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Ita lian Reg ions and ma in mounta in cha ins.



1  I n t r o d u c t i o n

In 1 9 9 9 , the M inistry of Environment ( N a ture Conser-
va tion Directora te) approved a document outlining the
design p arame ters for the N a tiona l Eco log ic a l N e t-
work (RE N  – Rete Ecolog ic a  N a z iona le) and defining
the structure and principa l ob jectives of the system na -
tionw ide .  Basic a lly,  RE N  is an integra ted programme
tha t a ims to reb a l ance socio-economic  deve lopment
trends w ithin a  framework of susta inab le grow th and
optima l biodiversity conserva tion and , as such, it takes
the form of a  complex network of programmes rela ting
to w idely varying sectors of the economy, culture , terri-
toria l management and , of course , ecology and b iod i-
versity mana gement,  p articul arly w ith reg ard to
species and types of habita t.

The new course o f conserva tion po l icy fo l lows the
ma in European D irectives on na ture conserva tion, de-
ve lop ing them into a  more holistic concept of the land
and its na tura l and human components. It is a lso inte-
gra ted w ith the renewed e fforts of the C ounci l of Eu-
rope to promote a more comprehensive , less fragment-
ed approach to territoria l administra tion, recently lead-
ing to the adop tion of the European Landsc ape C on-
vention.  In short,  this tendency a ims to do more than
just emphasize the conserva tion of ind ividua l species
or protected areas: the focus has shifted onto a system-
a tic policy involving a ll environmenta l components, in
close connection w ith European stra teg ies.

The sa id document and re l a ted ministeri a l d irectives
must now find support among the various d iscip lines
for the definition of methods, guide lines and p lanning
characteristics, so as to crea te the basic structure of a
na tiona l network. In particular, it seems a  good time to
se t up a  mechanism for c a l ibra ting the na tiona l eco-
log ic a l ne twork ,  w ith the specif ic  a im,  among o ther
things, of conserving Ita lian biodiversity.

A ltogether, the protected areas in Ita ly (w ith the excep-
tion of the Sites of European C ommunity Importance-
SC I - and Speci a l Pro tection Are as- SPA  -,  which are
sti l l a t the a pprova l sta ge) cover a lmost 1 1% o f the
country; in view of the ir na tura l fea tures,  they c an be
considered one of the most important components of a
potentia l ecolog ica l network ded ica ted to b iod iversity

conserva tion (F igs.  1 -3).  N everthe less,  bec ause o f
the ir size and the criteria by which they were chosen,
Ita ly’s protected areas are not sufficient to sa tisfy the
requirements of biodiversity conserva tion. They can be
important nodes in an eco log ic a l network, as long as
they are considered w ithin the context of the territory
as a  whole and the ir role is verified w ithin an environ-
menta l infrastructure (pro tected are as and corridors)
tha t is a lso ca libra ted to take account of the biolog ica l
and eco log ic a l requirements o f the various species
and habita ts.

The present document sets out, in a  concise and read-
ab le form,  the results of an ana lysis of the content of
protected areas in Ita ly,  particularly in terms of verte-
bra te species. The a im of the study is to verify whether

the system of protected areas corresponds to the pa t-
tern o f b iod iversity for vertebra tes and to de termine
wha t sort of action should be taken in order to render
the system more efficient in conserving this important
component of b iod iversity. The study was c arried out,
in response to a  request from the M inistry of Environ-
ment, N a ture Conserva tion Directora te , by the Anima l
and Human Bio logy Dep artment University o f Rome
“La  Sa p ienz a ” ,  and is b ased on d a ta  resulting from
the study comp le ted in February 2 0 0 2 on the de fini-
tion of the N a tiona l Ecolog ica l N etwork for the conser-
va tion of vertebra tes.

In t ro d u ct i o n1
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Pollino N a tiona l Park (C a labria – Southern Ita ly)



1 . 1  E c o l o g i c a l  n e t w o r k s  a n d  b i o d i v e r s i t y

Eco log ic a l  ne tworks are a  concep tua l  too l  o f the ut-
most  impor t anc e  for na ture  conserva t ion and  sus-
t a ina b le  l and use .  The ir theore t i c a l  found a t ion l ies
deep  in conserva t ion b io logy and  is b a sed  on the
obv ious premises tha t a l l  spec ies,  bo th an ima l  and
vege t a b le ,  a re  d istr ibuted over the l and w i th an ir-
regu l ar p a ttern and  tha t  th is d iscon t inu i ty is due
chie fly to intrinsic  na tura l fa ctors,  which may a lso be

a ggrava ted  by h istor i c a l  and  human f a c tors .  The
d istribution range of e a ch species consists of a  num-
ber o f  d i f feren t  a re a s ,  in wh i ch the  dens i ty o f  the
species is not a lw ays the same .  Under op timum con-
d i t ions ,  these  a re a s a re  jo ined  to one  ano ther by
corr i dors ,  form ing a  ne twork .  The  l inks c an be  o f
w ide ly vary ing k inds ,  depend ing on the spec ies in
quest ion .  They ma y cons ist  o f  ind iv i dua ls tha t  d is-
perse and move a cross the land fo llow ing routes de-
termined to some ex tent by the sui t a b i l i ty o f  the ter-
ra in traversed ,  or they may be a lmost ent ire ly inde -
pendent o f the terra in bec ause mob i l i ty is a ch ieved
by aeri a l means (seeds,  spores,  b irds,  insects e tc.).

It  is there fore  c le ar tha t  the  conc ep t  o f  e co log i c a l
ne twork  c an f ind pra c tic a l expression in comp le te ly
d ifferent w ays,  depend ing on the species ta ken into
considera tion.  The g loba l eco log ic a l ne twork,  repre-
sen ted  by over l a y ing the  innumera b le  ne tworks o f
a l l  an ima l  and vege t a b le spec ies,  produces minute
fra gmenta tion of the territory into tiny homogeneous
are as,  represent ing the true  - and theore t i c a l  - eco -
log ic a l ne twork ex isting in the country.

In pra ctice ,  this “web of networks”  c an only be trans-
formed into an effective tool for manag ing the territory
by aggrega ting severa l similar areas so as to achieve
a  leve l of deta il tha t c an be hand led by the too ls nor-
ma lly used for land use projects. To this end , it is help-
ful to reach the level of landscape characteristics, iden-
tifying the most homogeneous landsc ape units. W hile
this opera tion undoub ted ly o ffers pra ctic a l a dvan-
tages, however, it must not be seen as sa tisfying the re-
quirements of a ll species: there is no guarantee tha t a
network identified  a t a  macroscop ic leve l in this way
w ill help to conserve a significant proportion of anima l
and vegetable species, nor is there any guarantee tha t
it w i ll he lp to conserve end angered types of ha b ita t.
An eco log ic a l network dra wn up only on the basis of
landsc ape characteristics may therefore be entire ly ir-
relevant w ith regard to the functiona l objectives set.

An a lterna tive method , a imed a t ensuring tha t an eco-
log ic a l ne twork  represents a  use ful compromise be-
tween the requirements o f the species and those o f
land use , might be a  network c a libra ted accord ing to
the requirements of the species considered to be most
important for the conserva tion of numbers and for the
effectiveness of the systems; both these options must be
assessed a ccord ing to the intended interpre ta tion o f
the g lob a l ne twork .  O nce the ne twork  has been de-
fined , the homogeneous landscape units to be used for
land p lanning and management c an a lso be defined .
Since it is not possib le to consider the requirements of
a l l the species tha t inha b it a  g iven are a ,  the scope

Ec o lo g ic a l n e t w o r k s a n d  b io d i v e rsit y
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1 .1

Little Bittern (Ixobrychus minutus)

Ita lian Tree Frog (Hyla intermedia)



1 . 1  E c o l o g i c a l  n e t w o r k s  a n d  b i o d i v e r s i t y

must necessarily be restricted to the species viewed as
critic a l ,  e ither bec ause they are end angered or be-
cause they p lay a  functiona l role w ithin the ecolog ica l
systems.  From a  pra ctic a l po int o f view,  and in the
light of the various prob lems to be ta ck led by means
of the resulting network, the species can be divided in-
to various c a tegories:  a) keystone species,  so c a l led
on a ccount o f the ir important ro les in the eco log ic a l
communities,  b) umbre ll a  species,  so c a lled bec ause
they are genera lly to be found a t the upper hierarchic
levels of the trophic cha ins and their conserva tion nec-
essarily brings w ith it tha t of the species found a t low-
er leve ls, c) flag species, so ca lled on account of the ir
ability to draw public a ttention and to facilita te conser-
va tion activity.

In terms of species, biodiversity in Ita ly consists of over
57 ,000 anima l species, while there are far fewer veg-
e ta b le species.  It would there fore seem right to g ive
priority to anima l species,  since the ir conserva tion

necessarily implies the conserva tion of the rela ted veg-
etable systems on account of their position in the troph-
ic cha ins. And from a  zoo log ic a l po int of view, verte-
bra tes undoubted ly occupy a  “flag”  ro le ,  to the po int
of being only too often the sole reference for conserva -
tion policy.
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Red Deers (Cervus elaphus)



The system of ex isting Protected Areas (PA) in Ita ly,
1 , 0 0 4 of them a ltoge ther ( G amb ino & N egrini ,
2 0 0 1),  inc lude a ll those se t up by forma l d irectives
issued by the Sta te or the Reg ions.  N ot a ll the PA tha t

ex ist in pra ctice are inc luded in the O ffici a l List of
Protected N a tura l Areas (EU AP) which,  a ccord ing to
the 4 th version issued by the M in istry o f the
Environment and Territori a l Protection,  comprises
7 5 1 areas a ltoge ther.

Seventeen areas listed in EU AP (1 6  Protected M arine
N a tura l Areas and M arine Reserves and 1  O ther
N a tiona l Protected N a tura l Area),  toge ther w ith the
marine part of three N a tiona l Parks (those of the

M adda lena  Archipe lago ,  the island
o f  A s inara  and  the  Tusc an
Archipe lago) were omitted from the
ana lyses c arried out,  bec ause the
da ta  used to construct the hab ita t
suitab i lity mode ls for Ita li an verte-
bra tes do not cover the Protected
Areas in question (for further de ta i ls,
see par.  4 . 3 .).

A ltoge ther,  7 7 5 PA were ta ken into
considera tion during the ana lysis
(Figs.  1 -8): as compared w ith the
offici a l list issued by the M inistry of
Env ironmen t ,  on ly one  N a t iona l
Reserve w as omitted ,  besides the 1 7

areas mentioned above ,  bec ause no re levant maps
could be found ,  but the study inc luded 1 3 O ther
Pro te c ted  N a tura l  A re a s ,  1  Reg iona l  N a tura l
Reserve and 2 8 Reg iona l N a tura l Parks tha t do not
figure in the EU AP,  e ither bec ause the respective

reg ions d id not app ly to the M inistry
for reg istra t ion or bec ause these
areas were considered incongruent
w ith the cond itions la id down by
Ita li an leg isla tion.

A ll re ferences to PA made in the
rema inder of this document should be
ta ken as re ferring to the above-men-
tioned 7 7 5 areas,  for which a  geo-
re ferenced informa tion system has
been se t up comprising the most
re c en t  d a t a  ava i l a b le  a s o f
Sep tember 2 0 0 2 ,  specify ing identifi-
c a tion de ta i ls,  institutiona l re ferences
and territori a l boundaries.  The SC I
and SPA have been considered sepa -
ra te ly (see par.  2 . 3),  but portions of
them tha t fa ll w ithin the protected
areas are inc luded in this study.

2  T h e  P r o t e c t e d  A r e a s  i n  I t a l y

Th e  Pro t e ct e d  A r e a s i n  It a l y2
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Fi g .  1 .  Number of Protected Areas per type in Ita ly.

Fi g .  2 .  Number of Protected Areas of the various types per reg ion.



2  T h e  P r o t e c t e d  A r e a s  i n  I t a l y
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Fi g .  3 .  Protected Areas in Ita ly (775 areas).

Protected Areas



2  T h e  P r o t e c t e d  A r e a s  i n  I t a l y
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Fi g .  4 .  N a tiona l Parks in Ita ly.

Fi g .  6 .  N a tiona l Reserves in Ita ly.

Fi g .  5 .  Reg iona l Parks in Ita ly.

Fi g .  7 .  Reg iona l Reserves in Ita ly.

N a tiona l Parks Reg iona l Parks

N a tiona l Reserves Reg iona l Reserves



2  T h e  P r o t e c t e d  A r e a s  i n  I t a l y
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Fi g .  8 .  O ther Protected N a tura l Areas in Ita ly.

Fi g .  1 0 .  SPA (Specia l Protection Areas) in Ita ly.

Fi g .  9 .  SC I (Sites of European Community Importance) in Ita ly.

SPA

SC IO ther Protected N a tura l Areas



A ltoge ther,  the PA in Ita ly cover over 3  mi llion
hectares1 ,  correspond ing to 1 1% of the na tiona l ter-
ritory (Fig .  1 1).  They are d istributed extreme ly irreg-

ularly among the reg ions (Fig .  1 2): in some reg ions,
2 5% or more of the territory is protected (e .g .
A bruz z i ,  Lomb ardy,  Autonomous Prov inc e  o f
Bo lz ano ,  C ampani a),  whereas in others less than 5%
of the territory is protected ,  as in the extreme c ases
of Mo lise ,  1 . 5%,  and Sard ini a ,  less than 1%.

If we ana lyse the overa ll d istribution graph show ing
the si ze of the Ita li an PA (Fig .  1 3),  various interesting
aspects c an be noted .  For examp le ,  the PA have a
mean si ze of 4 , 3 5 2 . 5 ha ,  but the med i an si ze is only
2 6 5 . 4 ha ,  show ing tha t 5 0% of the PA are sma ller
than the med i an.  The d iscrepancy be tween mean
and med i an area  is due essenti a lly to the consider-
ab le si ze of five N a tiona l Parks,  which cover a  mean
area  of over 1 0 0 , 0 0 0 ha  and have a  max imum si ze
(Po llino N a tiona l Park) of over 1 8 3 , 0 0 0 ha 2 .

The arithme tic a l average of the si ze of the PA is
there fore heavi ly influenced by these five areas and
consequently does not g ive a  correct p icture of mean
cond itions.  

In fa ct,  most of the PA cover a  sma ll area ,  a t least
from the b io log ic a l / eco log ic a l
po int of view: 7 0% of them
cover less than 1 , 0 0 0 ha ,  6 0%
less than 5 0 0 ha  and 3 3% less
than 1 0 0 ha .

The sma llest PA is the Sasso d i
Pregud a  Reg iona l  N a tura l
Monument (Lombardy Reg ion),
which covers 0 . 0 5 ha  (a ccord-
ing to the EU AP dra wn up by
the M inistry of Environment,  it
has an area  of 0  ha .) It is a lso
important to note tha t 9% of the
PA in Ita ly are sma ller than 1 0
ha .

There is a  notab le degree of
overlapp ing be tween the vari-
ous kinds of PA (Tab le I).  For

2 . 1  T y p e  a n d  s i z e  o f  t h e  P r o t e c t e d  A r e a s  i n  I t a l y

Ty p e  a n d  si z e  o f  t h e  Pro t e ct e d  A r e a s i n  It a l y
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2 .1

Fi g .  1 2 .  Percentage of reg iona l territory covered by the various types of Protected Areas. The percentages are only indica tive ,
because of overlapping between the various types of Protected Areas.

