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ABSTRACT

Human and wildlife conflicts pose conservation challenges for several charismatic species worldwide.
Given their close and long-standing interactions with wildlife, indigenous communities set an interesting
framework to identify factors establishing these relationships. The first step is to account the perceptions
and symbolisms of indigenous communities to define and complement conservation efforts. We used
multi-temporal and multi-criteria analyses to assess species habitat suitability of the jaguar (Panthera
onca), puma (Puma concolor), and coyote (Canis latrans), and quantified the overlap with the Mixtec
and Zapotec indigenous territories in Oaxaca, located in southern Mexico. We observed a positive and
proactive relationship between indigenous communities’ self-identification and a high species habitat
suitability for the conservation of these large carnivores in the Sierra Norte, Sierra Sur, Coastal, and
Mixtec regions. Given that most of these areas occur outside natural protected areas, the inclusion of
indigenous communities in the management of their territory is crucial for preserving their ethnocentric

vision and ensuring long-term conservation of these charismatic top predator species and their habitat.
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SIGNIFICANCE STATEMENT

This study assessed from a spatial ecology perspective, the relationship between indigenous communities
and the conservation of large carnivore species. We used a multitemporal and a multicriteria habitat suitability
analyses to infer the habitat suitability of the jaguar (Panthera onca), puma (Puma concolor), and coyote ( Canis
latrans), and its association with two indigenous territories in southern Mexico. The findings showed a high
geographic overlap of a positive and proactive relationship between indigenous communities’ self-identification
and a high species habitat suitability for the conservation of these large carnivores. The inclusion of the
indigenous communities in conservation actions is a crucial step to ensure the preservation of their ethnocentric
vision, and long-term protections of these charismatic top predator species.
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INTRODUCTION

The human population has been significantly in-
creasing in the last 200 years along with an exponen-
tial demand for natural resources (FAO 2017). Rapid
human population increase entailed overexploitation
of natural resources, drastically degrading the land-
scapes and ecosystems. This has resulted in signif-
icant detrimental impacts on local indigenous com-
munities, and the provision of environmental services
and biodiversity conservation essential for their well-
being (Gonzalez-Maya et al. 2013; Ellis 2011; Ripple
et al. 2014; Easter et al. 2020). The overexploitation
of natural resources has increased human and wildlife
conflicts worldwide, posing conservation challenges on
several charismatic species. Further, the loss of large
areas of ecosystems has reduced several environmental
services of which indigenous communities are highly
dependent (Redford 1992; Crooks 2002; Brooks et
al. 2006; Gonzalez-Maya et al. 2013; Williams et
al. 2018). The consequences due to rampant natu-
ral habitat degradation have raised international con-
cerns urging to establish conservation strategies that
incorporate local inhabitants involved in programs of
sustained use of natural resources and biodiversity
conservation (United Nations 2019). However, some
approaches to conservation were not adequately ori-
ented so as to afford integral protection to biodiver-
sity, it is necessary to include local inhabitants and
their relationship with the environment (Gonzélez-
Maya et al. 2013; Williams et al. 2018).

In Mexico, the indigenous communities cosmovi-
sion linked to biodiversity is in many cases preserved,
and this includes charismatic species as large carni-
vores (Saunders 1994; Seller 2004; Lopez Austin 2012,
2013; Sanchez and Duran 2018). However, regional
conservation of biodiversity sets some challenges as lo-
cal indigenous communities face cultural distortions,
given the vision of some stakeholders to apply a strict
economic use of natural resources and the expansion
of areas for agriculture and livestock (Toledo 2001;
Toledo and Barrera 2008; Descola 2001). For this
reason, conflicts between the local indigenous com-
munities and wildlife arise, particularly in areas where
livestock losses occur due to large carnivores’ preda-
tion (Guerrero-Montes de Oca et al. in preparation).
Hence, conservation actions need to incorporate an
integrated and participatory vision for preserving the
biodiversity perceptions and historical symbolism of
the indigenous communities. An integrated strategy
needs to include the preservation of indigenous iden-
tity, sustainable use of natural resources, and con-
servation of biodiversity and ecosystems that provide
critical environmental services to local inhabitants
(Stevens 1997; Carabias et al. 2010; Gonzélez-Maya
et al. 2013).

