethics 2006; Hassan et al.
2022) was complied with. The survey targeted local
residents over 34 years of age, knowledgeable about
hunting practices in the region and linked to the rural
activities and traditions of their communities. The choice of
this age group was based on previous studies indicating
that people over 34 years of age perform most of the
hunting activity and are more associated with field work
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and local customs (Anaya-Zamora et al. 2017; Raftogianni
et al. 2022).

Respondents were selected by random sampling (Garcia
et al. 2018; Hassan et al. 2022), for which the following
formula was used to determine the sample size (Montesano
2001):

3 NxZZxpxgqg
n_ez.x(N—l)-l—Zéxpxq

Where:

n: Sample size

N: Size of the population or universe

Z: Statistical parameter dependent on the confidence
level (CL)

e: Maximum acceptable estimation error

p: Probability of occurrence of a studied event (success)

A total of 1,577 residents over 34 years of age were
identified, of which 1,366 confirmed to be residents of the
rural communities. From this total, a sample of 1,182
people to be surveyed was calculated. However, the final
sample consisted of 1,027 participants distributed among
the 25 selected communities (Table 1), given that some
individuals were unaware of the hunt or decided not to
participate in the survey.

Table 1. Determination of the number of people surveyed per
rural community in the Amazonian Andes of northeastern Peru

Population Population .
Rural >34 years Calculated Final
. > 34 years
community old sample  sample
old .
(resident)
Camporredondo 96 81 67 59
Chiliquin 42 33 30 25
Choctamal 48 40 36 31
Cocabamba 35 27 25 22
Granada 73 62 54 46
Jorobamba 94 83 68 61
Levanto 65 59 51 44
Leimebamba 71 62 54 51
Lonya Grande 102 86 70 58
Maria 47 43 39 35
Molinopampa 94 76 64 56
Montevideo 33 29 27 22
Nuevo Olmal 39 36 33 31
Nuevo Tingo 58 49 44 34
Olleros 33 30 28 25
Ocalli 73 65 56 46
Omia 69 63 54 45
Pedro Ruiz 93 74 62 49
Primavera 56 50 44 38
San José 68 62 53 53
San Juan de la
Libertad 89 78 65 57
Shucush 44 41 37 31
Sonche 24 22 21 21
Yambrasbamba 73 64 55 46
Yombl6n 58 51 45 41
Total 1577 1366 1182 1027
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Interviews were conducted with residents involved in
hunting activities in each location. The selection of these
individuals was initially done using the "key informant"”
technique (Garcia et al. 2018), which involves contacting a
community leader, community head, or someone with
extensive knowledge and influence within their
community. A snowball sampling technique was then used
to identify individuals of interest for the research. In this
method, one interviewee refers the researcher to another
person, who in turn provides the name of a third person,
and so on; thus, snowball sampling allows for the
identification of initial participants who then refer
additional potential respondents (Naderifar et al. 2017;
Bula 2023). This collaborative approach ensured that the
research was comprehensive and inclusive. However,
although the identified hunters provided the requested
information, many expressed reluctances to engage in
hunting activities for fear of being reported.

Surveys were semi-structured and included questions
on species hunted, reasons for hunting, and perceptions of
species abundance. This approach is common in studies of
subsistence hunting studies and has been documented in
previous research (Lira-Torres et al. 2014; Garcia et al.
2018; Hassan et al. 2022; Castillo-Doloriert et al. 2024). In
some communities, authorization was obtained to
accompany hunters in their activities, allowing
photographic capture of the animals hunted in the local
forests. In addition, camera traps were placed in the forests
near the communities in order to monitor wildlife, which
facilitated the identification of the diversity of species
hunted. Camera installation was limited to areas adjacent to
13 communities due to limited availability of equipment
and lack of permits in some locations. Despite these
restrictions, we were able to place the cameras in strategic
locations, which made it possible to record the greatest
diversity of wildlife.

Species inventory

All species of hunted wildlife, including both birds and
mammals, were recorded and documented in terms of
orders, families, genera, and species. This documentation
was based on the online database "Integrated Taxonomic
Information System™ (https://www.itis.gov) (accessed 21
May 2024). Taxonomic identification was performed using
specialized literature (Schulenberg et al. 2010; Quifionez
and Hernandez 2017; Pacheco et al. 2020, 2021; Salinas et
al. 2021), as well as the support of local wildlife experts.

Data analysis
The following parameters were analyzed using RStudio
4.4.1:

Species abundance

The abundance of hunted species was estimated based
on local people’s perceptions. This methodology follows
established approaches for assessing hunting pressure on
biodiversity (Kamgaing et al. 2019).
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Alpha diversity

Alpha diversity indices were calculated, including
species richness (S), the inverse Simpson Index (1/D), the
Shannon-Wiener index (H’), and the Fisher index (a).
Communities were compared based on their alpha diversity
values to assess variation in species diversity and hunting
pressure  (Rebollar-Téllez and Moo-Llanes  2020;
Keybondori et al. 2023).

Cluster analysis

A cluster analysis was performed to identify patterns in
the similarity of hunted species among communities. This
analysis is based on the Jaccard similarity index, which
ranges from a minimum of zero (completely dissimilar
communities) to a maximum of one (identical communities
in terms of species presence/absence) (Velamazan et al.
2018; Culqui et al. 2024).

Principal Component Analysis (PCA)

A PCA was used to identify patterns in hunting drivers
and to assess the relationship between species abundance
and hunting pressure (Hassan et al. 2022; Pérez-Pefia et al.
2023). Also, a PERMANOVA was conducted to determine
significant differences in species dissimilarity based on
hunting drivers and perceived abundance. This method is
useful for the analysis of multivariate data (dos Santos
Teixeira et al. 2020; Parsons et al. 2022).

RESULTS AND DISCUSSION

Inventory of hunted species

A total of 53 species were recorded, consisting of 24
birds and 29 mammals, distributed in 48 genera, 31
families and 17 orders. The most diverse order in terms of
species hunted was Carnivora with 9 species, followed by
Columbiformes with 7 species, Rodentia with 6 species,
and Artiodactyla and Galliformes with 4 species each.
Among the families with the greatest diversity are
Columbidae with 7 species, followed by Cracidae with 4
species, and Mustelidae and Ramphastidae with 3 species
each. Among the genera, Patagioenas was the most diverse
with 4 species, while Dasypus, Didelphis and Psittacara
only presented 2 species each (Table 2).

