
ZOOTAXA

ISSN 1175-5326  (print edition)

ISSN 1175-5334 (online edition)Copyright © 2017 Magnolia Press

Zootaxa 4277 (4): 573–582  

http://www.mapress.com/j/zt/
Article

https://doi.org/10.11646/zootaxa.4277.4.7

http://zoobank.org/urn:lsid:zoobank.org:pub:6E14549C-730F-40E8-839D-85FE1041D443

A new species of Isthmura (Caudata: Plethodontidae) from the montane cloud 

forest of central Veracruz, Mexico

ADRIANA SANDOVAL-COMTE1, EDUARDO PINEDA1,4, 

SEAN M. ROVITO2 & RICARDO LURÍA-MANZANO3

1 Red de Biología y Conservación de Vertebrados. Instituto de Ecología, A. C. Carretera antigua a Coatepec No. 351, El Haya, 

Xalapa, Veracruz, México. E-mail: adriana.sandoval@inecol.mx; E-mail: eduardo.pineda@inecol.mx
2Unidad de Genómica Avanzada (LANGEBIO), CINVESTAV, Irapuato, Guanajuato, México. E-mail: sean.rovito@cinvestav.mx
3Laboratorio de Herpetología, Facultad de Ciencias Biológicas, Benemérita Universidad Autónoma de Puebla, C.P. 72570, Puebla, 

México. E-mail:�doumbek@hotmail.com.
4Corresponding author. E-mail: eduardo.pineda@inecol.mx

Abstract

We describe a new plethodontid salamander species of the genus Isthmura, known only from one locality in the moun-

tainous region of central Veracruz, Mexico. Like its congeners, Isthmura corrugata sp. nov. has a large and robust body, 

but it is easily distinguished from the other species in the genus by the absence of any spot or mark on the dorsum (except 

by dull reddish brown coloration on eyelids) and by extremely well-marked costal grooves separated by very pronounced 

costal folds. Based on an mtDNA phylogeny, the new species is most closely related to the geographically distant I. boneti

and I. maxima but occurs very near I. naucampatepetl and I. gigantea on the eastern slope of Cofre de Perote, Veracruz. 

The region where I. corrugata occurs contains a high number of plethodontid salamander species and is threatened by 

human activity.
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Introduction

The Neotropical salamander genus Pseudoeurycea was recently split into three genera: Aquiloeurycea, Isthmura, 

and Pseudoeurycea (Rovito et al. 2015). Salamanders of the genus Isthmura, formerly recognized as the 
Pseudoeurycea bellii complex (Parra-Olea et al. 2005), are the largest terrestrial plethodontids in the Neotropical 
region (Rovito et al. 2015). They are black, robust, large-bodied animals commonly with red, orange, or pink 
dorsal coloration on a black background and slight interdigital webbing with a well-developed fifth toe. The genus 
Isthmura currently contains six species: I. bellii, I. boneti, I. gigantea, I. maxima, I. naucampatepetl, and I. 

sierraoccidentalis. All species occur exclusively in Mexico, although Bezy et al. (2004) discuss the remote 
possibility that I. sierraoccidentalis might occur in Arizona. Most species inhabit montane forests above 2,000 m 
elevation, excluding I. gigantea (1,000–2,000 m) and I. maxima (ca 750–2,300 m.).

We have been assessing the current status of amphibians in Veracruz, Mexico, a state with both high diversity 
and high levels of threat. We have searched both in forest and in habitat modified by human activity over the course 
of several years. During fieldwork in 2014 in a cloud forest of the mountainous central region of Veracruz, we 
found two stout, black salamanders without spots or marks on the dorsum (except by dull reddish brown coloration 
on eyelids) and a corrugated body, unlike any known species. Here, we describe a new species of Isthmura from 
Veracruz based on both morphological and molecular evidence and discuss its phylogenetic relationships. The new 
salamander species seems to be rare based on the low number of individuals recorded, in spite of searches at type 
locality and surroundings during several years.
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Material and methods

