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Which ones do you know?



A visual tour 

What is plankton?



Definition of plankton

All organisms that drift 
with ocean currents
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Most life in the ocean is small plankton

1L sea water 

10,000,000 bacteria 

100,000 unicellular 

1000 multicellular 
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Phyto vs. zooplankton
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Cyano 
bacteria

Small but strong in 
numbers
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BACTERIA, ARCHAEA, AND VIRUSES
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Filamentous  
Bacteria
Trichodesmium sp. is a cyanobacterium  
that proliferates in warm regions, turning 
the water a golden color. Commonly called 
“sea sawdust,” it forms bundles of entangled 
filaments covering large areas during 
blooms. This bacterium plays a major role in 
the global nitrogen cycle, “fixing” gaseous 
nitrogen from the air into bioavailable 
compounds like nitrites or nitrates. It is 
estimated that half the fixed nitrogen in 
the ocean is due to the activity of this 
cyanobacterium.
COLLECTED BETWEEN ECUADOR AND THE GALAPAGOS ISLANDS 
DURING THE TARA OCEANS EXPEDITION.

Top right: Another filamentous  
bacterium, Roseofilum reptotaenium is a 
cyanobacterium that slides along surfaces. 
Called “coral killer,” it is the pathogenic 
agent responsible for the black band disease 
decimating coral reefs.
BIGELOW LABORATORY COLLECTION, BOOTH BAY MARINE 
LABORATORY, MAINE, USA.
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Coccolithophores Chalk balls



Diatoms

Glass algae
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Two Solitary Diatom
s

These centric diatom
s m

easure 100 
to 200 m

icrons (0.1–0.2 m
m

). The 
sm

all particles within the cells are 
chloroplasts.
O

n the left: O
dontella sinensis.

O
n the right: O

dontella mobiliensis.
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epending on the type and direction of 
illum

ination, the siliceous envelope of 
a diatom

 reflects light like a m
irror and 

becom
es iridescent. W

hen the cell inside 
dies, the iridescence is at its brightest, as 
in the feather-shaped G

yrosigma diatom
 

in the m
iddle of this page. In contrast, 

the diatom
 at the bottom

 left (genus 
Amphora) is filled with chloroplasts.
Upper right: A sm

all centric diatom
 of the 

genus Actinoptychus.
Lower right: A diatom

 of the genus 
Cerataulina.
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Dino-
flagellates

Plants that eat

Capturing Light with 
Fingers
Cultured Ceratium ranipes adapt their 
morphology to light. At sunrise, these 
dinoflagellates grow fingers filled with 
chloroplasts, optimizing their capacity to 
perform photosynthesis. When night falls, the 
chloroplast-filled fingers retract. Ceratium then 
sinks to the depths. For a long time, these two 
forms of Ceratium, with and without fingers, 
were considered di!erent species. In fact, the 
two forms represent the dynamic response of  
a single species to its environment.
RESEARCH AND SCANNING ELECTRON MICROGRAPHS BY MARIE 
DOMINIQUE PIZAY, JOHN DOLAN, RODOLPHE LEMÉE, OBSERVA-
TOIRE OCÉANOLOGIQUE DE VILLEFRANCHE-SUR-MER.
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Plankton Chronicles  
website Ceratium 100 µm
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Polycystine 
radiolarians

Giant cells that rely on symbiosis
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100 µm
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Collodarians Colonial life
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In the Jelly of a  
Radiolarian Colony
Collozoum sp. are radiolarians that form round or 
sausage-shaped colonies within a gelatinous mass 
varying in size from a few centimeters to 1 meter. 
Individual cells appear as whitish spheres within 
the jelly. The small ochre-colored particles are 
symbiotic microalgae.
Bottom right: Close-up of a young acantharian, 
Lithoptera fenestrata. In the top image, the 
Lithoptera appears stuck in the jelly of the colonial 
radiolarian Collozoum sp.
PLANKTON COLLECTED DURING A WINTER BLOOM OF THESE RADIOLARIANS 
IN THE BAY OF VILLEFRANCHE-SUR-MER.
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200 µm
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82 838382

