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Changes in the landscape due to habitat loss and fragmentation interact with ecological processes of populations, 
and define the local population abundance.  We evaluated the relationship between the abundance of two common 
marsupials, Didelphis marsupialis (common opossum) and Didelphis virginiana (Virginia opossum), and landscape 
features in different levels of disturbance at Chiapas, the Highlands and the Central Depression.   The goal was to identify 
effects of changes in the landscape in their populations.  Based on the biological characteristics of D. marsupialis and D. 
virginiana our expectation was to observe higher abundance of opossums in areas with intermediate disturbance.  At 
the same time, establish a relationship between the landscape composition and the abundance of both species.  We 
placed 48 Tomahawk traps in three disturbance levels of the landscape.  Within each disturbance level we obtained 
the structure and composition of the landscape.  The abundance of each species was considered as the number of 
individuals captured.  A relative abundance index was estimated from individuals captured by night traps.  The influence 
of the disturbance levels, the landscape, structure, and composition in the abundance of each species was evaluated 
using multiple regression and generalized lineal model.  The average abundance of Didelphis spp. was higher in the 
Central Depression (5.56 individuals, SD = 4.82).  Didelphis marsupialis was captured only in low disturbance with an 
average of 0.56 individuals (SD = 1.04; Figure 2a), while D. virginiana was captured in the three levels of disturbance with 
an average of 3.56 individuals (SD = 3.88; Figure 2b).  The presence of D. marsupialis was influenced by the number of 
patches (NP; P = 0.003), while for D. virginiana landscape index was not associated with its presence (Table 2).  Our results 
suggest that the abundance of D. marsupialis and D. virginiana was not influenced by level of disturbance.  However, 
D. marsupialis was related to the number of patches and conserved areas; while D. virginiana was not affected by the 
landscape attributes evaluated, i. e. composition and configuration, indicating that Virginia opossum can established 
relatively abundant populations in landscapes highly disturbed.  This study contributes to the understanding of the 
effects of changes in the landscape in common species in Mexico due to human activities.
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Los cambios en el paisaje debido a la pérdida y fragmentación del hábitat interactúan con procesos ecológicos 
poblacionales y definen la abundancia poblacional local.  Se evaluaron las relaciones entre la abundancia de dos 
marsupiales comunes, Didelphis marsupialis (tlacuache común) y Didelphis virginiana (tlacuache de Virginia), y los 
atributos del paisaje en diferentes niveles de disturbio en Chiapas, Los Altos y la Depresión Central.  El objetivo fue 
identificar efectos de cambios del paisaje sobre sus poblaciones.  Con base en las características biológicas de D. 
marsupialis y D. virginiana, nuestra hipótesis fue observar una mayor abundancia de tlacuaches en áreas con disturbio 
intermedio.  Al mismo tiempo, establecer una relación entre la composición del paisaje y la abundancia de ambas 
especies.  Se colocaron 48 trampas Tomahawk en tres niveles de disturbio.  De cada nivel de disturbio se obtuvo la 
estructura y composición del paisaje.  La abundancia por especie fue considerada como el número de individuos 
capturados.  El índice de abundancia relativa fue estimado mediante los individuos capturados por trampas noches.  La 
influencia del nivel de disturbio, paisaje, composición y estructura en la abundancia para cada especie se estimó a partir 
de regresiones múltiples y modelos lineales generalizados.  La abundancia promedio de Didelphis sp. fue mayor en la 
Depresión Central (5.56 individuos, DE = 4.82).  Didelphis marsupialis fue capturada solo en condiciones de bajo disturbio 
con un promedio de 0.56 individuos (DE = 1.04; Figura 2a), mientras que D. virginiana fue capturada en los tres niveles de 
disturbio con un promedio de 3.56 individuos (DE = 3.88; Figura 2b).  El número de parches (NP) influyó en la presencia 
de D. marsupialis (P = 0.003), en tanto que para D. virginiana ningún índice del paisaje se asoció con su presencia (Tabla 
2).  Nuestros resultados sugieren que el nivel de disturbio no influye en la abundancia de D. marsupialis y D. virginiana.  
Sin embargo, D. marsupialis se relacionó con el número de parches y áreas conservadas; en tanto que D. virginiana no fue 
afectada por los atributos del paisaje evaluados, i. e. composición y configuración, indicando que el tlacuache de Virginia 
puede establecer poblaciones relativamente abundantes en paisajes altamente perturbados.  Este estudio contribuye 
al conocimiento de los efectos de los cambios en el paisaje por actividades humanas en especies comunes en México.
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Introduction
Landscape composition influences ecological processes at local and population levels (MacAlpine 
et al. 2015).  It is now possible to obtain a quantitative characterization of landscape attributes 
and, with this, assess the effects of landscape modification on diversity patterns at different 
geographical scales (Fan and Myin 2014).  Landscape heterogeneity plays a role in the complexity 
of biotic and abiotic interactions in a particular area.  The landscape unit has two basic attributes: 
composition and configuration.  Landscape composition involves the number of components 
(types of coverage) and the relative contribution of each, while configuration denotes the spatial 
arrangement of those components within the landscape.  Modified landscapes are a mixture of 
natural and anthropogenic components, characterized by a high heterogeneity derived primarily 
from changes in land use (Flick et al. 2012); however, landscapes where natural components have 
been completely eliminated, such as cities and towns, show very low heterogeneity and offer 
precarious conditions for the establishment of wild species (Schooley and Branch 2011; Garmendia 
et al. 2013).

