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Abstract. We present a molecular phylogeny of Rhinatrematidae on the basis of three mitochondrial and four nuclear genes and describe
two new species of Rhinatrema from the Guianan region of Brazil, both of which were previously conflated with R. ron. Our phylogenetic
results show that at least one species of Epicrionops is nested within the Rhinatrema clade. Although our taxon sampling is limited, we
reallocated E. niger in the genus Rhinatrema in order to avoid paraphyly. The phylogeny supports our new species described here. One of
the new species is closely related to R. bivittatum in a clade that also includes R. shiv. The other new species is sister to all other sampled
Rhinatrema and is morphologically similar to R. ron but differs in number of annuli and in the condition of the oral mucosa. The known

distribution of R. ron is now restricted to the type locality.
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INTRODUCTION

Nussbaum (1977) described Rhinatrematidae to ac-
commodate the species of two genera of South American
caecilians (Rhinatrema Duméril and Bibron, 1841; and
Epicrionops Boulenger, 1883), at that time classified as
Ichthyophiidae Taylor, 1968. Despite the strong morpho-
logical support for the monophyly of Rhinatrematidae,
which has been corroborated by later molecular phyloge-
netic studies (Pyron and Wiens, 2011; Kamei et al., 2012;
San Mauro et al., 2014), Nussbaum (1977) presented few
differences between Rhinatrema and Epicrionops addition-
al to those provided by Taylor (1968).

Taylor (1968) resurrected Epicrionops from the syn-
onym of Rhinatrema mainly based on the shape of the vent
(longitudinal in the former and transverse in the latter),
and in the size of the tail (much shorter in Rhinatrema).
Nussbaum (1977) added the difference in the number of
ceratobranchial arches in the glossal skeleton (three in
Epicrionops, two in Rhinatrema) and the extension of the
tentacular opening over the eyes, stating “In Epicrionops,
the opening is in contact with the clear tissue covering the
eye, and in Rhinatrema the opening projects well into the
window over the eye” (Nussbaum, 1977:7).

Wilkinson and Nussbaum (2006) cited the number
of scale rows per annular groove as a diagnostic character

for the rhinatrematid genera (more than one in Epicrion-
ops, a single row in Rhinatrema), but in the subsequently
described R. ron Wilkinson and Gower, 2010 and R. shiv
Gower et al., 2010 more than one row can be found, de-
pending on the region of the body. More recently, Maciel
et al. (2012) observed in what they (incorrectly) consid-
ered R. ron that the number of ceratobranchial arches in
the glossal skeleton varies among adult specimens of one
population, which can have two or three arches. Further,
the condition of the tentacle apertures cited by Nuss-
baum (1977) was disregarded by later publications on
rhinatrematids (Wilkinson and Nussbaum, 2006; Gower
etal., 2010; Wilkinson and Gower, 2010; Wilkinson et al.,
2011), and Maciel and Hoogmoed (2011) noted that a
longitudinal vent also can be found in Rhinatrema. Thus,
to date only tail length seems to remain as a useful charac-
ter to distinguish the two rhinatrematid genera morpho-
logically.

The few available phylogenetic studies that have in-
cluded rhinatrematid species found Epicrionops to be para-
phyletic, recovering E. niger (Dunn, 1942) as closely re-
lated to Rhinatrema bivittatum (Guérin-Méneville, 1838)
(e.g., Pyron and Wiens, 2011; San Mauro et al., 2014).
However, as these studies are limited in the number of rel-
evant taxa considered (only E. marmoratus Taylor, 1968,
E. niger and R. bivittatum were sampled) no nomenclatural

How to cite this article: Maciel A.O., Sampaio M.I.C., Hoogmoed M.S., Schneider H. 2018. Description of two new species of Rhinatre-
ma (Amphibia: Gymnophiona) from Brazil and the return of Epicrionops niger to Rhinatrema. South American Journal of Herpetology 13:287-299.

http://doi.org/10.2994/SAJH-D-17-00054.1

Submitted: 28 June 2017
Accepted: 05 April 2018
Available Online: 12 December 2018

Handling Editor: Taran Grant
http://doi.org/10.2994/SAJH-D-17-00054.1
ZooBank: urn:lsid:zoobank.org:pub:53BDEEF2-2F9E-4C73-81F1-6BD732A67A5E



South American Journal of Herpetology, 13(3), 2018, 287-299

changes were proposed. Recently, Wilkinson and Gower
(2010) described R. ron on the basis of a single specimen
from the state of Amazonas, Brazil. A year later, Maciel
and Hoogmoed (2011: 45, see map in fig. 23) reported
31 specimens of R. ron from three more localities, includ-
ing one in the state of Amazonas and two in the state of
Para, Brazil. They also noted that the color pattern dis-
tinguished the holotype of R. ron and the specimen from
Urucara, Amazonas from the specimens from the two lo-
calities in Par4, but they considered all their specimens as
R. ron.

We now have more specimens and new morphologi-
cal and molecular data that support the description of two
new species of Rhinatrema on the basis of specimens for-
merly identified as R. ron (Maciel and Hoogmoed, 2011;
Maciel et al., 2012). Further, we can now include all but
one of the species of Rhinatrema in a phylogenetic analy-
sis, leading us to re-allocate E. niger in Rhinatrema.

