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Abstract. Nest structure and nesting material may have important consequences for avian reproductive behaviour and
performance. Nuthatches Sitta spp. build nests made of loose bark flakes without any structure or nest cup to contain
eggs and nestlings. We have aimed at understanding the implications of unstructured bark flake nests in Nuthatches
for microclimatic conditions in the nest, ectoparasite infestation, parental care and nestling begging through a nest
exchange experiment. To that end, we have experimentally replaced natural bark nests of Nuthatches Sitta europaea by
structured moss nests built at the same time by Great Tits Parus major for some pairs and compared their ectoparasite
abundances, nest microclimate variables and the behaviour of nestlings and parents with those in natural Nuthatch
nests. The experimental treatment did not affect ectoparasite loads. Nest-boxes containing structured nests made of
moss showed higher and more variable temperatures, higher thermal maxima and less variable humidity conditions
than unstructured control nests made of bark flakes. However, bark flakes conserve heat better than moss during the
night and morning hours, which may be transmitted to buried eggs and nestlings and reduce incubation and brooding
costs for females. This may explain why females remained out for longer during incubation recesses at natural nests.
Nestlings of 9 days in natural nests rested further apart than nestlings in structured experimental nests although there
were no differences with respect to begging intensity between the two treatments. Hatching and fledging success was
similar in both groups but experimental nests resulted in nestlings with shorter tarsi and wings before fledging. The
poorer nestling growth in experimental nests cannot be explained by effects of ectoparasites, nestling aggregation or
nestling begging or parental care. Adaptations for remaining buried in the nest material and the heat-conserving prop-
erties of loose bark flakes may reduce energy costs for nestlings during female absences.         
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INTRODUCTION

The majority of bird species build their own char-
acteristic nests (Collias & Collias 1984, Hansell
2000, Álvarez et al. 2013). The physical structure of
the nest is determined by the degree of cohesion
between the different materials used and may
influence embryo development and chick growth
so that nest quality may have important conse-
quences for the condition and the reproductive
success of parents (Lombardo et al. 1995, Álvarez
& Barba 2011, Dawson et al. 2011, Lambrechts et
al. 2012). In a thermal aspect, nest construction
represents a compromise between heat conserva-
tion, heat dissipation, and protection from exter-

nal heat sources (Heenan & Seymour 2011). It is
reasonable that heat loss can be minimized by
optimizing the physical structure of the nest (Reid
et al. 2000, Hilton et al. 2004, Heenan & Seymour
2011) or by choosing a suitable nesting material
(Álvarez et al. 2013). Consequently, we expect that
birds should adjust their nest characteristics in
response to environmental conditions (Hansell
2000, Deeming 2011). Moreover, the regulation of
thermal conditions within acceptable limits may
be energetically costly for parents (Williams 1996,
Nord & Nilsson 2012). The structure of nests may
mitigate this energetic demand on parents
(Hansell 2000). Thus, building a thermally
favourable nest saves parental energy by reducing
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Abstract. Habitat is a key determinant of breeding success in hole-nesting birds. Identifying the factors that influence
breeding success is important in understanding nest-site selection behaviour and devising appropriate conservation
strategies. This is especially true for declining species like the migratory Pied Flycatcher Ficedula hypoleuca. Here, I
analyse the effect of 24 habitat variables on clutch size, hatching success and fledging success for 137 Pied Flycatcher
nests in Gloucestershire, UK, using volunteer-collected data from a 5-year period. More successful nests tended to be
located in areas with a lower density of mature trees but abundant saplings. Tree and sapling species richness was also
important. Success was positively related to abundance of Oak Quercus robur and Silver Birch Betula pendula and nega-
tively related to Beech Fagus sylvatica, Sycamore Acer pseudoplatanus and Bracken Pteridium aquilinum. Success was lower
in boxes facing south-southwest and higher in boxes located on sorter trees. Despite Pied Flycatchers often being
regarded as birds of grazed (open) woodland, success was not related directly to grazing. Close proximity to footpaths
was associated with significantly lower clutch size, numbers of young to fledge, and percentage success, while close
proximity to water was associated with increased success at all stages of breeding. This is a single-site study and the
generality of these findings at other sites cannot be assumed without empirical testing. However, the results provide
useful additional insight into success-habitat interactions in this species that, to some extent, challenge the general view
of Pied Flycatchers, in the UK at least, as grazed woodland specialists.  

