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Abstract 1 

Effective and targeted conservation action requires detailed information about species, 2 

their distribution, systematic and ecology as well as the distribution of threat 3 

processes which affect them. Knowledge of reptilian diversity remains surprisingly 4 

disparate, and innovative means of gaining rapid insight into the status of reptiles are 5 

needed in order to highlight urgent conservation cases and inform environmental 6 

policy with appropriate biodiversity information in a timely manner. We present the 7 

first ever global analysis of extinction risk in reptiles, based on a random 8 

representative sample of 1,500 species (16% of all currently known species). To our 9 

knowledge, our results provide the first analysis of the global conservation status and 10 

distribution patterns of reptiles and the threats affecting them, highlighting 11 

conservation priorities and knowledge gaps which need to be addressed urgently to 12 

ensure the continued survival of the world’s reptiles. Nearly one in five reptilian 13 

species are threatened with extinction, with another one in five species classed as Data 14 

Deficient. The proportion of threatened reptile species is highest in freshwater 15 

environments, tropical regions and on oceanic islands, while data deficiency was 16 

highest in tropical areas, such as Central Africa and Southeast Asia, and among 17 

fossorial reptiles. Our results emphasize the need for research attention to be focussed 18 

on tropical areas which are experiencing the most dramatic rates of habitat loss, on 19 

fossorial reptiles for which there is a chronic lack of data, and on certain taxa such as 20 

snakes for which extinction risk may currently be underestimated due to lack of 21 

population information. Conservation actions specifically need to mitigate the effects 22 

of human-induced habitat loss and harvesting, which are the predominant threats to 23 

reptiles. 24 

 25 

1. Introduction 26 

Reptiles1 and their immediate diapsid ancestors have had a long and complex 27 

evolutionary history, having first appeared on the planet in the late Palaeozoic Era, 28 

more than 250 million years ago (based on molecular phylogeny estimates and early 29 

fossil records: e.g., Hedges and Poling, 1999; Reisz et al., 2011; van Tuinen and 30 

Hadly, 2004). High rates of cladogenesis in the Triassic and Jurassic periods (Vidal 31 

and Hedges, 2009) produced a diverse group of animals adapted to almost every 32 

                                                 
1 here considered to include the various taxa that belong to the non-avian and non-mammalian 
amniotes: Crocodylia, Testudines and Lepidosauria (snakes, lizards, amphisbaenians, tuataras) 
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temperate, tropical and desert environment, and to terrestrial, freshwater and marine 1 

habitats. Reptiles play important roles in natural systems, as predators, prey, grazers, 2 

seed dispersers and commensal species; they serve as bioindicators for environmental 3 

health, and their often specific microhabitat associations provide the ideal study 4 

system to illustrate the biological and evolutionary processes underlying speciation 5 

(Raxworthy et al., 2008; Read, 1998). Reptiles generally have narrower distributional 6 

ranges than other vertebrates such as birds and mammals (Anderson, 1984; Anderson 7 

and Marcus, 1992), making them more susceptible to threat processes; however, it 8 

should be noted that there is some marked variation in range size between different 9 

clades of reptiles, so that generalisations and comparisons may not hold true 10 

universally [e.g., range sizes of snakes are generally larger than those of lizards 11 

(Anderson and Marcus, 1992)]. This combination of often small range and narrow 12 

niche requirements makes reptiles susceptible to anthropogenic threat processes, and 13 

they are therefore a group of conservation concern. Regional assessments in Europe 14 

(Cox and Temple, 2009) and southern Africa (South Africa, Lesotho and Swaziland; 15 

Bates et al., in prep.) indicate that one-fifth and one-tenth of reptilian species 16 

respectively are threatened with extinction. It has also been proposed that reptilian 17 

declines are similar in taxonomic breadth, geographic scope and severity to those 18 

currently observed in amphibians (Gibbons et al., 2000), although this claim was not 19 

quantitatively assessed by the authors. Reptilian declines have been attributed to 20 

habitat loss and degradation, as well as unsustainable trade, invasive species, 21 

pollution, disease and climate change (Cox and Temple, 2009; Gibbons et al., 2000; 22 

Todd et al., 2010) 23 

 A total of 9,084 species of reptiles have been described so far (Uetz, 2010), 24 

and new molecular evidence continues to unearth numerous cryptic species that had 25 

not previously been detected by morphological analyses (e.g., Adalsteinsson et al., 26 

2009; Nagy et al., 2012; Oliver et al., 2009). Yet as a group, reptiles are currently 27 

poorly-represented on the IUCN Red List of Threatened Species, with only 35% of 28 

described species evaluated, and those that are evaluated were done so in a non-29 

systematic manner (IUCN, 2011a). Although the Global Reptile Assessment (GRA) 30 

will in the long run address this bias, the current assessment process relies on regional 31 

workshops and the formation of IUCN SSC Specialist Groups for specific reptilian 32 

taxa, which introduces geographical as well as taxonomic bias into the analysis. 33 

Specifically, the Global Reptile Assessment has carried out comprehensive 34 
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assessments for North America, Madagascar and New Caledonia, with complete 1 

endemic-only assessments having been carried out in the Philippines, Europe and 2 

selected island groups (Seychelles, Comoros and Socotra). As a result, there are still 3 

large geographical gaps which are only slowly being addressed, namely in Africa, 4 