The Mexican State of Oaxaca has been identi-
fied with a high diversity of multiculturality holding a
high percentage of the indigenous population in Mex-
ico. It is estimated that approximately 70 - 80% of
its territory shows a collective self-attribution to one
or another indigenous community (Galindo 2010), in-
cluding two of the main ethnolinguistic groups, the
Mixtecs (Nuu savi) and the Zapotecs ( Binnizd, Bene
Xon, or Ben’zaa) (INEGI 2015; INALI e INPT 2019).
The Mixtecs and Zapotecs are among the most an-
cient groups in Oaxaca, where their presence has been
recorded over the last 3,500 years. The Mixtecs are
located in the Mixteca Alta, Mixteca Baja, and the
Coastal Zone regions, and have been characterized by
the depth and continuity of its beliefs (INALI e INPI
2019). The Zapotecs are the dominant group—in po-
litical, economic, and cultural spheres—in extensive
regions of Oaxaca, including the Central Valleys and
the Isthmus of Tehuantepec (Vela 2010; INALI and
INPI 2019). For over 2,500 years, diverse records (e.g.,
sculptures and other artistic products, and narrative
and mythical traditions) have been found document-
ing the positive and proactive vision of these ethnic
groups on biodiversity and a close and long-standing
interaction with large carnivore species occurring in
Oaxaca (Guerrero-Montes de Oca et al. in prepara-
tion).

Oaxaca also holds an exceptional species rich-
ness and endemicity of flora and fauna, ranking top
in terrestrial vertebrate species nationwide (Garcia-
Mendoza et al. 2004). It is considered a Mesoamer-
ican biodiversity hotspot, although human-induced
activities such as deforestation, livestock and urban-
ization expansion threaten its conservation (Monroy-
Gamboa et al. 2019). However, Oaxaca includes few
protected areas covering a small fraction of less than
5% of its territory and more recently a high num-
ber of conservation initiatives involving governmental
agencies, non-governmental organizations, and local
communities have established areas with specific ob-
jectives related to biodiversity conservation (Monroy-
Gamboa et al. 2019).

We assessed the geographic overlap of two main
indigenous groups (Mixtecs and Zapotecs) and the
habitat suitability of jaguar (Panthera onca), puma
(Puma concolor) and coyote (Canis latrans), three
large top predators and charismatic carnivore species
occurring in Oaxaca. Given that self-identification of
these indigenous communities entails a proactive ap-
preciation of biodiversity, we assumed that the over-
lap of suitable habitats with a high ethnocultural and
biological value in the region provides a proactive sce-
nario for the conservation of these large carnivore
species. This is of particular importance not only
for the long-term conservation, but also given that
in this region decision-making on territorial planning




Guerrero-Montes de Oca et al. 2021. Connecting worlds: indigenous territories, habitat suitability and conservation of three large

carnivores (Mammalia: Carnivora) in southern Mexico
Ethnobio Conserv 10:26

and regulation involves over 70% of woodlands and
tropical forests, which enter into the demarcations of
ejidos and indigenous communities (Galindo 2010).

MATERIAL AND METHODS

Study Area

The study area is located in the State of Oax-
aca in southern Mexico (17.0732° N, 96.7266° W)
with an area of 93,757 km? (4.85% of Mexico) (Fig-
ure 1). It is divided into 570 municipalities that are
grouped into eight regions and 30 districts (INEGI
2017a). Oaxaca has a complex topographic and cli-
matic composition, where the Sierra Madre del Sur
and the Sierra Madre Oriental converge. Almost 70%
of the area of Oaxaca shows a tropical humid climate
mostly located in northern, eastern, and coastal re-
gions; 15% of the area shows a temperate humid cli-
mate located in the highlands of the Sierras (> 2000
masl); 11% of the area shows a dry climate in the cen-
ter and northwest regions. Annual mean temperature
is 22°C (range 12-3°C); annual mean precipitation is
1550 mm. The complexity of topographic and cli-
matic conditions has favored the existence of a high
ecosystem diversity. For example, it is estimated that
close to 80% of the 32 main vegetation types occur-
ring in Mexico are represented in Oaxaca, including
temperate humid montane forest, pine, pine-oak, and
oak forests, tropical dry and humid forests, and xeric
vegetation (Garcia-Mendoza et al. 2004). Main an-
thropogenic activities include increasing agriculture,
livestock, and urbanization threatening biodiversity
conservation statewide (Monroy-Gamboa et al. 2019).

Multi-temporal analysis of habitat suit-
ability

To evaluate the habitats’ conservation status for
jaguar, puma, and coyote and their relation with
the Mixtec and Zapotec territories, we conducted a
multi-temporal analysis of habitat suitability using
a multi-criteria inferential analysis. Then, we over-
lap these areas with the decreed protected areas and
with the distribution of the Mixtec and Zapotec eth-
nic groups, and their respective spatial pattern of
self-identification. This allowed us to identify the ar-
eas showing a biological and cultural interaction, and
therefore the priority areas of biocultural conserva-
tion (Toledo and Barrera 2008; Granados-Pena et al.
2014).

