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Abstract
The Sierra Gorda de Querétaro Biosphere Reserve (SGQBR) is one of the largest natural protected areas in 

Mexico; however, little is known about the richness and diversity of amphibians and reptiles. We present an updated 
list of species of both groups, the conservation status of these species, as well as an analysis of their diversity with 
respect to other protected natural areas (NPAs) in central Mexico. The SGQBR contains 132 herpetofauna species 
(35 amphibians and 97 reptiles). The richest and most diverse families for amphibians were Hylidae (anurans) and 
Plethodontidae (caudates), and for reptiles Phrynosomatidae (lizards), Colubridae and Dipsadidae (snakes). The 
values of taxonomic diversity of the SGQBR were similar to those for the regional pool considering others NPAs. 
However, it did not achieve the highest values compared to the adjacent Los Mármoles National Park or Sierra Gorda 
de Guanajuato Biosphere Reserve. There was a high complementarity in the species composition between El Chico 
National Park and SGQBR for both herpetofauna groups. Although a formal list is presented, it is necessary to carry 
out a greater number of studies focused on analyzing diversity, considering functional attributes of the species and 
the richness by vegetation types.
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Introduction

The loss of vegetation and environmental degradation, 
together with other anthropogenic impacts such as climate 
change and pollution, are the main causes of the loss of 
global biodiversity (Barragán et al., 2011; Cayuela et al., 
2006). This loss of biodiversity has been greater in regions 
sharing both temperate and tropical environments, where 
there is a high number of species and levels of endemism 
(Fischer & Lindenmayer, 2007). Such is the case of the 
central region of Mexico (Flores-Villela et  al., 2010; 
Ochoa-Ochoa et al., 2014). The great diversity of vertebrate 
groups in central Mexico is mainly due to the complex 
orography that gives rise to a high variation of vegetation 
types such as oak, pine, and cloud forests, and seasonally 
dry to wet tropical forests (Steinmann et al., 2021); all of 
which contain environments where high species richness 
has been recorded (Flores-Villela et al., 2010). In addition, 
distinct patterns of diversification and distribution have 
been generated in central Mexico within distinct groups of 
terrestrial vertebrates, exemplified by amphibians (García-
Castillo et al., 2017), reptiles (Bryson et al., 2014), birds 
(Martínez-Morales, 2007) and mammals (Vázquez-Ponce 
et al., 2021).

Various studies indicate that landscape fragmentation, 
as well as changes in land use, are highly detrimental 
to certain groups of vertebrates such as amphibians and 
reptiles (Frías-Álvarez et  al., 2010; Pineda et  al., 2005; 
Suazo-Ortuño et  al., 2015). These groups are highly 
dependent on habitat conditions such as humidity, 
precipitation, temperature and, in general, adequate 
environmental quality (Vitt & Caldwell, 2009). Given these 
habitat limitations, amphibians and reptiles are considered 
especially sensitive bioindicator groups of environmental 
health (García-Bañuelos et  al., 2019; Nori et  al., 2015). 

In this context, different strategies have been developed 
to establish conservation measures for these and other 
biological groups (Figueroa & Sánchez-Cordero, 2008; 
García-Bañuelos et  al., 2019; Sánchez-Cordero et  al., 
2005), of which the creation of Natural Protected Areas 
(NPAs) is the main measure (Mittermeier et  al., 1998; 
Rodrigues et al., 2004).

In Mexico, there are 203 NPAs classified in different 
categories such as national parks, biosphere reserves, 
natural monuments, sanctuaries, among others, and the 
Biosphere Reserve category holds the highest degree of 
importance (Conanp, 2023). Although the establishment 
of NPAs seeks the conservation of various elements of 
nature, including ecosystem services, the diversity of 
flora and fauna or the preservation of natural monuments, 
most NPAs have been established arbitrarily, generally 
because basic biological information of the species of 
various biological groups found in these areas is lacking 
(Ervin, 2003; García-Bañuelos et  al., 2019). Within the 
Biosphere Reserves of central Mexico, a high diversity 
of amphibian and reptile species has been recorded. For 
example, the Barranca de Metztitlán Biosphere Reserve 
has 69 species (Valdez-Rentería et  al., 2018), which 
is a high number compared to other areas such as Los 
Mármoles National Park with 36 species (Cruz-Elizalde 
et  al., 2015), El Chico National Park with 22 (Cruz-
Elizalde et al., 2015) or La Malinche National Park with 
28 (Díaz de la Vega-Pérez et al., 2019). Also, other areas 
such as Valle de Tehuacán Cuicatlán in Puebla, Nevado 
de Toluca in Estado of México, or Mariposa Monarca 
Biosphere Reserve stand out for their territorial extension 
and richness of vertebrate species, mainly amphibians 
and reptiles (Conanp, 2023). Despite recent work focused 
on determining the biological richness in the NPAs of 
Mexico, and mainly in central Mexico (Cruz-Elizalde 
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et al., 2015; Valdez-Rentería et al., 2018), a large number 
requires basic biodiversity research in NPAs of different 
categories, mainly Biosphere Reserves (Figueroa & 
Sánchez-Cordero, 2008; Flores-Villela et al., 2010). This 
is urgent because the central region of Mexico is where 
the highest human population growth has been reported, 
which, together with the transformation of areas of natural 
vegetation, puts the diversity of various biological groups 
at risk, especially amphibians and reptiles (Mercado & del 
Val, 2021; Ramírez-Bautista et al., 2020).

The Sierra Gorda de Querétaro Biosphere Reserve 
(SGQBR) is immersed in the limits of the Sierra Madre 
Oriental and the Mexican Plateau biogeographic provinces 
(Carabias-Lillo et al., 1999; Morrone, 2005). This NPA was 
decreed on 19 May 1997, and has an area of 383,567.45 
ha (Conanp, 2023). The SGQB contains varied types of 
vegetation, such as xeric scrub, pine forest, oak, cloud 
forest and tropical forests (Carabias-Lillo et  al., 1999; 
Zamudio et al., 1992). These diverse vegetation types are 
the product of the complex orography of the region, which 
has a varied topography ranging in elevations from 260 to 
3,100 m asl, and wide-ranging levels of annual from 350 
to 1,500 mm (Jones & Serrano-Cárdenas, 2018). However, 
as for almost all regions of Mexico, human settlements are 
found throughout the reserve with associated anthropic 
environments such as crop areas (temporary and irrigated), 
and pasture areas for cattle with various levels of 
management (Zamudio et al., 1992).

The mountainous ecosystems where SGQBR occurs 
stand out as areas of great richness and number of amphibian 
and reptile endemism (Flores-Villela et  al., 2010), many 
of which are also categorized as endangered or critically 
endangered (Wilson, Johnson et al., 2013; Wilson, Mata-
Silva et al., 2013). Accordingly, a high number of amphibian 
and reptile species are in high conservation categories 
both in national conservation lists such as NOM-059-
SEMARNAT (Semarnat, 2010), and international species 
lists such as the International Union for Conservation of 
Nature (IUCN, 2023). In addition, high values are given 
to these species in the Environmental Vulnerability Index 
within the metrics that also analyze ecological aspects of 
species (EVS; Wilson, Johnson et al., 2013; Wilson, Mata-
Silva et al., 2013). These conservation agencies and their 
categories have recently been used in various studies at 
the state level (Lemos-Espinal & Smith, 2020; Ramírez-
Bautista et al., 2020; Torres-Hernández et al., 2021), or for 
groups (García-Padilla et al., 2021), reflecting the need to 
include and analyze the conservation status of species at 
different spatial scales (Wilson et al., 2017).

