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Abstract. Different aspects of the breeding biology of the Black-winged Stilt were studied in a natural oasis wetland 
area in the Sahara Desert, the Chott of AVn El BeVda, near Ouargla, E Algeria in 2004–2007. In this wetland the water
level is independent of rainfall and Stilts start egg laying when average daily temperature increases to ca. 15°C, mostly
in April–May, with no significant differences between years. Complete clutches usually consist of 4 eggs but 3 egg
clutches happen with low frequency (2.9–5.6%). Egg size traits (mass, length, breadth and volume) tended to decrease
from 2004 to 2007, probably due to deteriorating hydrological conditions of the wetland. Within-clutch variability
showed both significant repeatability and laying-sequence-dependent differences among eggs, with the final egg being
smaller than the clutch mean value. We found that all egg traits studied showed a negative correlation with the date of
laying, which seems to be a phenomenon analogous to the seasonal decrease in clutch size, typical of birds with more
variable clutch sizes. Hatching tended to be asynchronous, with average clutch hatching time being 1.84 days. The small
final egg and hatching asynchrony are typical components of the adaptive brood reduction, the phenomenon not being
recorded so far and remaining for future studies on the Black-winged Stilt. These are the first published data on breed-
ing characteristics for any N African population of the Black-winged stilt. 
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laying order, hatching asynchrony
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INTRODUCTION

Birds are believed to undertake reproductive
decisions concerning habitat, time of nesting and
clutch size with respect to the resources needed to
successfully rear nestlings (Lack 1954, 1968). In
waders, whose clutch size decision is to much
extent phylogenetically constrained (Lack 1968,
Maclean 1972, Arnold 1999), success in producing
offspring depends mostly on the quality of eggs
and the proper choice of nesting habitat that
should be physically suitable and rich in food
resources. Avian species nesting in wetlands and
on water bodies are often especially sensitive to
weather-dependent availability of nest-sites be -
cause these habitats are usually maintained by

weather-dependent water circulation (Eklins 1988,
Owen & Black 1990). At this background, the case
reported in this paper is especially interesting, as
it concerns a natural wetland based on an oasis in
the middle of the Sahara Desert in E Algeria. The
breeding ecology of wetland birds inhabiting this
area is independent of rainfall but still is affected
by temperature, generally over 0°C in winter and
the early spring and very high in summer (Achi
1972).

This paper concerns the Black-winged Stilt, a
widely distributed species forming many races,
sometimes considered as separate species (del
Hoyo et al. 1996). Although the breeding biology
of the species has been studied in some aspects in
Spain and France (Seriot 1987, 1989, Cuervo 1993,

†Yassine Chabi (1955–2008) — a professor of the University of Annaba and an extraordinary Algerian ornithologist, died of cancer while still
working on this paper



Song repertoires in a western European population of Yellowhammers
Emberiza citrinella 

Samuel P. CARO1,2*, Christine KEULEN1 & Pascal PONCIN1

1Behavioural Biology Unit: Ethology and Animal Psychology, University of LiPge, Quai Van Beneden, B-4020 LiPge,
BELGIUM
2Netherlands Institute of Ecology (NIOO-KNAW), P.O. Box 40 6666 ZG Heteren, THE NETHERLANDS
*Coresponding author, current address: Department of Biology, University of North Carolina, Chapel Hill, NC 27599-
3280, USA, e-mail: scaro@email.unc.edu

Caro S. P., Keulen Ch., Poncin P. 2009. Song repertoires in a western European population of Yellowhammers Emberiza
citrinella. Acta Ornithol. 44: 9–16. DOI 10.3161/000164509X464830

Abstract. Geographic variation is one of the most intensively studied bird song topics. However, our knowledge of geo-
graphical song variations in most species studied so far is very sparse, with many areas of the species-typical geograph-
ic distributions still unexplored. One striking example is the Yellowhammer: for this species most song studies have
been conducted along well defined dialect borders, but almost nothing is known about its song characteristics in other
regions of its broad geographic distribution. In this study, we investigated the song structure variations and stereotypes
in different areas of western Belgium and northern France. We described 66 different song types (a-elements) in 45
males recorded. Each male had a unique individual repertoire consisting of 1 to 4 of these song types. This high vari-
ability at the individual level contrasted with the high homogeneity of the specific repertoire over the whole geograph-
ic distribution of the species. The evolutionary implications of such specificity are discussed with regard to song learn-
ing and timing of singing activity. Finally, all males recorded belonged to the western regiolect, although some mixed-
singers were also recorded. These results contrast with the very few studies previously conducted in western Europe
which have suggested that eastern regiolect songs were common in this geographic area.
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Bird song is one of the most often investigated
topics in behavioural biology. It is an excellent
model for the study of complex social behaviours
by virtue of its extensive variations both between
and within species (Catchpole & Slater 1995,
Kroodsma & Miller 1996). These variations led to
decades of investigations on cultural learning and
on behavioural and neural developments of these
complex vocalizations that bears intriguing simi-
larities with human speech (review in Ball &
Hulse 1998). Bird song has two major roles:
resource defence (e.g. territory) (Krebs 1977) and
female attraction or stimulation (Kroodsma 1976),
and variations in song potentially provide infor-
mation about geographic origin, habitat, individ-
ual quality, motivation, sexual maturity, etc, infor-
mation that are used during communication
between conspecifics (Dhondt & Lambrechts
1992, Podos & Warren 2007). 

