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Abstract 

Amphibians are among the most diverse and ecologically important groups of vertebrates, yet 

they are facing unprecedented declines and extinctions worldwide. The causes and 

consequences of these declines are complex and multifaceted, involving direct and indirect 

effects of human activities, environmental changes, and infectious diseases. In this article, I 

review the current state of knowledge on the major factors contributing to amphibian declines, 

the impacts of these declines on ecosystem functioning and services, and the potential 

conservation strategies to mitigate the amphibian crisis. 
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Introduction 

Amphibians, which include frogs, toads, salamanders, newts, and caecilians, are a diverse 

group of animals with a long evolutionary history. They have existed for over 300 million years 

and have adapted to various habitats around the world. They play important roles in many 

ecosystems as predators, prey, decomposers, and nutrient recyclers. They also benefit humans 

in many ways, such as by controlling pests, providing food, medicine, education, recreation, 

and cultural values. 

 

However, they are also one of the most endangered groups of animals on Earth. The IUCN Red 

List of Threatened Species reports that more than 40% of the 8,000 known amphibian species 

are at risk of extinction, compared to 25% of mammals and 14% of birds. Amphibian declines 

have been observed on all continents where they live, and in both pristine and disturbed 

habitats. These declines are unprecedented in the history of life on Earth and have been called 

a global phenomenon in conservation biology. 

 

The reasons for amphibian declines are complex and varied, and often involve interactions 

among multiple factors. Some of the main factors are habitat loss and fragmentation, invasive 

species, pollution, climate change, overexploitation, and emerging infectious diseases. These  
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factors affect amphibians at different levels of biological organization, from individuals to 

populations to communities to ecosystems. The effects of amphibian declines are also far-

reaching and profound, affecting not only the biodiversity and functioning of natural systems, 

but also the ecosystem services and human well-being. 

 

This article aims to provide a comprehensive overview of the current state of knowledge on 

the causes, consequences, and conservation strategies of declining amphibian populations. It 

will first summarize the main factors contributing to amphibian declines, highlighting their 

mechanisms and evidence. It will then discuss the impacts of amphibian declines on ecosystem 

functioning and services, focusing on some key examples. Finally, it will outline some potential 

conservation strategies to address the amphibian crisis, emphasizing their challenges and 

opportunities. 

 

Causes of Amphibian Declines 

Habitat Loss and Fragmentation 

Habitat loss and fragmentation are widely recognized as the leading causes of biodiversity loss 

worldwide 2. Amphibians are particularly vulnerable to habitat loss and fragmentation because 

they often have complex life cycles that require different habitats for different stages (e.g., 

aquatic for breeding and larval development, terrestrial for adult survival and 

dispersal). Habitat loss reduces the amount and quality of available habitats for amphibians, 

while habitat fragmentation increases the isolation and edge effects among habitat patches. 

Habitat loss and fragmentation can affect amphibians in various ways6-10. For example: 

• Habitat loss can reduce population size and genetic diversity, increasing the risk of 

extinction due to demographic stochasticity, inbreeding depression, or environmental 

fluctuations. 

• Habitat fragmentation can disrupt metapopulation dynamics, reducing connectivity and 

gene flow among subpopulations, and increasing local extinction rates due to edge effects 

or dispersal barriers. 

• Habitat loss and fragmentation can also alter biotic interactions, such as predation, 

competition, parasitism, and mutualism, affecting amphibian survival, growth, 

reproduction, and disease resistance. 

 

Habitat loss and fragmentation can be caused by various human activities, such as agriculture, 

forestry, mining, urbanization, road construction, and hydroelectric development 3. The extent 

and severity of habitat loss and fragmentation vary across regions and habitats, but generally 

tend to be higher in tropical and temperate regions than in boreal and arctic regions, and higher 

in lowland and wetland habitats than in upland and forest habitats 11-14. 

 

Invasive Species 

Invasive species are non-native species that have been introduced to new areas by human 

activities and have become established and spread at the expense of native species 14-15. 

Invasive species can affect amphibians by competing with them for resources, preying on them, 

transmitting diseases to them, hybridizing with them, or altering their habitats . 
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Some of the most notorious invasive species that have been implicated in amphibian declines 

include: 

• The American bullfrog (Lithobates catesbeianus), which is native to eastern North America 

but has been introduced to many other regions by the pet trade, aquaculture, or biological 

control. The bullfrog is a voracious predator that can consume a wide range of prey items, 

including amphibian eggs, larvae, and adults . The bullfrog is also a carrier of the chytrid 

fungus (Batrachochytrium dendrobatidis), a deadly pathogen that causes chytridiomycosis 

in amphibians . 

