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Abstract.— Herein, we describe the distribution, call, diet, and niche model of Osornophryne percrassa. This species has
been recorded at 23 locations of Colombia, 14 of which are reported in this work. In addition, we reported the first
record for the Department of Valle del Cauca, southern Colombia. Based on the points of occurrence, we estimated the
potential geographic distribution of this species through the maximum entropy algorithm, and the model prediction
showed a good performance. The model shows that The Cordillera Central provides the higher habitat availability for
the species occurrence, with no geographical barriers that hinder the spread of the species. We analyzed the stomach
contents of 14 females. We identified 73 Arthropoda prey and nine Nematoda prey. Coleopterans and isopods were
numerically and volumetrically the more important prey, respectively. We found a positive and significant correlation
between snout-vent length (SVL) and head width (HW). Our data indicate that the species is a generalist/opportunistic
feeder with a sit-and-wait strategy for obtaining prey. We described the vocal repertoire (advertisement and courtship
calls) based on 23 advertisement calls and 11 courtship calls from a male. The advertisement call consists of 8—10 Peep
notes whereas the courtship call consists of 6-9 Peep notes. The advertisement calls of O. guacamayo were similar in
temporal and structural characteristics to those of O. percrassa. This is the first description of the courtship calls not only

for O. percrassa but also for the genus.
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INTRODUCTION

Colombia has a high diversity of amphibians (823
species; Frost 2015) and more threatened species than
any other country (274 species; Acosta-Galvis 2015), but
there are very few plans to conserve native herpetofauna
(Veldsquez et al. 2008). Because natural ecosystems are
being altered rapidly, little time is available to study
natural history parameters required to optimize the
management plans for and to determine vulnerability of
species (Urbina-Cardona 2011). Andean toads in the
genus Osornophryne (Bufonidae) are endemic to a
region north of the Andes in Colombia and Ecuador, in a
small and topographically complex biogeographic area
(P&ez-Moscoso and Guayasamin 2012) with mountain
forests and Péaramo at elevations between 2,100 and
4,000 m (Péez-Moscoso and Guayasamin 2012). The
taxonomy, systematics, and monophyly of this genus are
well established by morphological and molecular
characters (Ruiz-Carranza and Hernandez-Camacho
1976; Paez-Moscoso et al. 2011; Paez-Moscoso and
Guayasamin 2012). Among the 11 species currently
known, six of them are listed by the International Union
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for Conservation of Nature (IUCN) in categories with
high extinction risk. Because of their restricted
geographic distribution, Osornophryne antisana, O.
guacamayo, O. percrassa, O. puruanta and O. talipes
are listed as Endangered (EN), and Osornophryne
sumacoensis, known from a single locality, is listed as
Vulnerable (VU; Bolivar and Lynch 2004). The
Osornophryne toads exhibit inguinal amplexus, direct
development, and defensive behaviors (Ruiz-Carranza
and Hernandez-Camacho 1976; Escobar-Lasso and
Gonzalez-Duran 2012); however, most aspects of the
ecology and natural history of these toads are unknown
(Escobar-Lasso and Gonzalez-Duran 2012).

Five species of Osornophryne occur in Colombia,
including O. antisana, O. bufoniformis, O. guacamayo,
O. percrassa, and O. talipes. Osornophryne percrassa
(Herveo Plump Toad; Fig. 1) is endemic to the
Colombian Central Andes (Mueses-Cisneros 2003; Paez-
Moscoso and Guayasamin 2012) in the Departments of
Antioquia, Caldas, Quindio, and Tolima at elevations
between 2,700 and 3,700 m (Loaiza-Piedrahita et al.
2014). This species is found in leaf litter and under
rocks in the Andean forests and Paramos, but has not
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FIGURE 1. Osornophryne percrassa (A: PSO-ZC 2258; B: ICN 55682) collected in the sector of La Mina, Paramo of Chili, municipality of
Sevilla, Department of Valle del Cauca (C), Cordillera Central of Colombia. (Photographs by Sergio Escobar-Lasso).

been recorded in disturbed habitats (Bolivar and Lynch
2004). Ruiz-Carranza and Hernandez-Camacho (1976),
Escobar-Lasso and Gonzalez-Duran (2012) and
Burbano-Yandi et al. (2015) discuss aspects of
morphology, habitat use, and behavior.

