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Abstract
Taxonomic and functional diversity metrics have been used together to describe functional patterns through species richness 
in a given area or region. Many scientists have shown that these two metrics can be positively correlated; nevertheless, other 
studies have found the opposite. In either case, the usefulness of both metrics has helped to develop more reasoned conser-
vation strategies in areas where biodiversity loss is occurring at an accelerated rate. In this study, we calculated metrics of 
both taxonomic and functional diversity in amphibian and reptile communities located in a variety of vegetation types (xeric 
scrub, pine forest, pine-oak forest, cloud forest, oak forest, and tropical dry forest) in the state of Durango. Using species 
richness (157 species: 36 amphibians and 121 reptiles) for the state of Durango, we found that the amphibian communities 
present in pine forest and pine-oak forest showed high values of taxonomic diversity (high Delta + values), meaning that 
the communities in these vegetation types are composed of a complex network of families and genera. The same result was 
true of reptiles present in oak forest, tropical dry forest, and xeric scrub. The communities formed by the snakes showed 
high values of functional richness, functional evenness, and functional dispersion in all vegetation types, as did the lizard 
communities present in xeric scrub. This indicates that the ecological functions of lizards and snakes (i.e., predators; pest 
controllers; links in the trophic chain) are an integral element of the functioning of these ecosystems. These results showed 
that vegetation types with greater taxonomic and functional diversity in amphibians and reptiles are sites that promote the 
sustainability of an ecosystem in particular ways, making them more suitable for conservation of these vertebrates. The 
information from this study can be useful in developing protection programs and implementing conservation strategies for 
several biological groups in particular areas of Durango and the Sierra Madre Occidental, helping to ensure the permanence 
of the remarkable biota of northern Mexico.
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Introduction

Geographic regions with a complex topography favor diver-
sity, species richness, turnover of species among sites, and 
functionality of ecosystems (Chen et al., 2011). An example 
of a complex geographic area is Mexico, which has been 
subject to countless vicariance events that have resulted in 
the formation of barriers and corridors for upland and low-
land species. Mexico is also the product of two great biogeo-
graphical regions (Neartic and Neotropical), which together 
give rise to the Trans-Mexican Volcanic Belt (Halffter, 1976; 
Halffter et al., 2008; Morrone, 2015), producing one of the 
most outstanding faunas in the world, including amphib-
ians (431) and reptiles (989) (numbers updated to March 08, 
2023; Ramírez-Bautista in press).

Due to the complex evolutionary and biogeographic 
history of the herpetofauna of Mexico, its analysis can be 
approached through numerous different metrics such as, 
phylogenetic, genetic, ecological, evolutionary, taxonomic, 
and functional metrics (Cruz-Elizalde et al., 2022). The 
relationship between these last two metrics (taxonomic and 
functional diversity) has been controversial, since taxonomic 
diversity and the functioning of ecosystems are not clear yet; 
however, the functional diversity approach can be used to 
explain this relationship (Cadotte et al., 2011; Cilleros et al., 
2016; Larson et al., 2021).

At the end of the twentieth century, Clarke and Warwick 
(1998, 1999) and Warwick and Clarke (1995, 1998), intro-
duced the concept of taxonomic diversity as an extension 
of species richness and diversity. They consider that a com-
munity with closely related species is less biodiverse in a 
phylogenetic sense than a community with low relatedness 
among species. Based on this concept, the average taxo-
nomic index Delta + (Δ +) and average taxonomic variation 
Lambda + (Λ +) were used to distinguish the degree of taxo-
nomic relationship among plant and animal communities 
within the same ecosystem.

The concept of functional diversity was introduced by 
Faith (1996) and applied analytically by Petchey and Gaston 
(2002). According to Faith (1996), functional diversity is the 
key to understanding the relationship between the structure 
of communities and ecosystem function, considering first 

that the functional traits of species (type of diet, reproduc-
tion, behavior) are the most important characteristics deter-
mining the proper functioning of ecosystems (Violle et al., 
2007). In addition, several studies have pointed out that the 
association between taxonomic and functional diversity is 
not always significant or predictable, because functional 
diversity components such as evenness and dispersion are 
independent of the number of species in the community (Jar-
zyna & Jetz, 2018; Mason et al., 2005; Morelli et al., 2018; 
Mouchet et al., 2010; Villéger et al., 2008).

