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Abstract

We describe a new species of montane pitviper of the genus Bothrops from the Cordillera Oriental of the Central
Andes, distributed from southern Peru to central Bolivia. The new species can be distinguished from its congeners
by the characteristic combination of a dorsal body color pattern consisting of triangular or subtriangular dark brown
dorsal blotches, paired dark brown parallel occipital stripes, a conspicuous dark brown postocular stripe, the presence of
canthorostrals in some specimens, prelacunal fused or partially fused with second supralabial, one scale usually separating
internasals, rostral trapezoidal, two canthals oval to rounded, similar size or slightly larger than internasals, three or four
medial intercanthals, eight to twelve intersupraoculars, intercanthals and intersupraoculars keeled and frequently slightly
keeled, supraoculars oval, one to three suboculars, two to three postoculars, loreal subtriangular, two to six prefoveals,
subfoveals absent, two or none postfoveals, one or two scales between suboculars and fourth supralabial, seven or eight
supralabials, nine or eleven infralabials, 23—25 middorsal scales, 189-195 ventrals in females and 182—190 in males,
48-58 subcaudals in females and 54-63 in males, exceptionally undivided. The new species is apparently restricted to
areas within Andean montane forests that are less humid and devoid of large trees.
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Introduction

The clade Bothrops Wagler 1824 sensu lato (or “bothropoids™) is a group of pitvipers that comprises 51 species
distributed throughout South America (except for B. asper Garman 1884, which also extends through all Central
America as far north as Mexico, and B. punctatus Garcia 1896, which also enters the eastern side of Panama) and
some islands in the Caribbean and Atlantic coast of Brazil (Campbell & Lamar 2004; Uetz & HoSek 2018). Based
on morphological and molecular evidence, the Bothrops clade has been classified into monophyletic species groups
included in two genera: the “Bothrocophias microphthalmus™ Cope 1875 group (genus Bothrocophias Gutberlet
& Campbell 2001), the “Bothrops alternatus” Duméril, Bibron & Duméril 1854 , “B. neuwiedi” Wagler 1824, “B.
jararaca” Wied-Neuwied 1824, “B. jararacussu” Lacerda 1884, “B. taeniatus” Wagler 1824 and “B. atrox” Lin-

Accepted by P. Passos: 1 Jul. 2019; published. 13 Aug. 2019 99



naeus 1758 groups (genus Bothrops sensu stricto) (Fenwick et al. 2009; Carrasco et al. 2012). The species of the
Bothrops clade are of medical importance due to envenoming accidents that occur across their distribution and to
the pharmacological properties of their venoms; hence, they are of great interest to science and have been studied
since the late 1700’s (Franca & Malaque 2003; Campbell & Lamar 2004; Warrell 2004; Gutiérrez 2009; Carrasco
et al 2016).

In the past decades, several new pitviper species have been described from South America (Harvey 1994; Fer-
rarezzi & Freire 2001; Silva & Rodrigues 2008; Barbo et al. 2012, 2016; Carrasco et al. 2019), and new discoveries
seem likely to occur in the Andean Mountain Range (e.g., Esqueda ez al. 2005; Passos et al. 2009; Rojas-Morales
2012). This vast territory harbors large regions of poorly explored terrain with diverse habitats, most of which have
favorable conditions to house pitvipers, like the deep interandean valleys (Koch ef al. 2018). As many as 48% of all
the pitviper species in South America are distributed at different elevations throughout the Andean range (Campbell
& Lamar 2004). In such a varied orography, where suitable habitats occur from sea level to well above 3000 m (e.g.,
Bothrops ammodytoides, B. jonathani, Carrasco et al. 2009, 2010), speciation by vicariance processes is most likely
to take place.

The present study was prompted by a photograph (Fig. 1) of a specimen of Bothrops from the Bolivian Andes,
found in the Refugio Los Volcanes (department of Santa Cruz), which could not be assigned to any recognized spe-
cies so far. This initial photograph led to subsequent fieldwork in the area and collection of additional specimens.
Concomitantly with this discovery, a systematic revision of the pitviper species present in Peru led to the identifica-
tion of an undescribed species of Bothrops from the department of Puno, southeastern Peru, near the border with Bo-
livia. Both Bolivian and Peruvian specimens were compared and identified as the same morphotype. Morphological
comparisons and phylogenetic analyses confirmed the distinctiveness and close affinity to other species of Bothrops
of this population of Andean pitvipers, which we describe herein as a new species.