Changes in the geographical distribution, abundance and isolation of populations of wild 
species are among the most noticeable consequences of landscape modification (Hughes et al. 
2003; Lindenmayer et al. 2008; Spear et al. 2010).  From an ecological perspective, ecosystem 
disturbance and fragmentation are considered to be particularly detrimental for many terrestrial 
mammals, since these are highly vulnerable to land-use changes (Gorresen and Willig 2004).  In 
contrast, it is believed that environments modified as a result of human activities provide a greater 
availability and quality of resources for disturbance-tolerant mammals, thus leading to an increase 
in their local abundance and the expansion of their populations (Gaston et al. 2000; Cruz-Salazar 
et al. 2014).  Both approaches consider that population viability in modified landscapes depends 
on the intensity and permanence of landscape modification.  The establishment of urban centers 
and large monoculture areas are the anthropogenic disturbances with the strongest effect on the 
permanence of wild species (Braunisch et al. 2010; Bruggeman et al. 2010; Schooley and Branch 
2011; Garmendia et al. 2013). 

Abundance is a population attribute of species that responds immediately to the effect of 
landscape modification in both generalist and specialist species (Gaston 2010).  Generalist species 
are able to partially or entirely replace their original habitat by a modified one (Lindenmayer et al. 
2000); therefore, landscape fragmentation and habitat loss are considered to have no negative 
effects on their populations (Markovchick-Nicholls et al. 2007).  Didelphis marsupialis (common 
opossum) and D. virginiana (Virginia opossum) are common and extremely adaptable marsupials, 
being both generalists and opportunistic (Adler 1997; Cabello 2006; Markovchick-Nicholls et al. 
2007).  Both species have a high dispersal capacity (5.7 km for D. virginiana, and > 1 km for D. 
marsupialis; Gillette 1980; Sunquist et al. 1987), are promiscuous and nomadic, and thus maintain 
genetically related populations even in fragmented landscapes (Beatty et al. 2012; Hennessy et al. 
2015).

Despite the ecological importance of these marsupials (e. g., for seed dispersal, regulation of 
insect abundance, potential preys) and their relevance for conservation as members of a mammal 
group scarcely represented in Mexico (Medina-Romero et al. 2012), little progress has been made 
in the knowledge of their abundance and the effects of landscape structure and composition 
in Mexico.  Studies on D. marsupialis have focused on the southern part of its distribution range 
(Central and South America; Adler et al. 1997; Cáceres and Monteiro-Filho 1998; Kelly and Caro 2003; 
Orjuela and Jiménez 2004; Lambert et al. 2005; Cabello 2006).  In the case of D. virginiana, studies 
have focused on the northern portion of its distribution range (North America; Kanda et al. 2005; 
Markovchick-Nicholls et al. 2007; Kanda et al. 2009; Beasley et al. 2010; Beatty et al. 2012; Wright 
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et al. 2012; Beatty et al. 2014; Hennessy et al. 2015).  In Mexico, general life history characteristics 
of its (Colchero et al. 2005; Zarza and Medellín 2005), feeding habits and reproduction (Oceguera-
González and González-Romero 2008), bar codes (Cervantes et al. 2010), phylogeny (Medina-
Romero et al. 2012), local abundance and genetic diversity (Cruz-Salazar et al. 2014; 2016) have 
been studied.

