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Introduction

Anthropogenic habitat fragmentation is among the
main threats to biological diversity and is considered a
factor responsible for the extinction of many animal and
plant species (Ambuel & Temple, 1983; Fahrig, 1997;
Bennett, 1999; Soulé & Orians, 2001). It acts in a com-
plex way altering processes at all ecological levels and at
different spatial and temporal scales (Noss, 1992).

At the community level, following habitat fragmenta-
tion, the species with restricted habitat requirements tend
to decrease first, and to become extinct eventually, whilst
generalist species, linked to the edge environment, incre-
ase (edge species; Bellamy et al., 1996). The effect of
habitat fragmentation has been recorded for amphibians
(e.g., Caughley & Gall, 1985; Laan & Verboom, 1990),
reptiles (e.g., Kitchener & How, 1982; Caughley & Gall,
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Abstract

The patterns of richness and abundance of four forest interior bird species (Picus viridis, Picoides major, Sitta europaea, Garrulus
glandarius), known as sensitive to habitat fragmentation, have been investigated in 12 fragment and 3 large forest sites in a mosaic
landscape of Central Italy using the line transect method. Fragment area and their isolation affected in different ways the patterns of
richness and abundance of the studied species, except for Picus viridis. Tree mean diameter in the fragments does not seem to explain
the general patterns of the interior species in the study area, even though the uneven aged forest stand management of the fragment
might, at least locally, sustain the presence of the species. Probably, the populations of the selected species may show a “patchy
structure” in the study area and forest fragments could be functionally acting as stepping stones for local dynamics of individuals at
landscape scale. These preliminary results seem to confirm partially previously published data on these forest interior species (poor
disperser, area-, isolation- and habitat quality-sensitive). Studied species (particularly, Sitta europaea and Garrulus glandarius) may
be proposed as “target/indicator” of fragmentation process, at least in the hilly fragmented landscape mosaics of Central Italy. Althou-
gh, abundance of individual target species could be affected by stochasticity if referred to small sample of forest fragment, total
abundance of these species may be a useful dependent variable able to give rapid quantitative information for landscape planning
strategies at local scale (e.g. selection of nature reserves, Gap analysis, ecological network planning).

1985), birds (e.g., Galli et al., 1976; Kitchener et al., 1982;
Ambuel & Temple, 1983; Opdam et al., 1984; Blake &
Karr, 1987; McCollin, 1993), mammals (e.g., Kitchener
et al., 1980; Suckling, 1982; Bennett, 1987; Laurance,
1990; Bright, 1993), as well as in some arthropoda (e.g.,
Shreeve & Mason, 1980; Thomas et al., 2000).

At the species/population level the sensitivity to habi-
tat fragmentation and to perimeter/area ratio has been re-
corded especially in interior species (Wilcove et al., 1986)
as well as in stenoecious, sedentary and poor disperser
species or those with naturally low population densities
(e.g., Kareiva & Wennergren, 1995).

Among these sensitive species some could be chosen
as indicators or surrogates of biodiversity and play a role
in the elaboration of planning for nature conservation stra-
tegies (see Henle et al., 2004). Such species, defined as
“target” (Soulé, 1991), may reflect the status of a com-
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plex ecological system and provide information on the
effects of fragmentation in different geographical contexts
and for specific ecosystem type (Soulé & Orians, 2001).
However, such species should be chosen to represent as
much as possible a large number of ecologically related
species (role of indicator). Moreover, in this sense they
should be relatively widespread in the study area and ea-
sily evaluated for their abundance and local distribution
patterns (Pearson, 1995).

In European forest ecosystems, some land bird spe-
cies belonging to Piciformes or Passeriformes are very
sensitive to habitat fragmentation. Although in different
ways, mature wood species such as Green Woodpecker
(Picus viridis), Great Spotted Woodpecker (Picoides
major), Nuthatch (Sitta europaea), Jay (Garrulus glan-
darius) are considered as interior species as well as habi-
tat specialist, poor dispersers, isolation- and fragmenta-
tion- sensitive, and sensitive to the vegetational structure
(Moore & Hooper, 1975; Cieslak, 1985; Opdam et al.,
1985; Møller, 1987; Wiens, 1994; Hinsley et al., 1995;
Bellamy et al., 1996; Landmann, 1998; Massa et al., 1998;
Matthysen, 1998; Nour et al., 1999). Such characteristi-
cs, along with a relatively wide distribution make these
species possible indicators of environmental transforma-
tions. In N-Italy, these species have been recorded as low-
land forest indicators and focal species for planning (Mas-
sa et al., 2000; for the concept of “focal species”, see Lam-
beck, 1997). Woodpeckers have also been proposed as in-
dicators for assessing forest avian diversity at the land-
scape scale (Mikusinski et al., 2001).

