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Abstract

Amphibians are the most threatened vertebrate group on Earth, with 
41% of species classified as globally threatened. In this Review, we 
discuss important conservation developments, population trends 
and International Union for the Conservation of Nature (IUCN) 
conservation status assessments for amphibians worldwide. Between 
1980 and 2004, 482 species declined in conservation status, and  
306 species declined in conservation status between 2004 and 2022. 
By contrast, the conservation status of 35 species improved between 
1980 and 2004, and 86 species improved in conservation status 
between 2004 and 2022. Improvements have been associated with 
effective habitat protection and improved management practices. 
Tools such as the Threatened Amphibian Landscapes have been 
instrumental in informing decision-making and allocation of limited 
resources. Notable advances and successes in amphibian conservation 
rely on established protocols, and the monitoring of their efficacy 
through the IUCN Red List Index and the Green Status of Species. 
Although examples of genuine improvement in species’ conservation 
status provide optimism, improved cooperation across conservation 
guidelines (such as the Threatened Amphibian Landscapes or the 
Kunming-Montreal Global Biodiversity Framework (KM-GBF)), 
landscapes, and diverse organizations is necessary to meet the KM-GBF 
targets relevant for the future of amphibian conservation.
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have been discovered. For example, 37% of ‘lost’ Atelopus spp. have 
had new populations discovered29. Although these rediscoveries could 
indicate some level of persistence, they do not necessarily represent 
recoveries; they more probably reflect increased targeted field efforts, 
improved survey methodologies and a deeper understanding of species’ 
ecology, rather than inherent species resilience or the result of effective 
conservation actions. In fact, populations of more than 100 Atelopus spp. 
have shown no evidence of true recovery in the two decades following the 
severe declines reported in the 1990s (ref. 30), underscoring the urgent 
need for more targeted and sustained conservation actions31.

In addition, some amphibians might be more resilient than pre-
viously suggested32, or might persist without human interventions. 
Striking examples include rapid phenotypic and genetic adaptation33,34, 
such as the evolution of resistance to disease35–38, adaptation to novel 
landscapes39,40 or conditions41, and colonization of anthropogenic 
habitats42 such as agricultural wetlands (for example, rice paddies)43. 
This resilience can enhance conservation efforts, demonstrating the 
value of maximizing the adaptive potential of populations.

Here, we review the state of conservation priorities for global 
amphibian biodiversity, highlighting the conservation efforts that have 
resulted in improvements in the conservation status of species. We iden-
tify the main threats (habitat loss and degradation, climate change, infec-
tious diseases, ecotoxicology and over-exploitation) and discuss how 
these threats can be mitigated. Conservation interventions across spe-
cies, landscape and global scales are all important elements of amphib-
ian conservation, but further integration with the Kunming-Montreal 
Global Biodiversity Framework (KM-GBF) (particularly under Target 4) is 
needed. New data streams and modelling technologies, as well as innova-
tive solutions such as genetic intervention and pathogen remediation,  
will drive effective conservation programmes going forward.

Threats and conservation status
We first discuss the threats to amphibians, their geographic distribution 
and the extent to which conservation statuses have changed over time.  

Introduction
Even though amphibians have indispensable roles in ecosystems 
(Box 1), they are the most threatened group of vertebrates1 and receive 
substantially less conservation attention2,3 than other groups. Amphib-
ians represent 25.2% of all threatened vertebrates on the International 
Union for the Conservation of Nature (IUCN) Red List, but receive only 
3.4% of the funding allocated for vertebrates4–6. With 37 amphibian 
species already declared Extinct (EX) and another 185 species consid-
ered Critically Endangered (Possibly Extinct) (CR(PE)), their survival 
demands urgent action7.

Amphibian conservation and research priorities have shifted since 
the amphibian biodiversity crisis was first identified8. Threats such as 
UV radiation and acid rain that were once widespread concerns are now 
only regionally and temporally restricted concerns9–11. However, other 
threats have escalated globally, particularly habitat loss and degrada-
tion, climate change and infectious diseases7,12–14. Additionally, changes 
in population dynamics11 and the description of more than 1,500 new 
species over the past decade15 underscore the need for a thorough 
re-evaluation of conservation priorities to safeguard global amphibian 
biodiversity. Evidence-based ‘action plans’ are being developed at an 
increasing rate, at both global and local levels16. These action plans can 
target ecosystems17,18, genera (such as Atelopus19) and species (such as 
the Critically Endangered (CR) Leptodactylus fallax20 or the Endangered 
(EN) Mantella cowanii21), and provide crucial support for amphibian 
conservation. The resulting frameworks provide direct guidance for 
setting conservation priorities in the coming decades.

Although some losses cannot be remediated, conservation actions 
based on sound scientific evidence generally have positive effects22–25. 
The removal of primary threats often provides sufficient support to help 
these species to withstand other pressures8,26. For example, removing 
invasive fish has enabled the survival of the CR spotted tree-frog (Litoria 
spenceri), and the recovery of populations of the Vulnerable (VU) Iberian 
frog (Rana iberica), despite the presence of secondary threats27,28. In lim-
ited cases, new populations of species once considered possibly extinct 

Box 1 | Ecological roles and ecosystem services supported by amphibians
 

Ecologically, amphibians are indispensable238. They are key nodes 
in food webs (as both predator and prey), are efficient energy 
converters239,240 and represent a large proportion of the vertebrate 
biomass241. In addition, they facilitate nutrient cycling between 
aquatic and terrestrial systems242–244 and enhance soil aeration and 
productivity245. Their decline triggers cascading biodiversity losses, 
affecting predators and ecosystem stability246. Many ecosystem roles 
remain unknown, highlighting the unforeseen risks of losing any species.

Amphibians also provide ecosystem services (meaning that 
they provide benefits that support human activities). One important 
ecosystem service is agricultural pest control247; in Brazil alone, pest 
control by anurans accounts for US $1.18 billion in successful crop 
harvests, with amphibians consuming up to 300 million individual crop 
pests annually according to estimates in research that have not been 
peer-reviewed248. Furthermore, amphibians control disease vectors; 
because they are efficient consumers of disease vectors such as those 
responsible for malaria or dengue249–251, the absence of amphibians can 
lead to an increase in malaria250. Other ecosystem services associated 
with amphibians include landforming252, supporting nutrient 

dynamics246 and facilitating energy flow across different habitats 
including from aquatic to terrestrial environments253,254. Aspects of 
amphibian biology have led to important advances in medicine and 
technology, including biological glues255, novel antibiotics256, Wi-Fi 
algorithms257, cold tolerance mechanisms258 and physiology  
in space259.

Beyond these monetary or utilitarian benefits, amphibians 
also possess intrinsic worth and cultural value260. Historically and 
currently, humans have relied on amphibians for food261,262, for 
hunting practices263 and as bioindicators264. Culturally, amphibians 
feature prominently in symbolism worldwide, in ancient (for example, 
Egyptian and Greek261,265) and contemporary (for example, East Asian238) 
civilizations.

Finally, distinctive species serve as effective conservation 
flagships, generating ecotourism revenue (for example, in 
Madagascar and Costa Rica) and funding protection efforts266,267, 
exemplified by the Chile Darwin’s frog238. Protecting amphibians is 
thus vital for maintaining healthy ecosystems, human health, cultural 
heritage and economic benefits.
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The discussion is primarily based on the results of the second Global 
Amphibian Assessment (GAA2)7,44, coordinated by the Amphibian 
Red List Authority of the IUCN Species Survival Commission (SSC) 
Amphibian Specialist Group.

Threats
Major threats to amphibians can be divided into those that are relatively 
well understood and documented, such as habitat loss and degradation 
and over-exploitation, and those that are more complex, such as climate 
change and disease45 (Fig. 1). The threat affecting the highest number 
of threatened species is habitat loss and degradation, with agriculture 
affecting 77% of species, timber and plant harvesting affecting 53%, and 
infrastructure development affecting 40%. Climate change and disease 
rank equal second in affecting the highest number of species, each 
affecting 29% of threatened species7, and are considered intractable 
threats46. Fourth comes over-exploitation (such as use for food and 
the pet trade), affecting 8% of threatened species47,48.

Even among the better-understood threats, there are still unknown 
variables and multifaceted impacts that are threshold-dependent and 
situation-dependent. For example, habitat loss and degradation result-
ing from common land-use changes such as agriculture, cattle-raising, 

urbanization, deforestation, silviculture and selective logging have 
different impacts on amphibian richness, although they all lead to 
decreases in community richness13,49 (Supplementary Fig. 1). Shifts 
in suitable habitats50–53 and ecological niches driven by phenological 
changes due to climate change54,55 can interact synergistically with 
other threats such as diseases and habitat loss46,56–58. Finally, these 
threats vary in their influence on different life stages and ecosystems, 
necessitating a refined understanding and nuanced response to guide 
effective conservation59.

Although broad threatening processes are generally well docu-
mented, greater specificity and comprehensive synthesis are needed 
to assess their magnitude, identify conservation actions for mitigation 
and communicate these findings effectively16. This is especially true for 
caecilians, as their threats remain under-reported60.

Distribution of threatened species
A total 2,873 out of 8,011 amphibian species were listed as threatened 
(CR, EN and VU) on the IUCN Red List of Threatened Species7 at the time 
of the GAA2, completed in 2022. Salamanders are particularly at high 
risk of extinction, with 60% of species globally threatened, compared 
with 39% of frogs and 16% of caecilians7. Threatened amphibians are 

a   Habitat loss and degradation b   Climate change

c   Disease d   Over-exploitation

Number of species
1–5 6–20 21–40 41–70

Number of species
1–5 6–20 21–40 41–70

Number of species
1–5 6–20 21–40 41–70

Number of species
1–2 3–5 6–8 9–11

Fig. 1 | The four major threats to threatened amphibians. The number of 
species affected by each of four main threats mapped globally. a, Habitat loss and 
degradation affects 2,684 species. b, Climate change affects 845 species.  

c, Disease affects 880 species. d, Over-exploitation affects 257 species. Data in all 
parts are derived from the second Global Amphibian Assessment (GAA2)7.
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concentrated in global biodiversity hot spots, including the Caribbean 
islands, Mesoamerica, Tropical Andes, Atlantic Forest of southern 
Brazil, mountains and forests of western Cameroon and eastern Nigeria, 
Eastern Arc Mountains of Tanzania, Madagascar, Western Ghats of India, 
Sri Lanka, central and southern China, and the Annamite Mountains 
of Vietnam7 (Fig. 2a).

Effectively addressing threats requires comprehensive data on 
species distributions, ecology and population trends. However, the 
lack of capacity in some amphibian-rich but resource-poor regions16 
results in knowledge gaps, making it difficult to accurately assess spe-
cies’ vulnerability and implement targeted conservation measures61. In 
the GAA2 (ref. 7), 909 species were listed as Data Deficient (DD), lacking 
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Fig. 2 | Distribution of amphibian species. a, Global distribution of amphibian 
species richness. b, Number of threatened and non-threatened amphibian 
species in each biogeographic realm, with different colours denoting the 
International Union for the Conservation of Nature (IUCN) Red List categories.  
c, Percentage of all species (dark grey) and threatened species (light grey) in each 

biogeographic realm. d, Number of Data Deficient (DD) species (light grey) and 
non-DD species (dark grey) that have been assessed by the IUCN: 11% of assessed 
Anura, 6% of assessed Caudata and 44% of Gymnophiona are DD. LC, Least 
Concern; NT, Near Threatened; VU, Vulnerable; EN, Endangered; CR, Critically 
Endangered; EX, Extinct.
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sufficient data to determine their conservation status, including 44% 
of caecilians7,48 (Fig. 2d). This data insufficiency, combined with a high 
rate of new species descriptions (approximately 150 per year globally) 
and many species yet to be described62, creates challenges in keeping 
up with conservation status assessments and implementing timely 
conservation actions.

The Red List Index and status changes
The IUCN Red List Index (RLI) is a measure of the average extinction 
risk of a group of species; an RLI value of 1.0 indicates that all species 
are of Least Concern (LC), whereas an RLI value of 0 indicates that all 
species are EX. The most recent RLI for amphibians reveals a continuing 
decline in their conservation status: the RLI value was 0.76 in 1980, 0.74 
in 2004 and 0.73 in 2022. Salamanders, direct developing species, and 
species occurring in the Neotropics have the lowest RLI values, making 
them the most threatened groups7.

Changes in conservation status over time are one way to  meas-
ure the success of conservation actions. Hereafter, ‘uplisting’ refers to 
movement to a higher extinction risk category (for example, from EN 
to CR), whereas ‘downlisting’ refers to movement to a lower extinction 
risk category (for example, from EN to VU). It is important to note that 
1980 and 2004 categories used here are back-cast based on data derived 
from an analysis performed as part of the GAA2 (ref. 7). This backcast-
ing method uses the information in the current Red List assessments 
in combination with additional knowledge on threatening processes, 
habitat decline trends and conservation actions (and in some cases 
further expert consultation) to determine whether a genuine change 
in the Red List category of a species is likely to have occurred between 
1980–2004 and 2004–2022. In the absence of notable evidence sug-
gesting a genuine change, the GAA2 Red List category was assumed to 
be the same for previous time periods.

A total of 120 species have been downlisted since 1980, with a 
large number of downlistings in countries such as Costa Rica, India and 
Malaysia7. The majority (51%) of these downlistings were attributed to 
enhanced habitat protection through the establishment of effective 
protected areas and/or improved management practices (Fig. 3). The 
additional 57 downlistings were attributed to reductions in the rate of 
population decline caused by the chytrid fungus pandemic (driven by 
the pathogens Batrachochytrium dendrobatidis)63. A few of these spe-
cies seem to have survived the disease outbreak by evolving resistance 
to B. dendrobatidis36. However, most populations have not recovered 
from disease-driven declines7,64. With fewer than 2% of amphibian 
species being downlisted since 2004, it is evident that investments in 
amphibian conservation must be substantially increased to reverse 
the ongoing extinction crisis (Fig. 3).

A total of 722 species were uplisted at least once since 1980. 
Uplistings were primarily attributed to disease and habitat loss from 
1980 to 2004, and attributed to ongoing and projected effects of cli-
mate change (39% of uplistings) and habitat loss and degradation (37%) 
from 2004 to 2022. Although disease is the primary cause of uplisting 
for 23% of species between 1980 and 2004, it remains the leading 
factor driving species into the highest extinction risk categories in 
2022 (ref. 7). The number of CR species increased from 588 in 1980 to  
798 in 2022. Additionally, the number of species considered CR(PE) 
rose from 24 to 185, and confirmed extinctions from 23 to 37 over the 
same period7 (Fig. 4). The number of uplistings varies across amphibian 
families (Supplementary Fig. 2).

