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Introduction 

Surveys and monitoring are the means by which we 

not only detect changes in species distributions and 

populations but also discover and rediscover species. 

Across the globe, environmental changes are causing 
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rapid amphibian declines, while at the same time 

more than 100 new species are described every year 

(Catenazzi, 2015). Rapid declines and discoveries 

together compound the urgency and challenges of 

linking surveys and monitoring to effective amphibian 

conservation. The threats causing amphibian declines 

– including land use, climate change, and disease – 

vary geographically in both degree of intensity and 

overlap with other threats (Hof et al., 2011). Moreover, 

the diverse ecological traits of amphibians underlie 

considerable variation in species’ sensitivity to threats 

(Lips, Reeve & Witters, 2003; Nowakowski et al., 

2018). Resources for mitigating threats and monitoring 

populations are also unevenly distributed across the 

globe, with fewer resources available in hyper-diverse 

regions with the highest rates of species discovery 

and endangerment (Balmford & Whitten, 2003). These 

multidimensional challenges underscore the need to 

improve coordination of monitoring efforts, capitalise 

on effective new methods and technologies, prioritise 

limited resources, and strengthen the links among 

surveys, monitoring, and conservation action. 

Decades of research and practice have led to a set of 

standards for integrating surveys and monitoring with 

conservation action through evidence-based adaptive 

management (Conservation Measures Partnership, 

2020; Gillson et al., 2019). Surveys and monitoring 

critically underpin several of the iterative stages of 

the adaptive management framework, including 

initial assessment of threats and population status, 

monitoring of changes in threats and populations, 

and evaluation of the effectiveness of interventions. 

Surveys and monitoring, therefore, provide the crucial 

evidence base for evaluating management options, 

decision making, and prioritising conservation actions. 

These actions can be most effective when designed 

and monitored with participation of local stakeholders 

and practitioners. Without adequate survey data and 

stakeholder participation, the adaptive management 

cycle breaks down.

The exact methods for surveying and monitoring 

amphibians are largely determined by the diverse life 

histories of species (Angulo et al., 2006; Dodd, 2010; 

Heyer et al., 1994). These characteristics frequently 

include a bi-phasic lifecycle, species-specific calling 

of male frogs, temporal variability in activity, and a 

common association with waterbodies. Anurans alone 

exhibit at least 39 known reproductive modes (Crump, 

2015; Haddad & Prado, 2005), which determine how 

and where we survey for eggs, larvae, and adults. 

The habitat associations of species also have an 

outsized influence on our ability to detect and monitor 

amphibians. For example, fossorial species like most 

caecilians and canopy-dwelling species like some tree 

frogs are difficult to detect with conventional survey 

methods (Basham & Scheffers, 2020; Basham et al., 

2019; Gower & Wilkinson, 2005). Practitioners will need 

to carefully choose the most appropriate survey methods 

from a wide range of recent advancements and well-es-

tablished techniques to effectively monitor focal species. 

Confronted with these myriad challenges to 

amphibian conservation, how can scientists and 

practitioners more effectively survey and monitor 

amphibians? Recent advancements in technology in 

concert with continued population declines create a 

need to update our knowledge of current monitoring 

methods and identify existing knowledge gaps to 

better coordinate and prioritise future surveys. We 

solicited input from the amphibian conservation 

community to identify key developments and chal-

lenges in amphibian surveys and monitoring. Drawing 

on these responses, this chapter aims to highlight key 

knowledge gaps and recommendations for surveys 

and monitoring programmes (Table 10.1). In the 

sections below, we summarise: 1) commonly used 

methods and recent methodological advancements; 

2) key knowledge gaps in amphibian conservation; 

3) approaches to prioritising surveys and monitoring; 

4) improving integration of survey and monitoring 

data into extinction risk assessments; 5) avenues for 

bridging the gap between surveys and conservation 

action; and 6) opportunities on the horizon for 

continued advancement of surveys and monitoring for 

amphibian conservation. 

Advancements in amphibian surveys and 
monitoring in the last 15 years

Amphibian surveys and monitoring have a long 

history over which researchers have developed 



Informing decision-making Chapter 10. Surveys and monitoring: challenges in an age of rapid declines and discoveries

241 amphibian conservation action plan: a status review and roadmap for global amphibian conservation

Table 10.1: Summary of key knowledge gaps and priorities for surveys and monitoring.

Key knowledge gaps

Knowledge of highly biodiverse and understudied landscapes - for example, the Congo rainforest

Knowledge of understudied and difficult-to-detect groups, such as fossorial and arboreal species

Resolution of cryptic species complexes

Improved natural history and identification information, including calls and larval morphology 

Improved prediction of species responses to threats based on niches and adaptive capacity

Understanding of interactive effects of multiple threats on populations and assemblages

Moving beyond presence-absence data to understand long-term population trends for many species

Priorities for better integration of survey data into IUCN Red List assessments

Increasing capacity for conducting species assessments through Red List training programmes

Increased efficiency in integrating survey data into Red List assessments

Encouraging species descriptions to include information useful for Red List assessments (e.g. survey effort, number of 

individuals, etc.), as they often represent the only information available for species assessments

The development and maintenance of fewer but more permanent repositories for survey and monitoring data 

A centralised platform for submitting relevant survey and monitoring data for species assessments

Priorities for survey and monitoring programmes

Designing surveys and monitoring to address clear conservation questions

Identifying questions and designing monitoring programmes in collaboration with local stakeholders

Addressing priority knowledge gaps that have clear outcomes for conservation

Using decision-support frameworks to prioritise limited resources for conservation projects 

Designing surveys and monitoring to evaluate effectiveness of interventions, as part of an adaptive management cycle

Facilitating use of standard database formats for survey and monitoring data by incorporating archival intent into study 

designs prior to survey implementation

Potential advancements on the horizon

Improved machine learning methods to classify both visual (video and photos) and acoustic data for improved monitoring 

in remote locations

Continued development of new bioinformatic methods to increase the processing and analysis of increasingly large 

datasets 
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methods that are now commonly used across the 

globe (Figure 10.1). While many of these methods 

are established and well-tested, the last 15 years 

have brought technological advances in hardware, 

software, and data analyses, as well as increases 

in knowledge and innovative techniques that have 

improved amphibian survey and monitoring efforts. 

For example, researchers have increasingly surveyed 

subsurface quadrats using “persistent digging” in the 

top 30cm of soil to uncover fossorial species (Biju 

et al., 2009, Measey, 2006) and surveyed vertical 

transects using climbing equipment to study the 

little-known ecology of canopy-dwelling amphibians 

(Basham et al., 2019). Hardware improvements 

have lowered the cost and enhanced performance 

of tools used for surveys and monitoring (Pimm et 

al., 2015) including autonomous recording units for 

passive acoustic monitoring (PAM) (Deichmann et al., 

2018; Hill et al., 2018), tracking devices like passive 

integrated transponder (PIT) tags and miniaturised 

radio transmitters (Connette & Semlitsch, 2015; 

Forin-Wiart et al., 2015; Lennox et al., 2017), eDNA 

samplers (Thomas et al., 2018), camera traps (Hobbs 

& Brehme, 2017), and drones (Koh & Wich, 2012). 

