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RESUMEN

Patrones espacio-temporales de diversidad y abundancia de mamiferos
terrestres en un paisaje semiarido del sureste de Coahuila, México

Erika Jasmin Cruz Bazan
Para obtener el grado de
Doctor en Ciencias en Produccidén Agropecuaria
Universidad Auténoma Agraria Antonio Narro

Dr. Juan Antonio Encina Dominguez
Director de Tesis

Los mamiferos terrestres desempefian un papel fundamental en la estabilidad
ecoldgica de los ecosistemas semiaridos, donde la escasez de recursos y la
marcada estacionalidad definen su distribucion y abundancia. En el sureste de
Coahuila, México, se evalu6é la diversidad de especies en tres tipos de
vegetacion: matorral desértico chihuahuense, zacatal semidesértico y bosque de
montafia mediante técnicas complementarias que incluyeron fototrampeo,
rastreo y captura por medio de trampas Sherman. El esfuerzo de muestreo
alcanzé 2,799 dias-camara, registrdndose 571 eventos fotograficos
independientes, en total se registraron 16 especies de mamiferos medianos y
grandes. Los indices de diversidad de Shannon oscilaron entre 1.36 y 1.82, no
se registraron diferencias significativas entre temporadas (p > 0.05), aunque la
composicién estuvo influenciada por el tipo de vegetacién. El zacatal
semidesértico y el bosque de montafia mostraron mayor diversidad durante la
temporada seca, mientras que el matorral desértico chihuahuense mantuvo una
comunidad mas estable a lo largo del afio. En el caso de los pequefios
mamiferos, se registraron cinco especies de roedores pertenecientes a tres
géneros, destacando Peromyscus zamorae y Onychomys arenicola por su
abundancia relativa. El matorral xerofilo presento la mayor diversidad, mientras

gue el zacatal semidesértico mostré6 mayor abundancia, con bajo recambio entre

Vi



comunidades. Estos patrones reflejan la influencia de la estructura vegetal sobre
la riqueza y dominancia faunistica. En conjunto, los resultados subrayan la
relevancia de conservar las comunidades vegetales dentro de los paisajes
ganaderos semiaridos, ya que su mantenimiento favorece la conectividad

ecologica y la resiliencia de las especies de mamiferos terrestres.

Palabras claves: Biodiversidad, Monitoreo, Comunidades.

vii



Abstract

Spatial and temporal patterns of diversity and abundance of terrestrial mammals
in a semi-arid landscape of southeastern Coahuila, Mexico

Author: Erika Jasmin Cruz Bazan
To obtain the Degree of Doctor of Sciences in Agricultural Production
Antonio Narro Autonomous Agrarian University

Dr. Juan Antonio Encina Dominguez
Thesis Director

Terrestrial mammals play a fundamental role in maintaining the ecological stability
of semi-arid ecosystems, where resource scarcity and pronounced seasonality
shape their distribution and abundance. In southeastern Coahuila, Mexico,
species diversity was evaluated across three vegetation types—Chihuahuan
desert scrub, semi-desert grassland, and montane forest—using complementary
techniques including camera trapping, track surveys, and live trapping with
Sherman traps. The sampling effort reached 2,799 camera-trap days, yielding 571
independent photographic records and a total of 16 medium- and large-sized
mammal species. Shannon diversity indices ranged from 1.36 to 1.82, with no
significant differences between seasons (p > 0.05), although composition varied
according to vegetation type. The semi-desert grassland and montane forest
exhibited higher diversity during the dry season, while the Chihuahuan desert
scrub maintained a more stable community throughout the year. For small
mammals, five rodent species belonging to three genera were recorded, with
Peromyscus zamorae and Onychomys arenicola being the most abundant. The
xerophilous scrub showed the highest diversity, whereas the semi-desert
grassland presented the greatest abundance, with low turnover among
communities. These patterns reflect the strong influence of vegetation structure
on species richness and faunal dominance. Overall, the results highlight the

importance of conserving plant communities within semi-arid ranching
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landscapes, as their maintenance enhances ecological connectivity and the

resilience of terrestrial mammal species.

Keywords: Biodiversity, Monitoring, Communities.



I. INTRODUCCION

Los ecosistemas aridos y semiéridos que se distribuyen en el norte y centro de
México cubren aproximadamente una cuarta parte del territorio nacional y
representan ambientes de alta singularidad ecologica. Estos sistemas naturales
albergan alta diversidad biolégica que ha evolucionado bajo condiciones
climaticas extremas, caracterizadas por escasas precipitaciones, altas
temperaturas y marcados contrastes estacionales. Pese a su relevancia, la
presién antropogénica (principalmente derivada de la ganaderia extensiva, la
agricultura y la urbanizacion) ha generado un deterioro progresivo en la cobertura
vegetal, provocando fragmentacion, pérdida de conectividad ecoldgica y una
disminucion de los servicios ecosistémicos esenciales (Ramirez-Pulido et al.,
2018; Ezcurra, 2004).

México alberga alrededor de 544 especies de mamiferos (Ceballos 2014),
mientras que en el estado de Coahuila se ha documentado cerca del 15% (126
spp) de la mastofauna registrada a nivel nacional, con diversas especies
endémicas y bajo alguna categoria de riesgo (Ramirez-Pulido et al., 2018). No
obstante, los estudios sobre su ecologia, abundancia y patrones espacio-
temporales aun son escasos, particularmente en el sureste del estado, donde
predominan los paisajes semiaridos con influencia en actividades agropecuarias.
La escasez de informacién sobre la dinAmica y composicion de sus comunidades
limita la toma de decisiones orientadas a la conservacion de los habitats y de la

fauna nativa (Magioli et al., 2016;).

Los mamiferos terrestres desempefian funciones ecologicas importantes como la
dispersién de semillas, en la regulaciébn de poblaciones de invertebrados y

pequefios vertebrados, y contribuyen al reciclaje de materia organica. Estas



interacciones los convierten en indicadores clave de la calidad del habitat. De
manera particular, la diversidad y abundancia de mamiferos se asocian con la
estructura y heterogeneidad del habitat, asi como la estacionalidad y la

disponibilidad de recursos (Lacher et al., 2019).

En tal sentido, el estudio se centra en la relacion entre la heterogeneidad
ambiental y la estructura de las comunidades de mamiferos, integrando la
informacion de mastofauna terrestre de talla pequefia, mediana y grande,
mediante métodos complementarios como la captura por medio de trampas
Sherman, fototrampeo y rastreo. La investigacion tiene como finalidad el aporte
de bases cientificas sobre la influencia de los gradientes ecoldgicos sobre la
composicién de los mamiferos terrestres, contribuyendo al conocimiento de los

ecosistemas semiaridos.



ll. REVISION DE LITERATURA

2.1 Aspectos ecoldgicos de los mamiferos

Las comunidades biol6gicas que habitan en regiones aridas han desarrollado
adaptaciones que les permiten sobrevivir bajo condiciones de escasa
disponibilidad hidrica y alta variabilidad térmica (Gedir et al., 2020; Blumstein &
MacManes 2023). En estos ambientes, los mamiferos desempefan funciones
ecolégicas esenciales como dispersores semillas, controladores de poblaciones
de invertebrados y contribuyen a los flujos de energia (Hernandez et al., 2010;
Aragén et al.,, 2012). Diversos estudios demuestran que los mamiferos
constituyen indicadores del cambio ambiental, siendo particularmente Utiles para

evaluar la integridad ecoldgica en sistemas aridos (Avenant 2011; Ayodele 2025).

Algunas especies clave como Ursus americanus y Cynomys mexicanus reflejan
el papel de los mamiferos terrestres como especies indicadoras, ya que son
capaces de alterar la estructura del habitat y los procesos asociados a la
productividad y regeneracion vegetal (Gonzalez-Saucedo et al., 2020; Rodriguez-
Barrera et al., 2022). La declinacién de estas especies en hébitats semiaridos
resalta la importancia de conservar los remanentes de vegetacion natural y
mantener la conectividad entre parches de vegetacion (Zimbres et al., 2017). Asi,
la conservacion de la actividad faunistica en estos paisajes depende cada vez
mas de la integracion de la gestion productiva con el disefio de corredores
ecoldgicos y areas de reserva funcional (Mattos et al., 2021).

Los roedores, por su alta tasa de reproduccion, su sensibilidad ambiental y su
papel importante en la dispersion de semillas y en los ciclos de humedad del
suelo, constituyen un grupo critico para la ecologia de sistemas aridos. Su

riqueza y abundancia estan asociadas a la complejidad de la vegetacion, a la



cobertura del sustrato y a la disponibilidad de refugios (Dong et al., 2024). En un
estudio reciente en el Altiplano mexicano, se document6 que la diversidad de
roedores disminuye en zonas con menor heterogeneidad de vegetacion, lo que
sugiere que la estructura del habitat promueve la coexistencia de especies (Dong
et al.,, 2024). Asimismo, se ha documentado que la combinacién de pastizal y
matorral favorece una mayor riqueza de roedores frente a habitats homogéneos
(Thibault et al., 2010).

