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Abstract. The effects of supplemental feeding on Eurasian Griffon range from increased survival and reproduction to
population recoveries. In 2000, the appearance of Bovine Spongiform Encephalopathy (BSE) in Europe resulted in the
implementation of the 1774/2002 regulation that required carcass removal and incineration at processing plants within
the European Union and resulted in an immediate reduction of food availability for scavengers. We wished to evaluate
the effect of the implementation of the reduced food availability on the scavenging Eurasian Griffon population. The
study was conducted in La Rioja province (northern Spain). Eurasian Griffon fledglings are regularly brought to a reha-
bilitation center and can help evaluate the changes in nutritional condition before and after the enactment of the BSE
regulations. A total of 47 first year griffons were sampled. Ptilochronology was applied to the rectrices, growth bars that
are grown during the fledgling period were counted among nestlings before and after implementation of the EU-BSE
directives. We found that the width of the growth bars, that represent the nutritional condition of the bird, showed sig-
nificant differences over time. The growth bars before the implementation of the BSE EU-directives were significantly
narrower than the subsequent period wherein carcasses were greatly reduced. The frequency of fault bars showed
trends opposite to those of growth bars and there were significantly more fault bars in the pre-removal implementa-
tion period than the post-removal period. In conclusion, we consider this to be a result wherein the local adults with
fidelity to their breeding colonies remained in the area while the non-breeding sub-adults and floaters have strayed in
search of food. This has resulted in reduced inter-and intra-specific competition and only adults in good body condi-
tion breed resulting in healthier fledglings.
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INTRODUCTION

Traditional sources of food for vultures and other
scavengers have declined dramatically in the last
century (Meretsky & Mannan 1999). Declines in
traditional farming and grazing practices, hunting
and wild herbivore populations, that once provid-
ed food are now absent or considerably dimin-
ished (e.g., Mundy et al. 1992, Mateo-Tomas &
Olea 2010). Lack of food is considered to affect not
only reproductive strategy and success (e.g.,
Wilbur & Jackson 1983, Donazar & Fernandez
1990, Mundy et al. 1992) but it also results in
increased mortality of fledglings and free-ranging
adults (cf. Court et al. 1997, Ferro 2000). An alter-
native strategy that has developed in the past
decades has been to support vultures and other
scavengers by providing supplementad food at

"restaurants" (Friedman & Mundy 1983, Parra &
Telleria 2004). In Spain, leaving carcasses freely in
the field and at traditional dumping sites
“muladares” was a common practice, despite it
being against the Law since the early 1950’s. The
1999 State statistics estimate that Eurasian Griffon
Vultures Gyps fulvus in Spain only required 23% of
the overall carcass production of the whole coun-
try for survival (Camiña 2004a).

The effects of supplemental feeding on
Eurasian Griffon range from increased survival
and reproduction (e.g., Terrasse 1985, Sarrazin et
al. 1994, 1996) to higher densities and fledging
success with dispersal from breeding colonies
(e.g., Sarrazin et al. 1994, Blanco et al. 1997,
Fernandez et al. 2008), resulting in population
recoveries (Donazar 1987, Donazar & Fernandez
1990), and to behavioral changes (e.g., Gilbert et
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Abstract. When production costs or fitness returns vary between sons and daughters, selection is expected to favor
females that adjust sex ratios accordingly. However, to what extent birds can do so remains debatable. Here we analyze
the secondary offspring sex ratios in Marsh Tits Poecile palustris breeding in the primeval, strictly protected, part of
Białowieża National Park (north-eastern Poland). We collected data on parent birds (age), their breeding performance
(laying dates, clutch size, nesting success), and the offspring sex ratio in two types of old growth habitats over three
years. The individual broods varied from all male to all female, but no significant deviation from parity was detected at
the population level. The inter-brood variation could be accounted for neither by environmental (season, habitat) nor
parental (female age, laying dates, clutch size, and brood size) variables analyzed. The primary sex ratios (at laying) did
not differ from the secondary (brood) sex ratios. Thus, there was no indication of post-hatching sex ratio adjustments,
either. Together, our results do not support the hypothesis of adaptive sex ratio adjustments in the studied Marsh Tit
population. We suggest that possible fitness benefits could be insufficient to exceed the costs conferred by sex ratio
manipulation in this species.  
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Fisher (1930) postulated that, if offspring of differ-
ent sex require equal level of investment, natural
selection should favor 1:1 sex ratio at conception.
If, however, parents gain fitness benefits by over-
producing offspring of one sex, sex ratio is expect-
ed to differ from parity (Trivers & Willard 1973,
Charnov 1982, Frank 1990). Several hypotheses
explaining adaptive value of sex ratio adjustment
in birds and mammals have been suggested
(reviewed by Cockburn et al. 2002, Hasselquist &
Kempenaers 2002). According to them, females in
good condition (Trivers & Willard 1973), in high
quality habitats (Stauss et al. 2005) or mated with
an attractive male (Charnov 1982), are expected to
overproduce males, while those in poor condition
or paired with an unattractive male should over-
produce females. Furthermore, females should
bias the sex ratio towards the dispersive sex to