Growth in software development, machine learning, 

and bioinformatic tools has improved our ability 

to track species, analyse large-scale spatial data 

(GIS), classify and detect species in images or audio 

recordings, and analyse big molecular datasets, 

such as those produced through metabarcoding and 

next-generation sequencing methods (e.g. whole 

genome sequencing). Novel molecular methods are 

allowing for species detection in samples of water, 

soil and faeces, identification of cryptic species 

complexes, and detection of pathogens and other 

microbiota through improved assays. Rapid accumu-

lation of new species descriptions and natural history 

information has facilitated large-scale phylogenies 

and resolved taxonomies (Frost, 2021; Jetz & Pyron, 

2018; Pyron & Wiens, 2011), improving the way we 

design surveys. Likewise, enhanced capacity at a 

local level has increased our ability to survey sites 

at broader spatial and temporal scales, for example, 

through national-level programmes for biodiversity 

monitoring (Schmeller et al., 2017) and coordinated 

citizen science programmes (Aceves-Bueno et al., 

2015; O’Donnell & Durso, 2014). Advancements in 

statistical and conceptual approaches have resulted 

in new ways to design surveys (e.g. through partici-

pation of local communities as well as citizens across 

the globe; Table 10.2), integrate disparate datasets, 

and analyse survey data (e.g. recent advances in 

hierarchical population models; DiRenzo et al., 2019; 

Dorazio, 2014; Zipkin et al., 2014). 

Although many survey and monitoring methods are 

currently widely used (Fig 10.1), each nevertheless 

has disadvantages to weigh alongside their benefits 

before implementation. For example, pitfall and funnel 

trapping can result in high mortality rates (Enge, 2001) 

and marking methods such as toe clipping and PIT 

tagging can also reduce survival in some species 

(Guimarães et al., 2014). Time- and area-constrained 

survey methods are often implemented in a way that 

precludes analysing the data with more rigorous 

statistical methods, such as those that account 

for imperfect detection.  Methods that result in the 

accumulation of big data, like PAM, DNA sampled 

Increased portability of genetic analyses – such as portable sequencers and PCR machines – to allow for molecular work in 

remote locations 

Through open data repositories and other sharing platforms, improve the interoperability and accessibility of survey and 

monitoring data

Governments and institutions will need to better coordinate the collection and distribution of biodiversity monitoring data, 

adopting shared frameworks for information systems such as those promoted by the GEO Biodiversity Observation 

Network (GEO BON)

Conservation financing and other creative funding mechanisms are needed to address the large funding gap for surveys and 

monitoring
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from an organism’s environment (eDNA), camera 

trapping, or photographic mark-recapture, have 

the added challenge of immense data storage and 

management needs, as well as complex analytical 

methods that are still under development. Finally, it 

is important to consider sampling biases associated 

with different methods that can affect estimates of 

population abundances and demographic structure 

(Nowakowski & Maerz, 2009; Ribeiro-Júnior, Gardner 

& Ávila-Pires, 2008). These challenges underlie the 

importance of carefully designing surveys around a 

question and selecting the most suitable method or 

combination of methods for answering that question. 

Fortunately, there is no end to the ingenuity of 

amphibian biologists and many of these methods, 

if combined with an effective monitoring framework 

(Table 10.2) and/or additional methodologies, can 

result in efficient data collection and high-quality 

data. For example, pairing on-the-ground methods 

(e.g. visual encounter surveys, quadrats, pitfalls) with 

remote sensing or molecular methods (PAM, eDNA) 

can provide complimentary data streams that, through 

modelling, can provide insights over much broader 

temporal and spatial scales than one method alone. 

These recent advances in surveys and monitoring can 

be used to address key knowledge gaps that currently 

hinder a concerted global conservation response to 

amphibian declines.
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Figure 10.1: Trends in prevalence of active (a) and passive (b) sampling methods and marking techniques (c) in published literature. Active 
survey methods include those that require observers to actively search or listen for individual animals, including visual encounter searches 
(VES; inclusive of area and/or time constrained sampling such as transects and plots), dip netting, electrofishing, and active call surveys. 
Passive sampling methods include those where observed animals are detected in artificial structures (traps or coverboards), with sensors 
(passive acoustic monitoring and camera traps), or in environmental samples (eDNA). Common marking techniques include use of natural 
marking (e.g. dorsal patterns), toe clipping, passive integrated transponders (PIT tags), and visual implant elastomer (VIE). Source: Data 

based on a Web of Science search of published literature from 2006-2021. 

a) 

c) 

b) 



Informing decision-making Chapter 10. Surveys and monitoring: challenges in an age of rapid declines and discoveries

244 amphibian conservation action plan: a status review and roadmap for global amphibian conservation

Table 10.2: A non-exhaustive list of frameworks for surveying and monitoring amphibians. Within each temporal category (static and 
dynamic) general sampling frameworks are listed in order of increasing rigour, complexity, and cost for a given number of locations. 
Opportunistic observations are playing an increasingly important role due to rapid increases in citizen science programmes and data 
platforms. However, these approaches come with limitations on analytical methods and inferences, stemming from lack of standardisation. 
Well-designed, planned surveys offer greater opportunity for standardisation and generate data that can be analysed with a wider array of 
modelling approaches, including those that account for imperfect detection. A ‘robust design’ generally refers to a class of standardised 
surveys wherein there are replicated temporal or spatial sub-samples within a defined spatial unit of aggregation (e.g. 1-ha plot) and that 
occur over a short enough timeframe to assume the populations are closed to demographic changes.

Abbreviations: SDM: species distribution model; jSDM: joint species distribution model; GLM: generalised linear model; GLMM: gener-
alised linear mixed model; VES: visual encounter surveys; MR: mark-recapture. Source: MacKenzie & Royle, 2005; Pollock, 1982

Example activities Example inferences Example analyses

Opportunistic observations

Citizen science (FrogWatch, eBird, 

iNaturalist, etc), rapid inventories, 

expert elicitation

Habitat suitability, projected range 

shifts, species lists, presence only, 

known range expansions

SDMs, jSDMs, integrated population 

models

Single visit, standardised surveys

Surveys of occupancy and counts, 

distance sampling, molecular sampling

Drivers of spatial variation in 

occurrence, abundance, and genetic 

diversity; habitat associations; weaker 

inferences about interventions

GLM/GLMM, distance sampling,

ordination, single-season occupancy 

models

Repeated surveys

Camera trapping, acoustic surveys, 

multiple VES

Drivers of spatial variation in 

occurrence or abundance while 

accounting for imperfect detection

Single-season occupancy, N-mixture 

models, MR abundance estimation

Multiyear opportunistic observations

Citizen science (FrogWatch, eBird, 

iNaturalist, etc), rapid inventories, 

expert elicitation

Phenology changes (e.g. timing of 

breeding), projected range shifts, and 

species lists

SDMs, jSDMs, integrated population 

models

Multiyear single visit (per year), standardised surveys

Mark-recapture, surveys of occupancy 

and counts, distance sampling, genetic 

monitoring

Population or community dynamics 

(survival, immigration), drivers of 

trends; demographic rates, stronger 

inferences about interventions

GLM/GLMM, state-space models, 

integrated population model

Robust design

Mark-recapture, Camera trapping, 

acoustic surveys, multiple VES, 

tracking studies

Population or community dynamics, 

drivers of trends, stronger inferences 

about interventions, accounting for 

imperfect detection

Dynamic occupancy and N-mixture 

models; multiyear MR abundance 

estimates
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Key knowledge gaps that could be addressed 
with additional surveys 

Considerable gaps remain in our knowledge of 

amphibians. At the most basic level, it is estimated 

that ~27% of amphibian species (~3,000 species) 

remain undescribed (Giam et al., 2012), and 25% of 

those that are described have too few range data to 

accurately predict threat status (González-del-Pliego 

et al., 2019). The primary causes of these data 

deficiencies are: 1) insufficient surveys in highly 

biodiverse and understudied landscapes, for example, 

the Congo rainforest, Papua New Guinea, and other 

habitats that are difficult to access in regions that 

are amphibian species-rich but resource-limited 

(Guerra et al., 2020; Vieites, Wollenberg & Andreone, 

2009); and 2) difficulty in detecting some amphibian 

groups, including caecilians and canopy dwelling 

species. Thus, monitoring programmes that target 

understudied biodiversity hotspots combined 

with canopy and sub-surface survey methods, 

for example, would significantly improve our 

global understanding of amphibian distributions 

and status. Increased surveys and monitoring 

in these contexts would also lead to increased 

understanding of natural history, which would not 

only improve our overall ability to detect species, 

but also help us better understand how amphibians 

may be impacted by environmental change.

