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The Pacific region, one of the most disturbed areas in México, is home to the pygmy spotted skunk (Spilogale pygmaea), a local endemic
species and one of the smallest carnivores in the world. This small carnivore is currently listed as a species subjected to special protection in
México and the International Union for Conservation of Nature. The objective of this work was to model environmental suitability and esti-
mate the potential distribution of S. pygmaea in México. Predictive models were created using climatic, anthropic, and topographic variables
with the Maxent tool. Models were assessed through partial Receiver Operating Characteristic (ROC) performance by omission rate and AUC.
Finally, land use within the predicted potential area (potential distribution) was analyzed using the 2015 land cover layer of México issued
by CONABIO. According to the model, S. pygmaea has a potential distribution from southern Sinaloa to Chiapas, comprising Michoacén and
Guerrero towards the Balsas River basin in relation to dry forests. The predicted area was 95,600 + 0.02 km?, representing a restricted distribu-
tion in México. Many localities have low environmental suitability (<0.4) and ecosystem modification and fragmentation, mainly influenced
by livestock density. Spilogale pygmaea may be considered rare due to the lack of sampling, which jeopardizes the conservation of this group
given its fragmented habitat. Additionally, S. pygmaea is attracted to areas with human settlements, potentially leading to human-animal con-
flicts. Natural areas, along with information sharing on the presence and importance of the species in nearby communities, may be an effective
strategy to benefit this small carnivore.

La regidn del Pacifico es una de las zonas mas perturbadas de México y area de distribucién del zorrillo pigmeo (Spilogale pygmaea) una
especie endémica de esta regidn y uno de los carnivoros de menor tamafo del mundo. Actualmente, este pequefio carnivoro se encuentra en
un estatus de proteccion especial en México y por la International Union for Conservation of Nature. El objetivo de este trabajo fue modelar
la idoneidad ambiental y estimar la distribucién potencial de S. pygmaea en México. Se generaron modelos predictivos utilizando variables
climaticas, antropicas y topograficas desde la herramienta Maxent. Los modelos se evaluaron seguin la ROC parcial, el rendimiento midiendo
la tasa de omision y el AUC. Por ultimo, se realizé un analisis de uso de suelo dentro del drea potencial predicha (distribucion potencial), para
esto, se utiliz6 la capa de cobertura de suelo de México para el 2015 de CONABIO. De acuerdo al modelo de distribucién potencial, S. pygmaea
se puede distribuir desde el sur de Sinaloa hasta Chiapas y entrar por Michoacdn y Guerrero hacia la Cuenca del Balsas en torno a las selvas
secas en el pais, con un drea predicha de 95,600 + 0.02 km?, presentando una distribucion restringida en el pais. Muchas localidades presentan
una baja idoneidad ambiental (< 0.4) y algunas zonas presentan alteracion y fragmentacién de los ecosistemas, lo cual es principalmente in-
fluenciado por la densidad de ganado. Spilogale pygmaea se ha considerado como poco comun en su distribucidn, sin embargo, esto pudiera
estar influenciado por la falta de muestreos, lo cual puede representar un problema para la conservacion de esta especie, ya que su habitat se
encuentra fragmentado. Por otro lado, S. pygmaea se ve influenciado positivamente hacia las zonas pobladas, lo cual puede generar conflicto
humano-animal. Las areas naturales en conjunto con la divulgacién sobre la presencia e importancia de la especie en las comunidades cerca-
nas pueden ser una estrategia que beneficie a este pequeiio carnivoro.
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Introduction This small skunk belongs to the carnivore guild (Dragoo
The pygmy spotted skunk, Spilogale pygmaea, is one of the et al. 1993; Wilson and Reeder 2005), but also consumes
smallest carnivores in the family Mephitidae and the genus @ great diversity of insects and fruits, depending on food
Spilogale (Medellin et al. 1998; Wilson and Reeder 2005). ~ availability (Cantu-Salazar et al. 2005). Thus, it plays a key
This species is endemic to México, and its distribution has  role within its environment, acting as a pest controller and
been reported from southern Sinaloa to the Pacific coast of ~ an efficient seed disperser (Medellin et al. 1998).

