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Biological consequences of global
warming: is the signal already

he prosp=ct that Increas=s in
Tatmmmerln: cancentrations

of greenhouse gases  will
have measurable effects on the
earth's climate mer the next few
decadas has  attracted a vast
resaarch  affort.  Climatologlsts
have faced two main challengss.
The first has been to distinguish
the signal of human-induced cli-
mate change from the nolse of
interannual and decadal natural

Inezreasing gresnhouse gas concentraticns ars
exp=cted to have significant impacts on the
weodld’s climate on a timescale of decades to

centuries. Evidence from larg-tem
manitoring studies is now accumulating
and suggests that the cimats of the past
few decades is anomalous compared with
past climate variation, and that recent
climatic ard stmospheric trends are
already affecting spacies physiology,
distribution and phenalogy.

communitizs. These predicticns
can b= broadly summarized inta
four categories (Fig. 2%

(13 Effects on  physiclegy:
changes in atmospheric 00y con
centration, temperaturs of pre-
clpitation will directly affect meta
bidk and developmental Tates In
many animala, and procesaes such
a3 photosynthesia, =spiration,
growth and tizaue compoaition
In plants.

vartabilicy. The second has besn to
pradict probable climate scenarios
for the hature. Climate menltoring
over the past century and long
term recoretructions of climate
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(27 Effesctz on distributions: a
3C change In mean annual tem-
perature corresponds to a shifk
In lzotherms of approdmately
300400 km in latitude {in the

over the past millennium Indicats
that the earth iz Indesd warming
up (Fig. 1. Morecwer, the recent
patterns of warming and of changes In precipitation
are generally consistent with the patterns pradicted by
global circulation models (Box 1=, Phyzical features of
thesarth's surface, such as sea lce and glaclers, alzo appear
to be responding In a predictable way to the wamming
trends (Bog ZE41

Far ecologists, physiologists and land  managers,
the challenge i to predict the effects of hurmandnduced
climate and atmospheric change on specles and on
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temperate zone) o 500 m in 2l-
evation. Therefore, species are
expected to move upwards In
alevation ar towards the poles in latitude in responss to
shifting climate zones.

{1 Effects on phenology: Il cycle svents triggerad by
anvirormental cues such as degree days might be altered,
kading to decoupling of phenological relatiorships
bebwean species,

(4) Adaptation: spacles with short ganeration times
and rapld population growth rates might undergo
microevalutlonary changs in sif,
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The impacts of climate change in coastal marine
systems

Abstract
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eomystems and the economic and sockl systems that depend upon them. The
Id‘lum}.ﬂ]’.‘ mm m]'.‘mh.l.TE md nﬂ\'ﬂlﬂ] ]'H'E:ﬂ'mm 1= :I'EI.'E-:mi.h]}' wﬂ
undemstood, and much chmaterelated research has focused on potental shifts in
distmbution and abundance droven dirsctly by terperature. However, recent work has
revealed that both abiote d'nng:.l: and ]'.ucﬂc:-gm] TESpOnSes m the ocean will be
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of 3 few Tevenge spedes’ may result in sweeping community-level changes. Fimally,
synergntic effects betwesn chmate and other anthropogene vanables, particularky fshing
pressure, will Bkely exacethate cimateanduced changes. Efforts to manage and conserve
Inving marine systems in the face of cimate change will require improvements o the
existing predictive framework. Key directions for future research inchede ddentifyng key
demaographie tanatons that infuence popubtion dymamics, predictng changres in the
community-kovel mpacts of ecologpaally dominant specks, incorporating populatons’
9.]'.\1]11.}- tov v hre [s.n:h]:!t], and 'Lu'.vclemm'ﬂ:r.\g the scales over which cimate will d'ﬂ.ng: and
Invingr systems waill respond.
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responses in the Harths baota (ICC 2000) As these
changes continue, we nsk senous degradition of manne
soosvstems, with farreaching conssquences for human
health and wrelfare.

INTRODUCTION

Coastal manne systems are amaeng the most ecodegically and
socio-sconamically vital on the planet. Marine habatats from

the intertidal mone out to the continental shelf hreak are
estimaied to provide over USE14 trilbon worth of ecosys
tem gmd:: (=g- fonod and raw materials) and services =g
disturbance regubstion and nutnent cyching) per year, or
& &3 of the global total (Costanza stal 197). However,
thers & 2 strong scientific consensus that coastal manine
ecosystems, along with the gm'.\d:: and services they ]scr\m-:d.g
are threatened by anthropogenic global climate change
(P 201} Recent chimatic trends, which are only a
fraction of the magnitide of prediced changes in the
coming  centunies, have already trgpered significant

