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New Species of Leaf-litter Toad of the Rhinella margaritifera Species Group

(Anura: Bufonidae) from Amazonia

Miquéias Ferrdo'?, Albertina Pimentel Lima?, Santiago Ron>, Sueny Paloma dos

Santos®, and James Hanken'

We describe through integrative taxonomy a new Amazonian species of leaf-litter toad of the Rhinella margaritifera
species group. The new species inhabits open lowland forest in southwest Amazonia in Brazil, Peru, and Bolivia. It is
closely related to a Bolivian species tentatively identified as Rhinella cf. paraguayensis. Both the new species and R.
paraguayensis share an uncommon breeding strategy among their Amazonian congeners: each breeds in moderate to
large rivers instead of small streams or ponds formed by rainwater. The new species is easily differentiated from other
members of the R. margaritifera species group by having a strongly developed bony protrusion at the angle of the jaw, a
snout-vent length of 63.4-84.7 mm in females and 56.3-72.3 mm in males, well-developed supratympanic crests with
the proximal portion shorter than the parotoid gland in lateral view, a divided distal subarticular tubercle on finger IlI,
and multinoted calls composed of groups of 7-9 pulsed notes and a dominant frequency of 1,012-1,163 Hz. Recent
studies have shown that the upper Madeira Basin harbors a megadiverse fauna of anurans, including several candidate
species. This is the first member of the R. margaritifera species group to be described from this region in recent years,

and at least two additional unnamed species await formal description.

by a pronounced expansion of the posterior ramus of

the pterygoid bone in the skull (Pramuk, 2006).
Currently, this species group is composed of 20 species
distributed in Panama, Ecuador, Peru, Venezuela, French
Guiana, Guyana, Surinam, Bolivia, Paraguay, and Brazil
(Frost, 2020). Brazil harbors the most species, 16, which
occur mostly in Amazonia but also in Atlantic Forest,
Cerrado, and Pantanal (Frost, 2020). Although the presence
of cephalic crests is not a synapomorphy of the R.
margaritifera species group, this character allows the designa-
tion of two nonmonophyletic morphological subgroups: (1)
species with moderate to well-developed supratympanic
crests—R. gildae, R. margaritifera, R. martyi, R. paraguayensis,
R. roqueana, R. sclerocephala, R. sebbeni, and R. stanlaii; and (2)
those with poorly developed supratympanic crests—R.
acutirostris, R. alata, R. castaneotica, R. dapsilis, R. hoogmoedi,
R. lescurei, R. magnussoni, R. parecis, R. proboscidea, R. ocellata,
R. scitula, and R. yunga.

Most taxonomic problems regarding the R. margaritifera
group concern the identification of the species R. margar-
itifera (Lavilla et al., 2013; Moravec et al., 2014; Santos et al.,
2015). Until recently, its holotype was presumed lost for
more than two centuries, and its type locality was inaccu-
rately interpreted as Brazil. This situation led to a number of
synonymizations and revalidations. It has also complicated
the description of additional species, especially those with
well-developed cephalic crests. Finally, anuran checklists
conducted in Amazonia have commonly but inconsistently
applied the name R. margaritifera both to populations with
prominent cephalic crests as well as to those with poorly
developed ones.

4 I \ HE Rhinella margaritifera species group is characterized

After an exhaustive but ultimately unsuccessful attempt to
locate the holotype of R. margaritifera, and wishing to resolve
this taxonomic and systematic problem, Lavilla et al. (2013)
designated an adult female housed in the Museu Nacional,
Rio de Janeiro (MNR]J 71538) from the municipality of
Humaitd (Amazonas, Brazil) as the species’ neotype. This
action followed an intense literature review to determine the
most probable type locality. However, shortly before the
publication of Lavilla et al. (2013), ZISP 257.1, a specimen
housed in the Academy of Sciences in St. Petersburg, Russia,
was identified as the holotype of R. margaritifera (Milto and
Barbanov, 2011). Lavilla et al. (2017) subsequently recog-
nized this specimen as the one depicted by Seba (1734) and
used by Laurenti (1768) to erect R. margaritifera, thus
invalidating the neotype designated by Lavilla et al. (2013)
and attributing to R. margaritifera the status of species
inquirenda. While discovery of the holotype will facilitate
descriptions of some related species, continued uncertainty
regarding the type locality will likely hamper the description
of those that are morphologically similar to R. margaritifera.

Despite the chaotic taxonomy that surrounds Rhinella
margaritifera, its species group has attracted increased
attention from Neotropical taxonomists and systematists.
Fouquet et al. (2007a) revealed through molecular data that
as many as 11 cryptic species were concealed under the
names R. margaritifera and R. castaneotica in northern South
America. Jansen et al. (2011) showed in an integrative
inventory that a Bolivian population of R. margaritifera
probably represents R. paraguayensis or another closely
related species. As part of a revision of R. margaritifera (sensu
lato) from Panama and Ecuador, Santos et al. (2015)
redescribed R. alata using integrative taxonomy and argued
that the identities of some clades in their phylogeny remain
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unresolved and that some probably represent undescribed
species. Avila et al. (2018) described the morphological
variation, advertisement call, and phylogenetic position of
R. gildae and showed that this species is more widely
distributed than previously thought. In total, ten new species
of the R. margaritifera species group have been described since
2006 (Caramaschi and Pombal, 2006; Fouquet et al., 2007b;
Lima et al., 2007; Avila et al., 2010, 2020; Moravec et al.,
2014; Vaz-Silva et al., 2015), and additional candidate species
await formal description.

Over the last 15 years, two of us (A.P.L. and M.E) have
collected several specimens of a species belonging to the R.
margaritifera species group from the east bank of the upper
Madeira River, Brazil. This species was previously identified
mainly as Bufo sp. II (margaritifer complex) by Moravec and
Aparicio (2005) based on one specimen from Bolivia
(CBF5800), as “Bufo typhonius” by Duellman (2005), R. cf.
margaritifera “5” by Pramuk (2006), and R. margaritifera by
Mendelson et al. (2011) based on Peruvian specimens from
Puerto Maldonado (KU 215145-46), and recently as R. cf.
margaritifera by Moravec et al. (2014) based on a Peruvian
specimen from Masisea (NMP6V 74915). Our specimens
strongly differ morphologically from both the holotype (ZISP
257.1) and the former neotype (MNR]J 71538) of R.
margaritifera, as well as from other close relatives. Herein,
we describe this taxon as a new species by integrating
morphological, bioacoustic, phylogenetic, and ecological
traits.

MATERIALS AND METHODS

Sampling.—Eighteen individuals of the new species were
collected between 2009 and 2014 through visual encounters
in three RAPELD sampling modules along the east bank of
the upper Madeira River, Porto Velho municipality,
Rondoénia, Brazil (Magnusson et al., 2013; Fig. 1). Two of
the modules were located along the east bank of the Jaci-
Parand River, a tributary of the upper Madeira River: Jaci
Novo Sampling Module (09°24'45"S, 64°26'33"W; 133 m
a.s.l.) and Jaci Direito Sampling Module (09°27'44’S,
64°23’'32"W; 122 m a.s.l.). The third site, Morrinhos
Sampling Module, was located on the east bank of the
Madeira River (09°04'34"S, 64°14'46"W; 100 m a.s.l.). Three
additional specimens were collected in January 2017 at Trés
Praias Camp (09°27'11"S, 64°25'04"W; 77 m a.s.l.), east
bank of the Jaci-Parana River. Specimens were euthanized
with 2% benzocaine topical solution, fixed in 10% neutral-
buffered formalin, and preserved in 70% ethanol. Tissue
samples were collected before fixation, stored in 100%
ethanol, and housed at Albertina Lima’s laboratory at
Instituto Nacional de Pesquisas da Amazoénia (INPA),
Manaus, Brazil. Specimens are deposited in the Herpetology
Collection of INPA (INPAH).

Measurements and morphological analysis—Sex of specimens
was determined by the presence or absence of vocal slits.
Maturity was assessed by examination of gonads or when
specimens were actively calling. The following 35 morpho-
metric measurements were taken to the nearest to 0.1 mm by
using digital calipers. Fight measurements followed Duell-
man (1970): SVL, snout-vent length; HL, head length; HW,
head width; EL, horizontal eye diameter; TYMH, horizontal
tympanum diameter; HAND3, hand length on finger III;
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FOOT4, foot length on toe IV; TL, tibia length. Four
measurements followed Heyer et al. (1990): FAL, forearm
length; UAL, upper arm length; THL, thigh length; TAL,
tarsus length. Seventeen measurements followed Caldwell
and Lima (2003) and Caramaschi and Niemeyer (2003): EN,
eye-nostril distance; IN, inter-nostril distance; IOD, interor-
bital distance; UEW, upper eyelid width; TYMV, vertical
tympanum diameter; PGW, parotoid gland width; PGL,
parotoid gland length; TED, tympanum-eye distance;
FOOT]1, foot length on toe I; FOOT2, foot length on toe II;
FOOTS3, foot length on toe III; FOOTS, foot length on toe V;
HAND1, hand length on finger I, HAND2, hand length on
finger 1I; HAND4, hand length on finger 1V; PTL, palmar
tubercle length; PTW, palmar tubercle width. Additionally,
six other measurements were measured and defined as: BPD,
distance between bony protrusions of the jaw, measured
ventrally between the lateral tips of the protrusions; POCL,
supratympanic crest length, measured between anterior and
posterior crest margins; POCD, distance between supra-
tympanic crests, measured at the posterior extremities; SOCL,
supra-orbital crest length, measured between anterior and
posterior crest margins; SH, snout height, measured from the
tip of the snout to the border of the upper lip; APO, number
of emerging dorsal vertebral apophyses. Toe webbing was
scored according to the formula of Savage and Heyer (1967)
as modified by Myers and Duellman (1982). External
morphological terminology follows Heyer et al. (1990) and
Kok and Kalamandeen (2008). Coloration in life was taken
from photographs and field notes.