MATERIALS AND METHODS
Morphological study

We examined specimens of Epicrionops and Rhinatre-
ma from the following collections (for specimens of previ-
ously described species, see Appendix): AMNH (American
Museum of Natural History), IEPA (Instituto de Pesqui-
sas Cientificas e Tecnolédgicas do Estado do Amap4d), INPA
(Colegdo Herpetolégica do Instituto Nacional de Pesqui-
sas Amazoénicas), MNRJ (Museu Nacional do Rio de Ja-
neiro, MPEG (Museu Paraense Emilio Goeldi), MZUSP
(Museu de Zoologia da Universidade de Sdo Paulo), and
PUCMG (Museu de Ciéncias Naturais, Pontificia Univer-
sidade Catélica de Minas Gerais).

Morphometric and meristic characters

The following characters were used: SVL (snout-
vent length measured as the distance between the tip
of snout and the anterior border of the vent), TL (total
length), HH (head height level with corner of mouth),
TSFN (distance between the tip of snout and first nuchal
groove measured dorsally), HW (head width at jaw ar-
ticulation), EE (distance between the inner edges of the
eyes), ECM (distance between eye and corner of mouth),
EMM (shortest distance between eye and margin of
mouth), EN (distance between eye and nostril), NN (dis-
tance between inner edges of nostrils), NMM (shortest
distance between nostril and margin of mouth [= lip]),
LCR (length of the collar region measured dorsally),
WNC (width at first nuchal collar), BH (body height at
midbody), BW (body width at midbody), WS (width of
the lateral stripe at midbody), WV (width of the body at
vent), TAL (tail length measured from the posterior edge

of the vent to the tip of the tail). Meristic: TBAD (total
body annuli count made dorsally), TBAV (total body an-
nuli count made ventrally), GIV (grooves interrupted by
the vent), TF (tail folds counted behind vent). Dentition:
DT (dentary teeth), PMT (premaxillary-maxillary teeth),
PPT (prevomerine-palatine teeth), ST (splenial [= inner
mandibular] teeth).

The third nuchal groove was identified following
Wilkinson and Gower (2010: 64 as “arbitrarily the first
dorsal groove that clearly crosses stripe onto venter.” All
measurements were made using a dial caliper to the near-
est 0.1 mm, except total length, which was measured with
aruler to the nearest 1 mm. Sex was determined by direct
observation of the gonads. Specimens with well-devel-
oped gonads and associated structures were considered
to be adult. Dentition characters were examined under a
stereozoom microscope.

Molecular study
Taxon sampling and DNA dataset

Our molecular dataset comprises nine rhinatrema-
tids and eight representatives of other Gymnophiona
families (Table 1). We used sequences of 13 terminal taxa
available from GenBank and produced new sequences for
four specimens of Rhinatrema. We generated sequences
for three mitochondrial DNA genes—12S (using primers
L1091 and H1478; Kocher et al. 1989), 16S (16Sar-L and
16Sbr-H; Palumbi et al., 1991), and cytochrome c oxidase
subunit 1 (CO1; Amp-P3 F and Amp-P3 R; San Mauro
et al., 2004)—and four nuclear genes—chemokine recep-
tor type 4 (CXCR4-N and CXCR4-L; Roelants et al., 2007),
histone H3 (H3F and H3R; Colgan et al., 1999), recom-
bination-activating gene 1 (Amp-RAG1 F and Amp-RAG1
R1; San Mauro et al., 2004), and two fragments of the
member 3 of the solute carrier family 8 (partl: Slc8a3-E
and Slc8a3-B; part 2: Slc8a3-C and Slc8a3-J; Roelants
etal., 2007).

DNA extraction, sequencing,
concatenation, partitioning

DNA was extracted from ethanol-preserved tissues
using the Wizard Genomics DNA Purification Kit (Prome-
ga, Madison, W1, USA). Polymerase chain reaction (PCR)
was carried out in 14 pL reactions using the kit (5U/pL).
Amplification employed specific protocols for each primer
(Kocher et al., 1989; Palumbi et al., 1991; Colgan et al.,
1999; San Mauro et al., 2004; Roelants et al., 2007) and
the sequencing reaction with the BigDye (Applied Biosys-
tems). The sequences were generated using an ABI 3500
(Applied Biosystems) sequencer and edited using BioEdit
(Hall, 1999).
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Sequences were aligned using MAFFT v.7 (Katoh
et al., 2002; Katoh and Standley, 2013). The strategy
Q-INS-I was used for the ribosomal 12S and 16S because
this method considers the secondary structure of RNA,
and the strategy G-INS-I for coding genes, since it is rec-
ommended for alignment with < 200 sequences and no
long gaps.

Sequences of all sampled genes were concatenated
in Sequence Matrix version 1.7.8 (Vaidya et al., 2011)
and the final dataset had 4,704 sites [12S: 415 base pairs
(bp), 16S: 562 bp, CXCR4: 695, CO1: 809 bp, H3: 328 bp,
Ragl: 784 bp, and Slc8a3: 1,111 bp]. Stop codon positions
were verified for coding genes with Mesquite version 3.04
(Maddison and Maddison, 2015).