Morphological analysis. We followed the standard format for Pseudoeurycea species descriptions proposed by 
Lynch & Wake (1989), previously used for the bellii group (Parra-Olea et al. 2005), which now constitutes the 
genus Isthmura. We measured 27 traits from the holotype and paratype: standard length (distance from snout to 
posterior end of vent; SL); head width; snout to gular fold (head length); head depth; eyelid length; eyelid width; 
anterior rim of orbit to snout; eye diameter; interorbital distance; distance between vomerine teeth and 
parasphenoid tooth patch; snout to forelimb distance; internarial distance; intercanthal distance; nostril diameter; 
snout projection beyond mandible; snout to anterior angle of vent; axilla-groin distance; tail length; tail width at 
base; tail depth at base; forelimb length (to tip of longest digit); hind limb length (to tip of longest toe); width of 
hand; width of foot; length of the longest (third) toe; mental gland width; mental gland length. We also counted the 
total numbers of premaxillary, maxillary, and vomerine teeth. Larger measurements were made using a digital 
caliper (Mitutoyo; 0.01mm resolution), while smaller measurements such as foot width, toes length, and head 
dimensions were made using a stereoscopic microscope (model Leica S6D). We followed Köhler (2012) to 
describe coloration in life and in alcohol of the holotype and paratype (color codes are included in parenthesis). 
Skeletal characters were assessed using X-rays.

DNA extraction and sequencing. We extracted DNA from ethanol-preserved tissue samples of two 
individuals of the new species using a Qiagen DNeasy kit (Qiagen, Valencia, CA, USA). We amplified the large 
subunit ribosomal RNA (16S) and cytochrome b (cytb) mitochondrial genes using primers 16Sar/16Sbr (Palumbi et 

al. 1991) for 16S and MVZ15/MVZ16 (Moritz et al. 1992) for cytb. PCR consisted of an initial denaturation step at 
94 °C for 2 min, followed by 38 cycles of 94 °C for 1 min, 48 °C for 1 min, and 72 °C for 1 min, with a final 
annealing step at 72 °C for 7 min. PCR products were purified with a Qiaquick PCR purification kit (Qiagen, 
Valencia, CA, USA), sequenced with BigDye 3.1 terminator chemistry, and sequenced on an ABI 3710 sequencer 
(Applied Biosystems, Foster City, CA). We edited sequences using Geneious v.5.6 (www.geneious.com, Kearse et 

al. 2012). 
Phylogenetic analyses. We obtained sequences of 16S and cytb for members of the genera Aquiloeurycea, 

Isthmura, Ixalotriton, and Pseudoeurycea from Genbank; these four genera form a clade in the mitochondrial 
phylogeny of Rovito et al. (2015). Sequences were aligned using MUSCLE v.3.8 (Edgar 2004) with default 
parameters and trimmed to the point where a majority of taxa had sequence data. After preliminary analyses with 
species from all four genera indicated a close relationship between the new species and the genera Isthmura and 
Aquiloeurycea, we conducted phylogenetic analyses using only members of those two genera in order to reduce 
ambiguously aligned regions of the 16S gene between highly divergent species. We used Pseudoeurycea rex as 
outgroup for all phylogenetic analyses. Voucher information and Genbank numbers for species of Isthmura and 
Aquiloeurycea used in phylogenetic analyses are given in Table 1.

We partitioned the sequence data by gene, and further partitioned cytb by codon position. We used the program 
PartitionFinder v1.0 (Lanfear et al. 2012) to determine the best partitioning strategy and nucleotide substitution 
model for each partition, using the Bayesian Information Criterion (BIC) to choose between partitioning schemes. 
The following partitioning scheme and nucleotide substitution models were selected: 16S, cytb codon positions 1 
and 2: HKY+I; cytb codon position 3: HKY. We used both Maximum Likelihood (ML) and Bayesian methods to 
estimate a phylogeny, and all analyses were run on the CIPRES Science Gateway (Miller et al. 2010). Maximum 
likelihood analysis was done using the program RAxML v8.0.24 (Stamatakis 2006), with the partitioning strategy 
given above and a GTR+G model for each partition (RAxML does not implement simpler models) and one 
thousand bootstrap replicates to assess support. Bayesian analyses were performed using MrBayes 3.2 (Ronquist et 

al. 2012). Two separate analyses were run for 20,000,000 generations, sampled every 1,000 generations, and four 
chains per run with default heating parameters. The first 5,000 samples were discarded as burn-in.

