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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
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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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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.

408



Reassessment of Tantilla boipiranga and approach to the phylogeny of Tantilla

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.
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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.
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