El conocimiento de las especies de mamiferos de talla pequefia de un area es
importante debido a la alta riqueza de especies con la que cuenta este orden
mastofaunistico, y la funcion que cumplen en el ecosistema como parte de la
cadena tréfica (Aragén et al., 2012; MacSwiney et al., 2012), por otra parte,
algunas especies silvestres e introducidas son reservorio de enfermedades como

la Leishmaniasis, Hantavirus, entre otras (Hernandez et al., 2010).

2.2 Métodos para el estudio de la mastofauna terrestre

La diferenciacion de tallas y habitos de los mamiferos terrestres exige el uso de
métodos complementarios de muestreo para estimar con precision su riqueza,
diversidad y abundancia. Para mamiferos medianos y grandes, el uso de trampas
camara y rastreo ha demostrado ser altamente eficiente al permitir la deteccién
de especies esquivas 0 de baja densidad (Mandujano ). La técnica del
fototrampeo, consiste en la instalacién de camaras que se activan por medio de
sensores de movimiento y capturan una imagen cuando un individuo atraviesa
su campo de vision; el fototrampeo tiene diferentes aplicaciones como el
inventario de fauna, estimaciones de abundancia, desarrollo de modelos de
ocupacion, uso de habitat, habitos de alimentacion y patrones de actividad

(L6pez-Tello y Mandujano 2017). Mientras el rastreo consiste en la busqueda de



cualquier indicio que la fauna deja a su paso (huellas, excretas, restos 0seos)
(Aranda, 2012).

Por su parte, la captura con trampas Sherman se mantiene como una técnica
estandar para la cuantificacion de comunidades de pequefios mamiferos (Krebs,
1985), Esta técnica consiste en la instalacion de trampas metélicas livianas
provistas de un mecanismo de compuerta que se activa al ingresar el individuo,
permitiendo su captura sin causarle dafio. Su disefo y facilidad de transporte la
convierten en un método eficiente para estimar abundancia, riqueza y estructura
poblacional en especies de talla pequefa (Gallina y Lépez-Gonzalez 2011). Se
ha documentado que la combinacion de métodos incrementa la exhaustividad del
muestreo y reduce el sesgo hacia determinados tamafios o gremios tréficos
(Steenweg et al., 2018). La aplicacion de estas metodologias permite abordar el
estudio de los mamiferos terrestres desde una perspectiva a diferentes escalas,
lo cual resulta fundamental para generar estimaciones estadisticas robustas con
aportes relevantes para la investigacion y a la gestion de la conservacion de las

especies y de sus habitats (Mason et al., 2022).

2.3 Vegetacién y estacionalidad en la conservacion de mamiferos

Los tipos de vegetacion que se distribuyen en los pastizales, como el zacatal
semidesértico, el bosque de montafia y el matorral desértico chihuahuense
actuan como ejes que estructuran la diversidad y abundancia de los mamiferos
terrestres, al ofrecer distintos niveles de cobertura, refugio y alimento. En
regiones aridas, se ha observado que el tipo de vegetacion influye mas en la
composicion de las comunidades que la propia estacionalidad, aunque esta
altima también modula la disponibilidad de recursos (Klenner & Sullivan 2025).

Desde una perspectiva de conservacion, la conectividad y la heterogeneidad de



vegetacion se consideran esenciales para mantener la funcionalidad del

ecosistema y su resiliencia ante el cambio climatico (Misher & Vanak 2022).

La integracion de la produccién ganadera con la conservacion de la mastofauna
en paisajes semiaridos exige que se reconozcan estos gradientes como ejes de
planificacion y monitoreo (Chillo et al., 2015). Este enfoque permite establecer
prioridades de conservacion que no se limiten a parches aislados, sino que
contemplen la matriz productiva y su interaccion con la fauna silvestre (Tyrrell &
Western 2017).
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ABSTRACT

Objective: To assess the diversity of rodent communities in semi-desert grasslands and xerophilous shrubland
at the “Los Angeles” Ranch in southeastern Coahuila.

Design/methodology/approach: Monthly samplings were carried out from May to November 2020 using
Sherman traps. The capture-recapture method was used to estimate species richness and abundance. Non-
parametric estimators, species rarefaction curves, and rank abundance plots were utilized to measure species
diversity. The Whittaker index was employed to assess species turnover between sampled communities.
Results: A total of 205 individuals from three families and eight species of rodents were recorded, with the
Cricetidae family being the best represented. The species rarefaction curve showed that the shrubland exhibited
greater diversity compared to the grassland. The dominant species were Onychomys arenicola in the semi-desert
grassland and Peromyscus zamorae in the xerophilous shrubland.

Limitations/implications: There remains a need to extend long-term monitoring efforts to detect how
anthropogenic activities influence species composition.

Findings/conclusions: The study highlights the importance of grasslands for the conservation of rodents
in the state. Semi-desert grasslands and shrublands provide natural resources that should be preserved to
maintain biodiversity in semi-arid ecosystems.

Keywords: Rodentia, habitat, grassland, semi desertic ecosystem, diversity.

INTRODUCTION
Coahuila is an important part of the arid and semi-arid ecosystems of northern
Mexico, as the majority of its surface is immersed in the Chihuahuan Desert (Villarreal-

Quintanilla and Encina-Dominguez, 2005). However, some areas within this region
experience notable anthropogenic impact due to livestock activities, which generate
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modifications in the structure and vegetation cover, thus affecting the availability of
habitats for various wildlife species (Herndndez-Betancourt ez al., 2012). Therefore,
it is essential to have information about the composition of the different faunistic
groups that these ecosystems harbor. Among these, rodents are particularly interesting
for understanding the functioning of ecosystems, as they are vulnerable to habitat
disturbances and require specific physical and climatic conditions for establishment
(Aragon et al., 2012). Additionally, this faunistic group plays an important role as seed
dispersers and consumers (God6 et al., 2022) and constitutes a significant part of the
biomass for predators (Herndndez et al., 2011). Although various studies on mammals
have been conducted in Coahuila, most of them have focused on the central and northern
regions of the state (Sierra Mojada and San Buenaventura), primarily addressing aspects
of population dynamics and faunistic inventories (Gonzalez-Uribe et al., 2023; Valdés-
Alarcon et al., 2023). Meanwhile, in other areas of the state, studies have been conducted
on distribution patterns (Ramirez-Pulido et al., 2018; Pineda et al., 2024). Therefore,
it is essential to increase knowledge in other regions to understand the diversity and
composition of mammal communities, such as rodents in the state (Ramirez-Pulido et al.,
2016). In this context, the objective of this study was to evaluate the diversity of rodent
communities in semi-desert ecosystems, such as semi-desert grasslands and xerophilous
shrubland at the “Los Angeles” Experimental Ranch in southeastern Coahuila. This
was done to generate basic information about the species that inhabit this region and
to fill gaps in the knowledge of species richness and population abundance, there by
contributing to the conservation of local biodiversity in the arid and semi-arid ecosystems
of Coahuila.

MATERIALS AND METHODS

The study was conducted at the “Los Angeles” Ranch located in the municipality of
Saltillo, Coahuila (25° 04’ 12” to 25° 08" 51" N, 100° 58 07" to 101° 03’ 12” W) (Figure
1), at an average altitude of 2,150 m (Heredia-Pineda et al., 2017). This area covers 7,000
hectares and features elevated zones and valleys. The climate is dry, arid-semi-warm, with
a cool winter, and the average annual temperature varies between 18 and 22 °C (Garcfa,
2004). The average annual precipitation ranges from 450 to 550 mm, with rainfall primarily
occurring during summer and winter (Lopez-Santos et al., 2008). The main activity in the
area is extensive beef cattle production through rotational grazing.

The dominant types of vegetation are xerophilous shrubland and semi-desert grassland
(Encina-Dominguez et al., 2018).

Fieldwork: Sampling was conducted monthly from May to November 2020, where
four sampling sites were established (two sites in semi-desert grassland and two in
xerophilous shrubland). At each site, a quadrant of 4,000 m? was established with 40
trapping stations distributed at equal distances of 10 m. At each station, a Sherman trap
was placed (Gonzdlez-Romero, 2011). Capturing was conducted over three consecutive
nights at each site. The capture and recapture method was used (Krebs, 1985), where
cach individual was marked by ectomizing phalanges (Pacheco et al., 2000; Romero-
Almaraz et al., 2007). For species identification, the somatic measurements of the
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Figure 1. Location of the Los Angtles Ranch in southeastern Coahuila.

captured individuals were recorded. Subsequently, guides with specialized taxonomic
keys were utilized (Ceballos, 2014; Alvarez-Castafieda et al., 2015). Once identified, the
individuals were released in situ.

