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Summary

Woodpeckers are important target species for conservation biology research. They are considered to

be indicator species for naturally dynamic forests and sustainable forest management practices as

well as key-stone species in forest ecosystems. As most European woodpecker species depend on

naturally dynamic temperate deciduous forests, many species are affected by the habitat degradation

caused by the human-induced changes in these forest ecosystems.

In my study, I focussed on the mechanisms underlying the coexistence of the generalist great spotted

woodpecker (Dendrocopos major), the most numerous and wide-ranging woodpecker species in the

Palearctic, and the similar-seized middle spotted woodpecker (D. médius), a forest insectivorous

specialist that is particularly threatened by habitat loss and seems to be in decline in many parts of

Europe. The study was conducted in the Niderholz forest in the Northeastern part of the Swiss

lowlands, where great and middle spotted woodpeckers are syntopic. This forest is one of the most

important breeding areas for middle spotted woodpeckers in Switzerland.

In order to study the habitat use and spatial patterns of these woodpecker species during the pre-

breeding and breeding season, I developed a systematic randomised sampling design based on GPS

and GIS technologies. In a first step, I analysed the differences in habitat use between great spotted

woodpeckers and middle spotted woodpeckers. Before the foliation of oaks at the end of April, great

spotted woodpeckers most strongly responded to the amount of dead limbs on living trees, and after

the emergence of oak leaves the presence of old trees with diameter at breast height > 36 cm was the

best predictor for this species' habitat use. These findings suggest a shift in great spotted woodpecker

habitat use that occurred with the foliation of oaks. The extent of old growth oak stands best explained

middle spotted woodpecker habitat use before and after the foliation of oaks. This result raises the

concern that middle spotted woodpeckers could be sensitive to fragmentation of old growth oak stands

not only on the landscape level, but also within single forest areas.

I then studied if spatial patterns indicate the presence of inter- or intraspecific interactions between

these woodpecker species. My results suggest that habitat structure is the single most important factor

that determines the spatial patterns of great spotted woodpeckers and middle spotted woodpeckers in

the Niderholz study area during the pre-breeding and breeding season. Yet, this general pattern is

influenced to a variable degree by inter- and intraspecific interactions.

Most woodpecker species are difficult to survey accurately, because they often live in forested habitats

with low visibility, use large home ranges and behave inconspicuously. Commonly used methods

present many difficulties for assessing population size of these birds. As a further practical application

of my methodological approach I therefore tested if distance sampling, a detectability-based method to

estimate population size, might be used as an alternative to nest cavity searches and playback census

methods used for woodpeckers so far. I found that distance sampling provides robust estimates of

woodpecker populations in forest habitats, if calculations are based on at least 200 observations per

species.



3

ZUSAMMENFASSUNG

Spechte sind wichtige Zielarten für die Naturschutzforschung. Sie gelten als Indikatorarten für die

natürliche Dynamik in Wäldern und für eine nachhaltige Waldbewirtschaftung sowie als Schlüsselarten

im Waldökosystem. Die meisten der europäischen Spechtarten sind auf Laubwälder der gemässigten

Zonen mit natürlich ablaufenden Prozessen angewiesen. Viele dieser Arten sind deshalb durch die

veränderte Bewirtschaftung der Waldökosysteme in starkem Mass betroffen.

In dieser Arbeit habe ich die Mechanismen untersucht, die die Koexistenz von Buntspecht

(Dendrocopos major) und Mittelspecht (D. médius) während der Balz- und Brutzeit ermöglichen. Als

Nahrungs- und Habitatgeneralist ist der Buntspecht die häufigste Spechtart der Paläarktis. Der

ungefähr gleich grosse Mittelspecht hingegen, der auf waldlebende Arthropoden als Nahrung

spezialisiert ist, gilt als besonders gefährdet durch den Verlust von geeigneten Habitaten und scheint

in vielen Teilen Europas im Rückgang begriffen. Meine Untersuchung habe ich im Niderholz, einem

ursprünglich als Mittelwald bewirtschafteten Eichen-Hagebuchenwald mit syntopen Vorkommen der

beiden Spechtarten, durchgeführt.