The taxonomic diversity of animal communities present 
in various vegetation types or ecosystems of Mexico is high, 
and each community has functional features determined 
by its evolutionary history in its area of distribution, ori-
gin (Nearctic or Neotropical), ecological interactions, and 
use of resources (microhabitat and food), which together 
are the result of the evolutionary process that species have 
undergone within their habitats over time (Ricklefs & Miller, 
1999). Amphibians and reptiles are one of the richest groups 
in Mexico; with almost 70% of them regarded as country 
endemic, and consequently representing very particu-
lar functional characteristics. For example, in the case of 
amphibians, their life cycles take place in both aquatic and 
terrestrial environments, which provide different functional 
features (oxygenation of water bodies, insect predators; Zug 
et al., 2001) according to their stage of development. Rep-
tiles, particularly some groups of snakes and lizards, con-
tribute to the environment with functional features in their 
diet (e.g., specialists or generalists; Pianka, 1966), show both 
modes of reproduction in the same families (viviparous and 
oviparous; e.g., Phrynosomatidae, Colubridae; Klauber, 
1982; Tinkle et al., 1970), and exhibit different foraging 
tactics (sit-and-wait, widely-foraging; Pianka, 1966), and 
diverse reproductive cycles (seasonal, annual, continuous, 
among others; Tinkle et al., 1970; Calderon-Mandujano 
2011; Sánchez, 2011). However, functional and taxonomic 
analyses on these groups have been practically null (Berrio-
zabal-Islas et al., 2017; Cruz-Elizalde et al., 2022; Peña-Joya 
et al., 2020). The communities of amphibians and reptiles 
of the state of Durango represent suitable study models for 
taxonomic and functional analysis, since the herpetofauna 
of this state is among the richest in northern Mexico, distrib-
uted along four ecoregions (arid and semiarid, quebradas, 
sierra, and valleys; González-Elizondo et al., 2007, 2012; 
Fig. 1), and three biogeographic provinces (Sierra Madre 
Occidental, Chihuahuan Desert, and Mexican Plateau; 
Espinosa-Organista et al., 2008; Morrone, 2001). These 
facts confer a high probability of occurrence of different 
assemblages of species, and therefore different functional 
traits (e.g., ecological, morphological, and behavioral char-
acteristics) in each community, which makes it worthy of 
being explored under an evolutionary scenario for the many 
biological groups.

Fig. 1   Amphibian and reptile records and vegetation types used 
in this study. A Oak forest (dry season), Pablillo, in the municipal-
ity of Galeana, Nuevo León, at an elevation of 2580 m; B Oak-pine 
forest (dry season), El Duraznito, in the municipality of El Nayar, 
Nayarit, at an elevation of 2200 m; C Xeric scrub (dry season), Ran-
cho El Bufalo, in the municipality of Canatál, Durango, at an eleva-
tion of 2025 m; D Pine forest (dry season), Salto del Agua Llovida, 
Durango, Durango, at an elevation of 1900 m; E Tropical dry forest 
(wet season), La Guerra, in the municipality of El Nayar, Nayarit, at 
an elevation of 465 m; F Cloud forest (wet season), Medio Monte, in 
the municipality of San Bartolo Tutotepec, Hidalgo, at an elevation of 
1800 m. Photographs by Uriel Hernández-Salinas

◂
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Although Durango is one of the largest states in Mexico, 
and with one of the best known herpetofaunas in this country 
(Lemos-Espinal et al. 2019), currently there is no study that 
has jointly evaluated taxonomic and functional diversity of 
the communities of amphibians and reptiles for the state. 
Therefore, the objective of this study is to determine the 
direction of associations between taxonomic and functional 
diversity (species richness and evenness) across amphibian 
and reptile communities present in different vegetation types 
in the state of Durango.

Methods

Study site

The state of Durango is located in north-central Mexico, 
represented mostly by the Sierra Madre Occidental, and to 
a lesser extent by the Chihuahuan Desert, and the Mexican 
Plateau (INEGI, 2012; Fig. 1). The surface area encompasses 
123,181 km2, making it the fourth largest state in the coun-
try, covering 6.3% of the total area of Mexico (Gonzalez-
Elizondo et al. 2012; INEGI, 2012). The state is bordered by 
Chihuahua to the north, Coahuila and Zacatecas to the east, 
Nayarit to the south, and Sinaloa to the west (Fig. 1). The 
range of elevation within the state goes from 130 to 3,000 m 
above sea level (m.a.s.l; González-Elizondo et al., 2007; 
INEGI, 2012). According to Rzedowski (1978), Durango 
has 12 vegetation types; however, for this study, amphib-
ian and reptile communities present in only six vegetation 
types were analyzed [cloud forest (CF), pine-oak forest 
(POF), pine forest (PF), oak forest (OF), xeric scrub (XS), 
and tropical dry forest (TDF; Fig. 1 and Online Appendix)]. 
Each species of amphibian and reptile was assigned to one 
or more communities according to the vegetation types in 
which they are distributed in the state (see Online Appen-
dix); this was performed by projecting the species records on 
the vegetation and elevation layers for the state of Durango 
(Fig. 1; INEGI, 2012).