Undescribed species hidden within cryptic species 

complexes represent another important knowledge 

gap (McLeod, 2010). Such species make up a 

significant proportion of undescribed amphibian 

diversity (Funk, Caminer & Ron, 2012) and resolution 

of these taxa could be addressed with increases 

in both the number of genetic studies and more 

widespread geographic sampling. These efforts 

can be accelerated by integrating genetic sampling 

(eDNA or tissue samples) and laboratory methods 

like gene sequencing into standard monitoring 

protocols. As they become increasingly affordable, 

genetic methods will uncover considerable hidden 

diversity and help overcome inaccuracies in field 

identifications, which can be an issue even for local 

experts (Deichmann et al., 2017). In addition to 

collecting tissues for molecular studies, it is also 

essential to collect additional data that can improve 

the efficacy of surveys and monitoring. Examples 

include tadpole morphology data that will allow for 

improved identification of larvae when adults are not 

present (Schulze, Jansen & Köhler, 2015), and calls 

and photographs of voucher specimens that can be 

used as training data in machine learning methods for 

species classification (i.e. call and image recognition 

models; Xie et al., 2016).

With climate extremes increasing and habitat 

loss decimating tropical biodiversity hotspots, 

concerted survey efforts coupled with information 

on both species’ exposure and sensitivity to 

threats – including traits, niche dimensions, and 

adaptive capacities – are needed to adequately 

forecast current and future threat impacts (Murray, 

Nowakowski & Frishkoff, 2021; Urban et al., 2016). 

In particular, efforts to manage or conserve species 

may fall short of their goals if they fail to anticipate 

interactive effects of co-occurring threats, such 

as land use, climate change, and disease (Hof et 

al., 2011). As more than 70% of the Earth’s land 

surface is modified by human activities (Hobbs, 

Higgs & Harris, 2009), more work is needed to 

identify key habitats for amphibian persistence in 

working landscapes, such as riparian corridors and 

remnant trees (Mendenhall et al., 2014), while also 

identifying at-risk, intact habitats with high numbers 

of threatened species to prioritise for site protection 

(Nowakowski & Angulo, 2015; Venter et al., 2014). 

An important outcome of survey and monitoring can 

be the prioritisation of areas of intact habitat that 

can serve as climate refugia and connected nodes in 

climate resilient protected areas networks (Marquet, 

Lessmann & Shaw, 2019).

Although many datasets exist describing the 

presence of species in localities, there is very 

little information on population trends over time. 

Long-term data are needed to rigorously assess 

population and range dynamics, sensitivity to threats 

like land use and climate change, and the impacts 

of management interventions. Recent developments 

in statistical methods – such as dynamic occupancy, 

N-mixture, and integrated population models – along 

with advances in computing can be employed in 
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conjunction with long-term monitoring of populations 

and communities, thereby enabling the detection 

of slow declines and species range shifts (Plard et 

al., 2019; Zipkin et al., 2014). For example, passive 

sampling methods such as acoustic monitoring 

can be combined with machine learning for call 

identification and spatially explicit capture–recapture 

(aSCR) for quantitative density estimates of vocalizing 

animals (Measey et al., 2017). Long-term genetic 

monitoring can reveal changes in genetic structure 

that may indicate past declines and ongoing genetic 

erosion that can precipitate future population declines 

and extirpations (Stephens, Tolley & da Silva, 2022). 

Increases in open data repositories are facilitating 

comparative analyses and synthesis of amphibian 

population trends (Collen et al., 2009; Dornelas et 

al., 2018). Existing knowledge gaps are manifold 

and resolving each will likely have unequal returns on 

investment for conservation. In the face of such uncer-

tainty, addressing the knowledge gaps identified here 

may serve as only one important criterion for prioritising 

limited resources for surveys and monitoring. 

Prioritising limited resources for surveys and 
monitoring

Reliable, timely, and accessible information on 

the status of species and their threats is critical to 

achieving successful conservation interventions. 

However, despite considerable progress over 

recent decades in the standardisation of research 

methods and early detection of species declines, we 

have largely failed to halt ongoing declines in both 

common and rare amphibian species (Bishop et al., 

2012; Campbell Grant et al., 2019). Given the limited 

resources available for surveys and monitoring, a key 

goal should be to prioritise the collection of actionable 

information that provides the greatest chance to 

change conservation outcomes (Buxton et al., 2020; 

Lindenmayer, Piggott & Wintle, 2013).

Even with this ‘value of information’ perspective, the 

challenge of how and where to prioritise research 

efforts remains daunting. Many rare and at-risk 

species are disproportionately under-studied by 

researchers (da Silva et al., 2020; Walls, 2014), 

while at the same time the proactive monitoring of 

widespread, common species can both decrease the 

cost of management interventions and increase the 

likelihood of success (Sterrett et al., 2019). In light 

of such trade-offs, decision science has produced 

an array of decision support frameworks that help 

practitioners and scientists structure potentially 

overwhelming complexity, including stakeholder 

interests and system uncertainty, to prioritise limited 

resources for conservation projects (see recent 

reviews of decision support frameworks; Schwartz et 

al., 2018; Wright et al., 2020). Decision frameworks 

can help researchers identify cases where surveys 

and monitoring are needed and avoid cases where 

additional monitoring efforts would be unlikely to 

change management actions (McDonald-Madden et 

al., 2010). However, the evidence base for informing 

management decisions remains extremely limited for 

certain taxa and geographies, due to a lack of data on 

population status and effectiveness of management 

interventions (Canessa et al., 2019; Christie et al., 

2020). Although widely adopted, successful appli-

cation of decision frameworks throughout a project, 

from initial planning to intervention and evaluation 

stages, remains relatively rare, including among 

amphibian projects (Redford et al., 2018; Wright et al., 

2020). This clearly highlights the need for an objec-

tive-oriented approach to setting research priorities to 

provide baseline information on species with limited 

data, identify threats, monitor population status, and 

inform the implementation of specific management 

interventions (Table 10.3).

Addressing the magnitude of global amphibian 

declines requires considerable effort to expand 

the coverage of existing monitoring, particularly in 

under-studied geographies and for species lacking 

data. Filling these information gaps requires an 

increased commitment by funders and researchers 

to ensure that local researchers have the skills and 

resources to do effective monitoring, data reporting, 

and conservation planning. Establishing new 

monitoring networks in under-studied areas of high 

amphibian species richness would offer the potential 

for rapid, widespread deployment of standardised 

survey methods. Such monitoring networks would 

also ensure that data are accessible and comparable 
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across time and space, while potentially affording 

opportunities for further expansion of surveillance 

capacity through the integration of volunteers and 

citizen scientists (Aceves-Bueno et al., 2015). As much 

of the tropics remain understudied, additional layers 

of prioritisation of new monitoring networks could 

include 1) areas with many threatened or data deficient 

species, 2) highly threatened ecosystems, 3) areas 

with high endemism, 4) rediscovery of “lost species” 

that have not been observed for years or decades 

(González-Maya et al., 2013) and 5) using phylogenetic 

information to prioritise sensitive clades and evolu-

tionarily distinct species (González-del-Pliego et al., 

2019; Jetz & Pyron, 2018). Although this broadening 

of surveillance efforts would undoubtedly improve our 

ability to detect and respond to species declines, it is 

also imperative that researchers are equally committed 

to proactively proposing and evaluating potential 

conservation interventions to avoid simply monitoring 

species as they go extinct (Canessa et al., 2019; 

Lindenmayer et al., 2013).