Results

The combined 16S and cytb mtDNA gene tree (Fig. 1) has two clades, corresponding to Aquiloeurycea and 
Isthmura, each of which is monophyletic with high support (ML boostrap [BS] >80, Bayesian posterior probability 
[PP]= 1.0). The two samples from the new Veracruz species were estimated to be part of the Isthmura clade, as the 
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sister taxon of (Isthmura boneti + Isthmura maxima) with high support in the Bayesian analysis (PP= 1.0), but with 
only weak support in the ML analysis (BS= 0.62). Within Isthmura, the new Veracruz species has a minimum 
Tamura-Nei distance of 0.014 to I. maxima and a maximum distance of 0.046 to I. sierraoccidentalis for 16S, and a 
minimum distance of 0.10 to I. boneti and a maximum distance of 0.16 to I. sierraoccidentalis. In combination 
with the phylogenetic results, morphological differences (see below) of the specimens from Coatepec, Veracruz 
provide us enough evidence to recognize this salamander as separate evolutionary unit of Isthmura, and we 
describe it as new species.

TABLE 1. Catalog number, locality information, and GenBank accession numbers for 16S and cytb sequences used in 

phylogenetic analyses. 

Isthmura corrugata sp. nov.

Suggested English name: Corrugated Salamander.
Suggested Spanish name: Salamandra corrugada.
(Figures 2, 3)

Holotype. CARIE 0943 (Colección de Anfibios y Reptiles del Instituto de Ecología, A.C.), an adult male collected 
9 km NW of Coatepec, Veracruz, México (19° 29´N, 97° 02´W), 2,106 m elevation, collected by A. Sandoval-
Comte (original field number ASC 200) at 22:15 h on 28 April 2014 (Fig. 2A–2F). 

Species Voucher number Locality 16S GenBank 

number

cytb Genbank 

number

Aquiloeurycea cafetalera IBH 14341 México: Veracruz: Rancho dos 

Puentes, Huatusco.

HM365064 -

Aquiloeurycea cephalica IBH 22603 México: Puebla: km 35, Apizaco-

Chignahuapan.

KP886863 KP900066

Aquiloeurycea galeanae IBH 24595 México: Nuevo León: Puerto de 

Cieneguillas.

KP886847 KP886904

Aquiloeurycea quetzalanensis IBH 14208 México: Puebla: Xocoyolo. HM365058 -

Aquiloeurycea scandens MVZ 173302 México: Tamaulipas: Rancho del 

Cielo.

AF451243 -

Isthmura bellii MVZ 143795 México: Jalisco: 13.8 mi W of 

Ciudad Guzmán, N slope Nevado 

de Colima.

AY864691 AY864700

Isthmura boneti MVZ 137857 México: Oaxaca: 3.1 mi W Cerro 

Machín on road to Comaltepec.

AY864712 AY864688

Isthmura corrugata CARIE 0943 México: Veracruz: 9 km NW of 

Coatepec.

MF037230 MF037232

Isthmura corrugata CARIE 0960 México: Veracruz: 9 km NW of 

Coatepec.

MF037231 MF037233

Isthmura gigantea GP0177 México: Veracruz: La Joya. AF451219 AF451198

Isthmura maxima MVZ 146785 México: Oaxaca: 19.5 km NE of 

Putla de Guerrero.

AY862154 AY864684

Isthmura naucampatepetl MVZ 173436 México: Veracruz: road to Las 

Lajas Microwave Station, 15 km S 

(by road) Highway 140.

- AY864683

Isthmura sierraoccidentalis IBH 24632 México: Chihuahua: 6 km W 

Ocampo.

KP886845 KP900049

Pseudoeurycea rex MVZ 263590 Guatemala: San Marcos: 3 km E 

Flores de Ixchiguán.

KP886852 KP900056
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FIGURE 1. The combined 16S and cytb mtDNA gene tree of Aquiloeurycea and Isthmura from maximum likelihood analysis. 

Numbers above branches correspond to bootstrap proportions, and numbers below branches correspond to posterior 

probabilities from Bayesian analysis. Branch lengths are in estimated number of substitutions per site.
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FIGURE 2. Holotype of Isthmura corrugata. A) Lateral and B) Ventral view. C) Coloration and form of costal grooves. D) 

Left hand (up) and left foot (down). E) Details of the head. F) Dorsal view. (G–H) Holotype (above) and paratype (below) 

dorsal and ventral coloration in preservation. All photographs by A. Sandoval-Comte.

