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Abstract

Dogs (Canis lupus familiaris) are an invasive alien species that can negatively impact natural ecosystems due to
the potential of predation, competition, or disease transmission. Nonetheless, few studies assess the ecological impacts
of these species on protected areas. Our objective was to determine the diet of free-ranging dogs, through scat analysis
within the Nevado de Toluca Flora and Fauna Protection Area, Estado de México, Mexico. A total of 130 scat samples
from dogs were collected with the help of a bloodhound. Prey items identified in the scats were classified into 6 food
categories: wild mammals, birds, insects, livestock, vegetative matter and human-derived food. Wild mammals were
the most frequent category (FO = 62.3%; RO = 40.3%). We present the first evidence of 8 rodents, 1 shrew, and 2
skunk species as part of the diet of free-ranging dogs. Some identified preys are species endemic to Mexico with special
protection status according to Mexican law. We recommend following the global-level policies aimed at reducing the
population of dogs in Protected Areas.
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Resumen
Los perros (Canis lupus familiaris) son una especie exética invasora que puede impactar negativamente a los
ecosistemas naturales debido al potencial de depredacion, competencia o transmision de enfermedades. No obstante,
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existen pocos estudios que evaluan los impactos ecologicos de esta especie en areas protegidas. El objetivo de la

presente investigacion fue determinar la dieta de perros de vida libre a través de analisis de materia fecal, dentro del

Area de Proteccion de Flora y Fauna Nevado de Toluca en el Estado de México. Se colectaron 130 muestras de perros

de vida libre las cuales fueron colectadas con la ayuda de un sabueso entrenado. Los items alimenticios se clasificaron

en 6 categorias: mamiferos silvestres, aves, insectos, ganado, materia vegetal y desechos derivados de humanos. La

categoria de mamiferos silvestres fue la mas frecuente (FO = 62.3%; RO = 40.3%). Se presenta la primera evidencia

de 8 especies de roedores, 1 especie de musarafia y 2 especies de zorrillos como parte de la dieta de los perros de
vida libre. Algunas de las presas identificadas son especies endémicas de México con algin estatus de proteccion de
acuerdo con la NOM-059-SEMARNAT-2010. Recomendamos seguir las politicas globales destinadas a reducir la

poblacion de perros en areas protegidas.

Palabras clave: Perros de vida libre; Dieta, Area natural protegida; Depredadores; México

Introduction

Protected areas (PA) are often used as the main strategy
to protect biodiversity from humans or human-related
activities (Margules & Pressey, 2000). The effectiveness
of each PA for conserving and maintaining biodiversity
may vary, mainly due the local biological features of
the land, and the way such areas are managed (Juarez-
Ramirez et al., 2016). In Mexico, PA are managed mainly
by the Mexican National Commission for Protected Areas
(Comisién Nacional de Areas Naturales Protegidas-
Conanp), which currently manages 182 PA that represent
11% of Mexico’s territory and 22% of its marine surface
(Conanp, 2019).

Invasive alien species in PA can seriously damage
native species and ecosystems on a global scale in a similar
way as habitat loss and degradation (IUCN, 2000). Monitor
and control invasive alien species in such a topographically
complex landscape is challenging, and is especially true in
a country without enough resources allocated to biological
conservation (Lira, 2004). One invasive alien species of
concern is the dog (Canis lupus familiaris).

Recently, the Mexican government classified dogs as
an invasive alien species that can have strong negative
effects on local wildlife and called for control of dogs in
vulnerable sites for biodiversity like PA and other key
biodiversity areas (e.g. important bird areas, alliance for
zero extinction sites; DOF, 2016a). The national strategy
on invasive species in Mexico called for local consultations
to establish site-specific needs and management strategies
to prevent, control, and eradicate invasive species around
the country (Conabio, 2010).

Unlike other invasive alien species, dogs are often
associated with human presence, and in some cases,
particularly dependent on humans (Boitani et al.,
2017; Morters et al., 2014; Silva-Rodriguez & Sieving,
2012).When domestic dogs are defined by their human
dependence and main range type, they can be classified

as free-ranging or free-roaming dogs, in which mobility
is not restricted and does not depend entirely on humans
(Jensen, 2007; OIE, 2019). In the long term, when they
reproduce and recruit their populations in the wild without
any human interference (e.g. human-derived materials),
they are considered truly feral (Jensen, 2007; Reponen et
al., 2014; Vanak & Gompper, 2009a).

