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The Scops Owl Otus scops is probably the least known European owl. We surveyed Scops
Owls in the Trento region (6200 km2) of the central–eastern Italian Alps between 1995 and 2003
and we intensively monitored a subpopulation in a 50-km2 plot between 2000 and 2003.
In the whole region, we found 81 territories concentrated in 21, low-elevation 100-km2

quadrats. Most territories were associated with villages surrounded by extensively managed
grassland (79%), arid areas with rocky outcrops and xerophytic vegetation (12%) and/or
large urban areas and parks (6%). In the 50-km2 plot, density varied between 52 and 64
territories/100 km2 annually. Territories were either solitary or clumped in loose colonies
of 2–7 pairs. In contrast to previous studies, most nests used for laying were in holes and
cracks of buildings (95%, n = 20). This may have been favoured by thermal and foraging
advantages, but also involved some costs, such as predation by domestic cats and collision with
cars. Median laying date was 29 May (n = 16) and the mean number of fledged young was
1.37 (n = 30), 1.95 (n = 21) and 2.00 (n = 20) per territorial, breeding and successful pair,
respectively. The diet was dominated by grasshoppers of the family Tettigoniidae. Compared
to previous studies, this population showed medium to high density and low productivity.
The species seems to be dependent on traditional, extensive agro-pastoralism and the main
conservation threats include habitat loss through land abandonment and consequent forest
expansion, which are probably best halted through subsidy schemes. From our results and
published data, we estimate the population of the Scops Owl in the Italian Alps at 230–
500 territories. There is an urgent need for further data on this largely overlooked species,
especially from its Mediterranean strongholds.

The Scops Owl Otus scops is a small nocturnal raptor
typical of xerothermic areas of the middle–lower lat-
itudes of the Palearctic (Cramp 1985). It is a mainly
insectivorous, trans-Saharan migrant, usually associ-
ated in its breeding grounds with semi-open land-
scapes composed of a mosaic of open habitats rich in
large insects, interspersed with small woodlots and
hedgerows rich in old trees with cavities (i.e. poten-
tial nest-sites) (e.g. Arlettaz et al. 1991, Bavoux et al.
1997). In Europe, the species has suffered dramatic
population declines coupled with range contraction,
especially during the first 50–70 years of the 20th
century (Arlettaz 1990, Bavoux et al. 1997). More
recently, steep declines have been reported for

countries at the edge of its distribution range (e.g.
Switzerland, Austria) and even within its main
strongholds in Greece, Italy and Spain (Mañez 1994).
In Spain, which holds the largest European population
of the species, the Scops Owl is now regarded as the
most threatened owl species (Gragera 1996).

However, most such trend descriptions are based
on qualitative information, or on intensive studies
conducted in only one area, which may not be rep-
resentative of a whole country (Mañez 1994, Bavoux
1999). Furthermore, in some of the intensive studies,
the reported increasing trends have been confounded
by the progressive addition of nestboxes of progres-
sively different design (e.g. Vidal 1986, Bavoux et al.
1991, Streit & Kalotás 1991), erected because of the
lack of suitable cavities and the extreme difficulty of
finding the nest of this elusive species (e.g. Bavoux
et al. 1991, Streit & Kalotás 1991).
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Overall, the species has received very little inves-
tigation (reviewed later in Tables 4 & 5), and can be
considered the least known owl species in Europe.
Quantitative data on diet and breeding performance
are available only for a few populations (Vidal et al.
1984, Arlettaz et al. 1991, Bavoux et al. 1991, Streit
& Kalotás 1991), usually studied by means of nest-
boxes. This method has yielded fundamental infor-
mation. However, data on density and breeding
performance based on nestboxes may not be fully
comparable with data collected under natural condi-
tions (e.g. Møller 1989, Bavoux et al. 1991).

Here we: (1) report on the distribution, popula-
tion trend, diet and breeding success of a Scops Owl
population in the Italian Alps; (2) review the little
quantitative information available for other Euro-
pean populations and compare it with our data; and
(3) estimate the population size of the species in
the Italian Alps. In this first stage of the study, we
purposely avoided using nestboxes, so as to provide
reference data on density, population trends and
breeding performance in a ‘natural’ setting.

In Italy, where the species is classified as declining,
quantitative data are only available for a steeply
declining population surveyed for three consecutive
years in the northern Apennines (Sacchi et al. 1999)
and for a population of 13 territories censused in
only one year in a hilly area of northeastern Italy
(Galeotti & Gariboldi 1994).

METHODS

Study area

Scops Owls were surveyed each year between 1995
and 2003 in the whole Trento region (6200 km2),
located in the central–eastern Italian Alps (46°04′N,
11°08′E, Fig. 1). Elevation ranged from 65 to
3764 m. The landscape was characterized by inten-
sively cultivated valley floors, mountain slopes cov-
ered by forests interspersed with sparse pastures, and
by montane grassland, rocky outcrops and perma-
nently snow-covered ground above the tree line. In
particular, 51% of the area was covered by wood-
land, 11% by agricultural crops (mainly vineyards
and apple groves), 11% by shrub vegetation, 11% by
rocky outcrops, 5% by montane grassland, 4% by
managed grassland, 2% by human development, and
the remaining 5% by water and permanently snow-
covered ground (GIS analysis on C.E.C. 1993). For-
est composition varied from deciduous to coniferous
depending on elevation, slope orientation and local

microclimate. With increasing elevation, woodland
tended to be dominated by Quercus pubescens,
Quercus–Tilia–Acer spp., Fagus–Abies spp., Picea spp.
and by Larix decidua–Pinus cembra (P.A.T. 1995). In
the past, the main Scops Owl foraging habitat of
grassland was extremely widespread at all elevations.
However, in recent decades, low-elevation pastures
have been converted to intensively managed apple
groves and vineyards. In contrast, at medium eleva-
tions traditional agro-pastoral practices have become
increasingly unprofitable, leading to progressive and
widespread land abandonment throughout the 20th
century, with consequent forest expansion by natu-
ral succession at the expense of open habitats (e.g.
Pedrini & Sergio 2001, 2002).

