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ABSTRACT. Introduced species may compete with indigenous ones, e.g. for space resources, but evidence for 
syntopic cavity-nester birds is limited, at least for Mediterranean urban parks. In this work we report data on 
nest-site habitat use, availability and selection in two species: the introduced rose-ringed parakeet (Psittacula 
krameri) and the autochthonous starling (Sturnus vulgaris) nesting in ornamental tree (Cedrus libanotica) 
patches occurring in an historical urban park (Rome, central Italy). In particular, in our study we hypothesize 
that parakeets negatively affect starling nest-site selection. On 55 trees, we detected 73 available holes for 
nesting (38.4 % of which hosted nests: 9 of rose-ringed parakeet, 16 of starling, 3 of house sparrow). Birds 
utilized for nesting only a limited number (< 20%) of the ornamental trees (all larger than 80 cm in diameter). 
Compared to the total number of available trees, nesting trees had a significantly larger diameter at breast height. 
We observed a shift in the frequency distribution of nest hole height classes between starlings and parakeets 
suggesting competition for nesting sites between these two species. Starlings located their nests significantly 
lower than did rose-ringed parakeets, resulting in a higher specialization for starlings (as measured by the 
Feinsinger index) than for rose-ringed parakeets. The analysis of co-occurrence highlights a spatial segregation 
in nest holes. We argue that these differences in preferred nest height are indicative of parakeet dominance over 
starlings in cavity selection for nesting.
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INTRODUCTION

Introduced species may compete for resources 
with indigenous ones (e.g. nest-holes, food for 
juvenile recruitment; Davis, 2003). Particularly 
in communities where strong interspecific 
competition between native species is lacking, 
exotic and native species often exhibit intense 
competition resulting in the decline of native 
populations (EDElman et al., 2009). However, 
evidence of similarly negative competition 
effects in syntopic birds is limited, at least for 
some species (BauEr & Woog, 2008, 2011). 
This situation is even more striking in a group 
of vertebrates such as the birds, where data 
quality with respect to occurrence, numbers 
and population trends is usually very high 

(EBEnharD, 1988, BlackBurn et al., 2009; 
kEstEnholz et al., 2005). 

Urban parks embedded in anthropized 
landscapes host peculiar ecosystems, biological 
communities and species (rEBElE, 1994; 
clErgEau, 2006). In urban areas wooded patches 
are often composed of ornamental vegetation 
characterized by a high density of large, mature 
trees that have not been subjected to intensive 
coppice management. As a consequence there is 
often high availability of cavities, invertebrates 
and plant food (Falk, 1976; DornEy et al., 
1984; mckinnEy, 2002), and urban parks may 
therefore host a specific guild of specialized 
species, such as the cavity nesting birds 
(BEissingEr & osBornE, 1982, Blair, 2001). 
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Cavity nesting birds, also named “hole-nesting 
birds”, represent a guild of species (such as 
woodpeckers, nuthatches, tits, treecreepers, 
starlings and sparrows) highly dependent on old 
trees or dead wood for nesting, and secondarily, 
for roosting and feeding. This guild can be 
divided into (i) excavators (e.g., woodpeckers), 
species that excavate cavities secondarily used 
by insects, reptiles, birds and mammals, and (ii) 
non-excavators, a large number of species that 
use natural or previously excavated tree holes 
for nesting (martin & li, 1992; martin & 
EaDiE, 1999; Blanc & WaltErs, 2008). The 
occurrence, abundance and richness of cavity-
nesting birds largely depend on the availability 
of suitable nesting cavities and food resources 
linked to mature trees (cramp & pErrins, 
1993). 

Cavity-nesting bird guilds include rare and 
specialized species but also generalist and 
synanthropic ones (both urban adapters and 
exploiters). The latter are linked to human-
transformed habitats and often exhibit more 
flexibility in nest site choice (e.g. nesting also 
in buildings; Blair, 2001). Synanthropic 
species may be secondarily adapted to human-
transformed ecosystems (termed ‘adapters’) 
or actively select these environments (termed 
‘exploiters’; see Blair, 2001). Moreover, many 
synanthropic species are not native (e.g. some 
species of parakeets, order Psittaciformes).