Key words: reproductive success, Ficedula hypoleuca, Pied Flycatcher, grazing, nestboxes, breeding, nest site selection, 
volunteer-collected data, citizen science
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INTRODUCTION

Avian reproductive success depends on a range of
interacting factors. These factors can relate to the
birds themselves (e.g. parental fitness and experi-
ence) or external environment (e.g. weather, pre-
dation risk, food supply). External environment
factors often relate to the location of a nest in rela-
tion to habitat, which means that there are gener-
ally complex spatial patterns in reproductive suc-
cess (e.g. Nilsson 1984, Pogue & Schnell 1994,
Jones 2001). Understanding the factors that influ-
ence breeding success is important for all species
to establish the adaptive nature, or otherwise, of
nest-site selection behaviour (Mänd et al. 2005).
Moreover, from an applied perspective, knowl-
edge of species-habitat interactions is vital to
understand how habitat change may affect popu-
lations and to devise effective conservation strate-
gies. 

For some species, there is comprehensive
quantitative information on how habitat influ-
ences breeding success through single holistic
studies (e.g. Gutzwiller & Anderson 1987, Saab
1999, Luck 2002). In other cases, there are multiple
studies on the same species, which, between
them, provide a comprehensive overview of
species-habitat relationships. For example, for
Blue Tits Cyanistes caeruleus, the effect of cavity
parameters has been studied (e.g. van Balen 1984),
the correlation between breeding success and 
surrounding vegetation has been analysed
(Lambrechts et al. 2004) and effects of landscape
processes such as edge effects has been docu-
mented (e.g. Hinsley et al. 1995). However, for
other species, even some that are well studied,
there are important gaps in knowledge. Some of
these gaps in knowledge could potentially be
filled by scientific analysis of data collected by 
volunteers through specific schemes or as part of
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Abstract. Wildfires can be the most influential phenomena in landscape dynamics and play an important role in deter-
mining avian populations. However, the intentional burning of habitats is still a controversial management practice and
is legally prohibited in many countries. On the other hand, fires can positively control, or even slow down vegetation
succession of reeds and bushes, and, in particular cases, may sustain a habitat for open marsh nesting specialists. One
such species is the Aquatic Warbler Acrocephalus paludicola, a globally threatened habitat specialist that breeds in open
fens in Central and Eastern Europe. Because bush and reed encroachment threaten many suitable breeding areas, habi-
tat management is necessary to maintain the open wetlands that Aquatic Warblers require for nesting. To assess
whether burning was beneficial, we analysed Aquatic Warbler numbers and distribution in the Chełm calcareous
marshes in eastern Poland on plots in different successional stages after accidental fires. Our study showed that num-
bers of warblers, at least of singing males, were lowest in the year of fire, but increased to higher levels in the year after
burning and for several years after burning. We recommend that, in calcareous marshes which support up to 0.5% of
the total population of this globally threatened species, intentional burning to control succession should be done before
the arrival of warblers in spring in order to ensure burning is an effective management tool.

Key words: Acrocephalus paludicola, Aquatic Warblers, burning, Cladium mariscus, calcareous marshes, conservation 
evidence, management practice, wildfire 
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INTRODUCTION

Fires are among the most influential phenomena
in landscape dynamics and play an important role
in determining the distribution, population
dynamics and breeding ecology of birds (Pons &
Bas 2005, Pérez-Granados et al. 2013, Deák et al.
2014). In this context, structural changes to habitat
caused by vegetation succession can have a major
influence on avian communities, however, some
practices, such as burning, are still controversial.
Burning is often illegal, and also a danger to soil
invertebrates, small mammals and especially early
nesting bird species. As a consequence the prac-
tice of burning is unacceptable to conservationists
in many countries (Pons et al. 2003, Pons & Bas
2005, Valkama et al. 2008, Dyrcz 2010, Moga 