The aim of this study was to analyze the effect of the physical configuration and structure of 
landscape on the abundance of D. marsupialis and D. virginiana, with particular emphasis on the 
extent of landscape disturbance, as well as to determine whether their abundance increases with 
the level of landscape disturbance and how this varies for each species.  Based on previous studies 
that identify D. marsupialis and D. virginiana as synanthropic species (Hennessy et al. 2015) and 
that the greatest diversity of food and shelter occurs in moderately disturbed areas (Kanda et al. 
2009; Beatty et al. 2014), an additional aim was to establish the relationship between opossum 
abundance and landscape composition.

Materials and Methods
Study area.  The study was conducted in two landscapes located in two distinct regions of the 
State of Chiapas: the Highlands (Los Altos de Chiapas) and the Central Depression (Depresión 
Central; Figure 1).  Dominant plant communities in the Highlands are pine (Pinus) and oak (Quercus) 
forests (Ramírez-Marcial et al. 2001; González-Espinosa et al. 2005; González-Espinosa et al. 2008).  
Oak forests are constantly exposed to fragmentation and replacement by cropland (maize, 
vegetables, flowers, fruit trees).  These changes produce a landscape composed of secondary 
plant communities, extensive livestock raising and human settlements (González-Espinosa et 
al. 2005).  The dominant vegetation in the Central Depression is tropical, low-stature deciduous 
forest and medium-stature semi-evergreen forest (Rocha-Loredo et al. 2010).  The main land uses 
include extensive livestock raising, fuelwood collection, agriculture (maize, vegetables, fruit trees) 
and induced grassland (Ramírez-Albores 2010).  These landscapes were selected based on the 
knowledge of their respective levels of mammalian diversity (Naranjo et al. 2013), the presence 
of both opossum species (Naranjo et al. 2005), and the fragmentation processes associated with 
land-use change (González-Espinosa et al. 2005; Rocha-Loredo et al. 2010). 

Disturbance levels. Three disturbance levels were selected in each landscape based on the matrix 
composition: L1, low disturbance, area consisting of a matrix of relatively continuous forest, with 
little or no influence of anthropogenic activities, or where such activities had been suspended 
for at least the last 15 years.  The vegetation is undergoing a natural regeneration process.  L2, 
moderate disturbance, this area includes both natural and anthropogenic elements, the matrix 
comprises productive activities, fragments of urban areas (housing, infrastructure), patches of 
native vegetation and vegetation in an early successional stage (acahual).  L3, high disturbance,  
composed of an almost completely urbanized matrix plus areas with anthropogenic infrastructure 
(buildings, recreational activities, occupational activities, education and/or transportation).  These 
areas include introduced and ornamental vegetation.  From each disturbance level, three sampling 
sites or landscape windows were obtained (3 replicates × 3 disturbance levels per landscape), 
provided these shared similar characteristics in terms of land use and fragmentation.

In the Highlands, low-disturbance (L1) sampling sites were Cerro Corral de Piedra (CP), Cerro 
Huitepec Biological Reserve (RH), and Moxviquil Biological Reserve (RM).  Moderate disturbance 
(L2): El Aguaje village (PA), San Isidro Las Huertas village (SI), and village km 36 on the Tuxtla 
Gutiérrez-San Cristóbal de Las Casas highway, Chiapas (PK).  High disturbance (L3): San Cristobal 
de Las Casas Municipal Cemetery (PM), San Cristóbal de Las Casas Municipal Sports Center (CD), 
and Colegio de la Frontera Sur, in the same municipality (EC; Figure 1a).

In the Central Depression, the low-disturbance (L1) sampling sites were: Coquelexquitzán 
hill (CC), Ravine km-12 on the Tuxtla Gutiérrez-San Cristobal de Las Casas highway, Chiapas (CA), 
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and La Pera, Berriozábal (LP).  Moderate disturbance (L2): Perseverancia Ranch (RP), al Sol Ranch 
(RS) and the Tuxtla Gutierrez campus of Instituto Tecnológico de Monterrey, Chiapas (TM).  High 
disturbance (L3): Oriente Park (PO), Joyo Mayu Park (PJ), and Tuxtla Gutierrez Regional Technology 
Center, Chiapas (TR; Table 1; Figure 1b). 