Data gathering

We generated a list of amphibian and reptile species for 
the state of Durango from field work, literature (Smith & 
Taylor, 1945, 1948, 1950; Duellman, 2001; Campbell & 
Lamar, 2004; Gadsden et al., 2006; Valdez Lares et al., 
2013; Lemos-Espinal et al. 2019), and records obtained 
from scientific collections; National Amphibian and Reptile 
Collection (CNAR), the Herpetological Collection of the 
Museum of Zoology “Alfonso L. Herrera” (MZFC-UNAM), 
the Universidad Nacional Autónoma de Mexico, and the 
Collection of Amphibians and Reptiles of CIIDIR Unidad 
Durango-Instituto Politécnico Nacional (total records = 2691 

amphibians, and 7889 reptiles). We based the taxonomic 
classification of the species on the works of Wilson et al. 
(2013a, 2013b), and updated species scientific names up to 
February 2023, based on Frost (2023) for amphibians and 
Uetz et al. (2023) for reptiles. In addition, we assessed recent 
taxonomic changes in both groups to update the identifica-
tion of species as much as possible (Duellman et al., 2016; 
Meza-Lázaro & Nieto-Montes de Oca, 2015; Nieto-Montes 
de Oca et al., 2017; Rovito et al., 2015; Ruane et al., 2014; 
Wilson et al., 2013a, 2013b).

Data analysis

Hotspot and sample coverage

Considering the abundances (geographic records) of the 
study groups (amphibians, reptiles, and herpetofauna), we 
performed a hotspot analysis with the Getis-Ord Gi* statistic 
(Getis & Ord, 1992); this tool calculates the distance of each 
record with the total area (123,181 km; González-Elizondo 
et al., 2012) and applies the z-score to represent those areas, 
a high z-value represents areas considered Hotspots; lower 
z-values represent Coldspots (Getis & Ord, 1992). With 
the same records, we spatially measured the sample cover-
age, for which we made a buffer area of 1.5 km2 for each 
record and using the tool "calculate geometry" present in 
the phyton console of the ArcGis Pro 3.0.3, we measured 
the buffer areas and compared with the total area of the state 
of Durango. Finally, we generated a species-accumulation 
curve using the sample coverage index proposed by Hsieh 
et al. (2016), which employs a routine of 100 random resa-
mples on the abundances of each group, considering the 
principles of rarefaction, observation, and extrapolation 
available in the iNEXT program (Hsieh et al., 2016).

Taxonomic diversity

First, we numerically describe the richness of species for 
the vegetation types used in this study (CF, POF, PF, OF, 
XS, and TDF), and then estimate the taxonomic diversity, 
considered as a measure of distance of the phylogenetic rela-
tionship among the species present in one or several vegeta-
tion types. This type of diversity is part of a phylogenetic 
or Linnean classification that shows phylogenetic relation-
ship among species, depicting the hierarchical levels such as 
class, order, family, and genus (Clarke & Warwick, 1998). 
Because amphibians and reptiles have divergent phyloge-
netic histories, the two groups were analyzed separately in 
this study. We calculated the average taxonomic distinctness 
(Delta = Δ +) and the variation in taxonomic distinctness 
(Lambda = Λ + ; Clarke & Warwick, 1998) to determine the 
taxonomic diversity of amphibian and reptile communities 
present in the types of vegetation of the state of Durango 
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considered in this study. This method assumes that a com-
munity has a close phylogenetic relationship among species. 
The formulas for taxonomic diversity and variation are as 
follows: Δ +  = [2ΣΣi < j ωij]/[S (S-1)] and Λ +  = [2ΣΣ i < j 
(ωij − Δ +)2]/[S (S-1)]; where ωij is the taxonomic distance 
between each pair of species groups i and j, and S is the 
total number of observed species in the sample (Warwick 
& Clarke, 1995). A high value of Δ + reflects low taxo-
nomic relationship among species. Λ + is a measure of non-
evenness in community structure in each vegetation type. 
A high value of Λ + indicates under or overrepresentation 
of the species in the samples. To detect differences in taxo-
nomic distinctiveness of each vegetation type, species were 
analyzed under the null model of randomization (Clarke & 
Warwick, 1998). This model uses the values of mean and 
variance of the species number with a confidence interval of 
95% obtained by 1,000 random samplings (Clarke & War-
wick, 1998). For these analyses, the amphibian and reptile 
classifications were based on Wilson et al. (2013a, 2013b), 
in both cases considering five taxonomic categories (species, 
genus, family, order, and class). The taxonomic diversity 
analysis was carried out with PRIMER 5 program for Win-
dows (Clarke & Gorley, 2001).