Undoubtedly, dogs play an important role in rural
communities, where they are used to facilitate hunting,
protect property, and reduce human-wildlife conflicts by
protecting livestock from people or predators (Khan, 2009).
However, when neglected, irresponsible dog ownership
may lead to the transition from companion-help dogs
to free-ranging dogs, resulting in numerous ecological
impacts in natural ecosystems (for a review, see Young et
al., 2011) and socioeconomic impacts on livestock rearing
(Home et al., 2017; Montecino-Latorre & San Martin,
2019). Free-ranging dogs now function as predators, prey,
competitors, and reservoirs or transmitters of diseases, and
could hybridize with native species (Doherty et al., 2016;
Ritchie et al., 2014; Vanak & Gompper, 2009a).

The amount of available resources for such a generalist
and opportunistic species and its close relationship with
humans have resulted in a worldwide population estimated
from 700 million (Hughes & Macdonald, 2013) to one
billion domestic (including free-ranging) dogs (Gompper,
2014). Free-ranging dogs are opportunistic-generalist
predators, that not only behave as scavengers or depend
on human-related food but also can hunt wild animals,
consuming almost any available prey (e.g., insects, reptiles,
birds, mammals, and other predators; Gompper, 2014), with
medium-sized wild mammals being one of the most affected
(Glen & Dickman, 2008; Hughes & Macdonald, 2013;
Lessa et al., 2016; Mella-Méndez et al., 2019). Domestic
dogs have contributed to 11 vertebrate extinctions and are
a potential threat to 188 endangered species worldwide, 29
of which are distributed throughout Central America, the
Caribbean, and Mexico (Doherty et al., 2017).
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Predation of native, endemic, and even critically
endangered wildlife by free-ranging dogs has been
documented at the global level (Butler & du Toit, 2002;
Campos et al., 2007; Iverson, 1978; Kruuk & Snell, 1981;
Silva-Rodriguez et al., 2010; Young et al., 2011). Although
the direct killing of wildlife is the most obvious impact,
dogs also harass or chase native species, which can result
in altered patterns of wildlife activity (Lenth et al., 2008).

The presence of free-ranging dogs in the Nevado de
TolucaFloraand Fauna Protection Areahad been previously
documented, particularly in the Cacalomacan Ecological
Park (CEP) (Sanchez-Jasso et al., 2013). The CEP is an
important area for the conservation of biodiversity and the
free-ranging dogs may pose a risk for local wildlife and
park visitors. Eighty-five vertebrate species occur in the
park along with free-ranging dogs. However, no additional
data regarding the presence, biology, and ecology of free-
ranging dogs in the area are available.

Here, we estimated the diet of free-ranging dogs
(Canis lupus familiaris) in Cacalomacan Ecological Park,
as a step towards understanding the potential impacts on
local wildlife species.

Materials and methods

The study was carried out in the Cacalomacan
Ecological Park (CEP), located within a fragmented area

of the Nevado de Toluca Flora and Fauna Protection Area
(hereafter Nevado de Toluca) (19°12°37” N, 99°44°42”
W; 19°12°317 N, 99°43°51” W; 19°11°31” N; 99°44°22”
W, 19°11°47” N; 99°45°09” W), at an elevational gradient
ranging from 2,800 to 3,247 m asl (Sanchez-Jasso et al.,
2013). The Nevado de Toluca is regarded as a priority
terrestrial region by the Mexican government owing to
its great biodiversity, endemism, water catchment, and
high biological and landscape value (DOF, 2016b). It was
established as a National Park in 1936, but was later re-
categorized to a Flora and Fauna Protection Area (Sanchez-
Jasso & Cebrian-Abellan, 2015). According to the [TUCN
Management Protected Areas, the Nevado de Toluca is a
category VI area, allowing the sustainable use of natural
resources in which the aim is to conserve biodiversity,
particularly at ecosystem and landscape scales, but not
to strictly protect them from human interference (IUCN,
2020).

The Nevado de Toluca, like other PA in Mexico,
encompasses many communities within its 53,589 hectares
(Héritier & Leberton, 2017), including 10 municipalities,
16 rural communities and more than 5,000 inhabitants
(INEGI, 2010). Together with a surrounding 1 km
influence area, results in 41 communities interconnected
by roads (DOF, 2016b; INEGI, 2011; Fig. 1).