The majority of threatened species were neither uplisted nor down-
listed between 1980 and 2022; specifically, 7,214 out of 8,011 species 

(90%) did not experience a category change over either time period 
(Fig. 4). However, this lack of change does not necessarily indicate that 
the population of each of these species remained stable. Importantly, 
as of June 2025, only five threatened species show an increasing popula-
tion trend, as opposed to 2,281 threatened species with decreasing pop-
ulation trends. Downlistings remain rare, and decreasing population  
size remains the most common population trend.

Conservation interventions
Given the substantial ongoing declines of amphibian species, con-
servation attention has turned to threat mitigation and various other 
interventions across multiple scales (species, landscape and global), 
which are discussed in this section.

Importance of interventions
Despite widespread threats and extinction rates for amphibians soaring 
hundreds of times above background rates65, amphibian conserva-
tion interventions have been effective in reversing some declines66,67. 
There were 482 species uplisted from 1980 to 2004, and 306 from 
2004 to 2022, while during the same periods, conservation actions 
have resulted in 23 species (of 35 in total) being downlisted from 1980 
to 2004, and 40 (of 86 in total) from 2004 to 2022 (Fig. 4). However, 
these interventions must be massively increased68, as large-scale con-
servation actions to reverse multiple declines at the ecosystem level 
are either inefficient or require substantial long-term investments69. 
In addition, common and widespread species provide ecological ser-
vices so should not be overlooked for conservation interventions, even 
though their geographic ranges, population sizes or declines do not 
meet the thresholds for threatened categories70.

Large-scale proactive interventions, such as reforestation and 
the establishment of large, effective protected areas, are crucial in 
reversing the decline of some populations and their ecosystems71. For 
instance, in the Amazonian rainforest, habitat protection and restora-
tion positively affected hundreds of species72. However, implementing 
large-scale conservation efforts comes with challenges, particularly in 
identifying the most effective areas for protection. General indices such 
as biodiversity ‘hot spots’ do not always align with amphibian genetic 
diversity and endemism73,74. Furthermore, although the number of 
protected areas has increased over the past 10 years, the number of 
unprotected amphibian species has also risen. Many of these unpro-
tected species are classified as DD75, highlighting the gaps in the ability 
to adequately protect all species. Furthermore, protected areas can 
often be ineffective at protecting species whose primary threats are 
disease and climate change. Therefore, other proactive interventions 
are required for effective amphibian conservation.

Proactive conservation interventions such as habitat creation and 
restoration can effectively support colonization and subsequent occu-
pation13,69 when conservation planning is conducted pre-emptively70. 
Small-scale interventions are effective at protecting subpopulations in 
specific habitats67 and can also be successful in preventing extinctions 
for micro-endemic amphibians (species restricted to a very small area). 
As a result, one of the most promising developments is the demonstra-
tion that micro-reserves, ranging from a few hundred square metres for 
Alytes obstetricans in Spain76 to a few square kilometres77, are effective 
for protecting populations of some amphibians77. Another targeted, 
amphibian-focused approach is to prioritize the 50 focal areas desig-
nated as Threatened Amphibian Landscapes and covering 71% of all 
threatened amphibians44, ensuring that conservation interventions 
are directed where they are most needed.
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Conservation interventions across scales
Conservation interventions are needed across scales from the spe-
cies level to the landscape level, so that multiple threats can be 
mitigated in a coordinated and effective way, especially given the 
limited resources available (Table 1; Supplementary Table 1). Thus, 
conservation planning is critical and should be guided by existing 
processes and frameworks established to support biodiversity78–81. 
Interventions must focus on preventing further population declines, 
maintaining genetic diversity and restoring connectivity82. Here, 
we review conservation interventions effective for amphibians at 
the species, landscape and ecosystem, and global levels (Box 2). For 
instance, solutions developed to address climate change-related 
risks — such as microhabitat creation83, water management23,84,85, 
habitat restoration, including improving the connectivity of aquatic 
habitats86–89, and biobanking and cryopreservation90 — have impacts 
across different scales.

Species level. Conservation interventions at the species level can be 
implemented in various ways16, starting for instance with the deploy-
ment of artificial structures used as shelters91. However, most actions 
are influenced by making resources accessible, and the overall complex-
ity of the task92. A review of conservation action plans for a broad range 
of species found that declines in threatened species slowed and eventu-
ally reversed with positive recovery trends of recovery within 15 years, 
and projected outcomes show that it would have been far worse 
without the planning interventions93. As a result, species-specific or 
multispecies action plans for amphibians are strongly recommended81.

An increasingly used species management tool is translocations, 
defined as the human-mediated movement of living organisms from 
one area with release in another94. Translocations include the move-
ment of wild individuals to a new site, release of captive-bred individu-
als and headstarting, where eggs or larvae are brought into captivity 
to decrease the mortality of these vulnerable life stages, and then 
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Fig. 3 | Key International Union for the Conservation of Nature (IUCN) 
status downlistings. Since 1980, 63 species downlistings, some from back-cast 
categories, have been attributed to conservation practice. Downlisting level 1  
(red) indicates an improvement of one category, level 2 (blue) indicates an 
improvement of two categories and level 3 (yellow) indicates an improvement of 

three categories. Green areas on the map show locations of downlisted species. 
The back-cast data are derived from the analysis for the second Global Amphibian 
Assessment (GAA2)7, as defined in ‘The Red List Index and status changes’ in the 
main text.
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released into the wild once mortality is likely to be lower95. Where there 
have been substantial declines in a species’ population or geographic 
range, translocations can be used to re-establish populations that 
have become locally extinct, or to bolster population viability and 
increase the rate of species recovery, thereby limiting periods of extinc-
tion vulnerability96. Best practice guidelines have been developed for 
amphibian translocations97, and should be followed to ensure success95.

The effectiveness of amphibian translocations varies98–104, with 
different reviews finding success rates ranging from 22% to 50%103,104 
and a high proportion of unknown outcomes99,103,104. Translocation 
failures are typically explained by dispersal from the release site, lack of 
suitable habitat, low founder numbers and poor release design99,104–106. 
The lack of post-release monitoring also hinders the ability to assess 
the outcome of many amphibian translocations95,99,103,104. Decades of 
monitoring might be required to establish translocation efficacy in 

species with slow life histories95,107,108. However, monitoring can be 
challenging to implement, particularly for cryptic species106,108. Genetic 
approaches, including non-invasive surveillance approaches such as 
environmental DNA (eDNA)109,110, have not been widely implemented 
for evaluating translocation success in amphibians, but have been used 
successfully in species such as guppies111.

Conservation breeding is also a widely used conservation 
strategy112. Ex situ programmes can aid species recovery, primar-
ily by providing animals for translocations113,114. The targeted use of 
conservation breeding for amphibians was advocated by the IUCN in 
2005 (ref. 115), and its application has increased over the years116. The 
IUCN’s 2024 Amphibian Conservation Action Plan (ACAP)16 continues 
to emphasize the importance of ex situ management as a conservation 
tool for amphibians. However, ex situ efforts must be paired with in situ 
conservation actions to ensure long-term success and sustainability.

0 100 200 300 400

Number of species

Afrotropical

Australasian

Indomalayan

Nearctic

Neotropical

Palaearctic

0 50 100 150 200 250

Number of species

Afrotropical

Australasian

Indomalayan

Nearctic

Neotropical

Palaearctic

a   Back-cast categories (1980–2004) b   IUCN categories (2004–2022)

c   Category changes by realm (1980–2004) d   Category changes by realm (2004–2022)

Uplisted
Downlisted

Number of uplistings: 482
Number of downlistings: 35

Number of uplistings: 306
Number of downlistings: 86

CR

EN

NT

LC

VU

CR

EN

NT

LC

VU

LC

CR(PE)

CR

EN

VU

NT

EW

EX

LC

CR

EN

VU

NT

EW

CR(PE)

Fig. 4 | Temporal and regional variation in threat status. a, Category changes 
from 1980 to 2004 using backcast categories from the second Global Amphibian 
Assessment (GAA2) (517 species). b, Category changes from 2004 to 2022 using  
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Least Concern (LC). c, Biogeographic realm of uplistings and downlistings from 
1980 to 2004. d, Biogeographic realm of uplistings (black) and downlistings 
(grey) from 2004 to 2022.
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Table 1 | Threats and corresponding mitigation actions

Broad mitigation actions Scale Reclassified mitigation actions

1. Residential and commercial development

Assisted reproduction and movement, with habitat management  
and restoration

Species Artificial reproductive technologies (21 studies)

Captive breeding (63 studies)

Human-assisted migration (40 studies)

Landscape Clear vegetation (9 studies)

Control invasive species (29 studies)

Create refuges (24 studies)

Ecosystem Engaging local communities (20 studies)

Restore habitat connectivity (2 studies)

Retain buffer zones (16 studies)

2. Agriculture and aquaculture

Integrated species recovery, habitat management and community-based 
policy support

Species Artificial reproductive technologies (21 studies)

Captive breeding (63 studies)

Landscape Clear vegetation (9 studies)

Control invasive species (29 studies)

Create refuges (24 studies)

Use prescribed fire or modifications to burning regime (21 studies)

Exclude domestic animals or wild hogs by fencing (5 studies)

Manage grazing regime (7 studies)

Ecosystem Engaging local communities (20 studies)

Habitat conservation (149 studies)

Raise awareness (11 studies)

Use legislative regulation to protect amphibians (7 studies)

3. Energy production and mining

Assisted reproduction and habitat management Species Artificial reproductive technologies (21 studies)

Landscape Clear vegetation (9 studies)

4. Transportation and service corridors

Enhance species recovery and reduce road impacts through assisted 
reproduction, translocation and habitat modification

Species Artificial reproductive technologies (21 studies)

Captive breeding (63 studies)

Translocation of amphibians (88 studies)

Landscape Clear vegetation (9 studies)

Install barrier fencing along roads (10 studies)

Modify gully pots and kerbs (1 study)

Modify vegetation to create a more suitable habitat (31 studies)

Use signage to warn motorists (1 study)

5. Biological resource use

Support species recovery and movement while securing habitats and 
reducing exploitation pressures

Species Artificial reproductive technologies (21 studies)

Captive breeding (63 studies)

Human-assisted migration (40 studies)

Landscape Control invasive species (29 studies)

Create refuges (24 studies)

Exclude domestic animals or wild hogs by fencing (5 studies)

Install barrier fencing along roads (10 studies)

Leave standing deadwood, snags, woody debris in forests  
(11 studies)

Ecosystem Restore habitat connectivity (2 studies)

Retain buffer zones (16 studies)

Reduce impact of amphibian trade (1 study)
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Conservation breeding can be an effective stopgap in the face of 
urgent threats116 for the 10% of amphibians that are CR and face a high 
probability of extinction before meaningful threat mitigation can 
occur117. In such circumstances, a viable ex situ population can prevent 
extinction, allowing for reintroduction once threat levels in their native 
habitats have been reduced or eliminated113. One example of such a 
success is the Valcheta frog (Box 3). A standard evaluation process, 
the Amphibian Ark’s Conservation Need Assessments118, has been 
developed specifically for assessing the need for conservation breeding 
support for amphibian species. To date, 424 amphibian species have 
been identified through this process as being in need of ex situ rescue 

through conservation breeding117, with programmes established for 
20% of these species119.

Future directions for amphibian conservation interventions 
could involve pre-release anti-predator training120, restoring skin 
microbiomes121, enhancing natural defences through dietary supple-
mentation or probiotics and acclimating individuals in wild mesocosms 
before release122, to increase survival rates120–122.

Conservation interventions at the species level can also be 
integrated with larger scales. For instance, a framework called the 
Integrated Biodiversity Assessment Tool123 (IBAT) aims to help 
decision-makers to access critical information for the conservation 

Broad mitigation actions Scale Reclassified mitigation actions

6. Natural system modifications

Promote species recovery and reduce threats through habitat modification 
and public awareness

Species Artificial reproductive technologies (21 studies)

Captive breeding (63 studies)

Landscape Clear vegetation (9 studies)

Install barrier fencing along roads (10 studies)

Ecosystem Raise awareness (11 studies)

7. Invasive and other problematic species, genes and disease

Implement species recovery and habitat conservation with disease control 
and ecological threat reduction

Species Artificial reproductive technologies (21 studies)

Captive breeding (63 studies)

Reduce competition from native amphibians (1 study)

Landscape Clear vegetation (9 studies)

Control invasive species (29 studies)

Create refuges (24 studies)

Exclude domestic animals or wild hogs by fencing (5 studies)

Treatment for disease (35 studies)

Ecosystem Habitat conservation (149 studies)

Manage grazing regime (7 studies)

Reduce the risk of disease transmission (6 studies)

8. Pollution

Support species recovery and improve habitat quality through targeted 
management and chemical use reduction

Species Artificial reproductive technologies (21 studies)

Captive breeding (63 studies)

Landscape Clear vegetation (9 studies)

Control invasive species (29 studies)

Create refuges (24 studies)

Exclude domestic animals or wild hogs by fencing (5 studies)

Reduce pesticide or fertilizer use (2 studies)

9. Climate change and severe weather

Facilitate species recovery and assisted movement while enhancing 
habitat complexity

Species Artificial reproductive technologies (21 studies)

Captive breeding (63 studies)

Human-assisted migration (40 studies)

Landscape Leave standing deadwood, snags, woody debris in forests  
(11 studies)

The nine threat classifications are from the Threats Classification Scheme (Version 3.3) used by the IUCN Red List of Threatened Species (https://www.iucnredlist.org/resources/threat- 
classification-scheme). The number of studies supporting specific mitigation actions are reported in parentheses, based on information from the Conservation Evidence Database  
(www.conservationevidence.com). In several cases, we combined multiple small actions from Conservation Evidence into a new classification under ‘Reclassified mitigation actions’.  
For details of reclassification, refer to Supplementary Table 1.

Table 1 (continued) | Threats and corresponding mitigation actions
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of species. The IBAT draws from three global databases (the IUCN Red 
List of Threatened Species, the World Database of Key Biodiversity 
Areas and the World Database on Protected Areas) to provide an inte-
grated assessment of a specific area. This tool is supplemented by the 
Species Threat Abatement & Restoration Metric (STAR), designed to 
reduce threats of global species extinctions and guide protected area 
establishment.

