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Abstract

Threadsnakes are known for their conserved external morphology and historically controversial systematics, challenging taxo-
nomic, biogeographic and evolutionary researches in these fields. Recent morphological studies—mostly based on pCT data of
the skull and lower jaw—have resolved systematic issues within the group, for instance leading to the description of new taxa
or re-positioning little-known scolecophidian taxa in the tree of life. Herein we describe a new polymorphic species of the genus
Siagonodon from Amazonia based on morphological (external, osteology and hemipenis) and molecular data, and provide the first
hemipenial description for the genus. We also reassign Siagonodon acutirostris to the genus Trilepida based on osteological data in
combination with molecular evidence. The new species described represents an evolutionary paradox for scolecophidians because
the species displays a remarkable variation in the shape of the snout region that is otherwise always highly conserved in this clade.
Finally, this study reinforces the importance of protected areas as essential in maintaining vertebrate populations, including those
that are not yet formally described.
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Introduction

The fossorial snakes known as ‘Scolecophidia’ Cope,
1864 are divided in three major lineages—Anomalepi-
didae Taylor, 1939, Leptotyphlopidae Stejneger, 1892,
and Typhlopoidea Romer, 1945—altogether comprising
about 460 species that occur throughout the globe, except
for Antarctica (Vidal et al. 2010; Miralles et al. 2018; Uetz
et al. 2022). These snakes have long posed challenges for
researchers interested in elucidating their taxonomy, sys-
tematics, and consequently biogeography and evolution
(Bell et al. 2021). However, recent contributions—most
of them boosted by the use of high resolution digital im-
ages (Rieppel et al. 2009; Santos and Reis 2018, 2019;
Koch et al. 2019; Martins et al. 2019a; Koch et al. 2021;
Lira and Martins 2021; Laver et al. 2021; Deolindo et
al. 2021; Martins et al. 2021a, 2021b)—have repeatedly
highlighted morphological data (mostly osteological) as
fundamental for elucidating longstanding unresolved or
disputed issues in the literature (see Miralles et al. 2018).
For instance, several studies (e.g., Koch et al. 2019, 2021;
Martins et al. 2019a) have taken advantage of uCT data
to overcome the challenges imposed by the overall high-
ly conserved external morphology of scolecophidians,
demonstrating the informativeness of skull and lower jaw
characters for systematic studies (Laver and Daza 2021).
The integration of these osteological data with molecu-
lar evidence has been particularly enlightening for taxo-
nomically challenging clades (Graboski et al. 2018, 2022;
Martins et al. 2019a).

The threadsnakes of the family Leptotyphlopidae
currently comprise about 140 species that inhabit the
Americas, sub-Saharan Africa, the Arabian peninsula
and southwestern Asia (Adalsteinsson et al. 2009; Uetz
et al. 2022). The subfamily Epictinae contains about
90 species allocated in ten currently recognized genera
(Uetz et al. 2022; Martins et al. 2019a) that occur in the
New World (Americas and Antilles: Epictia Gray, 1845;
Habrophallos Martins et al., 2019; Rena Baird & Gi-
rard, 1853; Mitophis Hedges, Adalsteinsson & Branch,
2009; Siagonodon Peters, 1881; Tetracheilostoma Jan,
1861; and Trilepida Hedges, 2011) and in Africa (Rhi-
noleptus Orejas-Miranda, Roux-Esteve & Guibé, 1970;
Rhinoguinea Trape, 2014; and Tricheilostoma Jan, 1860).
Adalsteinsson et al. (2009) proposed several changes to
the leptotyphlopid classification through molecular phy-
logeny in combination with literature data, mainly based
on the external morphology (i.e., coloration, pholidosis
and morphometrics). However, in many instances, there
was no compelling phenotypic evidence from the inter-
nal morphological systems (e.g., bones, muscles, glands,
viscera, genitalia) for taxa recognition, and the monophy-
ly of some recognized genera have not been tested (e.g.,
Siagonodon and Tricheilostoma = Trilepida, sensu Hedg-
es 2011; see below).

The genus Siagonodon currently comprises four spe-
cies—S. acutirostris Pinto and Curcio, 2011, S. borrichia-
nus (Degerbel 1923), S. cupinensis (Bailey and Carvalho
1946), and S. septemstriatus (Schneider 1801)—that oc-

cur along the cis-Andean region of South America from
northern French Guiana and Suriname, to its southern-
most record in Argentina (Francisco et al. 2018). The ge-
nus was erected by Peters (1881) to accommodate 4An-
guis septemstriatus Schneider, 1801, but this taxon was
eventually placed in the synonymy of Leptotyphlops by
Fitzinger (1843). Based on a molecular phylogenetic hy-
pothesis Adalsteinsson et al. (2009) resurrected the genus
Siagonodon, allocating four taxa that were previously
placed in the Leptotyphlops septemstriatus species group.
This was based on external morphological similarities
among these four taxa (S. borrichianus, S. brasiliensis, S.
cupinensis, S. septemstriatus) proposed by Orejas-Miran-
da (1967) and Peters (1970), even though only one taxon
(L. septemstriatus) was included in the molecular analy-
sis. Pinto and Curcio (2011) later transferred Siagonodon
brasiliensis to Trilepida based on external morphology
and notably on a new character present in 7rilepida (pres-
ence or absence of fused scales on the dorsal surface of
the tail until terminal spine, i.e. = fused caudals). In this
same contribution, the authors also described Siagonodon
acutirostris. Francisco et al. (2018) reviewed the generic
contents and proposed six new diagnostic characters for
the genus Siagonodon, including the presence of a ros-
tral scale with enlarged base, a reduced or absent terminal
spine, a straight snout in lateral view, belly unpigmented
and short tail. Detailed descriptive osteological studies
based on the representatives of the genus Siagonodon are
missing (List 1966, Cundall and Irish 2008), and so far,
there is no available data on the hemipenial morphology
for any congener (see Martins et al. 2019a).

Herein we provide the description of a new polymor-
phic species of the genus Siagonodon based on combined
morphological and molecular data, and provide the first
hemipenial description for the genus. We also reassign
Siagonodon acutirostris to the genus Trilepida based on
osteological (skull and lower jaw) data in combination
with molecular evidence.

Material and Methods

Taxon sampling and data acquisition

We examined specimens housed in the following institu-
tions (see Appendix 1): Natural History Museum, London,
UK (BMNH); Colecao Herpetoldgica da Universidade
de Brasilia, Brasilia, Brazil (CHUNB); Instituto Butan-
tan, Sao Paulo, Brazil (IBSP); Field Museum of Natural
History, Chicago, USA (FMNH); Instituto de Ciencias
Naturales, Universidad Nacional de Bogota, Colombia
(ICN); Natural History Museum, University of Kansas,
Lawrence, USA (KU); Los Angeles County Museum,
Los Angeles, USA (LACM); Laboratorio de Zoologia de
Vertebrados, Universidade Federal de Ouro Preto, Ouro
Preto, Brazil (LZV-UFOP); Museum of Comparative
Zoology, Cambridge, USA (MCZ); Museu Nacional,
Universidade Federal do Rio de Janeiro, Rio de Janeiro,
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Brazil (MNRJ); Muséum National d’Histoire Naturelle,
Paris, France (MNHN); Museu Paraense Emilio Goeldi,
Belém, Brazil (MPEG); Museum fiir Tierkunde in Dres-
den, Dresden, Germany (MTD); Museu de Zoologia Jodo
Moojen de Oliveira, Universidade Federal de Vigosa,
Brazil (MZUFV); Museu de Zoologia, Universidade de
Sao Paulo, Sdo Paulo, Brazil (MZUSP); Natural Histo-
ry Museum Vienna, Vienna, Austria (NMW); Museo de
Zoologia, Pontificia Universidad Catolica del Ecuador,
Quito, Ecuador (QCAZ); Universidade Federal de Mato
Grosso, Cuiaba, Brazil (UFMT); United States Nation-
al History Museum, Smithsonian Institution, Washing-
ton DC, USA (USNM); Zoologische Staatssammlung
Miinchen, Munich, Germany (ZSM). We provide infor-
mation on the specimens and localities in Table S1.