Paratype. CARIE 0960, an adult male, same locality data as the holotype, collected by R. Luría-Manzano at 
15:18 h on 4 August 2014 (Fig. 2G–2H).

Diagnosis. This is a plethodontid salamander of the genus Isthmura, based on its large size, robust body, and 
presence of a sublingual fold as well as on mtDNA sequence data. Differs from all other bolitoglossines except 
Pseudoeurycea papenfussi by its extremely well-defined and bulging costal folds, giving it a segmented 
appearance that extends even across the venter. Distinguished from all species of Aquiloeurycea by its larger size 
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(A. scandens maximum SL 71 mm) and from similarly sized species of Bolitoglossa by the presence of a 
sublingual fold. Differs from large, robust species of Pseudoeurycea such as P. papenfussi and P. smithi by having 
more substantial foot webbing and triangularly shaped toes. It is the second smallest species of Isthmura

(maximum SL 85.3 mm), only slightly larger than I. naucampatepetl (maximum SL 82.9 mm); all other species in 
the genus are substantially larger (maximum SL in: I. sierraoccidentalis 88.3 mm; I. maxima 128.1 mm; I. bellii

146 mm; I. boneti 107 mm; I. gigantea 161 mm; Parra-Olea et al. 2005; Raffaëlli 2007). No females of I. corrugata 

have been found, so the maximum size of this species is likely greater than 85.3 mm SL because female Isthmura

tend to be larger than males.
Members of the genus Isthmura have been characterized by the presence of spots or marks on a solid black 

dorsal background. The new species, however, is easily distinguished from all other members of the genus by the 
absence of any spot or mark on the dorsum, which instead is uniformly black, except by dull reddish brown 
coloration on eyelids. All other species have a series of chevrons (I. boneti and I. gigantea), half-chevrons (I. bellii

and I. maxima), or small marks (I. naucampatepetl) along the dorsum, that are red-orange in all species except in I. 
naucampatepetl, in which they are pink (Parra-Olea et al. 2001; Parra-Olea et al. 2005). Isthmura 

sierraoccidentalis has a predominantly black dorsum, but all known individuals have some degree of reduced red-
orange dorsal spotting (Lowe et al. 1968; Rovito et al. 2015). Isthmura corrugata is further distinguished by 
contrasting coloration between the blackish brown dorsal and vinaceous brown ventral background color, whereas 
all other species of the genus have a uniformly black dorsal and ventral background coloration. In addition, this 
species has a body marked by deep grooves and an unusual coloring above the eyes (dull reddish brown). Some 
body proportions also distinguish the new species from its congeners (Fig. 2). It has a relatively larger head (mean 
HL/SL= 0.23 versus 0.15–0.18 in the other species) and a relatively shorter tail (mean TL/SL= 0.69 versus 0.77–
0.98 in the other species). 

FIGURE 3. Osteological details of head and teeth detail of paratype of Isthmura corrugata: V= vomerine teeth, M= maxillary 

teeth and, PM= premaxillary teeth, PS= parasphenoid.

Description of holotype. Among the large salamanders of the genus Isthmura, this is a robust but relatively 
small species (maximum SL= 85.3 mm). Its body has a very muscular appearance. It has a prominent, broad (HW/
SL= 0.22) and large head (HL/SL= 0.23) with very substantial jaw musculature. Deep postorbital groove extends 
from eye to end of jaw and continues to gular region. Snout is rounded and neck region is defined by deep groove 
behind head, slightly narrower than head. Parotoid glands are well developed and a large oval mental gland (mental 
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gland width/HW= 0.39) was present in both specimens. Eyes are protuberant. Maxillary teeth 62 (31/31), 
premaxillary teeth 6, enlarged compared to maxillary teeth; vomerine teeth 46, arranged in two arcs (22/24) 
extending beyond outer margin of choanae; around 52 parasphenoid teeth arranged in two series as inverted “V” 
shape; nasolabial protuberances are poorly developed (Fig. 3). Extremely well-marked costal grooves 13, counting 
one each in axilla and groin (Fig. 2). Tail is relatively short (TL/SL= 0.69) and robust with basal constriction and 
tip rounded. Limbs are robust and relatively long (combined limb length/SL= 0.5). Digits are well defined, 
relatively short, stout and triangular. Digits in order of decreasing length III-II-IV-I on hands and III-IV-II-V-I on 
feet (Fig. 2D). Phalangeal formulae 1-2-3-2 for hands and 1-2-3-3-2 for feet.

