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Abstract

Vipers are among the most misunderstood and persecuted animals. They occupy most
terrestrial ecosystems around the world, often at high population densities. However,
certain aspects of their biology (e.g., low fecundity and slow growth) have resulted in
vipers being disproportionately threatened by extinction. Despite increased extinction
risk, relatively little is known about viper biology, severely limiting the development and
implementation of conservation initiatives. Here, we review the conservation status of
vipers globally, map species richness, and develop three indices (one reactive; one
proactive; one combined index emphasising irreplaceable species facing severe threats)
to identify species for which conservation action should be prioritised. Moreover, we
map species richness weighted by each index to identify regions for conservation
prioritisation. We ranked prioritisation scores for all species for which data were
available. In doing so we identify species for which valuable data are missing and that
should be prioritised for research. We additionally show that 17 species, currently listed as
Not Assessed or Data Deficient by the IUCN, score sufficiently high on our Threat Index to
be considered as Threatened in the future. We identify multiple regions for which
viper conservation action should be prioritised. These areas broadly correlate with
species richness patterns, suggesting that species richness may be an effective proxy for
conservation planning. Finally, we discuss the major gaps in knowledge, as well as the
major threats facing vipers.

1. Introduction

Snakes are among the most misunderstood and persecuted groups of all animals (Dodd,
1987; Greene and Campbell, 1992; Beaupre and Duvall, 1998). The widely-held negative
perceptions of snakes, coupled with relatively poor understanding of even their basic biology,
pose fundamental challenges to snake conservation (Burghardt et al., 2009). These
challenges are particularly apparent in the case of vipers (Family Viperidae, ~ 330 species), a
clade of advanced snakes that inhabit all continents except Australia and Antarctica, and are
found in nearly all terrestrial ecosystems, from deserts to moist tropical forests (e.g.,
Mallow et al.,, 2003; Campbell and Lamar, 2004; Gumprecht et al., 2004). Vipers are
characterized by advanced venom delivery mechanisms (Young et al., 2001; Cundall, 2002)
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and highly complex, potent natural toxins (Norris, 2004), such that they are an important
contributor to the global public health problem of venomous snakebite (e.g., Chippaux,
1998; Gutiérrez et al., 2010).

Vipers are characterized by phylogenetically widespread viviparity and parental care
(Fenwick et al., 2011; Greene et al., 2002), ambush foraging (Cundall and Greene, 2000)
for prey as diverse as centipedes, insects, fish, amphibians, reptiles, birds, and mammals
(Greene, 1997; Martins et al., 2002), and relatively low metabolic rates and energy
requirements (Nowak et al., 2008). These traits have contributed to vipers reaching the
highest latitudes (over 65° North in Vipera berus and 47° South in Bothrops ammodytoides)
and elevations (up to 4800 m above sea level in Gloydius himalayanus in Nepal or up to
4570 m a.s.l. in Crotalus triseriatus in Mexico) of any snake species. However, several of
these traits associated with “slow” life-histories (e.g., ambush foraging resulting in infrequent
feeding on large prey; Greene, 1983) may also make vipers particularly vulnerable to
extinction (Greene and Campbell, 1992; Reed and Shine, 2002). Accordingly, Bohm et al.
(2013) found that vipers were significantly more threatened than expected in an analysis of
1500 randomly selected reptile species. Indeed, although vipers represent only 9% of all snakes
(Uetz and Hosek, 2015), they currently comprise 20% of the 226 snakes listed as threatened on
the TUCN Red List (IUCN, 2015a). Globally, 20 species of vipers are listed as Vulnerable, 23 as
Endangered, and eleven as Critically Endangered (IUCN, 2015a; M. Martins et al. unpublished
data).

Conservation prioritisation offers a useful tool to direct limited resources toward actions that
return the greatest conservation impacts relative to a priori objectives (Myers, 1988; Myers et
al., 2000). These conservation objectives produce prioritisation plans that are proactive
(emphasising irreplaceability of biodiversity) or reactive (emphasising wvulnerability of
biodiversity; Brooks et al., 2006). While reactive indices tend to map similar threat processes
(human population, habitat transformation and fragmentation etc.), proactive indices vary
widely in metrics used, from endemic species richness (Myers et al., 2000) to evolutionary
distinctiveness (May, 1990; Isaac et al., 2007) and functional diversity (Petchey and Gaston,
2006). Moreover, proactive indices are often produced based on the geographic patterns of
relatively well-known indicator taxa (Bohm et al., 2013), despite variable congruence of such
patterns among different taxa (Grenyer et al., 2006). Thus, taxon-specific conservation
priorities may be overlooked by some global prioritisation procedures (e.g. compare to Meiri
and Chapple, in this issue), stifling access to conservation resources, especially when those
taxonomic groups are poorly known.

