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Ongoing declines for the world’s amphibians 
in the face of emerging threats

Systematic assessments of species extinction risk at regular intervals are necessary 
for informing conservation action1,2. Ongoing developments in taxonomy, 
threatening processes and research further underscore the need for reassessment3,4. 
Here we report the findings of the second Global Amphibian Assessment, evaluating 
8,011 species for the International Union for Conservation of Nature Red List of 
Threatened Species. We find that amphibians are the most threatened vertebrate  
class (40.7% of species are globally threatened). The updated Red List Index shows 
that the status of amphibians is deteriorating globally, particularly for salamanders 
and in the Neotropics. Disease and habitat loss drove 91% of status deteriorations 
between 1980 and 2004. Ongoing and projected climate change effects are now  
of increasing concern, driving 39% of status deteriorations since 2004, followed  
by habitat loss (37%). Although signs of species recoveries incentivize immediate 
conservation action, scaled-up investment is urgently needed to reverse the 
current trends.

The International Union for Conservation of Nature (IUCN) Red List 
Index (RLI) documents the extinction risk trends of species groups 
over time5, generating information that is crucial for conservation 
prioritization and planning6. The landmark 2004 Global Amphibian 
Assessment (GAA1) was published on the IUCN Red List, demonstrat-
ing that amphibians were the most threatened class of vertebrates 
worldwide, and has been widely used to guide and motivate amphib-
ian conservation efforts7. The 2004 baseline study identified habi-
tat loss and degradation and over-exploitation as the main threats, 
contributing to the deterioration of just over half of the species that 
deteriorated in status between 1980–2004, while 48% were classified 
as enigmatic-decline species7. Subsequent studies support that the 
disease chytridiomycosis, caused by Batrachochytrium dendroba-
tidis, was most likely responsible for many enigmatic declines8–12. The 
GAA1 helped to launch a wave of research and conservation efforts 
directed at B. dendrobatidis and the other threats causing the decline 
in amphibians6.

Completed in June 2022, the second Global Amphibian Assessment 
(GAA2) reassessed the status of the GAA1 species and added 2,286 
species, bringing the number of amphibians on the IUCN Red List to 
8,011 (39.9% increase from 2004; covering 92.9% of 8,615 described 
species). Since the GAA1, information on population trends, ecologi-
cal requirements, threats and distributional boundaries of amphib-
ians has improved considerably, and amphibian systematics have 
progressed. However, this new information (for example, better 
estimates of population size, redefining taxonomic boundaries) can 
sometimes result in a non-genuine change in Red List category, intro-
ducing biases in the data. We therefore used current information to 
estimate a backcasted Red List category for each species in 1980 and 
2004 and examine only genuine category changes. With these data and 
the GAA2 assessments, we re-examine the global status and trends of 
amphibians and present new insights on threats, providing a crucial 
update that informs the prioritization, planning and monitoring of 
conservation actions.

 
Threatened and extinct species
The status of amphibians worldwide continues to deteriorate: 40.7% 
(2,873) are globally threatened (that is, IUCN Red List categories Criti-
cally Endangered, Endangered and Vulnerable), compared with 37.9% 
(2,681) in 1980 and 39.4% (2,788) in 2004 (Fig. 1 and Extended Data 
Table 1; see the ‘Percentage of threatened species’ section of the Meth-
ods). The proportion of species in the Data Deficient IUCN category has 
decreased from 22.5% in the GAA1 to 11.3% as a result of newly available 
information.

The greatest concentrations of threatened species are in the  
Caribbean islands, Mesoamerica, the Tropical Andes, the mountains 
and forests of western Cameroon and eastern Nigeria, Madagascar, the 
Western Ghats and Sri Lanka. Other notable concentrations of threat-
ened species occur in the Atlantic Forest biome of southern Brazil, 
the Eastern Arc Mountains of Tanzania, central and southern China, 
and the southern Annamite Mountains of Vietnam (Fig. 1). Of all of the 
comprehensively assessed groups on the IUCN Red List, amphibians 
are the second most threatened group and remain the most threatened 
vertebrate class (cycads, 69%; sharks and rays, 37.4%; conifers, 34.0%; 
reef-building corals, 33.4%; mammals, 26.5%; reptiles, 21.4%; dragon-
flies, 16%; birds, 12.9%; cone snails, 6.5%)13–19.

Documented amphibian extinctions continue to increase: there 
were 23 by 1980, an additional 10 by 2004 and four more by 2022, for 
a total of 37 (Extended Data Table 1). The most recent are Atelopus 
chiriquiensis and Taudactylus acutirostris, after rapid declines linked 
to chytridiomycosis in the 1990s, while Craugastor myllomyllon and 
Pseudoeurycea exspectata were last seen in the 1970s and are believed 
to be Extinct due to agricultural expansion. Strict requirements must 
be met to declare a species Extinct20; therefore, many species missing 
for decades are categorized as Critically Endangered (CR) and tagged 
as Possibly Extinct (CR(PE)). For 1980, 24 amphibians were categorized 
as CR(PE), for 2004 this increased to 162, with another 23 added for 
2022 (Extended Data Table 1). Thus, the number of known amphibian 
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extinctions could be as many as 222 over the last 150 years if all CR(PE) 
species are indeed extinct.

When considering all threatened amphibians, the most commonly 
documented threats are types of habitat loss and degradation, with 
the top three being agriculture (77% of species impacted), timber and 
plant harvesting (53%), and infrastructure development (40%) (Fig. 2).  
Climate change effects (29%) and disease (29%) are other common 

threat types. Although these are important findings, they do not 
account for the severity and scope of these threats.

