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Diatoms: diversity and importance in the biosphere
- Microalgae: 3 > 500 µm, photosynthetic

- 100 000 species (Mann & Vanormelingen 2013)

- 10% of the total biomass in oceans (500 gt C / 6 000 gt C Leblanc et al. 2012,  Bar-On et al. 2017)

- Colonize all habitats: lakes, rivers, oceans, soils, wet walls, 

caves …
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Diatom are used as regulatory biomonitoring tool
(European Water Framework directive)
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But some pitfalls:

- Need for skilled taxonomists

- Analyses bottleneck

- Heterogeneity of identifications

- Counting effort reduced to 400 individuals



What is DNA metabarcoding?

2003: DNA barcoding (Hebert et al. 2003)

Standardized approach to identify organisms

Barcode: Short DNA fragment

Characteristic of a taxon

Easy to sequence (universal primers)

Barcoding gap

Diatom barcoding pionneers: 
Evans et al. 2007 (cox, rbcl, 18s, ITS)

Hamsher et al. 2011 (cox, rbcl)

>Sellaphora pupula complex (D. Mann)

Moniz & Kaczmarska 2009 (5.8S, ITS)



What is DNA metabarcoding?

2012: metabarcoding (Taberlet et al. 2012)

Concept expanded to study natural samples

Identify organisms in communities

Use of High Throughput Sequencing

Sequencing of environmental DNA
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(Kermarrec et al. 2014)

rbcL primers

(Vasselon et al. 2017b)
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TR 17245 2018)
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2022 )
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(Bailet et al. 2020,

Rivera et al. 2020)
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(Vasselon et al. 2018)
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(Tapolczai et al. 2020)
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(Zimmermann et al. 2014, Rimet et 

al. 2016, CEN TR 17244 2018)
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Protocols and tools are open access 



Mayotte France UK Switzerland

Spain Sweeden Portugal

Not used as 

regulatory tool, 

except in UK

Application to monitoring networks



In this framework (biomonitoring)

DNA metabarcoding is used to replace (to mimic) microscope identifications

Can diatom metabarcoding bring additional and complementary information to morphological 

data?

Application to monitoring networks

=

Basic ecology



Schedule

4 topics 
- Biodiversity

- Autecology

- Biogeography

- Community assembly



When compared to microscopy, DNA metabarcoding measure a higher diversity

Why? - deeper sampling effort (400 individuals vs several 10 000 of reads) 

-> rare species

- finer taxonomical resolution with rbcL 

-> sub-species level

Biodiversity assessement

Rimet 2018 Org.&Evol



Biodiversity assessement

Vincent et al. 2023

Species with the highest genotypic diversity:

- big population size 

- wide niche breadth

Can we characterise this intraspecific diversity?

> 658 sampling sites in rivers of France 

> campains 2016, 2017, 2019

Species abundance
Number of sites occupied

Intrasp. 

genotypic

diversity

Intrasp. 

genotypic

diversity



Autecology

Achnanthidium minutissimum
https://diatoms.org/species/achnanthidium_minutissimum/i

mages#image-93141

Perez-Burillo 2021 Stoten

Subspecies/genetic variants have 

different requirement for 

conductivity, calcium

Being able to measure cryptic diversity -> New insights for diatom species ecology

Study on rivers in France and Catalonia

• Genetic variants within species show different patterns of distribution.

• Some genetic variants within species differ in their ecological preferences

https://diatoms.org/species/achnanthidium_minutissimum/images#image-93141


Autecology

Tapolczai 2021 Ecol.Indic.

Cropland coverage

Amphora pediculus
https://diatoms.org/images/18280

Development of an index to assess agriculture land-use (Hungary)

- Development of a genotype index enable to better assess land-use

- But species assignation is necessary to have an ecological interpretation
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Biogeography
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Very strong geographical structure, strong

limitations to dispersal, high endemism (≠Finlay et 

al. 2002)

But what happen if we compare similar

ecosystems? Do we still have endemism?
Chonova 2023 Env.DNA

Interest of DNA metabarcoding for large biogeographical studies:
- Taxonomic precision

- Robustness of sequencing vs microscope identification (Kahlert 2009 J.App.Phycol)



Biogeography

Comparison of similar ecosystems: high altitude lakes in alpine climate

3000 km
Georgia

France

• Only 1,5% of genotype shared

• 15% of species shared

• At least 1 species is shared between samples

• Where in 40% of the case 0 genotypes are shared

There is still a very high genotypic endemism. 

For species level, “endemic” species of France or 

Georgia are in fact not characteristic of lakes but of 

neighbor habitats (soil, sediments, peat-bogs…) 

Rimet 2023 Stoten



Community assembly

• There are 2 main predictors in community assembly:

• Environmental filtering: Ecologically similar species should coexist in ecologically 
similar environments.

• Limiting similarity: Ecologically dissimilar species should coexist because too 
similar species competing for the same resources cannot stably coexist.

• Including phylogeny into ecological thinking is an opportunity for biologists because:

• Species distributions are shaped by evolutionary and ecological processes 

• These 2 processes are intimately related

• So, it is important to study them together

• “Ecophylogenetic” Mouquet et al. 2012 (Biological Reviews)

ECOLOGY
PHYLOGENIES



Community assembly

• If niches are conserved in the evolution, then phylogenetic structure 
of samples can be interpreted in terms of ecological processes

phylogenetic

over-clustering

phylogenetic

overdispersion

Environmental

filtering

dominates

Competition

dominates

Webb 2000, Kembel et al., 2010

Rimet 2022 Mol.Ecol.

Environmental 

sequences



Conclusions

Complementarity

Microscope:

- possibility to see species size, how species move, make colonies…

- long tradition -> good knowledge of species ecology

« DNA barcodes lie within the gray area between phylogenetics and population genetics » (Hajibabaei

2007 Trends in Genetics)

DNA metabarcoding :

- easily handle cryptic diversity

- reaveal a high degree of endemism

- enable to have new insights of diatom species ecology

- should help in diatom population genetic

- phylogenetic dimension: 

- address community assembly questions (phylogenetic overclustering / overdispertion)

- evolutionary processes (phylogenetic signal)
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