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La plupart des êtres vivants en mer sont du plancton

1L d’eau de mer 

10,000,000 bacteries 

100,000 unicellulaires 

1000 pluricellulaires 
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Un intérêt historique

1809: première étude du plancton “gélatineux” de 
Villefranche, qui en remarque la richesse 

1850: premiers ouvrages sur ces organismes à partir des 
observations faites à Villefranche (C Vogt) 

1882: installation d’un laboratoire permanent par 
J Barrois 

1884: installation d’une Station Zoologique russe dans 
un bâtiment leur appartenant par A de Korotneff 

1917: révolution Russe et difficultés du laboratoire russe 

1931: passage du laboratoire sous le giron de la France, à 
disposition de l’Université de Paris (direction plus 
ou moins directe par G Trégouboff)
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Hier



Aujourd’hui



Des suivis historiques, qui s’enrichissent
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Intelligence Artificielle

Pour la séparation des objets qui se touchent 

Permet d’éviter jusqu’à 1h de travail par jour aux 
opérateurs



ecec



ecec



Une série rare au niveau mondial



Une série rare au niveau mondial

Parmi les 15 séries les plus ancienne
s, 

sur 105 au niveau mondial 

La plupart n’ont pas le même détail 

dans les comptages et sont moins denses



Un travail d’équipe !
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Pas de changement de “phénologie” 
en plus du réchauffement
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Pas de changement de “phénologie” 
en plus du réchauffement
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Processus de stratification

Fin d’hiver Printemps Été Début d’hiver



Diminution des nutriments = “oligotrophisation”
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Diminution en quantité et changement en qualité du phytoplancton
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Diminution en quantité et changement en qualité du phytoplancton



Même constat dans d’autres écosystèmes
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Salpida Siphonophorae Thecofilosea

Annelida Calanoida Chaetognatha
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Changements dans la composition de la communauté



Mesures de la biodiversité

Richesse

Équi tab i l i té



Augmentation de diversité !

Richesse Diversité Équitabilité

1980 2000 2020 1980 2000 2020 1980 2000 2020

−0.4

−0.2

0.0

0.2

0.4

0.6

−1

0

1

−15

−10

−5

0

5

Date

In
di

ce
 d

e 
di

ve
rs

ité
, t

ra
ns

fo
rm

é



Augmentation de diversité morphologique

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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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.

royalsocietypublishing.org/journal/rspb
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Pourquoi la diversité augmente-t-elle?
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Détection de la causalité par propagation des événements
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Liens causaux dans un écosystème: c’est compliqué !

wind
dir



Merc i !

jean-olivier.irisson@imev-mer.fr