6 200 Blackewell Publsdosg 1id \CNRS

Csiven their global mportance, coastal marine environ
ments are 3 major focus of concern regarding the potential
ITipacts af anthropogenic chmate change. A pair of seminal
reviews in the ewdy 19905 (Fields & ol 199% Inhchenco
o ol 193} summarized the then-cumrent wld.ﬂ'mn.d:ng of
chimate change Impacts on marine spstems [n both cases,
the authors foomed on the effects of nsing temperatunes
on organismale and to 2 lesser extent popubition-level
proesses, and they used natural cpcles such as the E
Mifi-Southern Osclation (EMSC)} and the Plesmoone—
Holooene transition a5 proxies for futune change . The basic
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Climate change effects on a miniature
ocean: the highly diverse, highly
impacted Mediterranean Sea

Christophe Lejeusne’, Pierre Chevaldonné’, Christine Pergent-MartiniZ,
Charles F. E.’u:-u::h:turmque:t and Thierry Pérez'

'DIMAR, CHRS Universite de la Maditerr anées, Cantre d"Osdanologie de Marszille, Station Marine dEndouma, Rue Batterie des

Licns, 13007 Marseaille, Franos

gﬂclgianal Sativity Centre fior Spacially Protected Aceas {UNEP-MAF), Boulevard du Leader Yasser Arafat, 1080 Tunis aedex, Tunisia
IDIMAR, CHNRS-Universite de la Méditerr ande, Centre d "Oodanal ogie de Marssille, Campus de Luming, 13288 Marsaille osde 9,

Franos

Little doubt is left that climate change is underway,
strongly affecting the Earth’s blodiversity. Some of the
greatest challenges ahead concern the marinerealm, but
it is unclear to what extent changes will affect marine
ecogystems. The Mediterranean Sea could give us some
of the answers. Data recovered from s shores and
depths have shown that sea temperatures are steadily
increasing, extreme climatic events and related disease
outhreaks are becoming more frequent, faunas are shift-
ing. and invasive specles are spreading. This miniature
oCEan can serve s & giant mesocosm of the world's
oceans, with varous sounces of disturbances interacting
synerglstically and therefore providing an insight into a
major unknown: how resillent are marine ecosystems,
and how will thelr current functioning be modified?

The Mediterranean: a miniature model of the world's
oteans
The Mediterranean is a peculiar sea, a product of a tor-
mented gealogical history, where continents callide and
waler masses come and go, a erossroad s of bogeoagraphical
influences betwesn cold temperate biota and sublropical
apecis mee Bax 1), During the Mesozaie, italsoumted the
Atlanticand Pacifie realms (hrough a large ocean koown as
the Tethys, The legacy of the Tethys and later gealogical
events have produced a marme life that s wosually
diverss Tor such asmall ssclossd sea; il 15 sow considarasd
a Todversily hotapot® [1,2] and a ‘miniature ocsan’ by
plysical oceanographers [3].

Haowever, the Maditerranean is a sea under slege. Today
i o1s np]n.oe‘. where urbaniation af the Uttoral zome, the
mesl productive part of the sea, & reaching a climax on
the morthwestern shores. On the southern amd eastern
shores, rumaway population growth is produsing an wnpre-
cadented anthropie pressure an marineg  scosysbems
(pallution, overfishing, habital destruction amd species
mtroductons), These nut_i-:lr disturbaness, 1n addibion Lo
apecies inlroductions, severaly impact the natural balances
al ecosystems and have resulled in the extemsive loss of
biodiversity [4]. Climatic models [5] furtber predict that

Cormaponding anthor lamzma, O ich=stoghe e Sanrmad &1

the Mediterranean basin will be ane of the reglans most
alfected by the angoing warming trend and by an increass
inexirems eventa. This makes the Mediterra neana poten-
tal model of mare global patlerns Lo occur in the warld's
marine bota, and a matural fews of interest for ressarch.
There are reasans to believe that the Mediterrasean is
alrend y ane of the most impacled seas in the warld, since
climate change inleracts symergistically with many other
dhisturbances .

Here, we will focws an the effects of dlimate cdhange an
the Mediterransan biota. As well as considering the effecls
al’ elimate allerations pger se, partioularly rsing lempera-
tures, we will alsa look at two phenomena mechanmieally
related to temperature: the emergence of pathogens and
biological imvasions. The evidence gathered bere poinls
towards complex interactions amd sypergies batween the
various disturbancs factors at play. Whereas the different
forcings are now well documented, major unksowns
remain as to bow they will ulimately affect the lusctioning
al’ eoosystems through eascade ellecta.

