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Since nomenclature is intended to reﬂect the evolutionary history of organisms, advances in our understanding of historical relationships may lead to changes in classiﬁcation, and thus potentially in
taxonomic instability. An unstable nomenclature for medically important animals like venomous snakes
is of concern, and its implications in venom/antivenom research and snakebite treatment have been
extensively discussed since the 90s. The taxonomy of the pitvipers of the Bothrops complex has been
historically problematic and different genus-level rearrangements were proposed to rectify the longstanding paraphyly of the group. Here we review the toxinological literature on the Bothrops complex
to estimate the impact of recent proposals of classiﬁcation in non-systematic research. This assessment
revealed moderate levels of nomenclatural instability in the last ﬁve years, and the recurrence of some
practices discussed in previous studies regarding the use of classiﬁcations and the information provided
about the origin of venom samples. We brieﬂy comment on a few examples and the implications of
different proposals of classiﬁcations for the Bothrops complex. The aim of this review is to contribute to
the reduction of adverse effects of current taxonomic instability in a group of medical importance in the
Americas.
© 2016 Elsevier Ltd. All rights reserved.
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1. Taxonomic instability
Systematics is the study of the diversity of organisms and the
natural relationships among them. Taxonomy, closely linked to systematics, seeks to reﬂect our understanding of the phylogenetic relationships among organisms in classiﬁcations of biodiversity.
Ofﬁcial codes, such as the International Code of Zoological Nomenclature for animals, governs the translation of that into a system of
formal nomenclature (i.e. names applied in a classiﬁcation).
Classiﬁcations are not static systems of names but potentially
dynamic ones that may change through time. Given the incompleteness of our understanding of the diversity of life, the regular
publication of new scientiﬁc research advances, including new insights into evolutionary relationships and species boundaries, may

lead to changes in the nomenclature to better reﬂect those ﬁndings
(Sangster et al., 1999; Morrison et al., 2009; de Carvalho et al., 2013;
Kaiser et al., 2013). Hence, some degree of taxonomic instability is
expected. Changes in nomenclature, being a result of scientiﬁc
progress, may cause temporary confusion and nomenclatural
instability, but should reﬂect a better understanding of biodiversity
and lead to stable classiﬁcations in the long term. Additional and
less beneﬁcial causes of taxonomic instability include proposals of
classiﬁcations that ignore fundamental taxonomic principles, and
the unknowing or uncritical adoption of erroneous classiﬁcations by
researchers in non-systematic disciplines. Previous studies have
extensively discussed these issues (Wüster, 1996; Wüster et al.,
1997; Williams et al., 2006; Kaiser et al., 2013).