et al. 2010, Pérez-Granados et al. 2013). On the 
other hand, vegetation management to prevent
succession is expensive and has become less com-
mon. Hence, marsh habitats and open areas
favoured by many bird species have both declined
(Dyrcz 2010, Williams et al. 2013). One of the
species strongly dependent on extensively man-
aged marsh habitats is the Aquatic Warbler
Acrocephalus paludicola, a globally threatened
passerine with a world population estimated at
10,200–14,200 singing males (Flade & Lachmann
2008). The major reason for this decline has been
the loss of breeding habitat (Flade & Lachmann
2008, Kubacka et al. 2014). The Aquatic Warbler is
a habitat specialist, breeding in broad lowland
river valleys, mainly on mesotrophic and slightly
eutrophic sedge fen mires, with water depth of
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Abstract. Breeding ranges of European bird species will probably shift as a result of the climate change in forthcoming
decades. Although it is unclear whether these shifts will come true, one perceives the magnitude of these shifts as a
measure of the intensity of the pressure of climate change on particular species. From this perspective, it is interesting
to ask how these shifts relate to current species’ population trends. For this purpose, we related the data on potential
northward shifts of European breeding ranges based on projections of climate change to the long-term population
trends for the period 1982–2011 of birds breeding in the Czech Republic. We predicted that the relationship between
the magnitude of range shift and the population trend will vary according to the geographic position of species’ distri-
bution in relation to the position of the Czech Republic. The results indicated support for this prediction. After account-
ing for the effects of various ecological traits like habitat association, migration and life history strategy, populations of
the species with the largest shift declined, if the centre of their distribution was in the northern Europe, but increased
if their distribution centre was on the south of the continent. These results suggest that the climate change is among the
main factors causing recent changes in bird populations but its effects strongly depend not only on species sensitivity
to these changes but also on geographic context. 
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INTRODUCTION

Long-term population trends are directional
changes in species population sizes and reflect
their responses to the most important environ-
mental pressures (Greenwood 2003). From a con-
servation perspective, data on population trends
give us the information about potential threats to
population of common species: if a negative trend
lasts over sufficiently long time period, an origi-
nally common species becomes rare and vulnera-
ble (Reif 2013). Therefore, determining factors sig-
nificantly associated with long-term population
declines or increases helps us to set priorities 
in practical conservation of the focal species 
(Gre gory et al. 2005, 2007). Although human-
caused habitat alteration is the key factor causing
the decrease or increase of bird populations 
(Reif 2013, Vickery et al. 2014), the increasing
importance of the climate change (Pautasso 2012)
and the interactions between these two factors
(Man tyka-Pringle et al. 2012) have recently been
recognized.

The impact of recent changes in climate on
birds is still hotly debated (Jetz et al. 2007,
Sekercioglu et al. 2008). Species show a variety of
responses to warming climate including physio-
logical adaptations, phenological changes and
changes in distribution (Bellard et al. 2012). It is
thus difficult to express their sensitivity to the cli-
mate change using one metric comparable over a
wide range of species. In this respect, one possibil-
ity offers the climatic envelope modelling. Under
this framework, the current distribution of a
species is related to the climatic conditions in its
breeding range, which provides a possibility to
obtain a statistical description of its climatic niche
(Araujo et al. 2009). This can be used for the pre-
diction of its future climatic breeding range based
on projections of future climate (Huntley et al.
2007). In the next step, one can calculate differ-
ences in locations between this predicted future
climatic range and the current climatic range of
that species (Huntley et al. 2007). This difference
informs us about the magnitude of potential
range shift of a given species (Goodenough &



Over recent decades, dramatic changes in popula-
tion densities have been documented for long-dis-
tance migrants that winter in Africa (Sanderson et
al. 2006). To better understand the declines, we
should know non-breeding habitat use and the
extent of migratory connectivity (degree to which
individuals are geographically linked across the
annual cycle, Webster et al. 2002). In the case of
strong migratory connectivity, individuals of a
given breeding population winter close to each
other and share similar conditions during winter,
whereas low connectivity leads to extensive mix-
ing of individuals that are exposed to diverse
selection regimes across the wintering range.
Migratory connectivity can thus have important
consequences for the ecology and conservation of
migratory birds (Sheehy et al. 2010). However,
studies assessing the extent of migratory connec-
tivity have been hampered by the extremely low

number of recoveries from conventional ringing
(Norris et al. 2006). Stable isotope ratios in avian
tissues have therefore been widely used as indica-
tors of geographic origin and habitat use among
populations (reviewed by Hobson 2011).