Field work. In each sampling site, 48 sardine-baited (15.2 × 15.2 × 48 cm) Tomahawk traps were 
placed in a radial arrangement, separated by 20 m from each other, within a total area of 289.5 ha 
for four consecutive nights (Adler et al. 1997).  Sampling was carried out from March through June 
2011 and from March through June 2012.  The sampling effort was: 192 trap-nights per site, 576 
trap-nights per disturbance level (in each landscape), and 1,728 trap-nights per landscape.  Each 
specimen captured was determined taxonomically based on its length of the dark area of the 
tail, cheek and pectoral coloration, (Gardner 1973; McManus 1974; Aranda 2000).  The standard 
biological attributes (i. e., sex, external measurements, weight) of each specimen were determined, 
along with its geographical sampling location; the specimens were subsequently released. 

Satellite imagery classification. To evaluate the structure and composition of each landscape, 
SPOT 5 HRG satellite images were used: Two 2008 scenes for the Highlands and two 2011 scenes 
for the Central Depression.  The spatial resolution of these multispectral images was 10 m.  The 
images were registered using an orthorectification standard in order to analyze multiple images 
in a mosaic and make them compatible with other spatial data (Cuartero and Felicísimo 2003).  
Images were orthorectified using their orbital parameters and a 15 m Digital Elevation Model 
(DEM) by INEGI for the study area.  The Nearest Neighbor method was used for resampling both 
the images and the DEM; geoidal undulations were corrected based on the central coordinates 
of each image.  The Mexican Gravimetric Geoid (GGM10) model and the current official reference 
frame (ITRF08, epoch 2010.0) mandated by the Instituto Nacional de Estadística y Geografía (INEGI 
2013) were used.  The absolute accuracy of geoid heights in the GGM10 model was estimated as a 
20 cm (Mean Squared Error).  Geoidal undulations for each scene were calculated using the Geoid 
Height Interpolation System (SIAG v. 1.1) available at INEGI’s website (INEGI 2013).  Images were 
orthorectified using the ENVI v. 5.1 (EVIS 2013) software, and a mosaic was built from the spatially 
corrected images for the two entire areas of interest.  Images were visually classified using the 
interdependent method (FAO 1996) in ArcGIS v. 10.2 (ESRI 2011).  For each vegetation coverage 
and land use type considered in the interdependent classification of satellite images, 74 field trips 
to the study area were conducted and 234 control points were recorded using the Garmin E-Trex 
Global Positioning System (GPS) in the Universal Transverse Mercator (UTM) coordinate system.  
Vegetation types or plant formations were described using the classification proposed by Miranda 
and Hernández X (1963); other land coverages  and uses were described in terms of the INEGI 
(2012)’s classification.  Vegetation types and land uses observed in the Highlands were: oak forest, 
pine forest, pine-oak forest, oak-pine forest, wetlands, secondary vegetation, grasslands, rain-
fed agriculture, urban areas and areas devoid of vegetation.  For the Central Depression these 
were: medium-stature semi-deciduous tropical forest, low-stature deciduous tropical forest, water 
bodies, secondary vegetation, rain-fed agriculture and urban areas. 

Landscape Indices. Sampling sites were geographically located in the landscape; afterwards, 
a circular area of 7.07 km2 and 1.6 km radius was outlined in each one.  Each landscape was 
characterized by a total of nine sites (3 replicates × 3 disturbance levels; Figure 1).  Landscape 
geometry (structure) was described in terms of the number of patches (NP), edge density (ED) and 
mean shape index (MSI), while landscape composition was evaluated in terms of the Shannon’s 
diversity index (SDI).  These indexes were selected because they assess landscape structure and 
heterogeneity, both of which may influence the abundance of mammals (Lambert et al. 2005; 
Badii and Landeros 2006; Altamirano et al. 2012; Garmendia et al. 2013; Appendix 1).  Landscape 



www.mastozoologiamexicana.org   397

Cruz-Salazar et al.

characterization was carried out with the ArcGIS v. 10.2 software (ESRI 2011).  Landscape indexes 
were calculated using the Patch Analyst plug-in for ArcGIS v. 10.2 (Rempel et al. 2012).