Studies of European Bunting song focused
mainly on the identification of traits that may be
used in the contexts of individual, population and
species recognition (Hansen 1978, 1985, Kreutzer
1979, Gailly 1982, Osiejuk & Ratynska 2003,
Osiejuk et al. 2003). The Yellowhammer is proba-
bly the most common species of European Bun -
tings, and for which the song has been described
in more detail. This species has a short and stereo-
typed song (Fig. 1) composed of the repetition
(part-A) of a sound complex, usually a double fig-
ure (a-element) assumed to be involved in indi-
vidual recognition, and ending with one or two
longer figures (part-B) that differ markedly be -
tween geographic regions (see Hansen 1985 for 
a description of the main end-part structures).
Part-A has a typical crescendo volume, and incom-
plete songs are frequent and limited to this part of
the song (Hansen 1978, but see Fig. 4 in Rut -
kowska-Guz & Osiejuk 2004). Each male possess-
es a repertoire of 1 to 4 (rarely 5) song types that
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Abstract. The ranges and space use of eight radio-tracked Spanish Imperial Eagles are described. The annual mean
range was 25 146 ha during the breeding season (BS) and 20 557 ha in the non-breeding season (NBS). The eagles were
found up to 35.9 km away from their nest during BS and nearly 62 km away during NBS. The maximum total distance
covered in one day was 113.6 km, with males flying longer distances than females during BS. There was less overlap
between ranges during BS, and the mean home range varied from 3881 ha in BS to 2085 ha in NBS. The areas where
territorial behaviour (display flights, defence and/or aggression) was observed contained the nest-tree, the most fre-
quently used perches, and the feeding ground nearest to the nest. Breeding home ranges were negatively correlated
with densities of Rabbits Oryctolagus cuniculus. Breeding eagles whose home range had low rabbit densities travelled
16.2–28.9 km from their nest to reach distant, undefended feeding grounds with much higher rabbit densities. Our
results suggest that home ranges varied with prey density and a bird's reproductive status. Larger breeding ranges are
probably related to an increase in energy requirements, while habitat quality is probably a regulatory mechanism of
space use. In terms of home range analysis methodology, our observations of eagle behaviour favour Cluster Analysis
over Kernel, particularly for defining distant feeding grounds. 
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Home range is the fundamental measure of
space used by animals (Hemsom et al. 2005). For
birds of prey, home range size is small if prey is
abundant near the nest and is determined largely
by the number of feeding places used and the dis-
tances between them (Newton 1979). The territo-
ry, or defended section of the home range, can be
described in terms of two main factors: nesting
requirements and food resources, with territory
size varying in relation to the environment so as
to maximize the fitness of the individual (Pat -
terson 1980). Thus, territory size can be viewed in
terms of two competing hypotheses: as a response
to resource density (food availability), so that the
territory contains enough food to satisfy energetic
requirements (Schoener 1968, Gill & Wolf 1975); or
as a response to defense costs, where the variation

in territory size occurs because more competitors
are attracted to areas rich in resources, and such
areas are, therefore, more costly to defend per
unit area (Krebs 1971). The analysis of home range
is based on the utilization density of the range,
and is defined as the minimum area in which an
animal has a given probability (for example of
95%) of being found (Worton 1995). Although data
on breeding birds of prey tend to be centered on
their active nest site, a more detailed estimate of
their true use of space can be achieved with Clus -
ter analysis (Kenward et al. 2001) and Kernel es -
timates (Hemson et al. 2005). The use of these
methods is very common, yet evaluating and
comparing area estimates with real data is dif-
ficult, since actual home range structure is un -
known (Worton 1995).

The Spanish Imperial Eagle, a large-sized 
raptor, considered as one of the rarest and most
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Abstract. Clutch sizes of many single-brooded birds decrease as the breeding season progresses. This decrease is usu-
ally quantified using data from several years, an approach that would mask any annual variation. We used 15 years of
data from 295 nestboxes occupied by Blue Tit, Great Tit and Pied Flycatcher to determine whether the strength of the
relationship between lay date and clutch size is consistent, or whether it varies annually. Both lay date and year were
strong predictors of clutch size for all species. However, Generalised Linear Modelling revealed an interaction between
lay date and year in the prediction of clutch size, indicating that the strength of the relationship between lay date and
clutch size varied between years. Multilevel modelling was used to establish proximate factors that may be responsible
for annual variability. Factors affecting the relationship between lay date and clutch size were species-specific. For Blue
Tits, seasonal decline in clutch size was steepest when the density of all cavity-nesting species was high (47% variance
explained). For Great Tits, decline was steepest in “early” seasons, particularly when density was high (32% variance
explained), and for Pied Flycatchers, decline was steepest in warmer years (33% variance explained). Thus annually
variable factors appear to influence not only breeding phenology and clutch size individually, but also the relationship
between these variables.