Für die Auswertung von Habitat- und Raumnutzung der beiden Arten habe ich eine Methode

entwickelt, die auf einem systematisch-zufälligen Beobachtungsschema beruht. Zuerst habe ich mit

diesem Ansatz die Unterschiede in der Habitatnutzung von Bunt- und Mittelspecht analysiert. Vor dem

Blattaustrieb der Eichen, der in dieser Region Ende April stattfindet, nutzten die Buntspechte Flächen

mit viel stehendem Totholz und Totästen an lebenden Bäumen. Nach dem Blattaustrieb der Eichen

konnte die Habitatnutzung der Buntspechte am besten durch das generelle Vorhandensein von alten

Bäumen (Durchmesser auf Brusthöhe > 36 cm) erklärt werden. Diese Resultate deuten auf eine

Veränderung in der Habitatnutzung beim Buntspecht hin, die mit dem Austrieb der Eichenblätter

zusammenhängt. Das Vorkommen von Alteichenflächen erklärte die Habitatnutzung des Mittelspechts

sowohl vor als auch nach dem Blattaustrieb am besten. Dieser Befund zeigt deutlich die Wichtigkeit

von zusammenhängenden Alteichenflächen für diese Art und lässt vermuten, dass Mittelspechte nicht

nur durch die Fragmentierung von Alteichenflächen in der Landschaft, sondern auch innerhalb von

Waldbeständen beeinträchtigt werden könnten. Anschliessend untersuchte ich, ob sich anhand der

Raumnutzungsmuster von Bunt- und Mittelspecht inter- oder intraspezifische Interaktionen erkennen

lassen. Es zeigte sich, dass während des gewählten Untersuchungszeitraums in erster Linie die

Habitatfaktoren die Raumnutzungsmuster der beiden Arten bestimmen, während inter- und

intraspezifische Effekte die Raumnutzung in geringerem Mass zu beeinflussen scheinen.

Aufgrund der schlechten Sichtverhältnisse in Wäldern, der Grösse der Aktionsräume vieler Arten und

dem meist unauffälligen Verhalten sind exakte Bestandesschätzungen von Spechten schwierig. Im

Sinne einer praktischen Anwendung meiner Methode untersuchte ich deshalb, ob die damit

gewonnenen Daten mittels Distance sampling, einem kürzlich entwickelten Verfahren zur

Bestandesschätzung, auch für die Schätzung von Spechtpopulationen in Wäldern eingesetzt werden

können. Meine Ergebnisse zeigen, dass Distance sampling robuste Bestandesschätzungen von

Spechtbeständen liefern kann, wenn die Berechnungen auf mindestens 200 Datenpunkten pro Art

basieren.



General Introduction 4

1. Introduction

1.1. Background

The study of the habitat requirements of animals is one of the most important issues in present-day

conservation biology and provides invaluable information for the management of species and

ecosystems. Still, many constraints other than the availability of suitable habitats influence the

distribution and abundance of mobile species, such as dispersal ability and interactions with

conspecifics and heterospecifics (Pulliam, 2000; Jones, 2001). Also, it has been recognised that the

density of a species in a given habitat type is not necessarily a reliable indicator of habitat quality (Van

Home, 1983), and source-sink theory suggests that species may occur regularly in habitats not

suitable for long-term survival and reproduction, as long as immigration is sufficiently large (Pulliam,

2000).