Abundance of hunting species

The most frequently hunted wildlife species in the
Amazonian Andes of northeastern Peru, based on the
perceptions of local people, are shown in Figure 2. Species
such as Cuniculus taczanowskii, Odocoileus virginianus,
Leptotila verreauxi, and Dasyprocta fuliginosa show the
highest frequency of hunting across all communities. In
contrast, hunting of oso perezoso (Cyclopes didactylus),
puma (Puma concolor), lobo de rio (Lontra longicaudis),
and sachavaca (Tapirus terrestris) is infrequent and limited
to a few localities, which may be due to factors such as the
distribution and/or abundance of the species, given that
their recording in the camera traps was rare. Perceptions of
local people about the abundance of most hunted species
are asymmetrical; some species are heavily hunted in
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certain areas, but rarely or not at all in others. Conversely,
other species are hunted in several communities, but are
perceived to be hunted infrequently in each locality. These
latter species include oso de anteojos (Tremarctos ornatus),
trigrillo (Leopardus pardalis), mono nocturno (Aotus
miconax), cashapicuro (Coendou bicolor), achuni (Nasua
nasua), ardilla (Sciurus spadiceus), Caracara (Daptrius
megalopterus), Gavilan (Falco sparverius), Zorzal (Turdus
fuscater), Garza de rio (Nycticorax nycticorax), and tucan
de garganta amarilla (Ramphastos ambiguus), which are
hunted primarily because of conflicts with local people
and/or incidental encounters in the forest or on private land.

The range-abundance curve showing local perceptions
of hunted species, arranged in descending order (Figure 3),
highlights the ten most commonly reported species. A total
of 965 respondents indicated that Cuniculus taczanowskii is
hunted in the northeastern Andes of Peru. Other commonly
hunted species, according to the number of respondents, are
Odocoileus virginianus (958), Leptotila verrauxi (913),
Dasyprocta fuliginosa (803), Penelope montagnii (792),
Psittacara mitratus (707), Silvilagus andinus (476),
Nothoprocta pentlandii (437), Dasypus novemcinctus
(397), and Patagioenas fasciata.

Table 2. Wildlife hunted in rural communities in the Amazonian
Andes of northeastern Peru

Class: Order: Family: Species Common name

Aves: Columbiformes: Columbidae
Leptotila verreauxi Bonaparte
Patagioenas cayannensis Bonnaterre
Patagioenas fasciata Say

Paloma, pugo

Luta, turca, torcaza
Luta, paloma de nuca
blanca, turca, torcaza
Turca, torcaza
Turca, torcaza
Tortola, saparcita
Paloma de montafia

Patagioenas oenops Linnaeus
Patagioenas subvinacea Lawrence
Zenaida auriculata Des Murs
Zentrygon frenata Tscudi

Aves: Falconiformes: Falconidae
Daptrius megalopterus Meyen
Falco sparverius Linnaeus

Aves: Galliformes: Cracidae
Aburria aburri Lesson

Caracara, aguila negra
Gavilan

Pava curunculada, pava
negra

Chamaepetes goudotii Lesson
Ortalis guttata Spix
Penelope montagnii Bonaparte

Aves: Passeriformes: Cardinalidae
Pheucticus chrysogaster Lesson

Aves: Passeriformes: Corvidae
Cyanocorax yncas Boddaert

Aves: Passeriformes: Turdidae
Turdus fuscater Lafresnaye &

D’Orbigny

Aves: Pelecaniformes: Ardeidae
Nycticorax nycticorax Linnaeus

Pava grande, Sachahuashpa
Guataraco

Coluncha, pava mora, pisha,
sachahuashpa tataca
Piuro

Quinquin, quienquién

Sorzal

Garza de rio
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Aves: Piciformes: Ramphastidae
Andigena hypoglauca Gould
Ramphastos ambiguus Swainson
Selenidera reinwardtii Wagler

Aves: Psittaciformes: Psittacidae
Psittacara mitratus Tscudi
Psittacara sp.

Aves: Tinamiformes: Tinamidae
Crypturellus obsoletus Temmynck
Nothoprocta pentlandii Gray

Mammalia: Artiodactyla: Cervidae
Mazama americana Erxleben
Odocoileus virginianus Zimmermann

Mammalia: Artiodactyla: Tayissuidae
Dicotyles tajacu Linnaeus
Tayassu pecari Link

Mammalia: Carnivora: Canidae
Lycalopex culpaeus Molina

Mammalia: Carnivora: Filidae
Leopardus pardalis Linnaeus
Puma concolor Linnaeus

Mammalia: Carnivora: Mephitidae
Conepatus semistriatus Boddaert

Mammalia: Carnivora: Mustelidae
Eira barbara Linnaeus
Lontra longicaudis Olfers
Mustela frenata Illiger

Mammalia: Carnivora: Procyonidae
Nasua nasua Linnaeus

Mammalia: Carnivora: Ursidae
Tremarctos ornatus Cuvier

Mammalia: Cingulata: Dasypodidae
Dasypus novemcinctus Linnaeus
Dasypus pilosus Fitzinger

Tucan pechigris
Tucan de garganta amarilla
Tucancito de pico rojo

Loro choclero, loro cabeza roja
Loro upa

Perdiz marron, perdiz grande
Perdiz, perdiz pequefia

Venado colorado
Venado gris

Sajino
Huangana

Zorro

Chinchay, tigrillo
Leonera, puma

Zorrillo

Tayra, tejon

Lobo de rio, nutria
Guaygash, guaygashillo
Achén, achuni

Oso de anteojos, 0so andino
Armadillo, Carachupa

Amadillo peludo,
carachupa peluda

Mammalia: Didelphimorphia: Didelphidae

Didelphis marsupialis Linnaeus
Didelphis pernigra Allen
Mammalia: Lagomorpha: Leporidae
Sylvilagus andinus Thomas
Mammalia: Perissodactyla: Tapiridae
Tapirus terrestris Linnaeus
Mammalia: Pilosa: Cyclopedidae
Cyclopes didactylus Linnaeus
Mammalia: Primates: Aotidae
Aotus miconax Thomas
Mammalia: Primates: Atelidae
Ateles belzebuth E. Geoffroy
Mammalia: Primates: Cebidae
Saimiri cassiquiarensis Lesson
Mammalia: Rodentia: Caviidae
Cavia tschudii Fitzinger
Mammalia: Rodentia: Cuniculidae
Cuniculus taczanowskii Stolzmann
Mammalia: Rodentia: Dasyproctidae
Dasyprocta fuliginosa Wagler
Mammalia: Rodentia: Dinomydae
Dinomys branikii Peters
Mammalia: Rodentia: Erethizontidae
Coendou bicolor Tschudi
Mammalia: Rodentia: Sciuridae
Sciurus spadiceus Olferes