The Marsh Warbler Acrocephalus palustris is a
small, insectivorous passerine that breeds across
the temperate Western Palaearctic region. Birds
from the entire breeding range follow the East
African migratory pathway, and winter in south-
eastern Africa (Dowsett-Lemaire & Dowsett 1987).
The Marsh Warbler is one of the passerine species
whose long autumn journey to southern Africa is
known to occur in two stages. A rapid migration
to northeast Africa is followed by an interruption
for 2–3 months in an unknown area west of 
the Rift valley where many individuals undergo
partial moult. Only in November–December 
do the birds resume their journey to the final 
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Abstract. We analysed stable carbon (δ13C) and nitrogen (δ15N) isotope ratios in Marsh Warbler Acrocephalus palustris
feathers sampled in Europe and Africa to assess non-breeding habitat selection and location of wintering grounds of
different breeding populations. Feather δ13C values showed that Marsh Warblers occupy a biome dominated by C4 veg-
etation during the stopover in northeastern Africa, whereas C3 habitats are used during the complete moult in south-
ern Africa. East European Marsh Warblers differed in their stable isotope profiles from other European regions, suggest-
ing a certain level of population segregation in southern Africa. A dual-isotope assignment approach confirmed this dif-
ference and helped us restrict the autumn staging areas to lower elevations of the Ethiopian Highlands west of the Rift
valley. Available ring recoveries, however, suggested high levels of population mixing both on migration through East
Africa and in the final wintering grounds. 
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Abstract. Taking the first IUCN Red List from 1988 as a starting point, I review trends in the threat status of the wood-
pecker species of the world, the geographical distribution of (near-) threatened woodpecker species, threat factors
affecting these species, and the research output about them. Between 1988 and 2013 the number of genuinely Red
Listed woodpeckers (categories Near Threatened and up) increased from 20 to 28 species and the number of species in
the categories Vulnerable and up from 8 to 12. As percentage of recognised woodpecker species in the different years,
the increase in Red Listed woodpecker species was even sharper. The geographical distribution of Red Listed wood-
peckers stayed constant between 1988 and 2013, with over half of the species in Latin America, about one quarter in
Asia, and none in Europe. A taxonomic reappraisal adopted by IUCN in 2014 raised the total number of recognised
woodpecker species to 254 and of Red Listed woodpecker species to 42, of which 40% occur in Asia. Nearly all Red
Listed woodpecker species on the 2013 list are threatened by deforestation. Out of 28 species, 10 are also threatened by
selective logging, and these 10 are in higher threat categories. Woodpecker conservation research should focus in par-
ticular on the species sensitive to selective logging, to assess their within-habitat requirements and thresholds. The out-
put of research on Red Listed woodpeckers in the past 25 years was heavily skewed to three North American species:
Red-headed Woodpecker Melanerpes erythrocephalus, Red-cockaded Woodpecker Picoides borealis and Ivory-billed
Woodpecker Campephilus principalis. I identify 10 priority species to focus woodpecker conservation research on, four
from Latin America: Speckle-chested Piculet Picumnus steindachneri, Fernandina's Flicker Colaptes fernandinae, Black-bod-
ied Woodpecker Dryocopus schulzi, Helmeted Woodpecker Dryocopus galeatus; and six from Asia: Okinawa Woodpecker
Dendrocopos noguchii, Korean White-bellied Woodpecker Dryocopus richardsi, Great Slaty Woodpecker Mulleripicus pul-
verulentus, Red-collared Woodpecker Picus rabieri, Yellow-faced Flameback Chrysocolaptes xanthocephalus and White-
rumped Woodpecker Meiglyptes tristis.  

Key words: IUCN Red List, old-growth forest, selective logging, threat factors, conservation, woodpeckers
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INTRODUCTION

Woodpeckers are a near-cosmopolitan family of
birds occurring on all continents except Australia
and Antarctica. Most species in the family live in
forests or woodland ecosystems but some are
adapted to open areas with few or no trees. Some
woodpecker species are rather flexible in their
habitat requirements and can live in intensively
managed forests or in tree plantations, whereas
other species are closely dependent on natural or
old-growth forests (Winkler & Christie 2002).
When an old-growth specialist woodpecker
species occurs in a restricted geographical range
and there is considerable deforestation and forest