PROTISTS ACANTHARIANS

The Acantharian Lithoptera
Described for the first time at the end of the nineteenth century, this 
Lithoptera fenestrata was collected during winter in the bay of Villefranche-
sur-Mer. The unicellular organism lives from one to several months, drifting in 
the ocean. Its skeleton of strontium sulfate grows in size with age.
Above: Cytoplasmic extensions are visible here. They explore the  
environment in search of prey. The four yellow masses are groups of  
symbiotic haptophyceae algae of the genus Phaeocystis living inside the 
cytoplasm.
Right: The cultured microalgae Phaeocystis sp. with its two flagella.
SCANNING ELECTRON MICROGRAPH BY JOHAN DECELLE AND FABRICE NOT, SBR-CNRS, UPMC, ROSCOFF.

Acantharians

Strontium sulfate skeleton 

Green: cytoplasm 

Red: symbiotic microalgae 

Blue: nuclei
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INTRACELLULAR SKELETONS MADE OF STRONTIUMInside their cell, acantharians produce a skeleton of strontium sulfate, completely surrounded by the cell membrane. Cytoplasm and membrane extensions are revealed here by a molecule that fluoresces green. Chloroplasts of symbiotic microalgae (genus Phaeocystis) fluoresce red. The nuclei of the acantharian appear blue due to the addition of a fluorescent DNA-binding dye.COLLECTED IN WINTER IN THE BAY OF VILLEFRANCHE-SUR-MER.
Right: The strontium skeleton of Lithoptera sp.
PHOTOGRAPHED WITH A CONFOCAL MICROSCOPE (TOP) AND A SCANNING ELECTRON MICRO-SCOPE (RIGHT) BY SÉBASTIEN COLIN, JOHAN DECELLE, FABRICE NOT, COLOMBAN  DE VARGAS, SBR-CNRS, UPMC, ROSCOFF.

Acantharians

Strontium sulfate skeleton 

Green: cytoplasm 

Red: symbiotic microalgae 

Blue: nuclei
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Tintinnids

Home designers

10 µm
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Copepods

There are only 

1,347,000,000,000,000,000,000 

or 

1.34 × 1021 

of them... 

50 µm



More copepods In all colours and shapes

149
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Pteropods Sea-snails and slugs
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500 µm
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Amphipod: Phronima An alien on earth

2 mm
©Sardet



Salpida The clonal vacuum cleaners

Pegea confoederata salps lined up side 
by side in a chain. Their mouth openings 
are seen at the top. At the other end are 
brownish orange nuclei with food-filled 
viscera, the hepato-pancreas, and fecal 
pellets.
PHOTO TAKEN BY DAVID WROBEL WHILE DIVING IN 
CALIFORNIA.

Chains of Clones
Posterior part of an oozooid of a 
Thalia democratica salp. Visible here 
are the small, cloned individuals 
(blastozooids) developing in a chain 
that will eventually trail behind the 
salp. The orange-tinted viscera and 
hepato-pancreas are also visible.

201
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Appendicularians Disposable filters
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The larvacean tail is m
ade of densely 

packed striated m
uscle cells.

D
IFFEREN

T SW
IM

M
IN

G PO
SITIO

N
S O

F O
IKO

PLEURA DIO
ICA 

W
ERE PHO

TO
G

RAPHED USIN
G A FLASH.

©Sardet



Ctenophores

Voracious predators

96 9797979696

Beroe forskalii, a naked ctenophore devoid of 
tentacles, attacks and eats other ctenophores.
PHOTOGRAPHED OFF THE ATLANTIC COAST OF THE UNITED STATES BY CASEY 
DUNN, BROWN UNIVERSITY, USA.

Aulicoctena sp. lives in the abyss. Its dark 
color contrasts with the more transparent 
hues of surface species.
COLLECTED AND PHOTOGRAPHED IN A DEEP WATER CANYON 
OFF THE COAST OF MONTEREY, CALIFORNIA, BY CASEY DUNN, 
BROWN UNIVERSITY, USA.