Prior to data partitioning, we divided our align-
ment into 17 data blocks (12S, 16S, and separated
three codon positions of the protein coding genes CO1,
CXCR4, H3, Ragl, and Slc8a3). Then, we defined the fol-
lowing seven alternative partitioning schemes of vari-
able complexity for model testing: (1) all loci in a single
partition; (2) mitochondrial genes in one partition and
nuclear genes in another partition (= two partitons);
(3) one partition for each gene (= 7 partitons); (4) each
ribosomal gene in a separate partition, each protein cod-
ing gene divided into one partition for codon position 1
and another partition containing codon positions 2 and
3 together (= 12 partitions); (5) each ribosomal gene in
a separate partition, each protein coding gene divided
into separate partitions, one containing codon posi-
tions 1 and 3 together and another partition for codon
position 2 (= 12 partitions); (6) each ribosomal gene in
a separate partition, each protein coding gene divided
into separate partitions, one containing codon posi-
tions 1 and 2 together and another partition for codon
position 3 (= 12 partitions); (7) each ribosomal gene in
a separate partition, each protein coding gene divided
into separate partitions for codon positions 1, 2, and 3
(= 17 partitions). We used PartitionFinder v.1.1.1 (Lan-
fear et al., 2012) under the Bayesian Information Cri-
terion (BIC) to select the best partitioning scheme and
the best substitution models for each partition. These
partitions and models were then used in the phyloge-
netic analysis.

Phylogenetic analysis and pairwise comparisons

Phylogenetic relationships were inferred using
maximum likelihood (ML) in RAxML v.7.2.6 (Stamatakis,
2006). The search for the best tree was implemented with
100 search replicates. For the bootstrap analysis we used
1,000 pseudoreplicates. Finally, the bipartition support
was drawn on the best likelihood tree. For genetic com-
parisons among specimens we made a matrix of uncor-
rected pairwise distances using Mega v.6 (Tamura et al.,

2013).

RESULTS
Phylogenetic results and taxonomic decisions

The optimal partition scheme selected in Partition-
Finder was number 7, which consisted of 17 partitions.
The best-fit model for these partitions was GTR (Rodri-
guez et al,, 1990) + G (Yang, 1994), with the exception
of 168, the first codon position of CO1, and the second
codon position of SLC8A3, for which the best model was
GTR (Rodriguez et al., 1990) + I (Fitch and Margoliash,
1967; Fitch, 1986) + G (Yang, 1994).

The ML analysis resulted in a well-supported phy-
logeny that recovered Epicrionops marmoratus as sister
of a clade formed by E. niger within a group of species
of Rhinatrema (Fig. 1). Specimens identified as R. ron by
Maciel and Hoogmoed (2011) from two Brazilian locali-
ties (Urucara, state of Amazonas, and Porto Trombetas,
Oriximina, state of Para), together with a specimen from
Manaus, state of Amazonas, are close relatives (Fig. 1),
forming the clade sister of a group composed of E. niger,
R. shiv, R. bivittatum (the type species of Rhinatrema), and
a specimen previously reported as R. ron from Serra do
Acarai, Oriximing, state of Pard (Maciel and Hoogmoed,
2011).

In light of our phylogenetic results, we refer Epicri-
onops niger to the genus Rhinatrema to avoid paraphyly,
returning this taxon to the original combination Rhina-
trema nigrum Dunn, 1942. Rhinatrema ron is restricted
to the type locality, and the other specimens previously
identified as R. ron by Maciel and Hoogmoed (2011) are
now considered to belong to new species, described in the
following section. We did not observe any differences in
the condition of the tentacle aperture among the species
of Epicrionops and Rhinatrema we examined.

Species accounts
Rhinatrema uaiuai sp. nov.

Rhinatrema sp. nov.—Avila-Pires et al., 2010.
Rhinatrema ron—Maciel and Hoogmoed, 2011 (in part).

Holotype (Fig. 2; Table 2). MPEG 26477, an adult
male from Serra do Acarai, ESEC Grio-Para Norte
(01°17'7.51"N, 58°41'45.24"W; 500 m elevation), mu-
nicipality of Oriximing, State of Par4, Brazil, collected by
T.C.S. Avila-Pires, W.A. Rocha, and M.A. Ribeiro-Junior
on 30 August 2008.

Diagnosis. A species of Rhinatrema that differs from
R. bivittatum mainly in the head being mostly brown-
ish with small yellow spots (a conspicuous large yellow
cephalic spot is present in R. bivittatum), the absence of

I ——§
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a yellow spot on dorsum and venter of the tail (present
in R. bivittatum), and genetic divergence (e.g., R. uaiuai
sp. nov. diverges 9.4% in 16S mitochondrial gene from
a specimen of R. bivittatum from Kaw, French Guiana;
Table 3).

