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Abstract. The salamander Dendrotriton megarhinus (Rabb, 1960) (Caudata, Plethodontidae), previously
known only from Cerro Tres Picos in La Sepultura Biosphere Reserve, Chiapas, Mexico, has been found at
Cerro La Bola, Chiapas, extending its geographic range. In this report we provide four new records and
outline aspects of the species’ ecology as well as threats to its habitat. Despite conservation efforts, the
species remains Vulnerable to threats like climate change and infectious disease. We emphasize the impor-
tance of its conservation and the continued monitoring of the species and its habitat.
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INTRODUCTION

Neotropical salamanders constitute 40% of the world’s salamander species (Rovito et al. 2016). These
non-aquatic, lungless amphibians are highly sensitive to environmental conditions and depend on moist
habitats. The cloud forests of Central America harbor a remarkable diversity of salamander species. These
forests provide essential environmental conditions and refuges from desiccation and extreme tempera-
tures (Wake 1987). However, the distribution of salamanders is closely tied to cloud forests, which are
often isolated. Consequently, habitable areas for plethodontids are separated by valleys or lowland areas,
which results in discontinuous distributions influenced by past climatic fluctuations (Wake and Lynch 1982).
The genus Dendrotrit on Wake & Elias, 1983, includes eight species of plethodontid salamander that are
allopatrically distributed from southeastern Mexico to northeastern Honduras (Wake 1987; Rovito et al.
2012). Due to historical climate fluctuations, the habitable areas for Dendrotriton have been reduced to
isolated patches resulting in allopatric distributions and vicariant speciation (Wake and Lynch 1976; Rovito
et al. 2012). Only two species of this genus are present in Mexico: Long-nosed Bromeliad Salamander
Dendrotriton megarhinus (Rabb, 1960) and Xolocalca Bromeliad Salamander D. xolocalcae (Taylor, 1941).
OPEN 8Accsss Both species inhabit small portions of the cloud forests in the Sierra Madre de Chiapas, a mountain chain
that runs parallel to the Pacific Coast.
While D. xolocalcae is present in at least three locations in the Sierra Madre de Chiapas, D. megarhi-
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The species is currently considered Vulnerable according to the IUCN Red List, and under special protection
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Figure 1. Distribution of Dendrotriton
megarhinus. A. Map showing historic and
new records from Cerro La Bola, along
with the area of its potential habitat based
on field observations and by relative
occurrence rate of tropical montane

cloud forests, presented as percentage.
B. Macrolocation of REBISE in Chiapas,
Mexico.

METHODS

From October 2020 to June 2021, we conducted seven field visits to the Sierra Madre in Chiapas, Mexico.
In February of 2021, we recorded the presence of Dendrotriton megarhinus in a locality at the core zone
of Cerro La Bola in La Sepultura Biosphere Reserve (REBISE, Figure 1) through visual encounter surveys
carried out from 10:00 h to 16:00 h (Crump and Scott 1994) and active searches through bromeliads in a
cloud forest at an elevation between 1700 and 1900 m a.s.I. The specimens were collected with permission
obtained from the Secretarfa de Medio Ambiente y Recursos Naturales, SEMARNAT (SGPA/DGVS/02965/21).
The specimens were photographed on site and were then euthanized by immersion in a solution of 2%
lidocaine for 10 min. The specimens were preserved in 10% formaldehyde and stored in 70% alcohol at the
Coleccidn Herpetoldgica at El Colegio de la Frontera Sur (ECO-SCH) where individuals were measured. To
compare the morphology of these specimens, measurements of 17 morphometric traits were taken from
four specimens obtained from Cerro La Bola and five individuals from Cerro Tres Picos previously deposited
in ECO-SCH (Bingham et al. 2018). The following measurements were taken using digital calipers to record
the body dimensions of each specimen: snout—vent length (SVL), tail length (TL), axila groin distance (AG),
Chest width (CHW), Forelimb length (FL), hindlimb width (HL), hand width (HW), foot width (FW), snout—gular
fold distance (SG), head width (HeadW), eye diameter (ED), (Int) internarial distance, orbitonarial distance
(OD), eye—snout distance (ES), interorbital distance (lorb), intercantal distance (Ican), nostril length (NL).
Symmetrical characters were taken from the right side of the specimens. Subsequently, we conducted

a principal component analysis (PCA) to assess morphometric traits in both populations and to reduce
dimensionality by retaining the most informative variables. This also allowed us to identify any evidence of
separation or grouping among individuals. Prior to performing the analysis, we applied a correction to the
morphometric data using the Thorpe (1975) formula to avoid potential allometric bias in individuals body
size. Specifically, we calculated the adjusted value for each morphometric character as follows:

