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Application of DNA-based 
monitoring for biodiversity and 

environmental assessments: 
Results from GEANS pilots 



IL
V

O

Genetic tools for Ecosystem health Assessment in the North Sea 
region (GEANS)

Website: https://northsearegion.eu/geans

or: https://geans.eu 

@GEANS_Interreg

Objective: GEANS strives to implement DNA-based tools in routine monitoring 
programs in support of policy and decision making concerning ecosystem health.

https://northsearegion.eu/geans
https://geans.eu/


WP3 – DNA 
reference library

WP4 – Protocols
and tools

WP5 – Pilots

WP6 - Policy 
Decision Framework

Add-on Reference library 
• Filling gaps through historical collections
• Taxonomist meeting
• Full mitogenomes

Applying developed 
protocols to ‘new’ methods

WP7 – Towards zero 
impact monitoring

Add-on Protocols and tools
• Transnational ring test
• Standardised analytical tool

Towards consolidation of 
harmonized protocols, for 
scientists and stakeholders

• Pilots to validate eDNA in
- offshore wind farms
- ecosystem restoration
- non-indigenous species

Towards a reliable and future-proof 
DNA reference sequence library

• Non-indigenous species
• Hard substrates
• Soft substrates



GEANS pilots
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Pilot led by ILVO
Involved partners:
• Senckenberg
• Naturalis
• Aarhus University

Pilot led by SeAnalytics
Involved partners:
• Aarhus University
• Nord University
• VLIZ

Pilot led by VLIZ
Involved partners:
• Senckenberg
• Nord University
• Naturalis

• Goals:

• Establish harmonized protocols for molecular monitoring

• Proof their effectiveness in pilot studies

• Remove barriers for implementation

• Three ‘sensu lato’ pilots – mostly comparison conventional with molecular methods 

• Often steered through stakeholders and/or in parallel with existing monitoring programs
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ILVO

Pilot to study the effects of marine 
aggregate extraction on benthic 

communities comparing traditional 
and DNA-based methods

Derycke S. , Van den Bulcke L., Maes S., Wittoeck J., Hillewaert H., 
De Backer Annelies 
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(50% faster and 44% cheaper for 96 samples) 

38 hours

67 hours

6 514,37 euro

4 848,39 euro

Thorntonbank: epicenter of aggregate extraction since 2015 (150 000 m3/month) (Van Veen grabs) 

DNA-based analysis (bulk metabarcoding)

Morphology based analysis

Biological monitoring… 
can we increase throughput and reduce costs?

https://www.geans.eu/protocols/sbsLab protocol available here:

https://www.geans.eu/protocols/sbs
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Morphology

DNA metabarcoding

Number of species Differences between communities

> 2000 m3

500 - 2000 m3

< 500 m3

Biological monitoring… 
can we increase throughput and reduce costs…

without losing ecological information?
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Is DNA metabarcoding data robust and repeatable?

Bulk DNA = most robust & Body size and abundance do not
explain species detection using DNA metabarcoding, but 

diversity of the sample does & rare species harder to detect

©
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Loos & Nijland (2020). Biases in bulk: DNA metabarcoding of 
marine communities and the methodology involved. Molecular 
Ecology
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© Aline Joustra 
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Is DNA metabarcoding data robust and repeatable?

© Aline Joustra © Aline Joustra © Aline Joustra 
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DNA-based monitoring for aggregate extraction

Oostdyck: continuous but low extraction intensity (30 000 m3/month) 

High number of 
juveniles in high 
impact sites, which
are considered an
extra taxon!