Coloration in life. Dorsum uniformly dark, color Vandyke Brown (282) from tail to head (including hands and 
feet). Prominent eyelids, jaw margins and gular surface pale Cinnamon-Rufous (31). Iris Raw Umber (280). Distal 
half of flanks dark, like dorsal coloration; proximal half Deep Vinaceous (248) extending to the venter and ventral 
side of limbs (Fig. 2A–2F).

Coloration in alcohol. Coloration very similar to that in life. Dorsum, dorsal surface of head, trunk, limbs, and 
tail Dusty Brown (285). Eyelids Raw Umber (280), slightly darker than in live individuals. Jaw margins and gular 
region Dark Grayish Olive (245). Distal half of flanks same color as dorsum, proximal half Deep Vinaceous (248), 
extending onto ventral surface. Ventral side of the tail color slightly more grayish than rest of its dorsum. Underside 
of hands and feet paler than in life (Fig. 2G–2H).

Measurements of holotype/paratype (in mm). Standard length (SL: distance from snout to posterior end of 
vent) 71.9/85.3; head width (HW) 15.8/17.7; head length (HL: snout to gular fold ) 16.3/20.8; head depth at angle 
of jaw 6.8/7.9; eyelid length 5.3/6.2; eyelid width 2.9/3.5; anterior rim of orbit to snout 3.6/4.5; eye diameter 2.8/
3.3; interorbital distance 4.5/5.0; snout to forelimb 21.2/27.4; internarial distance 4.5/5.5; intercanthal distance 4.8/
5.6; nostril diameter 0.4/0.6; snout projection beyond mandible 1.5/1.5; snout to anterior angle of vent 65.9/82.1; 
axilla to groin 31.6/35.1; tail length (TL) 48.3/60.2; tail width at base 7.0/7.5; tail depth at base 8.9/9.8; forelimb 
length 16.2/20.0; hind limb length 20.0/25.7; hand width 5.9/6.5; foot width 7.5/8.7; length of the longest (third) 
toe 2.1/2.3; length of fifth toe 0.9/1.2; mental gland width 6.1/6.2; mental gland length 3.8/3.8; Numbers of teeth: 
premaxillary 6/10; maxillary 62/60; vomerine 46/42 (Fig. 3).

Distribution and Ecology. Isthmura corrugata is known only from the type locality, near the city of Coatepec 
in the mountainous region of central Veracruz (Fig. 4). This mountain range lies within the eastern portion of the 
Trans-Mexican Volcanic Belt. The vegetation at the type locality is cloud forest, characterized by the presence of 
tall trees that provide a high percentage of canopy cover, a deep layer of leaf litter (≈8cm), and a high density of 
bromeliads and epiphytes. The dominant tree species are Clethra mexicana, Hedyosmum mexicanum, Miconia spp, 
Platanus mexicana, Quercus spp, as well as tree fern species (García-Franco et al. 2008; Toledo-Garibaldi & 
Williams-Linera 2014). A frequent fog maintains high levels of humidity. The holotype was found active on the 
forest floor at night, whereas the paratype was encountered inactive under a layer of leaf litter (≈10 cm) during the 
day. Despite of I. corrugata has been found only in one locality, it is possible that this species may inhabit 
additional localities around Cofre de Perote extending to the Sierra Norte de Puebla near Cuetzalan, because a high 
proportion of the amphibian fauna is shared between these areas.

Six species of salamanders have been found in sympatry with Isthmura corrugata: Aquiloeurycea cafetalera, 
Parvimolge townsendi, Thorius pennatulus, Pseudoeurycea lynchi, Chiropterotriton chiropterus and
Chiropterotriton sp. Most of these species are found in the leaf litter, except for the last three, which also use 
arboreal bromeliads.

Etymology. The specific epithet makes reference to the extremely pronounced grooves along the body, giving 
these salamanders a corrugated appearance. 