Call recordings and acoustic analysis.—Advertisement calls of
two males (INPAH 41331 and INPAH 41332) were recorded
on the east bank of the Jaci-Parand River at Trés Praias Camp
on 31 January 2017. Recordings were made at 1800 h with a
Sennheiser K6/ME66 unidirectional microphone (Sennheis-
er, Germany) and a Marantz PMD660 digital recorder
(Marantz, Japan). The microphone was positioned approxi-
mately 1.5 m from each male. Recordings were made at a
sampling rate of 44.1 kHz and a sample size of 16 bits and
stored in WAV format. Temperature during recording was
25°C.

Calls were analyzed using Raven Pro © v.1.5 software (The
Cornell Lab of Ornithology, available from https://
ravensoundsoftware.com) with the following configuration:
window = Blackman, 3 dB Filter Bandwidth =80 Hz, overlap
=80%, hop size =4.1 ms, and DFT size = 2,048 samples. The
following temporal and spectral traits were quantified from
eight calls of each male: call duration, inter-call interval, call
repetition rate (calculated as 60 seconds/[call duration +
inter-call interval]), number of notes, note duration (quan-
tified for the first, middle, and last notes), inter-note
interval (quantified between the first and second notes
and between the middle and consecutive notes), note
repetition rate (calculated as 1 seconds/[note duration +
inter-note interval]), pulses per note (quantified for the first,
middle, and last note), call dominant frequency (measured
along all the call), and call bandwidth (using 20 dB as
threshold). Sound graphs were produced in R v.3.5 (R Core
Team, 2016) using the packages seewave v.2.1 (Sueur et al.,
2008) and tuneR v.1.3.2 (Ligges et al., 2018). Seewave was set
as follows: window = Hanning, FFT size = 256 samples, and
FFT overlap = 85%.
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Fig. 1. Phylogeny of species of the Rhinella margaritifera species group based on one nuclear and three mitochondrial genes (2,997 bp) and
reconstructed through Bayesian inference. Posterior probabilities above 0.80 are shown close to nodes and those greater than or equal to 0.95 are
represented with an asterisk. Scale bar represents substitutions/site. Photographs by Santiago Ron, bioweb.bio (R. dapsilis, R. margaritifera),
Anthony S. Ferreira (R. proboscidea) and Albertina P. Lima (Rhinella exostosica, new species). See Data Accessibility for tree file.

DNA sequencing and phylogenetic analyses—Total DNA of
samples of three specimens of the new species from the east
bank of the upper Madeira River and three specimens of R.
aff. margaritifera from the west bank was extracted from liver
or muscle preserved in 100% ethanol following the protocol
of Santos et al. (2015). The mitochondrial genes 16S rRNA

(primers 16Sc and 16Sd; Pauly et al., 2004) and cytochrome ¢
oxidase 1 (COI; primers LEP-F1 and LEP-R1; Hebert et al.,
2004) and the nuclear gene tyrosinase (Tyr; primers TyriC
and Tyr1G; Bossuyt and Milinkovitch, 2000) were amplified
through polymerase chain reaction for all specimens.
Amplifications were sequenced by Macrogen Inc. (Seoul,
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Korea). Forward and reverse sequences were assembled and
edited manually using GeneiousPro 5.4.6 (Biomatters Ltd.).

BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used
to compare sequences of the new species with other species
of the R. margaritifera group deposited in GenBank. Sequenc-
es of two specimens from Puerto Maldonado and one from
Masisea, Peru (KU 215145-46, NMP6V 74915, respectively)
and one specimen from Bolivia (CBF5800) were retrieved
with high similarity (>99%) and referred to the new species
based on morphological and phylogenetic similarity. In order
to infer phylogenetic relationships among the new species
and its close relatives, sequences from 2-5 specimens were
selected from each nominal and candidate new species of the
R. margaritifera species group previously published and
available in GenBank. Although sequences of the mitochon-
drial gene 12S rRNA were not generated in the present study,
this gene was included in the dataset to better estimate
phylogenetic relationships within the focal species group.
Sequences from species belonging to the R. festae, R.
granulosa, R. marina, R. spinulosa, and R. veraguensis species
groups were used as outgroups. Specimens, sampling local-
ities, and GenBank accession numbers are listed in Appendix
1.

Gene datasets were individually aligned using Clustal W
(Thompson et al., 1994) as implemented in Bioedit (Hall,
1999) and using default settings. Alignments were posteriorly
concatenated in Mesquite 3.2 (Maddison and Maddison,
2019), resulting in a final matrix comprising 60 terminals
and 2,996 bp (16S, 870 bp; 125, 899 bp; COI, 678 bp; Tyr, 550
bp). PartitionFinder v. 1.1.1 (Lanfear et al., 2017) was used to
estimate the best partitioning scheme and best-fit molecular
evolution model for each partition (see Appendix 2). Codon
partitioning was applied to protein-coding genes. Best
scheme and models were identified by using the PhyML
algorithm and Bayesian information criterion (BIC). Phylo-
genetic relationships were inferred through Bayesian Infer-
ence (BI) in MrBayes (Ronquist et al., 2012) by using four
independent runs of 20 million generations with four
Metropolis-coupled Markov-chain Monte Carlo algorithms
(MCMCMC). Probabilities were sampled every 1,000 gener-
ations, and stationarity of posterior distributions (Effective
Sample Sizes > 200) were accessed in Tracer v.1.6 (Rambaut et
al., 2018). The 50% majority rule consensus tree was
calculated after discarding the first 25% of trees as burn-in.
Interspecific pairwise p-distances and Kimura-2-Parameters
distances (Kimura, 1980) were calculated using the 16s rRNA
gene in Mega 6 (Tamura et al., 2013).

RESULTS

The phylogeny reconstructed through Bayesian inference
recovers with strong support the Rhinella margaritifera species
group as monophyletic (Fig. 1). The most basal species are R.
yunga and R. ocellata, respectively. In addition, three major
clades of species within the R. margaritifera species group are
moderately to well supported (posterior probabilities [PP] >
0.93). The first major clade (PP = 1) groups the trans-Andean
R. alata and three other cis-Andean species from Brazilian,
Peruvian, and Ecuadorian Amazonia with moderately to well-
developed supratympanic crests. The second clade (PP =0.93)
is composed of small-sized Amazonian species with poorly
developed supratympanic crests: R. aff. castaneotica and R.
proboscidea. Finally, the third major clade includes all
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remaining cis-Andean species with moderately to well-
developed supratympanic crests distributed in Amazonia,
Pantanal, Atlantic Forest, and Savanna. However, phyloge-
netic relationships among the major clades are poorly
resolved.

Samples of the new species from the east bank of the upper
Madeira River (Brazil) cluster with two Peruvian samples from
Puerto Maldonado previously identified as Rhinella aff.
margaritifera (PP = 0.97; Fig. 1). Samples previously identified
as R. aff. margaritifera from Masisea, Peru (NMP6V 74915) and
another from Bolpebra, Bolivia (CBF5800) group with the
clade Brazil + Puerto Maldonado (PP = 0.98; Fig. 1). Pairwise
genetic distances between Brazilian samples and those from
Puerto Maldonado and CBFS5800 are very low (K2P and p-
distances = 0.2% in both pairs). The CBF5800 also shows low
genetic distance from samples from Puerto Maldonado (K2P
and p-distance = 0.2%). Conversely, NMP6V 74915 presents
higher p-distances to samples from Brazil (0.9%), Puerto
Maldonado (0.9%), and Bolpebra (0.7%). Based on morpho-
logical similarity, genetic distance, and phylogenetic posi-
tion, we refer the Bolivian and Peruvian specimens to the
new species.

The new species is placed in sister position to a clade
composed of samples from Bolivian lowland tentatively
attributed to Rhinella cf. paraguayensis (Fig. 1). Nevertheless,
this relationship is poorly supported (PP = 0.82). Pairwise
genetic distance between the new species and R. cf. para-
guayensis is low (K2P and p-distances = 1.9%). In contrast to
the low genetic distance, these taxa show strongly divergent
morphology. The species inhabiting the west bank of the
upper Madeira River is not closely related to the new species
according to our phylogeny, and instead is grouped as sister
to R. aff. margaritifera from Ecuador. Additionally, genetic
distances between samples of R. aff. margaritifera from the
west bank of the upper Madeira River and those from the
new species are high (K2P and p-distances = 5.1 and 4.9%,
respectively).

Unlike several other Neotropical genera of anurans and
similarly to treefrogs of the genus Osteocephalus (see Jungfer
et al.,, 2013), pairwise genetic distances among species of
Rhinella included in this study are moderately low (Appendix
3). For example, a low genetic distance is observed between
the new species and R. hoogmoedi (Table 1), a medium-sized
species from the Atlantic coast of Brazil (p-distance = 2.4%).
The highest genetic distances are between R. ocellata and
other species of the R. margaritifera species group; they range
from 4.8 to 7.7% (p-distance). See Table 1 for K2P genetic
distances.

