
INTRODUCTION

Birds’ nests are more or less elaborated struc-
tures built with reproductive aims. They form a
receptacle which usually provides protection and
an adequate microclimate for the development of
eggs and nestlings (Collias & Collias 1984). The
size and structure of the nest might arise from an
evolutionary trade-off between benefits as the
insulation from unfavourable weather conditions
or protection of eggs and chicks against predation
(Skowron & Kern 1980, Kern 1984, Quader 2006),
and costs as the time and energy devoted to its
building or the risk of predation in the most visi-
ble nests (Withers 1977, Slagsvold 1989b). Overall,
nests seem to give important benefits, especially
to females (Quader 2006, and references therein),
so it might be expected that their characteristics fit
adequately the needs for successful incubation
and chick caring. For instance, some nest compo-
nents (hair, feathers) may improve thermal insula-
tion (Hilton et al. 2004), and others may have

antiparasitic functions (Clark & Mason 1988).
Nevertheless, some authors have stressed that
very few studies consider the effects of the nest
characteristics on reproductive performance (e.g.
Tomás et al. 2006).

In many altricial species, where chicks stay at
the nest for some time after hatching, and there-
fore build more elaborate nests, nest building is an
important component of the parental effort. Thus,
parents not only allocate a large amount of time
and energy to nest building, but also expose them-
selves to a considerable predation risk (Martin et
al. 2000). This effort might be mediated by their
health status or their phenotypic quality, since
bigger nests are associated to parents in better
condition (Lens et al. 1994, Soler et al. 1998a,
Tomás et al. 2006). In other words, nest character-
istics might be a good indicator of the quality of
the parents, and the nest size has been shown to
be a sexually selected trait (Moreno et al. 1994,
Soler et al. 1998a, b, Mrller 2006, Polo & Veiga
2006).
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Abstract. Birds’ nests are special structures built with reproductive aims. Size and structure of the nest can arise from
evolutionary trade-offs between benefits such as the insulation from unfavourable conditions, maintenance of eggs or
chicks, or security against predation, and costs such as energy spent in construction of the nest and the risk of 
predation in more visible nests. Therefore, building a good nest is beneficial in terms of reproductive output but 
expensive in terms of time and energy, so probably only “good” parents would be able to build “good” nests. Our 
objective was to study possible relationships between the quality of the parents and the quality of the nest, and between
the quality of the nest and breeding performance in a Great Tit Parus major population. We found positive relationships
between different components of the nest quality and components of breeding performance. However, we did not find
any significant relationship between quality of the parents and that of the nest. A weak, though significant positive 
correlation was found between female size and breeding success rate.
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INTRODUCTION

The problem of dynamics of avian numbers
has been discussed in many general and spe-
cialised publications (Lack 1966, Haartman 1971,
Stenning et al. 1988, Winkel 1989, Newton 1998,
Sokolov 2000, Thingstad et al. 2006). However,
many questions still remain unanswered, as rela-
tive importance of different factors that shape
population dynamics may vary due to regional
and local conditions in different parts of the spe-
cies range. It is commonly assumed that in periph-
eral populations, bird numbers are more strongly
dependent on extrinsic factors than in the core
part of the range (e.g. Mayr 1970, Järvinen 1989).

The Pied Flycatcher has a large breeding
range. It extends from Tunisia (35°N) to northern
Scandinavia (70°N) and from the Atlantic coast to
the valley of the Yenisey (Cramp & Perrins 1993,
Glutz von Blotzheim & Bauer 1993). Detailed
studies of the population dynamics of this species
were performed in Central Europe, Britain and in
Fennoscandia (e.g. Lack 1966, Stenning et al. 1988,
Järvinen, 1989, Winkel 1989, Thingstad et al. 2006,

Nilsson 2008). In relation to the region and param-
eters analysed, factors that significantly influ-
enced the dynamics of different populations var-
ied. For example, in southern England the most
important factors governing breeding density
were population the density during the preceding
summer season and immigration rate (Stenning et
al. 1988). In Finnish Lapland such factors were the
weather and breeding performance (Järvinen
1983, 1989), in Brunswick (Germany) breeding
performance and droughts in the Sahel (Winkel
1989). Population dynamics of Pied Flycatchers in
northern Scandinavia was governed by immigra-
tion rate from more southern areas (Thingstad et
al. 2006).

Karelia lies in the northern part of the Pied
Flycatcher range. Living conditions here are less
optimal than in central Europe, but are less severe
than in northern Scandinavia. Therefore, a de-
tailed analysis of fluctuations of breeding density
in this region is of certain interest. 

The aim of this study was to isolate the main
factors that influence the dynamics of the local
population and to estimate contribution of each

Factors responsible for the long-term dynamics of the Pied Flycatcher
Ficedula hypoleuca populations in the taiga of Karelia, Russia 

Alexander V. ARTEMYEV

Institute of Biology, Karelian Research Centre, Russian Academy of Sciences, 185610 Petrozavodsk, RUSSIA, e-mail:
artem@karelia.ru

Artemyev A. V. 2008. Factors responsible for long-term dynamics of the Pied Flycatcher Ficedula hypoleuca
populations in the taiga of Karelia, Russia. Acta Ornithol. 43: 10–16. DOI 10.3161/000164508X345284

Abstract. A Pied Flycatcher population breeding in nest-boxes in a Karelia forest was studied from 1981 to 2007.
Breeding density varied between 47.3 and 94.6 pairs/km2. The density of the breeding population was influenced by
three demographic factors: maximum summer population density in the previous season, male return rate and 
immigration rate. Three relatively independent processes play a significant part in the population dynamics of the
study area: 1) initial abundance and reproductive intensity, 2) survival rate between breeding seasons, and 3) 
redistribution of birds across their range. The weather in spring, when the birds arrive and settle, was found to be 
equally important. The population density, nest site fidelity of adults and yearlings, and immigration rate were related
to temperature patterns in May. It may be assumed that the spring weather influences the birds’ survival and their 
distribution across the northern part of their range, as well as the participation of one-year old birds in breeding.
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INTRODUCTION

