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A B S T R A C T   

The IUCN recently coordinated the first assessment of extinction risk of the world's reptile species. This monu-
mental undertaking allows, for the first time, an examination of threats and prioritization of conservation effort, 
not just for reptiles, but for land vertebrates as a whole. Reptiles are now the largest class of land vertebrates in 
terms of species numbers. The dynamic nature of reptile taxonomy, the 18 years it took for the Global Reptile 
Assessment to be completed, the poor state of knowledge for many species – especially of squamates – and the 
evolving nature of threats, however, all highlight the need for continued monitoring of reptile species and 
threats. Here we review the status of reptile conservation assessments, and identify the challenges facing the next 
reptile assessments. We then recommend potential avenues that could facilitate efficient, accurate and timely 
future assessments.   

After 18 years of toil, the first global reptile assessment (GRA) by the 
International Union for the Conservation of Nature (IUCN) Red List was 
concluded (Cox et al., 2022). The GRA represented the combined efforts 
of over 900 reptile experts from all over the world. The GRA greatly 
improved the only previous assessment of the conservation status of the 
world's reptiles, which had focused on a randomly sampled subset of 
1500 species (Bohm et al., 2013). The 10,196 reptile species now 
assessed for the GRA (Cox et al., 2022) is nearly double the number of 
species assessed during the first comprehensive global assessments of 
other land vertebrate classes (amphibians: 5743 species, Stuart et al., 
2004; mammals: 5487 species, Schipper et al., 2008; 1029 threatened 
birds in 1988, Collar and Andrew, 1988) and substantially increases our 
knowledge of reptile conservation status and needs worldwide. 

Although the first GRA represents an important first step in providing 
updated assessments for all reptiles, the rapid rate of species de-
scriptions, and elevations from synonymy, has left 1970 reptile species 
unassessed (16.5 % of the ~11,930 reptile species recognized in 
December 2022; Uetz, 2022; the lists are not 100% overlapping). In 
general, attention to, and knowledge of, reptile conservation has lagged 
behind that of other terrestrial vertebrate groups (Tingley et al., 2016). 
For example, the first GRA was completed 14–34 years after equivalent 
comprehensive assessment of other terrestrial vertebrate groups (Stuart 
et al., 2004; Schipper et al., 2008; note that assessments for all taxa have 
become increasingly detailed over time). In the intervening time, the 
second Global Amphibian Assessment is nearing completion (IUCN SSC 
Amphibian Specialist Group, 2022), birds have been re-assessed 
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multiple times (Collar et al., 1994; BirdLife International, 2000, 2004, 
Butchart et al., 2004 and now in annual batches) and some mammals are 
regularly re-assessed (Global Mammal Assessment, 2022). 

Comprehensive assessments provide valuable data regarding the 
plight of taxa which, in turn, inform global policy and reporting. For 
example, the United Nations used the Red List Index (RLI, calculated 
from changes in species' Red List status) as the primary indicator to 
demonstrate the deteriorating state of biodiversity (Brondizio et al., 
2019). Similarly, the data underlying these large-scale Red List efforts 
underpin both species- and area-based conservation prioritizations (e.g., 
Key Biodiversity Areas; Alliance for Zero Extinction), and threat abate-
ment efforts such as those advocated through the STAR metric (Species 
Threat Abatement and Restoration; Mair et al., 2021). Red List assess-
ments are also linked to additional assessment processes focused on 
conservation impact, such as the Green Status of Species (Grace et al., 
2021). Crucially, almost all countries are parties to the Convention on 
Biological Diversity (CBD) and are therefore required by this interna-
tional treaty to regularly report on the status of their biodiversity, with 
globally disaggregated RLIs, or RLIs derived from national assessments, 
serving this purpose. 

While the Red List Index has been estimated for some vertebrate 
groups multiple times, both globally and nationally (e.g., Hayward, 
2011; Juslen et al., 2013; Renjifo et al., 2020), a Red List Index for 
reptiles globally cannot yet be computed. With the first global assess-
ment of reptiles now at hand, it is timely to reflect on the monumental 
achievement of the first GRA (Cox et al., 2022), and to identify priorities 
for the immediate future of the GRA with an aim toward better repre-
sentation of reptiles in the IUCN Red List Index. We offer the following 
suggestions in this spirit. 

1. Increase the proportion of reptile species assessed 

The first GRA completed assessments for 85 % of currently recog-
nized reptile species (10,196 of ~11,950 species, Uetz, 2022 and newer 
descriptions), with 10,148 currently appearing on the IUCN Red List 
website (IUCN, 2022). For comparison, as of December 2022, 88 % 
(7486 of 8536) of amphibian species (https://amphibiansoftheworld.am 
nh.org/; note that the second global amphibian assessment is due to be 
published in 2023), 90 % (5968 of 6596) of mammal species (ASM 
Mammal Diversity Database, version 1.9; https://www.mammaldiversit 
y.org/), and all 11,162 species of birds (https://www.birdlife.org) have 
Red List assessments (Fig. 1). For reptiles, while Rhodin et al. (2021) 
propose assessment categories for all 357 turtle species, only 270 species 
appear on the Red List website (https://www.iucnredlist.org/search). 
The majority of Crocodylia (23 of 27 species; 85 %) and Squamata (9680 
of ~11,540 species, 84 %) have been assessed, as has the single repre-
sentative of the Sphenodontidae (the tuatara). Thus the conservation 
needs of reptiles, especially the most specious group – the squamates – 
are not as well-known as those of other tetrapod taxa. Many newly 
described squamates that were not included in the first GRA have small 
known ranges and populations (Meiri, 2016). Consequently, if threats 
are operating, these newly described species will likely warrant a 
threatened Red List category (Vulnerable: VU, Endangered: EN, or 
Critically Endangered: CR), at a higher proportion than for assessed 
species (Caetano et al., 2022; see also points 4 & 6, below). 