Canchul, chepa, sarihueya
Canchul, chepa, sarihueya

Conejo

Sachavaca

Oso perezoso

Mono nocturno
Maquizapa

Mono ardilla

Cuy salvaje, sachacuy
Majas, picuro

Afiuje, chosca

Picuro mama, ronsoco
Cashapicuro, puercoespin

Ardilla




CORONEL-CASTRO et al. — Hunting in northeastern Peru 4821
lo}
= o
o
T T T
1 I 1
1 ) 1
%_ 1 ] 1
1 I 1
1 T 1 1
1 1 T 1
. TRiw ! o
H o \
= 1 1
i o i
1 1 Q (@]
: o r i j r
? 1 I 1
I I o 8 t - I
1 1 T I
1 : o i 1o, ! | £
1
1O 1 ] H
=_| 1 [ T A 8. 0y T T 08
. O, 1O : | T = 1 o 8
o ':': L o T [ 8 8| 81 1 g 1 T 2 T
o[|'.9 o HuRs 8 1 Q7 [ ! o080 i
Opf |t 8o Op QT i t. '8 5 i
Bg D g o) g 8 i i Sé T 1% H 08, D
o O T
= e8.0Uo- UaoleZ UZ__Uo20-USU o 2ii2Tobe wilée O.--
T T T T I T T T T T I T T T T T T T T T T T I T T T T I T T T TTTTTTT]
TR EEESEEER R EE L 38 sEsSs 3882335383 328 E2822888s83 3381 E
Fe38Ssigigiaiit SES3ciifitfisigEEiicsirciEodsgesit
ffesosges8855:c2 RE§sagcee i EpsEsfaidesiogisibagdzess
55335888 s8z3 8¢ SEcsgsfsiisssigfegaaseigsaugisaggit
SL,<85385, 88283 ¢5E 2 §gqg,,qwueam§8=m{-u.;§qg%-g B2 E3&7s
g2 2 s s 25 c sl 2 =4 £ m 2 FEEE RS- K- £ 0 g 5 3o Q E
LR E Eéi‘is{g%iﬁ"”& gesaz e E 3“33..‘:“;‘ g0 5 & a2 3 & g
23S = : & - - £ ~E = c & 2 &
o R 283858 3 ~§3°33 3 §

Figure 2. Perception of wildlife hunting abundance in the Amazonian Andes of northeastern Peru. The midline indicates the median, the

box is the interquartile range, and the black circles are outliers
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Figure 3. Distribution-abundance curve of hunted species as perceived by local people in the Amazonian Andes of northeastern Peru

Diversity indices of hunted species

The values obtained for alpha diversity, i.e., the number
of species present in each community (specific richness
(S)) and the indices based on the structure within each
community (inverse Simpson index (1/D), Shannon-Wiener
index (H') and alpha Fisher index (o) are shown in Table 3.

The communities of Omia, Primavera and San José
have the highest number of species hunted and the highest
values of the inverse Simpson index, the Shannon-Wiener
index and the Fisher index, indicating a high diversity of
species hunted in these localities. Nevertheless, hunting is
balanced and infrequent for most species. Similarly, in

Molinopampa, Maria, Leimebamba, and Levanto, a high
number of hunted species and high values of the diversity
indices are observed, indicating an equitable distribution of
hunting among different species, without any species being
hunted predominantly. In Sonche, the high values of the
inverse Simpson index and the alpha Fisher index also
reflect a high diversity of hunted species. However, of most
species is rare or unusual. On the other hand, Lonya
Grande, Nuevo Tingo and Olleros show lower values of
richness and diversity, indicating a lower diversity of
hunted species and a more concentrated hunting of certain
species.
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Similarity of hunted species among communities

Clustering analysis based on hunted species similarity
in rural communities in the Amazonian Andes of
northeastern Peru revealed two main groups with
approximately 70% overlap (Figure 4). The first group
includes Omia, Primavera, San Juan de la Libertad,
Yambrasbamba, Shucush, Camporredondo, Ocalli, Maria,
Choctamal, Yomblén, San José, Molinopampa,
Leimebamba, and Levanto. Within this group, the first
seven localities form a subgroup characterized by hunting
areas located mainly in the basimontane forests. The
second subgroup includes the remaining communities
located in the montane forests and the pluvial altimontane
forests. The second group consists of Nuevo Olmal,
Sonche, Nuevo Tingo, Pedro Ruiz, Cocambamba,
Chiliquin, Granada, Montevideo, Olleros, Jorobamba and
Lonya Grande. The similarity in species composition
among these communities can be attributed to their
common ecosystems. Some of these communities, such as
Nuevo Olmal, Sonche, Nuevo Tingo, Pedro Ruiz,
Cocambamba, Montevideo, Jorobamba and Lonya Grande,
are located near dry forests. In comparison, Chiliquin,
Granada and Olleros are located in the jalca.

Grouping of hunted species

Principal component analysis was used to group the 10
most hunted species according to the reasons for hunting in
the study communities (Figure 5). The species Penelope
montagnii, Odocoileus virginianus, Patagioenas fasciasta,
Cuniculus taczanowskii, Leptotila verreauxi, Dasyprocta
fuliginosa, Dasypus novemcinctus and Sylvilagus andinus
were found to be hunted mainly for food consumption by
the inhabitants of the Amazonian Andean communities of
northeastern Peru (Figure 6). In contrast, Psittacara
mitratus and Nothoprocta pentlandii are hunted mainly for
the conflicts they cause by damaging crops. Hunting for
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commercial purposes, such as pets or medicine, is
irrelevant or rare in these communities. Significant
differences in dissimilarity were identified using
PERMANOVA with a p-value of 0.0001.

Table 3. Richness values and alpha diversity indices of wildlife
species hunted by rural communities in the Amazonian Andes of
northeastern Peru

Community S 1/D H’ o

Camporredondo 19 12.87 2.70 3.97
Chiliquin 18 13.91 2.74 4.08
Choctamal 20 13.46 2.74 4,78
Cocabamba 18 14.30 2.75 452
Granada 19 14.37 2.78 3.94
Jorobamba 17 11.68 2.60 3.34
Leimebamba 26 18.12 3.06 5.82
Levanto 25 17.98 3.04 5.76
Lonya Grande 13 9.87 2.39 2.54
Maria 26 19.04 3.07 6.15
Molinopampa 30 15.55 3.02 6.40
Montevideo 17 12.83 2.67 4.29
Nuevo Olmal 21 13.91 2.79 5.09
Nuevo Tingo 13 9.45 2.39 3.09
Ocalli 19 13.17 2.71 4.13
Olleros 14 11.01 2.48 3.28
Omia 34 22.59 3.28 7.82
Pedro Ruiz 16 10.09 2.45 3.54
Primavera 31 24.24 3.29 7.30
San José 30 17.26 3.07 6.75
San Juan de la Libertad 17 11.60 2.59 3.44
Shucush 16 11.30 2.55 3.65
Sonche 24 15.33 2.89 6.69
Yambrashamba 21 12.82 2.72 4,77
Yomblén 19 14.43 2.80 4.55