Key words: annual variability, relative date hypothesis, lay date, clutch size, multilevel modelling, Parus major, Cyanistes
caeruleus, Ficedula hypoleuca
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Clutch size variability differs between species,
with complete consistency in some albatrosses,
which always lay one egg, limited variability in
species such as Turtle Doves Streptopelia turtur,
which lays two eggs in 83% of cases (Browne et al.
2005) and considerable variability in many single-
brooded passerines, such as those in the tit
(Paridae) and flycatcher (Muscicapidae) families.
Between-individual variation in the number of
eggs laid per breeding attempt in clutch-variable
species may be driven by spatial differences (lati-
tude, altitude or habitat) or temporal differences
(both within and between seasons) (Perrins &
Moss 1975). In temperate environments, the num-
ber of eggs laid by many single-brooded bird
species is influenced by the date of clutch initia-
tion. Specifically, the number of eggs per clutch

often decreases as the season progresses (see
review by Klomp 1970 and, more recently, studies
by Hochachka 1990, Crick et al. 1993, Smith 1993,
Young 1994 and Brown & Brown 1999). This neg-
ative relationship is common in altricial species,
particularly where nests are subject to a relatively
low predation risk, for example by being con-
structed inside cavities (Slagsvold 1982). The rela-
tionship has been studied in many cavity-nesting
species, including the monogamous Blue Tit
Cyanistes caeruleus and Great Tit Parus major
(Perrins 1965, 1970, Lack 1966, Perrins & McCleery
1989) and the migratory and semi-polygynous
Pied Flycatcher Ficedula hypoleuca (Lack 1966,
Lundberg & Alatalo 1992). 

Seasonal decline in the clutch size of such
species is usually considered to be a response 
to changes in the environmental conditions 
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Abstract. The accession of Hungary to the European Union is likely to result in the intensification of arable crop culti-
vation. As a result of market forces and rural development measures, small parcels of land will be consolidated into larg-
er fields. It is also likely that the area of maize and oilseed rape, and to a lesser extent that of sunflower, will increase at
the expense of cereals. Abandoned land, ineligible for area payments will probably not return to cultivation. To identi-
fy the potential impact of these changes on the populations of common farmland birds, we analysed the data from 680
homogeneous sample plots of the Hungarian Common Bird Monitoring Scheme (MMM) from 2003. We used pair-wise
comparisons with the Mann-Whitney test to identify the difference in the index of abundance of 34 species amongst
the following categories of crops: abandoned versus cultivated arable land, small parcels versus large fields, cereals ver-
sus maize, sunflower and oilseed rape, fallow land versus small or large fields. Our results suggest that land consolida-
tion will have the most serious negative impact on common farmland bird populations because small-scale farming sys-
tems hold significantly larger numbers of seven common farmland bird species, – White Stork Ciconia ciconia, Lapwing
Vanellus vanellus, Wood Pigeon Columba palumbus, Whinchat Saxicola rubetra, Stonechat Saxicola torquatus, Tree Sparrow
Passer montanus, Greenfinch Carduelis chloris, – than large-scale farms. On the other hand, the compulsory setaside
might present some opportunities for the compensation of these negative effects if biodiversity considerations are inte-
grated into the national rules, because fallow land held significantly higher densities of nine species, — Linnet Carduelis
cannabina, White Stork, Yellowhammer Emberiza citrinella, Grasshopper Warbler Locustella naevia, Woodlark Lullula
arborea, Whinchat, Stonechat, Whitethroat Sylvia communis and Blackbird Turdus merula, — than large crop fields.
Comparison of large-scale cereal fields with large-scale maize, sunflower or oilseed rape fields, respectively, revealed
significant differences only in the case of a few species, for example, the greater abundance of Skylarks Alauda arvensis
in cereal than in maize, of Lapwings in sunflower and of Whinchat in oilseed rape than in cereal fields.

Key words: EU accession, farmland birds, monitoring, Hungary
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Ten new Member States joined to the Europe -
an Union in 2004. Many organisations cautioned
(Donald et al. 2002, AGRA CEAS 2003, Waliczky
2003, EEA 2004, Konecny 2004) that the introduc-
tion of the Common Agricultural Policy (CAP) will
lead to similar declines in farmland bird popula-
tions in the New Member States as it did in the 
old ones (Tucker & Heath 1994, Schifferli 2000,
Donald et al. 2001, Gregory et al. 2005). There is 
an increasing body of evidence that the main 
agricultural changes responsible for the decline of

farmland birds in the UK are mechanisation,
increased use of agro-chemicals, removal of mar-
ginal habitats and reduced landscape diversity
(for details see reviews of Donald et al. 2002,
Robinson & Sutherland 2002), which affect birds
mainly through reduced habitat availability, food
shortage, and by-product nest losses (for details
see Newton 2004). 