Here, we review the conservation status of vipers globally, map viper species richness, and
develop three indices to identify species for which conservation action should be prioritised.
These indices differ in being reactive (dependent on threat processes) and proactive
(dependent on ecological and evolutionary distinctiveness) (Brooks et al., 2006), with the
third index producing a combined metric that emphasises irreplaceable species facing severe
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threats (Isaac et al., 2007). We additionally map viper species richness weighted by each of the
prioritisation indices to identify regions of conservation priority. In doing so we identify gaps in
our knowledge that currently hinder conservation planning for these animals. Finally, we
provide a discussion of the status quo of viper conservation and the major threats facing vipers,
as well as recommendations for viper conservation that we hope will form the basis of the
proposed Viper Action Plan (VAP).

2. Methods

We gathered data regarding geographic distributions for 329 species of vipers recognised in the
Reptile Database (after Uetz and HoSek, 2015, see Supplementary Material) by digitising
polygon maps from field guides and taxonomic revisions. We additionally gathered
information regarding life-history traits (body size, fecundity, diet) and evolutionary
distinctiveness (see Section 2.2) for as many species as possible. Using these data we
developed two separate prioritisation indices: a Threat Index (TT) that uses selected species traits
and anthropogenic impacts within the geographic distribution of each species as measures of
current threats to the persistence of the species; and an index of Ecological and Evolutionary
Distinctiveness (EED) that uses selected species traits to prioritise species that represent
distinct evolutionary lineages or extremes of ecological traits. We additionally calculated a
third index, based on the conceptual approach of the EDGE index (Isaac et al., 2007) that
aims to prioritise evolutionarily distinct (ED) and Globally Endangered (GE) species by
averaging our measures of TI and EED for each species to identify ecologically and evolutionarily
distinct species that are highly threatened. We mapped our conservation priority indices by
summing the index scores of all species present in a particular grid cell, resulting in
prioritisation-index-weighted species richness maps (Fig. 1B/D/F/G). Finally, we identify
hotspots by mapping the highest scoring 10% of cells globally for each index.

2.1 Threat Index (TI)

We calculated the size of the geographic distribution (GD, area of the geographic distribution
polygon) of each species, the degree of human impact (HI; from the HII of the Global Human
Influence Index (WCS and CIESIN, 2005)) within that distribution, and the percentage of
each distribution formally protected (PA; IUCN protected area category I-IV from the World
Database of Protected Areas (IUCN and UNEP-WCMC, 2015), plus Biosphere Reserve
protected areas in Mexico and National Parks in South Africa for which IUCN categories are
not reported in the WDPA). We additionally used expert opinion, facilitated through IUCN
Viper Specialist Group (URL: http://www.oriannesociety.org/iucn-viper-specialist-group)
regional coordinators, to estimate the ability of each species to persist in altered habitats (AAH:
after Filippi and Luiselli, 2000, in categories ranging from 1 (high persistence) to 4 (low
persistence)).

We rationalised that species with small, highly transformed and poorly protected geographic

distributions, that were perceived to have a limited capacity to persist in altered habitats were
likely to be most threatened and used this hypothesis to dictate the rank ordering of species. We

http://repository.uwc.ac.za


http://www.oriannesociety.org/iucn-viper-specialist-group
http://www.oriannesociety.org/iucn-viper-specialist-group

normalized each variable to range between 0 and 1, including only species for which data were
available. Autocorrelation among variables was low (max: r = 0.44) so no variables were
excluded from the calculation of the index. We excluded species for which fewer than three
variables were available, and calculated the threat index as the mean of the available variables.
Our TTI is based on the same rationale as the IUCN Red List in that it evaluates species on the
basis of their vulnerability to current threats. However, there is only partial overlap between
our TT parameters and the Red List criteria. As a result, comparison of TI values and IUCN Red
List categorisations can provide insight into both the complementarity of different reactive
indices and highlight species of conservation concern that may be overlooked. We thus
compared our TI measures to derived Red List index scores for species with existing IUCN
Red List assessments (IUCN, 2015a; M. Martins et al. unpublished data) using correlational
analysis. We allocated each listed species a score based on the hierarchy of the Red List
categories (LC = 0; NT = 1; VU = 2; EN = 3; CR = 4). We excluded species listed as Data
Deficient because of the ambiguity of this categorisation (Morais et al., 2013).