The RLI
The RLI is an indicator calculated from Red List categories to measure  
trends in extinction risk over time5. RLI values range from 1 (all species 
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Fig. 1 | The distribution of 2,873 globally threatened amphibian species. The darker colours correspond to higher species richness. The colour scale is based 
on 10 quantile classes. Maximum richness equals 61 species. The cell area is 865 km2. One species was excluded because no spatial data were available.
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Fig. 2 | The types of threats affecting amphibian species in threatened 
categories. The threats to a species were coded using the threat-classification 
scheme and grouped for ease of comparison (see the ‘Classification schemes’ 
and ‘Threats to threatened species’ sections of the Methods). All threats 

shaded in green are causing habitat loss and degradation. The grey sections 
denote the number of species for which the threat timing is in the future rather 
than ongoing. Note that most species are experiencing multiple threats.



310 | Nature | Vol 622 | 12 October 2023

Article

are Least Concern) to 0 (all are Extinct). A change in the value is influ-
enced only by species moving between categories due to genuine 
improvements or deteriorations in status, with non-genuine cat-
egory changes excluded through backcasting (see the ‘RLI’ section 
of the Methods). The RLI was calculated for amphibians for 1980, 
2004 and 2022 using the data collected in this study, and compared 
to other species groups13 (Fig. 3a). A negative RLI trend is observed 
in all groups with more than one RLI datapoint, indicating that the 
number of species in higher extinction risk categories is increasing 
(Fig. 3a). Although the amphibian RLI trend between 2004 and 2022 
is slightly less steep compared with the previous period, it continues  
to decline.

Trends in extinction risk differ across biogeographical realms (Fig. 3b 
and Extended Data Table 3). The Neotropics (with 48% of amphibians) 
has the lowest RLI value of all realms and has the greatest deterior-
ation in status, although the gradient lessens during 2004–2022. The 
Neotropical trend is associated with chytridiomycosis outbreaks in 
the 1970s–2000s, with many of the most susceptible species affected 
before 2004. Australasia has the highest RLI, primarily because there 
are comparatively fewer threats to the large number of species on 
New Guinea, which is currently a chytridiomycosis-free refuge21  
with a reasonable possibility of a period of outbreak and decline in the 
future. The Palaearctic and Nearctic RLIs show accelerating declines 
during 2004–2022. In the Palaearctic, habitat loss and degradation is 
the leading cause followed by the emerging threat of the fungal patho-
gen Batrachochytrium salamandrivorans, whereas, in the Nearctic, cli-
mate change effects are the most common cause, followed by habitat 
loss and degradation. The RLI trend for the Afrotropics is declining 

across both periods, initially driven by habitat loss/degradation  
but, more recently, disease emerges as the most common cause. The 
Indomalayan RLI trend shows a slight improvement between 2004 
and 2022, probably due to the creation and improved management of  
protected areas.

Among the three most common breeding strategies for amphibians, 
extinction risk is higher for direct developers than for larval developers 
and live bearers (Fig. 3c and Extended Data Table 3; see the ‘Breeding 
strategy’ section of the Methods). The RLI of all three groups declined 
at a similar rate between 1980 and 2004. However, during 2004–2022, 
it slows for larval developers and slightly accelerates for live bearers 
and direct developers. This result is probably due to larval develop-
ers having been especially impacted by B. dendrobatidis before 2004 
when chytridiomycosis outbreaks were at their peak (particularly 
in high-elevation streams). The causes of differing extinction risks 
between breeding strategies merit further study.

Extinction risk also exhibits important phylogenetic patterns (Fig. 3d 
and Extended Data Table 3). The RLI for Caudata (salamanders and 
newts) is consistently the lowest, making them the most threatened. 
Although the RLI for Caudata declined at a lesser rate than for Anura 
(frogs) during 1980–2004, the rate of decline increased between  
2004–2022. By contrast, the RLI for Anura declined at a much greater 
rate between 1980 and 2004, but at a lesser rate between 2004 and 2022,  
probably due to the timing of global chytridiomycosis outbreaks. A 
slight downward trend is shown for Gymnophiona (caecilians) with 
the caveat that they are very poorly studied: only 115 out of the 206 
assessed are included in the RLI due to 44% being categorized as data 
deficient and 17% are threatened.
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Fig. 3 | RLIs showing trends in overall extinction risk. a, The RLIs of all comprehensively assessed taxonomic groups on the IUCN Red List. b, The amphibian RLI 
disaggregated by biogeographical realm. c, The amphibian RLI disaggregated by breeding strategy. d, The amphibian RLI disaggregated by order.
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Genuine changes in status
To better understand which threats are driving deteriorations in 
status, the subset of species that changed Red List categories over 
time were examined further. For each species in the subset, the threat 
that contributed most substantially to the deterioration in status was 
determined and defined as the primary driver. These are categorized 
into four main groups: disease, climate change effects, habitat loss/
degradation and over-exploitation (Extended Data Table 2; see the 
‘Grouping of primary drivers’ section of the Methods). Since 1980, 
87% of category changes involved a change into a higher extinction 
risk category, with 482 of those changes occurring between 1980 and 
2004 (Supplementary Table 3a) and 306 between 2004 and 2022  
(Supplementary Table 3b).

The geographical pattern of primary drivers for amphibians with a 
deteriorating status is not uniform (Fig. 4). Disease was the primary 
driver for 281 species (58%) during 1980–2004, compared with 69 
species (23%) during 2004–2022 (Extended Data Table 2). Disease 
is recorded as the dominant primary driver of status deteriorations 
from Costa Rica to the Andes of South America during 1980–2004 
and 2004–2022, while newer hotspots of disease-related declines are 
appearing in central and eastern Africa (Fig. 4). B. salamandrivorans 
is an emerging threat in Europe (Fig. 4b), where status deteriorations 
are being driven by projected declines for some species.