Specifically, we evaluated the suitable habitats
availability for these large carnivore species using a
multi-criteria inferential analysis performed with the

overlay geoprocessing spatial analyst tool via map al-
gebra expression in the ArcGis 10.5 program (ESRI
2011). This technique facilitates decision-making pro-
cesses that integrate two or more variables, such
as those that emerge in conflicts of environmental
management, where many attributes and relations
are considered, occurring at a particular time-space
or different times-spaces (Tecle and Duckstein 1993;
Martinez-Alier et al. 1998; Munda 2005). This anal-
ysis was conducted based on variables and values
ranges, starting with landscape and land cover (urban
areas, agricultural areas, natural forest, woods and
natural forest, shrubland, wetlands, natural pasture,
permanent cultivated pasture, low secondary shrub
vegetation, secondary high arboreal vegetation, with-
out apparent vegetation, and degraded areas), dis-
tance from water bodies and main roads, elevation
and terrain inclination, distance from human pop-
ulations, and population densities in Oaxaca (Ta-
ble 1). We used the data layers for Land Use and
Land Cover maps (LULC) at 1:250,000 scale (mod-
ified by CONABIO) for three time periods: LULC
2009, LULC 2013, and LULC 2016 (INEGI 2009, 2013
and 2016). We chose these time periods because these
data layers are closely linked to the INEGI’s 2015
Inter-Censal Survey and are the current official data
layers available. Afterward, a significance assessment
was conducted to these group of variables, where a
range and a weight values were assigned to each group
according to the information previously published for
the species and based on expert knowledge (Gonzalez-
Maya et al. 2010; Benitez et al. 2013, and Granados-
Pefia et al. 2014). These ranges were classified as not
significant (1), little significant (2), neutral (3), sig-
nificant (4), and very significant (5) (Table 1). The
weight value was related to the importance of each
group of variables according to the ecology and natu-
ral history of jaguar, puma, and coyote, respectively.
This metric indicates the relative importance of each
variable related to habitat use for each focal species.
These weight values range from 0 to 100%, and the
sum of the total variables’ percentage should reach
100% for each species (see Penrod et al. 2010) (Table
1). Subsequently, all these variables were rasterized
and projected to World Mercator Datum WGS 1984
with a resolution of 500 m?. Then the resulting values
were reclassified into three categories: high, medium,
and low suitability values following published proto-
cols (Rondinini et al. 2011; Crooks et al. 2017). This
classification provides better understanding and crite-
ria to select areas with suitable or unsuitable habitat
conditions for a long-term occurrence and conserva-
tion of jaguar, puma, and coyote in Oaxaca. All these
analyses were performed using the software ArcGis
10.5 (ESRI 2011).
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Figure 1. Study area depicting the State of Oaxaca in southern Mexico. The natural protected areas (NPAs,
dark green) are: (1) Tehuacan-Cuicatlan Biosphere Reserve, (2) Boquerén de Tonala Flora and Fauna Protec-
tion Area, (3) Benito Juarez National Park, (4) Yagul Natural Monument, (5) Lagunas de Chacahua National
Park, (6) Huatulco National Park Areas. The areas voluntarily designated for conservation (AVDC, light green)
are landed property (predios) donated for the conservation of biodiversity.




Table 1. List of variables and ranges, and habitat types included in the multi-criteria inferential analysis and used for the multi-temporal species habitat
suitability for jaguar (Panthera onca), puma (Puma concolor), and coyote (Canis latrans). An assessment of significance was assigned to each group of
variables and ranges, ranked as not significant (1), little significance (2), neutral (3), significant (4), and very significant (5). The weight values were related
to the importance of each group of variables according to the ecology and natural history of jaguar, puma and coyote (see Materials and Methods section

for details).

Variable

Jaguar Puma Coyote
Ranges Jaguar Puma Coyote Weight Weight Weight
(%) (%) (%)

Land use and land cover times series
(INEGI 2009, 2013, and 2016)

Distance from water bodies
(INEGI 2006)

Inclination

(CONABIO 2016)

Elevation
(Worldclim 2019)

Distances from main roads

(INEGI 2017b)

Urban areas
Agricultural areas
Natural forests
Woods and semi-natural areas
Shrubland
Wetlands
Natural pasture
Permanent cultivated pasture
Low secondary shrub vegetation
Secondary high arboreal vegetation
Without apparent vegetation
Degraded areas
1 km
3 km
6 km
10 km
50 km
<15%

15% - 30%

30% - 45%

45% - 60%
>60%
<500 masl
500 - 1000 masl
1000 - 1500 masl
1500 - 2000 masl
2000 - 3000 masl
>3000 masl
<1 km
1-3km
3-6km

