Zoological Studies 58: 17 (2019)
doi:10.6620/ZS.2019.58-17

Open Access

Local-scale Seasonality Shapes Anuran
Community Abundance in a Cloud Forest of the
Tropical Andes
Pedro M. Villa1,*, Antonio J. Pérez-Sánchez2,*, Francisco Nava3, Aldemar Acevedo4, and Diego A.
Cadenas5
Fundación para la Conservación de la Biodiversidad, Puerto Ayacucho, Amazonas, Venezuela. *Correspondence: E-mail: villautana@gmail.com
Thünen Institute of Biodiversity, Braunschweig, Germany. *Correspondence: E-mail: antonio.perez@thuenen.de
3
Laboratorio de Ecología Sensorial, Centro Multidisciplinario de Ciencias, Instituto Venezolano de Investigaciones Científicas, Mérida, Venezuela
4
Laboratorio de Biología Evolutiva, Pontificia Universidad Católica de Chile, Santiago, Chile
5
Instituto de Ciencias, Ambientales y Ecológicas, Universidad de Los Andes, 5101, Mérida, Venezuela
1
2

Received 18 November 2018 / Accepted 5 June 2019 / Published 17 July 2019
Communicated by Yeong-choy Kam

Analysing how seasonality shapes abundance patterns fosters understanding of the processes related
to amphibian community assemblies. In this study we analyse the relationship between local seasonal
patterns of abundance within the anuran community of the Monte Zerpa Cloud Forest, Mérida Mountain
Range (Cordillera de Mérida), in the Venezuelan Andes. We hypothesized that variation in precipitation,
temperature, and relative humidity affects the temporal abundance patterns of anurans. Data collection
was performed through nocturnal biweekly inspections from 2002 to 2003. Air temperature, relative
humidity, and monthly precipitation were considered as variables of climatic seasonality. Generalized
linear models were used to evaluate the effect of climatic variables on anuran abundance across seasons.
Overall, 542 individuals and four anuran species were recorded in stream tributaries only. The local anuran
community was comprised of Hyalinobatrachium duranti, Hyloscirtus platydactylus, Hyloscirtus jahni, and
Pristimantis vanadisae. The most abundant species were H. duranti (288 individuals) and H. platydactylus
(145 individuals), representing 53% and 27% of the total anuran abundance, respectively. Differences in
abundance between species were observed. Although the total abundance of anurans was higher during
the low precipitation season, no significant differences between the two seasons were detected. The
variation in anuran abundance was explained by relative humidity and temperature. Our results suggest
that the highest abundance of anurans can be expected when temperatures reach favourable levels (1517°C), relative humidity increases, and precipitation remains constant.
Key words: Anuran assemblages, Centrolenidae, Cordillera de Mérida, Craugastoridae, Hylidae,
Hydroperiod.

et al. 2011; Ficetola and Maiorano 2016). Fluctuations
in the abundance of amphibians have also been
considered a key indicator of environmental variability
(Duellman and Trueb 1994; Alford and Richards 1999;
Buckley et al. 2012). Such variations have proven
to be relevant to the evaluation of anthropogenic
impacts on modified landscapes and the prediction