Functional diversity

Functional diversity analyses were done by functional 
group; in other words, one analysis was done specifically 
for amphibians (anurans and salamanders) and another for 
turtles, lizards, and snakes present in each type of vegeta-
tion. This is because each functional group has particular life 
histories and functional traits (McGill et al., 2006; Mlambo, 
2014; Weiher et al., 2011). For these analyses, seven func-
tional traits were included, five categorical (foraging type, 
diet, habit, activity, and reproductive mode) and two numeri-
cal (average value of the biomass [mass] and snout–vent 
length [SVL]). In general, these variables are correlated in 
both groups (see Online Appendix; Casanoves et al., 2011; 
Laliberté & Legendre, 2010). These functional traits came 
from two sources of information: 1) field work, and 2) 
natural history of each species (Campbell & Lamar, 2004; 
Duellman, 2001; Lemos-Espinal & Smith, 2007; Murphy & 
Méndez de la Cruz, 2010; Vitt & Caldwell, 2014).

To obtain a general value of functional diversity from 
the selected functional traits, it was necessary to evaluate 
functional richness (FRic), functional evenness (FEve), and 
functional dispersion (FDis; Mason et al., 2007; Villéger 
et al., 2008). FRic measures the volume of functional space 
occupied by the community, its values are represented as 
the difference between the lowest and highest value of the 
analysis (Mason et al., 2005). FEve measures the regularity 
of the distribution of the abundance of species of a com-
munity in functional space; the values of FEve range from 

0 to 1, being 1 when all species are equally represented and 
0 when the presence of species in the community is unequal 
(Villéger et al., 2008). FDis measures the average distance 
of each species to the centroid formed by those species that 
are the most abundant in the community. This measure is 
larger when the functional characteristics of the species are 
more numerous, indicating a greater differentiation of the 
ecosystem (Laliberté & Legendre, 2010). A high value of 
FDis indicates that organisms are more adapted to the eco-
system, which implies greater resistance when invasive spe-
cies arrive (Laliberté & Legendre, 2010). For the functional 
diversity analysis, Gower’s distance measurement was used 
due to the inclusion of both continuous and categorical data 
(Online Appendix). Functional diversity indices were calcu-
lated using the Functional Diversity package in R (Laliberté 
& Legendre, 2010; R Core Team 2022).

Results

Species richness, hotspot, and sample coverage

We found records for 157 species of amphibians and reptiles 
from Durango, represented by 4 orders, and 31 families (see 
Online Appendix). Of these species, 36 (23%) are amphib-
ians and 121 (77%) reptiles. Forty-five percent (72 species) 
of the state’s herpetofauna is Mexican endemic (see Online 
Appendix). The community present in xeric shrub included 
the highest number of species (102 total; 19 amphibians 
[19%] and 83 reptiles [81%]; see Online Appendix). The 
community with the second highest species richness was 
found in the pine-oak forest (47 total: 12 amphibians [25%] 
and 35 reptiles [75%]). The tropical dry forest contains a 
community comprised of 41 species (13 amphibians [32%] 
and 28 reptiles [68%]). Thirty- two species are recorded in 
pine forest (9 amphibians [28%] and 23 reptiles [72%]); oak 
forest has 18 species (5 amphibians [28%] and 13 reptiles 
[72%]), and cloud forest contained only two species, a toad 
(Incilius occidentalis) and a lizard (Gerrhonotus infernalis; 
see Online Appendix).

The hotspot analysis identified areas with high species 
richness. For example, in both groups (amphibians and 
reptiles) two important areas can be observed, the first is 
located in the northeastern region, and the second in the 
southeastern region of Durango (Fig. 2); a third area of 
species richness can be observed in the northern region 
of Durango, mainly in reptiles (Fig. 2). When amphibians 
and reptiles (herpetofauna) are represented together, it is 
possible to observe two large areas of richness or hotspot, 
one located in the northern region and the other in the 
southeastern region of Durango (Fig. 2). Both areas con-
stitute sites with faunas typical of the Sierra Madre Occi-
dental and Chihuahuan Desert, distributed in large areas 



234	 Community Ecology (2023) 24:229–242

1 3

of temperate forests and xeric scrub at elevations ranging 
from 1500 to 2400 m.a.s.l (Figs. 1 and 2).

On the other hand, the sample coverage analysis recog-
nized that amphibians represent only 2.11% (2608.4 km2) 
of the sampled coverage in the state, while reptiles repre-
sent 6.7% (8253.7 km2) of the sampled area. When both 
groups (herpetofauna) are combined, the sampled coverage 
in the state of Durango increases to 8.8% (10,862.1 km2). 
A species-accumulation curve applied to the abundance 
data for each group (amphibians, reptiles, and herpeto-
fauna), showed an exponential growth (species accumula-
tion), followed by an asymptotic phase (Fig. 3), which is 
equivalent to stating that the herpetofaunal inventory for 
the state of Durango has a high percentage of complete-
ness (Fig. 3).

