
Cruise report: Flow cytometry analysis during Calypso 2022 cruise 

People in charge of the flow cytometer during the cruise

Roxane Tzortzis: on board of the RV Pourquoi Pas, to control the flow cytometer and make 
analysis of the data.

Melilotus Thyssen: use remote connexion to control the flow cytometer + make pre-calibration of 
the flow cytometer before the cruise.

Gérald Gregori: installation of the flow cytometer on board of the RV Pourquoi Pas, during the 
mobilization day (16/02/2022).

Institute: MIO, Marseille, France

Contacts: roxane.tzortzis@mio.osupytheas.fr, gerald.gregori@mio.osupytheas.fr, 
melilotus.thyssen@mio.osupytheas.fr.

Objectives during the Calypso cruise

Use  the  measurements  performed  with  the  flow cytometer,  to  cover  the  full  size  spectrum of
phytoplankton (Prochlorococcus,  Synechococcus,  to large nano- and microphytoplankton). Follow
the fine-scale temporal dynamics of phytoplankton.

Material and methods

Principe of the flow cytometer analysis

The flow cytometer is an automatic system able to perform high frequency analyis of seawater in
order  to  identify  several  types  of  phytoplankton  (Thyssen  et  al.,  2009,  2015).  The  instrument
contains a sheath fluid made of 0.1 μm filtered seawater, which stretches the sample in order to
separate, align and drive the individual particles (i.e., cells) through a light source. This light source
is composed of a 488 nm laser beam. When the particles cross the laser beam, they interact with the
photons. Several optical signals are recorded for each individual particle: the forward angle light
scatter  (FWS)  and  90°  sideward  angle  scatter  (SWS),  relate  to  the  size  and  the  structure
(granularity) of the particles. Two signals of fluorescence induce by the light excitation are also
recorded and collected on photomultiplier tubes: a red fluorescence (FLR) induces by chlorophyll a
and an orange fluorescence (FLO) induces by the phycoerythrin pigment. 
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Fig. 1: The flow cytometer (CytoBuoy)



Continuous analysis by flow cytometry

An automated flow cytometer CytoBuoy (dimension L50 cm x W50 cm, H100cm; weight 30 kg)
has been installed on board of the RV Pourquoi Pas, and connected to sea surface continuous flow-
through system of the thermosalinograph (TSG), i.e., ~ depth 5-6 m. The cytometer is installed in a
frame to absorb vibrations and shocks. 
The  cytometer  samples  the  seawater  in  a  dedicated  small  container  called  “subsampler”,  that
isolates  the  seawater  during  the  analysis.  Between  2  analyses  the  subsampler  is  flushed
continuously by the seawater circuit of the ship. The subsampler isolates the seawater at each hour
during around 30 minutes using a volume of 5-8 mL. Three distinct protocols are run sequentially:
one for the small phytoplankton cells, one for the large cells and one to take pictures. The first
protocol (FLR2) has an FLR trigger level fixed at 2 mV. It is dedicated to the analysis of the smaller
phytoplankton  such  as  Prochlorococcus,  Synechococcus,  and  the  other  pico-eukariotic
phytoplankton (RedPicoEuk), which were optimally resolved and counted with this protocol. The
second protocol (FLR15) target nanophytoplankton and microphytoplankton with an FLR trigger
level  set  at  15  mV.  Furthermore,  fluorescent  beads  (polysciences  microspheres  of  2  μm),  are
regularly analyzed (once a day) to ensure quality control, reliable analyses and calibrate cell sizes. A
coalfilter is also performed regularly (scheduled days: Sunday, Tuesday and Thursday) to ensure
quality of measurements.

Analysis for the small cells: 
- trigger level: FLR 2
- duration: 5 min
- photomultiplicaters level: 65, 100, 95

Analysis for the large cells:
- trigger level: FLR 15
- duration: 10 min
- photomultiplicaters level: 65, 100, 95

Analysis to take pictures (only the large cells):
- trigger level: SWS 150
- duration: 15 min
- photomultiplicaters level: 65, 100, 95

The cytoUSB software (Cytobuoy b.v.) are used to control the flow cytometer and acquire the data
stored on a computer. The data are acquired in Log scale. The combination of the different variables
recorded  by  the  flow  cytometer  generates  several  two-dimensional  cytograms  of  retrieved
information  from  the  four  pulse-shaped  curves  (FWS,  SWS,  FLO,  FLR)  obtained  for  each
individual  cell.  Cells  sharing  similar  optical  properties  are  manually  grouped  in  clusters  on
cytograms in the Cytoclus software (Cytobuoy b.v.). Then, the abundance (cells per microliter) and
average variable intensities for each cluster are provided by the CytoClus software.
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Analysis of seawater samples collected during CTD cast

Seawater samples are collected from the Niskin bottles during the CTD cast (cast n°36 to n°61), at
the deep chlorophyll maximum (DCM). Samples are then rapidly analyzed by the flow cytometer.
After  the  analysis  of  the  CTD  samples,  the  flow  cytometer  are  reconnected  to  sea  surface
continuous  flow-through  system of  the  TSG.  The  protocol  using  by the  flow cytometer  to  do
analysis of the CTD samples is the same as the protocol using for the continuous analysis (FLR2
and FLR15).

Synchronization of the flow cytometer with the time server of the ship

The computer dedicated to the flow cytometer has been synchronized with the time server of the
ship (time UTC) at the beginning of the cruise. 
The abundances of phytoplankton clusters are plotted using the latitude and longitude coordinates
of the ship Navigation data.

Results

Identification of phytoplankton clusters

Seven phytoplankton clusters were optically resolved by flow cytometry thanks to their light scatter
(FWS and SWS) and fluorescence intensities (FLR and FLO). These clusters are called by the
conventional  names  used  by  flow  cytometrists,  i.e.,  some  groups  relate  to  taxonomy
(Prochlorococcus,  Synechococcus),  while  others  relate  to  a  range  of  sizes  (picoeukaryotes,
nanoeukaryotes  and  microeukaryotes  following  Sieburth  et  al.  (1978).  Synechococcus  are
prokaryotic  picophytoplankton,  easily  detectable  by  flow  cytometry  due  to  the  bright  orange
fluorescence  emitted  by  phycoerythrin  pigment.  Prochlorococcus,  which  are  smaller  than
Synechococcus, are characterized by red fluorescence induced by Chla. 
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Figure 2: Cytograms



Follow the spatio-temporal evolution of the phytoplankton abundances
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Figure 3: Abundances of Synechococcus, Prochlorococcus, RedPicoEuk and RedNano from 20/02 
to 06/03.
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Figure 4: Abundances from 4 to 6 March 2022
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