BACKGROUND
Understanding how species richness, composition,
a n d a b u n d a n c e p a t t e r n s r e s p o n d t o d i ff e r e n t
environmental drivers has been fundamental to the
analysis of processes related to amphibian community
assemblies (Duellman and Trueb 1994; Santos-Pereira
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of climate change scenarios (Cole et al. 2014; While
and Uller 2014; Almeida-Gomes et al. 2015; Pacifici
et al. 2015), especially tropics, some amphibian
populations have declined and gone extinct (Pounds et
al. 1999; Stuart et al. 2004; Menéndez-Guerrero and
Graham 2013). In addition, monitoring of amphibian
abundance has been fundamental in establishing a
reference for wildlife conservation criteria (Young et
al. 2001; Wiens 2016). Besides, spatial and temporal
variations in species abundance strongly determine
the amphibian communities’ structure (Duellman and
Trueb 1994; Marsh 2001). Studies have shown that
amphibian abundance patterns can change over time
due to multiple climatic factors; for example, changes
in precipitation and temperature (Pounds et al. 1999;
Stuart et al. 2004; Menin et al. 2011; Pacifici et al.
2015). For this reason, identification of those factors
that regulate temporal variation in amphibian abundance
remains necessary in order to understand the processes
that govern species diversity and overall abundance in
this critical group, and thereby to establish appropriate
levels of conservation for the ecosystems they occupy.
Abiotic variables such as temperature, precipitation, and relative humidity are considered the critical
climatic variables shaping abundance patterns along
environmental gradients (Pounds et al. 1999; Ficetola
and Maiorano 2016). Despite the high degree of
covariation between environmental variables, it is
possible that each of them influences anuran abundance
at the local scale in different ways (Brooke et al. 2000).
However, the amphibian environment relationship
has generally been evaluated using temperature and
precipitation, or their simultaneous effect, as the
main determinants of abundance (Alexander and
Eischeid 2001; Saenz et al. 2006; Pacifici et al. 2015).
Furthermore, it has been demonstrated that abrupt
changes in temperature and humidity have a remarkable
influence on the decrease in abundance of amphibians
in different habitats (Pounds and Crump 1994; Pacifici
et al. 2015), mainly because temperature and water
play an essential role in the biological cycles of these
vertebrates (Carey et al. 2001; Buckley et al. 2012;
Ficetola and Maiorano 2016; Barbosa et al. 2017).
The Andes is considered as a hotspot for
conservation with high biological diversity and high
endemism levels per unit area (Myers et al. 2000).
Moreover, the mountainous regions of the tropical
Andes and Central America have a high risk of species
loss and constitute a focal zone for studies regarding
the dynamics and processes of amphibian communities
(Myers et al. 2000; Hutter et al. 2017). In fact, most
of the amphibian species with declining populations
are located in Andean regions (Lips et al. 2005 2008).
In Venezuela, most of the species suffering critical
© 2019 Academia Sinica, Taiwan
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population decline are found in Mérida Mountain Range
(Cordillera de Mérida) and Coast Mountain Range
(Cordillera de La Costa), where anuran species such as
Atelopus carbonerensis, A. pinangoi, and A. sorianoi
seem to have reached the brink of extinction over the
last two decades (La Marca et al. 2005). In general, the
anuran species found in the Mérida Mountain Range
have a restricted distribution, which increases their
vulnerability to extinction (La Marca et al. 2005). To
date, most of the research developed in the region has
been focused on taxonomic reports, habitat descriptions,
and the impact of chytridiomycosis disease (La Marca
1992, Piñero and Durant 1993, Sánchez et al. 2008,
Cadenas et al. 2019). Against this background, further
research based on small-scale and temporal analysis (i.e.,
local seasonal and inter-annual) of the variability in
amphibian populations is necessary in these ecosystems
susceptible to global climate change.
Tropical montane could forests represent the
main habitats for amphibians along Mérida Mountain
Range (La Marca 1992). These ecosystems are
characterized by a high cloudiness, high humidity,
and low temperatures without dry months in terms of
precipitation, which confers to them high climactic
stability (Ataroff and Sarmiento 2004, Bruijnzeel
et al. 2010). However, such climatic stability for
ectothermic species (i.e., amphibians) may depend on
local seasonality. Herein, we aimed to assess how localscale seasonality, namely on precipitation, temperature
and humidity, affect anuran community abundance in
Monte Zerpa Cloud Forest of Mérida Mountain Range
(Venezuelan Andes). Since changes in climatic variables
are often hypothesized to influence variation in anuran
community abundance (Pacifici et al. 2015; Ficetola and
Maiorano 2016), it would be expected that local anuran
communities show a temporal variation associated with
local seasonality. Based on this anuran community–
local climate relationship hypothesis, we tested whether
seasonal variation in climatic variables promotes
changes in species composition and abundance within
the anuran community. Herein, we address the following
questions: i) Is there a temporal pattern within the
anuran abundance? ii) Does local seasonality shapes the
anuran abundance? and iii) What are the main effects of
climatic variables on anuran abundance?
MATERIALS AND METHODS
Study area
The study was performed in the area of Monte
Zerpa, in the municipality of Libertador, Mérida State,
Venezuela (Fig. 1). The Monte Zerpa Cloud Forest is
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located at the Sierra de La Culata National Park border
and includes the sub-basins of Alto Albarregas and Milla
(Fig. 1). The vegetation and environmental conditions
are characteristic of tropical mountain cloud forests
(Piñero and Durant 1993; Cadenas et al. 2009). Climate
is characterized by a bimodal pattern of precipitation
(Fig. S1, Appendix in Electronic Supplementary
Material, ESM hereafter) with two defined low
precipitation seasons (December–March and June–
August) and two high precipitation seasons (AprilMay and September–November; Piñero and Durant
1993; Cadenas et al. 2009). Mean annual precipitation
is 2125 mm, mean annual temperature is 16°C, and