35% 35% 30%

11% 10% 10%

10% 13% 12%

11% 12% 15%
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10% 10%
10% 15%

11%
10%

6 - 10 km
>10 km
1 km
3 km
6 km
10 km
50 km
1.80 - 40.53
40.53 - 136.39
136.39 - 582.40
582.4 - 1,784.5
1,784.5 - 15,506.8

Distance from human populations

(CONABIO 2014)
Population Density in Oaxaca

(ind /km?)
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Indigenous territory and species habitat
suitability

Our initial assumption was that indigenous com-
munities maintain proactive attitudes toward envi-
ronmental conservation, and hence, higher species
habitat suitability for wildlife (Duran et al. 2007).
To establish whether such relationship exists be-
tween large carnivores’ habitat suitability and the in-
digenous communities, we first determined the self-
identification spatial distribution in Oaxaca. The de-
gree of self-identification for each municipality was
based on the “Estimators of the total population and
its percentage distribution according to the database
of municipalities indigenous self-identification and
large age groups”, in the Tabulated Data of the IN-
EGT’s 2015 Inter-Censal Survey (INEGI 2015). This
information was spatially related to the municipali-
ties layer and rasterized using the self-identification
value, with a resolution level of 500 m?. Then, this
layer was reclassified ranging from 0% to 40% as low,
40% to 60% as medium, and > 60% as high indige-
nous self-identification level, respectively.

Afterward, we recompiled the punctual localities
corresponding to these indigenous communities ob-
tained from the INPI-INALI Atlas of indigenous pop-
ulations belonging to Oaxaca (CARTO 2019) and re-
lated them with the corresponding habitat suitability
value of jaguar, puma, and coyote for each LULC time
series and the corresponding self-identification value
using the extraction function of the spatial analysis
tool (ArcGis 10.5). After that, a Pearson correlation
analysis (p < 0.05) was performed between indige-
nous self-identification and large carnivores’ habitat
suitability for each LULC time series. The correlation
index (r) ranges from —1 to 1, if 0 < r < 1 indicates
a positive and direct correlation and if —1 < r < 0
indicates a negative and inverse correlation. Specifi-
cally, two analyses were conducted: one with species
habitat suitability ranges > 3.0 and indigenous self-
identification values > 60%, and two with species
habitat suitability ranges > 3.0 and indigenous self-
identification values > 75%. These indigenous self-
identification values were set at 60% and 75%, since
we were interested in determining the municipalities
with a preponderance of indigenous self-identification
communities; that is, where > 60% of the communi-

ties regarded themselves as indigenous.

These values enabled a better visualization of each
scenario of LULC for the correlations between species
habitat suitability and indigenous self-identification.
If the correlation was positive, we expected points oc-
currences with a high degree of indigenous communi-
ties’ self-identification and a high species habitat suit-
ability. These were areas with high potential for con-
servation. If the relation was negative, we expected no
geographical concordance between indigenous com-
munities’ self-identification and species habitat suit-
ability. Under this scenario, it is likely that other
factors existed (environmental, social or economic)
affecting indigenous communities’ self-identification
and/or species habitat suitability. Likewise, corre-
lations were identified between the areas of medium
and high species habitat suitability with the current
geo-economic regions of Oaxaca (Istmo, Papaloapan,
Canada, Sierra Norte, Valles Centrales, Sierra Madre
del Sur, Sierra Mixteca, and Costa) (Irazoque and
Barbosa 1962). For this purpose, we performed a
density analysis using correlation graphs for visual-
izing changes affecting species habitat suitability in
the Zapotec and Mixtec territories, using the R Stu-
dio platform version 3.5.3 (R Core Team 2015).

Finally, we compared areas of species habitat
suitability models, with jaguar, puma, and coyote
records in natural protected areas (NPAs) and ar-
eas voluntarily designated for conservation (AVDC),
between 2000 and 2019 (Table 2). The aim was
to analyze whether the species habitat suitability
models matched the large carnivores’ occurrences
(these occurrences were not used to estimate the
habitat suitability models for each species). These
records were searched from commonly used sources as
GBIF Backbone Taxonomy (https://doi.org/10.
15468/39%0mei), SNIB (http://enciclovida.mx),
VertNet (http://portal.vertnet.org/search), the
digitized Collection of Biological Photo-Specimens
(Coleccion de Fotocolectas Biologicas, http://
ibdata.ib.unam.mx/web/colecciones.php) of the
Institute of Biology UNAM, and the database
of Biological Monitoring of the Protected Natural
Areas of the CONANP (https://simec.conanp.
gob.mx/monitoreo.php). This process was con-
ducted using the R Studio platform version 3.5.3
(R Core Team 2015).
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Table 2. Number of occurrence records from 2000 to 2018 for jaguar, puma, and coyote in natural protected
areas (NPAs) and areas voluntarily designated for conservation (AVDC) in Oaxaca, Mexico.

