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Abstract. Site quality may influence breeding performance especially in raptors showing strong territory fidelity as pre-
dicted by the site-dependent population regulation hypothesis. Thus, the occupancy of nest-sites is non-random, indi-
cating a preference of certain territories, apparently of higher quality. During four breeding seasons (2003–2006), we
recorded the occupancy rate and the number of young fledged from Lanner Falcon Falco biarmicus feldeggii nest-sites in
eastern Sicily, Italy. Breeding sites with different occupancy rates showed significant differences in environmental
attributes, mainly altitude. A generalised linear model revealed a significant effect of the slope of the nest-site on mean
fledgling number per successful pair. In addition, the mean slope of the nest territory and the slope of the nest-site are
the main predictors for differentiating the cliff selection by Lanners and by much more competitive Peregrine Falcons
Falco peregrinus. Finally, our results suggest a crucial role of the high quality sites for the population viability. Occupancy
rates were positively related to the mean number of young fledged per territorial pair and during the four years of the
study period six high quality nest-sites raised 58% of young produced in the whole study area. We suggest that the
annual production of young of the high quality territories should be preserved and that evaluation of the effective con-
tribution of the low quality sites for the persistence of a viable population in Sicily should be performed.       
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INTRODUCTION

The occupancy of nest-sites and surrounding
areas by raptors is non-random, indicating a pref-
erence for certain terrains, apparently of higher
quality (Warkentin & James 1988, Sergio &
Newton 2003, Espie et al. 2004). Several factors,
such as terrain features (elevation, slope, and ori-
entation), competitors, rainfall, and landscape
patchiness influence the choice of nesting sites
(Ontiveros 1999, Sánchez-Zapata & Calvo 1999,
McDonald et al. 2004, Sergio et al. 2004, Rodrìguez
et al. 2007, Martinez et al. 2008). These constraints
define a subset of profitable sites from a larger
number of possible nest-sites available every year

for breeding pairs (Ens et al. 1992, Rodenhouse et
al. 1997, Sergio & Newton 2003). Site quality may
also influence breeding performance especially in
raptors showing a strong territory fidelity as pre-
dicted by the site-dependent population regula-
tion hypothesis (Newton 1991, Rodenhouse et al.
1997, Franklin et al. 2000, Sergio & Newton 2003,
Espie et al. 2004). Thus, it is possible to assess nest-
site quality by ranking sites on the basis of fre-
quency of occupancy because territories occupied
for longer are more productive (Newton 1991,
Rodenhouse et al. 1997).

The European Lanner Falcon subspecies Falco
biarmicus feldeggii occupies a vast geographical
area including Italy, the Balkans, Turkey and the
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Abstract. Nest and mate choice is important in seabirds, influencing reproductive performance as both nest-site and
partner quality varies. The Yelkouan Shearwater Puffinus yelkouan nests mainly in pre-existing cavities and to a lesser
extent in cavities it excavates. We have monitored breeding colonies of the Yelkouan Shearwater on two islands of the
Hyères archipelago, south-east of France, for nine years to analyse nest-cavity and mate selection, to evaluate nest-cav-
ity and mate fidelity, and to investigate their relationships with reproductive performance. Yelkouan Shearwaters
selected nest-cavities providing a high degree of concealment and protection. Reproductive performance and fidelity
to cavity were highest in deep cavities with a winding tunnel and a steep slope around the entrance. Mating was assor-
tative for bill and tarsus measurements. High rates of return to the same cavity (94.7%) and mate (95.5%) were record-
ed. Fidelity to nest-cavity was highest when breeding succeeded the previous year (fidelity rate: 97.3% in successful
breeders vs. 87.8% in unsuccessful breeders) and was most likely to result in successful breeding the same year (breed-
ing success: 67.5% in faithful breeders vs. 43.8% in movers). The rate of divorce was low (4.5%), did not differ between
islands and was not associated with breeding performance. However, breeding success increased by 22.2 ± 9.9% after
mate change following a divorce or the absence of a previous mate. Such high rates of nest-cavity and mate fidelity
could indicate a good population status with breeding habitat, food resource and mates of good quality.

