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What is eDNA (environmental DNA)?

7 . ~)‘Ti( /é:

Viruses Prokaryotes Unicellular eukaryotes Multicellular eukaryotes

> M. O g

Free DNA  Particle-bound DNA Organelles Cells Gametes Tissue

1nm 10nm 100nm  1pm 10pm 100pm 1mm  10mm 100mm 1m 10m

(b)

Rodriguez-Ezpeleta et al. 2021. Molecular Ecology
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e Free DNA originating from an organism
which can be isolated from the habitat of
the organism, rather than directly from the
organism itself

e eDNA should be used to refer to the total
pool of DNA isolated from the environment

e eDNA is composed of organismal and
extra organismal DNA



What is eDNA (environmental DNA)?

e Limitations
e Persistence
e Abundance
e Sampling technique

e Habitat parameters
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Limitations of eDNA based
methods

e Experimental design

e Weather / seasonality

e Environment / habitat constraints
e Sampling technique

e UV /pH/temperature
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THE ECOLOGY of eDNA
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Metabarcoding — Benefits

e Non-destructive and non-invasive
e Detect rare, invasive, cryptic and elusive species

e Monitor imminent or ongoing environmental changes in
remote locations

e Easily standardized

e Simultaneous assessment of wide range of organisms
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Oslofjord

e Sever threats on the ecosystem

e Fisheries, pollution and runoff from agriculture,
sewages

e Fishing ban for cod in 2018: “not had the desired
effect”

e Extensive consultation process

e Introduction of zero-fishing zones for 10 years
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Oslofjord in Drgbak

e How to monitor the Oslofjord with minimal impacts
on the environment?

e Environmental DNA based monitoring?

e Does eDNA time series analysis allow to observe
ecosystem shifts?

e Past and ongoing work
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www.nature.com/scientificreports
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eDNA in Drgbak: method

e Oslofjord stretches 100 km from Skagerrak/North
Seato Oslo

e Maximum depth of 258 m

e Inner fjord separated from outer fjord near Drgbak

- 5 sampling sites Drpbak

e Drgbak: shallow sill of about 20 m N (1 || -3 replicates each

- 6 sampling events

e Dramatic environmental decline
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eDNA in Drgbak: method

e Two years of sampling: March 2022 to January
2024 (January 2025...)

e 180 eDNA samples, 12 field negative controls

e Sampling every two months

- 5 sampling sites Drpbak

e Other environmental parameters [y [ || -3 replicates each

- 6 sampling events

e MiFish and Elas02 primers. MiSeq. Custom o
bioinformatics pipelines [ n RUTI
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eDNA in Drgbak: method

 Collect water in sterile containers
* Filter holders and sterile membranes
* 0.8 um pore size and 22 mm diameters

* Freeze samples until DNA extraction and
analysis
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eDNA In Drgbak - year 1
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e 63 unique fish species + Sei whale and Harbour
porpoise

Rclativc Abundancc

e 35 species detected with both primers (16 Elas02,
and 14 MiFish only)

Pt‘ll omyzontidae
Phocoenidae
Pholidae
Pleuronectidae

e Many other birds and mammals detected
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e No differences between SINTAX and Blast+ for the
taxonomic assignment (using the same database
MIDORI2)
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eDNA In Drgbak - year 1

No significant difference of species
richness across sampling sites for
each primers
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Carvalho et al 2024. Scientific Reports
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Oslofjord in Drgbak - year 1

MiFish

Strong seasonal variation for both
primer sets

-

Species richness

Volume, temperature, conductivity
(linked to seasons)
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Carvalho et al 2024. Scientific Reports
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Oslofjord in Drgbak - year 1
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Carvalho et al 2024. Scientific Reports

Winter vs summer species
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eDNA In Drgbak - year 2

e 63 unique fish species, key species patterns

e Clupea harengus in March
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Species

Anguilla anguilla
B Aphia minuta
| Clupea harengus
[l Ctenolabrus rupestris
[ Engraulis encrasicolus
M Cyclopterus lumpus
M Esox lucius
™ Gadus morhua
B Gasterosteus aculeatus
B Gobius niger
Gobiusculus flavescens
| Hippoglosssoides sp.
B Labrus bergylta
B Lesueurigobius friesii
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W Limanda limanda

[ Melanogrammus aeglefinus

I Merlangius merlangus

B Myoxocephalus scorpius

W Other

[ Pholis gunnellus

B Phoxinus phoxinus

[ Flatichthys flesus
Pleuronectes platessa

[l Pollachius pollachius

B Foilachius virens

B Pomatoschistus minutus

0 Rutilus rutilus

W Salmo salar

B Saimo trutta

[ Scomber scombrus

B Sprattus sprattus
Symphodus melops

" Taurulus bubalis

W Trachurus trachurus

Il Zeugopterus punctatus



eDNA In Drgbak - year 2

e MiFish: significant increase in species richness in year
2 (linked to library-prep before sequencing)

e Elas02: stable richness across years but turnover in
taxa

e Presence/absence data showed significant differences
between years (MiFish p= 0.002, Elas02 p = 0.007)

e Community shifts driven by species turnover, not
abundance
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Observed richness
Observed richness
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Mahlangu et al 2025. Journal of Fish Biology



eDNA In Drgbak - year

Zoarces viviparus
Zueopterus punctatus
Zeugopterus norvegicus
Trisopterus minutus
Trisopterus esmarkii
Trachurus trachurus
Sﬁauru;gs b ;m%fs
nathus typhle
Sym{:%odus m‘;ﬁops
Sprattus sprattus