Analysis.  Abundance was defined as the number of specimens captured per sampling site; this was 
considered as the dependent variable for statistical analyses.  Additionally, the relative abundance 
index (λ) was calculated based on the number of specimens captured per trap per night (Adler 
et al. 1997).  Potential explanatory variables of the abundance of D. marsupialis and D. virginiana 
were disturbance level (low, moderate, high), landscape (the Highlands or Central Depression), 
landscape structure and composition, and presence of each species.  An analysis of variance was 
carried out to determine the dispersion and treatment of the data obtained.  The influence of the 
disturbance level (low, moderate, high), landscape (the Highlands and Central Depression), and 
landscape structure on the species abundance was assessed using multiple linear regression and 
generalized linear models.  The relationship between abundance and landscape composition was 
determined by means of analysis of covariance (ANCOVA) with species as a covariate.  To choose the 
model that best described the data in terms of the influence of predictive factors (i. e. disturbance 
level, landscape, species, landscape attributes) on abundance,  the Akaike Information Criterion 
(AIC) was used; AIC measures the statistical fit of each model using the formula: AIC = – 2ln (L) + 2K, 
where L is the maximum likelihood of the estimated model, and K is the number of parameters in 
the model; the best model is the one that yields the minimum AIC value (Akaike 1974).  Due to the 
few opossum specimens captured, especially for D. marsupialis, generalized linear models were 
fitted to the opossum presence/absence in each vegetation and land-use type considered.  Finally, 
to determine whether the abundance of one marsupial species depends on the abundance of 
the other, linear regressions with binomial error were used.  All analyzes were performed with the 
statistical program R v. 3 (Team 2013).

Figure 1. Sampling sites or windows in the landscape for the capture Didelphis marsupialis and Didelphis virginiana in the 
Highlands (a) and the Central Depression (b) of Chiapas, Mexico. RH = Cerro Huitepec Biological Reserve, RM = Moxviquil Biological 
Reserve, CP = Cerro Corral de Piedra, PA = El Aguaje village, SI = San Isidro Las Huertas village, PK = Village km 36 of the Tuxtla Gutiérrez-
San Cristobal de Las Casas highway, CD = San Cristobal de Las Casas Municipal Sports Center, EC = Colegio de la Frontera Sur, San 
Cristobal de Las Casas, PM = San Cristobal de Las Casas Municipal Cemetery, CC = Cerro Coquelexquitzán, CA = ravine km 12 of the 
Tuxtla Gutiérrez-San Cristóbal de Las Casas highway, LP = La Pera, Berriozábal, RS = Rancho al Sol, RP = Rancho Perseverancia, TM = 
Tuxtla Gutierrez campus of Instituto Tecnológico de Monterrey, PJ = Parque Joyo Mayu, PO = Parque del Oriente, Tr = Tuxtla Gutierrez 
Regional Technology Center.  The identification data (K - J) for the Central Depression images are: 602-316 and 602-317; for The 
Highlands: 603-316; 603-317; 604-316; 604-317 and 605-317.
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Results
A total of 73 opossum specimens were captured: 10 D. marsupialis and 63 D. virginiana.  The mean 
abundance by region was 2.56 individuals in the Highlands and 0556 individuals in the Central 
Depression.  D. virginiana was the most abundant species in both landscapes.  Four specimens 
of D. marsupialis and 19 of D. virginiana were captured in The Highlands; six and 44 specimens, 
respectively, were captured in the Central Depression (Table 1). 

The mean opossum abundance, i. e. the total number of specimens captured by disturbance 
level in both sites was 3.17 for the low level, 3.83 for the moderate level and 5.17 for the high level.  In 
the Highlands, values obtained were 5 for the low level, 0.33 for the moderate level and 2.33 for the 
high level; in the Central Depression, the corresponding values were 1.33, 7.33 and 8.0, respectively.  
The mean abundance by species was 0.56 individuals for D. marsupialis and 3.56 for D. virginiana.

Abundance Distribution of Didelphis marsupialis.  This species was captured in sites with high 
heterogeneity and high number of fragments (Table 1).  As for the abundance recorded by disturbance 
level, in the Highlands only four specimens of D. marsupialis were captured in low disturbance (L1) 
sites, while in the Central Depression three specimens were captured in L1 and L2 (Table 1).  The 
mean relative abundance index (λ)was 0.003 individuals per night, per trap in the Highlands and 
0.005 in the Central Depression.  By disturbance level, this index was 0.01 in L1 in The Highlands.  In 
the Central Depression, the values for this index were 0.008 in L1 and 0.006 in L2 (Figure 2a). 