relative humidity is about 85% all year (Cadenas et al.
2009).
Data collection
Data collection was limited to four fixed 500 m
long transects distributed within two stream tributaries
of the Albarregas River and two forest areas, each at ≈
2100 m high (Fig. 1). Anuran sampling was performed
by biweekly nocturnal inspections from November 2002
to November 2003. Each session consisted of eight
hours of active search using headlamps from before
sunset to midnight (17:00-24:00 h). Anuran abundance

(A)

(C)

N

(D)

(B)

Fig. 1. Geographic location of the study area in relation to South America (A), Venezuela (B), Mérida State (C), and the Monte Zerpa Cloud Forest (D).
Points indicate sampled areas.
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per species was determined by conventional visual
encounter sampling methods (Lips et al. 2001). Three
people searched for individuals along the entire transect
using a constant pace and spatially aligned up to five
meters from the transect core (i.e., 5 m perpendicularly
from the stream channel or central line in a forested
area). Visual encounter records were assisted by tracking
acoustic encounters, but a compromise on the number
recorded individuals was reached by the collectors in
situ in order to avoid overcounting. The total sampling
effort per transect for one night session was 24 hours
of active search (3 people × 8 hours each), yielding a
sampling effort of 576 hours over a year (2304 hours for
the entire study area). Additionally, air temperature and
relative humidity were recorded at each transect during
each night session. Mean monthly precipitation records
were obtained from the Santa Rosa weather station,
located 1 km from the study area (Fig. 1).
Data analysis
All analyses were performed using the R platform
(R Core Team 2018). Climate charts revealed the
same distribution pattern of precipitation as reported
in previous studies, with high and low precipitation
seasons (see Cadenas et al. 2009). A principal
components analysis (PCA) was used to assess variation
in precipitation (Pp), air temperature (Temp), and
relative humidity (RH) among sampling seasons. For
that, all variables were centred and standardized. We
also calculated Pearson correlations among the climate
variables and the PCA ordination axes (Fig. S2 in
Electronic Supplementary Material- ESM). The PCA
was performed using the ‘FactoMineR’ package (Le et
al. 2008). Patterns in species composition were explored
using the Principal Coordinates Analysis (PCoA) based
on the original abundance sampled per month. Species
data were standardized by marginal rows and column
totals, and a similarity measure based on Bray-Curtis
was used. Betadisper function (PERMDISP, 9999
permutations) from vegan package was implemented in
order to test potential differences in centroid groups and
dispersion (measures of central tendency and variance
in multivariate space) among the two seasons (Anderson
2006; Oksanen et al. 2018).
Overall, normality on anuran data was tested
with the Shapiro-Wilk test and a Q-Q plot (Crawley
2012). Relative abundance was analysed following
three approaches. First, a Kruskal-Wallis test with a
posteriori Dunn’s test was used to evaluate differences
among the total abundance of species. Second, the mean
abundance of the whole assemblage was compared
between high and low precipitation seasons using a t-test
for normally-distributed data. Third, the Mann–Whitney
© 2019 Academia Sinica, Taiwan
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U test for non-normal distributed data was used in order
to evaluate the abundance variation of each separate
species between seasons.
Generalized Linear Models (GLMs) were fitted
following the parsimonious approach to explain the
main effect of climatic variables on the total anuran
abundance (community) and each species across
seasons. Models were fitted using Poisson distribution
family since the response variables were counts. The
identity link was identified for each model through the
normality confirmed by the Shapiro–Wilk test and Q-Q
graph (Crawley 2013). Abundance of anurans (total
and per species) was used the response variable, while
precipitation, temperature, and humidity relative were
used as continues explanatory variables. Based on PCA
results the Spearman correlation coefficients analysis
(r ≥ 0.6), only univariate models were fitted (Fig. S3).
To assess the best models, we applied a multi model
inference approach (Burnham and Anderson 2002) with
the dredge function from the MuMIn package (Barton
2013), which gives all possible combinations of the
explanatory variables included in the global model
(Barton 2013). To determine which of these variables
best explained the changes in abundance, we used an
information theoretical approach based on the Akaike’s
Information Criterion with a correction for finite
sample sizes (AICc) and model weights based on AICc
(AICcwe; Burnham and Anderson 2002). We defined
the “best” model with the lowest AICc and those
models with different AICc than the best model were
fewer than four units (∆AICc < 4; Burnham et al. 2011).
GLMs were calculated and compared using the MASS
package (Ripley et al. 2017). All graphical outputs were
constructed using the ggplot2 package (Hadley 2015).
RESULTS
Overall, 542 individuals and four anuran
species were recorded in the study area. The local
community was comprised of Hyalinobatrachium
duranti (Centrolenidae), Hyloscirtus platydactylus and
Hyloscirtus jahni (Hylidae), and Pristimantis vanadisae
(Craugastoridae) (Fig. 2). The species with highest
abundance were H. duranti (288 individuals) and H.
platydactylus (145 individuals), representing 53%
and 27% of the total anuran abundance, respectively.
P. vanadisae (7%, 39 individuals) was the only rare
species within the assemblage.
Principal components analysis showed a
pronounced separation between precipitation seasons,
with more than 90% of the climatic variation explained
by the first two principal components (Fig. 3A). The
first axis (PCA1) explained 65.4% of the variation in
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(at the community level) was higher during the low
precipitation season, no statistical differences between
the two seasons were detected (Fig. 4B; t = 1.13, d.f. =
7.9, p = 0.28). At the species level, only H. platydactylus
abundance varied significantly between seasons (Fig.
3C; W = 2, p = 0.01); no significant variation between
seasons was observed in the relative abundance of H.
duranti (W = 12, p = 0.37), H. jahni (W = 5, p = 0.10),
or P. vanadisae (W = 28, p = 0.12; Fig. 4C).
Models including a single climatic variable
consistently explained more variation in the anuran
abundance (Table 1). Overall, our GLM suggested that
total anuran abundance (community level) was affected
mainly by precipitation (Table 1). According to the
best specific models fitted at species level, the variation
in H. duranti abundance was positively explained
by relative humidity (GLM: z = 0.29, p < 0.001) and
negatively with temperature (GLM: z = -0.11, p <
0.05). Conversely, P. vanadisae abundance presented
a significant negative relation with precipitation and
temperature (Table 1). No significant changes were
detected in H. jahni or H. platydactylus abundance
regarding climatic variables (Table 1, Fig. 5).