modification in its range, it is usually globally
threatened, and a worrisome number of wood-
pecker species are now in this situation. Even so,
the proportion of threatened species in the wood-
pecker family is relatively low, whereas it is
markedly high in such bird families as pigeons or
parrots (Bennett & Owens 1997). The difference in
the proportion of threatened species between bird
families is to a large extent related to the propor-
tion of island endemic species in each family,
which is rather low in woodpeckers. Independent
from the family average of threatened species,
woodpecker species that are old-growth or natu-
ral forest specialists are often among the most sen-
sitive and visible vertebrates affected by changes
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Abstract. The Acorn Woodpecker Melanerpes formicivorus is one of a small number of woodpecker species that are coop-
erative breeders, living in family groups of up to 15 individuals of both sexes and all ages and exhibiting a complex mat-
ing system involving multiple cobreeders of both sexes (polygynandry). Although much has been learned concerning
the social organisation and ecology of this species, over 45 years of research at Hastings Reservation, central coastal
California, USA, has left us with a large number of unanswered questions ranging from relatively minor issues such as
why adults have white eyes and why juveniles have a plumage similar to adult males to more major issues such as how
cavity limitation could act as a driver of their unique social behaviours and how brood reduction is adaptive. Here we
briefly discuss some of these questions and speculate as to how they might be addressed by future work. Long-term
studies are important as a means of addressing many demographic and behavioural questions, but are even more valu-
able as a means of generating new questions that would have been overlooked without detailed knowledge of natural
history and general ecology.  

Key words: Acorn Woodpeckers, Melanerpes, caching behaviour, cooperative breeding, eye colour, food storage, juvenile
plumage, social behaviour, cavity
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INTRODUCTION

Cooperative breeding, whereby some individuals
help raise young that are not their own (Koenig &
Dickinson 2004), is found in an estimated 9% of
birds worldwide (Cockburn 2006) and is widely
distributed taxonomically (Arnold & Owens 1999).
Of the 182 species of true woodpeckers (subfami-
ly Picinae) recognised by Winkler & Christie
(2002), the proportion known or suspected to live
in family groups and exhibit cooperative breeding
is similar, with approximately 18 (9.8%) in this cat-
egory. Of these, eight (44%) are members of the
genus Melanerpes, a relatively large Neotropical
genus of 22 species with eclectic and often diverse
food habits, only rarely including the classical
woodpecker habit of excavating for wood-boring
larvae. 

With over a third of species in this genus
exhibiting cooperative breeding, Melanerpes
exhibits far more sociality than any other major

woodpecker genus and, although a critical phylo-
genetic analysis has yet to be performed, would
appear to contain significantly more cooperative
breeders than expected, similar to several genera
of passerine birds including Campylorynchus
wrens, Malurus fairy-wrens, Pomatostomus bab-
blers, and Cyanocorax jays (Edwards & Naeem
1993). Studies of at least one other social
Melanerpes species — the colonial Hispaniolan
Woodpecker M. striatus — is ongoing, but other-
wise none of the other highly social species in this
genus has been studied in detail, and cooperative
breeding is known only anecdotally in several. 

Here we emphasise not what is known about
the cooperatively breeding Acorn Woodpecker —
one of the most extensively studied of all species
in the family (Mikusiński 2006) — but rather what
we do not know about its ecology, behaviour, and
evolution. This wealth of questions is striking
because it follows 45 years of work and two long-
term studies of this species, including our own
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Abstract. Relationships among cavity-nesting birds, trees, and wood decay fungi pose interesting management chal-
lenges and research questions in many systems. Ornithologists need to understand the relationships between cavity-
nesting birds and fungi in order to understand the habitat requirements of these birds. Typically, researchers rely on
fruiting body surveys to identify the fungal players in these relationships. Fruiting body surveys enable nondestructive
sampling, but vastly underestimate fungal presence and diversity and may miss species of critical importance to cavi-
ty-nesting birds; thus new methods for such analyses are necessary. Here we present a novel technique to nondestruc-
tively sample the wood inside tree cavities, which produces samples that can be processed using DNA-based methods
to identify fungi. We tested our method on Red-cockaded Woodpecker Picoides borealis excavations, half of which were
from trees with Porodaedalea pini fruiting bodies. Using our new approach, we detected P. pini in 90% of the excavations
in trees with fruiting bodies, but also in 60% of the excavations in trees without fruiting bodies and identified nine addi-
tional taxa of wood decay fungi that did not have fruiting bodies present. Our approach offers improved detection of
fungi through non-destructive sampling of excavated cavities and we developed an improved primer specific to the
fungal phylum that contains most wood decay fungi (Basidiomycota), thus providing managers and researchers a crit-
ical tool to better determine which fungi are important to cavity-nesting birds.