Taxonomic diversity

For amphibians, pine forest and pine-oak forest were the 
vegetation types with the highest values of taxonomic 
diversity (Delta + ; Figs. 4 A, B and 5). This means that 
the amphibian communities present in these vegetation 
types have high taxonomic levels (i.e., species in a com-
munity are represented by multiple genera and families), 
while their high value of taxonomic variation (Lambda +) 
is related to over or underrepresentation of some taxo-
nomic groups (Fig. 4A, B). Although xeric scrub pre-
sented the highest number of species (19), it showed a 
medium Delta + value; the same occurred for oak forest 
and tropical dry forest (Fig. 4A). For taxonomic variation 
(Lambda +), the vegetation types cloud forest, oak for-
est, and xeric scrub were within the confidence intervals, 
below but close to the average. Taxonomic variation in the 
tropical dry forest was marginally above the confidence 
intervals, showing a low taxonomic representativeness of 
genera and families in this analysis (Figs. 4B and 5).

In the case of reptiles, the communities present in the 
xeric scrub presented the highest values of taxonomic diver-
sity (Delta + ; Figs. 4C and 5), and the communities present 
in tropical dry forest, oak forest, pine forest, and oak-pine 
forest presented medium values (Fig. 4C). This indicates 
that the communities that inhabit xerophytic ecosystems, as 
well as temperate and tropical ecosystems, have high and 
medium taxonomic complexity, respectively. Cloud forest 
had below-average Delta + and Lambda + values, indicating 
lower taxonomic diversity (Figs. 4D and 5).

Fig. 2   Hotspots for amphibians and reptiles in the state of Durango 
Mexico. Map generated from the Getis Ord and Moran index. Red 
circles represent species-rich areas, which also represent sites with 
high sampling effort. SMO Sierra Madre Occidental, DCH Chihua-
huan Desert

▸
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Fig. 3   Accumulation curve for 
the amphibians, reptiles and 
herpetofauna of the state of 
Durango, Mexico. The inven-
tory of each group shows a 
high completeness. The lines 
(orange, pink and blue) repre-
sent the accumulation of species 
for each group analyzed

Fig. 4   Average taxonomic diversity (Delta +) and variation of taxo-
nomic diversity (Lambda +) for analyzed amphibian communities 
(A, B) and reptile communities (C, D) in different types of vegetation 
and ecoregions of the state Durango. Pine-oak forest = POF, pine for-

est = PF, oak forest = OF, cloud forest = CF, xeric scrub = XS, tropi-
cal dry forest = TDF. The curved lines represent the 95% confidence 
interval, and the dotted line the average value generated by the model

Fig. 5   Functional and taxonomic metric values for the amphibians and reptiles of the state of Durango. The information in this figure is comple-
mentary to Table 1
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Species traits and functional diversity

Most amphibian species reported for the state of Durango 
have an insect-based diet (see Online Appendix), but the 
toad Rhinella horribilis has an omnivorous diet. The frog 
Lithobates catesbeianus is recorded as a species with an 
insectivorous and carnivorous diet, and three salamander 
species of the genus Ambystoma are considered to be insec-
tivores and herbivores (Online Appendix). In terms of habit, 
24 species of amphibians have terrestrial and aquatic habits, 
nine species are exclusively terrestrial; one frog (L. mon-
tezumae) is aquatic and another (Agalychnis dacnicolor) 
arboreal. Twenty-one species have nocturnal and twilight 
activity, and seven species show activity throughout the day 
(diurnal/night/twilight; Online Appendix).

Four turtle species are omnivorous, terrestrial, and 
aquatic, and have diurnal and twilight activity; only 
Gopherus flavomarginatus is herbivorous and terrestrial. 
Of the total number of lizards, 52 species have an insect-
based diet and are terrestrial and saxicolous; 15 species are 
arboreal. Thirty-nine species of lizards have diurnal activity, 
and the rest are nocturnal (Online Appendix). In the case of 
snakes, which is the largest functional group of the herpeto-
fauna in the state of Durango, all species of this group have 
a carnivorous diet and live in terrestrial habitats; a minority 
(two species) live in trees. Fifty-one species are diurnal, and 
more than half of the total are nocturnal and twilight active 
(Online Appendix).

In terms of functional diversity, snakes showed the high-
est values of richness and functional evenness in all types 
of vegetation; lizards showed the highest values of the three 
parameters of functional diversity only for xeric scrub 
(Table 1 and Fig. 5). In the analysis of functional diversity 
for amphibians, relatively high values of functional disper-
sion were observed for pine forest. The amphibians present 
in xeric scrub showed high values of functional dispersion 
(Table 1 and Fig. 5). Turtles had high values of functional 
dispersion and low values of richness and functional even-
ness for xeric scrub; results for this group (turtles) were 
reported only for xeric scrub due to their null representa-
tion in the rest of the vegetation types (Table 1 and Fig. 5).

