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Nestling diet of the Spotless Starling Sturnus unicolor and the
European Starling Sturnus vulgaris in a sympatric breeding area

Anna Motis, Joan Estrada & Daniel Oro

1. Introduction

Motis, A., Parc Natural del Delta de l'Ebre, placa 20 de maig 2, E-43580 Deltebre,
Tarragona, Spain
Estrada, J., G. C. A., Museude Zoologia, Ap. correus 593, E-08080 Barcelona, Spain
Oro, D., Dept. de Biologia Animal, Fac. de Biologia, Universitat de Barcelona,
Avgda. Diagonal 645, E-08028 Barcelona, Spain

Received 4March 1997, accepted 18 June 1997

The diet of nestlings ofSpotless and European Starlings (Sturnus unicolorandS. vulgaris
respectively) wasanalysed in asympatric area in north-eastern Spain. Results showed
that the nestlings were fed mostly with insects (94% of prey in the Spotless Starling
and 95% in the European Starling) ; some of the Arthropoda and Gasteropoda were
also recorded . The Syrphidae (Diptera) and Chrysomelidae (Coleoptera) constituted
the main food, especially in the Spotless Starling . The Scarabeidae (Coleoptera) and
the Lepidoptera were the most important secondary prey for the Spotless Starling,
whereas secondary prey items for the European Starling were the Araneida, the
Acrididae (Orthoptera) and the Lepidoptera. These data agree with the general results
obtained from other study areas, but differed because of the high frequency of the
Diptera in the diet of the Spotless Starling and the total absence of the Lumbricidae in
the diet of the European Starling in our study area . Significant differences were
recorded in the diet of the nestlings of the two species, although the two weeks
difference in the breeding phenology of the two species could explain these differ-
ences. Probably for the same reason, significant differences between broods were also
recorded for the Spotless Starling . Nevertheless, the width of the diet niche did not
show any significant difference between the two species at either the individual or
population levels . Furthermore, the results of the Morisita Index indicate a very high
niche overlap, suggesting that both species exploited, to a large extent, the same food
sources.

The Spotless Starling and the European Starling
are two closely related species. Inthe presentcen-
tury, both species have expanded their breeding
ranges (Bemis 1960, Delvingt 1961, Berthold 1968,
Taitt 1973, Feare 1984). Thus, several areas ofsym-

patry have arisen in north-eastern Spain since the
1970s (Motis et al. 1983, Peris et al. 1987, Ferrer
et al. 1991). More recently, new areas of sympatry
appeared in south-eastern France (Cambrony 1990,
Cambrony &Motis 1994, Kayser&Rousseau 1994).

The present study was carried out in the old-
est and largest area of sympatry, where both spe-
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Fig. 1 . The 1984 range of the two species in NE
Spain and the situation of the study area (black dot) .

cies breed frequently in mixed colonies (Motis
1994). A few cases of mixed pairs have been
found, and some of these produced fledglings
(Motis 1993). For allopatric areas there are dif-
ferent studies describing the diet of the two spe-
cies, especially that of nestlings (Peris 1980,
Pascual 1992, Pereira de Almeida 1995 for the
Spotless Starling ; Kluijver 1933, Dunnet 1955,
Havlfn & Folk 1965, Gromadzki 1969, Bogucki
1974, Moeed 1980, Tinbergen 1981, Moore 1988
for the European Starling). These studies showed
that the two species share a similar diet, feeding
mainly on invertebrates. Nevertheless, differences
in the habitats of the study areas prevented an
evaluation of the precise degree of overlap be-
tween the diets of the two species.

In the present study area, the two species
showed similar requirements in general habitat
and breeding sites; moreover, the two species feed
inthe same places, and form mixed feeding groups
(Motis 1986, 1994). Nevertheless, the diet of the
two species in sympatry had not been described
until now. Theaim of this study is to compare the
diet of the nestlings of the two recent sympatric
species.

2. Material andmethods

The studied nests were located in two close vil-
lages (Castelldans, Llardecans) in the province of
Lleida (Fig . 1) . In this area, the two species breed
together, mainly under tiles on roofs . The area is
intensively cultivated for cereals and olive and
almond trees.
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The food samples were obtained using the liga-
ture method (Kluijver 1933, Johnson et al . 1980) :
plastic-coated wires were placed around the necks
of each of the nestlings for a period of two hours
per nest. After the collar was removed, the nest-
lings were fed with minced meat to compensate
for the lost food . The sampling unit was the total
prey items per nest obtained from each visit.