The 244 ha rural community-owned park (CEP) is
an isolated woodland, forested with Mexican white cedar
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Figure 1. Location of Cacalomacan Ecological Park within the Nevado de Toluca in the State of México, Mexico. Datum WGC 84,

Zone 14.
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(Cupressus lindeyi) and Mexican weeping pine (Pinus
patula), creeks with native vegetation of Mexican sacred
fir (Abies religiosa) and Mexican alder (4/nus jorullensis),
surrounded by urban and farming lands about 10 km from
the urban border (Sanchez-Jasso et al., 2013) (Fig. 1).

During our study, from June 2013 to January 2014, at
least 3 groups of 6 to 12 dogs as well as solitary individuals
were seen in the area. The dogs ranged from the size of a
small Toy Poodle breed to a big German Shepherd breed.
We estimated the diet of free-ranging dogs by scat analysis
(Reynolds & Aebischer, 1991). Scats were collected twice
per month with the help of a bloodhound trained to only
locate dog scats in different habitat. The starting time was
always 3 hours after sunrise, with a one-hour warmup
period for the hound (Long et al., 2007). We randomized
start locations by selecting starting compass bearings from
trails throughout the CEP so that no area was intentionally
sampled first (Wasser et al., 2004). Only scats with no
signs of deterioration (mostly intact, without washing
out) were collected (n = 130) (Sélem-Salas et al., 2011).
All samples were labeled for laboratory analysis. Scats
were sun-dried and washed in a sieve (1 mm), using cold
water to separate all the elements such as hairs, bones,
feathers and other prey components from other organic
and human-origin material (Ramakrishnan et al., 1999) for
further specific analyses. Prior to the analyses, 2 experts on
local vertebrates were trained in identifying scat contents
by practicing with reference material and reference scats
(Mattioli et al., 2006; Sanchez-Jasso et al., 2013). They
thoroughly dissected and examined the scats at the same
time, using a local reference collection as well as with the
help of specific taxonomists, thus reducing the individual
observer bias (Spaulding et al., 2000).

Hair in scats was examined visually to identify
the color pattern, and microscopically to examine its
medullary pattern using a modification of the technique
described by Arita and Aranda (1988), which consisted of
rinsing the hair in soapy water for 48 hours, placing it into
xylol for 24 hours, and then mounting it on a microscope
slide, using Canada balsam. Morphological observations,
photomicrographs and measurements were performed
using a Nikon binocular microscope (Eclipse 801 ®)
coupled to a Nikon DS-Ri2® digital camera with the help
of NIS-Elements BR® microscope imaging software.

All remains were analyzed and identified to the
lowest taxon possible with reference guides and input
from specialists on local wildlife. To identify hair,
teeth, mandibles and bone fragments of mammals we
consulted Hall and Kelson (1959) and Monroy-Vilchis
and Rodriguez (1999). Bone remains were deposited and
are available in the Repository (http://www.ibirds.org)

of the Institute for Biodiversity Research, Development
& Sustainability (iBIRDS), Toluca, Mexico (accession
number Mammals-01/2015). Photographs of hair were
deposited in the same collection. From birds, only large
feathers and bones were used for identification (Peterson
& Chalif, 1989; Scott & McFarland, 2010). From insects,
only the remains of beetles were found and later identified
(Delgado, 2008). Residue of vegetative matter such as
seeds and grass were also recorded and separated for
identification.(Rzedowski et al., 2005; Sanchez, 1974).
Human-derived food (HDF) was identified by the presence
of plastic bags or food wrappers, which were common
wastes found in the park (Vanak & Gompper, 2009b).

All the prey items identified in the scats by their
taxonomic characteristics were classified into 6 food
categories: wild mammals, birds, insects, livestock,
vegetative matter, and human derived food (HDF). We
estimated the frequency of occurrence (FO) defined as:
FO = (fi*100)/N. Where fi is the number of occurrences
of each prey and N is the total number of samples, and
relative frequency of occurrence (RO), defined as: RO
= fi*100)/T. Where fi is the number of occurrences of
each prey and T is a total occurrence of all prey types in
all samples, T is obtained by adding the fi (Helder & de
Andrade, 1997).

Results

We identified 201 food items in 130 dog scats. The
scats contained members of 5 classes, 13 orders, 16
families, 21 genera and 22 species (Table 1). The most
frequent food categories in the diet of free-ranging dogs
were wild mammals (FO = 62.3%; RO =40.3%), followed
by vegetative matter (FO = 51.5%; RO = 33.3%), HDF
(FO = 21.5%; RO = 13.9%), livestock (FO = 13.8%; RO
= 9%, birds (FO = 3.8%; RO = 2.5%) and insects (FO =
1.5%; RO = 1%) (Table 2).