2.2 Ecological and Evolutionary Distinctiveness (EED)

We estimated an index of Ecological and Evolutionary Distinctiveness (modified from Gaiarsa
et al., 2015) for each species for which data were available. We collected information
regarding maximum reported total length of the largest sex (hereafter: length), maximum
reported litter or clutch size (hereafter: litter/clutch size), and the number of prey classes (prey
classes: invertebrates; fish; amphibians; reptiles; birds; mammals) known from the diet of that
species. Ecological variables included body size (BS; calculated as the absolute difference
between the log-transformed length for a given species from the mean log-transformed
length for all species), maximum fecundity (MF, calculated as the absolute difference between
the log-transformed litter/clutch size for a given species from the mean log-transformed
litter/clutch size for all species), dietary specialisation (DS, inverse of the number of prey
classes reported in the literature as prey of each species), habitat breadth (HB; defined as the
number of WWF ecoregions (Olson et al., 2001) overlapped with the geographic distribution
of each species), and elevational range (EL, range of elevations covered by geographic
distribution). Correlation analysis revealed that elevational range and habitat breadth were
strongly positively correlated (r = 0.65). We thus excluded habitat breadth (which showed
higher correlation coefficients with other variables than did elevational range). We used the
most recent and complete molecular phylogenetic dataset of vipers (Alencar et al., in review)
to calculate the evolutionary distinctiveness (ED) scores for each species. We estimated ED for
vipers by applying the widely used ED fair proportion scoring method (Isaac et al., 2007). The
ED score for a given species in the phylogeny is given by the sum of the ED scores estimated for
the branch lengths from the root to the species. The ED score of each branch is calculated by
dividing the branch length (given in millions of years) by the number of species descending
from that branch (see Isaac et al., 2007). We calculated the ED score for each species using the
maximum credibility tree generated by Alencar et al. (in review). We performed the ED
estimates using the ed.calc function from the R package caper (Orme et al., 2013; R Core
Team, 2015). Because the phylogeny comprises 264 out of 331 currently described species of
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vipers (Uetz and HosSek, 2015, the VSG currently recognising 329 valid species), we estimated
the ED scores for the missing species as the mean of the ED scores of congeneric species present
in the phylogeny (Collen et al., 2011; Curnick et al., 2015), except in a few cases (see below).
Since the position of missing species may vary from a basal position to a more recent one in the
lineage, we also provide the range of EDs for each species to represent this uncertainty (see
Supplementary Material); to calculate the ED for the most basal position, we created a
divergence event in the midpoint of the ancestral branch of the lineage, and to represent a
more recent position we did the same with the ancestral branch of the species bearing the
lowest ED score in the lineage. The ED score for the monotypic Montatheris hindii was
given as the mean of the ED scores of the subfamily Viperinae (following suggestions in Curnick
et al., 2015). Missing species belonging to the genera Bothrops and Bothrocophias had their
ED scores assigned as the mean of the ED scores estimated for Bothrops + Bothrocophias.
We chose to use this procedure because although the monophyly of both genera is not well
supported, a clade comprising Bothrops and Bothrocophias is highly supported (Alencar et
al., in review; Pyron et al., 2013). Missing Ovophis and Trimeresurus species had their ED
scores assigned as the mean of their respective genera excluding Ovophis okinavensis and
Trimeresurus gracilis respectively as both species have been shown to form a distinct clade
unrelated to Ovophis or Trimeresurus (Pyron et al., 2013; Alencar et al., in review).

As with the TT measures, we ranked all species for which data were available (N = 246) and
normalized each variable to between 0 and 1. We excluded species for which fewer than 4
variables were available (N = 83), and calculated EED as the mean of the available variables.

2.3 Combined Index (TI & EED)
Our TT and EED indices were not correlated (r = 0.25). We therefore averaged the two indices
to identify species that exhibit exceptional traits and face significant threat within their ranges.
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Fig. 1. Species richness (A) and top 10% species-rich grid cells (B) for vipers globally, followed by species richness weighted by Threat Index (TI; C) and showinghighest 10% hotspots (D),
species richness weighted by index of Ecological and Evolutionary Distinctiveness (EED; E) and highest 10% hotspots (F), and species richness weighted by combined TI and EED indices
(G) and highest 10% hotspats (H).