Rhinella exostosica, new species
urn:lsid:zoobank.org:act:FDE2D615-4BA5-4A19-969D-EF1B-
BAS5SBFE09

Figures 1-3, 4A-D, 5A-B, 6-9, 10A-C, 11; Tables 1-2

Bufo typhonius: Duellman and Salas (1991); Duellman (2005).

Bufo sp. (margaritifer complex): Moravec and Aparicio (2000).

Bufo sp. Il (margaritifer complex): Moravec and Aparicio
(20095).

Rhinella cf. margaritifera 5: Pramuk (2006); Moravec et al.
(2014).

Rhinella margaritifera (=typhonius): Mendelson et al. (2011).

Rhinella cf. margaritifera: Moravec et al. (2014); Santos et al.
(2015); Cusi et al. (2017).
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Table 1. Uncorrected (p-distance) and Kimura-2-Parameters (K2P)
pairwise genetic distances between Rhinella exostosica, new species,
and other species of the R. margaritifera species group included in our
phylogenetic analyses. Distances are based on the 16S rRNA mito-
chondrial gene and expressed as percent difference.

Species p-distance K2P
Rhinella ocellata 6.0 6.3
Rhinella aff. margaritifera PER 5.1 53
Rhinella aff. margaritifera ECU 4.4 4.6
Rhinella aff. margaritifera BR-AP 3.1 3.2
Rhinella aff. margaritifera BRA 4.9 5.1
Rhinella lescurei 4.0 4.1
Rhinella alata 4.4 4.6
Rhinella margaritifera "A" 3.0 3.1
Rhinella dapsilis 2.4 2.5
Rhinella martyi 3.1 32
Rhinella margaritifera "B" 33 3.4
Rhinella hoogmoedi 2.7 2.7
Rhinella gildae 2.7 2.8
Rhinella yunga 4.0 42
Rhinella aff. castaneotica 4.9 5.1
Rhinella proboscidea 4.4 4.6
Rhinella aff. paraguayensis BOL 1.9 1.9

Rhinella sp. (Rhinella margaritifera complex): Moravec et al.
(2016).
Rhinella margaritifera: Avila et al. (2018).

Holotype.—INPAH 41323 (field number APL 19973), adult
male from the Jaci Direito Sampling Module, 09°27'44’S,
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64°23'32"W, east bank of the Jaci-Parana River (a tributary of
the east bank of the upper Madeira River), municipality of
Porto Velho, Rondoénia, Brazil, A. P. Lima, 7 November 2013
(Figs. 1, 2, 3A, B).

Paratopotypes.—Five adult specimens, all collected by A. P.
Lima, same locality as the holotype: INPAH 41317 (field
number APL 17632), female, 25 May 2011; INPAH 41321
(field number APL 19688), male, 25 May 2013; INPAH 41322
(field number APL 19697), female, 25 March 2013; INPAH
41326-27 (field numbers APL 21152-53), male and female
(respectively), 11 November 2014.

Paratypes.—15 adult specimens. 7 specimens, Jaci Novo
Sampling Module, 09°24'45"S, 64°26'33"W, all collected by
A. P. Lima: INPAH 41318-19 (field numbers APL 19409-10),
females, 13 February 2013; INPAH 41320 (field numbers APL
19650), female, 22 March 2013; INPAH 41324 (field number
APL 20029), male, 13 November 2013; INPAH 41325 (field
number APL 21133), male, 8 November 2014; INPAH 41328
29 (field numbers APL 21154-55), females, 12 November
2014. 5 specimens, Morrinhos Sampling Module, 09°04'34"S,
64°14'46"W: INPAH 41312 (field number APL 15907),
female, A. P. Lima, 9 November 2010; INPAH 41313 (field
number APL 16422), male, R. Fraga, 13 January 2011; INPAH
41314 (field number APL 16468), female, R. Fraga, 14 January
2011; INPAH 41315-16 (field numbers APL 16473-74), male
and female (respectively), A. P. Lima, 14 January 2011. 3
specimens, Trés Praias Camp, 09°27'11’S, 64°25'04"W, all
collected by A. P. Lima and M. Prestes: INPAH 41330 (field

Fig. 2. Dorsal (A) and ventral (B) views of the male holotype of Rhinella exostosica, new species, INPAH 41323, SVL 68.7 mm.
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Fig. 3. Dorsolateral (A) and lateral (B) views of the head, and ventral views of the hand (C) and foot (D) of the male holotype of Rhinella exostosica,

new species, INPAH 41323. Scale bars, 5 mm.

number APL 21984), 11 January 2017; INPAH 41331-32
(field numbers APL 22030-31), males, 31 January 2017.

Referred material.—Six adult specimens. Bolivia: NMP6V
70687-8, 2 males, 5-6 km NE of Riberalta, Beni, 11°00’S,
66°05'W, J. Moravec and J. Aparicio, 26-27 November 1999;
CBF 5800, male, Bolpebra, 10°57'S, 69°34’W, Nicolas Suaréz,
Pando, J. Moravec, and ]. Aparicio, between 30 January and 3
February 2005. Peru: NMP6V 74915, male, Regional Conser-
vation Imiria, 17.4 km S of Masisea, 08°36'18"S, 74°18'23"W,
Ucayali, J. Moravec and I. A. Tuanama, 27 September 2011;
KU 215145-46, 2 unsexed specimens, 15 km E Puerto
Maldonado, 12°32'38"S, 69°03'23"W, Cusco Amazonico,
Madre de Dios, W. E. Duellman, 1989.

Etymology.—The specific epithet exostosica is derived from
the Latin “exostosis” and a reference to the strongly

developed bony protrusion at the angle of the jaw of the
new species.

Diagnosis.—Rhinella exostosica is a large-sized species of the R.
margaritifera species group (Fig. 1; Pramuk, 2006). The species
is diagnosed by the following combination of characters: 1)
SVL 63.4-84.7 mm in females, 56.3-72.3 mm in males; 2)
snout subacuminate in dorsal view; 3) snout lacks pro-
nounced fleshy proboscis; 4) upper jaw curved upward in
lateral view; 5) strongly developed bony protrusion at angle
of jaw; 6) tympanic membrane and tympanic annulus
present and evident; 7) supratympanic crests well developed;
8) proximal portion of supratympanic crest same height or
shorter than parotoid gland in lateral view; 9) canthal crests
poorly developed; 10) large parotoid glands; 11) 3-6 dorsal
vertebral apophyses; 12) divided distal subarticular tubercle
on finger III; 13) relative length of fingers III > IV > II > [;
14) skin on dorsum granulated with conical tubercles; 15)
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Fig. 4.

973

Lateral and dorsolateral views of the head of Rhinella exostosica, new species (A-D), R. martyi (E, F), R. paraguayensis (G), and R.

margaritifera (H). (A, B) Male holotype, INPAH 41323, SVL 68.7 mm. (C, D) Female, INPAH 41320, SVL 77.1 mm. (E, F) Female holotype, MNHN
2006.2601, SVL 66.5 mm. (G) Male holotype, UFMT 7430, SVL 50.4 mm. (H) Holotype, ZISP 257.1. Photographs by Miquéias Ferrao (A-D), Fréderic

Braux, MNHN (E, F), Robson Avila (G), and Konstantin D. Milto (H).

advertisement call duration 295-394 ms (339+26 ms),
composed of groups of 7-9 (7.8+0.6) pulsed notes, with
the last note consisting of 2-4 (2.9x0.8) pulses, and a
dominant frequency of 1,012-1,163 Hz (1,081+63 Hz).

Comparisons.—We compare the new species with all nominal
species of the Rhinella margaritifera species group, with
particular attention to R. martyi and R. paraguayensis due to
their morphological similarity and tentative phylogenetic
placement, respectively. Rhinella exostosica can be distin-
guished from all members of the R. margaritifera species

group by its combination of a strongly developed bony
protrusion at the jaw angle, supratympanic crest shorter than
or the same height as the parotoid gland in lateral view, and
bifid distal subarticular tubercle on finger III. Diagnostic
characters of compared species are enclosed in parentheses or
brackets unless stated otherwise.

Maximum snout-vent length (SVL) of male Rhinella
exostosica is 72.3 mm, which is much larger than R.
acutirostris (holotype, 47 mm), R. alata (43.2 mm; Santos et
al., 2015), R. castaneotica (41.9 mm; Caldwell, 1991), R. gildae
(64.5 mm; Avila et al., 2018), R. hoogmoedi (52 mm;

Fig. 5. Dorsolateral (above) and
dorsal (below) views of Rhinella
exostosica, new species (A, B) and
R. aff. margaritifera (C, D) from the
upper Madeira River, municipality of
Porto Velho, Rondonia, Brazil. (A)
Adult female, INPAH 41322. (B) Adult
male, INPAH 41321. (C) Adult fe-
male, INPAH 41333, (D) Adult male,
INPAH 41334. Localities: A, B, Jaci
Direito Sampling Module; C, D, west
bank of the upper Madeira River.
Photographs by Albertina P. Lima.
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Fig. 6. Coloration in life of the adult male holotype of Rhinella exostosica, new species, INPAH 41323 (field number APL 19973). Dorsolateral (A)

and ventral (B) views. Photographs by Albertina P. Lima.