FIGURE 1. First specimen of the new species photographed in Bolivia (Refugio Los Volcanes, department of Santa Cruz).
Photo by W. Guzman.
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Material and methods

Specimens examined. This study was based on ten specimens of the new species, four from Bolivia and six from
Peru. Two of the Bolivian specimens were found during fieldwork in Cuevas (department of Santa Cruz) on March
2017, and were preserved and deposited in the MNK (see Sabaj 2016 for this and the following institutional ac-
ronyms, excepting CZA and MUBI). Geographic coordinates for these specimens were recorded directly on the
field with MotionX-GPS HD receiver using WGS84 datum. The other two specimens belong to the MNK and
CBF, respectively, and were previously catalogued as Bothrops sanctaecrucis. The Peruvian specimens belong
to the CORBIDI, MUSM and MUBI (Museo de Biodiversidad del Pera, Cusco, Pert1). Photographs of additional
specimens observed in the field are included in Appendix 1. All photographs were deposited in the photographic
collection of the MUBI. For morphological comparisons, we examined a total of 298 specimens of representative
species of the Bothrops clade (see Fenwick et al. 2009; Carrasco et al. 2012): Bothrocophias microphthalmus Cope
1875, B. hyoprora Amaral 1935 and B. andianus Amaral 1923 (“B. microphthalmus” group); Bothrops ammody-
toides Leybold 1873, B. alternatus Duméril, Bibron & Duméril 1854, B. cotiara Gomes 1913, B. fonsecai Hoge &
Belluomini 1959, B. itapetiningae Boulenger 1907 and B. jonathani Harvey 1994 (“B. alternatus” group); B. dipo-
rus Cope 1862, B. erythromelas Amaral 1923, B. lutzi Miranda-Ribeiro 1915, B. marmoratus Silva & Rodrigues
2008, B. mattogrossensis Amaral 1925, B. neuwiedi Wagler 1824, B. pauloensis Amaral 1925 and B. pubescens
Cope 1870 (“B. neuwiedi” group); B. insularis Amaral 1922 and B. jararaca Wied-Neuwied 1824 (“B. jararaca”
group); B. jararacussu Lacerda 1884, B. brazili Hoge 1954 and B. sanctaecrucis Hoge 1966 (“B. jararacussu”
group); B. asper Garman 1884, B. atrox Linnaeus 1758, B. lanceolatus Bonnaterre 1790, B. leucurus Wagler 1824
and B. moojeni Hoge 1966 (“B. atrox” group); B. bilineatus Wied-Neuwied 1821, B. chloromelas Boulenger 1912,
B. oligolepis Werner 1901, B. pulchra Peters 1862 and B. taeniatus Wagler 1824 (“B. taeniatus” group); B. pictus
Tschudi 1845, B. barnetti Parker 1938, B. venezuelensis Sandner-Montilla 1952 and B. lojanus Parker 1930. The
comparative material belongs to the CBF, CORBIDI, CZA (Centro de Zoologia Aplicada, Cérdoba, Argentina),
FML, MLP, MACN, MHNC, MNK, MUBI, MUSM and MZUSP. Taxonomy follows Carrasco et al. (2012). The
specimens examined for morphological comparisons are listed in Appendix 2.

Morphological study. Measurements for morphometric characters were taken with a digital caliper to the near-
est 0.01 mm. In the description, a slash (/) is used for counts from left/right sides of the body. Sex was determined
by examination of the presence/absence of hemipenes. The hemipenis of one Bolivian paratype (MNK 4313) was
available for examination. Definition of characters of external morphology followed Gutberlet & Campbell (2001)
and Carrasco et al. (2012), and characters of the hemipenis followed Pesantes (1989). The morphological characters
recorded followed Carrasco et al. (2019).

DNA sequencing. We obtained 96% ethanol-preserved muscle tissue samples for one specimen from Peru
(CORBIDI 2067) and extracted genomic DNA using a modified salt precipitation method based on the Puregene
DNA purification kit (Gentra Systems). We used PCR to amplify the cytochrome b (cytb) and NADH dehydroge-
nase subunit 4 (nd4) mtDNA fragments using the Gludg / AtrCB3 (Parkinson et al. 2002) and ND4 / LEU (Arévalo
et al. 1994) primer pairs, respectively. We performed amplification reactions using either BioMix Red mastermix
(Bioline Inc., Springfield, NJ, USA) or individual reagents (Platinum 7ag DNA polymerase, ANTP mix) from Life
Technologies. The cytb fragments were amplified using an initial 2.5 min denaturation cycle at 95°C, followed by
30s denaturing at 95°C, 1 min annealing at 45°C and 1.5 min extension at 68°C for 2 cycles, followed by 30s dena-
turing at 95°C, 30s annealing at 48°C and 45s extension at 72°C for 40 cycles, followed by a 15 min extension at
72°C; nd4 amplification conditions involved an initial 5 min denaturation cycle at 95°C, followed by 30s denatur-
ing at 94°C, 45s annealing at 52°C and 1 min extension at 72°C for 38 cycles, followed by a final 5 min extension
at 72°C. PCR purifications were performed using ExoSAP-IT (Affymetrix, Cleveland, OH, USA). Sequencing
reactions for forward and reverse strands were conducted using the BigDye terminator cycle sequencing kit (Life
Technologies) and products were sequenced by Macrogen Inc. (Seoul, South Korea). Complementary sequences
were assembled and edited with CodonCode Aligner 4.

