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ABSTRACT ARTICLE HISTORY
Recent genetic studies have found unclear species boundaries and Received 7 July 2020
evidence of undescribed diversity in the poorly studied jararacussu Accepted 29 October 2020
species group within Bothrops. In this contribution, we investigate KEYWORDS
phenotypic and genetic diversity in the Amazonian snake Bothrops Amazonia; Amazon River:
brazili to test previous assertions of unrecognised species diversity Bothrops brazili:

within this taxon. Our phylogenetic results and inferences of inde- B. jararacussu; B. pirajai;
pendently evolving lineages based on molecular data recover two B. muriciencis; species
divergent clades within B. brazili, one restricted to areas north and delimitation

another to areas south of the Amazon River. Phylogenetic relation-

ships between these lineages and other species in the jararacussu

species group reveal B. brazili to be paraphyletic, with the northern

clade inferred as sister to a clade composed of Atlantic Forest taxa

(B. jararacussu, B. muriciensis, B. pirajai). External morphology (num-

ber of ventral and subcaudal scales) and colouration patterns (lat-

eral trapezoidal marks) consistently separate the two lineages of

B. brazili. We therefore recognise and describe the northern lineage

as a new species of Bothrops, improving our knowledge of species

diversity within a medically important clade of venomous South

American snakes.

Introduction

Venomous snakes in the genus Bothrops Wagler 1824 (family Viperidae) have been the
focus of several phylogenetic and diversification studies over recent years (Wister et al.
2008; Fenwick et al. 2009; Carrasco et al. 2012; Alencar et al. 2016), with an equally active
taxonomy revelling unrecognised diversity at the species level (Ferrarezzi and Freire 2001;
Marques et al. 2002; Da Silva and Rodrigues 2008; Folleco-Fernandez 2010; Barbo et al.
2012, 2016; Carrasco et al. 2019; Timms et al. 2019). Despite these efforts, conflicting
topologies, taxonomic uncertainty, and underestimation of species diversity persist
(Machado et al. 2014; Dal Vechio et al. 2018, 2020). Among the Bothrops species whose
taxonomy is poorly known are the members of the jararacussu species group. In this
group, the phylogenetic relationships of B. sanctaecrucis Hoge 1966, phylogenetic
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relationships and taxonomic status of populations from the coastal Atlantic Forest (corre-
sponding to three taxa, B. jararacussu Lacerda 1884, B. muriciensis Ferrarrezzi & Freire
2001, and B. pirajai; Amaral 1923), as well as of phenotypically distinct populations in
Amazonia (under the name B. brazili Hoge 1953), remain unclear (Cunha and Nascimento
1975, 1978, 1993; Campbell and Lamar 2004; Dal Vechio et al. 2020).

Similar to the other members of the jararacussu group, Bothrops brazili, the Brazil's
lancehead, is characterised by a robust body and terrestrial habit. Despite its broad
distribution in Amazonian lowlands from Brazil, Peru, Bolivia, Colombia, Ecuador,
Venezuela, Guyana, French Guiana and Surinam, these reddish pit vipers went unnoticed
by 19" century naturalists, possibly as a consequence of their rarity in most localities. Only
in 1953 Hoge recognised and described the species, named in honour of Dr. Vital Brazil,
the founder of the Butantan Institute in Sdo Paulo. This description was performed on the
basis of two specimens, a male and a female, from a single locality that lies south of the
Amazon River: ‘Tomé Assu, Acara Mirim River, state of Para, Brazil'. Cunha and Nascimento
(1975, 1978, 1993) recognised pronounced phenotypic variation between populations of
B. brazili that occur north and south of the Amazon region, suggesting well defined
‘geographic races’.

Recently, Dal Vechio et al. (2020) studied the demographic history of the Bothrops
jararacussu species group on the basis of molecular data, recovering two allopatric
lineages under the taxon name of B. brazili. One such lineages is restricted to areas
north of the Amazon River, while the other occurs south to the river on its right bank.
Surprisingly, that study recovered northern and southern lineages to be non-sister, with
samples from the northern population clustering with a clade composed of specimens
from the Atlantic Forest. This Atlantic Forest clade included populations recognised as
three distinct taxa: B. muriciensis, B. pirajai and B. jararacussu (Dal Vechio et al. 2020).

Evidence of B. brazili as a paraphyletic species, coupled with previously suggested
morphological differences between populations north and south of the Amazon River,
indicate the need of an evaluation of unrecognised species diversity under this taxon
name. In this contribution, we perform a comprehensive assessment of phenotypic
variation across the distribution of B. brazili under the light of patterns of spatial genetic
structure. This assessment reveals a new species of Amazonian pit viper, which we
formally describe.