Key words: mate choice, mate fidelity, nest fidelity, nest-site choice, Procellariiformes, reproductive performance, sexual
size dimorphism
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INTRODUCTION

The choice of a breeding place (Cody 1985) and a
sexual partner (Orians 1969, Hunt 1980) has
important consequences for reproduction in birds
as nest-site and mate quality varies. As a result,
individual nest-site and mate selection strategies
should maximize the probability of choosing the
best (highest quality) site and mate available
(‘ideal choice’, Fretwell & Lucas 1970). Optimal
nest-site selection implies proximity to foraging
area, concealment from weather and potential

predators, reduced exposure to parasites and
competitors, and easy access and departure for
breeders (Ricklefs 1969). An optimal mate choice
should enable each mate to carry out its parental
duties successfully and to optimize its reproduc-
tive output. Whether individuals should retain or
change their nest-site and/or mate from year to
year is ultimately determined by both previous
and expected future reproductive performance
(Greenwood & Harvey 1982, Switzer 1993,
McNamara & Forslund 1996). There is evidence
that many species benefit from breeding in the
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Abstract. Understanding factors that drive the choice of breeding habitats for birds is important for species manage-
ment and conservation. We addressed this question in the case of the European Roller Coracias garrulus, an endangered
species listed in Annex I of the European Union directive for bird conservation. For secondary hole-nesting birds, such
as rollers, the breeding micro- and macrohabitat selection may rely on the location of the nest hole in a tree and its
immediate surrounding environment as well as the larger scale foraging habitat. We used both of these criteria to com-
pare the characteristics of Green Woodpecker Picus viridis holes that either were or were not occupied by breeding pairs
of the European Roller. Our study was carried out in an agricultural landscape of southeastern France where the pop-
ulation of European Roller is trending towards an increase. When compared to unoccupied holes, occupied holes were
at a lower height (approx. 6 m above ground) and were preferentially located in dead trees with other holes in close
vicinity. Occupied holes were also located in landscapes with lower land use intensity (i.e., higher proportions of mead-
ows, fallow lands, and fewer hedgerows and built areas) than non-occupied holes. Finally, fallow lands and meadows
harboured more Orthoptera, an important food resource for rollers, than other land cover categories. Thus, our results
highlight the importance of these land covers for the species management and indicate that they may be favourable
areas for nest-box provisioning.

Key words: agro-ecosystem, Coracias garrulus, conservation, European Roller, habitat selection, nest sites, cavity nesting
birds 
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INTRODUCTION

The breeding habitat of hole-nesting birds is com-
posed of a nest-site habitat, a hole and a surround-
ing area that is defended by the adults, and a for-
aging habitat where birds search for food to feed
their offspring (Gibbons & Lindenmayer 2002).
These two habitats are also termed microhabitat
and macrohabitat. The choice of breeding habitat
is driven by the optimisation of both adult and off-
spring fitness (Refsnider & Janzen 2010) within a
set of constraints imposed by the landscape com-
position and structure. Investigations of nests in
trees or nest-boxes indicate that the breeding habi-
tat choice of hole-nesting birds relies on direct or
indirect cues at these two levels. At the nest site
level, microhabitat selection generally relies on
the presence of elements that contribute to the

nest’s hiding and protection against predators
and poor microclimatic conditions inside the hole
(e.g., Martin 1995, Wiebe 2001, Fisher & Wiebe
2006, Kosiński et al. 2011, Parejo & Aviles 2011),
information on former occupancy (Aviles et al.
2000a; reviewed for 12 hole-nesting bird species in
Mazgajski 2007), and reproductive success
(Winkler et al. 2004). The quality of the neighbour-
ing environment and social constraints, such as
aggregating or lekking behaviours, or more gener-
ally, interactions between conspecifics or compet-
ing species, also plays an important role (Parejo et
al. 2005, Fisher & Wiebe 2006, Vaclav et al. 2011). In
addition, the choice of a breeding habitat can be
based on macrohabitat quality and then depend
on landscape composition (land cover/use and its
heterogeneity) and configuration (relative loca-
tion of different land covers/uses), as well as food
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Abstract. Understanding ecological requirements of animals is essential to improve habitat management and conserva-
tion strategies for endangered species. However, as most studies on Golden Eagle’s habitat preferences and breeding
ecology have been conducted in northern latitudes (e.g. USA, Scotland, Scandinavia and the European Alpine region),
our knowledge of the species ecology in the Mediterranean basin is more limited. Currently, only 16 pairs still remain
in Sicily (southern Italy) and in spite of this delicate status of conservation, there were no previous attempts to analyse
ecological requirements of the species in the island. Therefore, we monitored Golden Eagles from 1990 to 2012, analyzed
habitat characteristics of breeding territories and quantified habitat relationships with breeding performance. We used
a case-control design through Generalized Linear Models to examine ecological descriptors at two different spatial
scales: (i) “territory” defined as a plot of 4 km radius centered in the nesting area; and (ii) “landscape” by means of the
10 × 10 km Universal Transversal Mercator (UTM) cells where the species was present or absent. At the territory scale,
the presence of Golden Eagle was positively related to the ruggedness of the terrain and to the extension of arable land,
and negatively to the extension of forests. At the landscape scale the presence of the species was positively correlated
with the range of slope and negatively to the aridity of the surrounding landscape and the extension of forest areas.
The Golden Eagle has experienced a strong decline in breeding performance during the last two decades in Sicily,
which negatively impacted population dynamics. The best model at the territory scale included the surface of sparsely
vegetated areas (i.e. a surrogate of prey availability) as the best predictor of breeding output (i.e. number of young
fledged). At the landscape scale, the best predictor of breeding output was the average annual temperature (positive
effect) and surface of artificial lands (negative effect). Significant differences in environmental characteristics were
found between occupied and unoccupied sampling units and between territories of high and low breeding perform-
ance. Our results highlight the importance of maintaining the structure of landscape arising from traditional forms of
extensive agriculture in the Mediterranean basin, thereby favouring prey availability, and the importance of limiting
human activities and changes in land use in rugged mountainous areas.  

