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Online Resource 1. Overview of technical details from studies included in the main text and others returned by a Google Scholar search using the terms “eDNA” and “pond”. Gene abbreviations denote the marker gene used in each study, including cytochrome c oxidase subunit I (COI) and cytochrome c oxidase subunit III (COIII), cytochrome-b (cyt-b), 12S and 16S ribosomal RNA (rRNA), internal transcribed spacer (ITS), and maturase K (matK). Abbreviations for filter types are as follows: polycarbonate track-etched (PCTE), glass fibre (GF), polyvinylidene difluoride (PVDF), cellulose acetate (CA), cellulose nitrate (CN), and mixed cellulose ester (MCE). 
	Organism(s)
	Volume sampled
	Capture method
	Storage conditions
	Extraction method
	Technology
	Marker(s)
	Reference

	American bullfrog Lithobates catesbeianus
	3 x 15 mL
	Ethanol precipitation
	-20 oC
	Qiagen® QIAamp Tissue Extraction Kit
	PCR
3-5 replicates
	cyt-b
	Ficetola et al. (2008)

	American bullfrog
Siberian sturgeon Acipenser baerii
	3 x 15 mL
	Ethanol precipitation
	-20 oC
	Qiagen® QIAamp Blood and Tissue Extraction Kit
	PCR
3 replicates
	cyt-b
79 bp 
98 bp
	Dejean et al. (2012)

	Common spadefoot toad Pelobates fuscus
Great crested newt Triturus cristatus
European weather loach Misgurnus fossilis
Large white-faced darter Leucorrhinia pectoralis
Tadpole shrimp Lepidurus apus
Otter Lutra lutra
	3 x 15 mL
	Ethanol precipitation
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan MGB qPCR
3 replicates
 
Metabarcoding (PCR and 454 pyrosequencing)
6 replicates
	cyt-b, COI
72 - 130 bp
	Thomsen et al. (2012)

	Bluegill sunfish Lepomis macrochirus
	1 L frozen at -30 oC
	Filtration
3 μm
CA filters
	-25 oC in DNA-free aluminium foil
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
8 replicates
	cyt-b
100 bp
	Takahara et al. (2013)

	Chytrid fungus Batrachochytrium dendrobatidis
	600 mL
	Filtration
Sterivex
	Unknown
	Gentra Systems  Puregene kit
	TaqMan qPCR
SYBR green qPCR
2 replicates
	ITS-1
97 bp
145 bp
	Schmidt et al. (2013)

	Red swamp crayfish Procambarus clarkii
	20 x 40 mL pooled and subsampled for 6 x 15 mL
	Ethanol precipitation
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
12 replicates
	COI
65 bp
	Tréguier et al. (2014)

	Great crested newt
	3 x 50 mL subsampled for 3 x 15 mL
	Ethanol precipitation
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
12 replicates
	cyt-b
81 bp
	Rees et al. (2014a)
 

	Common carp Cyprinus carpio
	12 L subsampled for 300 mL
	Filtration 
0.2 - 180 μm 
Nylon net and PCTE filters
	-20 oC in CTAB buffer
	CTAB extraction
	SYBR green qPCR
3 replicates
	D-loop
146 bp
	Turner et al. (2014a)

	Bighead carp Hypophthalmichthys nobilis
Silver carp H. molitrix
	8 x 2 L
	Filtration 
1.5 μm
GF filters

10 μm
PCTE filters
	-20 oC
	
MoBio® PowerWater DNA Isolation kit

CTAB extraction
	TaqMan qPCR
3 replicates
	D-loop
100 bp
	Turner et al. (2014b)

	Great crested newt
	20 x 30 mL pooled and subsampled for 6 x 15 mL
	Ethanol precipitation
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
12 replicates
	cyt-b
81 bp
	Biggs et al. (2015)

	Turtles
	1 L
	Filtration
1.2 μm
GF filters
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	PCR
SYBR green qPCR
	COI
155-299 bp
	Davy et al. (2015)