• The cane toad (Rhinella marina), which is native to Central and South America but has 

been introduced to many other regions by the sugar cane industry or biological control. The 

cane toad is a toxic species that can secrete bufotoxins from its parotoid glands, which can 

kill or injure predators that attempt to eat it . The cane toad can also compete with native 

amphibians for food and breeding sites . 

• The red swamp crayfish (Procambarus clarkii), which is native to southern North America 

but has been introduced to many other regions by the crayfish industry or biological control. 

The crayfish is a generalist omnivore that can feed on amphibian eggs, larvae, and adults . 

The crayfish can also alter aquatic habitats by burrowing and grazing on vegetation, 

reducing the availability and quality of refuges and resources for amphibians . 

 

Pollution 

Pollution refers to the introduction of harmful substances or energy into the environment by 

human activities . Pollution can affect amphibians by directly impairing their physiology, 

behavior, development, or reproduction, or indirectly altering their habitats or biotic 

interactions . 

Some of the main types of pollutants that have been shown to affect amphibians include: 

• Pesticides, which are chemicals used to control pests or weeds in agriculture, forestry, or 

public health. Pesticides can contaminate aquatic and terrestrial habitats through runoff, 

drift, or volatilization, and can accumulate in amphibian tissues through ingestion, 

inhalation, or dermal absorption . Pesticides can affect amphibians by causing mortality, 

malformations, immunosuppression, endocrine disruption, or behavioral changes . 

• Heavy metals, which are elements with high atomic weight and density that are used in 

various industrial processes or products. Heavy metals can enter aquatic and terrestrial 

habitats through mining, smelting, manufacturing, or disposal activities, and can 

accumulate in amphibian tissues through ingestion or dermal absorption . Heavy metals can 

affect amphibians by causing mortality, growth retardation, oxidative stress, enzyme 

inhibition, or genetic damage . 

• Acidification, which is the decrease in pH of aquatic or terrestrial habitats due to the 

deposition of acidic substances from the atmosphere. Acidification can be caused by natural 

phenomena such as volcanic eruptions or organic decomposition, or by human activities 

such as fossil fuel combustion or fertilizer use . Acidification can affect amphibians by 

reducing their survival, growth, development, or reproduction, or by altering their habitats 

or biotic interactions . 
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Climate Change 

Climate change refers to the long-term changes in the average state and variability of the 

Earth’s climate system due to natural or human factors . Climate change can affect amphibians 

by directly influencing their physiology, behavior, phenology, distribution, or extinction risk, 

or indirectly altering their habitats or biotic interactions . 

Some of the main aspects of climate change that have been linked to amphibian declines 

include: 

• Temperature change, which is the increase or decrease in the average temperature of the 

Earth’s surface and atmosphere. Temperature change can be caused by natural phenomena 

such as solar activity or orbital cycles, or by human activities such as greenhouse gas 

emissions or land-use change. Temperature change can affect amphibians by altering their 

metabolic rate, water balance, thermal tolerance, disease susceptibility, developmental rate, 

sex determination, dispersal ability, or range shifts . 

Precipitation change, which is the increase or decrease in the amount and pattern of rainfall or 

snowfall over a given area and time period. Precipitation change can be caused by natural 

phenomena such as El Niño-Southern Oscillation (ENSO) or monsoons, or by human activities 

such as aerosol emissions or deforestation . Precipitation change can affect amphibians by 

altering their moisture availability, breeding success, or disease transmission . 

• - Drought, which is the prolonged period of abnormally low precipitation that causes water 

shortage and stress for living organisms. Drought can be caused by natural phenomena such 

as ENSO or climate variability, or by human activities such as water extraction or irrigation 

. Drought can affect amphibians by reducing their habitat quality and quantity, desiccating 

their eggs or larvae, increasing their evaporative water loss, or enhancing their exposure to 

pathogens or predators . 

• - Extreme events, which are rare and severe occurrences of weather or climate phenomena 

that have high impacts on natural and human systems. Extreme events can include heat 

waves, cold snaps, floods, storms, fires, or landslides . Extreme events can affect 

amphibians by causing mortality, injury, displacement, or stress, or by altering their 

habitats or biotic interactions . 

 

Overexploitation 

Overexploitation refers to the unsustainable use of natural resources by humans for various 

purposes such as food, medicine, trade, or recreation . Overexploitation can affect amphibians 

by reducing their population size and genetic diversity, disrupting their population structure 

and dynamics, or altering their habitats or biotic interactions . 

Some of the main forms of overexploitation that have been reported to affect amphibians 

include: 

- Harvesting, which is the intentional collection of amphibians from the wild for human 

consumption or use. Harvesting can be legal or illegal, commercial or subsistence, domestic or 

international . Harvesting can affect amphibians by causing mortality, reducing reproductive 

output, removing individuals with desirable traits, or creating selective pressures . 

