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Diversity and importance in the biosphere
- 100 000 species (Mann & Vanormelingen 2013) 
- 25% of the total biomass on earth (Werner 1977) 
- Colonize all habitats:  
lakes, rivers, oceans, soils,  
wet walls, caves …
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Cell organisation
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The diatoms (Round Mann & Mann, 1990)



- Reproduction : 
Vegetative reproduction: simple mitosis 
Cell reduction

Gomphonema parvulum  
(culture strain) Rose & Cox 2014

Life cycle

< Cross section



- Reproduction: 
Sexual reproduction (Round, Crawford, Mann 1990)

Mitosis

Meiosis 
2n chromosomes > n chromosome 
Production of gametes

Sexual 
reproduction 
(Gametes mating)

Auxospore 
(resting spore)
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Intracellular organelles

TCC879-Pinnularia lundii var. linearis

Chloroplasts

Nucleus

Lipidic drops

Cell organisation



Nucleus : 
Several chromosomes (nucleus) have coding genes for ribosomal RNA. 
rRNA > ribosome, composed by: 
- Large sub-unit (60S) : 28S rRNA, 5,8S rRNA, 5S rRNA 
- Small sub-unit (40S) : 18S rRNA 

18S marker is widely used in biodiversity studies because:  
- Variable sequences flanked by highly conserved regions allowing the 

use of universal primers.  
- Numerous copies in the genome: present in large quantities

Cell organisation

Translation into protein chain
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Chloroplasts: 
 (1)   outer membrane;     (2) intermembrane space;     (3)   Inner membrane 
(4) stroma ;     (5)   lumen du thylakoïde ;     (6)   membrane du thylakoïde ;      
(7) granum (thylakoïdes stack(8))  
(9) amidon ;     (10) ribosome;      
(11) Chloroplastic DNA ;      
(12) Lipidic droplet

Cell organisation



Chloroplasts: 
In the chloroplast genome, an important marker: rbcL  
Coding the large sub-unit ( « L ») of RuBisCo (« rbc »), key enzyme of 
photosynthesis.

Cell organisation
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Mitochondria

Cell organisation



Mitochondria: 
In the mitochondrial genome, an important marker : Cox1  
encodes a subunit of Cytochrome c oxidase, which is involved in the respiration 
process. It is a key enzyme in aerobic respiration.

Cell organisation
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Adl et al. 2019. 
Revisions to the 
Classification, 
Nomenclature, 
and Diversity of 
Eukaryotes. JEM

Algae = polyphyletic group 
> endosymbiosis

* *
*

*
*

*

*

Diatoms



• Classification: 4 classes 
– Coscinodiscophyceae  
– Mediophyceae 
– Fragilapiophyceae  
– Bacillariophyceae

Taxonomy



• Coscinodiscophyceae : 
• Aulacoseira : filamentous, pores on the mantle, Spines between valve/mantle 
• A. alpigena    Aulacoseira islandica (Leman fev 2010) 

   

• Aulacoseira muzzanensis (Canal Marne à Maixe 30-07-09)

Aulacoseira islandica ssp. helvetica

Taxonomy



• Coscinodiscophyceae : 
• Melosira : filaments, no pores 
M. varians (TCC538), lentic rivers, shore of calme lakes

Taxonomy



• Mediophyceae : 
• Cyclotella : single cell or in chains, planktonic

Cyclotella lemanensis Cyclotella costei

Cyclotella comensis

Cyclotella meneghiniana TCC358

Taxonomy



• Fragilariophyceae : F. Fragilariaceae 
• No raphe in this family 
• Fragilaria/Ulnaria : presence of a pseudo-raphe

Taxonomy

Fragilaria tenera var. lemanensis (Leman juin 2008) Fragilaria crotonensis



• Fragilariophyceae : F. Fragilariaceae 
Diatoma: strong  transversal costae

D. ehrenbergii

D. elongatum (Bourget 2009)

Taxonomy



• Bacillariophyceae: F. Achnanthaceae, Achnanthidiaceae 
Raphe present only on one valve (Monoraphids)

Taxonomy



• Bacillariophyceae : Biraphids, raphe on the 2 valves 
• Heteropolar valves:  
• Isopolar valves:  

– Curved raphe 
– Sigmoid raphe 
– Straight raphe 

• Raphé avec 2 crochet au centre : Neidium 
• Cotes lisses : Pinnularia 
• Aire centrale en stauros : Stauroneis 
• Stries irrégulières, très fines : Brachysira 
• Navicula sensu stricto

Taxonomy



• Bacillariophyceae : Biraphidées, raphé sur les 2 valves 
• Heteropolar valves:  
• Isopolar valves:  

– Curved raphe 
– Sigmoid raphe 
– Straight raphe 

• Raphé avec 2 crochet au centre : Neidium 
• Cotes lisses : Pinnularia 
• Aire centrale en stauros : Stauroneis 
• Stries irrégulières, très fines : Brachysira 
• Navicula sensu stricto 

– Canal raphe

Taxonomy

Nitzschia gracilis-Loeze 2-18-05-2010 (2).jpg

Nitschia acicularis Loeze 2010
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Usual methodology for diatom biomonitoring
❖Standardised methodology: microscopy

Ouvrages 
d’identif.

Sampling

➢ Determination of species 
➢ Counting 400 frustules

Sample treatment 
Mineralisation 
Slide preparation 

    Microscopy

Species inventory 

Quality assessment 

Biotic index



Based on the formula of Zelinka & Marvan (1961): ecological profiles are weighted by the 

abundance of the species in the sample

Nitzschia fonticola

Mayamaea permitis

Eunotia intermedia

Weighted average  
Index = ∑ Aj.vi.sj  
                ∑ Aj.vj 
Aj : Species j abundance in the sample, 
sj : stenoecy degree (weight) 
vj : indicator value

Principle of a biotic index

X 90%

X 8%

X 2%

Stenoecy degree

Indicator value

Species 
presence 
probability

Nutrient level



IBD: Indice Biologique Diatomée 
Index developped in the framework of the WFD, first publication in 2000, and also standardised in 2000 (Afnor 2000).  
New versions in 2009 and 2019.

Which biotic index is used in France?



Biological quality

Diatoms
Macroinvertebrates
Fish
Macrophytes

Physico-chemical quality

Hydro-morphological quality

Ecological status of rivers in 2009River status is based on
3 quality parameters

How IBD is used to assess river ecological status?



Ecological status of rivers in 2019
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3 quality parameters



Ecological status of rivers in 2009
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Ecological status of rivers in 2009

• No biomonitoring tools in 2009 in 
Mayotte

• We made a first proof of concept of 
diatom DNA metabarcoding for 
biomonitoring rivers in 2012 on 4 
samples (Mainland France and tropical rivers)

• The french office in charge of 
biomonitoring asked us in 2013 to 
test alternative biomonitoring 
methods, including DNA 
metabarcoding in Mayotte



Objective: replace microscope determination and counting  
with DNA metabarcoding 

Identif. 
books

Sampling

Species 
determination

Species inventory 

Quality assessment 

Biotic index

DNA 
Barcoding 
library

Bioinfo.

Mol. Biol. 
DNA extarction 
PCR amplification 
Sequencing

Sample treatment 
Mineralisation 
Slide preparation 

    Microscopy



Questions?