Note: S: Species richness, 1/D: Inverse Simpson index, H":
Shannon-Wiener index; o: Fisher index
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Figure 4. Analysis of the grouping of rural communities in the Amazonian Andes of northeastern Peru, in relation to the species hunted
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Figure 6. Wildlife hunted for food by communities in the Amazonian Andes of northeastern of Peru
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Figure 8. Camera traps recording Dasyprocta fuliginosa and Cuniculus taczanowskii individuals near crops

Impact of hunting on wildlife populations

A principal component analysis also established a
relationship between the 10 most hunted species and the
perceived abundance of their populations. This analysis
revealed that, in general, respondents believe that the
abundance of these species has decreased, with the
exception of Penelope montagnii, whose population is not
perceived as reduced by some residents. Overall, the study
indicates that the abundance of these species has not
increased in the northeastern Peruvian Amazon Andes, and
the PERMANOVA analysis showed significant differences
in abundance dissimilarity (Figure 7).

Discussions

The analysis of the diversity of hunted wildlife species
in the northeastern Andes of Peru provides a complex
outline that integrates both the biological richness of the
region and the sociocultural dynamics that influence
wildlife hunting practices. The identification of 53 species
distributed in 48 genera, 31 families, and 17 orders
highlights the remarkable biodiversity of the area and the
multiple interactions between human communities and
local fauna, as also reported in previous studies in the
Amazon region (Gonzales and Llerena 2014; Carignano
Torres et al. 2021; Pérez-Pefia et al. 2021, 2023). The
predominance of species of the order Carnivora, such as the
Puma concolor and Tremarctos ornatus reveals the close
coexistence between the local population and these
mammal carnivores. Although the hunting of these species
is perceived as rare by the local people, it may be
associated with human-wildlife conflicts, as these
carnivores may pose a potential threat to livestock or
agroecosystems. Local perceptions indicate that hunting of
large carnivores is rare highlighting the importance of these
animals in local culture, and the potential tensions in their
management (Zug 2018). On the other hand, the most
commonly hunted species belong to the orders Rodentia
(mammals) and Columbiformes (birds). These species are
primarily hunted for food, although they are also
considered agricultural pests due to the damage they cause
to crops (Figure 8). This duality in the perception of hunted
species suggests a delicate balance between food needs and
agricultural conflicts, a situation also observed in other

parts of the Amazon (Francesconi et al. 2018) and various
regions of the Neotropics (De Souza et al. 2018; Rios et al.
2018; Castillo-Doloriert et al. 2024).

Alpha diversity indices applied to hunted species in the
northeastern Andes of Peru reveal significant variability.
The communities of Omia, Primavera, and San José exhibit
high species richness and diversity. These findings suggest
that hunting in these communities is evenly distributed
among a wide variety of species, which may be related to
sustainable hunting strategies or a traditional use of the
natural environment that supports local biodiversity
conservation (Neumann et al. 2022). Despite the high
diversity, the perception of hunting frequency is generally
low, suggesting that pressure on animal populations may be
manageable; however, emphasize the need for monitoring
these practices to ensure long-term sustainability. In
contrast, the communities of Lonya Grande, Nuevo Tingo,
and Olleros greater concentration of hunting is perceived in
a few species, such as Cuniculus taczanowskii, Odocoileus
virginianus, Dasyprocta fuliginosa, and Leptotila
verreauxi. This specialization in certain species could lead
to overexploitation, a worrying pattern observed in other
rural areas of Latin America (Solano-Gomez and Mora
2023). Selective pressure can lead to local declines of key
species, affecting the stability of ecosystems and the
environmental services they provide (Nesi¢ and Bjedov
2020).

Cluster analysis of communities reveals the influence of
shared ecosystems on the similarity of hunted species
across ~ communities,  highlighting  how  habitat
characteristics determine hunting dynamics (Nasi et al.
2011). Specifically, communities with higher species
richness and diversity of hunted species are located in the
Yunga montane forest, montane forest, and altimontane
forest. This suggests that the high hunting indices in these
areas may be related to the specific ecological
characteristics and species availability in these habitats. In
contrast, communities near dry forests and those above
2,900 masl, where grasslands and shrubs predominate, have
a lower diversity of hunted species due to the reduced
variety of wildlife available in these environments.

Principal component analysis of hunted species and
reasons for hunting reveals a clear distinction between
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hunting for subsistence and hunting driven by conflict,
such as crop damage. These findings are consistent with
previous studies documenting that hunting in rural
communities is often focused on species that provide
essential food resources. In comparison, other species are
hunted as a means of crop damage control (Coad et al.
2019). Furthermore, in terms of the abundance of the
species being hunted, respondents' perceptions of declining
abundance are significant, despite the relatively low
frequency and pressure of hunting. This may indicate that
subsistence hunting, even at low levels, can have
significant negative impacts on wildlife, particularly
medium and large sized mammals, as noted in previous
studies (Francesconi et al. 2018; McFarlane et al. 2024).
The impact of subsistence hunting on wildlife in the
Amazonian Andes highlights the need for sustainable
management of these practices. While not the primary
driver of biodiversity loss, these activities can contribute to
the decline of certain species if not managed appropriately.
Subsistence hunting is a crucial means of survival for many
rural and indigenous communities, particularly in areas
where other sources of income or food are limited. In these
contexts, hunting is not only an economic activity, but a
way to ensure food security (Francesconi et al. 2018;
Suarez and Zapata-Rios 2019; Gilmore et al. 2020; Ingram
et al. 2021). According to the FAO report (2020), millions
of people depend on hunting to obtain essential proteins
and nutrients in rural areas, especially in places where
agriculture is not viable due to climatic or geographical
factors. Therefore, imposing restrictions on this activity can
jeopardize the subsistence and well-being of rural and
indigenous communities  (Blackie 2019), and the
sustainable conservation of wildlife species (Santos-Fita
2018). However, Law 29763 (SERFOR 2015) and its
regulations in Peru allow subsistence hunting in rural and
indigenous communities, where communal authorities must
be in charge of regulating and managing the use of wildlife
species based on the number of inhabitants, area of the
community and wildlife conservation status, respecting
regulations on endangered species and ensuring the
conservation of the resource, establishing a list of species
that can be used for hunting for domestic consumption,
setting seasons and quotas. In the case of rural residents
who are not part of rural and indigenous communities,
subsistence hunting is carried out in areas authorized by the
regional authority. Rather than seeking to eliminate hunting
of wild animals, the challenge must lie in balancing the
need to conserve biodiversity with the social and economic
realities of rural communities; Within this problem,
properly regulated subsistence hunting can be an efficient
alternative both ecologically (control of wildlife species
populations) and social (Petriello and Stronza 2019; Suarez
and Zapata-Rios 2019; Gilmore et al. 2020).