Rhinatrema uaiuai sp. nov. differs from Rhinatrema
ron in having darker head coloration composed of small
yellow dots on a dark background (yellowish mottled with
brownish spotsin R. ron), a yellow stripe on each side of the
head between the eye and the nostril (absent in R. ron), a
narrow yellow stripe on each mandible (mandibles yellow-
ish, mottled with brownish spots in R. ron), unpigmented
and smooth palatine mucosa (slightly pigmented and
strongly plicate in R. ron; see Wilkinson and Gower, 2010:
fig. 2), alower TBAD (333 versus 347 in R. ron), a narrow-
er yellow lateral stripe (ratio between width at midbody

and width of the lateral stripe at midbody 4.1 versus 2.4
in R. ron), and a transverse vent (longitudinal in R. ron); it
further differs from R. ron in having a smaller difference
between TBAD and TBAV counts (5 annuli versus 26 an-
nuli), and TBAD < TBAV (TBAD > TBAV in R. ron).
Rhinatrema uaiuai sp. nov. differs from R. nigrum
mainly in color pattern (entire body dark with no yellow
lateral stripes in R. nigrum) and in having a shorter tail
with eight folds (> 20 tail folds in R. nigrum; Taylor, 1968;
Donnelly and Wake, 2013). Finally, R. uaiuai sp. nov. dif-
fers from R. shiv in having a slightly thicker yellow lateral
stripe along the body (ratio between width at midbody
and width of the stripe at midbody 5.2-7.2 in R. shiv;
Wilkinson and Gower, 2010) and unpigmented denticu-
lations around the vent (pigmented dark in R. shiv), as
well as genetic divergence (e.g., R. uaiuai sp. nov. diverges
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Figure 1. Maximum likelihood phylogram of Gymnophiona (1,000 searches, loglikelihood = -17937.768881), with main focus on Rhinatrematidae.
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Figure 2. Holotype of Rhinatrema uaiuai sp. nov. (A) Dorsal (top), lateral (middle), and ventral (bottom) views of head and anterior body. (B) Dorsal
(top), lateral (middle), and ventral (bottom) views of terminal region of body. (C) Dorsal and (D) ventral views of body. Scale bars = 5 mm.
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Table 2. Morphometric (in mm) and meristic data (see text for
definitions) for the types of Rhinatrema uaiuai sp. nov. and Rhinatrema
gilbertogili sp. nov. Data reported in the fourth column are: range;
mean; standard deviation (sample size).

MPEG 26477 MPEG 19966 Paratypes
Holoty?e ?f Ho!otype o'f . of R. gilbertogili
R. uaiuai R. gilbertogili
sp. nov. sp. nov. Sp- nov-.

TL 151 195 97-278; 183; 37 (38)
SVL 146.3 190 94.6-272; 174; 36 (31)
TSEN 8.4 8.7 5.4-14.2;8.5; 1.8 (30)
HW 5.4 5.5 3.7-8.8;5.7;1 (39)
HH 3.8 3.4 2.4-5.3;3.8; 0.7 (39)
EE 3.2 3.4 2.2-5.1;3.3; 0.6 (38)
EN 2.8 2.4 1.8-4.1;2.7; 0.5 (38)
ECM 3 2.9 1.6-6;3.1;0.8 (37)
EMM 0.6 0.8 0.5-1.3; 0.8; 0.1 (38)
NN 1.3 1.3 0.9-1.8;1.4; 0.2 (36)
NMM 0.6 0.6 0.3-1;0.6; 0.1 (36)
WNC 5.5 5.7 3.8-8.2;5.9; 0.9 (31)
LCR 2.7 3.5 2.2-4.1;3.2;0.5(17)
BH 5.4 6.3 3.9-12.3;6.7; 1.7 (32)
BW 6.6 7.1 4.3-12.2;7.3; 1.5 (34)
WS 1.6 2.5 1.6-5.1;2.8;0.7 (31)
wv 3.3 3.8 2-6.3;3.7;0.8 (32)
TAL 3.5 2.4 1.4-2.6;2.1;0.3 (37)
GIV 5 4 3-6; 5; 0.7 (31)
TBAD 333 303 270-309; 292; 10.5 (38)
TBAV 338 276 254-293;270; 10.6 (31)
TF 8 4 3-5;4;0.5(39)
PMT 25 26 18-32;24;2.9 (31)
PPT 23 36 22-39;28; 5 (22)
DT 14 18 14-28;18; 3.3 (27)
ST 15 18 14-33;20; 6 (12)

10.5% in 16S mitochondrial gene from the holotype of
R. shiv from Guyana; (Table 3).

Description of holotype. Adult male, 151 mm total
length, with multiple white testis lobes and abundant fat
bodies. Total length 22.8 times body width. Head slightly
narrower than body. Snout rounded in dorsal, ventral,
and lateral views. Nostrils oval, laterally positioned, vis-
ible from above, not from below, close to the mouth mar-
gin (NMM = 0.6 mm). Eyes small (diameter = 0.5 mm),
covered by a translucent epidermis, visible in lateral and
dorsal view of head, as close to the mouth margin as the
nostrils (EMM = 0.6 mm), slightly closer to corner of
mouth than to the nostrils.