Fi g .  1 1 .  Percentage of na tiona l territory covered by the various
types of Protected Areas. The percentages are only indica tive ,
because of overlapping between the various types of Protected
Areas.



2 . 1  T y p e  a n d  s i z e  o f  t h e  P r o t e c t e d  A r e a s  i n  I t a l y

examp le ,  4 7% of the area  of N a tiona l Reserves
(over 5 9 , 0 0 0 ha) fa lls w ithin N a tiona l Parks,  whi le
4% (about 5 , 6 5 0 ha) fa lls w ithin Reg iona l Parks.  As
far as the rema ining types are concerned ,  the
degree of overlap is genera lly very low (on average

about 2%),  but it should be emphasised tha t there
are a  considerab le number of c ases in which a  pro-
tected area  fa lls entire ly w ithin another PA of a  d if-
ferent kind .
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1  The areas mentioned in the present publica tion were ca lcula ted on the basis of the digita l maps used in the Arc G is environment: this means
tha t the areas given by the authors often do not coincide precisely with the officia l areas declared in the EUAP drawn up by the M inistry of
Environment. In certa in cases, there is a considerable discrepancy  between the officia l area of a PA and the area ca lcula ted using Arc G is: in
these cases, too, we have chosen to adopt the va lue ca lcula ted by using the maps, since this meant tha t it corresponded more closely to the
map situa tion.
2  It should be noted tha t, according to the EUAP drawn up the Ministry of Environment, the largest park is the C ilento and Va llo di Diano N a-
tiona l Park, which covers over 178 ,000 ha .

Fi g .  1 3 .  Number of Protected Areas present in Ita ly subdivided
by classes of area (ha).

National Parks

 Regional Parks

National Reserves

Regional Reserves

Other Protected Areas

SCI

SPA

0

0

0

0

0

0

0
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188 3.795 555 1.009 152.071 49.206

0 597 1.155 1.009 41.995 14.146

640.756 866.812 79.901 152.071 41.995 1.391.213
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Ta b .  I.  O verlapping between the various types of Protected
Areas, SC I and SPA . The table shows hectares covered by two
types a t the same time . Dolomiti Bellunesi N a tiona l Park (Veneto – N orthern Ita ly)



2 . 2  P h y s i c a l  a n d  g e o g r a p h i c  c h a r a c t e r i z a t i o n

The environmenta l and human presence chara cteri-
z a tions w ithin the PA were ana lysed by examining
the three c artographic  stra ta  ava i lab le: land cover
(C O RI N E Land C over),  D ig ita l Terra in Mode l (DTM ,
show ing e leva tion) and road ne twork.

The third leve l of the C O RI N E Land C over c lassific a -

tion has a  tota l of 4 4  c lasses,  but in order to g ive a
simp ler,  c learer overa ll p icture the 1 1 c a tegories of
the second leve l were used ,  p lus one c a tegory a t the
first leve l inc lud ing a ll the artifici a l areas mapped3 .

An ana lysis of the interna l composition of the PA
shows a  pre ference for the c a tegories “ We tlands” ,

“ Forest” ,  “Shrub and / or herba -
ceous vege ta tion”  and “ O pen
Spa ces”  (i .e .  these c lasses are
present in percentages exceed-
ing the na tiona l average),  where-
as the rema ining c a tegories are
rare ly to be found ,  p articularly
“ Artifici a l Areas” ,  “ Arab le Land”
and “Permanent Crops”  (Fig .  1 4 ,
Tab le II)4 .

The same trend ,  w ith regard to
the d istribution of the C O RI N E
c lasses,  is found in the ind ividua l
types of PA ,  a lthough in some of
them,  such as the N a tiona l Parks,
“ Forest” ,  “Shrub and / or herba -
ceous vege ta tion”  and “ O pen
Sp a c es ”  a re  more  frequen t ,
wh i le  “ In l and  W a ters ”  and
“ We t l ands ”  a re  more  ra re ly
found .

P h y sic a l a n d  g e o g r a p h ic c h a r a ct e r i z a ti o n
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2 .2

3 The C O RINE Land Cover classes Continuous urban fabric, Discontinuous urban fabric, Industria l or commercia l units, Road and ra il net-
works and assoc ia ted land , Port areas, A irports, M inera l extraction sites, Dump sites, Construction sites, Green urban areas, Sport and
leisure facilities have been grouped together in the class “ Artificia l Areas”; the classes Non-irriga ted arable land, Permanently irriga ted land,
Rice fie lds have been grouped together in the class “ Arab le Land”; the classes Vineyards, Fruit trees and berry p lanta tions, O live groves
make up the class “Permanent Crops”; the class “Pastures” stays the same; the classes Annua l crops associa ted with permanent crops, Com-
plex cultiva tion pa tterns, Land principa lly occupied by agriculture with significant areas of na tura l vegeta tion, Agro-forestry areas  have been
grouped together in the class “Heterogeneous agricultura l areas”; the classes Broad-leaved forest, Coniferous forest, Mixed forest have been
grouped together in the class “Forest”; the classes N a tura l grassland, Moors and hea thland, Sclerophyllous vegeta tion, Transitiona l wood-
land scrub have been grouped together in the class “Shrub and / or Herbaceous Vegeta tion”; the classes Beaches, dunes and sand pla ins,
Bare rock, Sparsely vegeta ted areas, Burnt areas, G laciers and perpetua l snow have been grouped together in the class “ O pen spaces”; the
ca tegories Inland marshes, Pea t bogs have been grouped together in the class “Inland Wetlands”; the ca tegories Sa lt marshes, Sa lines, Inter-
tida l fla ts have been grouped together in the class “Coasta l Wetlands”; the ca tegories Wa ter courses, Wa ter bodies have been grouped to-
gether in the class “Inland wa ters”; the classes Coasta l lagoons, Estuaries, Sea and ocean have been grouped together in the class “Marine
Wa ters”.
4 The interna l composition of the protected areas, as regards both individua l types and the system of PA , has been compared with the aver-
age situa tion in the Ita lian peninsula; this means tha t, a t a regiona l level, there may be discrepancies, and even important ones, with respect
to the situa tion documented a t a na tiona l level, and it is therefore important to emphasize tha t the ana lyses carried out a t a regiona l level
must be eva lua ted in the light of the average situa tion perta ining in the region in question.

Fi g .  1 4 .  Percentage of the various C O RI N E Land Cover ca tegories in each type of
Protected Areas, in a ll the Protected Areas and in unprotected territory.
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Ana lyses a t a  reg iona l leve l na tura lly produce a  very
varied situa tion,  w ith chara cteristics tha t in some
c ases d iffer marked ly from the g lob a l  p ic ture .
A bruz z i ,  Basi lic a ta ,  C a labri a  and Friuli fo llow the
na tiona l trend fa irly c lose ly,  and so do the M arche
and A puli a ,  a lthough here the c a tegory “Pastures”  is
a lso common.  The c ase of La tium is interesting ,  too:
the reg ion fo llows the genera l trend fa irly we ll and
seems to offer particular protection (in the form of
N a t iona l  Reserves) to the  C O RI N E c a tegory
“ C oasta l We tlands” ,  which is tota lly protected .  It is
worth noting the anoma lous c ase of Sard ini a ,  for
which the most important c lass found in the PA is
undoub ted ly “ O pen Spa ces” ,  whi le a ll other c lasses
are a lmost entire ly unprotected ,  and tha t of Mo lise ,
where the only type of PA to p lay a  signific ant ro le
seems to be N a tiona l Parks,  concentra ting chie fly on
“ Forest”  and “ O pen Spa ces” .

A lthough this tendency tow ards c lasses invo lving a
more “na tura l”  use of the so i l ind ic a tes a  pre ference
de term ined  by strong ly na tura l ist i c  cr i ter i a ,  i t
rema ins to be seen whe ther the system is congruous
in covering signific ant portions of landsc apes w ith
“ w idespre a d na tura l chara c teristics” ,  where the

mosa ic  of areas w ith d ifferent
types of land use produces the
we ll-de fined ,  highly-pri zed fea -
tures of the Ita li an landsc ape .

If we compare the e leva tion of
the PA w ith the overa ll situa tion
in Ita ly,  it c an be seen tha t,  in
genera l,  the e leva tion of most of
the PA (med i an =  9 0 2 me ters;
mean =  1 , 0 1 7 me ters) is grea ter
than the mean va lue for Ita ly as a
who le (med i an =  3 3 7 me ters;
mean =  5 3 5 me ters) (Fig .  1 5);
this is p articularly obvious in the
c ase of the N a tiona l Parks (med i-
an =  1 , 0 4 3 me ters;  mean =
1 , 1 5 7  me ters) and  Reg iona l
Parks (med i an =  9 7 1 me ters;
me an =  1 , 0 5 4  me ters) .  The
N a tiona l Reserves (med i an =
7 6 3  me ters;  me an =  7 8 3
me ters),  desp ite having a  mean
e leva tion grea ter than tha t of

Ita ly as a  who le ,  cover a  w ide range of a ltitudes,
which there fore a lso inc lude the mean va lues for
Ita ly.  The Reg iona l Reserves and O ther Protected
N a tura l Areas,  on the other hand ,  re flect the overa ll
situa tion in the country.

O n a  reg iona l sc a le ,  e leva tion c an of course be very
d ifferent from the situa tion described above .  For
examp le ,  in La tium,  the N a tiona l Reserves and O ther
Protected N a tura l Areas have an e leva tion pa ttern
lower than the reg iona l average; in Tusc any,  a ll
types of PA have an e leva tion pa ttern tha t perfectly
co incides w ith the reg iona l avera ge; l astly,  in
Sard ini a ,  a ll types,  excep t for O ther Protected
N a tura l Areas,  have an e leva tion pa ttern lower than
the reg iona l average .

In order to quantify human presence and to de ter-
mine its influence in the na tura l processes tha t ta ke
p la ce in the protected areas,  a  comparison w as
made be tween the presence of roads in the PA and
the average for Ita ly as a  who le .  The ex istence of
roads w as ta ken as a  good ind ic a tion of the pres-
ence of human a ctivity in a  g iven area ,  since they
represent permanent infrastructures which,  subd ivid-

15

95,89 4,11 0,45 3,18 0,11 0,30 0,10 2,25 0,89
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Ta b .  II.  Percentage of the area occupied by the C O RI N E Land Cover ca tegories tha t fa lls
in each type of Protected Areas, in a ll the Protected Areas and in unprotected territory.
N .B.: the various types of PA , like the SC I and SPA , overlap w ith one another; as a  result,
the percentages indica ted in this table do not necessarily add up to 100%.
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ed into the various kinds (Motorw ays,  M a in Roads,
Secondary Roads) g ive a  good idea  of the type and
extent of human interference .

In Ita ly as a  who le ,  roads cover a  tota l of 2 , 1 9 9 , 5 1 4
ha ,  i .e .  more than 7% of the area  of the country.  In
the PA ,  ta ken toge ther,  the area  occup ied by roads

amounts to less than 4%,  ind i-
c a ting a  pre ference for less d is-
turbed areas.  Most of this per-
centage consists of Secondary
Roads,  whi le only a  very sma ll
area  is a ffected by the presence
of Motorw ays  (Fig .  1 6 ,  Tab .  III).  

As far as the ind ividua l types
are concerned ,  the c ase of the
N a tiona l Parks is p articul arly
interesting: here roads a ccount
for just over 3% of the tota l area
and pra ctic a lly none of them
be long to the c lasses Motorw ays
and M a in Roads.  O nly 6 8 7 ha
(0 . 0 5% of the area  covered by
the N a tiona l Parks) are a ffected
by the presence of Motorw ays,

whi le only 9 8 0 ha  (0 . 0 9% of the area) are covered
by M a in Roads.

In the c ase of roads,  too ,  as described above for
C O RI N E Land C over and e leva tion,  ana lysis a t a
reg iona l leve l shows w ide ly vary ing trends,  w ith cer-
ta in types of PA d istinguished by the a lmost tota l

absence of roads and others by
a  road density higher than the
reg iona l average .  The la tter situ-
a tion is to be found in Basi lic a ta
(w ith the Reg iona l Reserves),  in
C amp ani a  (w ith the N a tiona l
Reserves),  in Emi li a  Romagna
(w i th O ther Pro tec ted Are a s)
and in the Autonomous Province
of Trento (w ith O ther Protected
Areas).  The situa tion found in
Aosta  Va lley and Friuli Venez i a
G iuli a  is exa ctly the opposite:
here pra ctic a lly a ll types have a
road density approa ching zero .
There are a  few speci a l c ases:
A puli a ,  where 1 7% of the O ther
Protected Areas are covered by
roads;  Liguri a ,  where 2 0% of
O ther Protected Areas are cov-
ered  by ro a ds;  and  Em i l i a
Romagna ,  where ,  aga in,  1 0%
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Fi g .  1 5 .  Eleva tion distribution of Protected Areas, SC I and SPA . The black horizonta l line
in each box indica tes median a ltitude . The lower and upper edges of the box respectively
indica te 25% and 75% distribution percentiles. The lines outside the box indica te 95% of
eleva tion distribution. N P = N a tiona l Parks; RP = Reg iona l Parks; N R = N a tiona l Reserves;
RR = Reg iona l Reserves; O PA = O ther Protected N a tura l Areas; SC I = Sites of European
Community Importance; SPA = Specia l Protection Areas.

Fi g .  1 6 .  Percentage distribution of roads in the country, in a ll the Protected Areas, in each
type of PA , in the SC I and in the SPA . The percentage of territory occupied by the road
network is indica ted in grey.
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of O ther Protected Areas are covered by roads.  In
these c ases it must be underlined tha t,  in view of the
very sma ll si ze of the areas considered ,  the presence
of even a  few roads c an have a  marked e ffect on
density va lues.
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Ta b .  III.  Percentages of roads in the country, in the Protected
Areas, in each type of Protected Areas, in the SC I and in the
SPA . Little Egret (Egretta garzetta)
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N a ture 2000 N etwork, as described in Directive
92 / 43 / CEE issued in 1992 , is intended to be a series of
areas with the function of protecting biodiversity in the ter-
ritory of the European Community. When the network has
been completed, through agreements to be reached
between the European Union and the member countries,
it will consist of two kinds of areas: SCI (Sites of European
Community Importance) and SPA (Specia l Protection
Areas). Both types are currently undergoing fina l verifi-
cation by the European Commission, and if they are
approved they will represent the potentia l future for the
growth of the PA system in Ita ly. For the moment, the sta-
tus of these areas is that of proposed sites (SCI) subject to
transitory provisions.

In Ita ly, N ature 2000 N etwork currently consists of 343
SPA and 2 ,417 SCI (see Figs. 9-10 , 17-18).

Taken together, the SCI cover 4 ,172 ,447 ha , corre-
sponding to over 13 .8% of the area of the country. The
SPA cover 1 ,845 ,619 ha , amounting to 6% of the area
of the country.

The SCI have a mean size of 1 ,789 ha and a median
size of 500 ha . Only one area , out of the tota l of 2 ,417 ,
has an area of over 100 ,000 ha , while most of them
(65%) cover an area of less than 1 ,000 ha and 27% less
than 100 ha (Fig. 19). In the light of these figures, their
role within the protected areas system
in Ita ly must be given serious consider-
ation.