the state of Oaxaca (Medellin et al. 1998), from sea level to In México, habitat fragmentation and loss (Sarukhan
1,630 masl (Ceballos and Miranda 2000), mainly in decidu-  2008) threaten this small carnivore. The main disturbances
ous forests (Cantu-Salazar et al. 2009; Dominguez-Castel-  affecting the distribution of this species include urban-
lanos and Gonzélez 2011). It is considered a rare species  ization, agriculture, livestock, and forest fires, all of which
throughout its distribution range (Medellin et al. 1998). are common in the Pacific Coast (Trejo 2005; Ceballos et
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al. 2010; Botello et al. 2015; Mas et al. 2017). These issues
can fragment natural populations and reduce connectiv-
ity between them (Tlapaya and Gallina 2010; Capdevila-
Arguelles et al. 2013), which may lead to the loss of S. pyg-
maea populations in some localities.

S. pygmaea is currently listed as a species subject to
special protection in NOM-059-SEMARNAT 2010 and as
vulnerable by the International Union for Conservation of
Nature (Helgen et al. 2016). Given the anthropic modifica-
tions in its environment, it is important to know the poten-
tial distribution and the impact of anthropic pressures on
an endemic species such as S. pygmaea. However, for rare
species, understanding the distribution and drivers of these
patternsis challenging and resource-intensive (Perkins-Tay-
lor and Frey 2020).

Environmental suitability and potential distribution
models support inferences about the distribution of spe-
cies (Austin 2002; Pérez-Irineo et al. 2019) from biological
and environmental information (Guisan and Zimmermann
2000; Franklin 2010). These techniques are based on model-
ing the niche of a species in an n-dimensional space (Elith et
al. 2006; Soberdn et al. 2017), identifying the environmental
requirements of the species (Soberén and Nakamura 2009)
and visualizing them on maps to identify potential regions
where these species may be distributed (Lindenmayer et
al. 1991). The hypotheses derived from these models usu-
ally estimate the potential distribution in a predicted area
or environmental suitability ranges (Soberén and Peterson
2005). These results can be an important support for spe-
cies conservation strategies (Mercado and Wallace 2010;
Cuervo-Robayo and Monroy-Vilchis 2012; Carrillo-Reyna et
al. 2015).

Assessing the potential distribution of species in the
Anthropocene is essential considering the current loss of
biodiversity and habitats. This information may support
the development of conservation strategies at local and
national levels. The objective of this work was to model
environmental suitability and estimate the potential distri-
bution of S. pygmaea in México based on presence records
and scenopoetic and interactive variables.

Materials and methods

To build environmental suitability models, a region of inter-
est was delineated based on the area accessible to the
species (Soberén and Peterson 2005; Peterson et al. 2011),
using the classification of Biogeographic Regions of México
issued by CONABIO (1997). The Pacific Coast, Balsas Depres-
sion, and Sierra Madre del Sur were considered as these are
the layers that match the known distribution of the species
(Gonzélez and Arroyo-Cabrales 2012).

The model was built using data collected based on geo-
referenced records from publications, theses, and museum
data (Cortés-Marcial and Briones-Salas 2014; Buenrostro-
Silva et al. 2015; Urrea-Galeano et al. 2016; Juarez-Agis et al.
2020; Briseno-Hernandez and Naranjo 2021). We also con-
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sulted presence records collected by Ballesteros-Barrera et
al. (2016) and Lavariega and Briones-Salas (2019; available
at: www.conabio.gob.mx/informacion/gis/). Private pres-
ence data were gathered from users of the NaturaLista plat-
form. The data not provided were considered for model
assessment only because they are shown as a random point
within an area of £20 km? for species at risk.

The records were refined by removing spatially corre-
lated and duplicate records. The SDMToolbox space tool was
used in ArcMap® 10.3 (Brown 2014). Records were discarded
at a minimum distance of 1.2 km (approximately equivalent
to the size of a pixel), resulting in 76 presence records.

Variables were selected according to their importance
and influence on the species (Buenrostro-Silva et al. 2015).
The climatic layers by Cuervo-Robayo et al. (2013) were
considered environmental variables. Only the distance to
water bodies was included as a topographic variable. Veg-
etation attributes included distance to deciduous forest or
grassland (secondary and natural) and percentage of tree
cover; the anthropogenic attributes considered were dis-
tance to urban and agricultural areas and livestock density
(Appendix 1).