Pleurobrachia sp., the “sea gooseberry,” deploys 
two long tentacles to catch small prey.
COLLECTED IN THE BAY OF VILLEFRANCHE-SUR-MER AND  
PHOTOGRAPHED BY CLAUDE CARRÉ, UPMC.

1 cm ©Sardet



Cnidaria Immortal, deadly, largest, superorganisms ... only superlatives

110 111111111110110
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Cnidaria Immortal, deadly, largest, superorganisms ... only superlatives
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Diverse larvae

Mero-plankton 

= 

temporary plankton

136 137

An Abundance of  
Nauplius Larvae
Opposite page: Near the coast, the most 
abundant larvae among the plankton are often 
the nauplii released by barnacles. Adult barnacles 
are the familiar cone-shaped cirriped crustaceans 
attached to rocks and docks in tidal zones. Many 
nauplii are shown here in the presence of an 
exuvium (the remains of barnacle cuticles after 
molting) and three spherical colonies of the green 
algae Halosphaera sp.
PLANKTON COLLECTED IN ROSCOFF.

This page, top right: A nauplius larva of a cirriped 
crustacean.
Below: Nauplius larvae from four di!erent species 
of copepods at various stages of development. 
The first in the series has not yet hatched. The 
larva on the lower right is the calyptopis of a 
euphausiid shrimp, the next life history phase 
following the nauplius.

138

CRUSTACEANS ZOEA AND MEGALOPA LARVAE

MEGALOPA LARVAE
Megalopa is the final larval stage of 
a decapod crustacean after several 
weeks of planktonic life.
Opposite page: A close-up of the 
compound eyes of a megalopa larva. 
Dark, branch-like chromatophore 
cells are seen through the cuticle. 
These pigment cells spread out or 
contract to change the appearance 
of the megalopa, probably a 
camouflage technique.

ZOEA LARVAE

Above: Two zoea shrimp larvae.
Above right: Two greenish zoea larvae of 
fiddler crabs abundant in marshlands. An 
adult fiddler crab appears on page 134.
PLANKTON COLLECTED IN SUMMER IN THE MARSHES OF 
SOUTH CAROLINA.

Right: Two orange-colored zoea larvae 
of brachyuran crustaceans (crabs or sea 
spiders).
COLLECTED IN THE BAY OF VILLEFRANCHE-SUR-MER.

138

CRUSTACEANS ZOEA AND MEGALOPA LARVAE

MEGALOPA LARVAE
Megalopa is the final larval stage of 
a decapod crustacean after several 
weeks of planktonic life.
Opposite page: A close-up of the 
compound eyes of a megalopa larva. 
Dark, branch-like chromatophore 
cells are seen through the cuticle. 
These pigment cells spread out or 
contract to change the appearance 
of the megalopa, probably a 
camouflage technique.

ZOEA LARVAE

Above: Two zoea shrimp larvae.
Above right: Two greenish zoea larvae of 
fiddler crabs abundant in marshlands. An 
adult fiddler crab appears on page 134.
PLANKTON COLLECTED IN SUMMER IN THE MARSHES OF 
SOUTH CAROLINA.

Right: Two orange-colored zoea larvae 
of brachyuran crustaceans (crabs or sea 
spiders).
COLLECTED IN THE BAY OF VILLEFRANCHE-SUR-MER.

XX
XX

XX
XX

14
1

CR
US

TA
CE

AN
S

ZO
EA

E

PO
RC

EL
A

IN
 C

RA
B 

ZO
EA

Th
e z

oe
a l

ar
va

e o
f p

or
ce

lai
n c

ra
bs

 
ar

e e
as

ily
 re

co
gn

iza
ble

 d
ue

 to
 th

eir
 

ex
tre

m
ely

 lo
ng

 ro
str

al 
sp

ine
s. 

Th
is 

pa
rti

cu
lar

 la
rv

a i
s t

he
 fi

rst
-st

ag
e 

zo
ea

 o
f a

 Pe
tro

lis
th

es
 ar

ma
tu

s c
ra

b, 
co

lle
ct

ed
 in

 th
e m

ar
sh

es
 o

f S
ou

th
 

Ca
ro

lin
a. 