High ≠ Ref

No significant ≠
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DNA-based monitoring for aggregate extraction

Hinderbanken 4a: high extraction intensity (600 000 m3/month) Feb-Apr 2019 

Hinderbanken 4c: very low extraction in 2019, but intense in previous years

Low number of samples in DNA 
metabarcoding

4a

4c
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Conclusion

Cheaper

Faster

High throughput

Robust

Repeatable

+

+

+

+

+

No life stage information

Failure of library preparation

-

-

A QUICK SCREENING AND WARNING TOOL

COMPLEMENTARITY

DNA-based monitoring vs morphological monitoring

Ecological patterns +

No biomass or density info-

-
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Hard substrate monitoring network 
and reef monitoring results
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Marine Biodiversity Observation Network for genetic monitoring 
of hard-bottom communities

Aligned with Assemble Plus – Autonomous Reef Monitoring Structures (ARMS)  (http://www.arms-mbon.eu/)

Obst et al. (2020) https://doi.org/10.3389/fmars.2020.572680

European Marine Omics Biodiversity Observation 
Network (EMO BON) Handbook (Version 1.0)
including sampling protocols, Data Management plan 
(DMP), Access and Benefit Sharing guidelines (ABS) 
and Molecular Standard Operating Procedures are 
available here:
https://www.geans.eu/protocols/hbs

http://www.arms-mbon.eu/
https://doi.org/10.3389/fmars.2020.572680
https://www.geans.eu/protocols/hbs
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Example of possible use of ARMS data 
Heatmap scan showing the presence of alien species (y-axis) over ARMS sampling locations in NSR (x-axis). Abundance is 
represented by number of reads in an ARMS sample. 

Juxtacribrilina mutabilis (a newly arrived bryozoan) – data now published 
on GBIF DOI 10.15468/y3upe9

https://doi.org/10.15468/y3upe9
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Environmental DNA Monitoring of Biodiversity Hotspots in Danish Marine Waters

Staehr et al. 2022 https://doi.org/10.3389/fmars.2021.800474

Danish reef monitoring program – conventional diver-based monitoring 
combined with eDNA monitoring 

https://doi.org/10.3389/fmars.2021.800474
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Sensitivity in detection of species

 

 
 

A 

B 

Species

Genus

Taxonomic 

level

Functional

groups

Only 

diver

Only 

eDNA

Both 

(% of total) Total

Sp
e

ci
e

s

Macroalgae 78 33 16 (13) 127

Epifauna 94 143 48 (17) 285

Fish 8 36 4 (8) 48

Infauna 4 118 2 (2) 124

Total 184 330 70 (12) 584

G
e

n
u

s

Macroalgae 49 18 22 (25) 89

Epifauna 69 105 50 (22) 224

Fish 5 26 6 (16) 37

Infauna 2 98 3 (3) 103

Total 125 247 81 (18) 453



Diver based
2D Stress: 0.26
3D Stress: 0.18

2D Stress: 0.33
3D Stress: 0.24A

B
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Environmental DNA Monitoring of Biodiversity Hotspots in Danish Marine Waters

eDNA

2D Stress: 0.26
3D Stress: 0.18

2D Stress: 0.33
3D Stress: 0.24A

B
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Summary

• eDNA ≠ diver. Different sensitivity towards macroalgae and infauna

• eDNA = good supplement to diver observations, provides more complete picture

• Only the diver based method is quantitative, but both can provide relative abundance

• Both eDNA and diver method documents significant differences among reef locations

• eDNA method is capable of separating upstream – over reef and downstream sites

• Would be good to supplement with CTD profiles

• Both methods provide interesting data on species distribution that can be related to environmental

conditions
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The use of molecular tools for 
monitoring NIS in coastal waters
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dPCR assay: Round goby (Neogobius melanostomus)

From: https://www.seanalytics.se/publications/reports

• eDNA (water sample) comparison with test fishing

• dPCR identified gobies in all sites where test fishing found the species 

• dPCR identified gobies in three additional locations where test fishing 
was negative, but where the species was reported earlier
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Förekomst av svartmunnad smörbult 
undersökt med provfiske 
För att bekräfta förekomst av svartmunnad smörbult på samma lokaler som 
vattenprover tagits för eDNA, har ett provfiske med ryssjor och burar utförts. 
Vilka redskap samt metodik som har använts beskrivs utförligt nedan. 