Discussion

The new species increases the number of species in the Mexican endemic genus Isthmura to seven. Isthmura 

corrugata is most closely related to I. boneti and I. maxima, both distributed in southern Mexico, specifically in the 
highlands around Oaxaca City and in portions of the Sierra Madre del Sur of Oaxaca and Guerrero, respectively. 
However, the new species is geographically much closer to I. gigantea and I. naucampatepetl, which are found in 
the southern portion of the Sierra Madre Oriental. In fact, the three species occur on the slopes of Cofre de Perote, 
Veracruz. No other region has three species of Isthmura in such close proximity.
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FIGURE 4. Map of the type locality of Isthmura corrugata in the mountainous region of central Veracruz, Mexico and, habitat 

at the type locality. Photograph by R. Luría (left) and A. Sandoval-Comte (right).

Cases of species that are geographically close, with one of them being phylogenetically closer to another 
geographically distant species, have already been documented in other plethodontid salamanders. In the genus 
Thorius, T. pennatulus occurs in central Veracruz and is the sister species of T. smithi, which occurs in Sierra de 
Juárez, Oaxaca, and is nearly sympatric with T. adelos and T. insperatus, both phylogenetically more distant 
(Rovito et al. 2013). Further studies are necessary to examine possible causes of this interesting pattern in some 
plethodontid species and the mechanisms involved. 

The genus Isthmura contains species formerly included in the Pseudoeurycea bellii species group (Parra-Olea 
et al. 2005). It was named as a subgenus of Pseudoeurycea by Dubois & Rafaëlli (2012) and contained both the 
species of the P. bellii species group as well as the P. cephalica group (now the genus Aquiloeurycea) until elevated 
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to genus level by Rovito et al. (2015). Species of Isthmura share at least two evident characters: 1) they are 
exclusively terrestrial salamanders with stout bodies and large size (SL to 161 mm), including the largest 
bolitoglossine species (I. gigantea) and 2) they have dorsal coloration that consists of a black background with a 
series of red to pinkish spots or chevrons (Parra-Olea et al. 2005). In this context Isthmura corrugata, in spite of 
sharing the character of large size (SL= 85 mm) with its congeners, is distinct in its color pattern. Its feet, with 
triangular toes, also differ from the typical foot morphology of other species of Isthmura. 

The current information about natural history or population size of I. corrugata is not enough to assess its 
conservation status. However, the type locality has been sampled approximately 20 times by our team between 
2010 and 2015, with a cumulative sampling effort of ca. 780 person-hours (Sandoval-Comte et al. 2012; Tobar-
Suárez 2012; Hernández-López 2014; Meza-Parral & Pineda 2015; Oropeza-Sánchez 2016) and just two 
individuals have been recorded. This suggests that I. corrugata is rare at the site or that its behavior and habits 
make it difficult to detect. Although the type locality is located within a municipal protected reserve of about 105 
ha, this area is threatened by logging and agricultural activities in neighboring areas and even in some portions 
within the reserve. 

The only known locality of I. corrugata is within a broader area of about 800 km2, on the eastern slope of 
Cofre de Perote (delimited by historical localities of amphibians collection around Xalapa, Naolinco, Teocelo, and 
Las Vigas towns, between coordinates 19°40´03" and 19°21´49" N, and 97°7´43" and 96°50´48" W), where 19 
plethodontid species from seven genera have been recorded (see Wake & Lynch 1976; Wake et al. 1992; Parra-
Olea et al. 2001; Parra-Olea et al. 2010). Twelve of these 19 salamander species are in high-risk categories, 
according the IUCN’s Red List (2016), and the region is currently dominated by transformed environments such as 
agricultural crops, cattle pastures, human settlements, among other types of land use, and only 23% is covered by 
cloud forest and temperate forest (Castillo-Campos et al. 2011). This region is of high priority for the conservation 
and the study of plethodontid salamanders. 

Acknowledgments

We wish to thank Patricia Hernández-López, Sarahí Caamaño, Flor Vázquez-Corzas, Marco Tulio Oropeza-
Sánchez and Arístides García-Vinalay, for field assistance. Support for this project was provided by CONABIO 
(project JF-212). Scientific collection permits were issued by Secretaría de Medio Ambiente y Recursos Naturales 
(FAUT-0303 and SGPA/DGVS/03444/15). We thank Luz A. Pérez-Solano and Mary Barrera for their help in the 
images edition. Two anonymous reviewers provided valuable comments to the manuscript.