decrease competition between the relatives in the
future but the opposite situation would be expect-
ed if the presence of philopatric descendants is
desirable in terms of reproductive success (Clark
1978), and produce more young of the rarer sex
(Werner 1965, Bensch et al. 1999).

Despite constraints posed by chromosomal sex
determination in birds, several studies have pro-
vided evidence that female birds can adjust the
sex ratio of their offspring in relation to different
ecological conditions or parents' characteristics
(reviews in Cockburn et al. 2002, Hasselquist &
Kempenaers 2002, Alonso-Alvarez 2006, but see
Krackow 1999, 2002). The sex of nestlings was
found to vary with the female’s age (Blank &
Nolan 1983, Sheldon et al. 1999, Saino et al. 2002,
Husby et al. 2006), laying date (e.g. Krebs et al.
2002, Andersson et al. 2003, Rosivall et al. 2004,
review in Cordero et al. 2001 and Hasselquist &
Kempenaers 2002), clutch size (e.g. Dijkstra et al.
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Abstract. Bacteria may colonize avian nests with unknown repercussions on nestling growth and health, although bac-
teria on nest materials may easily colonize nestling skin and growing feathers. Cavity nesters may have to build their
nests on top of used nest materials, given restrictions on cavity availability. Nest reuse may favour bacterial coloniza-
tion of nest materials and nestling skin and thereby affect nestling feather growth. To test these possibilities, we con-
ducted a study of Pied Flycatchers Ficedula hypoleuca breeding in nest-boxes in central Spain. We left a sample of nest-
boxes without removing old nest materials in 2010 and compared bacterial loads of nest materials, control inert objects
and nestling belly skin in reused nests with those in new nests in 2011. Nestlings raised in reused nests had higher bac-
terial loads on their belly skin than those in new nests, while no difference between nest types for nest materials and
control inert objects were found. There was a marginally significant tendency for wing length before fledging to be
lower in reused nests, but no trend for mass or tarsus length. The bacterial loads of nests showed a negative association
with feather growth of nestlings as expressed through wing length but not with tarsus length or mass growth. These
results indicate an association between nest reuse and bacterial growth on nestling skin not hitherto detected. They also
suggest a possible impairment of flight capacity at fledging mediated by nest bacterial communities which are in direct
contact with nestling skin and growing feathers. 

Key words: nest bacterial load, skin bacterial load, microbe-host interaction, Pied Flycatchers, nestling condition , nest
reuse, old nests
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Altricial birds use nests for incubating eggs and
raising young (Hansell 2000). Avian nests are
micro-environments very likely to be colonized by
bacteria due to the presence of debris, faeces and
discarded food. The factors affecting bacterial col-
onization of nest environments are still poorly
understood. Nests in cavities may offer more con-
stant and suitable environmental conditions for
bacterial growth, so we may expect them to har-
bour richer bacterial communities. Only a few
studies to date have been conducted on nest bac-
terial communities in cavity-nesting species
(Mehmke et al. 1992, Singleton & Harper 1998,
Goodenough & Stallwood 2010). In one of them,
Singleton & Harper (1998) detected the presence