Latin America, Asia and Australia. This limits our understanding of how threat 5 

processes affect reptiles, so that these taxa are often overlooked in conservation 6 

decisions, specifically because the geographical, taxonomic and threatened species 7 

bias still inherent in the current IUCN Red List for reptiles makes taking conservation 8 

decisions impractical. 9 

 We present the results of the first assessment of extinction risk in a randomly 10 

selected, representative and global sample of 1,500 reptiles, as a shortcut for deriving 11 

group patterns on which to base sound global conservation action. We produce the 12 

first global species- and threatened species-richness maps for reptiles. The results 13 

highlight key regions, taxa and anthropogenic threat processes which need to be 14 

urgently targeted to effectively conserve the world’s reptiles. 15 

 16 

2. Methods 17 

2.1 Sampled approach to Red Listing 18 

Following an approach set out in Baillie et al. (2008), we randomly selected 1,500 19 

species from a list of all described reptilian species (Uetz, 2010), using the sample 20 

function in R [sample(x, size); R Development Core Team, 2007]. A sample of 1,500 21 

species is sufficiently large to report on extinction risk and trends, and buffers against 22 

falsely detecting improvements in extinction risk (Baillie et al., 2008). Similarly, the 23 

representation of spatial patterns derived from a sample of 1,500 species was found to 24 

be in broad agreement with spatial patterns derived from comprehensive assessments 25 

in both mammals and amphibians (Collen et al., in prep.). Although the taxonomy of the 26 

full species list by Uetz (2010) does not necessarily follow the taxonomy used by all 27 

herpetologists, it is the only comprehensive reptile species list available for the 28 

purpose of this project. Nevertheless, taxonomic changes based on new research have 29 

been incorporated into the sampled species list throughout the project (e.g., the split of 30 

Colubridae into numerous families, as suggested by Zaher et al., 2009). It should be 31 

noted that the rapid rate at which new species are being described may have some bearing 32 

on the representativeness of our sample in the future. Overall, however, we believe that 33 

this sampled approach allows for analysis of extinction risk as well as the depiction of 34 
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broad-scale spatial threat status and processes. A full list of species in the sample, and 1 

summaries by habitat system and biogeographical realm, are given in Tables S1 and S2 in 2 

the online supplementary material.  3 

Our sample closely reflected the contribution of each group towards total reptilian 4 

diversity, with the sample being made up of 58% lizards, 37% snakes, 3% 5 

turtles/tortoises, 2% amphisbaenians and <1% crocodiles (tuataras were not represented). 6 

Overall, 220 of the 1,500 selected species had been previously assessed by IUCN, and 7 

these assessments were still up-to-date (i.e., they had been assessed since 2006); for the 8 

remaining 1,280 species, new or updated assessments were produced through consultation 9 

with a global network of herpetologists and following the IUCN Red List Categories and 10 

Criteria (IUCN, 2001). Through a centralised editorial and reviewing process we ensured 11 

that the IUCN Red List Categories and Criteria were consistently applied between species 12 

and regions. A total of 124 species were re-assessed from previous assessments, and 13 

genuine changes (category changes showing a real increase or decrease in extinction risk) 14 

or non-genuine changes (changes in category which are due to new or better 15 

information becoming available, incorrect information used previously, taxonomic 16 

change affecting the species, or previously incorrect application of the IUCN Red List 17 

Criteria, rather than a true improvement or decline in Red List category) were noted. 18 

 Extinction risk was assessed using the IUCN Red List Categories and Criteria 19 

(IUCN, 2001). The IUCN Red List Categories classify species’ extinction risk from 20 

Extinct (EX) and Extinct in the Wild (EW), via the threatened categories Critically 21 

Endangered (CR), Endangered (EN) and Vulnerable (VU) to Near Threatened (NT) and 22 

Least Concern (LC). A species is listed as Data Deficient (DD) if insufficient data are 23 

available to make a conservation assessment. The Red List categories are assigned 24 

objectively based on a number of criteria that indicate level of extinction risk, e.g., rate of 25 

population decline (Criterion A), population size (Criteria C and D), geographic range 26 

size and decline (Criterion B), or quantitative analyses (Criterion E) (IUCN, 2001; Mace 27 

et al., 2008). Given the nature of biological information available for reptiles, and the 28 

general lack of population data for this group, most of the threatened species in the 29 

sample were listed on the basis of restricted geographic range under criteria B or D2 (see 30 

Appendix S3 in the online supplementary material for more information on the 31 

assessment process and the use of criteria).  32 

Threats were recorded for each species. These were coded following Safalsky et 33 

al. (2008) and broadly defined as: threats due to agriculture/aquaculture; biological 34 

resource use (e.g., hunting and harvesting of species; logging activities); urban 35 
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development (residential and commercial); pollution; invasive or problematic species; 1 

energy production and mining (oil drilling and mining); natural system modifications 2 

(e.g., fire regimes, damming and channelling of waterways); climate change and 3 

severe weather; human intrusion and disturbance; transportation and service corridors 4 

(e.g., roads and shipping lanes); and geological events. 5 

All of the species assessments have been reviewed and accepted by the IUCN 6 

and are now published online (www.iucnredlist.org, IUCN, 2011a), with the 7 

exception of some turtle and crocodilian assessments which are still undergoing sign-8 

off. 9 

 10 

2.2 Species distributions and maps of threat processes 11 

Distributions were mapped in ArcGIS for 1,497 species [three species lacked 12 

adequate distributional data: Anolis baccatus (DD), Dipsas maxillaris (DD), Typhlops 13 

filiformis (DD)], based on georeferencing of distribution maps published in the 14 

literature, conversion of point locations into ranges and expert feedback. Only extant 15 

ranges were included in the analysis (i.e., extinct, possibly extinct and uncertain parts 16 

of the range were omitted). We produced maps of global species richness, threatened 17 

species richness and Data Deficient species richness, by overlaying a hexagonal grid 18 

onto the aggregated species’ distribution. The grid is defined on an icosahedron, 19 

projected to the sphere using the inverse Icosahedral Snyder Equal Area (ISEA) 20 

projection, and takes account of the Earth’s spherical nature. We then summed the 21 

number of species occurring in each hexagonal grid cell (cell size was approximately 22 