On the other hand, the ecological impact of subsistence
hunting, although often perceived as minimal compared to
global threats such as habitat loss and climate change, can
have significant consequences in certain ecological and
social contexts. While urbanization, deforestation and
climate change are undoubtedly major factors affecting
biodiversity, subsistence hunting can intensify these effects
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in local ecosystems, particularly those where species face
additional pressure due to habitat fragmentation (Guzman
et al. 2022; Barboza et al. 2024; Vera et al. 2024).
Moreover, the interaction of these threats can reduce the
resilience of wild populations, underscoring the importance
of approaching conservation from a holistic perspective.
This involves not only protecting habitats and mitigating
climate change, but also ensuring that hunting practices are
sustainable (Linares et al. 2024; Sanchez-Garcia et al.
2024). Given the complexity of factors affecting hunting
and biodiversity in the Amazonian Andes, effective and
adaptive management is needed, which should include
environmental education, enforcement of hunting
regulations and promotion of sustainable alternatives. This
is to balance human needs with the long-term preservation
of biodiversity. These conservation strategies should
integrate local knowledge and cultural practices to balance
human needs with biodiversity conservation (Golebie et al.
2022). In addition, implementation of ongoing biodiversity
and game monitoring programs can help identify emerging
trends and adjust management strategies in a timely
manner. However, the key to success lies in the
collaboration between scientists, local authorities and
communities is not only essential, but is the cornerstone of
our collective effort to develop and implement
management practices that are effective and culturally
acceptable, thus ensuring the sustainability of natural
resources in this biodiversity-rich region of Peru. In
addition, it is important to explore complementary
alternatives, such as the implementation of community
gardens, aquaculture systems, and food assistance
programs that strengthen food security. For future studies,
it is recommended to conduct a more detailed analysis of
the impact of hunting on the population dynamics of these
species over time, as well as to investigate livelihood
alternatives that could reduce hunting pressure on the most
affected species. In addition, it is essential to explore the
relationship between hunting and socioeconomic and
cultural factors in order to develop conservation strategies
that are socially inclusive and sustainable.

In conclusion, the impact of subsistence hunting on
wildlife species diversity in the Amazonian Andes of
northeastern Peru identified a total of 53 species hunted in
25 communities. The population's perception of hunting
varied by species; some were hunted exclusively in specific
communities, while others were hunted in all the
communities studied. In addition, certain species groups
were hunted due to conflicts with the local population or
incidental encounters in the forest or on the land.
Specifically,  Cuniculus  taczanowskii,  Odocoileus
virginianus and Leptotila verrauxi emerged as the most
hunted species in the study area. At the community level,
Omia, Primavera, San José, Molinopampa, Maria,
Leimebamba and Levanto were identified as having the
greatest diversity and number of species hunted. This study
is important because it provides fundamental information
on the diversity of species affected by subsistence hunting
and how this activity reflects the interactions between local
people and wildlife.



4826

ACKNOWLEDGEMENTS

To Magister Willy Antonio Garcia Bravo for his
support in the identification of the bird species hunted in
the Amazonian Andes of northeastern Peru and to Magister
Alvaro Garcia Olaechea for his support in the identification
of the mammals recorded. In addition, we thank the
Instituto de Investigacion para el Desarrollo Sustentable de
Ceja de Selva for being the main funder of this study
through CUI Project No. 2261386 “Creation of the
Laboratory Service of Genetic Resources of Biodiversity
and Conservation of Wild Species of the Universidad
Nacional Toribio Rodriguez de Mendoza, Amazonas
Region, and the Vice Rectorate of Research of the
Universidad Nacional Toribio Rodriguez de Mendoza de
Amazonas for financing the publication of the research.

REFERENCES

Anagnostou M, Moreto WD, Gardner CJ, Doberstein B. 2021. Poverty,
pandemics, and wildlife crime. Conserv Soc 19 (4): 294-306. DOI:
10.4103/cs.cs_193_20.

Anaya-Zamora V, Lépez-Gonzélez CA, Pineda-Ldpez RF. 2017. Factores
asociados en el 4826onflict humano-carnivoro en un éarea natural
protegida del centro de Meéxico. Ecosistemas y Recursos
Agropecuarios 4 (11): 381-393. DOI: 10.19136/era.a4n11.1108.

Barboza E, Turpo EY, Lopez RS, Silva-Lépez JO, Cruz J, Vasquez HV,
Purohit S, Aslam M, Tarig, A. 2024. Analyzing urban expansion and
land use dynamics in Bagua Grande and Chachapoyas using cloud
computing and predictive modeling. Earth Syst Environ 2024: 1-17.
DOI: 10.1007/s41748-024-00470-5.

Barboza E, Turpo EY, de Almeida CM, Salas R, Rojas NB, Silva JO,
Barrena MA, Oliva M, Espinoza-Villar R. 2020. Monitoring
Wildfires in the Northeastern Peruvian Amazon Using Landsat-8 and
Sentinel-2 Imagery in the GEE Platform. ISPRS Intl J Geo-Inf 9 (10):
564. DOI: 10.3390/ijgi9100564.

Benitez-Lopez A, Alkemade R, Schipper AM, Ingram DJ, Verweij PA,
Eikelboom JAJ, Huijbregts MAJ. 2017. The impact of hunting on
tropical mammal and bird populations. Science 356 (6334): 180-183.
DOI: 10.1126/science.aaj1891.

Blackie 1. 2019. The impact of wildlife hunting prohibition on the rural
livelihoods of local communities in Ngamiland and Chobe District
Areas, Botswana. Cogent Soc Sci 5 (1): 1558716. DOI:
10.1080/23311886.2018.1558716.

Bowyer R.T, Boyce MS, Goheen JR, Rachlow JL. 2019. Conservation of
the world’s mammals: Status, protected areas, community efforts, and
hunting. J Mammal 100 *3): 923-941. DOl:
10.1093/jmammal/gyy180.

Brack A. 1986. Las ecorregiones del Perd. Boletin de Lima 44: 57-70.

Bula MY. 2023. Research design and methodology for empirical research.
In: Bula MY (eds.). Transnational Communication and Identity
Construction in Diaspora: A Comparative Analysis of Four Diaspora
Communities from the Horn of Africa. Springer, Wiesbaden. DOI:
10.1007/978-3-658-43275-1_7.