The sheer number of squamate species, and the highly dynamic na-
ture of their taxonomy (see Priority 4) – especially the great increase in 
describing new species, elevating subspecies and recognizing synonyms 
as distinct, pose significant challenges for achieving a complete assess-
ment of the group (e.g., Chapple et al., 2021). Overcoming this will 
require dedicated resources, targeted research (see Priority 5), global co- 
ordination, and extensive contributions from reptile conservation bi-
ologists (see Priority 7). 

2. Address knowledge gaps for Data Deficient species 

Lack of knowledge regarding species conservation status and needs is 
also manifested in species assigned to the Data Deficient (DD) category 
(Bland and Böhm, 2016). Fifty species of birds (0.4 %), 840 mammal 
species (22 %), and 1193 amphibian species (28 %; IUCN, 2022) are 
currently classified by the IUCN as Data Deficient. In comparison, 1489 
reptile species (26 %) are Data Deficient (Cox et al., 2022) (Fig. 1; this 
may in part be because birds have larger ranges). We suspect that many 
Data Deficient species would be assessed as threatened in the future 
because they often have similar attributes (e.g., small ranges, high levels 
of human pressure across their ranges) to species assessed as threatened 
(Gumbs et al., 2020). This assertion is supported by recent studies using 
an automated extinction risk assessment process through machine 
learning that has predicted that Data Deficient reptile species are sub-
stantially more likely to fall within a threat category than expected given 
the overall percentage of threatened reptiles (Borgelt et al., 2022; Cae-
tano et al., 2022). A prediction of higher-than-average risk was also 
made for reptile species that have not yet been evaluated (i.e., Not 
Evaluated (NE) category; Caetano et al., 2022) – which are usually small 
ranged (Meiri, 2016). Thirty-nine reptile species assessed as Data Defi-
cient in 2009 have been reassessed as non-DD (IUCN, 2022). Of these, 15 
(38.5 %) have moved from being Data Deficient to being categorized as 
threatened (3, 6 and 6 species in the Vulnerable, Endangered, and 
Critically Endangered categories, respectively; six others are now clas-
sified Near Threatened). 

Species are more likely to be classified in a threatened category, or as 
Data Deficient, the more recently they were described: The percentage 
of threatened species out of all classifiable ones (i.e., those assessed as 
neither Data Deficient nor extinct; per decade) rises from ~10 % for 
species described until the 1860's, to over 35 % for species described 
since the 1990's (data from the IUCN redlist and description dates from 
Uetz, 2022). Similarly, the percentage of Data Deficient species out of all 
assessed, extant, species increases from zero in the 18th century (the first 
Data Deficient species, Barkudia melanosticta and Rhinophis oxyrhynchus, 
were described in 1801; description dates are from the reptile database, 
threat categories from the IUCN, 2022) to around 15 % by the turn of the 
20th century, and to 24.2 % and 25.6 % for species described in the first 

Fig. 1. The proportions of amphibian, bird, mammal and reptile species with 
up to date (green) or outdated (yellow) IUCN Red List classifications, Data 
Deficient classifications (grey) and Not Evaluated species (pink). Figurine 
heights are proportional to the number of species in each class. Data for Red List 
classifications are from the IUCN (2022); Numbers of Not Evaluated species are 
based on numbers of amphibians from https://amphibiansoftheworld.amnh. 
org/ (downloaded on 27th of April 2022), birds from http://datazone. 
birdlife.org/species/taxonomy (HBW-BirdLife_List_of_Birds_v6 Dec2021), 
mammals from https://www.mammaldiversity.org/ (version 1.9, April 2022) 
and reptiles from the 08-03-2022 version of the Reptile database (Uetz, 2022). 
The numbers of unassessed species may be slightly higher (i.e. underestimated 
in the figure) than depicted where the IUCN Red List recognizes species that are 
not recognized in these datasets. (For interpretation of the references to colour 
in this figure legend, the reader is referred to the web version of this article.) 
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and second decades of the 21st century –higher values than at any 
previous decade. In other words, the reptile species described after the 
beginning of the global reptile assessment (2004) are nearly twice as 
likely to have subsequently been assessed as either Data Deficient or 
threatened as species described earlier (Table 1). 

The numbers of Data Deficient, threatened (Vulnerable, Endangered, 
Critically Endangered), and non-threatened (Least Concern, Near 
Threatened) species described before and after the GRA was initiated (in 
2004). Differences between DD vs. non-DD between the periods and 
threatened vs. non-threatened (excluding Data Deficient and extinct) 
species between the periods are significant using Fisher Exact tests (P <
0.00001 in both cases). 