We follow Passos et al. (2006), Broadley and Wallach
(2007), and Pinto and Curcio (2011) for meristic and
pholidosis terminologies. We consider the total number
of middorsal scales by excluding the rostral scale and
caudal spine, and the number of subcaudals by excluding
the caudal spine. Terminology for hemipenial morphol-
ogy follows Dowling and Savage (1960), as augmented
by Myers and Campbell (1981) and Branch (1986). Tech-
niques for hemipenis preparation follow Pesantes (1994),
except when examined in situ. Measurements were taken
with a digital caliper to the nearest 0.1 mm, except for
total length (TL) which was taken with a flexible ruler to
the nearest 1.0 mm. Sex was determined through a ven-
tral incision at the base of the tail. External morphology
characters of other Neotropical leptotyphlopids are based
on data from: Passos et al. (2005, 2006), Adalsteinsson
et al. (2009), Pinto (2010), Pinto et al. (2010), Pinto and
Curcio (2011), Francisco et al. (2012, 2018), Pinto and
Fernandes (2012, 2017), and Martins et al. (2019a). The
head and cloacal region of three specimens of Siagono-
don sp. and the paratype of Siagonodon acutirostris were
X-rayed in 3D with high-resolution uCT scanning proce-
dures using a Bruker SkyScan 1273 or 1173 at Instituto
Alberto Luiz Coimbra de Pos-graduacdo e Pesquisa de
Engenharia (COPPE), Laboratorio de Instrumentacdo
Nuclear, Universidade Federal do Rio de Janeiro, Rio
de Janeiro. The scans were conducted at an X-ray beam
with 40kV source voltage and 180-200 pA current with-
out the use of a filter, or with an Al 1.0 mm filter. Ro-
tation steps of 0.3—0.5 degrees were used with a frame
averaging of 7, recorded over a 180° rotation, resulting
in 775-1,574 projections of 312—1,000 ms exposure time
each and a total scan duration of 0:42:2—01:11:26s. The
nCT-dataset was reconstructed using N-Recon software
(Bruker MicroCT) and rendered in three dimensions
through the aid of CTVox for Windows 64 bits version
2.6 (Bruker MicroCT). We used Fiji Software and 3D
Slicer and followed Buser et al. (2020) for segmentation.
Plates were made using Inkscape 1.0. Comparisons with
the skulls of Siagonodon cupinensis and S. septemstriatus
are based on Martins (2016). For obtaining information
on the number of precloacal and caudal vertebrae, whole
specimens were X-rayed in 2D outside of ethanol with a
Faxitron X-ray at Museu Nacional, Universidade Federal
do Rio de Janeiro.

Molecular data and phylogenetic
analysis

Aiming to assess the phylogenetic position of Siagono-
don spp. within Leptotyphlopidae, we included represen-
tatives of all genera currently included in the Subfami-
ly Epictinac Hedges, Adalsteinsson & Branch, 2009,
improving the representativeness of Trilepida spp., and
representatives of two other basal snake families (Boi-
dae Gray, 1825 and Typhlopidae Merrem, 1820). We se-
lected specific out-group terminals trying to maximize
character coverage (i.e., homologous sequences available
from GenBank) and phylogenetic structure according to
the trees of the two most densely sampled leptotyphlopid
phylogenies (Adalsteinsson et al. 2009; McCranie and
Hedges 2016; Martins et al. 2019a). We compiled the
complete or partial sequences of eight genes: mitochon-
drial markers for 12S rRNA (12S), 16S rRNA (16S),
cytochrome b (cyt b); nuclear markers for amelogenin
(AMEL), brain-derived neurotrophic factor (BDNF), oo-
cyte maturation factor (C-mos), recombination activating
gene 1 (RAG1), and neurotrophin 3 (NT3). Information
of the specimens and GenBank accession numbers used
in this study is given in Table S2, and identifications fol-
lowed those from Adalsteinsson et al. (2009), as updat-
ed by McCranie and Hedges (2016) and Martins et al.
(2019a).

We obtained tissue samples from 17 individuals rep-
resenting five nominal and one undescribed species:
Siagonodon acutirostris, S. cupinensis, Siagonodon sp.,
Trilepida dimidiata, Trilepida jani, and Trilepida salgue-
iroi. The new samples were acquired through field work,
loans and donations. We checked identifications from all
new tissue samples by direct examination of the voucher
specimens, comparing such material with type specimens,
topotypes and additional comparative material from pre-
viously recognized species for accurate identifications.
We extracted DNA sequence data by performing PCRs
using a PCR Master Mix and a pair of primers for each
segment: BDNF forward and BDNF-reverse; NTF3 fl,
and NTF3 rl (Townsend et al. 2008); C-mos S77 and
C-mos S78; 12S L1091mod, and 12S H1557mod; 16sar,
and 16Sbr (Zaher et al. 2009); cyt b 703Botp M13f, cyt b
MVZ16p M13r (Grazziotin et al. 2012); LAMSQ, Lty-
ph2L, LtyphlR (Adalsteinsson et al. 2009), LAM2N
(Vidal and Hedges 2005).

Thermocycling for DNA amplification for the first par-
tition began with a denaturation at 94°C (5 min), followed
by 40 cycles of denaturation at 94°C (30 s), annealing at
43-48°C (30 s), extension at 70°C (1 min), and a final
step at 72°C after the final cycle (7 min). PCR products
were visualized in 1% agarose gels and sent to Macrogen
Inc. (Seoul, Republic of Korea) for purification and se-
quencing reactions. PCR products of Trilepida spp. were
purified with Exosap and sent to Genoma USP — Centro
de Estudos do Genoma Humano e Células-Tronco. Re-
sulting electropherograms for both DNA strands were an-
alyzed using Chromas Lite 2.01 and edited using MEGA
6.0 and adjusted manually to generate consensus sequenc-
es for each specimen. Sequences were checked with basic
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local alignment search tool (Altschul et al. 1997) against
the GenBank nucleotide database to ensure that the am-
plified product was correct and not contaminated.

All sequences were aligned using MAFFT version 7
(Katoh et al. 2002), with a gap opening penalty of 1.53
and an offset value of 0.0. Parameters for cyt 5, AMEL,
BDNF, C-mos, RAG1, and NT3 were left at their default
settings (L-INS-i model) and parameters for 12S and 16S
were set to the E-INS-i model. We aligned each segment
separately, and segments were concatenated using Mes-
quite 3.10, to a total of 5,909 bp. We selected appropriate
models of the DNA sequences using the software jMod-
eltest 2.17 (Posada 2008) based on the Akaike informa-
tion criterion or AIC (Akaike 1974). Obtained models
were HKY + G for C-mos, GTR + G for AMEL and
RAGI, K80 + G for NT3, GTR + G + I for cyt b, BDNF,
128, and 16S.