In my diploma thesis I studied the habitat use of the lesser spotted woodpecker (Dendrocopos minor),

a small woodpecker species inhabiting deciduous forests and open areas with old rough-barked trees

(Miranda and Pasinelli, 2001). My observations of this species suggested that habitat requirements

alone do not fully explain its spatial distribution. Despite of an apparent plasticity in habitat use, the

overall density of lesser spotted woodpeckers remains very low even in optimal habitats (Glutz von

Blotzheim and Bauer, 1980). Based on these observations, I hypothesised that the relations and

interactions between species occupying the same habitat may influence the use of suitable habitats in

this species to an unknown degree. The situation of the lesser spotted woodpecker and the potential

interactions with other species thus constituted the starting point of this study. I assumed that the most

probable interactions occur among syntopic species of the Dendrocopos taxon guild, namely with the

great spotted woodpecker (D. major) und middle spotted woodpecker (D. médius) that due to their

larger body sizes are believed to be competitively superior to the lesser spotted woodpecker. The

conservation status of the middle spotted woodpecker in Switzerland is considered vulnerable (Keller

et al., 2001), and this bird is listed as a priority species for species action plans (Bollmann et al.,

2002), whereas great spotted woodpecker populations are stable on a high level (Schmid et al., 1998).

In retrospect, it were these discrepancies in density and conservation status that motivated my interest

in the mechanisms and constraints underlying the coexistence of these species, as well as the

implications of coexistence patterns for the conservation and management of the lesser spotted

woodpecker and middle spotted woodpecker.

1.2. General framework

A large body of concepts and theories is concerned with the structure of species communities and

coexistence. The best known and one of the most controversially discussed theory in this field of

ecology is Hutchinson's niche concept (Hutchinson, 1957; Hutchinson, 1959). Originally, the niche

concept suggested that species can coexist in the same habitat if they differ at least to some degree in

their response to the environmental factors they consume. The fundamental niche of a species is

defined as n-dimensional hypervolume of environmental factors. Following the development of
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metapopulation and source-sink theory and the progression of landscape ecology, modern niche

theory incorporated temporal and spatial heterogeneity that influence patterns of community structure

as well (Kneitel and Chase, 2004; Chase, 2005).

Other approaches to community ecology contrast Hutchinson's niche theory: recently, Hubbell (2001)

and others claimed that the niche concept is inadequate to explain the diversity of species and

suggested a "neutral theory of community structure" that explains community structure as a function of

the metacommunity size, dispersal and speciation rate (for example Chave, 2004). Yet, an empirical

verification of these concepts is rare (Pulliam, 2000). The systems and mechanisms of coexistence

were examined mostly in plant and sessile invertebrate communities; only few studies deal with animal

communities (e.g. Kelt, 1995; Morris, 1996; Morris et al., 2000; Aunupuu and Oksanen, 2003;

Abramsky et al., 2005; Algar et al., 2005).

Within the framework of the Hutchinsonian niche concept, researchers assumed that competition is

the most important mechanism influencing the coexistence of species. The actual impact of

competition on community structure, however, has been a controversial issue of discussion among

community ecologists since the 1970's (for example Schoener, 1974; Connell, 1983; Roughgarden,

1983; Schoener, 1983; Simberloff, 1983; Connor and Simberloff, 1986). Recently, the mechanisms

acting between the species in a community were found to be much more complex and variable

depending on environmental conditions. Removal experiments revealed that the ecological

interactions between two wood warbler species (Vermivora spp) extend far beyond competition for

food and result in considerable fitness costs for the species involved (Martin and Martin, 2001).

Mönkkönen et al. (2004) found species interactions in potentially competing forest birds to vary in

relation to the density of a potential competitor and to switch from positive to negative along

environmental gradients, and Forsman et al. (2002) identified positive fitness consequences of

interspecific interactions with a potential competitor. Furthermore, the influence of a common predator

was shown to influence coexistence between potential competitors (Krams and Krama, 2002; Morris,

2003).

1.3. Methodological approach

In conservation biology, the influence of interspecific interactions has mostly been disregarded by

scientists trying to explain the habitat use of vertebrate species. This is in part due to the difficulties

arising under field conditions. In order to demonstrate the impact of interactions, researchers are

expected either to manipulate the density of species to get a numerical response or to study niche

shifts in areas of sympatry and allopatry. In most field studies difficulties arise with both of these

approaches: Density manipulations, especially of endangered species, are not justifiable from the

ethical point of view. Areas of sympatry and allopatry of one species, provided they exist, may be too

different in habitat quality to provide useful results.