There are some interesting points of difference when comparing 
the current distribution map of all threatened species (Fig. 1) to the 
distribution of species that have deteriorated in status between 2004 
and 2022 (Fig. 4b). Several global hotspots for threatened amphibians 
such as Madagascar, Hispaniola, the Eastern Arc Mountains of Tanzania 

and the southern Annamite Mountains of Vietnam are notably absent 
from the map of species that deteriorated in status. In these regions, 
threats have been ongoing for decades, and many species are already 
considered to be highly threatened. For example, deteriorations in 
status due to disease and high rates of habitat loss on Hispaniola are 
apparent in the previous time period 1980–2004 (Fig. 4a), with a large 
proportion of species endemic to the island already on the brink of 
extinction at the time GAA1 was completed. On the contrary, other 
global hotspots for threatened amphibians continue to experience 
status deteriorations. Two of the most speciose regions of the world 
for amphibians—the Tropical Andes and Mesoamerica—have held 
considerable numbers of species that have deteriorated in status  
since 1980.

Species moving into the highest extinction risk categories are much 
more likely to have been affected by disease (Fig. 5), as chytridiomycosis 
results in rapid and widespread population declines for susceptible 
species9,10. Disease is the primary driver for 76% of category changes 
to CR and 79% of changes to CR(PE) between 1980–2004 and remains 
the primary driver pushing species into CR(PE) between 2004 and 
2022 (89%; Fig. 5). By contrast, status deteriorations due to projected 
climate change effects are more frequently into categories of lower 
extinction risk (that is, Near Threatened or Vulnerable).

Climate change effects are the most common primary driver of sta-
tus deteriorations during 2004–2022, with 119 species (39%) affected 
compared with 6 species (1%) during 1980–2004 (Fig. 4 and Extended 
Data Table 2). A notable example is the amphibians endemic to  
Venezuelan tepuis (table-top mountains) (Fig. 4b and Supplementary 
Table 1), which are particularly vulnerable to predicted habitat shift-
ing due to climate change because vertical migration and dispersal are 
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Fig. 4 | Geographical pattern of the primary drivers of deteriorating status 
among amphibians. a,b, The primary drivers of deteriorating status among 
amphibians during 1980–2004 (482 species; a) and 2004–2022 (306 species; b). 
Cell colour was determined by the primary driver impacting the most species. 

Where two primary drivers equally contribute to a cell, an intermediate colour 
is shown. The stars indicate where the primary driver is undetermined or there 
are numerous primary drivers. The cell area is 7,775 km2.
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impossible. Decreased rainfall due to climate change in the Wet Tropics 
of Australia and Brazil’s Atlantic Forest is also predicted to reduce the 
reproductive success of direct-developing frogs (for example, in the 
genera Cophixalus and Brachycephalus) owing to their dependence 
on high levels of soil and leaf-litter moisture to prevent egg desicca-
tion. In eastern Australia and western United States, climate change is 
increasing the frequency, duration and severity of droughts and fires22, 
often compounding existing threats from disease and habitat loss. For 
example, five US salamander species in the genus Batrachoseps have 
deteriorated in status due to the increasing effects of fires and reduced 
soil humidity. Given the scarcity and geographical bias of studies on 
the effects of climate change on amphibians23, the true impacts are 
probably underestimated. As further studies are published and cli-
mate change effects continue to increase and intensify, the status of 
additional amphibians is expected to deteriorate.

Habitat loss and degradation remains the most prevalent primary 
driver of status deteriorations in many regions (156 species or 32% in 
1980–2004, 112 species or 37% in 2004–2022) (Extended Data Table 2). 
Between 2004 and 2022, hotspots caused by ongoing or projected 
habitat loss are prominent in the Andes of Ecuador, central Guyana 
and Republic of Korea (Fig. 4b).

Although most category changes since 1980 are deteriorations 
(788), 120 species have shown improvements in status, moving to 
less-threatened Red List categories (Extended Data Fig. 1 and Supple-
mentary Table 4a,b). Conservation actions are responsible for 63 of 
these improvements, 94% of which are results from effective habitat 
protection and improved habitat management in regions such as the 
Western Ghats in India, Costa Rica and Sabah in Malaysia.

Another 57 species (largely from the Neotropics and Australia) 
improved unaided, most of which are now persisting and, in some 
cases, recovering after experiencing a rapid decline associated with 
chytridiomycosis. It is evident that there are still no definitive conserva-
tion measures known to prevent ongoing decline from disease in wild 
populations, although many of these species can benefit from habitat 
protection. For example, some species that previously experienced 
declines due to disease, but are now persisting, have improved in sta-
tus because their habitat has remained protected (for example, the 
Australian species Litoria aurea, Litoria dayi, Litoria nannotis, Litoria 
pearsoniana, Litoria raniformis and Litoria rheocola). Whereas other 
species that are persisting after B. dendrobatidis-associated declines 

may not experience an improvement in category if high rates of habitat 
loss and degradation are present within their distributions.

Discussion
The findings of this study confirm that the global amphibian extinc-
tion crisis has not abated. Crucially, the primary driver of status dete-
riorations is shifting from disease to the emerging threat of climate 
change. This is of particular concern because it often exacerbates other 
threats, such as land-use change, fire or disease24–26. Thus, the GAA2 
results highlight the need to investigate and implement conservation 
actions that address the species-specific effects of climate change, 
particularly for species identified as imminently at risk of serious  
population declines.

This study also reinforces that effective habitat protection contin-
ues to be a priority for amphibian conservation, as it contributed to 
the greatest number of status improvements since 1980. However, 
more amphibians are threatened with extinction than ever before, 
underscoring the urgency of halting the destruction and degrada-
tion of their habitats. Critically, the legal and illegal expansion of 
agriculture, including animal agriculture and cash crops, is the single 
most important threat to amphibians worldwide (Fig. 2). The effective  
protection of globally important sites for amphibians, including  
Alliance for Zero Extinction sites and other Key Biodiversity Areas27 
(two conservation tools that draw on IUCN Red List data), can safeguard 
remaining habitat for threatened or geographically restricted species.