However, the new countries joined the Euro -
pean Union under different conditions than the
old member states. The production potential of
the new member states is limited by production
quotas based on a period of agricultural recession.
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Abstract. Both native and non-native predators should strongly affect resident fauna. Nevertheless, because of a lack
of defensive mechanisms in potential prey, the influence of non-native predators should have longer-lasting and more
deleterious repercussions. The breeding ecology of the Coot was studied in the Milicz Ponds reserve and compared
with data from 20 years earlier. In the meantime, non-native, mammalian predators (American Mink Mustela vison,
Raccoon Dog Nyctereutes procyonoides and Raccoon Procyon lotor) turned up in this area, while the numbers of Hooded
Crow Corvus cornix, the main predator of Coot nests, decreased. Compared with 1980–1982, the number of Coots in
2002–2003 dropped by more than half and mean clutch size decreased. Breeding success and the number of hatchlings
per pair remained unchanged; in the 1980s, however, Coots renested more frequently, there was greater nesting syn-
chrony and breeding seasons were demonstrably shorter. Moreover, although predation still remained the main cause
of losses, its numbers were decreasing. Coots nesting on islands were the most successful, which was due to the weak-
er predation on the part of Crows. In contrast, the mammalian (non-native) predators did not appear to play a signifi-
cant role in the breeding success in 2002–2003. Nevertheless, taking into account the breeding parameters of the Coot
population and the nature of the relationship between mammalian/bird predators and Coots, it does seem that the low
density of Coots in 2002–2003 was a reaction to the pressure of mammalian predators.

Key words: Coot, Fulica atra, nest predation, breeding success, population trends, Milicz Ponds
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In the last 20 years, the number and composi-
tion of predatory species in Poland has changed
markedly (Tomiałojć & Stawarczyk 2003, Osojca
2005). New species, such as the American Mink
Mustela vison, Raccoon Dog Nyctereutes procy-
onoides and Raccoon Procyon lotor have ap peared
and/or have been spreading their ranges (Brze -
ziński & Marzec 2003, Głowaciński et al. 2008).
Conversely, the numbers of many native preda-
tors, e.g. the Hooded Crow Corvus cornix or Raven
Corvus corax, have changed perceptibly (Tomiałojć
& Stawarczyk 2003). Mammalian predators and
the corvids, having a wide food spectrum and low
ecological requirements, can significantly change
population sizes of waterfowl (Ferreras & Mac -
donald 1999, Kauhala & Auniola 2001, Clode &
Macdonald 2002). Such changes, in turn, can be
used to test hypotheses concerning long-term
relationships between the populations of preda-
tors and their prey. 

Both increases and decreases of population
sizes of waterfowl have been observed during
1980s and 1990s in Europe (e.g. Cramp & Perrins
1994, Musil & Fuchs 1994, Rönkä et al. 2005). Some
species, e.g. the Great Egret Ardea alba, have con-
siderably extended their ranges. As for the major-
ity of species there is no sufficient data to assess
the changes in population sizes. Clearly negative
changes have been noted, however, in areas
where non-native predatory species appeared
(Côté & Sutherland 1997, Nordström et al. 2002,
Kauhala 2004). This indicates high vulnerability
and/or low adaptability of native avifauna to
changes in predatory species composition.

Leaving aside the quantitative relationship,
the character of the influence and reaction of
waterbirds to changes in the number and species
composition of predators deserve similar atten-
tion. Waterbirds can reveal many adaptations,
helping them to reduce the influence of predators,
e.g. nesting in lower density (Page et al. 1983),
increasing breeding synchrony (Ims 1990), or
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Abstract. The paper describes the diet of territorial Spanish Imperial Eagles during the non-breeding season, compar-
ing prey identified across different regions (Central, Western and Southern), breeding season vs non-breeding season,
and periods (1983–1985 or pre-viral haemorrhagic disease [RHD] vs 1991–2000 or post-RHD). Comparison of the non-
breeding with the breeding season revealed a slight variation in the diet. The Rabbit Oryctolagus cuniculus continues to
be the most important prey species in the eagle’s diet during the non-breeding season, followed by pigeons and the
Red Partridge Alectoris rufa, although this varies from one region to another. In general, the decrease in the rabbit pop-
ulation after the epizooty (RHD) does not appear to have had an impact on the occurrence of this prey species in the
Spanish Imperial Eagle’s diet. Although this species is generally considered to be specialised in the capture of rabbits,
the variability found between regions suggests that when the main prey (wild Rabbit) is scarce, the Spanish Imperial
Eagle’s diet is based on alternative prey such as pigeons or carrion. 