Key words: agriculture, Aquila chrysaetos, distribution, GIS, habitat heterogeneity, Italy, raptors, spatial analysis, variance
partitioning
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INTRODUCTION

Understanding and quantifying habitat prefer-
ences of animals is essential to improve habitat
management and conservation strategies for
endangered species, especially in places where
human interests and the ecological requirements
of priority species come into conflict (e.g. Manly et
al. 2002, López-López et al. 2006, 2007a,b, Di
Vittorio et al. 2012). This becomes particularly evi-
dent in places such as the Mediterranean basin, an

outstanding “hotspot” of biological diversity with
a long history of integration between natural
ecosystems and human activities (Maiorano et al.
2006, Blondel et al. 2010, López-López et al. 2011).
The Mediterranean basin is one of the most signif-
icantly altered hotspots in the world (Myers et al.
2000), with the human presence being the main
modeler of the structure of ecosystems that we
currently observe (Blondel et al. 2010). Hence,
studies aimed at characterizing the ecological
requirements of priority species still inhabiting in
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Abstract. Predators are supposed to exert strong selection pressures on their prey, especially when phenotypic traits
such as secondary sexual characters promote mating success at the expense of costs in terms of natural selection.
Signaling theory predicts that individuals of superior phenotypic quality will enjoy an advantage in term of mating suc-
cess, but also in term of natural selection, if such individuals are in prime condition both before and after development
of exaggerated secondary sexual characters. We tested this prediction in the Barn Swallow Hirundo rustica being preyed
upon by the Eurasian Sparrowhawk Accipiter nisus, using extensive samples of feathers from prey and non-prey. We
measured tail length and coloration of outermost tail feathers in the black area of the proximal and distal part of tail
feathers, but also the white spot of the tail feathers. Prey had significantly less dark distal, but not proximal parts of their
tails, while there was no difference in coloration of the white spot between prey and non-prey. Prey had significantly
paler tail feathers than non-prey, especially among long-tailed individuals. These results suggest that Barn Swallows
with long tails that fail to deposit large amounts of melanin in their tail feathers run an elevated risk of predation.

Key words: coloration, ornaments, predation, sexual selection, signals, Sparrowhawk 
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INTRODUCTION

The evolution of ornamental traits has been a
major issue of research in animal communication
during the last three decades. Although the inten-
sity of sexual selection acting on such characters is
ultimately limited by natural selection, the inter-
action between these two evolutionary processes
is not well understood. Arguments from signal
theory (Zahavi 1975, 1977, Hasson 1997) state that
for honest signals to evolve, it is necessary that
production and maintenance costs are imposed
on signalers, and that such costs are higher for
individuals of low genotypic or phenotypic quali-
ty. While several mechanisms have been proposed
for production costs of signals (e.g., Espmark et al.
2000, Møller et al. 2000, Galván & Alonso-Alvarez
2008), maintenance costs, which reflect the inten-
sity of natural selection, have received much less
attention (Bortolotti 2006). Predation risk is proba-

bly the most evident maintenance cost for elabo-
rate sexual signals, although the role of predation
in the evolution of these traits has only rarely
been considered (but see Endler 1980, Møller 1989,
Petrie 1992, Götmark 1993, Götmark & Unger
1994, Møller & Nielsen 1997).