The GAA2 data also demonstrate that effective habitat protection 
alone is not always sufficient in addressing the threats of disease, 
over-exploitation or climate change effects, as many threatened 
amphibians already occur within protected areas. Thus, the integra-
tion of priority amphibian sites within the wider landscape, to ensure 
connectivity and enable dispersal, will be important in the face of global 
change scenarios, as has also been suggested by other studies28,29.  
Furthermore, to avoid a second global amphibian pandemic, which has 
the potential to trigger a new wave of status deteriorations similar to 
those related to B. dendrobatidis (Figs. 4a and 5a), preventing the spread 
of B. salamandrivorans throughout Europe and its introduction into 
the Americas is essential30–32. Monitoring populations for other new 
disease risks33 and developing practical disease management tools are 
also recommended. Integrating ex situ measures into conservation 
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plans can buy time34, especially for the 798 CR species that are at the 
highest risk of extinction.

The large proportion of Data Deficient amphibians (909 species) 
continues to require further research to determine their extinction 
risk and conservation needs (see the ‘Data Deficient species’ section 
of the Methods). Many of these are likely to be threatened35–37. More 
broadly, increased population monitoring worldwide38 is crucial to 
informing conservation actions and future reassessments. These 
with other recommended actions are highlighted in the IUCN SSC  
Amphibian Conservation Action Plan39.

In support of the conservation actions above, policy responses to 
the ongoing amphibian extinction crisis, and the biodiversity crisis as a 
whole, need to be strengthened. Increased political will and sufficient 
resource commitments for the delivery of agreed global and national 
biodiversity conservation targets are necessary for the future survival 
and recovery of this amazingly diverse group of animals.
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Methods

Data compilation
The Amphibian Red List Authority (ARLA) of the IUCN SSC Amphibian 
Specialist Group (ASG) coordinated the GAA2 according to the ASG’s 
groupings of countries into regional working groups (Supplementary 
Table 2). Only a subset of the ASG regions was actively updating assess-
ments at any one time.

Each regional assessment process addressed the endemic and 
non-endemic species in four stages: (1) pre-assessment; (2) expert 
consultation; (3) assessment finalizing and consistency checks; and  
(4) review. After the four stages were completed for all regions, the ARLA 
team retrospectively assigned a Red List category to all species for the 
years 1980 and 2004 (see the ‘Backcasting Red List categories’ section).

Pre-assessment. The GAA2 comprises reassessments of the 5,743 
GAA1 species and the majority of species described and assessed for 
the first time between the two GAA projects (2004–2011). The GAA2 
also contains an additional 2,286 newly described species assessed 
for the first time.

Regional species lists were compiled, incorporating taxonomic 
changes and new species descriptions collated by Amphibian  
Species of the World40. Literature reviews were conducted and any new 
published information was incorporated into draft assessments. In the 
case of reassessments, the newly available data were added to that of 
the previous assessment.

A particular challenge to this project is the dynamic state of amphib-
ian taxonomy. By 2022, 191 of the GAA1 species had been synonymized, 
24 were no longer considered valid species, three were considered 
hybrids and therefore ineligible for reassessment and four had been 
unintentionally assessed twice under different names.

Expert consultation. Over 1,000 subject-matter experts provided infor-
mation to complete the required assessment fields (see the ‘Extended 
acknowledgements’ section in the Supplementary Information). A 
considerable amount of effort went into engaging with a diversity of 
experts across several axes (for example, gender, early versus late career 
researchers, geography, type of expertise) so as to reach the widest range 
of experts as possible and minimize reliance on any individual expert.

Future Global Amphibian Assessment initiatives would benefit from 
increasing the breadth of expertise engaged. Increased participation 
from conservation organizations and natural resource management 
or wildlife branches of governments should be targeted. Participants 
of both the first and second Global Amphibian Assessment were often 
members of academic institutions with expertise on herpetology, bio-
geography, taxonomy, and so on, as they were often the only scientists 
to have ever seen the species and visited known sites, and because they 
were typically experts in the species of the region or family of species 
being assessed. That said, participants without expertise in herpetology 
but with relevant expertise on regional threatening processes such as 
climate projections and wildlife trade, conservation planning, policy 
and implementation have the potential to improve the quality of the 
threat and conservation fields in the assessments.

Expert consultation of draft assessments was achieved through 31 
in-person workshops, three remote workshops with over 180 online 
meetings, as well as phone and email correspondence (Supplementary 
Note 2). All workshops began with brief training in the IUCN categories 
and criteria, terms and definitions, and summary information from the 
Guidelines for Using the IUCN Red List Categories and Criteria20 (IUCN Red 
List Guidelines). The online IUCN Red List Assessor Training Course41 
was made available ahead of workshops as an optional form of prepara-
tion, along with the IUCN Red List Categories and Criteria42.

The expert consultation process was led by IUCN Red List trained 
facilitators and followed the IUCN Rules of Procedure43: (1) expert valida-
tion of the data in the assessments drafted during the pre-assessment 

stage. (i) In the early years of the GAA2 initiative, draft assessments 
were sent to experts for comment ahead of the data validation work-
shops. However, providing comments and data ahead of workshops 
quickly became infeasible due to the sheer number of species to be 
assessed. Thus, the preferred approach was for all data (both previous 
and new data) to be presented in sequential order to experts during 
workshops. (2) Contribution of missing data and/or revision of data 
with suitable justification. (i) In cases in which expert knowledge and/
or unpublished data updated the information in the draft assessments, 
these were discussed and added during the workshop. (ii) Where pos-
sible, data quality was recorded using standardized data qualifiers (for 
example, observed, estimated, inferred, suspected) depending on the 
nature of evidence. Where no direct observational data were avail-
able, data fields (for example, population size and severity of threats) 
were derived through expert estimation or inference, according to 
‘Chapter 3: Data Quality’ of the IUCN Red List Guidelines. Contributing 
experts were given an opportunity to comment or to revise any initial 
estimates, once they had a chance to discuss differences and to see 
the opinions of others. (3) Group discussion and application of the IUCN 
Red List Categories and Criteria to the data. (i) Uncertainty in the data 
and differences in risk tolerance between contributing experts were 
documented as a range of values in accordance with section 3.2.5 of 
the IUCN Red List Guidelines. When this resulted in a range of possible 
Red List categories being met (for example, Endangered–Critically 
Endangered), the range of categories was captured in the assessment 
rationale and a single category was chosen with clear justification for 
the decision, including whether an evidentiary or precautionary atti-
tude was adopted. In cases in which the uncertainty was deemed to be 
too great, the category of Data Deficient was applied in compliance 
with section 10.3 of the IUCN Red List Guidelines. (ii) Of note are the 
differences in contribution between the workshop participants and 
workshop facilitators. The former brought expertise on the species 
and data relevant to the assessment, whereas the latter were experts in 
the IUCN categories and criteria. Thus, assessments were the product 
of both types of contributions.

