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Abstract We present a review on the conservation status and population trends of the
372 amphibian species currently recognized for Mexico. We based our analyses on the
information gathered by the International Union for the Conservation of Nature-the Global
Amphibian Assessment JUCN-GAA) as well as on available literature about imminent or
potential threats to these organisms in Mexico. This country has the fifth largest amphibian
fauna in the world and almost 58% of the species that inhabit this country are considered as
threatened. We highlight the proportion of species per order, family, and genus that are
currently under severe risk in Mexico. In addition, we prepared a detailed list of the main
factors that are threatening amphibians in this country. Evidence is provided that the six
main mechanisms that are globally leading amphibians to extinction (alien species, over-
exploitation, land use change, global changes, pollution, and infectious diseases) are
indeed currently operating in Mexico. We discuss the relative importance of each of these
causes. We also highlight the paucity of quantitative studies that support the current
conservation status of Mexican amphibian species.
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Introduction

Worldwide, many amphibian populations are declining (Laurance 1996; Houlahan et al.
2000; Lips et al. 2005a, b). Reports about the conservation and status of biodiversity
indicate that amphibians are threatened and declining at faster rates than birds and
mammals (Stuart et al. 2004). Currently 1229 amphibian species are globally reported as
endangered and critically endangered, and 39 are considered as extinct in the wild (Stuart
et al. 2008; IUCN 2010).

Mexico is considered a mega-diverse country with a complex geologic history, a unique
topography, and greatly diverse vegetation types (Flores-Villela and Gerez 1994; Benitez-
Diaz and Bellot-Rojas 2003; Ochoa-Ochoa and Flores-Villela 2006). The rich Mexican
biodiversity harbors the fifth largest amphibian fauna in the world (Ochoa-Ochoa and
Flores-Villela 2006; Stuart et al. 2008; IUCN 2010). Mexico has 372 described amphibian
species from which 250 occur only in Mexico (67.2%; Flores-Villela and Canseco-Mar-
quez 2004; Frost 2010). Thus, this country is considered as the number three in amphibian
endemic species (Stuart et al. 2008). Nevertheless, the current rate of annual species
description is increasing: 11.5 and 27.4% of Mexican anurans and salamanders, respec-
tively, were described between 1992 and 2007 (Flores-Villela and Canseco-Marquez
2004). Therefore, the actual number of Mexican species appears to be greatly underesti-
mated (Frias-Alvarez et al. 2008).

In the past years some studies have documented declines of Mexican amphibians (Parra-
Olea et al. 1999; Frias-Alvarez et al. 2008). Recent field surveys indicate that nowadays it
is quite difficult to find salamanders and frogs that were collected by hundreds during the
1970s and 1980s (Parra-Olea et al. 1999; Lips et al. 2004). Destruction, fragmentation, and
modification of their natural habitats are the best-recognized causes of such declines
(Parra-Olea et al. 1999; Rovito et al. 2009). In fact, the highest rates of global habitat loss
have occurred in tropical and semi-tropical regions, which correspond to those countries
(Mexico included) supporting the richest assemblages of amphibian fauna (Gallant et al.
2007). In addition, diseases (e.g., chytridiomycosis), pollution, increases in UV-B radia-
tion, introduction of exotic species, and over-exploitation have been considered as other
important causes for the decline of Mexican amphibians (Frias-Alvarez et al. 2008, 2010;
Gonzalez-Bernal 2008).

These facts highlight the importance of a general picture that summarizes the Mexican
amphibian species that are currently experiencing threats and declines. No synthesis of
such information is currently available on the scientific literature (Frias-Alvarez et al.
2008). Thus, in this paper we present an evaluation of the current conservation status and
trends of the amphibian species that inhabit in Mexico, as well as a summary of the main
threats experienced by these organisms in this country. We attempt to create a useful and
informative reference for all the future scientific and educational studies focused on the
conservation, ecology, and distribution of the Mexican amphibian fauna.