Physical evidence of changes in the Mediterranean

The Mediterranean Sea displays a specific hydrolagy, with
well-ddentified waler masses in each sub-basin (Figure 1)
and at diferent depths. One peeuliarity is a hamogeneous
desp-water layer below ~250 m that does not gel colder
than 1£-13 “C. The general thermaobaline cireulation of the
Mediterranean & determined by the flux of ineoming
Atlantic water by the Gibrallar Straits amd by the sinking
al waters formed at the three coldest areas of the sea: the
Gull of Liors, the northern Adriatic and the Narth Aegean
Sea. Over the pastthree decades, this general pattern has
been disrupted in several ways,

The first definile signs of changss in sea lemperalure
came from Meditemranean deep waters. A S0year Lime-
seres (1950 1955) of deep-waler temperatures asquired
inthe morthwestern Mediterranean (WWM) demanstrated
a general wamming trend of ~0.1 2 “C (-0 004 °C paryear), a
possible resull af human-indueed global warming [6]. Later
data have confirmed this trend [7,8]. Same unexpected
alfects on thermolaline cireulation have bean documented
fram 1887 throwgh the 1960s; these changes have baen
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Global warming is real !

* In average: 0.5-1°C

This last
century

millenium
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Quite pessimistic predictions

Warming trend + increasing
frequency of climatic extreme events
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Impact of the global change on the biological systems

Global Temperature (°C)

Global warming Occurrence of extreme events
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Climate-related publication trend

In the marine ecology litterature

After Harley et al. 2006
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Climate-related publication trends

In the Mediterranean marine ecology literature
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Evidences of a global change in the Mediterranean Sea

Time series in coastal waters
Bethoux et al. 1990

Bethoux & Gentili 1996

* Villefranche-sur-mer (since
1957)

e Levant Island (National Park of Port-
Cros, Marine Nationale)
» Estartit serie

Salat & Pascual 2002

0.12°C/ 30 years

Annual mean: 0.004°C

The first clues of a

Mediterranean Sea « Marseille (1884-1967)
warming came from Romano & Lugrezi 2007

the deep sea




Evidences of a global change in the Mediterranean Sea:
Warming trend of the coastal waters

Several time series available in the NW Mediterranean
Ex. Estartit (Catalonia, Spain, since1974)

1800

1700 surface

+1.26 °C at 20 m
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Salat & Pascual 2002 ; Coma et al. 2009

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




Evidences of a global change in the Mediterranean Sea:
Warming trend of the coastal waters

Model predictions on SST by the end of the 21t century:
some will like it hot !

Model predlctmn on Saa Sur‘faca Temperature variations between 2070-2080 and 1551 1590
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Evidences of a global change in the Mediterranean Sea:
Warming trend of the coastal waters

Northward shifting of sea surface isotherms is affecting the
Mediterranean biogeography



Evidences of a global change in the Mediterranean Sea:
Increasing frequency of climatic events
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Some evidences in the South and in the East of the Mediterranean Sea !

Implementation of temperature recorders, CIESM « tropical Signals »




Tropical Signals

CIESM (2=
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High frequency recordings + Survey of biological indicators




Some indicators of a « meridionalisation » of the Mediterranean
Sea. homogenisation of the Mediterranean biota with thermophilic species

Main routes of species range expansion

-> lessepsian migrants
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Some indicators of a « meridionalisation » of the Mediterranean
Sea. homogenisation of the Mediterranean biota with thermophilic species

Shift in distribution range (towards North)

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

r % species
60 P peacok wrasse

50 Thalassoma pavogs
40
30
20
10

Seaweed

Fish Mobile Sessile
invertebrate invertebrate

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

o List of indicator species and protocols, CIESM « Tropical Signals »

» Effect + and - on fisheries (phenology) (e.g. Bonbace 2001, Sabates et al. 2006)



Some effect on Mediterranean fisheries

CPUE year t+1

Case of the small pelagic fish, Sardinella aurita, in the western Med

5 - y = 3.3549x — 50.446
r?=0.5844, P = 0.0006, n = 16

4 4

3 .

2 .

1 -

® L
0* m— J ' '
15 15.5 16 16.5

SST April year t (°C)

* 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)

17

Negative effects on
« cold stenotherm »

pelagic species

Examples:

e Sprat in the Adriatic
and Gulf of Lion

e Anchovies in
Adriatic

Francour et al 1994; Bonbace
2001




Mediterranean Sea warming and biological pollutions

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

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 !)

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



Disease outbreaks and invertebrates mass mortality events

Sea-fans Eunicella & Paramuricea

Bryozoans;
Pentaparalfascialis

2. Spongia spp.




Disease outbreaks and invertebrates mass mortality events

Numerous reports from 1999 and 2003
Two unprecedented extreme events
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e.g. Cerrano et al. 2000; Pérez et al. 2000; Garrabou et al. 2001; Coma et al. 2006; Garrabou et al. 2009



