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Abstract. Tantilla is one of the most diverse genera among colubrids, with 67 species arranged in six phenotypically re-
cognized species groups. Tantilla boipiranga is the most recently described species within the T. melanocephala group,
and it was described based on a small type series, collected in the rupestrian grasslands of south-eastern Brazil. The mor-
phological diversity and the phylogenetic affinity of this species remain poorly known. Here, based on the assessment of
recently collected specimens in combination with results of a molecular phylogenetic analysis, we evaluate the morpho-
logical variation within T. boipiranga and its phylogenetic position. Our analyses confirm T. boipiranga as genetically
distinct from its generic counterparts, and diagnosable based on a combination of colour pattern, meristic counts, and
hemipenial morphology. However, contrary to its original description, the hemipenial ornamentation does not differen-
tiate T. boipiranga from the highly variable T. melanocephala. In our phylogenetic analysis, T. boipiranga is retrieved as a
monophyletic group, nested within the diversity of T. melanocephala and sister to a clade composed by specimens from
south-eastern Brazil. Tantilla melanocephala is recovered as a highly diverse lineage, indicating the possible presence of
undescribed species. Additionally, our analysis indicates that the T. coronata and T. planiceps species group are mono-
phyletic, while the T. taeniata species group is paraphyletic and the only sampled species for the T. calamarina group is
nested within the T. melanocephala group. Our results suggest that the phenotypic evolution within the genus is probably
more complex than previously recognized, and some colouration patterns used to define the groups can in fact represent
phenotypical convergences. Moreover, our phylogenetic analysis suggests a strong signal of geographical structure in the
tree topology. Three main geographical lineages were found, a North American, a South American and a Central Ameri-
can. The first two lineages were recovered as monophyletic, while the latter is paraphyletic, with Central American species
positioned as sister groups of both, the North American and the South American clades. Although a more comprehensive
phylogenetic analysis is needed, our study strongly indicates the existence of hidden diversity within the T. melanocephala
group and that Tantilla represents an ideal model to evaluate the validity of phenotypical groups in snake systematics and
to study the driven mechanisms of morphological evolution.

Key words. Squamata, Colubridae, Sonorini, fossorial snakes, snake biogeography, snake systematics, snake taxonomy,
phylogeny, molecular phylogenetics, comparative morphology.

Introduction

Species with cryptic behaviour are usually difficult to study
based on comprehensive sampling and multiple sources of
evidence (BUTTON et al. 2019). Fossorial snakes represent the

typical organism that frequently challenges ecologists and
taxonomists. They spend most part of their lives in inaccessi-
ble habitats, which often make their detection in the field very
difficult and preclude large numbers of specimens deposited
in scientific collections (PINTO et al. 2018, KocH et al. 2019).
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Tantilla BAIRD & GIRARD, 1853 is an American genus
of small-bodied fossorial snakes, which present broad
phenotypical variability (WILSON & MATA-SILVA 2015). It
includes 67 species, from which 56 are currently allocated
in the following six phenotypic species groups: T. taeniata
(26 species), T. melanocephala (10 species), T. calamarina
(seven species), T. planiceps (seven species), T. coronata
(three species), and T. rubra (three species) (TOWNSEND et
al. 2013, WILSON & MATA-SILVA 2015, ANTUNEZ-FONSECA
et al. 2020). The genus is distributed in the Neotropical re-
gion throughout Central and South America, from north-
ern Argentina and Uruguay and part of the Nearctic region
to the south-central United States (MATA-SILVA & WILSON
2016). Despite the wide distribution and large phenotypical
variation, few specimens have been deposited in scientific
collections and many species are known exclusively from
the holotype (HOFMANN et al. 2017, ANTUNEZ-FONSECA et
al. 2020).

Recent taxonomic studies on Tantilla have focused
mainly on the taxonomy of the T. taeniata group (Mc-
CRANIE 2011, TOWNSEND et al. 2013, BATISTA et al. 2016,
MCcCRANIE & SMITH 2017, ANTUNEZ-FONSECA et al. 2020).
In contrast, few studies focusing on the T. melanocephala
group have been published in the last two decades. These
studies can be summarised by the following five taxonomic
acts: 1) resurrection of T. armillata and T. ruficeps (SAVAGE
2002); 2) the description of T. boipiranga (SAWAYA & SAZI-
MA 2003); 3) the description of T. marcovani (LEMA 2004);
4) the synonymization of T. equatoriana (GREENBAUM et al.
2004); and s5) the synonymization of T. marcovani (MATA-
SILVA & WILSON 2016).

The T. melanocephala species group is the second most
diverse in the genus, including the following 10 species:
T. andinista WILSON & MENA, 1980; T. armillata COPE, 1876;
T. boipiranga SAWAYA & SAZIMA, 2003; T. capistrata COPE,
1876; T. insulamontana WILSON & MENA, 1980; T. lempira
WILSON & MENA, 1980; T. melanocephala (LINNAEUS, 1758),
T. miyatai WILSON & KNIGHT, 1987; T. ruficeps (COPE, 1894);
and T. petersi WILSON, 1979. Within them, T. melanocepha-
la has the largest geographic distribution, ranging from
Panama to northern Argentina and Uruguay. This species
also presents isolated populations on Trinidad and Tobago,
Granada, Saint Vincent and the Grenadines, Colombian is-
land of Gorgona, and Brazilian island of Arvoredo (BErG
et al. 2009, CASTRO-HERRERA et al. 2012, WILSON & MA-
TA-SILVA 2015, MONTEIRO-FILHO & CONTE 2017, GUEDES
et al. 2018). While T. melanocephala is widely distributed,
the morphologically closest species T. boipiranga SAWAYA &
SAzIMA, 2003 is known only from Serra do Espinhago (Es-
pinhaco Range) and adjacent regions in the Brazilian state
of Minas Gerais (WILSON & MATA-SILVA 2015, TUNES et al.
2020). Such distribution encompasses ~78,200 km? from
where only 24 specimens have been registered so far (S1L-
VEIRA et al. 2009, TUNES et al. 2020).

Tantilla boipiranga was described based on four speci-
mens from the highlands of the Brazilian state of Minas
Gerais, at an altitude of ~1,200 m above sea level, from
the locality of “Serrote” in the municipality of Santana do

Riacho. This area is characterised by the presence of the
ecosystem known as “‘campo rupestre” (rupestrian grass-
land) formed by a montane fire-prone vegetation mosaic
dominated by herbs and shrubs (M1oLa et al. 2021). Al-
though SAwavA & SaziMa (2003) suggested that the spe-
cies is endemic to this rupestrian grassland, CAsSIMIRO
(2003) identified a distribution record from the municipal-
ity of Caratinga (state of Minas Gerais), in the Brazilian
Atlantic Forest, 190 km east of the type locality. SILVEIRA
et al. (2009) expanded this distribution even further, regis-
tering new records to the south in the municipality of Ouro
Preto and to the north in the municipality of Alvorada de
Minas (state of Minas Gerais). In this study, they also sug-
gested that T. boipiranga is endemic to the contact regions
between Cerrado and Atlantic Forest in the southern por-
tions of Espinhaco Range. They also showed the existence
of phenotypic variation in the head colour among different
populations throughout the species distribution. More re-
cently, TUNES et al. (2020) expanded the geographic distri-
bution of T. boipiranga to the north-eastern state of Minas
Gerais, by registering the presence of the species in the mu-
nicipality of Almenara.

The series of continuous expansion of the geographic
distribution in the last two decades indicates the scarcity of
our current knowledge about T. boipiranga. Additionally,
the taxonomic status of this rare species was never evalu-
ated in relation to the highly diverse T. melanocephala, and
the phylogenetic position of T. boipiranga within the genus
was never assessed before.