For the study of woodpecker habitat or resource use most authors refer to radiolocation data (for

example Rolstad and Rolstad, 1995; Hoentsch, 1996; Pasinelli, 1999; Pasinelli, 2000a; Pasinelli,

2000b; Pasinelli et al., 2001; Wiktander et al., 2001; Bachmann and Pasinelli, 2002; Pechacek and

d'Oleire-Oltmanns, 2004). The use of radiotelemetry offers many advantages, such as the individual
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identification of a located animal and its home range or territory, but also implies limitations on the

study design: Datasets are usually based on a relatively small number of individuals and do not

provide any information about the whole population inhabiting the study area. To examine the

mechanisms underlying the coexistence of great spotted, middle spotted and lesser spotted

woodpecker, I decided to focus on the resource use and spatial patterns of the whole population

inhabiting the study area instead of the habitat use of single individuals. Therefore, I conducted

systematic randomised behavioural observations in the whole study area to get an area-wide

representation of the spatial patterns of different species. This approach not only allows the inclusion

of data from a larger number of individuals and thus provides a better representation of the variance

within the population, but also offers the opportunity to estimate population size (see chapter 6).
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2. The Dendrocopos Taxon Guild in Central European Lowland Forests:

Ecology and Conservation

2.1. Ecology of sympatric Dendrocopos major, D. médius and D. minor

The great spotted woodpecker is the most numerous and wide-ranging woodpecker species in the

Palearctic (Glutz von Blotzheim and Bauer, 1980; Michalek and Miettinen, 2003). Its high flexibility in

habitat use and diet enables this species to live in a wide variety of habitats, from arctic taiga through

boreal and alpine boreal forests to temperate and Mediterranean deciduous forest zones. The great

spotted woodpecker forages mainly on arthropods and insect larvae, but also includes conifer seeds,

nuts, fruits and berries in its diet. In a rather complex food-gathering technique, great spotted

woodpeckers collect nuts and cones and open them in natural crevices or other places deliberately

prepared for this purpose, so-called "anvils". This plasticity in its diet is supposed to be important

especially during the winter months and in early spring, when arthropod resources are depleted. In

spring, great spotted woodpeckers are strongly territorial, and most researchers found territoriality also

during the winter months (but see Bachmann and Pasinelli, 2002). Populations are reported to be

stable or even increasing in some regions in Europe (Heath et al., 2000). Only in Southern Europe,

populations are affected by recent deforestation. Moreover, this species expanded its range into

suburban environments during the last 20 years (Weggler and Wiedmer, 2000).

Middle spotted woodpeckers inhabit deciduous forests in the temperate continental climatic zone of

the Western Palearctic from Northwestern Spain through Western, Central and Eastern Europe to the

Caucasus mountains (Glutz von Blotzheim and Bauer, 1980; Pasinelli, 2003). Although this species is

found also in old beech (Fagus silvatica) and alder (Alnus spp) forests, in most of its range it lives in

old-growth oak forests (Pettersson, 1983; Pasinelli and Hegelbach, 1997; Pasinelli, 2000a). Unlike the

slightly larger great spotted woodpecker, the middle spotted woodpecker forages almost exclusively

on arthropods that it collects on bark and leaf surfaces. Generally, this species extends its home range

during the winter months, and territoriality is observed only in spring (Bachmann and Pasinelli, 2002).

Due to the loss of deciduous and in particular oak forest habitats, the population of middle spotted

woodpeckers is in decline in most countries or even already absent in the Northern part of its

distribution range (Pettersson, 1985a; Mikusihski and Angelstam, 1997; Heath et al., 2000). In

Switzerland, the middle spotted woodpecker population is considered small and vulnerable (Keller et

al., 2001 ; Bollmann et al., 2002; Rehsteiner et al., 2004).

