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What is eDNA
and why

does it
maltter

Efficient, non-invasive biodiversity monitoring

Detects elusive or rare species

Expands taxonomic coverage - from microbes to
mammals

Infroduction Applications of eDNA Translating eDNA OneSTOP “ @laurens-colours




Where does the
DNA come
from?
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eDNA in Action
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O Molecular revolution: around 18 million -
eDNA records since 2008 75%

O Growing role in regulatory monitoring:
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O Single-species detection is operational -
Great crested newt licensing, crayfish 25%
and crayfish plague EA approval
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Emerging community level applications —
e.g. fish communities, P E S PSSP S S
macroinvertebrates Year

Evidence contribution to environmental
ImpOCT ossessmen’rs, ecosys’rem Cowgill et al. (2025). Frontiers in Conservation Science, 5.

assessments and habitat protections




Biodiversity monitoring
Habitat quality
Pathogens and parasites (e.g. COVID-19 in wastewater)

Agricultural pests

Current and
emerging
applications

Invasive and endangered species

Carbon origin analysis (including blue carbon)
Forensics & wildlife crime

Ancient DNA

Bioterror and defence
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...and morel!

See — “eDNA: A Policy Explainer”, The Royal Society



The Trqnslahén Challenge
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O Gaps in biodiversity data

O Rapid scientific advances vs slower policy adoption

O Method variation, uncertainty, and data integration issues \

O How do different interested parties perceive eDNA as a toole What are
the challenges and barriers to uptakee What are the priorities?




* Interviews with researchers,
regulators, and end-users and
ranked responses

«  Aim: understand stakeholder needs
and what helps or hinders uptake
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Key findings:
Barriers to eDNA

Q4. Are there any barriers to the uptake of eDNA for monitoring?

t k Understanding limitations and levels of error 7.97
U p q e Standardisation of protocols (lab and bicinformatics) 5.50
Understanding how to interpret of results 5.14
Price/Limited resources 4.67
Scepticism and resistance to change of sector 4.56
Validation and consistency of molecular surveys 3.33
Understanding how to design a study 3.19
Suppliers using proprietary methods 3.14 Rank
Data storage 3.06 13
Species abundance measurement needed 2.97 12
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U n d e rS‘I'G n d i n g Iim"‘q i'io ns Need facus on developing operational products/pipelines

Validation alongside traditional methods

G n d error Ievels Competition with existing metrics / policy slow to change

Robustness of barcode libraries (gaps and validating entries) 2.53
Basic knowledge barrier 2.22 6
eDNA does not provide other organism measurements 2.00 0
S.I,O n d G rd iSO .I_io n Of pro.l_oco IS Market forces driving resources and skills needed 1.33
Communications between science and policy 1.28
Futureproofing due to speed of change 1.25

Synergy with existing biodiversity data . 0.92

High computational power - 0.86

U n d e rS'I'O n d i n g h OW ‘I'O Putting jobs at risk for traditional ecologists - 0.83
0

A In-house communications 0.19
interpret results
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Key findings:
Development
priorities

O Standardised pipelines

O Improved learning tools and
communication

O Metrics and indicators

O Improved reference libraries

Standardised pipelines

Improved learning tools and communication
Metrics and indicators

Improved reference libraries

Measuring abundance

Validation of workflows

Biodiversity metrics

Policy-ready evidence

Reduce cost as much as possible

Facilitate integration into digital data ecosystems
Sampling rules of thumb

Ecology of eDNA

Coordination between research, end-users and companies
Improved georeferencing of species within samples
Communication about eDNA projects in research
Portable field-testing kit

Biobanking at -80°C

4.28
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“if eDNA remains a tool that
only geneticists can wield, then

D(]‘I'Cl |nfegr0ﬁ0n it will only recognize a small
fraction of its potential”
& the NBN Atlas Mike Bunce

QO (Y
First full eDNA dataset X O Findable
available on NBN atlas (2022), (007 ¢ .
however data requirements in S é v Accessible
development (Natural England - Interoperable
and Sanger). < Reusable
Importance of metadata and FAIR

FAIR data principles - no
previous uniformity in the
format of DNA record data

Environmental DNA

Open Access

e
Dedicated to the study and use of environmental DNA for basic and applied sciences

Opportunity to make eDNA OPINION AND PERSPECTIVE & OpenAccess €@ @ @ @

discoverable and comparable Making environmental DNA (eDNA) biodiversity records
—rare for eDNA papers to globally accessible

make data available on a Oliver Berry %, Simon Jarman, Andrew Bissett, Michael Hope, Corinna Paeper, Cindy Bessey,
biodiversi’ry pOfTO| Michael K. Schwartz, Josh Hale, Michael Bunce

First published: 21 December 2020 | https://doi.org/10.1002/edn3.173




The Road
Ahead

O Confidence —
standardisation, validation
and error reporting

Connectivity — data
integration & standardisation

Collaboration — co-
development with users and
communication tools

Future:
10-20 years eDNA informs
4 statutory
Datai I dtraining:  Devel of in-field Develop user-friend! sam- Cost: Focus on reducing costs and simpli- ]'S‘