Differences in food items related to the age of
the nestlings, brood size, and thetime ofday were
found by Peris (1980) in the Spotless Starling and
Kluyver (1933), Coleman (1977), Tinbergen
(1981) and Moore (1986) in the European Star-
ling . For this reason, samples were obtained from
nests of different brood sizes and from nestlings
of all ages from 3 to 18 days at a larger period of
time . In total, 29 nests (95 nestlings) of the Spot-
less Starling and 14 nests (44 nestlings) of the
European Starling were controlled . Most nests
were sampled more than once, with a minimum
of one week's interval between samples. We ob-
tained 65 samples from Spotless Starling nests (32
fromthe first brood and 33 from the second brood)
and 36 samples fromEuropean Starling nests. One
chick died during sampling . The total items ob-
tained were 912 from Spotless Starlings and 914
from European Starlings . Traces of grass were not
considered in the analysis .

In the study area, the majority of the popula-
tion of the two species is double brooded (Motis
1994). The samples of the Spotless Starling were
obtained from 27 April to 17 May (first brood)
and from 1 to 21 June (second brood) in 1983 ; the
samples of the European Starling were obtained
from 5 Mayto 1 June (second brood) in 1983 .

We used taxonomic criteria to establish prey
categories following the suggestions of Cooper
et al . (1990), based on the family level, to avoid
analytical difficulties arising from an excess of
groups with many zero counts . Furthermore, to
avoid difficulties arising from categories poorly
represented in the data matrix, when comparing
relative frequencies ofeach prey category between
species, we grouped the prey at the order level
separating larval and adult stages because of their
different typological characteristics . All the or-
ders poorly represented were grouped in one taxo-
nomic category (other prey) .

To assess the relevance of the different prey
categories in the diet, the following descriptors
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were used: number of prey items (N); numerical
percentage (%N) ; and percentage of occurrence
(percentage ofsampling units containing the prey
category, %P). Comparisons of diet composition
were made using theGtest (Zar 1984). The width
of the trophic niche was measured by Brillouin's
Diversity Index (Pielou 1975), and a jack-knife
procedure was used to estimate diversity at the
population level, together with the associated vari-
ance (Zahl 1977). Comparison of diversities was
performed usingamodified t-Student statistic (Zar
1984). The Morisita Index was used to measure
the niche overlap between the two species (Krebs
1989).

3. Results

In the study area, the two species occurred in simi-
lar breeding and feeding sites . In 40 feeding
groups, ranging from 4 to 96 individuals, 92.5%
were mixed groups .

Table 1 shows the diet descriptors of the two
species at the taxonomic level. The nestlings of
the two species were mostly fed with insects (94%
of prey items in the Spotless Starling and95% of
prey items in the European Starling) ; we also
found some other prey items from the Arthropoda
and some from the Gasteropoda. With respect to
plant food, cherries appeared with an appreciable
frequency (percentage ofoccurrence, %P = 12-17) .

The Syrphidae (Diptera) and the Chrysomeli-
dae (Coleoptera) stand out as the main resource
consumed by starling nestlings, especially the
Spotless Starling . With respect to secondary prey
items (%P < 40 and %N < 10), the Scarabaeidae
(Coleoptera) and the Lepidoptera were the most
relevant for the Spotless Starling, whereas the
European Starling showed a slightly higher di-
versity of secondary prey types, such as the Ara-
neida, Acrididae (Orthoptera) or Lepidoptera. The
amount ofthe Apoidea (Hymenoptera) consumed
represents 21 .9% of the total prey items for the
European Starling (see Table 1), but the Apoidea
were not considered an important prey species
because they were all obtained from only one nest
sample (%P = 2.8) .

Themore abundant typological groups are de-
tailed in Table 2. The G-test results revealed a
significant difference in diet composition between

the two species considering total data (G = 138.4,
df = 7, p < 0.001) or the two broods of the Spot-
less Starling separately (G = 143.1, df = 7, p <
0.001 first brood; G = 80.7, df = 7, p < 0.001 sec-
ond brood) . The Spotless Starling consumed more
of the Coleoptera and the Lepidoptera larvae
whereas the European Starling showed a higher
consumption ofother prey and the Diptera adults .
Nevertheless, in comparing the two broods ofthe
Spotless Starling significant differences in diet
composition appeared (G = 194.18, df = 7, p <
0.001), because in the first brood there was a high
consumption of the Coleoptera and Lepidoptera
larvae, whereas in the second brood the consump-
tion of the adult forms of the Coleoptera and
Orthoptera was greater.

On the other hand, the estimated width of the
diet niche did not show any significant difference
between the two species, at either the individual
or population levels (Table 3) . Furthermore, the
results of the Morisita Index (C = 0.8546, range
0-1) show a very high degree of niche overlap
between the two species.