Phylogenetic analyses. In order to evaluate the systematic position of the new species we performed phylo-
genetic analyses of cyth and nd4 sequences and morphological data. Based on Carrasco et al. (2012) and Alencar
et al. (2016) we included Crotalus durissus Linnaeus 1758, Bothriechis schlegelii Berthold 1846, Lachesis muta
Linnaeus 1766, Atropoides nummifer Riippell 1845, Cerrophidion godmani Glinther 1863, and Porthidium nasutum
Bocourt 1868 as outgroup taxa (Appendix 2). The morphological dataset included the characters from Carrasco et
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al. (2019), with the addition of the character/data from cranial osteology used by Carrasco et al. (2012) (Appendix
3). Osteological characters were coded as missing data for the new species. The morphological matrix (Appendix
4) was then composed of 108 characters and 43 taxa, and two blocks for continuous and discrete characters, respec-
tively. Continuous characters were analyzed without discretization, represented as ranges of two standard deviations
around the mean (Goloboff et al. 2006) and standardized to the same range (0-2) to avoid scaling problems. We
treated discrete characters as non-additive. The molecular dataset was composed of the sequences we obtained of
the new species and sequences retrieved from GenBank for the rest of the taxa (Accession numbers in Appendix 5).
The molecular matrix included two blocks, one for each gene, and had 1306 aligned sites (cyth: 642; nd4: 664). We
combined the morphological and molecular matrices in a total evidence analysis, and we also performed separate
analysis of the following partitions: [morphology], [continuous morphological characters], [discrete morphologi-
cal characters], [cyth], [nd4], [cytb + nd4], [morphology + cyth], [morphology + nd4]. The phylogenetic analyses
were performed under the maximum parsimony criterion using the program TNT 1.5 (Goloboff & Catalano 2016).
Searches for optimal trees were performed using random addition sequences of Wagner trees, followed by the TBR
algorithm, making 100 replications for morphology-only analyses and 500 replications for molecular-only and
combined analyses, and saving up to 10 trees per replicate. All characters were analyzed under equal (EW) and
implied weights (IW) (Goloboff et al. 2008). For implied weighting we used concavity values (k) between 3—10 for
morphology-only analyses and 8—15 for molecular and combined-evidence analyses (Goloboff et al. 2008). Branch
support was calculated under jackknifing and bootstrapping, performing 500 pseudoreplicates of 10 random addi-
tion sequences each, using a probability of elimination of 0.36 for jackknife values.

Results

Phylogenetic analyses confirmed that the new species is indeed a member of the genus Bothrops (Figs. 2—4). The
analyses of total evidence, under both EW and IW, recovered the same single topology in which the new species is
basal to a clade conformed by the “B. neuwiedi” and “B. jararaca” species groups, with medium-low support values
(Fig. 2). However, the results of the different partitioned analyses differed among them, as shown in Table 1. Some
of these alternative analyses recovered the same position for the new species as in the total evidence analyses, with
medium-high support values (e.g., cytb + nd4; Fig. 3). However, the phylogenetic signal of the morphological data
(Fig. 4) and part of the molecular evidence (see nd4 under EW in Table 1) indicate a closer relationship of the new
species to the “Bothrops jararacussu” group, mostly as the sister taxa of B. sanctaecrucis, with medium-low sup-
port values. The relation of the new species with the “Bothrops neuwiedi” + “B. jararaca” clade in total evidence
analyses is supported by nine molecular characters and no morphological synapomorphies. Its relationship with the
“Bothrops jararacussu” clade, as in the morphology-only analysis, is supported by four morphological characters
(n° of supralabials, n° of anterior intercanthals, caudal spine length/tail length, and presence of a swollen dorsal area
in the intralobular area of the hemipenial lobes). The phylogenetic position of the new species within the genus is
thus not fully resolved. However, the different positions of the new species shown by these preliminary phyloge-
netic analyses highlight the distinctiveness of this Andean population as a new species, which we describe below.

Bothrops monsignifer sp. nov.
Figures 1, 5-12, Table 3

Bothrops andianus, not Amaral 1923, Campbell & Lamar 2004 (Fig. 126, not text).
Bothrops mattogrossensis, not Amaral 1925, Campbell & Lamar 2004 (Plate 645, not text).
Bothrops sanctaecrucis, not Hoge 1966, Miranda Calle & Aguilar-Kirigin 2011, part.

Holotype. An adult female (MNK 5556; Figs. 5A, 7A, 8B, F) collected by local people on March 11, 2017 at 13 km
southwest to Refugio Los Volcanes (18°11'51.10"S, 63°40'5.95"W; 1658 m above sea level, asl hereafter), Cuevas
Ecological Center, province of Florida, department of Santa Cruz, Bolivia. The specimen was legated to MNK by
J. Timms.

Paratypes. Nine specimens. Subadult female (MNK 5557; Fig. 5B, 7B) collected by J. Timms on March 22,
2017 at El Palmar, (18°11'46.19"S, 63°40'1.82"W, 1629 m asl), Cuevas Ecological Center, province of Florida,

102 - Zootaxa 4656 (1) © 2019 Magnolia Press TIMMS ET AL.