of three potentially pathogenic bacterial genera
(Pseudomonas, Bacillus and Staphylococcus) in
House Wren Troglodytes aedon nests. Nest compo-
sition may affect bacterial colonization given that
different nest materials may offer different micro-
climatic conditions. Goodenough & Stallwood
(2010) have studied bacterial assemblages in nest
materials used by two common and related hole-
nesting passerines, the Great Tit Parus major and
the Blue Tit Cyanistes caeruleus, and found that the
dominant bacteria were again lineages of
Pseudomonas, Bacillus and Staphylococcus. The same
genera of bacteria were found on European
Starling Sturnus vulgaris nestling skin (Berger et al.
2003) except Pseudomonas. However, Pseudomonas
is present in both nest materials and on vertebrate
skin (D’Aloia 1996, Goodenough & Stallwood
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Abstract. High metabolic rates of birds demand an efficient oxygen transport system; this is ultimately based on the
oxygen carrying capacity of haemoglobin. Therefore patterns of variation in blood haemoglobin content of wild birds
are an important aspect of functional ecology. In this paper we report results concerning variation in haemoglobin con-
centration in the blood of adult Blue Tits Cyanistes caeruleus and Great Tits Parus major during the nestling rearing peri-
od (days 7–15 of nestlings life) of first broods in central Poland in 2003–2009. The most important findings of this study
are: (i) average haemoglobin concentration in blood differs between Blue Tits and Great Tits, with higher values in Blue
Tits; (ii) males differ from females in both these species, with higher values in females, and (iii) there is also significant
variation among years, with parallel tendencies for both species. We explain the patterns of haemoglobin content vari-
ation in adult tits by differences in metabolic demands for oxygen transported by blood. The demands are higher for
the smaller-bodied species (Blue Tits), heavier working sex (females) and in years with worse physical and trophic con-
ditions, though only non-significant relationships with weather conditions (temperature and rainfall) or food availabil-
ity (measured by frassfall) were found during our long-term study. 

Key words: passerines, free-living populations, haemoglobin concentration, interspecies variation, sex differences, 
annual variation, metabolic rates
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Metabolic rates of birds relative to the body size
have long been known to be higher than metabol-
ic rates of other vertebrates; this especially con-
cerns small birds, like passerines (Whittow 2000,
Bicudo et al. 2010). Accordingly, different physio-
logical systems show coordinated adaptations
that support metabolism, including the digestive
system, on the one hand, and the respiratory, cir -
culatory systems, and blood, on the other hand. Gas
exchange and transportation are chief functions of

the blood and circulatory system. Because aerobic
metabolism is based on the oxidation of food com-
ponents, with the amount of energy produced per
unit of used oxygen being fairly constant for basic
food components, the oxygen consumption is
both the main determinant and indicator of meta-
bolic rate (Schmidt-Nielsen 1990). The oxygen-
transport function of vertebrate blood is ultimate-
ly based on the oxygen up-loading and off-load-
ing properties of haemoglobin (Schmidt-Nielsen
1990, Greer et al. 2003). The oxygen carrying
capacity of the blood mechanistically depends on
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Abstract. We examined breeding performance and the nest survival of Booted Warbler Iduna caligata on abandoned
fields in Vologda region, Russia. We modelled daily survival rates (DSR) using data on 250 nests found in 2002–2011. We
compared relative effects of year, nest age, date, weather conditions and nest placement characteristics. Clutch size did
not vary over the study period and was on average 5.69 ± 0.04 eggs. Inter-seasonal variability was the most important
component of DSR variation. The top model included a year effect, a quadratic nest age term and an interaction
between year and quadratic age. Overall nest success varied greatly from 0.03 in 2008 to 0.7 in 2007. Nest height was an
important nest placement covariate, nest remoteness from villages and roads were not influential. We detected the
species composition of predators by watching nests of Booted Warblers and other grassland passerines as well as by
observing the artificial nests. The main predators were carnivorous mammals, Common Viper Vipera berus, Harriers and
corvids. Predator pressure was the main factor that determined nest success of Booted Warblers. Intra- and inter-annu-
al fluctuations in the activity of predators may cause corresponding changes in nest success of Booted Warbler. 
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Predation is the main cause of nesting failure in
most songbirds (Ricklefs 1969, Martin 1992). Nest
predation can be highly variable in space and time
because of the diversity of predators, habitats and
landscapes to which birds are exposed (Hartley &
Shepherd 1994, Thompson 2007). It has received
great attention in recent years due to concern
about the effects of high levels of predation on the
demography (e.g. Rogers et al. 1997, Thompson
2007) and in relation to habitat fragmentation (e.g.
Howard et al. 2001, Mazgajski & Rejt 2005,
Svobodová et al. 2012). Despite the general con-
viction that nesting losses in birds are caused pri-
marily by predators, there is little definitive evi-
dence of the nest predator identity in different
geographical areas, habitats and prey species
(Weidinger 2009). Yet, nest success may be affect-
ed by area-dependent changes in predator assem-
blages (Zanette & Jenkins 2000). Anti-predator

strategies evolved by birds include direct effects of
parental behaviour (nest defence) as well as indi-
rect ones, such as decision where (nest site selec-
tion) and when (timing) to breed (Weidinger
2002). Weather conditions can have significant
impact on breeding success of birds besides pre-
dation (Dinsmore et al. 2002, Collister & Wilson
2007). Weather might directly affect nest survival
if extreme conditions decrease hatchability of eggs
and/or increase nestling mortality, whereas indi-
rect impacts might arise through effects on food
abundance and the behavior of predators
(Morrison & Bolger 2002, Collister & Wilson 2007).