Carignano Torres P, Morsello C, Parry L, Pardini R. 2021. Forest cover
and social relations are more important than economic factors in
driving hunting and bushmeat consumption in post-frontier
Amazonia. Biol Conserv 253: 108823. DOLl:
10.1016/j.biocon.2020.108823.

Castillo-Doloriert H, Velasquez D, Matsuno Y, Hoces D, Wheeler JC.
2024. Conflict between farmers and guanacos (Lama guanicoe
cacsilensis): field studies, remote sensing and interviews provide
information for the conservation of a critically endangered species in
southern Peru. Animals 14 (5): 658. DOI: 10.3390/ani14050658.

Chaca JJB, Fernandez HSV. 2016. Clasificacion de las regiones naturales
del Pert. Boletin 3: 166-177.

Coad L, Fa JE, Abernethy K, Van Vliet N, Santamaria C, Wilkie D, EIl
Bizri HR, Ingram DJ, Cawthorn DM, Nasi R. 2019. Towards a

BIODIVERSITAS 25 (12): 4816-4828, December 2024

sustainable, participatory and inclusive wild meat sector. CIFOR,
Bogor, Indonesia. DOI: 10.17528/cifor/007046.

Culqui L, Leiva-Tafur D, Haro N, Juarez-Contreras L, Vigo CN, Quintana
JLM, Oliva-Cruz M. 2024. Native species diversity associated with
Bosque Palmeras de Ocol in the Amazonas region, Peru. Trees For
People 16: 100580. DOI: 10.1016/j.tfp.2024.100580.

Day Pilaria FA. 2018. Gestion de los recursos faunisticos en sociedades
cazadoras, recolectoras y pescadoras. [Dissertation doctoral].
Universidad Nacional de La Plata, Buenos Aires.

De Souza JC, da Silva RM, Gongalves MPR, Jardim RJD, Markwith SH.
2018. Habitat use, ranching, and human-wildlife conflict within a
fragmented landscape in the Pantanal, Brazil. Biol Conserv 217: 349-
357. DOI: 10.1016/j.biocon.2017.11.019.

De Souza-Mazurek RR, Pedrinho T, Feliciano X, Hilario W, Geroncio S,
Marcelo E. 2000. Subsistence hunting among the Waimiri Atroari
indians in central Amazonia, Brazil. Biodivers Conserv 9: 579-596.
DOI: 10.1023/A:1008999201747.

Dos Santos Teixeira JV, dos Santos JS, Guanaes DHA, da Rocha WD,
Schiavetti, A. 2020. Wild animals used as food source in the region of
the Serra do Conduru State Park—PESC, Bahia, Brazil. DOI:
10.21203/rs.3.rs-88907/v1.

Duffy R, St John FA, Bische B, Brockington D. 2016. Toward a new
understanding of the links between poverty and illegal wildlife
hunting. Conserv Biol 30 (1): 14-22. DOI: 10.1111/cobi.12622.

El Bizri HR, Oliveira MA, Rampini AP, Knoop S, Fa JE, Coad L,
Morcatty TQ, Massocato GF, Desbiez AL, Campos-Silva JV, La
Laina DZ. 2024. Exposing illegal hunting and wildlife depletion in
the world's largest tropical country through social media data.
Conserv Biol 38 (5): €14334. DOI: 10.1111/cobi.14334.

FAO. 2020. The state of food security and nutrition in the world 2020:
transforming food systems for affordable healthy diets. FAO, Rome,
Italy.

Francesconi W, Bax V, Blundo-Canto G, Willcock S, Cuadros S, Vanegas
M, Quintero M, Torres-Vitolas CA. 2018. Hunters and hunting across
indigenous and colonist communities at the forest-agriculture
interface: an ethnozoological study from the Peruvian Amazon. J
Ethnobiol Ethnomed 14: 54. DOI: 10.1186/s13002-018-0247-2.

Garcia FA, Valle MR, Monroy MR. 2018. Aprovechamiento tradicional
de mamiferos silvestres en Pitzotlan, Morelos, México. Revista
Colombiana de Ciencia Animal 10 (2): 111-123. DOL:
10.24188/recia.v10.n2.2018.620.

Gilmore MP, Griffiths BM, Bowler M. 2020. The socio-cultural
significance of mineral licks to the Maijuna of the Peruvian Amazon:
implications for the sustainable management of hunting. J Ethnobiol
Ethnomed 16: 59. DOI: 10.1186/s13002-020-00412-1.

Golebie EJ, Aczel M, Bukoski JJ, Chau S, Ramirez-Bullon N, Gong M.
Teller N. 2022. A qualitative systematic review of governance
principles for mangrove conservation. Conserv Biol 36 (1): e13850.
DOI: 10.1111/cobi.13850.

Gonzales FN, Llerena G. 2014. Caceria de mamiferos en la zona de uso
especial y de amortiguamiento del Parque Nacional Tingo Maria,
Huénuco, Perd. Revista Peruana de Biologia 21 (3): 283-286. DOI:
10.15381/rpb.v21i3.10904.

Guzman BK, Cotrina-Sanchez A, Allauja-Salazar EE, Tarifeno CMO,
Sandoval JDR, Cerna MY H, Barboza E, Torres Guzman C, Oliva M.
2022. Predicting potential distribution and identifying priority areas
for conservation of the Yellow-tailed Woolly Monkey (Lagothrix
flavicauda) in Peru. J Nat Conserv 70: 126302. DOI:
10.1016/j.jnc.2022.126302.

Handschuh M, Linderoth P, Arnold J, Storch |, Bhardwaj M. 2024.
Anthropic pressure drives resource selection of an adaptable
generalist in human-dominated landscapes. Conserv Sci Pract 6 (8):
€13188. DOI: 10.1111/csp2.13188.

Harrison RD, Sreekar R, Brodie JF, Brook S, Luskin M, O'Kelly H, Rao
M, Scheffers B, Velho N. 2016. Impacts of hunting on tropical forests
in  Southeast Asia. Conserv Biol 30 (5): 972-981. DOI:
10.1111/cobi.12785.

Hassan M, Hagq SM, Ahmad R, Majeed M, Sahito HA, Shirani M,
Mubeen |, Muhammad AA, Pieroni A, Bussmann RW, Alataway A,
Dewidar AZ, Al-Yafrsi M, Elansary HO, Yessoufou K. 2022.
Traditional use of domestic and wild fauna among different ethnic
groups in the western Himalayas: A cross-cultural analysis. Animals
12 (17): 2276. DOI: 10.3390/ani12172276.

Hernandez LA, Lopez AE, Rodriguez RA, Aquino BV. 2013. Diagnostico
en el uso de la fauna, en el area de proteccion de flora y fauna “Cafon



CORONEL-CASTRO et al. —

del Usumacinta” Tenosique, Tabasco. Ra Ximhai 9 (1): 1-13. DOI:
10.35197/rx.09.01.e.2013.01.ah.