Improving integration of survey and moni-
toring data into Red List assessments

The IUCN Red List of Threatened SpeciesTM (Red 

List) assessments are widely accepted standards for 

Table 10.3: Priorities for survey and monitoring in relation to perceived risk of species decline 

Source: Adapted from Lindenmayer et al. (2013) and Sterrett et al. (2019)

Perceived Risk of Decline Survey & Monitoring Approaches

Unknown Species discovery (prioritise poorly studied and species rich areas)

Basic assessment of genetic diversity (prioritise detection of cryptic species and 

evolutionarily distinct lineages)

Collect distribution data to delineate species range, identify habitat associations, and 

identify potential threats

Low Targeted surveillance with standardised methods to detect change

Targeted disease surveillance

Medium Targeted monitoring of occurrence/abundance (ideally using methods capable of 

detecting gradual population trends)

Perform studies to evaluate management effectiveness (prioritise setting management 

triggers)

Test and adapt potential management strategies

Predict impacts of potential threats (e.g. habitat loss, climate change, etc.)

High Intensive demographic monitoring of populations

Evaluate relative importance of threats

Intensive adaptive management and threat monitoring

Species rediscovery efforts
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measuring species’ risk of extinction on global and 

national scales and a powerful tool for conservation 

policy and planning (Brito, 2010; Hoffmann et 

al., 2010; Rodrigues et al., 2006). Assessments 

are designed to be consistent, transparent, and 

structured by objective criteria and guidelines (Mace 

et al., 2008) to ensure repeatability over time. The 

effectiveness of the Red List depends on each 

assessment containing up-to-date information; 

however, data and the capacity needed to complete 

these assessments are unevenly distributed among 

geographic regions and across different taxonomic 

groups (Collen et al., 2009). 

The high proportion of amphibian species that have 

not been assessed (13% of described species) or 

that are Data Deficient (16-17% of assessed species 

at the time of writing) illustrate the challenges posed 

by rapid species discovery and lack of meaningful 

data for many species, especially in the tropics 

(Collen et al., 2008; IUCN, 2021; Stuart et al., 2004). 

During the previous Global Amphibian Assessment 

for the Red List (GAA), 5,743 amphibian species had 

been described, of which 22.5% were assessed as 

Data Deficient (Stuart et al., 2004). Since then, the 

number of known species has increased remarkably 

(8,309 species at the time of writing; Frost, 2021). 

With so many new and little-known species, there 

is interest within the amphibian conservation 

community to increase the rate of species 

assessments. Addressing these challenges requires 

increased assessment capacity, new survey data, 

and more efficient integration of survey data into the 

assessment process.

Expanding the network of experts contributing to 

assessments and increasing Red List training and 

mentoring opportunities for the broader conservation 

Box 10.1: Ancillary data

While in the field conducting surveys and/or monitoring, information that is important for conservation 

planning and research objectives can be collected with little additional effort. These data include: 1) habitat 

and microhabitat attributes (e.g. habitat types and sizes, vegetation, canopy cover, water depth and flow, 

stream gradient, substrates, water quality, calling site, hiding refugia); 2) species life history or behavioural 

observations (e.g. life stage occurrence, breeding/foraging/dispersal behaviours); 3) community composition 

(e.g. prey, predators, invasive species); 4) human activities (e.g. timber harvest, livestock grazing, 

agriculture, wildlife harvesting, nearby human community activities); 5) threats (e.g. algal bloom, fire, trees 

killed by pests/disease, chemical contamination, erosion, pathogens or poor animal health observations). 

For long-term monitoring, it could be useful to establish a monumented photo point (e.g. phenocams; 

Brown et al., 2016) to compare the habitat condition throughout the years, to show natural succession or 

effects of disturbances. As weather and microclimate conditions drive amphibian activity and distributions, 

it is important to obtain data from the nearest weather station or, preferably, to deploy weather data loggers 

at sampled sites. Additional sampling could include collection of a species voucher (adult, tadpole/larval 

and egg stages), genetic sample, carcass, vocalisations, eDNA samples for full analyses of the community 

and /or a photographic voucher - taken with species-specific characteristics shown, which may be of great 

value for later species confirmation or disease detection. Metadata from surveys should include disposition 

of samples and survey data in archived databases. Including these ancillary data and materials in standard 

survey and/or monitoring protocols will ensure they are collected. Although it may seem ambitious to record 

as many ancillary data as feasible and some data may require additional permitting (e.g. species vouchers 

and DNA samples), these ancillary data provide critical context to the species occurrence or abundance 

data and potentially the entire programme. Information ancillary to amphibian species occurrence 

or abundance is particularly useful for discerning environmental changes in long-term monitoring 

programmes and can shed light on the cause(s) of later-documented trends, information essential for 

conservation planning. 
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community could help improve the speed, standard-

isation, and interpretation of Red List assessments. 

Training can enhance knowledge of the guidelines 

for applying the Red List Categories and Criteria 

as well as the data required to estimate trends in 

species abundance and distributions (Collen et al., 

2016), assisting the design of future surveys and 

improving data integration into species assessments. 

For instance, assessment rates could be increased 

if authors of species descriptions, which often 

represent the only information available for species 

assessments, routinely included information such as 

descriptions of survey effort, abundance, habitats, 

and threats (Tapley et al., 2018). To this end, IUCN, 

in collaboration with The Nature Conservancy 

(TNC), developed a free online Red List training 

course available in IUCN’s three official languages 

(see https://www.iucnredlist.org/resources/online). 

Expanded networks and increased capacity may also 

facilitate knowledge transfer and data sharing within 

and across regions, thereby synergising efforts across 

assessments and working groups and increasing 

rates of assessment.

As capacity to support Red List assessments 

improves and monitoring programmes continue to 

increase data availability, there is a need for more 

efficient dataflow to ensure that different types of 

survey and monitoring data effectively contribute 

to assessments. New approaches to data-sharing 

(e.g. online databases, repositories, data papers, 

data archiving) are required to improve dataflow 

and increase the availability of data across multiple 

regions. Current biodiversity data are spatially biased 

and are either scattered in many databases or reside 

on paper or behind pay walls, impeding access and 

collation for assessments (Beck et al., 2014; Chavan & 

Penev, 2011). A sustainable data management system 

requires the development and maintenance of fewer 

but more permanent data repositories (Bach et al., 

2012) that are subject to data quality control (Costello 

et al., 2013; Huang, Hawkins & Qiao, 2013). Current 

standards and best practices for the management 

and publication of biodiversity data are already 

available (Costello & Wieczorek, 2014). Furthermore, 

the implementation of a process that awards profes-

sional recognition for contributors (e.g. citation and 

co-authorship) would likely increase contributions 

of scientists to open data repositories.  However, to 

improve integration of available survey and monitoring 

data into Red List assessments, specific guidelines 

and a platform for submitting relevant data for species 

assessment could be implemented, strengthening 

links among experts and allowing a broader partici-

pation of trained professionals and citizen scientists 

alike. New survey and monitoring projects could 

facilitate data sharing and integration into Red List 

assessments by including data standards and plans 

for archival in the design phase of the project.

