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What is environmental DNA, “eDNA”?

•Genetic material retrieved from an environmental 
sample (soil, air, water) without obvious traces of 
the organism(s) subject to monitoring
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What can be monitored?
•Potentially all organisms from “virus to whales”
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Procedure for e-DNA analysis
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Two approaches:

Next generation sequencing 
and “meta-barcoding”

- Which species are present?

Quantitative PCR “qPCR” with 
species specific primers

- Is this (are these) species 
present?

Technical challenges not the focus of this presentation

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiH3Yy1_trRAhUiG5oKHXoIARAQjRwIBw&url=https%3A%2F%2Fwww.avanza.se%2Fplacera%2Fpressmeddelanden%2F2016%2F01%2F11%2Fillumina-inc-illumina-extends-genomics-portfolio.html&bvm=bv.144686652,d.bGs&psig=AFQjCNFyfEm4wwpnvzmXdUTory_ZaCHrRg&ust=1485354370756080
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Why use eDNA?

• Sensitivity
–Better than traditional monitoring methods? 

• Non-invasive 
• Easy to standardise

–Fixed volume of water (Coke bottle)
–Anyone can collect water (citizen science)

• DNA is universal
–High taxonomic resolution
–Objective species identification without 

specialised expertise
• Costs

–(Dana ≈ 200.000 DKK per day)
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The beginning in DK

Thomsen et al. 
2012
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Roussel et al. 2015

Marine eDNA monitoring – ”the new black”
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Practical applications: eDNA monitoring of 
(50!) invasive marine species in Danish 
waters – MONIS (Ministry of Environment)
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But where was the fish?

Thomsen et al. 
2012
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When a simple method becomes complex

Production
Biomass

Concentration/density

Surface area

Season

Diet

Sex

Condition

Degradation
Microbial

Temperature

UV light

pH

Form of DNA (free,  
attached or sediment)

Transport
Diffusion

Advection

Sedimentation

Resuspension

Transport with other 
organisms



16/11/2017E-DNA13 DTU Aqua, Technical University of Denmark

Challenge I: Can we find what we’re looking 
for?

Moyer et al. 2014

African Jewelfish
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Challenge I: Can we find what we’re looking 
for?

Foote et al. 2012

45 ml water!
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Challenge II: Where does the DNA come 
from?
• Degradation rates and transport!

• DNA persistence: reported to be between 1 and 58 days 
(Dell’Anno and Corinaldesi 2004; Pilliod et al. 2014; Strickler et al. 2014).

• Time for degradation to below detection level: 0.9-7.8 days 
(Thomsen et al. 2012, Sigsgaard et al. 2016)

• Degradation rates: 0.5-15.9% reduction per hour (Maruyama et al.
2014; Sassoubre et al. 2016)

• Potential transport of DNA over many hundred kilometers 
dependent on currents and degradation rates (Barnes et al. 2014; 
Pilliod et al. 2014; Strickler et al. 2014)
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Vertebrate eDNA data compared to 
simultaneous visual dive surveys in a kelp 
forest transect (2.5 km)

Port et al. 2015
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Challenge III: Relationship between eDNA 
and numbers/biomass

100 fold day to day variation in 
release of DNA from the same 
individual (Piliod et al. 2014)

Correlations often significant but 
weak in both nature and 
experimental setups

The overall validity of eDNA for 
biomass estimation has been 
seriously questioned  (Iversen et al. 
2015)
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Relationship between fish survey catches 
and eDNA abundance in Greenland

Thomsen et al. 2016
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Relationship between fish survey catches 
and eDNA abundance in the Baltic sea 
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Challenge IV: Application to fisheries 
management 

• Identical biomass

• Different numbers

• Identical/different 
eDNA signal
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Data typically used in stock asessment of 
marine fish

• Recruitment (age 1)
• Growth
• Spawning biomass
• Fisheries mortality

–Require: Age, weight/lenght, maturity
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Challenge V: Other sources of eDNA

• eDNA from dead/discarded fish (Merkes et al.2014)

• eDNA from fish markets/factories/harbors

• DNA from sediments (1800X) (Turner et al 2014)

Yamamoto et al. 2016
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Conclusions

• There is very little knowledge about the origin of DNA in 
marine eDNA studies, but it appears that most of it comes 
from nearby sources

• The relationship between numbers/biomass and eDNA 
concentration is relatively weak and affected by many 
factors

• It is difficult to envision how current eDNA methodology 
can replace traditional marine monitoring for fisheries and 
conservation management – at least in the short run 
(paradigm shift?)

• There are a number of other sources of eDNA than the 
apparent organisms you want to monitor
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Suggestions
• I: Think carefully about whether your eDNA approach is likely to be 

sensitive enough to monitor your target organism(s)

• II: Evaluate the likely spatial origin of your eDNA - hydrographic 
modelling (backtracking)?

• III: Abundance estimates from marine eDNA are (at best!) difficult –
focus on presence/absence, aggregations or temporal changes
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Quantitative eDNA applications

Danish Sandeel fishery
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New technology
•In situ eDNA monitoring: Environmental Sample 
Processor (DTU/DHI collaboration)
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New technology
• Portable 3rd generation sequencing unit SmidgION 
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Suggestions
• I: Think carefully about whether your eDNA approach is likely to be 

sensitive enough to monitor your target organism(s)

• II: Evaluate the likely spatial origin of your eDNA - hydrographic 
modelling (backtracking)?

• III: Abundance estimates from marine eDNA are (at best!) difficult –
focus on presence/absence, aggregations or temporal changes

• IV: eDNA can be a supplement but not replace traditional marine 
monitoring

• V: Evaluate other potential sources of DNA for your target organism(s)
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What do we need?

• More basal knowledge about eDNA and the processes 
governing production, degradation and transport

• More controlled experiments – and relatively less collection 
of water

• More studies combining eDNA with hydrographic modelling

• More long-term monitoring of temporal changes in eDNA 
concentrations

• Focus on the classical strengths of eDNAs for species 
detection, identification and ecosystem description
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