According to the diversity of vertebrates reported for 
the SGQBR, there are several studies that report on the 
diversity of birds (Pineda-López et  al., 2010), mammals 

(Anaya-Zamora et  al., 2017; Agoitia-Fonseca, 2019) 
and fish (Gutiérrez-Yurrita & Morales-Ortiz, 2004). The 
richness and diversity of amphibians and reptiles in this 
region has not been adequately studied, since even though 
there are general lists of the herpetofauna of Querétaro 
(Dixon & Lemos-Espinal, 2010; Cruz-Elizalde et  al., 
2016, 2019; Cruz-Elizalde, Pineda-López et  al.,  2022; 
Cruz-Elizalde, Ramírez-Bautista et  al., 2022; Tepos-
Ramírez et  al., 2023), as well as isolated records in this 
area (Tepos-Ramírez, Flores-Villela et  al., 2021; Tepos-
Ramírez, Pineda-López et  al., 2021, 2022), there is no 
complete or updated list of the herpetofauna of this area 
with the only formal work available for the SGQBR is that 
of Gillingwater and Patrikeev (2004), where they report a 
total of 23 species (10 amphibians and 13 reptiles).

Despite that SGQBR is a large area that contains 
diverse environments, published estimates of amphibians 
and reptiles (highly species-rich groups) are surprisingly 
low. This highlights the need for a more thorough and 
formal list of species, including an analysis of their 
diversity and their conservation status. Thus, the general 
objective of this study was to determine the richness of 
amphibian and reptile species in the SGQBR, which since 
the work of Gillingwater and Patrikeev (2004), to date 
does not have an updated herpetofauna formal list, nor an 
analysis of the species´ conservation status. The specific 
objectives of this study were i) to determine the richness of 
amphibians and reptiles in the reserve, ii) to compare the 
taxonomic diversity of the herpetofauna with other NPAs 
in central Mexico, iii) to analyze the degree of similarity 
in the composition of species between NPAs, and iv) to 
determine the conservation status of species based on 
national (NOM-059-SEMARNAT [Semarnat, 2010]) 
and international (IUCN, 2023) legislation, as well as the 
Environmental Vulnerability Score algorithm (Wilson, 
Johnson et  al., 2013; Wilson, Mata-Silva et  al., 2013). 
This work presents the updated herpetofauna formal list 
of the SGQBR, in addition to synthesizing information on 
the conservation status of the species. These studies are 
important because they are the basis for future research 
on NPAs with the objective of evaluating the effectiveness 
of their management plans, establishing conservation 
strategies based on the risk categories of the species and 
determining the priority of species to be conserved in the 
central region of Mexico.

Material and methods

The study area corresponds to the SGQBR, located in 
the northeast of the state of Querétaro at the coordinates 
20°50´ - 21°45’ N, and 98°50’ - 100°10’ W (Fig. 1). 
It has an area of 383,567.45 ha and is bordered to the 
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north by the Santa María River, to the southeast by the 
Moctezuma River, to the west by the mountains formed 
by El Toro, Ojo de Agua, and El Infiernillo hills, and 
to the south by the Victoria-Xichú-Extoraz-Santa Clara 
River to the intersection with the Moctezuma River. The 
climate in the central portion is semi-warm-subhumid, to 
the southwest dry, semi-dry and semi-warm, and to the 
northwest and west are temperate subhumid with rains in 
summer (Zamudio et al., 1992). Depending on the region 
of the NPA, the temperature regime varies, registering an 
annual average of 18 °C. Likewise, the average rainfall is 
313 mm in the dry season and up to 1,500 mm in the rainy 
season between July and October. The types of vegetation 
recorded are xerophilous scrub, tropical deciduous forest, 
pine forest, oak, pine-oak, cloud forest, riparian vegetation 
and there are also areas of extensive cultivation areas 
(Zamudio et al., 1992).

Information on records of species presence and their 
location was obtained from: i) records of species made 
in samplings in the reserve area (January 2021- May 
2023), ii) various Mexican and foreign databases with 
records of amphibians and reptiles for Mexico (Appendix 
1), consultation of the Global Biodiversity Information 
Facility (GBIF, 2019) website, and available databases of 
the Comisión Nacional para el Conocimiento y Uso de la 
Biodiversidad (Conabio) projects (Appendix 1), and iii) 

consulted literature on richness and diversity of amphibians 
and reptiles for the state of Querétaro, and mainly the 
polygon of the SGQBR (Cruz-Elizalde et al., 2016, 2019; 
Cruz-Elizalde, Pineda-López et  al., 2022; Cruz-Elizalde, 
Ramírez-Bautista et  al., 2022; Dixon & Lemos-Espinal, 
2010; Tepos-Ramírez et  al., 2022, 2023). The records 
obtained from all these resources were reviewed and 
georeferenced using the ArcMap 10.8 program (ESRI, 
2013). Because only the presence of species in the area was 
considered, the sources of information were considered 
sufficient. The records of species that showed doubtful 
distributions (Dixon & Lemos-Espinal, 2010; Frost, 2022; 
Tepos-Ramírez et al., 2023; Uetz et al., 2023) were removed 
from the analyses. The taxonomic update was based on 
the taxonomy followed by the Amphibian Species of the 
World website (Frost, 2023), and the Reptile Database 
(Uetz et  al., 2023), where the most current taxonomic 
changes are summarized. Species richness was estimated 
by the presence of species in the polygon of the SGQBR, 
defined as alpha diversity (sensu Whittaker, 1972). 

To compare the taxonomic diversity of the SGQBR 
with others NPAs in the central Mexico region, a regional 
list was generated considering the diversity of species 
contained in each NPA, which present complete lists and 
are close to the SGQBR. These NPAs correspond to the 
Sierra Gorda de Guanajuato Biosphere Reserve, Barranca 

Figure 1. Sierra Gorda de Querétaro Biosphere Reserve (SGQBR), Querétaro, Mexico. The map shows the main natural protected 
areas near to SGQBR.
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de Metztitlán Biosphere Reserve, Los Mármoles National 
Park, and El Chico National Park (Table 1). These areas 
were considered because they are located in the vicinity of 
the SGQBR, they represent the main NPAs located in the 
central region of Mexico, and they are located in portions 
of the biogeographic provinces of central Mexico such as 
Sierra Madre Oriental, Central Mexican Plateau or Trans-
Mexican Volcanic Belt, generating a distinct diversity of 
species in central Mexico (Flores-Villela et al., 2010).

To assess taxonomic diversity for each NPA, the 
taxonomic distinctiveness of Warwick and Clarke (1995, 
2001) was used, which calculates the mean (Delta = Δ⁺) 
and the variance (Lambda = Λ⁺; sensu Clarke & Warwick, 
1998) of the taxonomic diversity of amphibians and reptiles 
from each NPA. This method assumes that a community 
with high phylogenetic relationships among its species 
will be less diverse (phylogenetically) than a community 
with low phylogenetic relationships among its species 
(Clarke & Warwick, 1998; Moreno et al., 2009; Warwick 
& Clarke, 1995). The formulas are Δ⁺ = [2ΣΣi < j ωij]/[S 
(S-1)] and Λ⁺  =  [2ΣΣi < j (ωij-Δ⁺)²]/[S (S-1)], where ωij 
is the taxonomic distance between each pair of species 
i and j, and S is the number of observed species in the 
sampling (Warwick & Clarke, 1995). A high value of Δ⁺ 

reflects a low relationship among species, and therefore 
it is a measure of taxonomic diversity. However, Λ⁺ is 
not a measure of equity in the structure of the taxonomic 
diversity, thus a high value of Λ⁺ indicates under or over 
representation of the taxa in the sampling NPAs.