Osornophryne percrassa is listed as Vulnerable on the
Colombian Red List of amphibians because the known
geographical distribution is < 5,000 m? and suitable
habitat is fragmented and declining in both extent and
quality on the Colombian Cordillera Central (Bernal and
Quevedo 2004). Despite notable advances in the
understanding of phylogenetic  relationships and
taxonomy (P&ez-Moscoso and Guayasamin 2012), little
is known about either the ecology or precise distribution
of O. percrassa. Here we provide information on the
distribution, diet, and vocalizations of O. percrassa.
Additionally, we examine bioclimatic variables that
potentially influence the species distribution.

MATERIALS AND METHODS

Distribution and niche modeling.—To clarify the
distribution of O. percrassa, we acquired information
from three sources: (1) voucher specimens deposited in
scientific collections (Coleccion Zooldgica Universidad
del Tolima, Ibague, Tolima (CZUT); Instituto de
Ciencias Naturales, Universidad Nacional de Colombia,
Bogot4, Cundinamarca (ICN); Instituto Alexander von
Humboldt, Villa de Leyva, Boyaca (IAvH); Museo de

Historia Natural Universidad de Caldas, Manizales,
Caldas (MHNUCa); Museo de Herpetologia Universidad
de Antioquia, Medellin, Antioquia (MHUA); and
Coleccion de Zoologia Universidad de Narifio, Pasto,
Narifio (PSO-CZ), (2) records from Ruiz-Carranza and
Hernandez-Camacho (1976), Mueses-Cisneros (2003),
Bernal and Quevedo (2004), Llano-Mejia et al. (2010),
Escobar-Lasso and Gonzalez-Duran (2012), Vanegas-
Guerrero and Ferndndez-Roldan (2014), and Loaiza-
Piedrahita et al. (2014), and (3) field observations. We
used this distributional information to generate a
potential distribution model for O. percrassa. We used
ArcGIS 10.1 (ESRI 2011) to identify a 200 km influence
area of locality occurrence and construct the distribution
model. We characterized the environmental niche using
19 climatic layers provided by WorldClim.org (Hijmans
et al. 2005; Appendix 1) with a resolution of 30
arcseconds (about 1 km? = 0.0083 degrees of pixel size
of the layers).

We created the potential model using the maximum
entropy algorithm generated with the software Maxent
3.3.3k (http://www.cs.princeton.edu/~schapire/maxent/),
which estimates the distribution probability of the
species presence according to the confirmed occurrence
localities and associated environmental conditions
(Phillips et al. 2006). The recommended values of
Maxent were used to the convergence threshold (10-5)
and maximum interactions number (500). We avoided
the Extrapolate and Clamping options to reduce an
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TaABLE 1. Call variables measured for Osornophryne percrassa. Variable definitions follow those of Cocroft and Ryan (1995) and Hutter et al.

(2013).

Parameter

Characteristic described

Call/note interval

Call duration (s)

Number of notes

Note length (ms)

High and lower frequency (KHz)
Dominant frequency (KHz)
Power, percent of max

Total number of notes per call

Measured time between a call/note
Measured from start of the amplitude rise away from background noise to a return to background noise

Time from start to end of one note; measured for notes at the beginning, middle, and end of call
Lower and high limit of the fundamental frequency

Frequency of call which contains the greatest concentration of energy

Measure for harmonic frequencies, percent of power in harmonic compared to max power of call

overestimation of the model. We selected automatically
the program suitable regularization values, including
those to reduce overfitting. We also carried out
automatically the selection of features (environmental
variables or functions thereof), following default rules
dependent on the number of presence records. We
calculated a P-value across the set of Jackknife
predictions using the program P-Value Compute made
available as supplementary, which is used to test models
when the localities number is little and it was taken into
account the number of localities to this study (Pearson et
al. 2007).