The wild mammals’ category was represented by
11 families, 18 genera and 19 species (Table 1). The
Mephitidae family had the most frequently found items
in the scats (FO = 19.2%; RO = 12.4%), followed by the
Cricetidae family (FO = 17.7%; RO = 11.4%), and the
Leporidae family (FO = 11.5%; RO = 7.5%). The Canidae
and Soricidae families had the least number of items found
in the scats (FO = 0.8%; RO = 0.5%) (Table 2).

In the vegetative matter category, Prunus serotina was
the item most frequently consumed (FO = 28.5%; RO
= 18.4%). For livestock, Bos taurus was the item most
frequently consumed (FO =3.8%; RO = 2.5%). Bird and
insect categories had the lowest frequency in the diet of
free-ranging dogs (Table 2).
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Table 1

Species found in free-ranging dog scat.

Kingdom Class Order Family Genus Species Endemism  NOM-059
Status
Animal Mammalia 8 11 18 19 8 4
Aves 1 1 1 1 0 0
Insecta 1 1 1 1 0 0
Plantae Magnoliopsida 2 2 1 1 0 0
Liliopsida 1 1 0 0 0 0
Total 13 16 21 22 8 4

Table 2

Frequency of occurrence (FO) and relative frequency of occurrence (RO) of free-ranging dogs diet in Cacalomacan Ecological
Park. fi = Number of occurrence of each prey, FO = frequency of occurrence (fi(100)/130); RO = relative frequency of occurrence
(fi(100)/201); N.I. + = not identified.

Categories Family Scientific name Common name fi Frequency of
occurrence (%)
FO RO
Wild mammals Didelphidae Didelphis marsupialis Virginia opossum 2 1.5 1.0
Dasypodidae Dasypus novemcinctus Nine-banded armadillo 2 1.5 1.0
Leporidae Sylvilagus floridanus Eastern cottontail 3 2.3 1.4
Sylvilagus cunicularius Mexican cottontail 2 1.5 1.0
Sylvilagus spp. 10 7.7 5.0
Cricetidae Peromyscus spp. 9 6.9 4.5
Reithrodontomys Volcano harvest mouse 1 0.8 0.5

chrysopsis
Neotoma mexicana Mexican woodrat 4 3.1 2.0
Neotomodon alstoni Mexican volcano mouse 1 0.8 0.5
Microtus mexicanus Mexican vole 2 1.5 1.0
N.L. small rodent+ 6 4.6 3.0
Sciuridae Spermophilus sp. N.L. Ground squirrel 1 0.8 0.5
Sciurus oculatus Peter's squirrel 2 1.5 1.0
Glaucomys volans Mexican flying squirrel 2 1.5 1.0
Felidae Lynx rufus Bobcat 3 2.3 1.5
Canidae Urocyon cinereoargenteus Grey fox 1 0.8 0.5
Mephitidae Mephitis macroura Hooded skunk 13 10 6.5
Conepatus leuconotus American hog/nosed 12 9.2 6.0

skunk
Procyonidae Bassariscus astutus Ringtail 2 1.5 1.0
Soricidae Cryptotis alticola Central Mexican broad- 1 0.8 0.5
clawed shrew

Vespertilionidae N.L+ 2 1.5 1.0
Total 81 62.3 40.3
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Table 2. Continued

Categories Family Scientific name Common name fi Frequency of
occurrence (%)

FO RO

Birds Cuculidae Geococcyx velox Lesser roadrunner 2 1.5 1.0
NI+ 3 2.3 1.5

Total 5 3.8 2.5

Insects Scarabaeidae Orizabus isodonoides Beetle 2 1.5 1.0
Total 2 1.5 1.0

Livestock Bovidae Bos Taurus Cow 5 3.8 2.5
Ovis aries Sheep 1 0.8 0.5

Suidae Sus scrofa Pig 2 1.5 1.0

NI+ 10 7.7 5.0

Total 18 13.8 9.0
Vegetable matter Rosaceae Prunus serotine Wild black cherry 37 28.5 18.4
Poaceae Crops 19 14.6 9.5

Solanaceae Crops 11 8.5 5.5

Total 67 51.5 33
Human derived food Total 28 21.5 13.9

(HDF)
Discussion of hooded skunk (Mephitis macroura), and eastern hog-

We found wildlife species in the diet of free-ranging
dogs from the CEP including locally endemic species and
species not previously known to be consumed by free-
ranging dogs. Wild mammals, including skunks, rodents,
and rabbits were the most frequent prey in the diet of free-
ranging dogs. Eight rodent species, 1 shrew, and 2 skunk
species we identified have not been previously reported
as part of the diet of free-ranging dogs. Of these, the
volcano harvest mouse, Mexican volcano mouse, Peter’s
squirrel, and Central Mexican broad-clawed shrew are
endemic species to Central Mexico, and the latter, together
with the Mexican flying squirrel have special protection
status under Mexican law (Ceballos & Oliva, 2005;
Semarnat, 2010).