In this study, we examined the nest survival of
a Booted Warbler Iduna caligata (formerly Hippolais
caligata) population in Vologda region, north of
European Russia at the northern edge of the
species range. Booted Warbler is a common wide-
spread passerine species of steppe and forest-
steppe regions of European Russia East, West
Siberia and Kazakhstan (Ptushenko 1954, Korovin
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Abstract. Natural forests have been progressively replaced by other forest types, mainly monoculture plantations. We
compared the abundance of Great Tits and its main food competitors, the Chaffinch Fringilla coelebs and other tits
species (Blue Tit Cyanistes caeruleus, Coal Tit Periparus ater and Crested Tit Lophophanes cristatus), and breeding parame-
ters of Great Tits in four forest types: a mixed forest, a native broadleaf forest, a Maritime Pine Pinus pinaster plantation
and a Blue Gum Eucalyptus globulus plantation in Central Portugal. The breeding parameters (laying date, clutch size,
egg volume, hatching success, fledging success and chick body mass) were collected from nest boxes placed in the four
forest types. The censuses indicated a higher abundance index of Great Tit and its food competitors in the mixed and
broadleaf forest, when compared to the monoculture plantations. Occupancy rate of nest boxes was not directly relat-
ed with tit abundance due to differences in the availability of natural nest cavities among forest types, and differences
in preference for nesting cavities among tit species. However, a Great Tit abundance index gave similar results to the
densities described in the literature, except for the Great Tit in the Eucalyptus plantations where the placement of the
nest boxes should explain our value of 2.1 birds ha-1, which is four times higher than that reported for other Eucalyptus
plantations. Egg volume differed significantly among forest types; it was higher in the pine plantations and lower in
the Eucalyptus plantations. Surprisingly, all other breeding parameters (laying date, clutch size, chick body mass, hatch-
ing and fledgling success) were similar among forest types and between years. On the other hand the number of eggs,
hatchlings and fledglings were lower than those obtained in other studies in the Iberian Peninsula. Our results suggest
that Great Tits have a high plasticity that enables them to adjust their breeding strategies even to forest plantations, if
nest sites are available.

Key words: bird abundance, breeding parameters, egg size, food competition, forest management, Parus major
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Forests provide several ecosystem services
(Shvidenko et al. 2005). However, wood produc-
tion, due to its direct market value, is generally
more appreciated than other forest benefits such
as soil stabilization, climate regulation and biodi-
versity promotion (Liu & Diamond 2005, Barlow
et al. 2007, Malhi et al. 2008), despite their higher
importance and real value (Costanza et al. 1997,
Daily et al. 2000). As a result, most native forests
have been replaced by monoculture plantations,

often composed of introduced species and even-
aged trees, with a lower biodiversity (Hartley
2002). In the Iberian Peninsula, plantations of
Eucalyptus globulus and several pine species, main-
ly Maritime Pine Pinus pinaster, have replaced the
native broadleaf forests. The area occupied by
monocultures of Maritime Pine and Eucalyptus in
the Portuguese forest is 27% and 23%, respective-
ly, and is still expanding (AFN 2010). The Maritime
Pine is planted for wood and the Eucalyptus is
used mainly as raw material for the production of
pulp mill. These plantations are characterized by
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Abstract. Weather conditions and prey abundance impact many birds, but the influence differs between species and
regions. I used 18-year data from Estonia, north-eastern Europe, in order to analyse the comparative effects of these fac-
tors on the breeding performance and nestling sex ratio in the Lesser Spotted Eagle. All studied reproductive parame-
ters showed strong inter-annual fluctuations but no significant trends. Breeding frequency (proportion of pairs laying)
was positively influenced by a warm pre-laying period (temperature in April) and a wet preceding season. These fac-
tors are probably associated with the higher occurrence and activity of amphibians that constituted important prey of
the Lesser Spotted Eagle in spring. Breeding success (proportion of successful breeders) was determined mostly by the
abundance of voles. Productivity (number of fledglings per nest) depended additively both on the spring temperature
and abundance of voles in the breeding season; fledging of two nestlings was recorded regularly, mostly in years with
high vole abundance. The total offspring sex ratio was slightly, though non-significantly, female-biased. Annual propor-
tion of female nestlings was positively correlated with reproductive parameters and associated with rain in the preced-
ing season, suggesting determination of fledgling sex ratio prior egg-laying. The results help to explain fluctuations in
the reproductive performance of the Lesser Spotted Eagle and should be taken into account when monitoring and
managing for conservation of this species.