X, =109(X) ~ bllog(BL) - log(BL,,,)]

Where X, = Adjusted value for character X; X = raw/unadjusted value for character X; b = denotes the
regression coefficient (slope) obtained from regressing log(X) against log (BL); BL = measurement of body
length/size; BL,.., = grand mean of BL. This method scales all individuals to the same size and adjusts their
shape to the new size avoiding allometric effects. Data were evaluated using the GroupStruct package
(Chan and Grismer 2021). PCA analysis was performed with the FactoMiner v. 2.4 package (Lé et al. 2008)
in R. Finally, we plotted the variables with the highest contribution to the first two components. We excluded
tail length measurement from the analysis because the tail was missing in four individuals. Additionally,

we calculated and mapped the species’ area of habitat (Figure 1), based on the range of elevation and the
prediction of cloud forest ecosystems in the region, obtained using the raster layer provided by Wilson and
Jetz (2016), which shows the relative occurrence rate of tropical montane cloud-forest cover at a global
scale.
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RESULTS

Dendrotriton megarhinus (Rabb, 1960)

New records. MEXICO — CHIAPAS « Villa Corzo municipality, Sierra Morena, Reserva de la Biosfera La Sepul-
tura, Cerro La Bola; 16.1388°N, 093.6090°W; 1780 m a.s.l.; 23.11.2021, 16:05h; R. Bolom-Huet leg.; caught by
hand, inside a bromeliad, genus Tillandsia L.; 1 @, ECO-SCH-4941 - Same locality; 16.1388°N, 093.6091°W;
1780 m a.s.l.; 25.11.2021, 11:50h; L. Caloca-Pefia leg. inside a bromeliad, genus Werauhia JR. Grant; 13,
ECO-SCH-4942 - Same data as above; 1 @, ECO-SCH-4943 « Same data as above; 1785 m a.s.l.; 25.1.2021,
12:15h; R. Bolom-Huet leg.; 1 @, ECO-SCH-4944.

We recorded the presence of four individuals of D. megarhinus. These individuals were found in a
locality not previously described 6 km south of Cerro Tres Picos (Figure 1) and 2.5 km from Sierra Morena,
Villa Corzo Municipality, Chiapas, Mexico. The catalog numbers and morphological measures of collected
specimens are shown in Table 1. The species’ habitat occurs in the montane cloud forests of REBISE, and
covers an area of 650 m2at an elevation above 1780 m a.s.l. The climate is tropical sub-humid with a rainy
season in the summer and a dry season in the winter. Total annual precipitation is between 2000 and 3000
mm. Temperatures oscillate from 15 to 20 °C in the upper zones and slopes of the mountains. This vege-
tation remains perennial throughout the year, even during the dry season, due to fog, and this favors the
presence of epiphytes. The specimens were observed inside bromeliads, 2 m above the ground. In at least
one bromeliad, two salamander specimens were observed together (ECO-SCH- 4942 and 4943). Additional-
ly, we observed that D. megarhinus shares a habitat with the hylid frogs Plectrohyla matudai Hartweg, 1941
and Ptychohyla euthysanota (Kellog, 1928), the plethodontid salamanders Bolitoglossa franklini (Schmidt,
1936) and B. occidentalis Taylor, 1941, and the endemic lizard Abronia morenica Clause, Luna-Reyes &
Nieto-Montes De Oca, 2020.

Identification. The specimens were determined to be D. megarhinus based on their morphological traits
(Table 1) and by considering the ecological characteristics of the genus. These salamanders have arboreal
habits and relatively typical external morphology with slender, medium-sized bodies and a tail longer than
the rest of their body (Figure 2A; Rabb 1960; Wake and Elias 1983; Wake 1987). Dendrotriton megarhinus

Table 1. Measurements of the external morphological characters (in mm) of the four specimens collected in Cerro La Bola and five specimens from Tres Picos
locality; the catalog numbers of the Coleccién Herpetoldgica ECOSUR are displayed. SVL = snout—vent length, TL = tail length, AG = axila groin distance, CHW =
Chest width, FL = Forelimb length, HL = hindlimb width, HW = hand width, FW = foot width, SG = snout—qular fold distance, HeadW = head width, ED = eye diameter,
Int = internarial distance, OD = orbitonarial distance, ES = eye to snout distance, lorb = interorbital distance, Ican = intercantal distance, NL = nostril length, NA = Not
applicable.