Caramaschi and Pombal, 2006), R. lescurei (34.6*+4.3 mm;
Fouquet et al., 2007b), R. magnussoni (45.3 mm; Lima et al.,
2007), R. parecis (53.5 mm; Avila et al., 2020), R. proboscidea
(54 mm; Lima et al., 2006), R. scitula (46.1 mm; Caramaschi
and Niemeyer, 2003), R. sebbeni (59.7 mm; Vaz-Silva et al.,
2015), and R. stanlaii (54 mm; Lotters and Kohler, 2000).

Rhinella exostosica differs from R. roqueana by having the
upper jaw curved upward in lateral view and a divided distal
subarticular tubercle on finger III (jaw straight and single
distal subarticular tubercle; Melin, 1941); from R. yunga by
having a tympanic membrane and annulus (absent), a
divided distal subarticular tubercle on finger III (single distal
subarticular tubercle), and dorsal vertebral apophyses (ab-
sent; Moravec et al., 2014); from R. dapsilis by lacking a
pronounced fleshy proboscis on the snout (present), dorsal
skin granulated with conical tubercles (dorsum smooth),
supratympanic crests well developed (poorly developed), and
maximum SVL 84.7 mm in females (77 mm; Myers and
Carvalho, 1945; Hoogmoed, 1986); from R. sclerocephala by
having a divided distal subarticular tubercle on finger III
(single), the upper jaw curved upward in lateral view
(straight), and maximum SVL 72.3 mm in males and 84.7
mm females (67.3 mm and 77.4 mm in males and females,
respectively; Mijares-Urrutia and Arends, 2001); from the
holotype of R. margaritifera by its subacuminate snout in
dorsal view (truncate), proximal portion of the supratym-
panic crest the same height or shorter than the parotoid
gland in lateral view (supratympanic crest higher than the
parotoid gland; Fig. 4A, C, H), and a strongly developed bony
protrusion at the angle of the jaw (protrusion moderately
developed).

Rhinella exostosica differs from R. martyi in relative finger
length III > IV > [I> 1 (Il > I > II > IV), the proximal
portion of the supratympanic crest the same height or
shorter than the parotoid gland in lateral view (higher than
parotoid gland; Fig. 4A, C, E), parotoid gland large (small)
and thenar tubercle ovoid (round). Males of R. exostosica
present wider IOD than males of R. martyi (IOD/SVL =
0.18+0.01 in R. exostosica; 10D/SVL = 0.14+0.01 in R.

martyi). The advertisement call of R. exostosica is emitted in
groups of 7.8+0.6 pulsed notes with a call duration of
339+26 ms, and the last note is composed of 2-4 pulses
(maximum 6 notes per call, call duration 295+13 ms, and
the last note has up to 6 pulses; Fouquet et al., 2007b).

Rhinella exostosica differs from R. paraguayensis sensu stricto
by having the proximal portion of the supratympanic crest
the same height or shorter than the upper limit of the
parotoid gland in lateral view (higher; Fig. 4A, C, G),
maximum SVL 72.3 mm in males and 84.7 mm in females
(52.6 mm and 53.3 mm in males and females, respectively),
snout subacuminate in dorsal view (rounded), parotoid
glands large (small), vertebral apophyses present (absent),
strongly developed bony protrusion at the angle of the jaw
(poorly developed and straight), and an advertisement call
with mean dominant frequency of 1,081+63 Hz (1,439+71
Hz; Avila et al., 2010). Rhinella exostosica is readily distin-
guished from R. cf. paraguayensis from Bolivian lowland
(sensu Jansen et al., 2011) by having a strongly developed
bony protrusion at the angle of the jaw (poorly developed),
dorsal vertebral apophyses (absent), and snout subacuminate
in dorsal view (rounded; specimens reported in Jansen et al.,
2011).

The new species is easily distinguished from Rhinella aff.
margaritifera from the west bank of the upper Madeira River
(Fig. 5) by having the proximal portion of the supratympanic
crest the same height or shorter than the parotoid gland in
lateral view (higher), a divided distal subarticular tubercle on
finger III (single), a strongly developed bony protrusion at
the angle of the jaw (poorly developed), canthal crests poorly
developed (well developed), and parotoid glands large
(small).

Description of holotype—INPAH 41323 (field number APL
19973), adult male, SVL 68.7 mm (Figs. 2, 3, 4A-B, 6). Head
wider than long (HW/HL = 1.1); HL 35% of SVL. Snout
protruding in lateral view and subacuminate in dorsal view;
dorsal surface slightly concave; nasal opening directed
dorsolaterally; internarial distance 38% of interorbital dis-
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Fig. 7. Variation in dorsal coloration of preserved Rhinella exostosica, new species, from Brazil. (A) Adult female, INPAH 41320, SVL 77.1 mm. (B)
Adult male, INPAH 41321, SVL 56.7 mm. (C) Adult male, INPAH 41327, SVL 84.4 mm. (D) Adult male, INPAH 41313, SVL 72.3 mm. (E) Adult female,
INPAH 41312, SVL 84.2 mm. (F) Adult female, INPAH 41329, SVL 72.1 mm.

tance. Canthus rostralis delimited by a poorly developed
canthal crest; loreal region concave. Eye-nostril distance
114% of eye diameter, 150% of horizontal tympanum
diameter, and 142% of upper eyelid width. Eyes protuberant,
wider than tympanum (EL/TYMH = 1.45; EL/TYMV = 1.30);
eye diameter 137% of UEW. Absence of projections on upper
eyelid; UEW 44% of IOD. A strongly developed and curved

bony protrusion at the angle of the jaw is visible in dorsal,
ventral, and lateral views; distance between bony protrusions
equals 116% of HW. Preorbital and canthal crests poorly
developed; supraorbital, supratympanic, and parietal crests
well developed; proximal portion of supratympanic crest
shorter than the parotoid gland in lateral view; distance
between supratympanic crests slightly larger than head

Fig. 8. Variation in ventral coloration
of preserved Rhinella exostosica, new
species. (A) Adult female, INPAH
41314, SVL 83.4 mm. (B) Adult
female, INPAH 41329, SVL 72.1
mm. (C) Adult female, INPAH
41327, SVL 84.4 mm. (D) Adult
female, INPAH 41322, SVL 68.7 mm.
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Fig. 9. Color variation in life of Rhinella exostosica, new species, from Brazil (A-D), Peru (E), and Bolivia (F). (A) Adult females: INPAH 41320
(above), SVL 77.1 mm; INPAH 41322 (below), SVL 68.7 mm; (B) Adult female, INPAH 41318, SVL 79.1 mm. (C) Adult female, INPAH 41322. (D)
Adult female, INPAH 41318. (E) Subadult, NMP6V 74915. (F) Adult male, CBF 5800. Photographs by Albertina P. Lima (A-D) and Jifi Moravec (E-F).

width (POCD/HW = 1.01) but smaller than distance between
bony protrusions (POCD/BPD = 0.87). Tympanum large,
vertically oval (TYMV/TYMPH = 1.12), with a distinct
annulus. Parotoid gland well developed, subtriangular in
dorsal view and elliptic in lateral view; in dorsal view, twice as
long as wide (PGL/PGW = 2.04); parotoid gland length 240%
of POCL. Parotoid gland bordered by a line of small conical
tubercles; a lateral line of large conical tubercles extends from
the proximal corner of the parotoid gland to the groin. Two
vertebral apophyses expanded dorsally. External choanae

small, oval, and laterally positioned; separated by approxi-
mately four times their width. Tongue oval, four times longer
than wide. Vocal slits present; vocal sac single and subgular.

Anterior limbs robust; forearm as robust as upper arm; a
line of small conical tubercles borders the forearm. Hand
long; HAND3 90% of UAL; relative lengths of fingers III > IV
> II > I (Fig. 3C); lateral fringes developed, especially on
fingers I, II, and IV, with small conical tubercles extending
from the outer lateral of finger I to the external lateral of
finger IV. Fingertips poorly expanded; palmar tubercle large,
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Fig. 10. Advertisement calls of Rhinella exostosica, new species (A-C), R. paraguayensis (D-E), and R. martyi (F-G). (A) Oscillogram of a series of
eight-note calls of R. exostosica, new species. Detailed views of two (B) and one (C) calls of R. exostosica, new species. Detailed views of two (D) and
one (E) calls of R. paraguayensis. Detailed views of two (F) and one (G) calls of R. martyi. Recordings: (A—C) INPAH 41331, Trés Praias Camp, east
bank of the Jaci-Parana River (affluent of the east bank of the Madeira River), Porto Velho, Rondénia, Brazil; (D-E) UFMT 2112, east bank of the
Sepotuba River, Caceres, Mato Grosso, Brazil; (F-G) MNHN 2001.2006, Brownsberg Nature Park, Brokopondo district, Suriname.
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Table 2. Morphometric measurements (in mm) of Rhinella exostosica, new species. Values are presented as mean *+ standard deviation

(minimum-maximum). Measurement abbreviations are defined in Materials and Methods. n, number of specimens.