4. Discussion

The results of this study are consistent with those
obtained in other study areas: the diet of the two
species was mainly composed of invertebrates,
especially arthropods . In the Spotless Starling the
commonest prey items were larval and pupal
forms ofthe Lepidoptera, Coleoptera and Orthop-
tera (Pens 1980, Pascual 1992, Pereira 1995),
which are what we found in our study. But some
differences are worth noting, Pereira (1995) point-
ed out the importance of the Hymenoptera larvae
in the diet, which was not the case in our area.
Second, none of these authors found large num-
bers of the Diptera (Syrphidae) in the diet, but in
our study area the Diptera were the most impor-
tant prey items in the diet of the Spotless Starling
(39% of prey items) . In the European Starling,
the Diptera larvae, the larval and pupal forms of
the Lepidoptera, and the larval and adult forms of
the Coleoptera and Lumbricidae were the most
abundantprey items (Dunnet 1955, Havlín &Folk
1965, Gromadzki 1969, Bogucki 1974, Gromadz-
ki & Luniak 1978, Tinbergen 1981). Our results
were consistent with these authors, except for the
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Table 1 . Descriptors of the diet of nestlings of Spotless and European Starlings using taxonomic categories of
preys (%N = numeric percentage, %P = occurrence percentage) . Data from the two broods of Spotless
Starling are pooled .

Spotless Starling
N %N %P

European Starling
N %N %P

Gasteropoda : Helicidae 10 1 .1 13.9 2 0.2 5 .6
Unid . Gasteropoda - - - - - -

Araneida : Lycosidae 1 0 .1 1 .5 3 0.2 5 .6
Unid . Araneida 4 0.4 6.2 20 2.2 27.8

Isopoda : Oniscidae 5 0.6 7 .7 6 0.7 11 .1

Diplopoda : Julidae 14 1 .5 15.4 3 0.3 8 .3

Quilopoda : Scolopendridae 1 0 .1 1 .5

Embioptera : Embiidae 1 0 .1 1 .5

Dermaptera : Forficulidae - - - 8 0.9 11 .1

Orthoptera : Tettigonidae 3 0.3 4.6 3 0.3 8 .3
Gryllidae 2 0.2 3 .1 1 2 .8 0 .1
Acrididae 16 1 .8 13.9 17 1 .9 25.0

Homoptera: Cicadidae 1 0 .1 1 .5 2 0.2 5 .6
Cercopidae 9 1 .0 4 .6 7 0.8 14.0

Heteroptera: Notonectidae - - - 4 0.4 2 .8
Reduviidae 1 0 .1 1 .5 - - -
Pyrrhocoridae 21 2.3 6.2 1 0 .1 2.8
Coreidae 1 0 .1 1 .5 - - -
Pentatomidae - - - 2 0.2 5 .6
Unid . Heteroptera 2 0.2 3 .1 3 0 .3 8 .3

Coleoptera : Carabidae 6 0.7 7 .7 3 0.3 2 .8
Silphidae - - - 5 0.6 8 .3
Staphylinidae 2 0.2 3 .1 8 0.9 5 .6
Geotrupidae 4 0.5 4.6 - - -
Scarabaeidae 90 9.9 38.5 4 0.5 11 .1
Buprestidae 1 0.1 1 .5 - - -
Alleculidae 18 2.0 7.7 3 0.3 8 .3
Tenebrionidae 10 1 .1 10 .8 5 0.6 11 .1
Cerambycidae 1 0 .1 1 .5 - - -
Chrysomelidae 219 24.0 47.7 191 20.9 47.2
Curculionidae 2 0.2 3 .1 - - -
Unid . Coleoptera 5 0.6 7.7 7 0.8 16.8

Hymenoptera : Formicidae 4 0.4 6.2 2 0.2 5.6
Apoidea - - - 200 21 .9 2.8

Trichoptera - - - 1 0 .1 2 .8

Lepidoptera : Sesiidae - - - 1 0 .1 2 .8
Pieridae - - - 1 0 .1 2 .8

Unid . Lepidoptera 39 4.3 32.3 15 1 .6 25.2

Diptera : Rhagionidae 14 1 .5 6 .2 - - -
Syrphidae 356 39.0 63 .1 311 34.0 55.7
Calliphoridae - - - 1 0.1 2 .8
Unid . Diptera 19 2 .1 7 .7 61 6.7 14.0

Unid Insecta 11 1 .2 13.9 3 0.3 8.3

Lacertidae 1 0 .1 1 .5 - - -

Prunus avium 18 2.0 12.3 8 0.9 16.8
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total absence of the Lumbricidae. Gallego andBal-
cells (1960) found that the Spotless Starling con-
sumed large amounts ofcherries in orchard areas,
and Havlfn and Folk (1965) reported the same for
the European Starling .