Tree cavities have been described as an influ-
ential factor determining hole-nesting bird distri-
bution and abundance in managed forests (Beebe
1974, Raphael & White 1984, Ehnström & Waldén
1986, Hagvar 1991, Rolstad 1991, Newton 1994). As
the quality of the cavities have an influence on
productivity, predation risk, competition, territori-
al defense and mate choice, not all cavities can be
considered as optimal for hole-nesting bird
species (Nilsson 1975, 1984a, b, 1987, Alatalo et al.
1988, 1991, Mrller 1989, Pöysa & Pöysa 2002). 

Some studies have quantified the availability
of cavities in relation to wood structure and
forestry (McComb & Noble 1981, Walankiewicz
1991, Carlson et al. 1998). It seems that cavity
availability is directly correlated with forestry

activity, which tends to select the best trees of a
determined age or cutting diameter (35–45 cm
DBH in beech forests). Traditional forestry prac-
tices tend to cut trees before they get old and thick
enough to create natural cavities and remove poor
quality trees as well. So trees presenting fallen
branches, wood decomposition or cracks (best
ones producing cavities) are very scarce. 

In the Mediterranean region and especially in
the Iberian Peninsula, beech woods are among the
best forests for offering opportunities to hole-
users, because other types (deciduous like oaks or
Holm Oaks, and coniferous, basically pines) are
generally young or heavily managed. In addition,
beech woods are one of few types of mature
stands. In the Iberian Peninsula, beech woods
contain the highest richness of hole-nesting 
bird species: as cavity providers (primary cavity
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Abstract. The availability and suitability of tree cavities for hole-nesting birds were surveyed in three beech wood types
(mature, cleared and coppice forests) in the North east of the Iberian Peninsula. We sampled the occupation of cavities
and the abundance of hole-nesting birds. We also tested experimentally with tit nest boxes whether the lack of suitable
nest-holes may limit the abundance of secondary cavity-nesters. We surveyed hole-nesting birds before and after 
nest box provision. Trunk and branch cavities (25.9%) were significantly more abundant in mature woods, and are 
correlated with the density of secondary occupants. Stump and root cavities (74.1%) were more abundant in coppice
forests. Shortage of big diameter's (> 45 cm DBH) and good bearing trees explained the lack of cavities in managed
forests. Only small proportion of available cavities was used by birds (5.5%). All occupied cavities were placed in trunk
(5.5%) and presented smaller diameter entrances than the whole availability of cavities. Nest boxes occupation rate was
higher in the plots where suitable nest holes were scarce (managed woods), and consequently it brought an increase
on both Great Tit and Blue Tit populations. These two species populations were favoured from the next breeding 
season after the provision of nest boxes, but not in mature stands nor in control sites (with no nest boxes). Therefore,
results show that suitability of cavities rather than availability determines secondary hole-nesting bird abundance in
managed forests.

Key words: hole-nesting birds, tree cavities, beech forests, forestry, nest boxes, Great Tit, Parus major, Blue Tit, Cyanistes
caeruleus, Iberian Peninsula
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INTRODUCTION

Old nests removal after each breeding season
is a common practice in nestbox studies. Mrller
(1989) was the first to point out the possible impli-
cations of this routine on measurements of life-
history traits and since then numerous studies
have approached this topic (for a review see
Mazgajski 2007a). Mrller argued that when
researchers clean the nestboxes also reduce loads
of ectoparasites to which nesting birds were ex-
posed and, as a result, attractiveness of nest sites
to birds could be increased. Nevertheless, some
subsequent studies have found that birds did not
avoid nestboxes containing old nest material;
rather, they seemed to prefer them to empty 

nestboxes (e.g. Orell et al. 1993, Davis et al. 1994,
Pacejka & Thompson 1996 but see Kozłowski 1992,
Merino & Potti 1995a, review in Mazgajski 2007a).
This fact supports the assumption that old nests
also could suppose benefits for cavity-nesters in
terms of time and energy savings during the nest-
building phase (Hansell 2000) and/or as indicators
of good nesting sites (Erckmann et al. 1990,
Thompson & Neill 1991). During the last decade
studies dealing on how birds may use public
information to asses quality of potential breeding
patches (“habitat copying” hypothesis) have
become frequent (e.g. Danchin et al. 2001, Doligez
et al. 2002). In this respect nests of conspecifics
and their content (e.g. deserted clutches, nestling
droppings) may be used as indirect cues to predict
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Abstract. There is a controversy over the effects of old nest reuse on the breeding biology of hole nesters. Some authors
have shown that the presence of old nest material could increase ectoparasite pressure and/or reduce cavity size, where-
as others argue that it could facilitate nest-building and serve as an informative cue for breeding birds. However, the
possible functions of old nests may not be limited to the reproductive period in burds that perform autumnal courtship
or use nest cavities as shelters during the winter season, as is the case with the Tree Sparrow. The importance of the
presence of old nest material on nest box choice during the non-breeding period and its implications on the subsequent
breeding performance of this multi-brood species are assessed. Occupancy rates and reproductive parameters (such as
phenology, clutch size, nestling condition, breeding success) were compared between woodcrete and wooden nest
boxes with and without old nest material inside. During the non-breeding period no effect of box type or its content on
nest box selection was discovered, but in spring it was found that the strong preference of birds for breeding in wood-
crete nest boxes was independent of the presence of old nests. In relation to this latter point, evidence was found that
old nest reuse could negatively affect the reproductive output of Tree Sparrows: clutches were laid later, nestlings had
longer wings (which presumably fledged earlier) and reproductive success was lower in nest boxes containing old nest
material. The results of this study suggest that, taking the non-breeding and breeding seasons as a whole, the accumu-
lation of old nest material seems to be detrimental rather than advantageous to this species.

