+ZooKeys

ZooKeys 1196: 149-175 (2024)
DOI: 10.3897/z00keys.1196.114861

Research Article

A new species of terrestrial toad of the Rhinella festae group
(Anura, Bufonidae) from the highlands of the Central Cordillera
of the Andes of Colombia

Luis Santiago Caicedo-Martinez'?“, Jose J. Henao-Osorio'?®, Héctor Fabio Arias-Monsalve’?3®,
Julian Andrés Rojas-Morales?®, Paula A. Ossa-Lopez*?, Fredy A. Rivera-Paez*®,

Héctor E. Ramirez-Chaves'*

1 Natural History Laboratory, Integrative Zoological Biodiversity Discovery, Centro de Museos, Museo de Historia Natural, Universidad de Caldas, Carrera 23

# 58-65, Manizales 170004, Colombia

2 Programa de Biologia, Facultad de Ciencias Exactas y Naturales, Universidad de Caldas, Calle 65 No. 26-10, Manizales 170004, Colombia

3 Fundacidn Ecoldgica Cafetera, Manizales, Caldas, Colombia

4 Grupo de Investigacion en Genética, Biodiversidad y Manejo de Ecosistemas (GEBIOME), Departamento de Ciencias Bioldgicas, Facultad de Ciencias Exactas
y Naturales, Universidad de Caldas, Calle 65 No. 26-10, Manizales 170004, Colombia

Corresponding author: Héctor E. Ramirez-Chaves (hector.ramirez@ucaldas.edu.co)

OPEN aACC ESS

Academic editor: Miquéias Ferrdo
Received: 28 October 2023
Accepted: 21 February 2024
Published: 25 March 2024

ZooBank: https://zoobank.org/
E7252895-B04A-4868-AABE-
6EBEAB758073

Citation: Caicedo-Martinez LS,
Henao-0Osorio JJ, Arias-Monsalve HF,
Rojas-Morales JA, Ossa-Lopez PA,
Rivera-Paez FA, Ramirez-Chaves HE
(2024) A new species of terrestrial
toad of the Rhinella festae group
(Anura, Bufonidae) from the highlands
of the Central Cordillera of the
Andes of Colombia. ZooKeys 1196:
149-175. https://doi.org/10.3897/
z00keys.1196.114861

Copyright: © Luis S. Caicedo-Martinez et al.
This is an open access article distributed under
terms of the Creative Commons Attribution
License (Attribution 4.0 International -

CC BY 4.0).

Abstract

The genus Rhinella (Bufonidae) comprises 92 species of Neotropical toads. In Colombia,
Rhinella is represented by 22 recognized species, of which nine belong to the Rhinella
festae group. Over the past decade, there has been increasing evidence of cryptic diver-
sity within this group, particularly in the context of Andean forms. Specimens of Rhinella
collected in high Andean forests on both slopes of the Central Cordillera in Colombia be-
long to an undescribed species, Rhinella kumanday sp. nov. Genetic analyses using the
mitochondrial 16S rRNA gene indicated that the individuals belong to the festae species
group. However, they can be distinguished from other closely related species such as
Rhinella paraguas and Rhinella tenrec by a combination of morphological traits including
the presence of tarsal fold, a moderate body size, and substantial genetic divergence in
the 16S rRNA gene (> 5%). Through this integrative approach, the specimens from the
Central Cordillera of Colombia are considered an evolutionary divergent lineage that is
sister to R. paraguas, and described as a new species. Rhinella kumanday sp. nov. is re-
stricted to the Central Cordillera of Colombia inhabiting both slopes in the departments
of Caldas and Tolima, in an elevational range between 2420 and 3758 m. With the rec-
ognition of this new species, the genus Rhinella now comprises 93 species with 23 of
them found in Colombia, and ten species endemic to the country.

Key words: Andes, Central Cordillera, distribution, diversity, endemism, systematics

Introduction

Rhinella Fitzinger, 1826 (Bufonidae) comprises 92 species of toads distributed
mainly in the Neotropical region (Pereyra et al. 2021; Frost 2023). Over the past
decades, several studies have delved into the taxonomic and phylogenetic com-
plexity of the genus, resulting in the description of new species (Pramuk 2006;
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Moravec et al. 2014; Castillo-Urbina et al. 2021; Lehr et al. 2021), and the sys-
tematics examination of specific species groups (Graybeal 1997; Maciel et al.
2006; Pramuk 2006; Chaparro et al. 2007; Fouquet et al. 2007; Narvaes and Ro-
drigues 2009; Pyron and Wiens 2011; Moravec et al. 2014; Pereyra et al. 2016;
2021; Rivera et al. 2021). In a more recent and comprehensive study of the sys-
tematics of Rhinella, Pereyra et al. (2021) defined eight distinct species groups
based on a combination of osteological, muscular, external morphology, and
molecular data: R. arunco, R. crucifer, R. festae, R. granulosa, R. margaritifera,
R. marina, R. spinulosa, and R. veraguensis.

The festae group was first proposed based on genetic data by Moravec et al.
(2014) and initially consisted of seven species. This group incorporated three
species from the acrolopha group (including taxa previously considered within
the genus Ramphophryne Trueb, 1971): R. festae (Peracca, 1904), R. macrorhi-
na (Trueb, 1971), and R. rostrata (Noble, 1920). Additionally, the festae group
included four species from the paraphyletic R. veraguensis group: R. manu
Chaparro, Pramuk & Gluesenkamp, 2007, R. nesiotes Duellman & Toft, 1979,
R. chavin Lehr, Kohler, Aguilar & Ponce, 2001, and R. yanachaga Lehr, Pramuk,
Hedges & Cdérdova, 2007. More recently, Pereyra et al. (2021) redefined the fes-
tae group, which now comprises 20 species, including two yet-to-be described
species from Colombia and Peru. The undescribed species from Colombia was
identified based on a single specimen collected at the Central Cordillera in the
Andean region of the Department of Tolima (Pereyra et al. 2021).

Pereyra et al. (2021) expanded the festae group by reclassifying ten species
that were previously part of the acrolopha group from Colombia, Ecuador, Pan-
ama, and Peru. Furthermore, Pereyra et al. (2021) resolved the paraphyly of the
veraguensis group by reassigning eight species from Bolivia and Peru in the
festae group. As a result of these changes, together with the addition of recent-
ly described species have brought the festae group to a total of 22 species (two
remaining undescribed) including: i) R. acrolopha (Trueb, 1971), ii) R. arbores-
candens (Duellman & Schulte, 1992), iii) R. chavin, iv) R. chullachaki Castillo-Ur-
bina, Glaw, Aguilar-Puntriano, Vences & Kohler, 2021, v) R. lilyrodriguezae Cusi,
Moravec, Lehr & Gvozdik, 2017, vi) R. festae, vii) R. lindae (Rivero & Castafio,
1990), viii) R. macrorhina, ix) R. manu, x) R. moralesi Lehr, Cusi, Rodriguez, Ven-
egas, Garcia-Ayachi & Catenazzi, 2021, xi) R. multiverrucosa (Lehr, Pramuk &
Lundberg, 2005), xii) R. nesiotes, xiii) R. nicefori (Cochran & Goin, 1970), xiv)
R. paraguas Grant & Bolivar-G., 2014, xv) R. rostrata, xvi) R. ruizi (Grant, 2000),
xvii) R. tacana (Padial, Reichle, McDiarmid & De La Riva, 2006), xviii) R. tenrec
(Lynch & Renjifo, 1990), xix) R. truebae (Lynch & Renjifo, 1990), xxi) R. yana-
chaga, and the two undescribed species, one each from Peru and Colombia in
Pereyra et al. (2021).

