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Reptiles are themost species-rich group of terrestrial vertebrates, yet we lack a comprehensive understanding of
their extinction risk. Only 45% of described reptile species have been assessed by IUCN to date (4648 of 10,400
species); of these, 20% (945 species) are threatened with extinction, and 19% (867 species) are Data Deficient.
The goal of this special issue is to improve our understanding of reptile conservation needs and extinction risk
by (i) investigating patterns and drivers of extinction risk and data deficiency at a global scale; (ii) identifying
and addressing taxonomic and regional gaps in our understanding of extinction risk and data deficiency; and
(iii) drawing upon detailed case studies to highlight conservation approaches to mitigate extinction. By doing
so, the special issue will guide future conservation efforts toward the taxa and regions in greatest need of assess-
ment, and toward risks requiring immediatemitigation.We concludewith potential avenues for future research,
including the need to address regional knowledge gaps, conduct macroecological and retrospective analyses of
extinction risk, and implement targeted monitoring of conservation intervention outcomes.
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1. Narrowing the taxonomic gap in extinction risk research

Our understanding of geographic patterns and drivers of extinction
risk is largely derived from studies of birds,mammals, and to a lesser ex-
tent, amphibians. The IUCN Red List of Threatened Species has been in-
strumental in this regard, providing near complete coverage of birds
and mammals, and of ~83% of all described amphibians (Meiri and
Chapple, 2016). In contrast, our grasp on the conservation status of rep-
tiles remains vastly incomplete. Reptiles represent a significant propor-
tion of terrestrial biodiversity, and global declines have long been
suspected (Gibbons et al., 2000; Huey et al., 2010; Reading et al.,
2010); yet only 45% of the 10,400 recognized reptile species have
been assessed by IUCN (Uetz and Hosek, 2015). Those species that
have been assigned a Red List status have been primarily listed on the
basis of geographical range size (Criterion B), due to insufficient data
on population trends. This lag in our understanding of reptile extinction
risk has meant that reptiles have largely been neglected by previous
global conservation prioritizations.

Böhm et al. (2013) addressed this taxonomic gap by conducting the
first global analysis of the conservation status of reptiles. However, this
analysis only considered 1500 randomly selected species (14% of all
species globally), 21% of whichwere classified as ‘Data Deficient’. None-
theless, this initial assessment has become highly influential (cited 213
times as of 12/07/2016, according to Google Scholar), increasing
ey).
awareness of the plight of reptiles globally, and sparking new research
into patterns and drivers of reptile extinction risk (e.g., Ducatez et al.,
2014; Jenkins et al., 2014; Böhm et al., 2016a; Tingley et al., in press).

This special issue builds on the momentum created by these recent
contributions, by bringing together 14 papers on reptile extinction risk
ranging from local and regional studies to broad-scale, global analyses.
In approaching potential contributors for the issue, we specifically
targeted taxa and regions that contained disproportionate levels of
threat and/or data deficiency (Fig. 1), as well as key threatening pro-
cesses (e.g., invasive species, climate change, trade) and conservation
interventions (e.g., translocation, reintroduction). As a result, the special
issue addresses several shortcomings in our understanding of reptile ex-
tinction risk, namely: (i) the majority (~55%) of all described species
have not been evaluated by IUCN (Meiri and Chapple, 2016); (ii) 19%
of all assessed species are Data Deficient (IUCN, 2015); and (iii) assess-
ment gaps, extinction risk, and data deficiency are greater in tropical re-
gions (Fig. 1), and among particular taxa (e.g., Amphisbaenids) and
natural-histories (e.g., fossorial species) (Böhm et al., 2013; Meiri and
Chapple, 2016). It is our hope that the special issue will help narrow
these gaps by identifying taxa and regions for which conservation as-
sessment is urgently needed, and by highlighting new approaches to in-
form assessment and action.