Statistical analysis: To estimate species richness, non-parametric estimators ICE
and Jackknife 1 were employed (Gotelli & Colwell, 2011), calculated using the EstimateS
9.10 program (Colwell, R. K. 2013). For the analyses, true diversity was used at three
levels, where q=0 corresponds to species richness, q=1 is the exponential of Shannon, and
q=2 is the inverse of Simpson’s index (Jost, 2006). The rarefaction curve was calculated
using RStudio 4.3.0 (RStudio Team, 2023) with the iNEXT package (Hsich et al., 2016),
with 95% confidence intervals (Moreno, 2001; Jiménez-Valverde and Hortal ez al., 2003).
True diversity at each site was measured using the exponential of the first-order Shannon
index (1D) (Jost, 2006; Garcia-Morales et al., 2011; Moreno et al., 201 1). Rank-abundance
graphs were generated to observe the structure of species within the different sites. Finally,
to evaluate species turnover among the sampled plant communities, the Whittaker index
(Beta diversity) was used, which is defined as the ratio between gamma diversity (at the
regional level) and alpha diversity (at the local level), expressed as gamma divided by alpha
(B=y/a). This index measures the degree of differentiation among biological communities
(Baselga and Gémez-Rodriguez, 2019).
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RESULTS AND DISCUSSION

The recorded rodent species in the study area constitute 15.4% of what has been reported
for Coahuila, 9.7% for the Chihuahuan Desert (Ramirez-Pulido et al., 2018), and 3.3% at
the national level (Cieballos, 2014; Ramirez-Pulido e al., 2014). A total of 205 individuals
were recorded, belonging to three families (Cricetidae, Heteromyidae, and Sciuridae) and
eight species (Table 1). The dominance of the Cricetidae family was observed in the “Los
Angeles” Ranch, reflecting their fundamental role in the ecosystem; they have developed
physiological and behavioral adaptations, such as fat and water storage in their bodies,
allowing them to thrive in environments with limited resources (Harris & Pritchard, 2012)
(Table 1).

TheMexican prairie dog(Cynomys mexicanus), the spotted ground squirrel (Xerospermophilus
spilosoma), and the yellow harvest mouse (Reithrodontomys fulvescens) were recorded outside
the sampling period; however, they were included in the species richness list (Figure 2).

Figure 2. Rodents recorded at the “Los Angeles” Ranch: a=Neotoma leucodon; b=Onychomys icola;

L Giades  Rishid e Rahnd ) — Chactodip i :
c=Sig ip d= ¥ e=Cl i nelsoni;  {=Peromyscus  zamorae;
g=Xerospermophilus spilosoma; h=Cynomys mexicanus.

Table 1. Recorded species in each studied plant community.

: q ; UICN/NOM-59- Types of vegetation
Species Name Distribution | (o o T 2010 G T st
Neotoma leucodon White-toothed woodrat v
Onychomys arenicola Chihuahuan grasshopper mouse v v
Peromyscus zamorae Zamora deer mouse Endemic v v
Sigmodon hispidus Hispid cotton rat e
Chacelodipus nelsoni Nelson’s pocket mouse v v
Reithrodontomys fulvescens* Fulvous harvest mouse v
Cynomys mexicanus* Mexican prairie dog Endemic EN,EN v
Xerospermophilus spilosoma* Spotted ground squirrel v

* Species recorded outside the sampling period; TUCN =International Union for Conservation of Nature (species included in the Red List of
Threatened Species); NOM-059-SEMARNAT-2010=Species with some risk category under the Official Mexican Standard-059; Types of
vegetation: ZAC=Semidesert Grassland (Species recorded in grassland); MAT=Xerophytic Shrubland (Species recorded in shrubland).
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In relation to the species classified as at risk under the Official Mexican Standard
059-2010 (NOM-059-SEMARNAT-2010), the Mexican prairie dog was recorded in the
endangered category (P) and also holds the same status (EN) within the International
Union for Conservation of Nature (IUCN) Red List of Threatened Species. This species
plays a fundamental role in the structure of grassland communities as an umbrella
species, as it modifies the landscape by creating habitats for other species through its
burrowing activities. The decline in population, attributed to habitat fragmentation, can
have negative repercussions on the structure and functionality of the ecosystem, affecting
species that depend on the habitats created by this rodent (Castellanos-Morales et al.,
2016; O’Brien & Kinnaird, 2016). The species rarefaction curve showed the highest
richness for the xerophilous scrub community with five species, while the semidesertic
grassland recorded the highest number of individuals (93). Although the rarefaction
curve reached the asymptote, there is a probability of recording greater species richness
if sampling continues. Regarding the number of effective species, differences in species
richness (q=0) were observed: five species in the xerophilous scrub and three in the
semidesertic grassland. The exponential of the Shannon index (q=1) indicated that
the xerophilous scrub vegetation exhibited the highest diversity (2.62) compared to the
semidesertic grassland (1.74). For the inverse Simpson value (q=2), it was higher in
the semidesertic grassland (0.69) compared to the scrub (0.54). The wider confidence
intervals for Shannon and Simpson diversity in the scrub indicate greater variability in
species evenness compared to the grassland (Figure 3).

Regarding the abundance-rank curve in the two plant communities (Figure 4), the
semidesert grassland was dominated by the sandy chapuliner mouse (Onychomys arenicola),
as it is a carnivorous species with fossorial habits that requires open areas for its burrows.

grassland scrub

-

Species diversity

0 50 100 150 200 0
Individuals

m 0 E] 1182 == Rarefaction ™= * Extrapolation

Figure 3. Species rarefaction curve in the two studied plant communities: O=richness, 1=exponential of
Shannon, 2=inverse of Simpson.
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Figure 4. Species abundance rank curve recorded in each type of vegetation. O are=Onychomys arenicola; P
zam=Peromyscus zamorae; C. nel= Chactodipus nelsoni; N leu=Neotoma leucodon; S his==Sigmodon hispidus.

This allows for soil aeration and visibility of potential predators, as well as foraging
opportunities (Martin-Regalado e al., 2019; Langley, 2021). In the xerophytic scrub,
the dominant species was the Zamora deer mouse (Peromyscus zamorae), which is due to
its populations being associated with the productivity of resources provided by the plant
community (vegetation cover that serves as refuge and raw material for food) (Whitford
& Steinberger, 2010, Ceballos, 2014). Among the species with low dominance in the
grassland, the Nelson’s pocket mouse (Chaetodipus nelsoni) was recorded, possibly due to the
type of habitat where it is distributed, which is associated with areas featuring rocky slopes
and grasslands with shrubs such as governadora and hojasén, which serve as protection
against predators and as food sources (Neiswenter et al., 2019; Martinez-Calderas et al.,
2023). The record of the cotton rat (Sigmodon hispidus) may be attributed to its ability to
adapt to conditions with anthropogenic impact, as its populations establish themselves in
agricultural areas and regions with livestock activities (Wright & Russell, 2010; Tom¢é et
al., 2020). Regarding species turnover (Beta Diversity), it resulted in 1.25, indicating low
differentiation between the vegetation communities, as they share most of their species
with low turnover values.

CONCLUSIONS

The information generated in this research provided a baseline on knowledge about
the richness and abundance of rodents in the “Los Angeles” Ranch, highlighting the
importance of grasslands as key areas for the protection and maintenance of rodent
populations, as well as the conservation potential that both vegetation communities offer for
protection in southeastern Coahuila. It is recommended that future studies evaluate other
environmental variables such as soil (texture, nutrient content, porosity, and permeability),
altitude, diversity of grasses and shrub species, as well as the establishment of a greater
number of sampling sites to broaden conservation efforts, particularly for species with

conservation status, thereby ensuring the continuity of natural resources.
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Abstract: The grasslands and shrublands of northern and central Mexico cover nearly 25%
of the country and harbor high biodiversity. However, they are increasingly degraded by
agriculture, urbanization, infrastructure development, and water overexploitation To as-
sess the status of medium- and large-sized mammals in these threatened ecosystems, we
quantified species richness, relative abundance, and naive occupancy across vegetation
types and seasons. From April 2023 to February 2024, monthly track surveys and camera
trapping were performed, and the data were analyzed in R. We documented 16 spedies
representing four orders and nine families, with Camivora being the most diverse (eight
spedies). The species richness varied by habitat, ranging from 11 in montane forest to 13
in semi-desert grassland, the latter habitat having the highest Shannon and Simpson indi-
ces, particularly in the dry season. Odocoilens virgirianus and Syluvilagus audubonii were
consistently the most abundant species in montane forest and desert scrub, whereas Cyno-
mys mexiconus predominated in semi-desert grasslands, accounting for > 90% of detections
during the rainy season. Rare species included Lynx rufus. Taxudea taxus, and Ursus onen-
canus, each with isolated detections. Rarefaction and sample coverage curves approached
asymptotes (> 99%), indicating sufficent sampling effort. Naive occupancy and encounter
rates were highest for O. virgpuanus (0.82) and S. audxbornii (0.68), with a strong positive
correlation between both metrics (r* = 0.92). These findings provide robust baseline infor-
mation on mammalian diversity, abundance, and habitat assocations in semi-arid anthro-