The level of sexual signaling is positively relat-
ed to survival prospects, either linearly (e.g.,
Alatalo et al. 1991, Møller 1991, Borgia 1993, Saino
et al. 1997, Galván & Møller 2013) or through a
quadratic relationship (Figuerola & Senar 2007),
indicating that only high quality individuals are
capable of bearing the handicap imposed by cost-
ly signals. Only few studies have directly related
risk of predation to the level of exaggeration of
such signals, and these few studies show that low
quality individuals (i.e. those with less exaggerat-
ed traits) pay higher costs in terms of predation
risk (Endler 1980, Petrie 1992, Møller & Nielsen
1997; but see Møller 1989). Thus, only fit individu-
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Abstract. Wood Warblers Phylloscopus sibilatrix have declined considerably throughout most of their north and western
breeding range in Europe but the causes of this decline are unknown. Declines may be related to factors on the breed-
ing grounds, stopover sites and/or wintering grounds. We used multi-isotope (δ2H, δ13C, δ15N) measurements of win-
ter-grown feathers of 314 individuals breeding in the Białowieża Forest (E Poland) to infer where they wintered in sub
Saharan Africa over a 4-year period from 2009–2012. We used both aspatial and spatially specific assignment techniques
involving a previously developed clustering algorithm related to long-term patterns of precipitation (δ2H) and theoret-
ical plant-based isoscapes (δ13C, δ15N) for Africa. We determined that our breeding population was consistently assigned
to the forested region of the Congo basin. Males were more depleted in 13C and 2H and more enriched in 15N than
females suggesting potential sexual habitat segregation on the wintering grounds. We then similarly examined less
extensive samples from Wood Warblers breeding in England, Netherlands, Germany, Switzerland and Karelia (NW
Russia), and found a similar assignment to the Congo basin. For all sites, males were isotopically distinct from females
suggesting sex-specific habitat segregation on the wintering grounds. Our geospatial assignment model now provides
a protocol for testing the hypothesis that declining populations winter more in heavily fragmented forests of west Africa
compared to the Congo basin. We encourage this approach for the investigation of migratory connectivity in other sub
Saharan Afrotropical migrants.

Key words: stable isotopes, migratory connectivity, wintering sites, deuterium, carbon-13, nitrogen-15, isoscapes,
Phylloscopus sibilatrix
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INTRODUCTION

It has long been recognized that the effective con-
servation of migratory species requires a knowl-
edge of where populations travel throughout
their annual cycle (Moore et al. 1995, Sherry &
Holmes 1995, Webster & Marra 2005). Establishing
the linkage between the breeding, wintering and
stop-over sites used by individual migratory ani-
mals or their populations (hereafter migratory
connectivity) is a first step toward conservation

throughout the annual cycle of migratory ani-
mals. Conservation efforts directed at only one
place or time in the annual cycle will be ineffective
if the population is limited by factors occurring
elsewhere. Ideally, conservation efforts would be
coordinated at the population level so that habitat
requirements on breeding, stopover and winter-
ing areas could be met. For migratory birds, such
coordination is exceptionally rare and largely
restricted to critically endangered populations
that move among known and well-defined 
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Abstract. Body size differentiation may have developed in response to environmental gradients. A pattern of large indi-
viduals prevailing in colder areas is often observed and is explained by the heat conservation hypothesis (Bergmann’s
rule). To understand patterns driving body size variation in a pelagic seabird, the European Storm Petrel Hydrobates
pelagicus, we examined the relationship between wing length, body mass and environmental variables in breeding areas
(sea surface temperature, air temperature and wind speed). As this species has been divided into two subspecies:
Mediterranean H. p. melitensis and Atlantic H. p. pelagicus, we performed the analyses at different scales (species, Atlantic
subspecies and regional North Atlantic). At the species and subspecies scales, there was a longitudinal increase in wing
length from west to east. At the subspecies and regional scale, we found a latitudinal increase in this variable from south
to north. This result and the significant increase of wing length with decreasing sea surface and air temperatures are
concordant with Bergmann’s rule. In addition, body mass at the species and subspecies scales decreased with increas-
ing wind speed, what may have a functional implication (small body mass may increase manoeuvrability over waves
in conditions of stronger wind). Both genetic (two subspecies differing in body size) and environmental factors seem to
be important forces driving intercolony variation in body size. Our study on sexual size dimorphism (SSD) revealed that
in 156 molecularly sexed adults from the Faeroes, wing and tail length, and body mass exhibited female-biased SSD,
while head-bill length showed male-biased SSD. The best discriminant function for sexing based on body measure-
ments correctly classified 75% of individuals. Considering low correctness of proposed functions and geographical vari-
ation of body size, use of alternative methods (e.g. molecular tools) is recommended for sex discrimination in the
European Storm Petrel.

Key words: seabird, body size variation, molecular sexing, sexual size dimorphism, discriminant function analysis 
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INTRODUCTION

Some vertebrate species, especially those occur-
ring over large geographical areas, often show
variation in body size within their range. Body
size differentiation may have developed in
response to physical and/or biological clines in the
environment. A pattern of large individuals pre-
vailing in colder areas is often observed (e.g.,
James 1970, Ainley 1980, Monaghan et al. 1983,
Moen 1991, Barrett et al. 1997), and commonly
explained by the heat conservation hypothesis,
known as Bergmann’s rule at the interspecific
level (Bergmann 1847) or James’s rule for within-
species patterns (James 1970, Blackburn et al. 1999).
According this hypothesis, heat conservation

increases via a higher surface area to volume ratio.
Body size variation may be also a consequence of
ancestral colonization and subsequent diversifica-
tion (Jouventin & Viot 1985, Barbraud & Jouventin
1998).