Key words: fecundity, productivity, reproductive success, raptor, birds of prey, temperature, precipitation
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The distribution of avian species is determined 
by the geographical extent of suitable ecological
conditions, among which climate plays a particu-
larly important role (Root 1988, Hoffmann &
Blows 1998, Newton 1998, 2003, Elkins 2004).
Current global climate warming has already
caused range shifts of many species, and poten-
tially many more will be seen in the future
(Huntley et al. 2007). Climate-associated extinc-
tion of a number of species has been predicted for
the coming decades (Thomas et al. 2004), and cli-
mate change also induces several ecological and
evolutionary responses in avian populations
(Crick 2004, Parmesan 2006). This increases the
need for analysing the impact of climatic condi-
tions on bird species, especially the endangered
ones.

Long-term climate-related changes in bird
populations could be predicted by short-term
weather effects. Inclement weather often affects
survival, precludes breeding, or decreases repro-
ductive success by affecting incubation of eggs or
growth and survival of offspring (Elkins 2004).
Despite such general patterns, weather impacts
are not always easy to predict because they differ
between species, in time and space (e.g. Redpath
et al. 2002, Lõhmus 2003), and include several
trade-off factors. In birds of prey, for example,
high temperatures may support nestling survival
and growth and adult foraging (Dawson &
Bortolotti 2000, Redpath et al. 2002, Rodríguez &
Bustamante 2003), or, by contrast, may cause over-
heating of embryos and offspring and force adults
to stay longer at the nest (Tomback & Murphy
1981, Webb 1987, Ward 1990). Rainfall can increase
(Ridpath & Brooker 1986, García & Arroyo 2001)
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Abstract. The Common Kingfisher Alcedo atthis is a fish-eating predatory bird that is reported to prey mainly on pelag-
ic, benthic, or both types of fish prey. It still remains unclear whether the species has the capacity to prey indistinctly
on all types of fish, regardless of their position within the water column. The aim of our study was to test if kingfishers
are able to select particular fish prey or if, by contrast, they feed on the most abundant and accessible fish. We identi-
fied the fish prey consumed by kingfishers at 14 nests in total, and also sampled, using electrofishing surveys, fish prey
availability on the river stretches where the nests were located. We used Savage’s index in order to check whether there
was prey selection. Overall, kingfishers preyed upon eight fish species: Bermejuela Acondrostoma arcasii, Bleak Alburnus
alburnus, Pyrenean Stone Loach Barbatula quignardi, Ebro Barbel Luciobarbus graellsii, Pyrenean Gudgeon Gobio lozanoi,
Ebro Nase Parachondrostoma miegii, Pyrenean Minnow Phoxinus bigerri, and Brown Trout Salmo trutta. The most con-
sumed prey were pelagic species (Pyrenean Minnow and Brown Trout). These results suggest that the Kingfisher preys
on pelagic species because of their accessibility and avoids bottom-dwelling species, which may remain hidden from
this predator. kingfishers preyed mostly on fish of 50 to 60 mm in length, but mean size values varied prey-specifically,
possibly because of the vertical specific distribution in relation to the fish age and species and, finally, prey availability. 

Key words: freshwater fish, prey, Navarra, Spain, rivers, foraging strategy 
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Studies on prey selection are remarkably impor-
tant, not only from a biological or ecological
standpoint, but also from the conservation and
population management perspectives. Fish-eating
predator foraging strategies are classified as either
generalist (Recher & Recher 1980, Clavero et al.
1998, Taamstrøm & Jacobsen 1999, Wambach &
Emslie 2003) or specialist (Grémillet et al. 1998,
Stienen et al. 2000). Both strategies are rarely
found in a single species (Grémillet et al. 1999,
Golet et al. 2000). Here we define generalist 
foragers as opportunistic, i.e. those which eat 
all types of accessible prey. By contrast, specia-
list foragers are not opportunistic, but instead
select specific prey from the species available,
owing to their higher energy reward, larger 
size, etc.