2. Summary of the special issue on reptile extinction risk

This special issue is organised under three broad themes, which we
briefly summarise below: (i) global patterns and processes of extinction
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A) Assessed species

B) Data Deficient species

C) Threatened species

Fig. 1. Richness of reptile species assessed by IUCN (A), richness of Data Deficient reptile species (B), and richness of threatened (i.e., Vulnerable, Endangered, or Critically Endangered)
reptile species (C).
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risk; (ii) taxonomic and regional knowledge gaps; and (iii) conservation
interventions.
2.1. Extinction risk: global patterns and processes

The first theme is comprised of five papers that examine geographic
patterns and drivers of extinction risk at a global scale. The issue starts
with a paper byMeiri and Chapple (2016), who ask whether lizard spe-
cies assessed by IUCN are a random subset of all lizard species globally.
Their analyses reveal significant biases with respect to taxonomy, life-
history, ecology, and geographic origin. For example, the authors show
that Australia has the lowest percentage of assessed species (15%),
followed by the Neotropic, Oriental, and Afrotropic realms. Under-
assessed species also shared particular traits, including smaller body
sizes and clutch sizes, an oviparous mode of reproduction, and smaller
distributional and elevation ranges. These findings will help target
taxa and regions in greatest need of conservation assessment.

One of the major impediments to reptile conservation is that 19% of
all reptile species assessed using IUCN Red List Criteria have been classi-
fied as Data Deficient (21% of species in the subset considered by Böhm
et al., 2013), due to a lack of appropriate data. Bland and Böhm (2016)
interrogate this issue by reviewing the causes of data deficiency in the
1500 reptile species assessed by Böhm et al. (2013). To help guide as-
sessment efforts, they also develop machine learning models to predict
the potential extinction risk of these Data Deficient species. Interesting-
ly, Bland and Böhm (2016) find that the percentage of Data Deficient
species predicted to be threatened (~19%) is the same as the percentage
estimated in data-sufficient species (Böhm et al., 2013), and that spatial
conservation priorities are robust to data deficiency. They also highlight
the need for new Global Reptile Assessments to validate and refine
models of extinction risk.

Böhm et al. (2013) found that extinction risk was not evenly distrib-
uted among reptile families. In this issue, Tonini et al. (2016) go one step
further, using a phylogeny of Lepidosaurs (lizards, amphisbaenians,
snakes, and the tuatara) to investigate whether threatened Lepidosaurs
are clustered within particular lineages. They find significant phyloge-
netic clustering in extinction risk (with e.g., geckos, iguanas, and chame-
leons being particularly at risk), suggesting that Lepidosaur species that
share particular ecological, geographic, or biological attributes are more
prone to extinction. This may be useful in identifying extinction risk of
closely-related species. Tonini et al. (2016) also suggest that future ex-
tinctions may not result in a disproportionate loss of evolutionary
distinctiveness.

This contribution is followed by a paper by Böhmet al. (2016b), who
conduct the first global assessment of climate change vulnerability for
1498 reptile species, using species-specific traits relating to climate
change sensitivity, adaptability, and exposure. The authors find that
the distributions of climate change-vulnerable species do not signifi-
cantly overlap with those of threatened species, highlighting the need
to incorporate future threats in extinction risk assessments. Additional-
ly, the authors highlight shortcomings of current climate change vulner-
ability assessments caused by data gaps and incomplete knowledge
concerning the link between traits and climate change vulnerability,
and suggest approaches to close those gaps.

Species-level prioritisations, such as those presented by Meiri and
Chapple (2016); Bland and Böhm (2016); Tonini et al. (2016), and
Böhm et al. (2016b), can provide an efficient means to allocate assess-
ment and conservation efforts (Bland et al., 2015) but typically ignore
social and cultural values. Roll et al. (2016) take thefirst step toward ad-
dressing this issue by examining characteristics that make certain rep-
tile species of greater cultural (and hence conservation) significance.
Their results, based on Wikipedia page views, suggest that large, ven-
omous, widespread, and threatened species that have been first de-
scribed a longer time ago attract the greatest attention, and thus may
receive greater conservation support from the public.
2.2. Addressing taxonomic and regional knowledge gaps

The second theme of the special issue takes a more targeted ap-
proach aimed at increasing our knowledge of threat status and key
threatening processes in extinction-prone and Data Deficient taxa and
regions. Böhm et al. (2013) found that tropical regions host high pro-
portions of threatened and Data Deficient species, while Meiri and
Chapple (2016) found that they host a large proportion of lizard species
that have never been assessed by IUCN (Fig. 1A). Five papers in this spe-
cial issue address this regional bias.