Conservation Name of NPAs and AVDC Species Number of Year
areas records

4 2004

1 2005

5 2007

Puma 3 2008

12 2010

6 2011

10 2012

. . . . 7 2013

Tehuacan-Cuicatlan Biosphere Reserve 10 92003

13 2004

5 2005

2 2007

Coyote 1 92010

7 2011

11 2012

NPAs 6 2013

50 2012

Puma 16 2013

Boqueron de Tonala Flora and 9 2014

Fauna Protection Area 5 2015

1 2013

Coyote 3 2014

Puma 1 2014

Benito Juarez National Park 1 2015

Coyote 1 2014

Huatulco National Park Coyote 1 2018

1 2012

4 2014

Yagul Natural Monument Coyote 95 92015

2 2016

Barranca del Epazote Coyote 1 2014

Jaguar 1 2012

Camino a la Calavera Puma 2 2012

Coyote 2 2012

Corral de Piedra Coyote 1 2015

El Bano Puma 7 2013

2 2012

El Huerto Puma 4 2013

1 2014

AVDC Fl paredon Puma 5 2016

Coyote 5 2016

1 2013

Puma 5 2014

El Pie de la Pena 1 2015

1 2013

Coyote 1 92014

El Portillo Coyote 7 2013

El Sauz 1 Puma 1 2012

El Sauz 2 Puma 5 2012

1 2014

El Tular Coyote 9 2015
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Hermenegildo Coyote 5 2016

2 2013

Puma 4 2014

3 2015

La 2000 3 2016

2 2013

Coyote 1 2014

5 2016

- . 1 2015

La Canada de Gregorio Puma 1 2016
4 2014

La Cruz Puma 3 2015

. 2 2014

La Cuevita Puma 1 2015

La Pena del Corral Puma 6 2015
La Rosa de Gacha Coyote 9 2013
La Ventana Puma 2 2014
Las Cuevas Puma 1 2014
Los Cajetes Coyote 3 2015
Los Lavaderos Puma 1 2012
Los Tepetates Puma 1 2014
18 2014

Puma 1 2015

Mogote del Pozo 19 92016
Coyote 5 2016

AVDC Puma 2 2013
Paredones 2 11 2014
Coyote 1 2014

Rio Concha Coyote 2 2013
Rio del Jaguar Jaguar 1 2013
Rio del Jaguar 2 Puma 1 2015
Puma 1 2014

Rio Vaquero 2 2015
Coyote 1 2014

. 2 2014

La Lima Jaguar 3 2015

La Manzanita Jaguar 3 2014
Xhachue Jaguar 1 2015
Arroyo del Aguacatal Puma 5 2014
Camino a Yelagago Puma 3 2015
Camino de Conduccion de Agua Potable  Puma 2 2015
Guia Dhao Puma 1 2015

La Lima Puma 1 2014

. 1 2014

La Manzanita Puma 1 2015
Nhiza Yoya Puma 1 2015
Piedra Flor 2 Puma 2 2014

3 2014

Pozo del Aguacatal Puma 1 2015
Rio de la Palma Puma 2 2014
Roa Gulabexho Puma 1 2015
Xhachue Puma 1 2015
Rancho Cajon Coyote 1 2014
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RESULTS

Multi-temporal analysis of species habi-
tat suitability

In general, the suitable habitats (medium and
high) for the three large carnivore species consisted
mainly of areas covering natural and semi-natural for-
est, as well as secondary vegetation, wetlands and nat-
ural shrubland. Likewise, these areas included water
bodies in the vicinity and showed a low or medium
anthropic and agricultural and livestock impact (Fig-
ure 2). For the jaguar, there were fewer areas with a
medium and high habitat suitability values than for
the puma and coyote, respectively. These areas were
found mainly in eastern and southern Oaxaca, and
to a lesser extent in northern and western portions
of the State. The areas of low habitat suitability in-
cluded larger villages or towns and main cities, and
areas crossed by major roads and highways (Figure
2).