Here, we employ an integrative approach, combining
molecular and morphological evidences, to phylogeneti-
cally evaluate and compare different populations previ-
ously assigned to T. boipiranga and T. melanocephala. We
also evaluate and describe the morphological variations of
T. boipiranga expanding its geographic distribution and
adding new records for the species from six new localities.
Additionally, we test the monophyly of Tantilla and discuss
the phylogenetic and biogeographic patterns of the genus
based on the topology of our molecular phylogeny.

Material and methods
Taxon sampling and specimens examined

During recent field expeditions in south-eastern Bra-
zil (states of Minas Gerais and Espirito Santo) we col-
lected new specimens morphologically similar to Tantil-
la boipiranga, hereafter identified as T. cf. boipiranga. Al-
though preliminary, the association of these new speci-
mens to T. boipiranga already expand considerably the
known area of occurrence for the species. The collected
specimen IBSP 90663 was found in the northern part of
Reserva Natural da Vale (RNV) in the municipality of Li-
nhares (19°17°40.92” S, 40°5°3.12” W), state of Espirito San-
to, Brazil, on November 18, 2016. The specimen IBSP 90487
was found of Parque Estadual Alto Cariri in the municipal-
ity of Santa Maria do Salto (16°21'45.26” S, 40°3’5.34” W),
state of Minas Gerais, Brazil, on December 05, 2018. Tissue

401



WEVERTON DOS SANTOS AZEVEDO et al.

samples and the specimens were deposited in the Coleciao
Herpetologica “ALPHONSE RicHARD HoGe” do Labo-
ratério de Colegdes Zoologicas, Instituto Butantan (IBSP).
To properly identify these specimens, we analysed other 22
individuals of T. boipiranga (Supplementary Table S1) from
the herpetological collection of the Instituto Butantan and
Cole¢do Herpetoldgica da Universidade Federal de Minas
Gerais (UFMG). Comparative data from literature were
obtained from SAWAYA & SAzIMA (2003), SILVEIRA et al.
(2009) and TUNES et al. (2020) (Supplementary Table S2).

DNA sequencing and molecular analyses

We sequenced three mitochondrial (16S ribosomal RNA;
cytb, cytochrome b; coxi, cytochrome ¢ oxidase subunit 1)
and three nuclear (bdnf, brain derived neurotrophic fac-
tor; ¢c-mos, oocyte maturation factor Mos; and nt3, neu-
rotrophin-3) gene fragments of three T. boipiranga and
four T. melanocephala individuals. These sequences were
deposited in GenBank (Supplementary Table S3). We ex-
tracted DNA from scales and liver tissues using the IN-
VITROGEN PureLink™ Genomic DNA kit (ThermoFish-
er, MA, USA). We performed PCRs using the protocols de-
scribed in GRAZZIOTIN et al. (2012) and GRABOSKI et al.
(2018). The primer sequences are described in Supplemen-
tary Table S4. We sequenced both strands and the contigs
were assembled and edited using Geneious Prime 2020.0.5
(https://www.geneious.com, KEARSE et al. 2012).

To build our molecular matrix we used the reduced mo-
lecular dataset for colubrids of MONTINGELLI et al. (2019),
and we also downloaded DNA sequences from GenBank for
13 other species of Tantilla and four sequences for two spe-
cies provided by BaTista et al. (2016) and Cox et al. (2018)
(Supplementary Table S3). Our final dataset comprises 73
terminals from 61 species of colubrids, from which 17 are
species of Tantilla and 44 are other colubrids included as
outgroup. Our dataset was designed to evaluate both, the
relationship among species of Tantilla, and the monophyly
of the genus (Supplementary Table S3). Our sample com-
prises about 25% of the described species within Tantilla,
including representatives of five phenotypic groups of spe-
cies: 1) calamarina group = T. vermiformis (HALLOWELL,
1861); 2) coronata group = 1. coronata BAIRD & GIRARD,
1853 and T. relicta TELFORD, 1966; 3) melanocephala group
= T. armillata CoOPE, 1875, T. boipiranga SAWAYA & SAZI-
MA, 2003, T. melanocephala (LINNAEUS, 1758); 4) planiceps
group = T. gracilis BAIRD & GIRARD, 1853, T. hobartsmithi
TAYLOR, 1937, T. nigriceps KENNICOTT, 1860, T. planiceps
(BLAINVILLE, 1835), T. wilcoxi STEJNEGER, 1902, T. yaquia
SMITH, 1942; 5) taeniata group = T. berguidoi BATISTA, ME-
BERT, LOTZKAT & WILSON, 2016, T. impensa CAMPBELL,
1998; and the species without a defined group T. alticola
(BOULENGER, 1903), T. supracincta (PETERS, 1863), and T.
tjiiasmantoi KOCH & VENEGAS, 2016.

We aligned the sequences using MAFFT (KaTtoH &
STANDLEY 2013) with standard parameters as implement-
ed in Geneious. Since the gene fragments included in our
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dataset did not overlap for several terminals, we split our
concatenated matrix in the following five partitions: 1) mi-
tochondrial rRNA (125 and 16S), 2) first and second codon
positions of mitochondrial coding genes (cox1 and cytb),
3) third codon position of mitochondrial coding genes
(cox1 and cytb), 4) first and second codon positions of nu-
clear genes (bdnf, c-mos, nt3 and rag1), and 5) third co-
don position of nuclear genes (bdnf, c-mos, nt3 and rag1).
By using such partition scheme (Supplementary Table Ss),
we aimed to reduce problems of over-parameterization
derived from the lack of phylogenetic informative sites
from highly partitioned matrices (MCGUIRE et al. 2007).
We performed maximum likelihood (ML) analysis using
RAXML v.8 (STAMATAKIS 2014) through the CIPRES por-
tal (MILLER et al. 2010) using the partitioned dataset and
the GTRGAMMA model of nucleotide evolution. We con-
ducted a rapid bootstrap analysis and search for the best
scoring ML tree in the same run (option -f a). Branch sup-
port was assessed by using 1,000 pseudoreplications of
bootstrap. Clade robustness (modified from ZAHER et al.
2019) was classified as follows: unambiguously supported
(100%), strongly supported (80%-99%), moderately sup-
ported (70%-79%) and weakly supported (below 70%).

Morphological data

The terminology for scale counts and cephalic shields
measurements follows PETERS (1964) and PETERS & ORE-
JAS-MIRANDA (1970). Ventral counts follow DOWLING
(1951). Measurements were taken with a dial caliper to
the nearest 0.1 mm, with the exception of the snout-vent
length (SVL) and tail length (TL), which were measured
with a flexible ruler to the nearest 1.0 mm. Sex was veri-
fied by a longitudinal incision at the base of the tail to ver-
ify the presence or absence of hemipenis. We prepared the
right hemipenis of three specimens of Tantilla boipiranga
(IBSP 79060, 81123, 90663) and six specimens of T. melano-
cephala (IBSP 41062, 53429, 55662, 57304, 68405, 92165) fol-
lowing methods proposed by MYERs & CADLE (2003) and
ZAHER & PRUDENTE (2003). Terminology for hemipenial
morphology followed ZAHER (1999).

Statistical analyses

Student’s t-test was performed to evaluate the presence of
sexual dimorphism in relation to the morphometric and
meristic datasets. We tested the assumptions of normality
and homogeneity of variance using the Shapiro-Wilk’s and
Levene’s tests, respectively. In cases where characters showed
insufficient variation to justify these assumptions, we per-
formed the non-parametric Mann-Whitney’s test. We es-
tablished alpha as < o0.05 for all statistics, which were per-
formed in R environment (R Core Team 2020). Only adults
were considered for tests based on morphometric variables,
and the sexual maturity was defined based on MARQUES &
PuoRrTO (1998) and SANTOS-COSTA et al. (2006).
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Results
Phylogenetic affinities

The concatenated matrix encompassed 5,402 base pairs of
aligned sequences. The complete phylogenetic tree based
on all concatenated sequences is available in Supplemen-
tary Figure S1 and a summary tree can be seen in Figure 1.