Bridging the gap between survey and 
monitoring data and conservation action

Frameworks for linking surveys and monitoring 

data to conservation actions

Adaptive management is a framework – widely 

used by non-governmental organisations (NGOs), 

government agencies and funders – that links survey 

and monitoring to conservation actions (Conservation 

Measures Partnership, 2020; Gillson et al., 2019; 

Schwartz et al., 2018). Following this framework, 

survey and monitoring data inform assessment of 

threats and population status, tracking of progress 

toward conservation goals, and evaluation of 

management interventions (Conservation Measures 

Partnership, 2020). Adaptive management is data 

and resource intensive, however, as it is tailored 

to system complexities and idiosyncrasies on the 

ground. In many understudied biodiversity hotspots, 

detailed population data are lacking and can take 

years or decades to accumulate; by then, actions 

may be too late (Martin et al., 2012). Other decision 

support frameworks exist – such as structured 

decision-making and evidence-based practice – and 

tools from each can be blended to achieve conser-

vation objectives (Schwartz et al., 2018). For example, 

evidence-based conservation is a complementary 

framework that instead draws on the broader body of 

survey data and impact evaluations to identify best 

practices, when at least some information exists on 

the state of the system; this approach mirrors the 

learning process widely used by medical practitioners 

(Gillson et al., 2019; Sutherland et al., 2004). Adaptive 

management and evidence-based frameworks can be 

https://www.iucnredlist.org/resources/online
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integrated to implement best practices as a starting 

point and then adapt interventions as monitoring data 

and impact evaluations accumulate for a system. A 

complete cycle of adaptive management would 1) 

define clear conservation objectives that are part of a 

‘theory of change’ results chain (Salafsky et al., 2008), 

with input from stakeholders; 2) plan and implement 

interventions alongside standardised, recurring 

surveys to monitor threats and focal taxa; and 3) 

use survey data to evaluate and adapt management 

interventions over time.

Linking surveys and monitoring to clear conser-

vation objectives with stakeholder input

Critical to bridging the gap between data and 

effective conservation actions, is designing survey 

and monitoring efforts around clear conservation 

objectives, which are ideally defined with input from 

multi-stakeholder groups. These objectives may 

include: 1) protection of iconic places for a species 

or a location’s natural heritage such as a national 

park; 2) assessing the status of rare or little-known 

species; 3) reversing suspected population declines; 

and 4) monitoring responses to specific threat 

factors. While long-term monitoring programmes 

are ideal for obtaining actionable data, such 

programmes often require significant human and 

financial resources and are less common outside 

of developed countries (Proença et al., 2017). With 

limited resources, it may only be possible to survey 

a site a single time. These one-off inventories are 

nevertheless essential for evidence-based conser-

vation, as well-designed surveys may still allow 

researchers to discover new species, update species 

ranges, understand habitat associations, or identify 

potential threats (Tables 10.1 & 10.2). 

Identifying the conservation objectives that guide 

a monitoring programme should ideally be a 

participatory process, involving input from multiple 

Box 10.2: The Mountain Chicken Recovery Programme

Thought to have once existed on at least seven islands in the Caribbean, the mountain chicken 

(Leptodactylus fallax) is a Critically Endangered frog restricted to the islands of Montserrat and Dominica, 

most likely due to the impacts of hunting and introduced species such as the mongoose (Adams et al., 

2014). Chytridiomycosis, caused by the fungal pathogen Batrachochytrium dendrobatidis (Bd), has resulted 

in the near extinction of the species. In the early 2000s, a population monitoring and disease surveillance 

programme was established to determine the extent and impact of chytridiomycosis in Dominica 

(Cunningham et al., 2008), and these data showed a loss of over 85% of the population in fewer than 18 

months (Hudson et al., 2016). This prompted Monserrat to develop the Mountain Chicken Species Action 

Plan, prioritising biosecurity measures (Martin et al., 2007). Despite this, Bd was detected in Montserrat in 

2009 and near-extinction occurred on Montserrat within 6 months, in one of the fastest observed vertebrate 

declines of all time (Hudson et al., 2016). In 2010, the Mountain Chicken Recovery Programme was formed 

(Adams et al., 2014) with a collection of European Zoos and the governments of Dominica and Montserrat 

coordinating conservation for this species based on robust long-term monitoring data. Between 2011-2014, 

in the absence of detection of wild animals, the programme implemented experimental reintroductions 

of captive-bred animals onto Montserrat (Hudson et al., 2016). In 2019, 27 frogs were introduced to a 

semi-wild enclosure in Montserrat in an attempt to use environmental manipulation to enable frogs to survive 

in the face of endemic Bd in reservoir species. The first breeding pairs were recorded in 2020, culminating 

in what likely represents the first observed fertilised nest in Montserrat in 11 years, although this nest later 

failed. In Dominica, the remnant wild population appears to number < 100, and continues to be threatened 

by chytridiomycosis and habitat loss. As part of the Long-Term Recovery Plan for the Mountain Chicken 

(Adams et al., 2014), monitoring of frog populations and Bd continues on both islands, alongside research 

into mechanisms to ensure the survival of remnant populations and the reintroduction of others. 
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stakeholders and drawing on local knowledge. The 

importance of integrating stakeholder input into 

species monitoring and conservation programmes is 

increasingly recognised, especially for amphibians 

(Olson & Pilliod, 2021). This may include integration 

of local or regional communities in programme 

planning and implementation through conservation 

cooperatives, participatory panels, and citizen 

science involvement. Outreach and education 

can inspire appreciation for the awe, wonder, and 

importance of amphibians, which is needed to 

ensure their persistence for generations to come (see 

Chapter 8). Importantly, educating natural resource 

managers and policymakers about amphibians and 

their importance to ecosystems may be needed, 

especially if resources have been historically diverted 

to other priorities.

Development of monitoring programmes

The combination of standardised methodologies 

with recurrent surveys forms the foundation of a 

monitoring programme (example amphibian monitoring 

programmes: Boxes 10.1, 10.2, 10.3,10.4; Table S1). 

These programmes generate information on population 

status and dynamics that can be fed into decision 

support frameworks, such as adaptive management, 

and contribute to the planning and learning phases 

of a conservation project (Schwartz et al., 2018). A 

key aim of new monitoring programmes is often 

to conduct initial surveys that establish baseline 

information (Proença et al., 2017). This baseline can 

be used to assess current threats and the status 

of focal populations and may then contribute to 

conservation planning by prompting decisions about 

the need for additional monitoring and interventions. 

Other common aims of survey programmes are 

to understand species occurrence patterns and 

habitat associations, to quantify population trends 

and identify drivers of occurrence and trends, and 

to support planning and evaluation of management 

interventions. Some programmes may span 

multiple monitoring objectives. For example, the US 

northwest federal “Survey and Manage Program” is 

focused on five plethodontid salamanders (Text Box 

10.4) and expanded over time to include surveys at 

additional sites, and of additional species, and using 

new survey methods to improve inferences about 

populations and their habitat associations across the 

landscape (Olson, Van Norman & Huff, 2007). 

Additionally, survey and monitoring programmes 

may have qualitative or quantitative goals, or a mix 

of each. For example, annual visits to breeding sites 

may generate qualitative information such as the 

date of breeding, lists of calling species, and anom-

alies noted – data-poor metrics that are potentially 

informative for detecting changing conditions that 

may warrant more rigorous follow-up surveys. At 

the other end of the spectrum, a mark-recapture 

programme could generate information about indi-

viduals across their life spans for more quantitative 

assessments of demographic status and trends. 

Data from long-term monitoring programmes can 

be used to develop reliable models that can inform 

conservation actions (e.g. determining extinction 

risk of development activities for focal species or 

identifying habitat critical for preservation to ensure 

survival of target metapopulations; Howell et al., 

2020). Ancillary data collected during surveys for 

amphibian occurrence or population status may also 

have benefits to advance basic species knowledge, 

conservation, or research (Boxes 10.1, 10.2, 10.3,10.4). 

Lastly, tracking of multiple monitoring, conservation, 

or restoration programmes can facilitate synthesis 

of actions and outcomes across broad geographic 

areas. For example, the Canadian province of British 

Columbia has developed an amphibian conservation 

and restoration database to help track these efforts 

across their province (Table S1).