To detect differences in taxonomic diversity between 
the NPAs, the samples were compared (amphibians and 
reptiles by NPA) and the regional species pool was used 
to generate a null model with 1,000 resamplings (Clarke & 
Warwick, 1998). In this model, the average and variance 
of the sample numbers were used, and species were plotted 
with a confidence interval of 95% (Clarke & Warwick, 
1998). We used NPAs with a minimum of 8 species to 
avoid the effect of high values of taxonomic diversity due 
to low species richness. To assess taxonomic diversity by 

each group we used the classification by Wilson, Johnson 
et al. (2013) and Wilson, Mata-Silva et al. (2013), which 
includes 5 taxonomic categories: species, genus, family, 
order, and class. The analysis was carried out with the 
PRIMER 5 program (Clarke & Gorley, 2001). 

For each group, and between natural protected areas, 
beta diversity was calculated with a complementarity 
index that expressed the difference in the lists of species 
of 2 habitats: C  =  (Sj + Sk − 2Vjk/Sj + Sk - Vjk), where 
Sj and Sk are the number of species in habitats j and k, 
respectively, and Vjk is the number of species found in both 
habitats (Colwell & Coddington, 1994). The minimum 
value of C is 0, when the species lists are identical for the 
2 habitats. A maximum value of 100 indicates that the lists 
are completely different.

Conservation status of the amphibians and reptiles was 
analyzed according to the NOM-059-SEMARNAT-2010 
(Semarnat, 2010), the Red List of the International Union 
for the Conservation of Nature (IUCN; updated May 
2023), and the vulnerability environmental score index 
(EVS; Wilson, Johnson et  al., 2013; Wilson, Mata-Silva 
et  al., 2013). The EVS considers a score from 3 to 9 as 
low vulnerability, from 10 to 13 as moderate vulnerability, 
and from 14 to 20 as high vulnerability. The score uses 
information about the geographic distribution, extent of 
ecological distribution (vegetation types in which species 
occur), and the reproduction mode of amphibians or degree 
of human persecution in reptiles (Wilson, Johnson et al., 
2013; Wilson, Mata-Silva et al., 2013).

Results

The herpetofauna of the SGQBR consists of 132 species. 
Amphibians are represented by 9 families, 20 genera, and 
35 species, while for reptiles there are 20 families, 59 
genera and 97 species. Within the amphibians, the Hylidae, 
Bufonidae, and Plethodontidae families have the greatest 
richness, with 8, 6 and 6 species, respectively; followed 
by Craugastoridae 4, Ranidae 4, Eleutherodactylidae 

Table 1
Description of the Natural Protected Areas (NPAs) in central Mexico considered in this study.

NPA Category Area (ha) Date of decree

Sierra Gorda de Querétaro Biosphere Reserve 383,567.45 19 May 1997
Sierra Gorda de Guanajuato Biosphere Reserve 236,882.76 2 February 2007
Barranca de Metztitlán Biosphere Reserve 96,043 27 November 2000
Los Mármoles National Park 23,150 8 September 1936
El Chico National Park 2,739 6 July 1982
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3, Scaphiopodidae 2 species, and Microhylidae and 
Ambystomatidae only 1 species (Table 2). For reptiles, 
lizard species are represented by 10 families, 16 genera, 
and 30 species. The family Phrynosomatidae is represented 
by 10 species, Anguidae and Scincidae with 4, Xantusiidae 
with 3, Corytophanidae, Teiidae, and Xenosauridae, each 
with 2, and the rest only have 1 species (Table 2). Finally, 
snake species are represented by 8 families and 40 genera; 
Colubridae and Dipsadidae are the most species rich with 
25 and 16 species, respectively, followed by Natricidae 
with 9, Viperidae with 7, Leptotyphlopidae with 2, and 
the rest (Boidae, Elapidae, and Typhlopidae) with only 
1 species each (Table 2). Finally, 5 species of turtles 
were recorded, 3 of the Emydidae family and 2 of the 
Kinosternidae family (Table 2).

The SGQBR presents the highest species richness in 
both herpetofauna groups compared to the NPAs within 
the central region of Mexico (Table 3; Appendix 2). The 
values and the graph of taxonomic distinctiveness in 
amphibians show that SGQBR and the Sierra Gorda de 
Guanajuato Biosphere Reserve (SGGtoBR) are similar to 
the regional average (Fig. 2A, Table 3). Los Mármoles 
National Park (LMNP) presented the highest values of 

the taxonomic distinctiveness (Fig. 2A, Table 3). Also, 
considering the values of the variation of taxonomic 
distinctiveness, LMNP and BMBR show values close to 
the average (Fig. 2B, Table 3), and El Chico National 
Park (ECHNP) have the highest value, and the rest of the 
NPAs were near the 95% confidence interval expected by 
the model (except the SGQBR).

In reptiles, all areas showed values within the 
confidence interval expected by the model, as well as values 
close to the regional average (Fig. 2C). The Sierra Gorda 
de Guanajuato Biosphere Reserve (SGGtoBR), LMNP, 
Barranca de Metztitlán Biosphere Reserve (BMBR) and 
SGQBR were the closest to the regional average. In the 
case of variation of taxonomic distinctiveness, most of 
these areas present variation in the position respect to 
taxonomic distinctiveness; however, in general, they show 
values close to the average (Fig. 2D, Table 3), and are 
within the 95% confidence interval expected by the model 
(Fig. 2D, Table 3).

In amphibians, the highest percentages of 
complementarity between NPAs were presented (at least 
higher than 71%) registering the highest percentages 
between ECHNP and SGQBR, and the lowest values 

Figure 2. Average of taxonomic distinctiveness (Delta+) of amphibians (A) and reptiles (C), and variation in taxonomic distinctiveness 
(Lambda+) of amphibians (B) and reptiles (D) for the NPAs analyzed. Continuous lines represent confidence interval at 95%, 
according to the null model. SGQBR  =  Sierra Gorda de Querétaro Biosphere Reserve, SGGtoBR  =  Sierra Gorda de Guanajuato 
Biosphere Reserve, BMBR = Barranca de Metztitlán Biosphere Reserve, LMNP = Los Mármoles National Park, ECHNP = El Chico 
National Park. 
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Table 2
Amphibians and reptiles of the Sierra Gorda de Querétaro Biosphere Reserve. Endemism (E  =  endemic, NE  =  not endemic); 
conservation status in Mexico according to NOM-059-SEMARNAT-2010 (Semarnat, 2010): P = in danger of extinction, A = threatened, 
Pr = subject to special protection; conservation status according to Red List (IUCN, 2023): Dd = data deficient; LC = Least concern, 
Vu = vulnerable, NT = near threatened; En = endangered; CR = critically endangered; Ne = not evaluated; population status (IUCN, 
2023): environmental vulnerability score (EVS) according to Wilson, Johnson et al. (2013), Wilson, Mata-Silva et al. (2013), and 
Johnson et  al. (2017): low (L) vulnerability species (score: 3-9); medium (M) vulnerability species (score: 10-13); and high (H) 
vulnerability species (score: 14-20); ** = non-native species/ introduced species; L* = low vulnerability as non-native species.