Tentacle apertures small, semicircular slits in skin
(ca. 0.3 mm long), projecting anteriorly from anterior
part of eye. First nuchal groove discernible dorsally only;
second nuchal groove indistinct dorsally, distinct laterally
and ventrally. First nuchal collar shorter (1.2 mm) than
second (1.9 mm); second nuchal collar with four trans-
verse grooves.

Body sub-cylindrical, slightly wider than deep. Width
along body slightly variable, narrower close to vent. Ven-
tral and dorsal counts of total annuli differ dorsally and
ventrally, TBAD fewer (333) than TBAV (338). Most annu-
lar grooves completely encircling body, some bifurcated at
dorsum and on venter. Vent transverse with 10 denticula-
tions, 4 and 6 on anterior and posterior margins, respec-
tively. Two anterior denticulations incompletely divided.
Scales beginning in first transverse groove of second nuchal
collar, trapezoidal, wider than long (e.g., 0.6 x 0.4 mm), ar-
ranged in single row; scales at midbody ovate (e.g., 1 x 0.7),
in two rows; scales at tenth annulus anterior to the vent
ovate (e.g., 1.2 x 0.8), in two rows; scales in the penulti-
mate tail annulus in single row (e.g., 0.7 x 0.5 mm).

Table 3. Uncorrected pairwise distances between 16S sequences of 16 specimens of caecilians included in the phylogenetic analysis.

1 2 3 4

6 7 8 9 10 11 12 13 14 15

1 Ichthyophis bannanicus

2 Scolecomorphus uluguruensis 0.179

3 Herpele squalostoma 0.152 0.188

4 Chikila fulleri 0.150 0.155 0.135

5 Siphonops paulensis 0.179 0.186 0.177 0.150
6 Dermophis mexicanus 0.143 0.168 0.159 0.126
7 Atretochoana eiselti 0.161 0.195 0.177 0.150
8 Caecilia gracilis 0.186 0.209 0.197 0.186
9 Epicrionops marmoratus 0.166 0.197 0.191 0.166
10 Rhinatrema gilbertogili Urucard, Amazonas 0.126 0.184 0.141 0.137
11 Rhinatrema gilbertogili Oriximind, Para 0.126 0.184 0.141 0.137
12 Epicrionops niger 0.150 0.179 0.170 0.148
13 Rhinatrema shiv 0.141 0.200 0.152 0.150
14 Rhinatrema uaiuai 0.152 0.188 0.161 0.132
15 Rhinatrema bivittatum Kaw, French Guiana 0.166 0.206 0.177 0.152
16 Rhinatrema bivittatum Amapa, Brazil 0.166 0.206 0.177 0.157

0.130
0.168
0.202
0.197
0.182
0.182
0.173
0.179
0.184
0.184
0.188

0.148
0.177
0.177
0.157
0.157
0.161
0.173
0.168
0.164
0.168

0.168
0.206
0.182
0.182
0.179
0.173
0.186
0.186
0.191

0.211
0.193
0.193
0.202
0.191
0.211
0.193
0.200

0.130
0.130
0.108
0.143
0.152
0.150
0.150

0.000

0.112 0.112

0.123 0.123 0.096
0.128 0.128 0.112 0.105

0.143 0.143 0.123 0.103 0.094

0.143 0.143 0.123 0.105 0.090 0.013
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Choanae 1.5 mm apart, diameter ca. 1 mm. Pala-
tine mucosa yellowish, smooth. Tongue fully attached
to mandibular mucosa, with longitudinal plicae, slightly
pigmented dark, narial plugs absent. Teeth in all series
monocuspid, pointed, strongly recurved. Premaxillary-
maxillary teeth 25; vomeropalatine teeth 23, dentary
teeth 14; inner mandibular teeth (splenials) 15 (all tooth
counts approximate because mouth was closed and a for-
ceps was needed to open it partially and make counts).

In life, the holotype was predominantly brownish
with yellow stripes and irregular spots along head and
body (see Avila-Pires et al., 2010:37). Each side of the
head had a yellow stripe between the eye and the nostril,
both fusing into a yellow, irregular blotch on the tip of
the snout; two larger yellow stripes extended along the
mandibles from approximately the level of the corners of
mouth to near the tip of the jaw, parallel to the margins of
the mouth but not touching the lip and not fusing to each

60°W

other on the tip of the jaw. A yellow blotch was present
laterally in the nuchal region on the first collar at same
level of the yellow lateral stripe, beginning as a homoge-
neously yellowish stripe in the third transverse groove of
the second collar and extending to the fifteenth annulus
anterior to the vent, where it becomes mottled with ir-
regular brown spots extending to the tail tip. In preserva-
tive the brownish coloration became greyish brown and
the yellowish coloration became pale yellow.

Geographic distribution. The species is known only
from the type locality (Fig. 3).