7,770 km2) to obtain the species richness pattern of our sample. We also mapped the 23 

proportion of species classed as threatened (CR, EN and VU categories), Near 24 

Threatened and Data Deficient per grid cell. 25 

 We mapped underlying threat processes for all 1,497 mapped species as the 26 

number of threatened and Near Threatened species within each grid cell affected by 27 

the threat process in question. We expressed threat process prevalence using two 28 

approaches. Approach A used the number of species affected by a predominant threat 29 

and approach B the proportion of species affected by each predominant threat type out 30 

of the total number of species (all categories) present in each grid cell. Although 31 

coarse in resolution, as threat processes are unlikely to be equally distributed across a 32 

species’ range, these aggregations provide an impression of those locations where 33 

each threat is affecting a particularly large number of species. The two approaches to 34 
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threat mapping are likely to emphasise different aspects of the pattern, with approach 1 

A more likely to be influenced by underlying species richness patterns, and approach 2 

B by threat patterns being observed across areas of low reptile numbers in our sample, 3 

where the presence of threat in one or a few species is going to result in a larger 4 

proportional value compared to species rich areas. It is also likely to be more easily 5 

affected by biases in our sample in areas of overall low reptile numbers. In terms of 6 

conservation action, approach A is likely to correspond most closely to prioritisation 7 

measures which maximise species richness through targeted conservation (similar to 8 

hotspot approaches, although in this case driven by underlying threat processes), 9 

while approach b) gives a better indication of areas where a threat process is affecting 10 

a larger proportion of species (though most likely in areas of low species richness). 11 

 12 

2.3 Summarizing the extinction risk of the world’s reptiles 13 

We summarized extinction risk across all reptiles and sub-groups (amphisbaenians, 14 

crocodiles, lizards, snakes, turtles/tortoises), and by biogeographical realm (see S3.3 in 15 

the online supplementary material for information on the geographical extent of 16 

biogeographical realms) and habitat system (terrestrial, freshwater, marine). We 17 

calculated proportions of threatened (Critically Endangered, Endangered and 18 

Vulnerable) species by assuming that Data Deficient species will fall into these 19 

categories in the same proportion as non-Data Deficient species:  20 

Propthreat = (CR+EN+VU)/(N-DD),  21 

where N is the total number of species in the sample, CR, EN and VU are the numbers 22 

of species in the Critically Endangered, Endangered and Vulnerable categories 23 

respectively, and DD is the number of species in the Data Deficient category. Threat 24 

levels have been reported in this way in similar studies (e.g., Clausnitzer et al., 2009; 25 

Hoffmann et al., 2010; Schipper et al., 2008), representing the current consensus 26 

among conservation biologists about how the proportion of threatened species should 27 

be presented, while also accounting for the uncertainty introduced by DD species. The 28 

approach is likely to result in a conservative estimate of threat proportions, since Data 29 

Deficient reptiles are often rare and restricted in range, thus likely to fall within a 30 

threatened category in future based on additional data [although in other taxa, 31 

indications are that DD species will often fall into Least Concern categories (e.g., 32 

birds; Butchart and Bird, 2010) or remain largely Data Deficient (e.g., mammals; 33 

Collen et al., 2011)]. Overall, the re-assessment of DD species into different 34 
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categories is very taxon-specific and depends greatly on the attitude of the assessor to 1 

risk, so that it is difficult to make any generalisations about what the future status of 2 

DD species might be. To deal with this uncertainty we calculated upper and lower 3 

bounds of threat proportions by assuming that (a) no Data Deficient species were 4 

threatened [lower margin: Propthreat = (CR+EN+VU)/(N)], and (b) all Data Deficient 5 

species were threatened [upper margin; Propthreat = (CR+EN+VU)/(N+DD)].  6 

 7 

2.4 Taxonomic differences in extinction risk and the effect of range size 8 

We followed Bielby et al. (2006) to evaluate whether extinction risk is randomly 9 

distributed across taxonomic families [based on the taxonomy by Uetz (2010), but 10 

including some Australasian geckos in the Diplodactylidae (Han et al., 2004), see 11 

Table S1 for details], and tested for significant variation in threat levels across 12 

families using a chi-square test. The absence of a random distribution of risk suggests 13 

that biological or geographical drivers of risk exist, which can help focus conservation 14 

activity (Cardillo and Meijaard, 2011). Where we detected taxonomically non-random 15 

extinction risk, further analyses were employed to determine which families deviated 16 

from the expected level of threat. Using binomial tests, we calculated the smallest 17 

family size necessary to detect a significant deviation from the observed proportion of 18 

threatened species and excluded families represented by an insufficient number of 19 

species from subsequent analysis. We generated a null frequency distribution of the 20 

number of threatened species from 10,000 unconstrained randomizations, by 21 

randomly assigning Red List categories to all species, based on the frequency of 22 

occurrence of each category in the sample. We then counted the number of threatened 23 

species in the focal family and compared this with the null frequency distribution. The 24 

null hypothesis (extinction risk is taxonomically random) was rejected if this number 25 

fell in the 2.5% at either tail. 26 

Because reptiles are mostly listed as threatened under the range-size dependent 27 

criteria B and D2, we explored differences in range size between species groups 28 

(specifically between lizards and snakes) in order to assess whether increased threat 29 

status in the absence of population data could be potentially linked to taxa-specific 30 

patterns of range size. This is particularly of interest since it has previously been 31 

observed that snakes have larger range sizes (and hence extent of occurrences) than 32 

lizards (Anderson, 1984; Anderson and Marcus, 1992). All tests and randomizations 33 

were conducted in R version 2.11.1 (R Development Core Team, 2007). 34 
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 1 

