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eDNA in Practice

• Very sensitive, accurate tool for species detection

• Works better for some species and systems than others

► Need for systematic implementation of eDNA methods



Framework for applying eDNA methods

Integrating eDNA and field methods

Implementing adaptive sampling

Developing an eDNA sampling design

Selecting an eDNA approach

Deciding when to use eDNA methods

Defining objectives



• Occupancy (species presence)

• Population estimation

• Disease status/physiological condition

• Single species or multispecies detection

• Temporal and spatial scales

Defining objectives



eDNA Inference

▪ Recent target species 
presence 

▪ Amount of eDNA in a 
sample

▪ Pathogen presence

▪ Presence of potential 
hybridizing non-native 
species

•eDNA can tell us: •eDNA can’t tell us:

▪ Age structure

▪ Reproductive status

▪ Population size (*area of active 
research)

▪ Disease status

▪ Presence of hybrid individuals

• Presence of non-target species

Defining objectives



Target species are 
difficult to detect

‒ elusive

‒ rare/low density

‒ difficult to 
identify

When is eDNA is most useful?

Conventional survey methods are 

problematic

‒ low detection rates

‒ expensive

‒ require extensive training 

‒ destructive

Deciding when to use eDNA methods



When is eDNA is most useful?

Community-level or system-level information is needed

‒ multispecies monitoring / bioassessment

‒ when conventional surveys:

‒ target individual species or species groups

‒ are biased toward individual species or groups of species

‒ require many types of surveys to detect multiple species

Deciding when to use eDNA methods



Replace with 

eDNA 

sampling
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No

NoStay with 

current method

Integrate eDNA 

and field 

methods
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methods potentially 
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No
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Deciding when to use eDNA methods



Target species eDNA?

Management concern is 

targeted toward one or 

several species

– Threatened, Endangered, 

or at-risk species

– Target invasive species

eDNA metabarcoding?OR

Management goal is 

biodiversity monitoring

– Clean Water Act - 303(d)

– Long list of target species 

(e.g., vernal pools in CA) 

Selecting an eDNA approach



Published sampling protocols

WSU: https://labs.wsu.edu/edna/edna_protocols/

USGS: https://pubs.usgs.gov/tm/02/a13/tm2a13.pdf

USFS: http://www.fs.fed.us/rm/pubs/rmrs_gtr355.pdf

▪Every sampling situation is unique

- Protocols may need small tweaks to work in your system 

(but be careful!)

Developing an eDNA sampling design

https://labs.wsu.edu/edna/edna_protocols/
https://pubs.usgs.gov/tm/02/a13/tm2a13.pdf
http://www.fs.fed.us/rm/pubs/rmrs_gtr355.pdf


Design a pilot sampling strategy that considers:

 Seasonal timing 

 Spatial sampling design

Number of samples

 Sample volume

 Filter type 

Preservation method 

Environmental covariates

Developing an eDNA sampling design



Conduct a pilot study:

1. Implement pilot sampling protocol

2. Record environmental and sampling 
covariates when collecting eDNA water 
samples

3. Analyze covariates to identify important 
factors for species detection

Developing an eDNA sampling design



Adapt sampling strategy to improve detection:

When detection probabilities are high, continue 
to use original sampling protocol

― if per-sample detection is high, may be able to 
decrease number of samples if fewer samples yield 
similar overall detection probabilities as original 
number

Implementing adaptive sampling



Adapt sampling strategy to improve detection:

When detection probabilities are low or are 
strongly influenced by environmental or 
sampling factors, it might be possible to 
increase detection by adapting sampling 
strategy to address the influence of those 
factors.

Implementing adaptive sampling



Example 1: Sonoran tiger salamander detection 
limited by the volume of sample water that could be 
filtered through a small pore-sized filter. Detection 
probabilities increased after switching to a filter with 
larger pore size so that goal water volume was 
reached.

Implementing adaptive sampling

Goldberg, Strickler, and Fremier 2018

Adapt sampling strategy to improve detection:



Adapt sampling strategy to improve detection:

Example 2: Reticulated flatwoods salamander 
detection was strongly influenced by acidity of 
the wetland. Detection probabilities improved
with an adapted sampling strategy of collecting 
more samples at wetlands with pH < 5.

Implementing adaptive sampling

Goldberg, Strickler, and Fremier 2018



Integrating eDNA and field methods

Environmental DNA sampling is unlikely to 
completely replace field surveys. 

Instead, when species presence is the primary 
objective, eDNA sampling can be integrated into 
field surveys a number of ways:



Integrating eDNA and field methods

1. If a very small amount of target 
species eDNA is found or if eDNA 
is detected inconsistently across 
samples, eDNA sampling can be 
followed up with field surveys to 
confirm species presence.



Integrating eDNA and field methods

2. eDNA water samples can be 
collected immediately prior to 
field surveys and placed in a cool 
place to reduce degradation. If 
field surveys detect the target 
species, the eDNA samples can 
be discarded. If the species is not 
observed, eDNA samples can be 
taken to the lab for analysis.  



Additional 
considerations



Critical Considerations 



Summary of key considerations 

Consideration Recommended practices

Contamination

• Decontamination protocols

• Negative field controls

• Negative lab controls

• Dedicated clean lab, clean lab practices

Field sampling design
• Pilot study

• Sample concentration and preservation methods

Confounding sources of eDNA 

• Multiple samples at each site
• Repeated sampling

• Lab technical replicates

Criteria for positive samples
• Repeat analysis of inconsistent results

• Focus on strength of evidence

Communication
• Minimum reporting recommendations for eDNA 

studies



Laboratory partnerships

•Guidelines for selecting a laboratory to process 
eDNA samples

‒ Facilities (dedicated room and equipment)

‒ Techniques (qPCR or high throughput sequencing) 

‒ Standard practices (filter tips, etc.)

‒ Positive and negative controls

www.ednaresources.com/edna-labs

http://www.ednaresources.com/edna-labs