Materials and methods
External morphological data

We examined 41 specimens of Bothrops brazili spanning the taxon’s entire geographic
distribution (Appendix A). We complemented this examination with data available in the
literature (Amaral 1923; Hoge 1953, 1966; Hoge & Lancini 1962; Roze 1966; Hoge et al.
1972; Cunha & Nascimento 1975, 1978, 1993; Gasc & Rodrigues 1980; Chippaux 1986;
Dixon & Soini 1986; Campbel & Lamar 1989, 2004; Ferrarrezzi & Freire 2001; Duellman
2005; Da Silva & Rodrigues, 2008; Carrasco et al. 2019; Timms et al. 2019).

We follow Campbell (1985) in the description of scale attributes and counts.
Morphometric measurements were taken using a solid metallic ruler to the nearest
10 mm or a caliper to the nearest 0.1 mm. Measurements were: body length (SVL), from
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the tip of the snout to the cloaca; tail length (TL), from the posterior border of the cloaca
to the tip of the tail; head length (HL), from the snout to the posterior edge of the lower
jaw. Observation of scale attributes and scale counts were performed under a Zeiss
stereomicroscope. Traits were: number of ventrals (V), subcaudals (SC), supra (SL) and
infralabials (IL), prefoveals, postfoveals, state of prelacunar (fused or not with the second
supralabial), preocular, postocular, interoculabials, circumorbitals, gulars, canthals, poster-
ior intercanthals, intersupraoculars, dorsals scales and number of lateral trapezoidal marks
(LTM) from the neck to the cloaca region (blotches on the tail were not considered).

Hemipenial preparation

We prepared the left hemipenis of the holotype of the new species (MZUSP 23282)
following Manzani and Abe (1988) and Zaher (1999). The retractor muscle was manually
separated and the everted organ filled with stained petroleum jelly. The organ was
immersed in an alcoholic solution of Alizarin Red for 24 hours to stain possible calcified
structures as proposed by Nunes et al. (2012). The terminology of hemipenial structures
follows Dowling and Savage (1960) and Zaher (1999).

Molecular data

For phylogenetic inference, we used sequences from 18 samples from the jararacussu
species group generated by Dal Vechio et al. (2020), as follows: nine specimens of
Bothrops braczili, six B. jararacussu, two B. muriciensis, and one B. pirajai. We also included
in our alignments two additional samples of B. brazili and two of B. jararacussu available in
the Genbank. Lastly, we added previously published sequences from 49 samples repre-
senting species from other Bothrops groups, composing a matrix with 23 terminal taxa
(Appendix B). Our final molecular dataset was a concatenated matrix including nine
molecular markers, four of which mitochondrial and five nuclear (total alignment length
6,009 bp), as follows: the mitochondrial genes 16s ribosomal RNA (16s, 534 bp; Palumbi
1996), 12s ribosomal RNA (12s, 394 bp; Palumbi 1996), cytochrome b (cytb, 737 bp; Pook
et al. 2000), and NADH dehydrogenase subunit 4 (nd4, 798 bp; Arévalo et al. 1994), and the
nuclear genes megakaryoblastic leukaemia 1 (mkl1, 787 bp; Townsend et al. 2008),
recombination-activating gene 1 (rag1, 995 bp; Wiens et al. 2008), prolactin receptor (prlr,
551 bp; Townsend et al. 2008), oocyte maturation factor (c-mos, 575 bp; Godinho et al.
2006), and brain-derived neurotrophic factor (bdnf, 639 bp; Townsend et al. 2008).

We performed Bayesian inference for phylogenetic reconstruction using MrBayes v. 3.2
(Ronquist et al. 2012), through the Cipres Science Gateway (Miller et al. 2010). Sequences
were aligned using MUSCLE (Edgar 2004) as implemented in MEGA v. 6 (Tamura et al.
2013) under default settings. The best-fit model of evolution for each aligned marker was
determined using jModelTest v. 2.1.3 (Darriba et al. 2012) under the Akaike Information
Criterion (AIC). Best-fit models were as follows: GTR+G + | for all mitochondrial markers,
HKY for bdnf and c-mos, GTR for prlr, GTR+I for rag1, and HKY+I for mk/1. For the Bayesian
analyses, two independent runs were performed with four Markov chains each, starting
from a random tree; each run consisted of 10,000,000 generations, with trees sampled
every 1,000 generations. We discarded the first 25% of trees as burn-in; convergence of
independent runs and stationarity of model parameters (effective sampling sizes > 200)
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were verified using Tracer v. 1.6 (Rambaut and Drummond 2009). A 50% majority
consensus tree was summarised from MrBayes analyses. Resulting phylogenies were
visualised using FigTree 1.4.0 (http://tree.bio.ed.ac.uk/). Uncorrected genetic distances
(p-distances) were calculated using MEGA v. 6 (Tamura et al. 2013).