	Bluegill sunfish
	1 L frozen at -30 oC
	Filtration
3 μm
CA filters
	NA
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
8 replicates

ddPCR
8 replicates

	cyt-b
100 bp
	Doi et al. (2015a)

	Common carp
	15 mL
	Ethanol precipitation 

	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
3 replicates

ddPCR
3 replicates

	cyt-b
78 bp
	Doi et al. (2015b)

	Brazilian waterweed Egeria densa
	5 mL in laboratory trial

1 L in field trial
	Ethanol precipitation 


Filtration 
GF  filters
	None (samples processed rapidly after collection)
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
3 replicates (laboratory trial)

6 replicates (field trial)

	trnL–trnF intergenetic spacer 
373 bp
	Fujiwara et al. (2016)

	Waterthyme Hydrilla verticillata
	0.6 – 1 L
	Filtration
~0.7 μm
GF filters
	-20 °C 

	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
3 replicates

	matK
	Matsuhashi et al. (2016)

	Eurasian watermilfoil Myriophyllum spicatum
	1 L
	Filtration
0.45 μm
PVDF filters
	-20 oC in absolute ethanol
	Qiagen® Plant Mini Kit
	PCR
3 replicates
	ITS
133 bp
	Newton et al. (2016)

	Amphibians
Fish
	20 x 30 mL pooled and subsampled for 6 x 15 mL
 
	Ethanol precipitation
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	Metabarcoding (PCR and Illumina MiSeq)
12 replicates
	12S rRNA
< 100 bp
	Valentini et al. (2016)

	Pike Esox lucius
Perch Perca fluviatilis
	1 L
	Ethanol precipitation

Filtration
0.45 μm
CN/CA

0.2 μm
PCTE

0.6 μm
GF

0.22 μm
Sterivex
	99% ethanol at room temperature, Longmire’s buffer at room temperature, RNAlater at room temperature, no buffer frozen at 20 °C, no buffer refrigerated at 8–10 °C.
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
12 replicates
	cyt-b
81 bp
89 bp
	Spens et al. (2016)

	Mozambique tilapia Oreochromis mossambicus
	2 x 2 L
	Filtration
0.7 μm
GF syringe filter
	-20 oC
	Bioline® Isolate II Genomic DNA kit
	SYBR green qPCR
5 replicates
	16S rRNA
189 bp
	Robson et al. (2016)

	Great crested newt
	20 x 30 mL pooled and subsampled for 6 x 15 mL
	Ethanol precipitation
	-20 oC 
 
 
 

	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
8 replicates
	cyt-b
81 bp
	Buxton et al. (2017a)

	Great crested newt
	1 L
 
 
 
6 x 15 mL
	Filtration
20 μm, nylon filter
 
Ethanol precipitation
	-20 oC 
 
 
 
-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
8 replicates
	cyt-b
81 bp
	Buxton et al. (2017b)

	Great crested newt
	6 x 15 mL
	Ethanol precipitation
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
12 replicates
	cyt-b
81 bp
	Rees et al. (2017)

	Tropical frogs
	1 L
	Filtration
0.7 μm
GF filters
 
0.2 μm
nylon filters
	Dried or CTAB preservation
 
Dried
	CTAB chloroform
 
 
Qiagen® DNeasy Blood and Tissue Kit
	Metabarcoding (PCR and Illumina NextSeq 500)
4 replicates
	16S rRNA
150 bp
	Bálint et al. (2017)

	Fish
	30 x 250 mL
	Filtration
1.2 μm, PCTE filters
 
	CTAB preservation at -20 oC
	Chloroform-Isoamyl alcohol extraction and an isopropanol precipitation
	Metabarcoding (PCR and Illumina MiSeq)
	cyt-b
12S rRNA
16S rRNA
	Evans et al. (2017)

	Mammals
	500 mL
	Filtration
0.7 μm, GF filters
	-20 oC in aluminium foil
	Qiagen® DNeasy Blood and Tissue Kit
	Metabarcoding (PCR and Illumina MiSeq)
3 replicates
	12S rRNA
~171 bp
	Ushio et al. (2017)