Landscape and ecosystem levels. At the landscape level, direct inter-
ventions are frequently implemented to address specific threats124. 
For example, manipulating the hydroperiod can improve water 
availability and breeding conditions for aquatic species, support-
ing their development and survival84,85,125. Conservation actions that 
manipulate the hydroperiod typically include habitat creation and 
enhancement126–128, often through artificial methods129–132. Notably, 
pond creation can support high larval densities, boosting population 

sustainability133,134. Another important aspect of landscape-level con-
servation is the rehabilitation of breeding habitat, which can include 
improvement of connectivity132,133,135–137, re-vegetation of the habitat138 
and cattle exclusion in agricultural areas139,140, particularly in buffer 
zones141 (Table 1). For instance, fencing farm dams to exclude livestock 
and allow regeneration of the vegetation resulted in greater amphibian 
abundance than in non-fenced farm dams, especially in areas where 
water quality, vegetation cover and topographic wetness were already 
adequate for amphibians140.

Other amphibian conservation approaches at the landscape level 
include spraying water in the habitat to reduce evaporative loss, a 
method with demonstrated positive effects for direct developing 
species2. In addition, antifungal and environmental chemical treat-
ments (such as sodium chloride142–144) can be applied in some aquatic 
environments to eliminate pathogens including the chytrid fungus145. 
However, chemical treatments are likely to have unintended effects 

Box 2 | How conservation efficacy is measured
 

The effectiveness of conservation actions can be assessed through 
several approaches and across multiple scales. For a conservation 
action to be deemed effective, it must not only secure the 
species’ survival and reduce its extinction risk but also promote 
recovery to achieve the long-term viability and functionality of the 
population268,269. At the species level, the efficacy of conservation can 
be evaluated by an improvement in the International Union for the 
Conservation of Nature (IUCN) Red List category or an improvement 
in the recovery score using the IUCN Green Status of Species (GSS). 
The GSS measures how conservation actions have influenced the 
current status, what might happen if these actions cease and how a 
species’ status could improve with continued conservation efforts270. 
Unlike the IUCN Red List, which often requires substantial changes in 
population size, trend or range to shift between categories, the GSS is 
sensitive to incremental improvements.

At the taxon level, the Red List Index (RLI) tracks changes in the 
overall extinction risk of groups of species, whereas the Green Status 
of Species Index (GSSI) tracks the average recovery scores of species 
groups across multiple time points. These indices provide insights 
into whether global efforts are making progress towards or away from 
recovery goals. Although the RLI and GSSI reflect global trends in 
extinction risk and recovery, respectively, the Living Planet Index (LPI) 
complements these by focusing on population trends of vertebrate 
species across terrestrial, freshwater and marine ecosystems, 
providing a broader perspective on biodiversity trends. These 
three indicators (RLI, GSSI and LPI) are integral to the post-2020 
Kunming-Montreal Global Biodiversity Framework (KM-GBF). The RLI 
has been adopted as the headline indicator for Goal A, Target 4 of the 
KM-GBF; an index based on the GSS has been adopted as an indicator 
for multiple elements of the KM-GBF; and the LPI has been included 
as a component and complementary indicator in two goals and four 
targets of the KM-GBF159,160.

At a finer scale, project management tools (such as the 
Conservation Measures Partnership271) can be used to guide the 
design, management, monitoring and adaptation of conservation 
projects towards having lasting outcomes, and the most effective use 
of available resources. Monitoring of the target species is essential 

for assessing the effectiveness of specific conservation actions. 
This monitoring can be achieved through tracking metrics such as 
population size or distribution, among other indicators. Efficient 
and effective monitoring strategies should have clearly defined 
objectives, use the most appropriate method (which can include the 
use of new technologies) and provide feedback into decision-making 
processes (reviewed elsewhere171). When assessing the efficacy of an 
action aimed at reducing a specific threat, it can be more efficient to 
monitor the threat directly compared with monitoring the species. 
For example, efforts to reduce an invasive predator can be evaluated 
by measuring the introduced species itself, but it is essential to link 
these actions to measurable changes to the target species to verify 
that addressing the threat positively affects the species, ensuring that 
assumptions about these relationships are correct235.

Although directly linking conservation interventions to changes 
in the status of a species or population can be challenging, such 
attempts are crucial. Sutherland et al.272 provide a thorough 
assessment from the available scientific evidence, highlighting 
conservation interventions that work for multiple taxa under specific 
threat, including amphibians66. With increased knowledge and 
evidence, future efforts will be better informed, leading to more 
effective conservation actions for amphibians and other taxa.

A review by Langhammer et al.22 used meta-analysis to evaluate 
whether conservation actions, such as protected area creation and 
management, yield better outcomes compared with no action. The 
study found that, broadly speaking, conservation efforts improved 
the state of biodiversity or at least slowed declines in approximately 
two-thirds of cases. Specifically, interventions targeting species and 
ecosystems such as invasive species control, habitat loss reduction 
and restoration, protected area establishment and sustainable 
management have been shown to be highly effective, demonstrating 
large effect sizes. This provides the strongest evidence to date that 
conservation actions are successful and underscores the need for 
transformational scaling up to meet global biodiversity targets. These 
findings are particularly promising for amphibian conservation, as 
they highlight the importance of interventions tailored to the needs of 
species and their habitats.
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on other species within the ecosystem, and should be tested before 
widespread application. Approaches that manipulate temperature 
could also provide viable alternatives against chytrid infections as the 
chytrid fungus is sensitive to high temperatures146,147.

Changes in environmental policies, particularly regulations 
addressing agricultural or other pollutants, have benefited amphib-
ians. For example, the decline in acid rain and subsequent increase in pH 
resulted in an increase in amphibian populations in lakes in Norway148; 
in Mexico, the filtration of ammonia and nitrates (combined with fish 
exclusion) resulted in weight gain in axolotl149; and the discontinuation 
of herbicides and pesticides by farmers increased populations of the 
Taipei frog (Hylarana taipehensis)150. Although the harmful effects of 
pollutants are well documented124, the broader ecological effects of 
their removal on populations require further study. Although such 
interventions generally yield positive outcomes, not all threats can be 
mitigated by blanket bans and regulations151,152.

At the ecosystem level, area-based approaches (protected areas 
and Other Effective Area-based Conservation Measures) can provide 
protection for assemblages or communities153, but connectivity is 
essential for the long-term resilience of amphibian species and the per-
sistence of community assemblages. Although amphibians are gener-
ally less mobile than other vertebrate groups, many travel considerable 

distances between breeding and non-breeding habitats, relying on 
different habitat types throughout their life history154,155. Breeding 
habitat restoration coupled with the creation of movement corridors 
between protected areas has been effective for increasing populations 
in entire amphibian assemblages (Box 3). Additionally, buffer zones 
around breeding habitats should be maintained, with a recommended 
minimum buffer distance of 30 m to protect vital water resources154. 
In terms of protection of non-breeding terrestrial habitats, buffer zones 
are dependent on species’ life history, and terrestrial buffer zones 
are recommended to be at least 400 m around wetlands154,155. Thus, 
landscape-level conservation interventions are essential for tackling 
complex ecological challenges and maintaining ecological processes 
across multiple scales, necessitating collaboration among a diverse 
network of entities (local communities, conservation organizations, 
governments), often extending beyond jurisdictional boundaries156.

Global scale. Given that the over-exploitation of amphibians (use 
for food and the pet trade) is affecting 8% of species7, global policies 
to prevent trade have been considered. Specifically, the Convention 
on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES) regulates the trade of 381 taxa listed at the species level across 
three appendices (https://checklist.cites.org/). Although adopting 

Box 3 | Two case studies of conservation successes
 

These cases highlight the outcomes of conservation interventions 
directed either for focal species or for an entire amphibian 
assemblage.

The Valcheta frog, Pleurodema somuncurense
The Valcheta frog is an Argentinian micro-endemic species, restricted 
to 1.8 ha of the headwaters of the Valcheta stream in Patagonia273. 
The species is threatened by introduced trout, livestock farming and 
dam construction. This species had disappeared from at least two of 
the nine known sites in its former range. In 2016, it was assessed as 
Critically Endangered (CR)274.

Following the development of a species Conservation Action Plan275, 
an ex situ species assurance population was established in 2015 at La 
Planta Museum, Buenos Aires276. Habitat restoration began in 2017 in 
sites formerly occupied by the species. This restoration involved fencing 
to exclude livestock, removal of the trout and restoring natural stream 
flow with the removal of sections of a dam. As a result, the riparian and 
aquatic vegetation rapidly recovered, and the original stream width was 
restored277. At sites close enough to existing populations, frogs began to 
be recorded where trout had been eradicated.

Reintroduction trials commenced in 2017 (ref. 139) and by 2021, 
200 froglets and 5,500 tadpoles, all captive-bred, had been released 
to four separate restored sites where the natural re-establishment 
of populations was unlikely to occur16. Post-release monitoring has 
confirmed breeding at the reintroduced sites, achieving population 
densities at least as great as those in other wild populations139 (Rodrigo 
Calvo, personal communication). This example is the first use of 
reintroduction as a conservation tool for amphibians in Argentina.

Habitat restoration in Rwanda for amphibian conservation
Rwanda is home to 935 wetlands making up 10.6% of the country’s 
area. Of these, 53% have been converted to agriculture, primarily 

for rice farming, whereas the remaining 47% is still mostly covered 
by its native vegetation278,279. The increasing human population in 
Rwanda requires increasing use of wetlands for agriculture, which has 
degraded natural vegetation280,281 and resulted in the local extirpation 
of some wetland biodiversity, including amphibians282. The Rwandan 
government, through the Rwanda Environmental Management 
Authority, is actively investing in wetland rehabilitation to restore 
degraded habitats for wetland-dependent species. A model example 
of rehabilitated wetlands includes the Nyandungu Urban Wetland 
Eco-park, which supports eleven amphibian species, all widespread 
generalists283. Additionally, five more wetlands are slated for 
rehabilitation in the city of Kigali.

Sixty-two amphibian species are known to occur in Rwanda, 
14 of which are being used as targets for monitoring, with those 
best adapted to cultivated wetlands now being used as potential 
indicators of wetland disturbance284. Surveys conducted in 2023 
show that wetlands in Rwanda undergoing restoration still harbour 
species typically found in disturbed wetlands283, although some areas 
contain a mix of both habitat-specific and disturbed wetland species. 
This persistence of disturbance-tolerant species has raised concerns 
about the potential of amphibians as indicators of the effectiveness of 
wetland rehabilitation.

Rugezi wetland, the only recognized Ramsar site in Rwanda279 
among 62 proposed Ramsar sites, harbours species of national 
conservation concern as identified in the national International Union 
for the Conservation of Nature (IUCN) Red List including Afrixalus 
orophilus (nationally Endangered), Hyperolius lateralis (nationally 
Vulnerable) and Ptychadena chrysogaster (nationally Vulnerable), 
despite their Least Concern (LC) categorization based on the global 
IUCN Red List284. Hence, rehabilitating wetlands provides natural 
habitats for amphibians and maintains populations that cannot 
survive elsewhere, including habitat specialists.
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sustainable practices is needed for some species, a complete ban on 
commercial trade does not benefit all species157. For example, the 
listing of all glass frogs (Centrolenidae) in CITES Appendix II (CoP19 
Proposal 38) had unexpected consequences, such as limiting research 
on the group, despite the benefits of halting the legal trade. Nuanced, 
species-specific policies should balance conservation with scientific 
and management considerations. When carefully implemented, poli-
cies targeting specific taxa can not only mitigate threats but also sup-
port species recovery, as demonstrated by the successful conservation 
efforts for the Hoplobatrachus genus in India following their listing in 
CITES appendix II158.

The KM-GBF159 has 22 targets for conservation action by 2050, many 
of which align with amphibian conservation priorities160. Target 4, which 
aims to “halt species extinction, protect genetic diversity, and manage 
human–wildlife conflicts”, stands out as the most relevant, and in addi-
tion aims to “ensure urgent management actions to halt human-induced 
extinction of known threatened species and for the recovery and con-
servation of species, in particular threatened species, to significantly 
reduce extinction risk”, which has the greatest potential to eliminate 
extinction risks in amphibians161. Achieving this ambitious target by 2030 
will require the establishment of designated protected areas or threat 
elimination programmes for all 2,875 threatened amphibian species48. 
These protected areas have the potential to ensure long-term access to 
suitable habitats for all species, and also incorporating thermal refugia 
to address climate change162. The ‘30x30’ target (Target 3) overlooks the 
complexity of addressing only the two main threats to amphibians, habi-
tat loss and climate change7, due to the synergetic impact of the threats, 
and limits the reach of the target as the “maintenance and restoration 
of the genetic diversity within and between populations of native, wild 
and domesticated species to maintain their adaptive potential”159 is not 
included. Achieving these targets, therefore, requires actions that are 
encompassed by the other targets of the framework, aligning amphib-
ians with other taxa161. This approach has been highlighted by the Global 
Species Action Plan for all species163 and the ACAP for amphibians16.

Importantly, targets are not binding, and experience with the 
Aichi Biodiversity Targets has shown that they tend to guide, but do 
not drive, conservation actions164. As a result, more actionable frame-
works — such as the integration of Target 3, to protect 30% of land and 
water areas by 2030 (ref. 165), and the IUCN Red List of Ecosystems166 
into conservation plans — could offer tangible, short-term guidance 
for effective conservation efforts.

Promising opportunities
Although some efficient conservation actions have been taken, much 
work remains to reduce the threat status of amphibian species. This sec-
tion focuses on conservation interventions that are known to work but 
need to be scaled up to make a significant contribution to amphibian 
conservation. We also highlight future opportunities that still need to 
be explored and developed.

Advances in data collection and analysis
In the past decade, advances in machine learning methods have enabled 
predictive modelling and classifying vast amounts of data167, including 
the identification of species and detection of individuals in images, audio 
or environmental samples. Robust sampling design and modelling frame-
works are now able to account for imperfect detection168–170, improving 
the investigation of population trends, community dynamics, range 
shifts and demographic rates (see ref. 171 for a comprehensive review).  
Genomic analyses (including population genetics, genome assembly 

and transcriptomics) enable understanding of the genetic basis of traits 
that affect fitness and identify genetically vulnerable populations5. Hard-
ware innovations, software development and the use of open-source 
remote sensing software improved the ability to analyse spatial data 
from the global level to the local level and process satellite images at 
higher resolutions172,173. Improved data collection, however, comes 
with the challenge of maintaining, processing and analysing large and 
complex datasets174; and amphibian genomes being among the largest 
vertebrate genomes is adding to this challenge5.