sem pogenic landscapes, supporting future monitoring and conservation strategies.
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odiversity losz and compromize ecosystem integrity [2]. In semi-arid environmentz, an-
thropogenic pressures represent one of the main threats to medium- and large-sized mam-
mals by altering habstat avalabilty. betuvwnlydta‘as and long-term population via-
bilaty [3.4]. Agricultural expanzion. urban develop t, and ransportation infrastruch
fagment the landscape, reduce ecological connectivity, and diminizh native vegetation
cover, thereby restricting access fo eszential resousces such ac food, water, and zhelter
[5.6). Habitat fragmentation. in tum. promotes population isolation, deczeases gene flow,
exploitabion of water resources, which intensifies physiological styess during cxitical peri-
odz of the year, and illegal hunting and human-wildlife conflicts azsociated with Lvestock
production, which reduce populations of key spedies (e.g. Pima concolor. Caxis latrans,
Ursus americoms) and distupt trophic interactions [5,9]. Moreover, anthropogenic disturb-
ances frequently facilitate the expansion of generalist or invasive species, displacing spe-
calizts and contributing to biotic homogenization [10]. Theze cumulative impacts, cou-
pled with the high climatic vanability chazacteriztic of zemi-arid ecosyztems, are expected
to elevate the rizk of local extinctions. In Coaluila semi-arid graszlands have undergone
alterations over the past several decades that have led to a substantial decline in the spatial
distnbution of biodiversity [2].

The northern Mexican state of Coahuila iz notable for its faunal diversity, parficulasly
of mammals. Among the 544 mammal speciez reported nationwide [11.12], approximately
126 species are found in the state, and neazly 15% of these are endemic to Mexico [13].
According to Mexican legislation, 20 of these spedes are classified under rizk categories
[11,15). Tezrestrial mammals are key to ecological stability, funchoning as proimary dis-
persers of zeeds and organic matter and as regulators of prey and plant populations.
lize community structure, and sustain the functional integrity and resilience of ecosystems
acrozs landzcapes [14]. However, infensifying pressures such as overgrazing, extensive
agniculture, and land-uze change, continue to degzrade habitat quality and reduce func-
onal chvity the landscape [1516]. Specifically, mammal communities in the
arid and semi-arid ecozystems of northemn Mexico have remained functionally and genet-
diversity losz, genetic drift. and local extinction [17-19]. This historical fragmentation re-
duces conmectivity, alters population dynamicz, and complicates recovery from anthro-
pogenic and climatic dishurbances [17,19]. For example. endangered zpecies within the
graszlands of zouthem Coahuila such as the American black bear (Urzie americans) [11),
depend on biclogical corridors to move between suitable vegetation patches, avoid being
(Cyromy: mexicanus), which iz endemic to northeastern Mexico, plays a keystone ecologi-
scape, altering zoil composition. enhancing water infiliration. facilitating plant regenera-
and land-use change, which have drastically reduced landscape commectivity. restricted
movement. and compromized population viability [24-26).

The distribution of mammals is influ d by wal dynamics and habitat types,
with each species occupying a range shaped by the interacion between current ecological
fmibutional patterns, these are rarely identical At the local scale. home ranges, territories,
and microhabitat use reflect individual-level dis&ribution within acceszible environments
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[29.30]. Medium- and lazge-sized mammals are particulaly sencitive to habitat altera-
fionz, making them effective bioindicators of ecozystem integrity [31,32). Ecosystems with
egies for resource use, which, in fum, promotes greater mammalian diversity [33,34]. In
semu-arid systems, the spatial and temporal distnbution of mammals has a strong zea-
zonal pattern. During the dry zeazon, limdted water and food availability resiricts move-
ment and activity, leading to 2 concentration of individuals in microhabitats that provide
water sources or dense vegetation cover [35,36]. Conversely, during the rainy season, in-

d primary produchivity expands the availability of food and refuge, faclitating
wider ranging behavior [37]. &ﬂmhkm&hcwmmwm
Froductive patterns, ultimately shaping population dynamics and comununity structure,
Undezztanding theze ecological proceszes iz ezcential for the development of effective con-
servation and management strategies in semi-anid regions, parbcularly under dimate
change scenarios that are altening zeazonality and resource availability.

Monitoring mammal communiBies relies on complementary methods, including
camera trapping and facking. Camera faps enhance the detection of aryptic and nochur-
nal species, while alzo providing robust data on spedes richness, caphure rates, and site
occupancy [35-40]. Meanwhile, tracking techniques, based on the identification of foot-
prints, feces, burrows, feeding remains, or other activity signs, provide indirect but relia-
ble evidence of species presence and spatial distribution across large aveas [41-43] These
Msmmﬂ&w“mmmmmm
large or te land where extensive sampling is required. When combined. cam-
mkapsnﬂtnckmpmndcmpknnhvmgbb strengthenuing assezzments
of mammalian diversity, distribution. and habitat use, thereby supporting more informed
conzervation planning.

In Coahuila mamunalian inventoriez have been lezz frequently documented than in
other regions of Mexico [13,44.45]. This scarcity of information is particularly critical n
semu-arid ecosystems, where anthropogenic pressure and habitat ransformation can sig-
nificantly affect the composition and shructure of mammal comununities. In contrast to
systems pose significant challenges due to sparse vegetation and low encounter ratez. The
complementary use of camera trapping and track surveys enhances species detectability
mdecolognlxnﬁuma providing crucial insights for mammal conservation under in-

g anthropogenic p [43.46.47]. In semi-anid ecosyztems with a high degree
awmmmmmwmm
Son and minimize dizturbance. The combination of indirect techniques. such as camera
frapping and track surveying is essential for obtaining robust data on the presence, activ-
ity, and habitat use of medium- and large-sized species. In this context. it is essential to
generate reference data that allows for the evaluation of species diversity, relative abun-
dance, and occupancy pattems to design conzervation and management stzategies. There-
fore. this study aimed to estimate the alpha diversity of medium- and large-sized mam-
mals, evaluate the photographic rate and naive occupancy of these species, and compare
different vegetation types in an anthropized landscape in southeastern Coahuila Mexico,
to provide a baseline for understanding spatial and zeazonal variation in mammal com-

2. Materials and Methods
2.1 Study area
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Coahuila is located in northeastern Mexico, between 24°32'-29°53" north latitude and
99°51'-103°58" west longitude (Figure 1). It shares borders with the United States of Amer-
ica to the north, Zacatecas and San Luis Potosi to the south, Nuevo Ledn to the east, and
Chihuahua and Durango to the west. The state lies within the Chihuahuan Desert, an
ecoregion that covers approximately 7.9% of the Mexican territory [48]. Its complex to-
pography and wide altitudinal range (130-3,470 m) create marked climatic heterogeneity
supporting a mosaic of arid and semi-arid ecosystems [48]. Arid and semi-arid ecosystems
in northern Mexico, particularly in southwestern Coahuila, are increasingly threatened by
livestock overgrazing, habitat fragmentation, groundwater depletion, and land-use
change driven by agriculture and energy development. These anthropogenic pressures
alter vegetation structure, reduce habitat connectivity, and compromise mammal commu-
nity integrity and ecosystem functioning [49,50].