Regardless of geographical variations, some
species show sexual size dimorphism (SSD). 
This phenomenon is widespread and variable
among animals (Andersson 1994, Fairbairn 1997,
Blanckenhorn 2000) and take a form of male-
biased (males larger than females) or female-
biased SSD (females larger than males). Three
major processes have been proposed that produce
and maintain SSD: sexual selection, fecundity se -
lection and avoiding resource competition (Jehl &
Murray 1986, Andersson 1994, Serrano-Meneses
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Abstract. The process of establishing breeding populations of birds in small towns of Central Europe provides a unique
opportunity to study them during synurbization in statu nascendi. Over the years 2006–2011, we investigated the breed-
ing ecology of three coexisting thrush species Turdus spp. in the urban habitats of the town of Bardejov (NE Slovakia).
We studied nest distribution, nest predation in relation to nest placement and the breeding success of the Common
Blackbird T. merula, Fieldfare T. pilaris and Song Thrush T. philomelos. The study species differed significantly in terms of
microhabitat characteristics and vertical spatial distribution, expressed as the nest  location height (Blackbird < Song
Thrush < Fieldfare), the distance from the town centre (Fieldfare < Song Thrush < Blackbird), the distance from the
nest tree to human paths and buildings (Blackbird < Song Thrush < Fieldfare) and the average distance between
breeding conspecific pairs (Fieldfare < Blackbird < Song Thrush). We also found significant differences in nesting
microhabitats (conifers, deciduous trees and shrubs) usage (breeding in conifers: Song Thrush < Blackbird < Fieldfare).
On the other hand, no significant differences were found in breeding success  and predation  between species. A major
factor affecting the predation rate was the distance between nests and the distance to human paths and buildings, and
with Fieldfares and Common Blackbirds also the height of trees and the distance to the town centre. Our results sug-
gest that ecological segregation among closely related species can also be common in a changed, urban environment.

Key words: breeding success, coexistence, nest-habitat partitioning, nest site selection, predation, synurbization, urban
habitat, thrushes
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INTRODUCTION

Growth of human populations results in urban
development, which frequently engulfs habitats
for wild animals with a variety of effects on their
existence, location and ways of living (Luniak
2004). The process of urbanization leads to
changes in natural habitats resulting in new types
of environments. Urban habitats can be occupied
by wild animal species which have adapted to
changed conditions (Partecke et al. 2006).
Synurbization (adaptation of animals to living in
urban habitats) can also act as a filter of animal
traits such as feeding preferences and breeding
habits (Tomiałojć 1982, Luniak 2004, Croci et al.
2008).

The diversity of birds in urban areas is not only
affected by natural processes, but also by factors
related to human management, such as the tree
stand age and area of the site (Biaduń &
Żmihorski 2011), the type of housing (Geis 1974)
and the degree of urbanization (Batten 1972).
Some species, e.g. European Kestrel Falco tinnun-
culus, European Robin Erithacus rubecula, Feral
Pigeons Columba livia f. domestica, House Sparrow
Passer domesticus, Magpie Pica pica and
Woodpigeon Columba palumbus (Tomiałojć 1980,
Groom 1993, Jokimäki 1999, Biaduń & Żmihorski
2011), seem to be able to tolerate urban constraints
and are able to maintain stable populations in
urban areas, whereas many other “urban
avoiders” seem to be intolerant (Blair 1996). The
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Abstract. The Aquatic Warbler Acrocephalus paludicola is the only endangered songbird in continental Europe. This trans-
Saharan migratory bird significantly transits along the French Atlantic coastline during post-breeding migration and the
right bank of the Gironde estuary has been identified as an important stopover site. We studied the spatial occupancy
strategies of stationing individuals during August of three successive years (2010–2012). We characterized habitat use by
radio-tracking individuals revealing relatively small foraging ranges (6.6 ± 2.6 ha on average) with only 1 ha actually
exploited (core area), and a relatively high habitat fragmentation rate. Capture-mark-recapture analyses assessed the
average stopover duration of individuals and body-mass variations during their stopover. The estimated average
stopover duration was 6.46 ± 0.46 days (95% confidence interval: 4.4–9.6). Lean birds tended to forage significantly
more than stout birds: on average, they gain 2.81 ± 0.89% of their initial mass each day whereas stout birds only gain
0.12 ± 0.56%. Analyses of droppings characterized the local diet. We noticed that Aquatic Warbler preferentially used
partially-flooded or flooded habitats with heterogeneous and rather low vegetation, such as bulrush beds or bulrush
beds mixed with reed beds. Orthoptera, Araneae and Hymenoptera represented the largest contributions to the con-
sumed biomass (64.7%, 13.4% and 8.9% respectively). The importance of the fuel deposition rate of lean birds reflects
the importance of the estuary as a stopover site for the species. It means that the available resources allow birds to
replenish and continue their migration route. However, the sustainability of the site’s functionality is questioned
because of the evolution of habitats (erosion, rise in water levels and changes in food web).

