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Une vision partielle mais j’espère 



À l’échelle du bassin

Régionalisation et modèles de 



Régionalisation 
environnementale

Division en régions aux 
caractéristiques proches

Variables surtout physiques et 
biogéochimiques (un peu de Chl a) 
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Biogéographie par modèle d’habitat

Ajout de la biologie: subdivision des régions biogéochimiques
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Biogéographie par 
modèle d’habitat

Différentes régionalisation pour 
différents niveaux trophiques
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La régionalisation: 
outil pour la gestion

Pressions différentes et de 
différentes intensités dans les 
différentes écorégions
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Des manques (gouffres...) de 
données

Mais...
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Synthèse des régionalisations
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Synthèse des régionalisations
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Impacts et plans de gestion
Ayata/Irisson - MerMex



Groupes fonctionnels de copépodes

191 espèces

7 traits fonctionnels
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Préférences environnementales

oligotrophic,
warm

productive

low variability

high variability
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Changement 
de distribution

Modélisation de la 
distribution sur 
1965-1994 vs 2029-2098

Changements de 
richesse spécifique et de 
diversité fonctionnelle 
faibles

Peu de zones de 
changement notable des 
groupes fonctionnels de 
copépodes

Benedetti - MerMex, 
PERSEUS, FunOmics



Sources d’incertitude dans
les modèles de distributions futures
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À l’échelle régionale

MOOSE-GE
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À l’échelle locale

Séries temporelles

You are here



Comparaison de 
séries temporelles 

Pas de corrélation des 
concentrations planctoniques de site 
à site

Pas de corrélation entre indices 
climatiques et plancton ou 
températures locales

⇒Effets locaux

Berline - SESAME

salinity events (below 36 pss), and highly variable Chl-a blooms.
The large seasonal range of water temperature (8–24 !C) is due to
strong NNE Bora wind, which cools and mixes the shallow water
column in winter.
! Stončica sampling station (SPL) (Baranović et al., 1993; Šolić

et al., 1997) is located 3.7 km offshore of Vis Island, off Split in
the middle Adriatic, at 100 m depth. Surface temperature peaks
in August (23.8 !C) and has its minimum in March (13.4 !C),
while depth averaged chlorophyll varies from around 0.1 mg/
m3 in August to 0.22 mg/m3 in February. This station is typical
of the open middle Adriatic, strongly influenced by incoming
Mediterranean water masses (Zore-Armanda, 1963), known as
Levantine Intermediate Water (LIW) (Artegiani et al., 1993).
Even though it is not affected by land-derived materials,
increased primary production was observed in the 1980s
(Pucher-Petković and Marasović, 1988).
! Station S11 (ATH) in the Saronikos Gulf (Siokou-Frangou, 1996;

Siokou-Frangou et al., 1998) is situated in the eastern inner area
of the Gulf, at 7 km from the Athens domestic sewage outfalls
and at 78 m depth. Before 1994, waste waters were untreated
and disposed in the sea surface, whereas afterwards they
received primary treatment and were released at 60 m depth,
below the seasonal thermocline. Surface temperature peaks in
August (26.5 !C) and is minimum in February (14.2 !C). Salinity
ranges between 38 and 39 pss depending on the variability of
the inflow of Aegean water (Kontoyiannis et al., 2005). In
2002, the area was classified as mesotrophic and having good
water quality (Simboura et al., 2005).

2.2. Abundance and environmental data

Stations geographical coordinates and corresponding time ser-
ies are described in Table 1. Hereinafter, the station codes given
in Table 1 are used to refer to the time series or the site. Sampling
and counting methodologies are given in the references listed in
Table 2. The entire dataset extends from 1959 to 2006. Overlapping
periods between stations are from 5 to 18 years long. SPL and BAL
zooplankton time series do not overlap in time. Large gaps were
present in NPL from August 1991 through February 1995 and in
TRI from January 1981 to December 1985. Since species level data
were only available for Naples and Trieste, analysis was restricted
to broader taxonomic groups (noted TG hereinafter) for all time
series. Species data were analyzed elsewhere (Mazzocchi et al.,
2012; Mackas et al., 2012; Conversi et al., 2009; Fernández de
Puelles et al., 2009; Kamburska and Fonda-Umani, 2006). The TG
presented in this work are:

! copepods, cladocerans, chaetognaths, available in all time ser-
ies, and
! appendicularians, ostracods, pteropods, medusae, siphono-

phores, salps and doliolids, available in at least three time ser-
ies. Note that the availability of a TG only means that counts
were available, not that this TG was present or absent at a
station.