We acknowledge that more formal elicitation methods, such as struc-
tured expert elicitation, can identify and reduce potential sources of 
bias and error among experts when contributing data and making 
judgements. This structured process could prove to be valuable for 
future IUCN Red List assessment processes, particularly for high-profile 
or contentious taxa, although it may be impractical for less-contentious 
taxa due to the amount of time required44.

Assessment finalizing. The supporting data and Red List categories 
were finalized by an ARLA team member who also performed checks 
to ensure that the IUCN categories and criteria were applied in a 
consistent manner to the species within a particular region, but also 
between ASG regions. An example of an inconsistent result is when 
different Red List categories were determined for two or more species 
with very similar data. Consistency was also sought for species with 
similar traits or co-occurring species. If inconsistency was detected, 
assessments were revisited with data contributors to reconcile any  
discrepancies.

Review. An independent reviewer ensured biological accuracy and 
correct and consistent application of the Red List criteria. This pro-
cess involved 15 independent reviewers between 2012 and 2022 (see 
the ‘Extended acknowledgements’ section in the Supplementary 
Information). The IUCN Red List Unit also reviewed assessments for  
appropriate application of the criteria.

Data collected
Species assessments are required to meet the minimum documentation 
standards of the IUCN Red List as outlined in the Supporting Informa-
tion Guidelines45. The supporting information includes information on 
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distribution, population, habitat preferences, ecology, use and trade, 
threats, conservation measures as well as the IUCN Red List category 
and criteria. Each assessment also includes a bibliography and the 
names of people involved in the process. This section describes the 
supporting data collected for each species.

Systematics. Higher taxonomy and scientific name, taxonomic 
authority, major synonyms, common names and taxonomic notes  
(if pertinent) were collected.

Occasionally, data from experts support an alternative taxonomic 
arrangement from that of the Amphibian Species of the World40, which 
was accepted only in well-justified circumstances. Departures from 
Amphibian Species of the World are documented in the ‘Taxonomic 
Notes’ field of an assessment.

Summary information. Narrative texts about geographical range, 
population, habitat and ecology (including breeding and non-breeding 
habitats, as well as breeding strategy), threats, and conservation and 
research measures are required.

Breeding strategy. The breeding strategy of each amphibian was recor-
ded in the IUCN Species Information Service on the basis of whether 
they (1) lay eggs; (2) give birth to live young; (3) exhibit parthenogenesis; 
(4) have a free-living larval stage; and/or (5) require water for breeding. 
When appropriate, the breeding strategy of a species was inferred from 
one or more congeners. Species were categorized as either larval devel-
opers, direct-developers, live-birth or unknown for the purpose of this 
study, as follows: larval developers (5,320 species): species coded as 
laying eggs and having a free-living larval stage. Direct developers (2,452 
species): species coded as laying eggs but do not have a free-living 
larval stage. Live birth (61 species): species coded as giving birth to 
live young (viviparity) regardless of whether they have a free-living 
larval stage. Unknown (178 species): species coded as unknown for 
one or more questions, which prevented their breeding strategy from 
being categorized.

Distribution map. A map representing the currently known distribu-
tion of each species was generated according to the IUCN Mapping 
Standards46. The limits of a species’ distribution were mapped using 
known occurrences of the taxon, and knowledge of habitat prefer-
ences, elevation limits and so on. Standard data attributes on presence, 
origin and seasonality were recorded for each range polygon. There 
are 53 species in the GAA2 without distribution maps as the taxon is 
known only from one or more specimens with no or extremely uncertain  
locality information.

Additional distribution data. Occurrences in biogeographic realms47, 
biodiversity hotspots48, countries and states or provinces (where  
required) were coded.

Classification schemes. To allow for comparative analyses and to 
ensure uniformity across species, a series of classification schemes49 
was used for habitats, threats, conservation actions, research needed, 
and use and trade.

Red List category and criteria. The IUCN Red List criteria were app-
lied to the supporting data and the appropriate Red List category was 
determined, supported by a rationale42. A statement of the reason(s) 
for change in category from the previous assessment was documented 
for reassessed species. The date of assessment and the names of the 
facilitators, compilers and contributors were recorded.

Backcasting Red List categories. Only genuine changes in Red List 
category should be considered when comparing extinction risk in 
amphibians over time. A genuine change is either a real improvement 

or deterioration in the status of a species, driven by changes in the 
threat(s). For example, the protection of a species’ habitat that halted 
the primary threat of deforestation could result in a genuine status 
improvement. On the other hand, a genuine status deterioration could 
be due to population declines associated with the introduction of a 
disease, the start of human activities causing ongoing habitat loss and 
degradation or the projected effects of climate change.

The majority of category changes from GAA1 to GAA2 were for 
non-genuine reasons. Generally, these were the result of the new 
information, such as distributional changes or clarity on threatening 
processes. For example, if a species was previously considered to be a 
narrow range endemic but was subsequently found to be much more 
widespread, the resulting change to a lower extinction risk category 
would be considered to be non-genuine. Other non-genuine reasons 
for category changes included changes in the application of the criteria 
or incorrect data used in the previous assessment(s).