As far as the SPA are concerned, the
mean area is 5 ,381 ha , while the
median area is 1 ,138 ha . The largest
SPA covers an area of over 100 ,000
ha , while the sma llest covers just over 4
ha . For both SCI and SPA , the largest
area covered is that of the Murgia A lta
district in Apulia (Fig. 19).

At a regiona l level, Sicily is the region
where the largest number of SCI have
been proposed (214), while Latium has
the greatest number of SPA (48) (Tab.
IV). Looking at the percentage of terri-
tory proposed for N a ture 2000
N etwork, Liguria has identified over
25% of the region as SCI, while

Abruzzo has indicated over 29% of its area as SPA .

The environmenta l and physiognomic characterization of

the SCI and SPA shows that for both of them the preferred
C O RINE Land Cover classes (Fig. 20 , Tab. II) are  the
same as for the PA , but with the addition of “ Wetlands”,
“Inland Wetlands” and “Marine Waters”. Here, too,
regiona l characterization revea ls situations that differ
considerably. In C ampania , Emilia Romagna , Friuli

N a tu r e  2 0 0 0  N e t w o r k  i n  It a l y3
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Fi g .  1 7 .  Percentage of the country covered by SC I and SPA;
the number of SC I and SPA in Ita ly is indica ted .

Fi g .  1 8 .  Percentage of reg iona l territory covered by SC I and SPA .
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Venez ia G iulia and Latium, the preferred classes for both
SCI and SPA include “Pastures” in addition  to the above-
mentioned categories, while Abruzz i and C ampania
closely follow the regiona l trend. A very interesting situa-
tion is to be found in certa in regions, such as the Aosta

Va lley, the Autonomous Province of Trento and Molise,
where both SCI and SPA seem to focus on certa in
C O RINE categories (essentia lly “ Wetlands” and “Inland
Waters”) that are hardly covered at a ll by the PA .

On average, the SCI and SPA are to be found at eleva-
tions higher than the mean va lues for Ita ly, and with a few
exceptions the same is true for the ana lyses carried out at
a regiona l level (Fig. 15). For SPA , Sardinia , Emilia
Romagna and Tuscany have an unusua l elevation distrib-
ution, below the mean va lues for the region.

W ith regard to the presence of roads, too, both SCI and
SPA roughly follow the trend of the PA and usua lly avoid
zones with a high road density, a lthough the situations to
be found in the individua l regions undoubtedly vary
widely, ranging from the case of the Aosta Va lley, where
there are very few roads in either SCI or SPA , to that of
Molise, where the road density is very close to that of the
region as a whole.

If we compare the location of the SCI and SPA with that
of the existing PA , we find that no less than 68% of the
area of the SPA and 41% of the area of the SCI fa ll with-
in existing PA (Tab. I, Figs. 21-22). The biggest overlap
for the SCI is with respect to Regiona l Parks (21% of the
area of the SCI) and N ationa l Parks (15% of the area of
the SCI), whereas the SPA overlap with N ationa l Parks
(35% of the area of the SPA) and Regiona l Parks (29% of
the area of the SPA). Overlapping with other types of PA
occurs very rarely (around 2% for SCI and 5% for SPA),
a lthough it often involves existing PA in their entirety.
There is a lso considerable overlapping between SCI and
SPA , involving a substantia l portion of the area covered
by the SCI (33%) and most of the area covered by the
SPA (75%).
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256.022 318.749 130 4
60.998 34.237 69 17
66.983 27.339 171 4
342.446 141.726 154 13
181.782 97.960 105 41
122.338 81.098 61 7
126.033 235.619 177 48
136.024 19.599 94 7
204.752 64.173 177 7
99.680 1.017 93 3
69.457 817 46 3
256.565 95.811 130 41
139.536 116.292 34 16
150.964 13.274 146 14
406.036 213.592 75 16
405.623 16.118 114 9
368.993 126.143 214 47
254.444 46.267 123 30
98.156 47.151 102 7
68.699 71.130 26 1
356.916 77.507 150 18

SCI (ha)    SPA (ha)   SCI (N°)   SPA (N°)
Abruzzo

Basilicata
Calabria

Campania
Emilia Romagna

Friuli Venezia Giulia
Lazio

Liguria
Lombardia

Marche
Molise

Piemonte
Prov. Auton. Bolzano

Prov. Auton. Trento
Puglia

Sardegna
Sicilia

Toscana
Umbria

Valle d’Aosta
Veneto

Fi g .  1 9 .  Number of SC I (in orange) and SPA (in blue) in Ita ly
by classes of area (ha).

Ta b .  I V.  Number of SC I and SPA in each reg ion and area (ha)
of reg iona l territory occupied by them.

Fi g .  2 0 .  Percentage of the various C O RI N E Land Cover ca te-
gories in the SC I and SPA .
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Fi g .  2 1 .  Areas of overlapping between SC I and Protected Areas.

Protected Areas
SCI
Overlapping Areas
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Fi g .  2 2 .  Areas of overlapping between SPA and Protected Areas.

Protected Areas
SPA
Overlapping Areas



In recent years, the concept of ecolog ica l network has
come into use in many disciplines, as a  reference for
both theoretica l and practica l applica tions. This w ide-
spread diffusion is due to the fact tha t it is an extreme-
ly versa tile conceptua l tool, which is applicable in a
large number of contexts and which a llows effective
classifica tion of different na tura l and human phenome-
na , examining them as a  series of factors w ith different
functions tha t intersect and cross like the mesh of a  net.

We can identify four ma in spheres in which the con-
cept of ecolog ica l network has been applied: in land
use projects, where the network is the tool tha t makes
it possible to represent the dynamism and interdepen-
dence of the na tura l and human components; in pro-
grammes for “susta inable” socio-economic develop-
ment, where the network is used to illustra te , in a ver-
sa tile fashion, resources, informa tion flows, responsi-
bilities and services compa tible w ith the conserva tion
of na tura l resources in the area under considera tion; in
designing an integra ted system of protected areas and
in assessing their effectiveness; in the scientific disci-
plines of ecology and conserva tion biology, where the
concept of network effectively brings together the
mechanisms tha t determine the pa ttern of the various
life forms  w ithin the territory (Regg iani et a l., 2000).

In the concept of network linked more closely to the dis-
ciplines of ecology and conserva tion biology, and in
applica tions rela ting to planning and manag ing land

use in particular, reference has been made to the need
to identify (and preserve) core areas in which a g iven
species has a  stable presence , to surround these areas
w ith buffer zones in order to protect them from outside
influences tha t might be harmful, and to identify (and
preserve) landscape fea tures  – whether continuous
(corridors) or discontinuous (stepping stones) - tha t
enable ind ividua ls of a  certa in species to move
between core areas. In addition, considera tion has
been g iven not only to the rela tionships between the
various components of the network, but a lso to those
between the sa id components and the environmenta l
ma trix (Dunning et a l., 1992).

C irceo N a tiona l Park (La tium – Centra l Ita ly)

4  T h e  E c o l o g i c a l  N e t w o r k :  a  p a r a d i g m  o f  c o n c e p t u a l  r e f e r e n c e

Th e  Ec o lo g ic a l N e t w o r k :  a  p a r a d i g m  o f  c o n c e p tu a l r e f e r e n c e 54
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5 The points made in Chapter 4 make reference to: Boitani et a l., 2002 .

Crested Porcupines (Hystrix crista ta)



4 . 1  M e t h o d o l o g i c a l  a p p r o a c h e s

The methodolog ica l approaches utilized to identify an
ecolog ica l network are closely connected w ith the a tti-
tudes of the disciplines in which this concept has been
applied .

In the field of landscape ecology in particular, “net-
work” often has a  strictly territoria l connota tion. In this
approach, the territory is interpreted and ana lysed on
the sca le of a  landscape , the degree of fragmenta tion
and the connectivity of its various components being
assessed as a  whole .

In the case of conserva tion biology, the starting point
may still be a structura l approach, a imed firstly a t
assessing the territory and identifying its components
(Ba ttisti, 2002), but this phase must necessarily be fol-
lowed by a phase in which the network is qua lified as
to its contents by adopting the ecolog ica l perspective
of a  species or group of species w ith respect to the ter-
ritoria l system ana lysed . This concept of network, there-
fore , a lways incorpora tes the ecolog ica l and etholog i-
ca l perspective of the species in question (Gusta fson &
G ardener, 1996): the importance of a  certa in type of
habita t, the possible presence of a  barrier or ecotone
(M anson et a l., 1999) or the permeability of an envi-
ronmenta l ma trix a lways refers to the particular species
under considera tion.

The choice of the species is clearly a crucia l point, for
which various criteria have been suggested: the con-
serva tionist criterion, in which the network centres on a
species or group of species tha t is endangered as the
result of a  complex web of human and na tura l factors;
the bio-geographic criterion, in which the network
focuses on a species or group of species w ith a par-
ticularly significant distribution pa ttern, and lastly the
ecolog ica l criterion, in which the species included in
the network can have a key role in signa lling the eco-
log ica l needs of other species (umbrella species), or in
highlighting the functiona lity of an ecosystem (key
species), or in underlining , from an ecolog ica l view-
point, the problem of territoria l fragmenta tion (species
sensitive to fragmenta tion), or in providing a frame-
work for possible expansion (introduced species) etc.
(Boitani, 2000).

It is therefore clear tha t the choice of a  species or
group of species is effective only in responding to one

particular study objective , and it is unlikely tha t the
results obta ined can be extended to a ll biodiversity.

In the scientific world , this problem is a t the centre of a
hea ted deba te . O n the one hand , some people are
studying the possibility, in various ecosystems, of utiliz -
ing a limited number of species to indica te the sta tus of
tota l biodiversity ( O liver et a l., 1998; Dobson et a l.,
1997), while on the other hand this is frequently found
to be impossible  (Kerr, 1997; W illiams et a l., 1996).

It is clear tha t the scientific world is actively engaged
in a ttempting to map the complexity of biodiversity by
means of a  part of it; if it were to succeed , the reper-
cussions from the management point of view would be
far-reaching , and such a ttempts are therefore worthy of
grea t a ttention and participa tion by a ll the scientific
community.

In view of the fact tha t the scientific world has not
reached a consensus on the ethica l and scientific leg it-
imacy of choosing a group of species in order to eva l-
ua te overa ll biodiversity, the innova tive contribution of
RE N  has been to broaden the founda tion of the ana ly-
sis procedure by adopting and refining the ecolog ica l
perspective of a ll Ita lian terrestria l vertebra tes and
freshwa ter fish.

In this context, then, the RE N  project consists of five
ma in phases of research and ana lysis:

1) synthesis of informa tion on the distribution and ecol-
ogy of Ita lian vertebra tes, leading to the crea tion of the
Banca Da ti Faunistica (Anima l Da tabase) in 2002;

2) elabora tion and ana lysis of the potentia l distribution
of each species over the na tiona l territory, through the
crea tion of habita t suitability models;

3) ana lysis and critica l interpreta tion of each habita t
suitability model, paying particular a ttention to the
fragmenta tion of suitable areas, and proposa ls for the
conserva tion and management of suitable habita ts for
each species considered;

4) va lida tion of habita t suitability models by means of
an independent da ta set;

5) de f inition and construction o f the N a tiona l
Ecolog ica l N etwork for vertebra tes.

M eth o d o lo g ic a l a p p ro a c h es
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The Anima l Da tabase 2 0 0 2 (Banc a  Da ti F aunistic a
2 0 0 2) w as crea ted as a  too l necessary for the
N a tiona l Eco log ic a l N e twork and use ful for the con-
serva tion of a ll Ita li an vertebra tes.  The co llection and
organi z a tion of  scientific  d a ta ,  and the provision of
a ccess to them,  represent essenti a l steps in any con-
serva tion po licy.

The Anima l Da tabase 2 0 0 2 consists of a  comp le te
revision of the previous Anima l Da tabase crea ted for
the M inistry of Environment in 1 9 9 2 .  The revised

da tabase inc ludes a ll species of Ita li an vertebra tes
cod ified in the most recent check-lists pub lished for
the various groups  (Kotte la t,  1 9 9 7; Bi anco ,  1 9 9 8;
Socie tas Herpe to log ic a  Ita lic a ,  1 9 9 6; Briche tti &
M assa ,  1 9 9 8; Amori e t a l. ,  1 9 9 9),  g iving a  tota l of
5 0 4 species.  O f these ,  8 2  species are freshw a ter
fish,  3 4  amphib i ans,  4 3  rep ti les,  2 4 4 b irds regular-
ly breed ing in Ita ly and 1 0 2 mamma ls.

The informa tion conta ined in the Anima l Da tabase
w as approved by experts on the various taxa  who

were c a lled in to a ct as guar-
an tors ,  ensur ing tha t  the
informa tion w as concise and
up to da te .

The da tabase is an intera c-
tive system a llow ing consul-
ta tion of and a ccess to the
informa tion by means of  the
so ftw are M i croso ft A c cess
9 7© (Fig .  2 3).  In order to
ma ke it simp le and easy to
consult,  the informa tion has
been organi zed as a  system
of d a ta  shee ts,  one for ea ch
species.  Each da ta sheet con-
sists of four sections: a  sys-
tema tic  taxonomic  descrip-
tion, a  summary of the ma in
b io log i c a l  and  e co log i c a l
characteristics of the species,
an assessment of the environ-
menta l fea tures it prefers, an
upda ted map of its distribu-
tion range in Ita ly.

4 . 2  A n i m a l  D a t a b a s e

A n i m a l D a t a b a se
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Fi g .  2 3 .  O pening page of the Anima l Da tabase 2002 which includes, for each species of
Ita lian vertebra te , a  taxonomic and systema tic description (Level 1: SPEC IES DETAILS), and syn-
thesis of the principa l biolog ica l and ecolog ica l characteristics (Level 2: HABITAT RE Q UIRE-
ME N TS), an assessment of habita t preferences (Level 3: HABITATS I N FLUE N CE) and an illustra -
tion of the distribution range in Ita ly (RA N GE).



Habitat suitability models make it possible to develop and
summarize species-environment relationships and repre-
sent a va lid tool for use in surveys and projects relating
to conservation and land use (Dupré, 1996). They pro-
vide a map showing how the various areas can offer dif-
ferent types of habitat for each species.

Through a series of procedures (Boitani et a l., 2002), the
information conta ined in the database for each species of
Ita lian vertebrates was developed and translated into an
habitat suitability map covering the whole of Ita ly. The
models were created taking advantage of the potentia l of
the Geographic Information System (G IS) and utiliz ing
geographic data of various kinds: C O RINE Land Cover,
Digita l Terra in Model, water and road networks. For each

model, four suitability classes were identified (Box 1).

Habitat suitability models were drawn up for 477 of the
504 species included in the database. The species for
which there was too little information ava ilable were omit-
ted. In order to ensure that the model suited the natura l
history characteristics of the species, nine different types
of model were developed.

According to the qua lity and quantity of data ava ilable,
the results given by the models ranged from offering no
improvement with respect to simple information about the
distribution range (i.e. the model was unable to make
any useful distinction within the territory inhabited by the
species) to identifying possible mosa ics of suitable habi-
tat for the species (Fig. 24).