In Colombia, Rhinella is represented by 22 recognized species, nine of which
belong to the festae group (Pereyra et al. 2021). Most of these species are
primarily found in restricted montane regions, in elevations ranging from mod-
erate to highland altitudes (1400-3100 m a.s.l) in the Andes. The exception
to this pattern is R. acrolopha which is distributed in the Biogeographic Choco
Region (Trueb 1971; Lynch and Renjifo 1990; Grant and Bolivar-G 2014; Perey-
ra et al. 2021). Among the festae group, one of the two undescribed species
occurs in the Central Cordillera of Colombia, along the road between the cit-
ies of Manizales in the Department of Caldas (Rojas-Morales et al. 2014), and
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Murillo, Department of Tolima (Machado et al. 2016; Pereyra et al. 2021). In the
last two decades, individuals tentatively assigned to this undescribed species
have been recorded in the highlands of the municipality of Villamaria, Caldas,
in close proximity to the previously reported localities (see Rojas-Morales et al.
2014; Rojas-Morales and Marin-Martinez 2019). After conducting a meticulous
revision of the specimens from the Central Cordillera of the Department of Cal-
das using morphological and genetic analyses, we found that they possess dis-
tinct morphological and genetic characteristics that warrant their classification
as a new species. This new species is exclusively found in Andean ecosystems
that are highly threatened. Recognizing the taxonomic status of these popula-
tions is crucial for effective conservation planning. Therefore, in this study, we
formally describe the specimens from the Central Andes in the departments of
Caldas and Tolima, previously categorized within the festae group, based on
genetic analyses and discrete external and osteological traits.

Materials and methods

To morphologically diagnose the new species, we reviewed specimens of
Rhinella from the Central Cordillera of Colombia, deposited in the Coleccion de
Anfibios of the Museo de Historia Natural of the Universidad de Caldas (MHN-
UCa-Am), and a collection of new specimens, which were euthanized with 5% li-
docaine, fixed in 10% formalin and stored in 70% ethanol. The diagnosis follows
the proposal by Trueb (1971) and Grant and Bolivar-G. (2014); the osteological
description was carried out based on two double stained and cleared speci-
mens (MHN-UCa-Am 1492, 1802). For this procedure, we followed the proto-
col proposed by Taylor and Van-Dyke (1985) and the modifications made by
Fernandez-Blanco and Witmer (2020); osteological terminology and characters
were taken from Pramuk (2006) corrected by Pereyra et al. (2021), as well as
those reported by Deforel et al. (2021). We also used the species description
of Vélez-R and Ruiz-C (2002), Grant and Bolivar-G. (2014) and Castillo-Urbina
et al. (2021) for comparison. We described the webbing formulae following to
Savage and Heyer (1967) and the modifications by Myers and Duellman (1982)
and Savage and Heyer (1997). Fingers were counted from pre-axial to post-ax-
ial side as -1V in hand and |-V in foot; the comparative length of fingers | and
Il was taken by adpressing to each other, and adpressing toes lll and V to toe
IV (Castillo-Urbina et al. 2021). We took external measurements using a digital
caliper (x 0.01 mm) following Castillo-Urbina et al. (2021) and included: Snout-
vent length (SVL); Head width (HW); Head length (HL); horizontal eye diameter
(ED); interorbital distance (10D); upper eyelid width (EW); upper eyelid length
(EL); internarial distance (IND); Eye-nostril distance (E-N); Nostril-snout dis-
tance (NSD); snout length (SL); forearm length (FL); hand length (HNDL); femur
length (FEML); tibia length (TL); foot length (FOOTL) and, parotoid length (PL).

To compare genetic affinities of the Rhinella from the Central Cordillera in the
Department of Caldas, we extracted genomic DNA from two specimens from
tissues preserved in 96% ethanol. DNA was extracted with a Wizard® Genomic
DNA Purification kit (Promega Corporation) following the manufacturer’s pro-
tocol, with modifications in the incubation time (24 h). We performed amplifica-
tion of the mitochondrial 16S gene using primers 16S Ar-L 5’'~-CGCCTGTTTAT-
CAAAAACAT-3' 16S Br-H 5-CCGGTCTGAACTCAGATCACGT-3’ which amplify
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a fragment of =520 bp (Palumbi et al. 1991). The PCR products were sent to
Macrogen Inc. (South Korea) for purification and sequencing. The sequences
were analyzed in Geneious Prime® v. 2023.1.2 software.

A phylogenetic analysis was performed following the updated taxonomy by
Pereyra et al. (2021), including the species of the R. festae group, except for spe-
cies R. moralesi and R. truebae that lack sequences in GenBank. In total, 185
DNA sequences previously reported in GenBank were used for the analysis, with
Anaxyrus americanus (Holbrook, 1836), A. woodhousii (Girard, 1854), and A. quer-
cicus (Holbrook, 1840) used as the outgroup (Suppl. material 1). Sequence align-
ment was performed in MAFFT v. 7 (Katoh and Standley 2013), ambiguously
aligned fragments were removed using Gblocks (Talavera and Castresana 2007)
included in PhyloSuite (Zhang et al. 2020). The best fit evolutionary model was
selected across ModelFinder (Kalyaanamoorthy et al. 2017) using AIC criterion:
TIM2+F+I+G4. Phylogenetic inferences were constructed using Maximum Likeli-
hood (ML) in IQ-TREE v 2.2.0 (Nguyen et al. 2015) with 1000 ultrafast-bootstrap
(UFB) (Minh et al. 2013), as well as the Shimodaira—Hasegawa-like approximate
likelihood-ratio test (Guindon et al. 2010). We used FigTree v. 1.4.3 to visualize
the phylogenetic tree (Rambaut 2007). Genetic distances were estimated using
the p-distance method with the MEGA v. 11 program.

Results

We reviewed nine specimens of the R. festae group deposited in the collec-
tions of the MHN-UCa-Am (including one specimen preserved as skeleton).
The specimens exhibited morphological characteristics commonly associated
with the R. festae group including the absence of the annulus tympanicus and
tympanic membrane, a slightly exostosed skull; webbed fingers; a poorly devel-
oped preorbital crest, and a weak supratympanic crest. In addition to these typ-
ical traits, we also identified a set of unique morphological traits that set them
apart from other Rhinella species distributed in the Central Cordillera and neigh-
boring areas (i.e., R. acrolopha, R. festae, R. lindae, R. macrorhina, R. nicefori,
R. paraguas, R. rostrata, R. truebae, and R. tenrec). The distinct traits included
the presence of a tarsal fold, the extent of skull ornamentation, and the number
of vertebrae (seven).