2. Taxonomy and venomous snakes
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In the case of venomous snakes and other organisms of medical
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importance, taxonomic instability may have implications in a variety of scientiﬁc disciplines that includes biomedical studies
applicable to public health. For instance, confusion generated by
changes in nomenclature may lead to taxonomic inaccuracy, which
may have serious consequences in antivenom therapy (Wüster,
1996). In toxinological studies, taxonomic inaccuracy may hinder
the identiﬁability of venoms samples, the interpretation of results
(e.g. differences in venom composition), and the repeatability of
experiments (e.g. isolation of toxins of potential pharmaceutical
interest).
Venomous snakes are animals of biomedical importance. Human envenomation by snakes of the families Elapidae and Viperidae is an important public health problem in tropical countries,
particularly rural areas, as well as countries in temperate zones
rrez et al., 2006; Kasturiratne et al., 2008;
(Chippaux, 1998; Gutie
Mohapatra et al., 2011; Williams et al., 2011; Chippaux et al.,
2013; Chippaux and Postigo, 2014; Nori et al., 2014; Kipanyula
and Kimaro, 2015). On the other hand, snake venoms also bear
therapeutic potential; for example, some components have found
to be useful in the treatment of hypertension, parasites and cancer
(Rocha e Silva et al., 1949; Markland, 1998; Lipps, 1999; Fernandez
et al., 2004; Koh et al., 2006; Deolindo et al., 2010; Koh and Kini,
2012; Vyas et al., 2013; Calderon et al., 2014; Shanbhag, 2015).
Variation in the composition of snake venoms is ubiquitous and
the knowledge of that variation is essential for an efﬁcient treatment of snakebites (Chippaux et al., 1991; Warrell, 1997; Fry et al.,
2003; Calvete et al., 2009a; Casewell et al., 2014). The venom’s main
function is the subduing and ingestion of prey, and many studies
have found strong evidence that venom’s variation may be the
result of natural selection for differences in diet (Daltry et al., 1996;
Creer et al., 2003; Sanz et al., 2006; Barlow et al., 2009). However,
diet alone is insufﬁcient to explain the variation in venom
composition and toxicity in all cases; other ecological and evolutionary factors, such as ontogeny, geographic distance and/or
phylogenesis, need to be considered (Minton and Weinstein, 1986;
Mackessy, 1988; Daltry et al., 1996; Rodrigues et al., 1998; Andrade
and Abe, 1999; Mebs, 2001; Calvete et al., 2007, 2011; Barlow et al.,
2009; Gibbs and Mackessy, 2009; Zelanis et al., 2010; Casewell
et al., 2013). For that matter, venomous snake systematics is
fundamental (Wüster, 1996; Wüster and McCarthy, 1996; Wüster
et al., 1997; Fry et al., 2003; Williams et al., 2006). When predicting venom variation, phylogeny should be considered as the null
hypothesis (i.e. closely related taxa would be predicted to have
similar venoms), whereas departures from this hypothesis may
indicate the action of other causes, such as natural selection for
ecological factors. Examples of venom divergence tracking phylogeny can be found in Notechis (Williams et al., 1998), Bothrops
(Wüster et al., 2002a), and Agkistrodon (Lomonte et al., 2014). On
the other hand, a study on Sistrurus (Gibbs et al., 2013) found no
evidence for signiﬁcant phylogenetic signal in venom variation, and
found the variation related to diet. Regardless of the degree to
which phylogeny may explain the variation in venoms, any attempt
at an evolutionary interpretation of that variation relies critically on
the information of the historical relationships among taxa contained in phylogenies, which is reﬂected in nomenclature. The aim
of this review is to estimate the impact of recent nomenclatural
changes in the venomous snakes of the Bothrops complex on toxinological research.
3. Taxonomic instability in the pitvipers of the Bothrops
complex
3.1. The Bothrops complex (Viperidae: Crotalinae)
This group of pitvipers is widely distributed in the Americas,
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from Mexico to southern Argentina, and is the main medically
important group of snakes in that region (Campbell and Lamar,
rrez et al., 2006; Segura et al., 2010). It
2004; Warrell, 2004; Gutie
comprises at least 50 species, some of them described recently
(Campbell and Lamar 2004; da Silva and Trefaut Rodrigues, 2008;
Barbo et al., 2012, 2016). The group is present in different ecoregions of the continent, from tropical and subtropical forests to arid
and semiarid regions, and from sea level to altitudes of more than
3000 m (Campbell and Lamar, 2004; Carrasco et al., 2009, 2010).
The Bothrops complex (Bothrops sensu lato) is extremely diverse
in its morphological and ecological traits. It includes terrestrial,
arboreal and semiarboreal species. Many species show ontogenetic
shifts in their diet, feeding mainly on ectotherms as juveniles and
mammals as adults; others show specialized diets (e.g. on rodents
or birds) (Martins et al., 2002). Phylogenetic studies of the group
have repeatedly recovered groups of species commonly known as:
the “alternatus” and “neuwiedi” groups, present in open vegetation
biomes like those of the South American “dry diagonal”, and the
“jararaca”, “jararacussu”, “taeniata”, “atrox” and “microphthalmus”
groups, present in highly forested regions like Atlantic forests,
Andean forests or Amazonia (Martins et al., 2002; Campbell and
Lamar 2004; Werman, 2005). All of these groups include species
that are medically important in terms of human ophidism (e.g.
Otero et al., 1992; França and M
alaque, 2003; Smalligan et al., 2004;
rrez, 2009).
Warrell, 2004; Gutie
3.2. Nomenclatural changes in the Bothrops complex
The genus name Bothrops Wagler, 1824, was widely used for
almost all Neotropical pitvipers through much of the 20th century
until its division (e.g. Burger, 1971) was popularised by Campbell
and Lamar (1989), who restricted the concept of Bothrops to a
mostly South American group of species. By the early 2000s, the
Bothrops complex was classiﬁed into three genera: Bothrops Wagler,
1824, Bothriopsis Peters, 1861, and Bothrocophias Gutberlet and
Campbell, 2001 (Campbell and Lamar, 2004). Before the genus
Bothrocophias (the “microphthalmus” group) was described,
phylogenetic studies had revealed the paraphyly of Bothrops with
respect to the species of the genus Bothriopsis (the “taeniata” group)
~o et al., 1997; Parkinson, 1999). Subsequent
(Werman, 1992; Saloma
studies, incorporating more taxa/data in phylogenetic analyses,
further conﬁrmed this. All found Bothrops to be paraphyletic but
supported
the
monophyly
of
the
Bothrops þ Bothriopsis þ Bothrocophias group (Gutberlet and
Harvey, 2002; Parkinson et al., 2002; Wüster et al., 2002b; Castoe
and Parkinson, 2006).
In view of this evident systematic problem, different taxonomic
rearrangements to rectify the paraphyly of Bothrops were proposed.
One of the proposals was to maintain Bothriopsis and to split
Bothrops into multiple monophyletic genera, consistently with the
wider trend in pitviper systematics of splitting large genera into
smaller, more homogeneous genera (Gutberlet and Campbell,
2001; Parkinson et al., 2002; Malhotra and Thorpe, 2004; Harvey
~o
et al., 2005; Castoe and Parkinson, 2006). Other authors (Saloma
et al., 1997; Vidal et al., 1997; Wüster et al., 2002b) proposed to
synonymize Bothriopsis with Bothrops, some of them arguing that
the morphological and ecological diversity of the group is probably
the result of a single adaptive radiation, and that splitting the
genera would obscure this biogeographical pattern. Fenwick et al.
(2009) performed phylogenetic analyses of the Bothrops complex
combining morphological and molecular data, and proposed to
maintain Bothriopsis and to split Bothrops into three genera: Rhinocerophis Garman, 1881 (“alternatus” group), Bothropoides gen.
nov. (“neuwiedi” and “jararaca” groups), and Bothrops sensu stricto
(“jararacussu” and “atrox” groups). Carrasco et al. (2012) analysed
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additional data for the complex. They demonstrated that the paraphyly of Bothrops was not rectiﬁed in the taxonomic rearrangement proposed by Fenwick et al. (2009), and that their classiﬁcation
was based on a phylogeny that excluded the information of species
with no molecular data, which in turn could lead to the paraphyly
of the genera proposed. Carrasco et al. (2012) also found conﬂicting
phylogenetic signal among two mitochondrial genes (cytb, ND4)
and the rest of the characters analysed (12S and 16S rRNA, ecology,
and morphology). The conﬂict involved considerable differences in
relationships of “neuwiedi” and “jararaca” with the rest of the
groups of species. This led to an alternative phylogenetic hypothesis
~o et al., 1999)
noted in previous studies (e.g. Werman, 1992; Saloma
(Figs. 1 and 2). In view of those results, Carrasco et al. (2012) argued
that splitting Bothrops into additional genera was premature, and
instead proposed to synonymize Rhinocerophis, Bothropoides and
Bothriopsis with Bothrops, and to maintain Bothrocophias, assigning
Bothrops andianus to that genus. This classiﬁcation followed previous taxonomic suggestions and rectiﬁed the paraphyly of
Bothrops by acknowledging two supported monophyletic groups.
In summary, the published results have demonstrated that the
phylogeny of the Bothrops complex is not yet robustly resolved, and
that conﬂicting phylogenetic relationships and the resulting
nomenclatural instability involve several medically important
species.

4. Taxonomy of the Bothrops complex and non-systematic
research
In order to estimate the impact on toxinological research of the
recent genus-level rearrangements of the Bothrops complex, we
reviewed the classiﬁcation used for the group in articles published
from 2010 to 2015 in two peer-reviewed journals, Toxicon and the
Journal of Proteomics (Appendix A). This assessment is in part
similar to that performed by Wüster and McCarthy (1996) for
Asiatic cobras (Naja) and saw-scaled vipers (Echis). We selected