In Central Italy, the sensitivity of these species to area
and isolation of the habitats, as well as physiognomy and
vegetation structure has been pointed out by Bernoni et
al. (1989), Guerrieri et al. (1992), Massa et al. (1998),
Battisti (2001). However, data on the relative role played
by these factors on this single species in the hilly land-
scapes of Central Italy are lacking.

The aim of this preliminary study was to investigate
the main factors influencing the distribution and popula-
tion abundance patterns of four forest bird species (Picus
viridis, Picoides major, Sitta europaea, Garrulus glanda-
rius) in a agricultural-wooded landscape with a high de-
gree of habitat fragmentation in Central Italy. The results
are discussed in terms of sensitivity of these species to
fragmentation/landscape components (area, isolation, ha-
bitat quality).

Study area and methods

The study area is located in Umbria (the municipali-
ties of San Gemini, Quadrelli, Castel Todino and Monte-
castrilli in the provincial district of Terni; Central Italy)
between 250-600 m above sea level.

From a geobotanic point of view, Umbria belongs to
the middle-European floristic region with “islands” of
Mediterranean flora in the more internal sectors of the
region (the transition zone between Temperate and Medi-
terranean bioclimates) producing a patchiness at regional
scale (Orsomando & Catorci, 1999; Orsomando et al.,
1999; see Giovagnotti, 1991 for a geological description).

Two main forest ecosystems are present in the area
(Orsomando & Catorci, 1999). The first is named Rubio-

Quercetum cerridis (Pignatti, 1968), dominated by Quer-
cus cerris, and is the result of a prolonged coppicing, fire
and grazing on acidophilus forest formations. Such for-
mation is typical of landscapes composed of low hills with
sandy - clayey and sandy soils with conglomerates (Or-
somando & Catorci, 1999; Orsomando et al., 2000).

The second forest type is termed Orno-Quercetum ili-
cis (Pignatti, 1968) and is tipically composed of wide hil-
ly woods, characterized by the presence of Quercus ilex
associated with broad leaved species such as Fraxinus
ornus and Ostrya carpinifolia. These woods are the most
widespread element in the landscape of Southwestern
Umbria (Central Italy; Orsomando et al., 2000).

In this area, the kind of wood land management is the
coppice, although uneven aged forest stand fragments (high
forest with large and mature trees) are present. The pro-
gressive increase of agricultural activities in the last centu-
ries resulted in a strong reduction of forest area. Currently,
landscape mosaics with residual forest fragments are pre-
sent, especially in hilly areas. An exception are some areas
located at higher altitudes and with a steeper slopes where
a continuous forest cover is still present with a non-anthro-
pic-derived patchiness (Orsomando et al., 1998).

Sampling was carried out at 15 sites. Twelve sites are
represented by small forest fragments (area range, 1-43
ha), and 3 are the large blocks of forest in the area (the
“core areas”; area range, 204-928 ha; see Tab. I for the
place names and forest structure of the sites). Forest frag-
ments 1, 3, 6 and 12, were coppiced, whilst, fragments 4
and 5 had the typical structure of a high forest and are
included in areas proposed as Special Areas of Conserva-
tion (CE 92/43/CE Directive “Habitat”).

The overall forest area at landscape scale is smaller
than 30% on the total of the study area: consequently, ef-
fects linked to fragmentation may act on bird communi-
ties and species (see Andrén, 1994).

The four investigated bird species (Picus viridis, Pi-
coides major, Sitta europaea, Garrulus glandarius) have
been selected from the forest breeding species of the re-
gion (Magrini & Gambaro, 1997), on the basis of their
sensitivity to the habitat fragmentation and to physiogno-
mic and structural characteristics of the vegetation (e.g.,
Bernoni et al., 1989; Landmann, 1998). Ease of sampling
and wide distribution at the regional scale (Boano et al.,
1995; Magrini & Gambaro, 1997; Tellini Florenzano et
al., 1997) also influenced the choice of the species.