In fish-eating waterbirds, specialist foragers
are commonly found to be those which dive and
are able to pursue particular prey underwater, as
has been reported in guillemots or even cor-
morants (Grémillet et al. 1998, Wanless et al. 2005).
The generalist strategy is normally found in birds
that catch their prey close to the water surface,
either by harpooning (e.g., herons, kingfishers) or
snatching them (ospreys) (Bustamante 1995,
Grémillet et al. 1998, Garthe et al. 2000). Birds
using the first strategy commonly base their diet
on mainly benthic fish species (Barrett et al. 1990,
Hatch & Sanger 1992, Van Dobben 1995) whilst
the second group mostly feed on pelagic species
(Garthe et al. 2000, Paiva et al. 2006a,b).

Common Kingfishers Alcedo atthis (hereafter,
kingfisher) have been reported to feed mostly 
on pelagic fish species (open water-living fish)
(Cramp 1985, Reynolds & Hinge 1996), benthic
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Abstract. Communal roosting is known to decrease predation risk and thermoregulatory costs, and to increase forag-
ing efficiency or both. While the advantages associated with roost site selection compared to nearby areas have been
studied, the factors ruling the selection of roosts within a roosting site remain largely unknown. We investigated what
factors affect the preference for roosts within a winter roosting site of Brambling Fringilla montifringilla. Type of vegeta-
tion, microclimate, topography and sources of disturbance were considered as possible variables affecting site selection
and thus the density of birds. The density of droppings estimated at each of 300 sampling plots was used as an index
of density of birds within the roosting site. We modeled density of birds using Generalized Additive Models with dif-
ferent explanatory variable combinations. Results show that factors shaping site selection are similar to those affecting
habitat use at other scales, with Brambling resting in higher densities in warmer areas. This can be explained by the pro-
tection from winds and radiative heat loss during night, in accordance with results of previous studies at broader scales.
In addition, we found a negative impact by human activities, Brambling avoided areas close to roads and forest tracks,
possibly as a consequence of local traffic but also the of the affluence of people to watch the birds. Results suggest that
site selection is best explained by the interaction between variables rather than by individual variables.

Key words: Brambling, Fringilla montifringilla, mass roost, roosting site selection, microclimate, microhabitat use, human
disturbance 
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Communal roosting is supposed to decrease both
predation risk and/or thermoregulatory costs (Du
Plessis et al. 1994, McGowan et al. 2006), and
known to increase foraging efficiency (Weather -
hear 1983). Its multiple occurrence in different
avian groups suggests that its advantages are of
general importance; several cases of secondary
losses indicate costs associated with communal
roosting that need to be surpassed by its benefits
(Beauchamp 1999). Roosts are also known to act as
information centers for birds (Wright et al. 2003)
and to play an important role in mating and terri-
tory acquisition (Blanco & Tella 1999). Communal
roosts are common in many European bird
species in the post breeding-period (Surmacki et
al. 1999), and during winter, and they are consid-
ered to affect survival of bird populations during

the non-breeding period. Understanding factors
affecting roost site selection is important for the
conservation of such populations, but also for
dealing with damage and sanitary problems asso-
ciated with roosting species (i. e. Diuk-Wasser et
al. 2010, Carlson et al. 2011). 

Brambling Fringilla montifringilla are seed-eat-
ing passerines known for concentrating in huge
communal roosts during the winter period, espe-
cially in irruption years. Brambling migrate from
northern Eurasia to south-southwest each year.
They leave their summer areas after breeding in
order to find food in non-breeding areas during
winter. Winter concentrations of Brambling are
bigger within the range of European Beech Fagus
silvatica, between Balkans to Iberia (Jenni 1987,
Cramp & Perrins 1994). Several studies have eval-
uated the advantages of roost site selection by
comparing it to nearby exposed areas (Francis
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Zagalska-Neubauer M., Neubauer G. 2012. Reproductive performance and changes in relative species abundance in
a mixed colony of Herring and Caspian Gulls, Larus argentatus and Larus cachinnans. Acta Ornithol. 47: 185–194.
DOI 3161/000164512X662296