Toxicon and the Journal of Proteomics on the basis that they
frequently publish studies on venoms of the Bothrops complex, thus
allowing the evaluation of the existence of nomenclatural instability in the short period considered for this review. The articles
were selected when any of the following genera were present in
their title: Bothrops, Bothriopsis, Bothrocophias, Bothropoides, Rhinocerophis. The classiﬁcations were scored as CI (Bothrops,
Bothriopsis, and Bothrocophias, classiﬁcation adopted in Campbell
and Lamar, 2004), CII (Bothrops, Bothriopsis, Bothrocophias, Bothropoides, and Rhinocerophis, classiﬁcation proposed by Fenwick et al.,
2009), and CIII (Bothrops and Bothrocophias, classiﬁcation proposed
by Carrasco et al., 2012, and previously suggested by Wüster et al.,
2002). When the article could be equally scored as CI or CIII (these
classiﬁcations are similar except for Bothriopsis), the scoring was
made according to the date of the article’s publication. A fourth
category was applied to those articles dealing with species that are
not affected by the recent rearrangements, which are species
whose assignment to the genus Bothrops (“jararacussu” and “atrox”)
and Bothrocophias (“microphthalmus”) remained unchanged.
Following Wüster and McCarthy (1996), we also reviewed two
additional items: if the articles contained taxonomic comments
and/or citation of taxonomic literature, and information on the
origin of venom samples.
As summarized in Table 1, the most frequently adopted classiﬁcation was CI, which assigns the complex to three genera
(Bothrops, Bothriopsis and Bothrocophias). That can be expected
since this classiﬁcation was the one used through almost a decade
before the most recent taxonomic rearrangements were proposed.
A small proportion (18.6%) of the articles included taxonomic
comments and/or citations of taxonomic literature, and rarely
included an explicit argument for the choice of classiﬁcation. Nearly
75% of the articles provided information on the origin of venoms;
but most of them mentioned only institutions, while a small percentage (15.7%) included localities of origin of specimens that
provided the venoms.

Fig. 1. Phylogeny of the Bothrops complex obtained from morphology, ecology, and mtDNA (12S and 16S rRNA, ND4 and cytb) (Carrasco et al., 2012). (Images from top to bottom: B.
andianus, B. microphthalmus, B. pictus, B. ammodytoides, B. alternatus, B. jararaca, B. diporus, B. bilineata, B. brazili, B. atrox).
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Fig. 2. Phylogeny of the Bothrops complex obtained from morphology, ecology, and mtDNA (12S and 16S rRNA) (Carrasco et al., 2012). (Images from top to bottom: B. andianus, B.
microphthalmus, B. jararaca, B. bilineata, B. brazili, B. atrox, B. ammodytoides, B. pictus, B. alternatus, B. diporus).

Table 1
Summary of reviewed articles and the classiﬁcations used for the Bothrops complex.
Year

Nº art. Rev.

CI

CII

CIII

2010
2011
2012
2013
2014
2015
Total

24
13
21
19
15
10
102

14 (58.3%)
9 (69.5%)
9 (42.8%)
2 (10.5%)
2 (13.3%)
1 (10.0%)
37 (36.3%)

4
1
2
1
8

9 (4.7%)
6 (40.0%)
2 (20.0%)
17 (16.7%)

(19.1%)
(5.3%)
(13.3%)
(10.0%)
(7.8%)

In general, this review showed moderate levels of nomenclatural instability since 2010 to date. Note, however, that nearly 40%
of the articles dealt with species whose generic assignment remain
unchanged, like the widely distributed and frequently studied
Bothrops atrox and B. asper. Instability was associated with species
of “taeniata”, “neuwiedi”, “jararaca” and “alternatus” (Figs. 1 and 2),
which are the groups involved in the recent generic
rearrangements.
As an example of some of the problems surrounding the issue of
taxonomic instability, we comment here one recently published
article on the venom of eleven Peruvian species of the Bothrops
complex (Guerra-Duarte et al., 2015). We selected this article as an
example given that it is one of the few studies reviewed herein that
performed a comparative study of venoms using a phylogenetic
framework, and because most of the species studied are systematically controversial. Additional motivation to comment on this
article is that the Peruvian herpetofauna in general is undergoing
intense systematic revision. The study of Guerra-Duarte et al.
(2015) contributed with signiﬁcant information on the venom of
poorly known species and species that are medically important in
Peru and nearby countries; unfortunately, the nomenclature used
by the authors may cause confusion about the recent proposals of
classiﬁcations for the Bothrops complex and the speciﬁc status of
some of its populations.
Peru shows one of the highest levels of snake diversity in the