Tres picos La Bola
Characters  ECO-SCH ECO-SCH ECO-SCH ECO-SCH ECO-SCH ECO-SCH ECO-SCH ECO-SCH ECO-SCH
0673 0674 0675 0676 0677 4941 4942 4943 4944
é ? 2 ? 3 ? 3 ? ?
SVL 20.6 14.8 151 15 15.3 15.7 15.9 17.2 155
TL 201 NA NA NA NA 8.3 18.1 13.6 20.6
AG 9.5 73 8.1 8.4 78 8.6 8.9 9.2 8.4
CHW 2.7 1.9 2.3 2.1 19 2.4 2.0 2.2 2.4
FL 53 45 41 3.8 41 35 4. 4.2 48
HL 5.9 43 46 47 4.6 34 43 5.1 5.1
HW 15 0.9 11 1.2 0.9 11 0.8 0.9 11
FW 2.2 1.3 1.3 1.3 1.4 11 1.0 1.2 1.1
SG 5.2 34 37 4.2 39 38 44 4.4 46
HeadW 38 2.8 29 29 2.8 2.8 29 31 31
ED 1.8 1.4 13 1.4 14 1.2 12 12 1.4
Int 0.8 0.8 0.8 0.8 0.9 0.6 0.7 0.5 0.8
0D 0.7 0.6 0.6 05 0.8 0.5 0.6 0.3 05
ES 1.5 1.6 1.3 1.2 1.6 15 1.4 17 14
lorb 2.0 1.2 1.2 12 1.7 11 1.2 11 12
Ican 1.4 1.2 1.5 1.5 1.5 1.2 0.9 1.6 11
NL 0.9 11 0.9 0.9 1 1.01 1.0 0.9 0.9
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Figure 2. Dendrotriton megarhinus and
its habitat. A, B. ECO-SCH-4944, adult
specimen observed at Cerro La Bola,
REBISE. C. ECO-SCH-4941, an individual
from the front where the large nostrils
characteristic of the species is evident. D.
View of Cerro La Bola from Sierra Morena.
E, F. Detail of the montane forest, the
habitat of the newly recorded species.

can be distinguished from congeners by its large nostrils that protrude into an elongated snout (Table 1,
Figure 2). It differs from D. xolocalcae, the other Dendrotriton species occurring in Mexico, by its significant-
ly larger nostrils, longer snout, shorter limbs, and longer tail. Additionally, D. xolocalcae has a compact body
and is smaller in size compared to D. megarhinus (Lynch and Wake 1975). The large nostrils were observed
in four individuals collected at the newly recorded site (Figure 2A—C). These individuals also had long
extremities and digits that were slightly webbed by an interdigital membrane (Table 1). This species varies
in color from dark brown to red and occasionally has dorsolateral stripes (Figure 2B, C) or dark, triangular
spots on the head (Rabb 1960). The PCA of morphometric characters resulted in two principal components
(Figure 3A): PC1 retained 53.9% of the variation, while PC2 retained 20.9% of the explained variation. A
separation between the individuals of both localities is shown, being more pronounced in the first principal
component (PC1), while the 95% confidence interval indicates overlap (Figure 3A). The variables with the
highest contribution (%) to PC1 were OD =32.3, Int =16.9, FW =16.7 and IORB = 16.4 (Figure 3B) while for
PC2 were: HW =35.4, Ican = 20.3, Orb =16.5, CHW = 7.5 and ES = 6.9 (Figure 3C).

DISCUSSION

The records of Dendrotriton megarhinus at Cerro La Bola widen the previously known distribution and ele-
vation range of the species at Cerro Tres Picos, they also broaden the elevational range for all Dendrotriton
species. Currently, only D. bromeliacius (Schmidt, 1936) has been recorded below 2000 m a.s.I. ([UCN SSC
Amphibian Specialist Group, 2020). Until now, there was no evidence of the presence of D. megarhinus
outside the core area of Cerro Tres Picos. The description of this species by Rabb (1960) indicates that the
paratypes were collected from the north slope of Cerro Tres Picos. Since then, studies on the genus have
only included specimens from that locality (Lynch and Wake 1975; Collins-Rainboth and Buth 1990; Wilkinson
1997; Rovito et al. 2012).