Etymology. The name of the species is given as anoun in
apposition, honoring the Uaiuai Indians (also called Wai-
wai), which include indigenous communities in southern
Guyana and the southeastern part of the state of Rorai-
ma, the northeastern part of the state of Amazonas, and

50°W

Figure 3. Distribution of the genus Rhinatrema. Lozenges represent R. nigrum. Squares represent R. shiv. Circle represents R. uaiuai sp. nov. Triangle
represents R. ron. Pentagons represent R. gilbertogili sp. nov. The gray dashed polygon represents the distribution of R. bivittatum. Distribution data for
R. nigrum are from Taylor (1968), MacCulloch and Lathrop (2009), and Donnelly and Wake (2013).
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the northwestern part of the state of Para in Brazil. All
of these localities border on the Serra do Acarai, which
was historically inhabited by the Uaiuais. The Uaiuais are
known to be great travelers and to organize expeditions to
contact other communities in order to exchange objects
and animals.

By naming this species after the Uaiuai Indians, we
also call attention to the present problematic (financial
and political) situation of FUNAI, the National Indian
Foundation, which is the Brazilian government body re-
sponsible for policies relating to indigenous groups.

Rhinatrema gilbertogili sp. nov.

Rhinatrema ron—Maciel and Hoogmoed, 2011.
Rhinatrema ron—Maciel et al., 2012.
Rhinatrema ron—Morato et al., 2014.

Holotype (Fig. 4; Table 2). MPEG 19966, mature male
(Fig. 4), Porto Trombetas, Plateau Almeidas, municipality
of Oriximina, state of Par4, Brazil (01°40’S, 56°27'W); col-
lected by U. Galatti, J.A.R. Bernardi, and FE. Sarmento on
4 February 2006.

Paratypes. MPEG 16975, MPEG 17435, Porto Trom-
betas, Plateau Almeidas (01°40'S, 56°27'W), State of
Para, Brazil, collected by R.A.T. Rocha, J.A.R. Bernardi
and G.L.E. Silva, resp. on 29 September 2003 and 14
June 2004. MPEG 19967, same data as holotype. MPEG
20167-20177, Porto Trombetas, State of Para, Brazil,
collected by R. Carvalho Jr. on 10-21 May 2006. MPEG
21912, Porto Trombetas, Plateau Bacaba, State of Pari,
Brazil, collected by G.F. Maschio and team on 8 Novem-
ber 2007. MPEG 26478, Porto Trombetas, State of Para,
Brazil, collected by J.A.R. Bernardi and F. Sarmento on
1 February 2009. MPEG 26942, Porto Trombetas, Pla-
teau Saracd, State of Pard, Brazil, collected by D. Baéta
and team on 14 March 2008. MPEG 26943 and 26944,
Porto Trombetas, Platé Aviso, State of Para, Brazil, col-
lected by D. Baéta and team on 19 March 2008. MPEG
26945, municipality of Urucard, State of Amazonas, Bra-
zil, 02°24'54"S; 57°38'22"W, collected by E.G. Pereira and
team on 10 February 2009. MPEG 27864, Flona Saraca-
Taquera, Porto Trombetas, Platé Almeidas, State of Para,
Brazil, collected by Sérgio Morato on 12 May 2009. MPEG
39991-39997, Reserva Florestal Adolpho Ducke, munici-
pality of Manaus, State of Amazonas, Brazil, collected by
Marcio R.C. Martins on 27 August 1993. MNRJ 47921,
48248 from Porto Trombetas, State of Para, Brazil, col-
lected by E.G. Pereira and team on 16 December 2006 and
30 January 2007; MNRJ 52982-52987; PUCMG 10114,
10115, 10134, 10178, Porto Trombetas, State of Para,
Brazil, collected by D. Baéta and team 4 March 2008-28
June 2008. INPA-H036015, Reserva Florestal Adolpho
Ducke, municipality of Manaus, State of Amazonas, Bra-

zil, collected by E. Pontes and L. Viegas on 10 July 2015.
All paratypes are fully metamorphosed specimens, most
are males except MPEG 16975, 17435, 20173, 26945,
MNRJ 47921, 52982-52985, and PUCMG10114.

Diagnosis. This new species of Rhinatrema differs from
R. uaiuai sp. nov. in having a shorter tail with a maximum
of five folds (eight in the holotype of R. uaiuai sp. nov.), a
thicker lateral yellow stripe along the body (ratio between
width at midbody and width of the stripe at midbody 1-3
in R. gilbertogili sp. nov., 4.1 in the holotype of R. uaiuai
sp. nov.), and in having a longitudinal vent (transverse in
R. uaiuai sp. nov.).