SI=8=

((dnoi3  paimnou g, + dnoi3 , vovav.av! g, ) "Aou -ds uafiusisuous *g)

SI-8=4

((((dnoi3 xouyv °g,,)

g "g) sisuajonzouda *g) + (dnois  pov.vanl g, + ‘rou “ds uafiudisuous *q))

((dnoi3  parmnou *g,, + dnoi3  vovun.ivl g, "Aou -ds uafiusisuous *g)  ppu + A3ojoydiop

((((dnoi3  xouv °g,,) 1m2u1Dq
"q) sisuajanzouaa g) + (dnoid  wov.uvavl g, , + ‘aou ds s2fiudisuow *g))  q1do + A3ojoydIoN

TI-8 = ((((dnoi3  xoyn
((dnoi3 1parmnou g, + dnoi3  vovuv.av!l g, ) "Aou -ds .afiusisuous *g) ‘q,,) Wounq “g) + (dnoid , nssnovin.ivl g, )) ‘rou “ds .Lafiudisuout - g) ppu
SI-8=4
dnoi3  ipaimnou *g,, + dnoi3  pov.uv.ivl g ) ‘rou “ds 42fiudisuows *g Awoyjod 140
. E e .‘— Q
SI-8=1
((dnoi3  paimnou g, + dnoid  vovun.v! g, ) "Aou “ds .afiusisuous *g) ((dnoi3  paimnou g, + dnoid  vovun.avl -g,)) "Aou “ds uafiusisuous *g) pPU + QA0
01-€ =4 ((pz
((171z04q ~g + nssnov.avanlg) + (5191.102v10uns *g + "Aou “ds .4afiusisuous *g)) -DAq g + NSSNODADADI ") + (S101.402010UDS “g + ‘Aou “ds uafiusisuous - g)) TRy “oSI(q
01-¢=1
(tuafoows *g + Aou -ds .afiudisuous *g) (tuafoows *g + aou ds .afiuisuous “g) “Teyd “Ju0))
6—¢=1
((p1z04q ~g + nssnovawav(~g) + (S191.002010uUDS “g + "AoU “ds u2fiusisuous *g)) (((s1on.02mp0uDS ~g + "Aou “ds *g) 171zv.4q “g) nSsnov.wA0[ "g) K3oroydioy
SI-8=4
((dnoi3 _parmnou g, + dnoi3  vovin.iv!l g, ) "Aou -ds .afiusisuous “g) ((dnoi3 _zparmnou g, + dnoi3  vovun.iv!-g,)) "Aou “ds 1afiudisuous *g) JOUDPIAD [BI0]
AI A SasA[euy

"SI0J0BIBYD SJIOSIP ='TeYD "OSI(] PUE ‘SIAJOBILYD SNONUNUOD =TBYD JU0)) :MO[[O] St

dIe SUONEBIAIQQY ‘(son[eA AJIABOU0D =) M] PUB A\ Jopun ‘sosA[eue pauonnied pue 9OUIPIAD ()0} UO paseq ‘Aou “ds sdo.yrog Jo suonisod o1ouddo[Ayd aAnewIdy *T A T4VL

Zootaxa 4656 (1) © 2019 Magnolia Press - 103

NEW BOTHROPS FROM CENTRAL ANDES



department of Santa Cruz, Bolivia; adult male (MNK 4313) collected by H. Fernandez and M. Amaya on April
22, 2007 at Laguna Volcan (18°7'19.9"S, 63°38'57.8"W; 1120 m asl), province of Florida, department of Santa
Cruz, Bolivia; adult female (CBF 3359) collected by A. Apaza, date unknown, at Bajo Hornuni (16°12'54.4"S,
67°53'09.8"W; 1935 m asl), Cotapata National Park, province of Nor Yungas, department of La Paz, Bolivia; adult
female (CORBIDI 10377; Figs. 5C, 6A, 7C, 8C) collected by local people on January 5, 2007 at San Juan del Oro
(14°16'56.11"S, 69°13'14.71"W; 1993 m asl), district of Yanahuaya, province of Sandia, department of Puno, Peru;
two juvenile males (CORBIDI 2058, 2067; Figs. SE-F, 6B—C, 7F, 8A), offspring of CORBIDI 10377, born in
captivity on February 3, 2007; subadult female (MUBI 5675; Figs. 7D, 8D—E) collected by J.C. Chaparro and A.J.
Quiroz on November 15, 2006 at Pacopacuni (13°52'29.7"S, 69°40'05.4"W; 898 m asl), province of Sandia, depart-
ment of Puno, Peru; subadult male (MUBI 5677; Figs. 7E) collected by J.C. Chaparro and A.J. Quiroz on November
16, 2006 at Chuine (14°1'9.20"S, 69°43'35.20"W; 1500 m asl), province of Carabaya, department of Puno, Peru;
subadult female (MUSM 25600; Figs. 5D, 6D) collected by D. Rodriguez on September 30, 2006 at San Gaban
(13°32'55.77"S, 70°26"24.69"W; 891 m asl), province of Carabaya, department of Puno, Peru.
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FIGURE 2. Single cladogram obtained in the analysis of total evidence under equal weights (length=3263.873). Jackknife and
bootstrap values (> 50%) shown above and below nodes, respectively.