In this study, we focused on two synanthropic 
species that are commonly found in forest patches 
of South-European urban parks. Our first study 
species, the starling (Sturnus vulgaris) (Linnaeus, 
1758), is a species that, over the last decades, has 
become more and more abundant in anthropized 
landscapes across the Southern Mediterranean 
region (BirDliFE intErnational, 2004). This 
contrasts strongly with its status in Northern 
Europe, where it is declining and disappearing 
from urban areas (roBinson et al., 2005; 
mEnnEchEz & clErgEau, 2006). Secondly, 
we assessed the rose-ringed parakeet (Psittacula 
krameri) (Scopoli, 1769), an introduced species 
(JunipEr and parr, 1998) that has established 

self-sustaining (i. e. naturalized) populations 
in many European cities (cassEy et al., 2004; 
czaJka et al., 2011, nEWson et al., 2011). 
Previous studies have suggested that because 
of a strong overlap in preferred nesting cavities, 
starlings and rose-ringed parakeets are likely 
to compete for tree cavities in the areas where 
they co-occur, although empirical evidence for 
competition between these species is currently 
lacking (struBBE & matthysEn, 2007, 
struBBE & matthysEn, 2009a, 2010, czaJka 
et al., 2011, nEWson et al., 2011). However, 
these studies have been carried out in Northern 
and Central Europe, and information on habitat 
and nesting preferences of these species in the 
Mediterranean area remains rare. 

In this work, we focused on ecological traits 
related to the selection of nest holes of the two 
locally most abundant species: rose-ringed 
parakeet, an introduced species, and starling. 
We tested whether there are differences in 
the height of the cavities that are selected for 
breeding by both species. In particular, since we 
observed localized syntopy (i.e. an occurrence of 
individuals in the same wood patches) between 
these two species, we tested the hypothesis that 
locally, rose-ringed parakeets may negatively 
affect starling nest-site selection.

MATERIALS AND METHODS

Study area

The study was carried out inside the Villa 
Doria Pamphili (Rome, central Italy), a large 
urban park (about 120 hectares, about 50 m 
a.s.l.) designed as a Site of Nature Conservation 
Interest (SNCI) (‘Habitat’ Directive 92/43/EEC; 
41° 53’ N, 12° 27’ E). This historical urban park, 
embedded in a continuous urbanized matrix, 
was created in the 17th century and represents 
a heterogeneous patchy landscape with wood 
fragments where oaks are dominant tree species 
(Quercus ilex, Q. pubescens, Q. petrae). Wooded 
patches with ornamental tree species (Cedrus 
libanotica, Cupressus sp. and others), open areas, 
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and artificial lakes also occur (Battisti, 1986; 
cElEsti-grapoW, 1995). Inside the study area, 
we focused the sampling protocol on a small 
wooded patch composed of ornamental trees 
(size area: 0.5 ha; 57 trees: 55 Cedrus libanotica, 
1 Cupressus sp., 1 Platanus orientalis). 

Field Methodology

Inside the forest patch, we analysed only data 
of Cedrus libanotica trees (n = 55). For each 
tree, we measured the diameter at breast height 
(DBH, in cm) and the tree height (TH) in size 
classes (0-2 m, >2-4, >4-6, >6-8, >8-10, >10-12, 
>12-14, >14-16) obtaining a mean value of these 
two parameters (MEAN DBH and MEAN TH). 
Each tree was surveyed for cavities potentially 
suitable for cavity-nesting birds (hole nests; see 
BiBBy et al., 2000). Each tree hole discovered 
was assigned to a height class (see above), and 
during the breeding season, we determined 
whether a cavity-nesting bird occupied it or not. 
From March to June 2012, we carried out six 
visits to the study area in the first hours of the 
morning (about 07.00 a.m.), when these species 
are more easily detectable near the hole nests, 
to the late morning (about 11.00 a.m.), when 
foraging activities are more intense (e.g. for 
juvenile recruitment) so allowing the detection 
of hole nests (total research effort: about 24 
hours).  

Data Analysis

First, to test whether rose-ringed parakeet and 
starling nest site choice was neutral with respect 
to the height at which cavities were located or not, 
we calculated the Feinsinger index (FEinsingEr 
et al., 1981). We first calculated the frequency 
of available occupied holes for each height 
class, allowing us to obtain the Feinsinger index 
through the following formula (FEinsingEr et 
al., 1981):

PS = 1-0,5 Σ  │pi-qi  │

In this index, pi is the proportion of the utilized 
resource (i.e., the frequency of nest holes in 

each tree height class) and qi the proportion of 
the available resource (i.e., the frequency of 
available holes in each tree height class). The 
index varies from 0 (extreme specialist for that 
specific resource) to 1 (extreme generalist).