Abstract. Following range expansion and colonization, hybridization between Herring and Caspian Gulls, Larus 
argentatus and L. cachinnans, takes place in central and eastern Europe. To examine how hybrid zone is affected by the
abundance dynamics of these species and their reproductive performance, we studied a mixed colony at Włocławek
Reservoir, central Poland, for over 7 years, from 2002 to 2009, and included data from the species monitoring from 1990
to 2001. To evaluate the species abundance dynamics and possible mechanisms of reproductive isolation, breeders (n =
226 individual birds) were trapped on nests and colour-ringed; breeding performance was studied in detail for 202
breeding pairs with both mates known. Between 2002 and 2009 the proportion of Caspian Gulls among breeders had
strongly increased (from 14% to 42%), whereas the proportion of Herring Gulls had declined (from 70% to 35%). The
frequency of hybrids varied a little with no clear trend (mean 20%, range 15–28%). The colony size during that time was
approximately stable, with 125–135 breeding pairs. 32 individuals originating from outside the zone, ringed as nestlings
in the core range of either species, were recorded as breeders at the study site, documenting dispersal of parental
species into the zone. The immigration of the two parental species showed contrasting temporal patterns in the two
compared decades, 1990–1999 vs. 2000–2009. The immigration of Herring Gulls as measured by the reencounter prob-
ability declined nearly three times, while approximately twofold increase was seen in Caspian Gulls. Birds tended to
choose phenotypically similar mates, so that there were fewer heterospecific pairs than expected under random mat-
ing. Numbers of homospecific, heterospecific and mixed pairs were similar during 7 years. On average, males of
Caspian Gulls were significantly heavier than males of Herring Gulls. Caspian Gull pairs bred on average 7 days earli-
er than pairs of Herring Gulls. No differences in clutch size, clutch volume or hatching success among pairs of differ-
ent composition were found, indicating weak postzygotic isolation. Current abundance of species in the hybrid zone is
changing dynamically and is primarily driven by the strength of immigration from outside the zone.  

Key words: gulls, hybridization, hybrid zone, immigration, reproductive performance, native invader
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Hybrid zones exist between the populations of
two related species, whose geographical ranges
overlap, and contain hybrids resulting from mat-
ing between two different species. In birds,
hybridization is relatively widespread in nature
(Grant & Grant 1992, Arnold 1997, Jiggins &
Mallet 2000, Barton 2001, Avise 2004, Price 2008).
Hybrid zones are maintained by a balance
between dispersal and selection against hybrids,
as states the “tension zones” model, and can move
from one place to another since their maintenance
is not a response to local environment (Barton &

Hewitt 1985). The other model, the “bounded-
hybrid superiority”, is dispersal-independent,
and refers to a situation where gradual habitat
change occurs with respective changes in fitness
of individuals (Moore 1977, Good et al. 2000).
Here, hybrid individuals in the centre of the zone
are better adapted to the local environment than
parental forms. Studies on hybrid zones provide
insights into the mechanisms of reproductive iso-
lation between two species. However, most stud-
ies on hybrids zones rely on ‘snap-shot’ sampling
— static pictures taken of processes that are in fact
continuous, take place every season and are
potentially rapid. For instance, many of hybrid



Knowledge of birds’ ranging behaviour during
the breeding season is of great importance to
assess conservation priorities. The Eleonora’s
Falcon Falco eleonorae is a long-distance migratory
raptor that breeds colonially in small islands of the
Mediterranean Sea, but also along the Atlantic Sea
coast of Morocco and on the Canary Islands
(Walter 1979). Eleonora’s Falcons delay their
breeding season to late summer in order to prey
upon southbound migrating passerines flying
over the open sea. Despite the species being cur-
rently globally listed as Least Concern (BirdLife
International 2012), it is included in Annex I of the
European Directive 2009/147/EC on the conserva-
tion of wild birds and hence, it constitutes a prior-
ity species for conservation along its whole distri-
bution range (see also BirdLife International
2004). Many aspects of its biology have been stud-
ied to date, but there are no satellite tracking data