Key words: Spanish Imperial Eagle, Aquila adalberti, feeding ecology, non-breeding season, rabbit viral haemorrhagic
disease, alternative prey

Received — July 2008, accepted — April 2009

ACTA ORNITHOLOGICA
Vol. 44 (2009) No. 1

INTRODUCTION

Feeding ecology studies on raptors have main-
ly focused on describing the diet during the
breeding season. This is due to the fact that at 
this time the presence of raptors is linked to nest-
ing-sites, which makes it easier to observe them
and to collect pellets and the remains of prey 
consumed (Marti 1987). Although these studies
are clearly important for the management and
application of conservation measures, an incom-
plete picture of the feeding ecology emerges if 
we take into account the fact that there are very
few specific studies of the diet during the non-
breeding season in the literature (e.g., Watson et
al. 1992, 1993, Moleón et al. 2007, Żmihorski & Rejt
2007). This is particularly important if we bear in
mind that winter and climatic conditions can have
an impact on the individual survival and body

condition, affecting their breeding performance
for the subsequent breeding season (e.g., Barbraud
& Weimerskirch 2003, Grosbois & Thompson
2005).

The Spanish Imperial Eagle is a species that is
considered Vulnerable (IUCN 2007), with an in -
creasing population estimated at around 200
breeding pairs (González et al. 2008). The Spanish
Imperial Eagle’s diet has only been studied par-
tially in a few locations during the breeding 
season (Valverde 1967, Garzón 1973, Delibes 1978,
Veiga et al. 1984, González 1991). From the infor-
mation published it emerges that this species’ diet
is based on the wild Rabbit Oryctolagus cuniculus
(see Sánchez et al. 2008). However, aspects of the
eagle feeding ecology during the non-breeding
season remain practically unknown. In this re -
spect, only descriptive and not analysed data have
been provided by González (1991). 
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Sasvári L., Péczely P., Hegyi Z. 2009. Plasma testosterone profile of male Tawny Owls Strix aluco in relation to breed-
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Abstract. The role of plasma testosterone in territorial behavior and breeding success, which has not previously been
examined in nocturnal raptors, was studied in male Tawny Owls. Blood was collected for testosterone analysis during
the territorial and nestling periods from owls breeding in nest boxes in Duna-Ipoly National Park, Hungary.
Testosterone levels, defense activity, prey supply for broods and reproductive performance were related to breeding
density and breeding experience of males. Defense activity, as measured by responses to broadcasted hooting calls and
dummy owls during the territorial period, correlated positively with testosterone concentration. Males with more
breeding experience had high testosterone levels and occupied better territories in dense breeding areas than less expe-
rienced males which had low testosterone concentrations. Mate fidelity was linked male quality: females were more
likely to be tenacious in good territories. Testosterone levels dropped between territorial and feeding periods, however
males with higher concentrations fed nestlings more frequently with high mass prey per night because food was more
abundant in territories they had secured. We suggest that differences in testosterone levels in the provisioning period
are related to the males’ abilities to acquire territories of different quality.

Key words: breeding related to altitude, divorce rate, parental care, responses to acoustic stimuli, Strix aluco, Tawny
Owl, territory defense, territory quality, testosterone
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In birds, the gonadal hormone testosterone is
known to influence male territorial and mating
behavior and to be regulated by several factors
including photoperiod and food availability
(Wingfield 1983) as well as social stimuli (Wing -
field et al. 1990). Baseline plasma testosterone con-
centrations are low or absent outside the breeding
season when competition is low or absent (Wing -
field et al. 1990). However, when territories are
established and mating takes place, testosterone
levels increase substantially above the non-breed-
ing baseline (Vleck & Brown 1999, Wada et al.
1999). While testosterone concentrations fall dur-
ing the incubation and remain low during the
feeding period in both non-passerines (e. g.
Cockrem & Potteri 1991, Fowler et al. 1994, Fusani

et al. 1997) and passerines (e. g. Enstrom et al.
1997, Ketterson & Nolan 1999, Foerster et al. 2002),
they remain high, with repeated peaks over the
entire breeding season, in polygynous species or
birds with multiple clutches (e. g. Hegner & Wing -
field 1986, Beletsky et al. 1995, Wada et al. 1999).