References

Bezy, R., Enderson, E.F. & Bonine, K.E. (2004) Tlaconete Pinto Pseudoeurycea bellii (Gray, 1850) Arizona’s lost salamander. 

Sonoran Herpetologist, 17, 119–122.

Castillo-Campos, G., Avendaño, R.S. & Medina M.E. (2011) Diversidad de Ambientes: Flora y vegetación. In: Comisión 

Nacional para el Conocimiento y Uso de la Biodiversidad (Ed.), La Biodiversidad del Estado de Veracruz: Estudio de 

Estado. CONABIO, Gobierno del Estado de Veracruz, Universidad Veracruzana, Instituto de Ecología, A.C., México, 

D.F., pp. 163–283.

Dubois, A. & Raffaëlli, J. (2012) A new ergotaxonomy of the order Urodela Duméril, 1805 (Amphibia, Batrachia). Alytes, 28, 

77–161.

Edgar, R.C. (2004) MUSCLE: a multiple sequence alignment method with reduced time and space complexity. BMC 

Bioinformatics, 5, 1–19. 

https://doi.org/10.1186/1471-2105-5-113

García Franco, J.G., Castillo-Campos, G., Mehltreter, K., Martínez, M.L. & Vázquez, G. (2008) Estructura y composición de un 

bosque mesófilo del centro de Veracruz, México. Boletín de la Sociedad Botánica de México, 83, 37–52.

Hernández-López, P. (2015) Diversidad de especies de anfibios y reptiles en dos áreas naturales protegidas de la región 

montañosa del centro de Veracruz, México. B.Sc. thesis, Benemérita Universidad Autónoma de Puebla, Mexico, 38 pp.

IUCN (2016) The IUCN Red List of Threatened Species. Version 2016-3. International Union for Conservation of Nature and 

Natural Resources, Cambridge. Available from: http://www.iucnredlist.org/ (accessed 7 December 2016)

Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M., Sturrock, S., Buxton, S., Cooper, A., Markowitz, S., Duran, 

C., Thierer, T., Ashton, B., Mentjies, P. & Drummond, A. (2012) Geneious Basic: an integrated and extendable desktop 
 Zootaxa 4277 (4)  © 2017 Magnolia Press  ·  581NEW SPECIES OF SALAMANDER FROM MEXICO



software platform for the organization and analysis of sequence data. Bioinformatics, 28, 1647–1649. 

https://doi.org/10.1093/bioinformatics/bts199

Köhler, G. (2012) Color catalogue for field biologists. Herpeton, Offenbach, 49 pp.

Lanfear, R., Calcott, B., Ho, S.Y. & Guindon, S. (2012) Partitionfinder: combined selection of partitioning schemes and 

substitution models for phylogenetic analyses. Molecular Biology and Evolution, 29, 1695–1701. 

https://doi.org/10.1093/molbev/mss020

Lowe, C.H., Jones, C.J. & Wright, J.W. (1968) A new plethodontid from Sonora, Mexico. Contributions in Science, Natural 

History Museum of Los Angeles County, 140, 1–11.

Lynch, J.F. & Wake, D.B. (1989) Two new species of Pseudoeurycea (Amphibia: Caudata) from Oaxaca, México. 

Contributions in Science, Natural History Museum of Los Angeles County, 411, 11–22.

Meza-Parral, Y. & Pineda, E. (2015) Amphibian Diversity and Threatened Species in a Severely Transformed Neotropical 

Region in Mexico. PLoS ONE, 10, e0121652. 

https://doi.org/10.1371/journal.pone.0121652

Miller, M.A., Pfeiffer, W. & Schwartz, T. (2010) Creating the CIPRES Science Gateway for inference of large phylogenetic 

trees. Proceedings of the Gateway Computing Environments Workshop (GCE), 2010, 1–8. 

https://doi.org/10.1109/GCE.2010.5676129

Moritz, C., Schneider, C.J. & Wake, D.B. (1992) Evolutionary relationships within the Ensatina eschscholtzii complex confirm 

the ring species interpretation. Systematic Biology, 41, 273–291.

https://doi.org/10.1093/sysbio/41.3.273

Oropeza-Sánchez, M.T. (2016) Ocupación y Detección de anfibios con diferente historia natural en un bosque de niebla en 

México. Ms thesis, Instituto de Ecología, A.C., Mexico, 49 pp.