The high-level phylogenetic relationships obtained
in our ML analysis (Supplementary Figure S1) is broadly
similar to the topology presented by MONTINGELLI et al.
(2019). The monotypic genus Scolecophis was positioned as
the sister group of a monophyletic Tantilla, although with
weak support of bootstrap (Fig. 1). The monophyly of Tan-
tilla was strongly supported (92%) in our ML tree (Fig. 1).
Within Tantilla, we recovered the following two weakly

supported main clades: Co1, comprising T. alticola, T. ber-
guidoi, T. coronata, T. gracilis, T. hobartsmithi, T. impensa,
T. nigriceps, T. planiceps, T. relicta, T. supracincta, T. wilcoxi
and T. yaquia; and Co2, formed by T. armillata, T. boipiran-
ga, T. melanocephala, T. tjiasmantoi, and T. vermiformis.
Clade Co1 was structured in two biogeographically delim-
ited subclades, as follows: SCo1, comprising species dis-
tributed from southern regions of USA to northern Mex-
ico; and SCoz2, including species from southern Mexico to
Ecuador. Within subclade SCo1, the topology of our tree
also suggested the presence of two other groups, one com-
posed by species from south-eastern USA (T. coronata
and T. relicta) and another including species from south-
western USA and northern Mexico (all other species from
SCo1). In contrast, the species in subclade SCo2 did not

Scolecophis atrocinctus

Tantilla coronata (co)
. . South-eastern USA
98 Tantilla relicta (co)
SCo1 ©
Tantilla wilcoxi (pl) 2
Tantilla yaquia (pl) g
Tantilla nigriceps (pl) South-western USA g
Tantilla olani | and Northern Mexico b
co1 73 antilla planiceps (pl) §
_|:Tantilla gracilis (pl)
85 Tantilla hobartsmithi (pl)
Tantilla impensa (ta) ©
o
100 Tantilla supracincta E
sco2 {anﬁﬂa alticola 5
92 98 Tantilla berguidoi (ta) ®
SC03 Tantilla vermiformis (ca) E::
Tantilla armillata (me) o
Tantilla tjiasmantoi
c02 Tantilla melanocephala TTO Tobago (me)
Tantilla melanocephala TTO Trinidad (me)
sco4 100L Tantilla melanocephala VEN Macuro (me)
86 100 Tantilla melanocephala GUY Aishalton (me)
Tantilla melanocephala GUY Dubulay (me) s
Tantilla melanocephala FGU Kourou (me) 5
% Tantilla melanocephala BRA SP Carapicuiba (me) g
Tantilla melanocephala BRA SP Sio Paulo (me) g
Tantilla melanocephala BRA SP Séao Paulo (me) u°>
Tantilla melanocephala BRA SP Itu (me)
Tantilla melanocephala BRA SP Sao Paulo (me)
Tantilla boipiranga BRA MG Morro do Pilar (me)
Tantilla cf. boipiranga BRA MG Santa Maria do Salto (me)
100l Tantilla cf. boipiranga BRA ES Linhares (me)

Figure 1. Maximum likelihood (ML) tree estimated using RAXxML, showing the relationships within the genus Tantilla. The bootstrap
support values are shown on each node. Bootstrap values below 70% are not shown. Terminals in bold correspond to samples se-
quenced in this study. co — coronata group; pl - planiceps group; ta — taeniata group; ca — calamarina group; me — melanocephala group.
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formed structured geographical groups. These two sub-
clades were weakly supported in our analysis.

In clade Co2 we recovered a weakly supported subclade
(SCo3) including species from Central America (T. armilla-
ta and T. vermiformis), which is sister to all South Ameri-
can species (Fig. 1). The South American species formed
a strongly supported subclade (86%, SCo4), in which the
Peruvian species T. tjiasmantoi was positioned as sister to
all other species. Brazilian samples of T. melanocephala and
T. boipiranga grouped together (97%, Fig. 1), and the sam-
ples of T. melanocephala from northern South America
were positioned as their sister group, forming a strongly
supported clade (96%). All individuals of T. melanocepha-
la from south-eastern Brazil clustered together in a unam-
biguously supported clade (100%, Fig. 1). The specimens of
T. ct. boipiranga collected in the municipalities of Linhares
and Santa Maria do Salto were grouped in a strongly sup-
ported clade sister to the specimen of T. boipiranga from
Morro do Pilar (99%, Fig. 1).

Based on our phylogenetic result and the comparative
analysis of the morphology of our expanded sampling, we
are redefining below T. boipiranga, by integrating the mor-
phological variability of the new records in the species de-
scription.

Tantilla boipiranga SAWAYA & SAZIMA, 2003

Diagnosis: presence of seven supralabial scales; two post-
oculars scales; 143-160 ventral scales and 56-70 subcaudals
in males; 153172 ventrals and 51-59 subcaudals in females;
presence of a black cephalic cap that can extend weakly to
the temporal region, followed by a pale nuchal band me-
dially divided, a black collar at the neck and a posteriorly
discreet pale band, more evident laterally; presence of sub-

A

S
170+ i
3 ole
— o
S 165 .
g
< 160 * ——
E L g :.G. [ ] i.
© 1554 ; Yy
S I [
L ———— [ XX
..g 0
= 150 :
Z '
t
145+ e
. e
T T
Female Male

Sex

Table 1. Morphological variables taken from all available speci-
mens analysed (n = 32) of Tantilla boipiranga (males = 18; fe-
males = 14). SD: standard deviation; SVL: snout-vent length;
TAL: tail length; HL: head length; HW: head width; CN: longi-
tudinal extension of the black collar on the neck. * Only adult
individuals (males = 11; females = 10).

) Males Females

Variables

meantsd range meantsd range
SVL (mm)* 314.8452.8 237-385 351.8466.3 246-471
TAL (mm)* 90.2+16.4 64-122 94.8+154 67-109
HL (mm)* 9.6+1 7.7-10.8 10.6+0.9  8.6-11.7
HW (mm)* 5.9+0.7 44-7.1 6.6+0.6 5.6-8.1
Gulars 3.3 2-4 3.2 2-5
Preventrals 1.5 0-3 1.5 1-3
Ventrals 152.7¢4.9 143-160 161.6x5.7 153-172
Subcaudals 64.8+4.2 56-70 56+2.7 51-59
Supralabials 6.5 6-7 7 7
Infralabials 6 6 6 6
Temporals 1+1.5 1+1-2 1+1.5 1+1-2
Preoculars 1 1 1.5 1-2
Postoculars 1.9 1-2 2 2
CN 4.7+0.5 4-6 4.5+0.8 4-6

ocular black blotch; uniform dorsal reddish orange colour,
sometimes presenting a discreet black vertebral longitudi-
nal line; and presence of hemipenis elongated ornamented
with large spines in the asulcate surface of distal region of
hemipenial body.

Meristic and morphometric variation: The values of sum-
mary statistics for all evaluated characters are described in
Table 1. Sexual dimorphism was significant for the following
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Figure 2. Meristic comparisons between females and males of Tantilla boipiranga. (A) ventrals; (B) subcaudals. Red line indicates the

mean value and the black line the median.
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characters (Fig. 2): number of ventral scales (p < 0.01), rang-
ing from 153 to 172 in females (x = 161.6, n = 14) and from
143 to 160 in males (x = 152.7 n = 18); number of subcaudal
scales (p < 0.01), ranging from 51 to 59 in females (x = 56,
n =12) and from 56 to 70 in males (x = 64.8, n = 17). The fol-
lowing values of meristic features were highly conservative
among sampled individuals (for a detailed description see
Supplementary Table 1): 1) two postoculars (n = 31), rarely
one (n = 1); 2) one preoculars (n = 31), rarely two (n = 1);
3) seven supralabials (n = 31), rarely six (n = 1); 4) six infra-
labials (n = 32); 5) one preventrals (n = 12), two preventrals
(n = 17), rarely three preventrals (n = 2) or absent (n = 1);

and 7) temporals 1+1 (n = 29), rarely temporals 1+2 (n = 3).
We re-evaluated the scale counts and sex determination of
five individuals analysed by TuNEs et al. (2020) (their val-
ues/determination are presented in parentheses): UFMG
3230 presents 2+164 ventrals and 58 subcaudals (2+175 ven-
trals and 52 subcaudals); UFMG 121 is a male (female);
UFMG 1175 is a male (female); UFMG 3251 is a male (fe-
male); UFMG 2539 is a male and presents 2+156 ventrals and
69 subcaudals (female, 2+162 ventrals and 52 subcaudals).