Newly described species are also likely to have small ranges and thus 
more likely to be threatened than species described earlier (e.g., Meiri, 
2016; Liu et al., 2022). We view this as suggesting that newly described, 
and Data Deficient species, are more likely to be threatened than a naïve 
prediction based on the overall proportion of threatened species would 
suggest. Predictive modelling approaches (e.g., Borgelt et al., 2022; 
Caetano et al., 2022) could be used to identify priority Data Deficient, 
and unassessed (including newly described) species for targeted study, 
and subsequent assessment. Currently, such models are all we have to 
approximate the conservation status of Data Deficient and Not Evalu-
ated species, and to potentially prioritize the development of research 
and conservation actions for them. An even more helpful, but more cost- 
and time-intensive approach, will be to conduct dedicated field studies 
of the biogeography, ecology, natural history, and conservation needs of 
Data Deficient and newly described species to allow for standardised 
Red List assessment as non-Data Deficient. 

3. Complete the second GRA within a decade 

Given that reptiles are the final terrestrial vertebrate group to have a 
comprehensive global assessment, it is important that the next GRA is 
completed within the time frame recommended by the IUCN of every ten 
years. The second GRA is already underway and is prioritizing species 
whose assessments require updating (i.e., they were assessed prior to 
2013). It is particularly vital to keep and increase GRA capacity to work 
through the backlog of out-of-date assessments. As of November 2022, 
1920 amphibian species assessments (although the completion of the 
second Global Amphibian Assessment is imminent), and 2403 reptile 
species assessments, are listed as “need updating”, compared with only 
70 mammal species and zero bird species (Fig. 1). A total of 3200 species 
of reptiles (32 % of assessed species; according to the taxonomy of the 
Reptile Database; Uetz, 2022) were assessed in 2012 or earlier. To 
accomplish the task of completing Red List assessments on schedule will 
require global co-ordination of IUCN Specialist Groups, regional reptile 
experts, and conservation organizations (see Priority 7), and directed 
dedicated funding and resources. 

4. Recognize challenges posed by the dynamic nature of reptile 
taxonomy 

Reptile taxonomy, like amphibian taxonomy, is highly dynamic, 
with new species frequently described (e.g., Chapple et al., 2021; Mel-
ville et al., 2021; Tolley et al., 2022; Venegas et al., 2022; Bowles, in 

press). Recognized reptile species numbers have increased by 19 % since 
2014, (~11,838 vs. 9952) making the Reptilia the largest tetrapod class 
in terms of species numbers (Fig. 2). Given that reptiles are described at 
faster rates than birds and mammals (Fig. 2), and that newly described 
species are often considered threatened, reptiles (and amphibians) may 
face a higher extinction risk than is currently acknowledged. This 
taxonomic upheaval is not only the result of new species discoveries. In 
fact, 35 % of the ~3500 new species of reptiles recognized since the GRA 
began in 2004 represent taxonomic ‘splits’ (Timrat Laniado, unpub-
lished), including newly defined (including cryptic) species, revalida-
tion of synonyms, and elevation of subspecies to species status. While 
there is much debate on how such taxonomic changes should be treated 
in terms of conservation (e.g., Garnett and Christidis, 2017; Raposo 
et al., 2017), the Red List is explicitly not a taxonomic source and has no 
remit to make taxonomic decisions. Specialist Groups responsible for 
Red List assessments curate their taxonomic group's species lists and 
may sometimes reject proposed taxonomic changes. That said, the Red 
List objective is to assess the extinction risk of all species, however 
defined, without claiming to know whether species need to be split, 
lumped, or maintained as the status quo. Splits recognize more species 
that need to be assessed, but also requires for new assessments of the 
‘parent’ species (Chapple et al., 2021). The IUCN assessments of species 
that were split after being assessed often become instantly obsolete. 
Unfortunately, over 40 % of the reptile species that were split since 2004 
were assessed prior to them being split (T. Laniado, unpublished data, 
2022), which potentially undermines their current assessments. 

There are important conservation implications of taxonomic reor-
ganization. Following splits, ‘parent’ species will naturally have fewer 
subpopulations, fewer individuals, and smaller ranges. Further, range 

Table 1 
Data deficiency and threat for species described before, and after the onset of the 
Global Reptile Assessment.   

Described before the GRA 
started (pre 2004) 

Described after start of the GRA 
(post 2003) 

Data 
Deficient 

1079 (13 %) 364 (25 %) 

Threatened 1407 (17 %) 394 (27 %) 
Not- 

threatened 
6010 (71 %) 705 (48 %)  

Fig. 2. Trends in number of species described for land-vertebrate classes in the 
21st century. Mammals (green; data from Wilson and Reeder, 2005, Burgin 
et al., 2018, the American Society of Mammalogists, https://www.mamm 
aldiversity.org/, and https://www.mammaldiversity.org/, version 1.9), am-
phibians (orange; data from Darrel frost, pers. comm. to Shai Meiri, 12.08.2015, 
https://amphibiaweb.org/, and https://amphibiansoftheworld.amnh.org/), 
reptiles (purple; data from different versions of the Reptile Database; Uetz, 
2022) and birds (light blue; data from BirdLife International versions 0 and 6, 
Gill and Wright, 2006, HBW-BirdLife List of Birds v5 & v6). Points represent 
known class numbers in a particular year and lines are fit to a loess regression 
(f = 0.3). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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overlap with protected areas could be smaller, while threats may occur 
over a higher proportion of the distribution. Finally, existing conserva-
tion measures might apply to only some of the species recognized after 
the split. Thus, re-assessments of species that were split subsequent to 
their original assessments are likely to identify that they are more 
threatened (potentially resulting in up-listing), but rarely that they are 
less threatened (potentially resulting in down-listing). A preliminary 
analysis (T. Laniado, unpublished data, 2022) shows that hundreds of 
reptile species have been split into two or more species rendering the 
original parent species assessments in urgent need of update given that 
their ranges that are small enough to trigger a review of Red List status 
under Criterion B – should threatening processes exist. 