3. Results 2 

3.1 Global extinction risk of reptiles 3 

We classified more than half of reptilian species (59%) in the assessment as Least 4 

Concern (LC), 5% as Near Threatened, 15% as threatened (Vulnerable, Endangered 5 

or Critically Endangered) and 21% as Data Deficient. Based on this, we estimated the 6 

true percentage of threatened reptiles in the world to be 19% (range: 15–36%), as 7 

described in section 2.3. Using the same approach, another 7% of species are 8 

estimated as Near Threatened (range: 5–26%); these species are the most likely 9 

candidates to become threatened in the future if measures are not taken to eliminate 10 

anthropogenic processes which currently affect populations of these species. None of 11 

the species in our sample was classed as Extinct or Extinct in the Wild, although three 12 

lizard species in the Critically Endangered category were flagged as possibly extinct 13 

(Anolis roosevelti, Ameiva vittata and Stenocercus haenschi) and may be up-listed 14 

during future reassessments, once “exhaustive surveys in known and/or expected 15 

habitat, at appropriate times (diurnal, seasonal, annual), throughout its historic range 16 

have failed to record an individual” (IUCN, 2001). 17 

Of the 223 reptilian species classed as threatened, around half (47%) were 18 

assigned to the Vulnerable category; another 41% and 12% were assessed as 19 

Endangered and Critically Endangered, respectively. Threat estimates for terrestrial 20 

species mirrored that recorded for all reptiles (19% threatened), because the vast 21 

majority of reptiles inhabit terrestrial systems (N = 1,473; Table 1). However, for 22 

reptiles associated with marine and freshwater environments, 30% were estimated to 23 

be threatened (N = 94; Table 1). Note that 68 species were dependent on both 24 

terrestrial and non-terrestrial environments. 25 

Of the 124 species reassessed during this project, 72 species did not change 26 

from the previously assigned category. Overall, 46 category changes were 27 

documented, only three of which were genuine changes showing an increase in 28 

extinction risk. All other changes (N = 43) were non-genuine changes. Six species had 29 

previously been listed on the IUCN Red List as Not Evaluated, but have now been 30 

assigned categories. 31 

 32 

3.2 Global species richness and distribution of threatened and Data Deficient reptiles  33 
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Overall species richness in our sample was highest in tropical regions, specifically in 1 

Central America and parts of northern South America (especially Brazil), tropical 2 

West Africa, parts of Southeast Africa, Sri Lanka and Southern India and throughout 3 

Southeast Asia, from Eastern India to Indonesia and the Philippines (Fig. 1).  4 

The tropics also harboured the highest proportions of threatened and Data 5 

Deficient species in the sample. Data deficiency was highest in the Indomalayan 6 

realm (33%), followed by the Neotropics (20%) and Afrotropics (18%; Table 1). A 7 

high percentage of Data Deficient species will give rise to wide margins of 8 

uncertainty on any estimates of the percentage of threatened species (see upper and 9 

lower margins in Table 1). Oceania had the highest proportion of threatened species 10 

(43%; Table 1), although this was based on very low species richness in our sample 11 

(N = 7), while 25% and 20% of species were estimated as threatened in the 12 

Afrotropical and Neotropical realms, respectively (Table 1). The lowest level of 13 

extinction risk was recorded in the Palaearctic, where 12% of species were estimated 14 

as threatened (Table 1).  15 

Localised centres of threatened species richness were particularly apparent in 16 

the Caribbean (Hispaniola), Florida and the Florida panhandle, the Ecuadorian Andes, 17 

Madagascar, the northeastern Indian subcontinent, Central Asia, Eastern China and 18 

oceanic islands such as New Caledonia (Fig. 2A). Prevalence of Near Threatened 19 

species was particularly pronounced across Europe, central North America, Central 20 

and West Africa, Central China and the South Island of New Zealand (Fig. 2B). Data 21 

deficiency was particularly pronounced in tropical regions, specifically in parts of the 22 

Indomalayan realm (e.g., throughout India, Borneo and the Philippines) and Central 23 

Africa (Fig. 2C).  24 

Some apparently low-diversity areas (for species richness, as well as 25 

threatened species richness) are likely explained by the lack of research in particularly 26 

inaccessible areas (e.g., the Congo basin; Fig. 2C) and isolated island groups. It is 27 

likely that both relative species richness and data deficiency is higher in these areas 28 

than is currently apparent. Furthermore, in some localised areas, the fact that all our 29 

analysis was based on a random sample may have led to a slight underestimate of 30 

species richness, threatened species richness or Data Deficient species richness. 31 

Additional maps of species richness are available in the online supplementary material 32 

(S4). 33 

 34 



 22

3.3 Global distribution of threat processes  1 

Over 80% of all threatened species in our sample were affected by more than one 2 

threat process. Agriculture and biological resource use (predominantly logging and 3 

harvesting) present the most common threats to terrestrial reptiles (74% and 64% of 4 

threatened species affected, respectively). Urban development (34%), natural system 5 

modification (by use of fire, damming, etc., 25%) and invasive or problematic native 6 

species (22%) also played a role in threat to terrestrial species.  7 

 Biological resource use was also the most significant threat to freshwater and 8 

marine reptiles (87% of threatened species), with most of this threat stemming from 9 

targeted harvesting of species. This reflects the large percentage of turtles in the 10 

threatened freshwater and marine sample and their role in human trade activities. 11 

Agriculture and aquaculture, urban development and pollution (all affecting 43% of 12 

threatened species) were also significant threats to non-terrestrial reptiles. 13 

Species richness of terrestrial and freshwater species affected by habitat loss 14 

was particularly high in tropical regions, especially in the Indomalayan realm 15 