Species Endemism NOM-059 IUCN Population status EVS

Class Amphibia
Order Anura
Family Bufonidae (6 species)
Anaxyrus compactilis E LC Unknown H (14)
Anaxyrus punctatus NE LC Stable L (5)
Incilius nebulifer NE LC Stable L (6)
Incilius occidentalis E LC Stable M (11)
Incilius valliceps NE LC Stable L (6)
Rhinella horribilis** NE LC Increasing L* (3)
Family Craugastoridae (4 species)
Craugastor augusti NE LC Stable L (8)
Craugastor decoratus E Pr LC Stable H (15)
Craugastor pygmaeus NE LC Unknown L (9)
Craugastor rhodopis E LC Stable H (14)
Family Eleutherodactylidae (3 species)
Eleutherodactylus guttilatus NE LC Unknown M (11)
Eleutherodactylus longipes E LC Unknown H (15)
Eleutherodactylus verrucipes E Pr LC Stable H (16)
Family Hylidae (8 species)
Dryophytes arenicolor E LC Stable L (7)
Dryophytes eximius E LC Stable M (10)
Rheohyla miotympanum E LC Stable L (9)
Scinax staufferi NE LC Stable L (4)
Smilisca baudinii NE LC Stable L (3)
Tlalocohyla godmani E A Vu Decreasing M (13)
Tlalocohyla picta NE LC Increasing L (8)
Trachycephalus vermiculatus NE LC Stable L (4)
Family Microhylidae (1 species)
Hypopachus variolosus NE LC Stable L (4)
Family Ranidae (4 species)
Lithobates berlandieri NE Pr LC Stable L (7)
Lithobates montezumae E Pr LC Decreasing M (13)
Lithobates neovolcanicus E A LC Stable M (13)
Lithobates spectabilis E LC Decreasing M (12)
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Table 2. Continued

Species Endemism NOM-059 IUCN Population status EVS

Family Scaphiopodidae (2 species)
Scaphiopus couchii NE LC Stable L (3)
Spea multiplicata NE LC Stable L (6)
Order Caudata
Family Ambystomatidae (1 species)
Ambystoma velasci E Pr LC Unknown M (10)
Family Plethodontidae (6 species)
Aquiloeurycea cephalica E A LC Decreasing H (14)
Bolitoglossa platydactyla E Pr LC Stable H (15)
Chiropterotriton chondrostega E Pr En Decreasing H (17)
Chiropterotriton magnipes E Pr En Decreasing H (16)
Chiropterotriton multidentatus E Pr En Stable H (15)
Isthmura bellii E A LC Stable M (12)
Class Reptilia
Order Squamata
Lizards
Family Anguidae (4 species)
Abronia taeniata E Pr Vu Decreasing H (15)
Barisia ciliaris E Pr LC Unknown H (14)
Gerrhonotus infernalis E LC Stable M (13)
Gerrhonotus ophiurus E LC Unknown M (12)
Family Corytophanidae (2 species)
Corytophanes hernandesii NE Pr LC Stable M (13)
Laemanctus serratus NE Pr LC Stable L (8)
Family Dactyloidae (1 species)
Anolis sericeus NE LC Stable L (8)
Family Dibamidae (1 species)
Anelytropsis papillosus E A LC Decreasing M (10)
Family Gekkonidae (1 species)
Hemidactylus frenatus** NE LC Stable L* (8)
Family Phrynosomatidae (10 species)
Phrynosoma orbiculare E A LC Stable M (12)
Sceloporus aeneus E LC Stable M (13)
Sceloporus exsul E A CR Decreasing H (17)
Sceloporus grammicus NE Pr LC Stable L (9)
Sceloporus minor E LC Stable H (14)
Sceloporus parvus E LC Stable H (15)
Sceloporus scalaris E LC Stable M (12)
Sceloporus spinosus E LC Stable M (12)



	 R. Cruz-Elizalde et al. / Revista Mexicana de Biodiversidad 94 (2023): e945135	 9
	 https://doi.org/10.22201/ib.20078706e.2023.94.5135

Table 2. Continued

Species Endemism NOM-059 IUCN Population status EVS

Sceloporus torquatus E LC Stable M (11)
Sceloporus variabilis NE LC Stable L (5)
Family Scincidae (4 species)
Plestiodon lynxe E Pr LC Stable M (10)
Plestiodon tetragrammus NE LC Stable M (12)
Scincella gemmingeri E LC Stable M (11)
Scincella silvicola E A LC Stable M (12)
Family Teiidae (2 species)
Aspidoscelis gularis NE LC Stable L (9)
Holcosus amphigrammus E LC Stable M (11)
Family Xantusiidae (3 species)
Lepidophyma gaigeae E Pr Vu Decreasing M (13)
Lepidophyma occulor E Pr LC Stable H (14)
Lepidophyma sylvaticum E Pr LC Decreasing M (11)
Family Xenosauridae (2 species)
Xenosaurus mendozai E Ne Unknown H (16)
Xenosaurus newmanorum E Pr En Decreasing H (15)
Snakes
Family Boidae (1 species)
Boa imperator NE A LC Stable M (10)
Family Colubridae (25 species)
Conopsis lineata E LC Stable M (13)
Conopsis nasus E LC Stable M (11)
Drymarchon melanurus NE LC Stable L (6)
Drymobius margaritiferus NE LC Stable L (6)
Ficimia olivacea E LC Unknown L (9)
Ficimia streckeri NE LC Stable M (12)
Gyalopion canum NE LC Stable L (9)
Lampropeltis polyzona E A LC Unknown M (11)
Lampropeltis ruthveni E A NT Decreasing H (16)
Leptophis mexicanus NE A LC Stable L (6)
Masticophis mentovarius E A LC Unknown L (6)
Masticophis schotti NE LC Stable M (13)
Masticophis taeniatus NE LC Stable M (10)
Mastigodryas melanolomus NE LC Stable L (6)
Oxybelis potosiensis E Ne Unknown L (5)
Pantherophis emoryi NE LC Stable M (13)
Pituophis deppei E A LC Stable H (14)
Pliocercus elapoides NE LC Stable M (10)
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Table 2. Continued

Species Endemism NOM-059 IUCN Population status EVS

Scaphiodontophis annulatus NE LC Stable M (11)
Salvadora lineata NE LC Stable M (10)
Senticolis triaspis NE LC Stable L (6)
Spilotes pullatus NE LC Stable L (6)
Tantilla bocourti E LC Unknown L (9)
Tantilla rubra NE Pr LC Unknown L (5)
Trimorphodon tau E LC Stable M (13)
Family Dipsadidae (16 species)
Adelphicos quadrivirgatum NE LC Unknown M (10)
Amastridium sapperi NE LC Stable M (10)
Chersodromus rubriventris E Pr En Decreasing H (14)
Coniophanes fissidens NE LC Stable L (7)
Coniohanes imperialis NE Ne Unknown L (8)
Coniophanes taeniatus E Ne Unknown L (7)
Diadophis punctatus NE LC Stable L (4)
Geophis latifrontalis E Pr Dd Unknown H (14)
Geophis mutitorques E Pr LC Stable M (13)
Geophis sartorii NE Pr LC Stable L (9)
Hypsiglena jani NE Pr LC Stable L (6)
Hypsiglena tanzeri E Dd Unknown L (6)
Imantodes gemmistratus NE Pr LC Stable L (6)
Leptodeira septentrionalis NE LC Stable L (8)
Ninia diademata NE LC Stable L (9)
Rhadinaea gaigeae E Dd Unknown M (12)
Family Elapidae (1 species)
Micrurus tener NE LC Stable M (11)
Family Leptotyphlopidae (2 species)
Epictia wynni E Ne Unknown M (13)
Rena dulcis NE LC Unknown H (16)
Family Natricidae (9 species)
Storeria dekayi NE LC Stable L (7)
Storeria hidalgoensis E Vu Decreasing M (13)
Storeria storerioides E LC Stable M (11)
Thamnophis cyrtopsis NE A LC Stable L (7)
Thamnophis eques NE A LC Stable L (8)
Thamnophis melanogaster E A En Decreasing H (15)
Thamnophis pulchrilatus E LC Unknown H (15)
Thamnophis scalaris E A LC Stable H (14)
Thamnophis sumichrasti E A LC Unknown H (15)
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between BMBR and SGGtoBR (Table 4). In amphibians, 
the SGQBR presented the lowest percentage of 
complementarity when is compared with the BMBR 
(48.57%), and the rest of the associations with percentages 
between 63.89 and 87.18% (Table 4).