The role of testosterone in the behavioral traits
associated with sexual selection is well estab-
lished. High levels in males are linked to strong
aggression (Beletsky et al. 1990), intense acoustic
activity and specific vocalization (e. g. Silverin
1980, Ketterson et al. 1992, Hunt et al. 1997), occu-
pation of larger territories (Silverin 1980, Wing -
field 1984, Chandler et al. 1994), and more elabo-
rate courtship behavior (Enstrom et al. 1997, Hill
et al. 1999). Studies of relationships between
testosterone level and reproductive success have
shown the effects of circulating testosterone on



Changes in breeding phenology and performance of Wood Warblers
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Wesołowski T., Maziarz M. 2009. Changes in breeding phenology and performance of Wood Warblers Phylloscopus
sibilatrix in a primeval forest: a thirty-year perspective. Acta Ornithol. 44: 69–80. DOI 10.3161/000164509X464902

Abstract. The reproductive behaviour of Wood Warblers was studied in a primeval forest area in the Białowieża
National Park (E Poland). Observations carried out during twelve seasons (1976–1979, 1985–1988, 2002–2005) in decid-
uous and coniferous old-growth habitats spanned a 30-year period. The present paper examines whether the birds
advanced their breeding dates during that time and whether any long-term shifts in fecundity or productivity were
detectable. Though temperatures in the settlement period (the second half of April) rose, neither males nor females sig-
nificantly advanced their dates of arrival. Wood Warblers bred earlier in 2002–2005 than in the two previous periods —
the combined effect of earlier female arrival and shortening of post settlement breaks. Clutch size declined with season,
was smaller in the coniferous habitat and in rodent outbreak years, but no long-term trend was perceptible. Apart from
two exceptionally successful years (2003 and 2004) breeding losses remained high during the whole study. Predation
was responsible for 80–95% of them and was concentrated on the nestling stage. Overall Wood Warbler phenology and
breeding performance in BNP have changed relatively little during the last 30 years. These findings support the results
of other studies demonstrating the remarkable resilience of this primeval forest biota to environmental change. 

Key words: Białowieża National Park, timing of breeding, climate change, clutch size, nest loss, nestlings’ ageing
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Organisms inhabiting Europe are usually well
prepared to live in spatially and temporally vary-
ing environments. However, during the last
decades the rates of environmental transforma-
tion have exceeded enormously the background
level: intensification of agriculture (reviews in
Schifferli 2001, Newton 2004); trophic changes 
in marine habitats (e.g. Durant et al. 2005, Wan-
less 2007); increased nest predation (review in
Langgemach & Bellebaum 2005); intensification of
forestry (review in Hanski & Walsh 2004); climate
change (e.g. reviews in Walther et al. 2002,
Parmesan & Yohe 2003). The extent and rates of
these changes raise a question whether the birds
would be able to cope with them, if they were flex-
ible enough to face the challenge (e.g. Stenseth &
Mysterud 2002, Visser et al. 2004, Gienapp et al.
2007, Pulido 2007). Widespread declines observed
in many species — 43% of European birds
reached the “unfavourable conservation status”
by the beginning of this century (Burfield & van

Bommel 2004) — indicate that these concerns are
well justified.

As birds have to respond simultaneously to
numerous, frequently conflicting pressures, find-
ing out which set of factors is responsible for the
observed changes in any individual case can be
extremely difficult, especially differentiation be -
tween effects of in situ human activities on local
populations and of factors acting at much larger
spatial scales (e.g. climate change) or — in the case
of migratory birds — events happening thou-
sands kilometres away (e.g. Webster et al. 2002,
Pain et al. 2004, Szép et al. 2007). The correct
answer to this question, though, is fundamental to
any successful conservation action.

Therefore, studying birds in habitats with no
direct human impact could be very helpful.
Fortunately this is still possible in a few places 
in Europe, e.g. in the Białowieża Forest, situated
on the Polish/Belarusian border. There, fragments
of primeval forests, which once covered temper-
ate European lowlands (Tomiałojć & Wesołow-
ski 2005, Wesołowski 2007b), have been strictly



Parental investment of female Tengmalm’s Owls Aegolius funereus: 
correlation with varying food abundance and reproductive success 
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Zárybnická M. 2009. Parental investment of female Tengmalm’s Owls Aegolius funereus: correlation with varying food 
abundance and reproductive success. Acta Ornithol. 44: 81–88. DOI 10.3161/000164509X464911

Abstract. The effects of food abundance, reproductive success and age of nestlings on parental care in female
Tengmalm’s Owls were tested in this study. The behaviour of female owls was monitored by a camera system from
hatching to fledging at 12 nests in 2004 and 2006 in the Ore Mountains, Czech Republic. Food abundance and repro-
ductive success (the latter measured at the end of female’s attendance of the brood) were higher in 2004 than in 2006.
Females remained for a significantly longer time with their nestlings at the nests in 2004 (24.8 ± 2.4 days) than in 2006
(22.2 ± 0.9 days). During the attendance period, they were leaving the nest for several short trips each night; the dura-
tion of these trips, the total time spent outside the nest per night, and the number of trips per night did not differ
between years. However, these variables did increase with increasing age of the young (though the number of trips per
night increased only during the last week of the females’ stay on the nests). Two types of female parental strategies were
recorded after the end of brood  attendance period: in 2004 when food was abundant, most of the females left their
broods, whereas in 2006 when food was scarce, most of the females continued parental care and took part in the feed-
ing of nestlings. The reproductive success was correlated negatively with both the total number of prey items and the
proportional contribution of the females to nestling feeding. These results support the hypothesis that if the ecological
conditions are such that the offspring can be raised by a single parent, its mate may abandon the clutch or brood and
increase its fitness by sequential polygamy (polyandry/polygyny) during a single breeding season. 