From 2000, surveying effort was intensified in a
50-km2 study plot located in Vallarsa, a pre-Alpine
valley in the southeastern part of the Trento region
(45°47′N, 11°07′E, Fig. 1). The plot was chosen
because it was the only site with a continuously dis-
tributed owl population over a relatively large area.
Elevation ranged from 220 to 1460 m. The land-
scape was characterized by steep slopes covered by
deciduous woodland, interspersed with extensively
managed grassland fields, usually located around
each of 38 small villages. In particular, 61% of the
area was covered by woodland, 21% by agricultural
crops (mainly vineyards), 7% by shrub vegetation,
9% by managed grassland, 1% by human develop-
ment, and the remaining 1% by water, montane
grassland and rocky outcrops (GIS analysis on C.E.C.

Figure 1. Distribution of the Scops Owl in the Trento region:
� = solitary territories; � = loose colonies composed of 2–3
territories; � = loose colonies composed of 4–6 territories.
Inset: the location of the Trento region (in grey) within northern
Italy, and of the Vallarsa study area (black quadrat) within the
Trento region.
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1993). Many of the grassland fields were abandoned
and rapidly shrinking through scrub encroachment.

Data collection

Scops Owl territories were censused during the pre-
incubation period (April–May) by: (1) listening to
spontaneous territorial vocalizations (passive audi-
tory surveys) and (2) eliciting territorial calls by
broadcasting the territorial ‘kyüü’ (Cramp 1985) of
the male (acoustic-lure surveys, Reid et al. 1999).
To assess the distribution in the whole Trento region,
we visited all potentially suitable habitat patches
(areas with grassland, shrub or xerophytic vegetation,
farmland and urban parks, Cramp 1985), at least
three times each year (once in the second half of
April, once in the first half of May and once in the
second half of May) between 1995 and 2003. A ter-
ritory was classified as occupied if a male defended
the territory in at least two of the three visits. Actu-
ally, the species is extremely vocal in this period and
unlikely to be missed (e.g. all birds contacted during
the first visit were also detected in the second and
third, n = 81 individuals, each one sampled three
times and each one from a different territory). Fur-
thermore, because the region is subject to intensive
investigation of all owl species since 1997 (e.g.
Marchesi et al. 2002b, Sergio et al. 2003, and our
unpubl. data), coverage has been extremely thor-
ough, even in potentially unsuitable habitat such as
woodland. Therefore, we consider the Scops Owl
distribution to be reliably known in the study region,
as confirmed by the discovery of some pairs in appar-
ently unusual habitats (see Results). In the Vallarsa
study area, monitoring was more intensive and all
suitable and unsuitable habitat was surveyed weekly
throughout April and May between 2000 and 2003.

Past studies on the species have usually reported
density as the number of territories in: (1) a large
area (> 40 km2) of both suitable and unsuitable
habitat (e.g. Bavoux et al. 1991); and (2) a small area
(< 10 km2) of relatively continuous suitable habitat,
e.g. an urban park (Böck & Walter 1976). In raptors,
small study areas are likely to overestimate densities
(Village 1984) and the correlation between density
and study area size was significant for the available
studies on Scops Owl (rs = −0.84, n = 9, P = 0.004).
Therefore, to compare our data with previous data,
we expressed the density in the Vallarsa area as the
number of territories: (1) in the whole study area
(50 km2), including suitable and unsuitable habitat,
and (2) in the cumulative area (8.1 km2) of open

habitats suitable for foraging (grassland, arid and
urban areas) in the study plot.

In the Vallarsa study area in 2002 and 2003 we put
maximum effort into trying to find actively used
nests by a combination of methods: (1) delineating
the defended territories of each pair by means of
playback stimulation at night, censusing all poten-
tially suitable cavities in trees, walls and buildings
(and all potentially suitable stick nests) by day and
checking them repeatedly through the breeding sea-
son; (2) conducting long listening sessions at night
during the late pre-incubation and incubation peri-
ods (some females sing directly from the nest-hole
during this period); (3) observing adults delivering
prey to the nest during the incubation and nestling
periods (parents may provision broods every few
minutes during the first half of the night, Streit &
Kalotás 1991, Bavoux et al. 1993); and (4) listening
to the food-begging calls of chicks in the nest, which
can be easily heard at 30–40 m from the nest (Hen-
ninger & Banderet 1990). Once found, nests were
checked at least twice: (1) just after hatching to
assess hatching date and brood size, and (2) when
nestlings were about 15–20 days old, to record the
number of fledged young (chicks leave the nest at
20–32 days old, Henninger & Banderet 1990, Streit
& Kalotás 1991). Nests were checked by climbing to
them or by looking into them by means of a micro-
video camera probe with a white light source, elec-
tronically connected to a ground-level video monitor
by a cable, and mounted on top of a system of tele-
scopic, fibreglass poles reaching a maximum height
of 14 m (e.g. Richardson et al. 1999). If possible, we
avoided checking the nest during incubation to min-
imize disturbance, so data on clutch size were not
obtained. Because the above methods of nest finding
involved an enormous amount of fieldwork (many
days and nights per nest) and because each of the
methods may involve some bias (e.g. methods 3 and
4 above will overestimate successful nests), each
year we selected a priori a number of territories (15
in 2002 and 15 in 2003) at which we would assess
breeding performance. In these territories, we
searched for nests using the methods outlined above,
including a check during incubation. If by June no
nest had been found, we checked the territory
weekly until the end of August with two people
simultaneously and separately walking for 3 h at
night within the territory, listening for chick calls
and looking for potential prey deliveries by adults. If
we obtained no evidence of nesting in this way, we
considered the pair to have failed, which allowed us
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also to estimate the proportion of the population
that failed because of non-laying (usually missed by
studies that rely on checking active nests only).