For the genetic comparisons, we generated two new mitochondrial 76S rDNA
sequences [accession numbers: OR680126; OR680127] from two specimens
(MHN-UCa-Am 1164 and 1462). Both sequences exhibit a 100% similarity with a
single sequence [KT221613] identified as Rhinella. sp. “gr. acrolopha” (Pereira et
al. 2021: 112) or “Rhinella sp. 4" originating from a specimen collected at in Mu-
rillo, km 22 road Murillo-Manizales, Department of Tolima. The collection or mu-
seum in which the specimen from which the sequence KT221613 was obtained
is deposited is unknown. The interspecific genetic distances (Table 1) between
the specimens of Rhinella from the Central Cordillera and other species within
the R. festae group (except for R. moralesi and R. truebae) ranged from 3.6% to
10.1% for the 76S gene (Table 1) and are within the ranges known for different
species of the group. The phylogenetic relationships based on Maximum Likeli-
hood (ML) recovered our sequences together with the one from the Department
of Tolima with a support of 99.5/100% (Fig. 1, Table 1) within the species of
R. festae group. Finally, the R. festae group clade is also supported by 100/100.
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Figure 1. Phylogenetic tree of the partial sequences of the 16S gene of the species of Rhinella. The accessions in the
present study (in bold), and of the sequences in GenBank (accession numbers in bracket), using maximum likelihood
(ML) method under the TIM2+F+I+G4 model. Numbers at nodes are selbranch support analyses; from left to right: ul-
trafast bootstrap values, and Shimodaira—Haseglike approximate likelihood ratio test (SH-like aLRT). Three species of
Anaxyrus sequences were used as outgroups.

Based on our analyses, we concluded that the specimens from the Central
Cordillera of Colombia in the departments of Caldas and Tolima do not repre-
sent any of the described Rhinella species. Therefore, we assert that they be-
long to a new, undescribed species that we thoroughly document and describe
in this study as Rhinella kumanday sp. nov.

Systematics

Family Bufonidae Gray, 1825
Genus Rhinella Fitzinger, 1826

Rhinella kumanday sp. nov.
https://zoobank.org/3392CAEB-0277-419E-ADAE-FO3B1B1D697A

Figs 2-6

Suggested English name: Kumanday Beaked Toad
Suggested Spanish name: Sapo picudo del Kumanday

Rhinella sp.: Rojas-Morales et al. 2014: 87, 89.
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Rhinella sp. C.: Machado et al. 2016: 687, 688, 689, 690, 692, table 1.

Rhinella sp. C: Cusi et al. 2017: 26, 42, 43.

Rhinella sp. Gdmez-Salazar et al. 2017: 78, table 1.

Rhinella sp. C (= Rhinella sp. acrolopha group sensu Grant and Bolivar-G. 2014):
Cusi et al. 2017: 27, table 1.

Rhinella sp.: Rojas-Morales and Marin-Martinez 2019: 13266, 13269, 13270,
13271, 13274, image 4B, fig. 4, appendix 1

Rhinella sp. 4: Pereyra et al. 2021: 40, 63, 65, 112, 131, fig. 13, table 10, appendix
1, appendix suppl. data 2, suppl. data 3.5, suppl. data 4.5, map 7.

Rlhinella]. sp. “gr. acrolopha”: Pereyra et al. 2021: 112, 131, appendix 1, appen-
dix 2.

Rlhinella]. sp. ‘C": Castillo-Urbina et al. 2021: 182, 184, fig. 1.

Type material examined. Holotype. MHN-UCa-Am 1164 (adult female, Fig. 2),
from Torre 4, Reserva Forestal Protectora Bosques de la CHEC, municipality
of Manizales, Department of Caldas, Colombia (5.0266, -75.39299), 2730 m
collected by Jose J. Henao-Osorio (JJHO) on 24 October 2019. Paratypes
(n = 6): 3 females, 2 males, 1 indeterminate sex (Figs 3, 4). Two adult males
(MHN-UCa-Am 196, 199) and one adult female (MHN-UCa-Am 198), from
Reserva Forestal Protectora Bosques de la CHEC, municipality of Villamaria,
Department of Caldas, Colombia (4.99833, -75.39194; 2954 m) collected by
Oscar Lopez-Castrillon (OLC-005), Luisa F. Galvis (LFG-009) and Juan M. Pérez
(JMP-010) respectively, on 12 October 2012. An adult female (MHN-UCa-Am
1698) from El Cedral, Reserva Forestal Protectora Bosques de la CHEC, mu-
nicipality of Villamaria, Department of Caldas (5.027671, -75.414618, 2695 m)
collected by Héctor F. Arias-Monsalve on 5 March 2023. one female (MHN-
UCa-Am 1718) from Reserva Ecoldgica Rio Blanco, municipality of Manizales,
Department of Caldas (5.074302, -75.43353, 2705 m,) collected by L. Santiago
Caicedo-Martinez (SCM-139) on 25 May 2023. An individual with unknown sex
(MHN-UCa-Am 1492, stained skeleton) from the Reserva Forestal Protectora
Bosques de la CHEC in Gallinazo, municipality of Villamaria, Department of Cal-
das (4.99833,-75.39194, 2954 m) collected by Héctor F. Arias-Monsalve (HFA-
364) on 23 February 2022.

Other specimens examined. Three females, the first (MHN-UCa-Am 421)
from Vereda Montafio municipality of Villamaria, Department of Caldas
(4.99213, -75.45565, 2433 m) collected by Gustavo Gonzales-Duran (GGD-
055) on 18 May 2009; the second (MHN-UCa-Am 1717) from Reserva Ecoldgi-
ca Rio Blanco, municipality of Manizales, Department of Caldas (5.074720,
-75.434795, 2667 m) by SCM (138) on 25 May 2023; and the third (MHN-UCa-
Am 1802) collected at the Reserva Ecoldgica Rio Blanco.

Diagnosis. A moderate-sized species of the Rhinella festae group sensu Pe-
reyra et al. (2021), and which can be distinguished from other members of the
genus by the following combination of characters: males SVL 36.4-37.8 mm
(X =37.1; n = 2); females SVL 32.5-40.1 mm (X = 37.1; n = 5). (1) seven pre-
sacral vertebrae; (2) sacral vertebrae no fused with the coccyx, but fused with
the urostyle; (3) sagittal ridge present; (4) snout long, protuberant and directed
anteroventrally; (5) canthal crest present but weak; (6) preorbital crest pres-
ent; (7) supraorbital present; (8) postorbital crest weak; (9) pretympanic crests
weak; (10) supratympanic crest distinct; (11) parietal crest present; (12) dorsal
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A

Figure 2. Holotype of Rhinella kumanday sp. nov. (MHN-UCa-Am 1164, adult female), SVL 39.4 mm, in preservative
A dorsal view B ventral view C lateral view.

surface with scattered tubercles, small and round with some conical ones; (13)
parotoid glands well developed and ovoid; (14) lateral row of tubercle variable
from scattered conical tubercle from the posterior side of the parotoid gland
until 2/3 of the lateral space to the groin, to a complete fold of conical tubercles
from the posterior part of the parotoid glands to the groin; (15) skin on dorsal
surface of limbs with many warts and conical tubercles; (16) finger | smaller
than Il; (17) fingers and toes moderate webbed, digits long; (18) subarticular
tubercles diffuse, barely evident in some individuals (19) many supernumer-
ary tubercles, small, round and low; (20) modal webbing in hand: | 1-2 1l 1-2
1-2-21V; in foot: 1 0-0 11 0-2 11 1-3 IV 3=1 V; (21) males without vocal slits;
(22) nuptial pads absent in males; (23) testes small and black; (24) coloration
in life: dorsum light brown, in some cases with few dark spots and/or cream
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e - —

Figure 3. Female (MHN-UCa-Am 1698; paratype) of Rhinella kumanday sp. nov. in life (SVL 35.01 mm).

middorsal line; flanks dark yellow with many grey and dark mottling; venter
creamy yellow with variable size marks dark brown; iris golden with irregular
dark brown marks.