Material och metod 
Provfisket utfördes huvudsakligen enligt riktlinjer presenterade i 
undersökningstypen ”Provfiske med kustöversiktsnät, nätlänkar och ryssjor på 
kustnära grunt vatten. Version 1:1 2015-07-08” (Havs- och Vattenmyndigheten 
2015) som är utvecklad av SLU Aqua. Fiske skedde på samtliga lokaler bortsett 
från vid referenspunkt 1 och 2 som endast undersöktes vid 
vattenprovtagningen i enlighet med uppdraget (Tabell 1). På varje lokal sattes 
ryssjor och betade burar inom djupintervallet 2–5 meter. En sammanlänkad 
ryssja består av en ledarm som leder in fångsten mot ett antal kammare av nät 
stabiliserade med ett antal stålbågar (Figur 7). Ingångarna till kamrarna är 
strutformade vilket hindrar fångsten som tagit sig in från att ta sig ut. I änden 
på ryssjan sitter fiskhuset i vilket fångsten slutligen samlas.  

Utöver ryssjor användes även två olika typer av burar, räkburar och krabburar, 
vid provfisket (Figur 7). 

 

 

Figur 7. Fiskeredskap använda vid provfisket. Räkburar, krabburar samt sammanlänkade 
ryssjor (Foto Johanna Bergkvist©). 
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På varje lokal togs flera delprover som slogs ihop i ett sterilt tvåliterskärl. När 
djupet tillät det togs vattenproverna med en Ruttner-vattenhämtare (Figur 4) 
nära botten (utom i fallet med referenspunkterna, där provet togs i mitten av 
vattenpelaren). På lokaler med grundare vatten användes en båtshake med en 
fastspänd enliters spann (Figur 4). 

Delproverna samlades i en steril tvålitersburk (Figur 4) från vilket sedan två 
prover togs och filtrerades. All insamling gjordes med engångsutrustning för att 
förhindra kontamination, båtshaken och Ruttner-hämtarna steriliserades med 
10 % klorinlösning mellan provlokalerna.  

Figur 4. På grundare vatten användes en teleskop-båtshake i vars ände det går att fästa en 
burk (bild från annan undersökning). För prov på djupare vatten användes en Ruttner-
hämtare. Proverna sparades fram till filtrering och fixering i en steril tvåliters (engångs) 
spann. (Foto: Per Sundberg© (vänster bild), Lise-Lotte Sundberg© (höger)). 

 

Vattenproverna filtrerades och fixerades i anslutning till insamlingen (högst 
fyra timmar efter provet tagits). Detta är viktigt eftersom flera studier visar att 
DNA:t ganska snabbt bryts ner efter det lämnat källan (se även avsnitt 
Detekterbart DNA i laboratorie-försök). Proverna filtrerades i sterila och 
inkapslade Sterivex® filter (0.45 µm alternativt 0.22 µm porstorlek) vilka 
sedan fixerades i 95 % etanol och förslöts med proppar. Varje filter placerades 
därefter i 50ml Falcon-rör för att förhindra korskontamination mellan filter. 
Filtren placerades vid hemkomst i -20°C frys fram till extraktion av DNA. På en 
av provplatserna filtrerades 1 liter DNA/RNA fritt vatten som negativ kontroll.  

DNA extraherades från filtren med Nucleospin eDNA water kit (Macherey-
Nagel) med den teknik och standard som utvecklats i laboratoriet. 
Koncentration av DNA i extrakten mättes med Qubit® fluorometer. Notera att 
detta mäter koncentrationen av all DNA i provet och inte specifikt DNA från 
målarten. 

För att påvisa förekomsten av DNA från målarten svartmunnad smörbult 
användes en applikation av kvantitativ PCR: digital PCR (dPCR). För analysen 
används ett system utvecklat av QiaGen (Qiacuity One) (Figur 5). Metoden 
beskrivs mer utförligt i Bilaga 1.  

https://www.seanalytics.se/publications/reports


23

Results:While cost- and time-effective, genetic methods also detect 
many species that were missed in morphological assessments 

© Zach Berghorst© Cricket Raspet© James Bailey© Cora de Groot© Jeff  McIntyre

1550

genetic 

identification

morphological 

identification

12117

genetic 

identification

morphological 

identification

non-indigenous species in 

harbour of  Ostend (BE)

non-indigenous species in 

harbour of  Rostock (D)

OSPAR/HELCOM protocol 
for NIS in harbours
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Biofouling on recreational rafts