The use of eDNA and automated acoustic monitoring as indirect 
survey methods has risen in the past decade171. eDNA enables thorough 
assessments of amphibian communities175–177, rediscovery of ‘lost’ 
amphibian species (species not seen in more than 10 years)178, and 
increasing detection of elusive and cryptic species from water, soil and 
faeces samples179,180. Other emerging applications of eDNA and meta-
barcoding include detecting parasites, diseases and microbiomes, and 
assessing diet from faecal samples181–183. Other technological advances 
include tracking devices such as low-cost lightweight GPS data loggers, 
Passive Integrated Transponder tags, micro radio transmitters184,185, 
DNA sequencers that work in the field5, and autonomous recording 
units such as data loggers, acoustic devices and camera traps186–188.

Genetic intervention and pathogen remediation
Genetic intervention strategies, such as genetic rescue189, synthetic bio-
diversity conservation190 and targeted genetic intervention191, remain 
largely untested in amphibians, although studies on their effectiveness 
are currently underway25,192. Evidence from other taxa indicates that 
genetic rescue is most effective when the primary threat is low genetic 
diversity193. By contrast, targeted genetic intervention is designed to 
promote adaptation to persistent threats such as climate change or 
disease. The first successful demonstration of targeted genetic inter-
vention in amphibians was in California’s mountain yellow-legged frogs 
(Rana muscosa and Rana sierrae), where translocating individuals from 
chytridiomycosis-resistant populations improved survival rates after 
1 year194. Although not yet trialled in amphibians, genetic rescue has 
been successful in numerous other taxa including Florida panthers195, 
mountain pygmy possums196 and European adders197.

Although genetic intervention holds great promise for use in 
amphibians, it should be evaluated on a case-by-case basis to identify 
any unintended consequences such as genetic incompatibility, out-
breeding depression and introduction of maladaptive alleles25,191,192. 
Amphibians, particularly those with restricted ranges, might be at 
great risk of negative outcomes from genetic interventions due to the 
high genetic structuring found within their populations. For example, 
between-population crosses of Bibron’s toadlets (Pseudophryne bibronii)  
exhibited lower fitness than within-population crosses, indicating 
potential genetic incompatibility between populations and suggesting 
that the genetic rescue might not be a viable approach for this species198.

Genetic intervention approaches can now leverage advance-
ments in genomics and genetic engineering, enabling highly targeted 
interventions such as targeted genetic intervention and genetically 
informed translocations for genetic rescue5. New initiatives, such as 
the Amphibian Genomics Consortium, further accelerate these efforts 
by expanding genomic resources and fostering cross-disciplinary 
collaborations5. Additionally, these methods can use biobanked mate-
rial to restore lost genetic diversity90,199, as demonstrated in species 
such as the black-footed ferret200.

Genetic interventions should be used in synergy with other fields 
of research, such as disease ecology and physiology, to enhance their 
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success201. For example, experimental evidence suggests that it is 
possible to harness the thermophilic behaviour of some species by 
providing shelters that increase their body temperature and enable 
them to clear chytrid fungus infections202. This knowledge should be 
further incorporated into mechanistic modelling approaches that 
can include critical temperatures to understand geographic areas 
where species can be sheltered from chytrid infections203,204. Other 
avenues of research are also on the brink of major developments. 
For example, laboratory experiments have shown the potential for 
prophylactic treatment of aquatic larvae using chytrid metabolites205 
and longer-term immunity to chytrid fungus might be achieved by 
vaccination25,206 or manipulating the skin microbiome207.

Improved cooperation and inclusive conservation
For conservation efforts to expand and become more effective, conser-
vation must be an integrated, planned and multidimensional process 
to provide equitable distribution of its benefits. For instance, at the 
UN Convention on Biological Diversity’s COP 16 summit in Colombia 
in November 2024, an agreement was reached for large companies 
to pay for the use of digital genetic information, if it yields profits208. 
Similarly, biodiversity credit markets, if they are designed and operated 
effectively, could help to generate private-sector funds for biodiversity 
and amphibian conservation209.

Amphibians are rarely included in stand-alone species conser-
vation programmes due to their perceived lack of charisma210, and 
biodiversity conservation projects typically target charismatic species 
of mammals and birds6,211–213, especially in developing countries214. How-
ever, the importance of amphibians in aquatic ecosystems and food 
webs215 makes a strong case to include amphibians in major conserva-
tion initiatives. For example, the diet of the leopard cat (Prionailurus 
bengalensis) includes amphibians such as the declining Nanorana 
vicina, a frog endemic to the Hindukush–Himalayan region, and Micro-
hyla okinavensis, endemic to the Ryukyu Islands216,217. Furthermore, the 
lack of consensus on the total number and composition of amphibian 
species in countries such as Uganda218 or Nepal219,220, or the need for 
timely conservation action in countries where amphibian species 
composition is well established, such as in the Republic of Korea221, 
reflect the need for better inclusion of amphibians in conservation 
efforts, and especially in area-based conservation programmes that can 
protect amphibians. Additionally, biodiversity conservation must also 
be linked with economic regulations that indirectly affect the habitat of 
species. For example, the rice production compensation programme 
of the World Trade Organization has resulted in a decrease of suitable 
habitat for the Korean tree-frog Dryophytes suweonensis through 
changes in human behaviour222, a fact that needs to be integrated into 
conservation programmes to compensate for this change. Hence, true 
diversity, equity and inclusion in conservation actors require broaden-
ing efforts to encompass often-overlooked taxa such as amphibians, 
across all fields of knowledge.

Conservation should be conducted in collaboration with local 
institutions and provide them with the possibility to lead projects4,223 
(as well as local zoos and aquaria, because amphibians benefit from 
both in situ and ex situ conservation projects224,225). The emphasis on 
local involvement and leadership is key for conservation success226. 
Multilateral collaboration from different institutions and different 
countries will also enable the development of more effective policies 
for the conservation of amphibians and other species. For example, 
Chile and Argentina have established a binational conservation strategy 
to protect the threatened Darwin’s frogs (EN Rhinoderma darwinii and 

CR Rhinoderma rufum)227. Similarly, numerous institutions in multiple 
countries collaborated to develop the ‘Mountain Chicken Recovery 
Plan’ to protect L. fallax20.

Summary and future directions
Amphibians are experiencing a biodiversity crisis more severe than any 
other vertebrate group, yet conservation efforts remain dispropor-
tionately underfunded and amphibians remain understudied. We have 
provided a comprehensive global synthesis of amphibian conservation, 
examining their current status and threats, highlighting conservation 
successes and offering evidence-based recommendations for actions. 
Although conservation interventions have led to measurable improve-
ments for some species, these successes must be scaled up dramati-
cally to reverse ongoing declines. Key opportunities lie in addressing 
habitat loss, leveraging genetic and genomic tools, improving global 
collaboration, and integrating amphibians into broader conservation 
and policy frameworks such as the KM-GBF.

An important next step is to reduce the funding gap for amphib-
ian conservation. Improving capacity for grant-writing and project 
management is thus necessary to start closing this gap, although not 
sufficient given the number of species in need of conservation. When 
funding is obtained, grants are often insufficient, and funding cycles 
are usually limited to short-term grants, which are restrictive in terms 
of achieving meaningful and lasting influence. Recommendations from 
the ACAP include increasing the number of applications for amphib-
ian projects, including through improved collaboration, and with a 
focus on themed approaches and multispecies or landscape-level 
scales. Habitat loss is the biggest threat to amphibians, yet relatively 
little funding has been directed to amphibian-specific habitat protec-
tion. Prioritization of key amphibian areas, such as Key Biodiversity 
Areas, Alliance for Zero Extinction sites and Threatened Amphibian 
Landscapes44, is critical for targeted conservation and in directing 
such efforts. Collaborative projects aimed at applied conservation 
and threat mitigation are comparatively more likely to be successful in 
securing funding. Sustainable financing models, such as biodiversity 
credits, species bonds and the integration of biodiversity-based eco-
nomic opportunities, such as ecotourism, will also be vital to achieving 
amphibian conservation targets.

Looking forward, the use of conservation introductions to estab-
lish populations outside their current or former known range as habi-
tats shift due to the impacts of climate change may also need to be 
considered for amphibian species and populations94,95,97,228. Although 
some support this approach, there has been some debate in the lit-
erature about the suitability of conservation introductions as a con-
servation tool. Concerns include potential negative consequences on 
source populations and recipient ecosystems, as well as genetic risks, 
disruption to co-adaptation, and uncertainty in climate change predic-
tions and subsequent species responses making predictions of success 
difficult229–233. Therefore, conservation introductions should not be 
undertaken lightly, and alternative methods such as creating suitable 
microhabitats within the current range should also be considered. 
Although models have been applied to establish future climatically 
suitable sites and suggest management strategies for some amphibian 
species234–237, to our knowledge, conservation introductions have not 
yet been applied in practice to a threatened amphibian. If this approach 
is to be trialled, success will require a good understanding of suitable 
climate and habitat needs for appropriate release sites to be identified, 
for the potential risks to be adequately assessed and mitigated, and for 
existing translocation guidance to be applied in all cases94,97.
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Ultimately, reversing amphibian declines will require coordinated 
efforts across species, landscape and ecosystem levels. Interventions 
must be tailored, inclusive and data-informed, with an emphasis on 
scaling up proven strategies such as habitat restoration, disease mitiga-
tion and proactive conservation breeding. Building capacity, improving 
funding mechanisms and embracing emerging technologies, such 
as eDNA, remote sensing and genetic intervention, will be crucial for 
securing the future of amphibian biodiversity.

Published online: xx xx xxxx

References
1.	 Cox, N. et al. A global reptile assessment highlights shared conservation needs of 

tetrapods. Nature 605, 285–290 (2022).
2.	 Prokop, P. et al. Tolerance of frogs among high school students: influences of disgust and 

culture. Eurasia J. Math., Sci. Technol. Educ. 12, 1499–1505 (2016).
3.	 Hartel, T., Scheele, B. C., Rozylowicz, L., Horcea-Milcu, A. & Cogălniceanu, D. The social 

context for conservation: amphibians in human shaped landscapes with high nature 
values. J. Nat. Conserv. 53, 125762 (2020).

4.	 Angulo, A. et al. in Amphibian Conservation Action Plan: A Status Review and Roadmap 
for Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (eds Wren, S. et al.) 
33–49 (IUCN, 2024).

5.	 Kosch, T. A. et al. The Amphibian Genomics Consortium: advancing genomic and 
genetic resources for amphibian research and conservation. BMC Genomics 25, 1025 
(2024).

6.	 Guénard, B. et al. Limited and biased global conservation funding means most threatened 
species remain unsupported. Proc. Natl Acad. Sci. 122, e2412479122 (2025).

7.	 Luedtke, J. A. et al. Ongoing declines for the world’s amphibians in the face of emerging 
threats. Nature 622, 308–314 (2023).

8.	 Green, D. M., Lannoo, M. J., Lesbarrères, D. & Muths, E. Amphibian population declines: 
30 years of progress in confronting a complex problem. Herpetologica 76, 97–100 (2020).

9.	 Stuart, S. N. et al. Status and trends of amphibian declines and extinctions worldwide. 
Science 306, 1783–1786 (2004).

10.	 Beebee, T. J. C. & Griffiths, R. A. The amphibian decline crisis: a watershed for 
conservation biology? Biol. Conserv. 125, 271–285 (2005).

11.	 Catenazzi, A. State of the world’s amphibians. Annu. Rev. Environ. Resour. 40, 91–119 (2015).
12.	 Bickford, D. et al. in Amphibian Conservation Action Plan: A Status Review and Roadmap 

for Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (eds Wren, S. et al.) 
53–86 (IUCN, 2024).

13.	 Urbina-Cardona, et al. in Amphibian Conservation Action Plan: A Status Review and 
Roadmap for Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (eds Wren, 
S. et al.) 116–146 (IUCN, 2024).

14.	 Bletz, et al. in Amphibian Conservation Action Plan: A Status Review and Roadmap for 
Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (eds Wren, S. et al.) 
149–175 (IUCN, 2024).

15.	 Frost, D. R. Amphibian Species of the World 6.2, An Online Reference. amnh.org https://
amphibiansoftheworld.amnh.org/ (2025).

16.	 Wren, S. et al. (eds) Amphibian Conservation Action Plan: A Status Review and Roadmap 
for Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (IUCN, 2024).

17.	 Verdade, V. K. et al. A leap further: the Brazilian amphibian conservation action plan. 
Alytes 29, 28–43 (2012).

18.	 Andreone, F., Dawson, J. S., Rabemananjara, F. C. E., Rabibisoa, N. H. C. & 
Rakotonanahary, T. F. New Sahonagasy Action Plan 2016–2020 / Nouveau Plan d’Action 
Sahonagasy 2016–2020 (Museo Regionale di Scienze Naturali and Amphibian Survival 
Alliance, 2016).

19.	 Valencia, L. M. & Fonte, L. F. M. Harlequin Toad (Atelopus) Conservation Action Plan 
(2021–2041) (Atelopus Survival Initiative, 2021).

20.	 Adams, S. L. et al. Long-Term Recovery Strategy for the Critically Endangered Mountain 
Chicken 2014–2034 (Mountain Chicken Recovery Programme, 2014).

21.	 Andreone, F. et al. Mantella cowanii Action Plan 2021–2025/Plan d’Action Mantella 
cowanii 2021–2025 (Museo Regionale di Scienze Naturali and Amphibian Survival 
Alliance, 2020).

22.	 Langhammer, P. F. et al. The positive impact of conservation action. Science 384, 
453–458 (2024).

23.	 Mathwin, R., Wassens, S., Young, J., Ye, Q. & Bradshaw, C. J. A. Manipulating water for 
amphibian conservation. Conserv. Biol. 35, 24–34 (2021).

24.	 Pabijan, M. et al. Evolutionary principles guiding amphibian conservation. Evolut. Appl. 
13, 857–878 (2020).

25.	 Berger, L. et al. Advances in managing chytridiomycosis for Australian frogs: gradarius 
firmus victoria. Annu. Rev. Anim. Biosci. 12, 113–133 (2024).