The study was conducted at the Los Angeles Cattle Ranch (RGLA), a property of the
Universidad Auténoma Agraria Antonio Narro (UAAAN). The ranch encompasses ~7,000
hectares and is primarily dedicated to extensive cattle ranching [24,51,52]. It is situated in
the municipality of Saltillo, southeastern Coahuila (25°04'12"-25°08'51" N, 100°58'07"—
101°03'12" W; Figure 1), at elevations ranging from 1,600 to 2,150 m. The regional climate
is predominantly dry, with the most arid zones concentrated in the east, while sub-humid
conditions occur in the Sierra de Arteaga and the north-central portion of the state [53].
Mean annual temperatures range from 18 to 22 °C, and average precipitation varies be-
tween 500 and 600 mm [51,53]. Vegetation cover at RGLA is dominated by Chihuahuan
desert scrub and semi-desert grassland, which together occupy more than 70% of the sur-
face. Larrea tridentata and Neltuma glandulosa, characterize the scrubland, while the grass-
lands are dominated by native grasses such as Bouteloua gracilis and B. curtipendula, inter-
spersed with scattered shrubs. Additionally, patches of montane forest dominated by Pi-
nus cembroides occur on some hillsides, reflecting the environmental heterogeneity of the
area [54].
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Figure 1. Map zhowing the location of the shudy site in zoutheastern Coahuila, Mexico.
2.2. Field work

The study was conducted between April 2023 and February 2024 using two comple-
mentary sampling methods: track surveys (using transect lines) and camera trapping.
Transect surveys were implemented monthly to estimate species diversity and habitat as-
sociations of medium- and large-sized mammals. Transects were stratified by vegetation
type and randomly allocated in proportion to the area of each habitat [55,56]. A total of 18
transect lines, each 1.5 km long and 0.2 km wide, were established at intervals of 1-2 km
to minimize duplicate counts and systematically distributed at intervals of ~2 km across
the study area. Along each fransect, wherever evidence of mammal presence was rec-
orded (e.g., tracks, droppings, burrows, and remains), it was documented photograph-
ically using a Canon® Rebel 3 camera. The total sampling effort was calculated as the
combined length of all transect walks. Surveys were conducted twice daily for three con-
secutive days each month, during both the dry season (October-May) and the rainy sea-
son (June-September), from 06:00 to 11:00 h and from 15:00 to 19:00 h, coinciding with
peniods of peak activity and visibility. Speces identification was carmed out using Ar-
anda’s methodology [41], field guides, and local ecological knowledge. To reduce dupli-
cate records, feeding and resting areas were monitored smultaneously, particularly in
rugged terrain The habitat type, season, and number of individuals were recorded for
each sighting. Nine active camera traps were deployed for periods of 27-31 days and ro-
tated across sites to maximize coverage of all vegetation types. Sampling stations were
placed at 2 km intervals in locations with evidence of mammal activity (e.g, tracks, bur-
rows, latrines) or along wildlife trails [57,58]. No attractants were used. Equipment in-
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cluded six Reconyx® Hyperfire Semi-Coverage IR HCS00 units, two Wildgame® Innova-
tions Terra Extremes, and one Bushnell® 24MP Core camera. Cameras were mounted 40-
60 cm above the ground on Yucca (Yucca azrnerosana) or pine (Pbus combroides) trunks in
scrub and forest habitats or on wooden posts in open grasslands. Each station was georef-
erenced using a Garmin® eTrex 10 unit. Photographed mammals were identified based
on the specialized Bterature [11,12,59].

2.3. Data analysts

The data were compiled into a structured database and analyzed using R version
43.1 [60]. Mammalian diversity was evaluated through alpha diversity metrics calculated
using the vegan package [61]. To compare diversity between the dry and rainy seasons,
we generated rarefaction and exirapolation curves based on Hill numbers using the
INEXT package [62-65]. These curves provide standardized estimates of spedes richness
and allow robust comparisons of diversity across unequal sampling efforts [66]. Differ-
ences in Shannon diversity (H') between seasons were evaluated using Hutcheson’s t-test,
which statistically compares index values while accounting for their estimated variance
[67,68]. The analysis was conducted in R [60] using the ecolTest package [69]. H' values
corresponded to estimates obtained for each vegetation type —Chithuahuan Desert scrub,
montane forest, and semi-desert grassland — during the rainy and dry seasons. A signifi-
cance threshold of a = 0.05 was used to identify statistically significant differences.

Camera-trap photographs were processed and annotated using Digikam software
(available at https://apps kde.org/es/digikam/). A photographic-event database was then
constructed in R [60] with the camirapR package [70], which is specifically designed for
camera-frapping data management [39]. Independent detection events were defined as
consecutive records of the same spedes separated by at least 24 h or by the presence of
different individuals within shorter intervals, thus avoiding pseudo replication [S8, 71-
73]. Sampling effort was quantified as the total number of trap nights, calculated as the
sum of days in which each camera was active and functioning properly [74]. To assess
variation in the composition of terrestrial mammal assemblages recorded in both tracking
and camera frapping, 2 multivanate ordination approach was applied using canonical
correspondence analysis (CCA). The response matrix comprised species detection data,
while explanatory vanables included season (dry vs. rainy), vegetation type (Chthuahuan
desert scrub, semi-desert grassland, montane forest), and sampling method (tracking vs.
camera trapping). The significance of the model and the predictor variables was evaluated
using permutation tests with 999 permutations [61], which allowed us to determine the
statistical contribution of each environmental factor to the observed variation in commu-
nity composition, ensuring a robust inference free of parametric assumptions. The analy-
sis was performed using the vegan package [61] in R [60], and graphical representations
of ordination results were generated with the ggplot2 package [75]. To assess species com-
position similarity among vegetation types and between seasons (rainy and dry), the Jac-
card similanty index was calculated, based on the proportion of shared species between
pairs of sites relative to the total number of species recorded in both. Analyses were con-
ducted in R [60] using the vegan package [61]. The resulting similarity matrix was con-
verted into long format using the reshape2 package [76] to generate a heatmap visualiza-
tion with ggplot2 [75]. For records obtained using camera traps, the photographic rate (or
encounter rate) was used as a relative measure of abundance, and was calculated using
the following expression:

Total number of independent records

- Total number of sampiing days ¥

Encounter rate =
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Table 1. M.

3

This estimate relates the average number of detections to the sampling effort [77,78]. Any
event of the same species separated by a minimum interval of 24 hours was considered
an independent record, to minimize pseudo replication and ensure that each detection
represented a distinct biological event. The photographic rate of each species was esh-
mated using the beta version of the RAIeR package [77,78]. Naive occupancy (Oc-
cNaive)—defined as the proportion of camera-trap stabions where a species was rec-
orded — was calculated as the proportion of stations where a species was recorded relative
to the total number of active stations [79]. To evaluate the potential relationship of spatial
distribution of species, we calculated correlations between naive occupancy and photo-
graphic encounter rates [77,78].

Finally, each species was assigned a conservation status based on two criteria: (1) the
International Union for Conservation of Nature (TUCN) Red List of Threatened Species
[Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT),
Least Concemn (LC), Data Defident (DD), or Not Evaluated (NE)] [80], and (2) the legisla-
tion established in Mexican Official Standard (NOM-053-SEMARNAT-2010) [81].

3. Results

3.1 Species composition and riclyess

We recorded 16 mammal spedies, belonging to four orders and nine families (Table
1, Figure 2). The order Camivora was the most diverse, comprising five families and eight
species (Table 1). Track surveys, with a cumulative effort of 257 km, detected 14 species.
Camera trapping resulted in 2,799 trap nights and 571 independent photographic records,
corresponding to 14 spedies (Figure 2) Regarding conservation status, one spedes, Cyno-
mys mexicanus, is listed as Endangered by the [UCN Red List. Under Mexican law (NOM-
059-SEMARNAT-2010), Taxidea taxus is classified as Threatened, while Ursus ameicoms
and C. mexicanus are classified as Endangered (Table 1).

d using hmuwahwmmmwmxw-

.

059 (NOM-059-SEMARNAT-2010) [69]: E: Endangered: T: Threatened: TUCN [68]: LC: Least C. EN: End d

Orxdex

Family

Species Common name Method Conservation

Dicotyles tapacu Collared peccary Camera Eap/ftrack Lc

Canis latrans Coyote Cameza  bap/ftrack ic

Urocyon conereoargentas Gray fox Camera frap/track ic

Northern hog-nozed Cameza &ap/track Lc

Mephitis macroura Southern  spotted Camera trap ic

Spilogale graciliz Western spotted Camera krap LC
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Felidae Lyx rifus Bobcat Camera trap/ftrack Lc
Ty
Urzidae Ursuzs americons American black bear Camera bap/track EN
i) o
Mustelidae Txidea toxus American badger Camerza trap T
Neogale frenata Long-tailed weasel Track surveys LC
Lagomorpha  Leporidae Sylvilagus axdubont Dezert cottontail Camera Eap/track Lc
rabbits surveys
Lepus calfforamicus Black-tailed Camera kap/track LC
jackrabbit survevs
Rodentia S dae Cymomy Mexican prairie dog  Camera fap/track EEN

ded

Figure 2. Some mammal sp

using

cus, H) Taxides taxus and Cods lafraes, I) Ursus omericanns

During the dry season, Odocotleus vigimianus showed the highest relative abundance
in the Chihuahuan desert scrub (0.59) and montane forest (0.51), followed by Sylvilagus
auduborm (0.09-0.19). In the semi-desert grassland, C. mexicoms was dominant (0.34), to-
gether with Lepus caltfornicus (0.23; Figure 3). During the rainy season, O. virgbuiaus (0.53—
0.55) and S. audubormi (0.20-0.23) maintained their predominance in scrub and forest,
while C. mexicanus increased its abundance (0.60) in grasslands. In all habitats, camivores

had the lowest relative abundances (< 0.012; Figure 3).