Hatching date was estimated by backdating from
the feather development of nestlings when ≤ 7 days
old, by reference to information contained in Koenig
(1973), Mikkola (1983) and Cramp (1985). The
date of incubation commencement was estimated by
subtracting 25 days, the median incubation period
(Cramp 1985), from hatching date.

To assess diet composition we: (1) collected pel-
lets and prey remains from the cups of all visited
nests; and (2) directly observed and photographed
the prey deliveries at five successful nests from a dis-
tance of 6–10 m, which allowed the recognition of
all delivered items. Because each of the above meth-
ods may involve some degree of bias, we report prey
composition separately for each method and then
for the overall pooled sample (e.g. Marchesi et al.
2002a). During such nest watches we also recorded
the frequency of prey delivery per hour. All the
nest watches were conducted between 21:00 and
24:00 h, when prey delivery peaks (Streit & Kalotás
1991, Bavoux et al. 1993), during calm nights with
warm weather and in the last 10 days of the nestling
period, when both parents provisioned chicks.
Finally, we collected all available information on
mortality of the species during the study period, by
requesting information from local authorities and
from villagers (many nests were in the walls of
inhabited buildings).

Statistical analyses

To quantify the species distribution, we superim-
posed a grid of 10 × 10-km quadrats on the Trento
region and calculated the presence–absence and
number of territories in each quadrat. Only quadrats
included in their entirety in the region were consid-
ered; to these we added six quadrats which were not
entirely included in the region but which were sur-
veyed for Scops Owls in their entirety (overall,
n = 58 quadrats). For each quadrat we also measured
by GIS the topographic and land-use variables listed
in Table 1 and investigated their relationship with
Owl presence–absence and density by means of
logistic and linear regression (Sokal & Rohlf 1981,
Tabachnick & Fidell 1996). To reduce collinearity
and the number of variables used in multivariate
analyses, we employed the method of variable
reduction proposed by Green (1979) and commonly
employed in habitat selection studies (e.g. Sergio &
Bogliani 2000 and references therein). Thus, pairs of
strongly intercorrelated variables (r > 0.6) are con-
sidered as estimates of a single underlying factor
with only one retained for analysis, usually the one
perceived as more biologically important. Of the
remaining variables, only those with a significant
univariate difference (P < 0.1) between nests and
random locations were included in multivariate ana-
lyses. The percentage of grassland was retained in all
models, because this was assumed to be the prime
foraging habitat for a predator that fed mainly on

Table 1. Environmental variables measured at 58 quadrats of 100 km2 (Trento region, central–eastern Italian Alps). All variables were
measured by accessing land-use databases by means of a GIS (C.E.C. 1993, Servizio Foreste 1999).
 

Variable Description

Mean elevation (m) Mean elevation within the quadrat (calculated from a digital elevation model)
Mean slope Mean slope angle within the quadrat (calculated from a digital elevation model)
Mean ruggedness index Mean of the ruggedness indicesa of each of all the 1-km2 quadrats included within the 100-km2 quadrat
% urban % of the quadrat covered by urban areas
% grassland % of the quadrat covered by managed grassland
% vineyards % of the quadrat covered by vineyards
% apple groves % of the quadrat covered by apple groves
% farmland % of the quadrat covered by intensive farmland
% arid % of the quadrat covered by rocky outcrops and xerophytic vegetation
% shrubs % of the quadrat covered by shrubs
% woodland % of the quadrat covered by forests
% suitable % of the quadrat covered by potentially suitable nesting and foraging habitat (sum of

% urban, % grassland and % arid)
Habitat diversity Shannon index of land-use diversity (Shannon & Weaner 1949)
Fito-climatic factor Dichotomic factor discriminating between warm, dry sites on carbonatic soils (1) and other areas 

(2) (based on the zonation by Odasso 2002)

aNumber of 10-m contour lines crossed by two N–S and W–E transects of 1 km, crossing in the centre of the 1-km2 quadrat.
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orthoptera (see Results; Arlettaz et al. 1991, Bavoux
et al. 1993).

The degree of regularity of nest dispersion was
estimated by means of the G-statistic (Brown 1975),
calculated as the ratio between the geometric and
arithmetic means of the squared distances between
neighbouring pairs (nearest neighbour distances,
NNDs) and varying between 0 and 1. Values close to
1 (> 0.65) indicate a regular dispersion of nest-sites
(Brown 1975). Because the species may nest in loose
colonies (Cramp 1985), we also examined the regu-
larity of nest dispersion within colonies of ≥ 3 pairs.
We defined a territory as colonial when its occupants
interacted vocally with their nearest neighbour(s) on
at least 75% of the occasions that the territory was
checked, or when its NND was lower than 400 m
altitude (all such pairs regularly interacted with each
other).