climate data and was positively correlated with relative
humidity (R = 0.93, p < 0.05) and precipitation (R =
0.79, p < 0.05), but negatively with temperature (R =
-0.58, p < 0.05). The second axis (PCA2) explained
27.6% of the variation in climate data and was mainly
correlated with temperature (R = -0.80, p < 0.05).
Overall, climatic variation between seasons is explained
by precipitation. Similarly, the PCoA ordination showed
a strong clustering of the temporal sampling (months)
into both precipi-tation seasons based on species
composition and abundance (Fig. 3B). In this analysis,
the first two axes explain the 67% of the total variance
in the composition data, but only the first axis captured
seasonality. According to this, most of the sample points
from the low precipitation season are clustered together
in the multidimensional space with less distance from
the centroid in comparison with the high precipitation
season sample points, which had a more disperse
pattern (Fig. 3B). Significant differences between the
two ordination groups were detected (PERMDISP, F1,11
= 3.4; p = 0.01).
Differences were observed in the total abundance
among anuran species (Fig. 4A; χ2 = 22.42, d.f. = 3,
p = 0.001). Although the total abundance of anurans

(A)

(B)

(C)

(D)

Fig. 2. Anuran species recorded in the Monte Zerpa Cloud Forest. Hyalinobatrachium duranti (A), Hyloscirtus platydactylus (B), Hyloscirtus jahni
(C), and Pristimantis vanadisae (D). Photos: Francisco Nava (A, C, D) and Pascual Soriano (B).
© 2019 Academia Sinica, Taiwan
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DISCUSSION
Temperature and relative humidity are fundamental factors governing the amphibian life cycle
(Duellman and Trueb 1994; Marsh 2001; Alexander and
Eischeid 2001). Still, it is not entirely clear how climatic
factors influence important parameters at the population
level, such as abundance at a local scale (Blaustein
et al. 2010; Ficetola and Maiorano 2016). Our results
showed that changes in total anuran abundance within
the Monte Zerpa Cloud Forest were strongly influenced
by seasonal variations in precipitation, although the
effect of these variables varies among species. These
results are in accordance with the pattern reported by
Ficetola and Maiorano (2016), where the effect of

precipitation on species abundance is stronger than
the effect of temperature in tropical ecosystems. These
authors revealed that, while phenological changes
are mostly linked to temperature changes, population
dynamics are most strongly determined by the variation
in precipitation. However, seasonality variation on
climate is not the only direct cause of drastic changes in
anuran abundances (Duellman and Trueb 1994; Carey
et al. 2001; Ochoa-Ochoa and Whittaker 2014), and the
indirect effect of multiple widely-studied drivers (e.g.,
resource availability, pathogenic disease) could also
have a strong influence on anuran population dynamics
at different scales (Blaustein and Kiesecker 2002;
Gottsberger and Gruber 2004; Cortés et al. 2008; Lampo
et al. 2008; Cole et al. 2014; Bower et al. 2017). This

(A)

(B)

Fig. 3. Seasonal climatic and anuran variation among sampling sessions. (A) Principal Component Analysis (PCA) for all individual climate
variables measured in 24 sampling sessions. The analysis included precipitation (Pp), relative humidity (RH) and air temperature (Temp). The level
of Pearson correlation of each vector is indicated (cos2). (B) Principal Coordinate Analysis (PCoA) for the anuran assemblage based on species
composition and abundance during the high and low precipitation seasons. The centroid points represent the average precipitation each month.
© 2019 Academia Sinica, Taiwan
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highlights the importance of identifying individuals and
joint effects of climatic variables on the amphibian’s
abundance at the local scale before analysing densitydependent processes.
Our results suggest that seasonally climatic
variables promote changes in total and species
abundance within the anuran community. However,
the sampling techniques used in our investigation
(transects along the streams) resulted in the highest

representativeness of species in the low precipitation
season, when anurans may be aggregated in the
surrounding streams. This increased abundance pattern
during the low precipitation season has previously
been reported in tropical anuran assemblages,
generally associated with their use of water sources
for reproduction (e.g., Santos-Pereira et al. 2011;
Rodríguez-Mendoza and Pineda 2010), regulation
of body temperature (Navas et al. 2013), and calling

(A)

(B)

(C)

Fig. 4. Abundance variation of anurans in the Monte Zerpa Cloud Forest. Differences in overall abundances among species (A), total anuran
abundance between precipitation seasons (B), abundances by species between seasons (C) are presented. Letters indicate significant differences
among groups according to post hoc tests (p < 0.05), while ns indicates non-significant differences between samples.
© 2019 Academia Sinica, Taiwan

Zoological Studies 58: 17 (2019)

page 8 of 13

Fig. 5. Relationship between species abundance and climatic predictors according to the generalized linear models. Solid lines represent the fitted
values (prediction) of the models, and the shaded area shows the 95% confidence interval of the predicted values of each model. Colour-code points
indicate data by precipitation season (low and high).
© 2019 Academia Sinica, Taiwan
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activity (Steen et al. 2013). In this sense, this result
may be explained by such species aggregation in the
streams peripheries as a consequence of a favourable
microclimate. Water might be a limiting factor during
low precipitation season, and it could be expected that
anurans move towards the streams to help them tolerate
lower levels of relative humidity. Different studies
have shown that riparian habitats are determinants
of amphibian survival in tropical forests because
many species maintain their life cycles closely linked
to nearby water sources (Ficetola et al. 2009; Todd
et al. 2009; Almeida-Gomes et al. 2015). However,
some groups of neotropical amphibians, such as the
Craugastoridae family, do not depend directly on
waterbodies for reproduction, although optimal levels
of relative humidity and temperature are essential for
skin respiration (Duellman and Trueb 1994; von May et
al. 2017). Thus, our results indicate that during the high
precipitation season some species of the community
such as H. duranti, maintained similar abundance levels
while P. vanadisae abundance decreased considerably.
This pattern suggests greater dispersion of anurans
when there is higher relative humidity, which perhaps
expedites mobility through the forest and allows the
anuran’s to occupy an extended vertical stratum (up