We used a Jackknife test to calculate the relative
contribution of each variable in a preliminary model.
Considering the results of this analysis, the variables that
did not have any contribution were excluded and a new
model was performed with the purpose of demonstrating
the ecological requirements of the species (Phillips et al.
2006). We evaluated the predictive efficiency of the
ecological niche model of O. percrassa by a Jackknife
cross-validation with one of the observed localities
excluded. We applied a decision threshold (based on the
training localities) and we tested the ability to predict the
excluded localities. Because Maxent output is ASCII
format, we selected a threshold to create a binary
distribution model; we selected a conservative threshold
based on the lowest value foretold associated with any
sampling sites observed for the model (Pearson et al.
2007).

Diet—We extracted stomachs of 14 toads (ICN
55683, 85-86, MHN-UC 686-692, and PSO-ZC 2257-
2260; for collection localities see Table 2) found under
tree trunks and leaf litter in pasturelands. Because of our
small sample size of males, we analyzed the stomach
content of only adult females. However, males were
also sacrificed and preserved. For all captured toads, we
measured snout-vent length (SVL), head width (MW),
and head length (HL) to the nearest 0.1 mm with manual
calipers.

We identified each prey item to either order or family
and measured prey items for length (L) and width (W) to
the nearest 0.1 mm using manual calipers. We estimated
prey volume using the formula for a prolate spheroid:
V=4/3n (prey length/2) x (prey width/2)?. The diet of O.

percrassa was quantified as the number (N;) and the
volume (V;) of each prey taxon (i). We used the
Shannon-Wiener diversity index (H') to estimate dietary
niche breadth. Because we could not assume normality,
we used the Spearman Rank Multiple Correlation to
analyze morphology and diet.

Vocalizations.—We recorded both advertisement calls
and courtship calls from one individual O. percrassa at
0107 h 30 September 2013 during a field trip around the
municipality of Cajamarca, Department of Tolima,
Colombia (4°28°27.6”N, 75°29°38.1”W; 3,323 m
elevation). We considered both acoustic characteristics
and social contexts of the calls to verify that
advertisement calls were distinct from courtship calls.
Males used courtship calls only when females were
nearby.

To record calls, we positioned a unidirectional
microphone (Sennheiser K6/K6P; Sennheiser Electronic
GMBH & Co. Kg, Wedemark, Germany) connected to a
digital recorder (Marantz PMDG671; D&M Holdings,
Inc., Tokyo, Japan) 20-30 cm in front of a calling male.
We recorded the body size (SVL) of males with digital
calipers. We did not record environmental temperature.
We estimated the temporal and spectral parameters
(Table 1) of the advertisement calls using RAVEN Pro
1.4 (Bioacoustics Research Program 2011). Call
parameter definitions follow Cocroft and Ryan (1995)
and Hutter et al. (2013). We digitized recordings at 16
bits resolution and 44.1 kHz sampling rate. We analyzed
oscillograms and spectrograms with a Fast Fourier
Transformation window of 256 points and Blackman
algorithm. We measured low and high frequencies of
the calls at 20 dB (re 20 mPA) below the peak of
intensity of the dominant frequency, which is the value
at which the signal energy could still be clearly
distinguished from the background noise. We reported
the measures as the mean + one SD followed by the
range.

RESULTS
Distribution and modeling niche.—Osornophryne

percrassa has been reported at 23 locations, nine of
which were obtained from either the literature or
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TABLE 2. Locality data (sorted from north to south) from records of Osornophryne percrassa in Colombia. Museum acronyms as in the text. For
localities, 0 = historical locations, m = new records, and * = first record at Valle del Cauca.