The distance variables were estimated using the
National Forest Inventory, Series VI (INEGI 2016). Polygons
were divided according to the attribute, and the Euclid-
ean distance was calculated for each polygon. Once all
the geodata were obtained, the resolution of variables
was adjusted based on climatic variables, resulting in an
approximate size of 800 m2

The importance of the variables to the model was
assessed by a jackknife analysis in Maxent and by Pearson's
correlation between variables through the Ntbox package
(Osorio-Olvera et al. 2020) in Rstudio; those with a ratio >0.7
were discarded, identifying the variable with the highest
percent contribution to the model and then removing the
variable correlated with it (Warren et al. 2014; Perkins-Taylor
and Frey 2020). The result was a set of seven climatic vari-
ables, three vegetation and anthropic variables, and one
topographic variable (Appendix 1).

Models were built using the MaxEnt algorithm (Phil-
lips et al. 2017), which has shown a good performance in
predicting the potential distribution of species from pres-
ence records and environmental variables (Elith et al. 2006;
Phillips et al. 2006). In addition, MaxEnt is an effective tool
when limited data are available (Byeon et al. 2018), as in the
case of S. pygmaea.

Potential models were built using 70 % (n = 53) and
assessed using 30 % (n = 23) of records. We tested 29 pos-
sible combinations of entity classes including linear, qua-
dratic, product, threshold, and hinge, which allow adjust-
ing simple interactions (Elith et al. 2011). Models were
evaluated according to their statistical significance. The
area under the curve (AUC) was obtained directly from the
model assessment through the “Receiver Operating Char-
acteristic” (ROC) curve, which measures sensitivity and
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specificity; values closest to 1 indicate perfect discrimina-
tion (Byeon et al. 2018). The Partial ROC (Peterson et al.
2008) was determined by resampling 1,000 boostrap inter-
actions using 50 % of the independent data from presence
records, and setting a 5 % omission error with the Ntbox
platform (Osorio-Olvera et al. 2020).

The simplest model was selected, considering as reliable
AUC values above 0.75 (Elith et al. 2011) and Partial ROC >1
(Peterson et al. 2008). The model selected was exported
with a logistic output, which offers an interpretation associ-
ated with environmental suitability (Mateo et al. 2011).

A cutoff threshold was applied to estimate the potential
distribution, evaluate the predicted area, and exclude false
positives, using 70 % of the records used to build the model.
The minimum value was selected as cutoff level (Pearson et
al. 2007; Espinoza-Garcia et al. 2014).

A land-use analysis was performed within the predicted
potential area using the 2015 land-cover layer of México
(CONABIO 2020). First, the land-use layer was trimmed
based on the potential distribution. Subsequently, land-
use attributes were sorted into three categories: conserved
vegetation (deciduous forest, mixed forest, temperate for-
est), agricultural areas, and urban zones. Finally, the area
occupied by each category was calculated.

The results were interpreted and discussed by overlap-
ping the final maps on the layer of México (INEGI 2019), to
facilitate the state conservation policy.

Results

The states with the largest number of records were Jalisco
(n=17) and Guerrero (n = 28), both with 57.8 % of the data
(Figure 1). The records were obtained mainly from scientific
collections in museums (n = 54) and the rest from the Natu-
raLista platform (n = 16) and paper reports (n = 6). New
localities were reported in Michoacan (Urrea-Galeano et al.
2016) and the most southern record in Juchitan, Oaxaca
(Cortés-Marcial and Briones-Salas 2014).
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Figure 1. Potential distribution of S. pygmaea and presence records used in the
model.

The optimal model selected was created from three
class types (hinge, linear, and quadratic). Its evaluation
showed optimal AUC (0.89) and partial ROC (1.59 + 0.14)
values; random AUC and partial AUC values were statisti-
cally different (P < 0.0001).

The variables with the greatest contribution to the model
were distance to water bodies (31.3 %), maximum temper-
ature of the warmest month (14.0 %), and precipitation of
the driest month (12.8 %), which together explain 58.1 % of
the model. The influence observed showed a positive rela-
tionship with water bodies and a negative relationship with
temperatures of the warmest month >35 °C and with areas
with precipitation of the driest month >5 mm (Table 1).

In the case of anthropic variables, a positive influence was
observed with agricultural areas and the periphery of urban
zones (Table 1). However, livestock density responded neg-
atively, affecting the presence of the species.