To analyse the presence/absence and abundance pat-
terns of the above-mentioned species, a modified line tran-
sect method has been used (Merikallio, 1946; Jarvinen &
Vaisannen, 1973). All individuals were recorded by di-
rect observation or hearing of their voice/song inside the
fragment/core areas. The line transect length was directly
related to the fragment size and ranged between 70 and
650 m. Each transect start at the edge and is oriented along
a longitudinal axis of the fragment (see Villard et al., 1995,
for an application in fragmented landscapes). In some
cases, only the most representative line transect has been
followed due to their poor accessibility (fragments 12 and
3) or to the extension of the area (core areas). Each line
transect was surveyed three times from February 3 to April
22, 2002 (I period: 3 Feb. – 17 Feb.; II period: 17 March
– 29 March; III period: 7 April – 24 April) for a total time
of about 38 hours. The anticipated monitoring period were
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selected to coincide with the early seasonal territorial di-
splays of Piciformes (Cramp, 1985; Cramp & Perrins,
1993; Cramp & Perrins, 1994).

Some information would support the adequacy of the
line transect method in fragmented landscapes compared
to others: Mapping method (Pough, 1947) is too consu-
ming time over a landscape scale and for a large number
of fragments (as highlighted it is often advisable to incre-
ase the number of sites sampled rather than to census a
few sites intensively in fragmentation studies; see Haila
& Hanski, 1984); point counts (e.g., E.F.P.; Blondel, 1975)
do not permit to acquire a significant number of data (i.e.,
number of points) in small fragments. Line transect
method was utilised in analogous studies in fragmented
landscapes (e.g., Villard et al., 1995).

The following dependent variables were recorded on
each study area: number of species (S

t
); abundance of each

individual species (PM: Picoides major; PV: Picus viri-
dis;  SE: Sitta europaea; GG: Garrulus glandarius, in
individuals/km; maximum values on three transect; see
above); total abundance (TOTABB: the sum of abundan-
ce values for each species, in ind./km); Shannon diversi-
ty index (Shannon & Weaver, 1963) has been applied on
the interior bird communities composed by the four spe-
cies investigated.

The vegetation structure has been measured using a
simplified version of the Range Findle Circle Method (Ja-
mes & Shugart, 1970): At one-hundred meter intervals
along the line transects the diameter of all plants with a
diameter at breast height (1.40 m) > 7.5 cm was recorded
in an approximately 0.04-ha wide area (Tab. I).

For each fragment and core area, the size area (AREA,
in ha; from Italian Military Geographic Maps, scale 1:
25.000) and average diameter of the trees (DIAM, in cm)
have been considered as intra-fragment independent va-
riables. The following inter-fragment variables were taken
(from 1:25000 maps) (“between-site variables”; see Mc-

Collin, 1993): Distance from the nearest forest site with
surface area greater or equal to 10 ha (DIST10HA, in m:
see Bellamy et al., 1996), distance from the nearest core
area (DISTCORE, in m).

Interior species richness have been explicited spatial-
ly in a cartesian space by area/isolation patterns.

Correlation among dependent and independent varia-
bles were calculated (simple nonparametric with Spearman
test; Pearson test with log-transformed variables) followed
by stepwise multiple regression (dependent variables: TO-
TABB: PM, PV, GG, SE; independent variables: AREA,
DIAM, DIST10HA, DISTCORE). Independent variables
were analysed, using untransformed and log-transformed
data (assigning 0,1 at 0 values) by SPSS for Windows (SPSS
inc., 1989-1996; standard version; 1997).

Results

The highest number of target species (S
t
 = 3) was re-

corded in the core areas I and III and in the forest frag-
ments 5 (high forest) and 12 (Tab. II). No target species
were found in the forest fragments 1-4 and 6-8 (size area
< 3,5 ha in extent). S

t
 is strongly correlated with AREA

(r
s 

= 0.698; P =0.004) and inversely correlated with
DIST10HA (r

s
 = -0.627; P = 0.012; Spearman rank corre-

lation test).
The highest total abundance value (13,7 ind/km) has

been recorded in core area III. High values of total abun-
dance have also been recorded in core areas I and II and
in forest fragments 5 (high forest) and 12 (> 5 ind./km).