Key words: Tree Sparrow, Passer montanus, old nest, nest reuse, breeding, autumnal courtship, roosting site, woodcrete,
nest site choice
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INTRODUCTION

In birds, nest construction behaviour is wide-
spread, and most species build a nest to enhance
the survival of eggs or young (Collias & Collias
1984, Hansell 2000). The study of intra- and inter-
specific variation in nest weight or size has
received considerable attention (e.g. Hansell
2005), particularly amongst open-nesting species.
However, investment in nest construction is also
likely to be important for hole-nesting species, as
the nests are unable to be seen from outside of the
entrance and nest conspicuousness to visual pred-
ators is probably not a major selective force oper-
ating on nest design (Hansell 2005, Tomás et al.
2006). The construction behaviour and structure
of nests has been hypothesised to signal both the
builder’s genotypic and/or phenotypic quality,
and the quality of the builder’s reproductive part-
ner in socially monogamous pair bonds (Soler et
al. 1998, Hansell 2005).

Signalling theory suggests that for nest struc-
tures to be part of an extended phenotype that

reliably indicates the quality of the builder, the
construction behaviour and/or design of complet-
ed nests must be associated with costs (Maynard
Smith & Harper 2003). This could be direct ener-
getic costs of flights with nest material, estimated
for instance as 122 KJ in Cliff Swallows Hirundo
pyrrhonota (Withers 1977) or 158 KJ in Village
Weaver Birds Ploceus cucullatus (Collias 1986).
Other indirect costs include increased risk of pre-
dation for adults carrying larger amounts of nest-
ing material (Collias & Collias 1984), the energetic
cost of carrying larger amounts of nest material in
flight (Hansell 2000) and the greater risk of preda-
tion or parasitism at larger, more conspicuous
nests (e.g. Mrller 1990, Soler 1995).

Avian nest size has been suggested to be a
postmating sexually selected signal that reflects
the builder’s parental quality (Soler et al. 1998).
Empirical evidence supporting this idea comes
from the findings of several birds species (e.g.
Lens et al. 1994, Moreno et al. 1994, de Neve &
Soler 2002, Tomás et al. 2006). Additionally, female
Wrens Troglodytes troglodytes discriminate between
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Abstract. Among bird species where only one parent constructs the nest, the “sexual display hypothesis” predicts that
building behaviour and the structure of the completed nest is a post-pairing, sexually selected signal that informs the
non-builder of her/his partner's quality and/or willingness to invest in reproduction. Moreover, the “differential alloca-
tion hypothesis” predicts that an individual's investment in parental behaviours, such as nest building, will vary in rela-
tion to the partner's quality. These hypotheses were examined in the socially monogamous, hole-breeding Blue Tit, a
species in which the female alone builds nests. Parental quality was quantified by recording body size, feather mite load
and age. The weight of nests was found to correlate positively with female head-bill length and feather mite load, but
not with any indicators of male quality. This result is in accordance with the “sexual display” hypothesis, and demon-
strates that nest size could be a form of intra-specific communication that helps inform the non-building partner of the
builder's reproductive quality.

Key words: Nest weight, nest building, maternal construction, sexual display hypothesis, differential allocation 
hypothesis, hole-breeding passerine, Blue Tit, Cyanistes caeruleus
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INTRODUCTION

It is generally accepted that broods of hole-
nesting birds are safer and their breeding success
is higher than open nesters (e.g. Nice 1957,
Ricklefs 1969, Wesołowski & Tomiałojć 2005).
However, some of these generalizations are based
on data gathered from nestbox studies, while data
from natural holes indicate that breeding losses in
hole nesters can also be high (e.g. Nilsson 1986,
Christman & Dhondt 1997, Walankiewicz 2002,
Mitrus 2003). Therefore, predation should be con-
sidered an important factor affecting the life histo-
ries and breeding strategies of hole nesting birds,
especially secondary cavity nesters using already
existing holes (e.g. Li & Martin 1991, Martin 1995).
The nest predation rate in this group of birds 
is affected mostly by entrance size and nest site

depth, and more specifically by the so-called
“danger distance” (Wesołowski 2002) — the dis-
tance between the outer edge of entrance and the
centre of the nest’s bottom (e.g. Sandström 1991,
Czeszczewik & Walankiewicz 2003, Wesołowski &
Rowiński 2004). This measure describes how far
predators unable to enter a hole would have to
reach to penetrate the nest and obtain its contents. 

It should be remembered that many species of
secondary cavity nesters build nests inside holes.
It was found that open nesters with larger nests
suffered a higher predation rate (e.g. Mrller 1990,
Antonov 2004, Lopez-Iborra et al. 2004). De-
spite the fact that predators cannot directly see 
the nests in holes, a similar relation may also 
occur in hole nesting species (see Alabrudzińska 
et al. 2003). Nest material brought to the hole for 
nest building makes the site shallower, thereby