3. Results

Species richness of vipers (Fig. 1A) ranged from 1 to 10 species per

cell (mode = 3 species). Regions of highest species richness (Fig. 1B) were detected across the
southern USA, as isolated nodes throughout Mesoamerica, as three large nodes in South
America, across West and Central Africa, along the western edges of the Arabian peninsula
and India respectively, north-eastern Iran and adjacent Afghanistan, and throughout
southeast Asia (particularly south-eastern China). However, cells with high species richness were
relatively rare with grid cells containing 8—10 species accounting for fewer than 1% of all cells
containing vipers.

We gathered sufficient data to assign TI scores to 320 species (97% of species; Table 1;
Supplementary Material), with the majority of missing species being island endemics of the
genus Crotalus. Despite excluding many island endemic Crotalus, the Top 30 TI species in our
analysis disproportionately (relative to overall species richness) represented island endemics

(x2 = 4.16; P = 0.04). TI-weighted species richness (Fig. 1C) was unsurprisingly correlated
with overall species richness (r = 0.9), but the regions with the highest TT-weighted scores (Fig.
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1D) additionally highlighted the south-eastern USA, large portions of Mesoamerica, several
nodes in the Middle-east, western India and large portions of the greater Malaysian peninsula.

TI was significantly positively correlated with Red List scores for assessed species (r = 0.58;
P b 0.001). Moreover, we detected significant differences in mean TI for species in each ITUCN
group (F1,200 = 95.18; P b 0.001; Fig. 2), and pairwise comparisons between groups revealed
significant differences (P > 0.05) for all comparisons except Vulnerable and Endangered (P =
0.86). Importantly, TT 95% confidence limits for Least Concern species ranged up to 0.74,
providing a valuable threshold for highlighting potentially threatened species that have yet to
be formally assessed by the IUCN or that are currently listed as Data Deficient. We found that
17 Not Assessed or Data Deficient species (Cerastes boehmei, Cerrophidion petlalcalensis,
Crotalus ericsmithi, Crotalus lannomi, Crotalus tancitarensis, Echis megalocephalus,
Gloydius lLjianlii, Gloydius liupanensis, Gloydius monticola, Montatheris hindii,
Porthidium hespere,  Porthidium volcanicum,  Protobothrops dabieshanensis,
Protobothrops maolanensis, Trimeresurus fasciatus, Trimeresurus mcgregori, and
Trimeresurus sichuanensis) had TI scores in excess of 0.75 and are likely to be considered
Threatened in the future. These include 11 species currently listed as Data Deficient (48% of all
DD viper species).

Ecological and Evolutionary Distinctiveness (EED) was calculated for 246 species (75% of
species; Table 1; Supplementary Material). The Top 30 EED species disproportionately

represented African species (x2 = 5.41; P = 0.02), with ten sub-Saharan and two North
African species making the Top 30 list, despite African vipers only accounting for
approximately 20% of all species. Moreover, we lacked sufficient data to assess 33% of African
species, suggesting that this effect is likely underestimated. Overall EED-weighted species
richness (Fig. 1E) was strongly correlated with overall species richness (r = 0.93) but
emphasised the South American, African, middle-eastern, and south Asian viper faunas. As a
result, regions with highest EED-weighted species richness (Fig. 1B/F) were similar to overall
species richness and highlighted most of the major priority nodes identified using species
richness alone.
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Fig. 2. Mean Threat Index (TI) scores for IUCH Red List assessed vipers in each Red List
category.
Table 1

Top 30 spedes of vipers under three indices of conservation prioritisaton.