to 1.5 m, Barrio-Amorós et al. 2013), lessening direct
dependence on the streams during this season.
The most abundant species found was H. duranti,
whose relative abundance responded positively
to higher precipitations and relative humidity, the
reproductive mode of this species may explain the
pattern detected. Like other species of Centrolenidae
(e.g., Centrolene savagei, Vargas-Salinas et al. 2014),
H. duranti lays eggs on the surface of plant leaves
located over streams and the male protects the egg
cluster until the eggs hatch (Duellman and Trueb 1994;
Crump 2015). Relatively higher humidity and water
inlets by horizontal precipitation may favour sexual
encounters and therefore increase the overall abundance
of H. duranti through seasons of higher precipitation in
comparison to the relatively drier conditions obtaining
during the low precipitation season (Duellman and
Trueb 1994; Crump 2015). Conversely, H. platydactylus
and H. jahni showed higher relative abundance during
the low precipitation season. In this case, both species
require streams to spawn and for tadpole development
(La Marca 1985). The higher relative abundance
observed during the low precipitation season may
be a consequence of the weaker stream flow, which
produces less disturbance for mating, oviposition, and

Table 1. Candidate generalized linear models predicting the effects of climatic variables on anuran abundance at
community and species level (Family distribution: Poisson). The Akaike’s Information Criterion corrected for small
samples (AICc), difference AICc between one estimated AICc and the lowest AICc the best model (∆AICc), model
weights (AICcwt) are presented. Only models with values of ∆AICc < 4 are presented
Response variable
(Abundance)