Key words: stopover duration, diet, habitats, fuel deposition rate, post-breeding migration, radio tracking 
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INTRODUCTION

Migratory birds spend a quarter of the year on
migration (Zduniak & Yosef 2012) and their sur-
vival outside the breeding season clearly impacts
the breeding number (Newton 2006). Thus it is
important to identify and preserve the resources
available on stopover sites, especially that birds
spend more time on stopover sites than on flight
(Zduniak & Yosef 2012). In these areas individuals
can rest, wait for better weather conditions to con-
tinue their route, and replenish their energetic
resources (Sutherland 1998). The conservation of
migratory species involves the identification of

stopover sites and dedicated habitat management
in order to maintain suitable resources that indi-
viduals can exploit (Sutherland 1998, Chernetsov
2006). 

The Aquatic Warbler Acrocephalus paludicola is a
trans-Saharan migratory songbird, abundant in
Europe until the 20th century when it started to
become scarce due to habitat perturbations
(essentially anthropogenic) on key breeding sites
(De By 1990, Flade & Lachmann 2008,
Tanneberger et al. 2008). Nowadays, the species
breeds only in six European countries (Belarus,
Germany, Hungary, Lithuania, Poland and
Ukraine) and on only 40 sites covering a total
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Orłowski G., Rusiecki S., Karg J. 2014. Partial dietary segregation between adult and nestling Bluethroats Luscinia
svecica. Acta Ornithol. 49: 107–118. DOI 10.3161/000164514X682931

Abstract. Several studies have suggested dietary segregation between nestling and adult birds resulting from both
dietary requirements of offspring and distance to the foraging sites. We examined the diet in terms of composition and
dimension, as the weight, habitat and taxonomy of prey in nestling and adult male and female Bluethroats Luscinia 
svecica spp. cyanecula at a recently colonized area in a mosaic of wetland (with sewage water) and terrestrial habitats in
south-west Poland. On the basis of faecal samples collected between 2009–2012 from several broods and 94 adults, we
found that nestlings had significantly lower diet diversity, consisting of heavier prey items. Comparing the proportion
of seven major food types (order of insects/invertebrate class) we showed that the diet composition of adult and
nestling Bluethroats differed significantly. The diet of nestlings contained significantly more soft-bodied prey items,
namely Diptera and Lepidopteran larvae, and significantly fewer Coleoptera and Hemiptera. Furthermore, since adult
showed marked decrease (contrary to young Bluethroats) of diet diversity and number of prey in the progress of the
breeding season, hence our entire findings can imply that nestlings are fed in a selective manner receiving more prof-
itable (soft-bodied and terrestrial) prey, and adults adjust their diet consuming less profitable (more chitinized and
smaller) prey. This ultimately suggests the partial dietary segregation between nestling and adult birds, both in the term
of size (biomass) and composition of prey. The use of a broad spectrum of food items and various prey types, and par-
ticularly the low dependence of nestlings on aquatic insects, suggests that Bluethroats have very plastic dietary require-
ments, which is most likely a factor facilitating the recent population recovery and adaptation to ecotonal zones
between moist/wetland and terrestrial habitats with abundant moist soil, in newly settled areas of Europe.

Key words: diet segregation, nestling diet, prey size, spiders, terrestrial prey 
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In altricial birds, the quantity and quality of food
brought to nestlings can have a substantial influ-
ence on their growth, survival and condition at
fledging and, consequently, their fitness
(reviewed in Radford 2008). Central-place for-
agers are predicted to deliver only selected prey to
their offspring, which can lead to dietary differ-
ences between adults and nestlings (Dänhardt et
al. 2011, Alonso et al. 2012). Several studies have
suggested dietary segregation between nestling
and adult birds resulting from both dietary
requirements of offspring and distance to the for-
aging sites. The latter issue, primarily obtained

