
• Five partners
• France (Roscoff)
• UK (U of Warwick)
• Germany (AWI Bremerhaven)
• Spain (ICM Barcelona)
• Norway (U of Oslo)

PICODIVPICODIV
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Strategy

1 - Obtain data on picoplankton diversity 
from cultures and clone libraries

2 - Follow annual change in diversity by 
combination of classical and molecular 
techniques



Emphasis on coastal sitesEmphasis on coastal sites



Diversity
• Natural samples

– Clone libraries 18S, 16S
– DGGE
– SSCP

• Cultures
– Flow cytometry
– Electron microscopy
– Pigment analysis by HPLC
– rDNA sequences



Diversity

• Clone libraries (18S, 16S): 46

• Sequences (partial 18S, 16S): 1234

• Cultures: 145

October 2001



Eukaryotic  picoplankton

Thermococcus barophilus

Trichomonadida

Microsporidia

Diplomonadida
Giardia

Myxomycetes
Vahlkampfiidae

Euglenida

Kinetoplastida
Dictyostelium discoideum

Entamoeba
Haplosporidia

Polycystinea

Foraminifera

Phaeophyceae

Pelagophyceae
Dictyochophyceae

Bolidophyceae
Diatoms Eustigmatophyceae

Raphidophyceae
Chrysophyceae

Stramenopiles heterotroph A

Strameno heterotroph B

Plasmodiophorida

env.OLI019 + OLI032
Chlorarachniophyceae nucleus

Cercozoa
Glaucocystophyceae

Apusomonas proboscidea

Higher eukaryotes

Choanoflagellates

Acanthamoeba/ Hartmannella

Cryptophyceae nucleus

Rhodophyceae + Cryptophyceae nucleomorph

Novel red algae?(env.He000427.214)

Chlorophyta
Haptophyta

Perkinsozoa

Alveolata Group I (OLI11001)

Alveolata Group II (Amoebophyra)