Materials and methods

We consulted the International Union for Conservation of Nature (IUCN)-the Global
Amphibian Assessment (GAA) to obtain data on the taxonomy, distribution, habitat,
population trends, threats, and conservation status for all Mexican amphibians listed on
the data base. We used this red list of threatened species to obtain and summarize

@ Springer



Biodivers Conserv (2010) 19:3699-3742 3701

information about Mexican amphibians (IUCN 2010). We followed partially the structure
that Stuart et al. (2004) used for a global amphibian assessment but we focus only in
Mexico.

The GAA-red list of threatened species has included 16 families, 52 genera, and 364
amphibian species that inhabit in Mexico (227 from the order Anura, 135 from Caudata,
and 2 from Gymnophiona). The list lacks a few described species (it includes 364 of 372
currently described species for Mexico; Flores-Villela and Canseco-Marquez 2004; Frost
2010) as well as several others that still await for formal description. We focused our
attention on the three main protection categories of the IUCN, which are those pointing out
to species under the highest risks of extinction: Vulnerable (VU), Endangered (EN), and
Critically Endangered (CR). Henceforth, we use the term “threatened” to indicate that a
species is listed in one of these three conservation categories (as per [UCN 2010). In our
results, all the percentages of species within particular conservation categories are based on
the 364 species included in the GAA data base.

We conducted a comparison of the conservation categories of Mexican amphibians as
considered by the Mexican environmental agency with the conservation categories pro-
posed by the TUCN red list. This Mexican official list of species at risk was issued
originally in 1994 and updated in 2001 (Norma Oficial Mexicana, NOM-059-ECOL-2001,
Secretaria de Medio Ambiente y Recursos Naturales 2002). With this comparison we
aimed to evaluate how the Mexican government currently considers the conservation status
of the native amphibian fauna. Four conservation categories are defined by this Mexican
official list, which according to this document are partially coincident with the ITUCN
categories. (1) Probably Extinct in the Wild (E). This category coincides with the [UCN
Extinct (EX) and Extinct in the Wild (EW) categories. (2) Threatened with Extinction (P),
partially coincident with the IUCN CR and EN categories. (3) Threatened (A), partially
coincident with the VU category. (4) Under Special Protection (Pr). This category can
include the low-risk categories of the red list: Near Threatened (NT), Least Concern (LC),
and Data Deficient (DD).

In addition to the information available from the GAA, we conducted an extensive
search for literature containing evidence of declining populations of amphibians in Mexico.
We surveyed several sources of reliable information: peer-reviewed journals, unpublished
academic theses and dissertations, and books. Our aim was to find formal experimental or
empirical studies that evaluated the demographic or genetic trends of amphibian popula-
tions anywhere throughout Mexico. We also considered reports that compared past and
present abundances of amphibians in the wild and those that document imminent threats to
focal populations.

Collins and Storfer (2003) proposed that six factors are the main causes of the
amphibian declines observed worldwide. These factors are: (1) alien species, (2) over-
exploitation, (3) land use change, (4) global changes (increased ultraviolet radiation and
global warming), (5) chemical pollution, and (6) emerging infectious diseases. The GAA
database provides a list of realized and potential threats to each Mexican amphibian
according to some literature and to the qualified opinion of its assessors and evaluators. We
used such lists, as well as the information that we obtained in our extensive bibliographic
search, to generate a table in which we summarize which species are suffering from each of
the six main threats proposed by Collins and Storfer (2003). This provided us with a neat
summary of the main forces that are driving the observed population declines of
amphibians in the Mexican territory.
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Results

Mexican amphibians are more threatened than any other vertebrate group as indicated by a
larger proportion of amphibian species that are included in one of the three main protection
categories of the IUCN red list (57.97%, 211 species), in comparison with Mexican
mammals (19.35%), Mexican birds (5.01%) or Mexican reptiles (14.07%; Table 1). In
addition, given the high rates of habitat deterioration all throughout Mexico (Challenger
2003), it is not surprising that 21 species (5.77%) are currently listed as Near Threatened
(NT; Table 1).

From the 246 amphibian species that according to the GAA data base are endemic to
Mexico, a disturbing 69.5% are considered as threatened (171 species). From these, 27
species are categorized as VU, 67 as EN, and 77 as CR.