Differences in mean values were analysed by
means of one-way ANOVAs and t-tests (Sokal & Rohlf
1981). To meet the assumptions of normality of par-
ametric tests, variables were logarithmically, square
root or arcsin-square root transformed as necessary
(Sokal & Rohlf 1981). We used non-parametric tests
(Siegel & Castellan 1988) when no satisfactory
transformation was found. Probability values were
adjusted by means of the sequential Bonferroni’s
correction when carrying out multiple tests on the
same data set (Rice 1989). All means are given ± 1 se,
all tests are two-tailed and significance was set at P
≤ 0.05.

RESULTS

Regional distribution

Scops Owls occupied 21 of the 58 100-km2 quad-
rats, with a total of 81 territories (Fig. 1) located at
an average elevation of 633 ± 31 m asl (range 140–
1520 m). Most territories were located: (1) near vil-
lages surrounded by extensively managed grassland
(79.0%, n = 81), (2) in arid areas with rocky outcrops
and xerophytic vegetation (12.4%) and (3) within
large urban areas and parks (6.2%). Finally, two
territories were unexpectedly found at 1390 and
1520 m asl in an area of mature conifer forest (dom-
inated by Silver Fir Abies alba) interspersed with
montane grassland and very large cliffs.

Quadrats with Scops Owls were characterized by
warmer climate, lower elevation, less steep slopes,
more urbanized areas, farmland, apple groves and
vineyards, lesser availability of shrub vegetation and

a greater habitat diversity (Table 2). The method of
variable reduction allowed six variables to be tested
for entrance in a logistic model discriminating between
quadrats with and without owls: mean elevation,
mean slope, % vineyards, % apple groves, % shrubs
and habitat diversity. The only variable that entered
the stepwise logistic regression was elevation (B =
−0.20 ± 0.05, Wald = 14.0, df = 1, P = 0.0004, B for
constant = 6.20 ± 1.78, correctly reclassified cases =
74.1%). The number of Owl territories in each of
the 21 quadrats with Owls was unrelated to any of
the environmental variables given in Table 1 (all
rs ≤ | 0.51 |, P > 0.05).

Density, nest dispersion and nest-sites

In the whole Trento region, each of the 21 quadrats
occupied by Scops Owls had on average 3.76 ± 0.88
territories (range 1–15). Of course, such quadrats
contained much unsuitable habitat (e.g. large areas
beyond the tree line). The largest continuous popu-
lation was found in the Vallarsa study site, where
between 2000 and 2003 we censused 46 territories
(not all of them occupied every year), at a mean

Table 2. Environmental variables measured at 100-km2 quadrats
occupied or not by Scops Owls (Trento region, central-eastern
Italian Alps, 1995–2003). Univariate differences between the
two samples were tested by means of t-tests. +0.05 < P < 0.1;
*P < 0.05; **P < 0.01; ***P < 0.001.
 

Variable

Quadrats 
with Scops 

Owls (n = 21)

Quadrats 
without 

Scops Owls 
(n = 37)

Mean elevationa***  855 ± 94 1531 ± 84
Mean slope** 17.3 ± 0.8  20.5 ± 0.6
Mean ruggedness indexa* 58.3 ± 3.7  67.5 ± 2.0
% urbanb** 4.5 ± 1.2  1.5 ± 0.3
% grasslandb 3.0 ± 0.8  3.9 ± 0.6
% vineyardsb** 1.9 ± 0.7  0.2 ± 0.1
% apple grovesb+ 2.8 ± 0.8  1.6 ± 1.0
% farmlandb** 15.0 ± 2.5  6.2 ± 1.3
% aridb** 1.6 ± 0.5  4.8 ± 0.7
% shrubsb 8.6 ± 1.2  11.4 ± 1.1
% woodlandb 55.1 ± 2.6  50.3 ± 3.0
% suitableb** 21.2 ± 2.5  34.9 ± 3.2
Habitat diversity+ 0.81 ± 0.01  0.78 ± 0.01
% in fito-climatic class 1c*** 76.2 24.3

at test carried out on the variable square root transformed.
bt test carried out on the variable transformed in the arcsin
square root of the proportion.
cDifference tested by means of a χ2 test on the count data.
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elevation of 685 ± 23 m. Density seemed stable and
varied between 52 and 64 territories/100 km2

(Table 3). When considering only the area of suitable
habitat (grassland and urban areas), density varied
between 3.2 and 3.9 territories/km2 (Table 3). The
mean NND did not vary among years ( loge-transformed,
ANOVA, F3,112 = 1.15, P = 0.33) and was on average
640 ± 57 m (range 50–3710 m; Table 3).

Overall, nest dispersion was not regular, either when
considering the whole Trento region (G = 0.20), or
when considering the Vallarsa area in each of the years
of study (Table 3). In fact, territories were either
solitary and well spaced out, or clumped in loose
colonies with small NNDs and frequent interactions
among pairs (Fig. 1). In the whole Trento region,
57% of the 81 territories were included in loose
colonies, each composed on average of 2.71 ± 0.27
territories (range 2–7, n = 17). In the Vallarsa area,
the percentage of colonial territories did not vary
among years (  = 0.80, P = 85) and was overall 72%
(Table 3). On average, each colony was composed of
2.96 ± 0.28 territories (range 2–7, n = 28, Table 3),
with no significant variation among years (Kruskal–
Wallis  = 1.84, P = 0.61). Even within colonies,
territories did not show a clear pattern of dispersion:
the G statistic indicated a regular dispersion of ter-
ritories: (1) within four of seven colonies with three
or more territories when considering the whole Trento
region, and (2) within seven of 11 colonies when con-
sidering only the Vallarsa area. In both cases, there
was no clear preponderance of regular dispersion within
colonies (binomial test, P = 1.00 and 0.55, respectively).