trapping at the Loz Angeles Cattle Ranch, Coahuila, Mexico: A) Lyex rufis,
B) Uracyem anereoargontews, C) Odocodens vorginians. D) Spilogale graciles, E) Dicotyles tajacu. F) Cymomys mexicanus, G) Lepus califora-

g
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Using the track surveys, we recorded a total of €04 terrestrial mammal signs, repre-
senting four orders, eight families, and 14 species. The order Rodentia was the most rep-
resented, with four species and 379 records, followed by Artiodactyla with two spedies
and 111 records. The order Camivora had the highest number of species (six) but the low-
est number of records (43). The most abundant spedies was C mexicanus (279 records),
while Lynx rufus, Conepatus lewconotus, Neogale frenata, and U. americanus were the least
abundant, with only one record each (Figure 3). Seasonal and habitat-specific pattemns
were also evident: C. mexicpues was particularly abundant in the semi-desert grassland
during the rainy season (208 records), while L. rufis (montane forest, rainy season), C.
leuconotus (Chihuahuan desert scrub, rainy season), N. fronata (semi-desert grassland, dry
season), and U. americanus (semd-desert grassland, rainy season) were detected only once
(in isolation).
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Figure 3. Rank abund graphs of m. Is recorded during the dry and rainy seasons in the study area. Odo_vir: Odocodens
virginianus; Syl_aud: Sylviagus sudubonii; Dic_taj: Dicotyles tajacy; Can_lat: Canis letrans; Uro_cin: Urocyon cneraergentens; Con_lew:
Comepatus leuconotus, Mep_mac: Mephitis macrours; Spi_gra: Spilogale gracilis; Lyn_ruf Lynx rufus; Urs_ame: Ursies americons;
Tax_tax: Taxides toxws, Neo_fre: Neogale frovate; Lop_cal: Lepus califorwicus; Cyn_Mex: Cymamys mexicenus; Xer_spt. Xerospermophilus
spilosomas, Cra_cas: Cratogeomys castanops,
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In terms of species richness, 11 species were recorded in the montane forest, 12in the

Chihuahuan desert scrub, and 13 in the semi-desert grassland, yielding a mean species

richness of 12 (Table 2). Diversity indices showed spatial and seasonal variation (Table 2);

for example, during the rainy season, the montane forest, Chihuahuan desert scrub, and

semi-desert grassland had Shannon diversity indices of 1.36, 1.43, and 1.37, and Simpson

indices of 0.64, 0.63, and 0.60, respectively. Similarly, the semi-desert grassland showed

the highest Simpson index (0.79), followed by the montane forest (0.73) and the Chihua-

huan desert scrub (0.53) (Table 2). Hutcheson's t-test revealed no significant differences in

diversity between the wet and dry seasons (t = 0.18, df = 5.01, p = 0.86), suggesting that

terrestrial mammal diversity remained relatively stable across seasons. No significant dif-

ferences in Shannon diversity (H') were observed among vegetation types (p > 0.05), indi-

cating comparable levels of species diversity across habitats. The H' values varied slightly

between 1.52 and 1.61, with overlapping variances among communities, suggesting a rel-

atively homogeneous distribution of species and evenness across the evaluated vegetation

types. 313

314

Table 2. Diversity indices recorded in the different types of vegetation during the dry and rainy seasons in the study area. 315

Rainy Dry
Vegetation type Richness Shannon Simpson Richness Shannon Simpson

Chihuahuan desert scrub 9 143 0.63 10 123 053
Montane forest 8 136 0.64 11 176 0.73
Semi-desert grassland 10 137 0.60 12 182 0.79
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3.2 Species ravefaction curves 317

Rarefaction curves for both seasons tended to stabilize, suggesting sufficient sam- 315
pling completeness. Although the rarefaction curve suggested higher species diversity in 319
the dry season, the overlap of the 95% confidence intervals revealed no significant differ- 320
ences between seasons (Figure 4). Sample coverage curves also reached an asymptote, 321
with values close to 99% for both seasons, confirming a high level of representativeness 322
and that most species present were recorded. Hill numbers provided complementary in- 323
sights into diversity patterns. The species richness (q0) was 16 species in the dry season 324
and 14 in the rainy season. The highest values for ql (Shannon) and q2 (inverse Simpson 325
exponential) also occurred in the dry season, indicating greater diversity and greatereven- 326
ness compared to the rainy season (Figure 5). 327
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Figure ¢ Rarefaction curve of medium and large mammal species during the dry and rainy seasons in the study area.
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son).
3.3 Effects of method. season. and habitat at commmionity level

The heatmap shows a continuous color gradient representing Jaccard similarity values,
where darker tones indicated higher similarity in species composition among vegetation
types and seasons (Figure 6). The similarity values ranged from 0.38 to 0.52, indicating
moderate to high variation across communities (Figure 6). The highest similanity (0.82)
was recorded between the montane forest in the rainy season and the Chihuahuan desert
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scrub in the dry season, while the lowest (0.28) occurred between the semi-desert grass-
land and the montane forest, both in the dry season. Intermediate similarity values (0.54-
0.57) were observed between the montane forest and the Chihuahuan desert scrub, denot-

ing a moderate degree of species overlap across vegetation types and seasons (Figure 6).

4 /7 /
/ / Vs s/ /.
N e Cove
Figure 6. Heatmap between meditun and large 1 ity compozition and vegetation fypes during the dry and rainy
seasons in the study area

The canonical correspondence analysis (CCA) explained 21.7% of the total variation
in mammal community composition The first two canonical axes, CCAl and CCA2, ac-
counted for 16.1% and 2.9% of the total variation, respectively, summing to 19.0% (Figure
7). Permutation tests confirmed that the overall model was statistically significant (Faw =
6.51, p =0.001), indicating a strong association between spedes abundance and the ana-
lyzed environmental gradients. Among the explanatory variables, vegetation type exerted
the strongest and most significant influence on species distribution (Fy,« = 85.14, p=0.001),
followed by season (Fys = 5.60, p = 0.003) and sampling method (Fy,s = 4.15, p = 0.017).
CCA showed that environmental vanables explained 21.7% of the total variation in ter-
restrial mammal composition, demonstrating a structured community response to envi-
ronmental gradients. The first two axes (CCA1 and CCA2) together explained 19.0% of
the total variance and were significant (p < 0.05), indicating that environmental conditions
determine the distribution and composition of species across sites. The CCAl ads was
primarily associated with the vegetation type gradient, distinguishing communities of the
Chuhuahuan desert scrub toward negative values, whereas semi-desert grasslands were
distributed across both canonical axes, indicating broader variability (Figure 7). The CCA2
ads reflected seasonal variation in community composition. Montane forest assemblages
exhibited a more compact clustering pattern, suggesting greater structural homogeneity,
while semi-desert grassland communities showed a wider dispersion, consistent with
higher compositional heterogeneity (Figure 7). Seasonality affected the spatial dispersion
of the sampled sites, with greater heterogeneity during the rainy season, whereas the sam-
pling method did not produce a clear separation among groups. In the CCA ordination
des-habitat assodations, while the seasonal dispersion of points reflects temporal shifts
in community composition In the semi-desert grassland, species such as C. mexicons

29

EREE

SYSEERERBREREENURRBNEEEEE K& B



Diversity 2025, 17, x FOR PEER REVIEW 140f27

Xeoospermophilus spilosoma N. frenata L. califorrdcus, and Cants latrons exhibited a broad
sponse to environmental variation.

ccat

Figure 7. Canonical pondence analyziz (CCA) of the variation in medium and large mammal community composition during
the dry and rainy seasons in the study area. Odo_vir: Odocoileus virgbrianies; Syl_aud: Sylvilagus axdsbori: Dic_taj: Dicolyles tajac;
Can_lat: Caxis latroe: Uro_cin: Urocyon cinereowgeniens; Con_lew Comepatics lenconotus; Mep_mac: Mepkific macroura: Spi_gra:
Syilogale gracilis; Lyn_ruf Lynx nifies; Urs_ame: Ursis omeriomos; Tax_tax Taxidea fexus; Neo_fre: Neogale frenata: Lep_cal: Lopus
califorwicus; Cyn_Mex: Cynomys mexicons: Xer_spr Xerospermopialus syiosoma; Cra_cas: Cratogeomys castanops.