Inferring independently evolving lineages

To support an evaluation of unrecognised species diversity in the B. jararacussu
species group, we estimated independently evolving lineages using the molecular
species delimitation algorithm Generalised Mixed Yule-Coalescent (GMYC; Pons et al.
2006), using its Bayesian implementation (bGMYC; Reid and Carstens 2012). This
method interprets splits on a phylogeny as either species divergences or intra-
specific coalescent events. As GMYC assumes that the frequency of coalescent events
within species is higher than the rate of divergences between species, attempting to
find a threshold that distinguishes these two branching types on a target phylogeny,
it is important that the dataset bears samples representative of intra and inter specific
splits. An ultrametric target tree was inferred based on the mitochondrial dataset
using BEAST 1.8.4 (Drummond et al. 2012), with two independent runs of 20 million
generations each sampling every 2,000 generations. We used as parameters and priors
to the analysis: uncorrelated relaxed clock and lognormal for relaxed distribution;
random starting tree; and Yule process for speciation model. The best-fit model of
evolution for each mitochondrial marker was identified using jModelTest v. 2.1.3
(Darriba et al. 2012) and the Akaike Information Criterion (AIC), resulting GTR+G + |
for all of them. bGMYC was applied based on 500 posterior trees from BEAST runs
using the bgmyc.multiphyl() function in R 3.3.2, with 50,000 MCMC steps (40,000 steps
as burn-in) sampling every 100 steps. We used a probability threshold of 0.7 because
the default value (0.5) failed to recognise well established species based on morpho-
logical and genetic data within the neuwiedi, alternatus, and taeniatus species groups
of Bothrops.

Results
Phylogenetic relationships

Our molecular phylogenetic analysis inferred the Bothrops jararacussu species group as
monophyletic (PP = 1) and sister to the Bothrops atrox group (Figure 1). We found B. brazili
to be paraphyletic, forming two highly supported non-sister clades. One such clade occurs
north of the Amazon River; this clade is sister to a clade composed of the Atlantic Forest
species B. jararacussu, B. pirajai, and B. muriciensis (PP = 1). A second B. brazili clade
included samples from south of the Amazon River; this clade was inferred as the sister of
the ancestor of all other samples in the jararacussu species group (PP = 1) (Figure 1).

Like B. brazili, we inferred B. jararacussu as paraphyletic. Samples from the coastal state
of Espirito Santo in Brazil form a clade that is sister to the ancestor of B. pirajai and
B. muriciensis (PP = 1). In turn, samples of B. jararacussu from the states of Sdo Paulo and
Minas Gerais in Brazil's southeast compose a clade that is sister to the ancestor of all
remaining Atlantic Forest samples (PP = 1) (Figure 1).
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Figure 1. Phylogenetic relationships within Bothrops highlighting the placement of B. oligobalius sp.
nov. (blue) and B. brazili (red) in the jararacussu species group. Posterior probabilities are shown
above nodes. Scale bar indicates substitutions per site. Photo: B. oligobalius sp. nov. from French
Guiana, by Maél Dewynter.

0.005

Uncorrected pairwise genetic distances between the northern clade of B. brazili and
species in the Atlantic Forest clade ranged from 3.9 to 4.9% for the mitochondrial markers
nd4. Genetic distances between the two non-sister clades of B. brazili ranged from 5.6
to 7.1%.

Inferences of independently evolving lineages

Our molecular species delimitation analysis based on bGMYC identified three indepen-
dently evolving lineages within the B. jararacussu species group. One of these lineages is
composed of samples of B. brazili from south of the Amazon River; one is composed of
samples of B. brazili from north of the Amazon River; and another one is composed of
samples from the Atlantic Forest species B. jararacussu, B. pirajai and B.muriciencis (the
Atlantic clade) (Figure 1).