Considerations of paramount importance for the 

long-term success of surveys and monitoring 

efforts include: 1) institutional support (e.g. can the 

programme become institutionalised, or are there 

multi-partner trust agreements to ensure longevity, 

such as researchers, local people, governments, 

decision makers, and others); 2) clear priorities and 

design; 3) capability (personnel infrastructure e.g. 

biological, technical, administrative, policy); 

4) funding; 5) communication (stakeholder updates, 

reports, outreach and education, media and social 

media information releases); and 6) adaptive 
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management (cyclic learning to improve execution 

of the programme). The last two considerations, 

communication and adaptive management, are 

opportunities to build stakeholder trust and leverage 

the results of surveys and monitoring into reactive 

conservation actions. 

Impact evaluations for adapting interventions

Evaluating the effectiveness of conservation interven-

tions depends on the availability and design of survey 

and monitoring datasets. Often, interventions and 

monitoring programmes are designed independently, 

Box 10.3: Atelopus conservation

Survey efforts in Central America uncovered the first evidence of massive amphibian declines in the 

1980s (Box Figure 10.1). Although the cause was unknown, continued monitoring in Costa Rica and 

Panama documented a south-east progression of population declines moving towards Colombia (Lips, 

1999). By 1999, the emerging infectious disease chytridiomycosis, caused by the fungal skin pathogen 

Batrachochytrium dendrobatidis (Bd) had been identified as a major threat to the Atelopus genus of bufonid 

toads in Central America (a threat later recognised for Atelopus throughout the Neotropics; La Marca et 

al., 2005). Survey data showed that Bd was an imminent threat to the continued existence of multiple 

threatened species, including the Panamanian golden frog (Atelopus zeteki), one of the world’s most 

culturally significant, recognisable, and Critically Endangered amphibians (Gagliardo et al., 2008). Based 

on these alarming survey results, representatives from an international collaboration of universities, zoos, 

and conservation organisations established colonies of wild populations of multiple Atelopus species in ex 

situ management centres (Zippel, 2002). In 2004, wild populations from Panamanian sites were decimated 

by Bd as predicted, rendering many Atelopus species Critically Endangered or Possibly Extinct in the Wild 

(Zippel, 2002). Remnant captive populations have since been successfully bred in captivity as source 

populations for reintroductions, where surplus individuals are also providing a key role in understanding 

infection pathways and fungal resistance (Becker et al., 2011).
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Box Figure 10.1: Amphibian surveys and monitoring in Central America documented a 20-year southeast progression of 
population declines that was eventually attributed to the skin disease chytridiomycosis caused by the amphibian chytrid 
fungus Batrachochytrium dendrobatidis. Source: Adapted from figure in http://amphibianrescue.org/2011/06/15/

chytrid-spreading-fast-and-furiously/

http://amphibianrescue.org/2011/06/15/chytrid-spreading-fast-and-furiously/
http://amphibianrescue.org/2011/06/15/chytrid-spreading-fast-and-furiously/
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requiring retrospective impact evaluations that use 

existing monitoring data. In these cases, monitoring 

data from treated and untreated sites can be statisti-

cally matched after data collection, while accounting 

for confounding variables (Schleicher et al., 2020). 

In other cases, surveys and monitoring programmes 

are co-designed alongside interventions and ideally 

built on theories of change (Rice, Sowman & Bavinck, 

2020). Surveyed sites for planned impact evaluations 

are either haphazardly assigned to treatments 

(sites receiving the intervention) and controls – as 

is most common – or are randomly assigned to 

each. Randomised controlled trials are the research 

gold standard but are rare in conservation impact 

evaluations (Burivalova et al., 2019), perhaps owing to 

logistics or ethical concerns under certain contexts. 

Co-designing interventions and monitoring for impact 

evaluation requires a greater level of planning and 

coordination but, when well-implemented, can lead to 

stronger inferences about intervention effectiveness 

(Baylis et al., 2016; Burivalova et al., 2019), which in 

turn can reduce uncertainty and wasted resources in 

conservation (Buxton et al., 2021). Lessons learned 

from impact evaluations then inform future implemen-

tation and adaptation of management interventions. 

For example, Canessa et al. (2019) monitored 

stage-specific survival rates of the threatened toad, 

Bombina variegata, to evaluate effectiveness of three 

methods of reintroduction: captive rearing, head-

starting, and direct translocations. They then adapted 

to focus survey and implementation efforts solely on 

headstarting, based on the data generated during the 

first years of monitoring. The specific interventions 

implemented for an amphibian conservation initiative 

will invariably depend on species life history and 

system context; the evidence base for a number 

of interventions is reviewed in Smith, Meredith & 

Sutherland (2018).

Box 10.4: The Survey and Manage Program: Siskiyou Mountains and Scott Bar salamanders

The US Pacific Northwest federal ‘Survey and Manage Program’ was developed to address persistence 

of species associated with late-successional and old-growth forest conditions that were not protected 

by federal reserved lands (Molina, Marcot & Lesher, 2006). One of the five amphibian species included 

in the programme was the Siskiyou Mountains salamander, (Plethodon stormi), a terrestrial woodland 

salamander with rocky substrate and shade habitat associations (Suzuki, Olson & Reilly, 2008). Its range 

was not well delineated upon programme initiation in 1993, when 47 site localities were known for the 

species across a ~61-ha area. Hence, salamander occurrence surveys were mandated within 40 km (25 

miles) of the outer-most known localities before any forest management proposals could be developed on 

federal lands within the species range. In addition, strategic surveys and independent research projects 

were conducted to collect additional data on occurrence, habitat associations, and genetic diversity. By 

1999, there were 163 sites known for the species and the known range had doubled in size (~137 ha), 

extending 18 km to the south, 11 km to the east, and 16 km to the west (Nauman & Olson, 1999). To the 

south, a new morphologically and genetically distinct species was encountered, the Scott Bar salamander 

(Plethodon asupak; Mead et al., 2005). The combined survey and research efforts for the Siskiyou 

Mountains salamander resulted in a tri-agency Conservation Agreement in Oregon where high-priority 

sites for conservation were identified as a pre-emptive effort to avoid its listing as federally Threatened or 

Endangered, while allowing for continued forest management within the species’ range (Olson et al., 2009). 

Additionally, species-management recommendations were developed to reduce fuel loading to reduce risk 

of wildfire at salamander sites (Clayton et al., 2009). At this time, a multi-agency Conservation Agreement 

is in development for the Siskiyou Mountains and Scott Bar salamanders in California. The outcome of the 

Survey-and Manage Program for this originally little-known species has been significant knowledge discovery 

(reviewed in Olson et al., 2007) and a series of successful conservation measures with reconciliation of forest 

management disturbances and proactive measures to address the threat of wildfire.
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On the horizon: potential for advancing 
surveys and monitoring

As threats to amphibian populations increase, 

the future of surveying and monitoring will require 

increased capacity, efficiency, and funding if conser-

vation is to succeed. Advances in technologies are 

enhancing efficiency of monitoring through remote 

detection and tracking of species with higher spatial 

and temporal resolution. A broad trend in greater 

accessibility of micro technologies for tracking small-

bodied amphibians with corresponding analytical 

tools is likely to further increase the resolution of 

monitoring and the breadth of species that are appro-

priate to different methods. More passive monitoring 

through drones and remote technologies can help 

expand the geographic coverage of monitoring efforts 

by reducing time and resource requirements (Marvin 

et al., 2016; Wilson et al., 2016).