Rank Threat Index (TI) Ecological & Evolutionary Distinctiveness (EED) Combined (TI & EED)

1 Crotalus unimlor Prombothrops himalayanus Montatheris hindii

2 Trimeresurus sichuanensis Montatheris hindii Crotolus transversus

3 Gloydius shedaoensis Hypnale zara Bothrops lanceolatus

4 Bitis albanica Bitis rhinoceros Protobothrops mangshanensis
5 Crotalus transversus Prombothrops mangshanensis Bothrops alcatraz

[ Crotalus tancitare nsis Bothrops lanceolatus Gloydius shedaoensis

7 Bothrops lojanus Hypnale nepa Mixcoatfus barbouri

8 Montivipera albizona Bitis peringueyi Trimeresurus fasciatus

o Trimeresurus honsonensis Azemiops feae Hypnale zara

o Bothrops alcatraz Bothrops caribbaeus Crotalus [annomi

11 Bothrops otavioi Bitis inomata Cerrophidion tzozilorum
12 Porthidium hespere Crotalus tanhcan Cerrophidion petlalcale nsis
13 Cerastes boehmei Trimeresurus fasciatus Baothriechis supraciliaris
14 Trimeresurus mcgregor Bitis armata Vipera anatolica

15 Montatheris hindii Bitis schneideri Bitis armata

16 Vipera orlovi Mixcoatius barbouwri Bothrops caribbaeus

17 Vipera anatolica Vipera mon ticola Mixcoatfus browni

18 Echis megaloceph alus Trimeresurus malcolmi Lachesis melanocephala

19 Atropoides indomitus Causus defilippii Porthidium hespere

20 Cerrophidion zotzilorum Prombothrops cornurus Montivipera albizona

21 Crotalus pusillus Atropoides picadoi Crotalus pusillus

22 Gloydius lijianlii Bothrops akatraz Vipera monticola

23 Protobothrops dabieshane nsis Atheris chlorechis Trimeresurus mogregor
24 Bothrops muriciensis Prombothrops sieversorum Bitis worthingtoni

25 Bothrops lanceolatus Cerastes vipena Ritis rhinoceros

26 Crotalus lonnomi Crotalus adaman e us Protobothrops sieversorum
27 Gloydius liupanensis Mixcoatlus melanurus Vipera orlovi

28 Trimeresurus rubeus Mixcoatlus browni Crotalus unicolor

29 Crotalus armstrongi Causus bilineatus Trimeresurus ruongsonensis
30 Montivipera wagneri Atheris barbouri Bitis inormata

Our combined index summarises variation between the reactive (TT) and proactive (EED)
approaches (Table 1; Supplementary Material). Unsurprisingly, species richness
weighted by the combined index (Fig. 1G/H) correlates strongly with both TT and EED,
as well as overall species richness.

4. Discussion

Our analyses reveal both important challenges and promising opportunities for global viper
conservation. Worryingly, the risk of extinction for vipers is higher than expected (e.g., Bohm et
al., 2013; Tolley et al., 2016) and the gaps in our knowledge of taxonomic status and even basic
biology limit our application of prioritisation indices to many species and undoubtedly our
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ability to conserve vipers in general. Moreover, the spatial arrangements of priority hotspots
(independent of the index adopted) include multiple, isolated, idiosyncratically-distributed
clusters for which generalised planning is likely to be challenging. Finally, nearly half of all
species for which we had sufficient data to calculate TI, but that are currently listed as Data
Deficient by the ITUCN, appear to be of conservation concern, along with several others that have
yet to be formally assessed. This emphasises the need for clade-specific assessments because a
global analysis of Data Deficient species suggested 19% to be actually threatened (Bland and
Bohm, 2016). Positively however, we identify several large nodes of high conservation priority
for which generalised conservation action might be appropriate. Moreover, we show that our
prioritisation indices are strongly influenced by species richness, such that using species
richness as one of the proxies for conservation prioritisation is likely to be valuable.

4.1 Viper species richness and conservation priority areas

Species richness is commonly used as a measure of biodiversity to prioritise conservation
planning, predominantly because it is relatively easy to measure at broad scales. However,
recent assessments have noted a weak correlation of overall species richness with richness of
endemic or threatened species (Orme et al., 2005; Lamoreux et al., 2006; Jenkins et al., 2013).
Thus, it is noteworthy that both our TI and EED hotspot analysis revealed large clusters of
high species richness. Our global pattern of viper species richness broadly reflects other
venomous snake studies (Reed, 2003; Terribile et al., 2009) and provides a valuable starting
point for identifying global conservation priority areas. The fact that both TI- and EED-weighted
species richness maps showed global patterns that were largely congruent with overall species
richness suggests that in the absence of information regarding individual species, species
richness provides a useful rule of thumb for prioritising conservation areas for vipers.

