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Key forcing variables influencing
the marine ecosystems’ diversity

and functioning





This last 
century

• In average: 0.5 – 1°C

• 2 main periods : 1910-1945 and 1976-today

• the warming trend is two times higher than
in 1910-1945. No similar trend over the last 
millenium

Global Global warmingwarming isis real !real !



Mean summer temperature in France (june, july, august)
GIEC Climatic model A2 (www.ipcc.ch)

Quite pessimistic predictionsQuite pessimistic predictions

Warming trend + increasing
frequency of climatic extreme events



Impact of the global change on the Impact of the global change on the biologicalbiological systemssystems

+

? Combined effect ?

Local 
disturbances:

terrigenous
inputs

pollutants

biological
invasions

Global warming Occurrence of extreme events

PhysiologicalPhysiological stress, stress, diseasedisease, , mortalitymortality

Shift in distribution,  Shift in distribution,  
local extinctionlocal extinction

EffectEffect on life cycle, on life cycle, 
AdaptationsAdaptations

EffectEffect on on biodiversitybiodiversity
EcosystemEcosystem functioningfunctioning

Cascading biological responses

Adapted from Hughes 2000



ClimateClimate--related publication trendrelated publication trend
in the marine in the marine ecologyecology litteraturelitterature

AfterAfter Harley et al. 2006Harley et al. 2006

Only 1 mediterranean reference cited



ClimateClimate--related publication trendsrelated publication trends
in the Mediterranean marine ecology literaturein the Mediterranean marine ecology literature

?
UNEP-MAP-RAC/SPA 2008



Bethoux et al. 1990
Bethoux & Gentili 1996

The first clues of a 
Mediterranean Sea
warming came from
the deep sea

0.12°C /  30 years

Annual mean: 0.004°C

•• VillefrancheVillefranche--sursur--mermer (since
1957)

•• LevantLevant Island Island (National Park of Port(National Park of Port--
Cros, Marine NationaleCros, Marine Nationale)

•• EstartitEstartit serieserie
Salat & Pascual 2002

Time Time seriesseries in in coastalcoastal waters waters 

About + 1°C ces 30
dernières années 

• Marseille Marseille (1884(1884--19671967)
Romano & Lugrezi 2007

Same trend, but 3 times less rapid

Evidences of a global change in the Evidences of a global change in the MediterraneanMediterranean SeaSea



Evidences of a global change in the Evidences of a global change in the MediterraneanMediterranean SeaSea: : 
WarmingWarming trend of the trend of the coastalcoastal waterswaters

SeveralSeveral time time seriesseries availableavailable in the NW in the NW MediterraneanMediterranean
Ex. Ex. EstartitEstartit (Catalonia, Spain, since1974)

+ 1.26 °C at 20 m

Salat & Pascual 2002 ; Coma et al. 2009

Lack of available data  from the South and the East of the Mediterranean Sea



Lionello (Ed.) 2012

Model Model predictionspredictions on SST by the end of the 21on SST by the end of the 21stst centurycentury::
somesome willwill likelike itit hot !hot !

Evidences of a global change in the Evidences of a global change in the MediterraneanMediterranean SeaSea: : 
WarmingWarming trend of the trend of the coastalcoastal waterswaters



Northward shifting of sea surface isotherms is affecting the
Mediterranean biogeography

Evidences of a global change in the Evidences of a global change in the MediterraneanMediterranean SeaSea: : 
WarmingWarming trend of the trend of the coastalcoastal waterswaters

February



Number of positive 
anomalies
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Villefranche sur Mer Series, since 1958
From Boury-Esnault et al. 2006
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Some evidences in the South and in the East of the Mediterranean Sea !
Implementation of temperature recorders, CIESM « tropical Signals »

Evidences of a global change in the Evidences of a global change in the MediterraneanMediterranean SeaSea: : 
IncreasingIncreasing frequencyfrequency of of climaticclimatic eventsevents



High frequency recordings + Survey of biological indicators

Tropical Tropical SignalsSignals



Some indicators of a « meridionalisation » of the Mediterranean
sea: homogenisation of the Mediterranean biota with thermophilic species

Main routes of species range expansion

mediterranean natives atlantic migrants lessepsian migrants



Shift in distribution range (Shift in distribution range (towardstowards NorthNorth))

FishFish MobileMobile
invertebrateinvertebrate

Sessile
invertebrate Seaweed
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An inventory in the NW Mediterranean Sea (from Garrabou et al. 2003)

•Some similar indications in the Adriatic Sea (e.g. Lipej & Dulcic 2001)

• List of indicator species and protocols, CIESM « Tropical Signals »
• Effect + and - on fisheries (phenology) (e.g. Bonbace 2001, Sabates et al. 2006)

Some indicators of a « meridionalisation » of the Mediterranean
sea: homogenisation of the Mediterranean biota with thermophilic species



SomeSome effecteffect on on MediterraneanMediterranean fisheriesfisheries

• landings catches in relation to air temperature
anomalies (1950-2003)
• the maximal catches are related to the Sea
Surface Temperature of April the year before
(Sabates et al. 2006)

Case of the small pelagic fish, Case of the small pelagic fish, SardinellaSardinella auritaaurita, in the western Med, in the western Med

Negative effects on 
« cold stenotherm »
pelagic species
Examples:
• Sprat in the Adriatic
and Gulf of Lion
• Anchovies in 
Adriatic
Francour et al 1994; Bonbace
2001



MediterraneanMediterranean SeaSea warmingwarming and and biologicalbiological pollutionspollutions

Mucilagenous blooms Frequent events in N Mediterrannean and 
Adriatic

Enigmatic triggering factors
Variable effects on overgrown erect species
(+++ gorgons)

Three main species:
• Nematochrysopsis marina
• Chrysonephos lewisii
• Acinetospora crinita

See also Sartoni & Sonni, 1991 ; Guliani et al. 2005 

Schiaparelli et al. 2007

2003 Bloom, A. crinita is highly dominant, 
related to the 2003 thermal anomaly, effect
on several sponge, coral and algal species
(bleaching !) 



DiseaseDisease outbreaksoutbreaks and and invertebratesinvertebrates mass mass mortalitymortality eventsevents

Spongia spp.

Sea-fans Eunicella & Paramuricea

Corallium rubrum

Parazoanthus axinellae

Cladocora caespitosa

Bryozoans,
Pentapora fascialis



Sessile species, 
endemics, keystone

species

DiseaseDisease outbreaksoutbreaks and and invertebratesinvertebrates mass mass mortalitymortality eventsevents

e.g. Cerrano et al. 2000; Pérez et al. 2000; Garrabou et al. 2001; Coma et al. 2006; Garrabou et al. 2009

Numerous reports from 1999 and 2003
Two unprecedented extreme events