Here we outline two specific cases where taxonomic splits have been 
followed by new listing assessments. The first is the Philippine skink, 
Parvoscincus decipiens, which was split in 2013 to comprise eight species 
(Linkem and Brown, 2013). None of the seven newly recognized species 
were assessed in the first GRA (Cox et al., 2022), as the split occurred 
after the assessments for the region were completed in 2008. The current 
published assessment for P. decipiens was conducted in 2007 – as Least 
Concern. Instead of being widespread throughout the island of Luzon, 
the new concept of this species is now considered a narrow-ranged 
endemic (Linkem and Brown, 2013). A re-assessment for P. decipiens 
underway suggests that some of the seven newly described species are 
threatened or Data Deficient. The second example is Tympanocryptis 
pinguicolla, an Australian agamid associated with imperilled grasslands. 
This species was formerly considered widespread but was listed as En-
dangered when assessed in 2017 (Melville et al., 2018). The species was 
subsequently split into three species (Melville et al., 2019). At present, 
T. pinguicolla (sensu stricto) is considered possibly extinct (Garnett et al., 
2022), but will soon be listed under Australian legislation as Critically 
Endangered. The last sighting of this earless dragon species, restricted to 
what was at the time the outskirts of the city of Melbourne, was in 1969 
(Melville et al., 2019). Indeed, based on expert elicitation, the two 
species split off T. pinguicolla, T. mccartneyi (Bathurst grassland earless 
dragon), and T. osbornei (Monaro grassland earless dragon), are 
considered Australia's 5th and 27th most threatened squamate species 
ranked on a timeframe to extinction (Geyle et al., 2021). 

5. Diversify approaches to measuring Red List criteria 

An interesting result of the GRA is the difference in the conservation 
status between turtles and crocodiles, and of squamates (Cox et al., 
2022). Essentially, Testudines (turtles, tortoises, and terrapins, hereafter 
‘turtles’) and crocodilians were recognized as more threatened (57.9 % 
and 50.0 % of species, respectively) than squamates (19.6 %; Cox et al., 
2022). To a large extent, this probably reflects that many turtles and 
crocodiles inhabit freshwater systems, which have been heavily 
degraded by pollution, development, desiccation, and water abstraction 
(He et al., 2019; Almond et al., 2020). Crocodiles and turtles are also 
much larger, on average, than squamates (Meiri et al., 2021) and have 
often been used as a source of food and skins, resulting population de-
clines and some species extinctions (Slavenko et al., 2016; Cox et al., 
2022). Criterion A is frequently applicable for many turtles and croco-
dilians, based on a “Population reduction (measured over the longer of 
10 years or 3 generations, whichever is longer)” (IUCN, 2012). Thus, 
reductions need to be evaluated over longer periods for turtles and 
crocodiles (which, being longer living, have longer generation times; 
Stark et al., 2018) than for most squamates. Thus even given similar 
rates of population declines, the threshold for population reduction 
needed to qualify for any threat status is less likely to be reached for 
squamates with short generation times. Thus, Criterion A can less 
frequently be invoked for squamates even if we know they are declining 
at similar rates to other taxa. During the first GRA very limited data on 
squamate life history were collected for many squamates and a three- 
generation period was widely assumed to be lower than, or equal to, 
10 years. For a number of these species this is likely to have been 

unrealistically short. 
Some differences in the threat status between turtles, crocodilians, 

and squamates may also be due to squamates typically being less well 
studied, meaning that data on population sizes and rates of population 
decline are less frequently unavailable. For example, all threatened 
crocodilian species are listed under Criterion A (population size reduc-
tion), and 90.5 % of threatened turtle species are listed under either 
Criterion A or Criterion C (small population sizes and declines). Fewer 
than 15 % of turtle species are listed under Criterion B (small geographic 
range, and fragmented habitat or few locations, and decline; potentially 
because criteria A and C trigger a higher threat category), only 9.5 % of 
them exclusively so (Fig. 3). These figures are strikingly different for 
squamates: 93 % of threatened species (1834 of 1974) are listed under 
either Criteria B and/or D2 (small population and a plausible future 
threat); 90 % of them (1784 species) exclusively so (Fig. 3) but only 7.7 
% under Criterion A and 1.2 % under Criterion C. The general lack of 
monitoring data for squamates mean we simply don't know how small 
populations are, or how fast they are declining (Tingley et al., 2016). 