-g tion as a service: training on inter- methods: end-users call for pk:s: Inzr:ase e ac;:::billty fying “M il isision, Bupie, i e;m
® B datainterpretation pretingdatawith  simple, portable field testing :‘:m? "y r‘"’” x ‘;“‘ enabling national-scale implementation. monitoring
© O platforms, bridging end-users kits (e.g., by use of CRISPR), as "‘r‘:‘d'"“hs‘m"’"'““ = Synergy th div da

T 'S thegapbetween well as hand-held barcoding KA PR W training diverse users (e.g. Al and Eco Acoustics

5 & the raw data and tech. Promote ecoystem func- experts) in interpreting eDNA will
T & actionable insights tion focus: Shifting away from focus increase the reach of the Open access biodi- Unified,

2 C:Id»ndon and on priority species/habitat features. data. versity portals: el sile

o ring: C ion of the concept of i i s R &

information within and between ecosystem health and ‘One Health' will i
< €DNA learly isations, including between increase awareness with decision f i
conveying what éDNA ‘can and cannot do’at the present research and end-users s crucial. sy s}
moment. Discussion of potential advancements can confuse or . and Lo sty
be deemed as overselling' eDNA as a panacea cred e (A &

Improved tools for understanding:

Public outreach: Ongoing creation and sharing of knowledge

large-scale eDNA monitoring across

accreditation systems to facilitate

i ool
Large-scale monitoring willbe  onomists, ecologists,
more cost-effective due to and government

-
g c citizen science and science com- packs, guidance and visuals to multiple laboratories. economies of scale for advisors are vital to fill
v munication to help to diffuse the enhance understanding. o Support eDNA. gaps.
- Sampling Guidelines: Developing simple rules
- £ technology into the mainstream. ER—— o thin for the mnber & e sles hasdid for a Digital Twin of
v 9 TORERTAS ENAG o EXpIONR 1 e bl s o Biodiversity: collaboration with
-] engagement tools such as videos, e ng wou ;i
= 'gags . with practicality. technology providers to create a digital Data Ethics:
S o Emphasise communication: Workshops wizlm’i::d ocxy representation of biodiversity o be used address challenges relating
£ c more funding and resources © m:;::m ORI Strategic metrics: explore the potential of for simulation and monitoring. to sharing eDNA sequences,
E @ should be allocated to commu: i novel metrics addressing main policy goals, i.e, " e, if sampled on private land,
c g nication strategies within to provide quick biodiversity descriptions. ; n : SR IMPEOVe or if sharing potentially sensitive
(V] 5 €DNA projects. This is a top Valldution fmeworks: s:no_my for c_en;;nﬂ moni- m‘(mm:; species information.
priority for translating eDNA standardised validation steps  Strategic storytelling: produc- m"gfm"“ i P
into practice. to assess quality, needed for ing decision-ready data, sum-= ol
metabarcoding assays as well marised into simple formats, Understanding DNA : Skills for
asqPCR. with attached metadata. factors affecting DNA concentration (degrada- man-power and resources required for
C with Traditional Method: g molecular and tion, signal persistence, species tumover etc) for analysis of DNA sequences within gover-
morpho-taxonomic methods simultaneously to show comparisons and higher resolution results. ment organisations.
communicating evidence with end-users and regulators.
Global integration and metadata col- Novel Metrics and Early Warn- Ecosystem function with DNA: Data templates: universal

Sandbox learning: new ing Systems: operational DNA
techniques can be tested in metrics (e.g., microbial) with high
a low-risk setting, for learn information value, facilitating early
ing from and evolving with warning systems.

emerging technologues.

lection: Ensuring eDNA derived records
are supported by metadata and quality
assurance will be crucial for incorpora-

Cu rrent state: tion with biodiversity databases.
early stages of
eDNA integration
into policy

Acceptance and uptake
within policy

Technical developments

shift towards research on ecosys-
tem function monitoring, e.g., by
exploring co-occurrence net-
works, microbial indicators and
functional gene markers.

Data Storage: address templates for reporting

challenges withinand ~ eDNA data and metadata
between organisationsin  to facilitate integration

data storage locations.  with data repositories (e.g.

NBN atlas).

DNA data strategy

From Cook et al., (in review)




@neSTOP

Monitoring
invasive species
with airborne
eDNA

O Novel technologies: Air eDNA
+ computer vision + citizen
science

5 ‘living labs’ - co-creation of
methodologies

Metabarcoding: plants, fungi,
invertebrates and vertebrates.

Detections published on open
access biodiversity platforms
(GBIF).

FAIR data standards.

Funded by
the European Union




O eDNA now moving from innovation to implementation

O Integration with NBN Atlas and other biodiversity databases is key to long-term impact

Collaboration will ensure data become actionable evidence




Thank you
{o]§
listening!

Questions?e

Feel free to contact
me; lcook@ceh.ac.uk
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