The data analysis revealed that S. pygmaea prefers
areas adjacent to rivers and lagoons, limiting its distri-
bution to livestock areas. It is associated with subhumid

Table 1. Percent contribution of the variables in the environmental suitability model for S. pygmaea.

Variable

Percent contribution (%)

Importance of permutation (%)

Distance to water bodies

Maximum temperature of the warmest month
Precipitation of the driest month
Precipitation of the wettest month

Livestock density

Average day range

Distance to deciduous forests

Percentage of tree cover

Minimum temperature of the coldest month
Distance to grasslands

Distance to urban areas

Annual mean precipitation

Isothermality

Distance to agricultural land

31.3 263
14.0 20.9
12.8 15.0
9.0 17.7
8.4 2.7
6.9 0
6.3 0.6
3.1 4.5
2.0 0.9
1.9 1.0
1.5 0.5
13 6.8
0.7 2.2
0.7 0.8
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warm climates with the temperatore of the warmest month
between 19 °Cand 32 °C, and avoids areas with high precip-
itation. The environmental suitability map indicated that
the areas of greatest suitability (>0.4) are located around
the Huatulco and Lagunas de Chacahua National Parks,
Oaxaca; in areas surrounding Acapulco de Juarez, Guerrero;
adjacent to the Balsas basin between Michoacan and Guer-
rero, where it penetrates inland to the mid Balsas, Guerrero,
restrained by extreme temperatures (>35 °C). In Colima,
its potential distribution ranges from the Malaque tropical
forest along the coast of Jalisco to the deciduous tropical
forest surrounding Puerto Vallarta, the tropical forests in
Nayarit, and the Meseta de Cacaxtla Natural Protected Area
in Sinaloa (Figure 2).

The optimal threshold for this model was 0.2, with a
potential distribution of approximately 95,600 + 0.02 km?,
comprising 4.9 % of the mainland area of México (INEGI
2018). The states with the largest potential distribution
area are Michoacan (45,300 + 0.05 km?), Guerrero (30,000 +
0.1 km?), and Jalisco (26,500 + 0.1 km?).

However, regarding the conserved habitat alone (i. e.,
forests and tropical forests within the potential distribution
range) comprises 60,900 = 0.03 km?, representing a loss
of 34,700 + 0.02 km? (agricultural area = 34,500 + 0.2 km?;
urban area = 260 + 2.3 km?) as a result of anthropic frag-
mentation.

Discussion

Historically, Spilogale pygmaea has been considered an
uncommon species across its distribution range (Medel-
lin et al. 1998). This perception might be due to the lack
of sampling since reports are scarce. It is worth highlight-
ing that the reports found are new localities for Michoacan
(Charre-Medellin 2012; Urrea-Galeano et al. 2016), Oaxaca
(Cortés-Marcial and Briones-Salas 2014), and Guerrero
(Briseio-Herndndez and Naranjo 2021); however, the inter-
est and focus of these studies was on larger mammals.
Based on our results, S. pygmaea may be distributed up to
Chiapas in the south and through the Balsas River basin up
to to Morelos and Puebla.

The records obtained on the citizen science platforms
provide a useful tool when there is insufficient information
on the species to conduct an analysis like the one reported
herein. However, these data should be used with cau-
tion (in model assessment) as there may be uncertainty in
localities or species identification. Therefore, data should
be refined based on specialized literature. Historical bases
of museums or in the literature are considered reliable
sources, keeping in mind that environmental and land-use
changes may be unsuitable for some species, thus affecting
the development of conservation strategies (Pliscoff and
Fuentes-Castillo 2011; Espinoza-Garcia et al. 2014).

According to our results, much of the area predicted as
potentially suitable provides an unfavorable scenario for
S. pygmaea (Balvanera et al. 2000; Crooks 2002; Botello et
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al. 2015) since it involves fragmented zones, which could
hamper the conservation of the species (Cantu-Salazar et
al. 2005). Land-use change and livestock raising have a
negative impact on colonization between patches (Lira-
Torres and Briones-Salas 2011). Although the distribution
of this small carnivore is influenced by its affinity to dis-
turbed areas, this does not indicate that the species thrives
or remains in these areas since habitat modifications or
reduction have adverse effects on its permanence and dis-
tribution patterns. In the case of species with a restricted
range, distribution patterns may be influenced by anthro-
pogenic effects (McDonald et al. 2018; Perkins-Taylor and
Frey 2020). An aspect not addressed in this study but that
is also a consequence of anthropic activities is the pollution
of water bodies. Today, this issue is on the rise (Rodriguez
et al. 2013), and although the water requirement of the
pygmy spotted skunk may be lower relative to other mam-
mals, this resource is vital (Charre-Medellin 2012) and may
affect its populations.