Dependence of nest mass on nest hole depth in the Great Tit Parus major
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Abstract. Predation is considered an important factor affecting the life histories and breeding strategies of hole nesting
birds. Breeding losses in this group of birds are related to such nest site characteristics as entrance size, nest site depth
and danger distance - the distance between the outer edge of the entrance to the centre of the nest's bottom, which
determines how far a predator unable to enter the hole would have to reach to obtain its contents. It is suggested that
birds assess predation risk and adjust their breeding investments accordingly. We tested the hypothesis that in shallow
nest sites, birds build smaller nests to maintain the largest danger distance possible. During the experiment, two types
of nestboxes were available to birds: those typical for small passerines (with a depth of 21 cm), and shallower ones (with
a 16 cm depth). Breeding parameters were obtained by controlling nestboxes, the distances between eggs and entrances
were measured, and nests were weighed just after the young fledged. Breeding phenology and clutch size did not 
differ between the types of nestboxes. Nest site depth influenced nest mass, and according to our assumptions, nests
were significantly lighter in shallow nestboxes. A clear, negative relationship was found between nest mass and the 
danger distance — eggs in larger (heavier) nests were closer to the entrance. Breeding success (number of fledglings per
eggs laid) was lower for shallow nestboxes compared to normal ones, and nest mass negatively influenced the number
of fledglings and breeding success. The results of this study suggest that Great Tits perceive nest site depth and adjust
nest building according to predation risks. Nest size (mass) in shallow sites may be limited by the danger distance, but
it is also possible that the number of trips with nest material, which could lead to the detection of the site, is also 
important. However, both explanations are not mutually exclusive, and both are related to avoiding predator pressure.
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INTRODUCTION

Nest construction has been traditionally neg-
lected as a potential source of life history trade-
offs (Hansell 2000). There is evidence that in cer-
tain species, nest building implies severe energetic
costs (Withers 1977, Lens et al. 1994, but see
Stanley 2002) and considerable time allocation
(Hotta 1994, Nores & Nores 1994). In fact, it has
been repeatedly proposed that builders in certain
species may signal quality or parental disposition
also through construction activities, and that their
partners may respond by allocating more repro-
ductive effort as proposed by the differential 
allocation hypothesis (Moreno et al. 1994, Soler et
al. 1996, 1998a, 2001, de Neve & Soler 2002,
Szentirmai et al. 2005). Soler et al. (1998b) have

proposed that nest building activity could be used
as a sexually selected display, allowing each sex to
obtain reliable information about the condition of
its mate. 

In Blue Tits Cyanistes caeruleus, where females
build nests, there is evidence that nest size is relat-
ed to female health and that building large nests
has costs in terms of reduced immunocompetence
(Tomás et al. 2006). Female Buff-breasted Wrens
Thryothorus leucotis that build dormitory nests at
higher rates suffer costs in terms of survival (Gill
& Stutchbury 2005), again indicating the potential
costs of nest building. Thus, nest size or nest con-
struction rate could function as post-mating sexu-
ally selected traits also for females (Soler et al.
1998b). Males may be selected to respond pa-
rentally to female nest building activity in those

Nest construction rate and stress in female Pied Flycatchers Ficedula
hypoleuca
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Abstract. Nest building effort has received scant attention in the literature although it may involve costs which can be
detected as physiological stress. We prolonged nest construction effort in a population of Spanish Pied Flycatchers by
removing nests from nest-boxes and forcing females to build a second nest. In comparison with control nests, the 
experimental females had to work for longer periods and accumulate more nest material, but nest construction rates 
(g of nest material per day of construction) were not affected. There was a positive association of clutch mass with nest
construction rate. To measure physiological stress, we captured females shortly after laying to obtain blood samples for
heat-shock protein quantification. Heat-shock proteins quantify stress at cell level. The level of HSP60 in peripheral
blood was positively associated with total nest construction rate (including second nests for experimental females), but
not with laying date, clutch mass or experimental treatment. A third of the variation in the HSP60 level was explained
by the nest construction rate. Fast nest builders are physiologically stressed, suggesting that the nest construction rate
may constitute an index of female physiological performance.

Key words: nest construction rate, physiological stress, Pied Flycatcher, Ficedula hypoleuca, stress proteins, nest building,
female performance 
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INTRODUCTION

The health profile and consequent perform-
ance of individuals in a population exposed to a
certain set of environmental conditions can be
used as a bioindicator to assess the state of popu-
lations and ecosystems (Ruiz et al. 2002, Artacho et
al. 2007). This may be particularly important as an
early warning reflecting the presence of stressors
arising from many factors such as resources avail-
ability, competition or pollution (Furness 1993).

The blood parameters most commonly associ-
ated with the health of individuals are serological
and haematological values (Averbeck 1992, Ots &
Htrak 1996, Htrak & Ots 1998, Htrak et al. 1998,
Mrller et al. 1998, Ots et al. 1998, Dubiec & Cichoń
2001) and for more specific purposes, such as
detecting biochemical responses to xenobiotics,

enzymatic biomarkers (Gage 1967, Cornish 1971,
Kappus 1987, Peakall & Fournier 1992, Goede &
Wolterbeek 1994, Walker et al. 2006). 

In order to detect anomalous effects of the
presence of stressors (e. g. exposure to pollutants)
on blood profiles of individuals, ecologists need to
understand their natural variation, the fluctuation
of each parameter around its own average, the
range of values of the population as well as the
accuracy of their measurements. This is also
important for studies which aim to detect effects
of any experimental manipulation on blood
parameters, especially in field conditions. 

