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Temperature anomalies (1900-2005) and
possible trends of evolution in the next century



- 1 — Forest cover gain e /

I 2 — shrub/woodland cover gain
- 3 — Herbaceous cover gain

I 4 - Desert amelioration

| | 5 — Grass/tree cover loss

- 6 — Forest/woodland decline
|| 7 — Forest type change




alterazioni nella direzione attesa dalle relazioni con la temperatura
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Type of Analysis predicted to prediction P
Q) (n)

N = 484 / (678)

Distributional changes:
At poleward/upper range boundaries
At equatorial/lower range boundaries

Changed as Changed opposite ‘

Community (abundance) changes:
Cold-adapted species
Warm-adapted species

N =460/ (920)
Meta-analysis
Range-boundaries (n=99)

Phenologies (n=172)

Varie specie di: vegetali, rettili, anfibi, pesci, zooplancton marino e
invertebrati, mammiferi, uccelli (Parmesan & Yohe, Nature 2003)



PHENOLOGICAL CHANGES

Climate

warming
(1950—-2000)

Arnimal

; . i phenoclagy
Leaf unfolding Leaf fall Flowering Appearance Migration
1tod4weeks 1 to2weeks About 1 weelk and activity Advances
advanced delayad advanced 1 to 2 weeks and delays

o B

Altered synchronization
between trophic levels

Growth season Aldtered species
About 3 weeks extended competitive ability
Enhanced carbon sequestration . Unpredictable

{and related global water
and nutrient cycles) level impacts

N »

Altered structure and functioning of ecosystems
(also agricultural, socioeconomic and sanitary effects for human sociaety)

cammunity

Ecological consequences of climate warming on plant and animal
phenclogy.

Penuelas J and Filella |1 2001. Response to a warming world. Science 294: 793 — 795
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Sterpazzolina — migratore transahariano
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Gruccione - migratore transahariano

Le specie migratorie che non si sono adattate al
cambiamenti anticipando la migrazione.

» risultano in forte declino;

» soffrono di minor apporto
energetico: arrivando “tardi”
usufruiscono in minor misura
della disponibilita di risorse

» minor impatto sui migratori locali
rispetto alle specie di lungo raggio

(€ marco basso

Beccofrusone — migratore intrapalearticc
Niclas Jonzén, et al., SCIENCE, 2006; Mgller, et al., PNAS , 2008
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Status of the Polar Bear

Subpopulation Size
(Number of Bears)

. 2500-3000 . Alaska

@ Unknown

Population Trend
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Isoterma
Gennaio 10 °C

Isoterma
Luglio 10 °C

Aree di distribuzione di Aedes aegypti (dittero vettore di febbre gialla) e
isoterme del mese invernale piu freddo in Emisfero Nord e Sud.



Climate Change and Malaria
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“The Atlantic way” :

At the dawn of Pliocene (5 Ma) the strait of
Gibraltar re-opened and the sea was
repopulated by species of Atlantic origin.

“The Indo-Pacific way”

In 1869 the Suez Canal opening a connession
between Mediterranean and Indo Pacific biota
(separated since Miocene - 10Ma)

two main routes of invasion...
the Mediterranean is a converging point of fauna

Recent atlantic immigration (last 50
years) IS characterised by
subtropical and tropical species

Lessepsian migration represent the
most important biogeographic
phenomenon  witnessed in the
contemporary oceans (Por, , 1989).




62% Atlantic species
29% endemic species
5% Indo-pacific species
Cosmopolite species

First signals since '70s

 Northward extension of native termophilic species

e Invasion of non indigenous tropical species



Meridionalization
spreading in the Northern
areas of thermophilic species
and increasing in abundance

Sparisoma cretense




Northward retraction of
native cold-water affinity
species




Tropicalization
Increasing of
Invasion by
alloctonous
thermophilic
Species and
spreading of
distribution area

Sphoeroides pachygaster

Sphyraena chrysotaenia



O tropical
B termopile

O temperate

1990 1995 2000 2004

Pelagic species recorded in fisheries activity from South Thyrrenian Sea (ISPRA,
2006)



jellyfish

The removal of
large fish
(overfishing) is
opening
ecological
space to jellyfish

Boero et al.,
2008

jellyfish invasion

Tropical species:
Phyllorhiza Phyllorhiza punctata

30 - B0 om

Rhopilema nomadica

" Z@demographic explosions

Vineminpsis
5- 10 ¢

Rhisostoma
20 - 60 cm
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Lampuga (Coryphaena hippurus) Tropical species

Riccato et al., 2009



Pesce serra (Pomatomus saltatrix) Tropical species

Fiorin et al., 2009



Timing of Ig peak

Peak of maturity in grass goby; (ig = gonadosomatic Index)

Jun 01 —
May 25 —
May 18 —
May 11 —
May 04 —
Apr 27 —

Apr 20

Apr 13

I I I
1990 1995 2000

Malavasi et al. 2010 year

2005



THE EARLY ANTHROPOCENE HYPOTHESIS (Ruddiman, 2003)
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WELCOME TO THE ANTHROPOCENE !

Human Population History
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Climate Change

Rockstrom et al., Nature 2009



PLANETARY BOUNDARIES

Earth-system process Parameters Proposed Current Pre-industrial
boundary status value

Climate change (i) Atmospheric carbon dioxide 350 387 280
concentration (parts per million
by volume)
(ii) Change in radiative forcing 1 1.5 §]
{watts per metre squared)

Rate of biodiversity loss Extinction rate (number of species 10 =100 014
per million species per year)

MNitrogen cycle (part Amount of M; remaoved from 35 121 0

of a boundary with the the atmosphere for human use

phosphorus cycle) (millions of tonnes per year)

Phosphorus cycle (part Quantity of P flowing into the 1 8.5-05 ~1

of a boundary with the oceans (millions of tonnes per year)

nitrogen cycle)

Stratospheric ozone Concentration of ozone (Dobson 276 283 290

depletion unit)

Ocean acidification Global mean saturation state of 2.75 280 3.44
aragonite in surface sea water

Global freshwater use Consumption of freshwater 4,000 2,600 415
by humans (km® per year)

Change in land use Percentage of global land cover 15 n7 Low

Atmospheric aerosol
loading

Chemical peollution

Rockstrom et al., Nature 2009

converted to cropland

Ovwerall particulate concentration in
the atmosphere, on a regional basis

For example, amount emitted to,

or concentration of persistent
organic pollutants, plastics,
endocrine disrupters, heavy metals
and nuclear waste in, the global
environment, or the effects on
ecosystem and functioning of Earth
system thereof

To be determined

To be determined
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