The values of Shannon diversity index are in Tab. II.
Area/isolation patterns of interior species richness are

reported in Figs. 2a and 2b. These patterns show in expli-
cit way increasing values towards the high-right side of
the diagrams (larger and less isolated sites).

Abundance values of the individual species (PM, PV,

Site Place name FT n N DIAM (sd) d/0.04

Fragment 1 La Rotte R 1 54 10.65 (5.25) 54

Fragment 2 Le Capanne R 2 70 16.79 (9.48) 35

Fragment 3 C.se S. Cristoforo R 2 75 15.52 (8.15) 37.5

Fragment 4 Casarnese R 2 58 18.72 (8.06) 29

Fragment 5 Podere Vetturina R 4 134 17.39 (8.56) 33.5

Fragment 6 Podere Bacocco R 3 46 15.1 (8.50) 15.3

Fragment 7 C.se S. Martino R 2 102 15.33 (6.35) 51

Fragment 8 Poderi di Colle Capretto R 2 164 13.48 (4.81) 82

Fragment 9 Podere Casella R 2 108 16.45 (8.32) 54

Fragment 10 Podere Vignarelle R 2 58 13.58 (7.09) 29

Fragment 11 Colle Scoppio R 2 53 17.55 (10.05) 26.5

Fragment 12 La Cerreta R 3 72 15.34 (6.09) 24

Core area I Cesi O 6 404 11.36 (3.86) 67.3

Core area II Capitone O 5 235 13.66 (4.46) 47

Core area III Foce O 3 138 15.01 (7.87) 46

Tab. I. Forest structure of the sampling sites.
Site names refer to Italian Military Geographic Institute map (n. 138 IV NO). FT: vegetation type (R,—Rubio-Quercetum cerridis; O, Orno-Quer-
cetum ilicis); n: number of sample areas (0,04 ha wide); N: total number of sampled trees; DIAM: mean diameter of sampled trees (standard
deviation between brackets); d/0.04: mean number of plants with diameter >7.5 cm in 0.04 ha.
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SE, GG) do not strictly meet the necessary assumptions
to perform correlation tests (more than half of the values
are equal: Fowler & Cohen, 1992). Bearing in mind this
caveat, the log-transformed variable correlations (Pear-
son test) showed that: Between Piciformes only abundan-
ce of PM (log-transformed) was inversely correlated with
Log DIST10HA (r = -0.589; P = 0.021); Abundance of SE

was directly correlated with Log AREA (r = 0.741; P =
0.002) and inversely with Log DISTCORE (r = -0.617; P
= 0.014); Abundance of GG was inversely correlated with
Log DIST10HA (r = -0.714; P = 0.003) and with Log DI-
STCORE (r = -0.584; P = 0.014). No significant correla-
tion was found between individual interior species and
the Log DIAM.

Log TOTABB was directly correlated to Log AREA (r
= 0.731; P = 0.002; Fig. 3) and inversely correlated to
Log DIST10HA (r = -0.672; P = 0.006) and Log DISTCO-
RE (r = -0.559; P = 0.030). No significant correlation was
found with the Log DIAM.

Multiple regression analysis with log-transformed data
showed that two predictors (Log AREA; Log DIST10HA)
accounted for about 68 % of the variation in the variable
Log TOTABB and that this finding is statistically signifi-
cant (Log AREA: t = 2.972; P = 0.012; Log DIST10HA: t
= - 2.390; P = 0.034). The observed significance level
associated with Log DIAM (P = 0.432) and Log DISTCO-
RE (P = 0.330) are too large for entry (P>0.05): The best
regression equation contains two predictors. Log-transfor-
med data fitted better than non-transformed ones (where
only 37 % of the variation is explained by the model) and
significant multiple regression are presented in Tab. III.

As with non-transformed data, high correlation among
independent variables were observed (Log DISTCORE and
Log AREA: r = - 0.887; P < 0.01), consequently, the obtai-
ned regression data should be considered only indicative.