Second, in order to assess the degree to which 
rose-ringed parakeet and starling nest site choice 
overlaps, we applied a niche overlap index. 
Nesting site niche overlap was obtained through 
the following formula (krEBs 1989):

Oi = Σ (pj1pj2/aj),

where pj1 and pj2 are the relative frequencies, 
respectively, of the species 1 and 2 recorded 
among the habitat type j, and aj is the relative 
frequency of the available habitat type j. The 
index varies from 0 (absence of overlapping) to 
1 (total overlap).

To assess whether rose-ringed parakeets and 
starlings significantly differ in nest site choice, 
we compared the frequency distribution of 
nesting cavity heights for the two species using 
a Kolmogorov-Smirnov test. To test whether 
parakeets and starlings prefer trees with different 
average values in DBH, we performed the non 
parametric U Mann-Whitney test for unpaired 
data (Dytham, 2011).

We performed all statistical non parametric 
analyses using SPSS version 13.0 (SPSS Inc., 
2003). We assumed an alpha level of 5% as level 
of significance.

Moreover, we performed a null model analysis 
of species co-occurrence pattern in order to test 
whether the two study birds avoided colonizing 
a tree already occupied by the other species 
(gotElli, 2000). As the co-occurrence measure, 
we used the stonE and roBErts’ (1990) 
C-score. The C-score measures the average 
number of “checkerboard units” between 
all possible pairs of species. The number of 
checkerboard units (CU) for each species pair 
is calculated as:  CU = (ri – S)(rj - S), where is 
S is the number of shared sites (sites containing 
both species) and ri and rj are the row totals for 
species i and j. The C-score is the average of 
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all possible checkerboard pairs, calculated for 
species that occur at least once in the matrix. The 
C-Score measures the tendency for species to not 
occur together. The larger the C-score, the less 
the average co-occurrence among species pairs. 
If a community was structured by competition, 
we would expect the C-score to be large relative 
to a randomly assembled community (gotElli 
2000; gotElli & EntsimngEr 2001). As 
randomization algorithm we used (i) “fixed 
sum” as row constraint and (ii) “equiprobable” 
for column constraint, that is: (i) the observed 
row totals are maintained in the simulation (the 
number of occurrences of each species in the null 
communities is the same as in the original data 
set), and (ii) each column (site) is equally likely 
to be represented (we supposed that all trees are 
equivalent to one another, that is from the species 
perspective, all the trees with holes are equally 
likely to be successfully colonized). With this 
randomization algorithm, in the simulation, 
the occurrences for each species (row sums) 
are distributed randomly among the different 
columns (gotElli & EntsimngEr 2001). For 
each occurrence, a column is chosen randomly 
and equiprobably, although if a cell already has a 
1 placed in it, another column is randomly chosen 
until an empty site is found. This procedure is 
repeated until all of the occurrences of each 
species are randomly distributed among the 
columns. The analyses of co-occurrence were 
performed by using Ecosim software (gotElli 
& EntsimngEr 2001).

RESULTS

In the wooded patch, the mean diameter at 
breast height of the Cedrus libanotica trunks 
was 65.05 cm (± 25.06) and the mean tree height 
was 11.87 m (± 2.89). Among the trees, 17 
(30.91 %; n = 55) showed a diameter > 80 cm, 
12 (21.82 %) hosted available holes for nesting, 
and 9 (16.36 %) hosted holes with nests (all with 
a diameter > 80 cm).

In total, we detected 73 available holes for 
nesting. Among them 28 (38.4 %) hosted bird 
nests: 9 of rose-ringed parakeet (32.1 % of 
occupied nests); 16 of starling (57.1 %). We 
also detected 3 hole nests (10.7 %), of house 
sparrow (Passer domesticus) (Linnaeus, 1758), 
a synanthropic species, recently declining 
in density and distribution at the continental 
scale (summEr-smith, 2003): these data were 
not included in the following analyses. Forty-
five holes remained empty. Data on mean tree 
diameter and mean tree height of available holes 
and occupied nests for these three species are 
given in in Tables 1 and 2.  