Locality Department  Municipality Museum voucher Elevation Latitude Longitude Reference
1° Antioquia Sonson MHUA-A 8202 3178 5°43°32” 75°15°08” Loaiza-Piedrahita et
al. 2014
2" Caldas Pensilvania MHN-UCa 686 3406 5°23°27.26” 75°16°’10.77” New Record
3" Caldas Neira MNH-UCa 659 3594 5°8°17.52”  75°19°32.35” New Record
4" Caldas Neira MHN-UCa 691 3450 5°8°15.29”  75°19°35.00” New Record
5" Caldas Neira MHN-UCa 690 3450 5°8°12.61”  75°19°34.47” New Record
6" Caldas Neira MHN-UCa 689 3450 5°7°26.40”  75°19°44.26” New Record
7" Caldas Neira MHN-UCa 688 3588 5°7°25.60”  75°19°37.15” New Record
8" Caldas Neira MHN-UCa 687 3615 5°6°49.94”  75°19°37.20” New Record
9" Tolima Herveo MHN-UCa 692 3840 5°5°7.86”  75°17°35.38” New Record
10° Tolima Herveo ICN 319-36 3200 5°5°4” 75°17°37” Ruiz-Carranza and
Hernandez-Camacho
1976
11° Caldas Manizales MHN-UCa 542 2820 5°4°59.44”  75°24°27.37”  Rojas-Morales et al.
2014
12° Tolima Herveo ICN 00540-41, 01596, 5°4°45” 75°10°56” Mueses-Cisneros
01641-42, 01922, 01924-25, 2003
02618, 02624-25, 03178-79,
03186, 03208, 03211-12,
03507, 03515, 04738,
17642-43, 17645, 18755-57,
18759-61
13° Caldas Villa Maria MHN-UCa 453 2850 4°59°17.317 75°24°24.66”  Rojas-Morales et al.
2014
14° Caldas Villa Maria MHN-UCa 452 2850 4°59°11.59” 75°24°23.62” Rojas-Morales et al.
2014
15° Quindio Salento ICN 33754 2700 4°30°14” 75°33°19” Mueses-Cisneros
2003
16" Tolima Cajamarca Not collected 3512 4°28°44.2”  75°29°29.1” New Record
17° Tolima Cajamarca ICN 10015-23 3040 4°28°12” 75°33°44” Mueses-Cisneros
2003
uindio alarca ot collecte X 75 5, ers. Obs.
18° Quindi Calarca N ] d 3600 4°26°30,0” °34°35,4” P Ob:
uindio ordoba ot collecte . 75°35°55.7 ew Recorl
19" Quindi Cordob N ] d 3409 4°22°19.4” °35 ” New R d
20" Tolima Cajamarca CZUT-A 167-68, 286 3620 4°1528” 75°33°35.0” New Record
21" Tolima Roncesvalle Not collected 3483 4°04°49.9”  75°43°57.4” New Record
22" Tolima Roncesvalle ICN 55685-86 3260 3°57°30.09”  75°43°05.93” New Record
23* Valle del Sevilla ICN 55682-84, 55687-88, 3053 3°58°39.83”  75°49°38.46” New Record
Cauca PSO-ZC 2257-60

scientific collections, and 14 were new records (Table
2). We report the first records of O. percrassa from the
Department of Valle del Cauca, Colombia (see Castro-
Herrera and Vargas-Salinas 2008; Cardona-Botero et al.
2013), based on nine individuals collected 25 January
2014 at the sector of La Mina, Paramo of Chili,
municipality of Sevilla (3°58°39.83”N, 75°49°38.46”"W,
3,053 m; Table 2; Figs. 1-2). Thus, the current
distribution of O. percrassa in the Cordillera Central
extends from northern Department of Antioquia, in the
Paramo of Sons6n (Loaiza-Piedrahita et al. 2014), to the
south, in the Departments of Tolima and Valle del
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Cauca, including the new record at the Paramo of
Barragan and Chili. The new record extends 65 km
south the original distribution range. The remaining 14
records fill geographic gaps along the Cordillera Central
in the Andes of Colombia between the departments of
Antioquia and Valle del Cauca.