Holotype

SVL 68.7
HL 23.9
HW 26.6
BPD 30.9
EL 7.3
IN 4.4
ED 7

10D 11.6
UEW 5.1
TYMH 4.8
TYMV 5.4
TED 2.1
SH 5.2
POCL 5.7
POCD 27

SOCL 11

PGL 13.7
PGW 6.7
FAL 20.2
UAL 155
HAND1 11.4
HAND2 12.1
HAND3 18.2
HAND4 129
PTL 4.6
PTW 3.1
THL 32.1
TL 29.2
TAL 18.4
FOOT1 9.5
FOOT2 12.1
FOOT3 16.3
FOOT4 239
FOOT5 16.1
APO 3

Females (n = 11)

77+7.1 (63.4-84.7)
259+1.9 (21.9-28.4)
27.8+2.4 (23.2-32.1)
32.5+2.2 (27.5-35.8)
75+1.1 (5.7-9.5)
4.9+0.4 (4.2-5.5)
6.8+0.6 (6.1-7.8)
132+22 (10.6-18.1)
5.1+0.4 (4.6-5.6)
43+04 (3.5-4.8)
54+05 (4.2-6.2)
3.3+05 (2.5-4.4)
5.8+0.5 (5.0-6.6)
7.1+1.1 (4.9-8.8)
29.9+29 (24.8-33.3)
11.8+£0.9 (9.7-12.9)
14.7+2.0 (11.4-18.9)
8+2.1 (5.9-13.1)
21.6=1.9 (17.7-24.7)
15.9+2.0 (12.9-19.6)
13+1.1 (10.8-14.6)
133+1.1 (10.7-14.4)
19.9+1.3 (17.2-21.9)
13.9+1.2 (11.6-15.8)
5+0.7 (3.9-6.0)
3.5+0.4 (2.7-4.0)
33.6+3.3 (27.6-37.8)
30.5+2.8 (25.5-34.4)
19.3+1.7 (16.0-21.6)
10.7+1.2 (8.5-12.5)
13.5+1.3 (10.9-15.3)
18.3+1.9 (10.9-15.3)
26.7+2.1 (23-29.6)
17.7+1.6 (14.6-19.5)
50+0.9 (3-6)

Males (n = 10)

64.2+6.3 (56.3-72.3)
21.9+1.9 (18.7-23.9)
23.9+1.9 (20.7-26.6)
27.8+2.2 (24.6-30.9)
6.5+0.5 (5.9-7.3)
42+02 (3.9-4.4)
6.3+0.6 (5.5-7.0)
11.5+0.9 (10.6-12.7)
48+0.4 (4.3-5.4)
4.1+04 (3.6-4.8)
48+06 (4.1-6.6)
2.5+0.3 (2.1-2.8)
48+0.3 (4.3-5.2)
6.2+0.5 (5.7-7.0)
24.1%2 (21.2-27.0)
105+1 (9.3-12.0)
123+1.2 (10.4-13.7)
5.8+12 (3.4-6.9)
18.4+1.6 (16.4-20.2)
14.1%1.4 (12.9-16.5)
10.1£0.9 (8.9-11.4)
10.7=1 (9.5-12.1)
16.7+1.4 (15.0-18.8)
11.6+1.3 (10.2-13.9)
4.1+05 (3.3-4.6)
2.9+0.3 (2.4-3.4)
29.1%2.6 (25.3-32.1)
263+23 (23-29.2)
16.4+1.6 (14.0-18.4)
9.0+0.8 (7.9-10.1)
11.5+1.1 (9.8-12.9)
155+1.2 (13.7-17)
22.6+1.6 (19.8-24.7)
149+12 (12.8-16.4)
39+0.7 (3-5)

tear-shaped, flat and smooth; thenar tubercle ovoid, pro-
nounced, approximately 65% of palmar tubercle length.
Subarticular tubercles developed on all fingers, single on
fingers I, II, and IV, divided on distal articulation of finger III,
single on proximal. Supernumerary tubercles conical, varied
in size, and irregularly distributed.

Hind limbs robust. Thigh longer than tibia (THL/TL =
0.91); thigh length 47% of SVL, tibia length 42% of SVL.
Tarsus length 77% of FOOT4 and 27% of SVL. Foot relatively
short; FOOT4 35% of SVL. Relative lengths of toes IV > III >
V > II > [; lateral fringes present and developed on toes, with
small conical tubercles extending from the distal portion of
the inner metatarsal tubercle on toe I to external toe V; toes
with moderate webbing, webbing formula I 1-2" IT 1-2"/2 III
1-3121v 32112y, Subarticular tubercles conical, single on
all toes; outer metatarsal tubercle small and subconical; inner
metatarsal tubercle large and ovoid, approximately twice the
size of the outer metatarsal tubercle. Supernumerary tuber-
cles present, varied in size, and irregularly arranged.

Skin granulated with conical and flat tubercles of varied
size irregularly distributed on dorsum and flanks, granulated
with small conical tubercles on limbs. Tubercles absent on
interorbital region. Upper eyelids with small conical tuber-

cles. Tiny conical tubercles on subocular region, lips, and on
bony protrusions at jaw angle. Ventral surface granulated.

In life, dorsal surface of body and limbs brown; dorsal
surface of head orangish brown; lateral surfaces of head
brownish orange; crests orange; lateral line of conical
tubercles orange; lateral fringes on toes and fingers orangish
cream (Fig. 6). Iris tan without black reticulations. Flanks
orange tan. Chin, throat, and chest orange with inconspic-
uous light gray and cream blotches; ventral surface of arms
cream; belly and ventral surface of thigh with conspicuous
dark gray blotches irregularly distributed; ventral surface of
tarsus dark gray. Palmar and plantar surfaces dark gray;
thenar and palmar tubercles cream; subarticular and large
supernumerary tubercles cream on hand; inner and outer
metatarsal tubercles cream; subarticular and supernumerary
tubercles dark brown on foot.

In preservative (Fig. 3, 4A, B), the brown dorsal coloration
becomes gray; dorsal surface of head and snout brown; lateral
surface of head brownish cream (Fig. 3A, B). Flanks cream;
lateral line of tubercles light gray. Lateral fringes on toes and
fingers cream. Chin, throat, chest, and ventral surfaces of
thigh cream with gray and light gray blotches; ventral surface
of arms cream. Palmar and plantar surfaces dark gray;
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tubercles on hand cream to light gray; tubercles on foot light
gray.

Color and morphological variation.—In preservative, dorsal
color varies from grayish cream (44% of specimens), dark
brown (25%), orangish cream (19%), and dark gray (6%) to
light gray (6%). Dorsolateral line of tubercles is grayish cream
(44%), light brown (37%), dark brown (13%), or gray (6%). A
dead-leaf pattern with dark blotches is present in 69% of
specimens (Fig. 7A-C) but faded or inconspicuous in the rest
(Fig. 7D-F). A cream-colored vertebral line extending from
the snout to the urostyle is present in 81% of specimens.
Dorsal surface of hind limbs with dark blotches or bars is seen
in 81% of specimens. Ventral surfaces of chin, throat, chest,
and thighs are colored by different shades of cream with light
to dark gray blotches (which range from scarce to densely
concentrated) in 94% of specimens (Fig. 8), but these surfaces
are light gray with cream and gray blotches in the rest (Fig.
8). Although coloration in life is more vivid, the basic pattern
is generally retained in preservative (Fig. 9).

Morphologically, all of the type series of Rhinella exostosica
resembles the holotype, although the species exhibits sexual
dimorphism in several characters (Table 2). Females are larger
than males (SVL, t =-3.9643, df = 11.224, P = 0.002) and
have more vertebral apophyses (APO, t = -2.6784, df =
13.705, P = 0.018) and a longer finger I (HAND1/SVL, t =
-2.6222, df = 8.7776, P = 0.028). Conversely, males have
longer supraocular crests (SOCL/SVL, t=2.5907, df =13.766,
P =0.021), wider tympanums (TYMH/SVL, t = 2.3596, df =
7.9322, P = 0.046), larger eyes (EL/SVL, t = 2.5296, df =
9.0854, P = 0.032), and wider upper eyelids (UEW/SVL, t =
3.2986, df =13.029, P =0.005) than females.

Advertisement call—The advertisement call of Rhinella exo-
stosica is emitted in a series of 9+5 calls (5-12, n=7) with a
call duration of 339+26 ms (295-394 ms; n = 16) and an
inter-call interval of 483209 ms (254-980 ms; n = 16; Fig.
10A-C). Calls are composed of 7.8+0.6 pulsed notes (7-9, n=

979

Fig. 11. Geographic distribution of
Rhinella exostosica, new species
(stars, circles, and squares) and
Rhinella aff. margaritifera BRA (trian-
gles). Localities: 1, type locality of R.
exostosica, new species, Jaci Direito
Sampling Module; 2, Trés Praias
Camp; 3, Jaci Novo Sampling Mod-
ule; 4, Morrinhos Sampling Module;
5, Riberalta; 6, Bolpebra; 7, Puerto
Maldonado; 8, Masisea.

16) with a note duration of 188 ms (7-47 ms; n=48) and an
inter-note interval of 364 ms (28-45 ms; n = 32). Overall,
notes are formed by 2.3=0.8 pulses (1-4 pulses, n=48) with a
pulse duration of 81 ms (7-12 ms; n = 48). The number of
pulses per note varies during the call; the first note (2.3+0.4
pulses [2-3 pulses, n = 16]) and the last note (2.9+0.8 pulses
[2—-4 pulses, n = 16]) usually contain more pulses than notes
in the middle of the call (1.6+0.5 pulses [1-2 pulses, n=16]).
Calls have a dominant frequency of 1,081+63 Hz (1,012-
1,163 Hz, n = 16) and a bandwidth of 423+17 Hz (409-452
Hz, n=16).