3.4 Photograpitic rates

Photographic rates from camera trapping reflected similar patterns to track surveys.
During the dry season, O. virginianus and S. auduboril exhibited the highest photographic
rates (RAIeR = 4.10 = 9.3). Lopus califormicus showed an intermediate rate (4.0), whale C.
latrans, C. leuconotus, C. mexicamus, Dicotyles tajacu, L. ngfus, Mephitis macroura, Spilogale
gracilis, T. taxus, Urocyon cnereoargontens, U onericanus, and X spilosoma all presented low
values (0.1 £ 1.3). In the rainy season, S. axdubonii and O. virgtuianus again dominated (32
10), while L californicus, C. latrans, and L. rufics exhibited intermediate values (1 £ 4) with
moderate dispersion. The remaining speces showed consistently low photographuc rates
(0.1 = 1.1) with reduced variability compared to the dry season (Figure 8).
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ory Rainy

Figuse 8. Boxplots of the fer rate of terrestrial I zpeci ded by trapping in the study area. Odo_vir-
Odocotlews virgbruowms; Syl_aud: Sylvilagus audubowi; Dic_taj: Dicotyles tgjacu: Can_lat Cons latrows; Uro_cin: Urocyon conereowgen-
tews; Con_lew Comepatus lewconotus; Mep_mac: Meplatis wacroura; Spi_gra: Spilogale gracilis; Lyn_ruf Lywx rigfus; Urs_ame: Ursus

rospermophilus spilozoma; Cra_cas: Cratogeowsys castanops.

Photographic rates varied notably among vegetation types. In the montane forest, the
highest photographic rates corresponded to O. virgiianus (2.6 £ 44 8) and 5. audubonii (2.6
+217), while S. gracilis and U. americpmns also exhibited relatively elevated values (29 =
3.4). In the Chihuahuan desert scrub, O. virginianus had the highest detection rate (2.7 £
57.1). However, despite being represented by a single record, T. taxus reached the maxi-
mum photographic rates (RAIeR = 4.3). In the semi-desert grassland, C. mexicoms had the
highest photographic rate (> 90% of detections), whereas C. leuconotus had the lowest (2.9;
Figure 9).
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Figure 9. Photographic rates of mammals recorded in the different types of vegetation (A) and in the dry and rainy seasons (B) in $r
the study area. Odo_vir: Odocoilaws virgheon; Syl_aud: Sylviagws axdubons; Dic_taj Dicofyles tgacw: Can_lat: Conis latroes; s
Uzo_din: Uracyom cine! gonios; Con_lew Comepatus L otus; Mep_mac: Mephific macroura; Spi_gra: Spilogale gracilis; Lyn_ruf: e
Lymx rifus; Urs_ame: Ursus emericons; Tax_tax: Tavider faxus: Neo_fre: Neogale frowta Lep_cal: Lorus califorxdcus; Cyn_Mex: Cyno- 410
mys mexicanus; Xer_spi: Xerospermopkilus spik Cra_cas Cratogeoweys castanap an

During the dry season, O. virgpriomes was the most frequently recorded spedes, sug- 412
gesting high activity during this period. In contrast, during the rainy season, C. mexicaus 413
dominated detections, suggesting increased visbility and activity in grassland habitats. 414
Ofher spedes with relatively high photographic rates in both seasons included S. awdi- 415
bowtt. L. califoryicus, and UL cinereoargenteus (Figure 9). 416
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A zignificant and positive correlation was obzerved between the photographic rate
(RAIeR) and naive occupancy (OccNaive, = 0.92; p < 0.001), indicating a strong relation-
ship between detection frequency and spatial occurrence across species (Fig. 10). Among
the recorded taxa, O. virgbavns exhibited the highest detection metrics, with a photo-
graphic rate of §.35, a naive occupancy of 0.52, and 234 independent photographic events.
Following thiz zpecies, 5. auduborii (RAIeR = 49; OccNaive = 0.65; events = 35), L caltfor-
rmicss (RAIeR = 3.59; OccNaive = 0.35; events = 67), C. latrows (RAIeR = 1.59; OccNaive =
0.30; events = 45), and C. mexicoms (RAleR = 2 95; OcclNaive = 0.10; events = 43) also dis-
area In contrast, several species clustered in the lower-left quadrant of the correlation
plot. induding D. fgiack, C. lawconotis, M. macroura. U. cnsveoargonieus, U omericone, X
spilosoma. T. faxus, and 5. gracilis (Figure 10). Theze species exhibited fewer than 25 photo-
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Figure 10. Correlation between photographic rate and natve occupancy (OceNatve) for the mammal community in the study area.
Odo_vir: Odocoilens wérgimianus, Syl_aud: Syfvdlagus audubonit, Dic_tay Dicotyles tgjecw; Can_lat: Cavds latrams; Uro_air: Urocyon ciner-
eoargentens; Con_lew: Comepatues leucomotus; Mep_mac: Mephitis macrowrs; Spi_gra: Spilogale gracilis; Lyn_ruf: Lynx rufus; Urs_ame:
Ursas americamus, Tax_tax: Taxides taxus; Neoo_fre: Nengale fronats; Lop_cal: Lopus califormicies; Cyn_Mex: Cymomeys maexicams; Xer_spt:

Xevospermophilus spilosomss; Cra_cas: Cratopeomys castanops.

4. Discussion

A total of 16 medium- and large-zized mammal species, belonging to four orders and
nine families, were recorded through the combined use of frack surveys and camera trap-
grative methodology iz particulaxly valuable in anid and semi-arid ecosystems, where low
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direct obzervations [43,53]. The integraion of these complementary methodologies im-
proved detection efficency, as it facilitated the recording of species with cryptic behavior
and low visual detectability while also capturing records of more abundant and wide-
mates of mammal community structure [34,55]. Among the recorded species. C. mexicame
iz listed ac Endangered by the JUCN [80], T. faxus is claszified as Threatened, and both U1
portance of conzervation in the shudy area acting 2= 2 critical refuge that zupports popu-
hﬁcxdhnhmgekvammﬁmdskmwum%hoﬁscm
calating anthropogenic pressures—particularly hatetat lozs, fragmentation and climate
variability — axe ezoding ecosystem integrity and driving a disproportionate 3 m
the number of threatened and endangered species [36].

Compazed to other ztudies in arid and semdarid ecosyztems [57.85), the zpecies rich-
nezz obzerved here iz moderate. Neverthelezz, camera trapping has proven to be an eszen-
patterns, particularly for species adapted to condifions of water scarcity and marked tem-
perature fluctuations [89,90]. For instance, in the Janos Biozphere Reserve, the presence of
Cyromy: ludovicione: has been well documented. Thiz species acts as an ecosystem engi-
for a variety of taxa [49]. At the same time, the reintroduction of Bison bison into the same
to the preservation of indigenous cultural values. In other portions of the Chilmahuan
Dezert camera trapping has recorded more than 30 mammal species, including rodents
(Divodomrys momiamni), lagomorphs (L. califorxicus), and camivores (Puwma concolor), thus
enriching the faunal inventory of this region [91].