(mainland southeast Asia, Sri Lanka, Indonesia, the Philippines and Borneo), but also 16 

in Central America (specifically Panama and Costa Rica) and northern South America 17 

(especially Brazil) (Fig. 3A). Harvesting was highlighted as a major threat in the 18 

Indomalayan realm, specifically in southeastern Asia, Java and eastern parts of the 19 

Indian sub-continent (Fig. 3B). Both of these patterns were largely reflecting 20 

underlying species distribution and richness patterns shown in Figure 1. Controlling 21 

for species richness per grid cell, habitat loss remained an important factor in parts of 22 

Sri Lanka and north-western South America, and additionally in Madagascar, with 23 

high risk also in some areas of lower reptilian species richness, namely across central 24 

USA, the Caribbean, southwestern Europe (particularly Spain), localised areas of 25 

North and East Africa, China, northeastern Australia and the South Island of New 26 

Zealand (Fig. 3C). Similarly, the picture of risk through harvesting changed to similar 27 

areas of lower richness by controlling for species richness per grid cell, with large 28 

parts of Europe and Central Asia particularly highlighted (Fig. 3D). In addition to 29 

habitat loss and harvesting, invasive species appear to increase extinction risk on 30 

islands, but relatively low frequencies of this threat in our sample mask any pattern at 31 

the global scale. However, invasive species pose the main threat in New Caledonia, 32 

Oceania, New Zealand, southern Australia and on Caribbean islands. 33 

 34 
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3.4 Taxonomic differences in extinction risk 1 

The percentage of threatened species varied greatly among higher-level taxa, driven 2 

by the relatively higher levels of threat to species associated with freshwater and 3 

marine habitats compared with terrestrial ones (Table 1), as well as taxa-specific 4 

patterns of range size. Three of the four crocodilian species and 52% of freshwater 5 

turtles were estimated to be threatened (N = 37, margins: 46-57%). As a whole, 6 

Testudines (N = 46; comprising 37 freshwater species, one marine species and eight 7 

terrestrial species) were equally spread among Red List categories, with 51% of 8 

species estimated as threatened and another 22% assessed as Near Threatened (Table 9 

1). In contrast, only 21% of lizards, 12% of snakes and 7% of worm lizards were 10 

threatened. The lower percentages in threatened species of these groups were 11 

paralleled by a lower percentage of species in the Near Threatened category for all 12 

three groups (lizards: 7%; snakes: 5%; worm lizards: 14%), compared with 13 

Testudines. Proportions of threatened worm lizards were affected by high levels of 14 

data deficiency in this group (50% versus 11% in the Testudines, 19% in lizards and 15 

24% in snakes; Table 1). Similarly, our sample contained large numbers of Data 16 

Deficient species in snake families that are exclusively, or largely, fossorial or semi-17 

fossorial, such as Typhlopidae [24 out of 49 species (49%) were Data Deficient], 18 

Leptotyphlopidae [4 out of 10 (40%)] and Uropeltidae [5 out of 13 (38%)]. Overall, of 19 

the exclusively or primarily fossorial families, 47% of species were classed as Data 20 

Deficient. As a result, the estimated percentage of threatened fossorial species is 21 

relatively low at 11%, but this is associated with a wide margin of uncertainty (range: 22 

6–57%). 23 

 Criterion B was applied to 72% of species assessed as threatened, with another 24 

12% of species being listed under criterion D2. As such, the majority of threatened 25 

listings were based on criteria of restricted range rather than population data (only 26 

12% of species, mainly turtles and crocodiles, were listed under criterion A). As a 27 

result, range size differences between taxa may at least in part explain differences in 28 

perceived extinction risk. Range sizes were significantly larger for snakes compared 29 

to lizards (for terrestrial species only: Kruskal-Wallis χ2 = 44.8, d.f. = 1, p<0.001). 30 

Median range size was 24,510 km2 for lizards and 110,175 km2 for snakes (additional 31 

information is available in section S5 of the online supplementary material). 32 

To establish whether a particular taxonomic family was at greater risk of 33 

extinction than expected by chance (p<0.025) required a minimum of three non-Data 34 
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Deficient species in our sample from that family, given a background proportion of 1 

223 threatened species from 1,182 species assessed in non-Data Deficient categories. 2 

As a result, 18 families were excluded from the analysis (Table 2). Each family 3 

required a minimum number of 18 species in our sample to establish whether a family 4 

was less threatened than expected by chance (p<0.025). Threat was not evenly 5 

distributed across families (χ2 = 141.73, d.f. = 44, p<0.001), with 34 of the 45 families 6 

more threatened than expected by chance and only one (Colubridae) less threatened 7 

than expected by chance (Table 2). Of the nine families which showed non-significant 8 

differences between observed and expected proportions of threatened species, six 9 

were snakes, two were lizards and one was turtles (Table 2). 10 

Overall, the most threatened families were the Geoemydidae (turtles, 88% 11 

threatened, N = 8), Crocodylidae (crocodiles, 75%, N = 4), Pygopodidae (lizards, 12 

75%, N = 4), Xantusiidae (lizards, 75%, N = 4), Chelidae (turtles, 50%, N = 11) and 13 

Iguanidae (lizards, 50%, N = 4) (Table 2). 14 

  15 

4. Discussion 16 

4.1 Extinction risk of the world’s reptiles 17 

This analysis starts to close the knowledge gap between the extinction risk of reptiles 18 

and other better-studied vertebrate groups. By establishing a shortcut using a 19 

representative sample of 1,500 species, we gain for the first time an overview of the 20 

global distribution of reptilian diversity and threat, consequently highlighting 21 

important areas for conservation attention and gaps in knowledge. Our results support 22 

recent reports of high levels of threat in freshwater habitats (e.g., freshwater crabs; 23 