Overall, the threat status of the comparatively well-studied croco-
dilians and turtles has been evaluated from population trend data or 
inferences. Squamate (~96.7 % of reptile species) population sizes, and 
population decline estimates, are rarely known or inferred and assessors 
were reluctant to apply Criterion A because of the difficulty of quanti-
fying rates of decline (even though ‘suspected’ data can be used). 
Therefore squamates, with their small range sizes (Roll et al., 2017), 
have mostly been evaluated based on the size and dynamics (decline in 
extent, occupancy, or habitat quality) of their geographic range. We 
suspect that some wide-ranging squamate species would likely qualify as 
threatened under Criterion A if their population declines could be reli-
ably estimated – but long-term census data on population sizes and 
declines (that exist for many bird, large mammal, crocodile, and turtle 
species) are generally unavailable for squamates. This also affects other 
global analyses of reptile status and trends (e.g., see Saha et al., 2018 for 
lack of squamate population data in the Living Planet Database). Under 
Criterion B, only species with small ranges (at most 20,000 km2 extent of 
occurrence or 2000 km2 area of occupancy) can qualify as threatened. 
Thus, wider-ranging squamates cannot be evaluated as threatened under 
any criterion even if their populations decline due to trade, invasive 
species, disease, climate change, and pollution, unless rates of decline 
can be derived from proxy data. For example, when habitat loss is 
potentially severe and rapid it can be used to list species as threatened 

Fig. 3. IUCN Red List criteria applied to crocodiles, turtles, and squamates. The 
height of the colour column corresponds to the proportion of species listed 
under different criteria. Species that were classified according to multiple 
criteria were counted toward each. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of 
this article.) 
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under Criterion A (e.g., by using remote-sensing data to estimate range 
changes by measuring the extent of suitable habitat across periods). This 
has been challenging for many squamates due both to data limitations 
(especially for older assessments dating to a period before time series of 
land cover change over relevant scales from remote sensing data were 
widely available) and typically short (perceived) generation times. 

6. Improve our knowledge of threats to reptiles 

One key consequence of the lack of research on most reptile species 
(tuatara and marine turtles are notable exceptions, e.g., Cree, 2014; 
Donaldson et al., 2016), and the fact that most species have been 
assessed relatively recently, is the current absence of long-term data 
with which to accurately assess historical changes to distribution and 
population trends. This restricts the ability to identify, and subsequently 
quantify, threats that most impact reptile species. Consequently, our 
limited knowledge on threats to species means that the conservation 
status of reptiles in many regions may be worse than is currently realised 
(Tingley et al., 2019; Chapple et al., 2021). Here, we outline three ex-
amples of how we may have underestimated the true plight of reptiles 
globally: 

(i) Extremely small ranged species: Over 1750 reptile species, 
more than one in seven, are only known from tiny ranges (extent of 
occurrence <100 km2; Meiri et al., 2018; Barki et al., submitted). These 
species are often less well known than more wide-ranging ones, and 
many have not been seen, let alone studied, in decades (Meiri et al., 
2018). Consequently, we have little long-term data, or knowledge of the 
key threats, for most of them. Species with extremely small ranges can 
be listed as threatened under Criterion B if they are also in decline. 
However, for many species, failure to document evidence for a 
continuing decline (in the species range; extent and/or quality of 
habitat; number of subpopulations, locations, or number of mature in-
dividuals) will lead to them not qualifying for a threatened listing under 
the IUCN Red List guidelines. >160 reptile species are currently classi-
fied as Least Concern, despite being known only from their original 
description and not recorded again thereafter (Meiri et al., 2018; Barki 
et al., submitted). Some of these species were not seen for >50 years 
(Martin et al., 2022). Because they are not well enough known to 
demonstrate declines, a Least Concern listing could be technically cor-
rect according to the Red List guidelines, and typically this approach is 
taken with species known only from areas which may not have been 
revisited and where no threats are believed to be active. Improved data, 
however, may reveal novel or previously unrecognised threats that 
could warrant a threatened status under Criteria B, C or even D. Some 
Tepui-dwelling species, for example, were listed as Least Concern 
because they typically occur far from any plausible direct human im-
pacts. They might, however, well be at greater immediate risk from 
factors such as climate change than was recognized when these species 
were first assessed a decade ago. Crucially for species with tiny ranges, 
adherence to two sub-criteria is required for classification of a species as 
threatened. The lack of knowledge on multiple sub-criteria prevents a 
listing as anything other than Data Deficient or Least Concern. Our 
knowledge of these species' natural history and ecology, hence of po-
tential direct threats (rather than threats to their habitat), is rudimen-
tary at best – and can often not be used to assign a threat category. Thus 
their assessments may prove to be conservative. 

A further 450 reptile species known only from their original 
description are classified as Data Deficient, and these have a high like-
lihood of being threatened (Gumbs et al., 2020, Caetano et al., 2022, and 
see above). In many cases, the original descriptions are of specimens 
collected several decades ago (Meiri et al., 2018; Barki et al., submitted), 
and some species may be already extinct. Other species not recorded for 
decades were once considered widespread (e.g., the snake Psammophis 
jallae has been recorded only five times since the year 2000 and has not 
been recorded in South Africa since the 1980s; Krystal Tolley, unpub-
lished data 2022). Thus, the second GRA should focus on identifying 

priorities for targeted monitoring of the smallest-ranged species (Meiri 
et al., 2018), as well as on species with no recent records (Martin et al., 
2022). 