The families with more threatened species are (percentage of species listed as threa-
tened by the [IUCN-GAA; Table 2): Plethodontidae (73.04%), Ambystomatidae (64.71%),
Eleutherodactylidae (60.87%), Craugastoridae (59.46%), Hylidae (58.95%), Ranidae
(42.30%), Bufonidae (31.25%), and Microhylidae (20%). The single species of the family
Salamandridae that occurs in Mexico (Notophthalmus meridionalis) is EN. Similarly, one
of the two species of the family Caeciliidae (Dermophis mexicanus) inhabiting in this
country is listed as VU.

Several genera experience severe conservation problems as indicated by their high
percentages of threatened species: Thorius (95.65%), Plectrohyla (87.88%), Chiroptero-
triton (83.33%), Pseudoeurycea (77.55%), Ecnomiohyla (66.67%), Ambystoma (64.71%),
Eleutherodactylus (60.87%), Craugastor (59.46%), and Exerodonta (55.56%). All species
(100%) in the following genera, which only have a few representatives in Mexico (from 1
to 5 species), are considered as threatened: Bromeliohyla, Charadrahyla, Cryptotriton,
Dendprotriton, Duellmanohyla, Megastomatohyla, Notophthalmus, Nyctanolis, and Par-
vimolge. The genera Agalychnis, Dermophis, Hypopachus, and Rana are each represented
in Mexico by only two species, for a total of eight species. Of these pairs, one species in
each genus is listed as either VU, EN, or CR (Table 2).

The threat to Mexican amphibians is quite alarming in the order Caudata (newts, sal-
amanders, and axolotls), which has 96 species (71.11%) listed as threatened by the [UCN.
Eleven of these species are considered as VU (8.15%), 40 as EN (29.63%), and 45 as CR
(33.33%). At least 114 members of the order Anura that inhabit Mexico (50.22%) are
threatened, with 32 species in the category of VU (14.10%), 39 EN (17.18%), and 43 CR
(18.94%). Knowledge about the only two Mexican species of the order Gymnophiona is
drastically poor even though one of them is endemic to Mexico (Dermophis oaxacae). The
latter species is listed as DD whereas the other species, Dermophis mexicanus, is con-
sidered as VU (Tables 1, 2).

According to the JUCN (2010), the population trends of Mexican amphibians are
worrying. A high percentage of species (64.29%, 234 species) are suffering some sort of
decrease. In contrast, only 4 (1.10%) Mexican amphibian species are demographically
increasing, whereas 72 (19.78%) are apparently stable and 54 (14.84%) lack enough
information concerning their population trends. Analyzing these tendencies per taxonomic
order we found that 96 (71.11%) species of Mexican caudates, 137 (60.35%) anurans, and
1 caecilian (50%) experience declining demographic tendencies. Only 4 (1.76%) anurans
have populations that are currently growing whereas there are no records of caudates or
caecilians with positive population trends. Fifty-eight (25.55%) anurans and 14 (10.37%)
caudates have apparently stable populations. Unfortunately, no demographic information is
available for 28 (12.33%) anurans, 25 caudates (18.52%), and 1 (50%) caecilian.
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The GAA-red list misses seven species that recently were described or recognized as
present in the Mexican territory. These species are Ambystoma mavortium, A. subsalsum,
Charadrahyla tecuani, Craugastor galacticorhinus, C. saltator, Lithobates brownorum,
and Ptychohyla macrotympanum (Frost 2010). In addition, Incilius campbelli, which is
listed as NT, was not considered to be present in Mexico by the IUCN (2010). However,
this species is currently recognized as occurring in southeastern Mexico (Frost 2010).