For amphibians in particular, technology has been 

an effective aid to surveys and monitoring. Many 

populations are now monitored through acoustic 

sensors at very high temporal resolution, thereby 

generating massive amounts of data. However, lags 

in development of analytical tools still constrain our 

ability to comprehensively process acoustic data 

(Brodie et al., 2020; Deichmann et al., 2018). In the 

future, we are likely to resolve these issues with 

improved machine learning methods that will classify 

both visual (video and photos) and acoustic data 

to enable the identification of cryptic species and 

allow improved monitoring in remote locations. This 

may lead to real-time monitoring at a large scale, 

for example, by employing automated detection of 

calls. Additionally, cutting-edge artificial intelligence, 

such as algorithms used in the gaming industry, may 

provide a means to test and predict scenarios as they 

unfold through monitoring and to guide management 

(Barbe, Mony & Abbott, 2020). At the same time, 

continued development of new bioinformatic methods 

will enable the processing and analysis of increasingly 

large datasets (La Salle, Williams & Moritz, 2016; 

Snaddon et al., 2013).

Accompanying advances in technology, the acces-

sibility of genetic methods to inform monitoring has 

increased greatly. Genetic methods are an important 

piece of the conservation puzzle, informing our under-

standing of the underlying resilience of populations, 

resolving cryptic species, and guiding conservation 

strategy. The ongoing reduction in cost and increase 

in portability of genetic analyses – such as portable 

sequencers and PCR machines for molecular work 

in remote locations (Menegon et al., 2017) – coupled 

with the increased utility and complexity of laboratory 

and statistical analysis, will likely continue apace. 

For threatened amphibians, the continued rise in 

throughput and resolution of genetic methods will aid 

managers in prediction and decision-making around 

interventions for threatened species. Already we 

have seen the unit of focus change from species to 

sub-species management units in many cases, and 

with the advent of genomics we may soon be moni-

toring many populations at the individual or gene level.

Through open data repositories and other sharing 

platforms, there is a need to further improve the 

interoperability and accessibility of survey and 

monitoring data, including those generated by new 

technologies and molecular methods. However, these 

efforts will require a transformation in organisation and 

political will to ensure usefulness and equity of open 

data resources for conservation action (Stephenson 

et al., 2017). Governments and institutions will need 

to better coordinate the collection and distribution 

of biodiversity monitoring data, adopting shared 

frameworks for information systems such as those 

promoted by the GEO Biodiversity Observation 

Network (Navarro et al., 2017). The need for science 

to become more openly accessible, more robust, 

and replicable is becoming increasingly crucial as 

resources are further restricted (Hampton et al., 2013). 

Digital platforms that manage data and enable sharing 

globally will need to become more coordinated and 

regulated over time, including adherence to meta-data 

standards. As developing countries gain better access 

to technology and communication, open data reposi-

tories and resources should be intentionally designed 

and maintained to improve equity of access and 

use of open data. Open data platforms can facilitate 

collaborations and knowledge exchanges between 

specialties and disciplines, from those collecting 

data on the ground to those analysing data in the 

cloud. Technology has the potential to reduce the 

resource disparity between different socioeconomic 
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backgrounds and to provide access to open-source 

software and related training modules needed for 

planning and analysis of survey and monitoring data. 

This should increase the capacity of local stake-

holders, which is an important goal in conservation 

(Brooks et al., 2012).

While there will always be a need for well-designed, 

on-the-ground monitoring programmes, surveys and 

monitoring efforts may increasingly take advantage 

of non-traditional sources of data to minimise the 

resources needed to gather data necessary for deci-

sion-making. With the proliferation of environmental 

impact assessments associated with infrastructure 

development projects, grey literature reports of species 

occurrences are becoming more accessible. Similarly, 

as the push to improve data formatting and data 

sharing bears fruit, mining biodiversity data portals may 

provide some of the information traditionally gathered 

in on-the-ground surveys. Consulting these portals 

will be an important initial step in designing strategic 

amphibian surveys and monitoring programmes (Garcia 

Fontes et al., 2015). In addition, social media harbours 

a wealth of georeferenced biodiversity information 

that could be scraped and accessed through content 

analysis or other methods to inform amphibian surveys 

and monitoring (Toivonen et al., 2019).

Arguably, the greatest impediment to amphibian surveys 

and monitoring and to achieving amphibian conservation 

goals is lack of funding (see Chapter 2). This necessi-

tates creativity to look beyond traditional sources of 

conservation research financing. Fortunately, there are 

opportunities on the horizon: it is increasingly feasible 

to engage the private sector to generate funding 

for biodiversity conservation. In some locations, the 

private sector’s stake in biodiversity is tied to its 

obligation to meet national and global development 

goals (Nationally Determined Contributions, post-2020 

Biodiversity Targets, UN Sustainable Development 

Goals, etc.), to the will of activist shareholders and 

board members, and to the value of ecosystem 

services upon which corporations rely (Barbier, 

Burgess & Dean, 2018). Multilateral development 

banks often fund projects initiated by corporations 

and they also play a role in financing conservation 

as part of the environmental responsibility standards 

tied to those projects. Development projects funded 

by the banks signed on to the Equator-Principles 

are required to implement the mitigation hierarchy 

to manage their impacts to biodiversity and to 

implement biodiversity offset mechanisms. Amphibian 

conservation activities can be strategically woven 

into these projects (Deichmann et al., 2013). Among 

private investors, there is growing interest in ‘impact 

projects’, those that generate a measurable social 

or environmental benefit alongside a financial return 

(Rodewald et al., 2020). In amphibian-rich but 

resource-limited countries, these projects are often 

driven by an initial philanthropic contribution (blended 

financing), that catalyses investment from other 

entities. Ensuring survey objectives are clear and 

intentionally tied to national and global conservation 

goals will be essential in securing outside support 

for projects and conservation initiatives in resource-

limited nations. 

Amphibian surveys and monitoring vitally underpin 

much of our knowledge about the natural history, 

status, and population trends of amphibian species. 

As many populations have declined across the globe, 

ensuring that surveys and monitoring efforts are linked 

to conservation outcomes is increasingly urgent. 

These links can be strengthened by: 

Defining clear, applied objectives for amphibian 

surveys and monitoring through a participatory 

process.

Using decision support frameworks (such as 

adaptive management) to prioritise surveys.

Selecting the most appropriate survey methods 

among traditional and recently advanced 

techniques. 

Communicating survey and monitoring data in 

formats appropriate for informing decision-making. 

By leveraging new methods, technologies, and 

funding mechanisms, we can ensure surveys and 

monitoring contribute to achieving amphibian 

conservation goals in an age of rapid amphibian 

declines and discoveries.
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Table S1: Example amphibian survey and monitoring programmes 

Programme Partners Objectives Methods Geography/ Time References

Agile Frog NGOs, Jersey zoo, 

Jersey government

Prevent the extinction 

of the agile frog in 

Jersey

Pond survey 

of adult frogs; 

tadpole release 

and monitoring

Jersey/late 1980-

present

https://www.gov.

je/Environment/

LandMarine 

Wildlife/

ColdBlooded/

pages/frogs.aspx; 

Ward et al., 2016

Amphibian 

Research and 

Monitoring 

Initiative (ARMI)

US Dept. Interior, 

US Geological 

Survey; other US 

Depts., academia, 

States

Monitor amphibians 

on public lands and 

determine factors 

affecting their status

Diverse survey and 

research methods 

used

US-wide with 

a focus on US 

federal and state 

lands/2000 to 

present

Adams et al., 

2013; ARMI, 

2020 ; Grant et 

al., 2016

Atelopus 

Survival Initiative

National and 

international 

individuals, groups 

and institutions

Improve the 

conservation status of 

harlequin toads

Range-wide plan 

for the next 20 

years (2021-2041)

https://www.