	Vertebrates
	27 - 100 mL
	Filtration
0.45 μm
CN filters
	-20 oC in 1 mL 100% ethanol
	Qiagen® Qiashredder and DNeasy Blood and Tissue Kit
	Metabarcoding (PCR and Illumina MiSeq)
0 replicates
	12S rRNA
83 bp

16S rRNA
93 bp
	Klymus et al. (2017)

	Great crested newt
	Water: 20 x 30 mL pooled and subsampled for 6 x 15 mL

Sediment: 10 x 60 mL scoops pooled and subsampled for 1 x 15 mL




	Ethanol precipitation
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit




Qiagen® QIAamp DNA Stool Mini Kit
	TaqMan qPCR
8 replicates
	cyt-b
81 bp
	Buxton et al. (2018)

	Red swamp crayfish
	2 L



6 x 200 mL
	Filtration
0.45 μm
CN filters

Centrifugation then filtration
0.45 μm
CN filters
	-20 oC
	Phenol-chloroform-isoamyl alcohol, CTAB chloroform, MasterPure DNA purification kit (Epicentre)
	PCR 
0 replicates
	COI
96 bp

COIII
109 bp
	Geerts et al. (2018)

	Birds
	100 - 200 mL
	Filtration
0.45 μm, Sterivex filters
	-20 oC in RNAlater
	Qiagen® DNeasy Blood and Tissue Kit
	Metabarcoding (PCR and Illumina MiSeq)
3 replicates
	12S rRNA
~171 bp
	Ushio et al. (2018)

	European pond turtle Emys orbicularis
	90 mL, subsampled for 6 x 15 mL

90 mL
	Ethanol precipitation



0.45 μm
Sterivex
	-80 oC
	Qiagen® QIAamp Tissue Kit
	SYBR green qPCR
6 replicates
	cyt-b
115 bp
	Raemy & Ursenbacher (2018)

	Red swamp crayfish
Signal crayfish Pacifastacus leniusculus
Spiny-cheek crayfish Orconectes limosus
	Min. 10 x 15 mL pooled and subsampled for 1 x 15 mL







	Ethanol precipitation

	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
6 replicates

SYBR green qPCR
6 replicates
	COI
73-114 bp
	Mauvisseau et al. (2018)

	Chiricahua leopard frogs Rana chiricahuensis
Sonoran tiger salamanders Ambystoma mavortium stebbinsi
American bullfrog
Arizona treefrogs Hyla wrightorum
Reticulated flatwoods salamanders Ambystoma bishopi
Ornate chorus frogs Pseudacris ornata
	250 mL, then changed to 500 mL
	Filtration
0.45 μm
CN, 
then changed to 5 μm
PES
	95% ethanol
	Qiagen® Qiashredder and DNeasy Blood and Tissue Kit
	TaqMan qPCR
3 replicates
	cyt-b
84-132 bp
	Goldberg et al. (2018)

	Fish
	12 x 1 L pooled and subsampled for 25 x 500 mL
	Filtration
0.45 μm
MCE

0.8 μm
MCE

1.2 μm
MCE

0.45 μm
Sterivex

0.45 μm
MCE
(After pre-filtration)

20 μm
Cellulose pre-filter
	-20 oC
	MoBio® PowerWater DNA Isolation kit

	Metabarcoding (PCR and Illumina MiSeq)
3 replicates
	12S rRNA
70-110 bp
	Li et al. (2018)

	Vertebrates, with focus on great crested newt
	20 x 30 mL pooled and subsampled for 6 x 15 mL
	Ethanol precipitation
	-20 oC
	Qiagen® DNeasy Blood and Tissue Kit
	TaqMan qPCR
12 replicates
 
Metabarcoding (PCR and Illumina MiSeq)
3 replicates
	cyt-b
81 bp
 
 
12S rRNA
70-110 bp



	Harper et al. (2018)






Online Resource 2. Contamination and mitigation measures.