Dinophyta

Apicomplexa/Ciliates

Acanthareans

0.10

Schematic tree



Oligotrophic: OLIPAC

Ciliophora
Alveolata

Dinophyceae
Alveolata

Choanoflagellida

Pelagophyceae
Stramenopiles

Prymnesiophyceae
Haptophyta

Prasinophyceae
Chlorophyta

OLI11001
Alveolata

Stramenopiles

Dictyochophyceae
Stramenopiles

Acantharean

OLI11032

OLI11019

Amoebophrya
Dinophyceae

Alveolata

Autotrophs: 23%Autotrophs: 23%

50% of sequences 
correspond to 
unknown alveolates

50% of sequences 
correspond to 
unknown alveolates

Moon et al 2001



Valentin  unpublished

Coastal: Helgoland March 2000

Ciliophora
Alveolata

Dinophyceae
Alveolata

Prasinophyceae
Chlorophyta

Stramenopiles

Rhizopoda

Group II Amoebophrya
Alveolata

Chrysophyceae
Stramenopiles Alveolata

Cryptophyceae
Cryptophyta

He0003xx.26

Group I OLI11001
Alveolata

Autotrophs: 18%Autotrophs: 18%

CiliatesCiliates

North Sea: March 2000



Coastal: Roscoff April 2000

Ciliophora
Alveolata

Dinophyceae
Alveolata

Mamiellales
Prasinophyceae

Chlorophyta
Choanoflagellida

Thraustochytriidae
Labyrinthulida
Stramenopiles

Slopalinida
Stramenopiles

Cryptophyceae
Cryptophyta

Prymnesiophyceae
Haptophyta

Stramenopiles

Dictyochophyceae
Stramenopiles

Rhizopoda

RA000412.151

Amoebophrya
Dinophyceae

Alveolata

Autotrophs: 48 %Autotrophs: 48 %
Romari unpublished

No alveolates
group I

No alveolates
group I

Channel : April 2000



Coastal: Blanes Sept 2000

Unidentif ied

Pelagophyceae
Stramenopiles

Group I OLI11001
Alveolata

He0003xx.26

He000427.214
Cryptophyceae

Cryptophyta
Prymnesiophyceae

Haptophyta

Chrysophyceae
Stramenopiles

Group II Amoebophrya
Alveolata

Chlorarachniophyceae
Chlorarachniophyta

Choanoflagellida

Rhizopoda

Stramenopiles

Eustigmatophyceae
Stramenopiles

Prasinophyceae
Chlorophyta

Dinophyceae
AlveolataLabyrinthulida

Stramenopiles

Autotrophs: 33%Autotrophs: 33%
Massana unpublished

No ciliatesNo ciliates

Med Sea : Sept 2000
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Alveolata Ciliophora
Alveolata Dinophyceae
Alveolata Group I OLI11001
Alveolata Group II Amoebophrya
Alveolata Perkinsea
Chlorarachniophyta Chlorarachniophyceae
Chlorophyta Prasinophyceae
Choanoflagellida 
Cryptophyta Cryptophyceae
Haptophyta Prymnesiophyceae
He000427.214 
LKM74 
Plasmodiophorida 
Rhizopoda 
Stramenopiles 
Stramenopiles Bicosoecida
Stramenopiles Bolidophyceae
Stramenopiles Dictyochophyceae
Stramenopiles Labyrinthulida
Unidentified 

English Channel Morlaix 
river



Mamiellales

Prasinophyceae



MamiellalesMamiellales

Apparently, there are only a few 
species present in coastal waters:

• Ostreocococcus
• Bathycoccus
• Micromonas (three species ?)

Bathycoccus

Ostreococcus

Micromonas I

Micromonas III

Micromonas II



Ostreococcus spp.

Smallest eucaryote: 0.8 um

Nine strains available:
• Thau lagoon
• Mediterranean Sea
• English Channel
• Atlantic Ocean
• Red Sea

H. Moreau unpublished

1 2 3 4 5 6 7 1

1 : λ concatémérisé
2 : S. cerevisiae
3 : O. tauri souche 1995 (Thau)
4 : O. tauri souche 2000 (Thau)
5 : RCC 141 (Atlantique)
6 : RCC 143 (Atlantique)
7 : RCC 371 (Méditerranée)

PFGE ChromosomesPFGE Chromosomes



Dictyochophyceae

Le Gall, Romari, Eikrem unpublished

RCC 355

Chlorarachniophyceae

RCC 365

Exotic classes



Heterotrophic 
stramenopiles

NA11-8
NA11-9

NA11-4

NA11-5
NA11-10

DH144-EKD10

ANT37-29

ANT12-11
ANT37-21

ANT12-15

ANT12-10
ANT12-29

ANT12-6
ANT12-16
ANT12-18

ANT12-17

ANT37-16
ANT37-19

ANT37-18

ANT12-26
ANT12-27
ANT12-24
ANT12-25

ANT12-8
ANT12-5

ANT12-20

ANT12-22
ANT12-19
ANT12-21
ANT12-23

ANT12-7
ANT12-9

OLI11026
OLI11008

OLI11150

OLI11066

OLI11006

ME1- 21

ME1- 22

ME1- 29
ME1- 20
ME1- 30

ME1- 19

ME1- 28
ME1- 18

VIII

Labyrint huloides haliotidis

IV
VII

VI

V

III

II

I

Achlya bisexualis
Leptolegnia chapmanii
Achlya apiculata
Phyt opht hora megasperma

Lagenidium gigant eum
Developayella elegans

Hyphochytrium catenoides

Blastocystis sp.
guinea pig f aeces isolat e

Blastocystis hominis
Syluania monomastiga

Cafeteria roenbergensis

OLI11150

OLI11026
OLI11008

OLI11006
OLI11066

ME1-21

ME1-22

ME1-17

ME1-18
ME1-28

ME1-19
ME1-20

ME1-24

Ulkenia prof unda

DH144-EKD10

DH148-5-EKD53

DH147-EKD10
Opalina ranarum

Cepedea virguloidea
Amphidinium belauense

Alexandrium t amarense

Prorocentrum minimum

Phototrophic
st ramenopiles

90/76

91/

100

100

100

100

82/83

/83

100

100
100

100

100

100/92

100

10075/71

/92
100

100

100
77/

Thraustochytrium kinnei

Massana et al. unpublished

NS3

NS4



Heterotrophic eukaryotes
LKM74 group: obtained from the environment

Telonema subtilis is probably a cultured 
representative of LKM74 group

Eikrem, unpublished



Abundance

• FISH

• Quantitative PCR

• DNA chips



Quantitative PCR

Biegala, unpublished



Perspectives

• Novel groups: morphology, metabolism: 
• phagotrophy

• osmotrophy ? 

• parasitism?

• Role of eukaryotes in heterotrophic 
processes in the ocean