Multiple regression with log-transformed data of in-
dividual species shows that: A single predictor (Log
DIST10HA) accounted for about 35 % of the variance in
the variable PM (t = - 2.631; P = 0.021), no predictor en-
tered the analysis for PV, a single predictor (Log AREA)
accounted for about 55 % of the variance in the criterion
variable SE (ANOVA; F 1,13 = 15.853; P = .002; t = 3.982;

Fig. 1. Location of the study area.

Site AREA DIST10HA DISTCORE L
t

S
t

TOTABB PM PV SE GG H

Fragment 1 1. 44 422. 5 500 70 0 0 0 0 0 0 -

Fragment 2 9. 69 975. 0 1113 230 0 0 0 0 0 0 -

Fragment 3 9. 97 975. 0 2213 240 0 0 0 0 0 0 -

Fragment 4 7. 75 510. 0 2865 220 0 0 0 0 0 0 -

Fragment 5 9. 09 847. 5 3205 400 3 6. 62 1. 65 0. 82 4. 15 0 0.9

Fragment 6 2. 81 727. 5 4410 270 0 0 0 0 0 0 -

Fragment 7 1. 25 1115 5303 145 0 0 0 0 0 0 -

Fragment 8 3. 43 1602. 5 5338 200 0 0 0 0 0 0 -

Fragment 9 3. 53 887. 5 4843 240 1 1. 38 1. 38 0 0 0 0

Fragment 10 13. 50 75. 0 2223 235 1 1. 40 0 0 0 1. 4 0

Fragment 11 9. 00 52. 5 3145 220 1 4. 54 4. 54 0 0 0 0

Fragment 12 43. 44 75. 0 1865 345 3 13. 47 4. 81 0 6. 75 1. 91 0.99

Core area I 928. 12 (*) 597. 5 0 (**) 650 2 5. 63 0 3. 58 2. 05 0 0.66

Core area II 204. 00 (*) 115. 0 0 (**) 540 3 9. 23 0. 61 0 3. 07 5. 55 0.85

Core area III 578. 12 (*) 115. 0 0 (**) 340 3 13. 70 4. 88 0 2. 94 5. 88 1.06

Tab. II. Fragments and core areas investigated.
AREA: fragment/core area size (in ha); (*): Surface of core areas only relative to study area; DIST10HA: distance from the nearest forest area with
surface >= 10 ha (in m);  DISTCORE: distance from the nearest core area (in m); (**): for core areas distance was considered = 0. L

t
: transect length

(in m); S
t
: number of target species recorded; TOTABB: total abundance of the sampled target species (mean values, individuals/km); PM, PV, SE,

GG (see methods for abbreviations): abundance values of the individual species (mean values, individuals/km); H: Shannon diversity index applied
on interior bird communities (Fragments 1-4 and 6-8: index not calculable).
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P = .002), two predictors (Log DIST10HA and Log DI-
STCORE) account for about 65 % of the variance in the
variable GG (Log DIST10HA: t = - 3.290; P = .006; Log
DISTCORE: t = - 2.238; P = .045).

Discussion

In the study area, the independent variables area (in
primis) and isolation of the fragments significantly af-
fected richness and total abundance of interior bird spe-
cies studied and the abundance of some individual spe-
cies with consequences on their distribution and abundan-
ce patterns at landscape scale (Figs. 2 and 3). This confir-
ms previous studies: e.g., Freemark & Merriam (1986)
found that the number of forest interior in species in tem-
perate forests could be explained by fragment area.

The vegetation structure factor used in this study (dia-
meter of trees at breast height: DIAM) did not appear to
account for the total abundance of the selected species.
Moreover, in this sample of fragments, the range varia-
tion of the area and isolation variables is higher than the
variation in habitat quality (e.g., DIAM). So, it is not sur-
prising that area and isolation were significant variables,
whereas habitat quality not. Furthermore, the small num-
ber of investigated fragments did not allow us to draw

significant conclusions for the individual species. Howe-
ver, the results seemed to stress the sensitivity to the size
and degree of isolation of the forest fragments for some
of interior species investigated.