The distribution range of the lesser spotted woodpecker extends through the whole Palearctic

deciduous forest zone. Due to the inconspicuous behaviour of this species several aspects of its

ecology are not well known (Cramp, 1985). Recent studies have revealed quite a large range of

occupied habitat types (Török, 1990; Olsson et al., 1992; Wiktander et al., 1992; Pettersson, 1993;

Hoentsch, 1996; Coch, 1997; Miranda and Pasinelli, 2001). These rather unspecific habitat

requirements cannot explain the very low density over most habitat types (< 0.1 pairs/10 ha; Glutz von

Blotzheim and Bauer, 1980). As a consequence of anthropogenic habitat change, overall population

trends of the lesser spotted woodpecker in Europe are negative (Mikusihski and Angelstam, 1997). It

has been suggested that interspecific competition, especially from the great spotted woodpecker,
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could affect the space use of lesser spotted woodpeckers (Blume and Tiefenbach, 1997), which might

partly explain its low overall density.

Great spotted, middle spotted and lesser spotted woodpeckers' sympatric habitat use in Central

Europe is restricted by the very specific habitat requirements of middle spotted woodpeckers. In

comparison to other habitats, all three species reach high densities in deciduous forest stands

containing a large proportion of mature oaks (Glutz von Blotzheim and Bauer, 1980), as is the case in

the Niderholz forest, where this study was carried out.

2.2. Habitat partitioning in woodpeckers

Many woodpecker species display amazingly similar plumage patterns, such as the great spotted,

middle spotted and lesser spotted woodpecker community analysed here. Whereas the parallel

development of plumage pattern in closely related species would constitute a very obvious explanation

for this phenomenon, in the context of potential competition also other hypotheses have been

discussed (Winkler and Christie, 2002). The social mimicry hypothesis suggests that similar plumage

patterns may help maintain interspecific territories by impeding the optical distinction between the

species involved. In contrast, proponents of the aggressive mimicry hypothesis assert that - if one of

the species is superior in strength - a similar appearance may protect the inferior species from

interference and aggression of the superior species, as the superior competitor might refrain from

costly fights with pretended conspecifics. Yet, except for several fish communities, evidence for such

hypotheses has barely been found in nature and was demonstrated only in the context of prédation or

predator avoidance (Sazima, 2002; Moland and Jones, 2004).

Habitat partitioning is very common in woodpecker species around the world. It was hypothesised that

syntopic habitat use in this bird group could either be a by-product of phylogenetic history or the result

of interspecific interactions (Winkler and Christie, 2002). The differences in geographic relations and

post-glacial dispersal from relict populations suggest that the habitat partitioning between the great

spotted, middle spotted and lesser spotted woodpecker results from the constraints imposed by niche

differentiation rather than from common phylogenetic history (Voous, 1947).

2.3. The role of woodpeckers in the conservation and management of forest ecosystem

Woodpeckers are important target species for conservation biology research. The occurrence of

several species of woodpeckers has been suggested to be an indicator for naturally dynamic forests

(Mikusihski and Angelstam, 1997; Scherzinger, 1998) and sustainable forest management practices

(Wübbenhorst and Südbeck, 2002). Mikusihski et al. (2001) found a positive relationship between

woodpecker species richness and the number of other forest birds. In applied conservation,

woodpeckers generally are considered to be key-stone species in forest ecosystems, because as

primary cavity nesters they provide cavities for other birds, mammals or arthropod species that depend

on tree holes either for reproduction or as roosting places or shelter (Wiesner, 2001). However, recent

research suggests that the importance of woodpecker cavities for other species has partly been

overestimated (Günther and Hellmann, 2001). In Europe, nest holes of the large black woodpecker

(Dryocopos martius) seem to be the principal resource for other species, such as the stock dove
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(Columba oenas), the jackdaw (Corvus monedula), Tengmalm's owl (Aegolius funereus) and pygmy

owl (Glaucidium passerinum) (Johnsson et al., 1990; Meyer and Meyer, 2001), whereas cavities built

by smaller woodpecker species were used less frequently (Günther and Hellmann, 2001).