Abundance Distribution of Didelphis virginiana.  The highest abundance was recorded in low-
disturbance sites in the Highlands (11 specimens) and in high-disturbance sites in the Central 
Depression (24 specimens; Table 1).  The mean relative abundance index (λ)for each landscape 
was 0.02 individuals per night per trap in the Highlands and 0.04 in the Central Depression.  In 
particular, at the Highlands 0.03 individuals were recorded in L1, 0.002 in L2 and 0.02 in L3.  In the 
Central Depression, relative abundance figures were 0.002, 0.05 and 0.7, respectively (Figure 2b).

Landscape-Abundance Relationship   The generalized linear models revealed a significant influence 
of the number of patches (p = 0.003) and edge density (p = 0.02) on the presence of D. marsupialis 
(Figure 3a).  However, the evaluation of models with AIC showed that NP is the variable that best 
predicts the presence of this species (Table 2).  For D. virginiana no significant relationship was 
found with any of the landscape characteristics considered (Figure 3b, Table 2).  The ANCOVA also 
found no influence of SDI on the abundance of both species (p = 0.73).  The linear regression 
showed no relationship between opossum abundance and disturbance level (p = 0.99), but it did 
reveal a significant relationship between abundance and landscape (p = 0.003).  Finally, the linear 
regression with binomial error did not show a significant relationship between the number of D. 
virginiana specimens captured and the total number of opossum specimens captured (Didelphis 
spp.), in spite of having observed that the abundance of D. virginiana increased with the total 
number of opossum specimens (p = 0.08). 

Discussion
No relationship was observed between the abundance of D. marsupialis and the abundance of D. 
virginiana within the landscape characteristics studied.  Contrary to our expectation for species that 
adaptable to — and even favored by — habitat disturbance by human activities (Naranjo et al. 2013; 
Hennessy et al. 2015), the abundance of the two opossum species was unrelated to disturbance 
levels.  However, it is worth mentioning that D. marsupialis was found only in low disturbance areas, 
and its occurrence was related to the number of patches; for its part, D. virginiana was captured 
in higher numbers and at all disturbance levels in both areas.  The abundance recorded in the 
Central Depression and the Highlands of Chiapas is consistent with that observed in previous 
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Figure 2.  Relative Abundance Index (λ) for Didelphis marsupialis (a) and D. virginiana (b) according to disturbance levels in the 
Highlands (High) and the Central Depression (Depression) of Chiapas, Mexico.  L1 = low disturbance, L2 = moderate disturbance, L3 = 
high disturbance.

studies (Cherem et al. 1996; Adler et al. 1997; Cáceres and Monteiro-Filho 1998; Kelly and Caro 2003; 
Cruz-Salazar et al. 2014).  The results suggest that the populations of these marsupials comprise 
a few individuals in spite of their high reproductive rate and ability to exploit resources derived 
from human activities.   High mortality rates due to factors such as predation, hunting and road 
collisions may explain the low abundance of D. marsupialis and D. virginiana in the populations 
studied (Orjuela and Jiménez 2004; Cabello 2006; Tlapaya and Gallina 2010).

The abundance recorded in the Central Depression was significantly higher than in the 
Highlands de Chiapas; this could be due to variations in resource availability in each region.  the 
Highlands is dominated by pine-oak forest patches, where diversity is low (González-Espinosa 
et al. 2008), offering fewer resources to Didelphis spp. In the Central Depression, tree diversity is 
intermediate in low-stature tropical deciduous forests and high in the medium- and the high-
stature tropical evergreen forests (González-Espinosa et al. 2008).  The high tree diversity and 
the variations of climatic, soil, physiographic and disturbance features in the Central Depression 
(Rocha-Loredo et al. 2010) foster a large variety of fruits, tubers and animals that are food sources 
available for Didelphis marsupialis and D. virginiana (Colchero et al. 2005; Zarza and Medellín 2005), 
hence contributing to a higher opossum abundance in this region.

