
Patrik Bohman, SLU Aqua Sötvattenslaboratoriet

Fish, crayfish & mussels as eDNA
in environmental monitoring?



Red listed or alien species very few
= Hard to detect

Trad Methods: 
• Specific to the study organisms (non generalized)
• Time consuming
• Expensive
• Some methods is counterproductive for conservation

Why eDNA as monitoring?



A new tool for monitoring:

• Detection: Very sensitive (DNA-fragments)
• Non destructive (water sampling)
• More effortless (cheap, less time & effort)
• A more generalized approach (for EVERY species)

Why eDNA as monitoring?

BUT:
• New approaches in the field & lab (risk to contaminate)
• More skilled labor at lab analysis (bioinformation)



What’s eDNA?

• Cocktail of DNA-fragments
(water, air, earth, sediment, ice, fossils)

• Living or dead tissue
(egg, larvae, mucus, scales, feces)

• Particulate or disolved material
(different state of decomposition)

NOTE: eDNA = environmental DNA (aDNA = ancient DNA)



What’s eDNA?

• Free floating/dissolved in water
• A ”snapshot” in time/space
• Decomposes over time

Freshwater: DNA decompose within 7-30 dagar (Dejean et al, 2011; Thomsen et al, 2011)
Sea/coast: DNA decompose within 3-7 dagar (Thomsen et al, 2012)

KLICK!



eDNA can be sampled!

Several methods exists (but NO stand protocols!):
• Volume of water: 15ml – 60l (into one or several samples)

• How to collect: ruttner, ramberg, bottle, real-time filtering…

• Where, When to collect…



MoBio Lab Systems Kit
0.45µm
Disposable filters (reduce contamination)
Sampled 5l water
Filter 2-5 liter (depending on algae/humic…)

We used:

…and concentrated!
What filter/method to use?
Filter kit (0.22 – 1.2µm) For fish: 0.45µm
• Filtration in the field (real-time) or at lab
• Pre-filtering is possible (filtering in 2 steps)

A frozen filter is preserved!
The site can then be ”revisited”
again… and again…



So….
• Aquatic species are hard to detect
• eDNA: Quick, sensitive and time/cost effective
• eDNA: Simple method (water sampling)

May complement traditional monitoring methods!

Can eDNA be used for monitoring?



1. Some methods is time and labor intensive

2. Some species are generally underrepresented

3. Rare species is seldom caught

4. Early detection of invasive species not possible

5. Some sites are difficult to survey

6. Fry and eggs are difficult to identify (+ algae, Nematoda…)

7. Some methods can be destructive (ex. trawling)

Trad methods in 
environmental monitoring



Källa: Thomsen et al, 2012. Detection of a diverse marine fish fauna using eDNA from seawater samples

Number of fish species caught with different trad methods
(East coast of Denmark)

eDNA vs trad methods



Source: Bohmann et al, 2014. eDNA for wildlife biology and biodiversity monitoring (review)

eDNA as an example in monitoring

Stomach contents

Ballast water



1. Can we detect known/unknown species qualitatively (fish, crayfish & mussels) 
in a lake or stream (YES/NO)?

2. Can we develop a fast, simple, cost-effective and general methodology?

Question at issue:

Pilot project: Fish, crayfish and mussles as eDNA: 
testing methodology and usability



4 lakes och 2 streams were chosen with known species (monitoring)
Field work :

Pilot project: Fish, crayfish and mussles as eDNA: 
testing methodology and usability

• Stensjön (Stockholm): signal crayfish & fish
• Mälaren (Stockholm): zebra mussel, signal crayfish & fish
• Norasjön (Trosa): stormusslor & fish
• Öresjö (Trollhättan): noble crayfish & fish

Norasjön
Stensjön

Mussel monitoring 2010Test fishing 2014



4 lakes och 2 streams were chosen with known species (monitoring)
Field work :

Pilot project: Fish, crayfish and mussles as eDNA: 
testing methodology and usability

• Svartån (Karlskoga): Freshwater pearl mussel, signal crayfish & fish
• Svennevadsån (Hallsberg): stormusslor, signal crayfish & fish

• Stensjön (Stockholm): signal crayfish & fish
• Mälaren (Stockholm): zebra mussel, signal crayfish & fish
• Norasjön (Trosa): stormusslor & fish
• Öresjö (Trollhättan): noble crayfish & fish

Svennevadsån: Mussel monitoring 2008, 
Test fishing: Tisaren (1997), Sottern (1982)

eDNA sampling sites



1. Water samples: 5l from 10 sites with different depths (0,3-12m)
2. Sampling: Ramberg tube (1l) 5-6 samples on each site.
3. Neutral samples: directly in bottle (contamination control)
4. Depth, temperature, bottom substrate etc for each site
5. Filtering: The samples were filtered & frozen within 24 hours (on lab)
6. Lab analyses & some results will be presented later…!