In the two years of intensive nest searches in the
Vallarsa area, we found 20 nests being used at the

time of laying. Of these, only one was in a tree cavity
(of a very mature Sweet Chestnut Castanea sativa).
The other nests were all in buildings, ten were in large,
dead-end holes (entrance of about 20 × 20 cm, depth
of about 40 cm) in walls of inhabited buildings, six
were in cracks at the junction between the wall and
roof, and three were in holes within bell towers of
churches. In nine of the nests in walls and churches,
eggs were laid in old nests of Common Redstarts
Phoenicurus phoenicurus.

Phenology and productivity

The median egg-laying date was 29 May (mean = 27.6
May ± 2.51 days, range = 7 May–20 June, n = 16),
with no significant variation among years (Kruskal–
Wallis  = 2.37, P = 0.12). There were no yearly
differences in any of the productivity estimates (in all
cases, Kruskal–Wallis  ≤ 0.16, P ≥ 0.50). Overall,
70% of the 30 monitored females laid eggs and
67% were successful (i.e. raised at least one chick to
fledging). The mean number of fledged young was
1.37 ± 0.23 per territorial pair (range 1–4, n = 30),
1.95 ± 0.23 per breeding pair (i.e. a pair that laid
eggs, n = 21) and 2.00 ± 0.23 per successful pair
(n = 20). The number of fledged young declined
with laying date (rs = −0.51, n = 16, P = 0.04).

Diet and provisioning rates

The diet was dominated by grasshoppers of the family
Tettigoniidae, particularly the Great Green Bush
Cricket Tettigonia viridissima, and by moths of the
family Noctuidae (Table 4). As expected, the diet

Table 3. Density, nest spacing, coloniality and regularity of nest dispersion of a Scops Owl population in the Vallarsa study area, central–
eastern Italian Alps (2000–03).
 

Variable

Year

Meana2000 2001 2002 2003

Density (no. of territories)b 52.0 (26) 58.0 (29) 64.0 (32) 58.0 (29) 58.0
Density suitablec 3.2 3.6 4.0 3.6 3.6
NND (m) 636 ± 81 552 ± 85 645 ± 132 727 ± 137 640 ± 60
% coloniald 73.1 75.9 71.9 65.5 71.6
Mean no. of nests/colony (n) 2.38 ± 0.26 (8) 3.67 ± 0.80 (6) 2.88 ± 0.40 (8) 3.17 ± 0.83 (6) 2.96 ± 0.28
G statistic 0.49 0.27 0.16 0.24 0.29

aMean of the four years of research.
bNumber of territories/100 km2.
cNumber of territories/km2 of suitable habitat (i.e. in 8.1 km2 of grassland, urban and arid areas).
dPercentage of nests included within loose colonies.

χ3
2

χ3
2

χ1
2

χ1
2
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was dominated by mammals when analysed by mass.
However, these were only taken occasionally and
most of them were found at only one nest (Table 4).
The mean rate of prey delivery to the chicks was
13.2 ± 2.2 items/h (range 5–18, n = 5 sessions of
observation at five different nests). The mean time
lapsed between one prey delivery and the next was
5.1 ± 0.5 min (range 1–27, n = 64).

Causes of mortality

Information was available for 12 mortality events
recorded between 1995 and 2003. Of these, three
were caused by collision with cars, two by domestic
cat predation (one adult and one fledgling), one by
Tawny Owl Strix aluco predation (remains found in
a pellet), one by Eagle Owl Bubo bubo predation
(remains found in a pellet), one by illegal shooting
and four by unknown causes.

Comparison with other European 
populations

Estimates of density and productivity are reviewed
in Table 5. It was possible to compare our data sta-
tistically with those from three other populations
in southern and central France (Vidal et al. 1984,
Bavoux et al. 1991, Table 5). The mean number of
fledged young per breeding pair (loge-transformed,
F3,211 = 6.35, P = 0.0012) and per successful pair
(F3,176 = 10.13, P = 0.0008) was significantly
lower in our population than in the other three
(Duncan’s multiple range test, P < 0.05). Further-
more, productivity was greater in nestboxes than in
natural nests, both when considering the mean
number of young fledged per breeding (nestbox:
2.70 ± 0.12, n = 168; natural sites: 2.45 ± 0.22,
n = 47; loge-transformed, F1,213 = 3.94, P = 0.049)
and per successful pair (nestbox: 3.31 ± 0.07,

Table 4. Diet composition of Scops Owls in the central–eastern Alps (2002–03), as assessed by direct observation at five nests and by
collection of pellets and prey remains at 15 nests.
 