With respect to the three time periods, the high
habitat suitability areas showed a decrease for jaguar
and coyote from LULC 2009 to LULC 2013, but an
increase from LULC 2013 to LULC 2016. For exam-
ple, high habitat suitability areas decreased 0.28% for
coyote and 3.21% for jaguar from 2009 to 2013 and
increased 0.93% for coyote and 6.51% for jaguar from
2013 to 2016. In contrast, for puma, high habitat
suitability areas decreased 0.30% from 2009 to 2013,
and 0.77% from 2013 to 2016. These high suitability
differences between species may result from high el-
evational habitat preferences of puma (> 1500 masl;
Table 1) compared to low and medium elevation habi-
tat preferences of coyote and jaguar (Figure 2).

We observed a high number of records of the puma
(130 and 159) and coyote (93 and 55) in both NPAs
and AVDC, respectively. For example, the Tehuacan-
Cuicatlan Biosphere Reserve, the Boquerén de Tonaléa
Flora and Fauna Protection Area, the Yagul Natu-
ral Monument, and the Benito Juirez National Park
ranked top in the number of records, as well as some
AVDC (Table 2). Only 11 records of jaguars were ob-
served for AVDC, and no records were observed for
NPAs. These conservation areas showed a medium-
to-high habitat suitability for the three large carni-
vore species (Figure 2; Add file 1, 2, 3). However,
the Boquerén de Tonal& Flora and Fauna Protection
Area, the Yagul Natural Monument and the Benito
Juarez National Park showed low-to-medium habitat
suitability areas for these species (Figures 1 and 2).

10

Indigenous territories and species habi-
tat suitability

The areas of higher overlap between indigenous
territories and species habitat suitability were found
in western, southern, and eastern portions of Oax-
aca. These areas included local inhabitants that de-
scribed themselves as indigenous communities, with
self-identification values of over 60% (Figure 3). The
high rates of indigenous self-identification and high
values of species suitability models overlapped in six
of the eight geo-economic regions of Oaxaca: Sierra
Norte, southeastern and western parts of the Sierra
Sur, the Coastal Region, and some municipalities of
the Mixtec region (Figures 2 and 3).

The correlation analyses comparing > 60% of
species habitat suitability with indigenous commu-
nities’ self-identification showed the following trends
(Figure 4A). The Zapotec areas showed a significant
positive correlation with medium-to-high habitat suit-
ability values (CI = 95% for all correlations) for jaguar
(LULC 2009, r = 0.063; LULC 2013, r = 0.099; LULC
2016, r = 0.108, p < 0.05), and puma (LULC 2009,
r = 0.058; LULC 2013, r = 0.097; LULC 2016, r =
0.107, p < 0.05). For coyote, a negative significant
correlation was observed (LULC 2009, r -0.177;
LULC 2013, r = -0.166; LULC 2016, r -0.201,
p < 0.05). The Mixtec territories showed a negative
significant correlation with the coyote (LULC 2009,
r = -0.210; LULC 2013, r = -0.188; LULC 2016, r
= -0.205, p < 0.05), but not with the puma (LULC
2009, r = -0.386; LULC 2013, r = -0.028; LULC 2016,
r =-0.019, p > 0.1), nor the jaguar (LULC 2009, r =
0.003; LULC 2013, r = 0.013; LULC 2016, r = 0.017,
p > 0.1) (Figure 4A).

Moreover, the correlation analyses comparing the
species habitat suitability values > 75% with indige-
nous communities’ self-identification showed a more
pronounced trend (Figure 4B). The Zapotec territo-
ries showed a significant positive correlation with the
puma and a significant negative correlation with coy-
ote (p < 0.05). The Mixtec areas showed a significant
negative correlation with the coyote, and a negative
tendency for the puma. For the jaguar, the Mixtec
self-identification showed a positive tendency (except
for 2013) and a significant positive correlation with
Zapotec communities in the LULC 2009 (p < 0.05),
LULC 2013 (p < 0.05) and LULC 2016 (p < 0.05),
respectively (Figure 4).

DISCUSSION

The perceptions and the cultural heritage of in-
digenous communities are key components to estab-
lish strategies for ecosystem and biodiversity conser-
vation, including these large carnivore species. In
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Meso-American indigenous cultures, for instance, the
jaguar plays an important role within their communi-
ties cosmovision (Saunders 1994; Seller 2004; Sahagtun
2005; Lopez Austin 2012; Olivier 2016; Sugiyama
2016). Thus, according to their inclination and per-
ceptions, this cosmovision may have important impli-
cations for ecosystems and resources maintenance in
the long-term (Conforti and de Azevedo 2003; Treves
and Karanth 2003; Campbell and Torres Alvarado
2011; Fita 2018). This is the result of nature ances-
tral perception and the large carnivore species aware-
ness, referred as their “bio-cultural memory” (Toledo
and Barrera 2008). For example, in Zapotec culture,
jaguar, puma, and coyote are present in their common
language (Seller 2004) and there are jaguar and puma
clay figures representation from Monte Alban (i.e.
a pre-Columbian archaeological site) (Lopez Austin
2013). There are also stories and legends about the
Zapotec origins involving the jaguar as an animal as-
sociated with gods, stories that remain until today
(Henestrosa 2003). In Mixtec culture, the jaguar and
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coyote are represented in the Nutall Codex as an
important species for their history and cosmovision
(Zouche-Nutall 1987; Seller 2004).

