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Approaches for phytoplankton observation
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Phytoplankton / HAB monitoring challenges

Changes in phytoplankton abundance, biomass and composition usually occur at short-time

and fine spatial scales : need for high resolution automated sensors implemented in

autonomous platforms (buoys, automated stations, research vessels, ships of opportunity)

Critical gaps :

- lack of definition of the most appropriate methodologies and approaches (platforms)

- deficiencies in the spatio-temporal distribution of observations

- not adopting FAIR principles in data distribution, including using adequate QA/QC measures

An international network of experts is essential to work on :

- best suitable combination of in vivo automated sensors for each marine system considered

- harmonizing operational practices for defining common best practices

- defining common vocabulary and data quality control, data charts & flows

Investigation carried out in the frame of national and regional marine & coastal programmes in Europe,

including past projects INTERREG IVA « 2 Seas » DYMAPHY (2010-2014), H2020 JERICO-Next (2015-

2019) & CPER MARCO (2016-2021), Pan-European infrastructure for ocean & marine data management

(SeaDataNet), as well as ongoing ones JERICO S3 (Science, Service, Sustainability - 2020-2024), JERICO

DS, for building an European Research Infrastructure for Joint Coastal Observatories (JERICO RI) and

recently approved projects as OBAMA Next (H2020, 2023-2026), amongst others.



Principle of the PSFCM: from 1 to 800 µm width… and few mm 
length

Pulse shape-recording automated imaging flow 

cytometry CytoSense®/CytoSub® (Cytobuoy©)

Example of Cytogramme from the PHYCO 
cruise (EEC, April 2017) with CytoClus 3 

software by manual gating

CytoSense 
(Cytobuoy©)
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Principle of the PSFCM: from 1 to 800 µm width… and few mm 
length

Pulse shape-recording automated imaging flow 

cytometry CytoSense®/CytoSub® (Cytobuoy©)

Example of Cytogramme from the PHYCO 
cruise (EEC, April 2017) with CytoClus 3 

software by manual gating

Phaeocystis globosa 
diploid stage

CytoSense 
(Cytobuoy©)

6Phaeocystis globosa 
haploid stage

Pseudo-nitzschia sp. chain

A. Louchart (PhD, 2020)



Integration of the image acquisition system, for the improvement of the 
detection of phytoplankton species

Ditylum 

brightwellii
Asterionellopsis 

glacialis

Guinardia 

delicatula
Rhizosolenia imbricata var.

shrubsolei
Guinardia 

striata

 Library of cytometric scanned profiles and images : example of diatoms



Alexandrium tamarense Prorocentrum micans

Emiliania huxleyi
Dytilum brigthwelliiThalassiosira rotula
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Imaging In Flow (IIF) CytoBuoy
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Imaging In Flow (IIF)

• High quality images at 16x magnification with a 
very big flow cell

• The CytoSense image resolution is <1µm, with 
‘only’ 16x magnification for the whole particle 
size range

• This 16x imaging system is mounted on a fixed 
flow cell of 1000 x 1200 µm cross section and 
has very large field of view

• Optical resolution is ca. 0.8 µm as confirmed by 
photographing small beads doublets. 

CytoBuoy

Imaging In Flow (IIF)
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Case study in estuarine waters monitoring : Monisnel (NL) 
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Rijkeboer et al., Symposium on phytoplankton blooms 2011

• Standard operation
procedure

• Long term stability control 

• Shewart charts

• Suitable software for
objective data analysis

Flowcytometry for routine long term monitoring: Daily 
practice



PSFM flow cytometry vs microscopy : manual and automated methods

0

40

80

120

160

févr mars avr mai juin juil

0

1000

2000

3000

4000

Cytométrie basée
attributs

Microscopie

0

100

200

300

400

500

févr mars avr mai juin juil

0

500

1000

1500

0

2000

4000

6000

8000

10000

févr mars avr mai juin juil

0

2000

4000

6000

8000

10000

flag phaeo2, N/mL

Counts of clusters based on 
attributs

M
ic

ro
s
c

o
p

y
 (c

e
ll.m

L
-1)

F
lo

w
 c

y
to

m
e
tr

y
(c

e
ll
.m

L
-1

)

G2: Mesoflagellates of  P. globosa

G9: Others diatoms

G8: Diatom like Pseudo-nitzschia
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Counts of species based on 
elastic matching

Chaetoceros socialis

Pseudo-nitzschia seriata

Flow cytometry

Microscopy

N. Guiselin (PhD, 2010) ; G. Wacquet (PhD,2011) ; Caillault et al., 2009
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Spatio-temporal 
abundance distribution 

(cell ml-1) of 

A)picoeukaryotes II, 
B) microphytoplankton, 
C) Phaeocystis globosa

diploid, 
D) Phaeocystis globosa

haploid, 
E) picoeukaryotes I, 

F) coccolithes, 
G) Synechococcus spp.,
& H) cryptophytes  in 

surface waters.