Palumbi, S.R., Martin, A.P., Romano, S., McMillan, W.O., Stice, L. & Grabowski, G. (1991) The Simple Fool's Guide to PCR. 

Special Publication, Department of Zoology, University of Hawaii, Honolulu, 24 pp.

Parra-Olea, G., Papenfuss, T.J. & Wake, D.B. (2001) New Species of Lungless Salamanders of the Genus Pseudoeurycea

(Amphibia: Caudata: Plethodontidae) from Veracruz, Mexico. Scientific Papers, Natural History Museum, University of 

Kansas, 20, 1–9.

Parra-Olea, G., García-París, M., Papenfuss, T.J. & Wake, D.B. (2005) Systematics of the Pseudoeurycea bellii (Caudata: 

Plethodontidae) species complex. Herpetologica, 61, 145–158.

https://doi.org/10.1655/03-02

Parra-Olea, G., Rovito, S.M., Márquez-Valdelmar, L., Cruz, G., Murrieta-Galindo, R. & Wake, D.B. (2010) A new species of 

Pseudoeurycea from the cloud forest in Veracruz, Mexico. Zootaxa, 2725, 57–68.

Raffaëlli, J. (2007) Les Urodeles du Monde. Penclen edition, Condé-sur-Noireau, 377 pp.

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Hohna, S., Larget, B., Liu, L., Suchard, M.A. & 

Huelsenbeck, J.P. (2012) MrBayes 3.2: Efficient Bayesian phylogenetic inference and model choice across a large model 

space. Systematic Biology, 61, 539–542.

https://doi.org/10.1093/sysbio/sys029

Rovito, S.M., Parra-Olea, G., Hanken, J., Bonett, R.M. & Wake, D.B. (2013) Adaptive radiation in miniature: the minute 

salamanders of the Mexican highlands (Amphibia: Plethodontidae: Thorius). Biological Journal of the Linnean Society, 

109, 622–643.

https://doi.org/10.1111/bij.12083

Rovito, S.M., Parra-Olea, G., Recuero, E. & Wake, D.B�� �2015) Diversification and biogeographical history of Neotropical 

plethodontid salamanders. Zoological Journal of the Linnean Society, 175, 167–188. 

https://doi.org/10.1111/zoj.12271

Sandoval-Comte, A., Pineda, E. & Aguilar-López, J.L. (2012) In search of critically endangered species: the current situation 

of two tiny salamander species in the Neotropical mountains of Mexico. PLoS ONE, 7, e34023e.

https://doi.org/10.1371/journal.pone.0034023

Stamatakis, A. (2006) RAxML-VI-HPC: Maximum likelihood-based phylogenetic analyses with thousands of taxa and mixed 

models. Bioinformatics, 22, 2688–2690. 

https://doi.org/10.1093/bioinformatics/btl446

Tobar-Suárez, L.C. (2012) Anfibios y remanentes ribereños: Análisis de la diversidad funcional y de especies en un paisaje 

tropical de montaña en México. Ms thesis Instituto de Ecología, A.C., Mexico, 81 pp.

Toledo-Garibaldi, M. & Williams-Linera, G. (2014) Tree diversity patterns in successive vegetation types along an elevation 

gradient in the Mountains of Eastern Mexico. Ecological Research, 29, 1097–1104.

https://doi.org/10.1007/s11284-014-1196-4

Wake, D.B. & Lynch, J.F. (1976) The distribution, ecology, and evolutionary history of plethodontid salamanders in tropical 

America. Scientific Bulletin of the Natural History Museum of Los Angeles County, 25, 1–65.

Wake, D.B., Papenfuss, T.J. & Lynch, J.F. (1992) Distribution of salamanders along elevational transects in Mexico and 

Guatemala. Tulane Studies in Zoology and Botany, Supplemental Publication, 1, 303–319.
SANDOVAL-COMTE ET AL.582  ·  Zootaxa 4277 (4)  © 2017 Magnolia Press


	Abstract
	Introduction
	Material and methods
	Results
	Isthmura corrugata sp. nov.
	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