Key words: Basidiomycota specific primer, cavity-excavating birds, cavity-nesting birds, excavators, fungi, hole-nesting
birds, ITS4b-21, Picoides borealis, Porodaedalea pini, Red-cockaded Woodpecker, wood decay fungi  
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INTRODUCTION

Primary and secondary cavity-nesting birds rely
heavily upon tree cavities. Heartwood infecting
fungi help create suitable excavation habitat for
cavity-excavating birds by softening the wood
surrounding excavation sites (Conner et al. 1976,
Jackson & Jackson 2004, Witt 2010, Cockle et al.
2012, Zahner et al. 2012). Fungi also create 
non-excavated or “naturally formed” cavities
which are used by cavity-nesters in many sys-
tems (Cornelius et al. 2008, Cockle et al. 2011,

Wesołowski 2012). However, very little is known
about which fungi actually inhabit the wood sur-
rounding excavated and non-excavated cavities. A
better understanding of the fungal inhabitants of
excavation sites and sites of naturally occurring
cavities is necessary in order to better understand
cavity formation processes and the dynamics of
cavity-nesting communities and to inform forest
management affecting these species. 

Some studies have implicated specific wood
decay fungi to be associated with cavity-
excavating birds. For example, Red-cockaded
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Abstract. Ecological impacts of habitat change on woodpeckers remain largely unstudied in regions other than Europe
and North America. The sub-Himalayan sal Shorea robusta forests of northwest India have 17 woodpecker species, and
a history of management-induced habitat modification. We studied how habitat parameters affect woodpeckers at a
community level (viz. total abundance and species richness) as well as at individual species level. We assessed wood-
pecker abundance, species richness and described habitat features at 8 sites representing a gradient of structure and
composition in a sal-dominated landscape. We surveyed each site in 2-km-long transects 20 times over breeding and
non-breeding seasons and evaluated habitat characteristics in 10 circular and belt plots. We analysed woodpecker abun-
dance, species richness, and abundance of individual species as functions of habitat variables and season. Woodpecker
encounter rates and mean species richness, respectively, ranged from 1.5 to 10.0 birds/km and 1.7 to 6.9 species per sur-
vey at individual sites. Distance-based estimates of densities for the most frequently-observed species were also
obtained. Basal area (large trees) and density of snags positively influenced total woodpecker abundance and species
richness, with snags being more important during breeding season. Basal area was important for Greater Flameback
Chrysocolaptes lucidus, Grey-faced Woodpecker Picus canus, Fulvous-breasted Woodpecker Dendrocopos macei and Lesser
Yellownape Picus chlorolophus. Snags, tree density, tree diameter and termitarium density appeared to affect Grey-
capped Pygmy Woodpecker Dendrocopos canicapillus, Black-rumped Flameback Dinopium benghalense, Himalayan
Flameback Dinopium shorii and Streak-throated Woodpecker Picus xanthopygaeus. Hence, for the conservation of native
woodpecker communities in sal forests, it is necessary to retain large trees and standing dead wood.

Key words: bird communities, forest management, Picidae, seasonality, Shorea robusta, sub-Himalayas, vegetation struc-
ture, selective logging

Received — April 2014, accepted — Dec. 2014

ACTA ORNITHOLOGICA
Vol. 49 (2014) No. 2

INTRODUCTION

In bird communities, the densities of individual
species as well as the number of species in a given
habitat is influenced by resource availability.
Resources, in turn, are largely dependent on veg-
etation structure, which defines the suite of forag-
ing opportunities in a habitat (Gill 2006).
Avifaunal communities are highly sensitive to
changes in habitat caused by human activity. This
includes alteration of structural attributes such as
tree density, tree size heterogeneity, abundance of
old trees and snags (Mac Nally 1990, Raman et al.
1998, Jayapal et al. 2009) and tree species composi-
tion (Fleishman et al. 2003, Lee & Rotenberry

2005), which may translate into alteration in qual-
ity and quantity of forage available.

