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Introduction

The field of biodiversity monitoring has been significantly advanced by the de-
velopment and application of environmental DNA (eDNA) techniques, offering a
sensitive and non-invasive approach to detect species, particularly those that are
rare and elusive. This review delves into the various facets of eDNA application for
amphibian conservation, highlighting its potential to overcome challenges associ-
ated with traditional survey methods. Environmental DNA offers a powerful tool for
detecting extremely rare amphibian populations, especially when optimized, out-
performing conventional surveys for locating remnant populations that are difficult
to find due to low abundance, cryptic habits, or fragmented habitats. This under-
scores the importance of eDNA for conservation efforts focused on understanding
and protecting these elusive species [1].

Understanding the temporal dynamics of eDNA signals is crucial for effective mon-
itoring. Research has explored the persistence and degradation of amphibian
eDNA in different environmental matrices, providing vital insights into how long
eDNA signals can remain detectable in water and soil. This knowledge directly
influences sampling strategies and the interpretation of detection results, particu-
larly for species with limited dispersal capabilities or those inhabiting ephemeral
water bodies [2].

Environmental factors play a significant role in the detectability of eDNA, influenc-
ing its concentration and distribution. Studies have investigated how elements
such as water flow and sediment composition can impact eDNA persistence and
detectability. This research offers practical guidance for optimizing sampling lo-
cations and methodologies to maximize the likelihood of detecting rare amphibian
species [3].

Comparisons between eDNA sampling and traditional survey methods reveal the
superior effectiveness of eDNA in detecting amphibian diversity. Evidence sug-
gests that eDNA can identify species that are often missed by conventional tech-
niques, especially in challenging or degraded environments where species are
scarce and difficult to locate through direct observation [4].

The development of precise molecular tools is fundamental for the reliable de-
tection of rare amphibians. The application of species-specific quantitative poly-
merase chain reaction (qPCR) assays for eDNA detection is highlighted as es-
sential for confirming the presence of rare species and differentiating them from
closely related taxa, thereby enhancing the accuracy of eDNA surveys [5].

Environmental DNA metabarcoding presents an advanced approach for assess-
ing amphibian communities, offering the potential to detect multiple rare species
simultaneously. This high-throughput methodology is explored for its challenges
and benefits in comprehensive biodiversity monitoring, particularly in areas where
several threatened species might coexist [6].

The efficacy of eDNA detection rates for rare species is profoundly influenced by
the sampling design employed. Research indicates that the strategic placement
and frequency of sampling are critical factors in increasing the probability of de-
tecting elusive amphibians, especially within fragmented landscapes, emphasiz-
ing the need for carefully planned survey efforts [7].

The utility of eDNA extends to monitoring amphibian populations within human-
modified habitats. Studies demonstrate its value as a tool for detecting species
that manage to persist in fragmented or disturbed areas, thereby furnishing essen-
tial data for conservation planning in such altered environments [8].

Potential biases inherent in eDNA detection methodologies, such as PCR inhibi-
tion and primer bias, require careful consideration. Addressing these challenges
through targeted strategies is crucial for ensuring the accuracy and reliability of
eDNA data, especially when the objective is to detect extremely rare species where
even minor errors can lead to significant misinterpretations, such as false nega-
tives [9].

Furthermore, eDNA serves as a valuable instrument for evaluating the success
of conservation interventions aimed at rare amphibians. It offers a non-invasive
means to monitor population recovery and assess the effectiveness of habitat
restoration or reintroduction programs for critically endangered species, providing
crucial feedback for adaptive management [10].

Description

The application of environmental DNA (eDNA) has emerged as a transformative
technology in ecological research and conservation, offering a sensitive and non-
invasive method for species detection. This technique holds particular promise for
identifying rare and elusive amphibian populations, which often evade traditional
survey methods due to their low abundance, cryptic nature, or fragmented habi-
tats. Optimized eDNA approaches can significantly enhance detection sensitivity,
making them invaluable for understanding and protecting these vulnerable species
[1].

A critical aspect of eDNA-based monitoring is understanding the environmental
fate of DNA molecules. Studies have investigated the persistence and degrada-
tion patterns of amphibian eDNA in various aquatic and terrestrial matrices. This
knowledge is paramount for designing effective sampling strategies and accurately
interpreting detection results, especially in dynamic environments or for species
with limited mobility [2].

The influence of environmental covariates on eDNA detectability is another key
area of research. Factors such as water flow, sediment composition, and substrate
type can affect the concentration and spatial distribution of eDNA. Understanding
these influences allows for the optimization of sampling protocols, ensuring that
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efforts are directed towards locations and methods most likely to yield positive
detections of rare amphibians [3].

Comparative studies consistently demonstrate the advantages of eDNA over tradi-
tional methods for assessing amphibian diversity. eDNA has been shown to detect
species that are frequently missed by visual encounter surveys or acoustic moni-
toring, particularly in complex or disturbed ecosystems where species are sparsely
distributed [4].

The development and validation of molecular tools, such as species-specific quan-
titative PCR (qPCR) assays, are crucial for the reliable identification of amphib-
ian eDNA. These precise assays are essential for confirming the presence of rare
species and minimizing the risk of misidentification, thereby increasing the confi-
dence in eDNA-based survey outcomes [5].

Advanced eDNA techniques like metabarcoding offer the capability to simulta-
neously detect multiple amphibian species from a single sample. This high-
throughput approach is being explored for its potential in comprehensive biodiver-
sity assessments, especially in regions where diverse and potentially threatened
amphibian communities coexist [6].

Sampling design represents a fundamental determinant of eDNA detection suc-
cess. Strategic planning of sample collection, including the number, location, and
timing of sampling events, is vital for maximizing the probability of detecting rare or
elusive species, particularly in landscapes characterized by habitat fragmentation
[7].

The utility of eDNA is not limited to pristine environments; it is also proving valuable
for monitoring amphibian populations in anthropogenically modified landscapes.
eDNA can reveal the presence of species that persist in disturbed or fragmented
habitats, providing critical data for conservationmanagement in human-dominated
ecosystems [8].

Mitigating potential biases in eDNA analysis is essential for robust results. Com-
mon issues such as PCR inhibition and primer bias can affect detection accuracy.
Implementing strategies to address these biases is paramount, especially when
targeting extremely rare species where even small detection failures can lead to
significant conservation implications [9].

Finally, eDNA analysis serves as a powerful tool for evaluating the effectiveness
of conservation interventions. It enables non-invasive monitoring of population
recovery and assessment of the success of habitat restoration or species reintro-
duction programs for critically endangered amphibians, providing vital feedback
for adaptive management strategies [10].

Conclusion

Environmental DNA (eDNA) offers a highly sensitive and non-invasive method
for detecting rare and elusive amphibian species, often outperforming traditional
survey techniques. Research highlights the importance of understanding eDNA
persistence, degradation, and the influence of environmental factors on detection
rates. Advanced techniques like metabarcoding and species-specific qPCR as-
says enhance detection accuracy and allow for simultaneous monitoring of mul-
tiple species. Strategic sampling designs are crucial for maximizing detection

probabilities, especially in fragmented or human-modified habitats. Addressing
potential biases in eDNA analysis is key to ensuring reliable data for conserva-
tion efforts, including the evaluation of intervention effectiveness and population
recovery monitoring.
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