Cumberlidge et al., 2009). In particular, freshwater turtles were highly threatened (46–24 

57%), thus mirroring the alarming trends reported elsewhere (Buhlmann et al., 2009).  25 

 Some authors have argued that reptiles are undergoing similar declines to 26 

those experienced by amphibians, in terms of taxonomic breadth, geographic scope 27 

and severity (Gibbons et al., 2000). On a global scale, our assessment shows that 28 

threat levels are more severe in amphibians (42% of amphibians are threatened, 29 

assuming Data Deficient species are threatened in the same proportion as non-Data 30 

Deficient species) relative to reptiles (20%). Overall, threat levels in reptiles are 31 

slightly lower than those observed in other taxa such as mammals and freshwater fish 32 

(both 25% threatened; Collen, B., unpublished data; Hoffmann et al., 2010), but 33 

higher than in birds (13%; IUCN, 2011a). Estimates of 5% for Near Threatened 34 
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species were similar to those observed in other vertebrate species groups, such as 1 

mammals, amphibians (6% each) and freshwater fishes (4%). 2 

Recently reported local declines in snake and lizard populations (Cagle, 2008; 3 

Reading et al., 2010; Sinervo et al., 2010) suggest localised elevated extinction risks 4 

for both taxa. While we estimate that about one in five lizard species is threatened 5 

with extinction, only 12% of snakes were estimated to be threatened with extinction. 6 

One barrier to listing, which could be partly responsible for the discrepancy between 7 

our analysis and those of snake population trends, is that in the majority of cases there 8 

are sufficient data on species distributions only, rather than population trends, on a 9 

global scale. Therefore the majority of reptilian species were listed under criteria B 10 

and D2 (restricted range). The differences in extinction risk between snakes and 11 

lizards may therefore be partly explained by the fact that snakes in our sample (and in 12 

previous studies, e.g., Anderson and Marcus, 1992) had larger ranges than lizards. 13 

Local population declines such as those reported by Sinervo et al. (2010) are 14 

evaluated with finer scale population data than those used to evaluate extinction risk, 15 

so could serve as a warning sign of what is to come. In order to understand more fully 16 

what is happening to the world’s snakes, it is vital that we obtain better global 17 

population data for this species group. Based on range size estimation alone, we may 18 

be missing ongoing declines which are occurring at sub-threshold levels and thus 19 

underestimating extinction risk to this particular species group. Furthermore, snakes 20 

are morphologically more conservative and harder to sample (fewer specimens are 21 

generally available compared to lizards) which, compared to lizards, makes it harder 22 

to detect cryptic species. Thus, larger ranges for some snake species may be masking 23 

the ranges of two or more cryptic species. 24 

 25 

4.2 Data deficiency: addressing the knowledge gap 26 

High proportions of data deficiency can significantly hinder our understanding of 27 

threat, yet such uncertainty is apparent in many species groups that have been 28 

assessed to date. Levels of data deficiency in reptiles (21%) were lower than those 29 

reported for amphibians (25%; IUCN, 2011a), dragonflies and damselflies (35%; 30 

Clausnitzer et al., 2009) and freshwater crabs (49%; Cumberlidge et al., 2009), but 31 

still exceeded those of the more charismatic or conspicuous birds and mammals (less 32 

than 1% and 15% respectively; BirdLife International, 2008b; Schipper et al., 2008). 33 

Patterns of regional or taxonomical data deficiency could be used to prompt research 34 
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programmes on specific local faunas or taxonomical groups. For example, data 1 

deficiency in reptiles was highest in tropical regions and in exclusively fossorial or 2 

semi-fossorial reptiles such as the Amphisbaenia. Similar patterns have been observed 3 

in amphibians, where approximately two-thirds of caecilians were classified as Data 4 

Deficient (Gower et al., 2005), despite estimates that fossorial species potentially 5 

comprise around 20% of the world’s herpetofauna (Measey, 2006). It is clear that 6 

research attention should focus specifically on fossorial and other elusive taxa (e.g., 7 

arboreal species) in order to reduce rates of data deficiency during the course of future 8 

re-assessments of the sample. 9 

 10 

4.3 Conservation prioritisation: lessons from the world’s reptiles 11 

Conservation priorities often focus on regions of high biodiversity value and/or high 12 

threat to effectively target conservation funds (Brooks et al., 2006). The assessment of 13 

biodiversity value often relies on the distribution patterns of certain indicator taxa 14 

(e.g., birds), and the effectiveness of the resulting prioritisation mechanism greatly 15 

depends on the degree to which such distribution patterns are congruent with those of 16 

other taxa. However, cross-taxon congruence varies with given metrics of biodiversity 17 

(Grenyer et al., 2006). While reptilian species richness broadly mirrored species 18 

richness patterns observed in mammals, amphibians and birds (BirdLife International, 19 

2008a; Schipper et al., 2008; Stuart et al., 2004), additional areas rich in reptiles (e.g., 20 

around the Gulf of Guinea and southern Africa) or threatened reptiles (e.g., islands 21 

such as Hispaniola, Sri Lanka, New Caledonia) were highlighted in our assessment 22 

and may be overlooked if conservation priorities are set based on patterns in a small 23 

number of non-reptilian taxa alone. This has also recently been demonstrated for 24 

Australian lizards (Powney et al., 2010). Thus far, both amphibians and reptiles have 25 

been greatly overlooked in reserve selection strategies based on coarse-scale 26 

biodiversity surrogate measures (Araújo et al., 2001). Our results provide the 27 

opportunity for a more representative view of biodiversity to be compiled in order to 28 

benefit multiple taxa. 29 

Assessing the global distribution of threat processes, both current and 30 

projected, has the potential to provide another powerful tool for conservation 31 

prioritization. While for some taxa, the distribution of predominant threats 32 

significantly overlaps areas of high species richness (e.g., amphibians, Hof et al., 33 