26.	 Hossack, B. R., Howell, P. E., Rorabaugh, J. C., Chandler, R. B. & Sigafus, B. H. in Strategies 
for Conservation Success in Herpetology (eds Walls, S. C. & O’Donnell, K. M.) 287–291 
(Society for the Study of Amphibians and Reptiles, 2024).

27.	 West, M. The Removal of Non-Native Fish to Help Protect the Critically Endangered 
Spotted Tree Frog in Year One of a Six-Year Management Trial (NESP Threatened Species 
Recovery Hub Project 1.4.1, Report, 2021).

28.	 Bosch, J. et al. Eradication of introduced fish allows successful recovery of a stream- 
dwelling amphibian. PLoS ONE 14, e0216204 (2019).

29.	 Jaynes, K. E. et al. Harlequin frog rediscoveries provide insights into species persistence 
in the face of drastic amphibian declines. Biol. Conserv. 276, 109784 (2022).

30.	 La Marca, E. et al. Catastrophic population declines and extinctions in neotropical 
harlequin frogs (Bufonidae: Atelopus). Biotropica 37, 190–201 (2005).

31.	 Lötters, S. et al. Ongoing harlequin toad declines suggest the amphibian extinction crisis 
is still an emergency. Commun. Earth Environ. 4, 412 (2023).

32.	 Beranek, C. T., Sanders, S., Clulow, J. & Mahony, M. Factors influencing persistence of  
a threatened amphibian in restored wetlands despite severe population decline during 
climate change driven weather extremes. Biodivers. Conserv. 31, 1267–1287  
(2022).

33.	 Vimercati, G., Davies, S. J. & Measey, J. Rapid adaptive response to a Mediterranean 
environment reduces phenotypic mismatch in a recent amphibian invader. J. Exp. Biol. 
221, jeb174797 (2018).

34.	 Halfwerk, W. et al. Adaptive changes in sexual signalling in response to urbanization.  
Nat. Ecol. Evol. 3, 374–380 (2019).

35.	 Palomar, G., Bosch, J. & Cano, J. M. Heritability of Batrachochytrium dendrobatidis burden 
and its genetic correlation with development time in a population of Common toad 
(Bufo spinosus). Evolution 70, 2346–2356 (2016).

36.	 Voyles, J. et al. Shifts in disease dynamics in a tropical amphibian assemblage are not 
due to pathogen attenuation. Science 359, 1517–1519 (2018).

37.	 Kosch, T. A. et al. Genetic potential for disease resistance in Critically Endangered 
amphibians decimated by chytridiomycosis. Anim. Conserv. 22, 238–250 (2019).

38.	 Hollanders, M., Grogan, L. F., Nock, C. J., McCallum, H. I. & Newell, D. A. Recovered 
frog populations coexist with endemic Batrachochytrium dendrobatidis despite 
load-dependent mortality. Ecol. Appl. 33, e2724 (2023).

39.	 Seimon, T. A. et al. Long-term monitoring of tropical alpine habitat change, Andean 
anurans, and chytrid fungus in the Cordillera Vilcanota, Peru: results from a decade of 
study. Ecol. Evol. 7, 1527–1540 (2017).

40.	 Bosch, J., Fernández-Beaskoetxea, S., Garner, T. W. J. & Carrascal, L. M. Long-term 
monitoring of an amphibian community after a climate change- and infectious 
disease-driven species extirpation. Glob. Change Biol. 24, 2622–2632 (2018).

41.	 Nowakowski, A. J., Frishkoff, L. O., Thompson, M. E., Smith, T. M. & Todd, B. D. 
Phylogenetic homogenization of amphibian assemblages in human-altered habitats 
across the globe. Proc. Natl Acad. Sci. USA 115, E3454–E3462 (2018).

42.	 Davies, S. J., Hill, M. P., McGeoch, M. A. & Clusella-Trullas, S. Niche shift and resource 
supplementation facilitate an amphibian range expansion. Divers. Distrib. 25, 154–165 (2019).

43.	 Borzée, A., Kim, K., Heo, K., Jablonski, P. G. & Jang, Y. Impact of land reclamation and 
agricultural water regime on the distribution and conservation status of the Endangered 
Dryophytes suweonensis. PeerJ 5, e3872 (2017).

44.	 Re:wild, Synchronicity Earth & IUCN SSC Amphibian Specialist Group. State of the 
World’s Amphibians: The Second Global Amphibian Assessment (Re:wild, 2023).

45.	 Bishop, P. et al. The Amphibian Extinction Crisis—what will it take to put the action into the  
Amphibian Conservation Action Plan? SAPIENS Surv. Perspect. Integrating Environ. Soc. 
 5, 97–111 (2012).

46.	 Velasco, J. A. et al. Synergistic impacts of global warming and thermohaline circulation 
collapse on amphibians. Commun. Biol. 4, 141 (2021).

47.	 Hughes, A., Marshall, B. & Strine, C. Gaps in global wildlife trade monitoring leave 
amphibians vulnerable. eLife 10, e70086 (2021).

48.	 IUCN. The IUCN Red List of Threatened Species Version 2024-2 (IUCN, 2025).
49.	 Cordier, J. M. et al. A global assessment of amphibian and reptile responses to land-use 

changes. Biol. Conserv. 253, 108863 (2021).
50.	 de Albuquerque, F. S., Bateman, H. L. & Johnson, J. Amphibians at risk: effects of climate 

change in the southwestern North American drylands. Glob. Ecol. Conserv. 51, e02944 
(2024).

51.	 Roach, N. S., Castellanos, A. A. & Lacher, T. E. Jr Assessing the vulnerability of endemic 
Colombian amphibian species to climate change in an isolated montane ecosystem. 
Trop. Conserv. Sci. 17, 1–17 (2024).

52.	 Peterman, W. E., Connette, G. M., Semlitsch, R. D. & Eggert, L. S. Ecological resistance 
surfaces predict fine-scale genetic differentiation in a terrestrial woodland salamander. 
Mol. Ecol. 23, 2402–2413 (2014).

53.	 Olson, D. H. & Burton, J. I. Climate associations with headwater streamflow in managed 
forests over 16 years and projections of future dry headwater stream channels. Forests 
10, 968 (2019).

54.	 Ludovisi, A. et al. The delayed effects of meteorological changes on the water frogs in 
central Italy. Hydrobiologia 730, 139–152 (2014).

55.	 Luna-Gómez, M. I., García, A. & Santos-Barrera, G. Spatial and temporal distribution and 
microhabitat use of aquatic breeding amphibians (Anura) in a seasonally dry tropical 
forest in Chamela, Mexico. Rev. Biol. Trop. 65, 1082–1094 (2017).

56.	 Rollins-Smith, L. A. & Sage, E. H. L. Heat stress and amphibian immunity in a time of 
climate change. Philos. Trans. R. Soc. B 378, 20220132 (2023).

57.	 Hof, C., Araújo, M. B., Jetz, W. & Rahbek, C. Additive threats from pathogens, climate and 
land-use change for global amphibian diversity. Nature 480, 516–519 (2011).

58.	 Thumsová, B., Bosch, J. & Rosa, G. M. in Evolutionary Ecology of Amphibians  
(ed. Moreno-Rueda Mar Comas, G.) 54–102 (CRC, 2023).

59.	 Awkerman, J. A., Glinski, D. A., Henderson, W. M., Meter, R. V. & Purucker, S. T. Framework 
for multi-stressor physiological response evaluation in amphibian risk assessment and 
conservation. Front. Ecol. Evol. 12, 1336747 (2024).

http://www.nature.com/nrbd
https://amphibiansoftheworld.amnh.org/
https://amphibiansoftheworld.amnh.org/


Nature Reviews Biodiversity

Review article

60.	 Gower, D. J. & Wilkinson, M. Conservation biology of caecilian amphibians. Conserv. Biol. 
19, 45–55 (2005).

61.	 da Silva, A. F. et al. Taxonomic bias in amphibian research: are researchers responding to 
conservation need? J. Nat. Conserv. 56, 125829 (2020).

62.	 Button, S. & Borzée, A. Matters arising: estimates of the number of undescribed species 
should account for sampling effort. Nat. Ecol. Evol. 8, 637–640 (2024).

63.	 O’hanlon, S. J. et al. Recent Asian origin of chytrid fungi causing global amphibian 
declines. Science 360, 621–627 (2018).

64.	 Scheele, B. C. et al. Amphibian fungal panzootic causes catastrophic and ongoing loss of 
biodiversity. Science 363, 1459–1463 (2019).

65.	 McCallum, M. Amphibian decline or extinction? Current losses dwarf background rates. 
J. Herpetol. 41, 483–491 (2007).

66.	 Smith, R. K. & Sutherland, W. J. Amphibian Conservation: Global Evidence for the Effects 
of Interventions Vol. 4 (Pelagic, 2014).

67.	 Smith, R. K., Meredith, H. & Sutherland, W. J. in What Works in Conservation 2018  
(eds Sutherland, W. J. et al.) 9–66 (Open Book, 2018).

68.	 Meredith, H., Van Buren, C. & Antwis, R. E. Making amphibian conservation more 
effective. Conserv. Evid. 13, 1–6 (2016).

69.	 Moor, H. et al. Bending the curve: simple but massive conservation action leads to 
landscape-scale recovery of amphibians. Proc. Natl Acad. Sci. USA 119, e2123070119 
(2022).

70.	 Sterrett, S. C. et al. Proactive management of amphibians: challenges and opportunities. 
Biol. Conserv. 236, 404–410 (2019).

71.	 Kemppinen, K. M. et al. Global reforestation and biodiversity conservation. Conserv. Biol. 
34, 1221–1228 (2020).

72.	 Fearnside, P. M. Deforestation in the Brazilian Amazon: history, rates, and consequences. 
Conserv. Biol. 19, 680–688 (2005).

73.	 Kareiva, P. & Marvier, M. Conserving biodiversity coldspots: recent calls to direct 
conservation funding to the world’s biodiversity hotspots may be bad investment advice. 
Am. Sci. 91, 344–351 (2003).

74.	 Button, S. & Borzée, A. An integrative synthesis to global amphibian conservation 
priorities. Glob. Chang. Biol. 27, 4516–4529 (2021).

75.	 Nori, J. et al. Amphibian conservation, land-use changes and protected areas: a global 
overview. Biol. Conserv. 191, 367–374 (2015).

76.	 Riviere, S. & Altuna, J. Recommendation on OECM assessment: consider including the 
level of fragmentation of the larger territorial unit. Parks 30, 85–91 (2024).

77.	 Steigerwald, E. et al. Microreserves are an important tool for amphibian conservation. 
Commun. Biol. 7, 1177 (2024).

78.	 Mörtberg, U. M., Balfors, B. & Knol, W. C. Landscape ecological assessment: a tool for 
integrating biodiversity issues in strategic environmental assessment and planning.  
J. Environ. Manag. 82, 457–470 (2007).

79.	 Nygård, H. et al. BEAT 3.0—a tool for integrated biodiversity assessments. J. Open. Res. 
Softw. 6, 19 (2018).

80.	 Brooks, T. M. et al. Measuring terrestrial area of habitat (AOH) and its utility for the IUCN 
Red List. Trends Ecol. Evol. 34, 977–986 (2019).

81.	 Wren, S. et al. in Amphibian Conservation Action Plan: A Status Review and Roadmap for 
Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (eds Wren, S. et al.) 
15–29 (IUCN, 2024).

82.	 Geldmann, J., Manica, A., Burgess, N. D., Coad, L. & Balmford, A. A global-level 
assessment of the effectiveness of protected areas at resisting anthropogenic pressures. 
Proc. Natl Acad. Sci. USA 116, 23209–23215 (2019).

83.	 Ramalho, Q., Tourinho, L., Almeida-Gomes, M., Vale, M. M. & Prevedello, J. A. 
Reforestation can compensate negative effects of climate change on amphibians. Biol. 
Conserv. 260, 109187 (2021).

84.	 Shoo, L. P. et al. Engineering a future for amphibians under climate change. J. Appl. Ecol. 
48, 487–492 (2011).

85.	 Greenwood, O., Mossman, H. L., Suggitt, A. J., Curtis, R. J. & Maclean, I. M. D. Using in situ 
management to conserve biodiversity under climate change. J. Appl. Ecol. 53, 885–894 
(2016).

86.	 Angelone, S. & Holderegger, R. Population genetics suggests effectiveness of habitat 
connectivity measures for the European tree frog in Switzerland. J. Appl. Ecol. 46, 
879–887 (2009).

87.	 Savage, W. K., Fremier, A. K. & Bradley Shaffer, H. Landscape genetics of alpine Sierra 
Nevada salamanders reveal extreme population subdivision in space and time. Mol. Ecol. 
19, 3301–3314 (2010).

88.	 Coster, S. S., Babbitt, K. J. & Kovach, A. I. High genetic connectivity in wood frogs 
(Lithobates sylvaticus) and spotted salamanders (Ambystoma maculatum) in a 
commercial forest. Herpetol. Conserv. Biol. 10, 64–89 (2015).

89.	 Cayuela, H. et al. Determinants and consequences of dispersal in vertebrates with 
complex life cycles: a review of pond-breeding amphibians. Q. Rev. Biol. 95, 1–36  
(2020).

90.	 Calatayud, N. E. et al. in Amphibian Conservation Action Plan: A Status Review and 
Roadmap for Global Amphibian Conservation (IUCN SSC Occasional Paper 57)  
(eds Wren, S. et al.) 286–307 (IUCN, 2024).

91.	 Suriyamongkol, T. et al. A simple conservation tool to aid restoration of amphibians 
following high-severity wildfires: use of PVC pipes by Green tree frogs (Hyla cinerea) in 
central Texas, USA. Diversity 13, 649 (2021).

92.	 Converse, S. J. & Grant, E. H. C. A three-pipe problem: dealing with complexity to halt 
amphibian declines. Biol. Conserv. 236, 107–114 (2019).

93.	 Lees, C. M., Rutschmann, A., Santure, A. W. & Beggs, J. R. Science-based, stakeholder- 
inclusive and participatory conservation planning helps reverse the decline of threatened  
species. Biol. Conserv. 260, 109194 (2021).

94.	 IUCN SSC. Guidelines for Reintroductions and Other Conservation Translocations Version 
1.0 (IUCN Species Survival Commission, 2013).

95.	 Germano, J. et al. in Amphibian Conservation Action Plan: A Status Review and Roadmap 
for Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (eds Wren, S. et al.) 
337–354 (IUCN, 2024).