To give a better interpretation
of the environmenta l mosa ics,
an ana lysis was then carried
out on the fragmentation of
areas with varying suitability,
for the portion of the model
included in the d istribution
range only. This ana lysis made
it possible to study in greater
deta il how the network of areas
of d iffering importance to
the  spe c i es is struc tured
(Mc G ariga l & Marks, 1999).

Each model is introduced by
notes on the distribution of
areas with different levels of
suitability, the degree of frag-
mentation and the overa ll per-
formance of the model (Box 2).

4 . 3  E n v i r o n m e n t a l  s u i t a b i l i t y  m o d e l s  f o r  t h e  v a r i o u s  s p e c i e s

En v i ro n m e n t a l  su it a b il i t y  m o d e ls f o r  t h e  v a r i o us s p e ci e s
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Suitability classes

UNSUITABLE

Environments that do not satisfy the ecological requirements of the
species. 
N OT VERY SUITABLE (LO W SUITABILITY)

Habitats that can sustain the presence of the species only in a way
that does not guarantee long- term stability.
FAIRLY SUITABLE (MEDIUM SUITABILITY)

Habitats able to sustain a stable presence of the species but which do
not generally appear to be optimal habitats.
VERY SUITABLE (HIGH SUITABILITY)

Ideal habitats for the presence of the species.

B O X  1
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Fi g .  2 4 .  Habita t suitability model for the Dunnock (Prunella modularis); the distribution range of the species includes mounta inous
areas in the A lps and Apennines, while the model is able to show more clearly the areas w ithin the range tha t have different degrees
of importance for the species.

Unsuitable
Low suitability
Medium suitability
High suitability

Range
Lakes and Lagoons

Habitat suitability
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D U N N O C K  (Prunella modularis)
In Ita ly this species has a continuous breeding range occupying the A lpine and pre-
A lpine sectors, from the western Maritime A lps to the C arnic A lps, and a lso the
Apennine ridge from the area near Pavia to Molise. An isolated reproductive nucleus is

present in C a labria , on Mount Sila .
The Dunnock prefers mounta inous environments, particularly forests interspersed with open spaces. In the model
(M O D1)1 coniferous forest and moors and heathland have been considered the environmenta l categories most
suitable for breeding, but broad-leaved forest, mixed forest, sparsely vegetated areas (steppa , tundra) and tran-
sitiona l woodland shrub have a lso been judged fa irly suitable.
Over ha lf the distribution range (a lmost 60%) consists of suitable areas: 40% fa irly suitable areas and 20% very
suitable areas. 
The fa irly suitable areas lie chiefly at the foot of the A lpine arc and a long the Apennine ridge; the very suitable
areas are most frequent in the eastern A lps, while the only significant nuclei in centra l-southern Ita ly are in the

Abruzz i Apennines and on Mount Sila .
There is clearly a close link between the pattern of suitable areas
and that of the distribution range throughout the length of the
peninsula , while the fa irly suitable areas, located between
C ampania and Basilicata and in southern C a labria , are the only
ones of any size that seem not to be utilized by the species.
Suitable patches have been aggregated (PLADJ2 has a high
va lue, equa l to 84 .43) and on average cover a good area

(AREA_M N 2, corresponding to 50 ,10 Km2), even if the largest patch covers no more than 15% of the whole
range (see  LPI2). The fa irly suitable areas have a significant weight for the purposes of the continuity of suitable
habitats within the range, because if we exclude them from the ana lysis we see a considerable increase in the
number of patches (see NP2) at the expense of their area  (see AREA_M N 2, LPI2).
The model indicates the need to take appropriate measures to ensure the ma intenance of the complex mosa ic
of areas of an ecotona l kind frequented by the species in the mounta inous sectors of the peninsula .

B O X  2

Suitability Classes

Unsuitable (0)
Suitable (1,2,3)
Highly suitable (3)

2.810
610

1.715

7,07
50,10

5,79

38,95
436,18

81,38

1,59
14,81

6,33

4,94
17,51
11,47

1,42
1,55
1,40

75,81
84,43
69,49

Number of
patches

(NP)

Mean patch
Size

(AREA_MN)
Km  

Patch size
SD

(AREA_SD)

Largest
Patch
Index
(LPI)

Mean Shape
Index

(SHAPE_MN)

Area-Weighted
Mean

Shape Index
(SHAPE_AMN)

Percentage
of Like

Adjacencies
(PLADJ)
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VALIDATION

The model for the species has been va lida ted , w ith an agreement index
of 62%.
The model tha t includes w intering phenology3 has a lso been va lida ted
w ith an agreement index of 62%.

1 M O D1: this is one of the nine types of model crea ted (for further deta ils see Boitani et a l., 2002).
2 Fragmenta tion indices utilized (for further deta ils see Boitani et a l., 2002).
3 For certa in species of bird a further suitability model has been constructed, which a lso takes into considera tion informa tion rela ting
to phenologies other than breeding phenology (for further deta ils see Boitani et a l., 2002).

Example of description accompanying each environmenta l suitability model: includes notes on distribution
range , fragmenta tion, priority conserva tion activity, model performance .

Suitability Classes Surface (km  )

Unsuitable
Low suitability
Medium suitability
High suitability

Total

%

20.292,74
0,00

20.022,17
10.051,33

50.366,24

40,29
0,00

39,75
19,96

100,00

2



4 . 4  V a l i d a t i o n  o f  s u i t a b i l i t y  m o d e l s

The va lida tion exercise represents a  crucia l moment in
the construction of a  model. Since this is a  conceptua l
projection, and as such cannot be right or wrong , va l-
ida tion consists in eva lua ting how well or otherw ise the
model corresponds to the modelled phenomenon.

Consequently, this phase involves assessing the model
on the basis of how closely the picture g iven corre-
sponds to rea lity. M any different criteria can be adopt-
ed for the assessment, some more stringent than others
but a ll equa lly applicable . It is necessary, however, to
establish a basic assessment criterion, in order to dis-
crimina te between models w ith different degrees of
correspondence to rea lity.

In the project, the va lida tion exercise was carried out
by comparing the potentia l distribution pa ttern of a
g iven species, defined as the set of suitable areas
resulting from the model, w ith independent da ta rela t-
ing to the actua l presence of the species in question.
The basic criterion for assessment and the ana lysis pro-
cedure were chosen according to the qua lity of the
da ta ava ilable for each taxonomic group .

The va lida tion exercise was carried out on the models
for species for which a t least 10 presence loca tion
da ta were ava ilable . It therefore covered 54% of the

models for mamma ls, 60% of those for birds, 67% of
those for reptiles, 82% of those for amphibians and
47% of those for fish. The models for fish, amphibians
and reptiles were a ll found to be va lida ted , those for
birds in 68% of the cases and those for mamma ls in
96% of the cases.

In interpreting the results it is important to remember
tha t the presence loca tion da ta were collected for rea -
sons unrela ted to this va lida tion exercise; as a  result,
they do not a lways have a ll the requisites for a fully reli-
able assessment of the models. N evertheless, the excel-
lent results obta ined (83% of the models ana lysed were
found to be va lida ted) demonstra te the predictive
capacity of the proposed models and confirm their
va lue as effective tools for land use management a t a
na tiona l level.

V a li d a ti o n  o f  su it a b il i t y  m o d e ls
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Arcipelago Toscano N a tiona l Park (Tuscany – Centra l Ita ly)

Red Heron (Ardea purpurea)



4 . 5  E c o l o g i c a l  n e t w o r k s

W ithin the framework of the pro ject,  various eco log-
ic a l ne tworks were dra wn up: a  “g loba l ne twork ” ,
ta king into considera tion a ll vertebra tes (Fig .  2 5c),  a
ne twork for ea ch taxonomic  group (mamma ls,  b irds,
rep ti les,  amphib i ans and fish) (Figs.  2 6c,  2 7c,  2 8c,
2 9c,  3 0c) and one for the 1 4 9 endangered species
listed in the Ita li an Red List  Book (Bulgarini e t a l. ,
1 9 9 8) (Fig .  3 1c).  Ea ch eco log ic a l ne twork repre-
sents species richness d istribution throughout the
country and is crea ted by overlay ing the hab ita t suit-
ab i lity mode ls for the species considered .  From ea ch
mode l,  a ll the suitab le zones w ithin the d istribution
range of the species have been extra cted ,  regard less
of the leve l of suitab i lity.  N o d istinction has been
made be tween the various leve ls of hab ita t suitab i li-
ty,  so as to inc lude a ll the areas w ith d iffering poten-
ti a l for hosting the ind ividua l species and to temper
the d ifferent eco log ic a l signific ance of the various
suitab i lity c lasses w ith regard to the five taxonomic
groups.

In dra w ing up the eco log ic a l ne tworks,  suitab i lity
mode ls re la ting to both na tive and na tura li zed
species were ta ken into considera tion6 .  As far as fish
are concerned ,  the study inc luded non-na tive species
which have become a cc lima ti zed in a  stab le fashion
and which do not interfere ,  or have interfered only
slightly,  w ith the na tive communities (Bi anco ,  pers.
com.).  O nly va lida ted mode ls and those for which
there were insufficient d a ta  for the va lida tion exer-
cise were inc luded in the ne twork.

For obvious re asons,  the species richness va lues
have a  d ifferent d istribution pa ttern,  as to both la ti-
tude and e leva tion,  for ea ch eco log ic a l ne twork
(Bo itani e t a l. ,  2 0 0 2).

For ea ch ne twork,  a  Biod iversity Index w as c a lcula t-
ed ,  consisting simp ly in the ra tio: (M ax no .  of
species observed in the ne twork) / ( N o .  of species
presen t  in the  c e l l  cons i dered)* 1 0 0 0 .  The

Biod iversity Index w as used both to graphic a lly pro-
ject the eco log ic a l ne tworks and to ana lyse the b io-
d iversity pa ttern of vertebra tes in Ita ly.

Ec o lo g ic a l n e t w o r k s
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6 N a tive species: species living in a given area which origina ted there or arrived there without the direct intervention of man. N a tura lized
species: species which have been part of the Ita lian fauna from historic times, consisting of self-susta ining breeding groups (Andreotti et a l.,
2001). 

Griffon Vulture (G yps fulvus)



4 . 6  C o m p a r i s o n  b e t w e e n  n e t w o r k s

O ne of the most interesting ana lyses carried out was a
comparison between the qua lita tive , quantita tive and
geo-referenced characteristics of the various ecolog ica l
networks projected . The comparison of the overa ll net-
work of a ll species w ith the networks of the various
taxa and w ith tha t of endangered species demonstra t-
ed how the la tter are representa tive for identifying the
areas of Ita ly tha t have the grea test species richness.

The degree of overlapping between the overa ll net-
work and the networks for the individua l taxa is a ffect-
ed by the number of species and above a ll by the eco-
log ica l importance of the considered taxon. W hile
birds and mamma ls are amply diversified , in these
terms, this is far less true of amphibians and reptiles. It
was therefore expected tha t the bird network would be
the most representa tive and tha t the networks for
amphibians and reptiles would be a t the opposite end
of the sca le .

A comparison between the overa ll network and the net-
work of endangered species shows tha t the distribution
of the areas w ith the grea test species richness has a
very similar pa ttern in both networks; this means tha t
the network of endangered species can be considered
representa tive (an indica tor) of the diversity of Ita lian
vertebra tes.

C o m p a r iso n  b e t w e e n  n e t w o r k s
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Stelvio N a tiona l Park (Lombardy – N orthern Ita ly)



5  C o n g r u e n c y  a n a l y s i s  o f  P r o t e c t e d  A r e a s

The pa ttern of the biodiversity index for vertebra tes in
Ita ly (w ith va lues rang ing from 0 to 1 ,000) (Figs. 25a ,
25b) was compared w ith the pa ttern of the same index
w ithin the system of Protected Areas as a  whole and
w ithin tha t of the individua l ca tegories of PA (N a tiona l
Parks, Reg iona l Parks, N a tiona l Reserves, Reg iona l
Reserves, O ther Protected Areas, SPA , and SC I), w ith
the a im of ana lysing which types of Protected Area
play a particularly important part in the conserva tion
of vertebra tes. A  further comparison, w ith the parts of
Ita ly not covered by PA , made it possible to pinpoint
any high biodiversity va lues not yet included in the PA .
A similar comparison was made , w ith the parts of Ita ly
omitted from the PA (Fig . 25d) and those omitted from
the tota l of PA plus SC I and SPA (Fig . 25e), in order to
assess their contribution to biodiversity conserva tion.
Lastly, a  comparison between a map of biodiversity
indices and a map of PA (plus SC I and SPA) made it
possible to identify zones w ith maximum biodiversity
va lues tha t are still outside the system of PA . Two impor-
tant aspects of this study should be emphasized: a) the
ana lyses were carried out on a sca le of 1:100 ,000
and the notes tha t follow are va lid for this sca le: it is
not technica lly correct to interpret the same da ta a t a
grea ter level of deta il; b) the whole ana lysis is based
on species diversity and does not take into account
another important parameter tha t is fundamenta l for
the PA policy: the protection of endemisms tha t are not
necessarily associa ted w ith high overa ll biodiversity
va lues.

The follow ing paragraphs illustra te only the most sig-
nificant results of the study.

C o n g r u e n c y  a n a l y sis  o f  P r o t e c t e d  A r e a s b a s e d  o n  n u m b e r  o f
v e r t e b r a t e  s p e ci e s
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Dolomiti Bellunesi N a tiona l Park (Veneto – N orthern Ita ly)

Abruz zo N a tiona l Park (Abruz z i – Centra l Ita ly)



5 . 1  A l l  s p e c i e s  o f  v e r t e b r a t e s

In the system of existing and proposed PA (a ll the PA
plus SC I and SPA), the pa ttern of the biodiversity index
differs from tha t of Ita ly as a whole, indica ting tha t the
system of PA does not cover a random sample of land
but makes specific choices (Figs. 25a , 25b). In particu-
lar, portions of territory w ith high biodiversity seem to
be well represented, but portions w ith high diversity va l-
ues tha t are nevertheless lower than maximum va lues
are poorly represented .  Furthermore ,  the system
includes a considerable amount of land tha t has diver-
sity va lues equa l to those most w idespread in Ita ly and,
strangely, a lso includes portions of territory tha t have a
higher percentage of extremely low diversity va lues
than Ita ly as a whole. An aggrega ted result of this kind
is of little significance for practica l purposes and sepa-
ra tion into areas of different types gives more informa-
tion (Figs. 25a , 25b). The  areas tha t protect land w ith
high biodiversity in the most selective manner are the
N a tiona l Parks and SC I, followed by Regiona l Parks,
a lthough the la tter a lso include many less important
areas, some of them w ith extremely low va lues. The
N a tiona l Reserves show a lmost the same distribution
pa ttern as the index for Ita ly as a whole, apparently
indica ting tha t they do not cover areas of particular sig-
nificance for the conserva tion of the diversity of Ita lian
vertebra tes. The Regiona l Reserves have a similar trend
but have a more marked peak a t high diversity va lues,
indica ting a precise, targeted preference for protecting
limited areas. The ca tegory O ther Protected Areas does
not seem to be very significant. The SPA are in an inter-
media te situa tion: they include a high percentage of
areas w ith low biodiversity va lues a longside areas w ith
intermedia te or high biodiversity. This pa ttern can easi-
ly be expla ined by the na ture of the SPA , which are
dedica ted to protecting species of birds in fulfilment of
European Directive 79 / 409 / CEE: these species often
utilize open spaces, cultiva ted land and margina l areas
where the overa ll diversity va lue of vertebra tes is rela-
tively low. It is therefore possible tha t the SPA fulfil the
function for which they were crea ted perfectly well
a lthough they are genera lly loca ted in areas w ith low
overa ll biodiversity.

