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Himmelbjerget (Danemark) 
transl. «The Sky Mountain» 

147 m a.s.l. 
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Garth Hill (S Wales, UK)
307 m / 1,007 ft a.s.l. 
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El Alto (Bolivia)
4,150 m a.s.l. / 1,100,000 inhab.

WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

INTRODUCTION



WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

INTRODUCTION



WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

INTRODUCTION



We do also have a distorted image of mountains…

Does it look high?
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Does they look low?
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We do also have a distorted image of mountains…



This is our image of mountains…
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12,756 km

9 km

9/12756 =
0.07%

… but actually…

… their prominence is
nothing more than
wrinkles on an orange! 
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WHAT IS A MOUNTAIN?
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Mountain

“Landform that rises prominently above its surroundings, 
generally exhibiting steep slopes […]. Mountains generally are 
understood to be larger than hills, but the term has no 
standardized geological meaning. Very rarely do mountains 
occur individually […]. When an array of such ranges is linked 
together, it constitutes a mountain belt”

A bit too vague…!
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«A mountain cannot be defined by elevation, simply 
because there are elevated plateaus such as the North-
American short-grass Prairies at around 2,000 m 
elevation or the vast plateaus in central Asia […].

Similarly, mountains cannot be defined by climate, given 
that any cold category would include arctic and antarctic
lowland [….].

The only common feature of mountains is their 
steepness […] which causes the forces of gravity to shape 
them and create habitat types and disturbances typical 
for mountains and which make exposure a driving factor
of life»

Körner et al. 2011
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>200 m elevational difference in an approx. 3x2 km area 
(7% slope or 77 m / km)

Körner et al. 2011

A MOUNTAIN IS…
any land meeting one condition
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Körner et al. 2011

 12.3% of landmasses are mountain

 511 million people
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A MOUNTAIN IS…
any land meeting one of several conditions

>2,500 m
1,500–2,499 m if the slope is >2°
1,000–1,499 m if the slope is 5° and local elevat. range (radius 7 km) >300 m
300–999 m if local elevat. range (radius 7 km) >300 m

Kapos et al. 2000
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Kapos et al. 2000

 22.3% of landmasses are mountain

 1.27 billion people
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According to the definition, areas can be either classified as
mountains or not

Kapos et al. 2000
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100 m a.s.l.
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500 m a.s.l.
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1000 m a.s.l.
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1500 m a.s.l.
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2000 m a.s.l.
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2500 m a.s.l.
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3000 m a.s.l.
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4000 m a.s.l.
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“With about 25% of all land area, mountain regions are home 
to more than 85% of the world’s species of amphibians, 
birds, and mammals, many entirely restricted to mountains”

Rahbek et al. 2019

Whatever is the classification considered, 

mountain biodiversity (i.e. the species richness) is HUGE

WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

DEFINITIONS



Rahbek et al. 2019
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Biodiversity (Wilson 1988) 
 the diversity (= heterogeneity) of living organisms
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Ecosystems

Biodiversity

 Biodiversity makes the ecosystems work!  



WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

DEFINITIONS

85 functions in boreal
temperate ecosystems!

Marcot e Vander Heyden, 2001



Ecosystems are shaped by peculiar environmental constraints
that change along steep gradients (= at small spatial scale) 

What causes such diversity?

Thermal / air pressure 
gradient Slope
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-6.5°C / 1000 m  -1°C / 153 m
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-0.7°C / 1° lat  -1°C / 150,000 m 
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Elevational gradient

=
«shrunk» latitudinal gradient
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GERMANY

DANEMARK

VARESE

COMO
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S FINLAND

N FINLAND

VERBANIA

VERBANIA
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SVALBARD

GREENLAND AOSTA

SONDRIO

WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

TEMPERATURE 
GRADIENT



Wladimir P. Köppen
(1846-1940)
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TROPICAL
Tmean coldest month > 18°C

DRY (DESERT AND STEPPE)
little precipitation

TEMPERATE
0°C > Tmean coldest month < 18°C
>1 month Tmean > 10°C

CONTINENTAL
>1 month Tmean < 0°C
>1 month Tmean > 10°C

POLAR/ALPINE
All months Tmean < 10°C

WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

CLIMATES



WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

CLIMATES



WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

CLIMATES



G
R
A
V
I
T
Y

WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

SLOPE



WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

SLOPE



WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

SLOPE



WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

SLOPE



Antonelli et al. 2018

Temperature ranges may not
always be the main driver of 
biodiversity in mountains
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Alps are hotspots of biodiversity

Ozenda 1985;  Theurillat 1995; Chemini and Rizzoli 2003; Körner and Spehn 2003

100 out of 198 European habitats
40% of the European flora in 2% of the area
10% endemic plant species
30,000 animal species
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Elevational gradient
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Geographic position

Ozenda 1985

WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

DETERMINANTS OF 
BIODIVERSITY



Quaternary glaciations
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Traditional human activities
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How do species cope with low temperatures and slope
in European mountains?