The new species differs from Rhinatrema bivittatum
mainly in having the head mostly brownish with small, ir-
regularly, scattered yellow spots (alarge yellow cephalic spot
is present in R. bivittatum), in the absence of a yellow spot
on dorsum and venter of the tail (present in R. bivittatum),
and in genetic divergence (e.g., a paratype of R. gilbertogili
sp. nov.—MPEG 16975, from Oriximind, Para, Brazil—di-
verges 14.3% in 16S mitochondrial gene from a specimen
of R. bivittatum from Kaw, French Guiana; Table 3). It dif-
fers from Rhinatrema nigrum mainly in color pattern (en-
tire body dark with no yellow lateral stripes in R. nigrum)
and in having a shorter tail with at most five folds (> 20 in
R. nigrum; Taylor, 1968; Donnelly and Wake, 2013). Rhina-
trema gilbertogili sp. nov. differs from R. ron mainly in hav-
ing an unpigmented and smooth palatine mucosa (slightly
pigmented and strongly plicate in R. ron; Wilkinson and
Gower 2010: fig. 2 of) and fewer TBAD (270-309, n = 38;
347 in R. ron). Rhinatrema gilbertogili sp. nov. differs from
R. shiv in having fewer TBAD (270-309, n = 38; 335-378
in R. shiv; Gower et al. 2010), a slightly thicker yellow lat-
eral stripe along the body (ratio between width at midbody
and width of the stripe at midbody is 1-3 in R. gilbertogili
sp. nov., 5.2-7.2 in R. shiv; Wilkinson and Gower, 2010).

Description of holotype. An adult male, 195 mm total
length, with multiple white testis lobes and abundant fat
bodies. Total length 27.5 times body width. Head slightly
narrower than body. Snout rounded in dorsal, ventral,
and lateral views. Nostrils oval, laterally positioned, vis-
ible from above and laterally but not below, close to the
mouth margin (NMM = 0.6 mm). Eyes small (0.5 mm),
covered by a translucent epidermis, visible in lateral and
dorsal view of head, farther from the mouth margin than
the nostrils (EMM = 0.8 mm), slightly closer to nostrils
than to corner of mouth.

Tentacle apertures small semicircular slits in skin
(ca. 0.3 mm long), projecting anteriorly from anterior
part of eye. First nuchal groove discernible dorsally only;
second nuchal groove indistinct dorsally, distinct laterally
and ventrally. First nuchal collar shorter (1.7 mm) than
second (2.0 mm); second nuchal collar with four trans-
verse grooves.
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Figure 4. Holotype of Rhinatrema gilbertogili sp. nov. (A) Dorsal (top), lateral (middle), and ventral (bottom) views of head and anterior body. (B) Dorsal
(top), lateral (middle), and ventral (bottom) views of terminal region of body. (C) Dorsal and (D) ventral views of body. Scale bars = 5 mm.
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Body sub-cylindrical, slightly wider than deep.
Width along body slightly variable, narrower near vent.
Ventral and dorsal counts of total annuli differ dorsally
and ventrally, TBAD greater (303) than TBAV (276). Most
annular grooves encircle body completely, some bifur-
cated at dorsum and on venter. Vent longitudinal with
13 denticulations. Scales begin in the second transverse
groove of the second nuchal collar, three times wider than
long (e.g., 0.6 x 0.2 mm), in a single row of scales; scales
at midbody ovate (e.g., 1.1 x 0.7), in two rows of; scales at
tenth annulus anterior to the vent ovate (e.g., 1.6 x 1.2),
in two rows; scales in penultimate tail annulus in single
row (e.g., 0.8 x 0.6 mm).

Choanae 1.6 mm apart, diameter ca. 1 mm. Pala-
tine mucosa not pigmented, smooth. Tongue fully at-
tached to mandibular mucosa, with longitudinal plicae,
slightly dark pigmented, narial plugs absent. Teeth in
all series monocuspid, pointed, strongly recurved. Pre-
maxillary-maxillary teeth 26; vomeropalatine teeth 36,
dentary teeth 18; inner mandibular teeth (splenials) 18
(all tooth counts approximate because mouth was closed
and a forceps was needed to open it partially and make
counts).

In preservative, the body of the holotype is predomi-
nantly greyish brown with pale yellow stripes and irregular
spots along head and body. The dorsum of the head and the
mandibles are slightly lighter than the body, greyish brown
mottled with small, sparse, pale-yellow spots. The throat
and ventral parts of the nuchal collars and the body are
more brownish than the dorsum. A yellow blotch is present
at the corners of the mouth (larger on the left side). There
are yellow spots, larger than those on the body, in the lateral
portion of the nuchal region at the same level as the yellow
lateral stripe, which begins as a homogeneously yellowish
stripe in the first transverse groove of the second collar and
extends to the level of the posterior edge of the vent.

Variation. Morphometric and meristic variation is sum-
marized in Table 2. Color is variable among populations.
Specimens from Urucard and Manaus have a predomi-
nantly yellow head mottled with brownish patches. The
bodies of the specimen from Urucard (see Maciel and
Hoogmoed, 2011: fig. 24) and of some specimens from
Manaus (MPEG 39991-39997) are more yellowish than
the bodies of specimens from Para, which have the same
pattern as the holotype. In four specimens from Manaus
(MPEG 39992, 39993, 39995, and 39997), the yellow-
ish lateral stripe is not interrupted in the nuchal region.
Some specimens have a darker head and nuchal region
because of the absence of yellowish spots or blotches in
that area (MPEG 20167, 20174, 21912, and 26944; PUC-
MG 10178). Maciel and Hoogmoed (2011) reported that
the females (formerly identified as Rhinatrema ron) have
larger means in morphometric characters than the males,
indicating sexual size dimorphism in the species.