Fossorial reptiles are perhaps the least known in terms of both their
biology and conservation needs. By investigating extinction risk in Bra-
zilian worm lizards, Colli et al. (2016) simultaneously address knowl-
edge gaps in taxonomy (globally, 48% of assessed worm lizards are
Data Deficient and 73% remain unassessed), life-history (21% of
assessed fossorial species are Data Deficient and 63% are unassessed),
and geography (24% of assessed Neotropical squamates are threatened,
22% are Data-Deficient, and 67% are unassessed; IUCN, 2015; S. Meiri,
unpubl. data). Colli et al. (2016) find that worm lizard species that
have been described more recently have smaller body sizes and geo-
graphical range sizes, and that sampling intensity is biased largely to-
ward accessible areas and large population centres. As a result, the
authors conclude that Brazilian worm lizard diversity has been grossly
under-estimated.

The next two contributions that address regional gaps in our under-
standing of reptile extinction risk focus on perhaps the least-studied re-
gion globally: the Afrotropics (Meiri, 2016). Twenty-five percent of
Afrotropical species assessed by Böhm et al. (2013) are threatened. In
this issue, Tolley et al. (2016) assess taxonomic and regional conserva-
tion priorities, and find that, in many regions of Africa (e.g., the Horn
of Africa, Central and West Africa), agriculture emerges as the greatest
threat (see also Meng et al., 2016). That said, Tolley et al. (2016) also
point out that most African reptiles are too poorly known for their con-
servation status to be assessed adequately, with a lack of sampling effort
greatly limiting knowledge of species, let alone their conservation sta-
tus. They nonetheless find that several taxa, such as amphisbaenids,
chameleons, and turtles, have a much higher percentage of threatened
species than expected – and that the reptile faunas of several countries
in equatorial Africa are at greatest risk. The second paper on Afrotopical
species (Meng et al., 2016) begins to address the gap identified by Tolley
et al. (2016), by systematically evaluating the threat status and climate
change vulnerability of Tanzanian reptile species, using IUCN criteria.
Their assessment suggests that 13% of Tanzanian reptiles are threat-
ened,whereas 11% areData Deficient. Thesefigures are below the global
average, potentially reflecting the fact that Tanzania is one of the better-
studied African countries (Tolley et al., 2016). The authors also identify
several regions and habitats that are under greatest threat, and point
out globally-threatened and climate change vulnerable species that
are poorly covered by existing protected areas. Interestingly, the find-
ings of Meng et al. (2016) echo those of Böhm et al. (2016b), in that cli-
mate change vulnerable species in Tanzania are not necessarily the
same as those that are currently listed as threatened by IUCN.

The final paper that addresses regional knowledge gaps is a study
from tropical Australia (Rosauer et al., 2016). Meiri and Chapple
(2016) show that IUCN has vastly under-assessed Australian lizards.
One reason for this geographic disparity is the poorly known taxonomy
and rapid rate of species discovery and description amongAustralia taxa
(Meiri and Chapple, 2016). In a case study of ten lizard genera distribut-
ed across northern Australia, Rosauer et al. (2016) use phylogeographic
methods to show that actual lizard diversity is far greater than current
taxonomy would indicate. But this deficit in current taxonomy may
not be an impediment to conservation planning if, as Rosauer et al.
(2016) illustrate, phylogeographic methods can be used to map
hotspots of unprotected phylogenetic endemism, and thus to identify
priority areas for conservation, without the need to first resolve taxo-
nomic uncertainties.
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Finally,Maritz et al. (2016) interrogate an important taxonomic gap in
our understanding of reptile extinction risk by examining spatial and tax-
onomic conservation priorities for the world's vipers – a group that is sig-
nificantly over-represented among threatened reptile families (Böhm et
al., 2013; Tolley et al., 2016).Maritz et al. (2016) present three indices (re-
active, proactive and combined) that can be used tomap spatial conserva-
tion priorities, and in the case of vipers, these areas largely overlapped at
the global scale with species richness. The authors also identify regions
and species for which further research and assessment is sorely needed.