from studies on marine species of birds, is a conse-
quence of spatially related trophic segregation
between adults and nestlings (compiled in Alonso
et al. 2012). Dietary differences between adults
and nestlings can be seen also in the context of
parent-offspring conflict theory: potentially in
such circumstances conflict might occur since the
level of investment of the parent, selected to max-
imize its future reproductive success, is lower
than the level of investment required by the off-
spring to maximize its own reproductive success
(Pugesek 1990, reviewed in Smiseth et al. 2008).
Overall, the assumption has frequently been
made that diet of breeding adults is the same as
the diet they deliver to their nestlings (cf. Wilson
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Abstract. Seed-eating birds may consume seeds in the tree (pre-dispersal predation) as well as on the ground (post-
dispersal predation), usually at contrasting microhabitat conditions. We examined the foraging behaviour and contri-
bution to seed predation of a whole assemblage of seed-eating birds (mostly Fringillidae) at both dispersal phases 
(pre- and post-dispersal) in a wind-dispersed tree, the European White Elm Ulmus laevis. We found that most seed pred-
ators were tree-feeding birds that prey upon seeds for longer periods in the tree and spend shorter periods in larger
flocks foraging on the ground. We also obtained significant differences in predation speed among the seed predator
species. The overall number of seeds consumed by birds, as well as the amount of time spent foraging in the tree,
increased with increasing feeding heights. Seed availability increases with height, which seems to be the main reason
why birds spend more time foraging on higher branches. Birds strongly differed in their perching coefficient (PC, ration
of feeding height to distance from crown edge). Small finches such as Serins Serinus serinus and Goldfinches Carduelis
carduelis had a very high value of PC in comparison to large finches such as Greenfinches Carduelis chloris, Chaffinches
Fringilla coelebs, and Hawfinches Coccothraustes coccothraustes. In general, finches showed much higher values of PC than
non-fringillid species, indicating a greater adaptation to perch and feed on more flexible stems. Birds increased their
overall seed predation and the time allocated to foraging on the ground when they were in flocks. Small finches tend-
ed to follow larger finches and flock in multispecies groups when foraging on the ground. We suggest that this 
behaviour increases both feeding efficiency and safety. Further studies should take into account possible differences 
in behavior of seed-eating birds throughout the dispersal season since it may have important implications for their
adaptive behavior to select new niches.

Key words: feeding height, flocking, foraging behaviour, Fringillidae, predation risk, granivorous bird, seed density
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Seed predation (i.e., granivory) is a type of plant-
animal interaction in which the granivores feed
mostly on the seeds of plants (Hulme & Benkman
2002). Among granivores, finches Fringillidae and
other seed-eating birds are considered an impor-
tant guild of seed predators (Wilson 1971,
Benkman 1991, Stiles 2000). Most studies on avian
seed predation have focused either on pre-disper-
sal seed predation (in the plant) or, more rarely, on
the post-dispersal seed phase (on the ground) (but
see Schluter & Repasky 1991 and references there-
in for ground finches). Although foraging behav-
iour of seed-eating birds has been extensively
studied in multiple ways and from different per-
spectives, for instance, seed selection (Kear 1962,
Getty & Pulliam 1993, Nystrand & Granström

1997), predation risk (Lindström 1990, Krams 2001,
Lind & Cresswell 2005, Baker et al. 2010), habitat
use (Díaz & Tellería 1994, Robinson et al. 2004,
Garcia-del-Rey et al. 2009), foraging strategy
(Newton 1967, Coolen et al. 2001, Baker et al. 2009,
Myczko & Benkman 2011) and flock size (Newton
1967, Lindström 1989, Tellería et al. 2001), studies
have neglected to compare the foraging behav-
iour of avian seed predators at both dispersal
phases (pre and post-dispersal), despite the exis-
tence of multiple environmental differences
between these phases (e.g., vegetation cover, visi-
bility, seed density, alternative food, etc.; Janzen
1971). In addition, species-specific differences in
the foraging behaviour above-ground and on the
ground (after seed dispersal) are likely to occur
(e.g., frequency of visits, predation speed, flock
size and composition). 



More and more evidence indicates that genetic
mating systems of birds cannot be characterized
by simply observing social behavior (Dennis &
Paul 2001, Hutchinson & Griffith 2008, Wiebe &
Kempenaers 2009). According to Hoi & Griggio
(2010), extra-pair paternity (EPP) has been docu-
mented in more than 75% of socially monoga-
mous bird species. On average, over 11% of off-
spring are not sired by their social fathers across
socially monogamous species (Griffith et al. 2002),
and EPP is thus a common phenomenon rather
than an exception in such birds, especially passer-
ines (Westneat & Stewart 2003). Molecular tech-
niques have shown that genetic monogamy
occurs in only 14% of passerine species investigat-
ed, whereas the remaining 86% species showed
regularly genetic polyandry (Griffith et al. 2002,
Hoi & Griggio 2010).