Distribution. The species is known from the municipal-
ity of Oriximind, state of Pard, Brazil; and from the mu-
nicipalities of Urucara, and Manaus, state of Amazonas,
Brazil (Fig. 3).

Etymology. The name of the species is a noun in apposi-
tion, proposed in homage to the Brazilian musician (sing-
er and composer), Gilberto Passos Gil Moreira, better
known as “Gilberto Gil” (born in 1942), in recognition of
his great contributions to Brazilian music. “Aqui e agora,”
“Drao,” “Esotérico,” “Estrela,” “Palco,” and “Tempo Rei” are
some of the most beautiful songs produced by Gilberto
Gil. The artist is also known for participating in environ-
mental protection projects.

DISCUSSION

Despite using considerably fewer molecular markers
and taxa (e.g., the complete mitochondrial genome and
two nuclear markers were analyzed for 23 taxa by Kamei
et al., 2012), our phylogenetic results are similar to those
of previous studies (Pyron and Wiens, 2011; Kamei et al,,
2012; San Mauro et al., 2014) in the interfamilial relation-
ships with well-supported nodes. Our results also agree
with those studies that sampled at least two species of the
family (Pyron and Wiens, 2011; San Mauro et al., 2014) in
finding the rhinatrematid genera to be non-monophylet-
ic, with Epicrionops niger nested within Rhinatrema.

We performed an analysis with an unprecedented
sample including almost all species of Rhinatrema, the
results of which raised two main taxonomic issues. One
is the possibility that Epicrionops should be placed in the
synonymy of Rhinatrema, which was already discussed by
other authors (Wilkinson and Gower, 2010; Wilkinson
etal., 2011); however, unfortunately, we could not sample
more species of Epicrionops, including its type species, so
we do not consider that option to be viable at this time.
The second issue concerns the consequences of the phy-
logenetic positioning of E. niger, which contrasts with the
morphological diagnosis of Rhinatrema and Epicrionops
(e.g., E. niger has a long tail like all other known Epicri-
onops spp., whereas Rhinatrema has a short tail). Because
E. niger is positioned within a clade of Rhinatrema that in-
cludes the type species of this genus (R. bivittatum), we de-
cided to re-allocate this species in Rhinatrema in order to
avoid paraphyly. This decision was fully based on our phy-
logenetic evidence, which cannot be disregarded, although
it contradicts the conclusion based on the few morpholog-
ical characters which have been considered as differences
between the genera. Thus, we do not have to date any
known, differentiating morphological synapomorphies
attributable to each of the two rhinatrematid genera. This
fact might lead to hypothesize, for instance, that the tail
size in E. niger and at least that in E. marmoratus may cor-
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respond to a case of convergence, which should be tested
in new studies including more species of Epicrionops.

One of our new species, Rhinatrema uaiuai sp. nov.,
is sister to R. bivittatum in our phylogeny, with which it
shares some similarities in external morphology, like the
shape of the vent (transverse) and in the presence of a
yellowish eye-nostril stripe, but diverges in the absence
of the typical large yellow cephalic spot and other re-
markable features. The other new species, R. gilbertogili
Sp. nov., is quite similar to R. ron. Although we could not
include a molecular sample of R. ron, we are convinced
that it differs from R. gilbertogili sp. nov. on the basis
of morphological characters only. The holotype of R. ron
has 38 annuli more on the body (e.g., in the dorsal count),
is much larger than any of the other species, and has a
slightly pigmented palatine mucosa with strong plicae,
neither of which occur in any of the other known species
of Rhinatrema.

The continuous discovery of undescribed species in
recent years (e.g., Maciel et al. 2009; Gower et al., 2010;
Wilkinson and Gower, 2010; Wilkinson and Kok, 2010;
Maciel and Hoogmoed, 2011; Donnelly and Wake, 2013;
Maciel and Hoogmoed, 2013; Maciel et al., 2015) and the
remaining problems in the classification within Rhina-
trematidae presented here indicate that the systematics
and dlassification of caecilians in the Neotropical region
are still in their initial stage.
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APPENDIX

Additional specimens analyzed (number of specimens in parentheses)

Epicrionops sp. (02). ECUADOR: “San Ramon” (MZUSP 74373, 74374).

Epicrionops bicolor subcaudalis (03 by high-resolution photo). PERU: Junin: Chanchamayo on Rio Perene (AMNH

17304, 17305, 42858).

Epicrionops lativittatus (01 by high-resolution photo). ECUADOR: East Ecuador (AMNH 46205).

Epicrionops petersinoblei (01 by high-resolution photo). PERU: Southern Pera (AMNH 1454).

Rhinatrema bivittatum (11). BRAZIL: AMAPA: Ferreira Gomes: Flona Amapa (IEPA/FL519; MPEG/MBS 169) Laranjal
do Jari: BR 156 (MPEG 26941), Reserva de Desenvolvimento Sustentével do Rio Iratapuru (IEPA/RS215), Parque Nacional
Montanhas do Tumucumaque, Igarapé Mapaoni (IEPA/TQ272, TQ287, TQ306, TQ347, TQ348), PARA: Almeirim, Monte
Dourado (MPEG 23548, 23549).
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