96.	 Mulder, K. P. et al. No paternal genetic integration in desert tortoises (Gopherus agassizii) 
following translocation into an existing population. Biol. Conserv. 210, 318–324 (2017).

97.	 Linhoff, L. J. et al. IUCN Guidelines for Amphibian Reintroductions and Other Conservation 
Translocations 1st edn (International Union for the Conservation of Nature, 2021).

98.	 Burke, R. L. Relocations, repatriations, and translocations of amphibians and reptiles: 
taking a broader view. Herpetologica 47, 350–357 (1991).

99.	 Dodd, C. K. Jr & Seigel, R. A. Relocation, repatriation, and translocation of amphibians 
and reptiles: are they conservation strategies that work? Herpetologica 47, 336–350 
(1991).

100.	 Reinert, H. K. Translocation as a conservation strategy for amphibians and reptiles: some 
comments, concerns, and observations. Herpetologica 47, 357–363 (1991).

101.	 Seigel, R. A. & Dodd, C. K. Translocations of amphibians: proven management method or 
experimental technique? Conserv. Biol. 16, 552–554 (2002).

102.	 Trenham, P. C. & Marsh, D. M. Amphibian translocation programs: reply to Seigel and 
Dodd. Conserv. Biol. 16, 555–556 (2002).

103.	 Griffiths, R. A. & Pavajeau, L. Captive breeding, reintroduction, and the conservation of 
amphibians. Conserv. Biol. 22, 852–861 (2008).

104.	 Germano, J. M. & Bishop, P. J. Suitability of amphibians and reptiles for translocation. 
Conserv. Biol. 23, 7–15 (2009).

105.	 Scheele, B. C. et al. Conservation translocations for amphibian species threatened by 
chytrid fungus: a review, conceptual framework, and recommendations. Conserv. Sci. 
Pract. 3, e524 (2021).

106.	 Klocke, B. et al. Movement and survival of captive-bred limosa harlequin frogs (Atelopus 
limosus) released into the wild. Front. Amphib. Reptile Sci. 1, 1205938 (2023).

107.	 Miller, K. A., Bell, T. P. & Germano, J. M. Understanding publication bias in reintroduction 
biology by assessing translocations of New Zealand’s herpetofauna. Conserv. Biol. 28, 
1045–1056 (2014).

108.	 Wren, S. et al. A review of New Zealand native frog translocations: lessons learned and 
future priorities. N. Zealand J. Ecol. 47, 3538 (2023).

109.	 Breton, B. A. A. et al. Testing the effectiveness of environmental DNA (eDNA) to quantify 
larval amphibian abundance. Environ. DNA 4, 1229–1240 (2022).

110.	 Saeed, M. et al. Development and validation of an eDNA protocol for monitoring 
endemic Asian spiny frogs in the Himalayan region of Pakistan. Sci. Rep. 12, 5624  
(2022).

111.	 Fitzpatrick, S. W. et al. Genomic and fitness consequences of genetic rescue in wild 
populations. Curr. Biol. 30, 517–522 (2020).

112.	 McGowan, P. J. K., Traylor-Holzer, K. & Leus, K. IUCN guidelines for determining when 
and how ex situ management should be used in species conservation. Conserv. Lett. 10, 
361–366 (2017).

113.	 IUCN SSC. Guidelines on the use of Ex Situ Management for Species Conservation 
Version 2.0 (IUCN Species Survival Commission, 2014).

114.	 IUCN. Guidelines for Application of IUCN Red List Criteria at Regional Levels Version 3.0 
(IUCN Species Survival Commission, 2003).

115.	 Gascon, C. et al. Amphibian Conservation Action Plan: Proceedings IUCN/SSC Amphibian 
Conservation Summit 2005 (IUCN SSC Amphibian Specialist Group, 2007).

116.	 Harding, G., Griffiths, R. A. & Pavajeau, L. Developments in amphibian captive breeding 
and reintroduction programs. Conserv. Biol. 30, 340–349 (2016).

117.	 Amphibian Ark. Conservation needs assessments. ConservationNeeds.org https://www.
conservationneeds.org/default.aspx (2024).

118.	 Johnson, K. et al. A process for assessing and prioritizing species conservation needs: 
going beyond the Red List. Oryx 54, 125–132 (2020).

119.	 Amphibian Ark. Progress of programs. AmphibianArk.org https://www.amphibianark.org/ 
(2024).

120.	 Hammond, T. T. et al. Early life experience with predators impacts development, 
behavior, and post-translocation outcomes in an Endangered amphibian. Anim. Conserv. 
27, 23–36 (2024).

121.	 Estrada, A., Medina, D., Gratwicke, B., Ibáñez, R. & Belden, L. K. Body condition, skin 
bacterial communities and disease status: insights from the first release trial of the 
limosa harlequin frog, Atelopus limosus. Proc. R. Soc. B 289, 20220586 (2022).

122.	 Kueneman, J. G. et al. Effects of captivity and rewilding on amphibian skin microbiomes. 
Biol. Conserv. 271, 109576 (2022).

123.	 Barcellos, M., Sneary, M., Savy, C. & May, I. in Tracking Key Trends in Biodiversity 
Science and Policy. Based on the Proceedings of a UNESCO International Conference on 
Biodiversity Science and Policy (eds Anathea Brooks, L. & Aricò, S.) 82–86 (United Nations 
Educational, Scientific and Cultural Organisation, 2013).

124.	 Nolan, N. et al. Complex organisms must deal with complex threats: how does 
amphibian conservation deal with biphasic life cycles? Animals 13, 1634 (2023).

125.	 Mathwin, R., Wassens, S., Young, J., Ye, Q. & Bradshaw, C. J. A. Manipulating water for 
amphibian conservation. Conserv. Biol. 35, 24–34 (2020).

126.	 Rannap, R., Lohmus, A. & Briggs, L. in Pond Conservation in Europe (eds Oertli, B. et al.) 
243–251 (Springer, 2009).

http://www.nature.com/nrbd
https://www.conservationneeds.org/default.aspx
https://www.conservationneeds.org/default.aspx
https://www.amphibianark.org/


Nature Reviews Biodiversity

Review article

127.	 McCaffery, R. M., Eby, L. A., Maxell, B. A. & Corn, P. S. Breeding site heterogeneity reduces 
variability in frog recruitment and population dynamics. Biol. Conserv. 170, 169–176 
(2014).

128.	 Tournier, E., Besnard, A., Tournier, V. & Cayuela, H. Manipulating waterbody hydroperiod 
affects movement behaviour and occupancy dynamics in an amphibian. Freshw. Biol. 62, 
1768–1782 (2017).

129.	 O’Meara, J. & Darcovich, K. Gambusia control through the manipulation of water levels in 
Narawang Wetland, Sydney Olympic Park 2003–2005. Aust. Zool. 34, 285–290 (2008).

130.	 Green, A. W., Hooten, M. B., Grant, E. H. C. & Bailey, L. L. Evaluating breeding and 
metamorph occupancy and vernal pool management effects for wood frogs using a 
hierarchical model. J. Appl. Ecol. 50, 1116–1123 (2013).

131.	 Deoniziak, K., Hermaniuk, A. & Wereszczuk, A. Effects of wetland restoration on the 
amphibian community in the Narew River Valley (northeast Poland). Salamandra 53, 
50–58 (2017).

132.	 Hossack, B. R. Amphibian dynamics in constructed ponds on a wildlife refuge: 
developing expected responses to hydrological restoration. Hydrobiologia 790,  
23–33 (2017).

133.	 Ashpole, S. L., Bishop, C. A. & Murphy, S. D. Reconnecting amphibian habitat through 
small pond construction and enhancement, South Okanagan River Valley, British 
Columbia, Canada. Diversity 10, 108 (2018).

134.	 Goldspiel, H. B., Cohen, J. B., McGee, G. G. & Gibbs, J. P. Forest land-use history affects 
outcomes of habitat augmentation for amphibian conservation. Glob. Ecol. Conserv. 19, 
e00686 (2019).

135.	 Rothenberger, M. B., Vera, M. K., Germanoski, D. & Ramirez, E. Comparing amphibian 
habitat quality and functional success among natural, restored, and created vernal 
pools. Restor. Ecol. 27, 881–891 (2019).

136.	 Klop-Toker, K. L. et al. Improving breed-and-release programmes in the face of a 
threatening pathogen, Batrachochytrium dendrobatidis. Aquat. Conserv.: Mar. Freshw. 
Ecosyst. 31, 2788–2803 (2021).

137.	 Lambert, M., Drayer, A. N., Leuenberger, W., Price, S. J. & Barton, C. Evaluation of created 
wetlands as amphibian habitat on a reforested surface mine. Ecol. Eng. 171, 106386 
(2021).

138.	 Semlitsch, R. D. Critical elements for biologically based recovery plans of 
aquatic-breeding amphibians. Conserv. Biol. 16, 619–629 (2002).

139.	 Aguirre, T. M. et al. Re-establishment of an extinct local population of the Valcheta frog, 
Pleurodema somuncurense, in a restored habitat in Patagonia, Argentina. Conserv. Evid. 
16, 48–50 (2019).

140.	 Littlefair, M. et al. Management to enhance farm dam condition improves outcomes for 
amphibians. Agric. Ecosyst. Environ. 374, 109156 (2024).

141.	 Gamble, L. R., McGarigal, K., Jenkins, C. L. & Timm, B. C. Limitations of regulated 
“buffer zones” for the conservation of marbled salamanders. Wetlands 26, 298–306 
(2006).

142.	 Stockwell, M. P., Clulow, J. & Mahony, M. J. Sodium chloride inhibits the growth and 
infective capacity of the amphibian chytrid fungus and increases host survival rates. 
PLoS ONE 7, e36942 (2012).

143.	 Beranek, C. T., Maynard, C., McHenry, C., Clulow, J. & Mahony, M. Rapid population 
increase of the threatened Australian amphibian Litoria aurea in response to wetlands 
constructed as a refuge from chytrid-induced disease and introduced fish. J. Environ. 
Manag. 291, 112638 (2021).

144.	 Callen, A. et al. The effect of salt dosing for chytrid mitigation on tadpoles of a 
threatened frog, Litoria aurea. J. Comp. Physiol. B 193, 239–247 (2023).

145.	 Bosch, J. et al. Successful elimination of a lethal wildlife infectious disease in nature. 
Biol. Lett. 11, 20150874 (2015).

146.	 Young, S., Berger, L. & Speare, R. Amphibian chytridiomycosis: strategies for captive 
management and conservation. Int. Zoo. Yearb. 41, 85–95 (2007).

147.	 Rowley, J. J. & Alford, R. A. Hot bodies protect amphibians against chytrid infection in 
nature. Sci. Rep. 3, 1515 (2013).

148.	 Dolmen, D., Finstad, A. G. & Skei, J. K. Amphibian recovery after a decrease in acidic 
precipitation. Ambio 47, 355–367 (2018).

149.	 Valiente, E., Tovar, A., Gonzalez, H., Eslava-Sandoval, D. & Zambrano, L. Creating refuges 
for the axolotl (Ambystoma mexicanum). Ecol. Restor. 28, 257–259 (2010).

150.	 Lin, H.-C., Cheng, L.-Y., Chen, P.-C. & Chang, M.-H. Involving local communities in 
amphibian conservation: Taipei frog Rana taipehensis as an example. Int. Zoo. Yearb. 42, 
90–98 (2008).

151.	 Cooney, R. & Jepson, P. The international wild bird trade: what’s wrong with blanket bans? 
Oryx 40, 18–23 (2006).

152.	 Garner, T. W., Stephen, I., Wombwell, E. & Fisher, M. C. The amphibian trade: bans or best 
practice? EcoHealth 6, 148 (2009).

153.	 Maxwell, S. L. et al. Area-based conservation in the twenty-first century. Nature 586, 
217–227 (2020).

154.	 Semlitsch, R. D. & Bodie, J. R. Biological criteria for buffer zones around wetlands 
and riparian habitats for amphibians and reptiles. Conserv. Biol. 17, 1219–1228 (2003).

155.	 Ficetola, G. F., Padoa-Schioppa, E. & De Bernardi, F. Influence of landscape elements 
in riparian buffers on the conservation of semiaquatic amphibians. Conserv. Biol. 23, 
114–123 (2009).

156.	 Bixler, R. P. et al. Networks and landscapes: a framework for setting goals and evaluating 
performance at the large landscape scale. Front. Ecol. Environ. 14, 145–153 (2016).

157.	 Borzée, A. et al. Using the 2020 global pandemic as a springboard to highlight the need 
for amphibian conservation in eastern Asia. Biol. Conserv. 255, 08973 (2021).

158.	 Warkentin, I. G., Bickford, D., Sodhi, N. S. & Bradshaw, C. J. Eating frogs to extinction. 
Conserv. Biol. 23, 1056–1059 (2009).

159.	 Convention on Biological Diversity. Kunming-Montreal Global Biodiversity Framework 
CBD/COP/DEC/15/4 (Secretariat of the Convention on Biological Diversity, 2022).

160.	 Convention on Biological Diversity. Monitoring Framework for the Kunming-Montreal 
Global Biodiversity Framework BD/COP/DEC/15/5 (Secretariat of the Convention on 
Biological Diversity, 2022).

161.	 McGowan, P. J. K. et al. Understanding and achieving species elements in the 
Kunming-Montreal Global Biodiversity Framework. BioScience 74, 614–623  
(2024).

162.	 Lehikoinen, P., Santangeli, A., Jaatinen, K., Rajasärkkä, A. & Lehikoinen, A. Protected areas 
act as a buffer against detrimental effects of climate change—evidence from large-scale, 
long-term abundance data. Glob. Change Biol. 25, 304–313 (2019).

163.	 IUCN. Global Species Action Plan: Supporting Implementation of the Kunming-Montreal 
Global Biodiversity Framework (International Union for Conservation of Nature, 2023).

164.	 Hughes, A. C. The post-2020 Global Biodiversity Framework: how did we get here, and 
where do we go next? Integr. Conserv. 2, 1–9 (2023).

165.	 Dinerstein, E. et al. A global deal for nature: guiding principles, milestones, and targets. 
Sci. Adv. 5, eaaw2869 (2019).

166.	 Nicholson, E. et al. Roles of the Red List of Ecosystems in the Kunming-Montreal Global 
Biodiversity Framework. Nat. Ecol. Evol. 8, 614–621 (2024).