Description of the Holotype (Figs 2, 4). Adult female (SVL = 39.43 mm;
Fig. 2), body robust; head triangular in dorsal view, protruding and sharp in lat-
eral view; head wider than long (HW 1.5 times HL) narrower than body; HW and
HL 34.1% and 22.8% of SVL, respectively. Snout acuminate, triangular in the tip;
SL 59.9% of the HL; the distance from the nostril to the tip of the snout is equal
to the distance from the anterior margin of the eye to the nostril (2.6 mm); snout
protruding and sharp; upper jaw directed beyond the lower. Snout protruding
with a sagittal ridge between the upper lip and the point of the snout. Canthus
rostralis elevated forming a weak canthal crest, concave in dorsal view; lore-
al region concave; nostril round, small and protuberant, no visible from dorsal
view; eye diameter more than half of the interorbital distance (ED/IOD = 0.53);
ED longer than the distance between eye and nostril (ED/E-N = 1.25). Canthal
crest present but weak; preorbital crest non evident but present; supraorbit-
al crest present; postorbital crest weak; supratympanic crest present, distinct,
expanded laterally; pretympanic crest present. Tympanic annulus and tympan-
ic membrane absent. Parotoid glands subtriangular, large, almost two times
ED (PL/ED = 1.88). Skin of the eyelid with abundant small warts of different
shapes and sizes, eyelid edge above the eye forming a thick fold. Forearm slen-
der, 25.4% of SVL; forearm skin bearing abundant subconical warts and smaller
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|
Figure 4. Head, hand, and foot of the holotype of Rhinella kumanday sp. nov. (MHN-UCa-Am 1164) A dorsal view of head
B lateral view of head C ventral view of right hand D ventral view of right foot E tarsal fold on the left foot.
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conical tubercles along the entire surface. Hands long, slender, hand length
25.1% of SVL; hands densely covered by minute tubercles in the entire dorsal
surface; fingers slender and long; relative length of fingers I<lI<IV<Ill; finger tips
round; basal webbing between fingers present, webbing formula: 1 1-2 11 2-3 I
-3-2IV; fingers with lateral fringes; palmar and thenar tubercles distinct, small
and ovoid; thenar less than a half of palmar tubercle; palmar surface of the
hand with multiple accessory tubercles like warts and minute tubercles barely
visible; supernumerary and subarticular tubercles diffuses. Hindlimbs shorts,
robust; femur length and tibia length 33.7% and 34.6% of SVL, respectively;
entire surface of the hindlimbs covered with abundant warts and conical and
subconical tubercles of different sizes foot long, 33.2% of SVL; toes long and
slender; relative length of toes I<lI<ll<V<IV; toes tip round; toes with extensive
webbing between toe | and Il, moderate in toes Ill, IV and V, webbing formula: |
0-0110*-2 11 1-3 1V 3=1*V; fingers bearing lateral fringes; tarsal fold present,
formed from the postaxial lateral fringe of toe V, in the portion proximal to the
heel the tarsal fold is replaced by tubercles; outer metatarsal tubercle barely
visible, round, ~ 3x smaller than the round inner metatarsal tubercle; plantar
surface with flat warts indistinct, accessory tubercles small, indistinct; super-
numerary tubercles indistinct; subarticular tubercles diffuses, round.

Dorsum with scattered subconical, round warts with hard tips and densely
covered with minute conical tubercles; lateral row of subconical tubercles from
the posterior region of the parotoid gland to insertion of the groin, forming a
discontinuous fold. Skin more granular in the flanks with more prominent warts
densely distributed. Skin on venter with minute tubercles; chest and gular region
more granular than venter. Cloacal opening protuberant, directed posteriorly at
mid-level of the thighs. Tongue robust, ~ 2x longer than wide; notched anteriorly,
one half free posteriorly. Choana small and ovoid, widely separated. Maxillary,
premaxilla and vomerine teeth absent. Measurements of the holotype (mm).
SVL: 39.4; HW: 13.4; HL: 9; ED: 3.3; 10D: 6.1; EW: 3.3; EL: 4.3; IND: 4.0; E-N: 3.1;
NSD: 2.6; SL: 5.4; FL: 10.0; HNDL: 9.9; FEML: 13.3; TL: 13.6; FOOTL: 13.1; PL: 6.2.

Coloration of Holotype in life. Head mainly brown with some darker zones
in the tympanic region; the pupil is circular and the iris appears golden, accom-
panied by black mottled spots that become more grouped near the sclera. The
suborbital area is cream yellowish and extend in two lines of the same color,
one ends in the mouth corner, and the second, reach the upper lip. The dorsal
surface has a light brown background with a dark brown medial band that start
at the interorbital space covering both eyelids and extend medially toward the
cloacal sheath, becoming a discontinuous mark in the latter; at the level of the
parotoid glands and the middle of the dorsum, the aforementioned band turns
into an inverted V-shaped mark. The flanks of the body have a light brown col-
oration, in which highlights a cream yellowish line that extends from the up-
per eyelid to the groin that is cream yellowish with few black spots, crossing
the parotoid glands and the fine lateral row of tubercles. The ventral surface of
the body and posterior and anterior extremities have a cream yellowish back-
ground, with the presence of brown mottle marks that are more concentrated at
gular region and turn diffuses towards the posterior region of venter. The cloa-
cal opening has a divide coloration, in which the upper region is brown with yel-
low spots, and the lower region has a cream yellowish with brown marks. The
tarsal fold is light yellow and extend from the keel to the distal point of the toe V.
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Coloration of holotype in preservative (Figs 2, 4). The head has mainly
a dark brown coloration; the tympanic region is dark brown; the suborbital
region has a yellow mustard color and form two lines of the same color that
extends to the mouth corner and the upper lip, respectively. The dorsum has a
light brown background with a darker band that start in the interorbital space
and covers both eyelids and extends to the cloaca turning in a diffuse mark in
this region; at the level of the parotoid glands and the middle of dorsum this
band forms an inverted V-shaped mark. The flanks are dark brown almost
black with a cream yellowish line that start at the upper eyelid and extends
to the groin that has a yellow background with black spotting, crossing the
brown parotoid glands. The dorsal surfaces of the extremities are dark brown
with cream yellowish marks at the webbing and the tips of the fingers and
toes. The ventral surfaces of the body and extremities have brown mottled
marks on a yellow mustard background; the brown marks are concentrated in
the gular region turning into diffuse marks toward the cloaca. The cloaca has
two different colorations, in which the upper region is brown with few yellow
spots, and the lower region has a yellow background with brown marks. The
tarsal fold is yellow.