One way to understand the temporal variation
in blood parameters is to study their stability or
consistence when an individual is captured and
sampled more than once. We can thus assess if
those traits are stable or have fluid properties

Repeatability and method-dependent variation of blood parameters in  
wild-caught Great Tits Parus major
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Abstract. When interpreting responses to experimental manipulations or particular environmental cues, it is necessary
to have previous knowledge about the natural variation of the response traits. We studied how nine blood parameters,
including four enzymatic activities, varied with time in wild Great Tits by assessing their repeatabilities over periods of
45 days, in the same season (Spring or Autumn/Winter), in the same year and over a four years period. The accuracy of
the measurements of these blood parameters was also assessed. Measurement error reflected essentially sample and
time of storage rather than assay effects. Hematocrit and haemoglobin had low repeatabilities within Spring, ranging
from 0.26 to 0.31; Heterophil/Lymphocyte ratio (H/L), white blood cell count (WBC), total plasma cholinesterase and red
blood cell glutathione peroxidase (GSH-Px) activities had moderate to high repeatabilities over periods of 45 days
(repeatabilities ranged from 0.47 to 0.81 for GSH-Px and H/L, respectively), but also during longer periods such as dur-
ing Spring (total plasma cholinesterase activity) and Autumn/Winter (WBC, H/L and GSH-Px). Of the blood parameters
measured, total plasma cholinesterase, glutathione peroxidase and the haematological parameters WBC and H/L seem
relatively constant and therefore reliable indicators of Great Tit's physiological condition within, at least, a 45 days time
frame.

Key words: repeatability, health state, condition, blood profile, Parus major, accuracy, glutathione peroxidase, plasma
cholinesterase
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INTRODUCTION

Long-term studies in marked vertebrate popu-
lations have shown that conditions experienced in
early life may have consequences long after indi-
viduals become independent and have the poten-
tial to permanently affect some traits that are only
expressed in adult life (Lindström 1999, No-
wicki et al. 1998, 2000, Metcalfe & Monaghan 2001,
Ohlsson & Smith 2001). Known examples in natu-
ral bird populations include traits potentially
related to fitness, e.g. egg size (Potti 1999 — relat-
ed to hatching success; Williams 1994, Potti & Me-
rino 1996b, Potti 2008) and clutch size (Haywood
& Perrins 1992, Schluter & Gustafsson 1993). The
long-term effects on host traits of having suffered
parasites in early life are almost unknown in the
wild (Potti & Merino 1996a), maybe because the
existence of many poorly known putative para-
sites and/or pathogens makes it risky to test a pri-
ori hypotheses centered on particular host-sym-
biont interactions (e.g. Blanco et al. 2001). Further,
logistic constraints (e.g. high dispersal of host
populations) often make it difficult or impractical
to collect the necessary long-term data to address

the issue from an ontogenetic, life-history per-
spective. Some researchers have tried to indirectly
surmount these barriers by focusing on general
responses, e.g. by experimentally eliciting the
reaction of individuals to foreign antigens (e.g.
vaccination experiments; Staszewsky & Boulinier
2004). However, as promising as they are, these
experiments have not been extended long enough
to address the issue of long-term effects of para-
site/pathogen species at specific developmental
periods of their hosts. There is thus a shortage of
field studies investigating particular host-parasite
interactions from an ontogenetic perspective.
Although longitudinal studies are not a panacea
because results may be biased by the very nature
of non-experimental, descriptive data, they may
reveal interesting patterns susceptible to be
addressed with experimental techniques, once
causal factors have been identified or suspected
on firm grounds (e.g. Grafen 1988). Here I take the
descriptive approach to a host-parasite interaction
in a population of Pied Flycatchers whose nests
were scored for the abundance of two groups of
nest ectoparasites and the reproductive perform-
ance of their temporary hosts followed during

Blowfly infestation at the nestling stage affects egg size in the Pied
Flycatcher Ficedula hypoleuca

Jaime POTTI

Estación Biológica de DoZana — CSIC, Department of Evolutionary Ecology, Pabellón del Perú, Av. Ma Luisa s/n, 41013,
Sevilla, SPAIN, e-mail: jpotti@ebd.csic.es

Potti J. 2008. Blowfly infestation at the nestling stage affects egg size in the Pied Flycatchers Ficedula hypoleuca. Acta
Ornithol. 43: 76–82. DOI 10.3161/000164508X345356

Abstract. The long-term effects on the egg size of breeding females that had suffered parasitism when they were
nestlings are described for a wild population of Pied Flycatchers naturally parasitized by the blowfly Protocalliphora
azurea larvae, a common nest-dwelling, blood-sucking ectoparasite of cavity-nesting birds in the Mediterranean region.
As adults, females reared in blowfly-infested nests laid smaller eggs than their counterparts raised in nests not infested
by blowflies. This relationship held irrespective of female size, condition and maternal egg size, and was random with
respect to female quality and consistent across a female's lifetime. Except for egg size, no long-term effects on host
longevity or other fitness components, such as lifetime reproductive success, were detected. Although the mechanisms
causing long-term depression of host egg size remain unknown, the recent discovery that Protocalliphora blowflies trans-
mit viruses to nestlings offers new avenues of research on this issue.

Key words: egg size, nest ectoparasites, blowflies, Pied Flycather, Ficedula hypoleuca, nestling growth, Protocalliphora
azurea, Dermanyssus, mites
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INTRODUCTION

Studies on nest-site limitation in hole-nesting
passerines are the classics of avian ecology
(Newton 1994) but their focus has remained
rather narrow. On the one hand, most of the evi-
dence comes from nest-box provisioning or
removal, the effects of which may differ from
those of natural cavity supply (Nilsson 1984,
Mrller 1989, 1992, Purcell et al. 1997), and from
highly impoverished anthropogenic landscapes
where the limitation itself may be artificially pro-
nounced (Wesołowski 2007). Secondly, nest-site
availability includes different aspects that have
been seldom distinguished: cavity abundance
effects on bird numbers may be strongly modified
by cavity quality (Lthmus & Remm 2005, Cockle
et al. 2008) and, possibly, by spatial pattern
(Gauthier & Smith 1987). In these cases, many cav-
ities may remain unoccupied (as frequently

observed, e.g. van Balen et al. 1982, Carlson et al.
1998, Weggler & Aschwanden 1999, Bai et al. 2003)
though birds are still limited by the lack of suitable
nest sites. Finally, the conditions sustaining
diverse hole-nester communities have been a hot
topic for conservationists and foresters for
decades already (e.g. Davis et al. 1983) given the
9–18% of all bird species using cavities, including
4–11% obligate hole-nesters in different conti-
nents (Newton 1994). Yet, most studies on hole-
nesters in natural conditions have described the
requirements of a few species, and pioneering
studies on community patterns have only recent-
ly appeared (Bednarz et al. 2004). 