Discussion

Species richness

Environmental heterogeneity and the complex topography 
of Mexico are recognized as the main factors that generate 
variations in the distribution, richness, and evolutionary his-
tory of the species within different biological groups (Rod-
ríguez et al., 2003). The environmental heterogeneity and 
rugged topography of Mexico promote diverse regions and 

biogeographic provinces that contain a species composition 
of both amphibians and reptiles (Ochoa-Ochoa et al., 2014) 
with a remarkable degree of endemism (Flores-Villela et al., 
2010; Ochoa-Ochoa et al., 2014).

To date, the herpetofauna of Durango represents 11% of 
the Mexican herpetofauna (431 amphibians and 989 rep-
tiles, numbers updated to March 08, 2023; Ramírez-Bautista 
in press). The amphibian richness of Durango (36 species; 
Lemos-Espinal et al. 2019), has increased by 12.9% over 
that reported by Parra-Olea et al. (2014; 27 species), and 
as for reptiles (121 species; Lemos-Espinal et al. 2019), it 
has increased by 9.3% over that reported by Flores-Villela 
and García-Vázquez (2014; 97 species). Likewise, the total 
number of species for Durango is higher than that reported 
for other states in northern Mexico, such as Baja Califor-
nia (119 species; Lemos-Espinal, 2015), Nuevo León (139 
species: Nevárez-de-los-Reyes et al. 2016), Coahuila (143 
species; Lazcano et al., 2019), and Zacatecas (78 species; 
Flores-Villela & García-Vázquez, 2014; Parra-Olea et al., 
2014). However, this species richness is similar to that of 
other states of northern and central Mexico but lower than 
that of Chiapas (330 species; Johnson et al., 2015), Verac-
ruz (359 species; Torres-Hernández et al., 2021) and Oax-
aca (480 species; Mata-Silva et al., 2021). The three lat-
ter states are the richest Mexican entities in the number of 
amphibians and reptiles. The species richness of Durango 
is equivalent to 36% of the species present in northern 

Table 1   Functional diversity values of amphibian and reptile commu-
nities present in different vegetation types in the state of Durango

The numbers in parentheses represent the species richness of the 
respective community

Vegetation types Amphibians Lizards Snakes Turtles

Functional richness
Xeric scrub 0.4 (19) 4.1 (39) 3.0 (39) 0.5 (5)
Pine-oak forest 0.2 (12) 2.1 (10) 2.6 (24)
Tropical dry forest 0.3 (13) 2.6 (14) 1.0 (14)
Pine forest 1.0 (9) 0.2 (5) 2.9 (18)
Oak forest 0.4 (5) 0.2 (5) 3.0 (8)
Functional evenness
Xeric scrub 0.4 1 0.4 0.6
Pine-oak forest 0.2 0.2 0.7
Tropical dry forest 0.2 0.3 0.2
Pine forest 0.1 0.2 0.6
Oak forest 0.1 0.3 0.8
Functional dispersion
Xeric scrub 2.8 5.2 1.3 3
Pine-oak forest 1.6 1.7 1.1
Tropical dry forest 1.9 1.5 1.5
Pine forest 1.2 1.5 3.5
Oak forest 1.2 0.4 4.1
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Mexico (379 species; Lavín-Murcio & Lazcano, 2010), an 
area that includes the Chihuahuan Desert, Sinaloa, Sierra 
Madre Occidental, Sierra Madre Oriental, and Tamaulipas, 
reflecting a remarkable richness of species of temperate and 
xerophilous ecosystems of the northern portion of Mexico. 
This pattern has been previously described by Flores-Villela 
et al. (2010) and Lavín-Murcio and Lazcano (2010), who 
pointed out that in arid and temperate ecosystems such as 
in mountainous regions covered by pine forest, oak forest, 
and pine-oak forest of the northern region of Mexico, there 
is a significant amount of biodiversity from western North 
America, as well as a high level of endemism that is not 
comparable to any other region.

The 157 herpetofaunal species of Durango represent a 
high completeness of the inventory, as supported by our 
species-accumulation curve (Fig. 3). This result may seem 
contradictory if we consider that our sampling area repre-
sents only 8.8% of the total area for the state. This may be 
justified by the fact that the number of records and species 
used for this study represent a “sample” of the total richness 
and diversity of the herpetofauna of Durango. This sample 
is composed of records covering the main vegetation types 
and ecoregions of the state, and although they may seem 
few (records: 2691 amphibians, and 7889 reptiles), they are 
distributed throughout the entire state. Our accumulation 
curve can predict the completeness of an inventory; however, 
it is far from demonstrating that we have recorded 100% of 
the species (Moreno & Halffter, 2000; Jimenez-Valverde and 
Hortal 2003). In Durango there are areas of difficult access 
and consequently have not been sampled for decades. For 
instance, the San Pedro Mezquital River Basin, Jesus Maria 
River Basin, Nazas River Basin, Cañón de Fernández, and 
large areas of pine-oak forest in the northern portion of the 
state have not been explored thoroughly; therefore, we sus-
pect that these areas likely hold species that so far have not 
been included in our inventory.