The forces driving the evolution of extra-pair
copulation in socially monogamous birds remain
widely debated and unresolved. One key hypoth-
esis is that female extra-pair copulation evolves
through genetic benefits, reflecting increase in
additive genetic value of extra-pair offspring
(EPO) (Stapleton et al. 2007, Fossøy et al. 2008,

Reid et al. 2011). Researches also showed that the
occurrence of EPO is associated with high genetic
similarity between social partners in some passer-
ine species (Freeman-Gallant et al. 2006) and
hence females may also avoid some degree of neg-
ative effects of inbreeding by engaging in extra-
pair copulation (Pusey & Wolf 1996) to modify
their initial choice (Møller 1992). A powerful tool
for examining genetic benefits for females is the
comparison between maternal half siblings. For
example, study on Blue Tits Cyanistes caerulus evi-
denced that EPO were more heterozygous than
within-pair offspring (WPO)(Foerster et al. 2003)
and heterozygosity is correlated with survival and
several measures of reproductive success in this
species. Therefore, these findings suggest that
female Blue Tits engage in extra-pair copulation
with genetically more dissimilar mates to increase
offspring heterozygosity and thus fitness.

Varied Tits Poecile varius are small cavity-nest-
ing forest birds occurring in the eastern Palearctic,
from Russia's Kuril Islands through Japan to South
Korea, North Korea, and northeast China (del
Hoyo et al. 2007). In China, this species has a nar-
row and fragmented distribution, centered in

Extra-pair paternity in Varied Tits Poecile varius

Jing JU1,A, Jiangxia YIN1,A, Paul RACEY2, Lei ZHANG1, Donglai LI1 & Dongmei WAN1*

1Department of Life Science, Liaoning University, Shenyang 110036, CHINA
2Centre for Ecology and Conservation, School of Biosciences, Univ. of Exeter, Cornwall Campus, Penryn, TR12 9EZ, UK
AJiangxia Yin and Jing Ju contributed equally to this work
*Corresponding author, e-mail: wdm9610@163.com

Ju J., Yin J., Racey P., Zhang L., Li D., Wan D. 2014. Extra-pair paternity in Varied Tits Poecile varius. Acta Ornithol. 
49: 131–137. DOI 10.3161/000164514X682959

Abstract. Extra-pair paternity is of particular interest in socially monogamous species, in which there is a substantial
discrepancy between social and genetic mating systems. Varied Tits Poecile varius are socially monogamous passerine
birds with a distribution in Japan, Korea, and northeast China. We established paternity in all individuals of 40 broods
by microsatellite genotyping. Extra-pair paternity occurred in 16 of the 40 broods (40%) and accounted for about 14.7%
(37/251) of offspring, higher than the average value (11%) among socially monogamous birds. The relatedness between
social partners did not correlate with the percentage of extra-pair offspring in the brood and there was no difference in
heterozygosity between maternal half-siblings. As the first such investigation in this species, this study adds to our
understanding of their mating system and will be useful for comparative studies of variations in extra-pair paternity
rate.  
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Elucidating all of the migration patterns in bird
populations has sometimes proved difficult given
the great variability exhibited by various species
related to the age, sex, and breeding areas of the
individual birds involved (Newton 2008). This
information is important in increasing our knowl-
edge about the ecology of such species and rele-
vant to their conservation. Satellite tracking has
greatly increased our understanding of bird
movements in recent decades, especially for
migratory species, enabling us to obtain move-
ment-ecology data for the entire annual cycle.
Birds of prey have been particularly well studied
in this way (Hake et al. 2001, Thorup et al. 2006,
Strandberg et al. 2010, Bohrer et al. 2012, Limiñana

et al. 2012). Satellite tracking has clear advantages
over other methods, but its main drawback is its
cost, as a result of which almost all studies depend
on small samples. Transmitter losses and failures
together with the deaths of some fitted individu-
als further reduce the resulting data (Strandberg
et al. 2009, Klaassen et al. 2010, Mellone et al.
2013). Unfortunately, the behaviour of small num-
bers of individuals is not always representative of
their regional populations, and may reveal only a
subset of the patterns that occur (Vardamis et al.
2011). 

The Short-toed Snake Eagle Circaetus gallicus
(herafter STE) is a migratory medium-sized raptor,
which does not normally breed at least until the
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Abstract. Satellite tracking is an invaluable tool in the study of bird movements. However, the normally small sample
size it involves makes it difficult to obtain data spanning the entire range of migratory behaviour found in particular
populations. We recently reported that Spanish immature Short-toed Snake Eagles leave their winter quarters in sub-
Saharan Africa to occupy summering areas in northern Africa (north of the Sahara), in contrast to previously reported
behaviour of a young French eagle which remained during the summer in the sub-Saharan wintering range. A more
recent increase in the sample size of tracked young snake eagles further extends our knowledge of the summering
behaviour of this species with one immature reaching the European range but occupying four widely-separated areas
during the course of the summer. In the short-term, technology progress may provide the normal use of representative
samples to increase accuracy in movement ecology studies. 
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