Although not limited to ponds, it is critical to minimise risk of contamination when collecting and processing eDNA samples. Contamination can originate from three sources, leading to false positives. Firstly, “natural” contamination via: frequent visitation/use of ponds by wildlife or livestock moving eDNA from one pond to another; retention of eDNA by predators; faecal discharge of eDNA; anthropogenic activity; or as ponds are not always closed systems, inadvertent transfer of eDNA between ponds may occur due to surface water flows (Biggs et al., 2015; Hänfling et al., 2016; Klymus et al., 2017). However, false positives from these types of sources tend to be unavoidable, and such risks have proven difficult to quantify. Secondly, contamination may arise during sample collection and transport in the field. Implementation of stringent contamination prevention protocols when preparing equipment for the field, and collecting and transporting samples are therefore crucial to prevent such ‘artificial’ false positives (Goldberg et al., 2016). Finally, contamination can be introduced in the laboratory during any procedures using sensitive targeted or non-targeted analysis. Laboratory contamination can originate from a number of sources and be introduced at the extraction, amplification or sequencing stage (Goldberg et al., 2016). Good laboratory practice to minimise contamination has been widely reviewed (Rees et al., 2014b; Thomsen & Willerslev 2015; Goldberg et al., 2016; Deiner et al., 2017), but we highlight particularly important practices to mitigate different sources of contamination.

In the field

All equipment (including gloves) should be sterile, either single-use or sterilised with a bleach solution containing 1.5% NaOCl, followed by wiping with 70% ethanol or rinsing with detergent and purified water to remove bleach residues, and/or UV light (Goldberg et al., 2016). eDNA samples should also be collected prior to any other sampling in a water body to reduce the risk of contaminating equipment. Entering the water during the sampling process also poses a contamination risk to samples from transfer of contaminants from the surveyor’s boots and clothing in addition to stirring up sediment. Stirred-up sediment may introduce PCR inhibitors to the sample, block filters, and potentially introduce sediment-bound eDNA into the water column. Importantly, we recommend that potential contamination in the field is monitored by the use of field negatives, or ‘blanks’, where DNA-free water is taken into the field and opened, followed by transport and laboratory processing alongside samples to check for the introduction of contaminants (Rees et al., 2014b). More research into transport of eDNA between water bodies by waterfowl, predators, human traffic, and movement of soil, is required to understand strength and persistence of these false signals, whether they cause incorrect inferences to be made regarding determinants or stressors of species, and how to minimise them (Goldberg et al., 2016). Temporal sampling on fine scales may enable better identification of this environmental contamination and more confidence in eDNA results (Hänfling et al., 2016; Klymus et al., 2017).


In the laboratory

Laboratory contaminants may include - but are not limited to - DNA residues on surfaces or equipment from earlier samples, PCR products, fresh tissue, or airborne DNA (Kowalchuk et al., 2007; Champlot et al., 2010; Biggs et al., 2015). The risk of laboratory contamination can be mitigated by good laboratory practices entailing stringent sterilisation of equipment by UV or a bleach solution containing 3% NaOCl, followed by wiping with 70% ethanol to remove bleach residues, and use of dedicated (and preferably UV sterilised) workstations which are separated for extraction and amplification (Goldberg et al., 2016) at minimum. Tissue samples or DNA should not be handled in the same laboratory as eDNA samples, and extractions for each source of DNA should always be performed in separate laboratories due to high-risk of contamination from tissue DNA to eDNA. Ideally, PCR preparation should be conducted in a separate laboratory to DNA extraction and PCR machines should be located in a different space again. Use of qPCR for single-species eDNA analysis will further minimise contamination risk as no handling is required post-amplification. We recommend that a unidirectional flow is set up within laboratories so that extracted or amplified DNA is not taken to areas used for earlier steps in the analysis process. We also recommend that extraction blanks and amplification blanks are included to test for the introduction of contamination at any stage. Routine cleans of all laboratory equipment and work surfaces, and use of 50% bleach will also minimise contamination risk in the laboratory (Goldberg et al., 2016).
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