Except for salps and siphonophores, Villefranche abundance
data originate from the Zooscan imaging system (Gorsky et al.,
2010), and not from manual counting as the other time series.
The automatic recognition results were checked, and compared
to manual counting to ensure a good accuracy (Garcia-Comas
et al., 2011).

To characterize the zooplankton environment, temperature,
salinity and Chl-a data from the sampling site were collected for
periods including the zooplankton time series. At SPL and VLF, T
and S were available for a longer period than zooplankton data. In
TRI, only surface temperature data was available for the whole per-
iod. To complement in time the in situ temperature data, sea surface
temperature data were obtained from the ICOADS gridded database
available at www.cdc.noaa.gov/data/gridded/data.coads.1deg.html,
based on in situ data (Worley et al., 2005). Surface temperature for
the grid point corresponding to the stations locations was extracted
for the period 1960–2006. In addition, time series of several climate
indices were downloaded from the web: the North Atlantic Oscilla-
tion (NAO) index from www.cgd.ucar.edu/cas/jhurrell/indices.html
and all other indices (Eastern Atlantic (EA), Eastern Atlantic/Wes-
tern Russian (EA/WR), Arctic Oscillation (AO), Northern Hemisphere
temperature (NHT) and Scandinavian pattern (SCA)) from ftp://
ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/tele_index.nh.

2.3. Data processing

! Abundance and environmental (temperature, salinity, Chl-a)
time series with weekly or fortnightly sampling (VLF, NPL) were
averaged to a monthly frequency. Then abundances in ind/m3

were multiplied by 1000 and added to 1 so that all values are
greater than 1, then were log transformed to stabilize the vari-
ance and obtain close to normal data distributions. To compare
long term average abundance to total food availability, water
column integrals were used (Chl/m2 and ind/m2).
! For between site comparison of the average seasonal cycles,

surface temperature data were used. For the other analysis,
depth integrated (surface to bottom) temperature and Chl-a
were used.

Fig. 1. Location of sampling stations (black crosses), stations codes, and main geographical names used in the text. The long term averages of depth integrated Chl-a
concentration are represented as gray circles, sized proportional to the.value. Tyrr.: Tyrrhenian, Lig.: Ligurian.
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in 1986, followed by a fivefold increase in 1987. After 1987, the
abundance stayed ca two fold higher than before the gap. Temper-
ature, especially the winter average was cool from 1980–87, fol-
lowed by a large warm anomaly that began in 1988 and lasted
through 1994 for the annual average temperature, while winter

temperature was more variable. Assuming that the copepod abun-
dance stayed low during the gap, then the 1987–1988 changes in
temperature (cool to warm) and copepod abundance (low to high)
were synchronous. However, after 1994 low annual temperatures
came back while copepod abundance stayed high.

Fig. 6. BAL time series of annual average abundance for available groups (top panel), cumulative sum of the annual abundance anomalies (middle), cumulative sum of
anomalies of temperature, winter temperature (JFM), Chl-a and salinity (bottom). Cumulative sum of some TG are shifted on the y-axis for clarity. TG abbreviations are cop,
copepods, cla, cladocerans, app, appendicularians, cha, chaetognaths, ost, ostracods, pte, pteropods, sip, siphonophores, dol, doliolids, med, medusae, sal, salps.

Fig. 7. VLF time series of annual average abundance for available groups (top panel), cumulative sum of the annual abundance anomalies (middle), cumulative sum of
anomalies of temperature, winter temperature (JFM) and salinity (bottom). Cumulative sum of some TG are shifted on the y-axis for clarity. TG abbreviations as Fig. 6.
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average until 1985, then temperature dropped after 1986, while
winter temperature was more variable. Winter 1971 was particu-
larly warm, while winter 1981 and 1983 were particularly cold.
Salinity fluctuations showed a general decreasing trend before
1977 and an increase afterwards.

4.6. Athens

In ATH (Fig. 11), copepods, appendicularians and chaetognaths
abundances show a two to fourfold increase over the period, while
doliolids and siphonophores do not show a particular trend. Con-
versely, medusae declined 50% over the period. Cladocerans
showed a seven fold increase from 1987 to 1994, then decreased
until 2000. Over the whole period, temperature was lower before
1996 than after, and Chl-a concentration was higher before 1998
than after. Salinity was higher in 1990–1995 than in 1997–2001.

5. Between sites comparisons and correlation with climate
indices

Station pairs are compared based on their overlapping periods.
First, comparisons of local hydrography (T,S,Chl-a) are presented,
then comparisons of TG.