Key words: Tengmalm’s Owl, Aegolius funereus, female parental care, brood desertion, food abundance, reproductive
success
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Several studies have predicted how parental
investment changes with the age of nestlings (e.g.
Williams 1966, Winkler 1987, Cézilly et al. 1994).
The Reproductive Value Hypothesis states that
parents invest more in older young because older
juveniles are closer to maturation and the rate of
juvenile mortality generally decreases with increas-
ing age (Clutton-Brock 1991). In most bi-parental
species, partners take part in parental care
(Székely & Cuthill 2000). However, birds of prey
and owls divide their parental roles during the
nesting period in a much stricter and more marked
way than most other bird groups. The males pro-
vide majority of food for females from the egg-lay-
ing time to the half-grown nestling stage, whereas
the females incubate the clutch and brood and feed
the young (e.g. Newton 1979, del Hoyo et al.1999). 

Food abundance influences individual condi-
tion in owls (Korpimäki 1990, Ilmonen et al. 1999)

as well as breeding decisions such as the timing of
breeding (Korpimäki 1987b, Hörnfeldt et al. 1990,
Drdáková 2003), clutch size (Korpimäki 1987a,
Hörnfeldt et al. 1990, Korpimäki & Hakkarainen
1991, Drdáková 2003), nestling mortality (Valkama
et al. 2002), male feeding rate (Hakkarainen &
Korpimäki 1994a, Zárybnická et al. 2009) or occur-
rence of polygyny (Carlsson et al. 1987, Korpimäki
1988, 1989). Simultaneously, abundance of food
resources may influence parental care behaviour
(Martin 1992, Dewey & Kennedy 2001). Experi-
mental manipulations of food resources have
demonstrated that parent birds adjust their
behaviour in response to food supply by becom-
ing more sedentary (Marquiss & Newton 1982),
contracting their home ranges (King 1996, Rohner
& Smith 1996) or reducing hunting efforts and
prey delivery rates (Wiehn & Korpimäki 1997,
Hakkarainen et al. 1997). Food conditions may
also directly lower the reproductive success
through starvation, siblicide or increased predation



Many studies carried out in various parts of
the world, including in Europe, show that climate
change impacts on wildlife are becoming more
numerous (Root et al. 2003, Lehikoinen et al. 2004).
In this context, new interest has lately arisen in
studying the phenology of bird migration as a
possible indicator of climate change. However,
most of the published work in Europe concerns
the western and northern parts of the continent,
the British Isles and the Mediterranean area
(Gilyazov & Sparks 2002, Hüppop & Hüppop
2003, Sparks & Mason 2004, Croxton et al. 2006,
Rubolini et al. 2007), which are characterized by
different climates and inhabited by avian popula-
tions with different environmental preferences.
On the other hand, reports related to the heart-
land of Europe (central and eastern Europe,
Russia) are unusually rare (Askeyev et al. 2007,
Adamik & Pietrusz kova 2008, Sokolov & Gordien -
ko 2008). Additionally, studies of bird migration
phenology in the context of climate change 

neglect research on birds in cities (Tryjanowski et
al. 2002, Rubolini et al. 2007, Sokolov & Gordienko
2008), despite the fact that cities have their own
modified climates (Arnfield 2003, Peterson 2003).
It may be that urban birds respond differently to
climate change than non-urban populations, or do
not respond to them at all.

The aim of this study is to analyze trends in 
the arrival times of urban birds, using first arrival
date (FAD), from 1982 to 2006 in the city of Lublin
(E Poland). An analysis of long-term changes in
the migration phenology of Lublin’s urban birds
can be carried out in greater depth because we
have FADs for some of these species from obser-
vations conducted in the 1950s (Riabinin 1961),
prior to the current awareness of global climate
change.

Observations were carried out in Lublin
(51°13’N, 22°34’E), the largest city in southeastern
Poland. Lublin has an area of about 150 km2 and is

Trends in the arrival dates of spring migrants in Lublin (E Poland)

Waldemar BIADUŃ1, Ignacy KITOWSKI2 & Eugeniusz FILIPIUK3

1Department of Zoology and Invertebrate Ecology, Catholic University of Lublin, Al. Kraśnicka 102, 20–718 Lublin,
POLAND, e-mail: wbiadun@op.pl
2Department of Nature Conservation, Institute of Biology, Maria Curie-Skłodowska University, Akademicka 19, 20–033
Lublin, POLAND
3Department of Meteorology and Climatology, Institute of Earth Sciences, Maria Curie-Skłodowska University, Al.
Kraśnicka 2cd, 20–718 Lublin, POLAND