Colour in life: A low degree of colour variation was found
in live specimens (Fig. 3). The species showed a uniform

Figure 3. Specimens of Tantilla boipiranga in life. (A) *Santana do Riacho, MG, Brazil; (B) Ouro Preto, MG, Brazil; (C) juvenile, male,
Taiobeiras, MG, Brazil IBSP 91609; (D) adult, female, Santa Maria do Salto, MG, Brazil IBSP 90487; and (E-F) adult, male, Linhares
ES, Brazil IBSP 90663. * Type locality. Photographs by P. MARTINS, L. DRUMMOND, D. SANTOS, A. ABEGG, and T. CASTRO, respectively.
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reddish orange dorsal colour (as SAWAYA & SAZIMA 2003)
and immaculate cream venter; nuchal band cream to or-
ange medially divided over the parietal suture by longi-
tudinal union that connects the black cephalic cap to the
black collar on the neck. Posteriorly discreet pale band,
more evident laterally (Fig. 3BCDE). The vertebral longitu-
dinal line is vestigial (Fig. 3B) or absent. Colour variation
was present only in specimen IBSP 90663, which showed a
cream venter with some reddish orange macules, mainly in
the cloacal region (Fig. 3F).

Colour pattern in preservative: Slight colour variation was
observed in the preserved specimens. The specimens ex-
hibited an uniform cream or orange cream colour (as SIL-
VEIRA et al. 2010) with the exception of specimen IBSP
88573, which presented black punctuated macules on the
dorsal scales (Fig. 4F). The black cephalic cap was con-
spicuous and well defined in the majority of the preserved
specimens with only two individuals presenting incon-
spicuous cephalic cap (Fig. 4AG). The cephalic cap al-
ways extends laterally through the scales in contact with
the eyes (supraocular, preocular, postocular and supra-
labials). Frequently the cephalic cap extends throughout
the whole third and fourth supralabials and rarely to half of
these scales (Fig. 4F). Dorsally, the cephalic cap never ex-
ceeded the inner portion of the parietal scales. Anteriorly,
the cephalic cap extends to the rostral in most of the ana-
lysed individuals and it is rarely limited to the prefrontals
(Fig. 4C). Blotches in the temporal region may be absent or
vestigial (Fig. 4ABCD); isolated or attached to the cephalic
cap anteriorly (Fig. 4EFH); or attached to the cephalic cap
laterally (Fig. 4G). All individuals presented a pale nuchal
band medially divided and the black collar on the neck ex-
tends longitudinally from four to six scales in the vertebral
row (Table 1).

Hemipenis morphology (right organ, n = 3): The hemi-
penis is elongated, unilobed, unicalyculate and noncapi-
tate (Fig. 5). Sulcus spermaticus is simple, centrolinearly
oriented, extending from the base of the hemipenis to the
apex of the lobe, bordered by spinules throughout its ex-
tension. The lobe is ornamented with calyces only in asul-
cate and lateral surfaces. The calyces are formed by a series
of spinules that are gradually arranged in transverse rows
on the sulcate surface of the lobe. These spinules invade a
small part of the most distal region of the hemipenial body
on the asulcate surface. The distal region of the hemipe-
nial body is ornamented with large spines, which become
smaller towards the sulcus spermaticus. The proximal re-
gion of the hemipenial body is predominantly nude, with
some spinules irregularly distributed. Additionally, this re-
gion is also ornamented with a distinct spine on the asul-
cate surface and two large spines on the limits between the
sulcate and lateral surfaces. These two spines present differ-
ent sizes, the most proximal is usually larger than the other.

Natural history: Inspection of the dissected specimens
revealed that one female contained six eggs (IBSP 90487,
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SVL 384 mm). We found stomach contents in specimens
IBSP 90663 and IBSP 90487, both of which contained the
remains of centipedes (Scolopendromorpha). In the field,
we found two specimens (IBSP 91608 and IBSP 91609) for-
aging during the morning, at around 11 am, and two others
(IBSP 90487 and IBSP 90663) in the afternoon, between
4 pm and 5 pm. Our data are consistent with the observa-
tions made by SAWAYA & SAaziMA (2003) regarding the di-
urnal, terrestrial and cryptozoic activity of T. boipiranga.

Figure 4. Variation of head colour within preserved specimens
of Tantilla boipiranga in dorsal (left) and lateral (right) views.
(A) IBSP 90663, Linhares; (B) IBSP 90487, Santa Maria do Salto;
(C) *IBSP 64088, Santana do Riacho; (D) IBSP 79060, Morro do
Pilar; (E) IBSP 88572, Pedro Canario; (F) IBSP 88573, Sdo Ma-
teus; (G) IBSP 81123, Morro do Pilar; (H) IBSP 91609, Taiobeiras.
Horizontal scale bars: 2 mm. * Paratype.
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Geographic distribution: We noticed that TUNEs et al.
(2020) probably provided the distances between records of
T. boipiranga and the type locality based on road distances.
We correct here these values based on the estimation of
the linear distances between the type locality and the geo-
graphic locality of each record as follows (distances provid-
ed by TUNES et al. 2020 in parentheses): Caratinga ~190 km
(~340 km); Almenara ~462 km (~703 km); Berilo ~284 km
(~471 km); Santa Luzia ~67 km (~83 km); Morro do Pi-
lar ~23 km (~56 km); Bratnas ~95 km (~166 km). Based
on the corrected values T. boipiranga distribution encom-
passes an estimated area of ~134,200 km?. The species oc-
curs between altitudes of 38 m and 1368 m above sea level,
in the Brazilian states of Minas Gerais and Espirito Santo,
in different vegetation formations as Bahia coastal forest,
Bahia interior forest, Cerrado and Campos rupestres mon-
tane savanna (sensu OLSON et al. 2001) (Fig. 6).

Discussion
Phylogenetic pattern

More than 160 years after its description, the phylogenet-
ic relationships among species of the large genus Tantilla

A B i

Figure 5. Hemipenis of Tantilla boipiranga. Top: IBSP 79060
Morro do Pilar; Bottom: IBSP 90663 Linhares. (A, D) Asulcate,
(B, E) lateral, and (C, F) sulcate views. Vertical scale bar: 2 mm.

have been poorly studied (CoLE & HARDY 1981, Cox et al.
2018, JOWERS et al. 2020). Traditionally, this genus is classi-
fied in six groups of species, mainly based on their colour
patterns (WILSON & MATA-SILVA 2014). Our tree topology
reveals a phylogenetic structure that largely reflects the ge-
ographic distribution of the species and is partially similar
to the phylogeny presented by JOWERSs et al. (2020). These
authors recovered two main clades, biogeographically
structured as a North-Central American clade, and a Cen-
tral-South American clade. When we expanded JowErs
et al. (2020) analysis based on a larger multilocus matrix,
and with an increased taxon sampling (adding T. bergui-
doi, T. supracincta, T. alticola, T. wilcoxi, T. boipiranga and a
much larger outgroup), we recovered their two main clades
(Co1 and Co2, Fig. 1), although with a more complex phy-
logenetic structure. In our phylogenetic tree we retrieved
a North American clade (SCo1, Fig. 1), a South American
clade (SCo4) and a paraphyletic mainly Central American
group (composed by SCo2 and SCo3, Fig. 1).