In comparison with the 364 taxa listed by the ITUCN red list, the Mexican list of species
at risk (NOM-059-ECOL-2001, Secretaria de Medio Ambiente y Recursos Naturales 2002)
only includes 197 amphibian species (Table 3). However, after the recent taxonomic
changes (e.g., Frost et al. 2006) only 194 actual species are listed by the Mexican gov-
ernment. According to the Mexican list, there are no extinct (E) amphibians, 6 species are
threatened with extinction (P), 39 are threatened (A), and 149 are under special protection
(Pr). From those species missed by the NOM-059-ECOL-2001, 25 are listed by the IUCN
as CR, 28 as EN, and 20 as VU (i.e., 73 threatened species). When comparing the 194
species listed by the NOM-059-ECOL-2001 with those listed by the TUCN red list we
found that only 59 taxa are in coincident categories. From such 59 species, six are listed as
P by the NOM-059-ECOL-2001 and as EN or CR by the IUCN, six are considered as A by
the NOM-059-ECOL-2001 and as VU by the IUCN, and 47 are listed as Pr by the NOM-
059-ECOL-2001 and as NT, LC or NT by the IUCN red list (Table 3).

We must highlight the fact that 126 amphibian species listed by the Mexican govern-
ment are in lower-risk conservation categories in comparison with those assigned by the
IUCN (Table 3). From such 126 species, 49 and 59 are considered by the red list as EN and
CR, respectively, whereas in the NOM-059-ECOL-2001 these are listed as either A (26
taxa) or Pr (82 taxa). The remaining 18 taxa are listed by the IUCN as VU, whereas the
NOM-059-ECOL-2001 lists them as Pr. In contrast, only seven amphibian species are
included in a higher-risk conservation category according to the Mexican authorities in
comparison with their status on the [UCN red list. Such seven amphibians are listed by the
IUCN as either NT (four species), LC (two species) or DD (one species), whereas in the
NOM-059-ECOL-2001 all them appear as A. Additionally, two species (Craugastor sal-
tator and Lithobates brownorum) are listed as Pr in the NOM-059-ECOL-2001 and do not
appear on the IUCN red list (Table 3).

In Table 3 we also show the factors that are apparently threatening to every single
Mexican amphibian species. Notice that the information contained in this table comes from
both the GAA assessment and our additional extensive literature survey. The most com-
mon threat to Mexican amphibians is land use change. A total of 322 species out of the 372
recognized for Mexico by the IUCN (86.56%) suffer from the consequences of the human
activities that modify their natural habitat. Emerging infectious diseases represent the
second most conspicuous threat. A total of 87 species (23.39%) have been suggested as
actual or at least potential victims of pathogens. Pollution is also impacting a relatively
high number of species: 76 Mexican amphibians (20.43%) are threatened by toxic
chemicals. The introduction of alien species is currently damaging 41 species (11.02%),
whereas global changes and over-exploitation each affects 36 (9.68%) species (Table 3).

Discussion
According to the IUCN-GAA criteria (2010) almost 58% of the Mexican amphibian fauna

is threatened. This number is alarming when considering the high degree of endemism in
this country that holds the fifth largest amphibian fauna in the world (250 endemic species
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out of 372 described species in Mexico; Ochoa-Ochoa and Flores-Villela 2006; Frost
2010). According to global data, Mexico is considered as number two within the list of
countries with the greatest numbers of threatened species (Stuart et al. 2008). It is
important to notice that the number of Mexican amphibian species currently considered as
threatened is underestimated because 38 of them (10.44%) are included in the DD cate-
gory. Moreover, seven Mexican amphibian species are not included in the GAA red list
and nothing is known about their conservation status or population trends. Future con-
servation assessments will thus raise the proportion of amphibian species that in Mexico
are experiencing serious threats.

Even though the [TUCN does not formally consider any Mexican amphibian as extinct in
the wild (i.e., no species listed as EX or EW), a recent assessment of the Mexican bio-
diversity reports 29 species as extinct (Baena et al. 2008; these species are indicated in
Table 3). Most of these 29 amphibian taxa are in the CR category of the IUCN (2010). The
only exception is Chiropterotriton mosaueri which is listed as DD. The main criteria for
considering these amphibians as extinct by Baena et al. (2008) are the deep disturbance of
habitat structure along with the lack of recent observations in spite of extensive field work
(e.g., Pseudoeurycea aquatica; Wake and Campbell 2001). Nevertheless, these authors
recognize that these extinctions have been suggested but not yet confirmed. Additionally,
Ochoa-Ochoa et al. (2009) state that 9 microendemic taxa represent possible extinctions
(also indicated in Table 3). These species are considered as DD, EN, or CR by the IUCN
(2010). Baena et al. (2008) and Ochoa-Ochoa et al. (2009) coincide in three species
(Lithobates pueblae, Pseudoeurycea praecellens, and Thorius infernalis) which gives a
total of 35 presumably extinct amphibians in Mexico. Without a doubt, these species are
among those that deserve urgent attention. Biological surveys are needed to determine the
existence and viability of their natural populations.