We performed partitioned Bayesian Inference (BI)
using MrBayes 3.2.2 (Ronquist and Huelsenbeck 2003)
through the portal CIPRES Science Gateway (Miller et
al. 2010) using the concatenated dataset and the partition
models described. Each analysis included four indepen-
dent runs of 2,000,000 generations with four chains of
Markov Chain Monte Carlo. Parameters and trees were
sampled every 5,000 generations. We considered conver-
gence of the runs when the standard deviation of the fre-
quency splits was lower than 0.05 and by observing ESS
values above 300 in Tracer v1.4 (Rambaut and Drum-
mond 2007). The first 25% of samples were discarded
as burn-in. Branch support was assessed by posterior
probability, and nodes with posterior probabilities pp >
0.95 were considered strongly supported (Matioli and
Fernandes 2012).

Species concept and diagnosis criteria

In this study, we followed the general lineage species con-
cept of de Queiroz (2007). We consider presence of one
or more exclusive apparently fixed diagnostic characters
(either morphological or molecular), which distinguishes
a given taxon from the others in the genus Siagonodon,
as species delimitation criteria. Nonetheless, the sample
sizes assessed here were too small for statistical tests and,
for that reason, we looked for concordance between the
discrete and continuous phenotype characters, as well as
corroboration with molecular phylogeny for Siagonodon
spp. Some of these features are likely uncorrelated, so the
correspondence between these kinds of data might repre-
sent independent evidence for species boundaries.

Ethics statement

The authors declare that this contribution represents an
original work and that no experiment was done with live
animals. All specimens pertaining to Siagonodon sp. nov.
were collected under the permits Abio No 1146/2019,
Oficio 848/2020/COMIP/CGTEF/DILIC (Brazil) and
APA no. 973-23-1 (French Guiana).

Results

Molecular analysis and the generic
position of Siagonodon acutirostris

The topology recovered based on BI shows that the
genus Siagonodon (as currently defined) is paraphy-
letic (Fig. 1), since Siagonodon acutirostris is strongly
supported (pp > 0.95) as the sister-group of the clade
Trilepida jani + T. macrolepis + T. salgueiroi. Another
instance of paraphyly is recovered within 7rilepida mac-
rolepis, as the two specimens were nested within differ-
ent clades. Regarding the genetic distances (16S rDNA)
(see Table S2), S. exiguum sp. nov. had the lowest diver-
gence from its congeners, ranging from 4-7% (S3), ex-
cept for S. acutirostris (with 14-16%). The new species
was most genetically close to S. cupinensis (4%). Since
the nested position of S. acutirostris within Trilepida
implies the paraphyly of both genera, the examination
of morphological features of S. acutirostris also sug-
gested that it should be assigned to the genus Trilepida
instead of Siagonodon. Thus, we examined the skull of
one paratype of S. acutirostris (CHUNB 35648; Fig. 2),
and noticed that the putative osteological diagnostic data
of Trilepida proposed by Martins et al. (2021a): i.e., (1)
the basioccipital participating in the formation of the
foramen magnum, (ii) paired nasals and (iii) fused su-
praoccipitals are present in S. acutirostris. These data
contrast with skull data from Siagonodon spp. found
by Martins (2016) and the present study (see Results:
Osteology and Discussion), that report the otooccipitals
ventrally in contact and excluding the basioccipital in
the formation of the foramen magnum in the genus, add-
ed to a conspicuous lateral expansion of the snout, and
elongated teeth in the dentary. Therefore, based on the
congruence of molecular and morphological data, we
transfer Siagonodon acutirostris to the genus Trilepida,
and we will not address this species in the following sec-
tions for comparisons with representatives of the genus
Siagonodon. Further comments can be found at the end
of Results and in the Discussion.

Furthermore, the new species of Siagonodon is strong-
ly supported (pp > 0.95) as the sister species of S. cu-
pinensis, and this clade represents the sister-group of S.
septemstriatus (Fig. 1). The monophyly of four tribes
(Epictini, Leptotyphlopini, Myriopholini, and Rhino-
leptini) is recovered. All relationships are supported by
high posterior probabilities.

New species description

Siagonodon exiguum sp. nov.
http://zoobank.org/CA819359-43BC-4874-B917-9126B29DA619

Figs 3—11
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Namibiana occidentalis SBH 268052
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1 My. algeriensis SBH 268122
My. longicaudus SBH 268050
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Indotyphlops braminus

Xerotyphlops vermicularis

Antillotyphlops hypomethes USNM 300581

Typhlops jamaicensis SBH 172445

Amerotyphlops brongersmianus

Epictini

Rhinoleptini

Leptotyphlopini

Myriophilini

Figure 1. Phylogenetic relationships of Leptotyphlopidae estimated under a Bayesian framework based on eight molecular markers.

Only posterior probabilities above 0.95 (>0.95pp) are shown for clarity as black squares at nodes. The arrow indicates the disparate

placement of Siagonodon acutirostris.

Holotype (Figs 3-5). Adult female, MNRJ 27562 col-
lected on the Monte Branco Plateau located in the Sar-
aca-Taquera National Forest, Para, Brazil (01°37°56.99”’S,
56°33°29.03”W, 195 meters above sea level (m a.s.l).

Paratypes (Figs 3-5). Six specimens, two females (MNRJ
27557 and27561) and four males (MNHN-RA-2023.0001,
MNRIJ 27558-60). MNRJ 27557-61, unknown collec-

tor, from the type locality (01°37°S, 56°33°W); and
MNHN-RA-2023.001, collected by T. Decaens and E.
Lapied on March 2015, from Mitaraka (02°14’8.77”N,
54°26°57.41”W; 328 m a.s.l), French Guiana.

Diagnosis. The putative autapomorphy of Siagonodon
exiguum sp. nov. may be represented by lateral pointed
projections on the snout or with inconspicuous lateral pro-
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0.5mm

Figure 2. Three-dimensional reconstruction of the skull of Trilepida acutirostris based on pu-CT data of the paratype (CHUNB
35648). Dorsal (A), lateral (B), and ventral (C) views.

jection by presenting a slight concavity on the mid-rostral ~ Definition. Siagonodon exiguum sp. nov. can be distin-
portion of snout (see below in comparison the opposite  guished from all congeners by the following combination
states for snout condition). of external characters: midbody scale rows 14; midtail
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Table 1. Comparative meristic data among the species of the genus Siagonodon.

. Middorsal Midventral | Subcaudal Infralabial Midtail
Species Source
scales scales scales scales scales
S. borrichianus 163-285 245-272 10-13 3 10 Francisco et al. (2018)
S. cupinensis 225-293 224-270 12-16 34 14 Francisco et al. (2018); this study
S. exiguum sp. nov. | 255-289 230-269 15-18 4 14 This study
S. septemstriatus 213-247 196-237 10-12 4 12 Pinto et al. (2011); Francisco et al. (2018)

A

2.5mm

Figure 3. Dorsal (A, D), lateral (B, E), and ventral (C, F) views of the holotype (MNRJ 27562; Figs A-C) and paratype (MNHN-

RA-2023.0001; D-F) of Siagonodon exiguum sp. nov.

scale rows 14; supralabials two (1+1); infralabials four;
subcaudals 15—18; middorsal scale rows 255-289; total
number of precloacal vertebrae 239-263; supraocular
scales absent; frontal scale distinct, not fused with ros-
tral; body dorsum and vent uniformly beige; eye total-
ly covered by ocular scale, eye spot unconspicuous and
reduced; caudal scales not fused; terminal spine absent;
cloacal vertebrae 3-5, caudal vertebraec 18-20, the last
one composed of 3 fused vertebrae; snout concave with
conspicuous lateral tapered projections, without tapered
projections, and slightly concave anteriorly or without
projections and truncate anteriorly.