An ana lysis of the diversity index distribution maps (Fig.
25c) immedia tely revea ls the fundamenta l role of the

Apennines, and to a lesser extent the A lps: they consti-
tute authentic backbones and ecologica l corridors tha t
are inva luable for Ita lian vertebra tes. The diversity
found in the mounta ins and foothills is striking in com-
parison w ith tha t of the coasta l areas and pla ins, where
diversity va lues are lower. O f the mounta inous terra in,
a t least three large areas are notable for having the
highest diversity va lues: the centra l Apennines, between
Molise and Abruz z i; the Ligurian Apennines and the
Maritime A lps; and the eastern A lps. It is important to
note the grea t territoria l block w ith high mean diversity
va lues, running unbroken from the C asentine Forests to
the frontier w ith France, including the whole stretch of
the Apennines across Tuscany and Romagna , together
w ith the Ligurian Apennines. The existing PA cover
large portions of the centra l Apennines, but the rest of
the Apennine cha in would be very sparsely covered
were it not for a close network of SC I which, in many
cases, helps to provide solutions of quasi-continuity
between existing PA and to cover important areas
devoid of other protection. The SC I network plays an
important role throughout much of the Apennine cha in,
but there are a few gaps, which w ill be defined more
clearly and described more precisely in subsequent
studies dedica ted to the various classes of vertebra tes
(Figs. 25d, 25e): in the eastern A lps there are large
areas w ith high diversity va lues tha t still have no cover-
age wha tsoever; in Liguria the system of PA shows a
marked bias towards certa in types and is hugely depen-
dent on SC I and SPA; the Apennines in Tuscany and
Romagna are not yet adequa tely covered by a network
of PA; the inland areas of Molise have very high diver-
sity va lues but are still outside the system and this is a ll
the more worrying in view of the fundamenta l role of
the Molise Apennines as a link between centra l and
southern Ita ly; lastly, it is urgently necessary to find a
way of joining the C ilento and Va llo di Diano N a tiona l
Park to the Pollino N a tiona l Park, since the areas
between them are of grea t importance as far as the
diversity of vertebra tes is concerned. An overa ll view
shows how few PA of any kind there are among the
foothills of the A lps and the northern part of the
Apennines. This is a ll the more serious in the light of the
role played by these portions of territory in ma inta ining
an ecologica l link between mounta ins and pla ins.

A ll  s p e ci e s o f  v e r t e b r a t es

32

5 .1



5 . 1  A l l  s p e c i e s  o f  v e r t e b r a t e s

33

F i g .  2 5 a .  Biod iversity Index frequency pa ttern (see par.  4 . 5) for Vertebra tes in the d ifferent types of Protected Areas and in the
country.

Fi g .  2 5 b .  Biodiversity Index frequency pa ttern (see par. 4 .5) for Vertebra tes in the country, in the Protected Areas, in the SC I, in the
SPA , in the areas outside the Protected Areas, and in the areas outside the whole system of SC I, SPA and Protected Areas.
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Fi g .  2 5 c.  Ecolog ica l N etwork of Ita lian Vertebra tes (darker shades of red indica te suitability for a grea ter number of species, up to a
maximum of 182).
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Fi g .  2 5 d .  Potentia l number of vertebra te species present in Ita ly, outside the Protected Areas.

Protected Areas
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Fi g .  2 5 e .  Potentia l number of vertebra te species present in Ita ly, outside the Protected Areas, SC I and SPA .

Protected Areas, SCI, SPA



5 . 2  M a m m a l s

The N a tiona l Parks seem to play a particularly impor-
tant role w ith regard to the entire class of mamma ls. In
the N a tiona l Parks, the va lues of the diversity index for
this class fa ll entirely w ithin the peak of maximum
diversity, reflecting one of the criteria most frequently
adopted in choosing a N a tiona l Park, i.e . the presence
of species of large vertebra tes. The Reg iona l Parks, on
the other hand , despite having a peak of high diversi-
ty grea ter than tha t of Ita ly as a  whole , a lso include a
grea ter proportion of areas w ith very low diversity,
indica ting tha t the importance of the areas covered is
often unconnected w ith the presence of a  particularly
important fauna (Figs. 26a , 26b , 26c).

The Reg iona l Parks, taken together, cover a  very w ide
area , influencing the distribution trend of the whole sys-
tem of existing and proposed PA , which shows a  simi-
lar diversity pa ttern.

N a tiona l Reserves and Reg iona l Reserves, too, include
sectors w ith a high diversity of mamma ls, but they a lso
include many areas w ith medium and low diversity.
The SC I show three frequency peaks corresponding to
high, average and low diversity va lues for mamma ls,
confirming tha t they have been proposed for specific
reasons, often ca libra ted on only a few species, and
not only mamma ls (Figs. 26a , 26b).

M amma ls are found over a  very w ide range of differ-
ent ecolog ica l sca les, from the microhabita ts of the
sma llest insectivores to the extensive areas occupied by
the largest, most mobile species, and it is certa inly dif-
ficult to make any kind of genera liz a tion, but they
undoubtedly constitute one of the classes for which it is
most necessary to adopt an authentic ecolog ica l net-
work approach, in order to ensure mobility and links
between fragmented metapopula tions. An effort can
probably be made to modify the boundaries and
dimensions of the SC I in order to emphasize their sup-
porting role for the system of O ther Protected Areas (as
links between parks and buffer zones around their
boundaries), particularly in the case of N a tiona l and
Reg iona l Parks (Fig . 26c).

The diversity distribution maps show a t least three
areas w ith very high mamma l diversities tha t have not

yet been included in any protected area , either exist-
ing or proposed (Figs. 26d , 26e). The eastern A lps
(northern and eastern Friuli), despite the presence of a
good number of SC I complementing a few O ther
Protected Areas, deserve particular a ttention w ith
regard to setting up a network of PA tha t are effective-
ly and efficiently connected to one another. G ood net-
work management might be an a lterna tive to extend-
ing the area covered by the protected areas. In west-
ern Piedmont, the foothills between Pinerolo and
Cuorgnè have been found to have extremely high
mamma l diversity, and yet the area is devoid of pro-
tection: since this is a  transversa l area running across
severa l hydrographic basins, action to ensure continu-
ity w ithin the area should be g iven high priority.

Lastly, the area of the mounta in pass between Tuscany
and Emilia to the east of Abetone , though surrounded
by a few PA and numerous SC I, is still outside the sys-
tem, despite the fact tha t it is an important node in the
mamma l network of the northern Apennines.

M a m m a ls
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F i g .  2 6 a .  Biod iversity Index frequency pa ttern (see par.  4 . 5) for M amma ls in the various types of Protected Areas and in the
country.

Fi g .  2 6 b .  Biodiversity Index frequency pa ttern (see par. 4 .5) for M amma ls in the country, in the Protected Areas, in the SC I, in the
SPA , in the areas outside the Protected Areas and in the areas outside the whole system of SC I, SPA and Protected Areas.
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Fi g .  2 6 c.  Ecolog ica l network of Ita lian M amma ls (darker shades of red indica te suitability for a grea ter number of species, up to a
maximum of 57).
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Fi g .  2 6 d .  Potentia l number of mamma l species present in Ita ly, outside the Protected Areas.

Protected Areas
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Fi g .  2 6 e .  Potentia l number of mamma l species present in Ita ly, outside the Protected Areas, SC I and SPA .

Protected Areas, SCI, SPA



5 . 3  B i r d s

O ur grea ter scientific know ledge of this class, together
w ith the grea ter visibility of the species and the ava il-
ability of a  large number of research workers, both
professiona ls and volunteers, has meant tha t birds
have been  one of the most frequent reasons g iven for
setting up protected areas. Species diversity does not
seem to have been the most important parameter, how-
ever, but ra ther the presence of a  few particular
species. The diversity pa ttern throughout Ita ly has a
characteristic bimoda l trend w ith two rela tively centra l
peaks. The system of PA , as a  whole , effectively reflects
this trend , indica ting a genera l lack of preference for
areas w ith higher diversity levels and indeed , on the
contrary, includ ing a d isproportiona te quantity of
areas w ith a very low bird diversity level. The N a tiona l
Parks are confirmed as the type of protected area tha t
most frequently includes territory w ith high diversity,
while the Reg iona l Parks, N a tiona l Reserves and in
genera l a ll other types of protected area do not seem
to have any specific preference for this class. The SC I,
on the other hand , are notable as being the areas w ith
the highest bird diversity, whereas the SPA show a less
clear-cut preference , very probably for the reasons
a lready expla ined above (Figs. 27a , 27b , 27c).

Perhaps for no class as much as tha t of birds, the glob-
a l network, consisting of PA plus SC I and SPA , appears
to g ive adequa te coverage to a ll the areas w ith the
highest diversity. W ith the exception of Molise , where
there are still large portions of territory w ith high diver-
sity tha t do not form part of the system of PA (Figs. 27d ,
27e), there do not seem to be other large areas of ter-
ritory tha t have high diversity and yet are devoid of
protection. O n the northern slopes of the Apennines in
Tuscany and Romagna there is a  vast area w ith high
diversity tha t appears to be very fragmented , but a
close-set mosa ic of SC I seems to form a homogeneous
network, the ecolog ica l efficiency of which, however,
should be verified .

In centra l-southern Piedmont there is a  w ide area w ith
average diversity tha t does not seem to have an ade-
qua te number of protected areas: the extension of the
area and its centra l position, overlooking the Po pla in,
make it potentia lly very interesting for conserva tion;

the territoria l layout of the protection system should be
properly verified . The foothills in Piemonte , too, have
average diversity and are poorly protected: as a lready
mentioned , the role of this area as a  link makes it more
important, despite the fact tha t the diversity index is not
very high.

Bir d s
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Fi g .  2 7 a .  Biodiversity Index frequency pa ttern (see par. 4 .5) for Birds in the various types of Protected Areas and in the country.

Fi g .  2 7 b .  Biodiversity Index frequency pa ttern (see par. 4 .5) for Birds in the country, in the Protected Areas, in the SC I, in the SPA ,
in the areas outside the Protected Areas, and in the areas outside the whole system of SC I, SPA and Protected Areas.
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Fi g .  2 7 c.  Ecolog ica l N etwork of Ita lian Birds (darker shades of red indica te suitability for a grea ter number of species, up to a maxi-
mum of 86).
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Fi g .  2 7 d .  Potentia l number of bird species present in Ita ly, outside the Protected Areas.

Protected Areas



5 . 3  B i r d s

46

Fi g .  2 7 e .  Potentia l number of bird species present in Ita ly, outside the Protected Areas, SC I and SPA .

Protected Areas, SCI, SPA



5 . 4  R e p t i l e s

The pa ttern of the biodiversity index for reptiles mirrors
tha t of amphibians and shows a  single peak, corre-
sponding to the highest levels of biodiversity, indica t-
ing tha t, on the sca le used to interpret the ana lyses,
reptile species are more ubiquitous and have larger
distribution ranges (Figs. 28a , 28b , 28c). In this con-
nection, the various types of protected areas show
trends for the diversity index tha t are essentia lly similar
to one another and a lso to the trend of Ita ly as a
whole . In other words, the PA do not seem to show any
significant preference for areas w ith grea ter reptile
diversity. O nce aga in, the N a tiona l Parks cover the
peak of high diversity, while the ca tegory O ther
Protected Areas covers a  single peak coinciding w ith
extremely high diversity.

It is probably better to look a t the distribution maps in
order to identify any irregularity between biodiversity
distribution and the PA system. Reptile distribution most-
ly concerns the Ita lian peninsula , and the areas of
grea test diversity tha t appear to be least covered by
the network of PA are centra l and western Liguria and
centra l and southern Tuscany (Figs. 28d , 28e). In
Liguria , the network of proposed SC I works well to
cover mounta inous and inland territory, but the coasta l
strip still seems very unprotected . In Tuscany, most of
the hills between the hinterland of Livorno ,  the
Meta lliferous H ills and the M aremma , as far as the
boundary w ith La tium, have no protection. In southern
Ita ly, C a labria and eastern Sicily stand out as areas

w ith high diversity levels, but they are only partia lly
included in the system of protected areas: in C a labria
it is chiefly the coasta l strips tha t rema in unprotected
and in south-eastern Sicily the SC I cover only a sma ll
percentage of the most important areas. It should be
emphasized tha t the completion of the ecolog ica l net-
work for reptiles (as for certa in other classes) does not
necessarily have to be achieved by setting up new pro-
tected areas; often it is sufficient to ensure habita t suit-
ability by means of rules and regula tions regarding
human activities, agricultura l practices and the use of
chemica ls.

Re p ti l es
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F i g .  2 8 a .  Biod iversity Index frequency pa ttern (see par.  4 . 5) for Rep ti les in the various types of Protected Areas and in the
country.

Fi g .  2 8 b .  Biodiversity Index frequency pa ttern (see par. 4 .5) for Reptiles in the country, in the Protected Areas, in the SC I, in the
SPA , in the areas outside the Protected Areas, and in the areas outside the whole system of SC I, SPA and Protected Areas.
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Fi g .  2 8 c.  Ecolog ica l N etwork of Ita lian Reptiles (darker shades of red indica te suitability for a grea ter number of species, up to a
maximum of 15).
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Fi g .  2 8 d .  Potentia l number of reptile species present in Ita ly, outside the Protected Areas.

Protected Areas
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Fi g .  2 8 e .  Potentia l number of reptile species present in Ita ly, outside the Protected Areas, SC I and SPA .

Protected Areas, SCI, SPA



5 . 5  A m p h i b i a n s

As might be expected in view of their unusua l natura l his-
tory and the number of species, amphibian diversity is
essentia lly concentrated on average-low va lues through-
out most of Ita ly (Figs. 29a , 29b, 29c). The system of PA ,
on the other hand, shows a clear-cut preference for areas
of high diversity as well. The N ationa l Parks and, to a
lesser extent, the Regiona l Parks and the N ationa l and
Regiona l Reserves contribute to this preference. A key
contribution towards enabling the system of PA to safe-
guard a good proportion of the areas with high amphib-
ian diversity comes from the SCI, and still more the SPA .
The latter components of the system are chiefly located in
areas of interest for bird species that inhabit wetlands
and so they natura lly provide conditions that are equa lly
suitable for amphibians.

It can be seen from looking a t the distribution maps, on
the large sca le used for the whole study, tha t two impor-
tant components of the ecologica l network for amphib-
ians are worthy of particular a ttention. The first is the
area of the Apennines in Tuscany and Emilia , and still
more the Ligurian Apennines as far north as G enoa ,
where we find the highest levels of amphibian diversity
tha t are not well covered by the network of PA . The poor
mobility of the species and the fact tha t they are associ-
a ted with ecologica l conditions tha t do not genera lly
perta in over extensive areas mean tha t the ecologica l
network project should be studied with particular care:
the area in question has a good number of SCI but large
portions of suitable territory still rema in outside the sys-
tem and activities must therefore be carefully regula ted
so as to keep possible links opera ting efficiently (Figs.
29d, 29e).