Bonato et al. JSR  2016         

S. Bonato (Ph.D. 2011-2015)
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R1 coastal station - Eastern Channel (May – June 2014)
syneco

pico II

pico I

coco

crypto

haploid

diploid

microphyto

May11 – Nov 11 Feb 12 – July 12 March 13 – Dec 13 Feb 14 – June 14

Cell/ml

dates

Seasonal and short inter-annual variability : cell abundance

S. Bonato (Ph.D. 2015)



Continuous recording of phytoplankton in 

eastern Channel coastal waters DYPHYMA 

Cruise (Spring 2012)

Fluorescence

Abundance

ENGLAND

Eastern
Channel

FRANCE

Salinity
CytoSense (CytoBuoy©)

S. Bonato (Ph.D. 2015)

Bonato et al.,  Estuar.Coast.Shelf.Sc. 2015



Louchart et al., 2020 (Proceedings of ICHA 2018)

Tracking Phaeocystis globosa life stages, Pseudo-
nitzschia spp. and big microphytoplankton in 

spring from EEC to SNS (PHYCO - CNRS,  
JERICO/LifeWatch - VLIZ and Monisnel-RWS 

cruises April-May 2017)
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Automated monitoring of phytoplankton abundance, biomass and 

diversity - Channel and North Sea Pilot Super Site (2019-2021)

IBTS Fisheries cruise January 2020

DYPHYRAD transect by the Strait of Dover

Zéline Hubert (PhD), 
Clémentine Gallot, 
Alexandre Epinoux,, 
Kevin Robache, Marie 
Bruaut, Elise Caillard, 
Vincent Cornille, Jessica 
Delarbre, Claire 
Dédécker, Muriel 
Crouvoisier, Emeline 
Lebourg, Eric Lécuyer, 
Arnaud Louchart, Jean-
Valery Facq, 
Alain Lefebvre, 
Luis Felipe Artigas



Front. Mar. Sci. 9:791329. doi: 10.3389/fmars.2022.791329



Definition of functional types and common
vocabulary (Thyssen et al., 2022)

Work on FCM common vocabulary SeaDataNet project
(S. Lahbib, M. Thyssen) CNRS/MOI and JERICO S3



Towards automated analysis of 
phytoplankton images/optical profiles

Wacquet et al., 2020 (ICHA 2018) 



DYMAPHY deliverables Action 1

+ PhD Thesis (K. Owen, S. Bonato…) + 

publications : Bonato et al., 2015; Thyssen et 

al., 2015, Bonato et al., 2016, …. 

JERICO NEXT deliverables D3.1 & D3.2

+ PhD Thesis (A. Louchart) + publications (Aardema et al., 

2019; Marrec et al., 2018; Louchart et al., 2020a, b)…



JERICO S3 deliverables D5.1 
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NEED TO GO

Best practices, Integration, validation, archives and 

long-term accessibility of biological (plankton) data

Three questionnaires were released on the www.jerico-ri.eu webpage

http://www.jerico-ri.eu/


• Automated PSR FCM brings optical chararcterization of cells and colonies beyond taxonomic resolution
(functional diversity, Fontana et al., 2014; Fragoso et al., 2019; Louchart, 2020; Epinoux, 2021)

• Continuous high frequency eulerian monitoring in lagoons (i.e. the Berre lagoon, Duguenne et al. 2014, G.
Grégori M.I.O.; Venice lagoon, Epinoux, 2021), coastal buoys (as in the rade de Villefranche-EoL buoy,
Thyssen et al., 2014; rade of Brest, Ruiz-Villareal et al., 2022; the Bay of Naples, Epinoux 2021, MAREL fixed
station in the rade de Boulogne, Robache, 2021, 2022). To be coupled with nutrients & in vivo fluorescence
automated in situ analysis.

• On board continuous measurements for high spatial resolution (R.V. scientific cruises, Bonato et al., 2015,
2016; Thyssen et al. 2015; ships/cruises of opportunity, Thyssen et al., 2009; Louchart et al., 2020).

• Definition of common vocabulary and operational and data base best practices (Thyssen et al., 2022).

• Integration of optical features, optical pulse shapes and/or images automated classification (including new
CNN approaches; Fuchs et al., 2022; Wacquet et al., 2020). Coupling with other high througput imaging
instruments FlowCAM, Imaging Flow Cytobot.

• Physiological assessment (Thyssen et al., 2008; Duguenne et al. 2014) and coupling with physiological
photosynthetic assessment (variable fluorescence PAM, FRRf) and pCO2 (Marrec et al., 2018)

• Coupling with in situ DNA extraction (ESP, Moore et al., 2021) in autonomous stations and/or coupled with
an AUV (Yamahara et al., 2019); species-specific probes (Brosnahan et al., 2014) for tracking HABs species

Summary and perspectives for the use of automated PSR flow 
cytometry for phytoplankton & HAB monitoring



Part of this work was supported by the JERICO-S3 project. This project has received 

funding from the European Union’s Horizon 2020 research and innovation programme 

under grant agreement n° 871153.
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Thank you very much 

for your attention!

Tack så mycket för er 

uppmärksamhet 