In common species such as D. marsupialis and D. virginiana, an increase in population density 
and the expansion of local populations in modified habitats are expected; accordingly, these are 
known as synanthropic species (Lindenmayer et al. 2000; Markovchick-Nicholls et al. 2007; Ricotta 
et al. 2008; Hennessy et al. 2015).  On the other hand, landscape structure is known to influence 
the abundance of wild species, including birds and mammals (Lindenmayer and Fischer 2007; 
Bruggeman et al. 2010), and common species are today being seriously affected by human activities 
(Gaston and Fuller 2007; Gaston, 2010).  Our findings indicate that these species responded 
differently to disturbance levels, D. virginiana being the species that was distributed across all levels, 
with no evident effect of human activities on its populations or its diversity and genetic structure 
(Cruz-Salazar et al. 2016).  By contrast, Oceguera-González and González-Romero (2008), working 
in coffee plantations in Veracruz, observed a positive significant relationship between opossum 
abundance and forest coverage, especially for D. virginiana, the abundance of which was lower 
than that of D. marsupialis; this inconsistency may be explained by the particular environmental 
and anthropogenic conditions in each study area, which determine the quantity and availability of 
resources, and hence the interspecific competition and dominance of species (Begon et al. 2006).

The number of patches influenced the presence of D. marsupialis, i. e. a higher number of 
patches is associated with a higher probability of finding this marsupial species.  The presence of 
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D. marsupialis was also restrained to relatively well-preserved areas, which suggests that despite 
being considered a highly flexible generalist species (Adler et al. 1997; Cruz-Salazar et al. 2014), 
habitat loss might be influencing its populations.  However, landscape indexes and disturbance 
levels were not related with the abundance (number of specimens captured) of this opossum 
species; an assessment of habitat selection and occupation should be conducted to identify 
metapopulations and gain a deeper insight into the dynamics of this marsupial in fragmented 
landscapes (Murphy et al. 2010).  To some extent, D. marsupialis can be benefited by landscape 
fragmentation, but requires patches with low disturbance. Therefore, it is necessary to evaluate 
the variations of its populations through time in environments undergoing  constant habitat loss 
and landscape fragmentation.

The abundance of D. virginiana was not associated with disturbance: in the Highlands, the 
highest relative abundance was found in areas with the lowest disturbance, but in the Central 
Depression the opposite occurred. This might be due to factors not considered in this study, such 
as variations in the availability of food and shelter and potential predators (Markovchick-Nicholls 
et al. 2007; Oceguera-González and González-Romero 2008).  The presence of D. virginiana was 

Table 1.  Characterization of the landscape in the Highlands and the Central Depression, and abundance of Didelphis marsupialis (Dm) 
and D. virginiana (Dv) by disturbance level (ND) and window (V).  PGeo = geographic location of each sampling site in the coordinate system. 
L1 = low disturbance, L2 = moderate disturbance, L3 = high disturbance, CP = Cerro Corral de Piedra, PA = El Aguaje village, SI = San Isidro 
Las Huertas village, PK = Village km 36 of the Tuxtla Gutiérrez-San Cristobal de Las Casas highway, CD = San Cristobal de Las Casas Municipal 
Sports Center, EC = Colegio de la Frontera Sur, San Cristobal de Las Casas, PM = San Cristobal de Las Casas Municipal Cemetery, CC = Cerro 
Coquelexquitzán, CA = ravine km 12 of the Tuxtla Gutiérrez-San Cristóbal de Las Casas highway, LP = La Pera, Berriozábal, RS = Rancho al Sol, 
RP = Rancho Perseverancia, TM = Tuxtla Gutiérrez campus of the Instituto Tecnologico de Monterrey, PJ = Parque Joyo Mayu, PO = Parque del 
Oriente, Tr = Tuxtla Gutierrez Regional Technology Center, NP = number of patches, ED = edge density, MSI = mean shape index, SDI = Shannon’s 
diversity index.