The ecological niche model (Fig. 3) predicted a larger
area of suitable habitat than was previously assumed
(low omission rates). The model connects the O.
percrassa distribution from the localities of the north at
the Department of Antioquia (Paramo de Sonson) with
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TABLE 3. Prey composition of the diet of Osornophryne percrassa. Abbreviations are Vol = Volume in mm?, % Vol = percentage volume, N

= number prey, % N = percentage prey, and F = frequency of occurrence.

Prey N % N Vol % Vol F
ARTHROPODA
ARACHNIDA
ACARI 8 9.8 6.0 0.2 5
ARANEAE 6 6.2 14.4 0.6 5
PSEUDOSCORPIONIDA 4 4.9 7.2 0.3 3
MIRIAPODA
Diplopoda 5 6.1 23.2 0.8 3
Chilopoda 1 1.2 1.6 0.1 1
INSECTA
COLEMBOLLA 1 12 16.4 0.6 1
COLEOPTERA
Carabidae 5 6.1 313.7 114 3
Chrysomelidae 1 1.2 19.3 0.7 1
Curculionidae 13 15.9 178.8 6.5 8
Staphylinidae 4 49 7.0 0.3 4
Tenebrionidae 2 24 14.2 0.5 2
Undetermined 8 9.8 104.9 3.8 7
DERMAPTERA 2 24 173.9 6.3 2
DIPTERA 1 1.2 1.2 0.0 1
HEMIPTERA
Tingidae 1 12 6.8 0.2 1
Undetermined 2 2.4 38.6 1.4 2
HYMENOPTERA 3 3.7 6.5 0.2 3
LEPIDOPTERA 1 1.2 325 1.2 1
ORTHOPTERA 1 1.2 76.3 2.8 1
ISOPODA 5 6.1 1,689.6 61.5 5
NEMATODA 9 11.0 16.6 0.6 8
Total 82 100 2748.5 100 14
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FIGURE 2. Distribution of Osornophryne percrassa in the Cordillera
Central of Colombia. Details of the localities are summarized in
Table 2.

with those in the south at the Department of Valle del
Cauca. The validation test indicated a good performance
by the model with an AUC value of 0.996 and a
Jackknife test with high success rates using Maxent
(MTP) and a statistical significance of P < 0.001.
Likewise, Annual Mean Temperature (BIO1) was the
variable with the largest predictive power (47.3%).

Diet—We examined stomach contents of 14 female
O. percrassa (mean SVL = 33.55 + 4.33; range 23.7—
38.8 mm). We found prey in each stomach and isopods
were volumetrically the most important prey, followed
by ground coleopterans (Carabidae) with other prey
items found in smaller amounts (Table 3). Coleopterans
were numerically the most important prey; the weevils
(Curculionidae) were numerically the most important
family (Table 3). Coleopterans were the most common
prey because they were found in the 85% of individuals
and represented 23.2% of volume. Other prey types as
isopods were less common in the diet but because of
their large size, are the most important by volume (Table
3). For the individuals examined, the mean number of
prey items consumed was 5.4 +8.03. The dietary niche
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FIGURE 3. Modeled ecological niche of Osornophryne percrassa using Maxent. (A) Continuous ecological model. (B) Binary model applying

a Minimum training presence. Black circles indicate presence records.

breadth (H") was 2.09.

The metrics SVL and HW, and SVL and HL were
positively and significantly correlated (Table 4). We
also found a significant correlation between HL and HW
(Table 4). We did not find a significant correlation
between any of the prey variables (number of prey,
volume of prey, prey width, prey length) with any of the
variables of the predator size (SVL, HL and HW; Table
4).