2011), other studies have shown incongruence between threat distribution and 34 
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endemic or threatened species richness (e.g., Grenyer et al., 2006; Lee and Jetz, 2008; 1 

Orme et al., 2005); however, the latter has traditionally been favoured as a selection 2 

tool for conservation priority areas. Similarly, distributions of different threat types 3 

may not always spatially overlap (Hof et al., 2011), so that effective mitigation 4 

strategies have to be developed in a spatially explicit context in order to reduce 5 

extinction risk of species. Reptiles in general are particularly sensitive to habitat 6 

degradation because of their comparatively low dispersal ability, morphological 7 

specialisation on substrate type, relatively small home ranges and thermoregulatory 8 

constraints (Kearney et al., 2009). Clearly, the distribution and severity of threat 9 

processes, such as habitat loss from agricultural conversion, logging and over-10 

exploitation, will shape the future fortune of reptiles. Identifying centres of threat, and 11 

tackling the origins and effects of anthropogenic threats in these regions through 12 

targeted projects (particularly in areas affected by multiple threat processes such 13 

as Southeast Asia) will allow more proactive action to be taken to secure the future of 14 

reptiles. At the moment the spatial resolution of our species-specific maps of threat 15 

processes is still somewhat coarse and allows only the depiction of broad patterns in 16 

threat distribution, but future developments and refinements of the method are likely 17 

to provide a powerful tool with which to focus threat-specific mitigation projects. 18 

 19 

4.4 Reptile conservation: the next steps 20 

This work provides a first step in assessing the global extinction risk of 21 

reptiles by employing a short-cut method based on a representative sample of 1,500 22 

species. While this assessment feeds into broader scale assessments of biodiversity as 23 

a whole, as part of the Sampled Red List Index project (Baillie et al., 2008), it is also 24 

important to feed this information into similar regional assessments, since concrete 25 

policy decisions are generally being taken at sub-global levels. Specifically, it is 26 

important that the data presented here is used to assess how existing and planned 27 

protected areas are benefitting the world’s reptiles. This will allow us to identify 28 

species which at present fall outside protected areas and are most in need of 29 

conservation actions, and address the fact that the world’s herpetofauna is still often 30 

overlooked when conservation decisions are taken. The Global Reptile Assessment 31 

(GRA) is currently carrying out assessments via regional workshops, which bring 32 

together species experts to discuss extinction risk and conservation priorities. For 33 

example, the recent assessment of Madagascan snakes and lizards has helped in 34 
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evaluating the effectiveness of protected areas for reptiles, with new conservation 1 

areas being designated across the island aiming to provide protection to some of the 2 

most threatened species (IUCN, 2011b).  3 

While the extensive expert network established during this project is 4 

undoubtedly going to feed into global and regional assessment projects, regional data 5 

gaps are apparent. It is vital that these are addressed in order to complete our picture 6 

of the distribution and extinction risk patterns of reptiles, so that conservation actions 7 

can be targeted at regions and areas most in need. Specifically, surveys are needed for 8 

key areas (e.g., areas rich in Data Deficient reptiles) and species (e.g., possibly extinct 9 

and Data Deficient species; establishing snake population time series to complement 10 

distribution data) in order to fill knowledge gaps and to build regional survey capacity 11 

via collaborations and targeted capacity building projects. 12 

While we have established a snapshot of the current status of reptiles 13 

worldwide, it is now vital to establish trends in this status in order to gauge the rate of 14 

change in reptilian extinction risk over time. The next step is to establish a baseline 15 

for reptilian extinction risk against which we can compare current status as well as 16 

future re-assessments of the sample. This information is vital in order to assess our 17 

progress toward global biodiversity targets, such as the Aichi targets and the 18 

Millennium Development Goals, and fuel efforts to address the conservation needs of 19 

reptiles. 20 
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Figure legends 1 

 2 

Figure 1. Global species richness distribution of the sampled reptile assessment 3 

(Nterr/fw = 1,485; Nmarine = 22). Terr/fw – terrestrial and freshwater species. 4 

 5 

Figure 2. Distribution of threatened (CR, EN, VU), Near Threatened (NT) and Data 6 

Deficient (DD) species in the sample (terrestrial and freshwater only), expressed as 7 

the proportion of all species present per grid cell: A) proportion of species classed as 8 

threatened, adjusted to account for DD species as described in section 2.3; B) 9 

proportion of species classed as Near Threatened, adjusted to account for DD species 10 

as described in section 2.3; and C) proportion of species classed as Data Deficient per 11 

grid cell.  12 

 13 

Figure 3. Global distribution of species affected by the two major threats to terrestrial 14 

and freshwater reptiles: A) number of species affected by habitat loss from agriculture 15 

and logging and B) number of species affected by harvesting. Controlling for species 16 

richness per grid cell, we expressed the number of species in elevated threat 17 

categories (CR, EN, VU, NT) affected by the threat in question as the proportion of 18 

the total species richness (all categories) per grid cell for C) habitat loss from 19 

agriculture and logging and D) harvesting. 20 

21 



 36

Tables 1 

 2 

Table 1. Extinction risk in a subsample of 1,500 reptiles by order, biogeographic 3 

realm and habitat system. The number of species falling into each IUCN Category are 4 

listed, from which % threatened has been calculated as described in section 2.3 5 

DD – Data Deficient; LC – Least Concern; NT – Near Threatened; VU – Vulnerable; 6 