Anatomical / physiological
adaptations

Behavioural adaptations
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Fur / feathers (permanent) 
to insulate

Bumblebee (Bombus sp.) Red fox (Vulpes vulpes)

Rock ptarmigan (Lagopus muta)
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Fur / feathers
(seasonal) to insulate

Red deer (Cervus elaphus)

Black grouse (Lyrurus tetrix)
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Fur / feathers seasonal colour change
(to match the environment and enhance mimicry)

Rock ptarmigan (Lagopus muta)

Stoat (Mustela erminea)
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Smaller / more rounded body shape and reduced appendages
(e.g. ears) (minimises body exposure to cold)

European hare (Lepus europaeus) Mountain hare (Lepus timidus)
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Hooves specially designed
(hard and sharp outer edge and soft 
inner pad)

Ibex (Capra ibex)
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Countercurrent heat
exchange (warm arterial blood

flows close to colder vein blood)

Vasoconstriction
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Non shivering thermogenesis
in hibernating mammals
(metabolism of brown fat)

Shivering thermogenesis
(muscule contractions which produce 
heat)
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Low thermoneutral zone
(environmental T°C where the body 
do not need to shiver or to sweat to 
keep homeothermy. In humans, 
around 20°C, in alpine galliforms can 
be as low as 3-4°C)

Piloerection («goosebumps»)
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Ovoviviparity of reptiles
(eggs are retained and hatch inside 
the mother)

Melanism
(to increase heat absorbance)

Common lizard (Zootoca vivipara)

Adder (Vipera berus)

Erebia pluto
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Pubescence
(reduces convective heat loss by 
trapping a warm air layer and 
water loss from transpiration)

Dark colours
(to increase heat absorbance)

Pulsatilla sp.

Nigritella nigra
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Creeping growth form
(protection against wind and 
maximises heat gain from sun)

Cushion growth form
(up to 15°C warmer!)

Salix herbacea

Silene acaulis
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Flexible branches (bend but are 

hardly crashed by snow)

Green alder (Alnus viridis)
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Deep roots (e.g. taproots) 
(to cope with thin soils and to act
as water and nutrients storage
when it comes to grow fast)

Gentiana lutea

PLANTS ANATOMICAL



Freezing point depression
by increasing sugar 
concentration in cells
(protection against wind and 
maximises heat gain from sun)

Deep supercooling / 
freeze tolerance
(prevention of ice formation within
tissues to-40°C by inhibiting ice
nucleation / water segregation
outside cells)
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Migration (birds and, 

partially, large mammals)

Hibernation (only few

mammals, amphibians, 
reptiles and very few insects)

Horseshoe bats (Rhinolophus sp.)
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Reduced activity
(to warmest hours only)

Snow roosting
(snow insulates, T°C inside the 
roost can be up to 40°C warmer
than outside)

Red squirrel (Sciurus vulgaris)

Rock ptarmigan (Lagopus muta)
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Hoarding food
(which may retrieved in case of food scarcity)

Thriving on low energy
food (available all year round)

Red squirrel (Sciurus vulgaris)

Capercaillie (Tetrao urogallus)
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Nice picture, but we have a problem…

Johan Rockström (2008)
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[…] current extinction rates are 1.000 times higher
than natural […] and future rates are lileky to be 

10.000 times higher
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Global warming Land use change

Recreational activities Social issues with large mammals

What are the main threats to Italian mountain biodiversity?
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The new law under global warming…

It applies to biodiversity… and to humankind
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Ecosystems upward shifts
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Barredo et al. 2020
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1996-2016 

40 species moved upwards

15 species moved downwards

16 stable

 Distribution shift

 Distribution shrink
 Distribution enlargement
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Knaus et al. 2018
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Snowfall delays in autumn are highly appreciated by eagles…
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Land abandonment + 
urbanization

WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

LAND USE CHANGE



1931

1953

1991
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Presolana (BG)

WHAT IS A MOUNTAIN? MOUNTAIN 
BIODIVERSITY ITALIAN MOUNTAINS WILDLIFE AND PLANTS 

ADAPTATIONS 
ITALIAN MOUNTAIN 

BIODIVERSITY THREATS

LAND USE CHANGE



Discontinuation of 
traditional alpine farming

(grazing + haymaking) 

Shrub and forest
encroachment into former
pastures and hay meadows

Land abandonment

Ultimately….
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… biodiversity loss
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Marti et al. 2018
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Eurasian lynx (Lynx lynx) Wolf (Canis lupus)

Brown bear (Ursus arctos)
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Predation on livestock

Attacks to humans

Damages to beekeeping
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Large carnivores are 
«keystone species»

We need to find a way to live 
together with large carnivores

peacefully



Reintroduced* in W 
Trentino from 2000
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2015

Natural range expansion from the Apennines
NO reintroducion!
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Marucco et al. 2018
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Range expansion from reintroduced populations in 
Switzerland and Slovenia 
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Poisoning and poaching
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There are no easy solutions to living together with 
large carnivores peacefully (complex problems
require complex solutions)

Long term solutions need to be applied at
large scale, local solutions are ineffective

There are national (e.g. PACOBACE for the bear) and 
international protocols and projects (mostly funded
by the EU,  e.g. LIFE WolfAlps EU) 
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Progetto PON Liceo «Crespi» Busto Arsizio (VA) – 2019
Mappatura flora alloctona in parco di cintura metropolitana 



GRAZIE PER L’ATTENZIONE !

alessio.martinoli@uninsubria.it
alessio.martinoli@gmail.com