Imperfect correlation among hotspots emphasises differences between the reactive and
proactive indices. Hotspot analysis derived from the combined TI and EED indices balances
these differences, and identified several minor nodes for conservation prioritisation globally.
More importantly, our analysis identifies major regions for conservation action in North
America, Mesoamerica, South America, Africa, and Asia (Fig .1). We recommend that these
large nodes be subject to regional specific conservation planning in order to maximise viper
conservation within each region. These nodes, when combined with species-specific priority
scores (below), have the potential to significantly boost coordinated viper conservation planning
efforts globally.

4.2 Species priorities

Our presentation of species-specific conservation priorities (Table 1; Supplementary Material)
ranks species relative to other vipers to identify particular species where conservation efforts are
likely to produce the greatest contribution to global viper conservation. Indeed, conservation
and natural history research that focuses on target viper species already exist. Examples include
work on Crotalus unicolor (Odum and Reinert, 2015), island vipers from south-eastern
Brazil (Bataus and Reis, 2011), Armenian vipers (Ettling et al., 2015; Aghasyan, 2006) and
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Vipera ursinii in Hungary (e.g. Péchy et al.,, 2015) and France (http://www.vipere-
orsini.com/fr/). The Life project in Hungary has incorporated land protection, habitat
restoration, creation of a Hungarian meadow viper conservation and exhibition centre, captive
breeding and repatriation, monitoring, research, and education outreach to save the
Hungarian meadow viper (e.g., Ujvari et al., 2000; Edgar and Bird, 2006). Importantly, we
propose that our ranking be used to direct similar potential conservation work and research, and
help local conservation practitioners motivate for conservation of particular habitats or
protection of individual species.

4.3 TI and the Red List

Our TI results broadly mirror Red List categories (Fig. 2). Our goal was not to replicate the Red
List assessment with TI, but rather provide a complementary perspective on threat assessment.
Indeed, the extent to which our TI measures agree with current Red List assessment can
provide valuable insight into species that may not yet have been assessed, or have been
incorrectly assessed, during the Red List process. In this context, we find that a large proportion
of Not Assessed or Data Deficient species score higher than the threshold for likely threat status
(0.75) on the TT and should be considered in future conservation planning. Conversely, several
species currently considered threatened (CR, EN, or VU) were allocated low TT scores. In these
cases we recommend critical examination of those assessments to ensure that the true
conservation status of those species are accurately portrayed.

4.4 Challenges to viper conservation

4.4.1. Gaps in knowledge

Compiling our prioritisation database highlighted several major gaps in the knowledge
needed to appropriately conserve vipers. These gaps should be used to direct future research.
Our ED analysis was based on the most recent and complete molecular phylogeny for vipers
(Alencar et al., in review), a phylogeny missing approximately 20% of all known species. Several
of the species missing from our phylogeny are poorly known in general, and for several of these
their validity as a species (and thus their conservation priority; Bickford et al., 2007; Isaac et al.,
2004) is questionable. Missing species unsurprisingly occurred in species rich, but poorly
developed regions of the globe (Table 2). We strongly advocate work that aims to assess the
taxonomic validity of these species (see Supplementary Material) so that adequate conservation
planning, if required, can be initiated.

Our analysis also highlighted the enormity of the gaps in basic biological information regarding
most vipers. Although traits related to morphology are relatively well-known (98% of species
in our database include measures of BS), natural history information regarding fecundity (67%
of species in our database include measures of MF) or diet (80% of species in our database
include measures of DS) were relatively incomplete. Moreover, many of the species for which
natural history data are available are represented by no more than one or two publications that
often focus on individual natural history observations rather than comprehensive dietary or
reproductive studies. Several genera were particularly poorly known: we lacked either
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fecundity or dietary information for nine of the 16 species of Atheris, 7 of the 11 species of
Echis, and 22 of the 44 species of Bothrops. Moreover, information regarding how these
species will respond to landscape and climate change were also scarce given that quantitative
assessment of such responses are almost entirely absent for vipers. We relied on expert opinion
to estimate our AAH metric. However, gaps in our knowledge prevented us from assigning
AAH scores for 87 species (26%). Geographically, these gaps in knowledge were
unsurprisingly greatest in developing regions (Table 2), similar to other reptile taxa (e.g.
Meiri and Chapple, in this issue).

Table 2
Total viper species richness, and the number of species for which phylogenetic, fecundity, dietary, and ability to persist in altered habitats ( AAH)) are missing within our da@set, for each
region of the globe. Percentage of regional species richness shown in parentheses. Species richness sums to =329 because several species occur in more than one region.