Our tree topology for the North American clade cor-
roborates the monophyly of the coronata and planiceps spe-
cies groups. Although this result has been also presented
by JOwERs et al. (2020), Cox et al. (2018) did not recover
the monophyly of these two species groups. In the phylo-
genetic tree presented by the latter, T. wilcoxi was posi-
tioned as sister to the coronata group and T. nigriceps was
allocated as the most basal species concerning both species
groups, which rendered the planiceps group as paraphyletic.
This phylogenetic hypothesis was not completely evaluated
by JOWERS et al. (2020) since they did not sample T. wilcoxi
in their study. Our more comprehensive analysis supports
the putative morphological synapomorphies suggested for
these two North American groups of Tantilla. The plani-
ceps species group shares a dark head cap and a light col-
lar on nape (CoLE & HARDY 1981). Additionally, T. gracilis
and T. hobartsmithi were supported as sister species in our
topology and they share a semicapitate hemipenis with less
spines (< 30) (CoLE & HARDY 1981). The putative exclusive
synapomorphy for the coronata species group is the pres-
ence of a hemipenis with spines restricted to the lobe and an
almost completely nude hemipenial body (TELEORD 1966).

Our ML tree recovered the taeniata species group as
paraphyletic (SCoz2, Fig. 1), since T. impensa and T. bergui-
doi were recovered nested with T. supracincta and T. alticola.
The two latter species were never classified in any of the six
species group of Tantilla and they do not share the pale mid-
dorsal and lateral stripes that characterise the taeniata spe-
cies group (MCCRANIE & SMITH 2017). Such group includes
more than 25 species (ANTUNEZ-FONSECA et al. 2020) and
until now only two species were sequenced, one by TONINT
et al. (2016) and one by BatisTA et al. (2016). Even consid-
ering the extremely poor taxon sampling for this group, our
result suggests two hypotheses: 1) the taeniata group may
include species that do not present striped patterns, or 2)
the taeniata group does not represent a natural assemblage
of species and the striped pattern is a convergence among
some species of Tantilla. However, to sort out these hypo-
theses, a more thorough study focusing on the phylogenetic
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relationship among the Mexican and Central American spe-
cies of Tantilla is needed.

Regarding the seven species included in the calamari-
na species group (TOWNSEND et al. 2013) we sampled only
T. vermiformis. Although our analysis indicates that the
calamarina group is positioned nested within the melano-
cephala species group (Coz, Fig. 1), T. vermiformis does
not represent the set of species originally included in the
calamarina group (WILSON & MEYER 1981, WILSON 1999).
Horm (2008) based only on morphological patterns ex-
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formis and the calamarina group. Our result seems to cor-
roborate HoLM (2008) by indicating that T. vermiformis
represents a basal lineage within the melanocephala species
group, sister to T. armillata (SCo3, Fig. 1). However, the as-
sociation between T. armillata and T. melanocephala was
never tested before, and without a more comprehensive
taxon sampling it is not possible to corroborate the mono-
phyly of the calamarina species group or the relationship
between T. vermiformis and T. armillata.
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Figure 6. Geographic distribution of Tantilla boipiranga. Municipalities: (1) Taiobeiras; (2) Almenara; (3) Santa Maria do Salto;
(4) Berilo; (5) Alvorada de Minas; (6) *Santana do Riacho; (7) Morro do Pilar; (8) Sdo Sebastido do Rio Preto; (9) Braunas; (10) Ipat-
inga; (11) **Santa Luzia; (12) Brumadinho; (13) Congonhas; (14) Ouro Preto; (15) Caratinga; (16) Alvarenga; (17) Linhares; (18) Sao
Mateus; (19) Pedro Canario. * Type locality; ** Unknown. BA - state of Bahia; MG - state of Minas Gerais; ES - state of Espirito Santo.
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Additionally, T. tjiasmantoi was recovered as the sis-
ter group of all South American species allocated in the
melanocephala group (SCo4, Fig. 1). This species has a
colour pattern very different from that used to define the
melanocephala group (see WILSON & MENA 1980), being
morphologically similar to the South American species
T. semicincta (phenotypical group not defined), present-
ing a pattern of transverse bands along the body (Kocu
& VENEGAS 2016). This result may suggest that the colour
pattern used to define the melanocephala group cannot be
found in all its representatives. A different interpretation of
our tree topology can indicate that T. armillata, T. vermi-
formis and T. tjiasmantoi do not belong to the melano-
cephala group and its definition should be revised.

Regarding the rubra species group (sensu WILSON &
MATA-SILVA 2014) we suspect that the group may be non-
natural, since the morphological pattern and the geograph-
ic distribution of T. bocourti, T. cucullata, and T. rubra are
closely related to those of the species included in the plani-
ceps group (COLE & HARDY 1981, DIXON et al. 2000). How-
ever, as we did not sample any of these species, the hy-
potheses are open to be tested in a molecular phylogenetic
framework.

Biogeographic patterns

Affinities recovered in our analyses within Tantilla point
to a historical scenario of diversification of two main line-
ages, likely distributed initially in a region between Mexico
and Central America, where much of the diversity of the
genus is currently found (WILSON & MATA-SILVA 2014).
This pattern is similar to those found in other colubroids
(Daza et al. 2009, FONTANELLA & SIDDALL 2010). One
of these lineages irradiated to North America and anoth-
er to South America, both largely speciating in these two
regions. The two main lineages probably maintained the
highest rate of speciation in Central America, since the two
most diverse groups are the calamarina and taeniata spe-
cies groups (represented by SCo2 and SCo3 in Fig. 1). Jo-
WERS et al. (2020) suggested that the time to the most re-
cent common ancestor (TMRCA) of all species of Tantilla
is dated to the Middle Miocene, at approximately 12 Mya.
This date also represents the TMRCA of both main lineag-
es. The same study indicates that the South American lin-
eage started to diversify around 8.3 Mya and the melano-
cephala complex around 2.3 Mya. These time estimations
combined with our results suggest that all the main clado-
genic events within Tantilla happened before the complete
closure of the Central American Seaway, around 3.5 Mya
(Coartes et al. 1992). If the species T. tjiasmantoi from Peru
and the melanocephala complex diverged at 8.3 Mya (Jo-
WERS et al. 2020), this diversification happened before the
the complete formation of land connection between South
and Central America. Such scenario suggests that Tantilla
was distributed in South America during the late Miocene
(11.6 to 5.3 Mya), before the final rise of the Isthmus of Pan-
ama. An alternative scenario can be achieved if the lineage

of T. tjiasmantoi diversified from the melanocephala com-
plex in Central American land masses, before the closure,
and dispersed to South America together with the melano-
cephala complex, followed by its extinction in Central
America. Both scenarios although plausible, involve sev-
eral assumptions that are hard to test based on our dataset.

Although 3.5 Mya is the most accepted date for the clo-
sure of the Central American Seaway, MONTES et al. (2015)
argue for an earlier closure, between 15 and 13 Mya. If this
alternative hypothesis is correct, the relative time of the
cladogenic events estimated in our tree topology com-
bined with the divergence times estimated by JOWERSs et al.
(2020) agree with the geological scenario, suggesting that
during the Late Miocene, the diversification of Tantilla
happened in the South American continent.

However, to properly test all these biogeographic hy-
potheses, the phylogenetic aflinities among the species of
the melanocephala group and all other South American
species need to be evaluated and historical biogeographic
model-based analysis must be implemented.

The melanocephala species group

Our first attempt to clarify the taxonomy of the melano-
cephala group through the phylogenetic analysis of DNA
sequences recovered T. boipiranga nested within the di-
versity of T. melanocephala, as the sister group of a clade
formed by individuals from the Brazilian state of Sio Pau-
lo. This result extends the recent contribution of JOWERS et
al. (2020) that sequenced five samples of T. melanocephala
from northern South America and included only one sam-
ple from Brazil. Although their limited geographic sam-
pling, the calibrated phylogenetic tree presented by JowERs
et al. (2020) suggests that all northern South American
samples grouped together in a clade. Our analysis based on
an increased geographic sampling corroborates this result.