(ii) Incorporate the threat of climate change: Although habitat 
loss, degradation, and fragmentation remain the primary threats to 
vertebrates, the impact of climate change has generally been left un-
addressed in IUCN Red List assessments (Harfoot et al., 2021). This is 
because climate change impacts can be difficult to quantify (see Akça-
kaya et al., 2006; Foden and Young, 2016; IUCN Standards and Petitions 
Committee, 2019), and (for reptiles) have largely been considered to 
relate to future time-frames that are longer than the 10-year or three- 
generation time-frame used in Red Listing. Further, evaluation of the 
threats posed by climate change, such as sex ratio skews and subsequent 
population declines, require detailed study to quantify the potential 
effects for individual species or populations (e.g., see Mitchell and 
Janzen, 2010; 2012 for the tuatara). Finally, focus on recording proxi-
mate drivers of declines, and thus cases where climate change is, for 
example, increasing the prevalence of detrimental invasive species or 
diseases, it will often not be recorded in the assessment coding scheme 
(though it may be recognized in an assessment's text). This may lead to 
the misconception that climate change is not a key threat for some taxa 
(Caro et al., 2022), but it potentially simply reflects limited exploration 
of climate change impacts on reptile taxa to provide an evidence base for 
the application of IUCN Red List criteria. This is surprisingly given high 
profile studies of squamates that point to recent and widespread popu-
lation and species extinctions linked to climate change (Sinervo et al., 
2010). Climate change should be incorporated more fully during the 
second GRA, as the current and future impacts of climate change on 
species, their ranges, and the quality of their habitat, become better 
understood. 

Worryingly, we have evidence and reasoning to suggest that reptiles 
maybe be greatly affected by future climatic changes, particularly as 
their foraging activities become increasingly constrained by high tem-
peratures (Sinervo et al., 2010; Huey and Kingsolver, 2019). Further, 
reptiles have, on average, smaller ranges than mammals and birds (Roll 
et al., 2017) and thus will most likely have less potential for climatic 
refugia within their current ranges. Reptiles also have a high proportion 
of island and montane endemics (Roll et al., 2017) that will unlikely be 
able to track suitable climatic niches as these will shift away from their 
current ranges (Miller et al., 2012). Some recent evidence supports this 
notion, as there are indications that regions with high reptile phyloge-
netic endemism will suffer greater temperature and precipitation change 
velocity compared to other regions (Murali et al., 2021). Initial explo-
rations of the effects of extreme climatic events also identify reptiles as a 
particularly sensitive taxon (Murali et al., 2023). 

(iii) Continue monitoring use and trade. Removal of reptiles from 
the wild, for commercial or subsistence use, is fully incorporated in 
current IUCN Red List assessments – but could still be underestimated (e. 
g., see Marsh et al., 2022). Of all the threats to reptiles, trade is one of the 
ones that has had the most serious consideration in Red List assessments, 
because it is very widely perceived to be a serious impact. Assessors 
provided the ‘Use and Trade’ information for 1629 reptile species 329 of 
which are threatened (3.2 % of those assessed - but 30.8 % of all turtle 
species; Cox et al., 2022). Marshall et al. (2020), however, estimated 
that 3943 reptile species are being traded (mostly via collecting in the 
wild). If this figure is correct it represents over twice as many species as 
those for which information is given in the IUCN Red List assessments 
(potentially in part because many traded species have not yet been 
assessed). Most reptile trade is not regulated by the Convention on In-
ternational Trade in Endangered Species of Wild Fauna and Flora 
(CITES: https://cites.org/eng). We caution against assuming that mar-
keting a reptile for sale means trade threatens the species (Challender 
et al., 2022). Indeed, assessments often note that while there is col-
lecting from the wild, its levels do not merit a threat category. In some 
cases, however, newly discovered small-ranged species are specifically 
targeted by traders (Auliya et al., 2016; Mialon et al., 2022). We 
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recommend that assessors keep paying attention to potential, and real-
istic, threats from trade and provide the recommended Use and Trade 
information in the Red List assessments (Marsh et al., 2022). 

(iv) Increase use of projected declines. Although there are many 
opportunities to incorporate projected declines into conservation as-
sessments for reptiles (i.e., Criterion A3 and A4, Criterion B (b) and C1 
and C2), the use of such projections in conservation assessments has 
been limited. This is because ‘projected’ declines require the same level 
of evidence as ‘suspected’ or ‘inferred’ data. However, we are in the 
midst of increasing pressures on our natural ecosystems and major 
population declines of the associated biodiversity (Murali et al., 2022b). 
These pressures include, for example, agents such as land use change 
(Newbold et al., 2015) and climate change (Trisos et al., 2020; see Pri-
ority 6(iii)). This means that even species that are not known to be 
declining today, or have not reached rates which trigger threatened 
status, are already, or will soon become, more threatened than their 
current IUCN Red List status implies. The overall smaller geographic 
ranges of reptiles (and amphibians) compared to mammals and, espe-
cially, birds, may further mean that even localized threats could quickly 
lead species, and even entire reptile communities, to decline toward 
extinction (e.g., as has occurred recently on Christmas Island in the In-
dian Ocean due to invasive species; Emery et al., 2021). Thus, in the 
second GRA there is much scope to increase the use of analyses that 
project declines in population size, or in habitat quality or extent, over 
appropriate time-scales for Red List assessment (e.g., Legge et al., 2022). 