In reptiles, only 4 associations stand out with 
percentages of completeness greater than 76%. The 
SGQBR and ECHNP presented the highest values with 
91.09%, followed by SGGtoBR-ECHNP with 81.82%, 
BMBR-ECHNP with 80.36%, and finally LMNP-SGQBR 
with 76% (Table 4). The rest of the associations presented 
values between 55.19 and 66.67% (Table 4).

In amphibians, different risk categories were found 
between both national and international agencies (Tables 2, 
5). There is a greater number of endemic species (20) than 
non-endemic (15). In NOM-059, 9 species were classified 
as subject to special protection, and 4 were threatened 
(Tlalocohyla godmani, Lithobates neovolcanicus, 
Aquiloeurycea cephalica, and Isthmura bellii), and the 
rest of the species (22) were not evaluated (Tables 2, 5). 
According to the IUCN, 31 species are of least concern, 3 as 
endangered (Chiropterotriton chondrostega, C. magnipes, 
and C. multidentatus) and only T. godmani as vulnerable. 
Most of the species (22) have a stable population status, and 

according to the EVS, 16 species have low environmental 
vulnerability, 9 with medium vulnerability, and 10 with 
high vulnerability (Table 5).

For reptiles, there was a greater number of endemic 
species (49) than non-endemic (48). In the NOM-
059, 24 species were classified as subject to special 
protection, 15 as threatened, and the rest of the species 
(58) are not evaluated (Tables 2, 5). According to the 
IUCN, 79 species are of least concern, 3 endangered 
(Xenosaurus newmanorum, Chersodromus rubriventris, 
and Thamnophis melanogaster), 3 as vulnerable (Abronia 
taeniata, Lepidophyma gaigeae, and Storeria hidalgoensis), 
and Sceloporus exsul as critically endangered (Table 2). 
The rest are found as not evaluated or with deficient 
data. Most of the species (62) have a stable population 
status, and according to the EVS, 35 species have low 
environmental vulnerability, 40 medium vulnerability, and 
22 high vulnerability (Tables 2, 5).

Discussion

The SGQBR has the greatest richness and diversity 
of species of reptiles and amphibians for the central 
region of Mexico, which was greater than other widely 

Table 2. Continued

Species Endemism NOM-059 IUCN Population status EVS

Family Typhlopidae (1 species)
Indotyphlops braminus NE LC Increasing H (17)
Family Viperidae (7 species)
Bothrops asper NE LC Stable M (12)
Crotalus aquilus E Pr LC Decreasing H (16)
Crotalus atrox NE Pr LC Stable L (9)
Crotalus molossus NE Pr LC Stable L (8)
Crotalus scutulatus NE Pr LC Stable M (11)
Crotalus totonacus E LC Stable H (17)
Metlapilcoatlus borealis E Ne Unknown H (18)
Order Testudines
Family Emydidae (3 species)
Graptemys pseudogeographica NE LC Unknown H (17)
Trachemys scripta** NE Pr LC Stable L* (8)
Trachemys venusta** NE Ne Unknown L*(8)
Family Kinosternidae (2 species)
Kinosternon hirtipes NE Pr LC Decreasing M (10)
Kinosternon integrum E Pr LC Stable M (11)
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analyzed NPAs (Cruz-Elizalde et al., 2015; Flores-Villela 
et  al., 2010). The region that makes up the SGQBR 
polygon is mostly composed of desertic and temperate 
montane environments, where a high diversity of species 
of amphibian and reptile families have been reported. At 
the regional level, the species richness in the SGQBR is 
greater than other areas such as the BMBR, or the LMNP 
and ECHNP, areas that occur in regions with arid and semi-
arid, temperate, and tropical environments, in addition to 
portions of provinces such as Sierra Madre Oriental and 
Central Plateau (Ramírez-Bautista et  al., 2020). In these 
environments and mainly in the central region of Mexico, 

the distribution areas of families and genera of amphibians 
such as Craugastor, Eleutherodactylus, Dryophytes, 
Aquiloeurycea, and Chiropterotriton occur, which present 
a high number of species and endemism in this region 
(Canseco-Márquez et al., 2004; Flores-Villela et al., 2010).

The northern portions of the SGQBR are represented 
by tropical environments, which correspondingly contain 
a distinctly tropical composition in their amphibian 
fauna, which is different from that found in the central 
and southern portions of the region. For example, species 
such as Hypopachus variolosus and Trachycephalus 
vermiculatus occur in these regions, as well as reptiles of 

Table 4
Percentages of complementarity and shared species of amphibians and reptiles between NPAs in central Mexico. SGGtoBR = Sierra 
Gorda de Guanajuato Biosphere Reserve, SGQBR = Sierra Gorda de Querétaro Biosphere Reserve, BMBR = Barranca de Metztitlán 
Biosphere Reserve, LMNP = Los Mármoles National Park, ECHNP = El Chico National Park.

Amphibians

Natural Protected Areas SGGtoBR SGQBR BMBR LMNP ECHNP

SGGtoBR 18 12 6 4
SGQBR 48.57 13 6 5
BMBR 40 63.89 6 4
LMNP 71.43 84.21 64.71 3
ECHNP 82.61 87.18 78.95 80

Reptiles

Natural Protected Areas SGGtoBR SGQBR BMBR LMNP ECHNP

SGGtoBR 45 32 21 10
SGQBR 56.73 46 24 9
BMBR 56.76 56.19 20 11
LMNP 63.79 76 67.21 10
ECHNP 81.82 91.09 80.36 66.67

Table 3
Species richness and values of average of taxonomic distinctiveness (Delta+) and variance in taxonomic distinctiveness (Lambda+) 
of amphibians and reptiles from the NPAs analyzed.

Natural Protected Area Species richness Delta+ Lambda+

Amphibians Reptiles Amphibians Reptiles Amphibians Reptiles

Sierra Gorda de Querétaro Biosphere Reserve 35 97 63.29 59.26 219.06 108.22
Sierra Gorda de Guanajuato Biosphere Reserve 18 52 62.75 58.43 199 110.96
Barranca de Metztitlán Biosphere Reserve 14 54 58.68 58.03 200.46 86.40
Los Mármoles National Park 9 27 66.11 57.95 329.32 139.38
El Chico National Park 9 13 61.67 56.15 452.78 123.67
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the Lepidophyma genus such as L. occulor, L. gaigeae and 
L. sylvaticum, species with a Neotropical origin (Lemos-
Espinal et  al., 2018). This tropical association is mainly 
represented by the composition of families in amphibians 
and reptiles, since in temperate regions such as pine, oak, 
or pine-oak forests, the families Hylidae, Craugastoridae 
or Plethodontidae present the richest and most diverse 
sites, at least in the Querétaro State region (Cruz-Elizalde 
et al., 2019; Cruz-Elizalde, Ramírez-Bautista et al., 2022; 
Tepos-Ramírez et al., 2023).