Sampling site & Sample size: 
o 2 marinas in the North Sea (Accumersiel, Büsum) 

and 1 in the Baltic Sea (Kappeln)
o 12 Biofouling-scrape samples from private 

recreational crafts
o Focus on benthic organisms

Identification was conducted
o taxonomically (IfAÖ)
o molecular by metabarcoding 

(SNG-DZMB)

© BSH
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Biofouling on recreational rafts

Results

Most abundant species with largest amount of

assigned haplotypes: Amphibalanus improvisus, 

Austrominius modestus, Polydora cornuta, 

Magallana gigas, Blackfordia virginica, Alitta succinea, 

Alcyonidium verrilli, Caprella mutica

In total ~25 % of haplotypes (ASVs) were

assigned to species level

 75% of ASVs do not have a genetic reference

sequence on publicly accessible libraries and 

could, thus, not be determined to species level! 

1. Which organisms were detected using the metabarcoding method?

Amount of amplicon sequence variants (ASVs) per target groups.

NIS!
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Biofouling on recreational rafts

2. Which method shows higher specificity particularly with regard to the
detection of non-indigenous species?

Combining both methods resulted in the detection of 

32 non-indigenous species:

Traditional methods: 15 NIS

Genetic methods: 27 NIS 

In total, 10 NIS were shared: 

Alitta succinea, Amphibalanus improvisus, Austrominius

modestus, Botryllus schlosseri, Bugulina stolonifera, 

Caprella mutica, Jassa marmorata, Magellana gigas, 

Molgula manhattensis & Polydora cornuta.

Species detected only by genetic tools are the ones

usually difficult to identify based on morphology (e.g. 

Bryozoa, Cnidaria, Annelida & Amphipoda).

! Caution: Genetic results also contain a few

meiofaunal or planktonic groups (morphologically only

benthic macrofauna considered) !

Shared non-indigenous species

Veen-diagramm showing the number of NIS detected by both methods.

Results
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Conclusions NIS

Strengths

o Efficient, accurate and scalable

o More information by lower impact

o Less taxonomic training automatic taxonomic

assignment

o Look at different ecosystem components in one

sample

o Genetic tools very useful as an addition to 

morphological assessment (2x amount of 

species detected)

o High potential of detecting „difficult“ taxa

Weaknesses

o Reference libraries need to be completed (only

25% match) 

o Quantitative information unreliable at present

o False positives/negatives

o Every new, genetically detected NIS must be

validated morphologically

o DNA extraction or –amplification fails for some

species

o Taxon-specific similarity-based identification

thresholds

Recommendations: 

 Metabarcoding + unprocessed subsample as backup for morphological „ground truthing“

 Use molecular tool for rapid screening (check specific cases based on genetic findings)

 Remove barriers to assure faster exchange of data among institutions or countries
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Overall conclusions
• High potential for fast and cost-efficient monitoring that is scalable

• Could be used as rapid screening tool

• Complementarity with conventional methods

• E.g. identification of difficult species, more NIS detected,…

• Applicable for community analyses (metabarcoding) and single species interest (dPCR)

• Ecological patterns mostly highly similar

• Relative abundances can be determined but not absolute abundance

• How/whether to use them depends on the monitoring question

• E.g. interested in ecological patterns or in species list, bulk samples versus eDNA
samples,…
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Challenges

• With current techniques reliable curated reference databases important!

• WP3 – but still difficult to find less common species

• Actual implementation in monitoring programmes for e.g. legislative drivers

• Any ideas on how to accelerate this?

• Sociological – acceptance of methods = still a barrier

• Step away from one on one comparisons and acknowledge strengths of either method

• Some species groups/samples harder to amplify than others – primer free 
methods/multiple primers?

• Develop more sophisticated DNA-based detection methods that overcome current 
weaknesses
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8400 Oostende – Belgium
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www.ilvo.vlaanderen.be

Thank you!

With input from Sofie Derycke (ILVO), Pascal 
Hablützel (VLIZ), Matthias Obst (SeAnalytics), 
Peter Staerh (Aarhus Uni) , Carolin Uhlir 
(Senckenberg), Laure Vandenbulcke (ILVO) 