The close and long-standing interactions of
Mesoamerican indigenous communities with these
large carnivore species have been gradually changing
over time, because of the European influence (i.e. per-
ceptions and land used dynamics) brought to America
(Seller 2004; Lopez-Austin 2013; Sanchez and Duran
2018). This result in some changes of the indigenous
collective imaginary that generates a distortion to-
wards a more utilitarian vision of natural resources,
as seen in part of our results, in terms of communi-
ties’ self-identification distribution and habitat suit-
ability trends, so directly impacting the ecosystems
where these large carnivores occur. This empha-
sizes the importance of empowering the collective and
bio-cultural memory of these indigenous communities
with the ecosystems and biodiversity conservation,
which in turn play an important role for the envi-
ronmental services availability and well-being of local
GETW ‘)EW 047 GRTW OTEW 947

DEEW 9ETW

2013 2016

Figure 2. Distribution of high (green), medium (yellow), and low (red) habitat suitability for jaguar, puma,
and coyote, in the INEGI land use and land cover map of LULC 2009, LULC 2013, and LULC 2016 of Oaxaca,

respectively.
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Figure 3. Spatial distribution of high (green), medium (yellow), and low (red) indigenous self-identification
communities by geo-economic regions (top panel), and by indigenous Zapotec (blue points) and Mixtec (ma-
genta points) villages (bottom panel). The geo-economic regions are: Canada (1), Papaloapan (2), Sierra Norte
(3), Valles Centrales (4), Istmo (5), Sierra Sur (6), Costa (7), and Mixteca (8).

indigenous communities (Buenrostro-Silva et al. 2015; ence of the Zapotec and Mixtec indigenous communi-
Espinoza-Ramirez et al. 2017). ties on the ecosystems maintenance to support the
Our study also documented an important influ- populations of these large carnivore species in the
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Figure 4. Pearson correlation ranks between jaguar, puma, and coyote habitat suitability (> 3.0) and ar-
eas holding indigenous self-identification communities. Indigenous self-identification with > 60% (A), and >
75% (B) are depicted for the Zapotec and Mixtec communities, respectively. Correlations are indicated for
the LULC 2009 (upper panel), LULC 2013 (central panel), and LULC 2016 (bottom panel) time periods,

respectively. *Significant correlation (p < 0.05).

long-term. We showed that the areas with medium-
to-high species habitat suitability overlapped meanly
with the Zapotec territories and to a lesser extent
with Mixtec territories. Despite no positive correla-
tion was observed for the coyote, it is likely that coy-
otes also actually occur in these areas as well (Botello
et al. 2008). These areas should be prioritized for
the conservation of these large carnivore species, given
the proactive attitude of these indigenous communi-
ties toward nature. However, it is possible, that the
potential of these large carnivore species as key top
predator has been largely overlooked (Sanderson et
al. 2002; Hunter 2005; Ray 2005; Granados-Pena
et al. 2014). Additionally, coyotes did not show
a positive correlation in areas of Zapotec and Mix-
tec high self-identification, possibly due to their high
ecological plasticity and adaptability to disperse into
anthropized habitats, as urban and peri-urban areas
(Hidalgo-Mihart et al. 2004; Gehrt and Riley 2010;

Hody et al. 2019). Moreover, some areas outside the
NPAs and AVDCs showed high ecosystem degrada-
tion due to external factors of these indigenous com-
munities (e.g., extensive expansion of the agricultural
and livestock, development of infrastructure, human
demographic growth), that negatively affect this cor-
relation result, but shows a real perspective about
biodiversity conservation of the region (Botello et al.
2008; Buenrostro-Silva et al. 2015).