Diagnosis: Bothrops monsignifer may be distinguished from its congeners by the unique combination of the
following morphological features: canthorostrals, a feature absent in the rest of Bothrops, present in some speci-
mens; prelacunal fused or partially fused with 2™ supralabial; internasals 1/1, sometimes separated by one scale;
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rostral trapezoidal; canthals 1/1, oval to rounded, with similar size or slightly larger than internasals; medial inter-
canthals 3—4; intersupraoculars 8—12; intercanthals and intersupraoculars keeled and frequently slightly keeled;
supraoculars oval; suboculars 1-3; postoculars 2—3; loreal subtriangular; prefoveals 2—6; subfoveals absent; postfo-
veals 0-2; scales between suboculars and 4 supralabial 1-2; supralabials 7-8; infralabials 9—11; middorsal scales
23-25; ventrals in females 189—195, in males 182—190; subcaudals in females 4858, in males 54—63; subcaudals
divided, exceptionally some of them entire; dorsal blotches triangular or subtriangular dark brown, usually fused
on the vertebral line; additional markings between the blotches absent or faint in females, present and conspicuous
in males; conspicuous and dark postocular stripe, 2.5-3.0 scales width, starting posteriorly to the eye, encroaching
2-3 supralabials and one infralabial, not bordered dorsally by a pale band (a feature displayed by many bothropoid
species).
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FIGURE 3. Single cladogram obtained in the analysis of cytb and nd4 partitions under implied weights (k= 15; length= 2855;
fit= 620.765). Jackknife and bootstrap values (> 50%) shown above and below nodes, respectively.

Comparisons (conditions for other species in parentheses) (Fig. 9). Bothrops monsignifer is easily distin-
guished from the species of Bothrocophias by the pattern of subtriangular and conspicuous dorsolateral blotches
along the body (vs. crossbands irregularly outlined), the absence of upturned snout (vs. presence) and the absence
of tuberculate keels in body scales (vs. presence). However, Bothrops monsignifer is similar to Bothrocophias mi-
crophthalmus and B. hyoprora by the presence of canthorostrals, tiny scales located between the rostral, nasal, in-
ternasal and/or canthal (Fig. 8D). Although not present in all the specimens of Bothrops monsignifer, these unusual
scales distinguish the new species from its congeners, as they were not observed in any other species of Bothrops.
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—— Bothrops erythromelas

Bothrops pubescens

Bothrops lutzi

Bothrops mattogrossensis

Bothrops pauloensis
Bothrops marmoratus
Bothrops diporus
Bothrops neuwiedi
—— Bothrops barnetti
Bothrops insularis
— Bothrops jararaca
—— Bothrops venezuelensis

51 Bothrops atrox
Bothrops asper
66 Bothrops leucurus
59 Bothrops moojeni
—— Bothrops lanceolatus
Bothrops sp. nov.
61 —1 Bothrops sanctaecrucis
Bothrops jararacussu
—L Bothrops brazili

g1 [ Bothrops pulchra

70 Bothrops taeniatus
Bothrops bilineatus
4|_|57_3|: Bothrops oligolepis
Bothrops chloromelas

FIGURE 4. Single cladogram obtained in the analysis of morphology under implied weights (k= 9; length= 384.608; Fit=

53

80.087). Jackknife and bootstrap values (> 50%) shown above and below nodes, respectively.

Bothrops monsignifer is easily distinguished from the species of the “B. alternatus” and “B. neuwiedi” groups
by the condition of the prelacunal scale fused with 2™ supralabial (Figs. 8B-D) (vs. not fused), and the absence of
subfoveals (vs. presence). They are also distinguished by the pattern of subtriangular and conspicuous dorsolateral
blotches on the body (vs. C-shaped or rectangular in “Bothrops alternatus” and trapezoidal in “B. neuwiedi’’). Some
immature males of Bothrops monsignifer may be confused with B. mattogrossensis (geographically close member
of “B. neuwiedi”), because of their dark spots between dorsolateral blotches and labial scales (which tend to fade in
adult males), features present in B. mattogrossensis.

The new species is distinguished from species of the “Bothrops atrox” and “B. jararaca” groups by the oval to
rounded canthals (Figs. 8E-F) (vs. elongated). It can be distinguished from Bothrops atrox (a geographically close
member of the “B. atrox” group) by its pattern of subtriangular and conspicuous dorsolateral blotches (vs. trapezoi-
dal with diffuse and pale edges), the presence of white bands over a dark ground color on the tail (vs. absence) and
the ventral speckling (vs. ventral checkerboard pattern). Bothrops monsignifer can be easily distinguished from the
species of the “B. taeniatus” group by the pattern of dorsolateral subtriangular body blotches (vs. banded) and the
absence of black-greenish or brown-greenish coloration (vs. presence).

Bothrops monsignifer is similar to species of the “B. atrox”, “B. jararaca”, “B. jararacussu”, and “B. taeniatus”
groups in the presence of a lacunolabial (i.e. prelacunal fused with 2™ supralabial) and the absence of subfoveals.
They also share the general shape of supralabials, which are bigger in size than those of species of the “Bothrops
alternatus” and “B. neuwiedi” groups. The new species is most similar to Bothrops sanctaecrucis and B. brazili,
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geographically close species of the “B. jararacussu” group. They resemble each other in having oval to rounded
internasals and canthals, and dark, conspicuous, triangular or subtriangular dorsolateral blotches. The absence of
additional markings between dorsolateral blotches has only been observed in Bothrops muriciencis (a member of
“B. jararacussu”, endemic to northeastern Brazil). Bothrops monsignifer can be distinguished from B. brazili by
numbers of ventrals, prefoveals, medial intercanthals and gulars (Table 2), larger dorsolateral blotches, and broad
dark brown postocular stripe (vs. thin light brown or gray). It can be distinguished from Bothrops sanctaecrucis by
numbers of ventrals, prefoveals, medial intercanthals, gulars and intersupraoculars (Table 2), and by the relative
size of canthals (small vs. large). The new species may be confused with Bothrops sanctaecrucis given their simi-
lar pattern of body coloration, but they are easily distinguished by the condition of the postocular stripe, which is
conspicuous and wide in B. monsignifer and faint or absent in B. sanctaecrucis. We refer to Table 2 for additional
comparisons between Bothrops monsignifer and geographically close species of Bothrocophias and Bothrops.