Variation. There is variation in the measurements between females and
males in which females have a longer size in some structures (Table 2). There
is also variation in the degree of the dorsolateral row of prominent tubercles
as follow: scattered conical tubercles that does not form a row (MHN-UCa-Am
198-199); lateral row of conical tubercles from the anterior part of the parot-
id glands to 2/3 of the lateral space to the groin (MHN-UCa-Am 196, 0412);
complete lateral row of conical tubercles from the anterior part of the parotid
glands to the groin (MHN-UCa-Am 1164). Head triangular in dorsal view point-
ed at the tip in females (MHN-UCa-Am 198, 421, 1164) or blunt at the tip in
males (MHN-UCa-Am 196, 199). The color patterns vary among the type series
from light brown with darker markings in the dorsum (MHN-UCa-Am 196), a
darker brown dorsum with diffuse dark marks (MHN-UCa-Am 198, Am 421, Am
1717; Fig. 5B, H, |, respectively) to a dark brown, almost black dorsum with in-
distinct black marks (MHN-UCa-Am 199, Am 1698, Am 1718, Fig. 5A, C and G,
respectively; and Am 1164, Fig. 2A). Three individuals have a cream/yellowish
longitudinal line in the dorsum (MHN-UCa-Am 199, 421, 1718. Fig. 5A, G, ). The
variability in the degree of the dark brown mottling and markings in the venter
is high (Fig. 5D—F, J-L); the chest and gular region varies from a light cream
yellowish background with diffuse and thin dark brown marks more abundant
from chest to the gular region (MHN-UCa-Am 196, 421, 1698, 1717) to a cream
colored background with thick and abundant dark brown to black markings
along the entire venter and completely dark in chest and gular region (MHN-
UCa-Am 198-199, 1718). Two individuals present two light cream lines, one
longitudinal from the tip of lower lip to the cloacal opening and the second
horizontal from the insertion of the arm (MHN-UCa-Am 199, 421). The females
have large eggs with a cream-yellow color and lacking reticulations (Fig. 6A).
The males lack nuptial excrescences and vocal slits, the testes are small and
present black reticulations (Fig. 6B).

Osteological description. The following description is based on two stained
and cleared adult female specimens (MHN-UCa-Am 1802, SVL = 35.98 mm;
MHN-UCa-Am 1492, SVL = 35.01 mm).
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A B

10 mm 10 mm 19 mm

Figure 5. Paratypes and referred specimens of Rhinella kumanday sp. nov. in preservative A, B, C, G-I dorsal views (MHN-
UCa-Am 199, 198, 1698, 1718, 1717, 421, respectively) and ventral views D-F, J-L (MHN-UCa-Am 199, 198, 1698, 1718,

1717, 421, respectively).
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Table 2. Measurements taken to the nine individuals of Rhinella kumanday sp. nov. housed in the MHN-UCa-Am. For the
measurements definitions see Materials and methods. MHN-UCa-Am 421, 1717, and 1802 are not part of the type series.

Female
Measurements | holotype MHN-
UCA-AM 1164

SVL 39.4

HW 13.4

HL 9

ED 3.3

10D 6.1

EW 3.3

EL 43

IND 4.0

E-N 3.1

NSD 2.6

SL 5.4

FL 10.0
HNDL 9.9
FEML 13.3

TL 13.6
FOOTL 13.1

PL 6.2

Female MHN- fe;:‘I’:rI:/iII:IN- Female MHN- | Female MHN-  Female MHN- | Female MHN- | Male MHN- = Male MHN-
UCA-AM 198 UCA-AM 421 UCA-AM 1698 UCA-AM 1717 UCA-AM 1718 UCA-AM 1802 UCA-AM 196 UCA-AM 199
40.1 325 35.01 35.54 37.71 35.98 36.4 37.8
13.7 12.1 12.36 12.51 13.26 11.08 11.6 11.5
8.7 7.2 9.45 9.87 9.61 8.30 6.1 8.0
3.2 3.5 3.12 3.87 3.59 3.92 3.1 3.2
5.5 4.4 4.23 4.56 4.84 3.85 57 2.8
2.6 3.4 2 3.55 3.21 3.02 2.8 2.7
3.7 4.3 3.19 471 4.42 3.35 4.8 4.2
3.8 3.4 33 3.64 3.63 3.86 3.5 3.8
2.4 2.4 2.52 2.82 2.81 - 2.3 2.1
29 2.4 1.63 2.5 2.49 3.3 2.8 2.7
5.2 4.5 4.96 4.93 5.06 - 5.6 5.2
9.0 6.9 8.55 8.36 7.96 10.06 7.1 7.0
9.6 7.4 9.39 9.06 8.33 4.59 8.6 8.5
10.9 9.9 12.6 12.69 12.79 13.32 8.2 9.0
12.8 9.6 11.42 11.44 10.91 14.99 11.3 10.5
11.6 10 12.03 11.67 11.12 14.21 11.1 10.9
5.9 5.7 4.84 4.35 4.7 - 5.8 5.4

Cranium. Shape of anterior margin of nasal bones are relatively blunt and in
contact medially; the anterior margin of the frontoparietal bones are not com-
pletely articulated with the posterior margin of nasals making the dorsal sur-
face of sphenethmoid visible; dermal roofing bones heavily ornamented with
pits, striations and rugosities; canthal crest blunt; preorbital crest present; su-
praorbital crest blunt and thick; postorbital crest present but weak; supratym-
panic crest present, distinct, expanded laterally towards the postorbital crest,
but the occipital artery pathway avoids connecting with the supraorbital crest;
pretympanic crest weak; parietal crest weak; the occipital artery canal partially
cover by bones; otic ramus enlarged in contact with the posterolateral margin
of frontoparietal bones; anterior margins of the nasal bones extended beyond
the dorsal margins of the alary processes of the premaxillae; alary processes
of the premaxillae angled posteriorly to the anterior margin of the premaxillae;
the anterior end of the septomaxilla is not developed; the zygomatic ramus of
squamosal is free from the ventral ramus; the jaw articulation is opposite to the
fenestra ovalis; columella is present but reduced in size and articulated with
the palatoquadrate and squamosal; tympanic annulus is absent; frontoparietal
extends beyond the lateral margins of the sphenethmoid; the sphenethmoid
reaches the palatines; the anterior ramus of the pterygoid articulates along the
margin of maxilla and does not contact the palatine; ventral ridge of the pala-
tines absent; medial ramus of the pterygoid is fused with the anterolateral mar-
gin of the parasphenoid; the surface of contact is jagged between the medial
ramus of pterygoid and parasphenoid alae; anterior margin of the cultriform
process of the parasphenoid is broadly rounded anteriorly; bony protrusion at
the angle of the jaw absent.
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Figure 6. Internal sexual anatomy of Rhinella kumanday sp. nov. A female (MHN-UCa-Am 198) B male (MHN-UCa-Am
199). Abbreviations: fb fat bodies; ov ovary; e ovarian eggs; t testes.