concerning its ranging behaviour during the
breeding season. This technology has recently
been used to reveal the species’ migratory routes
and main wintering habitats in Madagascar
(Gschweng et al. 2008, López-López et al. 2009,
2010, Mellone et al. 2011, 2012, Kassara et al. 2012).
However, transmission problems affecting the
performance of the Argos system in the
Mediterranean basin prevented the use of this
method to study ranging behaviour of Eleonora’s
Falcons during the breeding season. Contrary to
the GPS system, which collects location data
always with a similar low spatial error, the Argos
system collects data of varying quality, according
to an estimated error (Soutullo et al. 2007). In the
case of the Mediterranean basin, the amount of
locations with high probability of large errors 
(> 10 km) is very high, thus precluding detailed
ranging behaviour studies (Anonymous 2005). 
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Abstract. The Eleonora’s Falcon is a cliff-nesting raptor that breeds on isolated small islands adjusting its breeding sea-
son to coincide with the post-breeding autumn migration of its small passerine prey migrating over the sea, between
late August and early October. Two adult female Eleonora’s Falcons were equipped with Argos satellite transmitters
during the chick-rearing period in Morocco giving the opportunity to study the ranging behaviour of the species dur-
ing at least a part of the breeding season. Results showed that the falcons spent most of the time at sea during morn-
ings, stayed mainly inland during afternoons, and rested in the colony during nights. Interestingly, although most dis-
tances were recorded shorter than 50 km away from the colony, movements took also place to areas located more than
100 km away. Locating and protecting these inland areas used for resting and foraging may be of interest for the con-
servation of the species in order to avoid perturbations such as poisoning and habitat destruction.

Key words: raptors, time budget, conservation, satellite telemetry, Argos, Morocco
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During the past century the number of the
Capercaillie Tetrao urogallus have shown decline
throughout Europe. The area occupied by the
species decreased significantly both in the moun-
tainous and lowland part of its range, and several
local extinctions were reported (Storch 2001, 2007).
Polish populations are not an exception from the
general pattern. Before the Second World War,
population of Capercaillie in Poland was divided
into 6 isolated areas, in which approximate num-
bers were assessed by questionnaires (Domaniew -
ski 1933). There were two distant populations in
mountain regions: West Carpathians, estimated at
about 250–300 Capercaillie, and Sudetes, assessed
at about 230–400 birds. In that period, the lowland
population existed also in the Pomerania Region
(Bory Tucholskie Forest), Lublin Region (Solska
Forest), Lowland Silesia Region (Bory Dolno -
śląskie Forest), and in Podlasie Region. About 300
individuals lived in Pomerania (600–750 birds
within present Polish borders), about 270 birds in
Lowland Silesia Region (assessed at about 500–700
individuals including Sudetes refugees), 360–400

birds in Lublin Region, and 400–500 birds in
Podlasie Region, divided into 100–150 cocks in
Białowieża Forest, at least 152 birds in Augustów
Forest, and several birds in Knyszyńska Forest
(Domaniewski 1933, Głowaciński 1992, 2001).

Głowaciński (1992) estimated that during the
whole 20th century the mean rate of Capercaillie
decline equaled 250 individuals/10 years, and in
the second half of that century, the rate reached
500 individuals /10 years. In the 1990s, Polish pop-
ulation of Capercaillie was assessed at 400–600
birds, living in four isolated populations
(Głowaciński 2001). In the late 1980s Capercaillie
was extinct in Pomerania Region, and its range in
Podlasie Region was strongly limited. The popula-
tion inhabiting Augutów Forest was approximat-
ed as 110–150 individuals in 1997 and only 50–70
in 2005 (Zawadzki et al. 1999, Zawadzka &
Zawadzki 2008). During that period, the largest
Polish lowland population living in Lublin 
Region was assessed at about 150–200 birds
(Piotrowska 2005). In the early 21 century,
Capercaillie has been definitely extinct in the

Population decline of Capercaillies Tetrao urogallus in the Augustów
Forest (NE Poland)
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Zawadzki J., Zawadzka D. 2012. Population decline of Capercaillies Tetrao urogallus in the Augustów Forest (NE
Poland). Acta Ornithol. 47: 199–204. DOI 10.3161/000164512X662322

Abstract. We estimated Capercaillie Tetrao urogallus population dynamics in Augustów Forest (NE Poland) based on
spring counts of males on leks. During the 15-year study, the number of active leks decreased from 12 to 6 only, despite
establishing 4 new leks. In 1996, the mean Nearest Neighbor Distance between leks was 4.06 km and varied from 0.95
to 9.25 km, and in 2010, the NND increased to 7.51 km (range 2.60–18.30). In 1996–1998, the number of males (cocks) per
lek varied from 1 to 16. In 2010, the number of displaying cocks declined to 1–5 per lek. The mean number of cocks per
lek declined from 4.9 in 1996 to 2.7 in 2010. Our censuses recorded a decline in the total numbers of displaying males
from 59 in 1996 to 16 in 2010. During the study, the mean rate of extinction was 3.14 males per year. Historical data about
population dynamic and causes of bird mortality is also discussed.

Key words: Capercaillie Tetrao urogallus, lek distribution, population decline, Augustów Forest
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