Landscape ND V
PGeo

NP ED MSI SDI Dm Dv
Lat Long

The Highlands L1 CP 16.71° 92.61° 162 273.9 20.1 1.6 1 4

L1 RH 16.75° 92.68° 100 222.5 21.8 1.6 3 2

L1 RM 16.76° 92.63° 108 240.1 21.4 1.6 0 5

L2 PA 16.68° 92.59° 219 172.8 15.2 1.8 0 1

L2 SI 16.69° 92.54° 88 186.6 20.3 1.7 0 0

L2 PK 16.69° 92.72° 112 255.6 21.9 1.5 0 0

L3 PM 16.72° 92.65° 54 93.9 18.4 0.9 0 0

L3 CD 16.73° 92.64° 36 69.6 18.5 0.4 0 2

L3 EC 16.71° 92.62° 127 223.8 20.6 2.0 0 5

Central Depression L1 CC 16.72° 93.11° 218 305.2 19.6 1.4 2 0

L1 CA 16.72° 92.92° 97 249.7 23.7 1.2 0 1

L1 LP 16.87° 93.32° 84 160.9 18.3 0.7 1 0

L2 RP 16.64° 93.01° 206 349.6 22.7 1.5 3 8

L2 RS 16.61° 93.02° 282 424.3 22.6 1.4 0 3

L2 TM 16.76° 93.20° 108 204.0 19.0 1.7 0 8

L3 PO 16.76° 93.09° 80 138.6 18.8 0.6 0 2

L3 PJ 16.76° 93.14° 96 212.7 21.1 0.9 0 14

L3 TR 16.76° 93.17° 90 184.9 19.6 0.9 0 8
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Figure 3.  Multiple regression analysis of presence/absence of Didelphis marsupialis, (a) and Didelphis virginiana, (b) and landscape 
indices of the Highlands de Chiapas and the Central Depression, Mexico.  Dm = Didelphis marsupialis, Dv = Didelphis virginiana.  NP = 
number of patches, ED = edge density, MSI = Media Shape index, P = proportion of opossum presence/absence in each class defined 
in the landscape. 

Table 2. Selection of generalized linear models between landscape indexes (IP) and the presence/absence of Didelphis marsupialis and D. 
virginiana in the Highlands and the Central Depression of Chiapas, measured by the Akaike Information Criterion (AIC). ED = edge density, MSI 
= mean shape index, NP = number of patches.

IP Modelo 
AIC

D. marsupialis D. virginiana 

ED Presencia/ausencia ~ ED 41.34* 130.89NS

MSI Presencia/ausencia ~ MSI 46.51NS 132.06NS

NP Presencia/ausencia ~ NP 38.57** 131.62NS

   * = P< 0.05, ** = P<0.01, *** = P<0.001, NS = non significant 

not determined by any landscape index, suggesting that landscape composition and structure do 
not determine the absence or presence of this marsupial species, in agreement with Beatty et al. 
(2012) and Hennessy et al. (2015) who found a panmictic population with a low genetic structure 
in a fragmented landscape in Indiana. Kanda et al. (2009) proposed that the resources available for 
D. virginiana in landscapes dominated by human activities serve as a source, and natural habitats 
as sinks, in a metapopulation dynamics. For their part, Beatty et al. (2014) suggest that D. virginiana 
uses both anthropogenic resources and forest remnants for the survival of its populations.  In 
this study, D. virginiana was found in all disturbance levels and showed no association with the 
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landscape attributes considered, indicating that this marsupial can be found in relatively high 
numbers in markedly disturbed areas with different landscape characteristics in the Highlands 
and the Central Depression of Chiapas.

It is worth mentioning that the possibility of the absence of a relationship between disturbance 
levels and opossum abundance (Didelphis spp.) being due to the scale of the study cannot be 
ruled out, since the species studied have high dispersal capacity and gene flow and thus can 
maintain a single population across a broad geographic range, even despite the presence of 
significant geographic barriers (Beatty et al. 2012; Hennessy et al. 2015). It is likely that an effect of 
disturbance on the populations of D. marsupialis and D. virginiana could be detected at a regional 
geographic scale; therefore, a study with a greater sampling effort, both in space and time, should 
be conducted in the future to evaluate these aspects. 

An interesting observation is that the lower abundance of D. marsupialis was related to a greater 
abundance of D. virginiana; although this relationship was not significant, it is suggested that this 
may be the result of interspecific competition for available and potential colonization sites (e. g. 
food, shelter; Begon et al. 2006).  However, our data are insufficient to evaluate this hypothesis. 

This study establishes the relationship between fragmented landscapes and the presence of D. 
marsupialis, and confirms the high capacity of D. virginiana to maintain populations in areas with 
high disturbance levels during the dry season.  It also contributes to the knowledge of common 
mammals in Mexico, particularly regarding the consequences at the population level resulting 
from habitat loss and landscape fragmentation by human activities. 
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Appendix 1.  Indexes selected to characterize landscape structure and configuration.

Landscape index Acronym Property Definition 

Number of patches NP Degree of fragmentation Total number of fragments and number of fragments in each 
class

Edge Density ED Edge feature Total edge perimeter relative to landscape area 

Mean Shape Index MSI Complexity of fragment 
shape

Calculates the mean shape by class level and landscape

Shannon diversity index SDI Landscape diversity Estimates heterogeneity from probabilities. The value 
represents the probability that two randomly selected items 
could be different
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