In the following study, the authors report the use of shelters and seasonal activity in a population of the the whiptail lizard Aspidoscelis costata
in an area of central Mexico. The natural history information they obtained can be used for evaluating future conservation measures for this
species. Pictured here is an adult male of this teiid, photographed as it was searching for food.
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Abstract: We describe the seasonal activity and use of shelters in a population of Aspidoscelis costata
in an area of central Mexico. We visited this locality each month from July of 2013 to April of 2015, and
during each visit observed the frequency in which the shelters were used and the microhabitats where they
were located. We recorded the climatic conditions (dry or rain), use of the shelters (temporary or permanent), and their respective position (sun or shade). The lizards chose to use temporary shelters and those
exposed to the sun more frequently (63% and 53% respectely, of 90 lizards), with similar frequencies
shown during the dry and rainy seasons. These results suggest that A. costata chooses refuges with characteristics that allow them to maximize such resources as the availability of sunlight, access to food, and
protection from predators. Nonetheless, we believe these results should be reexamined in future studies,
especially those conducted in different locations.
Key Words: Activity, habitat preferences, lizards, seasonality, weather conditions
Resumen: Describimos la actividad estacional y el uso de refugios en una población de Aspidoscelis
costata en un área del centro de México. Visitamos esta localidad cada mes desde julio de 2013 hasta
abril de 2015, y durante cada visita observamos la frecuencia con que se utilizaron los refugios y los microhábitats donde se encontraban. Se registraron las condiciones climáticas (seco o lluvioso), el uso de
los refugios (temporales o permanentes) y su respectiva posición (sol o sombra). Los lagartos optaron por
utilizar refugios temporales y los expuestos al sol con más frecuencia (63% y 53% respectivamente, de
90 lagartos), con frecuencias similares mostradas durante las temporadas seca y lluviosa. Estos resultados
sugieren que A. costata elige refugios con características que les permitan maximizar tales recursos como
la disponibilidad de luz solar, el acceso a los alimentos y la protección contra los depredadores. Sin embargo, creemos que estos resultados deben ser reexaminados en futuros estudios, especialmente aquellos
realizados en diferentes lugares.
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INTRODUCTION
In a study on diversity and endemism of the Mexican herpetofauna, among the reptiles the family Teiidae ranked
third in the number of records collected, and when comparing the genera, Aspidoscelis ranked second in the number
of records for reptiles (Ochoa-Ochoa and Flores-Villela, 2006). Aspidoscelis costata is endemic to Mexico and has
been considered a species subject to special protection by SEMARNAT (2010); additionally, Wilson et al. (2013)
assessed this taxon an Environmental Vulnerability Score of 11, which places it in the medium vulnerability category. Because the conservation status of this species eventually might come to be regarded as threatened, additional
studies on its behavior, including its thermal requirements, available sites for hibernation and nesting, shelters,
predators, and prey availability, would be useful for future conservation assessments (Aguilar-Moreno et al., 2010,
Andersson et al., 2010; Santos et al., 2011; Dubey et al., 2012; Allison, 2014).
Animals often avoid predators by using shelters in which they reduce the likelihood of being caught (Creesman
and Garay, 2009). Lizards use rocks, bushes, logs, cracks, and other areas with restricted access as shelters, in an
effort to defend themselves against predators (Cooper, 2003; Whiting et al., 2003). Because lizards spend much of
their time inside shelters, their choice of shelters is relevant to their survival (Martin and Salvador, 1996). Thus, the
ability to identify and characterize these sites is a fundamental step in the conservation of lizard populations, as it
would allow for their protection and eventually facilitate the persistence and recovery of a species (Heinricks et al.,
2010).
In this study we analyzed the choice of microhabitats and refuges used by A. costata. Accordingly, we believe
that our efforts can be used to establish future management strategies and conservation protocols that would promote the maintenance of this species, as our study is the first to describe the use of shelters in this species.

MATERIALS AND METHODS
Study Area
The study area is located in central Mexico (18°48'53.20" N, 99°37'06.16"W; WGS 84; elev. 1,655 m; Fig. 1),
within the Río Balsas physiographic region; the area consists of a mixture of crop fields and deciduous forest, along
with shrubs as secondary vegetation (INEGI, 2009). The soil in this region is Leptosol, with low rocks, and the
geographic and physiographic location and climate favor the establishment of animal and plant communities on
sites that show potential for management and protection (Luna et al., 2007). The climate is semi-warm (mean annual temperature 28°C) and sub-humid (with 1,000 to 1,100 mm of annual rainfall), with the rains occurring mostly
during the summer months (INEGI, 2009) (Fig. 2).