A previous study7 relied on the knowledge available at that time to 
backcast their 2004 assessments to 1980. This year corresponded 
approximately to the timeframe of severe population declines, as 
they were understood at the time. The GAA1 backcasted dataset pro-
vides a historical perspective taken into consideration in the GAA2  
backcasting.

In early 2022, the ARLA team backcasted the GAA2 categories to 1980 
and 2004 according to a method outlined previously5. This method 
uses the information in the Red List assessments in combination with 
additional knowledge on threatening processes, habitat decline trends 
and conservation actions (and in some cases further expert consulta-
tion) to determine whether a genuine change in a species’ Red List 
category is likely to have occurred between 1980–2004 and 2004–2022. 
In the absence of notable evidence suggesting a genuine change, the 
GAA2 Red List category was assumed to be the same for previous time 
periods. Data Deficient species were automatically backcasted as data 
deficient in 1980 and 2004. Supplementary Table 3a,b contains the list 
of species that have deteriorated in status along with their backcasted 
categories, and Supplementary Table 4a,b contains the list of species 
that have improved in status.

Primary drivers. During the backcasting process, for species consid-
ered to have undergone a genuine category change since 1980, the 
relative importance of documented threats for each species was esti-
mated. The most notable perceived threat was assigned as the ‘primary 
driver’ and selected from the following list: agriculture, mining/energy 
production, infrastructure development, human disturbance, timber 
and plant harvesting, anthropogenic fire, water management, native 
species, introduced species, pollution, geological events, disease, over- 
exploitation, climate change effects and undetermined.

Species that deteriorated in status were assigned the primary driver 
that contributed to the category change. For species that improved in 
status, the primary driver that was previously causing the deteriora-
tion but has since been mitigated were assigned. Improvements that 
were the result of conservation action were documented through an 
additional data field (Supplementary Tables 3a,b and 4a,b).

Data limitations
Regional variation. IUCN Red List assessments are considered to be 
out of date 10 years after the date of assessment. Thus, all species in-
cluded in the GAA2 have been assessed within the past ten years and are 
considered current. However, for regions that were assessed earlier in 
the GAA2, the data are comparatively less current than for the regions 
completed during the latter stages of the project.

For example, towards the end of the GAA2, the severity, scope and 
timing of the effects of climate change were at the forefront of dis-
cussions but were not as well addressed for earlier regions. Thus, the 
species- and habitat-specific effects of climate change are probably 
underestimated for regions that were assessed earlier in the GAA2.



Data scarcity was a common issue for regions with few herpetologists 
and for species occurring in areas that are difficult to access. As such, 
assessments in data-poor regions, such as Melanesia and sub-Saharan 
Africa, generally contain substantially less detail compared with 
data-rich regions such as North America, Australia and Europe, where 
species are often relatively well studied. This is also true for popula-
tion data, where there has been little (if any) population monitoring, 
and threat-determining processes with scarce published literature on 
climate change, rates of habitat loss or exploitation.

The rate of new species descriptions also varies regionally, with the 
amphibian fauna in many parts of the world still very poorly known. 
Thus, the currently known amphibian richness and diversity is sub-
stantially underestimated in those places.

Not evaluated species. The GAA2 aimed to assess the extinction 
risk of all taxonomically valid amphibian species. However, as the an-
nual rate of new species descriptions remains high, inevitably some 
newly described species are not included in the GAA2. After a region 
had been completed during the GAA2, all subsequent new species 
descriptions for that region were reserved for the GAA3. On occasion, 
a few species were assessed after the Red List update for a region was 
no longer active—typically when a species was known to be facing  
serious threats or there were taxonomic implications for regions 
that were actively being updated. As of December 2022, the number 
of new species waiting to be assessed in the GAA3 was approach-
ing 400 and is steadily increasing as new species descriptions are  
published weekly.

Data Deficient species. In the GAA2, 909 species were categorized 
as data deficient owing to insufficient data. At a minimum, Data Defi-
cient species are expected to be threatened at a similar proportion as 
the global average of threatened species (40.7%). Owing to these data 
gaps, we expect the number of genuine changes to also be underesti-
mated. This may be the case for Data Deficient species that have not 
been surveyed for decades and for which there is no information to 
confirm whether population declines have taken place.

Analytical methods
Percentage of threatened species. Species in the Critically Endan-
gered (CR), Endangered (EN) and Vulnerable (VU) categories are  
referred to as threatened species.

When determining the percentage of threatened species in this 
study, a best estimate was calculated excluding the number of 
Data Deficient (DD) and Extinct (EX) species from the total. However, 
Extinct in the Wild (EW) species were included because there remains 
the possibility that they can be reintroduced to the wild. To capture 
the uncertainty within this estimate, a lower estimate was calculated 
by assuming that all Data Deficient species are not threatened, and 
an upper estimate is calculated by assuming that all Data Deficient 
species are threatened:

Lower estimate = (EW + CR + EN + VU)/(total species − EX)

Best estimate = (EW + CR + EN + VU)/(total species − EX − DD)

Upper estimate = (EW + CR + EN + VU + DD)/(total species − EX)

For further details and discussion of these methods, see the IUCN 
Red List Resources Summary Statistics documentation50.

Threats to threatened species. The GAA2 coded threats affecting 
amphibians using the threat-classification scheme (see the ‘Classifica-
tion schemes’ section). When relevant, more than one threat was coded 
per species. The timing of the threat (past, ongoing, future), and the 
resulting stresses to the species, were also indicated.

In Fig. 2, the hierarchy within the threat-classification scheme was 
used to group similar threats and allow for comparison, although 
some, such as B. dendrobatidis, were separated to highlight their sig-
nificance. Only ongoing and future major threats to threatened species 
are included. To highlight the emerging nature of B. dendrobatidis,  
B. salamandrivorans and climate change effects, the number of threat-
ened species for which these factors are only a future threat are indi-
cated by hatching on the bars.