Th
is 

sp
ec

ies
 ha

s b
ee

n 
m

igr
at

ing
 no

rth
 fo

r t
he

 p
as

t fi
fte

en
 

ye
ar

s, 
slo

wl
y c

olo
niz

ing
 th

e e
as

te
rn

 
se

ab
oa

rd
 o

f t
he

 U
nit

ed
 S

ta
te

s.

14
0

500 µm

1 mm

©Sardet



Diversity in size



Plankton drives ocean ecosystemsOXYGEN

CARBON

FISHERIES

INDICATOR



Which are 
plankton? No

No

Yes

Yes



Animal or plant?

Both!



What size?



It depends!

What size?



And how to measure it 

What is biodiversity?



Taxonomic diversity, ⍺ (alpha) diversity

Which ecosystem is the most diverse?
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A more gradual view

Which ecosystem is the most diverse?
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Measures of ⍺ diversity

Richness

Equitability



Shannon’s diversity index
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Ecosystem diversity, β diversity

⍺ = 4 everywhere 

β = 1

⍺ = 4 everywhere 

β > 1



Phylogenetic diversity

Based on the tree of life 

Quantifies the total time of evolution

©Sardet



Functional diversity



Functional diversity

Trophic 
level



Functional diversity

Trophic 
level

Produce O2
Produce O2

Recyc le matter

Food source



In this context, taxonomic richness (TRic) significantly
increased and the community became more morpho-
logically diverse, both in terms of absolute (MRic) and

relative (MDiv) diversity, i.e. the morphs present were
more variable (figure 4 and table 1). There was no
significant trend in morphological evenness (MEve)

(a)

(b)

Figure 2. Zooplankton morphological space defined by the first four PCA axes, computed from 45 variables measured on 845 812 individual images. For each plane,
only the 12 most contributing features are drawn. Features are coloured according to the morphological facet they capture: red for shades of grey, blue for size,
orange for symmetry and green for other aspects of the shape. The variance captured by each axis and its interpretation in terms of synthetic morphological trait are
indicated in the axis label. Images representative of a region of the morphological space were synthesized by combining three images randomly selected in the
neighbourhood and the result was drawn on the plot.

royalsocietypublishing.org/journal/rspb
Proc.R.Soc.B

290:20232109
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“Trait” (shape here) diversity



Distribution of 
plankton diversity

From the north pole 

through the 
equator 

to the south pole



Which is more diverse?

R=3 

Equit = OK

R=3 
Equit = KO



Which is more diverse?

R=3 

Equit = OK

R=5 
Equit = KO

!



are unfortunately numerous 

Threats to marine biodiversity 



Climate warming induces 
shi" in species ranges

Increased greenhouse gases in the atmosphere induce warming 

Warming in temperate regions pushes cold water species northwards



Increased CO2 causes 
ocean acidification
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In the Bay of Villefranche: warming
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In the Bay of Villefranche: increase in stratification



What is ocean stratification?
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What is ocean stratification?
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Increase in biodiversity!
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Why is diversity increasing? Is it “good”?

vs



Increase in trait diversity !

In this context, taxonomic richness (TRic) significantly
increased and the community became more morpho-
logically diverse, both in terms of absolute (MRic) and

relative (MDiv) diversity, i.e. the morphs present were
more variable (figure 4 and table 1). There was no
significant trend in morphological evenness (MEve)

(a)

(b)

Figure 2. Zooplankton morphological space defined by the first four PCA axes, computed from 45 variables measured on 845 812 individual images. For each plane,
only the 12 most contributing features are drawn. Features are coloured according to the morphological facet they capture: red for shades of grey, blue for size,
orange for symmetry and green for other aspects of the shape. The variance captured by each axis and its interpretation in terms of synthetic morphological trait are
indicated in the axis label. Images representative of a region of the morphological space were synthesized by combining three images randomly selected in the
neighbourhood and the result was drawn on the plot.
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However, while both taxonomic and morphological
richness increased significantly, only morphological but not
taxonomic diversity increased. This discrepancy may be par-
tially attributable to the rather low taxonomic resolution
in our study. Still, as discussed above, a higher resolution
did not change the seasonal signal much. Also, when
considering only Copepoda, a group morphologically more
homogeneous but taxonomically diverse, we obtained mor-
phological traits and trends in morphological diversity very
similar to those of the whole community. Taxonomy there-
fore was unlikely to be the only driver. Finally, the fact that
each morph comprised several taxa, and conversely each
taxon comprising several morphs also indicates that mor-
phology is not a mere mirroring of taxonomy. Overall, this
underlines the relevance of considering diversity descriptors
beyond taxonomy to detect changes in ecosystems from
different perspectives [65].