One way to ameliorate the situation is for herpetological societies 
and funders the world-over to prioritize and incentivize programs for 
field studies that aim to estimate population size and trend data for 
squamate species (mainly Not Evaluated and Data Deficient species). 
Collaborations between institutions the world-over (but considering 
good practices in collaboration for funding; Escobar Álvarez et al., 2021) 
could be key to close such knowledge gaps. 

7. Enhance capacity for global reptile assessment 

Global assessments of entire species groups, such as the Global 
Reptile Assessment, rely on adequate and dedicated funding and ca-
pacity to be delivered in timely fashion. For example, BirdLife co-
ordinates the bird assessment effort by linking with the relevant IUCN 
Species Survival Commission (SSC) Specialist Groups, providing addi-
tional input from their expert network and coordinating processing and 
submission of assessments. The Global Mammal Assessment (https: 
//globalmammal.org/) oversees the assessment of mammals at regular 
intervals and connects to the IUCN SSC mammal Specialist Groups to 
produce and publish assessments. Specialist groups played a limited role 
in the first GRA (due to a lack of such groups for many reptile taxa), with 
the IUCN-Conservation International Biodiversity Assessment Unit 
providing the overarching coordination for the assessments through a 
series of 48 regional workshops to gain perspectives of local scientists 
familiar with species under assessment - a time and resource intensive 
assessment process. Using the model from mammals and birds, and 
linking to the many established reptile Specialist Groups, the second 
GRA could provide much needed support for concluding the next round 
of assessments. Strong coordination and communication between the 
GRA leadership and the existing and newly emerging reptile Specialist 
Groups could greatly improve capacity for the second GRA. The recent 
establishment of the Global Center for Species Survival, a joint venture 
between the Indianapolis Zoo and the IUCN Species Survival Commis-
sion, is a positive development in this area. The center employs a Reptile 
and Amphibian Conservation Coordinator and should facilitate 
communication between all reptile specialist groups, as well as drive the 
development of additional reptile Specialist Groups. For example, the 
Gekkota (geckos and pygopodids) is one of the largest squamate clades 
(> 2250 species, of which 1708 are currently assessed for the Red List), 
yet no specialist group exists for this group. At the same time, estab-
lishment of regional or national centers for Species Survival, which 

provide staff time to IUCN SSC efforts such as Red List assessments, will 
aid assessment throughput if they also focused on reptiles. 

Future workshops should incorporate knowledge from both local 
experts (both within and outside the IUCN SSC Specialist Group 
network) and IUCN SSC (via a coordination body such as that for the first 
GRA). The former can provide pre-workshop data and insights gained in 
the field regarding natural history, ecology, and conservation, while the 
globally spread latter provides coordination and broad expertise in the 
post-workshop dissemination and publication of results. Such schemes 
should be agreed upon prior to the regional workshops (e.g., Beck et al., 
2019; Maestre and Eisenhauer, 2019) and can generate greatly benefi-
cial interactions for advancing knowledge of reptile species and their 
conservation in the field. 

Finally, increasing collaboration and coordination between the GRA 
and countries that use similar listing criteria under their environmental 
legislation (e.g., Australia and Brazil, e.g., Raimondo et al., 2022) could 
greatly enhance the currency of global reptile assessments, and avoid 
duplication of effort and expert's time. National species specialist 
groups, a more recent SSC initiative comprised of experts across all taxa 
from the same country, may be a useful partner to provide country- 
specific information to the GRA. 

8. Conclusions 

The recommendations outlined here should not detract from the 
enormous effort and the immense value of the first GRA (Cox et al., 
2022). Now that a GRA is complete, reptiles can finally take their place 
at the “high table” of global conservation planning. Global and local 
analyses of conservation needs and priorities focusing on birds, mam-
mals and amphibians, but rarely Reptilia – the largest terrestrial verte-
brate class – should now be a thing of the past. But we should not rest on 
our laurels. The incredible rate of new reptile descriptions, of over 200 
more species recognized yearly over the last decade (Fig. 2), nearly 240 
species a year in the last five years, makes the task somewhat Sisyphean, 
but also immensely important. The second GRA should focus on the 
seven priorities that we have identified, revisiting old assessments, 
taking more types of data into account, flagging species with obsolete 
assessments due to age or taxonomic changes and more regularly 
invoking projected declines in reptile population sizes. Further, ad-
vances in automated, machine-learning based methods now exist to 
model extinction risk. These take available projections of threats such as 
future climate change and couple them with high resolution, accurate 
maps of species distributions (Roll et al., 2017; Cazalis et al., 2022; 
Caetano et al., 2022). The results of such models can inform assessments 
of newly described species, species with dated assessments, or those 
with changed taxonomies. Since Red List assessments in their very na-
ture are dynamic, we should view the first GRA as a beginning, rather 
than as a long-awaited endpoint. 
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Natusch, D.J., Oldfield, T.E., Outhwaite, W., ’t Sas-Rolfes, M., Milner-Gulland, E.J., 
2022. Mischaracterizing wildlife trade and its impacts may mislead policy processes. 
Conserv. Lett. 15 (1), e12832. 
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Escobar Álvarez, S.N., Drake, W.P., Evans, L., Myers, E.R., 2021. Funders, 
diversifyresearch grant awards. Science 374, 1063–1064. 