As most European woodpecker species depend on naturally dynamic temperate deciduous forests,

many species are affected by the habitat degradation caused by the human-induced changes in forest

ecosystems (Mikusihski and Angelstam, 1998). Forest insectivorous specialists, such as the middle

spotted woodpecker, are particularly threatened by habitat loss (Spitznagel, 1990; Mikusihski and

Angelstam, 1997).

On the landscape scale, conservation and management efforts mainly focus on preserving and

connecting suitable habitats, namely old-growth deciduous forests with a large amount of old trees

and dead wood. Within forests, conservationists aim at increasing the amount of old trees and dead

wood that constitute important habitat elements needed for foraging and building nest holes. However,

in many regions such efforts conflict with the needs of modern intensive forestry.
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3. Study Aims

3.1. Development of a GIS-based method for space use analysis

In a first step, I developed the study design and field procedures for a GIS-based method that allows

the analysis of the area-wide space use of these woodpecker species. The study design was based

on systematic randomised sampling.

3.2. Analysis of differential habitat use and spatial patterns

Effective conservation management will benefit from a more detailed knowledge of the differential

space, resource and microhabitat use of species competing for common resources. I thus examined

the response of the study species to a series of models representing habitat structures suggested to

influence habitat use and tried to identify the spatial and temporal scales at which differentiation in

habitat use between species occurs (paper 1, chapter 4).

Starting from the findings from habitat analysis, I then addressed the influence of interspecific

interactions and their impact on spatial patterns (paper 2, chapter 5).

3.3. Practical applications

Moreover, I tested if the point locations of woodpeckers obtained with the proposed field procedures

may be used to estimate population size with distance sampling (Buckland et al., 2001; Buckland et

al., 2004), a detectability-based method for population estimation advocated recently by several

authors (paper 3, chapter 6).

The systematic procedure of the proposed GIS-based method allows further practical applications in

conservation biology. As with this field procedure the sampling effort is equally intensive for the whole

study area, the intensity of use can be compared between different parts of the study area and

therefore can be directly related to the corresponding forest stands. This facilitates the identification of

areas of special interest for the target species, which is considered an important application in

conservation biology.
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4. Scale-Dependent Response to Habitat Structure in Syntopic Woodpecker

Species

Paper 1, submitted as:

Miranda, B., Pasinelli, G. (submitted): Scale-dependent response to habitat structure in syntopic

woodpecker species. Ecography.

Abstract

Our study examined the response of two syntopic woodpecker species to habitat structures during the

pre-breeding and breeding period (February - July) and aimed at identifying the spatial and temporal

scales at which differentiation in habitat use occurs. We used Poisson regression and model selection

techniques to compare the performance of models representing competing hypotheses relating to the

spatial scales and habitat structures that may influence habitat use of the study species. Both species

responded at different spatial scales: whereas a model representing the spatial configuration of habitat

(extent of old growth oak stands) best explained middle spotted woodpecker habitat use, great spotted

woodpeckers most strongly responded at the level of habitat elements and forest stand

characteristics. Before foliation, the latter species preferred forest areas that contain large amounts of

dead limbs on living trees. After the emergence of oak leaves the presence of old trees (bhd > 36 cm)

was the most important predictor of its habitat use. These findings suggest a shift in great spotted

woodpecker habitat use that occurred with the foliation of oaks. The strong influence of the extent of

old oak stands on middle spotted woodpecker habitat use raises the concern that this species could

be sensitive to fragmentation of old growth oak stands not only on the landscape level, but also within

single forest areas. Forestry practices thus should aim at the preservation of continuous old growth

oak areas and avoid further fragmenting and degrading such habitats.