Prey taxa

Pellets Remains Direct observation Pooled

n (%)
% by 
mass n (%)

% by 
mass n (%)

% by 
mass n (%)

% by 
mass

Insects 340 (99.42) 98.27 75 (90.36) 2.85 79 (100) 100.00 494 (98.02) 17.03
Coleoptera 5 (1.46) 0.47 5 (0.99) 0.06

Carabidae 5 (1.46) 0.47 5 (0.99) 0.06
Unidentified Diptera 3 (0.88) 0.19 3 (0.60) 0.02
Lepidoptera 50 (14.62) 9.92 23 (27.71) 0.69 1 (1.27) 0.84 74 (14.68) 1.80

Geometridae 1 (1.20) 0.07 1 (0.20) 0.06
Noctuidae 4 (1.17) 0.79 22 (26.51) 0.61 1 (1.27) 0.84 27 (5.36) 0.64

Unidentified Lepidoptera 46 (13.45) 9.13 46 (9.13) 1.09
Hemiptera 2 (2.41) 0.07 2 (0.40) 0.06

Pentatomidae 2 (2.41) 0.07 2 (0.40) 0.06
Orthoptera 269 (78.65) 80.53 49 (59.04) 2.06 78 (98.73) 99.13 396 (78.57) 14.21

Tettigoniidae 269 (78.65) 80.53 49 (59.04) 2.06 78 (98.73) 99.13 396 (78.57) 14.21
Tettigonia viridissima 19 (22.9) 0.8 34 (43.0) 43.1 53 (10.5) 1.9
Platycleis spp. 8 (9.6) 0.3 18 (22.8) 22.8 26 (5.2) 0.9

Hymenoptera 1 (1.20) 0.03 1 (0.20) 0.03
Vespidae (Polistes spp.) 1 (1.20) 0.03 1 (0.20) 0.03

Unidentified insect 13 (3.80) 7.16 13 (2.58) 0.86
Arachnids 2 (0.58) 1.74 2 (2.41) 0.33 4 (0.79) 0.49

Unidentified Araneae 1 (0.29) 1.19 2 (2.41) 0.33 3 (0.60) 0.43
Chactidae (Euscorpios spp.) 1 (0.29) 0.55 1 (0.20) 0.07

Mammals 5 (6.02) 93.50 5 (0.99) 79.65
Edible Dormouse Glis glisa 4 (4.82) 88.48 4 (0.79) 75.38
Unidentified Muridaeb 1 (1.20) 5.02 1 (0.20) 4.28

Birds 1 (1.20) 3.32 1 (0.20) 2.83
Great Tit Parus major 1 (1.20) 3.32 1 (0.20) 2.83

Total 342 63.59 g 83 452.10 g 79 14.98 g 504 530.67 g

aYoung individuals, all found in the same owl nest.
bApodemus spp.
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Table 5. Density, nearest neighbour distance (NND), and productivity of European Scops Owl populations. Status was coded as: −1 (declining), 0 (stable) and +1 (increasing).
 

Country (status) Area Period
Densitya 

(n)

Density 
suitable 

(n)b

NND
(m) 
(n)

Breeding 
successc 

(n)

Mean no. of fledged young

Breeding 
pair (n)

Successful 
pair (n) Source

Franced (+1) Ile d’Oleron 1981–1996 52.0 (91)e 79.6 (142) 2.60 (142) 3.30 (113) Bavoux et al. (1991)
France Montpellier 1968–1982 88.5 (26) 2.85 (26) 3.22 (23) Vidal et al. (1984)
Franced (+1) Isle d’Hyeres 1981–1983 3.1 (20)f 92.3 (26) 3.30 (26) 3.60 (24) Vidal et al. (1984)
Switzerland (−1) Central Valais 1982–1988 6.6 (18) 428 (20) Arlettaz (1990)
Hungaryd (+1) Szekszárd 1979–1989 2.16 (43) Streit and Kalotás (1991)
Ex-Czechoslovakia Hron-Ipel′ 1950s 70.4 (44) Cramp (1985)
Spain (−1) Extremadura 1985 3.0 (3) Gragera (1996)
Spain (−1) Extremadura 1985 1.0 (1) Gragera (1996)
Italy Val Rosandra 1991 2.83 (13) 205 (13) Galeotti and Gariboldi (1994)
Italy (−1) N Apennines 1992–1994 6.4 (29) Sacchi et al. (1999)
Italy (0) Alps 2000–2003 70.0 (35) 4.32 (35) 640 (35) 95.2 (21) 1.95 (21) 2.00 (20) This study

aNumber of territories/100 km2.
bNumber of territories/km2 of suitable habitat (also includes extremely small study areas of < 10 km2).
c% of breeding pairs that raised at least one chick to fledging.
dStudy conducted by means of nestboxes.
eSource: Bavoux (1999); density was 28.0 (n = 49 territories) before the erection of nestboxes (Bavoux et al. 1991).
fSource: Bavoux (1995); density was 2.0 (n = 11–14 territories) before the erection of nestboxes (Vidal et al. 1984).
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n = 137; natural sites: 2.67 ± 0.21, n = 43; F1,178 =
12.48, P = 0.0005).