,
Americas (Campbell and Lamar, 2004; Pesantes, 2000; Yarleque
2000). Fourteen species of the Bothrops complex are present in
Peru, which represents near 30% of the total diversity of the group;
four species (B. pictus, B. roedingeri, B. barnetti, B. chloromelas) are
endemic to the country and three (B. andianus, B. oligolepis, B.
pulchra) are endemic to the Yungas of Ecuador, Peru and Bolivia.
While some Peruvian species clearly belong to one of the
commonly recognized clades of species, others remain incertae
sedis or their phylogenetic afﬁnities remain unclear (Fenwick et al.,
2009; Carrasco et al., 2012). Furthermore, the general biology of
many remains poorly known, for example species that inhabit
Andean areas of difﬁcult access and/or are infrequently found. The
species studied by Guerra-Duarte et al. (2015) were B. microphthalmus, B. andianus, B. pictus, B. barnetti, B. atrox, B. chloromelas,
B. taeniata, B. oligolepis, B. castelnaudi, B. peruviana, and B. neuwiedi.
The former B. neuwiedi sensu lato was revised taxonomically by da
Silva and Trefaut Rodrigues (2008) (see also Campbell and Lamar,
2004), who changed our concept of the group from twelve longestablished but poorly diagnosed subspecies of B. neuwiedi to the
recognition of seven species. Guerra-Duarte et al. cited da Silva and
Trefaut Rodrigues (2008) and mentioned that the venom they used
corresponded to B. neuwiedi mattogrossensis; hence, according to
da Silva and Trefaut Rodrigues (2008), the venom had to be
attributed to B. mattogrossensis and not to B. neuwiedi. Among the
articles reviewed, another confuses the speciﬁc status of populations of the “neuwiedi” group (Costa de Oliveira et al., 2011)
attributing B. neuwiedi to the species widely distributed in
Argentina, mentioning that the species is also present in Peru.
Hence, it is important to clarify that, according to the last taxonomic revision of the group (da Silva and Trefaut Rodrigues, 2008),
B. neuwiedi is present in southern Brazil, the species distributed
widely in Argentina (and the one involved in the majority of reported snakebites in the country) corresponds to B. diporus (see
distribution maps in Di Cola and Chiaraviglio, 2011; and Nori et al.,
2014), and the species present in Peru should be attributed to B.
mattogrossensis. Additionally, it is important to remark that
although Campbell and Lamar (2004) and da Silva and Trefaut
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Rodrigues (2008) reported B. mattogrossensis from Peru, precise
localities have not been published, and taxonomic revisions are
necessary to corroborate the presence and speciﬁc status of representatives of “neuwiedi” in Peru. Two of the species included by
Guerra-Duarte et al., B. castelnaudi and B. peruviana, were long ago
synonymized with B. taeniata and B. oligolepis, respectively (see
Campbell and Lamar, 2004). The authors considered B. castelnaudi
and B. peruviana as valid species, and found differences between
their venoms and those of B. taeniata and B. oligolepis. The article
provides a regional map of Peru where the reported species are
commonly found, with points that correspond to reports taken
from the bibliography. This map showed one record for B. taeniata
that is outside the known range of distribution of the species (see
maps in Campbell and Lamar, 2004); this record is located in San
Martin Department where B. pulchra can be found. Records for B.
castelnaudi and B. peruviana were located in the Departments of
Hu
anuco and Junín respectively, areas that include the range of
distribution of B. chloromelas (see maps in Campbell and Lamar,
2004). Hence, it seems probable that the authors misidentiﬁed
the samples, thus their results may have a different interpretation;
but that is difﬁcult to establish because they did not include the
localities of origin of the specimens that provided the venoms.
Wüster (1996), Wüster and McCarthy (1996), and Wüster et al.
(1997) pointed out problems associated with the use of old
nomenclature and the importance of providing precise localities of
origin of specimens. Regarding the generic level, Guerra-Duarte
et al. used the CII, which divides the Bothrops complex into ﬁve
genera. As mentioned before, Fenwick et al. (2009) proposed this
classiﬁcation, but Guerra-Duarte et al. erroneously attributed it to
Carrasco et al. (2012). Authorship and date are necessary to track
the history of the taxonomy of a group, so caution should be taken
on this aspect of nomenclature. Some of the results of GuerraDuarte et al. support their proposal that venom composition is a
feature that may contribute to recognize phylogenetic relationships
(as also suggested previously, Calvete et al., 2007, 2009b). For
example, the authors identiﬁed four venom proﬁles in their study,
one of them including B. microphthalmus and B. andianus. The latter
is a poorly known species and a potentially medically important
one, particularly in highly touristic places like the Machu Picchu
Sanctuary in the Peruvian Andes (type locality of B. andianus). The
species has not been included in phylogenetic analyses until
recently, and then based only on morphological data. As mentioned
by the authors, their results supported the phylogenetic results of
Carrasco et al. (2012), which showed B. andianus closely related to
“microphthalmus” (Bothrocophias). Fenwick et al. (2009, suppl. mat.)
obtained similar results. The classiﬁcation used by Guerra-Duarte
et al. assigns B. andianus to Bothrops sensu stricto, which does not
reﬂect the phylogenetic afﬁnities of the species shown to date by
the available evidence.

require the existence of diagnosable and supported monophyletic
groups among its species. The latter is not yet clear according to the
most recent phylogenetic studies (Fenwick et al., 2009; Carrasco
et al., 2012). The phylogenetic afﬁnities of some species are still
uncertain (B. barnetti, B. pictus, B. roedingeri, B. lojanus) and the
position of several others requires re-evaluation, whether from
morphological or molecular evidence or both (e.g. B. andianus, B.
ammodytoides, B. pirajai, B. sanctaecrucis, B. venezuelensis). There
are four main problems with splitting Bothrops into Rhinocerophis,
Bothropoides and Bothrops sensu stricto, which arise from phylogenetic considerations: a) the variation in the phylogenetic position
of some of the species mentioned before may lead to the paraphyly
of the genera; b) assigning B. andianus to Bothrops sensu stricto
does not reﬂect the apparent phylogenetic afﬁnities of the species
and retains the paraphyly of Bothrops; c) Bothropoides is deﬁned
solely on molecular data and no morphological synapomorphy; a
genus diagnosed solely on the basis of molecular characters from
mitochondrial genes seems of little practical value since morphological identiﬁcation is an essential “ﬁrst-hand” tool in the ﬁeld, the
laboratory, the museum, and the medical institution; d) the
phylogenetic afﬁnities of the “neuwiedi” and “jararaca” groups,
which constitute Bothropoides, are strongly conﬂicting among
alternative supported phylogenies. As shown in Figs. 1 and 2, the
differences in both phylogenetic hypotheses involve deep nodes in
the cladograms, and consequently most species of the complex.
These differences (discussed in Carrasco et al., 2012) are mainly due
to the discrepancy of positions of “neuwiedi” and “jararaca”.
The alternative phylogenies for the Bothrops complex require reevaluation from additional data, which is necessary not only for
taxonomic purposes but also because they can lead to radically
different evolutionary interpretations about their historical biogeography, morpho-ecology, and venoms, among others attributes.
For example, the dichotomy shown in the phylogeny of Fig. 2 would
imply that similarities within each group in features from
morphology (e.g. patterns of coloration) and ecology (e.g. macromicrohabitat, feeding habits) (Martins et al., 2002; Carrasco et al.,
2010, 2012) may be attributed to ancestor-descendant relationship. On the other hand, the phylogeny of Fig. 1 would imply that
morpho-ecological similarities among “neuwiedi” and “jararaca”
with other groups of species respectively, might be attributed to
convergent evolution because of inhabiting similar habitats.
In conclusion, results of phylogenetic studies to date suggest
that, at least until ongoing research clariﬁes the uncertain and
conﬂicting phylogenetic relationships, synonymizing Bothriopsis
with Bothrops seems the most appropriate taxonomic approach.
The synonymization follows taxonomic principles and may promote taxonomic stability while reﬂecting evolutionary
information.
6. Final considerations

5. A reappraisal of recent generic-level rearrangements for
the Bothrops complex
There is wide consensus in taxonomy and other evolutionary
disciplines that names are applied only to monophyletic groups,
avoiding the recognition of paraphyletic taxa, which would introduce unnecessary and misleading subjectivity to the deﬁnition and
interpretation of taxa. The current taxonomic and nomenclatural
instability in the Bothrops complex lead to some degree of persistence of paraphyly in the b taxonomy of the group.
Morphological and molecular evidence support the monophyly
of the Bothrops þ Bothriopsis þ Bothrocophias group; therefore,
considering the group as a single genus Bothrops or splitting
Bothrops into additional genera are both applicable approaches in
terms of taxonomic principles, except that splitting Bothrops would