Woodpeckers (family Picidae) are considered
keystone species and particularly important for
conservation because of their ability to create cav-
ities that are crucial for many other organisms
(Martin & Eadie 1999). Diversity of woodpeckers
is a reliable predictor of the general avifaunal
diversity both at the stand level (Drever et al. 2008,
Kumar et al. 2011) and at the landscape scale
(Mikusinski et al. 2001). Hence, picids are useful in
assessing the status of bird diversity and ecologi-
cal health of a forest (Drever & Martin 2010).
Woodpeckers tend to have very specific habitat
requirements, such as abundance of large trees
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Abstract. Animal constructions represent an extension of the individual phenotype upon which selection may act to
create discernable population level patterns. Here we explore global patterns in woodpecker cavity entrance orienta-
tion to infer underlying selective forces that shape cavity construction. We performed a comprehensive systematic
meta-analysis of woodpecker cavity entrance orientation from 80 populations of 23 species of woodpeckers and other
picids throughout the Northern Hemisphere. We show that woodpecker cavity entrance orientation is typically non-
random, suggesting that selection acts on cavity entrance orientation. The proportion of studies in which significant
results were found increased significantly with sample size, and we estimated that more than half of the studies with
a sample size of at least 100 showed non-random cavity entrance orientation. Populations occurring at higher latitudes
preferred a more southerly orientation, indicating that temperature or something related thereto may be driving cavi-
ty entrance orientation. Differences between Eurasia and North America in orientation are consistent with this hypoth-
esis. Taxonomic relationships were not a significant predictor of the strength of orientation and thus unrelated wood-
pecker populations respond similarly to regional environmental drivers. Our results demonstrate latitudinal and con-
tinental patterns that strongly suggest regional climate as a selective force on cavity entrance orientation. Further work
utilizing available long-term data sets throughout the world promises to uncover possible fitness consequences of cav-
ity orientation on woodpeckers. 

Key words: animal architecture, building alignment, primary excavators, Picidae, nest site selection, cavity entrance 
orientation, nest holes 

Received — April 2014, accepted — Dec. 2014

ACTA ORNITHOLOGICA
Vol. 49 (2014) No. 2

INTRODUCTION

A variety of animals act as architects by modifying
their environment to create structures to provide
food or shelter, or attract mates (Hansell 2005).
Well-known examples of animal architecture
include termite mounds (Korb & Linsenmair
1999), fish nests (Kawase et al. 2013), rodent bur-
rows (Dawson et al. 1988) and bird nests (Hansell
2000). Construction of animal architecture has
impacts that expand beyond the architects them-
selves because the built structures provide habitat
and resources for a variety of other taxa (Coleman
& Williams 2002). Therefore, animal architects can
be considered to be ecosystem engineers (Jones et
al. 1996) and the selective forces that act on archi-
tects and guide the structure and function of their

constructions may have community-level implica-
tions (Wright & Jones 2004). For instance, in cer-
tain cases, woodpeckers create new niches
through excavation in systems where naturally
formed cavities are not abundant, thereby provid-
ing habitats for a variety of secondary cavity
nesters (Aubry & Raley 2002, Saab et al. 2004,
Blanc & Walters 2008). While there are numerous
studies that investigate the structure and function
of insect buildings or mammalian tunnel-systems
and nests, bird architecture is much less under-
stood (Hansell 2000).

The alignment of animal constructions can
influence their function and provide evidence of
the underlying selective forces and environmental
cues that guide animal architecture. Animal build-
ings represent an extended phenotypic trait
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Abstract. Most bird species display sexually dimorphic traits. In contrast to this general rule, both males and females of
the Middle Spotted Woodpecker present a carotenoid red cap, which constitutes mutual ornamentation. In our study
we investigated whether pair members are matched in terms of the brightness of this ornament. We also examined the
similarity between mates in red cap size as well as biometric parameters, such as weight and the length of the wing,
beak and tarsus. We found that males and females within pairs were positively assortatively mated with respect to the
red cap brightness as well as body weight. We found no similarity between pair members neither in red cap size nor
the length of wing, beak or tarsus. We discuss our findings in the light of mutual mate choice, social competitions and
other factors that may account for the similarity in expression of the red cap in the studied species.

Key words: mutual ornamentation, assortative mating, carotenoid ornaments, Middle Spotted Woodpecker 
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INTRODUCTION

Most studies of sexual selection in birds have con-
centrated on species with sexually dimorphic traits,
in which males are characterized by elaborated
ornaments. After the years of research it has been
well documented that male ornamentation evolved
due to selective pressures of male-male competi-
tion and/or female choice (Andersson 1994). Rela -
tively less research has been devoted to the evolu-
tion and function of female ornamentation, despite
the fact that in many species both sexes display
the same kind of ornaments, which is defined as
mutual ornamentation (Kraaijeveld et al. 2004). 

