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Reference alignment construction
Reference DNA sequences (complete mitochondrial DNA, COI) from all common Western and Central European amphibians were obtained from NCBI Genbank (Sayers et al. 2022) and BOLD (Ratnasingham and Hebert 2007) genetic databases. Additionally, reference tissue samples of the target species and 17 other amphibians occurring in Germany were extracted with Blood and Tissue Kit (QIAGEN GmbH, Germany) as recommended by the manufacturer’s instructions and quantified with a NanoDrop™ Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). Correct species assignment and DNA extract functionality was checked via Sanger sequencing according to Inoue et al. (2000) and Lukas et al. (2017). Reference sequences of target/non-target amphibian species (complete mitochondrial DNA alignment: n=62; COI alignment: n=95) were aligned with BioEdit v.7.1.3.0 (Hall 1999) and MAFFT Version 7 (Katoh et al. 2002, Katoh and Standley 2013) and screened for distinctive sequence areas for both species. 

Statistical Analysis
Data analysis was performed in R version 4.4.2 (R Core Team 2024). Ct values were analyzed using a linear mixed-effects model with packages lme4 and lmerTest with analytical workflow (qPCR, HT-qPCR-AMM, HT-qPCR-EMM2.0) and species identity (B. bombina and B. variegata) as fixed effects. As filtered water volume and qPCR inhibition were strongly confounded with sampling site, these values were excluded from further analysis. Significance of fixed effects was evaluated using Type III analysis of variance with Satterthwaite approximations of degrees of freedom. Pairwise comparisons between workflows were conducted using estimated marginal means (emmeans) with Tukey-adjusted p-values. Agreement between analytical workflows was evaluated using Pearson and Spearman correlation analyses. In addition, Bland–Altman analyses were performed to quantify systematic bias and limits of agreement between qPCR and HT-qPCR. Detection performance was assessed by classifying samples as positive when Ct values were below the validated Ct-based LOD threshold of the respective assay/method (see Supplement Table 2). Detection rates of workflows were compared using McNemar's tests for paired observations. Technical reproducibility was evaluated using mean intra-assay coefficients of variation (CV%) from technical replicate measurements and averaged across all samples and species for each analytical workflow. Graphical visualisation was performed with the software GraphPad Prism, version 11.0.2 (GraphPad Software Inc., La Jolla California, USA, 2026). Statistical significance was set at α=0.05.



Supplement Table 1 List of amphibian species used for assay specificity tests. Tissue-derived DNA was used for in vitro tests of both Bombina eDNA marker systems. Abundance data of target species measured as raster frequency (Rf in %) in Hessen and Saxony, based on status of the Hessian and German Red List (AGAR & FENA 2010, Rote-Liste-Gremium Amphibien und Reptilien 2020). Positive (+) or failed amplification (−) results are provided with obtained Ct values at 10 ng/µl measured via qPCR analysis. 

	Family
	Common name
	Genus
	Species
	Rf [%]
	BV assay
	BB assay

	Bombinatoridae
	Yellow-bellied toad
	Bombina
	variegata
	14.9
	+ (Ct value: 20.97)
	-

	
	European fire-bellied toad
	Bombina
	bombina
	9.37
	-
	+ (Ct value: 19.26)

	Bufonidae
	Common toad
	Bufo 
	bufo
	72.5
	-
	-

	
	Natterjack toad
	Epidalea 
	calamita
	19
	-
	-

	
	European green toad
	Bufotes 
	viridis
	6.3
	-
	-

	Alytidae
	Midwife toad
	Alytes 
	obstetricans
	20.5
	-
	-

	Hylidae
	Common tree frog
	Hyla 
	arborea
	17.4
	-
	-

	Pelobatidae
	Common spadefoot toad
	Pelobates 
	fuscus
	5.2
	-
	-

	Ranidae
	Moor frog
	Rana 
	arvalis
	1.5
	-
	-

	
	Agile frog
	Rana 
	dalmatina
	7.1
	-
	-

	
	Common frog
	Rana 
	temporaria
	64.9
	-
	-

	
	Pool frog
	Pelophylax 
	lessonae
	10
	-
	-

	
	Edible frog
	Pelophylax
	kl. esculentus
	46.8
	-
	-

	
	Marsh frog
	Pelophylax 
	ridibundus
	15.8
	-
	-

	Salamandridae
	Fire salamander
	Salamandra 
	salamandra
	28.2
	-
	-

	
	Alpine newt
	Ichthyosaura 
	alpestris
	63.7
	-
	-

	
	Great crested newt
	Triturus
	cristatus
	34.9
	-
	-

	
	Palmate Newt
	Lissotriton 
	helveticus
	24.1
	-
	-

	
	Smooth newt
	Lissotriton
	vulgaris
	60.4
	-
	-

	
	Negative control
	
	
	
