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Abstract
The Natterjack toad (Epidalea calamita) is the rarest amphibian species in Ireland, regionally Red-Listed as Endangered. 
We applied an eDNA approach to detect species presence in breeding pond water samples. We developed a species-specific 
qPCR assay targeting the cytochrome c oxidase subunit I (COI). The assay was tested in silico, in vitro (DNA extracted 
from tissue) and in vivo (DNA extracted from water samples). Water samples were collected from five ponds with known 
Natterjack toad presence or absence to validate the sensitivity and specificity of the assay. The assay was shown to be highly 
specific to the Natterjack toad and tested positive only against toad tissue samples and eDNA samples from ponds with known 
species presence. We believe this method can be used for rapid assessment of species occurrence.
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Species distribution is among the most basic and impor-
tant data in ecology and conservation of wild populations, 
but often obtaining robust distribution records can be chal-
lenging (Mazerolle et al. 2007). Recent developments in 
molecular methods can offer a solution through non-inva-
sive genetic monitoring, where DNA can be extracted from 
the environment (e.g. water, soil) to obtain targeted pres-
ence–absence data (Deiner et al. 2017). Environmental DNA 
(eDNA) analysis has already demonstrated that it is a pow-
erful biodiversity monitoring tool with diverse applications 
in conservation management. This technique is especially 
useful for monitoring elusive species susceptible to distur-
bance (Laramie et al. 2015; Ma et al. 2016; Dougherty et al. 
2016; Vörös et al. 2017), has been shown to be time and cost 
effective (Biggs et al. 2015; Boussarie et al. 2018) and can 
have higher detection rates compared to traditional survey 
methods (Hunter et al. 2015; Smart et al. 2015; Torresdal 
et al. 2017). However, there are challenges associated with 

using eDNA for biodiversity monitoring like optimisation of 
water collection and laboratory protocols, DNA behaviour 
in the environment, contamination (e.g. Buxton et al. 2017, 
2018; Harper et al. 2019) that can influence DNA capture 
and detection.

In this study, we developed and optimized a quantita-
tive PCR (qPCR) assay for detecting the presence of the 
Natterjack toad (Epidalea calamita) in water samples from 
breeding ponds. The species is the rarest amphibian in Ire-
land, regionally Red-listed as Endangered (King et al. 2011). 
The Natterjack toad is a subject to considerable conserva-
tion efforts including an agri-environment Pond Creation 
Scheme and a Head-Start and Translocation Programme by 
the National Parks & Wildlife Service (NPWS) to create arti-
ficial ponds on farmland and promote colonisation (Reyne 
et al. 2019). The eDNA protocols developed here could be 
used for rapid assessment of species presence, especially for 
surveillance of colonisation rates of the newly created breed-
ing sites, detecting toad presence before field signs of breed-
ing are obvious and for monitoring post-release survival of 
translocated individuals (Rojahn et al. 2018).

Fieldwork was conducted in 2017 during the Natter-
jack toad breeding season (April–July) in Co. Kerry, Ire-
land (Fig. 1). We collected tadpoles and Natterjack toad 
tissue samples from dead individuals found in situ. DNA 
was preserved in 100% ethanol at ambient temperature. 
We collected water samples from ponds with well-known 
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Natterjack toad presence and absence based on intensive 
field surveys (Bécart et al. 2007; Sweeney et al. 2013; Reyne 
et al. 2019). Water samples (30 mL) were collected at ten 
sites around the pond margin, pooled and gently mixed in a 
sterile self-supporting plastic bag. From each of these pooled 
samples, 3 × 15 mL were taken with a sterile pipette and 
added to a 50 mL centrifuge tube containing 33 mL 100% 
ethanol and 1.5 mL 3 M sodium acetate. A negative control 
of distilled water was used following the field protocol to test 
for cross-contamination between samples. All samples were 
stored at − 20 °C until extraction. Work was conducted in a 
UV sterilisable chamber with air ventilation. Genomic DNA 
was extracted using DNeasy Blood and Tissue extraction kit 
(Qiagen, Valencia CA, USA), while DNA extraction from 
water samples followed Williams et al. (2017). In summary, 
we used centrifugation to concentrate DNA from water, then 
DNA was purified using the CTAB (cetyltrimethyl ammo-
nium bromide) protocol (Coyne et al. 2001; Turner et al. 
2014), followed by a post-extraction inhibitor removal step 
using a OneStep PCR Inhibitor Removal kit (Zymo Inc., 
Irvine, California, USA).

Development of the cytochrome c oxidase subunit I (COI) 
based qPCR assay was conducted on sequences of three 
individuals obtained from GenBank (accession numbers: 

HM901944-47). AlleleID software version 7.5 (Premier 
Biosoft, USA) was used to align the COI regions, identify 
consensus regions and design primers. We developed an 
assay consisting of forward (Ecal_COI_F 5′-CCG TCA ATA 
ACT CAA TAC C-3′) and reverse (Ecal_COI_R 5′-GCA AGA 
ACT GGT AGA GAA -3′) primers and a FAM-labelled MGB 
non-fluorescent quencher probe (Ecal_COI_probe 6FAM-
5′- AAT CAC TGC CGT CTT GCT TCT-3′) that amplifies an 
89 base pair (bp) region. After the primer design, speci-
ficity was assessed via an NCBI BLAST search (Ye et al. 
2012). The assay was tested in silico against COI sequences 
of three European toad species (Bufo bufo, B. spinosus and 
Bufotes viridis) and in vitro against a panel of tissue sam-
ples of the target organism and closely related non-target 
species present in Ireland (the common frog Rana tempo-
raria and smooth newt Lissotriton vulgaris) to empirically 
demonstrate the specificity of the developed assay. Ampli-
fication was validated via Sanger sequencing and a sub-
sequent BLAST search on GenBank. The assay was also 
tested in situ on samples collected from ponds with known 
Natterjack toad presence and absence. We performed assay 
optimisation using different primer/probe concentrations 
and thermocycling conditions including two and three step 
protocols. qPCR was performed using a Magnetic Induc-
tion Cycler (MIC) platform (Bio Molecular Systems) in a 
final reaction volume of 20 µL, which included 4 µL of tem-
plate DNA, 10 µL SensiFAST™ Probe No-ROX (Bioline 
Meridian BioScience, Cincinnati, Ohio, USA), 4 µL  ddH2O, 
0.8 µL of each primer and 0.2 µL probe. This mix was then 
placed into dedicated reaction tubes manufactured for MIC 
platform and prefilled with high viscosity silicon oil (Bio 
Molecular Systems) to prevent evaporation and contamina-
tion of amplicon. PCR reactions had the following thermal 
cycling conditions: activation step 95 °C for 5 min, followed 
by 35 cycles of 95 °C for 10 s and one step for annealing 
and extension of 60 °C for 35 s. Tissues samples of the Nat-
terjack toad, common frog and smooth newt were used for 
positive and specificity controls respectively. The results 
obtained from qPCR and Sanger sequencing demonstrate 
that the developed COI assay tested positive against only 
Natterjack toad tissue samples and when the species was 
known to be present in breeding ponds (Table 1). No ampli-
fication occurred at sites where the species was absent, or in 
negative controls or blanks.

The assay presented is highly specific to the Natterjack 
toad. We believe this method has potential to be used for 
species detection during monitoring and surveillance across 
its distribution range in Europe and for evaluating species 
conservation strategies including post-release survival of 
translocated individuals.

Fig. 1  Map of the study area and sampling locations of collected 
water samples used for qPCR assay validation
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