Vertebral column. The axial column consists of seven presacral vertebrae
with the neural spine flat or slightly elevated, and vertebrae I-Il are fused. The
decreasing lengths of the transverse processes and sacrum are: IlI>IV>Sa-
crum>V>VII>VI>ll; the maximum width of the sacral diapophysis is smaller than
the maximum length (maximum length and width of MHN-UCa-Am 1492: 5.36
mm and 3.85 mm, and MHN-UCa-Am 1802: 5.38 mm and 3.74 mm, respec-
tively); the length of the transverse processes of Ill and VI vertebrae are larg-
er than the length of the transverse process of vertebrae V (maximum length:
8.61 mm, 9.70 mm and 7.18 mm, respectively); transverse process of the VI
vertebrae is parallel to the V vertebrae; transverse process of the VIl vertebrae
is orientated anteriorly in relation to the medial axis of the vertebral column.
The anterior edge of the sacral diapophysis is oriented anteriorly to the midline
axis of the vertebral column; posterior margin of the sacral diapophyses is rel-
atively smooth; the fusion of the sacrum and the urostyle is distinguished; the
urostyle present lateral fringes in dorsal view. llium presents a large dorsally
directed protuberance and its dorsal crest is present but small; in lateral view,
the anteroventral margin of the symphysis of the iliac bone with the iliac axis
of the pelvic girdle is perpendicular to the plane of the iliac bone, forming an
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angle of 90°; ilia shaft lacks the dorsal crest in medial view; in lateral view, the
relative contribution of the ischium to the pelvic girdle is not evident, but the
contribution of the ilium to the pelvic girdle is observed, indicating a possible
fusion between the ischium and the pubis; the postventral crest of acetabular
expansion of ischium is well developed.

Pectoral girdle. The pectoral girdle is composed of various bones and carti-
laginous elements, which may exhibit different degrees of mineralization; ster-
num presents mesosternum and xiphisternum of reduced size, occupying a
small lower portion of coracoid, where a degree of mineralization can also be
observed; free epicoracoid, partially ossified on the closest edge to the cora-
coid; each protocoracoid continues through the epicoracoid, reaching the up-
per part of the clavicle, and it expands laterally until it reaches the distal end
where the clavicle articulates with the scapula; the omosternum is absent; a
moderate-sized foramen is observed in the upper part of the glenoid cavity,
probably caused by the medial union of the scapula, clavicle, and coracoid;
clavicle small (~ 5 mm in length in MHN-UCa-Am 1802); well-ossified scapula
being 2/3x clavicle length; the scapulae are wider at their lateral ends; anterior
and posterior margins of each scapula are concave; distal end of each scapula
has a bicondylar articulation; the most distal region of the pectoral girdle is
formed by the cleithrum and the suprascapula; degree of ossification between
the cleithrum and the suprascapula can vary, making it difficult to establish a
boundary between the structures; the cleithrum is more ossified towards the
anterior margin and extends laterally forming an incomplete rectangle (3/4 of
the plate); the posterior border is cartilaginous and lobulated.

Forelimbs. The humerus is the longest bone of the forelimb; the caput hu-
meri (glenoid epiphysis) is rounded; the eminentia capitate is visible as is a
large, rounded structure in the distal epiphysis; the shaft has a well-developed
ventral ridge that originates near the proximal head of the humerus and extends
to 2/3 of the humerus. A poorly developed proximo—medial ridge is observed;
the fossa cubitalis ventralis is narrow and inconspicuous; the radius and ulna
are completely fused medially into a single structure that shows a longitudinal
sulcus (sulcus intermedius) from the distal head to the head to the middle of
diaphysis; olecranon (proximal head of the ulna), and capitulum (proximal head
of the radius) are conspicuous and form a concave articulation surface with the
eminentia capitata. The autopodium has a set of carpal bones (ulnare, radiale,
element Y, distal carpal 2, distal carpal 5-4-3, four metacarpals and their corre-
sponding phalanges (Il to V) plus two ossified prehallical elements; elongated
metacarpals (IV>V>llI>ll); relative length of fingers is IV>V>llI>l; the ultimate
phalanx of the manual digits is pointed; the phalangeal formula is 2-2-3-3; in
ventral view, manus presents a pad-like ossified structure.

Hind limbs. The femur is ~ 35% of SVL, has a robust appearance and slightly
sigmoidal shape, accompanied by a rounded caput femoralis that fits into the
acetabulum of the pelvic girdle; in lateral view, a slight femoral crest is observed
and occupies 1/4 of the femur length; tibia and fibula are fused, only distinguish-
able by the presence of the sulcus intermedius; femur (~ 12 mm) is slightly lon-
ger than the tibia-fibula (~ 11 mm); the tibia-fibula present equal length and are
fused at the distal and proximal epiphyses. The autopodium consist of a series of
tarsal elements (tibia-fibula, and two distal elements), five metatarsal elements
with their corresponding phalanges (I-V), and two ossified prehallical elements;
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element Y is located proximally to metatarsal | and articulating medially with the
proximal elements of prehallux; two voluminous elements likely represent fused
element Y + distal tarsal 1, and distal tarsals 2 and 3, or element Y and distal
tarsals 1-3; the last phalanx of the toes of the hind leg is pointed; phalangeal
formula is 2-2-3-4-3, and the relative length of the toes is IV>IlI>V>[1>l.

Distribution. Rhinella kumanday sp. nov. is distributed in the Central Cordille-
ra of Colombia in an elevational range from 2404 to 3690 m (Fig. 7). It inhabits
Andean and high-Andean vegetation (Fig. 8) of the Cauca and Magdalena Mon-
tane Forests (sensu Dinerstein et al. 2017). Records of this toad are confined
to the area adjacent to Los Nevados Natural Park, which is in the northernmost
volcanic belt of the Central Cordillera.

Etymology. The name “kumanday” means “white beautiful”, a word given by
the indigenous Quimbaya to the snow-covered volcano that towers over the
Central Cordillera in the coffee growing region of Colombia.

Comparisons with other species. According to our genetic results (Fig. 1),
the most related species of the festae group to Rhinella kumanday sp. nov. are
R. paraguas, R. ruizi, and R. nicefori with which are grouped. However, R. kuman-
day sp. nov. differs from R. paraguas and R. nicefori by the presence of a well-de-
fined tarsal fold; moreover, differs from R. paraguas by having a smaller body
size (Table 3), the presence of a well-defined parietal crest, and the absence
of nuptial excrescences in males (parietal crest absent, nuptial excrescences
present in R. paraguas; Grant and Bolivar-G. 2014). Also, R. kumanday sp. nov.
differs from R. ruizi by the presence of a well-defined sagittal ridge between the
point of the snout and the superior lip (absent in R. ruizi; Grant 2000), and the
number of presacral vertebrae (seven in R. kumanday sp. nov. vs eight in R. ruizi;
Grant and Bolivar-G. 2014). Moreover, the new species differs from other spe-
cies of the festae group such as R. acrolopha, R. chullachaki, R. festae, R. lindae,
R. macrorhina, R. rostrata, and R. truebae by the aforementioned presence of the
tarsal fold (absent in those species); from R. acrolopha, R. festae and R. mac-
rorhina by the presence of low cranial crest (prominent cranial crest in the three
species; Trueb 1971); from R. tenrec, R. lindae and R. truebae by having a smaller
body size (Table 3; Lynch and Renjifo 1990; Rivero and Castafio 1990). Also,
Rhinella kumanday sp. nov. differs from R. tenrec by the less acute snout (very
acute in R. tenrec), less presacral vertebrae (seven vs eight in R. tenrec), the
fusion between sacral and the urostyle (not fused in R. tenrec), and the eleva-
tional distribution (> 2000 m in R. kumanday sp. nov. vs < 1300 m in R. tenrec).
Rhinella kumanday sp. nov. also differs from R. truebae, R. chavin, R. lilyrodrigue-
zae, R. manu, R. multiverrucosa, R. nesiotes, R. tacana, and R. yanachaga by the
absence of the tympanum and annulus tympanic (present in those species).