However, the inclusion of other populations and spe-
cies from the melanocephala group unravelled the hidden
diversity of T. melanocephala. This species is widely dis-
tributed, occupying a wide range of different environments
and altitudes. Our results suggest the probable existence
of more than one undescribed taxon, which are current-
ly considered as morphotypes of T. melanocephala. Only
a broadly and comprehensive study can shed light on the
taxonomy of this continental species.

Our integrative analysis corroborates the current taxo-
nomic status of T. boipiranga. All individuals identified as
T. boipiranga clustered together in our phylogenetic tree,
which supports the expansion of its geographic distribu-
tion. Tantilla boipiranga occurs in high and low elevations,
limited to the east by the Espinha¢o Range, in the states of
Minas Gerais and Espirito Santo (Fig. 6). Based on the dis-
tributional records close to the limits among the states of
Bahia, Minas Gerais and Espirito Santo (municipalities of
Santa Maria do Salto and Pedro Canério), we consider that
the species probably can be also found in the southern re-
gion of the state of Bahia.

409



WEVERTON DOS SANTOS AZEVEDO et al.

Although its conservative general colour pattern, the
species shows some intrapopulation variation in head col-
our (Fig. 6), and the temporal blotch laterally connected to
the cephalic cap was found only in individuals from Espi-
nhago Range. The colour pattern observed in the type se-
ries was found in the new records presented here (munici-
palities of Santa Maria do Salto and Linhares), and despite
the low variability, we observed the existence of a clinal
variation on the number of ventral and subcaudal scales
(more evident in females).

Our evaluation of the hemipenial morphology of
T. boipiranga indicates a similar pattern to that described
by SawaYyA & Sazima (2003). However, the hemipenial
differences between T. boipiranga and T. melanocephala,
as suggested by these authors, was not evident in our anal-
ysis. SAWAYA & SaziMa (2003) indicated that T. boipiran-
ga presents larger spines on the asulcate surface that are
longer, stouter, and have proportionally narrower bases
than in T. melanocephala. In addition, they commented
that in T. boipiranga these spines are arranged irregular-
ly and in T. melanocephala some spines form transverse
rows. Based on six hemipenis of T. melanocephala and
three of T. boipiranga we did not detect any of these dif-
ferences. Despite being more elongated in T. boipiranga,
we believe that the shape of the hemipenis alone is not
a decisive character for the immediate diagnosis for the
species.

Even after decades of advances in molecular tools and
their remarkable ability to unveil the biodiversity (HajIBA-
BAEI et al. 2007), these methods have not been used in any
attempt to investigate and clarify the taxonomy of Tantilla
in Brazil. Although preliminary, our analysis allowed the
phylogenetic positioning of T. boipiranga, the description
of its morphological diversity, and contributed to a pre-
liminary approach to the understanding of the systematics
and biogeography of the genus.

Moreover, we believe that our study highlights the im-
portance of long time field surveys in South America,
where secretive and fossorial species can be collected.
These studies are essential to elucidate unanswered ques-
tions related to taxonomy, natural history, biogeography
and phylogenetic relationships of poorly known organ-
isms. Indeed, our study was only possible due to the exist-
ence of protected areas in Brazil, where field surveys can
still be properly performed. These state-managed areas — as
the one surveyed in the present study - are crucial to ob-
tain key information about Brazilian biodiversity, mainly
because much of the ecosystems in south-eastern Brazil
are already severely impacted by anthropic actions (CAR-
VALHO 2019, ROTTA et al. 2020). These protected areas play
multiple roles for the maintenance of the biodiversity and
retain great potential to preserve the genetic and morpho-
logical diversity of rare species like T. boipiranga.

Acknowledgments

We would like to thank to V. GERmaNO (IBSP) for support in
obtaining morphological data. P. GArcia (UFMG) for providing

410

information and allowing us to examine specimens under their
care. D. SaANTOs and R. FERNANDES for information provided
on the Taiobeiras specimens. P. MARTINS, L. DRUMMOND and
D. Santos for the photographs of T. boipiranga. W. AZEVEDO was
supported by scholarships from Fundagdo de Amparo a Pesquisa
do Estado de Sdo Paulo (FAPESP; 2019/03587-9) and from Co-
ordenacdo de Aperfeicoamento de Pessoal de Nivel Superior -
Brasil (CAPES - Finance Code oo1). A. ABEGG was supported
by a scholarship from Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPgq; 130115/2019-3). This research
was developed in strict accordance with Brazilian states and fed-
eral laws. Collecting permit for specimen from municipality of
Linhares was provided by the Instituto Estadual de Meio Ambi-
ente e Recursos Hidricos (collecting permit IEMA N° 020/2016),
and municipality of Santa Maria do Salto by the Instituto Chico
Mendes de Conservagdo da Biodiversidade (collecting permits
SISBio 656341, SISBio 21185-3, IEF 108/2018). This study was sup-
ported by a grant from Fundagdo de Amparo a Pesquisa do Es-
tado de Sdo Paulo (FAPESP; 2016/50127-5).

References

ArrscHUL, S. E, T. L. MADDEN, A. A. SCHAFFER, ]. ZHANG, Z.
ZHANG, W. MILLER & D. J. LIPMAN (1997): Gapped BLAST
and PSI-BLAST: A new generation of protein database search
programs. — Nucleic Acids Research, 25: 3389-3402.

ANTUNEZ-FONSEcA, C. A., J. A. CasTtro, F. G. EspaNa, J. H.
TOowNSEND & L. D. WILSON (2020): A new species of Tantilla
of the taeniata group (Squamata: Colubridae) from Refugio de
Vida Silvestre Barras de Cuero y Salado in Caribbean coastal
Honduras. - Amphibian & Reptile Conservation, 14: 86-102.

BARBOUR, T. (1914): A new snake from Northern Brazil. - Pro-
ceedings of the Biological Society of Washington, 27: 199-200.

BaTisTA, A., K. MEBERT, S. LOTZKAT & L. D. WIiLSON (2016): A
new species of centipede snake of the genus Tantilla (Squama-
ta: Colubridae) from an isolated premontane forest in eastern
Panama. - Mesoamerican Herpetology, 3: 949-960.

BErg, C. S., A. JEREMIAH, B. HARRISON & R. W. HENDERSON
(2009): New island records for Tantilla melanocephala (Squa-
mata: Colubridae) on the Grenada Bank. — Applied Herpetol-
0gy, 6: 403— 404.

BurTon, S. T., A. R. Sovig, C. H. GREENBERG & J. D. AUSTIN
(2019): Sandhills Using Multi-Season Occupancy Models. —
Journal of Herpetology, 53: 179-186.

CARVALHO, D. W. (2019): The ore tailings dam rupture disaster
in Mariana, Brazil 2015: What we have to learn from anthro-
pogenic disasters. — Natural Resources Journal, 59: 281-300.

CASSIMIRO, J. (2003): Geographic distribution: Serpentes: Tantil-
la boipiranga. - Herpetological Review, 34: 390.

CASTRO-HERRERA, E, A. VALENCIA & D. VILLAQUIRAN (2012):
Diversidad de anfibios y reptiles del Parque Nacional Natural
Isla Gorgona. Feriva Impresores S.A. Cali - Colombia, 112 pp.

CoaTes, A. G, J. B. C. Jackson, L. S. Corrins, T. M. CRONIN,
H.J. DOwsETT, L. M. BYBELL, P. JUNG & J. A. OBANDO (1992):
Closure of the isthmus of Panama: the marine nearshore
record of Costa Rica and Western Panama. — Geological Soci-
ety of America Bulletin, 104: 814-828.

CoLg, C. J. & L. M. HARDY (1981): Systematics of North Amer-
ican colubrid snakes related to Tantilla planiceps (Blainville).
— Bulletin of the American Museum of Natural History, 171:
199-284.