Measure Morth America Mesoamerica South America Europe Middle East Africa Asia
Species richness 25 85 55 17 34 49 100
Phylogemy 2(8%) 11(13%) 14 (25%) 0 (0%) 5(15%) 17 (35%) 23 (23%)
Fecundity 2(8%) 33 (39%) 23 (42%) 0(0%) 12 (35%) 16 (33%) 28 (28%)
Diet 0(0%) 13 (15%) 21(38%) 0 (0%) 2 (24%) 11 (22%) 15 (15%)
AAH 2(8%) 34 (40%) 18 (33%) 1(6%) 4(12%) 23 (47%) 8 (8%)

The lack of demographic data for viper populations severely hinders effective conservation
planning. While population estimates are available for several species of vipers (see for
example Reading et al., 2010), these tend to be North American, African, or European
species. Moreover, relatively few studies are longitudinal in nature which, when
combined with low detection probabilities for most snakes (Seigel, 1993; Kéry, 2002;
Durso et al., 2011), severely limits our ability to detect long-term changes in populations.
While notable local-scale exceptions exist—long-term monitoring of Vipera ursinii in
France (Baron et al., 1996; Ferriere et al., 1996), Crotalus horridus in the north-eastern
United States (Brown et al., 2007), Gloydius shedaoensis in China (Sun et al., 2001), and
Vipera aspis in Switzerland (Flatt et al., 1997)—our knowledge of global population trends
islacking for nearly all species.

4.4.2. Threats to vipers

The single biggest threat to vipers globally is the continued loss, degradation, and
fragmentation of suitable habitat (Gibbons et al., 2000; Dirzo and Raven, 2003; Fischer
and Lindenmayer, 2007). Some vipers may be particularly sensitive to habitat loss (e.g.
Luiselli and Capizzi, 1997; Waldron et al., 2006; Tuniev and Tuniev, 2009; Ettling et al.,
2015) due to slow growth, low levels of reproduction (e.g., Webb et al., 2002), their often
specialized diet (e.g. Luiselli and Capizzi, 1997), or a high degree of habitat specialisation
(Zamudio and Greene, 1997; Waldron et al., 2006; Santos and Poquet, 2010; Leao et al.,
2014). Isolated populations of vipers have low genetic diversity and may be at increased risk
of extinction (Madsen et al., 1996; Ujvari et al., 2002; Ursenbacher et al., 2008; Clark et
al., 2011). Fragmentation by unsuitable habitats, such as agricultural landscapes devoid of
structures (e.g., Volkl and Thiesmeier, 2002) may be particularly problematic for vipers.
Moreover, linear barriers such as walls (Madsen and Ujvari, 2011) or roads (Andrews and
Gibbons, 2005) may limit the movement of vipers. Thus habitat fragmentation by roads
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has the potential to rapidly degrade genetic diversity (Clark et al., 2010; DiLeo et al.,
2013; Bushar et al., 2015; but see Weyer et al., 2014).

A range of viper species are traded globally, and while many of them are derived from captive
populations, wild snakes are also traded with unknown impacts on their populations
(IUCN, 2015b). In general, such collection and illegal trade is particularly relevant for highly
threatened insular species (e.g., Bothrops insularis, Martins et al., 2008; Guimaraes et al.,
2014). Of concern is that only Crotalus durissus, Daboia russelii, Montivipera wagnerti,
Protobothrops mangshanensis, and Vipera ursinii are currently protected by the
Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES,
2015), severely hindering the ability of nations to limit overexploitation. While some experts
deny that international trade could threaten free-ranging populations of African vipers (see in
Crnobrnja-Isailovi¢, 2014), we cannot neglect recent reports of illegal collection of viper
species such as Atheris desaixi in Kenya (MBZ, 2012) or Atheris matildae in Tanzania
(Menegon et al., 2011).

In many parts of the world humans hunt vipers for food (Klemens and Thorbjarnarson,
1995). Bitis arietans (Brugiere and Magassouba, 2009), Bitis gabonica, and Bitis
nasicornis (Brugiere and Magassouba, 2009; Eniang et al.,, 2006) are frequently
consumed for sustenance, Gloydius himalayanus is eaten primarily for medical treatment
(Pushpangadan et al., 2014), and the impacts of such exploitation remain unknown. Viper
venom is a sophisticated product of biological evolution (Calvete, 2013), with a wide
spectrum of applications in medicine, pharmacology, and immunology (Jesupret et al.,
2014). The collection of vipers for venom extraction has resulted in potential over-
collection with unknown demographic effects for several species including Vipera
ammodytes, Bothrops insularis, Daboia russelii, and Pseudocerastes persicus (Ajtic,
2008; Martins et al., 2008; Pushpangadan et al., 2014; IUCN, 2015b).