Tadpoles.—Tadpoles of Rhinella exostosica were described by
Duellman (2005).

Distribution and natural history.—Rhinella exostosica inhabits
forests of the eastern portion of the upper Madeira Basin in
Brazil, Bolivia, and Peru (Fig. 11). In Brazil, males and females
of R. exostosica are active during the day on leaf litter within
open lowland forest. At night, specimens are usually found
on green leaves of shrubs or at the base of small trunks up to
~1 m high. Calling males were unsuccessfully sought close to
small streams and temporary puddles within disturbed and
intact forests at the sampling sites in Brazil. After seven years
of field surveys, we finally came upon an explosive breeding
event on 31 January 2017 in a bay of the Jaci-Parana River
during heavy rain at the Trés Praias Camp. Males began
calling at ~1600 h sitting alongside the bank river or while
floating within shallow water. We also found males calling
on dense stands of macrophytes floating above deeper
waters.

In Bolivia, Rhinella exostosica inhabits the forest of the
Madre de Dios Basin and Acre Basin. In Riberalta (Beni
Department), the species was recorded in a terra firme forest
on the east banks of the Beni River close to the junction with
the Madre de Dios River (Moravec and Aparicio, 2000). In
Bolpebra (Pando Department), a calling male of R. exostosica
was collected by Moravec and Aparicio (2005) in a temporary
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pond surrounded by secondary forests along the east bank of
the Acre River.

In Peru, Duellman (2005) recorded 450 individuals of
Rhinella exostosica along a trail paralleling the Madama
Stream, close to the junction with the Madre de Dios River
(Cusco Amazoénico, Madre de Dios Department). All individ-
uals were found in a terra firme forest. Explosive breeding
events also occur after heavy rains between November and
February. Most calling males were found sitting on shallow
backwaters or adjacent banks of the Madama Stream.

DISCUSSION

Rhinella exostosica is the twenty-first described species of the
R. margaritifera species group. In Brazilian Amazonia, the
species is known only from the east bank of the Madeira
River. In the last decade, our research group has repeatedly
sampled 18 RAPELD sampling modules along both banks of
the upper Madeira River in Rondonia and Amazonas, Brazil,
especially those along the west bank (166 sampling sites
distributed in 15 modules). No specimen of R. exostosica has
been recorded in the west bank. Conversely, no specimen of
R. aff. margaritifera BRA has been collected in the east bank.
Therefore, we do not expect the new species to occur in the
west bank of the upper Madeira River in Brazil.

Rhinella exostosica also occurs in Peru and Bolivia. Intra-
specific pairwise genetic distances between Brazilian and
Peruvian samples of R. exostosica from Puerto Maldonado are
very low, as are those between these samples and the one
from Bolpebra, Bolivia. In other hand, the Peruvian sample
from Masisea shows higher intraspecific genetic distances to
all other samples. Despite such genetic differentiation,
morphology of the specimen from Masisea falls into the
variation observed in the type series, as well as those from
Puerto Maldonado and Bolivia.

Rhinella cf. paraguayensis (sensu Jansen et al.,, 2011) was
recovered with low support as sister to R. exostosica. Genetic
divergence between R. exostosica and R. cf. paraguayensis (p-
distance = 1.9%) is low compared to the usual threshold of
3% used as evidence for heterospecificity in Neotropical frogs
(Fouquet et al., 2007¢; Vacher et al.,, 2020). Nevertheless,
morphological characters show that these taxa unambigu-
ously represent distinct species. Such disparity between
morphological and molecular data is not uncommon in
Neotropical frogs (e.g., Jungfer et al., 2013; Silva et al., 2020),
and is also observed between R. martyi and R. gildae. It
demonstrates that low genetic divergence should not be used
without further data (e.g., morphology, behavior) to decide
whether populations within the R. margaritifera species group
are conspecific.

The strongly developed bony protrusion at the angle of the
jaw of Rhinella exostosica easily distinguishes the species from
most nominal congeners. The only exceptions are Rhinella
martyi (northwestern Amazonia) and females of R. dapisilis
(western Amazonia), from which R. exostosica differs mainly
by having the proximal portion of the supratympanic crest
shorter than the upper limit of the parotoid gland in lateral
view, by its advertisement call, and by its breeding behavior.
Also, R. exostosica is not closely related to R. martyi or R.
dapsilis according to our multilocus phylogeny.

Males of Rhinella exostosica were found calling while
perched on vegetation alongside the Jaci-Parana River, and
also on dense stands of macrophytes floating above deeper
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water. To the best of our knowledge, these calling sites have
not been reported for any other nominal species of the R.
margaritifera species group in Amazonia. Large species within
this species group usually breed in small to large ponds
connected or unconnected to small streams (Fouquet et al.,
2007b; Avila et al., 2018). However, the use of dense stands of
macrophytes has been described for R. paraguayensis in the
Brazilian Pantanal (Avila et al., 2010). Thus, this behavior
may be a synapomorphy for R. paraguayensis and R.
exostosica. Validation of this hypothesis awaits the inclusion
of confirmed specimens of R. paraguayensis in a future
phylogenetic reconstruction.

DATA ACCESSIBILITY

Supplemental material is available at https://www.
copeiajournal.org/ch2020043.

MATERIAL EXAMINED

Rhinella acutirostris: Brazil: “flumen Amazonum” (=Amazon
River), ZSM 1147/0 (holotype, photo).

Rhinella alata: Panama: Obispo, MNHN 84285 (holotype,
photo).

Rhinella castaneotica: Brazil: Para, Altamira, 7 km S of the
Xingu River Ferry (APL 14104-05, 14453-55), Altamira
Airport (APL 14477), CEPB 10043-51, 10053-58, 10061-62,
10064-65, 10068, MZUSP 67156-61, 67163-65 (paratopo-
types, photo), 67162 (holotype, photo); Trairdao, APL 21730,
21745; Treviso, APL 12307.

Rhinella gildae: Brazil: Maranhao, Sao Pedro da Agua Branca,
MNRJ 23838 (holotype, photo).

Rhinella lescurei: French Guiana: Haute Wanapi, Saut wanapi,
MNHN 2006.2608 (holotype, photo).

Rhinella magnussoni: Brazil: Para, Belterra, Highway BR-163,
km 89, INPAH 19534, 19537-40 (paratypes).

Rhinella margaritifera: Brazil: ZISP 257.1 (holotype, photo),
257.2.

Rhinella aff. margaritifera BRA: Brazil: Rondonia, Porto Velho,
INPAH 41333-37.

Rhinella martyi: Suriname: Brokopondo district, Brownsberg
Nature Park, MNHN 2006.2601 (holotype, photo).

Rhinella paraguayensis: Brazil: Mato Grosso, Pantanal Nation-
al Park, UFMT-A 7430 (holotype, photo).

Rhinella proboscidea: Brazil: “flumen Solimoens” (=Solimoes
River), ZSM 1145/0 (holotype, photo).

Rhinella sebbeni: Brazil: Goias, Goiania, MNR]J 53073 (holo-
type, photo).

Rhinela yunga: Peru: Pasco, Oxapampa, MUSM 31096 (para-
type, photo), 31097 (holotype, photo).
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Ferrdo et al.—A new Amazonian species of Rhinella
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Appendix 2. Best-fit partition schemes and nucleotide evolution
models determined by PartitionFinder. Numbers after backslashes

represent protein coding marker codons.

Subset alignment

1-870, 871-1768
1769-2446

1770-2446

1771-2446
2447-2996, 2448-2996
2449-2996

Copeia 108, No. 4, 2020

Uncorrected p-distances and Kimura-2-Parameters (K2P) pairwise genetic distances among Rhinella exostosica, new species, and other

species of the R. margaritifera species group. Distances, expressed as a percentage, are based on 16S rRNA mitochondrial gene sequence data.

Best Subset
Schemes  model partitions
1 GTR+I+G 165, 125
2 F81 CON1
3 GTR+G CON2
4 SYM+I CON3
5 JIC Tyr\1, Tyr\2
6 HKY+G Tyn\3
Appendix 3.