Spilogale pygmaea has a varied diet (Cantu-Salazar et al.
2005), nocturnal habits (Sanchez-Cordero and Martinez-
Meyer 2000), and the ability to move across patches (Nupp
and Swihart 2000; Gehring and Swihart 2004). These hab-
its could reduce the risk of conflicts with humans in semi-
urban and agricultural areas, increasing its chances of sur-
vival. However, although S. pygmaea may potentially be
found in areas of low environmental suitability, ignorance
about this species might lead to interactions and problems
with humans, as observed with other species (Alvarado-
Barboza and Gutiérrez-Espeleta 2013).

The assessment of climatic variables shows that water
bodies, marked seasonality, precipitation of the driest
month of 5 mm, and warm climates favor the presence of
this species; these characteristics are typical of dry forests
where S. pygmaea is abundant (Buenrostro-Silva et al. 2015;
Lira-Torres et al. 2012; Cantu-Salazar et al. 2009; Dominguez-
Castellanos and Gonzalez 2011; Cortés-Marcial et al. 2014;
Charre-Medellin 2012; Bradie and Leung 2017).

Within the potential distribution range of this species,
the Lagunas de Chacahua National Park, Chamela-Cuix-

Figure 2. Environmental suitability of S. pygmaea in México.



mala Biosphere Reserve, Zicuiran-Infiernillo Biosphere
Reserve, Meseta de Cacaxtla Protected Natural Area, Maris-
mas Nacionales Nayarit Biosphere Reserve, Huatulco and
El Veladero National Parks and the Sierra de Manantlan
Biosphere Reserve are important areas for conservation
that provide shelter from habitat loss (Gallina et al. 2007;
Jiménez et al. 2015). The presence of S. pygmaea in the
first five areas is worth highlighting (Cantu-Salazar et al.
2009; Buenrostro-Silva et al. 2015; Urrea-Galeano et al.
2016; CONANP 2016; Guzman-Pacheco 2019). Therefore,
based on our results, we recommend the monitoring of
non-confirmed areas to implement actions aiming to con-
serve this and other species.

Currently, most conservation efforts target larger mam-
mals (>15 kg) because many are considered umbrella spe-
cies due to their wide distribution (Thornton et al. 2016).
Smaller mammals that are not necessarily covered by the
protection of these large umbrellas, either because of their
reduced range or, as in the case of S. pygmaea, because of
their fragmented distribution, are left outside of govern-
ment conservation initiatives (Thornton et al. 2016).

There is little information available about the distribu-
tion range of S. pygmaea. The potential distribution is well
represented on the Pacific coast; however, few areas have
high environmental suitability. The distance to water bod-
ies positively influences environmental suitability, while
high livestock density has the opposite effect. Although
S. pygmaea is associated with semi-urban areas, this does
not mean that its permanence is guaranteed. Semi-urban-
ized areas should be monitored to understand better the
distribution of this species and the influence of these areas
onit. Itisimportant to focus on small species, allocate areas
for conservation and maintain the connectivity between
their populations (Mills and Allendorf 1996). Also, outreach
and education strategies should be implemented in nearby
human communities to inform the local inhabitants about
the importance of this species.
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Appendix 1

Variables used in the environmental suitability model and potential distribution of the pygmy spotted skunk (Spilogale

pygmaea).

Variable Unit of measure

Source

Average day range
Isothermality
°C (degrees Celsius)
Maximum temperature of the warmest month
Minimum temperature of the coldest month
Annual Mean precipitation
Precipitation of the wettest month mm?
Precipitation of the driest month
Distance to deciduous forests
Distance to grasslands
Distance to water bodies Distance (decimal degrees)
Distance to urban areas
Distance to livestock areas
Percentage of tree cover Percentage

Livestock density Density (individuals/km?)

Cuervo-Robayo et al. (2013)

National Forest Inventory, Series VI (INEGI 2016)

(Defries et al. 2000)
Robinson et al. (2014)
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