We observed a large number of endemic species in the 
xerophytic and temperate ecosystems of the state of Durango 
(see Online Appendix); this richness of endemisms for the 
state is found in the Madrense region of pines and oaks, the 
Madrense xerophytic region of the Sierra Madre Occiden-
tal and in the xerophytic scrub of the Chihuahuan Desert 
(Fig. 1). These regions coincide with the hotspots zones 
(SMO, DCH) indicated in our Fig. 2, considered to be 
areas of interest in terms of endemism due to the contact 
zone created among the three biogeographic provinces, the 
Sierra Madre Occidental, Chihuahuan Desert, and Mexican 
Plateau (Arriaga et al., 1997; Van Devender et al., 2005; 
González-Elizondo et al. 2012; Rodríguez-Gutiérrez 2022). 
This pattern of higher number of endemics in xerophytic and 
temperate ecosystems of the Sierra Madre Occidental and 
Chihuahuan Desert has been observed in other groups; for 
example, in pines (González-Elizondo et al., 2012), agaves 

(González-Elizondo et al. 2009), bats (López-González, 
2003; López-González et al., 2014), and turtles (Morafka, 
1982), an additional reason as to why these ecosystems 
should be considered important for conservation. However, 
it should be noted that the hotspots (SMO and DCH) shown 
in Fig. 2 represent the most explored areas in Durango, as 
they historically have been popular collecting sites for both 
Mexican and foreign herpetologists for many years (e.g., 
Durango-Mazatlán region, the Laguna region and Mapimí 
Biosphere Reserve, the latter between Durango and Coa-
huila; McCranie & Wilson, 1987, 1990; Webb, 1984), 
due to their easy access and also are regarded as safer 
than those found in the northern and western regions of 
Durango (Fig. 2). In fact, these regions (northern and west-
ern Durango) together with the southern portion of the state 
of Chihuahua and eastern Sinaloa represent a megaregion 
called "El Triangulo Dorado," considered a dangerous zone 
because of frequent illegal activities (e.g., drug processing 
and clandestine logging). It has been pointed out that this 
megaregion can be considered a biodiversity hotspot because 
there are large areas of temperate and tropical forests that 
have not been explored for more than a century. In addi-
tion to illegal activities, this region also experiences strong 
local conflicts among indigenous groups with respect to land 
boundaries, subsequently making field work in this region 
quite challenging (Bye, 1995; CONABIO 2017; Secretaría 
de Marina 2020; UNODC 2020).

Taxonomic and functional diversity

To date, it has been noted that taxonomic diversity out-
comes may or may not be positively correlated with some 
components of functional diversity, such as functional 
richness (FRic; Morelli et  al., 2018). The pine forest 
amphibian community presented high values of taxonomic 
diversity and functional richness, together with a lower 
value of evenness and a moderate value of dispersion 
(Figs. 4 and 5). This result suggests that the functional 
characteristics of the amphibian community in this type 
of vegetation (pine forest) do not extend to all available 
niches, assuming that competition for niche resources is 
not particularly high, since there are still niches avail-
able for other species of amphibians or for other groups 
of vertebrates. Ochoa-Ochoa et al. (2019) also found that 
functional diversity for a wide number of amphibian com-
munities was positively correlated with species richness. 
The authors noted that in some cases this association may 
vary according to latitude. On the other hand, the amphib-
ian communities present in the pine-oak forest, pine forest, 
and tropical dry forest presented medium values of func-
tional diversity, despite being well represented taxonomi-
cally (Figs. 4 and 5). This result confirms that a high value 
of taxonomic diversity is not always associated with a high 
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value of diversity in functional terms and suggests that 
there are similarities among the species of a community in 
terms of ecological roles and functions. A similar pattern 
was shown by Morelli et al. (2018) in their study of taxo-
nomic and functional diversity in an assemblage of birds 
in disturbed and conserved environments of central Italy.