Species 1
1 R ocellata
2 R. aff. margaritifera PER 6.8
3 R. aff. margaritifera ECU 6.7
4 R. aff. margaritifera BRA 6.7
5 R aff. margaritifera BR-AP 6.9
6 R margaritifera "A" 7.0
7 R margaritifera “B" 6.9
8  R. aff. castaneotica 6.6
9 R alata 8.2
10 R proboscidea 6.4
11 R lescurei 6.8
12 R yunga 5.0
13 R martyi 7.0
14 R hoogmoedi 7.3
15 R gildae 7.2
16 R dapsilis 6.8
17  R. cf. paraguayensis 6.6
18 R exostosica, new species 6.3

2 3 4 5 6

65 63 64

1.7 1.8
1.7 0.9
1.8 0.8
69 6.6
6.8 65
6.6 6.3
47 48
44 4.1
53 47
6.8 6.2
42 44
75 72
6.0 56
70 65

6.5
6.5
6.3
6.5

6.6
6.4
6.2
6.4
6.9 0.6
6.8
6.6
5.0
46
53
6.5
4.4
7.5

0.6

05 1.1
55 54
47 47
58 5.2
37 36
45 46
26 26
6.0 28 29
6.8 06 09
54 52 56 10 09
42 34 38 41 40
53 46 51 32 31

7

6.5
6.2
6.0
6.2
0.5
1.1

55
52
5.8
42
45
3.1
33
1.2
15
4.4
34

8

6.3
45
5.0
52
5.8
5.7
5.8

55
3.6
5.1
47
5.8
5.1
6.2
47
4.6
5.1

9

7.7
43
42
4.4
49
49
5.5
5.2

43
6.2
4.0
4.9
47
49
4.5
3.6
4.6

10

6.1
5.1
4.6
5.1
6.1
5.4
6.1
35
42

6.2
43
6.1
5.1
55
4.6
3.9
4.6

11

6.5
6.4
59
6.2
3.8
3.7
43
4.9
59
59

6.5
4.6
3.2
3.7
3.3
43
4.1

12

4.8
4.1
43
43
4.7
4.8
47
45
3.9
4.2
6.2

53
5.1
48
35
3.8
42

13

6.6
7.0
6.8
7.0
2.6
2.7
3.1
5.6
47
5.8
45
5.0

3.7
2.4
3.1
4.1
32

14

6.8
57
54
57
2.7
2.8
3.2
49
45
4.9
3.2
4.8
3.6

2.6
2.1
2.8
2.7

15

6.8
6.6
6.2
6.4
0.6
0.9
1.1
5.9
47
52
3.6
4.6
2.4
25

1.2
35
2.8

16

6.4
52
4.9
53
1.0
0.9
1.5
45
4.4
4.4
3.2
3.4
3.1
2.1
1.2

2.6
25

17

6.3
4.1
3.3
3.7
4.0
3.9
42
4.4
35
3.8
4.1
3.7
4.0
2.7
3.4
2.6

1.9

18

6.0
5.1
4.4
4.9
3.1
3.0
33
49
4.4
4.4
4.0
4.0
3.1
2.7
2.7
2.4
1.9

020Z Joquieoaq 6z UO Josn [00YdS [EOIPSIN| PJeAteH AQ Jpd-96--801-1 LG8-G00!/E060692/296/7/80 LAPd-djoilE/Ied0o/Woo"ssaidus| e uelpLawy/:djy WOy papeojumod



Contents
108, No. 4, 2020

Articles
A New Species of Snailfish (Cottiformes: Liparidae) Closely Related to Careproctus melanurus of the Eastern North
Pacific James W. Orr, Dmitry L. Pitruk, Rachel Manning, Duane E. Stevenson, Jennifer R. Gardner, and Ingrid Spies ... ... 711 1 08’ NO * 4 Y December 2020
A Spatiotemporal Assessment of Dietary Partitioning between Color Morphs of a Terrestrial Salamander Maggie g g D
M. Hantak, Kyle M. Brooks, Cari-Ann M. Hickerson, Carl D. Anthony, and Shawn R. Kuchta ........coviiieeiunnnnen. 727 founded in 1913 by ]Ohn Treadwell Nichols
Thermal Ecology of Spotted Turtles (Clemmys guttata) in Two Southern Populations Houston C. Chandler, Benjamin
S. Stegenga, and DirR J. SEEUENSON o« v oottt ittt ettt ettt et ettt ettt e 737

9Z0T-T1L ‘0202 “ "ON ‘80T waa’og

A New Amazonian Species of the Diminutive Frog Genus Adelophryne (Anura: Brachycephaloidea:
Eleutherodactylidae) from the State of Amapa, Northern Brazil Pedro P. G. Taucce, Carlos E. Costa-Campos, Célio

E B. Haddad, and Thiago R. de Carvalio .. ... ....cuu et uu et e tuneeeeeuneeeeannneeeannneeeannneeeennnneeens 746
The Eye Size of the Bluefin Killifish (Lucania goodei) Varies from Springs to Swamps  Chia-Hao Chang and Rebecca C. Fuller . . 758
Individual Recognition of Atlantic Salmon Using Iris Biometry Anders Foldvik, Frank Jakobsen, and Eva Marita Ulvan. . . . 767
Substrate Type Affects Scent-Trailing Behavior of Newborn Timber Rattlesnakes (Crotalus horridus)  Christopher

A. F. Howey and ETiRa M. SNYAer .. ..o ettt et e et et ee et ee e et eeeeeeeeeaeeseenuennnnnnnnnnnnnnennns 772
Hidden Diversity in the Mountain Chorus Frog (Pseudacris brachyphona) and the Diagnosis of a New Species of Chorus

Frog in the Southeastern United States Oscar E. Ospina, Lynee Tieu, Joseph . Apodaca, and Emily Moriarty Lemmon ... ... 778

Discovery of a New Species of Enigmatic Odd-Scaled Snake (Serpentes: Xenodermidae: Achalinus) from Ha Giang
Province, Vietnam Aryeh H. Miller, Hayden R. Davis, Anh Mai Luong, Quyen Hanh Do, Cuong The Pham, Thomas

Ziegler, Justin L. Lee, Kevin de Queiroz, R. Graham Reynolds, and Truong Quang Nguyen .........cooieuuuiiiennnnneen. 796
Sound Production and Mechanism in the Giant Sea Bass, Stereolepis gigas (Polyprionidae) Larry G. Allen, Emily S.

Ladin, and Timothy J. ROWelL . .« v v vu et ettt e e et teee e et auoneeeannoseeannnsseesnnseeannnneeannnsseeannoseens 809
A New Snailfish of the Genus Careproctus (Cottiformes: Liparidae) from the Beaufort Sea James Wilder Orr ......... 815
Marine Habitat Transitions and Body-Shape Evolution in Lizardfishes and Their Allies (Aulopiformes) Alex J.

Maile, Zachary A. May, Emily S. DeArmon, Rene P. Martin, and Matthew P. Davis « .o vvueeuie e tteeeuneeneeenneenns 820
A New Species of Lepadichthys from the Central South Pacific and Comments on the Taxonomic Status of

Lepadichthys springeri Briggs, 2001 (Gobiesocidae) Kyoji Fujiwara and Hiroyuki Motomura «......oovviuueeeeoonnn. 833
Movement and Habitat Selection of Eastern Milksnakes (Lampropeltis triangulum) at Intact and Fragmented

Sites Marcus P. Maddalena, Jeffrey R. Row, Matthew E. Dyson, Gabriel Blouin-Demers, and Bradley C. Fedy ............. 847
Insights into the Nesting Ecology and Annual Hatchling Production of the Komodo Dragon Deni Purwandana, M.

Jeri Imansyah, Achmad Ariefiandy, Heru Rudiharto, Claudio Ciofi, and Tim S. Jessop ««evuovitiiiunine e eeunnnneen. 855
Organization and Ontogeny of a Complex Lateral Line System in a Goby (Elacatinus lort), with a Consideration of

Function and Ecology Katie R. Nickles, Yinan Hu, John E. Majoris, Peter M. Buston, and Jacqueline F. Webb ........... 863

Molecular Phylogenetics of the Clingfishes (Teleostei: Gobiesocidae)—Implications for Classification Kevin W.
Conway, Cragen D. King, Adam P. Summers, Daemin Kim, Philip A. Hastings, Glenn I. Moore, Samuel P. Iglésias, Mark V.

Evrdmann, Carole C. Baldwin, Graham Short, Kyoji Fujiwara, Thomas Trnski, Gary Voelker, and Lukas Riiber .............. 886
A New, Miniaturized Genus and Species of Snake (Cyclocoridae) from the Philippines Jeffrey L. Weinell, Daniel ].
Paluh, Cameron D. Siler, and Rafe M. BYoWm . . . oo v v vu et e ttee et tteee e eauneseeannnneeannnneeannnneeannnnneens 907

A New Forest-Dwelling Frog Species of the Genus Adenomera (Leptodactylidae) from Northwestern Brazilian
Amazonia Thiago R. de Carvalho, Pedro 1. Simoes, Giussepe Gagliardi-Urrutia, Fernando |. M. Rojas-Runjaic, Célio F. B.

Haddad, and Santiago Castroviejo-FiSRer .. ... ..o et ettt e ettt e et tteee et eunaeeeennneeeeunnseeeannneeens 924
A New Species of Snakehead (Teleostei: Channidae) from East Khasi Hills, Meghalaya, Northeastern India  Jayasimhan

Praveenraj, Tejas Thackeray, Sadokpam Gojendro Singh, Arumugam Uma, N. Moulitharan, and Bankit K. Mukhim .. ........... 938
Homing in the Rubi Poison Frog Andinobates bombetes (Dendrobatidae) Luisa F. Arcila-Pérez, Michelle A.