Experimental manipulation of nest-site avail-
ability in natural hole-nester communities is most-
ly limited to cavity-blocking or cavity-tree
removal. The first option is technically difficult
over large areas, many cavities remain inaccessi-
ble, and the few such studies have given various

Density and diversity of hole-nesting passerines: dependence on the
characteristics of cavities 

Jaanus REMM1, Asko LsHMUS1 & Raul ROSENVALD2

1Institute of Ecology and Earth Sciences, University of Tartu, Vanemuise 46, 51014 Tartu, ESTONIA, e-mail:
jaanus.remm@ut.ee
2Institute of Forestry and Rural Engineering, Estonian University of Life Sciences, Kreutzwaldi 5, 51014 Tartu, ESTONIA

Remm J., Lõhmus A., Rosenvald R. 2008. Density and diversity of hole-nesting passerines: dependence on the 
characteristics of cavities. Acta Ornithol. 43: 83–91. DOI 10.3161/000164508X345365

Abstract. In addition to the well-known limiting effect of cavity abundance on the density of hole-nesting passerines,
other aspects of cavity availability may shape their communities as well. Notably, where there is a considerable 
aggregation of cavities, territory-holders may prevent the occupation of the nearest cavities by other birds, whereas 
a supply of diverse cavities may reduce interspecific competition. We used multivariate general linear models to explore
whether, and how, variables describing the supply of small cavities are related to the density and diversity of hole-nest-
ing passerine communities in 33 hemiboreal old forest stands. The total density of 12 species (1.3 ± 0.8 pairs/ha)
increased with cavity density and diversity, but was not affected by cavity aggregation. As expected, cavity diversity
also promoted bird diversity; indeed, the densities of different species were positively related to the densities 
of different cavity types. The results indicate that segregation in nest-cavity selection affects the co-occurrence of 
passerine species and, at the mean densities of small tree-cavities in the region (2.3/ha), cavity aggregation does not
markedly reduce their availability. In conservation management, therefore, it is important to maintain a diverse supply
of cavities in addition to their abundance, in order to sustain hole-nester communities.

Key words: hemiboreal forests, nest site selection, old growth, secondary cavity-nesters, spatial aggregation, tree 
cavities
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INTRODUCTION

Numerous studies have shown that bird nest
predation increases with proximity to the edge
between two habitats (e.g. Small & Hunter 1988,
Gibbs 1991, Huhta et al. 1998). However there are
also some studies which indicate a lack of edge
effect in terms of predation (review in Batáry &
Báldi 2004). Most studies testing the relationship
between distance to edges and predation rates
were conducted using artificial nests with quail or
chicken eggs (e.g. Marini et al. 1995, Estrada et al.
2002, Batáry & Báldi 2004, Mazgajski & Rejt 2005).
While artificial nests are useful tools in assessing
general predation pressure, they are not indicate
of natural predation rates (Thompson & Burhans
2004, Batáry & Báldi 2005). Artificial nests are
devoid of the presence of parents, their smell,
noises, and the possibility of parental defense.
They are generally depredated more often than
natural nests (Storaas 1988, Wilson et al. 1998).
Most of the artificial nests used in experiments
mimics of open ground or bush nests. There are

relatively few studies, which have been conduct-
ed using natural cavities (but see Johnsson et al.
1993, Deng & Gao 2005). Huhta & Jokimäki (2001)
have tested edge effect in nest predation using
nest-boxes. They did not find a relationship
between nest predation and distance from forest
edge but in the combined data for both studied
species, nest predation was higher at clearcut
edges than at natural edges. Sandström (1991),
who used natural cavities with quail eggs, found
higher predation rates close to the edge in the
beginning period of experiment. 

The aim of this study was to assess whether
nest predation near the forest edge was higher
than within the forest interior in the cavity nest-
ing Collared Flycatcher in primeval lime-horn-
beam-oak stands of the Białowieża National Park
(BNP). This species is the most numerous cavity-
breeding bird in BNP (e.g. Tomiałojć et al. 1984,
Wesołowski et al. 2006), constitutes an important
part of the bird community (up to 2 pairs/ha) and
as such may be potential prey for local predators
(Walankiewicz 2002b). Although secondary cavity

Absence of edge effects on nest predation in the Collared Flycatcher
Ficedula albicollis in the primeval forest of Białowieża National Park, NE
Poland

Tomasz STAŃSKI, Wiesław WALANKIEWICZ & Dorota CZESZCZEWIK

Department of Zoology, University of Podlasie, Prusa 12, 08–110 Siedlce, POLAND, email: stanskit@siedlce.ap.pl

Stański T., Walankiewicz W., Czeszczewik D. 2008. Absence of edge effects on nest predation in the Collared
Flycatcher Ficedula albicollis in the primeval forest of Białowieża National Park, NE Poland. Acta Ornithol. 43: 92–96.
DOI 10.3161/000164508X345374

Abstract. Nest predation is a major factor limiting breeding bird populations in primeval tree stands. Factors such as
food limitation, availability of nesting sites or competition are not so important. Nest predation is usually more com-
mon along the edges of forests than in their interiors. The aim of this study was to determine how breeding losses in
the secondary cavity-nester Collared Flycatcher Ficedula albicollis that bred in natural holes varied with distance from
the forest edge in primeval stands of the Białowieża National Park (NE Poland). A comparison of the breeding losses
along the edges and in the interiors revealed no statistical differences. The main nest predators were the forest species
Apodemus flavicollis, Martes martes, and Dendrocopos major. It is better to keep forest tracts unfragmented, with a belt of
bushes and thickets or woodland in an early successional stage along the edge. This would protect forest birds from
predators living in open habitats. 