Conservation status. Rhinella kumanday sp. nov. is only known from 12 lo-
calities in the montane forests of both slopes of the Central Cordillera in the
departments of Caldas and Tolima, Colombia. The calculation of its extent
of occurrence (EOO) using the minimum convex polygon method, as recom-
mended by the International Union for the Conservation of Nature computed
with GeoCAT (Bachman et al. 2011), results in an EOO of 208 km?. This lim-
ited distribution area strongly suggests that the species should be classified
as Endangered; however, population dynamics are still unknown. The observed
specimens of R. kumanday sp. nov. show irregular temporal occurrences and
are typically associated with occasional encounters. This new species is

ZooKeys 1196: 149-175 (2024), DOI: 10.3897/z00keys.1196.114867 165



Luis Santiago Caicedo-Martinez et al.: A new species of the Rhinella festae group

75‘0.'0"'W ?U"DI'U"W 65°[ll'(!"W SO‘OI’U"W

5°0'0"N
1

Ecuador

T
10°0'0"N

COLOMBIA

Perd | L —

T T T 1
0 126 250

1
500 Km
Sources; Esni, USGS, NOAA

T T T T
75°0'0"W 70°0'0"W B85°0'0"W 60°0'0"W

Figure 7. Distribution of Rhinella kumanday sp. nov. Records obtained from specimens deposited in the Coleccion de
Anfibios of the Museo de Historia Natural of the Universidad de Caldas (MHN-UCa-Am) and the specimen (TG 2115)
mentioned by Machado et al. (2016) and Pereyra et al. (2021). Red star indicates the type locality.

considered rare within its distribution area. Recent field surveys conducted in
the type locality and surrounding areas have resulted in low capture success
rates. Additionally, our knowledge of the species’ natural history, distribution,
and reproductive behavior remains incomplete, which raises concerns about
its vulnerability. The Parque Nacional Natural Los Nevados and the Reserva
Forestal Protectora Bosques de la CHEC, are likely protecting population of
this species, but mining activities such as the Tolda Fria project might have
adverse effects on the species. Records of Rhinella sp. from the departments
of Quindio and Risaralda (e.g., Castafio et al. 2017), require further review to
confirm whether or not they belong to R. kumanday sp. nov.

Natural history. Rhinella kumanday sp. nov. presents terrestrial and crepuscu-
lar habits. This species has been observed to be associated with leaflitter or un-
der rotten log during early morning hours and twilight (Rojas-Morales and Marin-
Martinez 2019 as Rhinella sp.). It has been recorded in secondary forests within
the Andean ecosystems of the Central Cordillera in the departments of Caldas
and Tolima (Fig. 8). The vegetation structure of the locations includes plants
from genera such as Brunellia Ruiz & Pavdn, 1794 (Brunelliaceae), Chamaedorea
Willd., 1806 (Arecaceae), Saurauia Willdenow, 1801 (Actinidiaaceae), Oreopanax
Decaisne & J.E. Planchon, 1854 (Araliaceae), Cyathea Sm., 1793 (Cyatheaceae),
Juglans L., 1753 (Junglandaceae), Croton L., 1753 (Euphorbiaceae), and Om-
brophytum Poepp. ex Endl. (Balanophoraceae). Rhinella kumanday sp. nov. has
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80 m

Figure 8. The Andean cloud forests of Manizales and Villamaria, Caldas A Google Earth©
image with the type locality (arrow) of Rhinella kumanday sp. nov. B general landscape of
the Reserva Forestal Protectora Bosques de la CHEC C collection site inside the forest.

been found at the edges of creeks and streams inside the forest, as well as
near streams close to the Pan-American Road in Caldas. Based on observations
of seven individuals, Escobar-Lasso and Gonzalez-Duran (2012, as Rhinella sp.)
described the defensive behavior of R. kumanday sp. nov. The behavior included
thanatosis or death feigning. The only known natural predator of this species is
the False-coral snake Erythrolamprus lamonae (Dunn, 1944) (pers. obs.). Rhinel-
la kumanday sp. nov. shares its habitat with other species, including the bufonid
Osornophryne percrassa Ruiz & Hernandez, 1976, in parts of its distribution. It is
also likely to be sympatric with Atelopus quimbaya Ruiz & Osorno, 1994, which
inhabits similar environments in the altitudinal band of the Los Nevados area.
However, there have been no records of the latter species since 1997.
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Table 3. Measurements (in mm) of some species of the R. festae group distributed in the Colombian Andes. The in-
formation was obtained from the literature and include minimum and maximum range, mean and standard deviation
for R. paraguas. In the case of R. kumanday, the male data do not show the variation as there were only two males. For
R. tenrec the complete dataset of measurements is given only for the female holotype, and for R. truebae, the species is
only known from one female individual.
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SVL 35-40.1, | 37.1 | 40.6-51.4, 31.3-417, 547-60.8, 622 26.9 65.9 51.4 32.9 31.9 42
(37.3,£2,1) (45.1,#0.7) | (35.5,0.8) 56.7
HW 11.1-13.7, | 11.6 | 13.1-16.7, | 10.2-14.6, 22.3 - - 20.5 18.8 1.4 11.1 14.3
(12.7,£1.0) (14.9,40.2) | (11.8,0.3)
HL 8.3-9.9, 7.1 | 122-144,  9.6-118, 20.1 238 9.0 20.8 18.2 10.1 10.0 136
(9.2,40.6) (13.0,0.1) | (10.6,40.2)
ED 3.1-3.9, 3.2 - - 5.00 - - 6.6 4.8 3.2 33 46
(3.5,+0.4)
10D 3.9-6.1, 43 43-58, 3.1-5.0, 10.7 11.0 4.0 9.9 8.2 4 4 6.5
(4.9,£0.8) (5,+0.1) | (4.2,+0.2)
EW 2-3.6, 2.7 - - 3.8 - - 4.5 - - - -
(2.9, 0.6)
EL 3.2-47, 45 48-57, 3.9-47, 48 4.0 2.0 - - - - -
(4.0,£0.6) (53,#0.1) | (4.4,%0.1)
IND 3.3-4, 3.7 4.0-48, 3.5-43, - - - - - - - -
(3.7,0.24) (4.5,40.1) | (3.9,%0.1)
E-N 24-28, 22 2.6-3.5, 2.0-2.9, 6.0 6.1 3.0 6.5 4 2.2 1.9 3.3
(2.7,40.3) (3.0,#0.1) | (2.5,%0.1)
NSD 1.6-3.3, 2.7 2.3-3.5, 2.3-3.1, - - - - 4 17 1.9 24
(2.6, 0.6) (31,#0.1) | (2.7,%0.1)
SL 4.9-5.4, 5.4 5.4-6.4, 4.7-58, - 3 1.5 - - - - -
(5.1,£0.2) (6.1,£#0.1) | (5.2,%0.1)
FL 7.9-10.1, | 7.0 | 10.1-13.3, = 7.4-10.6, - - - - - - - -
(8.9,£0.9) (11.2,#0.2) | (8.6,%0.2)
HNDL 4.6-9.9, 85 | 11.1-135 | 7.3-10.2, - - - - - - - -
(8.5,+1.9) (12.1,#02) | (8.8,%0.2)
FEML 10.9-13.3, | 86 - - - 23.25 10.0 - - - - -
(12.6,40.9)
TL 10.9-14.9, | 109  13.3-16.9, = 9.8-12.38, 21.3 23.35 10.5 23.8 16 9.0 10.2 15.3
(12.5,+1.6) (14.8,40.2) = (11.4,#0.3)
FOOTL | 11.1-14.21, | 11 13.3-18.2, | 9.5-13.5, 20.1 27.5 10.5 29.5 26 16.1 15.00 | 25.1
(12.3,41.2) (15.8,0.3) | (11.8,0.3)
PL 4.4-6.2, 5.6 - - - - - 11.9 - - - -
(52,£0.8)