Morphological examination of specimens demonstrates that the non-sister northern
and southern clades of B. brazili have consistent phenotypic differences (see below).
Based on these differences, coupled with the phylogenetic and molecular delimitation
results, we describe the northern clade as a new species, as follows.
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Bothrops oligobalius sp. nov.
(Figures 2-7)

Bothrops neglecta, Amaral 1923: 100-102; in part;
Bothrops neglecta, Hoge & Lancini 1962: 16;

Bothrops brazili, Hoge 1962: 63;

Bothrops neglecta, Roze 1966: 286;

Bothrops brazili, Hoge et al. 1972: 231; in part;
Bothrops brazili, Cunha & Nascimento 1975: 12-17; in part;
Bothrops brazili, Gasc & Rodrigues 1980: 591;

Bothrops brazili, Chippaux 1986: 50;

Bothrops brazili, Campbell & Lamar 1989;

Bothrops brazili, Campbell & Lamar 2004.

Bothrops brazili ‘northern clade’, Dal Vechio et al. 2020

Holotype

A male, MZUSP 23282 (MTR 13844) collected by Miguel Trefaut Rodrigues and Antoine
Fouquet on 22 April 2007, under a leaf of Cecropia sp. in terra firme (non-flooded)
Amazonian lowland forests, at the Lourenco municipality (00°41'48.2"S, 57°42'45.1"W),
state of Amapa, Brazil (Figure 3). ZooBank ID number: 8E9124E2-94E6-434B-B086
-5043CE02893C

Paratypes

Ten specimens: Brazil: MNRJ 10050-51 (females) from Sao Gabriel da Cachoeira munici-
pality, state of Amazonas; MPEG 3274 (female) from Almeirim municipality, state of Parg;
MZUSP 11719 (male) from Rio Maracd, Mazagao municipality, state of Amapa; Colombia:
ICN 2155 (male) from Puerto Santander, Caqueta river, Araracuara, Amazonas; ICN 10000
(female), ICN 10001-02 (male) from Puré river, Leticia, Amazonas (Figure 5); ICN 8176
(female) from Caparu, Taraira lake, Vaupés; ICN 10404 (female) from Mosiro Itajura
biological research, Taraira lake, Vaupés.

Diagnosis

(1) A robust body species, SVL = 245-805 mm, (2) short tail, TL = 35-113 mm; (3) 23-27
dorsals on the first third of the body; (4) 23-25 dorsals at midbody; (5) 18-21 dorsals on
the last third of the body; (6) 156-164 ventrals in females (median = 160) and 154-159 in
males (median = 156); (7) anal scale not divided; (8) 42-48 paired subcaudals in females
(median = 44.5) and 47-52 in males (median = 48.8); (9) 9-13 lateral trapezoidal marks in
each side (median = 11,01 and 11,7 on the right and left side, respectively); (10) post-
orbital stripe absent or poorly marked; (11) eight supralabials; (12) 10-12 infralabials;
(13) second supralabial fused to the prelacunal; (14) belly checkered; (15) absence of
vertebral stripe.

Comparisons with other species

Comparisons for meristic and qualitative characters are presented in Table 1.
Attributes from other species are presented in parenthesis. The new species can be
promptly assigned to the jararacussu group due its morphological similarities with
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Table 1. Meristic and qualitative features within the B. jararacussu species group. LTM: lateral
trapezoidal marks; POS: posocular stripe; SC: subcaudals V: ventrals; VS: vertebral stripe.

LT™M Vv SC POS VS Distribution

B. oligobalius sp. nov.  9-13 156-164 (F) 42-48 (F) Absent or faded  Absent Amazonia
154-159 (M)  47-52 (M)

B. brazili 13-21 174-186 (F) 45-56 (F) Absent or faded  Present  Amazonia
175-184 (M) 54-61 (M)

B. muriciensis 12-15  151-155 (F) 45-51 (F) Absent or faded  Absent Atlantic Forest
148-150 (M) ~ 51-55 (M)

B. pirajai 12-18  157-168 (F) 45-58 (F) Present Absent Atlantic Forest
155-167 (M)  43-54 (M)

B. jararacussu 16-22  170-186 (F) 44-55 (F) Present Absent Atlantic Forest
166-181 (M)  50-68 (M)

B. sactaecrucis 18-21 171-185 56-57 Absent or faded  Absent Montains in Bolivia

B. brazili, with whom the new species shared its specific epithet for over 60 years.
Like other members in the jararacussu group, the new species presents the second
labial scale fused to the prelacunal (separate in the alternatus and neuwiedi groups),
postorbital stripe absent or faint (present in the alternatus, neuwiedi, atrox and
jararaca groups), dorsal skin of the head with homogeneous colouration (blotched
or patterned in the alternatus and neuwiedi groups and generally in the atrox group
as well), stout and cylindrical bodies and terrestrial habit (slender, laterally com-
pressed and arboreal habit in the taeniatus group), reddish and greyish background
skin colouration and reddish eye (greenish background colour in the taeniatus group,
skin generally brownish in the atrox, jararaca, alternatus and neuwiedi groups), eight
supralabials and lower number of ventrals (generally 7 supralabials and higher
number of ventrals in atrox group). Assignment of B. oligobalius to the jararacussu
group is further supported by our molecular approach (Figure 1).