The reptile communities present in the xeric scrub also 
had high values of taxonomic and functional diversity 
(Figs. 4 and 5). This result suggests that this group of ver-
tebrates may be well adapted to the arid conditions of this 
environment, as has been observed in other reptile communi-
ties from deserts (Chiacchio et al., 2020). At the taxonomic 
group level, the lizard community of the xeric scrub pre-
sented a higher value of functional diversity than the snakes, 
despite the fact that both communities contain the same 
number of species (39 species). According to Cadotte et al. 
(2011), taxonomic diversity may vary among communities 
for two reasons; because of differences in species richness, 
or because of functional differences among species. There-
fore, these results may be due to the fact that the functional 
characteristics of lizard species are less redundant or more 
informative than those found in snakes, which is confirmed 
by the high values of evenness and functional dispersion 
shown by lizards. This in turn indicates that the lizards that 
inhabit xeric scrub have a greater dispersion of functions, 
as they can use a greater number of habitat types and have 
broader diets than snakes (see Online Appendix). This result 
is consistent with that observed by Cooke et al. (2019) when 
they analyzed the functional diversity of birds and mam-
mals across several ecoregions worldwide. They found that 
birds and mammals do not contribute equally to functional 
richness and dispersal, because birds have a higher func-
tional dispersion, being a more species-rich, gregarious, and 
migratory group.

The snakes present in pine-oak forest, pine forest, and 
oak forest are, however, a taxonomically rich group with 
high values of functional richness (Figs. 4 and 5). This result 
can be viewed from a functionally redundant perspective, 
because snakes are a group formed mostly by rare species 
with a functional contribution that is not very perceptible 
but important. Poos et al. (2009) stated that the presence 
of functional groups with many redundant species, such as 
snakes, gives the ecosystem resilience to disturbance events, 
resulting in a group that is most important for the conserva-
tion and functioning of these ecosystems.

The values of functional evenness present in lizards of the 
xeric scrub and in snakes of the pine-oak forest, pine forest, 
and oak forest (Figs. 4 and 5) showed a pattern consistent 
with the values of functional richness. This shows that the 
reptile species (lizards and snakes) present in these types of 
vegetation are represented more equitably than the rest of the 
functional groups (turtles and amphibians) are, thus favoring 
the stability and resilience of the ecosystems they occupy.

In this study, the highest values of functional dispersion 
were for amphibians and lizards of the xeric scrub and for 
the snakes of the pine forest and oak forest. According to 
Cooke et al. (2019) and Legras et al. (2020), high values of 
functional dispersion demonstrate a high degree of niche dif-
ferentiation, which is equivalent to the communities having 
high resistance when they receive invasive species because 
there is a greater number of occupied niches. These commu-
nities are therefore the best candidates for targeted conserva-
tion strategies. In this regard, Farias and Jaksic (2009) found 
high values of functional dispersion across multiple years 
in an ensemble of predators located in a national reserve 
in northern Chile. These authors described that the low 
availability of resources affected the functional dispersion 
values through the behavior (functional characteristics) of 
the predators. They pointed out that in productive years, a 
greater number of functional species are integrated into the 
community, exerting high predation pressure on the eco-
system, increasing functional richness and dispersion, and 
thus decreasing functional evenness. Functional dispersal is, 
therefore, a way to observe changes in community structure 
at different times and scales, so it is advisable to include 
information on the most dominant and rare species in an 
analysis of taxonomic and functional diversity to obtain 
clearer results on how the functional roles of species dis-
perse in their ecosystems.

Conclusions

According to our species-accumulation curve, the 157 spe-
cies (36 amphibians and 121 reptiles, of which 72 species 
are endemic) present in Durango, embody a high percentage 
of completeness of the inventory. However, we are aware of 
large information gaps in areas that have not been sampled 
in the state; therefore, we consider that there are species 
missing from our inventory. On the other hand, we located 
two areas of high species richness or hotspots for the her-
petofauna of the state of Durango (see Fig. 2). These hot-
spots are located in contact areas between biogeographic 
provinces (SMO and DCH) considered areas of high biodi-
versity, and coincide with intense sampling areas, such as 
the Durango-Mazatlán region (south-central Durango), the 
Laguna region, and the Mapimí Biosphere Reserve (both 
between Durango and Coahuila). Presumably, our hotspots 
can be considered as areas of scientific interest, but this 
statement remains to be confirmed with other biological 
groups. On the other hand, the amphibian community in 
the PF and the reptiles in the XS presented high values of 
taxonomic and functional diversity, while the amphibian 
communities present in the POF, OF and TDF presented 
medium values of functional diversity, despite being the best 
taxonomically represented communities. This confirms the 
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fact that a high value of taxonomic diversity does not always 
correlate positively with high values of functional diversity, 
suggesting that the species likely are under recent processes 
of adaptation to their environments, maintaining the pos-
sibility that niches are available. We are confident that the 
amount of ecological information will provide a reliable and 
accurate picture of the herpetofauna of Durango, and support 
the establishment of future conservation strategies in areas 
where biodiversity is being lost at an alarming rate.
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