Reassessment of Tantilla boipiranga and approach to the phylogeny of Tantilla

CopE, E. D. (1887): Synopsis of the Batrachia and Reptilia ob-
tained by H. H. Smith, in the Province of Mato Grosso, Bra-
zil. - Proceedings of the American Philosophical Society, 24:
44-60.

Cox, C. L., J. E STRINGER, M. A. MOSELEY, P. T. CHIPPINDALE & J.
W. STREICHER (2018): Testing the geographical dimensions of
genetic diversity following range expansion in a North Amer-
ican snake. - Biological Journal of the Linnean Society, 125:
586-599.

Daza, J. M., E. M. SmiTH, V. P. PAEZ & C. L. PARKINSON (2009):
Complex evolution in the Neotropics: The origin and diversi-
fication of the widespread genus Leptodeira (Serpentes: Colu-
bridae). - Molecular Phylogenetics and Evolution, 53: 653-
667.

DixoN, J. R., R. K. VAUGHAN & L. D. WILSON (2000): The taxon-
omy of Tantilla rubra and allied taxa (Serpentes: Colubridae).
- The Southwestern Naturalist, 45: 141-153.

FONTANELLA, E & M. E. SIDDALL (2010): Evaluating hypotheses
on the origin and diversification of the ringneck snake Diado-
phis punctatus (Colubridae: Dipsadinae). - Zoological Journal
of the Linnean Society, 158: 629-640.

GRABOSKI, R,, J. C. ARREDONDO, F. G. GRAZZIOTIN, A. A. A. DA
SiLva, A. L. C. PRUDENTE, M. T. RODRIGUES, S. L. BONATTO &
H. ZAHER (2018): Molecular phylogeny and hemipenial diver-
sity of South American species of Amerotyphlops (Typhlopi-
dae, Scolecophidia). - Zoologica Scripta, 48: 139-156.

GrAzzIOTIN, E G., H. ZAHER, R. W. MURPHY, G. SCROCCHI, M.
A. BENAVIDES, Y. P. ZHANG & S. L. BONATTO (2012): Molecu-
lar phylogeny of the New World Dipsadidae (Serpentes: Colu-
broidea): A reappraisal. - Cladistics, 28: 437-459.

GUEDES, T.B., R. J. SAWAYA, A. ZIZKA, S. LAFFAN, S. FAURBY, R.
A. PYRrON, R. S. BERNILS, M. JANSEN, P. Passos, A. L. C. Pru-
DENTE, D. E. Ci1sNEROS-HEREDIA, H. B. Braz, C. C. NOGUEI-
RA & A. ANTONELLI (2018): Patterns, biases and prospects in
the distribution and diversity of Neotropical snakes. - Global
Ecology and Biogeography, 27: 14-21.

HAjiBABAEIL, M., G. A. C. SINGER, P. D. N. HEBERT & D. A. Hick-
EY (2007): DNA barcoding: how it complements taxonomy,
molecular phylogenetics and population genetics. — Trends in
Genetics, 23: 167-172.

HorMANN, E. P, R. J. Gray, L. D. WiLsON & J. H. TOWNSEND
(2017): Discovery of the first male specimen of Tantilla hen-
dersoni Stafford, 2004 (Squamata: Colubridae), from a new lo-
cality in central Belize. — Herpetology Notes 10: 53-57.

Horm, P. A. (2008): Phylogenetic Biology of The Burrowing
Snake Tribe Sonorini (Colubridae) — PhD dissertation, Uni-
versity of Arizona, 242 pp.

JoweRrs, M. J., G. A. Rivas, R. C. JaDIN, A. L. BRASWELL, R. J.
AUGUSTE, A. BORZEE & ]. C. MURPHY (2020): Unearthing the
species diversity of a cryptozoic snake, Tantilla melanocephala,
in its northern distribution with emphasis on the colonization
of the Lesser Antilles. - Amphibian & Reptile Conservation,
14: 206-217.

KatoH, K. & D. M. STANDLEY, (2013): MAFFT Multiple Sequence
Alignment Software Version 7: Improvements in performance
and usability. - Molecular Biology and Evolution, 30: 772-780.

KEARSE, M., R. MOIR, A. WILsON, S. STONES-HAvAs, M. CHEUNG
& S. STURROCK (2012): Geneious Basic: An integrated and ex-
tendable desktop software platform for the organization and
analysis of sequence data. — Bioinformatics, 28: 1647-1649.

Kocs, C., A. MARTINS & S. SCHWEIGER (2019): A century of wait-
ing: description of a new Epictia Gray, 1845 (Serpentes: Lepto-
typhlopidae) based on specimens housed for more than 100
years in the collection of the Natural History Museum Vienna
(NMW). — Peer], 7: e7411.

Kocs, C. & P. J. VENEGAS (2016): A large and unusually colored
new snake species of the genus Tantilla (Squamata; Colubri-
dae) from the Peruvian Andes. — Peer], 4: €2767.

LANFEAR, R., B. CaLcOTT, S. Y. W. HO & S. GUINDON (2012): Par-
titionFinder: Combined selection of partitioning schemes and
substitution models for phylogenetic analyses. — Molecular
Biology and Evolution, 29: 1695-1701.

LEMA, T. (2004): New species of Tantilla Baird and Girard from
northeastern Brazil (Serpentes, Colubrinae). — Acta Biologica
Leopoldensia, 26: 267-283.

MARQUES, O. A. V. & G. PuorTo (1998): Feeding, reproduc-
tion and growth in the crowned snake Tantilla melanocephala
(Colubridae), from southeastern Brazil. - Amphibia Reptilia,
19: 311-318.

MATA-SILVA, V. & L. D. WiLsoN (2016): The taxonomic sta-
tus of Tantilla marcovani Lema 2004 (Squamata: Colubri-
dae). — Zootaxa, 4092: 421-425.

MCCRANTIE, J. R. & E. N. SMITH (2017): A review of the Tantilla
taeniata species group (Reptilia: Squamata: Colubridae: Colu-
brinae) in Honduras, with the description of three new spe-
cies. — Herpetologica, 73: 338-348.

MCcCRANTIE, J. R. (2011): A new species of Tantilla of the taeniata
species group (Reptilia, Squamata, Colubridae, Colubrinae)
from northeastern Honduras. - Zootaxa, 3037: 37-44.

MCcGUIRE, J. A., C. C. WITT, D. L. ALTSHULER & J. V. REMSEN
(2007): Phylogenetic systematics and biogeography of hum-
mingbirds: Bayesian and maximum likelihood analyses of
partitioned data and selection of an appropriate partitioning
strategy. — Systematic biology, 56: 837-856.

MILLER, M. A., W. PFEIFFER & T. SCHWARTZ (2010): Creating the
CIPRES Science Gateway for inference of large phylogenetic
trees. — pp. 1-8 in: Proceedings of the Gateway Computing En-
vironments Workshop (GCE), 14 Nov. 2010, — New Orleans,
LA.

Miora, D. T. B, V.D. V.Ramos & E A. O. SILVEIRA (2021): A brief
history of research in campo rupestre: identifying research
priorities and revisiting the geographical distribution of an
ancient, widespread Neotropical biome. - Biological Journal
of the Linnean Society, 133: 464-480.

MonNTEIRO-FILHO, E. L. A. & C. E. CONTE (2017): Revisdes em
zoologia, Mata Atlantica. — Curitiba: Ed. UFPR, 490 pp.

MONTES, C., A. CARDONA, C. JARAMILLO, A. PARDO, ]. C. S1LVA, V.
VALENCIA, C. AYALA, L. C. PEREZ-ANGEL, L. A. RODRIGUEZ-
PARRA, V. RAMIREZ & H. NINO (2015): Middle Miocene closure
of the Central American Seaway. — Science, 348: 226-229.