Within the jararacussu species group, Bothrops oligobalius can be distinguished from
B. jararacussu and B. pirajai by the absence or a faint postorbital stripe (present in both
species), greyish and reddish background skin colouration (yellowish or brownish back-
ground with black trapezoidal marks in both species), reddish eye (yellowish or brownish
in both species). The number of ventrals in B. oligobalius (156-164 in females, 154-159 in
males) distinguishes it from B. muriciensis (151-155 in females, 148-150 in males) and
B. jararacussu (170-186 in females, 166-181 in males) (Table 1). The phylogenetic position
of B. oligobalius sister to a clade assembling B. jararacussu, B. pirajai and B. muriciensis
(which correspond to the Atlantic Forest lineage in the jararacussu group) is further
supported by high genetic divergence and highly disjunct distributions (Figure 1).

Bothrops oligobalius is similar to B. brazili in background skin colouration and
general external morphology features. However, the species can be promptly distin-
guished from B. brazili due to a smaller number of lateral trapezoidal marks (9-13;
mean = 11.01 and 11.7 on the right and left side, respectively; in B. brazili, 13-21
mean = 17.1 and 16.3 on the right and left side, respectively) and absence of
a vertebral stripe (present in B. brazili) (Table 1, Figures 2, Figures 3, Figures 5 and
Figures 8). Moreover, the low number of ventrals (156-164 in females and 154-159 in
males), and subcaudals 42-48 in females and 47-52 in males in B. oligobalius also
distinguish it from B. brazili (ventrals 174-186 in females and 175-184 in males, and
subcaudals 45-56 in females and 54-61 in males) (Table 1). Molecular analysis
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Figure 2. Bothrops oligobalius sp. nov. from French Guiana. Photo by Maél Dewynter.

recovered these two species as non-sister lineage, with pronounced genetic dis-
tances between them. Moreover, the new species occurs north of the Amazon
River, while B. brazili is restricted to areas south of the river, with no reported
sympatry (Figures 6, Figures 8).

Lastly, the new species is distinguished from B. sanctaecrucis, a poorly known member
of the jararacussu group from Bolivia, by the lower number of ventrals and caudals
(171-185 and 56-57 respectively in B. sanctaecrucis), lower number of lateral trapezoidal
marks (18-21), and greyish to reddish background skin colouration (brownish to
yellowish).

Description of the holotype

Subadult male (Figures 3, Figures 4), preserved in ethanol with the left hemipenis
prepared; SVL 594 mm; TL 95 mm (13.7% of total length); head length 32.1 mm; head
width 20.7 mm; rostral 4.6 mm high; nasals divided; 2/1 prefoveals; 2/2 postfoveals;
prelacunal fused with second supralabial in both sides of head (lacunolabial present); 1/
1 preocular; 2/2 postoculars; 8/8 supralabials; 7/7 interoculabials; 5/5 circumorbitals; 10/11
infralabial; mental longer than broad, contacting the first two infralabials anteriorly (on
each side); five gulars between the chin shield and the first ventral scale; 4/5 rows of gulars
separating the first ventral scales from the infralabials; 2/1 canthals; 8 posterior inter-
canthals; 4 intersupraoculars; cephalic scales with no or weak keels; 25/24/19 dorsals; 159
ventrals; anal scale not divided; 48 divided subcaudals. Posterior cephalic scales longer
than wide and strongly keeled; temporal scales keeled; internasals, canthals and suprao-
culars smooth. At midbody, eight rows of paravertebral scales between two adjacent
lateral trapezoidal marks. In preservation, the background skin colouration of the holo-
type is greyish, with 12/11 brownish/greyish lateral trapezoidal marks lighter on the
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Figure 3. Holotype of Bothrops oligobalius sp. nov. (MZUSP 23282, field number MTR 13844), from
Lourenco Municipality, State of Amapd, Brazil. A: Dorsal view; B: Ventral view. Scale bar = 1 cm.
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Figure 4. Head of the holotype (MZUSP 23282) of Bothrops oligobalius sp. nov. in (a) lateral, (b) dorsal
and (c) ventral views. Scale bar 1 cm.