In addition to the biogeographical considerations, 
ecological factors such as the different altitude levels 
(from 260 to 3,100 m asl) in the mountainous region 
of the SGQBR can explain the remarkable diversity of 
species. For example, Tepos-Ramírez, Pineda-López et al. 
(2021) established an altitudinal cline that goes from 
1,000 to 3,100 m asl, which determines the elevational 
distribution patterns of amphibians and reptiles. In this 
study, species of the genus Sceloporus (S. torquatus, S. 
scalaris, S. minor, S. grammicus or S. dugesii) are better 
represented in environments from 2,200 to 3,000 m asl, 
which coincides with the highest occurrence of temperate 
montane environments. The cloud forest regions occupy a 
small portion of the territory; however, it is well known 
that a remarkable diversity of amphibian and reptile species 

and endemism occurs in these sites (García-Castillo et al., 
2018). For example, cloud forest habitat is known to possess 
high species richness and endemism in salamanders of 
the genera Pseudoeurycea, Cryptotriton, Aquiloeurycea, 
and Thorius (Ochoa-Ochoa et  al., 2017; Rovito et  al., 
2015). In the cloud forest portion of the reserve, there is 
a high number of amphibians, mainly salamanders such 
as the species Aquiloeurycea cephalica, Chiropterotriton 
chondrostega, C.  magnipes or C.  multidentatus. These 
species represent the characteristic elements of high 
diversity and endemism in the case of the group of caudate 
amphibians (García-Padilla et al., 2021), groups with high 
values of endemism in the mountainous regions of Mexico.

In the case of reptiles, the best represented snake families 
in the SGQBR are Colubridae, Dipsadidae, Natricidae, and 
Viperidae. These families contain genera that present the 
main centers of endemism towards the central region of 
Mexico. For example, in the case of species of the genus 
Crotalus, different authors such as Paredes-García et  al. 
(2011), or Bryson et  al. (2011, 2014), indicate that the 
central region of Mexico, mainly the mountain regions, 
presents the centers with the highest number of endemism 
and diversity of species. This same pattern occurs for other 
groups such as snakes of the genus Thamnophis (Hallas 
et al., 2022), Geophis (Grünwald et al., 2021; Wilson & 

Table 5
Summary of number of species of amphibians and reptiles of the Sierra Gorda de Querétaro Biosphere Reserve in different categories of 
conservation. Conservation status in Mexico according to the NOM-059-SEMARNAT (Semarnat, 2010): A = threatened, Pr = subject 
to special protection, Ne = Not evaluated); conservation status according to the Red List (IUCN, 2023): Dd = data deficient; LC = least 
concern, Vu  =  vulnerable, NT  =  near threatened; En  =  endangered; CR  =  critically endangered; Ne  =  not evaluated); population 
status according to IUCN (2023): environmental vulnerability score (EVS, low vulnerability species [L, 3-9], medium vulnerability 
species [M, 10-13], and high vulnerability species [H, 14-20] according to Wilson, Johnson et al. [2013], Wilson, Mata-Silva et al. 
[2013], and Johnson et al. [2017]).

Group Endemism NOM-059 IUCN Red List Population status EVS

Amphibians Endemic 20 A 4 En 3 Decreasing 6 L 16
No endemic 15 Pr 9 LC 31 Increasing 2 M 9

Ne 22 Vu 1 Stable 22 H 10
Ne - Unknown 5
Dd -

Reptiles Endemic 49 A 15 CR 1 Decreasing 12 L 35
No endemic 48 Pr 24 En 3 Increasing 1 M 40

Ne 58 LC 79 Stable 62 H 22
Vu 3 Unknown 22
NT 1
Ne 7
Dd 3
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Townsend, 2007), Rhadinaea (García-Sotelo et al., 2021) 
or Lampropeltis (Burbrink et al., 2022). Also, in the case 
of lizards, in these regions the distribution of groups 
such as Xenosaurus (Nieto-Montes de Oca et  al., 2017), 
Sceloporus (Leaché et al., 2016), Plestiodon and Scincella 
is presented in the same way (Brandley et al., 2012).

The remarkable diversity of species, genera and 
families contained in the SGQBR is comparable to that 
reported for the rest of the NPAs we analyzed. At a 
regional scale, the pool of species is characteristic of what 
is contained within the regions of central Mexico, and in 
temperate mountain, and arid and semi-arid environments. 
This conformation gives rise to a mixture of elements 
endemic to mountain regions, both amphibians and 
reptiles (Canseco-Márquez et al., 2004). The LMNP and 
SGGtoBR, unlike the SGQBR, contain the highest values 
of taxonomic diversity, despite not necessarily containing 
the greatest species richness for both herpetofauna groups 
(Appendix 2). However, this taxonomic diversity is better 
represented by the SGQBR, since in both groups it presents 
values close to the average generated by the model. The 
different conformation of species in the amphibian and 
reptile communities of the region, notably influence the 
richness contained for the NPAs analyzed, and particularly 
for that of the SGQBR, since, as the generated values 
show, its richness is representative of that contained in the 
central region of Mexico (Cruz-Elizalde et al., 2019; Cruz-
Elizalde, Ramírez-Bautista et al., 2022; Dixon & Lemos-
Espinal, 2010; Ramírez-Bautista et  al., 2009, 2014).
This association is better understood by analyzing the 
complementarity in the composition of species between 
NPAs, where the 3 Biosphere Reserves have the highest 
percentages in contrast to the National Parks. 

For amphibians, there are the higher values of 
complementarity, indicating that the species composition 
between NPAs is different, thus in terms of regional 
connectivity, and maintenance of amphibian diversity 
at a regional scale, these NPAs contain a high diversity 
of species. For reptiles, the pattern of complementarity 
is less marked for the combinations between NPAs, 
however, it stands out that the SGQBR presents high 
percentages of complementarity mainly with the National 
Parks and with the SGGtoBR, which is adjacent to the 
SGQBR. This result indicates, on the one hand, that the 
composition of species, even at close regional scales, can 
differ substantially, mainly due to microenvironmental 
conditions, and highlights the need for regional studies 
aimed at inventorying herpetofaunal diversity.

The conservation status of the species of SGQBR 
through the various national and international agencies, 
indicates a high representation of species with notable 
conservation categories, which are centered on amphibian 

species of the genera Aquiloeurycea, Pseudoeurycea, 
and Chiropterotriton (García-Padilla et  al., 2021). These 
species, in addition to those of the Hylidae family 
such as Dryophytes arenicolor, D. eximius, Rheohyla 
miotympanum, Smilisca baudinii, and Tlalocohyla godmani, 
are conservation categories of concern according to the 
IUCN, NOM-059 and within the EVS. Like amphibians, 
different species of reptiles, mainly lizards of the genus 
Lepidophyma, Sceloporus, and Abronia present the highest 
values in conservation categories. This status is like that 
of species of the genus Crotalus, which are frequently 
killed or trafficked because they are poisonous (Fitzgerald 
et  al., 2004). Likewise, the effect of fragmentation and 
disturbance affects the occurrence of endemic and low-
distribution species, such as the case of the snakes 
Chersodromus rubriventris, Thamnophis melanogaster, 
Storeria hidalgoensis or Amastridium sapperi (Lara-
Tufino et al., 2014; Ramírez-Bautista et al., 2013).

The richness of species, as well as the list of amphibians 
and reptiles recorded in this study, fill an important 
information gap regarding the herpetofauna of the Sierra 
Gorda de Querétaro Biosphere Reserve. Likewise, it 
is necessary to carry out a greater number of studies 
focused not only on determining the species richness 
of both groups, but also on analyzing the ecological 
and functional attributes of the species, in addition to 
regional analyses such as ecological niche modeling to 
analyze changes in the spatial distribution of species 
due to, for example, climate change (future scenarios). 
This will aid in the study of the different components of 
diversity of the reserve, for both its functional richness 
and diversity functions, and through this, the development 
of appropriate conservation strategies for amphibians and 
reptiles (Devictor et al., 2010).