Solea solea
Scophthalmus maximus
Scomber scomber
ardinus erythrophthalmus
Salvelinus fontinalis
Salmo trutta

Salmo salar

Rutilus rutilus
Pomatoschistus minutus
Pomatoschistus microps
Pollachius virens
Pollachius pollachius
Pleuronectes platessa
Platichthys flesus
Phoxinus phoxinus
Pholis gennellus

Perca fluviatilis
Myoxocephalus scorpius
Merfangius merlangus
planogrammus aeglefinus
Maurolicus muelleri
Liparis mpntagui
Limanda limanda
Lesueurigobius friesii
Labrus bergylta
Hyperoplus lanceolatuss
Hippoglossoides sp.
Gobiusculus flavescens
Gobius niger
Gasterosteus aculeatus
Gadus morhua

 Esox lucius
Engraulis encrasicolus
Enchelyopus cimbrius
Cyclopterus lumpus
Centrolabrus rupestris
Crystallogobius linearis
Coregonus lavaretus
upea harengus

. Ciliata mustela
Chimaera monstrosa
Centrolabrus exoletus
Aphia minuta

Anguilla anguilla
Amblyraja radiata
Alburnus alburnus
Abramis brama
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Zueopterus punctatus
Trisopterus minutus
Trachurus trachurus

Taurulus bubalis
Sygnathus typhle
Sygnathus rostellafus
Sygnathus acus
Symphodus meiops
Sprattus spratfus

Solea solea

Scomber scomber
cardinus erythrophthalmus
Salmo trutta

Salmo salar

Rutilus rutilus

Raniceps raniceps
Pomatoschistus minutus
Pollachius virens
Pollachius pollachius
Pleuronectes platessa
Read Count Platichthys flesus
Phoxinus phoxinus
Pholis gunnellus
Myoxocephalus scorpius
Molva molva
Mericuccius meriuccius
lelanogrammus aeglefinus
Liparis montagui
Limanda limanda
Lesueurigobius friesii
Lamptera planeri
Labrus bergylta
Hyperoplus lanceolatuss
Hippoglossoides sp.
Gobiusculus flavescens
Gobius niger
Gasterosteus aculealus
Gadus morhua

Esox lucius

Engraulis encrasicolus

yclopterus lumpus

Centrolabrus rupestris

Crystallogobius linearis
Clupea harengus
Ciliata mustela
Chelidonichthys kamu
Aphia minuta

Anguilla anguilla
Alburnus albumus
Abramis brama
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eDNA In Drgbak - year 3 incoming!

e Third year of sampling (until
January 2025)

eDNA as a source of temporal ecological data eDNA vs eRNA for time series analysis

e eDNA following the same
protocol as studies 1-2
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e eDNA/eRNA using different
protocol Months Months

e MiFish, Elas02 (and ITS2!)
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What about on-site
monitoring?
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What about on-site

Riaz

Species
Gobiusculus_flavescens
Ctenolabrus_rupestris
Other
Arctogadus_glacialis

Labrus_bergylta

NMDS plot of species composition by primer and sampling date (excluding positive control)

Relative abundance

Esox_lucius

Symphodus_melops

Salmo_salar
Gobius_niger
Ciliata_mustela
Taurulus_bubalis
Raniceps_raninus

Syngnathus_typhle

Primer

Riaz

Teleo
SamplingDate Sample
@ 2025-11-03
A 20251104
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How to increase results reliability?

T

ORIGINAL ARTICLE (3 OpenAccess () (@

eDNA Replicates, Polymerase and Amplicon Size Impact
Inference of Richness Across Habitats

Jarl Andreas Anmarkrud, Fabricio dos Anjos Santa Rosa, Lisbeth Thorbek, Audun Schrader-Nielsen
Silvana Melo Sviggum, Jonathan Stuart Ready B4 Hugo J. de Boer, Quentin Mauvisseau 24

bublished: 09 May 2025 | https://doi.org/10.1002/edn3.70095 | Citations: 3

Funding: J.S.R., H.J.dB. and Q.M. acknowledge funding from the Research Council of Norway through RCN
INTPART 322457: SAMBA: Scaling Advanced Methods for Biodiversity Assessments; and from HK-Dir
through UTF-2017-CAPES-SIU/10022: Transnational training in eDNA for biodiversity assessments and
restoration ecology. We also thank Sigma2 HPC through the Biodiversity Research Consortium Brazil-
Norway project METABAR NN9813K for providing computing capacities.
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How to increase results reliability?

| Bulk Samples | ~ Polymerases | Primers 18 Unique combinations

n+~/\“+ - =50 PCR
. - replicates

=50 PCR

Soil x 5 replicates

Accustart x 10 PCR

_’ -

Freshwater x 5

Amplitaq

Marine water x5

» =50 PCR

replicates

=50 PCR
replicates

=50 PCR
replicates

= =50 PCR

replicates

=50 PCR
replicates

- =50 PCR

replicates




How to increase results reliability?
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Technical Replicates
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Natural Replicates - One Two Three Four Five
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Thanksl!!!

The Research Council
A" of Norway

%@,I § UiO ¢ University of Oslo

Any questions?

UNIFOR
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