The second component of the ecologica l network for
amphibians is the massive block of areas with average
and high diversity tha t runs down from Molise to the
Pollino N a tiona l Park. This wide strip of land has a low
density of protected areas and SCI, perhaps on account
of the absence of other important biodiversity factors.
The map shows tha t much of this strip of land is poten-
tia lly suitable for amphibians and it is to be hoped tha t
the SCI system will be modified to ensure tha t it gives
adequa te protection to this class of vertebra tes (Figs.
29d, 29e).

A m p h i b i a ns
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F i g .  2 9 a .  Biod iversity Index frequency pa ttern (see par.  4 . 5) for Amphib i ans in the various types of Protected Areas and in the
country.

Fi g .  2 9 b .  Biodiversity Index frequency pa ttern (see par. 4 .5) for Amphibians in the country, in the Protected Areas, in the SC I, in the
SPA , in the areas outside the Protected Areas, and in the areas outside the whole system of SC I, SPA and Protected Areas.
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Fi g .  2 9 c.  Ecolog ica l N etwork of Ita lian Amphibians (darker shades of red indica te suitability for a grea ter number of species, up to
a maximum of 13).
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Fi g .  2 9 d .  Potentia l number of amphibian species present in Ita ly, outside the Protected Areas.

Protected Areas
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Fi g .  2 9 e .  Potentia l number of amphibian species present in Ita ly, outside the Protected Areas, SC I and SPA .

Protected Areas, SCI, SPA



5 . 6  F i s h

It is difficult to examine fish using the same methods
tha t are found useful for other vertebra tes, and the
observa tions tha t can be made for this class are so
genera l tha t more deta iled ana lyses are necessary in
order to develop directly applicable guidelines. The
graph illustra ting the pa ttern of biodiversity indices for
fish shows a  trend which, w ith a few varia tions, covers
a ll the va lues of the index in an a lmost uniform fashion,
indica ting tha t there is a  w ide variety of situa tions,
from the simplest where only a few species are present
to those w ith a grea ter number of species (Figs. 30a ,
30b . 30c). In the system of PA , there seems to be a
clear preference only for areas w ith low diversity, while
the system fa ils to protect the most significant part of
the territory for this class of vertebra tes. Even the
N a tiona l Parks and SC I do not modify this situa tion,
and only one ca tegory, O ther Protected Areas, shows
a peak corresponding to the highest diversity va lues. It
would seem clear tha t, apart from the difficulty of inter-

preting these figures, fish have not been g iven ade-
qua te considera tion in planning and crea ting protect-
ed areas in Ita ly, not even in the SC I.

The distribution map shows, despite the obvious frag-
menta tion of the hydrographica l networks, tha t the
areas of grea test diversity are to be found in the Po
pla in and in the basins of Tuscany and La tium, which
should be the object of a  renewed conserva tion stra te-
gy (Figs. 30d , 30e): while it is possible to achieve this
objective by means of  leg isla tion and action tha t does
not necessarily make reference to territoria l institutions
such as protected areas, it is nevertheless desirable to
develop the utmost synergy w ith the PA system; territo-
ria l coverage should therefore be adapted where pos-
sible to take account of the diversity of fish species,
too, so as to promote their conserva tion.

Fish
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F i g .  3 0 a .  Biod iversity Index frequency pa ttern (see par.  4 . 5) for Fish in the various types of Protected Areas and in the country.

Fi g .  3 0 b .  Biodiversity Index frequency pa ttern (see par. 4 .5) for Fish in the country, in the Protected Areas, in the SC I, in the SPA , in
the areas outside the Protected Areas, and in the areas outside the whole system of SC I, SPA and Protected Areas.
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Fi g .  3 0 c.  Ecolog ica l N etwork of Ita lian Fish (darker shades of red indica te suitability for a grea ter number of species, up to a maxi-
mum of 35).
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Fi g .  3 0 d .  Potentia l number of fish species present in Ita ly, outside the Protected Areas.

Protected Areas
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Fi g .  3 0 e .  Potentia l number of fish species present in Ita ly, outside the Protected Areas, SC I and SPA .

Protected Areas, SCI, SPA



5 . 7  E n d a n g e r e d  s p e c i e s

The ne twork of endangered species (1 4 9 species) is
of critic a l importance for b iod iversity conserva tion.
Speci a l a ttention should be pa id to these species in
dra w ing up the system of PA and the leg isla tion
intended to protect them,  bec ause the ir vulnerab le
sta te means tha t fewer op tions are ava i lab le in
choosing protected areas and corridors be tween
them.  For this re ason,  the ana lysis of graphs and
maps must be sti ll further re fined .  The pa ttern of the
d iversity index of endangered species shows two
pea ks correspond ing to low and average d iversity
va lues,  toge ther w ith a  less pronounced pea k for
high d iversity va lues (Figs.  3 1 a ,  3 1b ,  3 1c).  This
poses a  prob lem w ith regard to the d istribution of the
protected areas,  not only in the zones w ith the
grea test d iversity but a lso in those w ith low d iversity
va lues,  bec ause in the c ase of endangered species,
under na tiona l and European leg isla tion,  no possib le
means of conserva tion c an be ignored .  The system
of PA ,  both ex isting and proposed ,  seems to answer
the protection requirement of this group of species
re la tive ly we ll and an interesting synergy c an be
seen be tween the ro le p layed by N a tiona l Parks,  SC I
and SPA on the one hand and tha t of Reg iona l Parks
and reserves on the other: the former are concen-
tra ted in the areas of grea test d iversity whi le the la t-
ter a lso cover areas w ith low d iversity ind ices.
A lthough the genera l structure of the system appears
to be va lid ,  however,  an examina tion of the d istribu-
tion ma ps reve a ls incongruities of considera b le
magnitude .  There is confirma tion of the three ma cro-
areas w ith the highest d iversity va lues where there
are sti ll large portions of territory outside the system
of PA (Figs.  3 1d ,  3 1e): the eastern A lps,  centra l and
western Liguri a ,  the A pennines of centra l Ita ly.  In
these priority areas,  the system of PA must become a
more e fficient ne twork as far as the b io log ic a l needs
of the endangered species are concerned; corridors
be tween the protected areas must be crea ted and
ma inta ined so tha t the system e ffective ly constitutes a
ne twork and not just a  co llection of protected areas
in the most critic a l p la ces.  In Friuli ,  it is urgently nec-

essary to ma inta in an e fficient link be tween Sloveni a
and the Be lluno area ,  and not only a t high a ltitudes.
In Liguri a ,  it is the hinterland of Savona  and Imperi a
tha t deserves p articular a ttention,  whi le in the centra l
A pennines the critic a l areas are those tha t are not
ye t protected ,  especi a lly the areas north of the
Simbruini range in La tium and the corridors in
Mo lise linking the grea t N a tiona l Parks to the
Reg iona l Parks and reserves loc a ted further to the
south.

Besides these three ma cro-areas,  we must a lso men-
tion a  few other situa tions which require immed i a te
intervention in order to streng then the system and
form a  ne twork (Figs.  3 1d ,  3 1e): the link be tween
the C i lento and Va llo d i D i ano N a tiona l Park and the
Po llino N a tiona l Park c an w a it no longer,  and the
same is true of the comp le tion of the protection of the
coasta l cha in,  a  fa ctor tha t is essenti a l for ma inta in-
ing the vita lity of the protected areas of C a labri a ,
from Mount Si la  to Aspromonte .  C are ful observa tion
of this map revea ls other situa tions,  too ,  tha t could
be rectified w ith a  minimum of e ffort:  be tter protec-
tion could be g iven to the foothi lls of Lombard i a  and
Piedmont,  the lower slopes of the A pennines in
Tusc any,  the Me ta lliferous H i lls and a  few critic a l
fragments in the G argano ,  Sici ly and Sard ini a .

Ta king into a ccount the limita tions imposed by the
type of d a ta  uti li zed w ith regard to sc a le ,  these
guide lines seem sufficiently robust to demand c are ful
verific a tion in the fie ld ,  in order to identify the best
opera tiona l so lutions for conserva tion,  whe ther by
extend ing and correcting the ex isting / proposed sys-
tem or by introducing regula tions and la ws specifi-
c a lly covering the endangered species.

En d a n g e r e d  s p e ci e s
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F i g .  3 1 a .  Biod iversity Index frequency pa ttern (see par.  4 . 5) for endangered species (Bulgarini e t a l. ,  1 9 9 8) in the various
types of Protected Areas and in the country.

Fi g .  3 1 b .  Biodiversity Index frequency pa ttern (see par. 4 .5) for endangered species (Bulgarini et a l., 1998) in the country, in the
Protected Areas, in the SC I, in the SPA , in the areas outside the Protected Areas, and in the areas outside the whole system of SC I,
SPA and Protected Areas.
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Fi g .  3 1 c.  Ecolog ica l N etwork of Ita lian endangered species (Bulgarini et a l., 1998) (darker shades of red indica te suitability for a
grea ter number of species, up to a maximum of 54).
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Fi g .  3 1 d .  Potentia l number of endangered species (Bulgarini et a l., 1998) present in Ita ly, outside the Protected Areas.

Protected Areas
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Fi g .  3 1 e .  Potentia l number of endangered species (Bulgarini et a l., 1998) present in Ita ly, outside the Protected Areas, SC I and SPA .

Protected Areas, SCI, SPA



6  C o n g r u e n c y  a n a l y s i s  o f  P r o t e c t e d  A r e a s

The efficacy of protected areas (PA) for the protection
of vertebra te biodiversity has been eva lua ted in the
first part of this work through the examina tion of the
contents of the PA system. In particular, a  presence –
absence ana lysis for both species and habita t types
inside and outside the protected areas system (see
Chapter 4 and 5) has been done . The results obta ined
are very encourag ing and underline the overa ll impor-
tance of the Ita lian PA system.

More sophistica ted techniques have been used in the
second part of this work to carry out the same type of
ana lysis. In particular, the first applica tion of the irre-
placeability concept to the Ita lian context has been test-
ed . Irreplaceability is a  measure strictly linked to the
importance of an area for the conserva tion of na tura l
resources. In fact, if an area has no substitute or a
sma ll number of substitutes in the conserva tion plan,
then it is characterized by high irreplaceability va lues.
Conversely, low irreplaceability va lues indica te tha t the
area is rela tively unimportant for reaching the conser-
va tion goa l considered for a g iven reg ion.

In this sense , irreplaceability is the measure g iven to an
area (terrestria l or marine) tha t reflects the importance
of tha t area in the context of the considered reg ion,
and w ithin the limits of the conserva tion target tha t
have been set. Briefly, the concept of irreplaceability
can be expla ined as the probability tha t the protection
of a  g iven area is classified as necessary in order to
reach an established conserva tion target. This defini-
tion g ives us the opportunity to use a quantita tive
approach to conserva tion, considering the different
fea tures tha t characterize each site (habita t types, suit-
ability for a species, presence or absence of a
species).

Pressey and colleagues (1994 , 1995) proposed the
proportion of a ll the possible combina tions of sites tha t
are able to reach the target and tha t conta in a g iven
site as a  measure for the irreplaceability of tha t site .
For example , consider the situa tion where the PA sys-
tem is made by selecting a combina tion of n sites from
a tota l of t sites. The number, C , of possible combina -
tions of n sites tha t can be drawn is ca lcula ted using
the formula:

C =  t! / n !(t- n)!

The number C  groups a ll the possible combina tions,
but only a sma ll sub-group of C  meets the needs linked
to the conserva tion target. A ll the other sites do not
meet the conserva tion target for one or more fea tures.
Moreover, for each site x, the possible combina tions of
sites can be divided into two sets, one groups a ll the
combina tions tha t include the site x while the other
groups a ll the combina tions tha t do not include the site
x. According to Pressey et a l. (1994), the irreplace-
ability of a  site can be ca lcula ted as the ra tio between
the number of combina tions of sites tha t include site x
and the number of a ll the possible representa tive com-
bina tions.

Further investiga tions (Pressey et a l. 1994 , N ew South
Wa les N a tiona l Parks and W ildlife Service , 2001)
have suggested different possible improvements of the
irreplaceability measures. In fact, the set of combina -
tions tha t include the site x can be subdivided in two
groups: those combina tions tha t would not be any
more representa tive if site x would have been exclud-
ed and those combina tions tha t would still be repre-
senta tive even if the site x would have been excluded
(i.e . those combina tions for which the site x is redun-
dant). A  better measure of irreplaceability can then be
ca lcula ted using the ra tio between the number of com-
bina tions tha t conta in the site x (and tha t would not be
representa tive if the site x would have been excluded)
and the number of a ll representa tive combina tions.

However, the above definitions are difficult to be used
when ca lcula ting the irreplaceability for a reg iona l or
na tiona l da ta set because of the exponentia l na ture of
the problem: if the number of sites considered increas-
es, the number of possible combina tions increases
exponentia lly, rapidly reaching numbers  tha t are
impossible to manage even w ith the fastest and newest
supercomputers. For these reasons the irreplaceability
va lues are ca lcula ted using a sta tistica l approach, in
particular using the methods described in Ferrier et a l.
(2000).

A ll the ana lysis have been done using the software C -
Plan 3 .20 (N ew South Wa les N a tiona l Parks and
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W i ld l ife Service ,  2 0 0 1),  tha t,  toge ther w ith a
G eographic Informa tion System, a llows to map a ll pos-
sible options necessary to reach an established con-
serva tion target. A ll ca lcula tions are based on the sites
by fea tures ma trix, where the rows represent the sites
and the columns represent the environmenta l fea tures.
The la tter being represented by the habita t suitability
models and the distribution ranges for the Ita lian verte-
bra tes described in Chapter 4 . It should be clearly
reminded tha t some species do not have a habita t suit-
ability model and this should be considered when inter-
preting the results obta ined , especia lly in the case of
reptiles, amphibians, and breeding birds. In fact, for
these three groups some of the species tha t have no
habita t suitability model are endemic and hold a grea t
conserva tion va lue .

In order to ca lcula te the irreplaceability va lues, C -Plan
requires the study area to be  divided into planning
units (the spa tia l elements tha t constitute the basis for
a ll the ana lysis). Since there is no possibility to design
meaningful planning units, the entire na tiona l territory
has been divided into more than 13 ,000 square cells
(5 km by 5 km) and for each cell the areas occupied
by the distribution range of each species and by the
highly suitable territory for each species have been ca l-
cula ted . The ma trix of da ta (Tab . V) has been used to
estima te the irreplaceability for each planning unit and
the results has been imported into Arc G is 8 .3 software
in order to produce the fina l maps.

C -Plan 3 .20 is able to ca lcula te irreplaceability va lues
a lso considering each species of vertebra te w ith a dif-
ferent weight, ca lcula ted according to its degree of vul-
nerability. Thus, a  number of interna tiona l and na tion-

a l conventions, trea ties and laws, together w ith bio-
log ica l indexes (Tab . VI) have been considered for
each species in order to rank a ll species, according to
their degree of vulnerability. 