167.	 Pichler, M. & Hartig, F. Machine learning and deep learning—a review for ecologists. 
Methods Ecol. Evol. 14, 994–1016 (2023).

168.	 Jeliazkov, A. et al. Sampling and modelling rare species: conceptual guidelines for the 
neglected majority. Glob. Change Biol. 28, 3754–3777 (2022).

169.	 Tourani, M. A review of spatial capture–recapture: ecological insights, limitations, and 
prospects. Ecol. Evol. 12, e8468 (2022).

170.	 Hallisey, N., Buchanan, S. W., Gerber, B. D., Corcoran, L. S. & Karraker, N. E. Estimating 
road mortality hotspots while accounting for imperfect detection: a case study with 
amphibians and reptiles. Land 11, 739 (2022).

171.	 Nowakowski, A. J. et al. in Amphibian Conservation Action Plan: A Status Review and 
Roadmap for Global Amphibian Conservation (IUCN SSC Occasional Paper 57)  
(eds Wren, S. et al.) 239–263 (IUCN, 2024).

172.	 Radočaj, D., Obhođaš, J., Jurišić, M. & Gašparović, M. Global open data remote sensing 
satellite missions for land monitoring and conservation: a review. Land 9, 402 (2020).

173.	 Monteiro, A. T. et al. Anthropogenic landscape change and amphibian diversity in 
tropical montane biodiversity hotspots: insights from satellite remote sensing in the 
Madagascar highlands. Environ. Dev. Sustain. https://doi.org/10.1007/s10668-023-04187-9 
(2023).

174.	 Pimm, S. L. et al. Emerging technologies to conserve biodiversity. Trends Ecol. Evol. 30, 
685–696 (2015).

175.	 Sasso, T. et al. Environmental DNA characterization of amphibian communities in the 
Brazilian Atlantic forest: potential application for conservation of a rich and threatened 
fauna. Biol. Conserv. 215, 225–232 (2017).

176.	 Svenningsen, A. K. N., Pertoldi, C. & Bruhn, D. eDNA metabarcoding benchmarked 
towards conventional survey methods in amphibian monitoring. Animals 12, 763 (2022).

177.	 Sun, X., Guo, N., Gao, J. & Xiao, N. Using eDNA to survey amphibians: methods, 
applications, and challenges. Biotechnol. Bioeng. 121, 456–471 (2024).

178.	 Lopes, C. M. et al. Lost and found: frogs in a biodiversity hotspot rediscovered with 
environmental DNA. Mol. Ecol. 30, 3289–3298 (2021).

179.	 Barata, I. M., Griffiths, R. A., Fogell, D. J. & Buxton, A. S. Comparison of eDNA and visual 
surveys for rare and cryptic bromeliad-dwelling frogs. Herpetol. J. 31, 1–9 (2020).

180.	 Mullin, K. E., Barata, I. M., Dawson, J. & Orozco-terWengel, P. First extraction of eDNA 
from tree hole water to detect tree frogs: a simple field method piloted in Madagascar. 
Conserv. Genet. Resour. 14, 99–107 (2022).

181.	 Ficetola, G. F., Manenti, R. & Taberlet, P. Environmental DNA and metabarcoding for the 
study of amphibians and reptiles: species distribution, the microbiome, and much more. 
Amphibia-Reptilia 40, 129–148 (2019).

182.	 Bass, D., Christison, K. W., Stentiford, G. D., Cook, L. S. & Hartikainen, H. Environmental 
DNA/RNA for pathogen and parasite detection, surveillance, and ecology. Trends 
Parasitol. 39, 285–304 (2023).

183.	 Rishan, S. T., Kline, R. J. & Rahman, M. S. Applications of environmental DNA (eDNA) to 
detect subterranean and aquatic invasive species: a critical review on the challenges and 
limitations of eDNA metabarcoding. Environ. Adv. 12, 100370 (2023).

184.	 Forin-Wiart, M. A., Hubert, P., Sirguey, P. & Poulle, M. L. Performance and accuracy of 
lightweight and low-cost GPS data loggers according to antenna positions, fix intervals, 
habitats and animal movements. PLoS ONE 10, e0129271 (2015).

185.	 Lennox, R. J. et al. Envisioning the future of aquatic animal tracking: technology, science, 
and application. BioScience 67, 884–896 (2017).

186.	 Barata, I. M., Griffiths, R. A. & Ferreira, G. B. Activity pattern and behavior of an endemic 
bromeliad frog observed through camera trapping. Herpetol. Rev. 49, 432–438 (2018).

187.	 Hobbs, M. & Brehme, C. An improved camera trap for amphibians, reptiles, small mammals, 
and large invertebrates. PLoS ONE 12, e0185026 (2017).

188.	 Corva, D. M. et al. A smart camera trap for detection of endotherms and ectotherms. 
Sensors 22, 4094 (2022).

189.	 Whiteley, A. R., Fitzpatrick, S. W., Funk, W. C. & Tallmon, D. A. Genetic rescue to the 
rescue. Trends Ecol. Evol. 30, 42–49 (2015).

190.	 Piaggio, A. J. et al. Is it time for synthetic biodiversity conservation? Trends Ecol. Evol. 32, 
97–107 (2017).

http://www.nature.com/nrbd
https://doi.org/10.1007/s10668-023-04187-9


Nature Reviews Biodiversity

Review article

191.	 Kosch, T. A. et al. Genetic approaches for increasing fitness in Endangered species. 
Trends Ecol. Evol. 37, 332–345 (2022).

192.	 O’Connell, et al. in Amphibian Conservation Action Plan: A Status Review and Roadmap 
for Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (eds Wren, S. et al.) 
310–334 (IUCN, 2024).

193.	 van Oosterhout, C. et al. Genome engineering in biodiversity conservation and 
restoration. Nat. Rev. Biodivers. 1, 543–555 (2025).

194.	 Knapp, R. A., Wilber, M. Q., Joseph, M. B., Smith, T. C. & Grasso, R. L. Reintroduction of 
resistant frogs facilitates landscape-scale recovery in the presence of a lethal fungal 
disease. Nat. Commun. 15, 9436 (2024).

195.	 Johnson, W. E. et al. Genetic restoration of the Florida panther. Science 329, 1641–1645 (2010).
196.	 Weeks, A. R. et al. Genetic rescue increases fitness and aids rapid recovery of an 

Endangered marsupial population. Nat. Commun. 8, 1071 (2017).
197.	 Madsen, T. et al. Genetic rescue restores long-term viability of an isolated population of 

adders (Vipera berus). Curr. Biol. 30, R1297–R1299 (2020).
198.	 Byrne, P. G. & Silla, A. J. An experimental test of the genetic consequences of population 

augmentation in an amphibian. Conserv. Sci. Pract. 2, e194 (2020).
199.	 Silla, A. J., Kouba, A. J. & Heatwole, H. Reproductive Technologies and Biobanking for the 

Conservation of Amphibians (CSIRO, 2022).
200.	Bolton, R. L. et al. Resurrecting biodiversity: advanced assisted reproductive 

technologies and biobanking. Reprod. Fertil. 3, R121–R146 (2022).
201.	 Park, J. K. & Do, Y. Current state of conservation physiology for amphibians: major 

research topics and physiological parameters. Animals 13, 3162 (2023).
202.	Waddle, A. W. et al. Hotspot shelters stimulate frog resistance to chytridiomycosis. 

Nature 631, 344–349 (2024).
203.	Daskin, J. H. & Alford, R. A. Context-dependent symbioses and their potential roles in 

wildlife diseases. Proc. R. Soc. B: Biol. Sci. 279, 1457–1465 (2012).
204.	Gajewski, Z. et al. Predicting the growth of the amphibian chytrid fungus in varying 

temperature environments. Ecol. Evol. 11, 17920–17931 (2021).
205.	 Nordheim, C. L. et al. Metabolites from the fungal pathogen Batrachochytrium dendrobatidis 

(Bd) reduce Bd load in Cuban treefrog tadpoles. J. Appl. Ecol. 59, 2398–2403 (2022).
206.	McMahon, T. A. et al. Amphibians acquire resistance to live and dead fungus overcoming 

fungal immunosuppression. Nature 511, 224–227 (2014).
207.	 Siomko, S. A. et al. Selection of an anti-pathogen skin microbiome following prophylaxis 

treatment in an amphibian model system. Philos. Trans. R. Soc. B 378, 20220126 (2023).
208.	Taylor, L. ‘A big, big win’: plan to pay for wildlife conservation emerges at biodiversity 

summit. Nature 635, 264–265 (2024).
209.	Antonelli, A., Rueda, X., Calcagno, R. & Nantongo Kalunda, P. How biodiversity credits 

could help to conserve and restore nature. Nature 634, 1045–1049 (2024).
210.	 Albert, C., Luque, G. M. & Courchamp, F. The twenty most charismatic species.  

PLoS ONE 13, e0199149 (2018).
211.	 Caro, T. Conservation by Proxy: Indicator, Umbrella, Keystone, Flagship, and Other 

Surrogate (Species Island, 2010).
212.	 Macdonald, E. A. et al. Conservation inequality and the charismatic cat: Felis felicis.  

Glob. Ecol. Conserv. 3, 851–866 (2015).
213.	 Ripple, W. J. et al. Conserving the world’s megafauna and biodiversity: the fierce urgency 

of now. BioScience 67, 197–200 (2017).
214.	 Rais, M. et al. Amphibian fauna of Pakistan with notes on future prospects of research 

and conservation. Zookeys 1062, 157–175 (2021).
215.	 Stark, G. & Schwarz, R. Rewilding a vanishing taxon—restoring aquatic ecosystems using 

amphibians. Biol. Conserv. 292, 110559 (2024).
216.	 Shehzad, W. et al. Carnivore diet analysis based on next-generation sequencing: 

application to the leopard cat (Prionailurus bengalensis) in Pakistan. Mol. Ecol. 21, 
1951–1965 (2012).

217.	 Nakanishi, N. & Izawa, M. Importance of frogs in the diet of the Iriomote cat based on 
stomach content analysis. Mammal. Res. 61, 35–44 (2016).

218.	 Hughes, D. F. & Behangana, M. How many reptile and amphibian species are in Uganda, 
and why it matters for global biodiversity conservation. PeerJ 13, e18704 (2025).

219.	 Rai, T. P., Adhikari, S. & Antón, P. G. An updated checklist of amphibians and reptiles of 
Nepal. ARCO-Nepal Newsl. 23, 1–23 (2022).

220.	 Khatiwada, J. R., Wang, B., Zhao, T., Xie, F. & Jiang, J. An integrative taxonomy of amphibians 
of Nepal: an updated status and distribution. Asian Herpetol. Res. 12, 1–35 (2021).

221.	 Borzée, A., Struecker, M.-Y., Yi, Y., Kim, D. & Kim, H. Time for Korean wildlife conservation. 
Science 363, 1161–1162 (2019).

222.	 Borzée, A., Baek, M., Choi, H. & Seliger, B. Changes in human diet, and rice agriculture 
as a result of international agricultural policies, are impacting the persistence of Korean 
treefrogs. Conserv. Sci. Pract. 7, e13294 (2025).

223.	 Perez, T. & Hogan, J. The changing nature of collaboration in tropical ecology and 
conservation. Biotropica 50, 563–567 (2018).

224.	 Tapley, B., Bradfield, K. S., Michaels, C. & Bungard, M. Amphibians and conservation 
breeding programmes: do all threatened amphibians belong on the ark? Biodivers. 
Conserv. 24, 2625–2646 (2015).

225.	 Bradfield, K. S., Tapley, B. & Johnson, K. Amphibians and conservation breeding 
programmes: how do we determine who should be on the ark? Biodivers. Conserv. 32, 
885–898 (2023).

226.	 Sunderland, T., Sunderland-Groves, J., Shanley, P. & Campbell, B. Bridging the gap: 
how can information access and exchange between conservation biologists and field 
practitioners be improved for better conservation outcomes? Biotropica 41, 549–554 
(2009).

227.	 Azat, C. et al. A flagship for Austral temperate forest conservation: an action plan for 
Darwin’s frogs brings key stakeholders together. Oryx 55, 356–363 (2021).

228.	 Hoegh-Guldberg, O. et al. Assisted colonization and rapid climate change. Science 321, 
345–346 (2008).

229.	 Ricciardi, A. & Simberloff, D. Assisted colonization is not a viable conservation strategy. 
Trends Ecol. Evol. 24, 248–253 (2009).

230.	Seddon, P. J. et al. The risks of assisted colonization. Conserv. Biol. 23, 788–789 (2009).
231.	 Hewitt, N. et al. Taking stock of the assisted migration debate. Biol. Conserv. 144, 

2560–2572 (2011).
232.	 Benomar, L. et al. Bibliometric analysis of the structure and evolution of research on 

assisted migration. Curr. Forestry Rep. 8, 199–213 (2022).
233.	Twardek, W. M. et al. The application of assisted migration as a climate change 

adaptation tactic: an evidence map and synthesis. Biol. Conserv. 280, 109932  
(2023).

234.	Scheele, B. C. et al. Identifying and assessing assisted colonisation sites for a frog 
species threatened by chytrid fungus. Ecol. Manag. Restor. 23, 194–198 (2022).

235.	 Germano, J. M., Earl, R., Tocher, M., Pearce, P. & Christie, J. The conservation long game: 
Leiopelma species climate envelopes in New Zealand under a changing climate.  
N. Zealand J. Ecol. 47, 1–11 (2023).

236.	Esmaeili, M., Akmali, V. & Karami, P. Assisted colonization of the near-eastern fire 
salamander (Salamandra infraimmaculata) in Iran: distribution modeling and landscape 
analysis. Int. J. Environ. Sci. Technol. https://doi.org/10.1007/s13762-024-06135-0 (2024).

237.	 Sinervo, B. et al. Climate change and collapsing thermal niches of desert reptiles and 
amphibians: assisted migration and acclimation rescue from extirpation. Sci. Total. 
Environ. 908, 168431 (2024).

238.	Wren, S. et al. in Amphibian Conservation Action Plan: A Status Review and Roadmap for 
Global Amphibian Conservation (IUCN SSC Occasional Paper 57) (eds Wren, S. et al.) 
16–30 (IUCN, 2024).

239.	 Pough, F. H. The advantages of ectothermy for tetrapods. Am. Naturalist 115, 92–112 
(1980).

240.	Pough, F. H. in Behavioral Energetics: The Cost of Survival in Vertebrates (eds Aspey, W. P. 
& Lustick, S. I.) 141–188 (Ohio State Univ. Press, 1983).