Mutual ornamentation may be explained by
genetic correlation between males and females
(Hill 1993, Cuervo et al. 1996, Roulin et al. 2001) or
social competition over non-sexual resources, for
example food or winter territories (Kraaijeveld &
Dickinson 2001). This kind of selection may lead to
evolution of badges of status in males and females
signaling their position in hierarchy (Zahavi 1991).
Alternatively, mutual ornamentation may result
from sexual selection acting on both males and
females. The first documented case of mutual mate
choice in birds reported on the Crested Auklets

Aethla cristatella, a species in which both males and
females showed strong preferences towards
opposite-sex individuals with accentuated orna-
ments (Jones & Hunter 1993). Since then growing
numbers of studies have demonstrated mutual
sexual selection in avian taxa (reviewed in
Kraaijeveld et al. 2007). 

In its theoretical frames mutual sexual selec-
tion may be expected if (a) individuals differ in
quality, (b) both sexes display ornaments reflecting
their individual quality, (c) reproduction is partic-
ularly costly for both sexes and (d) both sexes
invest equally in rearing offspring. According to
above premises, the studies that confirmed mutu-
al sexual selection in birds concerned monoga -
mous species of biparental care of nestlings (e.g.
Monaghan et al. 1996, Hunt et al. 1999, Faivre et al.
2001, Romero-Pujante et al. 2002). In a number of
studied species the expression of mutual orna-
ments was related to individual quality (Kraaij -
eveld et al. 2007). If mutual ornamentation results
from mutual mate choice, one may expect positive
assortative mating, in which highly ornamented
individuals would choose highly ornamented
partners, leaving less ornamented individuals to
pair among themselves (e.g. Johnstone 1997). A
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Abstract. Nest success is often used to evaluate the impact of environmental stressors on species, but nestling growth
may also be indicative of subtle consequences on individual fitness. We monitored Black-backed Woodpecker Picoides
arcticus nestling growth in unburned boreal forests under the influence of commercial logging. The objectives of our
exploratory study were to estimate growth rate constants of weight and three morphometric measures (culmen length,
tarsal length and wing length) in nestling Black-backed Woodpeckers and to determine how the amount of old conif-
erous habitat in home ranges may affect these rates. The amount of old coniferous habitat positively influenced weight
gain in Black-backed Woodpecker nestlings but did not influence the three morphometric measures of growth rate. Our
results suggest that Black-backed Woodpecker fitness may be affected by the reduction of old coniferous habitat in man-
aged forest landscapes. We encourage further studies on the relationship between habitat quality and nestling growth
as a potentially useful indicator of how habitat loss might influence individual fitness in these species. 

Key words: cavity-nesting bird, fitness, forest management, nestling growth rate, unburned boreal forest, woodpecker 
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INTRODUCTION

Nest success is often used to evaluate the impact
of environmental stressors on species (Johnson
2004), but more subtle consequences on parental
fitness may be evaluated by nestling growth
(Starck & Ricklefs 1998). Slower growth at early
life stages may negatively affect individuals
through lowered post-fledging survival (Gebhardt-
Heinrich & Richner 1998, McCarthy 2001) and
even have long-term effects by decreasing the
ability to obtain a breeding territory or a mate, or
by lowering fecundity (Richner 1992). The growth
rate of altricial bird species is thought to be con-
strained by the ability of nestlings to assimilate or
process food, or by the rate at which tissues prolif-
erate (Ricklefs et al. 1998). Further more, nestling
growth may be affected by various external fac-
tors, including parental age and physical condi-
tion, choice of breeding habitat, hatching date,

clutch size, and environmental conditions
(Ricklefs 1983). Many environmental constraints
may affect nestling growth but most are related to
food supply (Gebhardt-Heinrich & Richner 1998).
Food availability (quantity and quality) or deliv-
ery rates may limit nestling development (Lack
1968) so that nestling growth patterns may reflect
differences in nestling habitat quality (Duguay et
al. 2000). 

Species that rely on scarce or ephemeral
resources for foraging may exhibit higher variabil-
ity in their nestling growth rate. The Black-backed
Woodpecker Picoides arcticus is a North American
boreal habitat specialist that selects areas populat-
ed by xylophageous insects (especially members
of the Cerambycidea, and Buprestidae). Many
authors have associated the Black-backed Wood -
pecker with recently burned habitats (Hutto 1995,
Murphy & Lehnhausen 1998, Hoyt & Hannon
2002) although the species breeds successfully in