FIGURE 5. General view of the holotype (MNK 5556—A, TL= 1280 mm) and paratypes (MNK 5557—B, TL= 865 mm,;
CORBIDI 10377—C, TL= 1178 mm; MUSM 25600—D, TL= 355 mm; CORBIDI 2067—E, TL= 448 mm; CORBIDI 2058—
F, TL= 299 mm) of Bothrops monsignifer. Photos by J. Timms (A, B), M. Lundberg (C, E, F), and D. Rodriguez (D). TL= total
length.
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FIGURE 6. Dorsal (left) and ventral (right) views of preserved paratypes (CORBIDI 10377—A, TL= 1178 mm; CORBIDI
2058—B, TL= 299 mm; CORBIDI 2067—C, TL= 448 mm; MUSM 25600—D, TL= 355 mm) of Bothrops monsignifer. TL=
total length.
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FIGURE 7. Lateral, dorsal and ventral views of the head of preserved holotype (MNK 5556—A, HL= 53 mm) and paratypes
(MNK 5557—B, HL= 38 mm; CORBIDI 10377—C, HL= 51 mm; MUBI 5675—D, HL= 21 mm; MUBI 5677—E, HL= 21
mm; CORBIDI 2067—F, HL= 25 mm) of Bothrops monsignifer. HL=head length.
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FIGURE 8. General view in life of the paratype (CORBIDI 2067—A, TL= 448 mm) of Bothrops monsignifer showing detail of
tail coloration. Anterior-lateral view of the head of preserved holotype (MNK 5556—B, HL= 53 mm) of Bothrops monsignifer
showing partially fused lacunolabial. Frontal view of the head of paratype (CORBIDI 10377—C, HL= 51 mm) of Bothrops
monsignifer showing the rostral scale. Lateral view of the head of paratype (MUBI 5675—D, HL= 21 mm) of Bothrops monsi-
gnifer showing canthorostral. Anterior-dorsal view of the head of paratype (MUBI 5675—E; HL= 21mm) of Bothrops monsi-
gnifer showing separated internasals. Anterior-dorsal view of the head of holotype (MNK 5556—F, HL= 53 mm) of Bothrops

monsignifer showing internasals in contact.
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FIGURE 9. Dorsolateral views of the body and head of Bothrops monsignifer (A), Bothrops sanctaecrucis (B), Bothrops atrox
(C), Bothrops mattogrossensis (D), Bothrocophias andianus (E), Bothrocophias microphthalmus (F), and Bothrops brazili (G).
Photos by J. Timms (A/body, B/head, C/body, D/head, E/body), P. Venegas (F/body/head, G/body/head), J. Cuevas (A/head,
D/body, E/head), M. Candel (C/head) and P. Gomez (B/body).
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Description of the holotype. Total length 1280 mm; tail length 152 mm; rostral trapezoidal; canthus rostralis
sharp; internasals oval, in contact; canthals 1/1, oval and slightly larger than internasals; intercanthals anterior 3,
medial 4, and posterior 6; intersupraoculars 9; intercanthals and intersupraoculars slightly keeled; supraocular oval;
postoculars 3/2; suboculars 1/2, elongated; preoculars 3/3; upper preocular contributing to canthus rostralis; lower
preocular not contacting orbit; loreal subtriangular, taller than wide; prefoveals 2/2; subfoveals absent; postfove-
als 2/2; prelacunals partially fused/fused with 2" supralabial; one scale between the suboculars and 4" supralabial,
supralabials 7/7; infralabials 11/11, first pair contacting medially; six gulars between chinshields and first ventral;
dorsals at midbody 23; ventrals 194; subcaudals 50, all divided; paraventrals slightly keeled.

In life, dorsum of head uniformly brown, with a pair of dark brown parietal blotches, and two dark brown paral-
lel occipital stripes that cover back of head and nape; postocular stripe uniformly dark brown; postocular stripe starts
behind the eye, progressively widens, covering partly the last three supralabials, and ending behind the rictus; dorsal
ground color of body pale brown to cinnamon. Each side of the body bears 18-20 subtriangular, capital A-shaped,
dorsolateral blotches, which are dark brown and bordered in white. Some dorsolateral blotches are fused along the
vertebral line; ventral surface of body finely speckled, speckling more conspicuous laterally; tail dark brown with
white bands and distal half of the ventral surface pale orange; iris salmon-gray; tongue pinkish-brown.