The SGQBR has a notable variety of types of 
vegetation, but also has different land uses. Although large 
extensions of natural cover can be found, mainly in the 
northern region with pine, oak, pine-oak forests, cloud 
forest and tropical vegetation, many of these areas are 
surrounded, and in different cases fragmented by farming 
areas, pastures, and human settlements.

In recent studies, a high richness and diversity of anurans 
have been recorded in transformed environments or with 
anthropic effect such as annual seasonal crop agriculture 
and induced pasture in the northern and central portion of 
the region that corresponds to the reserve (Cruz-Elizalde, 
Pineda-López et al., 2022). These environments make up 
a high portion of the territory both inside and outside the 
reserve. This emphasizes the need to evaluate the current 
conservation measures in the buffer zones and core zones, 
since, within the buffer zone, the degree of disturbance 
has increased, putting at risk the biodiversity in this zone, 



	 R. Cruz-Elizalde et al. / Revista Mexicana de Biodiversidad 94 (2023): e945135	 15
	 https://doi.org/10.22201/ib.20078706e.2023.94.5135

and secondarily impacts the core zones (Íñiguez Dávalos 
et al., 2014; Tepos-Ramírez, Pineda-López et al., 2021).

The environments modified by anthropic effect such 
as cultivated areas and induced pasture have registered a 
high species richness and functional richness, at least in 
anurans (Cruz-Elizalde, Pineda-López et al., 2022; Leyte-
Manrique, Balderas-Valdivia et  al., 2022). However, the 
composition of species in these areas is mostly made up 
of generalist species that are highly tolerant to disturbance, 
such as the species Rhinella horribilis, Anaxyrus 
compactilis, A. punctatus, Lithobates berlandieri or L. 
spectabilis (Cruz-Elizalde, Pineda-López et  al., 2022; 
Leyte-Manrique, Balderas-Valdivia et  al., 2022; Leyte-
Manrique, Mata-Silva et  al., 2022). These species make 
up most of the communities in environments in the buffer 
zone of the reserve, and, on the contrary, species of the 
Hylidae family, such as Scinax staufferi, Tlalocohyla 
godmani, Rheohyla miotympanum, inhabit the core 
areas or in sites with greater vegetation cover, as well as 
salamanders such as Aquiloeurycea cephalica, Isthmura 
bellii, Chiropterotriton chondrostega, C. magnipes, 
and C. multidentatus (Cruz-Elizalde, Ramírez-Bautista 
et al., 2022). These last species present a decrease of the 
populations due to transformation of the environment, loss 
of vegetation cover, contamination and myths and beliefs 
on the part of the local populace, of those that occur in the 
core and buffer zones in the reserve. 

The pattern of species loss in amphibians has been 
similarly reported in the case of reptiles. Even though there 
are highly tolerant species and even those that benefit from 
habitat modification, many narrow distribution species 
(particularly snakes), are decreasing in abundance because 
of the transformation of the environment and to mortality 
caused by local myths and beliefs. Among the main groups 
affected are snakes of the genera Crotalus, Chersodromus, 
Thamnophis or Lampropeltis, and lizards the genera 
Abronia, Gerrhonotus, Barisia, and Lepidophyma.

Different conservation measures and planning have 
been established in the NPAs of Mexico, which are 
generally applied in the SGQBR, which mainly include: 
1) characterization and description of the biophysical and 
socioeconomic environment, 2) the diagnosis and problem 
of protected area based on the evaluation of local, municipal 
and regional socioeconomic development, 3) planning, 
derived from the processes of diagnosis and social 
participation to achieve the objectives of the protected area 
organized in direct and indirect conservation subprograms, 
4) zoning, generated from the evaluation of the biological, 
ecological and use characteristics of, as well as the current 
territorial regulations, 5) the application and monitoring 
of the regulations that define the legal elements derived 
from the decree of establishment of the protected area, of 

the category, the legislation, and the applicable Official 
Mexican Norms, among others, to regulate the activities 
carried out in the area, and 6) the evaluation of the functional 
integration of the system (Íñiguez-Dávalos et al., 2014).

Different factors are important to determine new 
conservation strategies in the SGQBR. This is necessary 
because the reserve presents, among other attributes, a 
notable diversity of amphibians and reptiles, a high 
number of species in notable conservation categories, the 
restriction of endemic species to portions of temperate 
and tropical forests, in addition to a high degree and 
accelerated transformation of the environment. In this 
context, we consider necessary the application of various 
measures to improve the knowledge and appreciation of 
the herpetofauna in the reserve, as well as to generate new 
information. These measures are: 1) carry out inventories 
of the diversity of herpetofauna in sites with remnants of 
natural vegetation, 2) analyze the effect of land use change 
within the reserve area, 3) carry out environmental education 
plans with the inhabitants of the settlements within the 
reserve, 4) establish population monitoring programs of 
herpetofauna species, and 5) analyze connectivity on a 
regional scale to maintain large portions of vegetation that 
serve to maintain populations of amphibians and reptiles, 
and other biological groups.
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Appendix 1. National and foreign database collections consulted with records of amphibian and reptile species 
from the Sierra Gorda de Querétaro Biosphere Reserve, Mexico.

Collection Country

Colección Herpetológica Centro de Investigaciones Biológicas, UAEH Mexico
Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (Conabio) Mexico
Colección Nacional de Anfibios y Reptiles de la Facultad de Ciencias del Instituto de Biología, UNAM Mexico
Museo de Zoología de la Facultad de Ciencias de la Universidad Nacional Autónoma de México MZFC Mexico
Collection of Vertebrates, University of Texas at Arlington UTA USA
Collection of Herpetology, University of California at Berkeley Museum of Vertebrate Zoology MVZ USA
Collection Herpetology, Texas Cooperative Wildlife Collection, Texas A and M University TCWC USA
Collection Herpetology, Oklahoma Museum of Natural History University of Oklahoma OMNH USA
Collection of Herpetology, Zoology Section of Los Angeles Los Angeles County Museum of Natural History LACM USA
Collection of Herpetology, University of Illinois Museum of Natural History UIMNH USA
Collection of Herpetology, Museum of Comparative Zoology, Harvard University MCZ USA
The University of Michigan Museum of Zoology UMMZ USA

Appendix 2. Species list of the regional diversity of amphibians and reptiles from the 5 NPAs analyzed. 
SGGtoBR = Sierra Gorda de Guanajuato Biosphere Reserve, SGQBR = Sierra Gorda de Querétaro Biosphere 
Reserve, BMBR = Barranca de Metztitlán Biosphere Reserve, LMNP = Los Mármoles National Park, ECHNP = El 
Chico National Park. 1 = ocurrence. 