The mean height of starling nests in tree cavities 
was significantly lower when compared to mean 
height of rose-ringed parakeet nests (Z = -2.159, 
p < 0.05, Mann-Whitney U test) and lower than 
the mean of all available holes (Z = -2.873,
p < 0.01, Mann-Whitney U test), while nests 
of rose-ringed parakeet were not significantly 

Categories N MEAN DBH (s.d.) MEAN TH (s.d.)
All trees 55 65.05 (25.06) 11.87 (2.90)
With available holes 10 97.79 (11.89) 14.50 (1.51)
With nest holes 9 94.78 (8.34) 14.33 (1.73)
With rose-ringed parakeet holes 4 94.5 (7.93) 14.50 (1.00)
With starling holes 7 94.36 (8.14) 14.43 (1.90)

TABLE 1

Mean diameter (and standard deviation, s.d.) at breast height (MEAN DBH, in cm) and mean tree height (MEAN 
TH; and standard deviation, s.d.) both for all Cedrus libanotica trees and for trees occupied by the two cavity 
nesters studied: rose-ringed parakeet (Psittacula krameri) and starling (Sturnus vulgaris).
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different when compared to the mean height of 
all available holes (Z = 0.175, p = 0.845).

Analyzing the frequency distribution of data, 
we corroborate the previous results. In particular, 
we observed a shift between the frequency distri-
bution of height classes of nest holes between 
rose-ringed parakeet and starling (Fig. 1). The 

frequency distribution of total available holes 
was not significantly different from the frequency 
distribution of rose-ringed parakeet (Z = 0.349, 
p = 1), i. e. parakeets used nest sites according 
to availability, while our results show a trend 
towards a significant difference between starling 
nests and total available holes (Z = 1.278, p = 
0.076, Kolmogorov-Smirnov two sample test), 

TABLE 2

Number of available and occupied hole nests, their density (D; in nests/ha) in Cedrus libanotica patch and mean 
nest height (MEAN NEST NH; in m, and standard deviation, s.d.) for the two cavity nesters studied: rose-ringed 
parakeet (Psittacula krameri) and starling (Sturnus vulgaris). (*) included three nests of house sparrow (Passer 
domesticus).

 N D MEAN NEST NH (s.d.)
All available holes 73 146 7.82 (2.97)
Rose-ringed parakeet hole nests 9 18 8.17 (2.83)
Starling hole nests 16 32 5.38 (2.80)
total hole nests (*) 28 56 6.66 (3.06)

Fig. 1. – Available (in white) and occupied holes (nests) subdivided for categories (grey: rose-ringed parakeet, 
Psittacula krameri; black: starling, Sturnus vulgaris). 
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i.e. starlings showed a preference. In starlings 
we observed a higher frequency of nest holes 
at lower height classes whereas the frequency 
distribution of total available holes was lower, i. 
e. nesting cavities of starlings were significantly 
lower than parakeet nests (Fig. 1).

The Feinsinger index showed a higher value 
in rose-ringed parakeet (0.659) when compared 
to starling (0.581), indicating that parakeets are 
more generalists than starlings in regard to nest 
site choice. Niche overlap index between these 
two species was 0.625.

The analysis of co-occurrence performed on 
the distribution of the 19 trees colonized by at 
least one species and with at least one empty 
hole available to be colonized, showed that the 
two species were spatially segregated (observed 
C-score index = 60.00; mean of simulated indices 
= 20.25; Variance of simulated indices = 102.25; 
p(obs≥exp) = 0.002).

DISCUSSION

In this study, we assessed nest site choice of two 
synanthropic cavity-nesters, the (native) starling 
and the (introduced) rose-ringed parakeet. These 
two species are often considered to be urban 
exploiters, i.e. belonging to a guild of species 
commonly found in urban parks and suburban 
landscapes, and are adapted to edge habitats, 
human dwellings and small-sized forest patches 
occurring in urban parks (aDams, 1994; Blair, 
2001).

Parakeets and starlings reached high breeding 
densities in our study area (18 and 32 nests/ha, 
respectively), and this is probably due to plentiful 
availability of large trees (Cedrus libanotic) with 
many holes (146 tree holes/ha). In this urban 
park, only ornamental and allochthonous trees 
showed a mean diameter at breast height larger 
than 80 cm, since trees belonging to the natural 
vegetation (mainly oaks, Quercus spp.) rarely 
have a diameter greater than 50 cm (Battisti, 
1986). The occurrence of large trees in historical 

urban parks has been highlighted as an important 
feature to allow the breeding of hole-nesting 
birds (hinslEy et al., 1995; Mikusiňski et al., 
2001). In our study, the detected synanthropic 
hole-nesting birds utilized only a limited number 
of trees (< 20%), with a significantly larger mean 
diameter when compared to the total number 
of available trees. Thus, our results show that 
ornamental allochthonous tree species can have 
a high ecological value for urban hole-nesting 
birds, many of them species of high ecological 
interest and conservation concern due to their 
sensitivity to coppice management, forest 
fragmentation, isolation and degradation (e.g. 
ciEslak, 1985; hEllE, 1985; opDam et al., 
1985; matthysEn et al., 1995; BEllamy et al., 
1996; zanghEri et al., 2013).