After preservation in formalin and maintenance in ethanol 70%, ground color of head and body grayish-brown;
dorsolateral blotches brown to dark gray, bordered with white; postocular stripe dark brown; parietal blotches tend
to fade, but parallel dark gray stripes on the back of head mostly visible; orange pigment on the distal half of tail
fades after preservation.

Intraspecific variation. Variation in measurements and scalation among the specimens of Bothrops monsigni-
fer is summarized in Table 3. All specimens of the new species display divided subcaudals, except for one (COR-
BIDI 2058), in which 10 of 63 subcaudals are undivided, a rare condition within Bothrops. Coloration of head and
body is sexually dimorphic: supralabials, infralabials and gulars are immaculate or slightly speckled in females
while they are mottled in males, including conspicuous markings between 37-4" supralabials in immature males;
dorsolateral blotches in females are mostly not fragmented, some of the blotches of the same side of the females
are fused together forming double elongated markings; in males, dorsolateral blotches are mostly fragmented in a
trapezoidal upper portion and a pair of rounded inferior blotches, and no lateral blotches are fused; additional mark-
ings between dorsolateral blotches are absent or faint in females, and are present in males, being more conspicuous
in immature males; in females, the anterior portion of the ventral surface of body is almost immaculate, while in
males it is slightly to strongly speckled. Peruvian and Bolivian specimens of Bothrops monsignifer show geographic
variation in one character of head scalation: all Peruvian specimens present a small scale separating the internasals,
while this scale is lacking in Bolivian specimens (Figs. 8E-F).

Hemipenial morphology (Fig. 10). Organ strongly bilobed; hemipenial lobes fusiform and parallel, compris-
ing 70% of total hemipenial length; hemipenial body 30% of total hemipenial length; capitulum longer on sulcate
(ventral) side, occupying 65% of each lobe; capitulum covered by spinulated calyces; hook-shaped spines distrib-
uted symmetrically on the lobes; smaller, curved spines present on the intralobular region, located distally at lobes;
hemipenial lobes with swollen intralobular areas; hemipenial body covered by spinules; microornamentation on the
intrasulcar region absent; sulcus spermaticus bifurcating at half-length of hemipenial body.

The general structure of the hemipenis of the new species is similar to that found in Bothrops sanctaecrucis, B.
brazili, and B. jararacussu; and the presence of a swollen intralobular area in the hemipenial lobes is apparently a
synapomorphy of the group. However, while the new species and B. sanctaecrucis display hook-shaped spines on
the lobes, these spines are slender and curved in B. brazili and B. jararacussu.

Distribution and natural history (Figs. 11-12). Bothrops monsignifer is a montane species distributed along
the Cordillera Oriental in the Central Andes, from southern Peru to central Bolivia. In Bolivia, it is known from the
departments of Santa Cruz, Cochabamba and La Paz. In Peru, it is known only from four localities at the department
of Puno, in the humid montane forest (Yunga ecoregion, according to Brack 1986) of the Cordillera de Carabaya,
in the upper Inambari and Tambopata basins. The Cordillera de Carabaya represents a mountain range that extends
in a northwest-southeast direction, and constitutes a northern limit for the Altiplano Plateau (Kontak et al. 1990); it
continues in a southeasterly direction in a series of mountain ranges that conform the Cordillera Oriental in north-
western-central Bolivia. The type locality of Bothrops monsignifer (area of Refugio Los Volcanes) is located in the
“Elbow of the Andes”, an area where the Andean Range turns south. This is a transitional area where the Southern
Andean Yungas (Tucuman-Bolivian forest) replaces the Bolivian Yungas, and different ecoregions are represented,
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from Amazonian and Andean forests to open forests of the Chaco and Cerrado (Mueller et al. 2002; Harvey & Mu-
noz 2004; Perger & Guerra 2012).

Bothrops monsignifer seems to be restricted to montane forests on the eastern slopes of the Andean Mountain
Range, at 890-2133 m. Apparently it is restricted to specific conditions within montane forests, which makes it a
rare species and quite difficult to find. In the area of Refugio Los Volcanes (Bolivia), four individuals, including the
holotype and one paratype, were found in a period of three weeks. During that time, as many as twelve individu-
als of Bothrocophias andianus were observed in the same area. Although Bothrocophias andianus and Bothrops
monsignifer are sympatric, they seem to occupy different ecological niches. The new species seems to prefer areas
devoid of large trees, which are slightly less humid and more exposed to sunlight, whereas Bothrocophias andianus
is only found in very humid, dark and overgrown forest. In the locality of San Juan del Oro, Sandia Province (Peru),
Bothrops monsignifer is sympatric with Crotalus durissus (Remuzgo et al. 2000). The distribution of Bothrops
monsignifer and B. sanctaecrucis is apparently disjunct, with B. sanctaecrucis inhabiting lower altitudes than the
new species (altitudinal records of specimens examined in this study range between 210—380 m). Miranda Calle &
Aguilar-Kirigin (2011) reported an extension in the altitudinal distribution of Bothrops sanctaecrucis based on the
record of the specimen CBF 3359, which we identified in this study as belonging to the new species.

Adults of Bothrops monsignifer most probably feed on rodents. One of the dead individuals from Bolivia (MNK
5557) had traces of rodent hair in its feces. The adult female CORBIDI 10377 gave birth eighteen neonates (two
dead and 16 live) on February 3, 2007 at the Instituto Nacional de Salud (INS, Lima, Peru).