Comparisons with other congeners (conditions for
other species in brackets; Table 1). Siagonodon exigu-
um is distinguished from all congeners by the presence
(in most specimens) of lateral pointed projections on the
snout, or by a slightly concave snout (when present; vs.
acuminate in S. borrichianus; truncate in S. cupinensis
and S. septemstriatus); by having 15—18 subcaudal scales
(vs. 10-13 in S. borrichianus, 12-16 in S. cupinensis,
and 10-12 in S. septemstriatus); by having a pair of optic
nerve foramina (vs. single foramen in S. septemstriatus);
from S. cupinensis and S. septemstriatus by the fusion of
the prootictotooccipital bones (vs. distinct bones); from
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Imm

Figure 4. Comparisons of the head in dorsal (left column), lateral (middle column) and ventral (right column) views of the type se-
ries of Siagonodon exiguum sp. nov. A MNHN-RA-2023.0001; B MNRJ 27557; C MNRJ 27558; D MNRJ 27559; E MNRJ 27560;

F MNRIJ 27561; G MNRIJ 27562 (holotype).

S. borrichianus and S. septemstriatus by having 255-289
middorsal scales (vs. 163-285 in S. borrichianus and
215-244 in S. septemstriatus); from S. borrichianus and
S. septemstriatus by having 230-269 midventral scales

(vs. 245-272 in S. borrichianus and 196-224 in S. sep-
temstriatus); from S. borrichianus and S. septemstriatus
by having 14 scales around midtail (vs. 10 in S. borri-
chianus and 12 in S. septemstriatus); from S. septemstri-
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Figure 5. Comparisons of the tail in dorsal (left column), lateral (middle column) and ventral (right column) views of the type series
of Siagonodon exiguum sp. nov. A MNRJ 27558; B MNRJ 27559; C MNRJ 27560; D MNRJ 27561; E MNRJ 27562 (holotype);
F MNHN-RA-2023.0001.

atus and S. borrichianus by its uniform beige dorsum and
vent color (vs. striped pattern in S. septemstriatus, and
uniformly dark brown in S. borrichianus).

Description of the holotype (Figs 4 and 5). Adult fe-
male, Total length (TL) 186 mm, Tail length (TAL) of
8.0 mm; midbody diameter (MB) 3.2 mm; midtail di-
ameter 2.7 mm; TL/TAL 23.2; TL/MB 5.8; rostral width
1.2 mm; inconspicuous eye spot covered by ocular scale;
head length 4.9 mm, head width 2.9 mm; head subcylin-
drical, markedly truncate anteriorly; body subcylindrical,
slightly tapered caudally near the tail; head not enlarged,

indistinguishable from neck. Snout truncate in lateral
and ventral views; rostral hexagonal in frontal views,
and trapezoidal in ventral view; dorsal apex concave, not
reaching the anterior limit of oculars; rostral contacting
supranasal and infranasal laterally, and frontal dorsally;
nasal completely divided horizontally by oblique suture
crossing nostril; nostril roughly semicircular, positioned
mostly dorsal of nasal suture; supranasal twice as high
as long, contacting rostral anteriorly, infranasal ventrally,
first supralabial ventrally, ocular posteriorly, and fron-
tal dorsally; supranasal ventral boundary slightly longer
than upper border of infranasal scale; infranasal twice as



354

Martins A et al.: A new species of Siagonodon from the Amazon basin

0.5mm

- ).5
0.5mm 0.5mm

Figure 6. Three-dimensional reconstruction of the skull of Siagonodon exigumm sp. nov. based on pn-CT data in dorsal (A, D, G),
lateral (B, E, H), and ventral (C, F, I) views. MNRJ 27562 (A—C), MNHN-RA-2023.0001 (D-F), MNRJ 27558 (G-I). Abbrevia-
tions: bo basioccipital; fr frontal; ma maxilla; na nasal; ot otooccipital; pa parietal; pal palatine; pbs parabasisphenoid; pf prefron-

tal; pm premaxilla; pr prootic; pt pterygoid; sm septomaxilla; so supraoccipital; vo vomer.

high as long; upper lip border formed by rostral, infrana-
sal, anterior supralabial, ocular, and posterior supralabi-
al scales; temporal scale not distinct in size from dorsal
scales of lateral rows; two supralabials (1+1) entirely sep-
arated from each other by ocular; first supralabial about
1.5 times higher than long, not reaching the nostril level
or the eye spot; second supralabial roughly semicircular,
slightly longer than high, twice as high as first supral-
abial, its posterior margin in broad contact with tempo-
ral; ocular high, dorsal apex acuminate, anterior border
straight and vertical, about 3 times higher than long, con-
tacting posterior margins of supranasal and first supral-
abial anteriorly, parietal posteriorly, frontal and postfron-
tal dorsally; eye indistinct, covered by ocular scale; eye
spot positioned in central area of expanded upper part of
ocular, displaced far above nostril level; frontal subcir-
cular, slightly wider than the other middorsal head plates
(postfrontal, interparietal, and interoccipital); middorsal
head plates (postfrontal, interparietal, and interoccipi-
tal) subequal in size, trapezoidal in dorsal view, weakly
imbricate; frontal enlarged, about twice as wide as long,
contacting rostral, supranasals, oculars, and postfron-
tal; postfrontal about twice as wide as long, contacting
frontal, oculars, parietals, and interparietal; interparietal
twice as wide as long, contacting postfrontal, parietals,
occipitals, and interoccipital; interoccipital about as wide
as long, contacting interparietal, occipitals, and first dor-
sal scale of vertebral row; parietal hexagonal, about as
wide as long; lower margin contacting upper border of
second supralabial, posterior margin contacting temporal,
occipital, and interparietal, anterior margin in broad con-
tact with ocular and postfrontal; occipital almost twice
wider than long, its lower limit attaining level of upper
margin of second supralabial, although separated from

the latter by temporal; symphysial subcircular, anterior
and posterior borders respectively straight and slightly
convex, about twice wider than long; four infralabials;
first infralabial small, subtriangular; second and third
infralabials subequal, wide, somewhat higher than long,
not pigmented; fourth infralabial twice longer than high
high, distinctively longer than others, as high as second
and third supralabial, not pigmented; dorsal scales homo-
geneous, cycloid, smooth, slightly imbricate, arranged in
14 scale rows around midbody and in the middle of the
tail; middorsal scales 289; midventral scales 266; cloa-
cal shield short and semicircular, almost twice as wide as
long; 16 subcaudals; fused caudals absent; terminal spine
indistinct or absent.

Coloration of holotype relatively faded after preser-
vation; dorsal, paraventral and ventral scales uniformly
beige; dorsal and ventral head shields creamish white;
cloacal shield creamish white.