We observed that six of the eight geo-economic
regions in Oaxaca included areas with high species
habitat suitability that coincided with the highest val-
ues of indigenous self-identification. Nonetheless, not
all the AVDC areas show medium-high habitat suit-
ability values for these large carnivore species in the
region. The AVDC areas with low-medium habitat
suitability values were highly degraded until they were
incorporated recently into governmental conservation

programs in 2008 (LGEEPA 2008). It is likely that
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some of these AVDC areas should need more time
to reach a medium or high suitable habitat recover
(Monroy et al. 2019). Thus, it is necessary to include
additional areas or corridors of high suitable habitats
for these species overlapping with areas holding a high
indigenous self-identification to ensure the conserva-
tion of these ecosystems in the long term. For exam-
ple, additional areas and corridors with high suitable
habitats could be connected with large protected ar-
eas as the Tehuacan-Cuicatlan Biosphere Reserve, the
Huatulco National Park, the Lagunas de Chacahua
National Park, the Benito Juarez National Park, and
small protected areas as Yagul Natural Monument,
Playa Escobilla Sanctuary, Playa de la Bahia de Chac-
ahua Sanctuary and Boquerén de Tonala Flora and
Fauna Protection Area (Monroy-Gamboa et al. 2015,
2019; Wilson et al. 2011).

It is important to involve the indigenous com-
munities in the environmental conservation planning
and actions in local and regional resolution processes,
since 40% of the priority terrestrial regions of Oaxaca
belong to indigenous territories (Boege 2008). Oax-
aca holds a high diversity of conservation initiatives,
including areas of payments for biodiversity conser-
vation and ecosystem services, voluntary areas for
conservation, and forestry management, which have
been recognize at international level as successful ex-
amples of local community participation in conser-
vation efforts (Monroy-Gamboa et al. 2015, 2019).
For example, there are over one hundred conserva-
tion areas that have been voluntarily proposed by lo-
cal communities such as the Unidn de Comunidades
Zapotecas-Chinantecas located north of Oaxaca, and
the Sistema Comunitario para la Biodiversidad in
the coast that have established very successful con-
servation programs protecting biodiversity hotspots
(Monroy-Gamboa et al. 2015, 2019). In addition,
some governmental agencies as the National Com-
mission of Forestry have established reforestation ar-
eas (CONAFOR 2010). There are also programs of
payment for conserving areas for their importance to
biodiversity and provision of environmental services
(Martin et al. 2011).

This scenario, in turns, may generate not only a
higher economic independence by developing activi-
ties contributing to biodiversity conservation as their
main objective, but also could support and adjust
other activities to decrease negative environmental
impacts (e.g., deforestation, expansion of agriculture
and livestock, etc.). In all this process considering
these large carnivore species as important pieces not
only for the ecosystem and ecological processes con-
servation, but also for the protection and safeguard-
ing of the ancient cosmovision of local communities.
When a specie is appreciated and regarded as a sym-
bol of nature, a proactive attitude permeates the ar-

eas where indigenous communities and these carni-
vore species coexist (Mech 1970; Toledo and Barrera-
Bassols 2008) (Figures 1-4). Therefore, a sustain-
able use of natural resources and the proportion of
habitat connectivity with other conservation areas ac-
tively fostered by the indigenous communities could
establish an integrated regional strategy of biodiver-
sity conservation. This strategy should involve indige-
nous communities, stakeholders, and federal and lo-
cal governmental and non-governmental organizations
(Gadgil et al. 1993; Conforti and de Azevedo 2003)
in order to generate a change in the negative percep-
tion towards these carnivore species, turning them as
beneficial rather than threatening species (Millar et
al. 2016) and then achieve a peaceful coexistence in
all these territories.

CONCLUSION

Our study assessed species habitat suitability of
the jaguar (P. onca), puma (P. concolor), and coyote
(C. latrans), and quantified the overlap with the Mix-
tec and Zapotec indigenous territories in a biodiver-
sity hotspot in southern Mexico. We found a positive
and proactive relationship between indigenous com-
munities’ self-identification and a high species habi-
tat suitability for the conservation of these large car-
nivores in the Sierra Norte, Sierra Sur, Coastal, and
Mixtec regions. Given that most of these areas occur
outside natural protected areas, the inclusion of in-
digenous communities in the management and plan-
ning of their territory is crucial for preserving their
ethnocentric vision, and ensuring the conservation of
these charismatic large carnivores and their habitat.
The long-term conservation of ecosystems and their
provision of environmental services will ultimately
benefit the well-being of the indigenous communities
in this biodiversity hotspot.
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Add File 1. A closer view of high, medium, and low jaguar habitat suitability trend for the LULC 2009 and
its relationship with the Areas Voluntarily Designated for Conservation (AVDC in blue).
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Add File 2. A closer view of high, medium, and low puma habitat suitability trend for the LULC 2009 and
its relationship with the Areas Voluntarily Designated for Conservation (AVDC in blue).
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Add File 3. A closer view of high, medium, and low coyote habitat suitability trend for the LULC 2009 and
its relationship with the Areas Voluntarily Designated for Conservation (AVDC in blue).
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