Etymology. The specific epithet is derived from the Latin (noun) by the union of “mons” (=montane) + “igni-
fer” (=flame, fire or flash), meaning fire mountain or volcano, in allusion to the location where the first Bolivian
specimen was photographed (Refugio Los Volcanes, department of Santa Cruz, Bolivia).

FIGURE 10. Asulcate (left) and sulcate (right) views of the hemipenis of the paratype of Bothrops monsignifer (MNK 4313,
TL=26.87 mm).

Discussion

Bothrops monsignifer seems to have gone unnoticed or been confused with other species of the genus in the past
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decades. Some individuals of Bothrops monsignifer, especially males, can be mistaken with B. mattogrossensis. In
Bolivia, locals traditionally refer to the new species as “chuta”, a local name for Bothrops mattogrossensis. It is im-
portant to note that, in the present study, we followed Silva & Rodrigues (2008) and referred to Bolivian populations
of the “Bothrops neuwiedi” species group as B. mattogrossensis, but this classification should be taken with caution.
A recent study (Carrasco et al. 2019) found that those populations from Bolivia are morphologically similar and
phylogenetically related to Bothrops diporus, hence a taxonomic re-arrangement may be required. The specimen
pictured and illustrated as “Bothrops andianus” in Campbell & Lamar (2004, p. 370), clearly fits the description and
distribution of the new species. This specimen (AMNH 73626) was found in San Juan, department of Puno, Peru,
at 2133 m. The picture identified as Bothrops mattogrossensis on Plate 645 of Campbell & Lamar (2004), a speci-
men kept in the Instituto Nacional de Salud (Lima, Peru), also fits the description of the new species; it was found
in Sandia, department of Puno, Peru, at 1800 m.

Brazil

Bolivia

(Holotype)

Paraguay

FIGURE 11. Distribution of Bothrops monsignifer and geographically close species of Bothrops and Bothrocophias (based on

the specimens examined).
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FIGURE 12. Landscape view of the habitat of Bothrops monsignifer at Refugio Los Volcanes, department of Santa Cruz, Bo-
livia (type locality—Ileft; photo by J. Timms) and area between Chuine y Pacopacuni, department of Puno, Peru (right; photo
by J.C. Chaparro (B).

The phylogenetic analyses confirmed the new species as a member of Bothrops, but did not fully resolve the
position of the species within the genus. While total evidence analyses recovered Bothrops monsignifer as basal to
the “B. jararaca” + “B. neuwiedi” clade, some of the partitioned analyses of the evidence showed a closer relation-
ship of the new species to B. sanctaecrucis and related taxa from the “B. jararacussu” group. Apparently, the incon-
gruences are due to different phylogenetic signals between the morphological and most of the molecular characters
analyzed, which may reflect some homoplasy in either dataset. As mentioned before, Bothrops monsignifer may be
easily distinguished from species of the “B. neuwiedi” group in several morphological characters from lepidosis and
coloration. Bothrops monsignifer shares with species of the “B. jararaca” group the presence of a lacunolabial scale
and the absence of subfoveals, important diagnostic features within Bothrops (Gutberlet & Harvey 2004; Harvey et
al. 2005; Carrasco et al. 2009, 2010), but they can be distinguished by other characters of lepidosis. Furthermore,
while Bothrops monsignifer is an Andean species, the species of the “B. jararaca” group inhabit Atlantic forests
and coastal islands in eastern Brazil. On the other hand, the relationship of Bothrops monsignifer with species of
the “B. jararacussu” group is in accordance with morphological observations and comparisons. Whether the homo-
plasy is in molecular or morphological characters, this homoplasy represents an interesting evolutionary pattern to
investigate more deeply. A similar situation regarding incongruent phylogenetic signal between morphological and
molecular characters concern the phylogenetic relationship of the “Bothrops neuwiedi” and “B. jararaca” group
with the rest of the groups of species of the genus. Previous total evidence and molecular analyses had recovered
“Bothrops neuwiedi” and “B. jararaca” as sister groups of species (e.g., Wiister et al. 2002; Fenwick et al. 2009;
Carrasco et al. 2012; Alencar et al. 2016), while morphological analyses had recovered “B. alternatus” as the sister
group of “B. neuwiedi” and the “B. jararaca” group related with the rest of the groups of species (Werman 1992;
Carrasco et al. 2012).

Bothrops monsignifer displays many characters of other medium to large sized Bothrops species and probably
reaches a total length of around 150 cm. Such large individuals are capable of injecting considerable amounts of
venom in a single bite, hence the species should be considered dangerous and potentially life-threatening. However,
the restricted distribution and apparent rarity of this species suggest that it is unlikely to be a serious threat to human
populations. Only the local farmers and hunters who enter deep into the forest might be at risk, but so far there have
been no bite reports attributable to this species.

The discovery of this new, large species of pitviper emphasizes the potential of topographically complex re-
gions like the Andes to harbor hitherto hidden diversity of even relatively conspicuous animal species. Additional
species of Bothrops and related pitvipers from the Central Andes probably remain to be described.
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