This review highlights that some problems pointed out two
decades ago (Wüster, 1996; Wüster and McCarthy, 1996; Wüster
et al., 1997) regarding taxonomy in non-systematic research of
venomous snakes, are still recurrent. Here we reiterate the
importance of providing precise information on the geographical
origin of specimens that provided the venom, and the importance
of the deposition of specimens in scientiﬁc collections. Both are
essential to allow replicability, correct identiﬁcation of venom
samples, and development of further research (Cotterill, 1997;
Wüster et al., 1997; Kaiser et al., 2013). We also emphasize the
necessity that toxinologists and biomedical researchers working
with venomous animals are informed regarding their systematics.
Critical and explicitly founded choices of classiﬁcations by researchers on the Bothrops complex can contribute to the reduction
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of adverse consequences of current taxonomic instability. This review also highlights that evolutionary and biomedical studies on
venomous snakes can greatly beneﬁt from some degree of articulation between disciplines as toxinology, systematics and ecology.
Conﬂict of interest
The authors declare that they have no conﬂict of interest.
Ethical statement
Not applicable.
Acknowledgments
We are deeply grateful to Wolfgang Wüster for his kind help and
 María
suggestions that enriched the manuscript, and to Jose
rrez and Gerardo Leynaud for their interest and useful comGutie
ments on this work. We appreciate the constructive comments and
suggestions of two anonymous reviewers. We thank Helena Shobe
and Nicole Washburn for improvements in the English version of
the manuscript, and Eugenia Lascano for helping with the ﬁgures
n
edition. This work was supported by the Programa de Cooperacio
 gica entre el Consejo Nacional de Ciencia, TecCientíﬁco-Tecnolo
 n Tecnolo
gica de Perú (CONCYTEC-FONDECYT
nología e Innovacio
n
CS-031-2014) y el Ministerio de Ciencia, Tecnología e Innovacio
Productiva de Argentina (MINCYT PE/13/06).
Appendix A. Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.toxicon.2016.05.014.
References
Andrade, D.V., Abe, A.S., 1999. Relationship of venom ontogeny and diet in Bothrops.
Herpetologica 55, 200e204.
Barbo, F.E., Grazziotin, F.G., Sazima, I., Martins, M., Sawaya, R., 2012. A new and
threatened insular species of lancehead from Southeastern Brazil. Herpetologica 68, 418e429.
~o, R.B.,
Barbo, F.E., Gasparini, J.L., Almeida, A.P., Zaher, H., Grazziotin, F., Gusma
Ferrarini, J.M.G., Sawaya, R.J., 2016. Another new and threatened species of
lancehead genus Bothrops (Serpentes, Viperidae) from Ilha dos Franceses,
Southeastern Brazil. Zootaxa 4097, 511e529.
Barlow, A., Pook, C.E., Harrison, R.A., Wüster, W., 2009. Coevolution of diet and preyspeciﬁc venom activity supports the role of selection in snake venom evolution.
Proc. R. Soc. B 276, 2443e2449.
Burger, W.L., 1971. Genera of Pitvipers. PhD Dissertation. University of Kansas.
Calderon, L.A., Sobrinho, J.C., Zaqueo, K.D., de Moura, A.A., Grabner, A.N.,
Mazzi, M.V., Marcussi, S., Nomizo, A., Fernandes, C.F., Zuliani, J.P., Carvalho, B.M.,
beli, R.G., Soares, A.M., 2014. Antitumoral activity of snake
da Silva, S.L., Sta
venom proteins: new trends in cancer therapy. Biomed. Res. Int. 2014, 19.
Calvete, J.J., Escolano, J., Sanz, L., 2007. Snake venomics of Bitis species reveals large
intragenus venom toxin composition variation: application to taxonomy of
congeneric taxa. J. Proteome Res. 6, 2732e2745.
rrez, J.M., 2009a. Venoms, venCalvete, J.J., Sanz, L., Angulo, Y., Lomonte, B., Gutie
omics, antivenomics. FEBS Lett. 583, 1736e1743.
n, A., Gutie
rrez, J.M.,
Calvete, J.J., Borges, A., Segura, A., Flores-Díaz, M., Alape-Giro
Diez, N., De Sousa, L., Kiriakos, D., S
anchez, E., Faks, J.G., Escolano, J., Sanz, L.,
2009b. Snake venomics and antivenomics of Bothrops colombiensis, a medically
important pitviper of the Bothrops atrox-asper complex endemic to Venezuela:
contributing to its taxonomy and snakebite management. J. Proteom. 72,
227e240.
rez, A., Borges, A., Vargas, A.M., Lomonte, B., Angulo, Y.,
Calvete, J.J., Libia Sanz, L., Pe
rrez, J.M., Chalkidis, H.M., Moura
~o, R.H.V., Furtado, M.F.D., MouraMaría Gutie
Da-Silva, A.M., 2011. Snake population venomics and antivenomics of Bothrops
atrox: paedomorphism along its transamazonian dispersal and implications of
geographic venom variability on snakebite management. J. Proteom. 74,
510e527.
Campbell, J.A., Lamar, W.W., 1989. The Venomous Reptiles of Latin America. Cornell
University Press, Ithaca, NY.
Campbell, J.A., Lamar, W.W., 2004. The Venomous Reptiles of the Western Hemisphere. Comstock Publishing Associates, Ithaca, NY.
~ oz, A., 2009. The rare Andean pitviper Rhinocerophis
Carrasco, P., Harvey, M., Mun