	-
	-

	
	Human DNA
	
	
	
	-
	-

	
	Positive gBlock control
	
	
	
	+
	+




Supplement Table 2 Standard curve formula, efficiency, R2 and LOQ/LOD values of both assays for all workflows.

	Species
	Workflow
	formula
	slope
	efficiency
	R2
	LOQ-
Ct value
	LOD-
Ct value

	Bombina variegata
	qPCR
	y = -1.576ln(x) + 39.429
	-3.63
	89%
	0.99
	35.19
	37.87

	
	HT-qPCR AMM
	y = -1,1781x + 30.636
	-2.71
	133%*
	0.99
	26.37
	29.12

	
	HT-qPCR EMM2.0
	y = -0,9674x + 13.818
	-2.23
	181%*
	0.95
	5.88
	11.78

	Bombina bombina
	qPCR
	y = -1.562ln(x) + 40.222
	-3.6
	90%
	0.99
	38.47
	40.04

	
	HT-qPCR AMM
	y = -1,6266x + 25.824
	-3.75
	85%
	0.99
	22.51
	24.67

	
	HT-qPCR EMM2.0
	y = -1,2533x + 13.75
	-2.89
	122%*
	0.99
	12.18
	13.47


*qPCR efficiencies exceed accepted range of 80–110%, but should be interpreted with caution as these values likely reflect   
 limitations of standard curve estimation (limited number of standard concentrations) rather than true amplification kinetics as   
 shown by consistent performance across technical replicates and strong agreement between chemistries.




Supplement Table 3 Location of sampling sites with filtered water volumes (in mL) and known species occurrence (+ = presence, - = absence).
	Site No.
	State
	Location
	Water volume
	Species occurrence

	
	
	
	
	BV
	BB

	Site1_GN Kinzigaue1.3
	HE
	50.1982983°N, 9.2135952°E
	1500
	-
	-

	Site2_Kalbach
	HE
	50.415885°N, 9.656855°E
	2000
	+
	-

	Site3_NABU_net
	HE
	50.258733°N, 9.311852°E
	2000
	+
	-

	Site4_NABU_foil
	HE
	50.258401°N, 9.310194°E
	2000
	+
	-

	Site5_Losse Stadion
	HE
	51.209767°N, 9.696027°E
	8000
	+
	-

	Site6_NSG Hardt
	HE
	50.152036°N, 9.173861°E
	1000
	+
	-

	Site7_Sandgrube
	HE
	50.133561°N, 9.152258°E
	1000
	+
	-

	Site8_Krippelwasser
	SN
	51.426090°N, 12.666395°E
	1000
	-
	+

	Site9_Dorfteich Kollau
	SN
	51.431315°N, 12.653263°E
	250
	-
	+

	Site10_Stilles Wasser
	SN
	51.427472°N, 12.660602°E
	5000
	-
	+




Supplement Table 4 Sequences obtained from eDNA M13 sequencing for Bombina variegata and B. bombina extracted from eDNA sampling sites testing positive for the target species. Letters A or C indicate the biological replicates from which the sequences were obtained.
	Species
	Sample name
	Sequence 5’-3’

	B. variegata
	E210093_KalbachA
	ATGAAGCCCCCAGCGATATCACAATACCAAACACCCCTGTTTGTTTGATCTGTACTAATCACAGCTATTCTTCTACTTCTCTCACTCCCTGTTCTTGCTGC

	
	E210035_NABU_foilC
	ATGAAGCCCCCAGCGATATCACAATACCAAACACCCCTGTTTGTTTGATCTGTACTAATCACAGCTATTCTTCTACTTCTCTCACTCCCTGTTCTTGCTGC