Foden, W.B., Young, B.E., 2016. IUCN SSC Guidelines for Assessing Species’ 
Vulnerability to Climate Change. Version 1.0. Occasional Paper of the IUCN Species 
Survival Commission No. 59. Cambridge, UK and Gland, Switzerland: IUCN Species 
Survival Commission x+114pp.  

Garnett, S.T., Christidis, L., 2017. Taxonomy anarchy hampers conservation. Nature 546, 
25–27. 

Garnett, S.T., Hayward-Brown, B.K., Kopf, R.K., Woinarski, J.C.Z., Cameron, K.A., 
Chapple, D.G., Copley, P., Fisher, A., Gillespie, G., Latch, P., Legge, S., 
Lintermans, M., Moorrees, A., Page, M., Renwick, J., Birrell, J., Kelly, D., Geyle, H. 
M., 2022. Australia’s most imperilled vertebrates. Biol. Conserv. 270, 109561 
https://doi.org/10.1016/j.biocon.2022.109561. 

Geyle, H.M., Tingley, R., Amey, A., Cogger, H., Couper, P., Cowan, M., Craig, M.D., 
Doughty, P., Driscoll, D., Ellis, R., Emery, J.P., Fenner, A., Gardner, M.G., Garnett, S. 
T., Gillespie, G.R., Greenlees, M.J., Hoskin, C.J., Keogh, J.S., Lloyd, R., Melville, J., 
McDonald, P., Michael, D.R., Mitchell, N.J., Sanderson, C., Shea, G.M., Sumner, J., 
Wapstra, E., Woinarski, J.C.Z., Chapple, D.G., 2021. Reptiles on the brink: 
identifying the australian terrestrial snake and lizard species most at risk of 
extinction. Pac. Conserv. Biol. 27, 3–12. https://doi.org/10.1071/PC20033. 

Gill, F., Wright, M., 2006. Birds of the World: Recommended English Names. Princeton 
University Press, Princeton NJ. Version 2.11 generated on 2012-01-02.  

Global Mammal Assessment, 2022. https://globalmammal.org/. (Accessed 26 April 
2022). 

Grace, M.K., Akçakaya, H.R., Bennett, E.L., Brooks, T.M., Heath, A., Hedges, S., Hilton- 
Taylor, C., Hoffmann, M., Hochkirch, A., Jenkins, R., Keith, D.A., et al., 2021. 

S. Meiri et al.                                                                                                                                                                                                                                    

http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220707001287
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220707001287
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220707001287
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708212857
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708212857
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225247
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225247
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225247
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225247
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220737563600
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220737563600
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220737563600
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220725004657
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220725004657
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220725281357
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220725281357
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708505857
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708505857
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220738072410
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220738072410
https://ipbes.net/global-assessment
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708516347
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708516347
https://doi.org/10.1371/journal.pbio.0020383
https://doi.org/10.1371/journal.pbio.0020383
https://doi.org/10.1371/journal.pbio.3001544
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708590217
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708590217
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708590217
https://doi.org/10.1016/j.tree.2021.12.002
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220726536207
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220726536207
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220726536207
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220726536207
https://doi.org/10.1016/j.biocon.2021.109101
https://doi.org/10.1016/j.biocon.2021.109101
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220727161336
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220727161336
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220727338556
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220727338556
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220708225248
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220735044659
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220735044659
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220709035707
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220709035707
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220709035707
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220720010136
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220720010136
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220720010136
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220720010136
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220738091249
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220738091249
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220721090206
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220721090206
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220721090206
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220721090206
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220738097490
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220738097490
https://doi.org/10.1016/j.biocon.2022.109561
https://doi.org/10.1071/PC20033
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220721449539
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220721449539
https://globalmammal.org/
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220738481839
http://refhub.elsevier.com/S0006-3207(22)00432-3/rf202212220738481839


Biological Conservation 278 (2023) 109879

8

Testing a global standard for quantifying species recovery and assessing 
conservation impact. Conserv. Biol. 35, 1833–1849. 

Gumbs, R., Gray, C., Bohm, M., Hoffmann, M., Grenyer, R., Jetz, W., Meiri, S., Roll, U., 
Owen, N., Rosindell, J., 2020. Global priorities for conservation of reptilian 
phylogenetic diversity in the face of human impacts. Nat. Commun. 11, 2616. 
https://doi.org/10.1038/s41467-020-16410-6. 

Harfoot, M.B.J., Johnston, A., Balmford, A., Burgess, N.D., Butchart, S.H.M., Dias, M.P., 
Hazin, C., Hilton-Taylor, C., Hoffmann, M., Isaac, N.J.B., Iverson, L.L., Outhwaite, C. 
L., Viconti, P., Geldmann, J., 2021. Using the IUCN red list to map threats to 
terrestrial vertebrates at global scale. Nat. Ecol. Evol. 5, 1510–1519. https://doi.org/ 
10.1038/s41559-021-01542-9. 

Hayward, M.W., 2011. Using the IUCN red list to determine effective conservation 
strategies. Biodivers. Conserv. 20, 2563–2573. 

He, F., Zarfl, C., Bremerich, V., David, J.N., Hogan, Z., Kalinkat, G., Tockner, K., 
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