Core areas and fragments were different with regard
to vegetation type (see study area and Tab. I). Different
vegetation types may act on habitat structure, an impor-
tant variable influencing the presence/abundance of the-
se species (Cramp, 1985; Cramp & Perrins, 1993; Cramp
& Perrins, 1994). The range of variation of mean diame-
ter in Quercus ilex wood in core areas was comprised in
the wider range of the Q. cerris vegetation in fragments,
analogously to tree density values (Tab. I). Moreover, de-
ciduous and mixed woods represent an habitat type more
suitable for some species (Meschini  & Frugis, 1993). In
this study we observed an higher richness and abundance
of the species in larger and less isolated sites, including
core areas, characterised by vegetation type less suitable
with regard to Q. cerris woods. Results obtained highli-
ght the higher role of spatial variables considered in res-
pect to the structural and vegetation ones in defining di-
stribution and abundance of these species. Nevertheless,
further studies could investigate also these aspects.

At individual species level, Picus viridis did not ap-
pear sensitive to investigated fragment/landscape varia-
bles. In the study area, the abundance of this localised

Fig. 2. Area – isolation pattern of interior bird richness studied. a (left): DIST10HA; b (right): DISTCORE. Black circle: 3 interior species; grey:
2; white (large): 1; white (small): 0.

Tab. III. Stepwise multiple regression equations describing the relationship between log-transformed dependent variables (TOTABB: Total abun-
dance of target species; Log SE, GG, PM: Abundance of individual species; for abbreviations, see methods). Only models with significant regres-
sion coefficients (P <.05) are given. Standard error of coefficients in brackets.

Model R2 Adjusted R2 ANOVA

Log TOTABB = 1.311 +0.566 Log AREA -0.794 Log DIST10HA 0.684 0.632  F 
3. 12

 = 13.016 P = 0.001

(.987) (.190) (.332)

Log SE = -1.244 + 0.636 Log AREA 0.549 0.515 F 
1. 13

 = 15.853 P = 0.002

(.230) (.245)

Log GG = 1.859 -0.807 Log DIST10HA -0.151 Log DISTCORE 0.654 0.596 F 
2. 12

 = 11.326 P = 0.002

(.612) (.245) (.067)

Log PM = 1.723 -0.844 Log DIST10HA 0.347 0.297 F 
1. 13

 = 6.922 P = 0.021

(.843) (.321)

LOGAREA LOGAREA
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species did not appear significantly correlated to area and
isolation and, probably, other factors at landscape scale
as well as distribution at regional scale not considered
here could influence the observed spatial distribution pat-
terns (see Hinsley et al., 1995).

Picus viridis is known as a specialist of mature woods
(Opdam et al., 1985, McCollin, 1993, Bellamy et al.,
1996) and a lowland forest indicator species (Massa et
al., 1998). Bearing in mind the preference of this species
for ecotones and agroecosystems as well as forest habita-
ts (Cramp, 1985), factors such as type of landscape ma-
trix and presence, scattering and spatial arrangement of
the agroforest ecomosaics, may be more relevant.

Picoides major show, in this study, an isolation-sensi-
tivity. Bernoni et al. (1989) and Guerrieri et al. (1992)
included the degree of isolation of the forest fragments
(other than size area) among the factors affecting the di-
stribution of this species in the landscapes of Central Italy.
Opdam et al. (1985) have shown also an area-sensitivity
for Picoides major in N-Europe (see also, e.g., van Dorp
and Opdam, 1987).

In highly fragmented landscape mosaics, the popula-
tions of Piciformes may show a “patchy” structure rather
than metapopulation one (see, e.g., Thomas et al., 2000).
These fragments, which may be occasionally occupied by
erratic individuals or a small number of pairs, may have a
function as stepping stones (sensu Bennett, 1999) in the
local dynamics at landscape scale (e.g., Picoides major is
adapted to frequent fragmented woodland and can routi-
nely be recorded in small fragments).

Regard to Sitta europaea these results seem to con-
firm previously published data on their high sensitivity to
some fragmentation components. Sitta europaea was
known as an interior species with low dispersal power (in
particular, juvenile dispersal), sensitive to the isolation
of the reproductive habitats and to habitat fragmentation
(Moore & Hooper, 1975; Cieslak, 1985; Opdam et al.,
1985; McCollin, 1993; Bellamy et al.; 1996; Landmann,
1998; Massa et al., 1998; Matthysen, 1998). Our data con-
firm the area (in primis)- and isolation-sensitivity of this
species in context studied.