Osteology. Skull (Fig. 6; n=3; holotype condition indicat-
ed with asterisk). Premaxilla wide, expanded anterolater-
ally, roughly rectangular (n = 2*) or trapezoidal (n=1) in
anterior view; and triangular in ventral view, edentulous,
pierced by seven (n = 2) or eight (n = 1*) foramina; nasal
process of premaxilla reduced and tapered toward apex,
transverse process absent and vomerian process tapered
and single; premaxilla with internal septum composed
of two laminae that support the septum nasi dorsally,
expanding posteriorly and contacting septomaxilla ven-
trally; nasals paired, elongated, expanded anterolaterally,
with convex anterior limit, and undulated dorsoposterior
suture with frontals; being pierced by pair of foramina
in posterolateral border of contact with prefrontals and
frontals (foramen for the apicalis nasi); additional pair of
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Figure 7. Three-dimensional reconstruction of the lower jaw of Siagonodon exigumm sp. nov. based on pu-CT data in lateral (A,
C, E) and medial (B, D, F) views. MNRJ 27562 (A-B), MNHN-RA-2023.0001 (C-D), MNRJ 27558 (E—F). Abbreviations: an
angular; asf anterior surangular foramen; co coronoid; de dentary; dppd dorsoposterior process of dentary; mf mental foramen; par

prearticular lamina of compound bone; qd quadrate; qdf quadrate foramen; rp retroarticular process; sp splenial; spd symphyseal

process of dentary.

foramina pierce on the medial contact within both nasals;
nasal septum descending as double medial vertical flang-
es that contact premaxilla and septomaxilla ventrally (in-
ternally); prefrontals paired, irregular in shape, in contact
with septomaxilla midventrally, and separated by short
gap (n = 2*) from maxilla ventrolaterally or in contact
with it (n = 1); each prefrontal perforated by two (n = 2%*)
or three (n = 1*) foramina; septomaxillae paired, complex
in shape, expanding dorsoanteriorly and comprising pos-
terior limit of naris; conchal invagination absent; ascend-
ing process of premaxilla pierced by single large foramen
(n = 2%*) or by two foramina (n = 1); internally, dorsal
surface of each septomaxilla pierced by single foramen
(n = 3 sides*) or two foramina (n = 3 sides*), and with
medial inconspicuous sulcus (n = 2%*), or sulcus absent
(n = 1); vomers paired, located midventral to vomerona-
sal cupola, transversal arms absent, with posterior arms in
contact with each other posteriorly (n=2%*) or not (n=1);
pair of foramina pierce the ventral lamina of each vom-
er; frontals paired, elongated, approximately twice lon-
ger than wide, both elements bearing short anterolateral
projections to attach to prefrontals; frontal pillars absent;
optic nerve foramen paired (n = 2*) or single (n = 1), re-
stricted to lateral descending surface of frontals; maxilla
edentulous, irregular in shape, pierced by four (n = 1*) or

six (n = 2) foramina; posterior process of maxilla reach-
ing (n = 1) or not reaching (n = 2*) level of anteriormost
optic nerve foramen in lateral view; posterior orbital el-
ement absent; parietal single, wide, representing largest
bone of braincase; parietal internal pillars (sensu Martins
et al. 2021a) present; parabasisphenoid arrow-like, with
tapered anterior tip lying dorsally to palatine, and fitting
in medial line of vomeronasal cupola; posterior limit of
parabasisphenoid convex medially; internal (dorsal) face
of parabasisphenoid with inconspicuous lateral sulci;
anterior opening for palatine artery indistinct or absent,
internal carotid artery foramen and abducens nerve fora-
men present; opening for palatine ramus of facial nerve
formed by lateral edge of parabasisphenoid and ventral
edge of parietal; basioccipital single and approximately
triangular in ventral view, lateral process for attachment
of tendons for nuchal muscles (Martins et al. 2019b) ab-
sent; basioccipital does not participate in formation of
foramen magnum; supraoccipitals fused into single unit,
approximately twice wider than long; prootics fused to
otooccipitals; prootics+otooccipitals forming trigeminal
nerve foramen together with parietal and parabasisphe-
noid (on one side of one specimen parabasisphenoid does
not participate in it); prootics pierced medially (inter-
nally) by single acoustic nerve foramen; two statolythic
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Figure 8. Three-dimensional reconstruction of the atlas (first to third column) and axis (fourth to sixth column) of Siagonodon ex-
igumm sp. nov. in anterior, lateral and posterior views based on pu-CT data. MNRJ 27562 (A), MNHN-RA-2023.0001 (B), MNRJ
27558 (C). Abbreviations: af articular facet; con condile; il intercentrum I: ill intercentrum II; illl intercentrum I1I; na neural arch;

od odontoid; odp odontoid process; sp spinal process.

masses present in cavum vestibuli (n = 2*) or statolythic
mass absent; stapedial footplate apparently not co-ossi-
fied with prootic; otooccipitals dorsally forming short but
distinct atlantal process; descend to ventral midline and
contact each branch ventrally to exclude basioccipital in
formation of foramen magnum; medial surface (internal)
of otooccipitals+prootics pierced by internal opening for
recessus scalae tympani, perilymphatic foramen, posteri-
or vagus nerve foramen, and reduced foramen that might
represent hypoglossal nerve passage; palatines paired and
triradiate; anterior margin of maxillary process flexing
ventrally and contacting prefrontal (n=2%*) or not (n=1);
each palatine pierced by a foramen in its ventral surface;
pterygoids slender and rod-like, not contacting quadrate
posteriorly, and not extending beyond anterior margin of
basioccipital; ectopterygoid indistinct.

Suspensorium (Fig. 7; n = 3; holotype condition indi-
cated with asterisk). Dentary supports series of five long
teeth ankylosed to inner surface of medial margin of den-
tal concha; mental foramen nearly under fifth tooth; dor-
soposterior process of dentary with rounded enlargement
(n=1), possibly to provide attachment for Musculus cer-
atomandibularis and/or to Musculus cervicomandibularis
(Martins et al. 2019b) or not as above (n = 2*); splenial
conical, visible in lateral view, representing smallest bone

in lower jaw, extending from level of third tooth to con-
tact angular posteriorly; anterior mylohyoid foramen ab-
sent on splenial; posterior mylohyoid foramen on ventral
surface of angular; angular conical, extending posteriorly
to level of posterior surangular foramen; compound bone
pierced by two foramina on surangular lamina, posterior
elliptical and wide, anterior small and rounded; anterior
surangular foramen located slightly anterior to coronoid;
foramen for chorda tympani of hyomandibular ramus
of facial nerve (VII) present (n = 2*) or indistinct (n =
1); foramen of retroarticular process absent; prearticular
lamina of compound bone presenting dorsal process to
support coronoid (n = 1) or not (n = 2*); coronoid wide,
approximately triangular in shape, about as wide as tall,
pierced by foramen in its medial side (n = 2*) or not (n =
1); quadrate long and slender, about 50% of skull length,
posterior process absent (sensu Martins 2016); dorsal
foramen in anterior half of quadrate absent; dorsoante-
rior lamina of quadrate with shallow sulcus that extends
throughout half its extension (n = 2*) or not (n=1).