2.3. Conservation interventions

The concluding theme of the special issue contains papers that focus
on conservation actions to mitigate four key drivers of reptile extinction,
namely: over-harvesting, invasive species, habitat loss and fragmentation,
and global climate change (Gibbons et al., 2000). Auliyai et al. (2016) re-
view data on the global reptile pet trade, and present detailed regional
case studies, to examine the contribution of trade to the over-harvesting
ofwild populations. The authorsfind that The EuropeanUnionplays a sig-
nificant role in reptile trade, with over 20 million individuals imported
over a 10-year period. Auliyai et al. (2016) suggest that regulations and
enforcement in several countries are insufficient to prevent unsustainable
and illegal trade, andmake recommendations to address this issue. Meng
et al. (2016) also identify trade as a significant threat to Tanzanian
reptiles.

On many islands, such as New Zealand, invasive species are the pri-
mary threat to reptile biodiversity (Case et al., 1998; Böhm et al., 2013).
Towns et al. (2016) review conservation translocations of New Zealand
lizards to offshore islands free of invasive mammals, and review the
criteria bywhich these translocations have been evaluated. The authors
show that most translocations have involved a relatively small number
of individuals, restricting ‘success’ and enhancing the possibility of de-
mographic and genetic issues. But with modifications, translocations
hold great promise as a management tool to increase range size, and
thus improve the conservation status of threatened reptiles.

The special issue concludes with two case studies that evaluate con-
servation actions for threatened freshwater turtles. Reptile species that in-
habit freshwater environments are particularly threatened (Böhm et al.,
2013), and 59% of all assessed turtles are at risk of extinction (van Dijk
et al., 2014). Canessa et al. (2016) evaluate the success of a captive breed-
ing and reintroduction program for the freshwater turtle Emys orbicularis,
which is threatened by invasive species and habitat loss and fragmenta-
tion. Using empirical data on vital rates of reintroduced individuals, the
authors demonstrate how such monitoring data can be used to reduce
uncertainty in predictions of persistence and modify management deci-
sions accordingly. In a second case study, Mitchell et al. (2016) review
conservation translocations of reptile eggs in the context of global climate
change, and illustrate the power of mechanistic microclimate models to
identify sites for assisted colonization of a Critically Endangered freshwa-
ter turtle (Pseudemydura umbrina). Their results demonstrate that trans-
location sites with optimal hydroperiods for free-living life stages
(juveniles and adults) are not necessarily ideal for embryos; only if female
turtles select unshaded nest sites will candidate translocation sites be
suitable for embryonic development under the current climate.

3. Future directions in reptile extinction risk research

The contributions to this special issue have made significant prog-
ress in narrowing the taxonomic gap in extinction risk research, but
key challenges remain. Belowwe concludewith several issues thatwar-
rant further investigation.

3.1. Additional regional priorities

Many papers in the special issue identify Tropical Asia, Central
America, Australia, and Africa as hosting significant levels of threat
(Bland and Böhm, 2016; Böhm et al., 2016b; Maritz et al., 2016; Tonini
et al., 2016; Fig. 1C) and under-assessment (Meiri and Chapple, 2016;
Fig. 1A). Many of these regions also contain a disproportionate number
of Data Deficient species (Böhm et al., 2013; Bland and Böhm, 2016; Fig.
1B). None of the contributions in the special issue specifically examined
Tropical Asia or Central America, but further assessments are clearly
needed in these regions, in addition toAfrica andAustralia. As highlight-
ed by Meiri and Chapple (2016), region- and taxa-specific working
groups, such as those implemented as part of the Global Reptile Assess-
ment (GRA), should be urgently prioritised in these regions.