Regarding diet, based on dissection of three stomachs of preserved speci-
mens (MHN-UCa-Am 198, 1492, 1802), we found three invertebrate prey items
belonging to Coleoptera (Curculionidae and one unidentified) and Acari. The
reproductive biology is not documented. We have not seen tadpoles or am-
plectant pairs; however, three preserved gravid females with an unknown grav-
ity period (MHN-UCa-Am 198, 1802, and GGD-001) contained 96 (diameter
1.82+0.19;n=10),38 (1.81 mm % 0.21; n = 10), and 81 eggs (1.40 mm # 1.50;
n = 10), respectively. The eggs presented mostly a yellowish cream coloration
in preservative. This color condition has also been reported in preserved spec-
imens of R. acrolopha, R. chavin, R. festae, R. macrorhina, and R. nicefori (Trueb
1971; Lehr et al. 2001). The calls of R. kumanday sp. nov. are unknown, although
we tried to record them in captivity without success.
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Discussion

We present compelling evidence encompassing morphological, genetic, and os-
teological traits supporting the recognition of a new species of Rhinella in the
Central Andes of Colombia. Over the past decade, a series of studies conducted
in montane and subparamo forests of the municipalities of Manizales and Vil-
lamaria, Department of Caldas, as well as in the municipality of Murillo, Depart-
ment of Tolima, have consistently alluded to the presence of an undescribed spe-
cies (Rojas-Morales et al. 2014; Machado et al. 2016; Gomez-Salazar et al. 2017;
Rojas-Morales and Marin-Martinez 2019; Pereyra et al. 2021). Our results confirm
these previous observations and, in addition, the affiliation of R. kumanday sp.
nov. with the R. festae group. The formal description of R. kumanday sp. nov.
underscores the remarkable diversity of the genus which now comprises 23 spe-
cies in Colombia and 93 globally (Acosta-Galvis 2023; Frost 2023). However, the
extent of diversity within the genus is still underestimated (Pereyra et al. 2021).
The small number of specimens deposited in biological collections, as well as
paucity of collaborative research efforts among scientists interested in this group
of toads may have been the cause of the delayed description of this species. Rec-
ognizing the vulnerability of many Rhinella species within the festae group (IUCN
2023), R. kumanday sp. nov. is key for the implementation of localized conserva-
tion initiatives, as previously undertaken or recommended for other Andean spe-
cies (Burbano-Yandi et al. 2015). Of the 23 species of Rhinella distributed in Co-
lombia, eight are listed as threatened (IUCN 2023), and seven of these threatened
species belong to the R. festae group: R. rostrata (Critically Endangered - EN);
R. acrolopha, R. lindae, R. nicefori, and R. tenrec (Endangered - EN); and R. mac-
rorhina and R. ruizi (Vulnerable — VU; IUCN 2023). Beyond Colombian borders, the
species of this group face similar threats with four species listed as threatened:
R. nesiotes: (VU); R. arborescandens, R. chavin and R. yanachaga (EN; IUCN 2023).
This means that 50% of the group’s recognized and named species (11 of 21) are
considered threatened. Five additional species are included in the Data Deficient
category. Increasing field efforts may reveal more threatened species within the
genus. In the case of R. kumanday sp. nov., we suggest it should be assessed as
Endangered due to the extent of its occurrence spanning only 208 km?2. This spe-
cies appears to be restricted to the Andean forests of both slopes of the Central
Andes in the departments of Caldas and Tolima based on observations of our
research team aimed at locating and evaluating the current status of other endan-
gered species such as Atelopus quimbaya. During this ongoing project, new indi-
viduals of R. kumanday sp. nov. have been discovered (MHN-UCa-Am 1717-18).
Based on morphological traits including the snout projected, cranial crest rel-
atively developed, tympanic membrane and annulus tympanic absent (Pereyra
et al. 2021:11), R. kumanday sp. nov. aligns with the internal clade previously
recognized as the R. acrolopha group but now part of the R. festae group. The
lack of tympanic structures is a prevalent trait among species in the R. fes-
tae group and other Rhinella species (Pereyra et al. 2021; Castillo-Urbina et
al. 2021). The absence of tympanic structures is linked to a communication
mechanism based on the reception of environmental vibrations (Castillo-Urbi-
na et al. 2021). Consequently, exploring the acoustics behavior of the earless
R. kumanday sp. nov., and data on reproductive aspects such as mating and the
morphological traits of the tadpoles are essential for a deeper understanding
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of the natural history of this species. However, the high yolk concentration as
suggested by the mostly yellowish cream coloration of the eggs could indicate
that this species has direct development as observed in other amphibian spe-
cies (de Lima et al. 2016). Reproductive ecology and behavior are important
aspects to study in the near future for these poorly known toads. Lehr et al.
(2021) stated that R. manu is often found far away from the water, suggesting
they also may reproduce through direct development. Although R. kumanday
sp. nov. inhabits near of creeks and streams within the Andean forest, it might
also direct-development.

Finally, the Andes play a pivotal role in both the diversification and conser-
vation of amphibians, with new species being discovered every year (Sepulve-
da-Seguro et al. 2022). Nonetheless, the Andean and sub-Andean forests in
Colombia are highly threatened with only ~ 25% of the original area remaining
(Armenteras and Villareal 2003; Etter et al. 2017). Consequently, evaluating the
effects of deforestation and the expansion of the agricultural-livestock frontier
on small and restricted species such as those within the R. festae species group,
including the new species described here, is imperative. Furthermore, phylogeo-
graphic studies including the Colombian species of this group are relevant for
understanding the underlying dynamics influencing their current distribution.
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