Vocalizations.—Based on 23 advertisement calls and
11 courtship calls recorded from one male, the
advertisement call of O. percrassa is composed of 8 to
10 Peep notes, but the calls have seven to nine grouped
notes and one single endnote (Fig. 4). Mean note
duration was 3.768 + 1.045 ms (range, 0.2-6 ms) and
notes were separated by 28.85 + 5.57 ms (range, 20-39
ms) silent intervals. Mean call duration was 0.293 +
0.011 s (range, 0.27-0.31 s) and, as expected, call
duration increased with the number of notes per call.
The mean silent interval between calls was 1.77 + 0.26 s
(range, 1.33-2.3 s). The mean dominant frequency of
the call was 2.552 + 0.326 kHz (range, 2.018-3.121
kHz), the mean low frequency was 1.085 + 0.088 kHz
(0.923-1.333 kHz) and the mean high frequency was
12.533 + 0.449 kHz (11.769-13.397 kHz).

The courtship call of O. percrassa consists of six to
nine Peep notes (Fig. 5). Mean note duration was 159.01
+ 29.10 ms (range, 106-214 ms) and consecutive notes
were separated by 158.13 + 23.26 ms (range, 121-200
ms) silent intervals. Mean call duration was 2.233 *
0.260 s (range, 1.899-2.801 s) and, as expected, call
duration increased with the number of notes per call.
The mean duration of silent intervals between calls was
7.796 + 2.201 s (range, 5-10.97 s). The mean dominant
frequency of the call was 2.4 £+ 0.139 kHz (range, 2.12—
2.589 kHz), the mean low frequency was 1.315 + 0.254
kHz (range, 0.773-1.518 kHz) and the mean high
frequency was 11.617 + 1.359 kHz (range, 7.818-12.959
kHz).

DISCUSSION

Distribution and modeling niche.—Loaiza-Piedrahita
et al. (2014) suggest that the conservation status of O.
percrassa should be re-evaluated. Our data substantiates
that suggestion. The discovery of new localities,
increase in known distribution, confirmation of
geographical connectivity between different localities,
and availability of potentially suitable habitat as
determined by our prey consumed was 5.4 + 8.03. The
dietary niche all indicate that the plight of O. percrassa
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TABLE 4. The Spearman Rank Multiple Correlation upper diagonal are correlation coefficients and lower diagonal are corresponding P values.
Abbreviations are N = Number of prey, V = volume prey, PW = prey width, PL = prey length, SLV = snout vent length, HW = head width, and

HL = head length.

SVL HW HL N PW PL \%
SVL Fokkkk 0.932 0.587 0.180 0.312 0.097 0.152
HW <0.001 okl 0.626 0.198 0.194 0.149 0.007
HL 0.027 0.017 folakakolal 0.584 0.218 0.198 0.225
N 0.538 0.498 0.028 FAAAK 0.184 0.513 0.268
PW 0.278 0.506 0.454 0.529 okl 0.304 -0.442
PL 0.742 0.611 0.497 0.061 0.291 folaialoled -0.133
\Y 0.604 0.982 0.440 0.354 0.114 0.650 falaiaialel

is not as dire as previously thought and a listing of
Vulnerable might be more appropriate than a listing of
Endangered.

Habitat loss and fragmentation from agricultural
activities should also be evaluated (Vanegas-Guerrero
and Fernandez-Roldan 2014) because O. percrassa is
restricted to high altitudes in ecosystems such as
Paramos and cloud forests on the Cordillera Central.
Furthermore, aspects of its natural history, including
semifossorial habit, inability to jump quickly, direct
development, and need of sites with high humidity for
oviposition (Ruiz-Carranza and Hernandez-Camacho
1976, Mueses-Cisneros 2003) also jeopardize the
species. Furthermore, during a 20 year period (1985 to
2005) there has been 6.8% habitat loss in Paramos
coverage, as a result of anthropogenic activities
(Sarmiento et al. 2013), as well as an increase of 1° C
in temperature per decade in Paramosand 0.3-0.6° C

=]

Relative Amplitude

Frequency (kHz)

e

350 420

140 210 280

70 10 40 70 100

Time (ms) SPL (dB)
FIGURE 4. Graphic representations of an advertisement call of
Osornophryne percrassa. (Photographed by Jhonattan Vanegas).
Upper: An oscillogram showing 10 notes. Notice how the last note
is separated from the rest of the notes. Below: spectrogram of the
advertisement call (left) and power spectrum (right) of the call.