Biaduń W., Kitowski I., Filipiuk E. 2009. Trends in the arrival dates of spring migrants in Lublin (E Poland) Acta
Ornithol. 44: 89–94. DOI 10.3161/000164509X464920

Abstract. Long-term trends in the first arrival dates of 15 common breeding bird species to the city of Lublin (eastern
Poland) were studied for the period 1982–2006. Only two species tested, Whitethroat Sylvia communis and Blackcap
Sylvia atricapilla, demonstrated a statistically significant trend toward earlier arrival. No significant correlation between
the first arrival date and spring (March to May) temperature was found for any of the species studied although some
correlations were significant with temperatures of individual months. A significant correlation with winter temperature
was found for only 2 species, Lesser Whitethroat Sylvia curruca and Blackcap. Short distance migrants arrived signifi-
cantly earlier (median date: April 13) than the long distance migrants examined (median: May 7). The mean first arrival
date of short distance migrants was more temperature related than that of long distance migrants. The results support
the hypothesis that climate related changes in the first arrival dates of birds are manifested less in birds in the interior
of the European continent than on its periphery. 

Key words: phenology, climate changes, migration, first arrival dates, temperature, Lublin, Poland 
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Phenotypic traits that are repeatedly devel-
oped over the lifetime of individuals (such as
flowers, antlers, clutches, etc.) usually vary in their
expression each time they are produced (Bartos et
al. 2007, Brown & Shine 2007). Within-individual
variation may either have an extrinsic origin
(changes in resource availability, social context,
etc.; Pigliucci 2001, Nussey et al. 2007) or be asso-
ciated with intrinsic individual changes (such as
increasing experience, senescence, etc.; Partridge
2001). In principle, both sources of variation may
affect the final expression of characters, a circum-
stance which has been observed for reproductive
output or secondary sexual characters, among
other kinds of traits (Nussey et al. 2007). However,
there is less evidence of variability in develop-
mental rates of the same traits, which could coun-
teract the aforementioned sources of variation
and maintain a similar expression of the character
during lifetime.

Phenotypic variation of repeatedly produced
traits has long been studied in birds, mostly in
relation to life-history traits (such as laying date,
egg size and clutch size; e.g. Bennett & Owens
2002), but also regarding plumage, which is peri-

odically produced during moults. The analysis of
repeatability of plumage characters (i.e. size of col -
our patches or the extent of moult) has revealed
high degrees of within-individual constancy be -
tween moults (Battley 2006, Hegyi et al. 2006), but
the contribution of developmental plasticity (i.e.
plasticity in moult rate) to lifetime variation in
feather traits has seldom been investigated. Such 
a lack of knowledge is surprising because feathers
are essential for birds, as they play critical roles in
flight performance, thermoregulation and social
interactions (Jenni & Winkler 1994). 

Phenotypic plasticity in feather growth and
structure may be high if individuals experience
variable environmental conditions in different
moult periods (Grubb 2006) or aging impairs de -
velopmental processes (Partridge 2001). Besides,
such plasticity may be constrained by strong selec-
tion for plumage functionality (Jenni & Winkler
1994), or be buffered by individuals’ experiences,
which may adjust their moulting effort to main-
tain a constant feather structure. In order to
explore these questions, we studied between-
moult repeatability of feather length, mass and
growth rate in Blackcaps Sylvia atricapilla.

Repeatable length and mass but not growth rate of individual feathers
between moults in a passerine bird

Iván DE LA HERA1*, Javier PÉREZ-TRIS1 & José Luis TELLERÍA1

1Zoology and Physical Anthropology Department, Faculty of Biology, Complutense University of Madrid, c/ José
Antonio Novais 2, 28040 Madrid, SPAIN 
* Corresponding author, e-mail: idelahera@bio.ucm.es

De La Hera I., Pérez-Tris J., Tellería J. L. 2009. Repeatable length and mass but not growth rate of individual 
feathers between moults in a passerine bird. Acta Ornithol. 44: 95–99. DOI 10.3161/000164509X464939

Abstract. Plumage is regularly replaced over the lifetime of birds, and, consequently, variable conditions experienced
during plumage development can affect feather growth rate or the expression of feather characteristics. We assessed
intra-individual constancy in the length, mass, and growth rate of tail feathers between complete moults of 13 free-liv-
ing individual Blackcaps Sylvia atricapilla. Between-moult repeatability was high for the length and mass, but not for
growth rate of individual tail feathers. The feathers produced in the later moult grew at a slower rate, which shows that
the time to produce similar feathers increases with age. 

Key words: developmental plasticity, feather traits, ptilochronology, Blackcap, Sylvia atricapilla, within-individual
repeatability

Received — August. 2008, accepted — March 2009 

ACTA ORNITHOLOGICA
Vol. 44 (2009) No. 1 SHORT NOTES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