127

jonathani (Serpentes: Viperidae): redescription with comments on its systematics and biogeography. Zootaxa 2283, 1e15.
Carrasco, P., Leynaud, G., Scrocchi, G., 2010. Redescription of the southernmost
snake species Bothrops ammodytoides (Serpentes: Viperidae: Crotalinae).
Amphibia-Reptilia 31, 323e338.
Carrasco, P., Mattoni, C., Leynaud, G., Scrocchi, G., 2012. Morphology, phylogeny and
taxonomy of Southamerican bothropoid pitvipers (Serpentes: Viperidae). Zool.
Scr 41, 109e124.
Casewell, N.R., Wüster, W., Vonk, F.J., Harrison, R.A., Fry, B.G., 2013. Complex cocktails: the evolutionary novelty of venoms. Trends Ecol. Evol. 28, 219e229.
Casewell, N.R., Wagstaff, S.C., Wüster, W., Cook, D.A.N., Bolton, F.M.S., Kinga, S.I.,
Pla, D., Sanz, L., Calvete, J.J., Harrison, R.A., 2014. Medically important differences in snake venom composition are dictated by distinct postgenomic
mechanisms. P. Natl. Acad. Sci. U. S. A. 111, 9205e9210.
Castoe, T.A., Parkinson, C.L., 2006. Bayesian mixed models and the phylogeny of
pitvipers (Viperidae: Serpentes). Mol. Phylogenet. Evol. 39, 91e110.
Chippaux, J.P., 1998. Snake bites: appraisal of the global situation. Bull. W.H.O. 76,
515e524.
Chippaux, J.P., Postigo, J.R., 2014. Appraisal of snakebite incidence and mortality in
Bolivia. Toxicon 84, 28e35.
Chippaux, J.P., Williams, V., White, J., 1991. Snake venom variability: methods of
study, results and interpretation. Toxicon 29, 1279e1303.
Chippaux, J.P., Saz-Parkinson, Z., Amate Blanco, J.M., 2013. Epidemiology of snakebite in Europe: comparison of data from the literature and case reporting.
Toxicon 76, 206e213.
Costa de Oliveira, V.C., Lanari, L.C., Hajos, S.E., de Roodt, A.R., 2011. Toxicity of
Bothrops neuwiedi complex (“yarar
a chica”) venom from different regions of
Argentina (Serpentes, Viperidae). Toxicon 57, 680e685.
Cotterill, F.P.D., 1997. The second Alexandrian tragedy and the fundamental relationship between biological collections and scientiﬁc knowledge. In: Nudds, J.R.,
Pettitt, C.W. (Eds.), The Value and Valuation of Natural Science Collections.
Geological Society, London, United Kingdom, pp. 227e241.
Creer, S., Malhotra, A., Thorpe, R.S., Stocklin, R., Favreau, P., Chou, W.H., 2003. Genetic and ecological correlates of intraspeciﬁc variation in pitviper venom
composition detected using matrix-assisted laser desorption time-of-ﬂight
mass spectrometry (MALDITOF-MS) and isoelectric focusing. J. Mol. Evol. 56,
317e329.
da Silva, V.X., Trefaut Rodrigues, M., 2008. Taxonomic revision of the Bothrops
neuwiedi complex (Serpentes, Viperidae) with description of a new species.
Phyllomedusa 7, 45e90.
Daltry, J.C., Wüster, W., Thorpe, R.S., 1996. Diet and snake venom evolution. Nature
379, 537e540.
de Carvalho, M.R., Ebach, M.C., Williams, D.M., Nihei, S.S., Trefaut Rodrigues, M.,
Grant, T., Silveira, L.F., Zaher, H., Gill, A.C., Schelly, R.C., Sparks, J.S.,
ret, B., Ho, H., Grande, L., Rieppel, O., Dubois, A., Ohler, A.,
Bockmann, F.A., Se
Faivovich, J., Assis, L.C.S., Wheeler, Q.D., Goldstein, P.Z., de Almeida, E.A.B.,
Valdecasas, A.G., Nelson, G., 2013. Does counting species count as taxonomy? on
misrepresenting systematics, yet again. Cladistics 2013, 1e8.
Deolindo, P., Teixeira-Ferreira, A.S., DaMatta, R.A., Alves, E.W., 2010. L-Amino acid
oxidase activity present in fractions of Bothrops jararaca venom is responsible
for the induction of programmed cell death in Trypanosoma cruzi. Toxicon 56,
944e955.
Di Cola, V., Chiaraviglio, M., 2011. Establishing species’ environmental requirements
to understand how the southernmost species of South American pitvipers
(Bothrops, Viperidae) are distributed: a niche-based modelling approach.
Austral Ecol. 36, 90e98.
Fenwick, A.M., Gutberlet, R.L., Evans, J.A., Parkinson, C.L., 2009. Morphological and
molecular evidence for phylogeny and classiﬁcation of South American pitvipers, genera Bothrops, Bothriopsis, and Bothrocophias (Serpentes: Viperidae).
Zool. J. Linn. Soc. 156, 617e640.
Fernandez, J.H., Neshich, G., Camargo, A.C.M., 2004. Using bradykinin potentiating
peptide structures to develop new antihypertensive drugs. Genet. Mol. Res. 3,
554e563.
laque, C.M.S., 2003. Acidente botro
pico. In: Cardoso, J.L.C.,
França, F.O.S., Ma
França, F.O.S., Fan, H.W., M
alaque, C.M.S., Haddad, V. (Eds.), Animais Peçon^utica dos Acidentes. Sarvier, Sao
hentos No Brasil. Biologia, Clínica e Terape
Paulo, pp. 72e86.
Fry, B.G., Winkel, K.D., Janith, C., Wickramaratna, J.C., Hodgson, W.C., Wüster, W.,
2003. Effectiveness of snake antivenom: species and regional venom variation
and its clinical impact. J. Toxicol. 22, 23e34.
Gibbs, H.L., Mackessy, S.P., 2009. Functional basis of a molecular adaptation: preyspeciﬁc toxic effects of venom from Sistrurus rattlesnakes. Toxicon 53, 672e679.
Gibbs, H.L., Sanz, L., Sovic, M.G., Calvete, J.J., 2013. Phylogeny-based comparative
analysis of venom proteome variation in a clade of rattlesnakes (Sistrurus sp.).
PLoS One 8, e67220.
Guerra-Duarte, C., Lopes-Peixoto, J., Fonseca-de-Souza, B.R., Stransky, S., Oliveira, D.,
, A.,
Schneider, F.S., Lopes-de-Souza, L., Bonilla, C., Silva, W., Tintaya, B., Yarleque
rtegui, C., 2015. Partial in vitro analysis of toxic and antigenic acCh
avez-Olo
tivities of eleven Peruvian pitviper snake venoms. Toxicon 108, 84e96.
Gutberlet, R.L., Campbell, J.A., 2001. Generic recognition for a neglected lineage of
South American pitvipers (Squamata: Viperidae: Crotalinae), with the
. Am. Mus. Novit. 3316,
description of a new species form the Colombian Choco
1e15.
Gutberlet, R.L., Harvey, M.B., 2002. Phylogenetic relationships of New World pit€ggren, M.,
vipers as inferred from anatomical evidence. In: Schuett, G.W., Ho