Threat groupings were as follows:
•	Agriculture: all codes under 2 Agriculture & aquaculture.
•	Timber and plant harvesting: all codes under 5.2 Gathering terrestrial 

plants and 5.3 Logging and wood harvesting.
•	 Infrastructure development: all codes under 1 Residential & commer-

cial development and 4 Transportation & service corridors.
•	Pollution: all codes under 9 Pollution.
•	Mining/energy production: all codes under 3 Energy production & 

mining.
•	Water management: all codes under 7.2 Dams & water management.
•	Human disturbance: all codes under 6 Human intrusions & disturbance.
•	Geological events: all codes under 10 Geological events.
•	Over-exploitation: all codes under 5.1 Hunting & collecting terrestrial 

animals and 5.4 Fishing & harvesting aquatic resources.
•	Climate change: all codes under 11 Climate change & severe weather.
•	Fire: all codes under 7.1 Fire & fire suppression.
•	B. dendrobatidis: under the codes 8.1.2 Invasive non-native/alien  

species/diseases—named species and 8.4.2 Problematic species/
diseases of unknown origin—named species, the name of invasive/
problematic species must be recorded. Only records for which  
B. dendrobatidis was listed were included.

•	B. salamandrivorans: under the codes 8.1.2 Invasive non-native/
alien species/diseases—named species and 8.4.2 Problematic  
species/diseases of unknown origin—named species, the name of inva-
sive/problematic species must be recorded. Only records for which  
B. salamandrivorans was listed were included.

•	 Invasive species: all codes under 8.1 Invasive non-native/alien species/
diseases, 8.3 Introduced genetic material, 8.4 Problematic species/
diseases of unknown origin, 8.5 Viral/prion-induced diseases and 8.6 
Diseases of unknown cause, except when the invasive/problematic 
species is identified as B. dendrobatidis or B. salamandrivorans.

•	Native species: all codes under 8.2 Problematic native species/ 
diseases.

RLI. Determining trends in the extinction risk of amphibians requires 
that only genuine changes in the Red List category between assessments 
be included in the RLI. Thus, the backcasted 1980 and 2004 categories 
assigned in the GAA2 (Extended Data Table 1; see the ‘Backcasting red 
list categories’ section) are used to calculate the RLI for amphibians.

The RLI is calculated according to the methods outlined previously5 
and detailed online51. The value of the RLI at each datapoint is an indi-
cation of the average extinction risk of all species at that point in time 
and can range from 0 (all species are Extinct) to 1 (all species are Least 
Concern). The gradient (slope) of the line is a measure of the rate of 
change in Red List categories. Thus, a steep negative gradient would 
indicate that a considerable proportion of species moved from a less 
threatened to a more threatened Red List category. By contrast, a posi-
tive gradient is indicative of an overall improvement.

Note that CR(PE) and EX species are weighted the same when cal-
culating the RLI. Thus, a change in category from CR(PE) to EX from 
one time period to the next is not considered to be a deterioration in 
status; however, a change from CR to CR(PE) is treated as such. Data 
Deficient species are not included in the RLI as their extinction risk is 
still unknown.

The RLIs for other comprehensively assessed taxonomic groups are 
included in Fig. 2a to allow for a direct comparison with amphibians. 
The relatively small number of amphibians (264) occurring across more 
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than one biogeographical realm were included in the disaggregated RLI 
calculations of each realm of occurrence (Fig. 3b). This is considered 
to be the best approach for representing the overall extinction risk of 
a given realm.

The decline in the amphibian RLI could initially be interpreted as 
minimal. However, to put this trend into perspective, 482 amphibians 
moved into a higher extinction risk category between 2004 and 2022 
and 306 between 1980 and 2004 (Extended Data Table 2).

Grouping of primary drivers. For species that changed categories 
between assessment periods, a primary driver responsible for the 
change was allocated (see the ‘Primary drivers’ section; Supplemen-
tary Table 3a,b). Many of these primary drivers cause habitat loss and 
degradation. For the purpose of this study, the drivers were further 
grouped as follows:
•	Habitat loss/degradation: agriculture, mining/energy production, 

infrastructure development, human disturbance, timber and plant 
harvesting, anthropogenic fire, water management, native species, 
pollution, geological events.

•	Disease: chytridiomycosis only.
•	Over-exploitation: over-exploitation only.
•	Climate change effects: climate change effects only.
•	Undetermined: includes a small number of species for which there 

is insufficient information regarding what is/are the driver(s) of the 
change in category.

•	Numerous: includes a small number of species (5) that have more 
than one driver that are considered to be contributing equally to the 
change in category.

Invasive species are documented as a threat to 415 threatened species 
(Fig. 2). However, except for the species that are probably affected by 
the amphibian chytrid fungus, B. dendrobatidis, no amphibians in this 
study experienced a deterioration in status due to invasive non-native 
species. A small number of category changes were driven by the threats 
native species, geological events and anthropogenic fire, which 
cause habitat degradation and were therefore grouped under habitat  
loss/degradation.

Over-exploitation was the primary driver for 31 status deteriorations 
during 1980–2004 compared with only 4 during 2004–2022 (Extended 
Data Table 2). Deteriorations in status due to over-exploitation remain 
concentrated in Indomalaya (Extended Data Table 3), particularly in 
eastern and southeastern Asia (Fig. 4). However, population declines 
due to over-exploitation are typically based on expert opinion because 
very little data exist on utilization rates of amphibians. As a result, it 
was often difficult to accurately determine when and to what degree 
a species deteriorated in status.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The spatial and raw tabular data analysed in this study are available 
online (https://doi.org/10.5061/dryad.xgxd254n5). The GAA2 IUCN 
Red List assessments, including range maps, for all 8,011 species will 
be available for download on The IUCN Red List of Threatened Spe-
cies website (https://iucnredlist.org) after its December 2023 update 
(version 2023–2). In rare cases, a species may be threatened because of 
over-collection and sensitive distribution information is not publicly 
available. Source data are provided with this paper.
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Extended Data Fig. 1 | Geographical pattern of 120 amphibians that improved in status between 1980–2022. Outlined hexagons indicate at least one species 
improved due to conservation.