Cervical vertebrae (n = 3; holotype condition indi-
cated with asterisk; Fig. 8). Atlas composed of neural
arches, not fused dorsally or ventrally; ventral element
(intercentrum I sensu Holman 2000) reduced and not
fused to neural arches; lateroposterior process of atlas
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Figure 9. Three-dimensional reconstruction of the pelvic rudiments of Siagonodon exigumm sp. nov. based on u-CT data. MNRJ
27562 (A), MNHN-RA-2023.0001 (B), MNRJ 27558 (C). Abbreviations: fe femur; il ilium; is ischium; pu pubis.

present; axis with inconspicuous spinal process that proj-
ects both dorsally and posteriorly; lateral foramina of
axis (centrum) indistinct or absent; short lateral processes
present (n = 2) or absent (n = 1*). Odontoid process of
axis osseous and sutured to axis, approximately lozenge
shaped in anterior view, with an anterior tapered process;
intercentra II and III (sensu Holman 2000) fused into a
single unit, compressed laterally.

Pelvic girdle (n = 3; holotype condition indicated with
asterisk; Fig. 9). Composed of ilium, ischium, femur, and
pubis. Ilium and pubis rod-like; ischium approximately
rectangular and fused to pubis (n = 1) or ischium rod-like
and not fused to pubis (n = 2*); ilium represents longest
bone of pelvic girdle, being fused to pubis (n = 2*) or not
(n = 1); femur approximately rectangular and curved with
dorsolateral claw-like process (n = 2*) or without such
process (n = 1).

Hyoid (n = 3). Hyoid Y-shaped, extending from 8—11%
(MNHN-RA-2023.0001), 10-14" (Holotype), or 11-14"
vertebrae. Lingual process distinctively shorter than cor-

nua, with the former being approximately one vertebra
long.

Hemipenis (paratype MNRJ 27560, n = 1) (Fig. 10).
Fully everted and almost maximally expanded hemipe-
nis (examined ex-situ) renders a unilobed organ, about 2
mm long, slightly broadened at base, followed by a short
tapered area that posteriorly expands towards apex; bas-
al portion not ornamented on proximal half; hemipenial
body with no ornamentation on either sulcate or asulcate
sides; sulcus spermaticus single, entering organ on basal
surface and extending toward apex of organ; sulcal folds
raised and not ornamented; distal half of hemipenial body
covered by three inconspicuous transverse flounces; or-
gan apex convex and not ornamented; single and tapered
projection develops from apex of asulcate side.

Meristic and morphometric variation. Middorsal
scales 285-289 (287 £2.8; n=2) in females and 255-280
(269 £ 12.5; n = 4) in males; midventral scales 266-267
(266.5 £ 0.7; n =2) in females and 230-269 (253 + 16.4;
n = 4) in males; subcaudals 15-16 (15.5 £ 0.7, n=2) in
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Figure 10. Schematic illustrations (upper line) and photos (lower line) of the asulcate (left) and sulcate (right) sides of the hemipenis
of Siagonodon exigumm sp. nov. (MNRJ 27560).

females and 1618 (17 £ 0.8; n = 4) in males; TL 184—
204.2 (195.1 £ 12.9; n = 2) in females and 171.1-200.3
(187.1 £ 12; n = 4) in males; TL/TAL ratio 20.0-23.2
(21.6 +£2.2; n = 2) in females and 19.4-22.5 (20.6 + 1.5;
n = 4) in males; TAL 4.3-4.9% of TL (4.6 + 0.5; n = 2)

in females and 4.4-5.1% (4.9 £ 0.3; n = 4) in males; TL/
midbody diameter 2.4-3.1 (2.7 = 0.5; n = 2) in females
and 2.3-2.8 (2.6 £ 0.6; n = 4) in males; TAL/midtail di-
ameter 2.8-3.5 (3.1 £ 0.4; n = 2) in females and 2.5-3.4
(3 £0.3; n=4) in males.
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Figure 11. Distribution map of Siagonodon exigumm sp. nov. based on the type series (7 specimens).

Color pattern variation. Color pattern of paratypes
mostly resembles that of holotype except for the follow-
ing: dorsum and vent uniformly light brown in three para-
types (MNRJ 27559-61).

Postcranial quantitative variation. Precloacal verte-
brae 248-260 (254 + 8.5; n = 2) in females and 239-263
(253 £ 10; n = 4) in males; cloacal vertebrae 4-5 (4.5 +
0.7; n=2) in females and 3—4 (3.5 = 0.6; n = 4) in males;
caudal vertebrae 18 in females (n = 2) and 18-20 (19.2 +
0.9; n =4) in males.

Etymology. The specific epithet exiguum is a Latin word
meaning little, short, scanty and/or poor. Although read-
ers might think that the name was chosen in allusion to
the small size of the species, we dedicate the species to all
minorities in science including gender, race/color, ethnic-
ity, and sexual orientation that are considerably underrep-
resented in the academia throughout the world, especially
in higher positions. Although several worldwide initia-
tives have been implemented in the past few years, the
scientific environment is still biased, discouraging and,
sometimes noxious, largely because of persisting system-
ic social, economic and cultural aspects.

Distribution and Natural History (Fig. 11). Siagono-
don exiguum is currently known from the type locali-
ty in Pard State (Brazil) and French Guiana (Mitaraka,
Nouragues — A. Fouquet pers. obs and Angouleme —

Dewynter et al. 2020). In Brazil, the species was found
during plant suppression in “Terra Firme” (non-flooded
forest) forests on the Monte Branco Plateau. The plateau
is part of the Saraca-Taquera National Forest, a Sustain-
able Use Conservation Unit where bauxite mining ac-
tivities take place, in the municipality of Oriximina, at
190-200 m altitude. The known occurrences lie within
the Guiana Region (Vacher et al. 2020) which correspond
to the lowland of the Eastern part of the Guiana Shield.
The specimen from Mitaraka was found when digging in
search for earthworms.

The X-ray images of two specimens (MNRJ 27558
and 27562) revealed the presence of dense and granular
digestive content over half of the specimens’ snout-vent
length. In MNRIJ 27562, however, X-ray images most
likely reveal the presence of at least six elongated eggs,
with both anterior and posterior margins hardly delimited.
Images also seem to reveal the presence of what seems to
represent an embryo in the anteriormost egg (see Supple-
mentary Material 3, X-ray images).

New combination. Pinto and Curcio (2011) described
Siagonodon acutirostris based on a combination of mor-
phological characters, including a new character for the
diagnosis of the genus. Martins (2021a) proposed the fol-
lowing osteologically diagnostic characters for the genus
Trilepida based on a high sample of species: (i) the ba-
sioccipital participating in the formation of the foramen
magnum, (ii) paired nasals and (iii) fused supraoccipitals.
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Based on the combination of morphological characters
proposed by Adalsteisson et al. (2009), Pinto and Cur-
cio (2011), and Martins (2016, 2021a), and the molecular
data provided herein, we propose a new combination and
new diagnosis for S. acutirostris and regard the presence
of fused caudals as a homoplastic character.

Trilepida acutirostris (Pinto & Curcio, 2011)
new combination

Siagonodon acutirostris Pinto & Curcio, 2011:58 (CHUNB 35648, ho-
lotype, from the municipality of Almas, state of Tocantins, Brazil).

Siagonodon acutirostris — Wallach et al. 2014: 665.

Siagonodon acutirostris — Nogueira et al. 2019.