Candidate models

Estimate

z-value

LogLik

AICc

∆AICc

AICcwt

Community level

~ Pp
~ HR
~ Temp

-0.02
-0.03
-0.10

0.19**
0.04*
0.25

-31.27
-33.28
-35.28

69.27
71.89
75.89

0
2.61
6.62

0.76
0.21
0.03

H. duranti

~ HR
~ Temp
~ Pp

0.39
-0.11
0.02

0.001***
0.02**
0.04*

-71.30
-83.33
-85.12

147.92
171.99
175.58

0
24.06
27.66

0.90
0.09
0.01

H. platydactylus

~ HR
~ Pp
~ Temp

-0.04
-0.01
-0.02

0.03
0.07
0.84

-39.22
-39.57
-41.47

87.43
88.15
91.50

0
0.71
4.50

0.55
0.39
0.06

H. jahni

~ Pp
~ HR
~ Temp

-0.01
-0.02
-0.09

0.10
0.13
0.46

-30.23
-30.67
-31.59

69.47
70.34
72.18

0
0.87
2.71

0.53
0.34
0.14

P. vanadisae

~ Pp
~ Temp
~ HR

-0.01
-0.54
-0.04

0.001**
0.02***
0.18*

-47.82
-48.27
-55.36

100.97
101.87
116.05

0
0.90
15.08

0.61
0.38
0.01

Predictors are: Relative humidity, HR; Temperature, Temp; Precipitation, Pp. The p-value of each predictor is given as: *p < 0.05; **p > 0.01; ***p <
0.001.
© 2019 Academia Sinica, Taiwan
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development of the larvae. There is evidence for this
pattern in other Neotropical species where a greater
abundance has been observed when precipitation rates
decreased (Watling and Donnelly 2002).
Precipitation and relative humidity determine
anuran population dynamics and their distribution
patterns (Ochoa-Ochoa and Whittaker 2014; Dabés et
al. 2012; Ficetola and Maiorano 2016). For example,
greater spatial dispersion of anuran species have been
found in forest interiors that are distantly located from
any water source based on acoustic surveys (Marsh
2001; Santos-Pereira et al. 2011). Such a spatial
distribution pattern might lead to biased estimations
of relative abundance that arose because the sampling
techniques were restricted to water sources (e.g.,
streams, ponds). Although a similar situation can
be applied to our study, acoustic sampling was a
complementary tool in our surveys and sampling
transects employed in our study were representative of
both forest interiors and water streams habitats. In this
sense, comparative studies on amphibian abundance
between seasons should take into account the wide
sampling effort and spatial distribution in addition to
environmental variation (Lips et al. 2005). Furthermore,
to analyse the effect of climatic variables on amphibian
abundance, comparisons within years are recommended
(i.e., seasonality) and not only inter-annual variability
patterns although long-term monitoring efforts in the
tropics are not always affordable in terms of economics
or logistics (Alexander and Eischeid 2001; OchoaOchoa and Whittaker 2014). On the other hand,
some studies in leaf-litter frog communities (e.g.,
Brachycephalidae, Leptodactylidae, Leiuperidae,
Craugastoridae families) have reported contrasting
patterns where abundance is affected by temperature
or its variation along elevational gradients rather than
humidity (Santos-Pereira et al. 2011; Siqueira et al.
2014). In any case, abundance of anurans is strongly
affected by relative humidity and precipitation in
tropical forests with strong seasonality (Ficetola and
Maiorano 2016), a pattern that has been previously
observed in our study area with high values of
amphibians abundance associated with streams during
the low precipitation season (Cadenas et al. 2009).
We suggest that other environmental drivers
(e.g., horizontal precipitation, stream flow dynamics),
local spatial distribution, and fluctuations in
anuran populations, and their potential interaction
with pathogenic diseases (e.g., Batrachochytrium
dendrobatidis), should also be considered when
evaluating abundance patterns within and between
anuran communities in the region. It should be noted that
a negative relationship between H. platydactylus and B.