Vegetation structure is known to be another habitat
factor that affect the local spatial distribution of Sitta eu-
ropaea (see Landmann, 1998). However, in our study it

Fig. 3. Area – total abundance of interior bird species diagram (log-
transformed variables: respectively, LogAREA and LogTOTABB; r =
0.731; P = 0.002; Pearson test).

does not seem to explain the pattern of the species in the
study area (likewise to the total abundance: see above),
even though the uneven aged forest stand management of
the fragments might, at least locally, sustain the presence
of the species (see high forest fragment 5; Tab. II).

Garrulus glandarius, was indicated as an area-sensitive
and forest interior species (Møller, 1987; McCollin, 1993;
Hinsley et al., 1995; Bellamy et al., 1996; Massa et al., 1998,
Massa et al., 2000). Our results show that isolation from
other fragments/core areas could be an additional factors
influencing the distribution pattern of this species.

Garrulus glandarius and Sitta europaea are mostly sen-
sitive to fragmentation factors such as fragment size and
isolation, in different ways, and show high abundance va-
lues especially in the not fragmented core areas I, II and
III, more larger and less isolated. Their presence in the fo-
rest fragments may be casually related to local factors (e.g.,
structure and physiognomy of the vegetation in the frag-
ment 5 for Sitta europaea). Such species may show consi-
stent populations in non-fragmented forest areas, and mar-
ginal subpopulations (e.g., Sitta europaea), few couples
and/or erratic individuals (e.g., Garrulus glandarius) could
inhabit in the highly fragmented areas.

The sensitivity to forest fragmentation of Garrulus
glandarius and Sitta europaea (both widespread in the
hilly landscapes of Central Italy: Boano et al., 1995; Ma-
grini & Gambaro, 1997; Tellini Florenzano et al., 1997)
and the easy identification in the field potentially allows
the rapid assessment of their spatial distribution and abun-
dance patterns and makes these species possible useful
target/indicators in landscape planning strategies (Soulé,
1991; Pearson, 1995; Massa et al., 2000).

Using a small sample of forest fragments, the total
abundance of the selected species (or, in alternative, the
total abundance of only Sitta europaea and Garrulus glan-
darius) may be a useful dependent variable able to give
preliminary qualitative and quantitative information whi-
ch may be more useful than considering the individual
species separately (less data available for statistical analy-
ses), although the contribution as indicator of some spe-
cies should be better defined (e.g., Picus viridis: previous
data on sensitivity to some fragmentation factors not con-
firmed in our study).

Size of wood area (fragment or core) appears the bet-
ter predictor of total abundance of the selected interior
species. Larger fragments are more suitable for these in-
terior species than smaller ones, confirming previous data
(see literature cited above): These data suggest that 10 ha
(see patterns in Fig. 2 and diagram of Fig. 3) could be a
fragment size threshold that contribute to predict the pre-
sence/absence and abundance of interior species, accor-
ding to others authors (e.g., Cieslak, 1985). Sites larger
than 100 ha show a cumulative trend in total abundance
(Fig. 3; see Moore & Hooper, 1975). Nevertheless, for
species structured as “patchy-population” and for “eyesi-
ght navigator” species (see Smith, 1989) also small woo-
ds could have a functional role as stepping stones and may
facilitate dispersion at landscape scale (see, e.g., Speller-
berg & Sawyer, 1999).

The role of analysed spatial variables (AREA, in pri-
mis; DIST10HA and DISTCORE, secondarily) in predic-
ting the richness of interior species studied was highli-
ghted also by area/isolation patterns (Fig. 2).
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Further researches with a larger sample of forest frag-
ments and at a longer temporal scale are required in order
to define the fragmentation effects on individual species
and to reduce and identify possible spatial and temporal
stochastic effects in limited contexts of study (Haila,
1985). Nevertheless, although preliminary, these data may
contribute to the selection of fragmentation-sensitive in-
terior/target species as indicator that provide concise and
quick indications in landscape planning strategies (natu-
re reserve plans and selection; Gap analysis, Scott & Jen-

nings, 1997; ecological networks at local scale; e.g. Bat-
tisti, 2003).
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