DISCUSSION

At the beginning of the 20th century, Scops Owls
were continuously distributed throughout medium–
low elevations of the Trento region (Bonomi 1903).
At that time, such areas were characterized by a het-
erogeneous mosaic of cultivated patches dominated
by managed grassland used for rearing livestock.
Hedgerow trees with many cavities, such as White
Mulberry Morus alba, were widespread, and contrib-
uted to an overall landscape that was rich in foraging
habitats and nest-sites. Subsequently, the progressive
intensification of agricultural practices throughout
Europe (Pain & Pienkowski 1997) resulted in three
major and progressive landscape changes: (1) a rapid
expansion of intensively managed vineyards and
apple groves at low elevation; (2) a decline in the
increasingly unprofitable livestock rearing, followed
by land abandonment and consequent erosion of
open habitats through shrub encroachment and for-
est expansion; and (3) the almost complete removal
of hedgerows and isolated trees, especially in the
valley floors (e.g. Pilati et al. 1995). Such landscape
changes are known negatively to affect populations
of Tettigoniid grasshoppers (e.g. Köhler 1996,
Gottschalk et al. 2003), and, coupled with pesticide-
related decreases in prey availability, must have led
to declines of Scops Owl populations, as reported for
the Swiss Alps, where the species is now virtually
extinct (Arlettaz et al. 1991, Schmid et al. 2001). As
a result, Scops Owl populations in the Trento region
have been fragmented into a number of relatively
isolated subunits, typically found in medium- to
low-elevation microsites with a warm climate and
with high availability of grassland or xerophytic
habitats rich in Orthoptera, the main prey locally. In
particular, more than half of the population is now
concentrated in a small area (Vallarsa), characterized
by a particularly warm and dry climate (Gandolfo &
Sulli 1993) and by a mosaic landscape of extensive
cultivations dominated by grassland. Furthermore,
the latter is mowed only once a year, in contrast to
the two or more times a year typical of the more
intensive grassland management elsewhere in the
region. This extensive, traditional management results
in fields where the grass swards are tall and sparse,
where plant diversity is high, and which are particu-
larly rich in large arthropods, especially grasshoppers
(L. Marchesi, unpubl. data; for a discussion of

dependence of Tettigoniid grasshoppers on grassland
habitat structure see also Gottschalk et al. 2003).
These, particularly the Great Green Bush Cricket,
were the main prey of the Scops Owl, as found in
earlier studies (Table 6). The Vallarsa area could be
considered a snapshot of the traditional, rural Alpine
landscape at the beginning of the 20th century.

Probably because of the above combination of
abundant grasslands and extensive management, the
conservation status of the Vallarsa Scops Owl popu-
lation seemed satisfactory. Density was comparable
with or higher than in other European studies
(Table 5) and seemed stable over the four years
(Table 3). Each year, some territories were aban-
doned, but others were newly occupied, so that
numbers neither increased nor declined. Further-
more, the mean rate of prey delivery to nests was
comparable with previous reports during the same
nocturnal period (Mebs 1966, Cramp 1985, Streit &
Kalotás 1991, Bavoux et al. 1993), suggesting that
food availability was adequate.

As in other studies, Scops Owl territories were
either solitary or clumped in loose colonies, usually
associated with villages (i.e. nest-sites) surrounded
by much grassland (i.e. foraging habitat). This sug-
gested that coloniality may have been favoured by
low territoriality associated with high food availabil-
ity and limited nest-sites. In fact, most potential nest
cavities were clumped in or near villages or small
groups of buildings.

That most nests were on buildings is relatively
unusual. Even though such nesting habits appear to
be increasing in Spain (Muntaner 1997), nests in
stone walls and buildings have only previously
been reported as sporadic events (e.g. Mikkola
1983, Cramp 1985). The benefits of this choice
are unclear, given the availability of other apparently
suitable tree cavities in the forests around such
villages. Anti-predatory advantages seem unlikely,
given the many potential nest predators that are
present within the villages, such as domestic cats,
Beech Martens Martes foina and Aesculapian Snakes
Elaphe longissima. It seems more likely therefore that
nesting in a rocky substrate may afford some thermal
advantage. At the elevation of the study area, ther-
mal variation is already relatively high, with hot
summer days, but sometimes very cold nights, espe-
cially during stormy weather. Although such cavities
may be relatively cool during hot days preventing
nestlings from overheating, the heat released at night
by rocky walls may compensate for heat loss at night
and provide a more favourable thermal environment
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for the incubating female and offspring. A further
advantage may be the strategic location of such sites.
Given the usual spatial configuration of grassland
fields as a circular band around each village, placing
the nest within the village may minimize foraging
trips during breeding. This is likely to be important
in a central-place forager with a high frequency of
prey delivery to the nest (up to 127 deliveries per
night, Streit & Kalotás 1991). The habit of nesting in
buildings may have been caused or promoted by the
progressive loss of cavities in hedgerow trees. How-
ever, hedgerow removal has not been so widespread
in the Vallarsa area because of its extensive agricul-
ture, and nesting in buildings was also predominant
in territories that contained many tree cavities, so
loss of hedgerow trees cannot be the only cause
involved.

Whatever the advantages of nesting in villages,
some costs were also involved, such as mortality by
cat predation and car collisions. The latter was the
most frequent cause of mortality of ringed individ-
uals in a French study (Bavoux et al. 1997). Such dis-
advantages may help to explain the relatively low

productivity of our population compared with other
European populations (Table 5). However, some of
these studies used nestboxes or relied on finding
nests opportunistically over many years (e.g. Vidal
et al. 1984), both of which may overestimate pro-
ductivity either through lower predation or under-
recording failed breeding attempts.

We believe that although the Vallarsa population
is relatively healthy, it is not free from potential con-
servation threats. First, traditional, extensive grass-
land management is unlikely to be sustainable in the
long term, given its low profitability, unless sup-
ported by incentives. Secondly, ongoing land aban-
donment is causing rapid scrub encroachment and
forest expansion. The latter is especially likely to
cause significant habitat loss for Scops Owls in the
years to come. Therefore, incentives are urgently
required to sustain traditional farming practices.
Thirdly, many old houses built with stone are being
restored and their walls plastered, resulting in a loss
of potential nest-sites. Such losses could be counter-
acted by erecting nestboxes, by favouring the main-
tenance of mature hedgerow trees, or by educating

Table 6. Diet composition of Scops Owls in Europe (includes one Russian study in Novosibirsk, outside the western Palearctic). For
ease of interpretation, we report only prey groups representing at least 10% of the total items in at least one study. Data by Henninger
and Banderet (1990) and Sorace (1991) were based on few items collected at only one nest and should thus be taken with caution.
– = not specified by the authors. Values are given as n (%).
 