Field work (methodology):

Pilot project: Fish, crayfish and mussles as eDNA: 
testing methodology and usability



1. How to sample
• How many liters?
• How to filter & preserve the residue?

2. Develop a generalized protocol (if possible)

3. Identify sources of error (false positives/negatives)

Improve field methodology:

Pilot project: Fish, crayfish and mussles as eDNA: 
testing methodology and usability



1. Identify DNA sequences unique for target species
• Sequence DB (barcoding-library) ex GenBank, BOLD, DNA-nyckeln
• Create sequences from live tissue

2. Develop primers to amplify the sequence (PCR)

3. Ensure specificity (test it!)

Improve lab methodology :

Info: Barcode = DNA-sequence unique for a single species

Pilot project: Fish, crayfish and mussles as eDNA: 
testing methodology and usability



• Unanswered questions (age, sex, size, numbers…)

• Positive results do not answer:
1. How much/many (quantitative density)

2. How close (lake, stream, coast, sea…)

3. How fresh (days – weeks)?

Challenges…

• Many environmental factors affect eDNA (several unknown)



[eDNA] = Production – decomposition

[eDNA] = biomass/number of individuals etc?

eDNA production (fish)
Number of individuals

Health status
Reproduction status

Metabolism

eDNA decomposition
UV radiation
Temperature
Adsorption

pH
Micro organisms

Environment
Water volume
Currents/flows

Water temperature
Water chemistry

Habitat

Source: M. Laramie (2014) US Geological Survey. eDNA - A new tool for monitoring imperiled species



Where

When to sample?

How

Standardized protocols (sampling – final analysis)

1. DNA movements in water (from where)?

2. DNA persistence in water (time)?

Challenges…

Foto: U.S. Geological Survey

Source: Dejean et al. 2012
Case study: stagnant water



1Surface <0,5m

Bottom >10m

Littoral

2

3
Pelagic4

WHERE to sample (lake)?
Depends on: Question at issue & species ecology!



Further downstream: larger area upstream
Estimate biodiversitet within a catchment area

Flow

Streams: eDNA transported >9km downstream & still detectable (Deiner. 2014. Transport distance of eDNA in a river)

WHERE to sample (stream)?
Depends on: Question at issue & species ecology!



1

Littoral (fry)

2
Circulation of water column

Spring:
April-June

WHEN to sample?

Streams: Low tide/flow best time for eDNA sampling (less dilution)

Depends on: Question at issue & species ecology!



1
Above termocline

Day

Below termocline
Night

2

Termocline

Summer:
June-August

WHEN to sample?
Depends on: Question at issue & species ecology!

Streams: Low tide/flow best time for eDNA sampling (less dilution)

Littoral (fry)

3



Challenges…

So… false positive results

do NOT reflect reality …

1. False positives = match BUT the species do NOT exist on the site!

2. False negatives = NO match BUT the species exist on the site!



Contamination (many sources from sampling to analysis)

1. At sample site (natural or human). Sampling over time!

2. Field equipment - sterilization and negative controls 
(increase cost)

3. Lab equipment / reagents - sterilization, separate labs, 
negative controls (increase cost)

False positive results (species NOT on site)

Source: Darling & Mahon, 2011. From molecules to management: Adopting DNA-based methods for monitoring 
biological invasions in aquatic environments.

Challenges…





Sequenses & PCR-primers

1. DNA sequences not specific enough

2. PCR primers / probes not specific enough

False positive results (species NOT on site)

Challenges…

To be continued….



1. Poor sensitivity or incorrect methodology
2. Species ecology etc…

Flödesriktning

X

X X

False negative results (species on site BUT no match)

Challenges…



New & powerful tool for monitoring!
• Fast surveys provide room for different prioritization (more focus on other areas)

• Quantitative improvements (PCR – qPCR – ddPCR…)

• Assessment of biodiversity in completely new areas

• Calculate biodiversity in catchment areas

• Foodweb analysis within ecosystems

• Functional genes

New technologies and advances improve barcoding libraries
• More species and better geographical coverage

• More robust DNA sequences

• Test for more DNA subunits (CO1, 16S, ITS…)

Etc etc…

Future uses of eDNA



1. Interpret “the wave of data” coming from sequencing 
(bioinformation). Shotgun sequencing = a lot of data

2. Develop methodology/protocols (how to…)

3. Manage sources of error better (site occupancy models*)

4. Reduce cost by using joint infrastructure more efficiently

5. Develop strategies to quantify [DNA]

6. Basic research on DNA transport and degradation in water

7. Develop skills to move more freely between green & white
biology (cost effective)

Etc etc…

Future needs…

*: B Schmidt et al (2013) Site occupancy models in the analysis of eDNA presence/absence surveys



THANK YOU!

patrik.bohman@slu.se