3.2. Macroecological analyses of extinction risk

For decades, macroecological studies of extinction risk have benefited
from the disparate research and conservation attention that has been
afforded to mammals and birds (Bonnet et al., 2002). Heightened aware-
ness of global amphibian declines has begun to shift the focus away from
endothermic vertebrates (Cooper et al., 2008; Sodhi et al., 2008; Howard
and Bickford, 2014), but studies of reptile extinction risk remain compar-
atively rare. Nonetheless, recent contributions, fuelled by the increasing
availability of data on threat status and life-history provided by the GRA,
and working groups such as GARD (Global Assessment of Reptile Distri-
butions; http://www.gardinitiative.org), are narrowing this taxonomic
gap (Meiri et al., 2012; Tingley et al., 2013a, 2013b; Ducatez et al., 2014;
Bland and Böhm, 2016; Böhm et al., 2016a, 2016b; Tonini et al., 2016;
Tingley et al., in press). These analyses remain preliminary, however, in
that they are based on a relatively small and potentially biased subset of
the world's reptile fauna (Meiri and Chapple, 2016). Thus, future studies
should seek to validate the findings of previous macroecological analyses
as further IUCN assessments are completed. Fortunately, a rich history of
macroecological studies of birds,mammals, and amphibians has provided
valuable methodological and conceptual advances that will pave the way
for the next generation of reptile extinction risk analyses, once more as-
sessments become available.

3.3. Retrospective analyses

Contributions to the special issue propose a variety of indices for
spatial and taxonomic prioritization. For example, Maritz et al. (2016);
Rosauer et al. (2016), and Tonini et al. (2016) develop indices based
on evolutionary distinctiveness, Tolley et al. (2016) and Roll et al.
(2016) use sociological and economic parameters, and Meng et al.
(2016) and Böhmet al. (2016b) prioritise on the basis of climate change
vulnerability. An alternative approach is to developmodels of risk, using
threat data from species that have already been assessed by IUCN (Bland
and Böhm, 2016). Future studies could evaluate the predictive ability of
such approaches by comparing observed and predicted threat statuses,
once further IUCN assessments are completed. This hindcasting ap-
proach has rarely been applied in the extinction risk literature
(Tingley et al., 2013b; Bland and Böhm, 2016) but presents a potentially
powerful test of the ability of different threat metrics to forecast extinc-
tion risk and spatial conservation priorities.

3.4. Monitoring the success of conservation interventions

Most of the case studies on conservation interventions in the special
issue focused on translocation or reintroduction. For many species, par-
ticularly those threatened by climate change or invasive species that are
difficult to eradicate, thesemay be the only viable actions. Yet our ability
to evaluate the success of translocation as a management tool has been
hindered by a failure to document outcomes adequately (Germano and
Bishop, 2009; Germano et al., 2015). This knowledge gap applies to con-
servation interventions more broadly (but see Hoffmann et al., 2010,
2015); however, monitoring does not in itself lead to better conserva-
tion outcomes (Canessa et al., 2016). Thus, we advocate the use of adap-
tive management and decision-support tools, such as Value of

http://www.gardinitiative.org
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Information analysis (Canessa et al., 2015), to evaluate the success of
conservation interventions and quantify the value of additional moni-
toring data.

4. Conclusion

This special issue was born out of our collective concern that reptiles
remain under-assessed and consequently under-represented in conser-
vation planning. Indeed, many global conservation prioritizations have
neglected reptiles (reviewed in Brooks et al., 2006; Blundell and Burkey,
2007), or focused on a very small subset of reptile species (e.g.,
Rodrigues et al., 2004a, 2004b), due to inadequate data on threat statuses
and distributions. Geographic patterns of reptile diversity can differmark-
edly from those of other vertebrate groups (e.g., Powney et al., 2010), and
thus future studies should evaluate the extent to which including threat-
ened reptiles in conservationplanning shifts conservationpriorities (Bode
et al., 2008), once further IUCN assessments are completed.
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