Horgan FG, Kudavidanage EP. 2020. Farming on the edge: Farmer
training to mitigate human-wildlife conflict at an agricultural frontier
in south Sri Lanka. Crop Prot 127: 104981. DOI:
10.1016/j.cropro.2019.104981.

Ingram DJ, Coad L, Milner-Gulland EJ, Parry L, Wilkie D, Bakarr Ml,
Benitez-Lépez A, Bennett EL, Bodmer R, Cowlishaw G, El Bizri HR.
2021. Wild meat is still on the menu: Progress in wild meat research,
policy, and practice from 2002 to 2020. Ann Rev Environ Resour 46
(1): 221-254. DOI: 10.1146/annurev-environ-041020-063132.

Instituto  Nacional de Estadistica e Informatica. 2018. Resultados
Definitivos de los Censos Nacionales 2017. Tomo |: aspectos
generales, analisis de los principales resultados, cuadros estadisticos
de poblacién, vivienda y hogar, Lima, Perd.

International Society of Ethnobiology Code of Ethics. 2006 (with 2008
additions). The ISE Code of Ethics. http://ethnobiology.net/code-of-
ethics/.

Kamgaing TOW, Dzefack ZSCB, Yasuoka H. 2019. Declining ungulate
populations in an African rainforest: Evidence from local knowledge,
ecological surveys, and bushmeat records. Front Ecol Evol 7: 249.
DOI: 10.3389/fev0.2019.00249.

Kauffmann Doig F. 1996. Los Andes Amazonicos y su Pasado
Arqueologico. Politica Internacional 46: 113-143.

Keybondori S, Abdi E, Deljouei A, Lazaro-Lobo A, Ervin GN, Shakeri Z,
Etemad V, Borz SA. 2023. Effect of forest roadside on vegetation
characteristics in the Hyrcanian temperate forest. Eur J For Res 142
(2): 455-473. DOI: 10.1007/s10342-023-01535-2.

Kirkland M, Eisenberg C, Bicerra A, Bodmer R, Mayor P, Axmacher J.
2018. Sustainable wildlife extraction and the impacts of
socioeconomic change among the Kukama-Kukamilla people of the
Pacaya-Samiria National Reserve, Peruvian. Oryx 54 (2): 260-269.
DOI: 10.1017/S0030605317001922.

Koutchoro AM, Amahowe O, Houessou LG, Lougbegnon TO. 2024. Role
of local markets in illegal wildlife trade and conservation efforts for
trafficked species. Glob Ecol Conserv 54: €03110. DOI:
10.1016/j.gecco.2024.e03110.

Kurland J, Pires SF, McFann SC, Moreto WD. 2017. Wildlife crime: a
conceptual integration, literature review, and methodological critique.
Crime Sci 6: 4. DOI: 10.1186/s40163-017-0066-0.

Linares O, Martinez-Jauregui M, Carranza J, Solifio M. 2024. Bridging
sustainable game management into land use policy: From principles
to practice. Land Use Policy 145 107269. DOIL:
10.1016/j.landusepol.2024.107269.

Lira-Torres I, Briones-Salas, M, de Anda G, Ricardo F, Ojeda-Ramirez D,
Peldez Acero A. 2014. Uso y aprovechamiento de fauna silvestre en
la selva Zoque, México. Acta Zool Mex 30 (1): 74-90. DOI:
10.21829/azm.2014.301130.

Maturbongs RA, Kapisa A, Worabai MS, Beljai M. 2024. Adaptation
strategies in wildlife hunting practices among the Tehit Knasaimos
Ethnic Group, South Sorong, Southwest Papua, Indonesia.
Biodiversitas 25 (9): 3309-3319. DOI: 10.13057/biodiv/d250953.

McFarlane JJ, Chacon OM, Arauco-Aliaga RP, Braunholtz L, Sanderson
R, Pfeifer, M. 2024. Impactos selectivos de la caza de subsistencia en
las comunidades de mamiferos del Parque Nacional del Manu, Pert.
Biotropica 56 (5): €13367. DOI: 10.1111/btp.13367.

Ministerio del Ambiente. 2017. Ecorregiones del Per(. Direccion General
de Ordenamiento Territorial Ambiental, Lima, Peru.

Ministerio del Ambiente. 2019. Mapa Nacional de Ecosistemas del Peru.
Direccion General de Ordenamiento Territorial Ambiental, Lima,
Pera.

Monroy MR, Garcia FA. 2013. La fauna silvestre con valor de uso en los
huertos fruticolas tradicionales de la comunidad indigena de
Xoxocotla, Morelos, Mexico. Etnobiologia 11 (1): 44-52.

Montesano J. R. 2001. Manual del Protocolo de Investigacion, Primera
edicion. Editorial Auroch S. A., México.

Mumme S, Middleton AD, Ciucci P et al. 2023. Wherever | may roam—
Human activity alters movements of red deer (Cervus elaphus) and
elk (Cervus canadensis) across two continents. Glob Change Biol 29
(20): 5788-5801. DOI: 10.1111/gch.16769.

Naderifar M, Goli H, Ghaljaie F. 2017. Snowball sampling: A purposeful
method of sampling in qualitative research. Strides Dev Med Educ 14
(3): €67670. DOI: 10.5812/sdme.67670.

Nasi R, Taber A, Van Vliet N. 2011. Empty forests, empty stomachs?
Bushmeat and livelihoods in the Congo and Amazon Basins. Intl For
Rev 13 (3): 355-368. DOI: 10.1505/146554811798293872.

Hunting in northeastern Peru 4827

Nesi¢ M, Bjedov 1. 2020. Habitat degradation: Pressures, threats, and
conservation. In: Filho WL, Azul AM, Brandli L, Salvia AL, Wall T
(eds.). Life on Land. Springer, Cham. DOI: 10.1007/978-3-319-
95981-8_65.

Neumann W, Levers C, Widemo F, Singh NJ, Cromsigt JP, Kuemmerl, T.
2022. Hunting as land use: Understanding the spatial associations
among hunting, agriculture, and forestry. Ecol Soc 27 (1): 2. DOI:
10.5751/ES-12882-270102.

Pacheco V, Diaz S, Graham-Angeles L, Flores-Quispe M, Calizaya-
Mamani G, Ruelas D, Sanchez-Vendizl P. 2021. Lista actualizada de
la diversidad de los mamiferos del Perl y una propuesta para su
actualizacion. Revista Peruana de Biologia 28 (4): €21019. DOI:
10.15381/rpb.v28i4.21019.