Extended Data Table 1 | Number of species in each Red List 
category for 1980, 2004, and 2022

The 1980 and 2004 categories were determined by applying the backcasting methods 
outlined in Butchart et al.5. The 2022 Red List categories are the results of the GAA2 study and 
the most recent assessment for each species. The Critically Endangered (CR) category has 
an additional option to tag a species as “Possibly Extinct (PE)” or “Possibly Extinct in the Wild 
(PEW)”. The disaggregation of CR species has been provided in this table to emphasize the 
large number of amphibians that are categorised as CR(PE). Following the methods outlined 
in Section 4.1, the best, lower, and upper estimate of the percentage of threatened or extinct 
species is calculated for each point in time. There has been a steady increase in the percentage  
of threatened amphibians from 37.9% (1980) to 39.4% (2004) to 40.7% (2022). It should be 
noted that the two time periods (1980–2004 and 2004–2022) are not equal; the first one being 
24 years and the second only 18. From 1980 to 2004, an additional 118 species were categorised  
as threatened. An additional 90 species are threatened as of 2022. From 1980 to 2004,  
the total number of species listed as VU and EN decreased, while the number listed as CR  
considerably increased from 588 to 766. In 1980, 24 species were considered CR(PE), but 
by 2004 the number of CR(PE) species rose to 162. The number of species declared EX also 
increased from 23 in 1980, to 33 in 2004. In contrast, from 2004 to 2022, the number of species 
in each of the threatened categories increased by a similar amount; the number of CR(PE)  
species increased by 23; and the number of EX species increased by four, which is substantially 
less than the previous time period, but still of significant conservation concern.
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Extended Data Table 2 | Species with status deteriorations in 
each time period (1980–2004 and 2004–2022)

Species are categorised by the primary driver of the status deterioration. Primary drivers are 
grouped in the first column and separated in the second.



Extended Data Table 3 | Number of species with status deteriorations in each time period (1980–2004 and 2004–2022) 
disaggregated by the data groupings used to calculate the Red List Indices and primary drivers of status deteriorations

In the Neotropics, disease stands out as by far the most common driver of status deteriorations between 1980–2004 (250 species), but this driver diminished between 2004–2022 (45 species). 
Climate change effects were only implicated for one species in the Neotropics between 1980–2004 but increased substantially to 91 species between 2004–2022. A similar trend is shown 
in the Nearctic and Australasia/Oceania. Interestingly, the Afrotropical region shows the reverse trend for disease, with the number of species deteriorating in status increasing from three in 
the first time period to 11 in the second, due to recent Bd outbreaks emerging in central and eastern Africa. In the Palaearctic, the increasing impact of disease is also noticeable, and can be 
attributed to the recent introduction of Bsal and the impact its predicted spread will have on many salamanders. For Anura, the impact of disease has greatly diminished with time, and climate 
change effects have more recently emerged as the most common primary driver, although habitat loss/degradation is still prominent. With the emergence of Bsal, disease has remained an 
overall concern for Caudata, although climate change effects are now also considered the most common primary driver. The trend of diminishing impacts due to disease in the first period, and 
the emergence of climate change effects in the second period seems to be similar for both larval and direct developers.
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Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection No software was used.

Data analysis No software was used.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

The spatial and raw tabular data analysed in this study are available at https://doi.org/10.5061/dryad.xgxd254n5.  
The GAA2 IUCN Red List assessments, including range maps, for all 8,011 species will also be available for download on The IUCN Red List of Threatened SpeciesTM 
website (https://iucnredlist.org) following its September 2023 update (version 2023–1).  
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In rare cases, a species may be threatened because of over-collection and sensitive distribution information is not publicly available. 
Source data are provided with this paper.

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or 
other socially relevant 
groupings

N/A

Population characteristics N/A

Recruitment N/A

Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description This study examines the 8,011 amphibian species with an extinction risk assessment for the IUCN Red List of Threatened Species. 
Trends in extinction risk are quantified for 1980, 2004, and 2022 with comparisons between species in the different biogeographic 
realms, taxonomic orders, and breeding strategies. Estimates of extinction risk using current data are made for the species that were 
not known to science in 1980 and 2004. A particular focus of the study is the drivers of genuine extinction risk changes as these 
reflect actual increases or decreases in threat levels, some due to targeted conservation actions. These results are relevant to global, 
national, and local conservation planning and prioritisation, the National Biodiversity Action Plans (NBSAPs) reported to the 
Convention on Biological Diversity (CBD) of the United Nations to track progress towards the Kunming-Montreal Global Biodiversiy 
Framework adopted by 190+ signatory countries at COP15 in Montreal, Canada in December 2022.

Research sample The sample size of this study includes 8,011 amphibian species known to science, representing 92.9% of described amphibians on the 
3 May 2023 resubmission date.

Sampling strategy The entire sample was used.

Data collection Raw data collection took place between 2012-2022 resulting in IUCN Red List categories and their accompanying information for 
each species. This information comprises one of the two datasets in this study. This process involved more than 1,000 subject-matter 
experts through the consultation process described in the Methods section of the manuscript. Backcasting of the categories took 
place in 2022, which comprises the second dataset analysed in this study.

Timing and spatial scale Data collection took place between 2012-2022. The data cover the taxonomy and geographic range of the 8,011 amphibian species 
in this study, i.e. every continent except Antarctica. 

Data exclusions No data were excluded.

Reproducibility The data made available in the manuscript, Supplementary Information, and the data repository linked above enable the 
reproduction of all analyses and results.

Randomization No randomisation was necessary for the analyses inf this study.

Blinding Blinding was not relevant to this study.

Did the study involve field work? Yes No
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging
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