Class Order Family Species SGQBR SGGtoBR BMBR LMNP ECHNP

Amphibia Anura Bufonidae Anaxyrus compactilis 1 1 0 0 0
A. punctatus 1 1 0 0 0
Incilius nebulifer 1 1 1 0 0
I. occidentalis 1 1 1 0 0
I. valliceps 1 0 0 0 0
Rhinella horribilis 1 1 1 0 0

Craugastoridae Craugastor augusti 1 1 1 1 0
C. decoratus 1 0 0 0 0
C. pygmaeus 1 0 0 0 0
C. rhodopis 1 0 0 0 0

Eleutherodactylidae Eleutherodactylus 
guttilatus

1 1 0 0 0

E. longipes 1 0 0 0 0
E. verrucipes 1 1 1 1 0

Hylidae Dryophytes 
arenicolor

1 1 1 1 0

D. eximius 1 1 1 0 1
D. plicatus 0 0 1 1 1
Rheohyla 
miotympanum

1 1 1 0 0
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Appendix 2. Continued

Class Order Family Species SGQBR SGGtoBR BMBR LMNP ECHNP

Scinax staufferi 1 0 0 0 0
Smilisca baudinii 1 1 0 0 0
Tlalocohyla godmani 1 0 0 0 0
T. picta 1 0 0 0 0
Trachycephalus 
vermiculatus

1 0 0 0 0

Microhylidae Hypopachus 
variolosus

1 0 0 0 0

Ranidae Lithobates berlandieri 1 1 1 0 0
L. montezumae 1 0 1 0 0
L. neovolcanicus 1 0 0 0 0
L. spectabilis 1 1 1 1 1

Scaphiopodidae Scaphiopus couchii 1 0 0 0 0
Spea multiplicata 1 1 1 0 0

Caudata Ambystomatidae Ambystoma velasci 1 1 0 0 1
Plethodontidae Aquiloeurycea 

cephalica
1 1 1 1 1

Bolitoglossa 
platydactyla

1 0 0 0 0

Chiropterotriton 
chico

0 0 0 0 1

C. chondrostega 1 0 0 1 0
C. dimidiatus 0 0 0 0 1
C. magnipes 1 0 0 0 0
C. mosaueri 0 0 0 1 0
C. multidentatus 1 0 0 0 1
Isthmura bellii 1 1 0 1 0
Pseudoeurycea 
altamontana

0 0 0 0 1

Reptilia Squamata 
(Lizards)

Anguidae Abronia taeniata 1 1 1 1 1

Barisia ciliaris 1 0 0 0 0
B. imbricata 0 1 1 1 1
Gerrhonotus 
infernalis

1 0 1 0 0

G. liocephalus 0 0 1 0 0
G. ophiurus 1 1 1 1 0

Corytophanidae Corytophanes 
hernandesii

1 0 0 0 0

Laemanctus serratus 1 0 0 0 0
Dactyloidae Anolis sericeus 1 1 0 0 0
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Appendix 2. Continued

Class Order Family Species SGQBR SGGtoBR BMBR LMNP ECHNP

Dibamidae Anelytropsis 
papillosus

1 0 0 0 0

Gekkonidae Hemidactylus 
frenatus

1 0 1 0 0

Phrynosomatidae Holbrookia maculata 0 1 0 0 0
Phrynosoma 
orbiculare

1 1 1 1 0

Sceloporus aeneus 1 0 0 0 0
S. bicanthalis 0 0 0 0 1
S. exsul 1 0 0 0 0
S. grammicus 1 1 1 1 1
S. minor 1 1 1 1 0
S. mucronatus 0 0 1 0 1
S. parvus 1 0 1 1 0
S. scalaris 1 1 0 0 0
S. spinosus 1 1 1 1 1
S. torquatus 1 1 1 1 0
S. variabilis 1 1 1 1 0

Scincidae Plestiodon lynxe 1 1 1 1 1
P. tetragrammus 1 1 1 0 0
Scincella gemmingeri 1 0 1 0 0
S. silvicola 1 1 1 0 0

Teiidae Aspidoscelis gularis 1 1 1 1 0
Holcosus 
amphigrammus

1 0 0 0 0

Xantusiidae Lepidophyma gaigeae 1 1 0 1 0
L. occulor 1 1 1 0 0
L. sylvaticum 1 0 1 0 0

Xenosauridae Xenosaurus mendozai 1 0 0 0 0
X. newmanorum 1 0 0 0 0

Squamata 
(Snakes)

Boidae Boa imperator 1 1 1 0 0

Colubridae Conopsis lineata 1 1 1 1 1
C. nasus 1 1 0 0 0
Drymarchon 
melanurus

1 1 1 0 0

Drymobius 
margaritiferus

1 0 0 0 0

Ficimia hardyi 0 0 1 1 0
F. olivacea 1 0 0 0 0
F. streckeri 1 0 0 0 0
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Appendix 2. Continued

Class Order Family Species SGQBR SGGtoBR BMBR LMNP ECHNP

Gyalopion canum 1 0 0 0 0
Lampropeltis 
annulata

0 0 1 0 0

L. mexicana 0 1 0 0 0
L. polyzona 1 0 1 0 0
L. ruthveni 1 0 0 0 0
Leptophis mexicanus 1 0 1 0 0
Masticophis flagellum 0 1 0 0 0
M. mentovarius 1 1 0 0 0
M. schotti 1 1 1 1 0
M. taeniatus 1 0 0 0 0
Mastigodryas 
melanolomus

1 0 0 0 0

Oxybelis 
microphthalmus

0 1 0 0 0

O. potosiensis 1 0 1 0 0
Pantherophis emoryi 1 1 0 1 0
Pituophis deppei 1 1 1 1 1
Pliocercus elapoides 1 0 0 0 0
Scaphiodontophis 
annulatus

1 0 0 0 0

Salvadora bairdi 0 1 0 0 0
S. lineata 1 0 0 0 0
Senticolis triaspis 1 1 1 0 0
Spilotes pullatus 1 0 0 0 0
Tantilla bocourti 1 0 1 0 0
T. rubra 1 1 1 0 0
Trimorphodon tau 1 1 1 0 0

Dipsadidae Adelphicos 
quadrivirgatum

1 0 0 0 0

Amastridium sapperi 1 0 0 0 0
Chersodromus 
rubriventris

1 0 0 0 0

Coniophanes 
fissidens

1 0 0 0 0

C. imperialis 1 0 0 0 0
C. taeniatus 1 0 0 0 0
Diadophis punctatus 1 1 0 1 0
Geophis latifrontalis 1 1 1 0 0
G. mutitorques 1 0 0 1 0
G. sartorii 1 0 1 0 0
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Appendix 2. Continued

Class Order Family Species SGQBR SGGtoBR BMBR LMNP ECHNP

G. semidoliatus 0 0 0 1 1
Hypsiglena jani 1 1 0 0 0
H. tanzeri 1 1 1 0 0
Imantodes 
gemmistratus

1 0 0 0 0

Leptodeira maculata 0 0 1 0 0
L. septentrionalis 1 1 1 0 0
Ninia diademata 1 0 0 0 0
Rhadinaea gaigeae 1 1 1 1 1
R. taeniata 0 1 0 0 0

Elapidae Micrurus tener 1 0 1 0 0
Leptotyphlopidae Epictia wynni 1 0 0 0 0

Rena dulcis 1 0 1 0 0
Natricidae Nerodia rhombifer 0 0 1 0 0

Storeria dekayi 1 1 1 0 0
S. hidalgoensis 1 0 1 1 0
S. storerioides 1 1 0 0 0
Thamnophis cyrtopsis 1 1 1 0 0
T. eques 1 1 0 0 0
T. melanogaster 1 0 0 0 0
T. proximus 0 0 1 0 0
T. pulchrilatus 1 1 1 0 1
T. scalaris 1 1 0 0 0
T. sumichrasti 1 0 0 0 0

Typhlopidae Indotyphlops 
braminus

1 0 1 0 0

Viperidae Bothrops asper 1 0 0 0 0
Crotalus aquilus 1 1 1 1 1
C. atrox 1 1 1 0 0
C. molossus 1 1 1 1 0
C. scutulatus 1 1 0 0 0
C. totonacus 1 0 0 1 0
Metlapilcoatlus 
borealis

1 0 0 0 0

Testudines Emydidae Graptemys 
pseudogeographica

1 0 0 0 0

Trachemys scripta 1 1 0 0 0
T. venusta 1 0 0 0 0

Kinosternidae Kinosternon hirtipes 1 0 1 0 0
K. integrum 1 1 0 1 0
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