Key words: edge effect, predation, Collared Flycatcher, Ficedula albicollis, primeval stands, secondary cavity nesters
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INTRODUCTION

Hatching asynchrony (hereafter HA) in birds
— the time-period over which a clutch of eggs
hatches — has been extensively studied and re-
viewed for about 5 decades in various contexts
that usually relate to breeding efficiency (e.g.
Stoleson & Beissinger 1995, Stenning 1996, but see
Mead & Morton 1985). HA can range from a few
hours to several days, but chicks are usually fed
from the time they hatch. Consequently, a propor-
tional size hierarchy is established among nest-
lings that is correlated with HA. When HA is
large, and food limiting, the smallest nestlings
often die. In many non-passerine birds, death is
accelerated by sibling aggression (e.g. Bryant &
Tatner 1990). However, aggressive interactions

between passerine siblings are unusual, and death
usually results from failing to compete for food.

Since brood reduction was first proposed to
explain HA (Ricklefs 1965), at least 20 explanations
have been proposed for HA (for reviews see
Stoleson & Beissinger 1995, Stenning 1996, Rick-
lefs 1997). But there is disagreement about how
these hypotheses should be classified and wheth-
er HA can shorten a nesting attempt (Beissinger &
Stoleson 1997, Stenning 1997). 

HA seems to serve different functions among a
diversity of species, and may therefore be a good
example of the convergent evolution of a behav-
ioural trait. However, considering the range of
species studied, few studies have addressed: 1)
the proximate causes of early incubation, which
lead to HA, and 2) the causes of intra-population

Hatching asynchrony and brood reduction in Blue Tits Cyanistes
caeruleus may be a plastic response to local oak Quercus robur bud burst
and caterpillar emergence 

Martyn J. STENNING

School of Life Sciences, University of Sussex, Falmer, Brighton, Sussex BN1 9QG, UNITED KINGDOM, e-mail m.j.sten-
ning@sussex.ac.uk

Stenning M. J. 2008. Hatching asynchrony and brood reduction in Blue Tits Cyanistes caeruleus may be a plastic
response to local oak Quercus robur bud burst and caterpillar emergence. Acta Ornithol. 43: 97–106. 
DOI 10.3161/000164508X345383

Abstract. Blue Tits exhibit extreme variation in clutch size and hatching asynchrony, which is the focus of this study.
This paper reports an in-depth study of breeding Blue Tits showing that variation in Blue Tit hatching asynchrony can
be explained by a number of phenological variables including particularly, date of bud burst in the local oak tree, which
signals caterpillar emergence (34%), also date of first egg (14%) and female weight (8%). Hatching asynchrony
explained 9% of the variation in brood mortality in this southern English population.  Early incubation relative to clutch
completion (incubation asynchrony) in Blue Tits explained 85% of the variation in hatching asynchrony, differs between
years and advanced hatching in early and fledging in late laid eggs. Consequently, because fledging is usually synchro-
nous, hatching asynchrony shortens the total time spent in the nest and explained 28% of the variation in nesting time
from clutch completion to fledging.  I present experimental evidence that brood reduction resulting from hatching
asynchrony may be particularly adaptive towards the end of the breeding season, with 91% of the variation in the pro-
ductivity of asynchronously-hatched broods being explained by, and increased with, date of hatching.  About one fifth
of birds delayed daytime incubation until after clutch completion, probably in wait for caterpillars to appear.  Although
the delay period was variable and extended total nesting time it always resulted in synchronous hatching.  I propose
that Blue Tits may have evolved plastic responses to environmental cues such as oak bud burst, which causes them to
incubate at the optimum time to ensure maximum fledging success and chick fitness. 

Key words: Blue Tit, Cyanistes caeruleus, hatching asynchrony, brood reduction, phenotypic plasticity, incubation, 
phenology
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Detection of a predator by prey may be crucial
for survival. On the one hand, a predator can be
detected during its operational activity, such as
hunting or moving hunted prey to a safe place, as
well as during the preparation of special hunting
structures, such as spider webs (Sutherland 1996,
Conover 2007). However, even earlier detection
by other cues left by the predator may be
favoured by natural selection, because it gives
prey an opportunity to avoid places with high
predator foraging or resting activity. Detection of
these cues or predator traits is especially crucial in
times of constrained energy budget, when time
for foraging is strongly limited. That situation
occurs for most resident passerines wintering in
temperate zones (Houston & McNamara 1993,
Paclik & Weidinger 2007). Moreover, after forag-
ing during the day time, finding a safe night rest-
ing site is crucial for survival. One of the main fac-
tors responsible for the winter mortality of small

birds is predation (e.g. Ekman 1986, Carrascal &
Moreno 1992, Suhonen 1993, Kullberg 1995).
However, relative predation risk depends on prey
density (Mitchell & Brown 1990, Sutherland 1996)
and the hunting tactic of the predator (Ekman
1986). Thus birds select a roost site in which they
can be well hidden from predators (Ligon et al.
1988, Mazgajski 2002, Lima et al. 2005). Obviously,
other factors, such as food, heat and weather also
play an important role (Hogstad 1981, Houston &
McNamara 1993, Roos 2002, Carrascal & Alonso
2006, Pinowski et al. 2006a, Godard et al. 2007,
Paclik & Weidinger 2007). Therefore, to avoid the
influence of disadvantageous climatic factors like
strong winds, freezing temperatures, snow
and/or rain birds are looking for a safe nocturnal
place (Jenni 1991, Lima et al. 2005). Classic exam-
ples are passerines spending winter nights in
both natural holes and in nest boxes (eg. Báldi &
Csörgő 1994, Pinowski et al. 2006a). 