The starling is one of the most common 
secondary cavity-nesters in Europe, breeding in 
central Italy from 1970s (angElici & paziEnti, 
1985) and nowadays occurs almost throughout 
the whole country (cEcErE et al., 2005). For 
this species, a significant correlation between 
cavity availability and species abundance has 
been reported (struBBE & matthysEn, 2007). 
This species is known to compete with other 
cavity nesters for nest-site (e.g. woodpeckers: 
ingolD, 1994). When introduced, starling is 
also considered an aggressive secondary cavity 
nester (pEll & tiDEmann, 1997; koEnig, 2003; 
martin et al., 2004).

Differing from starlings, the rose-ringed 
parakeet is an allochthonous species, widely 
introduced in urban areas in Italy since the 
1980s (spanò & truFFi, 1986; mori et al., 
2013; for Rome: angElici, 1984; BrunElli et 
al., 2011). Although some studies on parakeet 
nesting behaviour and habitat choice have been 
conducted in Northern Europe (e. g. czaiJka 
et al., 2011), such information is still lacking 
from Mediterranean areas. In Northern Europe, 
starlings are considered to be vulnerable to 
competition with rose-ringed parakeets (struBBE 
& matthysEn, 2007, 2009a, 2009b, struBBE at 
al., 2010). However, struBBE and matthysEn 
(2007), Braun et al. (2009) and czaiJka et 

http://onlinelibrary.wiley.com/doi/10.1111/j.1474-919X.2010.01085.x/full#b28
http://onlinelibrary.wiley.com/doi/10.1111/j.1474-919X.2010.01085.x/full#b28
http://onlinelibrary.wiley.com/doi/10.1111/j.1474-919X.2010.01085.x/full#b5
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al. (2011) found a niche separation in regard to 
tree size and tree species between the nests of 
parakeets and starlings in German and Belgian 
city parks, suggesting that differing nesting site 
preferences may reduce competition between 
these species. Our data, obtained from a single 
ornamental tree species (Cedrus libanotica), 
suggest that in our study area, parakeets and 
starlings may compete for nesting cavities as 
the starling shows a higher specialization in 
nest height selection, breeding at lower heights 
than rose-ringed parakeets. Also, we observed 
a partial niche overlap in nest choice between 
these two species, suggesting a moderate inter-
specific competition. As the height at which 
cavities are located may be related to predation 
risk (nilsson, 1984), our data suggest that 
parakeet competition may force starlings to 
breed in lower, and thus less-safe cavities. 

Our evidence for possible competition between 
these two species when occurring in syntopy is 
further supported by the results of statistical 
analysis for co-occurrence. It is possible, 
however, that our data may be affected by a 
local effect (the detection of competition among 
bird species is largely affected by the scale of 
investigation; BEnnEtt, 1990). Therefore, it 
is possible that geographical and ecological 
contexts and circumstances are of great 
importance to predict whether a certain species 
may be affected by competition (koEnig 2003). 
For example, studying the competition between 
nutchatch (Sitta europaea) and rose-ringed 
parakeet, nEWson et al. (2011) suggested the 
possibility that competitive exclusion occurred 
at a minority of sites where availability of nest 
cavities was limited. 

We propose that further research should be 
carried out because in our study direct competition 
(e.g. aggressive interactions) between these two 
species has not yet been observed, nor is it clear 
whether the pattern in nest site choice found here 
actually influences the starling’s reproductive 
success (kErpEz & smith, 1990; pEll & 
tiDEmann, 1997; struBBE & matthysEn, 
2007). 

Our data also suggest that rose-ringed parakeet 
may be included in a proposed ‘grey list’ of non-
native species (Essl et al., 2008), i.e. a list that 
includes those introduced species for which there 
is evidence that native bird populations may be 
affected by their presence, but for which more 
research seems necessary to decide whether the 
increase and spread of this species may warrant 
further conservation actions (BauEr & Woog, 
2011). 

Finally, the present study could also provide 
evidence that an exotic ornamental tree such as 
Cedrus libanotica to some extent favours the 
success of introduced bird species, because the 
rose-ringed parakeets do not nest on buildings 
(contrarily to native starlings and sparrows). 
This fact suggests suitable future conservation 
actions to control parakeet populations through 
the management of this exotic ornamental tree.
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