Prey taxa
Central 
Francea

Swiss 
Alpsb

Swiss 
plainc Hungaryd Russiae

Southern
Spainf

Central 
Italyg

Italian 
Alpsh

Insects 2113 (90.0) 617 (92.2) 31 (100.0) 622 (97.2) 91 (96.8) 150 (94.3)i 67 (95.7) 494 (98.02)
Coleoptera 34 (1.5) 6 (9.0) 0 (0.0) – 5 (5.3) – 64 (91.4) 5 (0.99)

Scarabeidae 28 (1.2) 5 (0.7) 0 (0.0) – – – 64 (91.4) 0 (0.0)
Lepidoptera 653 (27.8) 134 (20.0) 9 (29.0) – 31 (33.0) – 0 (0.0) 74 (14.68)

Noctuidae 398 (17.0) 111 (16.6) – – – – 0 (0.0) 27 (5.36)
Orthoptera 1099 (46.8) 455 (68.0) 16 (51.6) – – – 1 (1.4) 396 (78.57)

Tettigoniidae 992 (42.3) 451 (67.4) 16 (51.6) – – – 0 (0.0) 396 (78.57)
Tettigonia viridissima 695 (29.6) 173 (25.9) 16 (51.6) – – – 0 (0.0) 53 (10.5)
Platycleis spp. 133 (5.7) 143 (21.3) 0 (0.0) – – – 0 (0.0) 26 (5.2)

Cheleutoptera 307 (13.1) 0 (0.0) – – – 0 (0.0) 0 (0.0)
Chlonopsis gallica 307 (13.1) 0 (0.0) – – – 0 (0.0) 0 (0.0)

Arachnids 109 (4.6) 23 (3.4) 0 (0.0) 0 (0.0) 3 (3.2) 0 (0.0) 1 (1.4) 4 (0.79)
Mammals 59 (2.5) 11 (1.6) 0 (0.0) 16 (2.5) 0 (0.0) 2 (1.3) 0 (0.0) 5 (0.99)
Birds 6 (0.3) 0 (0.0) 0 (0.0) 2 (0.3) 0 (0.0) 2 (0.3) 2 (2.9) 1 (0.20)
Amphibians 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (1.3) 0 (0.0) 0 (0.0)
Reptiles 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (2.5) 0 (0.0) 0 (0.0)
Total number of items 2348 669 31 640 94 159 70 504
Method of assessment Direct Direct Direct Not Direct Not Nest

observation observation observation specified observation specified remains Pooledj

Sources: aBavoux et al. (1993); bArlettaz et al. (1991); cHenninger and Banderet (1990); dStreit and Kalotás (1991); eTernovski &
Ternovskaya in Cramp (1985); fHerrera and Hiraldo (1976); gSorace (1991); hthis study.
iIncludes all invertebrates.
jIncludes prey items identified by direct observation and by analysis of pellets and nest remains (see Table 4).
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and persuading local villagers to leave access holes in
walls when their properties are renovated. An edu-
cation programme targeting local communities in
the Vallarsa area has already been started.

In conclusion, from our data, we estimate a min-
imum population of 230–500 Scops Owl territories
in the Italian Alps, most of which were previously
unsuspected. These are distributed by administrative
districts as follows: Liguria region, 7–30 territories;
Piemonte, 8–20; Lombardia, 28–50; Trento, 81–90;
Alto Adige, 12–15; Verona province, 6–10; Vicenza
province, 12–30; Treviso and Belluno provinces, 40–
80; Friuli region, 40–170 (Mingozzi et al. 1988,
Mezzavilla 1989, Regione Liguria 1989, Brichetti &
Fasola 1990, De Franceschi 1991, Regione Auto-
noma Friuli-Venezia Giulia 1991, NISORIA 1995,
Niederfriniger et al. 1998). The Italian population of
Scops Owls has been classified as strongly declining,
mostly on the basis of a 3-year study in the northern
Apennines. Even though a large-scale decline appears
to have occurred in the first half of the 20th century,
our results highlight the existence of previously
unknown, high-density populations, suggesting that
its status may be more complex and site-dependent
than was previously thought. This calls urgently
for further research, especially in the Mediterranean
stronghold in Spain, southern–central Italy and
Greece. Furthermore, its status is even more difficult
to assess because of: (1) the paucity of available
studies, (2) their different field methodologies (e.g.
census of natural nests, or employment of nestboxes,
which may vary in number and size of entrance-hole
from one year to the next) and (3) disparate analytical
procedures (e.g. different ways to calculate density,
Table 5). It would be ideal to set up monitoring
schemes including a plot with nestboxes and a nearby
control plot without them.

We thank F. Rizzolli for help in the field, A. Franceschini
and A. Boscaini for help with the identification of in-
vertebrate prey remains and M. Licantropi, S. J. Petty,
V. Penteriani and an anonymous referee for constructive
comments on a first draft of the manuscript. Special thanks
to Dr A. G. Gosler for greatly improving the style and
presentation of the paper. Part of this study was included
in ‘Project Biodiversity’, funded by the Autonomous
Province of Trento.
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