The interna tiona l and na tiona l conventions, trea ties
and laws have been considered a ll together to g ive
each species a  score sca led between 0 and 100
depending on the number of conventions in which the
species has been listed . The points deriving from the
conventions have been summed to a ll the other va lues
and the fina l va lues have been sca led between 0 and
100 . The ranking resulting from these opera tions
seems to sa tisfactorily reflect the conserva tion va lues of
each species. In fact, species like Peloba tes fuscus,
Euproctus pla tycepha lus, Podarcis wagleriana , Vipera
ursinii, Aythya nyroca , Cervus elaphus corsicanus,
Lampetra z anandrea i, Rupicapra pyrena ica orna ta
resulted having the highest va lues, and species like
Sylvilagus floridanus, Mustela vison, Anguilla anguilla
and C yprinus c arp io having the lowest va lues.
O bviously, some species appear to rank w ith a va lue
higher or lower than expected . This is the case of the
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Ta b .  V.  Example of ma trix of da ta used for the ana lysis in C -
Plan. PUID indica te the planning units’ number, a ll the follow ing
columns indica te the species of vertebra tes, and the numbers in
the ma trix indica te the number of hectares of highly suitable ter-
ritory in each planning unit.

Ta b .  V I.  List of variables considered for each taxonomic class.
(1)  Specia l protected species; (2) According to Bulgarini et a l.
1998 , Amori et a l. 1999 , Societas Herpetolog ica Ita liana
1996 , G andolfi et a l. 1991;  (3) According to Brichetti &
G ariboldi 1997; (4) According to Bulgarini et a l. 1998; (5)
According to Bulgarini et a l. 1998; (6) According to IUC N
2001 , Amori et a l. 1999 ,  Bulgarini et a l. 1998; (7) According
to Tucker & Hea th 1994 .
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w ild boar (Sus scrofa) tha t occupy a position in the cen-
tra l lower part of the ranking because , even though it
is considered a pest in Ita ly and the number of anima ls
is extremely high, there is the possibility of an endem-
ic subspecies still surviving in some areas of the Ita lian
peninsula . The same kind of considera tions can be
done for species like the wolf (C anis lupus) and the
peregrine fa lcon (Fa lco peregrinus) tha t have a very
high position in the ranking;  these two species have
seen a grea t increase in their number in the last ten
years for many different reasons, but a ll the interna -
tiona l and na tiona l conventions / laws have not been
upda ted , thus both species are still considered very
endangered . Conversely, species like Lepus corsicanus
was re-discovered only very recently and so is not con-
sidered in many conserva tion trea ties or in the IUC N
red list. This made tha t such species occupies a  low
position in the ranking .

The list crea ted in this way has been split into five
groups, each group conta ining 20 points: the first
group going from 81 to 100 , the second from 61 to
80 , the third from 41 to 60 , the fourth from 21 to 40 ,
and the fifth a ll the rema ining va lues. Each of the five
groups correspond to a vulnerability degree , w ith the
first group (species w ith point between 100 and 81)
being the most endangered , and the fifth group
(species w ith point between 0 and 20) being the least
endangered . The number of groups to consider has
been chosen according to the specifica tions of the soft-
ware C -Plan, which is not able to manage more than 5
vulnerability groups.

O ne of the most important elements for the ana lysis is
the conserva tion target tha t is used by C -Plan to ca lcu-
la te the irreplaceability index. The conserva tion target
can be seen as the result tha t should be obta ined for a
g iven reg ion and it can be established follow ing many
different criteria . In particular, it is possible to establish
a single target for a ll the elements considered in the
ana lysis (the species of vertebra tes) or a  different tar-
get for each fea ture (N ew South Wa les N a tiona l Parks
and W ildlife Service , 2001). The first hypothesis (a
fixed target for a ll species) has been chosen in this pro-
ject, because the intent of the ana lyses is  to depict a
genera l vision for the Ita lian situa tion. Moreover, there
is no possibility w ith the current know ledge of the
Ita lian fauna to establish a biolog ica lly meaningful con-
serva tion target for each species. The genera l conser-

va tion target has been set a t 20% of the highly suitable
habita t or of the distribution range for each species,
because 20% of the Ita lian territory is currently inter-
ested by existing or proposed protected areas (see
Chapters 2 and 3).

A ll ana lyses previously described have been carried
out a lso considering the a lready existing protected
areas. C -Plan is able to consider the existence of pro-
tected areas in the ana lysis and in this way it is possi-
ble to identify a ll the areas tha t are not protected but
should be so in the future possible scenarios. To carry
out this type of ana lysis a  planning unit has been con-
sidered as protected only if a t least 50% of its area is
covered by protected areas.

A ll ana lyses considered have been carried out for a ll
the vertebra tes together and for the single taxonomic
groups (mamma ls, birds, reptiles and amphibians,
freshwa ter fish). The va lues of irreplaceability have
been subdivided into 5 classes in order to facilita te the
visua liz a tion and the interpreta tion of the maps. In par-
ticular, the irreplaceability va lues have been standard-
ized (the mean has been subtracted from each va lue
and the difference has been divided by the standard
devia tion); in this way each irreplaceability va lue has
been transformed in a nega tive number (if the orig ina l
va lue is less than the mean) or a  positive number (if the
orig ina l va lue is grea ter than the mean) tha t g ive a
measure of the difference (in standard devia tion units)
among each va lue and the mean va lue . The classes
used in the maps show an important division: the first
class (in yellow) has a ll va lues sma ller or equa l to 0
(tha t is a ll the va lues sma ller than the mean), while the
four subsequent classes (shaded in red hues) have the
va lues among 0 and 1 (irreplaceability va lues grea ter
than the mean and sma ller than the mean plus one
standard devia tion), among 1 and 2 (irreplaceability
va lues grea ter than the mean plus one standard devia -
tion and sma ller than the mean plus two standard devi-
a tions), among 2 and 3 (irreplaceability va lues grea ter
than the mean plus 2 standard devia tions and sma ller
than the mean plus three standard devia tions), and
grea ter than 3 (irreplaceability va lues grea ter than the
mean plus three standard devia tions). In this way it is
possible to clearly show on a map the planning units
tha t more than others are important for the conserva -
tion of the vertebra tes.
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Figure 32a (tha t consider the distribution range for a ll
the vertebra tes) shows the most important areas for the
Ita lian vertebra tes. The eastern A lps are one of the
most interesting loca tions in the entire Ita lian peninsu-
la , and extremely important are a lso some areas of the
Padana pla in, the Apennines, the Apulia reg ion and
Sardinia . This map , however should be considered
carefully, since it is grea tly influenced by the birds (tha t
constitute grea t part of the species) and by some other
species of the different groups (like some amphibians
in Sardinia , some ba ts in the Padana pla in and some
freshwa ter fish in rela tion to some lakes). Moreover,
Fig . 32a presents the results obta ined considering the
distribution range of the species of vertebra tes, and so
it is probably influenced by the low precision tha t char-
acterize some of these ranges. The picture outlined
w ith this ana lysis is very different from tha t built using
just the number of species, in particular in correspon-
dence to the Apennines, which is considered as no
important even if it hosts a  grea t number of species. 

The situa tion outlined in Fig . 32b is completely differ-
ent. In this case the ana lyses have been done consid-
ering the habita t suitability models for a ll the verte-
bra tes. The results are much more deta iled , and the
areas considered as important have a spa tia l distribu-
tion tha t seems to be much more meaningful from a
landscape point of view. A lso in this case the eastern
A lps can be considered as one of the most important
areas for the Ita lian vertebra tes, but in this map a lso
the Apennines, as should be expected considering the
high number of species present in the area , play an
important ro le for b iod iversity conserva tion .
Conversely, many areas in the pla ins have much less
importance as compared w ith the Fig . 32a . Some of
the differences among the two maps can be expla ined
because there is not a  habita t suitability model for
some high ranked species of vertebra tes (like Larus
audouinii, or Speleomantes spp .), but by far the most
important difference is the fact tha t the distribution
range includes many areas where the species are not
rea lly present (because those area are not suitable for
the species considered), while the habita t suitability
models represent a  much more deta iled sketch of the
species actua l or potentia l distribution.

Figure 32c shows an interesting result of the ana lysis
carried out for a ll the vertebra tes and a lso considering
the presence of protected areas. In this case , the map
outlines which areas still outside the existing protected
areas system should be considered w ith grea ter a tten-
tion. Even taking into account the limita tions of an
ana lysis tha t considers just the distribution ranges of
the species, the result underlines the importance of
Sardinia (tha t lacks of protected areas for grea t part of
its territory) and a lso of many areas of the eastern A lps
w ithout any protection, and in many cases completely
uncovered a lso by SC I and SPA .

Figure 32d (obta ined from habita t suitability models
for a ll vertebra tes, and considering a lso the existing
protected areas) is a lmost the same as Fig . 32c, even
if some areas are classified differently and the most
important areas are much more fragmented then those
in Fig . 32c. However, once more it has been under-
lined the importance of the eastern A lps and of
Sardinia .

A lpine M armot (M armota marmota)
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Fi g .  3 2 a .  Distribution of the irreplaceability va lues in Ita ly. Va lues ca lcula ted using the distribution ranges of a ll the Ita lian verte-
bra tes.
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Fi g .  3 2 b .  Distribution of the irreplaceability va lues in Ita ly. Va lues ca lcula ted using the habita t suitability models for a ll the Ita lian
vertebra tes.
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Fi g .  3 2 c.  Distribution of the irreplaceability va lues in Ita ly. Va lues ca lcula ted using the distribution ranges of a ll the Ita lian vertebra tes
and considering the existing Protected Areas.



6 . 1  A l l  s p e c i e s  o f  v e r t e b r a t e s

74

Fi g .  3 2 d .  Distribution of the irreplaceability va lues in Ita ly. Va lues ca lcula ted using the habita t suitability models for a ll the Ita lian
vertebra tes and considering the existing Protected Areas.
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M amma ls are probab ly the second best known
group of Ita li an vertebra tes a fter b irds.  In particular,
the species-hab ita t re la tionships used to bui ld the ir
hab ita t suitab i lity mode ls are quite a ccura te ,  and the
da ta  used to bui ld the ir mode ls are particularly suit-
ed to describe mamma l d istribution.  For this re ason
the results ob ta ined for the mamma ls are probab ly of
grea t uti lity.

Figure 3 3 a  provides a  first cut of the conserva tion
sta tus of the Ita li an mamma ls (ana lysis c arried out
using the d istribution ranges of mamma ls).  In this
c ase the most important areas are loc a li zed in cor-
respondence to the eastern A lps.  Particularly impor-
tant is the boundary area  among Ita ly,  Austri a  and
Sloveni a  (correspond ing a t least in part w ith the
areas of presence of the bear) tha t is not covered by
any ex isting protected areas,  and is covered only for
a  very sma ll portion by SC I.  A lso in the eastern A lps
there are many other important areas,  and most of
them are not covered by any protected area .  The sit-
ua tion improves grea tly considering a lso the SC I tha t
cover w ith grea ter e ffic a cy some of the areas c lassi-
fied as important by the ana lysis.  In the western
a lp ine range ,  the situa tion is slightly d ifferent,  since
there are a  few protected areas tha t e ffective ly cover
important areas.  O nce more ,  some of the SC I (espe-
ci a lly in Piedmont) seem to be extreme ly important,
since they cover areas important for the Ita li an mam-
ma ls,  but w ith no protection.  The A pennine range
has been c lassified as re la tive ly important,  w ith
areas,  like Mount Ami a ta  and the A bruz z i moun-
ta ins,  of grea t interest and re la tive ly we ll covered by
the ex isting PA system (a t least in A bruz z i).  Q uite d if-
ferent is the situa tion in Sard ini a ,  where the areas
important for the mamma ls (in the southern part of
the island) are not covered by any protected areas
(excep t for the sma ll Reserve of Monte Arcosu),
e ither ex isting or proposed .

Figure 3 3b dep icts a  genera l ske tch for the conser-
va tion of Ita li an mamma ls using the hab ita t suitab i li-
ty mode ls.  The eastern A lps are sti ll among the most
important areas in the who le peninsula ,  but the
areas of grea test importance are much more restrict-

ed .  A ga in,  in this c ase nor PA cover the most impor-
tant areas for the eastern A lps,  ne ither SC I and SPA
are loc a ted a ccord ing ly to the important areas.
C onverse ly,  for the A pennines the situa tion outlined
by Fig .  3 3b is comp le te ly d ifferent from tha t of Fig .
3 3 a .  In fa ct,  Fig .  3 3b outlines tha t a lmost a ll
A pennines are important for the Ita li an mamma ls,
especi a lly in the centra l and northern part of the
cha in,  but a lso in the southern part as we ll as in
some areas of Sici ly.  In Sard ini a  the eastern part of
the island is c lassified as important (contrary to wha t
outlined by the ana lysis done using just the d istribu-
tion range),  and once more the ex isting protected
areas do not cover a lmost any important area .  In this
c ase SC I are of grea t importance bec ause they cover
grea t p art of the gaps in the protected areas system

of the reg ion.  Moreover,  Fig .  3 3b outlines the impor-
tance of some p lanes,  especi a lly in Sici ly,  A puli a
and in the Padana  p la in,  especi a lly for micro-mam-
ma ls l i k e  N eomys fod i ens is ,  Suncus e truscus ,
Croc i dura  s i cu l a ,  Lepus europ a eus and  o ther
rodents.

The map presented in Fig .  3 3c  shows the results
ob ta ined considering not only the d istribution range
of the Ita li an mamma ls,  but a lso the a lready ex isting
protected areas.  The first important considera tion is
tha t the d istribution ranges for the mamma ls are

M a m m a ls
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Hedgehog (Erinaceus europaeus)
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quite genera l and are not ab le to dep ict a  particu-
larly meaning ful p icture in this ana lysis.  However,  it
is possib le to note tha t Sard ini a  is by far the most
important p art of Ita ly sti ll outside the protected
areas system.  

The situa tion outlined in Fig .  3 3d is comp le te ly d if-
ferent.  In this c ase the ana lysis considers the pres-
ence of the protected areas a lready ex isting and the
hab ita t suitab i lity mode ls for the mamma ls.  The
de ta i l of the map is much grea ter and a lso the areas
considered as important change in extent and loc a -
tion.  In this p icture the important areas outside the
protected areas systems are loc a ted in correspon-
dence to the p la ins,  to the med ium a ltitude moun-
ta ins,  and in Sard ini a ,  where virtua lly no PA ex ist.  
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Fi g .  3 3 a .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the distribution ranges of a ll Ita lian
mamma ls.

Fi g .  3 3 c.  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the distribution ranges of a ll Ita lian
mamma ls and considering the existing Protected Areas.

Fi g .  3 3 b .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the habita t suitability models for a ll
Ita lian mamma ls.

Fi g .  3 3 d .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the habita t suitability models for a ll
Ita lian mamma ls and considering the existing Protected Areas.



Birds are w ith no doub t the most best group of ver-
tebra tes in Ita ly,  thus the results ob ta ined should be
considered extreme ly use ful.  The high number of
species considered ,  and the ir grea t d iversity of eco-
log ic a l niches,  ma ke them one of the most interesting
groups to ana lyze .

Figure 3 4 a  shows the results ob ta ined using the d is-
tribution ranges for the Ita l i an breed ing b irds.
Among the important areas there are the eastern
A lps,  the A pennines,  and the Tyrrheni an coast,  tha t
were considered important a lso for the mamma ls.
The ana lysis g ives p articularly grea t importance to
the lagoons (e .g . ,  in A puli a ,  in the Padana  p la in,
and in Sard ini a) and to some la kes.  In genera l,  the
PA system covers quite we ll a ll the areas important
for the breed ing b irds,  but in some c ases,  like in
Sard ini a ,  there is no protected area  a t a ll covering
the most important areas.