128

P.A. Carrasco et al. / Toxicon 119 (2016) 122e128

Douglas, M.E., Greene, H.W. (Eds.), Biology of the Vipers. Eagle Mountain
Publishing, Eagle Mountain, UT, pp. 51e68.
rrez, J.M., 2009. Snakebite envenomation in Central America. In: Mackessy, S.P.
Gutie
(Ed.), Handbook of Venoms and Toxins of Reptiles. CRC Press, Boca Raton,
pp. 491e507.
rrez, J.M., Theakston, R.D.G., Warrell, D.A., 2006. Confronting the neglected
Gutie
problem of snakebite envenoming: the need for a global partnership. PLoS Med.
3, e150.
Harvey, M.B., Aparicio, J., Gonzales, L., 2005. Revision of the venomous snakes of
Bolivia: Part II. The pitvipers (Serpentes: Viperidae). Annals. Carnegie Mus. 74,
1e37.
Kaiser, H., Crother, B.I., Kelly, C.M.R., Luiselli, L., O’Shea, M., Ota, H., Passos, P.,
Schleip, W.D., Wüster, W., 2013. Best practices: in the 21st Century, taxonomic
decisions in herpetology are acceptable only when supported by a body of
evidence and published via peer-review. Herpetol. Rev. 44, 8e23.
Kasturiratne, A., Wockremasingue, A.R., de Silva, N., Gunawardena, N.K.,
Pathmeswaran, A., Premaratna, R., Savioli, L., Lalloo, D.G., de Silva, H.J., 2008.
The global burden of snakebite: a literature analysis and modelling based on
regional estimates of envenoming and deaths. PLoS Med. 5, e218.
Kipanyula, M.J., Kimaro, W.H., 2015. Snakes and snakebite envenoming in Northern
Tanzania: a neglected tropical health problem. J. Venom. Anim. Toxins Incl.
Trop. Dis. 2015, 21e32.
Koh, C.Y., Kini, R.M., 2012. From snake venom toxins to therapeutics e cardiovascular examples. Toxicon 59, 497e506.
Koh, C.C.I., Armugam, A., Jeyaseelan, K., 2006. Snake venom components and their
applications in biomedicine. Cell. Mol. Life Sci. 63, 3030e3041.
Lipps, B.V., 1999. Novel snake venom proteins cytolytic to cancer cells in vitro and
vivo systems. J. Venom. Anim. Toxins 5, 172e183.
~ a-Diaz, J.M., Sanz, L., Mora-Obando, D.M., Sa
nchez, E.E.,
Lomonte, B., Tsai, W., Uren
rrez, J.M., Gibbs, H.L., Sovic, M.G., Calvete, J.J., 2014. Venomics of
Fry, B.G., Gutie
New World pit vipers: genus-wide comparisons of venom proteomes across
Agkistrodon. J. Proteom. 96, 103e116.
Mackessy, S.P., 1988. Venom ontogeny in the Paciﬁc rattlesnakes Crotalus viridis
helleri and C. v. oreganus. Copeia 1988, 92e101.
Malhotra, A., Thorpe, R.S., 2004. A phylogeny of four mitochondrial gene regions
suggests a revised taxonomy for Asian pitvipers (Trimeresurus and Ovophis).
Mol. Phylogenet. Evol. 32, 83e100.
Markland, F.S., 1998. Snake venoms and the hemostatic system. Toxicon 36,
1749e1800.
Martins, M., Marques, O.A.V., Sazima, I., 2002. Ecological and phylogenetic correlates of feeding habits in Neotropical pitvipers of the genus Bothrops. In:
€ ggren, M., Douglas, M.E., Greene, H.W. (Eds.), Biology of the
Schuett, G.W., Ho
Vipers. Eagle Mountain Publishing, Eagle Mountain UT, pp. 307e328.
Mebs, D., 2001. Toxicity in animals. Trends in evolution? Toxicon 39, 87e96.
Minton, S.A., Weinstein, S.A., 1986. Geographic and ontogenic variation in venom of
the western diamondback rattlesnake (Crotalus atrox). Toxicon 24, 71e80.
Mohapatra, B., Warrell, D.A., Suraweera, W., Bhatia, P., Dhingra, N., Jotkar, R.M.,
Rodriguez, P.S., Mishra, K., Whitaker, R., Jha, P., for the Million Death Study
Collaborators, 2011. Snakebite mortality in India: a nationally representative
mortality survey. PLoS Negl. Trop. Dis. 5, e1018.
Morrison, W.R., Lohr, J.L., Duchen, P., Wilches, R., Trujillo, D., Mair, M., Renner, S.S.,
2009. The impact of taxonomic change on conservation: does it kill, can it save,
or is it just irrelevant? Biol. Conserv. 142, 3201e3206.
Nori, J., Carrasco, P., Leynaud, G., 2014. Venomous snakes and climate change:
ophidism as a dynamic problem. Clim. Chang. 122, 67e80.
n, G.S., Go
mez, L.F., Osorio, R., Valderrama, R., Hoyos, D., Urreta, J.E.,
Otero, R., Tobo
. Aspectos
Molina, S., Arboleda, J.J., 1992. Accidente ofídico en Antioquia y Choco
gicos (marzo de 1989efebrero de 1990). Acta Med.
clínicos y epidemiolo
Colomb. 17, 229e249.
Parkinson, C.L., 1999. Molecular systematic and biogeographical history of pitvipers
as determined by mitochondrial ribosomal DNA sequences. Copeia 1999,
576e586.
Parkinson, C.L., Campbell, J.A., Chippindale, P.T., 2002. Multigene phylogenetic
analysis of pitvipers, with comments on their biogeography. In: Schuett, G.W.,
€ggren, M., Douglas, M.E., Greene, H.W. (Eds.), Biology of the Vipers. Eagle
Ho
Mountain Publishing, Eagle Mountain UT, pp. 93e110.
n y tratamiento de accidentes por serpientes venPesantes, O., 2000. Prevencio
enosas. Oﬁcina de Relaciones Públicas SEDAPAL, Lima, Perú.
Rocha e Silva, M., Beraldo, W.T., Rosenfeld, G., 1949. Bradykinin, a hypotensive and a
smooth muscle stimulating factor released from plasma globulin by snake
venom and by trypsin. Am. J. Physiol. 156, 261e270.
Rodrigues, V.M., Soares, A.M., Mancin, A.C., Fontes, M.R.M., HomsiBrandeburgo, M.I., Giglio, J.R., 1998. Geographic variations in the composition of
myotoxins from Bothrops neuwiedi snake venoms: biochemical characterization
and biological activity. Comp. Biochem. Phys. A 121, 215e222.
~o, M.G., Wüster, W., Thorpe, R.S., BBBSP, 1997. DNA evolution of South
Saloma
American pitvipers of the genus Bothrops. In: Thorpe, R.S., Wüster, W.,