	
	E210144_SandgrubeC
	ATGAAGCCCCCAGCGATATCACAATACCAAACACCCCTGTTTGTTTGATCTGTACTAATCACAGCTATTCTTCTACTTCTCTCACTCCCTGTTCTTGCTGC

	
	E210326_LosseStadionA
	ATGAAGCCCCCAGCGATATCACAATACCAAACACCCCTGTTTGTTTGATCTGTACTAATCACAGCTATTCTTCTACTTCTCTCACTCCCTGTTCTTGCTGC


	
	Bombina_variegata_tissue
	ATGAAGCCCCCAGCGATATCACAATACCAAACACCCCTGTTTGTTTGATCTGTACTAATCACAGCTATTCTTCTACTTCTCTCACTCCCTGTTCTTGCTGC


	B. bombina
	E210109_KrippelwasserA
	CATCTTGATGAAACTCGGGGTTGCACCATTTCACTTCTGACTTCCTGAGGTCCTGCAAGGAATTGACTTAACAACAGGACTCATCTTATCCACA


	
	E210117_DorfteichKollauA
	CATCTTGATGAAACTCGGGGTTGCACCATTTCACTTCTGACTTCCTGAGGTCCTGCAAGGAATTGACTTAACAACAGGACTCATCTTATCCACA

	
	E210127_StillesWasserC
	CATCTTGATGAAACTCGGGGTTGCACCATTTCACTTCTGACTTCCTGAGGTCCTGCAAGGAATTGACTTAACAACAGGACTCATCTTATCCACA

	
	Bombina_bombina_tissue
	CATCTTGATGAAACTCGGGGTTGCACCATTTCACTTCTGACTTCCTGAGGTCCTGCAAGGAATTGACTTAACAACAGGACTCATCTTATCCACA





Supplement Table 5 Results of Type III ANOVA with Satterthwaite approximations of degrees of freedom with NumDF = Numerator Degrees of Freedom, DenDF = Denominator Degrees of Freedom, F- values, p-values and significance levels *= p< 0.05, **= p< 0.01, ****= p< 0.0001.
	Effect
	NumDF
	DenDF
	F-value
	p-value
	Significance

	Method
	2
	28
	789.63
	<0.001
	****

	Species
	1
	14
	1.27
	0.279
	

	Method × Species
	2
	28
	2.98
	0.067
	







Supplement Table 6 Significant results of estimated marginal means and Tukey-adjusted pairwise comparisons of Ct values between workflows with ΔCt = Mean Ct difference, SE = Standard Error, p-values and significance levels *= p< 0.05, **= p< 0.01, ****= p< 0.0001.
	Species
	Comparison
	ΔCt
	SE
	p-value
	Significance

	Bombina variegata
	qPCR vs. HT-qPCR AMM
	-14.4
	0.88
	<0.0001
	****

	
	qPCR vs. HT-qPCR EMM2.0
	-30.0
	0.88
	<0.0001
	****

	
	HT-qPCR AMM − HT-qPCR EMM2.0
	15.6
	0.88
	<0.0001
	****

	Bombina bombina
	qPCR vs. HT-qPCR AMM 
	-15.0
	1.14
	<0.0001
	****

	
	qPCR vs. HT-qPCR EMM2.0
	-27.3
	1.14
	<0.0001
	****

	
	HT-qPCR AMM − HT-qPCR EMM2.0
	12.3
	1.14
	<0.0001
	****




Supplement Table 7 Results of Pearson and Spearman correlation analyses with r/ ρ-values ranging from 0.00–0.19 (no to very weak agreement) to 0.80–1.00 (very strong to 100% agreement).
	Comparison
	Pearson
	Spearman

	
	r
	p-value
	ρ
	p-value

	qPCR vs HT-qPCR AMM
	0.538
	0.032
	0.46
	0.076

	qPCR vs H HT-qPCR EMM2.0
	0.397
	0.128
	0.23
	0.398

	HT-qPCR AMM vs HT-qPCR EMM2.0
	0.710
	0.002
	0.60
	0.017


 

[image: ]









Supplement Fig. 1 Bland–Altman analysis-based pairwise comparison of mean Ct values against Ct differences between workflows (A) qPCR vs HT-qPCR AMM, (B) qPCR vs HT-qPCR EMM2.0 and (C) HT-qPCR AMM vs HT-qPCR EMM2.0 with mean bias (gray line) and 95% LoA.
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