Figure 3 4b (bui lt upon the breed ing b ird hab ita t suit-
ab i lity mode ls) dep icts quite a  d ifferent situa tion.  The
spa ti a l structure of the important areas is the same as
in Fig .  3 4 a  but the ir number and spa ti a l extent
change .  The importance of e astern A lps is once
more confirmed ,  even if the important areas are now
much more loc a li zed and fragmented .  A lso ,  in the
A pennines the number and the extent of the areas
considered important is lower than in Fig .  3 4 a ,  but
the most signific ant change among the two maps is
tha t some of the lagoons are not considered impor-
tant any more ,  probab ly bec ause they are so sma ll
tha t c annot be de tected in the hab ita t suitab i lity mod-
e ls.  It is important to outline a lso tha t some of the
most important areas for the Ita li an breed ing b irds
are not covered by ex isting protected areas,  but this
gap is mostly covered by SC I and SPA .

Figure 3 4c  shows the results ob ta ined considering
the d istribution range of the breed ing b irds and the
ex isting protected areas.  It is extreme ly c lear tha t the
most important areas outside the protected area  sys-
tems are mostly p la ins,  both in northern and southern
Ita ly.  In fa ct,  a lmost no Ita li an PA is loc a ted in fla t
areas,  a lthough many of them are extreme ly impor-

tant for aqua tic  b irds.  Sard ini a  is ind ic a ted as prob-
ab ly the most important Ita li an reg ion in this map ,
even if its territory is a lmost unprotected .  It should be
noted tha t most of the areas outlined as important in
this p icture are covered by SC I and SPA ,  which are
we ll loc a ted to cover to b ird b iod iversity.

Figure 3 4d shows the same genera l p icture as Fig .
3 4c,  but the de ta i ls are d ifferent.  In particular,  the
Padana  p la in has less important areas,  whi le centra l
and southern Ita ly,  and the two largest islands (Sici ly
and Sard ini a) are considered of grea t importance .  It
is important to underline tha t some of these areas are
not covered by any proposed protected areas,  espe-
ci a lly in northern A puli a .

Scops O w l ( O tus scops)
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Fi g .  3 4 a .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the distribution ranges of a ll Ita lian
breeding birds.

Fi g .  3 4 c.  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the distribution ranges of a ll Ita lian
breeding birds and considering the existing Protected Areas.

Fi g .  3 4 b .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the habita t suitability models for a ll
Ita lian breeding birds.

Fig . 3 4 d . Distribution of the irreplaceability va lues in Ita ly. Va lues
ca lculated using the habitat suitability models for a ll Ita lian breed-
ing birds and considering the existing Protected Areas.
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Informa tion on reptiles and amphibians is often limited ,
especia lly concerning their distribution. A t the same
time , many species of these two groups are endan-
gered and / or endemic of some part of the Ita lian
peninsula . This implies tha t the results obta ined on
these groups should be considered w ith grea t a ttention
and tha t further investiga tions on their ecology and dis-
tribution should be considered before g iving any con-
clusive sta tement. 

Figure 35a depicts the results obta ined from the ana ly-
sis of the distribution ranges. The situa tion outlined by
the map is unclear because of the coarseness of the
distribution maps considered . The only considera tion
tha t can be done is tha t Sardinia , Liguria and the most
eastern part of Friuli are the most important areas for
Ita lian reptiles and amphibians.

Q uite different is the situa tion outlined by Fig . 35b tha t
shows the results obta ined from the habita t suitability
models for amphibians and reptiles. The differences
existing between the results obta ined from the distribu-
tion ranges and those obta ined from the habita t suit-
ability models are grea ter than those of any other
group . In fact, Fig 35b shows a  much grea ter deta il
than Fig . 35a , and a lso the spa tia l distribution of the
important areas is d ifferent.  The importance of
Sardinia , Liguria and eastern Friuli is confirmed once
more , but a lso many areas in the Apennine cha in are
classified as fundamenta l for amphibians and reptiles.

The results shown in Figs. 35c and 35d (from ana lysis
tha t consider the presence of protected areas) simply
confirm wha t has been noted above: the results
obta ined from the distribution ranges (Fig . 35c) cannot
be considered rea lly meaningful (a t least for a deta iled
interpreta tion) because of the lack of informa tion, but
once more the importance of Sardinia , Liguria and
eastern Friuli should be underlined . O n the other hand ,
the results obta ined from the habita t suitability models
(Fig . 35d) offer a  much better vision of both the gener-
a l picture and of the deta ils, but the ma in conclusion is
still tha t Sardinia should be urgently considered in the
conserva tion areas of Ita ly.

Re p ti l es a n d  A m p h i b i a ns

80

6 .4

Spectacled Sa lamander (Sa lamandrina terdig ita ta)

Western W hip Snake (Coluber viridiflavus)



6 . 4  R e p t i l e s  a n d  A m p h i b i a n s

81

Fi g .  3 5 a .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the distribution ranges of a ll Ita lian rep-
tiles and amphibians.

Fig . 3 5c. Distribution of the irreplaceability va lues in Ita ly. Va lues
ca lculated using the distribution ranges of a ll Ita lian reptiles and
amphibians and considering the existing Protected Areas.

Fi g .  3 5 b .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the habita t suitability models for a ll
Ita lian reptiles and amphibians.

Fig . 3 5 d . Distribution of the irreplaceability va lues in Ita ly. Va lues
ca lculated using the habitat suitability models for a ll Ita lian reptiles
and amphibians and considering the existing Protected Areas.
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Freshw a ter fish suffer the same limita tions (la ck of
know ledge ,  in this c ase a lso taxonomic a lly) of
amphib i ans and rep ti les,  w ith the further limita tion
tha t correctly representing the d istribution range of a
fish is re a lly d ifficult,  as we ll as to bui ld a  hab ita t
suitab i lity mode l for this group of vertebra tes.  Thus,
any conc lusion tha t could be dra wn from the ana ly-
sis presented in this p aragraph should be considered
w ith grea t c aution.

Figure 3 6 a  presents the results of the ana lysis c ar-
ried out using the d istribution ranges.  The map does
not a llow any rea lly use ful interpre ta tion.  The only
considera tion (quite obvious) is tha t the most impor-
tant areas for fishes in Ita ly are the Padana  p la in and
some other c a tchments in northern and centra l Ita ly.
Southern Ita ly,  toge ther w ith Sici ly and Sard ini a ,  has
no importance for fishes,  as should be expected con-

sidering the sc arcity of w a ter bod ies in those areas.

Figure 3 6b (results ob ta ined using hab ita t suitab i lity
mode ls) shows quite a  d ifferent view.  In particular
the A dri a tic  reg ion is now considered much more
important,  whi le the de ta i l and the spa ti a l structure
of the important areas in the Padana  p la in are much
more interest ing .  Furthermore ,  the A lps,  Sic i ly,
Sard ini a  and southern Ita ly,  seem to have no impor-
tance for freshw a ter fishes.

It is quite interesting to note tha t Fig .  3 6c  (tha t shows
the results ob ta ined from protected areas and d istri-
bution ranges) is extreme ly simi lar to Fig .  3 6 a ; and
Fig .  3 6d (results ob ta ined from protected areas and
hab ita t suitab i lity mode ls) is simi lar to Fig .  3 6b .  This
ind ic a tes tha t the protected areas in the Ita li an penin-
sula  do not adegua te ly cover a t a ll freshw a ter fish
b iod iversity.

Fish
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Fi g .  3 6 a .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the distribution ranges of a ll Ita lian
freshwa ter fish.

Fig . 3 6c. Distribution of the irreplaceability va lues in Ita ly. Va lues
ca lculated using the distribution ranges of a ll Ita lian freshwater fish
and considering the existing Protected Areas.

Fi g .  3 6 b .  Distribution of the irreplaceability va lues in Ita ly.
Va lues ca lcula ted using the habita t suitability models for a ll
Ita lian freshwa ter fish.

Fig . 3 6 d . Distribution of the irreplaceability va lues in Ita ly. Va lues
ca lculated using the habitat suitability models for a ll Ita lian fresh-
water fish and considering the existing Protected Areas.



The overa ll considera tion of the ana lyses is tha t the
results are of grea t interest for the conserva tion of ver-
tebra tes and Ita lian na ture in genera l.

1) The method used to define the distribution models
made it possible to base the globa l ana lyses of the eco-
log ica l network on premises tha t are sound and objec-
tive . The species-specific models were constructed
using explicit, transparent methodolog ica l procedures,
which can be reitera ted in the future w ith ever better
da ta sets provided by more accura te field research. It
should be underlined , once aga in, tha t one of the chief
advantages of using models such as those proposed is
tha t the results obta ined are never, even in the worst
hypothesis, inferior to those of the classic distribution
ranges and , if a ll goes well, can substantia lly improve
our know ledge o f the d istribution o f species.
Furthermore , model va lida tion, mostly w ith positive
results, has made it possible to lay a solid , reliable
founda tion for the conceptua l constructions crea ted in

draw ing up the modelling process and in assessing the
system of protected areas.

2) For the first time in Ita ly, we now have a single da ta -
base , covering a ll species of Ita lian vertebra tes, which
g ives a  few items of basic ecolog ica l informa tion for
each, together w ith ranges and distribution models: the
collection, organiz a tion and standardiz a tion of the

da ta in dig ita l form has resulted in a tool of grea t
importance , not only for ecolog ists but a lso for admin-
istra tive bodies, a t both centra l and loca l levels. A ll the
da ta are immedia tely utiliz able in the IT systems most
commonly used by na tiona l, reg iona l and provincia l
administra tions, and can be processed more exten-
sively and in grea ter deta il according to the planning
needs of each institution.

3) For many species, the map of inhabited areas result-
ing from the models shows worrying fragmenta tion of
suitable habita ts and the existence of vast unsuitable
areas, which grea tly reduce or prevent the continuity of
the various components of the metapopula tions. The
brief comments g iven for each species constitute a
starting point for more deta iled ana lyses a imed a t
obta ining results tha t can be directly utilized in stra te-
g ies and action plans targeting the species of grea test
interest for the purposes of conserva tion.

4) The concept of an ecolog ica l network as a  dynamic
entity and as a  reference for ca libra ting individua l stud-
ies and plans for geographic areas, groups of species
or protected areas has found confirma tion and support
in the ana lyses. The study illustra tes, both graphica lly
and numerica lly, the irregular pa ttern of diversity for
Ita lian vertebra tes throughout the country, identifying
the areas w ith the grea test richness, both for a ll species
taken together and for individua l taxa .

5) The clear-cut characteriz a tion of Apennine Park of
Europe (APE) as a  key factor for the conserva tion of a
large number of species represents an objective confir-
ma tion of the role played by the Apennines as a  grea t
ecolog ica l corridor running through the peninsula and
of the ministeria l programme a imed a t g iving priority
to this large area and ensuring unified intervention.

6) The fracture of environmenta l continuity in the band
of territory between the provinces of M a tese and
Benevento has been clearly confirmed , as has the crit-
ica l importance of many areas of the pre-A lps and
Apennine spurs. O n the whole , the grea test diversity is
to be found in the north-eastern A lps and the northern
Apennines, but there are a lso areas of enormous inter-
est spread over the centra l and southern parts of the
country and in the grea t wetlands.

Stelvio N a tiona l Park (Lombardy – N orthern Ita ly)
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7) A proper ana lysis of how the various species or
groups of species help to define these areas can pro-
vide informa tion tha t w ill prove very useful in manag-
ing the protected areas and the connecting corridors,
making a va luable contribution towards the concrete
crea tion of the various components of the ecolog ica l
network (core areas, corridors, buffer zones), which
can be planned according to a dynamic, unified
overview of the na tiona l network but must then be cre-
a ted a t a  loca l level.

8) O ur ana lyses show the pa ttern of biodiversity va lues
for Ita lian vertebra tes as a  process of continuous, fer-
tile irradia tion from the mounta ins to the pla ins; the
A lps and Apennines represent a  non-metaphoric back-
bone which a lone susta ins much of the biodiversity of
vertebra tes. From the point of view of fauna manage-
ment, this observa tion means two things: conserva tion
efforts must be concentra ted on the mounta inous areas
and more a ttention must be pa id to building and man-
ag ing the lines of irradia tion from the mounta in heights
towards the pla ins.

9) The compara tive ana lysis of the networks has a lso
led to the interesting result of show ing tha t the network
of a  few taxonomic groups or, better still, the network
of endangered species, is a  good surroga te for the
globa l network of species. In this context, the network
of endangered species could be used as an indica tor
for the globa l network, helping to focus a ttention on
top-priority species w ithout losing sight of the overa ll
picture of vertebra te biodiversity.

10) The system of existing protected areas in Ita ly rep-
resents the various environmenta l ca tegories (C O RI N E
Land Cover) and the various eleva tion belts in a very
irregular fashion, leaving important components of
Ita lian environmenta l diversity, such as hilly areas and
foothills, w ith little or no protection.

11) O ver the last 20 years, the system of protected
areas has seen exceptiona l growth in the area cov-
ered; in order to conserve biodiversity, it now needs to
be consolida ted w ithin the perspective of a  system inte-
gra ted into the surrounding territoria l ma trix. To this
end , it is urgently necessary to do various things: a) to
ana lyse the contribution made by each area to the
effectiveness of the whole system, b) to extend the
ana lyses to include considera tion of the spa tia l pa t-
terns of the anima l popula tions, so as to go beyond the

simple paradigm  of the presence / absence of a
species and to tackle the more complex theme of the
tempora l and spa tia l pa tterns of the metapopula tions,
c) to ascerta in and ensure effective links between dif-
ferent areas, especia lly in the macro-areas tha t are
most critica l for endangered species.

12) By identifying the high-diversity zones tha t are
excluded from the current system of protected areas it

is possible to plan an assessment of the entire system
and if necessary its reorganiz a tion, so as to optimise
its effectiveness, especia lly bearing in mind the fina l
stages of approva l of the SC I system. In particular, the
SC I should preferably be utilized for two functions tha t
are critica l in the context of the ecolog ica l network: a)
as corridors between the largest protected areas, or
between these and zones w ith lower diversity (e .g .
between mounta ins and pla ins), b) as buffer zones sur-
rounding protected areas.

13) M any important areas (as outlined by the irre-
placeability ana lysis) are not covered by the existing
protected areas or by the SC I and ZPS system. This
implies tha t the system should be revised for some
areas like the eastern A lps or part of Sardinia , in order
to consider the ecolog ica l necessities of particular
species.

14) It should be remembered tha t a ll the ana lysis car-
ried on during the project consider many species in
order to g ive a genera l picture of the Ita lian situa tion.
However some species (e .g . endangered w ildfow l)
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require a  particular protection and should be consid-
ered singularly.

The above ana lyses therefore seem to g ive the
N a tiona l Ecolog ica l N etwork a  strong founda tion, w ith
regard to both method and content, as a  tool for plan-
ning and implementing a combina tion of initia tives in
the politica l, economic, socia l and territoria l spheres,
a imed a t a  type of development tha t is compa tible w ith
biodiversity conserva tion; this scientific basis consti-
tutes an excellent framework for renewed efforts to
develop the protected areas policy into a territoria l
stra tegy tha t a lso includes the surrounding ma trix. We
hope tha t the present study can represent a  useful con-
tribution towards its crea tion.
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