Definition and Diagnosis. Trilepida acutirostris is dis-
tinguished from all Neotropical leptotyphlopids by the
following unique combination of characters: snout slight-
ly acuminate in lateral and ventral views; absence of su-
praocular scale; middorsal cephalic plates distinctively
enlarged; ocular scale subheptagonal, dorsal apex acum-
inate and anterior border straight, roughly vertical at eye
level; first and second supralabial scales not reaching eye
level; two supralabials (1+1); fused caudals absent; tem-
poral scale not distinct; rostral subcircular in dorsal view;
middorsal scales 169-183; midventral scales 161-173;
subcaudal scales 9—11; 12 scales around the middle of the
tail; dorsum uniformly pale copper on five dorsal scale
rows, contrasting with the whitish cream tonality cover-
ing nine scale rows of venter, and thereby reaching the
paraventral region of trunk. Osteology characters: the ba-
sioccipital participating in the formation of the foramen
magnum, paired nasals and fused supraoccipitals.

Discussion

The fossorial snakes of the Family Leptotyphlopidae (ap-
proximately 140 nominal extant species; Uetz et al. 2022)
usually exhibit an extremely conserved external morphol-
ogy (Martins et al. 2021a) and are among the least known
terrestrial vertebrates (Marin et al. 2013). Although mo-
lecular evidence has helped in determining their high-
er-level relationships (Adalsteinsson et al. 2009), such
data have rarely been useful for unambiguous diagnosis
among genera (Martins et al. 2019a), which were defined
based on general resemblance (i.e., external morphology)
of traditional species groups (see Orejas-Miranda 1967;
Peters and Orejas-Miranda 1970). On the other hand, sev-
eral leptoptyphlopid studies have brought magnificent ev-
idence derived from the internal morphological systems
(i.e., bones, cartilages, muscles, glands, visceral anatomy
and genitalia), contributing decisively to re-positioning
many taxa in the tree of life (Martins et al. 2019a, 2019b,
2021a, 2021b; Koch et al. 2021). In addition, a few taxo-
nomic decisions based on the external morphology char-
acters (e.g., Pinto and Fernandes 2012) have been also

corroborated by new molecular phylogenies (distinctive-
ness of 7' jani and T. dimidiata; Fig. 1).

By contrast, other generic allocations (e.g., Siagonodon
borrichianus and Rena spp.) still require to be confirmed
through congruence between new anatomical approaches
(Martins et al. 2018, 2019a; Koch et al. 2021) and molec-
ular evidence (e.g., transference of Siagonodon acutiros-
tris to the genus Trilepida; present study; Figs 1, 2). The
allocation of Siagonodon acutirostris in the genus Trile-
pida (present study) was based on osteological + molec-
ular data. The species was described by Pinto and Curcio
(2011) and the allocation of 7. acutirostris in the genus
Siagonodon was based considering that the taxon fitted
the expanded diagnosis provided for both Trilepida and
Siagonodon. Some of those characters are in fact not ex-
clusive to Siagonodon, and some reveal a polymorphic
condition in some species (7. brasiliensis), like the pres-
ence/absence of a supraocular scale (see Pinto and Curcio
2011). Even though the presence/absence of a supraocular
scale represents a polymorphic character among Siagono-
don (see Francisco et al. 2018), its presence/absence in
representatives of the genus 7rilepida has only been re-
ported for T brasiliensis, a condition which is shared with
T. acutirostris. Pinto and Curcio (2011) also described a
new character attributed to Neotropical groups, notably
fused caudal scales, that according to the authors are pres-
ent in Trilepida species but absent in Siagonodon species.
The unfused caudal scales in Trilepida acutirostris sug-
gest that this character is also homoplastic.

Besides the phenotypic and molecular evidence herein
provided for the allocation of S. acutirostris in Trilepida,
additional meristic characters also seem to support the
distinctiveness between Siagonodon and Trilepidia. For
instance, Siagonodon spp. (except for S. borrichianus)
present a higher middorsal scale count (196-293; see
Table 1) in comparison to Trilepida spp., (152-253;
Adalsteinsson et al. 2009; Pinto et al. 2010; Pinto and
Curcio 2011; Salazar-Valenzuela et al. 2015; Pinto and
Fernandes 2017). This pattern is also found in 7. acutiros-
tris, which exhibits a lower middorsal scale count (169—
183). Finally, although projecting snouts are common
in several letptotyphlopid species (e.g., S. borrichianus,
Rena unguirostris), Trilepida acutirostris currently rep-
resents the only known species of the genus with such a
modified snout.

The burrowing lifestyle has been repeatedly associated
with phenotype conservativeness in fossorial lineages in
general, including ‘Scolecophidia’ (Miralles et al. 2018),
which may be imposed by some level of morphological
stasis due to stabilizing selection, reducing morphologi-
cal change that usually accompany speciation (see Bick-
ford et al. 2006). However, there are several other reasons
why phenotype disparity accompanies speciation such as:
recently diverged species, adaptative convergence, or sta-
sis (Struck et al. 2018). Not surprisingly, a general pat-
tern that emerges from most molecular studies suggests
a high level of cryptic diversity ( = candidate species)
in three main ‘scolecophidian’ phylogenetic branches
(Anomalepididae, Leptotyphlopidaec and Typhlopoidea)
(Marin et al. 2013; Miralles et al. 2018; Santos and Reis
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2018, 2019). Notwithstanding, to identify and quantify
species that are cryptic from those that are not, detailed
information about phenotypic disparity must be related
to genetic divergence, levels of gene flow, reproductive
isolation and phylogenetic niche conservatism (Struck et
al. 2018). In the case of Siagonodon exiguum sp. nov.
we found a 4% mt DNA (16S) divergence between the
individual from French Guiana in comparison with spec-
imens from Brazil. However, the examination and com-
bination of genetic data with all other morphological data
(both external and internal) provided herein does not in-
dicate (considering the current available data) this indi-
vidual as phenotypically distinct, and the character states
combination that is diagnostic for the species is present in
both samples (including snout projections and osteologi-
cal characters that distinguishes the specimen from other
Siagonodon spp.).

Conversely, specimens from the same locality in Brazil
show a low mtDNA variation (<2%), but exhibit different
snout shapes (pointed vs. not pointed). Even though recent
studies (e.g., Markolf et al. 2011) have suggested lineage
separation for species with low genetic distance and high
morphological variation, there is no additional evidence
( = congruence of data) herein that might suggest that the
snout variation is indicative of lineage divergence, or that
other associate phenomena explain this snout variation,
such as allometric ontogeny and secondary sexual dimor-
phism. Future additional samples (individuals and DNA)
might help understand the data found herein (i.e., mor-
phological variability and genetic structure), since sam-
ples per locality are still low, and consideration of genetic
distance alone without any additional evidence should be
examined with caution. Nevertheless, the morphological
variation ( = polymorphism) found herein is considered
as a paradox in threadsnakes, since this group has histor-
ically considered morphologically similar, and that snout
variation is found even with low genetic distances from
specimens from the same locality.

We provide the first hemipenial description for any of
the currently known species of the genus Siagonodon. The
organ morphology does not resemble any of the known
hemipenes amongst Epictinae (see Wallach, 2016, Mar-
tins et al. 2019a and Ferreira et al. 2021) in being total-
ly naked and bearing a tapered projection at the asulcate
side. Such a projection is also present in its sister taxon
(Habrophallos collaris; Martins et al. 2019a; see Fig. 10)
although in the latter it is doubled and projected towards
the base of the organ. Further hemipenial descriptions of
Siagonodon species are still needed to provide detailed
data that assist any systematic assumption (i.e., putative
diagnostic characters) for the genus.