96

in areas of subparamo and high Andean forest increasing
precipitation (Urbina-Cardona 2011). Thus, these
modifications may directly affect the population ecology
of the species and could, in the long term, result in local
extinctions (Urbina-Cardona 2011; Botello et al. 2015).
The niche model substantiates the restriction of O.
percrassa to the Cordillera Central, because during the
lower Tertiary, Colombian mountains had reached 500
m elevation (Urbina-Cardona 2011). The Cordillera
Central was the first mountain range (Upper Cretaceous)
of Columbia, rising to high elevations 18-22 million
years ago (Miocene), forming open vegetation areas
such as ridges, summits, and peatlands, that are known
as Protoparamos (Cortés-Duque and Sarmiento 2013).
During the formation of the mountain chains, the glacial
cycles generated contractions and expansions of the
populations, causing diversification and extinction of the
lineages (Van der Hammen et al. 1973; Navas 2006).
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FIGURE 5. Graphic representations of a courtship call of
Osornophryne percrassa. (Photographed by Jhonattan Vanegas).
Upper: An oscillogram showing eight notes. Below: spectrogram of
the courtship call (left) and power spectrum (right) of the call.
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The relatively short but very active geological history of
the Andean region suggests that speciation in the genus
Osornophryne must have been fast and more recent,
apparently directed by Quaternary climatic fluctuations
(Yéanez-Mufioz et al. 2010), with temperature a major
determining factor on the distribution and occupation of
new habitats (Navas 2003).

Aspects aforementioned may explain what the
ecological niche model estimated was suitable habitat to
meet the ecological and physiological requirements of O.
percrassa on the Cordillera Central. This chain connects
the distribution of the species from north to south on the
Central Andes of Colombia. Osornophryne percrassa
occupies a wide extension in Paramos and high Andean
forest, where greater physiological barriers, in climatic
terms, do not exist. The model also showed suitable
habitat on the Cordillera Occidental, but because of the
Paramo in the Cordillera Occidental has never been
connected to the Cordillera Central, there is a series of
isolated areas that could prevent the spread of the species
(Lynch et al. 1997). We expect that the model shown
here can help focus investigations on the critical areas of
higher probability of occupancy of the species.

Diet—The only report published on the diet of O.
percrassa is that of Ruiz-Carranza and Hernandez-
Camacho (1976), who mention weevils (Curculionidae)
as prey. Our data show that O. percrassa feeds on a
variety of arthropods, mainly insects, similar to many
species of anurans (Parmelee 1999). An arthropod diet
based primarily on insects is not unusual for a terrestrial
frog such as O. percrassa because of the abundance of
insects that occur in terrestrial habitats (Parmelee 1999;
Triplehorn and Triplehorn 2005). Furthermore, the types
of arthropods in the diet can provide information on the
habitat preference of the predator. For example, isopods,
carabids, staphylinids, and tenebrionids in the diet
suggest that O. percrassa inhabits leaf litter and other
secretive habitats.  The diet has been analyzed for
several other Osornophryne species, including O.
antisana, O. guacamayo, O. puruanta, O. sumacoensis
(Gluesenkamp 1995; Gluesenkamp and Acosta 2001;
Gluesenkamp and Guayasamin 2008). Arthropods form
the bulk of the diet in each of these species. In
particular, isopods, coleopterans, hymenopterans,
hemipterans, salpugids, araneida, and apocrita are
commonly ingested by these species. Coleopterans and
hymenoptera are particularly abundant in the diets of
Osornophryne species (Gluesenkamp 1995;
Gluesenkamp and Acosta 2001; Gluesenkamp and
Guayasamin 2008). Based on volume, isopods form an
important component of the diet in O. percrassa and
possibly other species; unfortunately, there is no
information about volume occupied in the stomach by
each kind of prey for other species (Gluesenkamp 1995;
Gluesenkamp and Acosta 2001; Gluesenkamp and
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Guayasamin 2008). Gluesenkamp and Acosta (2001)
suggest that ants, coleopterans, and crickets could be a
source of precursor alkaloids used in the production of
secretions from poison glands. However, the toxins
present in this species are probably tetradotoxins as in
Atelopus. If so, then their toxicity is not dependent on
diet (Kim 1975; Pavelka et al 1977; Mebs et al. 1995;
Hanifin 2010).