Qualitative and quantitative changes in the
composition ofthe diet of the nestlings in relation
to study areas, years, pairs, daily patterns or broods
have been recorded in the two species (Gromadzki
1969, Peris 1980, Moore 1986) . In the present
study, the data were obtained from the same sites
during one year only, and from a larger number
ofpairs and at different times of the day. The sig-
nificant differences found in the composition of
the diet of the nestlings, between the two species,
could be due to the differences in their breeding
phenology. In the study area, the majority of the
population of the two species show a two-week
difference in their laying dates, with the European
Starling breeding first (Motis 1994). This asyn-
chronism in the chick rearing dates between the
species may explain the differences in their diets,

whichmaybe due topossible temporal variations
in the abundance and availability of some prey
species (see Wolda 1990, Dahlsteen et al . 1990).
This explanation is supported by the significant
differences found between the first and second
broods of the Spotless Starling .

Nevertheless, the results of the study of the
niche overlap between the two starlings shows that
these species exploited, to a large extent, the same
food resources. Our results confirm that the two
starling species seem to share similar ecological
niches, and therefore some form of competition
may exist in the areas of sympatry .

Selostus : Mustakottaraisen ja kotta-
raisen poikasten ravintolajien yhteisellä
esiintymisalueella

Kirjoittajat tutkivat mustakottaraisen ja kottaraisen
poikasajan ravintoa Luoteis-Espanjassa alueella,
missä molemmat lajitesiintyvät . Molempien lajien

Table 2 . Descriptors of the diet of nestlings at typological level for the commonest prey (%N = numerical
percentage, %P = occurrence percentage) .

Table 3 . Diversity indices at both individual and population levels for the diet of Spotless and European
Starlings .

N
Spotless Starling

(N 1st/N 2nd broods) %N ¡ %P
European
N %N

Starling
%P

Orthoptera
Larvae 9 (2/7) 1 .0 10.8 10 1 .1 19.4
Adult 12 (1/11) 1 .3 12.3 11 1 .2 19.4

Coleoptera
Larvae 105 (96/9) 11 .5 18.5 36 3.9 27.8
Adult 253 (65/188) 27.7 64.6 190 20.8 44.4

Lepidoptera
Larvae 39 (35/4) 4.3 32.3 14 1 .5 22.2

Diptera
Larvae 300 (143/157) 32.9 61 .5 275 30.2 55.6
Adult 89 (32/57) 9.8 35.4 98 10.7 44.4

Other prey 105 (38/67) 11 .5 53.8 280 30.6 63.9

Total 912 (412/500) - - 914 - -

Spotless Starling
n x ± S.E .

European Starling
n x ± S.E . t df p

Ind . diversity 29 0.96 ± 0.09
Pop . diversity 29 2.51 ± 0.23

14 0.84 ± 0.23 0.12 23 n .s .
14 3.09 ± 0.33 -0.33 38 n .s .
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poikasten ravinto koostui etupäässä hyönteisistä
(94-95%) . Ravintoon sisältyi jonkinverran myös
muita niveljalkaisiaja kotiloita. Hyönteisistä kuk-
kakärpäset (Syrphidae)ja lehtikuoriaiset (Chryso-
melidae) olivat molempien lajien poikasten pää-
ravintoa . Mustakottaraisen poikasten ravinnossa
tavattiin yleisesti myös lehtisarvisia (Coleoptera,
Scarabeidae) ja perhosia (Lepidoptera). Kottarai-
sen poikasia ruokittiin pääravinnon ohella myös
hämähäkeillä (Araneida), heinäsirkoilla (Acridi-
dae) ja perhosilla . Luoteis-Espanjassa saadut tu-
lokset ovat melko samanlaisiakuin muilla alueilla
tehdyissä lajien ravintotutkimuksissa . Tämän
tutkimuksen aineiston mukaan kaksisiipiset olivat
kuitenkin korostuneemmin esillä mustakottaraisen
ravinnossa kuin aiemmissa tutkimuksissa. Samoin
aiemmista tutkimuksista poiketen luoteisespanja-
laiset kottaraiset eivät ruokkineet poikasiaan
madoilla (Lumbricidae) lainkaan . Lajien välisessä
vertailuissa havaittiin merkitseviä erojapoikasajan
ravinnon koostumuksessa, mutta erojen selityk-
sessä voi olla keskimäärin kahden viikon ero pe-
sinnän ajoittumisessa . Fenologiaerot mahdollisesti
selittävät myös mustakottaraisella havaitun poi-
kuettein välisen eron ravinnossa . Lajien ravinto-
lokeron leveydet olivat kuitenkin hyvin saman-
laiset sekä yksilö- että populaatiotasolla mitattuna.
Samoin tulokset osoittavat, että eroista huolimatta
ravintolokerot olivat suurelta osin päällekkäisiä
eli lajit käyttivät jotakuinkin samoja ravinto-
resursseja .
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