Shelters and Microhabitat
We recorded the use of shelters by Aspidoscelis costata each month from July 2013 to April 2015 by direct observation; we walked trails from 1000 to 1500 h. In each trial, we searched for individuals that were active within 10
m of the observer (Cooper, 1997; Martín and López, 2000). During our observations, we avoided traversing the
same areas to avoid repeated counts of the same individuals (Martín and López, 1999). Each time an individual was
observed, we recorded the type of shelter the lizard used for hiding. In some cases, however, the lizards continued
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with their activities and showed no obvious response to the presence of the observer (Cooper, 1997; Martín and
López, 2000). In such cases, we recorded the lizards as not using any shelter (Whiting et al., 2003). We categorized
each of the shelters as in the shade or sun, and the relative position of the shelter as to the amount of sunlight it received (Villavicencio et al., 2012). We also categorized the shelters used by the lizards as temporary or permanent,
in relation to the amount of time spent there by the lizards. We considered the temporary shelters as those located
under bushes and rocks, and the permanent shelters as those located in burrows in the ground.
We grouped the data for the climatic seasons as dry (December to May) and rainy (June to November) and
applied a one-way ANOVA to compare the use of the shelters to the respective seasons. We made a logarithmic
transformation of the variables to meet the criteria of normality and homoscedasticity prior to the analysis. We conducted all the analyses with Statgraphics Plus 5.0 for Windows, and report the means as ± 1 SD.

Fig. 1. Location of the study site for Aspidoscelis costata in central Mexico (modified from INEGI, 2009).

Fig. 2. Monthly mean temperatures (lines) and rainfall (bars) at the study site for Aspidoscelis costata in central Mexico, during the two years
of the study (INEGI, 2014).
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RESULTS
During the 22 months of sampling for Aspidoscelis costata we recorded a total of 90 lizards, 48 during the rainy
season and 42 during the dry season. We found that A. costata most frequently used temporary shelters (53%), as
opposed to permanent ones (19%; x– = 13.0 ± 7.3598, ANOVA-F87 = 16.0, P < 0.01). Rocks most often were used as
temporary shelters (38.8%), followed by bushes (14.4%). Burrows were used by 19% of the lizards. When individual lizards were observed, 29% remained motionless and did not seek shelter.
We found that lizards used shelters located with direct exposure to the sun significantly more often than those
located in the shade (63 and 37%, respectively; x– = 56.0 ± 15. 5172, ANOVA-F89 =14.4, P < 0.01).
The frequency in which lizards were recorded was similar between rainy and dry seasons across both years
of sampling (dry: x– = 4.9 ± 1.9 (monthly), ANOVA-F88 = 2.4, P > 0.05; rainy: x– = 33.3 ± 6.5, ANOVA-F88 = 0.6,
P > 0.05).

DISCUSSION
Based on our results, during the annual activity cycle of Aspidoscelis costata rocks were the primary shelter used by
these lizards at our study site in central Mexico. The use of rocks as refuges is a common behavior seen in the genus
Aspidoscelis (Mesquita and Colli, 2003; Pianka and Vitt, 2003). Although morphologically A. costata appears to be
adapted to horizontal surfaces where its locomotion is more effective, this species also requires rocky microhabitats
and refuges with favorable thermal conditions that are less accessible to detection by predators (Kearney, 2002).
The use of rocks as refuges provides areas of high conductivity and thermal stability, which offer ectotherms from
open areas the necessary conditions for thermoregulation (Cooper, 1999; Sabo, 2003; Whiting et al., 2003), except
for the coldest months when individuals of A. costata were not seen because they were in hibernation.
Although a greater abundance of individuals of A. costata has been observed during the dry season (VMH,
pers. observ.), we found no significant differences in abundance between the dry and rainy seasons during our two
years of sampling. In central Mexico, the habitat of A. costata generally experiences a warmer and more seasonally
predictable dry season, as compared to the amount of rainfall occurring in forested habitats at higher elevations.
During the daylight hours, the dry season offers better thermal conditions for ectotherms, compared to the rainy
season; however, the similarity in the use of shelters by A. costata during both seasons suggests that the thermal or
water requirements are not the primary stress factors for A. costata at the study site. Perhaps other factors, such as
the availability of food or predation, may be driving the use of shelters (Rivera-Vélez and Lewis, 1994).
Several studies have concluded that the main causes associated with the differential use of microhabitats in
lizards are related to feeding and the detection of predators (Rocha, 1991; Grover, 1996; and Clóvis and Verrastro,
2008). Our results suggest a preference for shelters that provide access to sunlight, as well as with enough visibility
to avoid predators (Belliure et al., 1996; Martín and López, 1999). Predation likely is the most important factor that
influences the pattern of activity and selection of shelters by A. costata (Angert et al., 2002; Pal et al., 2010), but
experiments to test this hypothesis are necessary to evaluate the possibility of other factors that might influence the
activity of these lizards.
In addition, antipredatory strategies in sunny microhabitats involve the ability of lizards to quickly move to
shelters. This ability may be associated to the characteristics of active foraging and escape shown by members of
the genus Aspidoscelis (Pianka and Vitt, 2003). Their activity and decisions to escape safely depend on the types of
shelters being used (Martín, 2002; Mundo-Hernández, 2010).
Consequently, our results show the need for continued studies on habitat use, using different individuals and
including external variables, in addition to considering situations that might reflect different behaviors in individuals. In summary, although our results show that A. costata has certain preferences for shelters and specific microhabitats, it is essential to consider all the sites described are important to the activities of individuals of this species.
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