central part; marks usually meet on the dorsum. Dorsal skin of the head homogeneously
greyish, without distinctive blotches. Ventral skin of the head light grey, with the centre of
the scales cream and scale edges light grey; Postorbital stripe absent to faint. Tail greyish/
brownish dorsally with small dark brown lateral blotches; posterior part of tail dark brown;
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Figure 5. Paratype of Bothrops oligobalius sp. nov. (ICN10002) from Leticia, Amazonas, Colombia. A:
Dorsal view; B: Ventral view. Scale bar = 1 cm.
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Figure 6. Geographic map of South America showing the distribution of Bothrops oligobalius sp. nov.
(yellow) and B. brazili (red). Outlined diamonds and circles represent sites with genetic samples
available. Diamonds with an inner dot indicate the type locality of each both species. The Amazonian
biome is highlighted in green; the Amazon River is also indicated. Photos: B. oligobalius sp. nov. from
French Guiana, by Maél Dewynter; B. brazili from Porto Velho, RO, Brazil, by FDV.

subcaudals speckled on anterior portion and brownish posteriorly. Venter irregularly
speckled with cream and greyish; speckles reaching the middle of the subcaudal scales.

Hemipenial morphology

Hemipenis bilobed, bicalyculate, and bicapitate (with thinning towards the tip of the
capitulum); sulcus spermaticus extending to the tip of each lobe (Figure 7). Large calcified
spines present on the body of the hemipenis on the sulcate and asulcate faces, reaching
the capitulum. On the asulcate face, region from the base of the hemipenis to the fork
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Figure 7. Left Hemipenis from the holotype of Bothrops oligobalius sp. nov. (MZUSP 23282, field
number MTR 13844). A: Sulcade face; B: Asulcade face. Scale bar = 1 mm.

smooth and without spines. Intrasulcar region with many ossified spines; sulcus sperma-
ticus bordered by small calcyfied spines up to the calyce (Figure 7).

Variation

The type series is fairly homogeneous in colouration pattern and pholidosis. The specimen
ICN10001 shows nine supralabials on the right side, probably as a result of split of the fifth
supralabial into two. Chin colouration can vary from totally cream to presenting the
central part of scales cream with a greyish border. One specimen (MZUSP 11719) shows
13 lateral trapezoidal marks on each side of the body; one (ICN8176) has 13 marks on the
left side; all other specimens have less than 13 dorsal trapezoidal marks.

Distribution and natural history

The new species is known from areas north of the Amazon River in the Guiana Shield
region extending into western Amazonia, an area that includes Brazil (states of Amap3,
Roraima, and the northern parts of Para and Amazonas), French Guiana, Surinam, Guyana,
Venezuela and Colombia. Its currently known range limit to the west lies around the
Putumayo River, although the species may also occur in the Putumayo-Napo interfluve.
The new species presents stout body and terrestrial habit, being found mainly in terra
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Figure 8. Bothrops brazili in dorsal view. A- DHMECN3035 from Ecuador B- QCAZ4827 from Pastaza,
Ecuador. Scale bar =1 cm.

firme (non-flooded) Amazonian lowland forests. The species has rarely been sampled in
the vdrzea (flooded) forests.

Etymology

The specific name derives from the Greek oligos (few) and balios (spotted, dappled). The
name is a reference to the smaller number of lateral trapezoidal marks on the body
compared to Bothrops brazili, a name now restricted to the populations south of the
Amazon River (see below).

Discussion
A new Amazonian species of Bothrops

The systematics and taxonomy of Bothrops snakes have been highly active over the last
two decades, with several new species descriptions (e.g. B. marmoratus, Da Silva &
Rodrigues 2008; B. ayerbei, Folleco-Fernandez 2010; B. otavioi and B. sazimai, Barbo
et al. 2012, 2016; Carrasco et al. 2019; B. monsignifer Timms et al. 2019) and phylogenetic
studies failing to fully resolve relationships within the neuwiedi, atrox, taeniatus and
jararacussu species groups (Machado et al. 2014; Saldarriaga-Cérdoba et al. 2017; Dal
Vechio et al. 2018, 2020). These studies have revealed persistent knowledge gaps about
species diversity and evolutionary relationships in Bothrops, in spite of the medical
significance of these ubiquitous venomous snakes.
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These knowledge gaps involve broadly distributed taxa, which is the case of the two
lineages that we recovered under the name Bothrops brazili. These snakes are easily
distinguished from the other Bothrops species but since its description by Hoge (1953),
B. brazili has been treated as a single taxon, despite previous suggestions of differences in
scale traits between populations north and south of the Amazon River (Cunha and
Nascimento 1975, 1978, 1993). In agreement with these previous morphological evi-
dences, we found consistent differences in the number of ventral and subcaudal scales
between populations of B. brazili that occur north and south to the Amazon River.
Moreover, we found that the number of lateral trapezoidal marks is a distinguishing
feature between these two geographical groups. Lastly, our molecular analyses inferred
high genetic divergence between the northern and southern lineage of B. brazili, which
were also found to be non-sister. Based on these results, we describe the northern lineage
as a new taxon, which we name as B. oligobalius. The name B. brazili is now restricted to
those populations that occur south of the Amazon River, given the original type locality of
B. brazili in "'Tomé Assu’ (Tomé Acu municipality), Brazilian state of Pard, south of the
Amazon River.