Finally, Siagonodon exiguum is probably endemic to
the Eastern Guiana Shield (Guiana region of Vacher et
al. 2020), a region with well-preserved areas, mainly due
to low population densities and limited infrastructures
(Hollowell and Reynolds 2005). The endemism of this
amazonian subregion is very high (anurans: Vacher et al.
2020). However, the state of knowledge about the rep-
tiles of this region is still incipient, especially regarding
the relationships among the species and the complexity of

ecosystems in the region (Avila-Pires et al. 2007; Morato
et al. 2018). Thus, this study reinforces the importance
of conservation units (even those of sustainable use) on
maintaining populations that are still unknown to science.

Conclusion

The conservativeness of the external morphological characters of
scolecophidians represent a challenge when trying to understand their
evolution. Therefore, the combination of morphological (external and
internal) and molecular data appears to be crucial in resolving system-
atic issues within this group. These data also reinforce the utility of
osteological and hemipenial data in recognizing new taxa, especially
amongst threadsnakes (Leptotyphlopidae). Even though scolecophidi-
ans are known for displaying a very conserved external morphology,
polymorphic taxa—although rare—might still be unknown to science,
therefore representing a true paradigm in the evolution of threadsnakes.
Therefore, external morphological data might not be disregarded when
considering the phenotypic evolution of the group and may as well be
significant in identifying new taxa, including those that exhibit many
autapomorphies.
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Appendix 1

* Specimens with one asterisk were pCT-scanned for skull comparisons.
** Specimens with double asterisk were analyzed based on dry or cleared and stained specimens

Epictia ater. EL. SALVADOR: San Miguel: KU 183846**; NICARA-
GUA: CHINANDEGA: Volcan Chongo: KU 194336, 200596; ES-
TELLI: KU 174119, 17412021, 174134-35.

Epictia goudotii. VENEZUELA: Aragua: Girardot: Cuyagua: USNM
258148%*.

Epictia magnamaculata. HONDURAS: Islas de la Bahia: Isla de Utila:
USNM 54760.

Epictia munoai. URUGUAY: Tacuarembo: Tambores: Pozo Hondo:
USNM 163506.

Epictia phenops. MEXICO: Yucatan: FMNH 20606**, 36345%%*,
OAXACA: FMNH 111477%*, 111481; QUINTANA ROO: Isla Co-
zumel: LACM 127814%%,

Epictia rufidorsa. PERU: Lima: Rimac Valley: USNM 49993.

Epictia tenella. BRAZIL: AMAZONAS: Uruca: MNRJ 18831; PARA:
Oriximina: Porto Trombetas: MNRJ 16827*,16828*; TRINIDAD
AND TOBAGO: TRINIDAD: Arima: USNM 536525%; Guaya-
gueyare: MCZ 60801; Mathura: MCZ 96538-39; Mazanilla Beach:
MCZ 160087*; Parrylands: MCZ 160088; Port of Spain City Corpo-
ration: MCZ 79785-86; San Juan-Laventille Regional Corporation:
MCZ 28208; Trinity Hills: MCZ 38660.

Habrophallos FRENCH GUIANA: Itoupe: MNHN
2019.0002-3; No locality: MNHN 1977.49* MNHN 1996.4580%;
Nouragues Pararé: MNRJ 27144; Saiil: MNHN 1999.8309*; Saul
Limonade: MNHN 2019.0001; Trinité: MNRJ 27145; SURINAME:
Brownsberg: AF 3912.

Siagonodon cupinensis. BRAZIL: Mato Grosso: Barra do Tapirapes:
MNRIJ 387 (holotype), MZUSP 4405; Guaranta do Norte: UFMT
4261-62, 4476, 5572, 5574-75, 5578 5580, 5582, 5587-88, 5591—
92, 5594, 5596-97, 5602, 5604, 5606, 5608, 5611-12, 5618, 5620,
5622-4, 5626, 5627*, 5629, 5631-32, 5635-39, 5644, 564647,
5649, 5651-55, 5657-59, 5661-2, 5664, 5667, 5672, 5675, 6372,
6374, 6378-80.

Siagonodon exiguum. BRAZIL: Para: Monte Branco, Oriximina:
MNRIJ 27557-6 (paratypes), MNRJ 27562* (holotype). FRENCH
GUIANA: Maripasoula: Mitaraka: MNHN-RA 2023.0001* (para-
type).

Siagonodon septemstriatus. BRAZIL: Amazonas: Manaus: Negro
River: Negro Rover Bank (NMW 15476/1); Presidente Figueire-
do: IBSP 51897*. SURINAME: without locality (ZSM 127/1947,
ZMB 3876, holotype).

Trilepida acutirostris. BRAZIL: Tocantins: Almas: CHUNB 35648
(holotype); Mateiros: CHUNB 41097 (paratype*).

collaris.

Trilepida brasiliensis. BRAZIL: Mato Grosso do Sul: Corumba
(UFMT 683, 1159**, 1160, 1162-63**, 1169); Rosario d’Oeste
(MNRU 24334%).

Trilepida dimidiata. BRAZIL: Roraima: Boa Vista (MZUSP 10090**,
10120%*), ITha de Maraca: (BMNH 1994.241).

Trilepida fuliginosa. BRAZIL: Goias: Caldas Novas (MZUSP 11111);
Colinas do Sul (MNRJ 19223); Luziania (MNRJ 10034, holotype,
CHUNB 40788, 40847**, 408486); Minagu (MZUSP 11019); Ouvi-
dor (MNRJ 19221); Minas Gerais: Unai (MNRJ 24400); Tocantins:
Porto Alegre do Tocantins (CHUNB 38928).

Trilepida jani. BRAZIL: Minas Gerais: Ouro Preto (LZV 813S*¥);
Ouro Branco (LZV 778S*); without locality (MNRJ 16990).

Trilepida joshuai. COLOMBIA: Antioquia: Jericd (IBSP 8919%); Valle
del Cauca: Tocota: (NMW 38424/1-2).

Trilepida koppesi. BRAZIL: Aporé (MNRIJ 24715*%*—16*); Mineiros
(CHUNB 25714**, 40788**); Mato Grosso do Sul: Terenos: (IBSP
8883, holotype).

Trilepida macrolepis. BRAZIL: Para: Paraupebas: Floresta Nacional
de Carajas (MPEG 23017*); COLOMBIA: Vale del Cauca: Bue-
naventura (USNM 154031, 267261); Cérdoba: Pueblo Nuevo (ICN
7677); ECUADOR: Esmeraldas: Durango (QCAZ 12494*); VEN-
EZUELA: Mérida (NMW 15468/1-4); Yaracuy: Salom (MTKD
26320-21).

Trilepida pastusa. ECUADOR: Carchi: Tulcan (QCAZ 5778%).

Trilepida salgueiroi. BRAZIL: Bahia: Sdo José¢ do Macuco (current-
ly Sao José¢ da Vitoria) (MZUSP 9098); Espirito Santo: Governa-
dor Lindemberg (MNRJ 12131-32); “Ita” currently Baixo Guan-
du: (IBSP 8876, holotype); Aracruz (MNRJ 4856**); Campinho
(MNRJ 1925); Linhares, Goytacazes (MNRJ 1926), Sooretama
(MZUSP 2463); Minas Gerais: Aimorés (MCNR 1468-1469,
MNRIJ 12239), Muriaé: (MZUFV 1519); Recreio (MNRJ 7856);
Rio de Janeiro: Cambuci (MNRJ 14487**); Niteroi: Itaipu (MNRIJ
13124,15422%%).
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