- Pet trade, which is the capture and transport of amphibians from the wild for sale as pets or 

display animals. Pet trade can be legal or illegal, regulated or unregulated, domestic or  
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international . Pet trade can affect amphibians by causing mortality, injury, stress, disease 

transmission, genetic pollution, or habitat degradation . 

- Ecotourism, which is the travel to natural areas for recreation or education that aims to 

conserve the environment and benefit the local people. Ecotourism can be beneficial or 

detrimental for amphibians depending on its management and implementation . Ecotourism 

can affect amphibians by providing incentives for conservation, increasing public awareness 

and support, generating income and employment, or causing disturbance, habitat degradation, 

or introducing pathogens or invasive species . 

 

Emerging Infectious Diseases 

Emerging infectious diseases are diseases that are newly discovered, recently increased in 

incidence or geographic range, or have the potential to increase in the near future . Emerging 

infectious diseases can affect amphibians by causing mortality, morbidity, or sublethal effects 

that reduce their fitness or survival . 

Some of the main emerging infectious diseases that have been associated with amphibian 

declines include: 

- Chytridiomycosis, which is a fungal disease caused by Batrachochytrium den 

drobatidis (Bd) and Batrachochytrium salamandrivorans (Bsal). These fungi infect the 

keratinized skin of amphibians, disrupting their osmoregulation, respiration, and 

thermoregulation . Chytridiomycosis has been detected in over 500 amphibian species across 

six continents, and has been implicated in the decline or extinction of over 200 species . 

Chytridiomycosis can be transmitted by direct contact, waterborne zoospores, or infected hosts 

or vectors . 

- Ranavirus, which is a group of DNA viruses that infect amphibians, reptiles, and fish. 

Ranavirus can cause systemic hemorrhagic disease in amphibians, characterized by skin ulcers, 

internal bleeding, organ failure, and death . Ranavirus has been detected in over 100 amphibian 

species across five continents, and has caused mass mortality events in several regions . 

Ranavirus can be transmitted by direct contact, waterborne viral particles, or infected hosts or 

vectors . 

- Amphibian chytrid fungus (Batrachochytrium dendrobatidis) infecting the skin of a frog. 

Photograph: David Herasimtschuk/USGS 

- Amphibian ranavirus causing hemorrhagic lesions on a wood frog (Lithobates sylvaticus). 

Photograph: Matt Gray/University of Tennessee 

 

Consequences of Amphibian Declines 

Impacts on Ecosystem Functioning 

Amphibians are integral components of many ecosystems, performing various functions that 

affect the structure and dynamics of biological communities and biogeochemical cycles . 

Amphibian declines can have cascading effects on ecosystem functioning, altering the 

abundance, diversity, and interactions of other organisms, as well as the fluxes of energy and 

matter within and across ecosystems. 

 

Some of the main impacts of amphibian declines on ecosystem functioning include: 
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- Trophic cascades, which are indirect effects of predators on lower trophic levels mediated by 

changes in prey behavior or density. Amphibians can act as predators or prey in aquatic and 

terrestrial food webs, influencing the population dynamics and community structure of other 

organisms . For example, amphibian predators can regulate the abundance of herbivorous 

insects or algae , while amphibian prey can provide food for carnivorous mammals or birds . 

- Nutrient cycling, which is the movement and transformation of chemical elements among 

living and non-living components of an ecosystem. Amphibians can affect nutrient cycling by 

consuming, excreting, or transferring nutrients across aquatic and terrestrial ecosystems . 

Amphibians can affect nutrient cycling by enhancing primary production, decomposition, or 

mineralization of organic matter, or by altering the stoichiometry of carbon, nitrogen, and 

phosphorus in different pools and fluxes . 

- Bioturbation, which is the physical disturbance of soil or sediment by living organisms. 

Amphibians can affect bioturbation by burrowing, digging, or swimming in aquatic and 

terrestrial habitats . Amphibians can affect bioturbation by creating microhabitats, modifying 

soil structure and porosity, or influencing water infiltration and retention . 

 

Impacts on Ecosystem Services 

Ecosystem services are the benefits that people obtain from ecosystems, either directly or 

indirectly . Ecosystem services can be classified into four categories: provisioning, regulating, 

cultural, and supporting . Amphibian declines can have negative impacts on ecosystem 

services, reducing the quality and quantity of goods and services that people depend on for 

their wellbeing. 