241.	 Burton, T. M. & Likens, G. E. Salamander populations and biomass in the Hubbard Brook 
experimental forest. N. Hampshire. Copeia 3, 541–546 (1975).

242.	 Davic, R. D. & Welsh, H. H. Jr On the ecological roles of salamanders. Annu. Rev. Ecol. 
Evol. Syst. 35, 405–434 (2004).

243.	 Earl, J. E., Luhring, T. M., Williams, B. K. & Semlitsch, R. D. Biomass export of salamanders 
and anurans from ponds is affected differentially by changes in canopy cover. Freshw. 
Biol. 56, 2473–2482 (2011).

244.	Semlitsch, R. K., O’Donnell, K. & Thompson, F. I. Abundance, biomass production, 
nutrient content, and the possible role of terrestrial salamanders in Missouri Ozark forest 
ecosystems. Can. J. Zool. 92, 997–1004 (2014).

245.	 Seale, D. B. Influence of amphibian larvae on primary production, nutrient flux, and 
competition in a pond ecosystem. Ecology 61, 1531–1550 (1980).

246.	 Zipkin, E. F., DiRenzo, G. V., Ray, J. M., Rossman, S. & Lips, K. R. Tropical snake diversity 
collapses after widespread amphibian loss. Science 367, 814–816 (2020).

247.	 Khatiwada, J. R. et al. Frogs as potential biological control agents in the rice fields of 
Chitwan, Nepal. Agric. Ecosyst. Environ. 230, 307–314 (2016).

248.	 Ceron, K., Santana, D. & Pires, M. The economic risk of the losses in pest control as frogs 
decline. Preprint at https://ecoevorxiv.org/repository/view/7363/ (2024).

249.	 Bowatte, G., Perera, P., Senevirathne, G., Meegaskumbura, S. & Meegaskumbura, M. 
Tadpoles as dengue mosquito (Aedes aegypti) egg predators. Biol. Control. 67, 469–474 
(2013).

250.	Springborn, M. R., Weill, J. A., Lips, K. R., Ibáñez, R. & Ghosh, A. Amphibian collapses 
increased malaria incidence in Central America. Environ. Res. Lett. 17, 104012  
(2022).

251.	 Perrin, A., Pellet, J., Bergonzoli, L., Christe, P. & Glaizot, O. Amphibian abundance is 
associated with reduced mosquito presence in human-modified landscapes. Ecosphere 
14, e4484 (2023).

252.	 Harvey, G. L. et al. Global diversity and energy of animals shaping the Earth’s surface. 
Proc. Natl Acad. Sci. USA 122, e2415104122 (2025).

253.	 Schmidt, K., Pearson, R. G., Alford, R. A. & Puschendorf, R. Tadpole species have variable 
roles in litter breakdown, sediment removal, and nutrient cycling in a tropical stream. 
Freshw. Sci. 38, 103–112 (2019).

254.	 Whiles, M. R. et al. Disease-driven amphibian declines alter ecosystem processes in a 
tropical stream. Ecosystems 16, 146–157 (2013).

255.	 Zhu, W., Chuah, Y. J. & Wang, D.-A. Bioadhesives for internal medical applications: a review. 
Acta Biomater. 74, 1–16 (2018).

256.	 Won, H. S., Kang, S. J. & Lee, B. J. Action mechanism and structural requirements of the 
antimicrobial peptides, gaegurins. Biochim. Biophys. Acta 1788, 1620–1629 (2009).

257.	 Hernández, H. & Blum, C. Distributed graph coloring: an approach based on the calling 
behavior of Japanese tree frogs. Swarm Intell. 6, 117–150 (2012).

258.	 Berman, D., Meshcheryakova, E. & Bulakhova, N. The Japanese tree frog (Hyla japonica), 
one of the most cold-resistant species of amphibians. Doklady Biol. Sci. 471, 276–279 
(2016).

259.	 Yamashita, M. et al. The Frog in Space (FRIS) experiment onboard Space Station Mir: final 
report and follow-on studies. Biol. Sci. Space 11, 313–320 (1997).

260.	Doak, D. F., Bakker, V. J., Goldstein, B. E. & Hale, B. What is the future of conservation? 
Trends Ecol. Evol. 29, 77–81 (2014).

http://www.nature.com/nrbd
https://doi.org/10.1007/s13762-024-06135-0
http://ecoevorxiv.org/repository/view/7363/


Nature Reviews Biodiversity

Review article

261.	 Das, I. in Amphibian Biology. Vol. 10. Conservation and Decline of Amphibians: Ecological 
Aspects, Effect of Humans, and Management (eds Heatwole, H. & Wilkinson, M.) 
3383–3468 (Surrey Beatty & Sons, 2011).

262.	 Mbaiwa, J. E. Changes on traditional livelihood activities and lifestyles caused by tourism 
development in the Okavango Delta, Botswana. Tour. Manag. 32, 1050–1060 (2011).

263.	Myers, C. W., Daly, J. W. & Malkin, B. A dangerously toxic new frog (Phyllobates) used by 
Emberá Indians of western Colombia, with discussion of blowgun fabrication and dart 
poisoning. Bull. Am. Mus. Nat. History 161, 1–28 (1978).

264.	Mardiastuti, A., Masy’ud, B., Ginoga, L. N., Sastranegara, H. & Sutopo Wildlife species 
used as traditional medicine by local people in Indonesia. Biodiversitas J. Biol. Diversity 
22, 329–337 (2021).

265.	 Cooper, J. Symbolic and Mythological Animals (HarperCollins, 1992).
266.	Loubser, G. J. J., Mouton, P.lF. N. & Nel, J. A. J. The ecotourism potential of herpetofauna in 

the Namaqua National Park, South Africa. South. Afr. J. Wildl. Res. 31, 13–23 (2001).
267.	 Morrison, C., Simpkins, C., Castley, J. G. & Buckley, R. C. Tourism and the conservation of 

Critically Endangered frogs. PLoS ONE 7, e43757 (2012).
268.	 Meredith, H. M., St. John, F. A., Collen, B., Black, S. A. & Griffiths, R. A. Practitioner and  

scientist perceptions of successful amphibian conservation. Conserv. Biol. 32, 366–375 
(2018).

269.	 Akçakaya, H. R. et al. Quantifying species recovery and conservation success to develop 
an IUCN Green List of Species. Conserv. Biol. 32, 1128–1138 (2018).

270.	 Grace, M. K. et al. Testing a global standard for quantifying species recovery and 
assessing conservation impact. Conserv. Biol. 35, 1833–1849 (2021).

271.	 Conservation Measures Partnership. Open Standards for the Practice of Conservation 
Version 4.0 (Conservation Measures Partnership, 2020).

272.	 Sutherland, W. J., Dicks, L. V., Ockendon, N., Petrovan, S. O. & Smith, R. K. What Works in 
Conservation: 2018 Vol. 3 (Open Book, 2018).

273.	 Velasco, M. A. et al. Status and population dynamics of the Critically Endangered 
Valcheta frog Pleurodema somuncurense on the Patagonian Somuncura Plateau. 
Endanger. Species Res. 40, 163–169 (2019).

274.	 Amphibian Specialist Group. Pleurodema somuncurense. iucnredlist.org https://doi.org/ 
10.2305/IUCN.UK.2016-1.RLTS.T20372A85948443.en (2016).

275.	 Kacoliris, F. et al. Plan de acción para la Conservación de la ranita del Valcheta 
(Pleurodema somuncurense), Meseta de Somuncura, Río Negro (Facultad de Ciencias 
Naturales y Museo, 2018).

276.	 Kacoliris, F., Velasco, M., Williams, J. & Arellano, M. L. Towards the long-term conservation  
of Valcheta’s frog—the first program to reintroduce threatened amphibians in Argentina. 
Amphibian Ark. Newsl. 39, 2–3 (2017).

277.	 Arellano, M. L. et al. Livestock management and dam removal allowed the recovery of an 
aquatic habitat for Endangered frog and fish species in Argentinian Patagonia. Conserv. 
Evid. 14, 67 (2017).

278.	 GoR. Official Gazette no 07 of 13/02/2017: Boundaries of Swamp Lands and Their 
Characteristics (Government of Rwanda, 2017).

279.	 REMA. State of Environment and Outlook Report. rema.gov https://www.rema.gov.rw/ 
home (Republic of Rwanda, 2015).

280.	Nabahungu, N. L. & Visser, S. M. Contribution of wetland agriculture to farmers’ 
livelihood in Rwanda. Ecol. Econ. 71, 4–12 (2011).

281.	 Nabahungu, N. L. & Visser, S. M. Farmers’ knowledge and perception of agricultural 
wetland management in Rwanda. Land. Degrad. Dev. 24, 363–374 (2013).

282.	 Dehling, D. M. & Dehling, J. M. Elevated alpha diversity in disturbed sites obscures 
regional decline and homogenization of amphibian taxonomic, functional and 
phylogenetic diversity. Sci. Rep. 13, 1710 (2023).

283.	CoEB. Report by the UNESCO Category 2 Center of Excellence in Biodiversity and Natural 
Resource Management (CoEB) OF Biodiversity Baseline Survey in Nyandungu Urban 
Wetland Eco-Park, Rwanda (Issue October) (Center of Excellence in Biodiversity and 
Natural Resource Management, 2023).

284.	Dehling, J. M. & Sinsch, U. Amphibians of Rwanda: diversity, community features, and 
conservation status. Diversity 15, 512 (2023).

Acknowledgements
A.B. was supported by the Research Fund for International Scientists (RFIS) from the 
National Natural Science Foundation of China (NSFC; W2432021) and the Foreign Youth 
Talent Program of the Ministry of Science and Technology of the People’s Republic of 
China (QN2023014004L). T.A.K. was supported by Australian Research Council grants 
(FT190100462 and LP200301370). V.K.P. thanks the Rufford Small Grants Foundation (Project: 
43132-2; London, UK) and the Mohamed bin Zayed Species Conservation Fund (Project: 
240534319; Abu Dhabi, United Arab Emirates) and thanks A. Ramachandran for inputs in 
developing maps during the initial phase of the project.

Author contributions
A.B., M.M., J.T., L.F.M.F., D.B., V.K.P., J.C., K.N., S.W., J.W., M.R., H.N., T.A.K., I.M.B. and D.G. drafted 
the initial text. A.B., J.T., L.F.M.F., D.B., V.K.P., J.C., K.N., S.W., J.W., M.R., T.A.K. and I.M.B. revised 
and edited the manuscript. V.K.P., J.C., K.N., A.B. and S.W. designed the initial figures.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material available at  
https://doi.org/10.1038/s44358-025-00101-5.

Peer review information Nature Reviews Biodiversity thanks Claudio Azat and the other, 
anonymous, reviewer(s) for their contribution to the peer review of this work.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this 
article under a publishing agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article is solely governed by the 
terms of such publishing agreement and applicable law.

Related links
Integrated Biodiversity Assessment Tool (IBAT): https://www.ibat-alliance.org

© Springer Nature Limited 2025

1Laboratory of Animal Behaviour and Conservation, College of Life Sciences, Nanjing Forestry University, Nanjing, People’s Republic of China. 2Amphibian 
Specialist Group, Species Survival Commission, International Union for the Conservation of Nature, Gland, Switzerland. 3Department of Zoology and 
General Biology, Faculty of Life Sciences, Fergana State University, Fergana, Uzbekistan. 4Wildlife Institute of India, Dehradun, India. 5Re:wild, Austin, 
TX, USA. 6Anura Africa, Durban, South Africa. 7Unit for Environmental Sciences and Management, North-West University, Potchefstroom, South Africa. 
8One Health Research Group, Melbourne Veterinary School, Faculty of Science, University of Melbourne, Werribee, Victoria, Australia. 9Durrell Wildlife 
Conservation Trust, Trinity, Jersey. 10Instituto Biotrópicos, Diamantina, Brazil. 11Herpetology Laboratory, Department of Zoology, Wildlife and Fisheries, 
Pir Mehr Ali Shah Arid Agriculture University Rawalpindi, Rawalpindi, Pakistan. 12World Congress of Herpetology, Erie, CO, USA. 13Atelopus Survival Initiative,  
Porto Alegre, Brazil. 14Synchronicity Earth, London, UK. 15Amphibian Ark, Apple Valley, MN, USA. 16Centre for Urban Ecology, Biodiversity, Evolution and 
Climate Change, Jain University, Bengaluru, India. 17College of Agriculture, Forestry and Food Science, Department of Ecotourism and Greenspace 
Management, University of Rwanda, Musanze, Rwanda. 18Center of Excellence in Biodiversity and Natural Resource Management, University of Rwanda, 
Kigali, Rwanda. 19School of Animal, Plant and Environmental Sciences, University of the Witwatersrand, Johannesburg, South Africa. 20Save The Snakes, 
Hoedspruit, South Africa. 21Department of Zoology, University of Otago, Dunedin, New Zealand. 22These authors contributed equally: Vishal Kumar 
Prasad, Kelsey Neam, Janice Chanson, Sally Wren.  

http://www.nature.com/nrbd
https://doi.org/10.2305/IUCN.UK.2016-1.RLTS.T20372A85948443.en
https://doi.org/10.2305/IUCN.UK.2016-1.RLTS.T20372A85948443.en
https://www.rema.gov.rw/home
https://www.rema.gov.rw/home
https://doi.org/10.1038/s44358-025-00101-5
https://www.ibat-alliance.org

	Conservation priorities for global amphibian biodiversity

	Introduction

	Box 1 | Ecological roles and ecosystem services supported by amphibians


	Threats and conservation status

	Threats

	Distribution of threatened species

	The Red List Index and status changes


	Conservation interventions

	Importance of interventions

	Conservation interventions across scales

	Box 2 | How conservation efficacy is measured

	Species level
	Box 3 | Two case studies of conservation successes

	Landscape and ecosystem levels
	Global scale


	Promising opportunities

	Advances in data collection and analysis

	Genetic intervention and pathogen remediation

	Improved cooperation and inclusive conservation


	Summary and future directions

	Acknowledgements

	Fig. 1 The four major threats to threatened amphibians.
	Fig. 2 Distribution of amphibian species.
	Fig. 3 Key International Union for the Conservation of Nature (IUCN) status downlistings.
	Fig. 4 Temporal and regional variation in threat status.
	Table 1 Threats and corresponding mitigation actions.