dendrobatidis has been reported in Venezuela (Lampo
© 2019 Academia Sinica, Taiwan
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et al. 2008; Sánchez et al. 2008), which should be
further explored for in other amphibians with restricted
distribution in the Venezuelan Andes. We emphasize
that the species found in this study have a restricted
geographic distribution in the Merida Mountain Range,
except H. platydactylus, which is distributed along the
Venezuelan Andes (Táchira, Mérida, Trujillo, and H.
duranti which has been detected about eight kilometres
from Boconó, Trujillo State (La Marca 1992). The
small-scale monitoring of anuran abundance fluctuation
found in this study becomes more important since these
species, with insufficient data about population levels,
are threatened by extinction (La Marca et al. 2005;
Sánchez et al. 2008). In addition, it should be noted that
P. vanadisae and H. jahni are included in the category
“near threatened”, while H. platydactylus has been
catalogued as “vulnerable to extinction” (Sánchez et al.
2008). In contrast, the information required to define
the conservation status of H. duranti is limited, which
highlights the importance of the results obtained in this
study. Furthermore, it is important to mention that there
are limited studies evaluating the relationship between
local climatic drivers and species abundance within
anuran communities in cloud forests of the Mérida
mountain chain. Therefore, this research represents a
relevant contribution which may act as a starting point
to define short- and long-term monitoring plans and the
development of conservation criteria in the region.
CONCLUSIONS
Our study showed that local seasonally in terms
monthly precipitation, temperature and relative humidity
variations shape the temporal abundance pattern
of anurans in the Monte Zerpa Cloud Forest. Total
abundance of anurans communities vary between high
and low precipitation seasons. However, each species
may respond differently to variations in precipitation,
temperature and relative humidity. During low
precipitation season, the relative abundances are broadly
similar between species, but higher overall; while during
the high precipitation season, only species such as H.
duranti showed increased abundance. Models confirmed
this pattern and indicated that H. platydactylus and
H. duranti are more sensitive to changes in relative
humidity, while H. jahni and P. vanadisae are more
sensitive to variations in precipitation.
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Supplementary materials
Table S1. Number of individuals of anuran species
recorded during different precipitation seasons (low
and high seasons) through visual encounter surveys
in Monte Zerpa Cloud Forest, Mérida Venezuela.
Species: Hyloscirtus platydactylus, H pla; Hyloscirtus
jahni, H jah; Pristimantis vanadisae, P van; and
Hyalinobatrachium duranti, H dur. Mean values of
climatic variables are indicated: Stream flow, Q (cm3/s);
relative humidity, HR (%); temperature, Temp (°C); and
precipitation, Pp (mm). (download)
Fig. S1. Climate chart of the Monte Zerp Cloud Forest
during the survey period (2002–2003). (download)
Fig. S2. Significance levels are based on Pearson
correlation coefficients between climate variables
and principal components of PCA from 24 sampling
sessions. For analysis, precipitation (Pp), relative
humidity (RH) and air temperature (Temp) were
included. (download)
Fig. S3. Pearson correlation among all individual
variables measured in 24 sampling session. For analysis,
precipitation (Pp), relative humidity (RH) and air
temperature (Temp) were included. (download)
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