EN – Endangered; CR – Critically Endangered. Percentage threatened: assumes DD 7 

species are threatened in the same proportion as non-DD species; Lower margin: no 8 

DD species threatened; Upper margin: all DD species threatened. Number of 9 

described species is based on Uetz (2010). Rhynchocephalia (Tuatara) was not 10 

represented in our random sample. Subsurface includes completely or primarily 11 

fossorial families: Amphisbaenidae, Anomalepidae, Dibamidae, Leptotyphlopidae, 12 

Trogonophidae, Typhlopidae, Uropeltidae, Xenopeltidae. 13 

 14 
15 

       No. of species % threatened 

Taxon DD LC NT VU EN CR N Described % sampled Threatened 

% 

Lower Upper 

Reptiles  318 881 78 105 92 26 1500 9413 15.9 18.9 14.9 36.1 
Amphisbaenia 14 11 2 0 1 0 28 181 15.5 7.1 3.6 53.6 
Crocodylia 0 1 0 2 0 1 4 24 16.7 75 75 75 
Sauria 164 506 48 72 63 14 867 5,537 15.7 21.2 17.2 36.1 
Serpentes 135 352 19 24 20 5 555 3,346 16.6 11.7 8.8 33.2 
Testudines 5 11 9 7 8 6 46 323 14.2 51.2 45.7 56.5 
Realm             

Afrotropical 53 161 15 33 22 5 289   25.4 20.8 39.1 
Australasian 32 149 9 10 14 5 219   15.5 13.2 27.9 
Indomalayan 105 167 13 15 10 5 315   14.3 9.5 42.9 
Nearctic 2 72 7 7 3 3 94   14.1 13.8 16.0 
Neotropical 107 309 27 38 35 11 527   20.0 15.9 36.2 
Oceanian 0 4 0 0 2 1 7   42.9 42.9 42.9 
Palaearctic 25 105 8 6 8 2 154   12.4 10.4 26.6 
Habitat system             

Terrestrial 313 861 78 105 91 25 1473   19.1 15.0 36.3 
Freshwater & 
marine 

16 44 11 9 8 6 94   29.5 24.5 41.5 

Subsurface 50 46 5 1 5 0 107   10.5 5.6 57.0 
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Table 2. Threat distribution across families included in our random sample of 1,500 1 

species: ns, not significant; - significantly under threatened; + significantly over 2 

threatened. 3 

Family 

Proportion 

observed 

Proportion 

expected 

Total 

species 

(non-DD) 

>Expected 

threat level 

p-value 

<Expected 

threat level 

p-value 

Under or 

over 

threatened 

Agamidae 0.05 0.05 61 0.635 0.365 ns 
Amphisbaenidae 0.07 0.01 14 <0.001 1 + 
Anguidae 0.29 0.01 17 <0.001 1 + 
Atractaspidae 0.00 0.00 6 0.714 0.286 ns 
Boidae 0.15 0.01 13 <0.001 1 + 
Calamariidae 0.18 0.01 11 <0.001 1 + 
Carphodactylidae 0.17 0.00 6 <0.001 1 + 
Chamaeleonidae 0.43 0.03 35 <0.001 1 + 
Chelidae 0.50 0.01 10 <0.001 1 + 
Colubridae 0.04 0.07 78 0.98 0.02 - 
Cordylidae 0.44 0.01 9 <0.001 1 + 
Crocodylidae 0.75 0.00 4 <0.001 1 + 
Crotaphytidae 0.33 0.00 3 <0.001 1 + 
Diplodactylidae 0.23 0.01 13 <0.001 1 + 
Dipsadidae 0.10 0.08 98 0.147 0.853 ns 
Elapidae 0.15 0.05 55 <0.001 1 + 
Emydidae 0.33 0.00 6 <0.001 1 + 
Gekkonidae 0.12 0.08 91 0.01 0.999 + 
Geoemydidae 0.88 0.01 8 <0.001 1 + 
Gerrhosauridae 0.17 0.00 6 <0.001 1 + 
Gymnophthalmidae 0.39 0.03 31 <0.001 1 + 
Homalopsidae 0.17 0.00 6 <0.001 1 + 
Iguanidae 0.50 0.00 4 <0.001 1 + 
Lacertidae 0.16 0.03 37 <0.001 1 + 
Lamprophiidae 0.27 0.03 30 <0.001 1 + 
Leptotyphlopidae 0.00 0.00 6 0.72 0.28 ns 
Natricidae 0.04 0.02 26 0.049 0.951 + 
Pelomedusidae 0.00 0.00 4 0.566 0.434 ns 
Phrynosomatidae 0.17 0.03 30 <0.001 1 + 
Phyllodactylidae 0.08 0.01 13 <0.001 1 + 
Polychrotidae 0.31 0.05 61 <0.001 1 + 
Psammophiidae 0.00 0.00 4 0.596 0.404 ns 
Pseudoxenodontidae 0.00 0.00 3 0.468 0.532 ns 
Pygopodidae 0.75 0.00 4 <0.001 1 + 
Scincidae 0.22 0.14 167 <0.001 1 + 
Sphaerodactylidae 0.22 0.03 32 <0.001 1 + 
Teiidae 0.22 0.01 18 <0.001 1 + 
Testudinidae 0.43 0.00 7 <0.001 1 + 
Trionychidae 0.33 0.00 3 <0.001 1 + 
Tropiduridae 0.13 0.04 45 <0.001 1 + 
Typhlopidae 0.20 0.02 25 <0.001 1 + 
Uropeltidae 0.00 0.00 8 0.832 0.168 ns 
Varanidae 0.00 0.01 10 0.875 0.125 ns 
Viperidae 0.19 0.04 42 <0.001 1 + 
Xantusiidae 0.75 0.00 4 <0.001 1 + 

 4 