Specimens of B. oligobalius may have been previously treated under the name B.
neglecta, presently a synonym of B. pirajai. Amaral (1923) described B. neglecta based
on two specimens: one from ‘southeastern Bahia’, the holotype, and one paratype from
‘British Guyana’, a specimen reported in Boulenger’s snake catalogue (1896). These speci-
mens caught the attention of Amaral because of their low number of ventral and caudal
scales. While we did not have access to the specimen from ‘British Guyana’, the locality
and morphological features described by Amaral (1923) suggest that it corresponds to
B. oligobalius. The name B. neglecta, however, is tied to the holotype, a specimen from an
Atlantic Forest population referred earlier to B. pirajai, and is therefore not available.

Evolutionary relationships in the Bothrops jararacussu species group

Our phylogenetic results agree with previous suggestions based on morphological attri-
butes that B. pirajai and B. muriciensis are nested within the jararacussu species group of
Bothrops. These two species clustered with B. jararacussu, forming a clade that occurs in
the coastal Atlantic Forest. In turn, we inferred this Atlantic Forest clade as sister to an
Amazonian lineage that occurs north of the Amazon River, previously referred to as
B. brazili. We inferred northern and southern Amazonian lineages of B. brazili as not sister,
revealing that B. brazili is a paraphyletic taxon, a finding that supports the recognition of
B. oligobalius. Like B. brazili, we inferred B. jararacussu as a paraphyletic species, with
samples from the Brazilian state of Espirito Santo clustering with B. pirajai and
B. muriciensis, while samples from Sao Paulo and Minas Gerais composed a clade that is
sister to the ancestor of all remaining Atlantic Forest samples.

These phylogenetic results recapitulate the biogeographic investigation of Dal Vechio
et al. (2020). Based on inference of historical demography, that study found support for
a history of vicariant separation between the ancestor of B. oligobalius and B. brazili during
the Late Miocene, presumably as a result of the establishment of the modern Amazon
River drainage (Dal Vechio et al. 2020). This vicariant event was followed by the colonisa-
tion of the Atlantic Forest during the Late Pleistocene as a result of a rainforest expansion
event that would have connected eastern Amazonia and the Atlantic Forest through the
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Caatinga in present-day Brazil's northeast. Our phylogenetic results support that this
proposed colonisation event triggered a new radiation of snakes in the Atlantic Forest
region, a radiation that now includes B. muriciensis, B. pirajai, and the two non-sister
lineages within B. jararacussu.

Concluding remarks

On the basis of morphological and genetic data, we found unrecognised species diversity
and paraphyletic taxa within the jararacussu species group of Bothrops. We therefore
assign a new taxon name, B. oligobalius, to the populations that occur north of the
Amazon River. The new species occurs in Amazonian lowlands in Colombia, Venezuela,
French Guiana, Surinam, Guyana, and Brazil. We retrieved B. oligobalius as sister to a clade
composed of Atlantic Forest species, supporting the hypotesis that climate-driven
changes in habitat distribution contributed to the diversification of South American
lanceheads. Our results also reveal additional taxonomic issues that require further
evaluation, particularly the paraphyletic nature of the Atlantic Forest taxon Bothrops
jararacussu. Resolving these issues will rely on comprehensive sampling of phenotypic
and genetic variation in this medically important clade of venomous snakes.
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Appendix A. Examined specimens