Clearly, the taxonomic pattern on the number and proportion of threatened species is not
random. Certain families are experiencing higher rates of declines. For instance, more than
73% of the species in the family Plethodontidae (84 species) are considered as either VU,
EN or CR. This fact is greatly significant, given that this family is widespread throughout
much of the country and represents a large proportion of the Mexican fauna. Most of the
threatened species in the Plethodontidae have very restricted geographic distributions and
exhibit very specific micro-habitat requirements. As an example consider the species in the
genera Thorius and Chiropterotriton, which have 95.65 and 83.33% of threatened species,
respectively (Parra-Olea et al. 1999; Rovito et al. 2009).

The TUCN-GAA (2010) recognizes that almost 65% of the species in the family
Ambystomatidae in Mexico are threatened as well. This family in this country is repre-
sented only by the genus Ambystoma. Salamanders and axolotls from this genus are of
special importance given that 17 out of the 19 species currently recognized for Mexico are
endemic with notably restricted geographic distributions (IUCN 2010; Frost 2010). From
such 17 endemic ambystomatids, 9 are listed as CR and 2 as EN (Tables 2, 3). Three other
members of Ambystoma (A. flavipiperatum, A. rivulare, and A. silvense) lack the necessary
information to propose accurate conservation categories. Therefore, they have been clas-
sified as DD. However, they also exhibit considerably small areas of occurrence, which is
an important criterion for including taxa into a high-priority category. This clear risk of
extinction experienced by such a large proportion of species in this genus, which is con-
sidered as emblematic of the Mexican culture and representative of the Mexican fauna
(Armstrong and Malacinski 1989; Huacuz-Elias 2002; Zambrano et al. 2007), is unfor-
tunate and disturbing.
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When comparing the IUCN red list with that issued by the Mexican environmental
agency (NOM-059-ECOL-2001, Secretaria de Medio Ambiente y Recursos Naturales
2002), we realized that the latter misses an important large number of species: 170 taxa
from which 73 are threatened according to the TUCN. Also disturbing are the 126
amphibian species that are included into lower-risk conservation categories by the Mexican
authorities in comparison with those assigned by the IUCN, as well as the low level of
coincidence between the two lists (only 59 species are in coincident categories). These
facts reflect two main issues. First, in Mexico the conservation status of amphibians is
considered to be way better than their actual situation. Second, the official knowledge
about the amphibian fauna in this country is markedly out of date. This is noticeable
because in 1994 the number of species in Mexico recognized as threatened by the IUCN
was strikingly low in comparison with the Mexican official list (Flores-Villela and Gerez
1994). Obviously, this is not the case anymore. The consequence is clear cut: within
Mexico several threatened amphibians can be officially ignored, traded, and exploited.

Among the six factors that Collins and Storfer (2003) proposed as the main causes of
amphibian declines, land use change is by far the most important affecting Mexican
species (322 affected species; Table 3). Agriculture, aquaculture, cattle breeding, logging,
wood harvesting, and urban development are the most common activities in Mexico that
promote habitat destruction and fragmentation (Merino-Pérez 2003). This has seriously
impacted the diversity and abundance of amphibian populations. In several well-studied
neotropical regions in Mexico, where habitat destruction has been evident, nowadays it is
difficult to find a single amphibian, even though 30-35 years ago many plethodontid
salamanders were encountered by hundreds (Parra-Olea et al. 1999; Lips et al. 2004;
Rovito et al. 2009). The xeric habitats in northern Mexico have also suffered from intense
land use change, negatively affecting amphibian populations. For example, human
development in the Baja California region is depleting freshwater and associated native
habitats, critically threatening species such as Anaxyrus californicus and Rana draytonii
(Lovich et al. 2009). Similarly, increasing urbanization in the dry plains of Aguascalientes
has reduced drastically the distribution range of Smilisca dentata, a micro-endemic species
considered as EN (Vazquez-Diaz and Quintero-Diaz 2005; Sigala-Rodriguez and Greene
2009). In fact, Ochoa-Ochoa et al. (2009) demonstrated that all amphibians endemic to
Mexico have suffered the effects of habitat loss and 36 of such species have lost more than
50% of their original area of distribution.