Atehortua-Vallejo, and Fernando Vargas-SaliNGs « ... ovv e e e et e unee et eunnneeennneeeeannneeeeannnseeannnneeennnnns 948
Morphology, Performance, and Ecology of Three Sympatric Turtles in a Tropical Dry Forest Taggert Butterfield,

Mark Olson, Daniel Beck, and Rodrigo Macip-Ri0S .« .. ovve ettt ettt ettt ttee et aeeeeunneeeeannneeens 957
New Species of Leaf-litter Toad of the Rhinella margaritifera Species Group (Anura: Bufonidae) from

Amazonia Miquéias Ferrdo, Albertina Pimentel Lima, Santiago Ron, Sueny Paloma dos Santos, and James Hanken ........ 967

Comprehensive Analysis of Salamander Hybridization Suggests a Consistent Relationship between Genetic
Distance and Reproductive Isolation across Tetrapods Scott Lucas Melander and Rachel Lockridge Mueller .......... 987

Systematics and Taxonomy of Chapalichthys (Cyprinodontiformes: Goodeidae), a Small Genus of Live-Bearers
from Central Mexico Kyle R. Piller, Devin D. Bloom, John Lyons, and Norman Mercado-Silva «...........ccovuvi... 1004 NG Official Publication of the American Society of Ichthyologists and Herpetologists

(continued on inside back cover)



Officers 2020

Editorial Office Contents

. Production Editor Illustration Editor
President Kathleen Smith Matthew G. Girard . d back
Christopher K. Beachy copeiajournal@gmail.com copeiafigure@gmail.com (C ontinue fmm ac CO'UeT)
Southeastern Louisiana University General Ichthyology Editors .
Hammond, LA - - Book Reviews
christopher.beachv@selu.edu Donald G. Buth Matthew T. Craig Roberto E. Reis . . . . . . .
pher. y . University of California Los ~ NOAA NMFS Southwest Pontificia Universidade Catélica Identification Guide. Amphibians & Reptiles of South Tanintharyi. By G. R. Zug and D. G. Mulcahy Evan S. H. Quah... 1012
(985) 549-3741 Angeles Fisheries Science Center do Rio Grande do Sul Editorial Notes and NEWS . ...ttt tttttittttttttetaeneeeeeeeeeeeas 1016
dbuth@ucla.edu matthew.craig@noaa.gov reis@pucrs.br Vol Content 1021
President—EleCt (310) 206-6084 (858) 546-7054 +55-51-3320-3500 x4413 OIUIMIE LUONTECIITS & v o 6 v ot oo 0 oo 0 o0 000 oo oo oooosoesosssssosossosssssssessssossssosssssssssssosssssssssssseans
Frank H. McCormick General Herpetology Editors Cover image: Twenty-seven new species were described in Copeia in 2020 (19 in ichthyology and 8 in herpetology).
Secretary Julian Faivovich Michael J. Lannoo
P Chakrab Division Herpetologia, Museo Indiana University School of
rosanta akra ?rty Argentino de Ciencias Medicine
Museum of Natural Science Naturales “Bernardino mlannoo@iupui.edu
Louisiana State University Rivadavia”—CONICET (317) 285-1050
Baton Rouge, LA jfaivovich@gmail.com
ASIHsec@outlook.com Jacob Kerby Bryan L. Stuart
University of South Dakota North Carolina Museum of
(225) 578-3079 Jacob.Kerby@usd.edu Natural Sciences
(605) 677-6170 Bryan.Stuart@ncdenr.gov
Treasurer (919) 733-7450 x751

Katherine P. Maslenikov

University of Washington Ecology and Ethology Editors

Seattle, WA Mia Adreani Jacqueline Litzgus Joel W. Snodgrass
! California State University, Laurentian University Virginia Tech
pearsonk@uw.edu Northridge jlitzgus@laurentian.ca joels@vt.edu
(206) 543-3816 madreani@csun.edu (705) 675-1151 x2314 (540) 231-2215

(818) 677-2641
Society Historian Ichthyology

David Smith Genetics, Development, and Morphology Editors

. . L Matthew P. Davis Terry Grande Dustin Siegel
Smlthson.lan Institution St. Cloud State University Loyola University Chicago Southeast Missouri State
Washington, DC mpdavis@stcloudstate.edu tgrande@luc.edu University
smithd@si.edu (320) 308-3222 (773) 508-3649 dsiegel@semo.edu
(202) 633-1220 (573) 651-2366

Physiology and Physiological Ecology Editors

Society Historian Herpetology

Catherine R. Bevier

Aaron M. Bauer Colby College
Villanova University catherine.bevier@colby.edu
Villanova, PA (207) 859-5742
aaron.bauer@villanova.edu Book Review Editors Index Editor
(610) 519-4857
Herpetology Ichthyology James W. Orr
, Robert Espinoza Luke Tornabene National Marine Fisheries
Editor California State University, University of Washington Service/NOAA
W. Leo Smith Northridge School of Aquatic and Fishery
University of Kansas Department of Biology Sciences
18111 Nordhoff Street 1122 NE Boat Street

iaeditor@ il.
coperacditorfgmail.com Northridge, CA 91330-8303 Seattle, WA 98105

robert.e.espinoza@csun.edu luke.tornabene@gmail.com . . .. .
(818) 677-4980 1—Careproctus ambustus, Orr, Pitruk, Manning, Stevenson, Gardner, and Spies (issue 4); 2—Careproctus canusocius,

Orr (issue 4); 3—Pseudojuloides proserpina, Tea, Greene, Earle, and Gill (issue 3); 4—Pseudojuloides crux, Tea, Gill,
and Senou (issue 3); 5—Pseudojuloides paradiseus, Tea, Gill, and Senou (issue 3); 6—Pseudojuloides pluto, Tea,

Mail books for review to the appropriate editor.

Editorial Board Greene, Earle, and Gill (issue 3); 7—Cirrhilabrus briangreenei, Tea, Pyle, and Rocha (issue 1); 8—Chromis
James Albert Carl Ferraris Lori Neuman-Lee mamatapa?'a, Sheph?rd, Pinheiro‘, Ph.elps, Easton, Pér.ez-Matu.s, and Rocha (issue 2);‘ 9—N omorhampl?us aenigma,
Jon Armbruster Michael Ghedotti Hannah Owens Kobayashi, Masengi, and Yamabhira (issue 3); 10—Levitonius mirus, Weinell, Paluh, Siler, and Brown (issue 4);
Rayna Bell Sarah Gibson Lynne Parenti 11—Achalinus zugorum, Miller, Davis, Luong, Do, Pham, Ziegler, Lee, de Queiroz, Reynolds, and Nguyen (issue
iathegn%Bemls ;’atrlcl;IGre'g(l)(ry %af'a ;“}‘Iarie 4); 12—Channa aristonei, Praveenraj, Thackeray, Gojendro, Uma, Moulitharan, and Mukhim (issue 4); 13—
GI;‘:?d: C:rI;ral;:[o Fle}::::n di)r;:ecrep Kl;:l\(/:incT:ng Lepadichthys conwayi, Fujiwara and Motomura (issue 4); 14—Hyphessobrycon zoe, Faria, Lima, and Wosiacki (issue
Copeia (ISSN 0045-8511) is published quarterly by the American Kevin Conway Randy Mooi H.J. Walker, Jr. 2); 15—Nemacheilus zonatus, Page, Pfeiffer, Suksri, Randall, and Boyd (issue 2); 16—Bufo nevadensis, Gordon,
Society of Ichthyologists and Herpetologists, 810 East 10th Street, Julia Earl Christopher Murray Mark V.H. Wilson Simandle, Sandmeier, and Tracy (issue 1); 17—Bufo monfontanus, Gordon, Simandle, Sandmeier, and Tracy (issue
P-0. Box 1897, Lawrence, Kansas 66044. Periodicals postage 1); 18—Adenomera glauciae, de Carvalho, Simdes, Gagliardi-Urrutia, Rojas-Runjaic, Haddad, and Castroviejo-
paid at Lawrence, Kansas, and at additional mailing offices. . N . . R > A
POSTMASTER: Send address changes to Copeia, American Society Fisher (issue 4); 19—Pseudacris collinsorum, Ospina, Tieu, Apodaca, and Lemmon (issue 4); 20—Adelophryne
of Ichthyologists and Herpetologists, Allen Press, Inc., 810 East amapaensis, Taucce, Costa-Campos, Haddad, and de Carvalho (issue 4); 21—Rhinella exostosica, Ferrao, Lima, Ron,
10th Street, P.O. Box 1897, Lawrence, Kansas 66044, asih@ . L. . . . . . .
allenpress.com. Copeia Web Page: https://www.copeiajournal.org; Copeia Online: https://www. dos Santos, and Hanken (issue 4); 22—Gymnotus arapiuns, Kim, Crampton, and Albert (issue 3); 23—Gymnotus
Printed by Allen Press, Inc., Lawrence, Kansas. asihcopeigonline.org; ASIH Web Pagef https://www.asih.org; ASIH Business Office.: aripuana, Kim, Crampton, and Albert (issue 3); 24—A canthobunocephalus scruggsi, Carvalho and Reis (issue 2);
© Copyright, 2020, by the American Society https://asih.allenpress.com for subscriptions, payments, change of address, etc. Please direct 25— Hypomasticus santanai, Birindelli, Melo, Ribeiro-Silva, Diniz, and Oliveira (issue 2); 26— Trichomycterus

of Ichthyologists and Herpetologists. comments about the ASIH website to the Secretary (ASIHsec@outlook.com). lauzannii, Miranda and Fernandez (issue 3); 27—Exostoma dujangensis, Shangningam and Kosygin (issue 3).



	Ferrao et al.2020.Copeia.wo cover
	Ferrao et al.2020.Copeia.cover