atelopus.org/

the-initiative

British 

Columbia, 

Canada 

amphibian 

conservation 

and restoration 

database

British Columbia 

Ministry of the 

Environment, 

Canada

Track amphibian 

conservation and 

restoration actions 

inclusive of inventory 

and monitoring 

programmes

Any Any Leigh Anne 

Isaac, Personal 

Communication 

(BC Ministry of 

Environment, 

herpetofaunal 

expert)

Corroboree 

Frog Recovery 

Program

Australian 

Government, 

Zoos, NGOs

Secure the survival 

of the northern and 

southern corroboree 

frog in Australia, 

annually monitor wild 

populations

Survey number of 

calling males

Alpines of 

New South 

Wales and the 

Australian Capital 

Territory/2003 to 

present

https://www.

corroboreefrog.

org.au/

https://doi.org/10.1371/journal.pbio.1002413 
https://doi.org/10.1371/journal.pbio.1002413 
https://doi.org/10.1016/j.biocon.2020.108698 
 https://doi.org/10.1016/j.apacoust.2016.06.029 
 https://doi.org/10.1016/j.apacoust.2016.06.029 
https://doi.org/10.1890/13-1131.1 
https://doi.org/10.1890/13-1131.1 
https://www.gov.je/Environment/LandMarine Wildlife/ ColdBlooded/ pages/frogs.aspx
https://www.gov.je/Environment/LandMarine Wildlife/ ColdBlooded/ pages/frogs.aspx
https://www.gov.je/Environment/LandMarine Wildlife/ ColdBlooded/ pages/frogs.aspx
https://www.gov.je/Environment/LandMarine Wildlife/ ColdBlooded/ pages/frogs.aspx
https://www.gov.je/Environment/LandMarine Wildlife/ ColdBlooded/ pages/frogs.aspx
https://www.gov.je/Environment/LandMarine Wildlife/ ColdBlooded/ pages/frogs.aspx
https://www.atelopus.org/the-initiative
https://www.atelopus.org/the-initiative
https://www.atelopus.org/the-initiative
https://www.corroboreefrog.org.au/
https://www.corroboreefrog.org.au/
https://www.corroboreefrog.org.au/


Informing decision-making Chapter 10. Surveys and monitoring: challenges in an age of rapid declines and discoveries

261 amphibian conservation action plan: a status review and roadmap for global amphibian conservation

Programme Partners Objectives Methods Geography/ Time References

FrogID Australian Museum Understand the true 

species diversity, 

distribution and 

breeding habitats of 

Australian frogs

Anuran call 

surveys; citizen 

science

Australia/

2017-2021

https://www.

frogid.net.au/

Frogwatch USA AZA Citizen science; 

frog calls

US wide/1998-

2014

www.aza.org/

frogwatch

Golden Mantella Malagasy NGOs, 

zoos

Address fundamental 

questions around 

species dispersion, 

migration and 

colonisation

Distribution, 

site occupancy, 

capture-mark-

recapture

Mangabe-

Ranomena-

Sahasarotra New 

Protected Area, 

Madagascar/2012-

present

Edwards et al., 

2022; Piludu et 

al., 2015

Greater 

Yellowstone 

Inventory 

and Monitory 

Network’s 

Amphibian 

Monitoring 

Program

US Dept. Interior, 

US National 

Park Service, US 

Geological Survey; 

academia

Annually monitor native 

amphibian species and 

their habitats across 

300 wetland sites in 30 

watershed units

Visual 

observations, Dip 

net surveys

Yellowstone 

National Park, 

Grant Teton 

National Park; 

Wyoming, 

USA/2005 to 

present

Gould et al., 

2019; Hossack et 

al., 2015; Ray et 

al., 2016, 2020. 

Idaho 

Amphibian 

and Reptile 

iNaturalist 

Project

Idaho State Univ. 

Herpetology 

Laboratory; 

iNaturalist; citizen 

scientists

Improve species 

occurrence and 

distribution data in 

Idaho by collecting 

observations using 

iNaturalist, a mobile 

application

Crowdsourcing 

(iNaturalist) 

observations and 

purposive surveys

Idaho, USA/2016 

to present

Peterson, 2020

Long-Term 

Ecological 

Research 

Program (LTER 

or PELD)

Brazilian 

government, 

National Institute 

for Research in the 

Amazon

Establish permanent 

research sites 

integrated in a network 

for the development 

and monitoring of 

long-term ecological 

research

Temporal dynamics 

of amphibians; 

visual and acoustic 

surveys

PELD Amazon/

early 1990-present

https://ppbio.

inpa.gov.br/

Mountain 

Chicken 

Recovery 

Programme

NGOs, zoo, 

academia, 

governments

To have healthy 

mountain chicken 

populations across 

their former year-

2000 ranges on each 

of Montserrat and 

Dominica by 2034

Visual population 

surveys; screening 

the animals for 

disease

Montserrat and 

Dominica/2014-

present

https://www.

mountainchicken.

org/

https://www.frogid.net.au/
https://www.frogid.net.au/
http://www.aza.org/frogwatch
http://www.aza.org/frogwatch
https://ppbio.inpa.gov.br/
https://ppbio.inpa.gov.br/
https://www.mountainchicken.org/
https://www.mountainchicken.org/
https://www.mountainchicken.org/
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Abbreviations: Dept: Department; Univ: University; NGOs: non-governmental organisations
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National 

Amphibian 

Survey

NGOs, UK 

government, 

academia

Determine trends in the 

occurrence and relative 

abundance of frogs, 

toads and newts in the 

UK

Trapping; capture-

mark-recapture; 

citizen science

UK wide/2007-

present

https://

amphibian-survey.

arc-trust.org/

North American 

Amphibian 

Monitoring 

Program 

(NAAMP)

US Dept. Interior, 

Geological Survey, 

Citizen science, 

academia, States, 

NGOs

Monitor calling 

amphibian populations

Anuran call surveys 

from roads

Eastern and central 

USA/1997 to 2015

Cosentino et al., 

2014; NAAMP, 

2020; Villena 

Carpio et al., 

2016

Ranita de 

Darwin

NGOs, zoo, 

academia, 

governments

Long-term monitoring 

of southern Darwin’s 

frog (Rhinoderma 

darwinii) populations

Visual surveys; 

capture-recapture

4 sites across 

South Chile 

(Contulmo, 

Neltume, Chiloé, 

Melimoyu)/2014-

present

https://www.

ranitadedarwin.

org/

Rescue of 

Endangered 

Venezuelan 

Amphibians 

(REVA)

ASA, Amphibian 

Ark, NGOs, Zoo

Monitoring and 

conservation strategies 

to rescue endangered 

species

Visual encounters; 

audio surveys; 

captive breeding; 

reintroductions

Venezuelan Andes/ 

2018-present

https://revafrog.

home.blog/

Sierra Nevada 

Amphibian 

Monitoring 

Program

US Dept. 

Agriculture, US 

Forest Service

Long-term multi-

scale monitoring of 

amphibians on national 

forest lands in the 

Sierra Nevada

Randomised, 

unequal probability, 

rotating panel 

design; visual 

observations; 

capture-mark-

recapture; egg 

mass surveys

Sierra Nevada 

Range, California: 

>2200 sites, 124 

basins/2002 to 

2009

Brown et al., 

2012, 2013, 2014

US Dept. 

Defense 

Partners in 

Amphibian 

and Reptile 

Conservation 

(DoD PARC)

US Dept. Defense 

(Army, Air Force, 

Navy and Marine 

Corps)

Species inventory of 

415 DoD properties 

(sites)

Literature, 

database 

searches; 

observations using 

variable methods

US-wide; 2013 to 

2016

Petersen et al., 

2018
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Researcher, Víctor Vargas García, monitoring high elevation amphibians, including the Acancocha water frog (Telmatobius jelskii) in the Peruvian Andes. This 
species is classified as Near Threatened on the Red List. © Jessica Deichmann
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