Like reports in Brazil and Mexico, where dogs consume
medium sized mammals including other carnivores
(Campos et al., 2007; Mella-Méndez et al., 2019), we
found gray fox and bobcat in the scats of free-ranging
dogs. Whether these species were killed or scavenged by
dogs is unknown. Skunks are considered to be medium
sized mammals and thus, could be a threatened prey of
free-ranging dogs (Gallina et al., 2008; Mella-Méndez et
al., 2019).We present the first evidence of the consumption

nosed skunk (Conepatus leuconotus) by free-ranging dogs,
which also were the most frequent species found. Free-
ranging dogs in CEP may be assuming the role of wild
canids, acting as both predators and competitors with other
mammals (Vanak & Gompper, 2009a, 2010).

As free-ranging dogs are opportunistic and rabbits
(Sylvilagus) are normally abundant in a wide variety of
habitats including open grass pine in the Trans-Mexican
Volcanic Belt (Fa et al., 1992), the consumption of rabbits
was expected. Our findings are consistent with the results
of other studies in which rabbits, although not necessarily
the most frequently consumed item, are common in the
free-ranging dog diet (Garcia-Aguilar, 2012; Green &
Gipson, 1994; Lessa et al., 2016).

Within the 19 species of wild mammals found in the
scat of free-ranging dogs, 7 were previously reported in
the CEP. In comparison with previous studies that reported
11 species of wild mammals in the CEP, we have added
12 different records of mammals in this area (Sanchez-
Jasso et al., 2013; Table 3). These findings may simply be
related to methods and sampling effort on former surveys,
and therefore the species were present but had not been
previously reported. The difference in the number of
mammals in our study could also suggest that some species
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are not necessarily present in the CEP but are found in
scats due to the extensive home-range of free-ranging dogs
around the Nevado de Toluca, which may pose a further
risk for local wildlife.

Vegetative matter was the second category most
frequently appearing in the diet of free-ranging dogs.
Within the vegetative matter, wild black cherry was the
most frequent item found in all scats. This frequency
might be related to the type of habitat in the study site,
as the main vegetation reported is a temperate coniferous-
pinus forest which in the Trans-Mexican Volcanic Belt
is associated with species of fruit trees (Prunus spp.) and
croplands (Rzedowski, 1978).

Table 3

Dogs that live close to human settlements are highly
dependent on HDF, and unlike feral dogs, free-ranging
dogs are more opportunistic and supplement their diet with
HDF (Vanak & Gompper, 2009b). The CEP is located
about 10 km from the urban border and it is surrounded by
urban and cropland areas. Also, during the study, we saw
some free-ranging dogs feeding in waste containers around
the park, explaining its presence in the free-ranging dog’s
diet. Scavenging rather than predation was probably the
main reason why livestock remains were found in the diet,
as the presence of a clandestine dump adjacent to CEP that
received livestock remains (Bos taurus, Ovis aries and Sus
scrofa) in an open pit was found during the study.

Comparative records of wild mammals in Cacalomacan Ecological Park from Sanchez-Jasso et al 2013 and this study. % New records,

M Sanchez-Jasso et al. (2013), ®* Mexican endemic.