Direct persecution, primarily driven by fear and superstition (Weatherhead and
Madsen, 2009), continues to pose a threat to many vipers globally. While education can
change people's attitude toward venomous snakes (Burghardt et al., 2009; Ballouard et
al., 2013), the prevalence of direct persecution in some parts of the world remains
rampant: large scale bounty hunts were common in Europe (e.g. see Volkl and
Thiesmeier, 2002 for Germany or Téth et al., 2010 for Hungary) and parts of Japan
(Sasaki et al., 2010); the deliberate killing of vipers was recorded in Tanzania (Nonga and
Haruna, 2015) and in the Western Balkans (Jeli¢ et al., 2013); and the collection of Crotalus
to supply rattlesnake roundups in several US states continues (Fitzgerald and Painter,
2000).

The impact of introduced species, particularly mammals, on viper populations remains
poorly quantified but is potentially problematic for island fauna and for endemic or
narrowly distributed species. The small Indian mongoose (Herpestes auropunctatus) has
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been introduced as biocontrol on several islands with endemic vipers in Japan (Watari et
al., 2013), on Martinique and St. Lucia (Barun et al., 2011), and on several Adriatic islands
(Barun et al., 2010). Although mongooses have had long-term negative effects on local
insular viper populations in Croatia (Barun et al., 2010), their effect on viper populations in
Japan has been equivocal (Watari et al., 2013). Pigs (Sus scrofa) may also impact viper
populations where they have been introduced (Klauber, 1972), sometimes as biocontrol of
viper populations (Schuyler et al., 2002). Although domestic cats (Felis catus) have the
potential to impact snake populations (Medina et al., 2011), there are no published
reports of their impact on viper populations (but see Grismer, 2002; Arnaud et al.,
2008, for records of Crotalus catalinensis remains in feral cat scat).

Some vipers will undoubtedly face increased extinction risk due to the rapidly changing
climate stemming from anthropogenic greenhouse gas emissions. In vipers from temperate
regions, a warming climate could affect functionality of immune systems (Kobolkuti et al.,
2012), cause changes in life-history traits (Forsman, 1993; Lindell, 1997; Altwegg et al.,
2005), and negatively impact some viper populations (Brito et al., 2011; Le Galliard et al.,
2012). Moreover, long-term studies on Italian Vipera aspis revealed considerable
phenological changes in response to global warming (Rugiero et al., 2013), with species with
narrow geographical ranges at particular risk (e.g., Davis et al., 2015). While future climatic
conditions could threaten some tropical vipers by narrowing their climatic niche (Bombi et
al., 2011), others are likely to benefit (Huang et al., 2013).

4.5. Recommendations

Relative to other major groups of vertebrates, there have been few efforts to conserve
declining viper species. To date, conservation work has been primarily conducted by
individuals associated with universities, museums, or zoos and there are few examples of
broader programs incorporating multiple institutions to conserve an endangered viper
species. More recently, the TUCN Viper Specialist Group (VSG) was formed to bring
together a global network of viper conservation biologists. The VSG is currently in the
process of conducting status assessments for all viper species and is building a network of
members to facilitate globally coordinated viper conservation efforts. The vision is to build
a comprehensive “Action Plan” for all viper species—a living document which brings
together examples from successful conservation work, highlights useful methods, addresses
major conservation challenges in detail, and provides guidelines and resources for viper
conservation.

We have prioritized key species and regions for conservation action by identifying
important gaps in our understanding of viper biology and highlighting the species and
regions for which conservation action is likely to add the greatest value in a global
context. Moreover, our work presented in this paper provides not only a valuable gap
analysis regarding not only regional and species-specific conservation priorities, but also a
useful bibliographic contribution to globalised viper conservation in the future. Through the
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VSG, we hope to build on these findings, as well as the outcomes from alternative
approaches to conservation planning, and move toward a global framework for viper
conservation through the implementation of region-specific analyses and, eventually,
conservation action plans for vipers in every region of the world.
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