Malhotra, A. (Eds.), Venomous Snakes: Ecology, Evolution, and Snakebite.
Clarendon Press, Oxford, pp. 89e98.
~o, M.G., Wüster, W., Thorpe, R.S., BBBSP, 1999. MtDNA phylogeny of
Saloma
neotropical pitvipers of the genus Bothrops (Squamata: Serpentes: Viperidae).
Kaupia 8, 127e134.
Sangster, G., Hazevoet, C.J., Van Den Berg, A.B., Roselaar, C.S., Sluys, R., 1999. Dutch
avifaunal list: species concepts, taxonomic instability, and taxonomic changes
in 1977-1998. Ardea 87, 139e165.
Sanz, L., Gibbs, H.L., Mackessy, S.P., Calvete, J.J., 2006. Venom proteomes of closely
related Sistrurus rattlesnakes with divergent diets. J. Proteome Res. 5,
2098e2112.
~ ez, V., Yarleque
, A., Gonçalves, L.R.C., Villalta, M.,
Segura, A., Castillo, M.C., Nún
ndez, M., Yano, M.Y., Araújo, H.P.,
Bonilla, C., Herrera, M., Vargas, M., Ferna
n, P., Tintaya, B., Sano-Martins, I.S., Go
 mez, A., Ferna
ndez, G.P.,
Boller, M.A.A., Leo
n, G., Gutie
rrez, J.M., 2010. Preclinical assessGeoghegan, P., Higashi, H.J., Leo
ment of the neutralizing capacity of antivenoms produced in six Latin American
countries against medically-relevant Bothrops snake venoms. Toxicon 56,
980e989.
Shanbhag, V.K.L., 2015. Applications of snake venoms in treatment of cancer. Asian
Pac. J. Trop. Biomed. 5, 275e276.
Smalligan, R., Cole, J., Brito, N., Laing, G.D., Merts, B.L., Manock, S., Maudlin, J.,
Quist, B., Holland, G., Nelson, S., Lalloo, D.G., Rivadeneira, G., Barragan, M.E.,
Dolley, D., Eddleston, M., Warrell, D.A., Theakston, R.D.G., 2004. Crotaline
snakebite in the Ecuadorian Amazon: randomised double blind comparative
trial of three South American polyspeciﬁc antivenoms. Br. Med. J. 329, 1129.
, J.C., Gasc, J.P., 1997. Molecular systematic of pitvipers:
Vidal, N., Lecointre, G.C., Vie
paraphyly of the Bothrops complex. Evolution 320, 95e101.
Vyas, V.K., Brahmbhatt, K., Bhatt, K., Parmar, U., 2013. Therapeutic potential of snake
venom in cancer therapy: current perspectives. Asian Pac. J. Trop. Biomed. 3,
156e162.
Warrell, D.A., 1997. Geographical and interspecies variation in the clinical manifestations of envenoming by snakes. Symp. Zool. Soc. Lond. 70, 189e203.
Warrell, D.A., 2004. Snakebites in Central and South America: epidemiology, clinical
features, and clinical management. In: Campbell, J.A., Lamar, W.W. (Eds.), The
Venomous Reptiles of the Western Hemisphere, 1. Cornell University Press,
Ithaca and London, pp. 709e761.
Werman, S.D., 1992. Phylogenetic relationships of Central and South American
pitvipers of the genus Bothrops (sensu lato): cladistic analysis of biochemical
and anatomical characters. In: Campbell, J.A., Brodie, E.D. (Eds.), Biology of the
Pitvipers. Selva, Tyler, TX, pp. 21e40.
Werman, S.D., 2005. Hypotheses on the historical biogeography of Bothropoid
pitvipers and related genera of the Neotropics. In: Donnelly, M.A., Crother, B.I.,
Guyer, C., Wake, M.H., White, M.E. (Eds.), Ecology and Evolution in the Tropics: a
Herpetological Perspective. University of Chicago Press, Chicago, pp. 306e365.
Williams, V., White, J., Schwaner, T.D., Sparrows, A., 1998. Variation in venom
proteins from isolated populations of tiger snakes (Notechis ater niger,
N. scutatus) in South Australia. Toxicon 26, 1067e1075.
Williams, D., Wüster, W., Fry, B.G., 2006. The good, the bad and the ugly: Australian
snake taxonomists and a history of the taxonomy of Australia’s venomous
snakes. Toxicon 48, 919e930.
rrez, J.M., Calvete, J.J., Wüster, W., Ratanabanangkoon, K.,
Williams, D.J., Gutie
Paiva, O., Brown, N.I., Casewell, N.R., Harrison, R.A., Rowley, P.D., O’Shea, M.,
Jensen, S.D., Winkel, K.D., Warrell, D.A., 2011. Ending the drought: new strategies for improving the ﬂow of affordable, effective antivenoms in Asia and
Africa. J. Proteom. 74, 1735e1767.
Wüster, W., 1996. Taxonomic changes and toxinology: systematic revisions of the
Asiatic cobras (Naja naja species complex). Toxicon 34, 399e406.
Wüster, W., McCarthy, C.J., 1996. Venomous snake systematics: implications for
snake bite treatment and toxinology. In: Bon, C., Goyffon, M. (Eds.), Envenomings and Their Treatments. Fondation Merieux, Lyon, pp. 13e23.
Wüster, W., Golay, P., Warrell, D., 1997. Synopsis of recent developments in
venomous snake systematics. Toxicon 35, 319e340.
~o, M.D.G., Thomas, L., Puorto, G., Theakston, R.D.G.,
Wüster, W., Thorpe, R.S., Saloma
Warrell, D.A., 2002a. Origin and phylogenetic position of the Lesser Antillean
species of Bothrops (Serpentes, Viperidae): biogeographical and medical implications. Bull. Nat. Hist. Mus. Lond (Zool.) 68, 101e106.
~ as, J.A., Thorpe, R.S., BBBSP, 2002b.
Wüster, W., Salom~
ao, M.G., Quijada-Mascaren
Origins and evolution of the South American pitvipers fauna: evidence from
€ggren, M.,
mitochondrial DNA sequence analysis. In: Schuett, G.W., Ho
Douglas, M.E., Greene, H.W. (Eds.), Biology of the Vipers. Eagle Mountain
Publishing, Eagle Mountain UT, pp. 111e129.
, L., 2000. Las serpientes Peruanas y sus venenos. Fondo Editorial de la
Yarleque
Universidad Nacional Mayor de San Marcos, Lima, Perú.
Zelanis, A., Tashima, A.K., Rocha |, M.M.T., Furtado, M.F., Camargo, A.C.M., Ho, P.L.,
Serrano, S.M.T., 2010. Analysis of the ontogenetic variation in the venom proteome/peptidome of Bothrops jararaca reveals different strategies to deal with
prey. J. Proteome Res. 9, 2278e2291.