The numeric and volumetric dominance of
coleopterans reported here is not different from the diet
of other bufonids with secretive behavior, such as
Amazophrynella, Melanophryniscus and Rhinella (Toft
1981; Parmelee 1999; Bonansea and Vaira 2007;
Santana and Junca 2007; Sabagh and Rocha 2012). The
rare occurrence of ants in the diet of O. percrassa, unlike
other bufonids, may be associated with the poor diversity
of ants in the highlands (Fernandez and Sharkey 2006).
The limited consumption of other prey types also might
be a result of the limited availability (Rodrigues et al.
2004).

Parmelee (1999) suggested that body size and head
width in frogs determines the maximum size of prey that
can be consumed. Thus, the ability of gaping in relation
to the size of the frog is a limiting factor in the selection
of prey (Toft 1981). In this study, SVL, HW, and HL
did not determine the number and volume of prey
consumed, suggesting that the prey size is not
influencing the type of prey ingested by O. percrassa.
However, this hypothesis should be reassessed with a
larger sample, including both sexes, and surveying in
different localities. The wide variety of prey types and
sizes found in O. percrassa indicates that the species is a
generalist/opportunistic feeder with a sit-and-wait
strategy for obtaining prey, like others bufonids species
(Taigen et al. 1982; Strissmann et al. 1984; Parmelee
1999; Bonansea and Vaira 2007).

Vocalization.—Our understanding of the ecology and
evolution of anuran communication is far from complete
(Toledo et al. 2015). For example, recent evidence has
revealed ultrasonic (Arch et al. 2008) and seismic
communication in arboreal and aquatic species (Forti
and Encarnagdo 2012). All species of Osornophryne
toads lack hearing structures (Paez-Moscoso et al. 2011;
Paez-Moscoso and Guayasamin 2012). The use of
acoustic communication, such as courtship calls in
Osornophryne toads, is surprising. Possibly these toads
also rely on other mechanisms of communication, such
as ultrasonic, seismic, or visual cues.

Despite important advances
phylogenetic relationships among the species of
Osornophryne (Péez-Moscoso et al. 2011; Péez-
Moscoso and Guayasamin 2012), many uncertainties
persist regarding phylogenetic affinities and taxonomic
limits of the species (Paez-Moscoso and Guayasamin
2012). Advertisement calls are a useful character for

in  understanding
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species delimitation (Grant et al. 2006). Descriptions of
the advertisement calls of other Osornophryne species
should improve our understanding of the relationships
among those species. It is important to highlight that the
advertisement call has been described in O. percrassa by
us and for O. guacamayo by Gluesenkamp and Acosta
(2001). The advertisement call of O. percrassa is
similar to that of O. guacamayo (Gluesenkamp and
Acosta 2001); however, little more can be stated at this
time because the description of the call of O. guacamayo
(Gluesenkamp and Acosta 2001) and the advertisement
and courtship calls of O. percrassa are each based on
recordings of one individual. We are the first to describe
the courtship call of any Osornophyrne toad. However,
as with the advertisement call, the description of the
courtship call is based on one individual, and therefore, a
larger sample size is needed to improve descriptions of
the courtship call in O. percrassa.
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