Emerging infectious diseases represent the second most important threat to Mexican
amphibians. It has long been recognized that new diseases caused by infectious agents such
as bacteria, viruses, and fungi can cause the decline and extinction of amphibian popu-
lations (Collins and Storfer 2003). One of the major pathogens presently known as
responsible for several cases of decline of amphibians in the wild and in captivity is the
fungus Batrachochytrium dendrobatidis (Bd; Berger et al. 1998). Research on the presence
and effects of this disease (chytridiomycosis) in Mexico is only starting. Nevertheless, a
few studies have documented the presence of Bd in Mexican amphibian species, either by
indirect evidence such as the loss of keratinized mouthparts in tadpoles (Lips et al. 2004) or
by direct examination of specimens (both adults and larvae) using real-time PCR assays
(Frias-Alvarez et al. 2008). Several species (almost all endemic to Mexico) have been
found positive with Bd (e.g., Agalychnis moreletii, Ambystoma altamirani, A. granulosum,
A. mexicanum, A. rivulare, A. velasci, Craugastor saltator, Hyla euphorbiacea, H. eximia,
Exerodonta melanomma, Lithobates megapoda, L. montezumae, L. neovolcanicus,
L. spectabilis, Pachymedusa dacnicolor, and Ptychohyla erythromma; Lips et al. 2004;
Frias-Alvarez et al. 2008). Many other species might present this fungus but not enough
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surveys have been conducted. This disease might have played an important role in the
declines of Mexican amphibians in high-altitude zones, where habitats remain relatively
pristine (Lips et al. 2004). However, future studies are urgently needed to confirm this
hypothesis.

Chemical pollution is another important factor causing negative population trends in
Mexican amphibians. Excessive use of fertilizers, pesticides and other synthetic organic
compounds has generated high levels of water contamination. Moreover, the water bodies
adjacent to urban settlements usually receive elevated amounts of wastewater (CONAGUA
2007). Metals as aluminum, zinc, plumb, mercury, arsenic, and silver have strong impacts
on amphibians such as slow growth and developmental and behavioral alterations (Blau-
stein and Kiesecker 1997). Sosa et al. (2002) reported severe corporal malformations in an
unidentified species of Hyla inhabiting near a mine in the state of Guanajuato. These
malformations are apparently associated with the abundance of tailings (a mineral mix
containing calcium, magnesium, iron, potassium and toxic metals such as copper, zinc,
plumb, and silver) in the zone. Several endemic species of threatened neotenic axolotls in
the genus Ambystoma inhabit freshwater systems in central Mexico, which is currently the
region with the highest human population density and with the highest levels of water
pollution (Ezcurra et al. 2006). Various species in the genera Incilius and Lithobates are
also suffering from the pollution of the water bodies where they inhabit (Table 3).

A total of 41 Mexican amphibians are experiencing the negative effects of alien species.
Clearly, most ambystomatid salamanders and some native members of the genus Litho-
bates are currently threatened by exotic species (Table 3). All these species have in
common a strong dependency of water bodies and all throughout Mexico many species of
farmed fish have been introduced to such freshwater systems (Arredondo-Figueroa 1983;
Courtenay 1997). These exotic fishes prey upon eggs, tadpoles and juveniles and are rough
competitors for native amphibians (Canonico et al. 2005).

