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We need reliable monitoring data!

Wetzel et al. (2015)

Focus today:
Community assessment!



• Very advanced piece of environmental legislation (Directive 
2000/60/EC)

• Aim: 2027 surface waters good status 

• Ecological status as primary determinant of management 
needs

• >100,000 water bodies monitored - long-term data
• Decades of intercalibration (>400 intercalibrated methods)

• Published CEN/ISO standards for sampling / analysis

• But: Few BQEs, slow, errors, limited tax. resolution
Continuous monitoring
No deterioration

after http://ec.europa.eu

High Good Mod. Poor Bad

expensive

EU Water Framework Directive



BIRD IN THE HAND

Proposition: 

„For better monitoring, forecasting and management
we have to scale-up environmental monitoring. 

(e)DNA-based methods will play a central role here“



BIRD IN THE HAND

© Keystone (Tagesanzeiger.ch)

Strength is obvious



DNA differs even when
morphology does not



Relevant for bioassessment!

[But here: 1.7-3.4x more expensive]



DNA-based methods are needed to 
complement global biodiversity surveys

© wellsreserve.org

Elbrecht & Leese (2017)



• eDNA analysis in a French stream
(Rhône) shows great
performance of eDNA for fish
biodiversity assessments

• Many such studies reported
from many different countries!

Any one-year
electrofishing

Ten years of
electrofishing

One year
eDNA

„More with less“ actually works for some BQEs



„More with less“ actually works for some BQEs

JDS4 scientific report 
(2021)
Data: Didier Pont



The idea is simple; in 
principle: 

„Speed up sampling, replace
microscopes by sequencers, 
recalibrate and move on“

(…and maybe use more of the
amazing new data you get…)



Channels (n=919)

Beentjes et al. (2018)

Classical indices can be compatible with metabarcoding data

Elbrecht et al. (2017)

Rivera et al. (2020)

Pont et al. 2018

Vasselon et al. (2019)

Buchner et al. (2019)

Elbrecht et al. (2017)Meyer et al. (2021)
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Beyond water



BIRD IN THE HAND

Automation/throughput possible

• Several hundred samples per week possible!



BIRD IN THE HAND

Automation/throughput possible

(usually cheaper than listed here…)



Sampling the classical way and/or sampling 
environmental DNA

© smith-root.com

4 photos by Till Macher
(semi-)automated handling



What are the main roadblocks?



Bilder: WikiCommons

Revolution is not enough



Concept Technology

Economic & legal frameworkPerception

unrepresentative sampling
new taxonomic / community information
(e.g. terrestrial eDNA, gut content)

abundance / biomass / copy-number 
vs. presence-absence data
new reference conditions
new metrics

new 'units' to quantify biodiversity

new technical language

more complex / integrative settings

costs

knowledge transfer

legislative requirements
(e.g. abundance data, intercalibration)

sample / storage conditions
(e.g. preservation liquid, inhibitors)

primer bias / PCR stochasticity
misidentifications
(e.g. wrong references, shared barcodes) 

reference database development
non-corresponding taxonomy
(e.g. between reference list and results)

Leese et al. (2018)

The ‚four-field challenge‘

‚human dimension‘



• For fish and macroinvertebrates the
European Operational Taxalists are
often well-covered (JDS4: 90%, 81%)

• Priorities defined to close gaps

Reference databases

à TRANSPARENT & OPEN DATA! Versioning, DOI…
à QA/QC basis
à Several countries working on this



• Improve available ref DB, link to ecological
information

• Lot‘s of work, but low hanging fruits, 
taxonomic initatives exist; GBOL, BeBOL, 
SweBOL, iBOL, AquaBOL.sk, PolBOL etc.

Improve taxonomic backbone



• Improve available ref DB, link to ecological
information

• Lot‘s of work, but low hanging fruits, 
taxonomic initatives exist; GBOL, BeBOL, 
SweBOL, iBOL, AquaBOL.sk, PolBOL etc.

• THINK INTERNATIONAL!

Improve taxonomic backbone

à Definition of “Gold standard DNA barcodes” for referencing?
à Workshop initiation 2022 by GeDNA project / UBA & UDE



But when do we accept / recject? How to harmonize?

Vasselon et al. (2019) Elbrecht et al. (2017)



Who can do the work?

• Over 35 commercial labs offering services (and many are good!)
• More and more state agencies have own labs
• Central analysis aspects



Bilder: WikiCommons

A constitution is needed



We urgently need guidance & standards!(!)

27

thousand

• We need standards and guidance (revolution -> consitution)
• Certification / QC instances
• We need central coordination (e.g. linked to ECOSTAT)



Ease data analysis!
(e.g. TTT)

Biologists, non-
informaticians

Translate sequence data into 
biological information

Modular / reproducible 
workflow

Platform independent

Macher et al. (2021) Mol Ecol Res



The future of biotic indices in 
the ecogenomic era

Conventional bioindicators
Renovate

New bioindicators  
Rebuild

TGAGCC

Optimization Standardization Implementation

eDNA-based biomonitoring
Methods:
- sampling
- processing
- analysis

Calibration:
- benchmarking
- ring tests
- backward compatible

Legislation:
- science consensus
- full documentation
- data management

Community structure (tax-free) 
Revolutionize

AGTGCACGTTCA

Source: Pawlowski, Taberlet et al. (2021) 



Realistic plans, important milestones

Source: ‘Stolen’ from the Finnish roadmap draft today (12.1.2021)



Let’s work together / bridge gaps

31



@leeselab @dnaquanet Thank you! https://dnaqua.net