Family Species This study Sanchez-Jasso ~ NOM-059 Status
et al. (2013)
Didelphidae Didelphis virginiana | M
Dasypodidae Dasypus novemcinctus M 1t}
Leporidae Sylvilagus floridanus M |
Sylvilagus cunicularius® | M
Cricetidae Peromyscus spp. »*
Reithrodontomys chrysopsis® *
Neotoma mexicana® *
Neotomodon alstoni® M 1t}
Microtus mexicanus® *
Sciuridae Spermophilus sp. *
Sciurus oculatus® »* Special protection
Sciurus aureogaster |
Glaucomys volans * Threatened
Geomyidae Cratogeomys planiceps M
Cratogeomys fumosus® %} Threatened
Felidae Lynx rufus *
Canidae Urocyon cinereoargenteus *
Canis latrans %}
Mephitidae Mephitis macroura M %}
Conepatus leuconotus *
Mustelidae Mustela frenata 4|
Procyonidae Bassariscus astutus M 1t}
Soricidae Cryptotis alticola® * Special protection
Vespertilionidae N.L *
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Remains of birds and insects were visible in the scats
in low frequency. In the bird category, we found remains
from the Lesser Roadrunner, a species previously reported
in the study site (Sanchez-Jasso et al., 2013). In the insect
category we found remains from Orizabus isodonoides,
a specialized rhizophagus-stenophagus beetle that feeds
exclusively on grass roots (Moron et al., 2010). The Order
Coleoptera was previously reported as part of the diet of
free-ranging dogs (Vanak & Gomper, 2009b).

The diet of free-ranging dogs depends on various
factors such as habitat, climate, availability of resources,
and proximity to human settlements (Gompper, 2014).
The Nevado de Toluca has not only human settlements,
but networks of trails and roads (Fig. 1) that facilitate
the dispersal of the free-ranging dogs into forested areas
(Sepulveda et al., 2015). The home-range of free-ranging
dogs in rural/forest areas has been documented to be from
444 to 2,850 ha (Nesbitt, 1975; Scott & Causey, 1973).
Studies support the theory of resource dispersion as the
key to the home-range size of an animal. This theory
establishes that the minimum territory size of an animal
is determined by the distribution of the patches of prey
(Macdonald, 1991). The theory of resource dispersion
could explain the need for the dogs to have a large home-
range, even though they live in a resource-rich environment
(Meek, 1999).

Free-ranging dogs have been highlighted as a potential
threat to wildlife particularly in protected areas (Paschoal
et al., 2016; Zapata-Rios & Branch, 2016). In Mexico,
within the Islas del Pacifico, Peninsula de Baja California
PA (previously Valle de los Cirios PA) and particularly
on Cedros Island, the consumption of the California Sea
Lion (Zalophus californianus), the Northern elephant seal
(Mirounga angustirostris) (Gallo-Reynoso & Garcia-
Aguilar, 2008), the riparian brush rabbit (S. bachmani),
Cedros Island mule deer (Odocoileus hemionus
cerrosensis) and San Diego pocket mouse (Chaetodipus
anthonyi) by feral dogs has been documented (Garcia-
Aguilar, 2012). More recently, the predation of 9 banded
armadillos (Dasypus novemcinctus) and common opossums
(Didelphis marsupialis) by free-ranging dogs in urban and
peri-urban PA of a city in Veracruz was also recorded
(Mella-Méndez et al., 2019). The Nevado de Toluca hosts
endangered-endemic species like the Peter’s squirrel (S.
oculatus), Central Mexican broad-clawed shrew (Crypfotis
alticola), and the Mexican flying squirrel (Glaucomys v.
g.) that in this study were part of the diet of the free-
ranging dogs (Table 3).

The incorporation of dogs into the list of invasive
alien species for Mexico will facilitate actions according to

current Mexican laws and regulations for the prevention,
control and eradication of invasive alien species inside
protected areas (DOF, 2016a). While the Nevado de Toluca
management plan has determined a series of activities
against invasive species, no specific actions have been
established for dogs (DOF, 2016b; Conanp, 2016).

In order to effectively design, prioritize and implement
conservation plans and actions to minimize the impact
of dogs on wildlife, and to propose economically and
operationally efficient dog control programs, it is necessary
to understand how and where dogs pose a threat (Doherty
et al., 2017).

Particularly for free-ranging dogs, basic strategies
of eradication and extirpation from the wild may not be
enough. This is because unlike other invasive alien species,
the problem is not only to remove them from the PA, but
to determine how to change the human behaviors that
causes the problem (Villatoro et al., 2019). We recommend
following global-level policies aimed at dramatically
reducing the size of the population of free-ranging dogs
in the urban-wild interface through: “proper management
of solid waste, sterilization, castration programs, and
responsible ownership of dogs, along with efforts that
combine and involve scientific research and society
outreach, and decide on the actions to control and eradicate
this species” (IUCN, 2000; Young et al., 2011). With these
strategies, as well as local community engagement and
further research to identify specific risk sites in the entire
Nevado de Toluca, not only will the welfare of dogs as
pets be secured, but wildlife populations that live within
and outside protected areas will be safeguarded.
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