Previous studies on Dendrotriton of have enabled the morphological distinction of species in the genus
(Lynch and Wake 1975). Our morphometric analysis reveals that the individuals of D. megarhinus exhibit
morphological differences between the localities, particularly in head measurements. However, this result
should be interpreted with caution due to the small sample size and the expected variability indicated by
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Figure 3. PCA plot. A. Biplot of individuals
analyzed; confidence ellipses = 95%. B.
Contribution of the variables analyzed for
PC1. C. Contribution of variables analyzed
for PC2. Red lines indicate the expected
average contribution.

A PCA . ‘ B Pct
Tres Picos ; I 5
La Bola | X

ST PSR

C PC2

N
o

Contributions (%)

o

[ F— I
Q\VQ§ © <

PC2 (20.9%)

30 |
. IIIIII
‘§\ \:?'Q O&QQ§ (‘/% QAA B

the confidence ellipses (Figure 3), which show a marginal overlap between localities. Additionally, the size
of the nostrils was remarkable in the specimens examined, a feature not observed in other Dendrotriton
species (Rabb 1960).

The distribution of D. megarhinus is a consequence of the highly specialized nature of the species, the
region’s intricate geography, a history of fluctuations in climate, and the effect of vicariance on species with
limited distribution ranges (Rovito et al. 2012). Its habitat is found in the zone with the least ecological con-
nectivity of the Sierra Madre de Chiapas (Bolom-Huet et al. 2022) due to the complex topography and an
abrupt drop in elevation in the direction of the Isthmus of Tehuantepec (Wake and Lynch 1976). Considering
the range of elevation at the site in Cerro La Bola and the presence of cloud forests (Karger et al. 2021), the
habitat of D. megarhinus in this new locality is calculated to be an area of less than 1 km (Figure 1).

Cloud forest is the most threatened ecosystem in Mexico due to its small extent (Ponce-Reyes et al.
2012), as it is typically restricted by elevation on mountain slopes (Foster 2001). In REBISE where the cloud
forests only occur in three core zones (Cerro La Bola, Cerro Tres Picos, and Cerro Chompipe, CONANP
2013), the suitable habitat for D. megarhinus is limited to elevations above 1750 m a.s.l. Despite measures
implemented to protect these ecosystems in the region, expected threats to cloud forests are from climate
change and extreme weather (Ponce-Reyes et al. 2012; Karger et al. 2021), which makes the species
occupying this habitat, including D. megarhinus, extremely vulnerable to extinction. In contrast to Cerro Tres
Picos, where the cloud forest is in a remote area with minimal human interference (JUCN SSC Amphibian
Specialist Group 2020), the habitat of D. megarhinus at Cerro La Bola is bordered to the north by a buffer
zone and the agricultural fields of Sierra Morena, where coffee and palms are cultivated by local farm-
ers. These two locations are separated by a depression characterized by semi-evergreen tropical forest,
secondary vegetation patches, and agricultural fields (INEGI 2016). Moreover, due to the region’s high
scenic value and accessibility, local communities have developed low-impact ecotourism, which has led to
a moderate increase in visitors. Among other vulnerabilities identified, the species may also be sensitive
to pathogens introduced through human intervention and to the effects of chytridiomycosis caused by
the fungus Batrachochytrium dendrobatidis Longcore, Pessier & Nichols, 1999, which comes in through
the temporary and permanent streams from Sierra Morena where its principal hosts are the hylid frogs P
matudai and P. euthysanota; both species show a tolerance to the infection and frequently migrate through
temporary streams from the lowlands to the cloud forests in search of a humid refuge during dry season
(Bolom-Huet et al. 2023).

This study increases our knowledge on the distribution of D. megarhinus, along with its possible conser-
vation threats. Current records are relevant to extend the elevational range of Dendrotriton, since only two
species have been recorded below 2000 m a.s.I. Further field research can provide valuable information
about the distribution of range extensions, particularly for these locally endemic plethodontids. This empha-
sizes the importance of the continued evaluation on the species’ ecology as well as conservation efforts to
protect these populations from susceptibility to changes in climatic conditions and the effects of emerging
infectious diseases.
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