 

Some of the main impacts of amphibian declines on ecosystem services include: 

- Food provision, which is the production of edible plants and animals by natural or managed 

ecosystems. Amphibians can contribute to food provision by being a source of protein, fat, 

minerals, and vitamins for human consumption or animal feed . Amphibian declines can affect 

food provision by reducing the availability and diversity of food items, or by increasing the 

risk of food insecurity or malnutrition . 

- Pest control, which is the regulation of populations of harmful organisms by natural enemies 

or biological agents. Amphibians can contribute to pest control by preying on insects or other 

invertebrates that damage crops, transmit diseases, or reduce crop yields . Amphibian declines 

can affect pest control by increasing the abundance and impact of pests, or by requiring more 

use of chemical pesticides . 

- Medicinal resources, which are the production of natural compounds or substances with 

therapeutic or preventive properties for human health. Amphibians can contribute to medicinal 

resources by producing bioactive molecules in their skin secretions, such as alkaloids, peptides, 

steroids, or enzymes . Amphibian declines can affect medicinal resources by reducing the 

potential for discovering new drugs or treatments, or by losing valuable genetic resources . 

- Recreation and tourism, which are the opportunities for leisure activities or experiences in 

natural or cultural settings. Amphibians can contribute to recreation and tourism by being a 

source of aesthetic, educational, recreational, or spiritual value for people who visit or 

appreciate natural areas . Amphibian declines can affect recreation and tourism by reducing the  
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attractiveness and diversity of natural attractions, or by diminishing the satisfaction and well-

being of visitors . 

 

Conservation Strategies 

Conservation strategies are the actions or interventions that aim to prevent, reduce, or reverse 

the loss of biodiversity and ecosystem services . Conservation strategies can be implemented 

at different scales and levels, involving various actors and stakeholders . Amphibian 

conservation requires a combination of in situ and ex situ approaches, as well as integrative 

and adaptive management . 

 

Some of the main conservation strategies for declining amphibian populations include: 

- Habitat protection and restoration, which are the establishment and maintenance of areas that 

conserve or enhance the natural habitats and processes that support amphibian populations . 

Habitat protection and restoration can involve creating or expanding protected areas, restoring 

degraded habitats, reconnecting fragmented habitats, or enhancing habitat quality and 

heterogeneity . 

- Invasive species control and eradication, which are the prevention and management of the 

introduction, establishment, and spread of non-native species that threaten amphibian 

populations . Invasive species control and eradication can involve preventing or reducing 

pathways of introduction, detecting and removing invasive species, or reducing their impacts 

on native species . 

- Pollution reduction and mitigation, which are the minimization and remediation of the sources 

and effects of harmful substances or energy on amphibian populations . Pollution reduction 

and mitigation can involve reducing or regulating the use and emission of pollutants, 

monitoring and assessing the levels and impacts of pollutants, or restoring or enhancing the 

resilience of polluted habitats . 

- Climate change adaptation and mitigation, which are the enhancement of the capacity of 

amphibian populations to cope with the effects of climate change, and the reduction of the 

causes and drivers of climate change . Climate change adaptation and mitigation can involve 

identifying and protecting climate refugia, facilitating range shifts or dispersal corridors, 

managing hydrological regimes or microclimates, or reducing greenhouse gas emissions or 

enhancing carbon sequestration . 

- Overexploitation regulation and management, which are the regulation and management of 

the use and trade of amphibian populations for various purposes . Overexploitation regulation 

and management can involve setting or enforcing quotas, bans, or permits for harvesting, trade, 

or use of amphibians, monitoring and assessing the status and trends of amphibian populations, 

or promoting sustainable use practices or alternative livelihoods . 

- Disease prevention and control, which are the prevention and management of the occurrence, 

spread, and impact of infectious diseases on amphibian populations . Disease prevention and 

control can involve identifying and monitoring the pathogens, hosts, and vectors of diseases, 

reducing or eliminating the pathways of disease transmission, or enhancing the resistance or 

resilience of amphibian populations . 
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- Captive breeding and reintroduction, which are the maintenance and reproduction of 

amphibian populations in artificial settings, and the release of captive-bred individuals into 

natural habitats . Captive breeding and reintroduction can involve establishing and managing 

captive facilities, selecting and breeding suitable individuals, preparing and releasing 

individuals into suitable habitats, or monitoring and evaluating the outcomes of reintroduction. 

 

Conclusion 

Amphibians are facing a global crisis of unprecedented magnitude and severity. The causes 

and consequences of amphibian declines are complex and multifaceted, involving direct and 

indirect effects of human activities, environmental changes, and infectious diseases. 

Amphibian conservation requires a combination of in situ and ex situ approaches, as well as 

integrative and adaptive management. Amphibian conservation is not only important for the 

survival of these remarkable animals, but also for the maintenance of ecosystem functioning 

and services that benefit human well-being. 
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