5.1. Environmental parameters

A principal component analysis of winter water temperatures
(Fig. 12, left panels) reveals a high correlation between tempera-
ture at VLF, TRI and NPL and the first axis, while BAL temperature
is mainly correlated to the second axis. This is true both for in situ
and ICOADS temperature. For in situ temperature, exceptionally
warm winters occurred in 1988, 1990, 1998 and 2001. The first
principal components time series of in situ and ICOADS surface
temperature (Fig. 12, right panels) show an abrupt change ca.
1987, from a below average to an above average winter tempera-
ture. Note that this pattern is robust if the PCA is performed

without the time series from TRI that is surface temperature. Be-
tween sites correlations of winter temperature are positive: VLF
vs NPL (r = 0.8, p < 0.001, n = 17), TRI vs NPL (r = 0.72, p < 0.001,
n = 19), and TRI vs VLF (r = 0.53, p < 0.01, n = 30). VLF and NPL are
also correlated for annual temperature (r = 0.73, p < 0.01, n = 17).
For salinity and Chl-a, no significant between sites correlations
were found for annual and seasonal averages, except a negative
correlation of Chl-a between TRI and SPL (r = !0.7, p < 0.01, n = 14).

5.2. Taxonomic groups

To quantify relationships between stations for TG annual aver-
age time series, correlation analysis was used. After correction for
multiple comparisons, no correlations were significant.

5.3. Correlation with climate indices

Correlations between the winter (JFM) average water tempera-
ture and winter NAO index (Hurrell et al., 1995) and other indices
(EA, EA/WR, AO, NHT, SCA) that are linked to the Mediterranean
climate were computed, i.e. a total of 36 pairwise comparisons.
After correction for multiple comparisons, the smallest p-value
was 0.26, not significant.

To analyze direct and indirect climate-plankton relationships,
correlations between climate indices and TG were computed with
zero, one and two-year lags, i.e. a total of 683 pairwise compari-
sons. No significant correlations were found, as the smallest p-va-
lue was 0.43.

For both comparisons, individually significant correlations (i.e.
before correction) found are listed in Tables 3 and 4 for further
reference.

6. Discussion

According to the average Chl-a (Fig. 2), stations scaled from an
open-ocean type to a coastal type (respectively SPL, VLF, BAL, ATH,

Fig. 10. SPL time series of annual average abundance for available groups (top panel), cumulative sum of the annual abundance anomalies (middle), cumulative sum of
anomalies of temperature, winter temperature (JFM) and salinity (bottom). For some TG, the y-axis intersect of the cumulative sum is shifted for clarity. TG abbreviations as
Fig. 6.
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Changement de composition
du phytoplancton (à Naples)



Et le 
zooplancton?
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Composition “morphologique”
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Et le 
zooplancton?
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Quels outils pour l’observation biologique?

Instruments, algorithmes et données





Des méthodes nouvelles pouvant être 
concertées

Fraction Éch. “Imagerie” Génomique

0.2 → 3 Niskin
2×2mL + gluta + azote liquide et 
-80ºC
+/- SYBR green et cytométrie en 
flux
vlfr/rosc

azote liquide et -80ºC
extraction, amplification 
séquençage 18SV4+16S
vlfr/rosc

3 → 20 Niskin

cytométrie en flux (→10µm)
vlfr/rosc
+
120µL par IFCB
vlfr/rosc

azote liquide et -80ºC
extraction, amplification 
séquençage 18SV4+16S
vlfr/rosc

20 → 
200 filet

250 mL + lugol
45 mL (max) par FlowCam
vlfr/rosc

éthanol + azote liquide et -80ºC
extraction, amplification 
séquençage 18SV4
vlfr/rosc

200 → filet
250 mL + formol
2 fractions au ZooScan
vlfr/rosc

éthanol + azote liquide et -80ºC
extraction, amplification 
séquençage 18SV4
vlfr/rosc 2019



Des méthodes nouvelles pouvant être 
concertées

Fraction Éch. “Imagerie” Génomique

0.2 → 3 Niskin
2×2mL + gluta + azote liquide et 
-80ºC
+/- SYBR green et cytométrie en 
flux
vlfr/rosc

azote liquide et -80ºC
extraction, amplification 
séquençage 18SV4+16S
vlfr/rosc

3 → 20 Niskin

cytométrie en flux (→10µm)
vlfr/rosc
+
120µL par IFCB
vlfr/rosc

azote liquide et -80ºC
extraction, amplification 
séquençage 18SV4+16S
vlfr/rosc

20 → 
200 filet

250 mL + lugol
45 mL (max) par FlowCam
vlfr/rosc

éthanol + azote liquide et -80ºC
extraction, amplification 
séquençage 18SV4
vlfr/rosc

200 → filet
250 mL + formol
2 fractions au ZooScan
vlfr/rosc

éthanol + azote liquide et -80ºC
extraction, amplification 
séquençage 18SV4
vlfr/rosc 2022



Et l’acoustique?
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Standards et flux de données... et intégration
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