Alien amphibians also represent a serious threat for native species (Kraus 2009). Some
members of the genus Lithobates, when introduced to places outside their original range of
distribution, exert strong pressures on the native fauna. These species can be voracious
predators, rough competitors, and disease vectors (Lever 2003; Ledn-Regagnon et al. 2005;
Brooks et al. 2006; Alvarez-Romero et al. 2008). Lithobates catesbeianus, the American
bullfrog, has been introduced to southern and western Mexico (Dominguez-Torres and
Mellink 2003; Lever 2003; Cisneros-Heredia 2004; Kraus 2009) and currently represents a
serious risk for local populations of amphibians (Casas-Andreu et al. 2001). This species,
which is commonly farmed for human consumption, is an aggressive and generalist
predator that displaces other native amphibians (Casas-Andreu et al. 2001; Alvarez-Ro-
mero et al. 2008). For example, the introduction of L. catesbeianus to the lower Colorado
River has been associated with the local extirpation of L. yavapaiensis (Mellink and
Ferreira-Bartrina 2000). Moreover, bullfrogs appear to transmit parasites to local
amphibians. The trematod, Haematoloechus floedae, originally described from the lungs of
L. catesbeianus, has been recently detected in L. brownorum and L. vaillanti, in the
Yucatan peninsula (Le6n-Régagnon et al. 2005; Brooks et al. 2006).

Two other aggressive ranids have expanded their range of distribution to northwestern
Mexico. Lithobates berlandieri (introduced to northwestern Sonora, northern Baja Cali-
fornia, and the Colorado River; Rorabaugh et al. 2002) and L. forreri (introduced to the
Baja California peninsula; Grismer 2002; Alvarez-Romero et al. 2008) have invaded
riverine and agricultural habitats. These species might likely contribute to the regional
decline and extirpation of native ranid frogs such as L. yavapaiensis (Mellink and Ferreira-
Bartrina 2000; Rorabaugh et al. 2002). Another anuran species native to Africa, Xenopus
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laevis, has also been introduced to the northern portion of the Baja California peninsula
(Dominguez-Torres and Mellink 2003; Lever 2003; Kraus 2009). Its effects on native
amphibian fauna are not completely clear, but it has been suggested that this alien frog can
be a strong competitor and an important predator of larvae of native amphibians (Alvarez-
Romero et al. 2008).

Global warming and increased ultraviolet radiation is apparently affecting 36 amphibian
species in Mexico. Unfortunately, studies attempting to formally test the effects of these
factors on their population trends are remarkably scarce. However, the existing evidence
highlights the feasible consequences of these global changes. Parra-Olea et al. (2005) used
the Genetic Algorithm for Rule-set Prediction (GARP) and projected the potential distri-
bution of two endemic plethodontid species (Pseudoeurycea leprosa and P. cephalica)
under scenarios of global climate change. They suggested that the effects of climate change
may drastically reduce their geographic distribution and therefore, decrease the persistence
probabilities of P. leprosa and P. cephalica. These effects could be more drastic for P.
leprosa which may lose almost 75% of its distributional area approximately by the year
2050. This scenario of habitat reduction caused by present and future increases in the
global temperature (Thomas et al. 2004) must also apply for many other vertebrate species
in Mexico, as has just been shown for Mexican lizards (Huey et al. 2010; Sinervo et al.
2010).

Several studies have documented the adverse effects of ultraviolet radiation (particu-
larly of the B portion of the spectrum: UV-B) in amphibians (Blaustein et al. 1995; Lizana
and Pedraza 1998; Broombhall et al. 2000; Hékkinen et al. 2001). These negative effects can
be lethal (mortality) or sub-lethal (e.g., malformations and lowered rates of growth) and
can affect different developmental stages (embryos, tadpoles, juveniles, and adults;
Blaustein et al. 2001). The embryo stage is probably the most vulnerable to UV-B radiation
(Langhelle et al. 1999). Frias-Alvarez et al. (2010) conducted controlled experiments with
the Mexican axolotl, Ambystoma mexicanum, which is an endemic and critically endan-
gered species that nowadays can only be found in two reduced water bodies immersed
within Mexico City (Zambrano et al. 2007; Contreras et al. 2009). They found that the
environmental UV-B radiation of Mexico City negatively affects hatching success, time to
hatch, size of hatchlings, and significantly induces several types of malformations. This in
turn would drastically affect the persistence probability of the remaining population of this
emblematic species for the Mexican culture (Zambrano et al. 2007). Experimental or
empirical evidence of the adverse effects of increased ultraviolet radiation on other
Mexican amphibians is currently lacking.