Do small hole nesting passerines detect cues left by a predator? 
A test on winter roosting sites

Anna EKNER* & Piotr TRYJANOWSKI

Department of Behavioural Ecology, Adam Mickiewicz University, Umultowska 89, PL 61–614 Poznań, POLAND
*Corresponding author, e-mail: aekner@amu.edu.pl

Ekner A., Tryjanowski P. 2008. Do small hole nesting passerines detect cues left by a predator? A test on winter 
roosting sites. Acta Ornithol. 43: 107–111. DOI 10.3161/000164508X345392

Abstract. There are a lot of studies about relationships between prey and predators. However most have focused on the
influence of lethal predators on their prey. We suggested that non-lethal effects may also be very important for a 
complete understanding of prey-predator interactions. Among many influencing factors predation is important
because it affects survival probability, especially in winter, which is a critical period for many passerines living in 
temperate zones. Apart from killing prey, predators may also have an indirect influence on the choice of nocturnal 
resting sites. Therefore, small passerines should detect and avoid places where a predator has operated previously. We
tested this prediction using data on wintering small passerines, mainly on Great Tits. The study was performed during
the winter season of 2005/2006 in western Poland. In the experiment, we put fur and mangled feathers in half of 
100 randomly selected nest boxes. Boxes were checked every ten days, from January–March. The birds showed a 
significantly stronger preference towards "clean" nest boxes (without predator traces). It seems that non-lethal predator
influence modifies winter dispersion of birds and wintering passerines may detect, by visual signals left behind, nest
boxes where predation has previously occurred.

Key words: Great Tit, Parus major, nest boxes, non-lethal predator-prey interaction, predator traces, predator detection,
roosting site preferences, cavity nesters
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Many females of altricial birds species begin
incubation before laying the last egg and as a
results, entire brood do not hatch simultaneously
(Clark & Wilson 1981). Several hypotheses were
proposed to explain this phenomenon. Lack
(1947, 1954) hypothesised that asynchronous
hatching can be advantageous in poor years due
to food shortages, by elimination of youngest
and/or weakest nestlings. This brood reduction
hypothesis has been tested across many bird
species, and the findings from many studies have
not supported it (Skagen 1987, Amundsen &
Stokland 1988, Slagsvold & Lifjeld 1989). Other
authors (Hussell 1972, Slagsvolds 1986) have pro-
posed an alternative theory, called the hurry-up
hypothesis, which suggests that earlier com-
mencement of incubation may accelerate hatch-
ing and allow birds to exploit declining food
resources. Clark & Wilson (1981) proposed an
alternative explanation of asynchronous hatching
called the nest-failure model. This model suggest-
ed that asynchronous hatching was a mechanism

to minimise the risk of failure due to predation
and should be observed more frequently in
species where total nest failure is concentrated
during incubation stage. Both the hurry-up
hypothesis and nest-failure model are not mutu-
ally exclusive and can influence life history work-
ing together.

So far, most of the studies concerned with hole
nesters were conducted using nest boxes with
limited predation pressure and concentrated
mainly on test the brood reduction and hurry-up
hypothesis (Bengtsson & Rydén 1983, Rosivall et
al. 2005, Szöllősi et al. 2007, Stenning 2008).

The Red breasted Flycatcher — a small, long
distance migratory bird is a good study object to
test hypotheses mentioned above. First, it is one
of the latest migrants (Mitrus et al. 2005a) and
breeds late (Mitrus et al. 2005b) at the time when
there is a shortage of caterpillars (Wesołowski &
Rowiński 2006). Second, the nest failure rate for
this species approaches 50%, due mainly to pre-
dation (Mitrus & Soćko 2008). Consequently,

Hatching asynchrony in the Red-breasted Flycatcher Ficedula parva in
relation to breeding season, peak food abundance, and high predation

Cezary MITRUS

Department of Zoology, University of Podlasie, Prusa 12, 08–110 Siedlce, POLAND, e-mail: cmitrus@ap.siedlce.pl

Mitrus C. 2008. Hatching asynchrony in the Red-breasted Flycatcher Ficedula parva in relation to  breeding season,
peak food abundance, and high predation. Acta Ornithol. 43: 113–117. DOI 10.3161/000164508X345400

Abstract. Hatching asynchrony has been recorded in many altricial bird species. Also, more than 70% of clutches of the
Red-breasted Flycatcher hatched asynchronously. The annual variation in the proportion of asynchronous clutches
depended on median dates of egg laying, in the years when females started egg laying later more asynchronous 
clutches were observed. The females from synchronous clutches started egg laying significantly earlier than females
from asynchronous clutches and were more synchronised with the peak of caterpilars. No differences in clutch size and
number of fledglings between asynchronous and synchronous clutches were found. The frequency of females that
started incubation earlier showed no significant difference when mated with either after-2nd-year or 2nd-year males.
Also, breeding success was not significantly different between broods of various hatching types and was 87% for 
asynchronous clutches and 94% for synchronous clutches. The time of breeding and high predation pressure could be
main reasons for females of the Red-breasted Flycatcher to start incubation before laying the last egg of its clutch.

Key words: hatching asynchrony, holenesters, age, Białowieża Forest, primeval conditions
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