Pacheco V, Graham-Angeles L, Diaz S, Hurtado CM, Ruelas D,
Cervantes K, Serrano-Villavicencio J. 2020. Diversidad y distribucién
de los mamiferos del PerG I: Didelphimorphia, Paucituberculata,
Sirenia, Cingulata, Pilosa, Primates, Lagomorpha, Eulipotyphla,
Carnivora, Perissodactyla y Artiodactyla. Revista Peruana de Biologia
27 (3): 289-328. DOI: 10.15381/rpb.v27i3.18356.

Parsons MA, Garcia A, Young JK. 2022. Scavenging vs hunting affects
behavioral traits of an opportunistic carnivore. Peer] 10: e13366.
DOI: 10.7717/peerj.13366.

Pérez-Pefia P, Del Aguila-Villacorta M, Tapia-del Aguila C, Pizarro-
Garcia J, Isla-Reategui G, Ramos-Rodriguez C, Angulo-Perez N,
Pipa-Murayari U, Riveros-Montalvan M. 2023. La abundancia de
animales de caza estimada por cazadores en la cuenca del Putumayo,
Amazonia nor-peruana. Ciencia Amazénica (lquitos) 11 (1-2): 59-78.
DOI: 10.22386/ca.v11i1-2.386.

Pérez-Pefia PE, Ramos-Rodriguez MC, Angulo-Perez N, Caballero-Dulce
Y, Cachique HDA, Riveros-Montalvan MS. 2021. Sostenibilidad de
la caza de mamiferos en tres territorios indigenas de la cuenca alta del
Putumayo, Nororiente de la Amazonia peruana. Ciencia Amazénica
(lquitos) 9 (1): 83-96. DOI: 10.22386/ca.v9i1.322.

Petriello MA, Stronza AL. 2020. Campesino hunting and conservation in
Latin  America. Conserv  Biol 34 (2): 338-353. DOI:
10.1111/cobi.13396.

Pronaturaleza. 2021. Perfil del Ecosistema Hotspot Andes Tropicales.
Actualizacion 2021. Critical Ecosystem Partnership Fund, Arlington,
VA, USA.

Quifionez AS, Herndndez F. 2017. Uso de habitat y estado de
conservacion de las aves en el humedal El Paraiso, Lima, Perq.
Revista Peruana de Biologia 24 (2): 175-186. DOIl:
10.15381/rpb.v24i2.13494.

Raftogianni G, Kontsiotis VJ, Liordos V. 2022. Wildlife knowledge and
attitudes toward hunting: A comparative hunter—non-hunter analysis.
Sustainability 14 (21): 14541. 10.3390/su142114541.

Rebollar-Téllez EA, Moo-Llanes DA. 2020. Diversidad alfa, beta y co-
ocurrencia de especies de flebotomineos (Diptera: Psychodidae) en
Calakmul, Campeche, México. Revista Chilena de Entomologia 46
(2): 221-235. DOI: 10.35249/rche.46.2.20.13.

Rios SC, Alfaro SZ, Mantuano-Eduarte R. 2018. Identificacion de
conflictos de uso de la tierra para la observacién de Cuniculus paca,
Ecuador. Revista Geogréfica Venezolana 59 (2): 262-279.

Salinas L, Arana A, Arana C. 2021. Las aves del departamento de Loreto,
Perl. Revista Peruana de Biologia 28 (especial): €21915. DOI:
10.15381/rpb.v28iespecial.21915.

Sanchez-Garcia C, Powolny T, Lormée H, Dias S, Sarda-Palomera F,
Bota G, Arroyo B. 2024. Habitat management carried out by hunters
in the European turtle dove western flyway: Opportunities and pitfalls
for linking with sustainable hunting. J Nat Conserv 78: 126561. DOI:
10.1016/j.jnc.2024.126561.

Santos-Fita D. 2018. Subsistence hunting in rural communities:
Incompatibilities and opportunities within Mexican environmental
legislation. J Ethnobiol 38 (3): 356-371. DOI:10.2993/0278-0771-
38.3.356.

Santos-Frita D. 2013. Caceria de subsistencia, manejo y conservacion de
fauna silvestre en comunidades rurales de la Peninsula de Yucatan,
Meéxico. [Dissertation]. Colegio de la Frontera Sur, Lerma Campeche.

Schulenberg TS, Stotz DF, Lane DF, O’Neill JP, Parker III TA. 2010.
Aves de Perd. Serie Biodiversidad Corbidi, Lima, Perd.

SERFOR. 2015. Ley Forestal y de Fauna Silvestre N° 29763 y sus
Reglamentos, 2da Edicién. Lima, Peru.

Shoobridge D. 2019. El mercado de la caceria-la caceria del mercado:
carne de origen silvestre en bosques tropicales. Sci Agropecu 10 (3):
433-448. DOI: 10.17268/sci.agropecu.2019.03.15.


http://ethnobiology.net/code-of-ethics/
http://ethnobiology.net/code-of-ethics/

4828

Solano-Gémez R, Mora JM. 2023. Conflictos entre humanos y fauna
silvestre en una zona de amortiguamiento de San Ramén, Costa Rica.
Cuadernos de Investigacion UNED 15 (1): 1-16. DOL:
10.22458/urj.v15i1.4462.

Suarez E, Zapata-Rios G. 2019. Managing subsistence hunting in the
changing landscape of Neotropical rain forests. Biotropica 51 (3):
282-287. DOI: 10.1111/btp.12662.

Velamazan M, San Miguel A, Escribano R, Perea R. 2018. Compatibility
of regeneration silviculture and wild ungulates in a Mediterranean
pine forest: Implications for tree recruitment and woody plant
diversity. Ann For Sci 75: 35. DOI: 10.1007/s13595-018-0715-9.

Vera E, Cruz C, Barboza E, Salazar W, Canta J, Salazar E, Vasquez HV,
Arbizu CI. 2024. Change of vegetation cover and land use of the

BIODIVERSITAS 25 (12): 4816-4828, December 2024

Pémac forest historical sanctuary in northern Peru. Intl J Environ Sci
Technol 21: 8919-8930. DOI: 10.1007/s13762-024-05597-6.

Young BE, Josse C, Stern M, Vasconez S, Olander J, Smyth R, Comer PJ,
Moull K, Echavarria M, Hak J. 2015. Hotspot de biodiversidad de los
Andes tropicales. Perfil de ecosistema. Critical Ecosystem Partnership
Fund, Arlington, VA, USA.

Zug B. 2018. Andean bear (Tremarctos ornatus), biodiversity, and puma
(Puma concolor) conservation on private lands in the Ecuadorian

Andes: implications for conservation in a human-dominated
landscape. [Dissertation]. University of Wisconsin-Madison,
Madison.