MTR: Field numbers acronyms of specimens housed at Laboratério de Herpetologia do Instituto de
Biociéncias, Universidade de S&o Paulo, Sdo Paulo, Brazil, under the care of Miguel Trefaut
Rodrigues; MZUSP: Museu de Zoologia da Universidade de Sdo Paulo, Sdo Paulo, Brazil; IB:
Instituto Butantan, Sdo Paulo, Sdo Paulo, Brazil;, MPEG: Museu Paraense Emilio Goeldi, Belém,
Pard, Brazil; MZUFAL: Museu de Zoologia, Universidade Federal de Alagoas, Macei6, Alagoas,
Brazil; MNRJ: Museu Nacional, Rio de Janeiro, Rio de Janeiro, Brazil; MZUESC: Museu de Zoologia,
da Universidade Estadual de Santa Cruz; CEPLAC: Comissao Executiva de Planejamento da Lavoura
Cacaueira, Brazil; INPA: Instituto Nacional de Pesquisas da Amazdnia, Amazonas, Brazil, MZML:
Museu de Zoologia Melo Leitdo, Santa Tereza, Espirito Santo, Brazil, MECN: Museo Equatoriano de
Ciencias Naturales, Quito, Equador; QCAZ: Museo de Zoologia, Pontificia Universidad Catoélica del
Ecuador, Quito, Equador; FHGO: Fundacidon Herpetologica Gustavo Orces, Quito, Equador; ICN:
Museo de Historia Natural, Universidad Nacional de Colombia, Bogotd, Colombia, USNM:
Smithsonian National Museum of Natural History, Washington D.C., United States.

Bothrops atrox: (n = 7) BRAZIL: Acre: Cruzeiro do Sul: MTR 28211, MTR 28473; Amazonas: Beruri:
MTR 18742, MTR 18745, MTR 18849, MTR 18979-80, MTR 19304; Japura: MTR33835; Ronddnia:
Guajara Mirim: MTR 25508, MTR 25759.

Bothrops brazili: (n = 36) BRAZIL: Amazonas: Coari: MZUSP 10534 (INPA326); Para: Belém: MPEG
3274; Benevides: MPEG 6854; Canindé: MZUSP 4260; Melgaco: MPEG 20914; Portel: MPEG 22703;
Santo Antonio do Taud: MPEG 5450, Tailandia: MZUSP 18128; Rondonia: Porto Velho: MPEG
17824-25, MZUSP 20563 (H2576); Mutum Parana: MZUSP 4895. ECUADOR: DHMECN 3035, FHGO
96, FHGO 232, FHGO 6501, FHGO 8666, FHGO 9155, FHGO 10753, FHGO 10760, FHGO 11512, FHGO
12031, FHGO 12509, FHGO 12513-14, FHGO 12555; Morona Santiago: QCAZ 5169; Pastaza: QCAZ
4827, QCAZ 4992, QCAZ 11766, USNM 165339. PERU: Amazonas: USNM 316671, USNM 560445,
USNM 566700, USNM 566705. Madre de Dios: USNM 345184,

Bothrops oligobalius sp. nov.: (n = 12) BRAZIL: Amapa: Lourenco: MZUSP 23282 (Holotype),
Mazagdo: MZUSP 11719; Amazonas: Sdo Gabriel da Cachoeira: MNRJ 10050-51; Para: Almerim:
MPEG 3274. COLOMBIA: Amazonas: Araracuara: ICN 2155; Leticia: ICN 10000-02; Vaupés: Taraira:
ICN 81761, CN10404. VENEZUELA: Amazonas: USNM 562703

Bothrops jararacussu: (n = 25) BRAZIL: Espirito Santo: MBML 625, MBML 1398; Cariacica: MBML
1715; Domingos Martins MBML 2725; Santa Leopoldina: MBML 447, MBML 466, MBML 1116; Santa
Maria de Jetiba: MBML 90, MBML 515; Santa Teresa: MBML 19, MBML 21, MBML 32, MBML 268,
MBML 342, MBML 398, MBML 400, MBML 436, MBML 490, MBML 501, MBML 515, MBML 532, MBML
645, MBML 1222, MBML 1265, MBML 2730.

Bothrops leucurus: (n = 2) BRAZIL: Alagoas: Marechal Deodoro: MZUFAL 5562; Rio Largo: MZUFAL
10764.

Bothrops muriciensis: (n = 5) BRAZIL: Alagoas: Murici: MZUFAL 379, MZUFAL 10751, MZUFAL
10958, MZUFAL 11094, MZUESC 509.

Bothrops pirajai: (n = 6) BRAZIL: Bahia: CEPLAC 1171, CEPLAC 4316, CEPLAC 5345, CEPLAC 5471,
CEPLAC 5125; Wenceslau Guimaraes: MTR 22184.
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