Indirect evidence, including &racks, scat, and buzrows, provides an important com-
plement to camera-trapping data pasticularly for elusive species with low detectability
[35] In anthropogenucally transformed regions of northem Mexico. the integration of both
methods has proven effective for identifying movement corridors, transit zones, and areas
of conflict with human infrastructure [87.91]. However, there remains a notable gap in the
Mexican literature, 2 few publizhed studies have explicitly combined theze approaches
within 3 unified Samework. On 2 broader zcale, integrated monitoring has alzo chown
considerable potential For example. in hyper-arid regions of the Middle East camera
trapping documented 59 vertebrate species—including 12 JTUCN-listed threatened zpe-
ces—and highlighted the dependence of desert fauna on scarce water souzces. The study
alzo evaluated reintroduction success by detecting offspring and predators of reintro-
duced populationsz, such as the dezert gazelle (Gazella dovcas) [92]. Sémnilaly. in Khaudum
National Park, Namibia camera trapping has been instrumental in identifying individu-
als of Panthera povdus, revealing habitat-use patterns and home-range sizes of large cami-
vores in arid ecosystems, with direct implications for their conservation [93]. Although
track suwrveys and Zign surveys remain methodologically uzeful in arid ecozystems, par-
Sculasly for detecting species with low camera-trap defectability, the systematic integra-
tion of both approaches iz stll kmited in the scGentific litezature. Strengthening thiz com-
tiez, particularly in regions facng intense anthropogenic pressures and climatic vanabil-
ity.
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In fropical ecosystems, camera trapping has proven particulasly effective for detect-
ing complex communuty pattermns. A standardized global sugvey in fropical forests, includ-
ing sites in Costa Rica and Brazil documented 105 mammal species and demonstrated
Similazly, in cloud forests of the Sierza Madre Oriental Hidalgo, camera placement along
riparian and non-riparian areas enabled the esfimation of relative abundance indices and
activity patterns, revealing marked differences in habitat use [95]. These examples under-
to fragmentation: studies show that terresinial mammal communities in fragmented trop-
elevated extinction rizk [15,94]. In contrast to more mesic systems, semi-and ecosystems
in northern Mexico are characterized by lower overall zpecies richnesz; nonethelesz, cam-
activity (e.g., detection of camnivores and prey in the Mapimd Biozphere Rezerve, Chihua-
huan Dezest) [95-97]. Meanwhile, although lezz commonly applied in asid settingz, indi-
rect tzack- or footprint-bazed zurveyz hold considerable potential for documenting elusive
or visually inconspicucus taxa, identifying movement cormidors and critical human-wild-
life cxossing zones (methods reviewed in Rgn-based surveys of desert mammalz) [96.97]).
Dezpite theze methodological advantages, integrative studies combining camera Tapping
with frack surveys in arid and zemi-arid northem Mexican landzcapes remain scarce.
mxd«hdmmm“whmdbygmwhahm(o. vir-
goaons. 5. audubonn and C. mexicos) and 2 key colondal rodent of anid zones as C. mex-
icones. Greater diversity and evernmes:s were obzserved in the dry season pazticulxly in
semi-decert grazzland. The overlap in the §5% confidence intervals of the seazonal rave-
faction curves, both reaching asymptotes, indicates that sampling effort was sufficent to
capture most of the species present in each season. Ecologically, this suggests comparable
commurity richnesz and a stable azsemblage structure acrozs zeasons, reflecting limited
temporal hemover in species compoztion. This result suggests that seasonal differences
weze not zignificant. Thiz pattemn iz consiztent with arid ecosystems, where reduced veg-
carnivores occur at low densities and with highly localized detections. Thiz aligns with
the low occupancy rates of mustelids, Shunks, and urzids obzerved in thiz study. In con-
of medium- to large-sized camivores and frugivores, and more complex trophic struc-
turez, where dominance rarely depends on a few diumal herbivores [9496]. Moreover,
Sopical systems often show seazonal peaks in detectability linked to fnuting or dry-—zea-
and sustains high diversity year-round. At a global scale. tropical forests are generally
shaped by primary productivity and climatic variability [99]. The recults prezented here—
species richness of 712 and pronounced domunance of O. sirgpoaes and 5. auduborai —are
consistent with expectations for anid systems, where community structure is Sightly con-
tory. This iz comparable to well-dezigned fropical surveyz, Shough denze forests typically
require greater effort to reach asvmptotes due to microenvirorunental heterogeneity. The
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stong correlaion between RAIeR and naive occuparwy (17 = 0.92) suggests that photo-
graphic rates effectively captured spatial availability, 2 comunon pattem in open land-
ability. From a conservation perspective, the co-occurrence of at-risk species (ie., C. mexi-
caxns U omericoue. T. faxes, under national legizlation) underscores the ecological rele-
vance of arid mozaics with heterogeneous productivity and grazzland patchesz. At a global
grazing, and climate change. while in the humid tropics, deforestation and hunting re-
main predomunant threats [100,101]. The dominance of C. mexicanus in semi-desert grass-
land and itz marked seazonal Zignal are consiztent with ztudies in and graszlands that
document ecological engineening effects and colonial aggregaon In tropical forezts, com-
mtvm“ahom&dbvmt‘w(cgy«medow
nance tends to be disiributed acrozz multiple guilds. Collectvely, the obzerved pattems
conform with theoretical and empirical expectations for arid systems, which differ fom
tropical ones in richness, evenness, detectability, and zeasonality [99].

The high simulasity (0.52) recorded between the mammal comununity of the montane
forest during the rainy season and that of the Chiluahuan desert scrub during the dry
season suggests a relatively homogeneous composition between struchurally contrasting
habitats. Thiz pattemn indicates the presence of generalist species, or species with broad
ecological plazticity. capable of exploiting rezources in different envizonments and under
varying seasonal conditions. Similar resultz have been reported by Derebe et al. [102], who
attribute this affinity to the spatial continuity of the landscape and the exastence of natural
heterogeneity and the temporal availability of resources, favors the coexistence of species
with different ecological sirategiez and contributes to the functional connectivity of the
landzscape [103). These conditions could explain its role as 2 fransitional habitat between
and and temperate ecosystems. In conirast, the low mimularity between the semi-desert
grazzland and montane forest communities during the dry season demonstrates a marked
differentiation in species compozition likely aszociated with variaions in vegetabion
stucture, ground cover, and refuge availability. Comncidentally, change: in terrestrial
climatic seasonality [104105]. Taken together, these results underscore the role of land-
scape heterogeneity and habitat structure in the spatial organization of mammal commau-
nities.
In climates with stong seazonal gradients, the sirategic placement of cameras near
studies have confirmed that proximuty to water i both species’ detectability and
recorded richness [106]. NaBonally, in more humid regions, camera fraps have shown
connectivity along ripasian comidors in Soncora, where jaguars, black bears, and ocelots
use river systems as transit routes, highlighting the importance of conservation of rivers
in fragmented landscapes [57]. In the Sierra Nanchititla shudies revealed that ~67% of
or resource availability [107]. Theze findingz demonsirate the utility of camera &apping
for azzezzing temporal pattemns and connectivity in both natural and anthwopized ecosyz-
tems. A key methodological challenge in arid and semi-arid systems is the bias introduced
by camera placement. In such areas, cameras positioned on animal trails often inflate de-
to biaced interpretations. Conzsequently, mixed sampling dezigns — combining frail-based
placements with off-trail or interior habitatz— e recommended to reduce spatial biaz
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Ovezall, evidence indicates that camera trapping provides robust, non-invasive data
on faunal compoziton richness. and activity in arid and semi-arid systems. while indirect
fracking remains a valuable complement for detecting elusive or highly mobile taxa. How-
ever, integrative methodological approaches remain underdeveloped in northern Mexico.
Strategic camera placement, especially near water sources or anthropogenic access struc-
tures, significantly increazes zampling efficiency in fagmented landzcapes. When com-
bined, camera trapping and track survey: enhance the capacity to characterize habitat uze,
connectivity, and anthropogenic pressures on mammal populations [35,108]. Advanang
integrative approaches in northemn Mexico’s zemi-arid landscapes —where agnculture,
livestock, and infrashruchure intencify human pressure —iz therefore ezzential for design-
ing conzervation and adaptive management strategies. Such efforts will improve under-
standing of medium- and large-zized mammal dynamics in anthropized arid environ-
action.

Our findingz emphasize the importance of studying overlooked and unique ecosyz-
tems such as zemi-arid and anid ecosystems, even within fragmented and human-domi-
nated landzcapes. The mammal communities documented in our study aze Lkely to have
been isolated for decades from larger, contiguous tracts of natural vegetation making
them both vulnerable and valuable as reservoirs of genetic diversity. Small and isolated
man-induced mortality, which zubstantially increases their probability of local extinction
{109,110].

5. Conclusions

dium- and large-zized ferresirial mammals in southeastern Coahuila, Mexico. The results
align with expected pattems for anid ecosystems: dominance of colonial herbivores and
greater species richness, more complex trophic struchures, and vanable detectability.
Theze contrasts reflect global ecological patterns and reinforce the need for biome-specific
conzervation sirategies.

Our contribution expands current knowledge of mammalian diversity and habitat
assodations in semi-and anthropogenic landscapes. Importantly, the integration of com-
and community particpation— facilitates 2 more comprehenszive understanding of spe-
servation planning should prioritize the maintenance of native ecosystems—such as
mountain forests, Chihuahuan desert scrub, and semi-desert grasslands —while reduang
sustainable conservation strategies in semi-arid regions under increazing human prezsure
and climate change Protecting and managing remnant natural habitats, while miigating
and large-sized mammals in northern Mexico.
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V. CONCLUSIONES GENERALES

De acuerdo con los resultados obtenidos, la heterogeneidad del habitat se
identificé como la variable principal que determina la composicion y diversidad de
mamiferos en el area de estudio. En las especies de talla mediana y grande, la
diversidad se mantuvo relativamente estable entre temporadas y estuvo
influenciada por el tipo de vegetacion, alcanzando una cobertura de muestreo
cercana al 100% y mostrando una alta correlaciéon entre la ocupacion naive y la
tasa fotografica. En los pequefios roedores, el matorral xerofilo concentro la
mayor diversidad, mientras que el zacatal semidesértico presenté la mayor
abundancia, con un bajo recambio faunistico entre comunidades. Estos patrones,
junto con la presencia de especies endémicas y amenazadas, destacan la
importancia de conservar pastizales como habitats clave dentro de los paisajes

productivos de la regidn sureste de Coahuila.
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