MONTINGELLI, G. G., E. G. GRAZZIOTIN, J. BATTILANA, R. W.
MuRPHY, Y. P. ZHANG & H. ZAHER (2019): Higher-level phylo-
genetic affinities of the Neotropical genus Mastigodryas Ama-
ral, 1934 (Serpentes: Colubridae), species-group definition and
description of a new genus for Mastigodryas bifossatus. - Jour-
nal of Zoological Systematics and Evolutionary Research, 57:
205-239.

MyERS, C. W. & J. E. CADLE (2003): On the snake hemipenis, with
notes on Psomophis and techniques of eversion: a response to
Dowling. - Herpetological Review, 34: 295-302.

411



WEVERTON DOS SANTOS AZEVEDO et al.

OLsoN, D. M., E. DINERSTEIN, E. D. WIKRAMANAYAKE, N. BUR-
GESS, G. V. N. PowELL, E. UNDERWOOD, J. A. D’amico, H. E.
STRAND, J. C. MORRISON, C. J. Loucks, T. E. ALLNuTT, T. H.
RickETTS, Y. KURA, J. E LAMOREUX, W. W. WETTENGEL, P.
HEepao & K. R. Kassem (2001): Terrestrial ecoregions of the
world: a new map of life on Earth. — Bioscience, 51: 933-938.

PETERS, J. A. & B. OREJAS-MIRANDA (1970): Catalogue of Neo-
tropical Squamata. part I. Snakes. — Bulletin of United States
National Museum, 297: 1—347.

PETERS, J. A. (1964): Dictionary of Herpetology. A brief and
meaningful definition of words and terms used in herpetol-
ogy. — New York, Hafner Publishing Company, 392 p. + ilust.

PinTo, R. R, E L. FRANCO & M. S. HOOGMOED (2018): Steno-
stoma albifrons Wagler, 1824 (Squamata: Leptotyphlopidae): a
name with two neotypes? — Salamandra, 54: 291-296.

R Core Team (2020): R: A language and environment for statisti-
cal computing. - R Foundation for Statistical Computing, Vi-
enna, Austria. Available from: https://www.R-project.org/

RotTa, L. H. S, E. ALCANTARA, E. PARK, R. G. NEGRI, Y. N. LIN,
N. BERNARDO, T. S. G. MENDEs & C. R. S. FILHO (2020): The
2019 Brumadinho tailings dam collapse: Possible cause and
impacts of the worst human and environmental disaster in
Brazil. - International Journal of Applied Earth Observation
and Geoinformation, 90: 102119.

SanTos-Costa, M. C., A. L. C. PRUDENTE & M. D1-BERNARDO
(2006): Reproductive Biology of Tantilla melanocephala (Lin-
naeus, 1758) (Serpentes, Colubridae) from Eastern Amazonia,
Brazil. - Journal of Herpetology, 40: 553-556.

SAVAGE, J. M. (2002): The Amphibians and Reptiles of Costa Rica:
A Herpetofauna Between Two Continents, Between Two Seas.
— University of Chicago Press, 934 pp.

SAWAYA, R. J. & L. SazIMA (2003): A new species of Tantilla (Ser-
pentes, Colubridae) from southeastern Brazil. - Herpetologi-
ca, 59: 119-126.

SILVEIRA, A. L., G. A. CoTTA & M. R. S. PIRES (2009): Distribui¢do
Geografica e Variagdo Fenotipica de Tantilla boipiranga Sa-
waya & Sazima, 2003 (Serpentes, Colubridae). — Arquivos do
Museu Nacional, 67: 93-101.

SILVEIRA, A. L., M. R. S. PIRES & G. A. CoTTA (2010): Serpentes
de uma area de transi¢do entre o Cerrado e a Mata Atlantica no
sudeste do Brasil. - Arquivos do Museu Nacional, 68: 79-110.

STAMATAKIS, A. (2014): RAXML version 8: A tool for phyloge-
netic analysis and post-analysis of large phylogenies. — Bioin-
formatics, 30: 1312-1313.

TELFORD, S. R. JR. (1966): Variation among the southeastern
crowned snakes, genus Tantilla. — Bulletin of the Florida State
Museum, Biological Sciences, 10: 261-304.

Toning, J. E R., K. H. BEARD, R. B. FERREIRA, W. JETZ & R. A.
PYRON (2016): Fully-sampled phylogenies of squamates reveal
evolutionary patterns in threat status. — Biological Conserva-
tion, 204: 23-31.

TownseND J. H,, L. D. WiLsoN, M. MEDINA-FLORES & L. A. HER-
RERA-B (2013): A new species of centipede snake in the Tan-
tilla taeniata group (Squamata: Colubridae) from premontane
rainforest in Refugio De Vida Silvestre Texiguat, Honduras. -
Journal of Herpetology, 47: 191-200.

Tunes, P. H.,, A. T. R. C. FRANGA & R. M. MoL (2020): Distribu-
tion Extension of the Black-Headed snake Tantilla boipiranga
Sawaya & Sazima, 2003 in the state of Minas Gerais, Brazil. -
Oecologia Australis, 24: 943-948.

412

WAGLER, J. (1824): Serpentum Brasiliensium species novae, ou
histoire naturelle des espéces nouvelles de Serpens. — pp. 75 in:
Sp1x, J.: Animalia nova sive species novae. — Typis Francisci
Seraphi Hitbschmann. Monaco, 7.

WILsON, L. D. & C. E. MENA (1980): Systematics of the melano-
cephala group of the colubrid snake genus Tantilla. — San Di-
ego Society of Natural History, 11: 1-58.

WILSON, L. D. & J. R. MEYER (1971): A revision of the taeniata
group of the colubrid snake genus Tantilla. - Herpetologica,
27: 11-40.

WIiLsoN, L. D. & V. MATA-SILVA (2014): Snakes of the genus Tan-
tilla (Squamata: Colubridae) in Mexico: taxonomy, distribu-
tion, and conservation. — Mesoamerican Herpetology, 1: 1—95.

WiLsoN, L. D. & V. MATA-SILVA (2015): A checklist and key to
the snakes of the Tantilla clade (Squamata: Colubridae), with
comments on taxonomy, distribution, and conservation. -
Mesoamerican Herpetology, 2: 417-498.

WiLsoN, L. D. (1999): Checklist and key to the species of the ge-
nus Tantilla (Serpentes Colubridae), with some commentary
on distribution. — Smithsonian Herpetological Information
Service, 122: 1-36.

ZAHER, H. & A. L. C. PRUDENTE (2003): Hemipenes of Siphlo-
phis (Serpentes, Xenodontinae) and techniques of hemipenial
preparation in snakes: a response to Dowling. - Herpetologi-
cal Review, 34: 302-307.

ZAHER, H. (1999): Hemipenial morphology of the South Ameri-
can xenodontine snakes, with a proposal for a monophylet-
ic Xenodontinae and a reappraisal of Colubroid hemipenis.
— Bulletin of the American Museum of Natural History, 240:
168.

ZAHER, H., R. W. MURPHY, ]. C. ARREDONDO, R. GRABOSKI, P.
R. MacuHADO-FiLHO, K. MAHLOW, G. G. MONTINGELLI, A. B.
Quabpros, N. L. OrrLov, M. WILKINSON, Y. P. ZHANG & E G.
GRAZZIOTIN (2019): Large-scale molecular phylogeny, mor-
phology, divergence-time estimation, and the fossil record of
advanced caenophidian snakes (Squamata: Serpentes). — PLoS
One, 14: €0216148.

Supplementary data

The following data are available online:

Supplementary Figure S1. Maximum likelihood tree based on the
complete concatenated matrix.

Supplementary Table S1. Morphometric and meristic data from
examined specimens of Tantilla boipiranga.

Supplementary Table S2. Records for Tantilla boipiranga and
specimens examined in this study.

Supplementary Table S3. Accession numbers for all sequences
analysed and voucher numbers for sequenced samples.

Supplementary Table S4. Primers used in the present study to
amplify gene fragments.

Supplementary Table S5. Partitions and substitution models used
in the RAXML analysis.