In our case, a mechanism similar to that of taxonomic or
functional specialization could also explain the observed pat-
tern: diversity increases when a community shifts from
generalists to more specialized taxa. Generalist or opportunis-
tic taxa tolerate a large range of environmental conditions
and/or express high growth rates, allowing them to establish
their dominance in resource-rich conditions. One example
is Copepoda (mostly Calanoida) during the spring bloom,

but it has also been described for grassland moths or
benthic macroinvertebrates under (agricultural) eutrophica-
tion [37,66]. Such communities, dominated by generalists,
often display low taxonomic and functional diversity
[66,67]. Under oligotrophic conditions, specialized taxa
more efficiently exploit the scarce resources, each within a
narrow range of conditions, and outcompete generalists
[68]. In that situation, either a larger number of taxa coexist
and taxonomic diversity increases, or a similar number of
functionally more diverse taxa coexist and functional diver-
sity increases, or both. Such mechanism has often been
reported to cause taxonomic or functional homogenization
with increasing eutrophication, along a spatial gradient of
sites, for a range of aquatic [35,36,69] and terrestrial [70]
habitats. Benthic communities for example were more
taxonomically heterogeneous under low nutrient and chloro-
phyll a levels, both within and among lakes [71]. Our results
suggest that this also happens in time and for morphological
heterogeneity.

Over the study period, increases in temperature and sal-
inity were accompanied by an impoverishment of nutrients,
thereby intensifying the already oligotrophic conditions of
the Mediterranean Sea. These observations match climate
models predictions [72–74]. Increased stratification of the
water column reduced the depth of vertical mixing in

Figure 4. Weekly time series of environmental variables (temperature, POC, PON, PO3!4 , chlorophyll a) and zooplankton concentration, taxonomic and morphological
diversity indices (richness, evenness, diversity/divergence) over the years 2009–2020. Black lines are the de-seasonalized series, red lines are the significant trends
(with p < 0.05) obtained from GLS regression.
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Eutrophication and 
harmful algal blooms

Increase in nutrients because of human 
activity (and temperature) 

Incredible development of microalgae = 
“bloom” 

Emit toxins in the water (and the air) that 
cause fish death (and human discomfort) 

Karenia brevis in Florida



Microplastics



Overfishing and cascading effects
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Looking at the bright side 

Ocean based solutions



Offshore marine 
reserves

Most marine reserves are coastal, within 
the countries Exclusive Economic Zones



Offshore marine 
reserves

Most marine reserves are coastal, within 
the countries Exclusive Economic Zones

Last July: signing of a historic United 
Nations agreement on “Biodiversity 
Beyond National Jurisdiction”



Offshore marine 
reserves

Most marine reserves are coastal, within 
the countries Exclusive Economic Zones

Last July: signing of a historic United 
Nations agreement on “Biodiversity 
Beyond National Jurisdiction”

Opens the possibility to create offshore 
marine reserves

One proposed region is the thermal dome 
of Costa Rica



Blue carbon Storage of organic matter

CC C

CO2

C

O2



Artificial ocean fertilisation



Artificial ocean alkalinization



Artificial ocean alkalinization
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Questions

What is the main source of disruption of plankton biodiversity? 

What is the best solution to reduce this source?



Answers

Education, Health, etc.
8 %

Commerce
8 %

Equipment
10 %

Food
22 %

Habitation
23 %

Transport
31 %



In the ocean, the invisible world 
often controls the visible one

jean-olivier.irisson@imev-mer.fr