In Mexico, several species of amphibians such as Ambystoma dumerilii, A. mexicanum,
Charadrahyla taeniopus, Ecnomiohyla miotympanum, Incilius marmoreus, 1. valliceps,
Lithobates berlandieri, L. megapoda, L. montezumae, and Rhinella marina are used for
food, as folk ornaments, or in traditional medicine (Cabaifias-Hernandez 1974; Lazcano-
Barrero et al. 1986; Huacuz-Elias 2002; Ruiz-Boites 2008; Ramirez-Bautista et al. 2009).
Other species experience relatively high levels of pet trade such as A. raylori, Chiro-
pterotriton dimidiatus, C. multidentatus, Hyla eximia, Pachymedusa dacnicolor, Pseud-
oeurycea bellii, and Smilisca baudini (Lazcano-Barrero et al. 1986; Aguilar et al. 2003;
Vazquez-Diaz and Quintero-Diaz 2005; Ruiz-Boites 2008; Ramirez-Bautista et al. 2009).
The lack of federal regulations or monitoring programs for these activities is resulting in
the over-exploitation of these organisms (36 species are under this threat), which in turn is
drastically reducing their natural populations. A clear example is the 53% demographic
decrease documented for A. dumerilii (Huacuz-Elias 2001, 2002). However, recent efforts
have had success in reproducing A. dumerilii in captivity for commercial and research
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purposes (Pérez-Saldafia et al. 2006), which in the long term would help to minimize the
over-exploitation of its natural population.

One of the main findings of our extensive literature search was the unfortunate scarcity
of formal demographic or genetic studies that quantitatively address the population trends
of Mexican amphibians. Even though the concern and scientific interest in the conservation
status of amphibians occurred approximately at the same time in Mexico (Lazcano-Barrero
et al. 1986; Casas-Andreu 1989; Flores-Villela and Gerez 1994; Santos-Barrera et al. 1994)
as in other countries (Barinaga 1990; Wake 1991), few studies have been conducted in
Mexico since then. For only 138 species (37.1%) we could find some documented evidence
of actual or potential threats (Table 3). Furthermore, only two studies formally examined
the population dynamics of threatened native amphibians (Ambystoma mexicanum and A.
altamirani; Zambrano et al. 2007; Rodriguez-Reyes 2009), whereas not even a single work
evaluated the conservation genetics of their studied species. Thus, the great majority of the
conservation status rankings are based mostly on appreciative comparisons of species
abundances in the past and in recent years, on reports of apparent reductions of distribu-
tional ranges and on the presence of imminent threats such as the detection of the chytrid
fungus in some localities. Therefore, we strongly encourage future quantitative (either
demographic, genetic or both) work on these organisms in Mexico in order to provide the
basis for strongly-supported conservation categories.

Concluding remarks

The general picture that we presented here on the conservation status and decline trends of
Mexican amphibians appears to be disturbing. Rather than pretending to be pessimistic
about the future, we aimed to motivate, with this information, development of future
studies on these organisms in Mexico. Even though this country represents the fifth largest
amphibian fauna in the world (Ochoa-Ochoa and Flores-Villela 2006; Stuart et al. 2008;
IUCN 2010), only few scientists, academic institutions, and funding agencies are currently
working and investing resources on this vertebrate group. In fact, many Mexican species
lack the necessary information to propose more accurate conservation categories. Our
summary may also be used as a basis to guide future studies because it points out to the
taxa that suffer from unfortunate lack of information as well as to those that are under the
highest risk and which in consequence need urgent attention. The first step towards the
conservation of amphibians in Mexico is to acquire deep knowledge of their basic biology,
distribution, taxonomy, demography, and population genetics.
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