Keywords: habitat use patterns, model selection, Piciformes, spatial scales, temporal variation

Introduction

The study of habitat use has important implications for applied conservation biology, because it aims

at identifying those habitat structures that are essential for the survival and reproduction of a species.

The results of habitat use analysis made valuable contributions to the compilation of conservation

strategies for many endangered species, for example the red-cockaded woodpecker (Picoides

borealis), a cooperative breeding species inhabiting relatively large home ranges in longleaf pine

(Pinus palustris Miller) forests (e.g. Jackson and Schardien, 1986; Conner and Rudolph, 1991), and

the Northern spotted owl (Strix occidentalis caurina) that lives in old growth coniferous forests (e.g.

Gutierrez et al., 1998; Franklin et al., 2000).

Several authors emphasised the importance of considering habitat use on different spatial and

temporal scales and the implications of scale-dependence of habitat use on species management and

conservation (Wiens et al., 1987; Orians and Wittenberger, 1991 ; Saab, 1999; Jones, 2001 ; Mitchell et

al., 2001; MacFaden and Capen, 2002). Although studies on the microhabitat level have contributed

greatly to the understanding of avian habitat use, recent research suggests that a substantial part of
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the variation in distribution and presence/absence patterns is explained at the level of landscape

variables (McGarigal and McComb, 1995; Hagan et al., 1997). Scale-dependent responses to habitat

structures were demonstrated for many avian species living in forested habitats (Saab, 1999; Mitchell

et al., 2001 ; MacFaden and Capen, 2002; Graf et al., 2005).

Within the framework of a long-term study of one of the most important breeding populations of middle

spotted woodpeckers (Dendrocopos médius) in Switzerland we investigated habitat use of the middle

spotted woodpecker and its close relative, the great spotted woodpecker (D. major). Although earlier

studies indicate that the great spotted woodpecker and the middle spotted woodpecker use different

habitat structures (see reviews in Michalek and Miettinen, 2003; Pasinelli, 2003), it has been

demonstrated that their territories largely overlap (Bachmann and Pasinelli, 2002). Our study aims at

identifying the relevant variables defining the habitat use of both species and the appropriate spatial

and temporal scales at which differentiation in habitat use occurs. We thus compare the performance

of the following models that represent hypotheses relating to the habitat structures and spatial scales

suggested earlier to influence habitat use of our study species. On the level of habitat elements, we

test the influence of the number of potential cavity trees (Pasinelli, 2000; Kosihski and Winiecki, 2004),

the effect of moss and lichen coverage (Grüebler and Pasinelli, 1999) and of the amount of dead wood

on living trees (Jenni, 1983; Pettersson, 1983; Smith, 1997). As it would be very useful for forest

practitioners to know the direct impact of their management decisions on woodpecker habitat use

(Poulsen, 2002), on the level of forest stand characteristics we evaluate the effect of the number of old

oaks (Glue and Boswell, 1994; Smith, 1997; Pasinelli and Hegelbach, 1997), old conifer trees

(Michalek and Miettinen, 2003), old trees in general and the influence of small-scale stand structure

(age of trees and number of tree species) and tree species diversity (Pavlik, 1999) on habitat use. Two

combined models relative to the habitat elements and forest stand scales represent a set of variables

that are supposed to describe the availability of forest structures used for foraging and for cavity

construction. On the level of spatial configuration of habitat types, we test the influence of old growth

oak forest and gaps within the forest area on woodpecker habitat use (Spitznagel, 1990; Rolstad et al.,

1995; Kossenko and Kaigorodova, 2001 ; Kosihski and Winiecki, 2005).

In addition to spatial scales also temporal variation is supposed to affect habitat use (Miles, 1990;

Orians and Wittenberger, 1991). The foliation of oaks by the end of April is assumed to cause a major

change in the foraging behaviour of great spotted and middle spotted woodpeckers (Pasinelli, 2003).

Additionally, this point in time marks the end of the courtship period and cavity excavation and the

start of egg laying in both species. We hypothesise that the changes in foraging strategy and social

behaviour might be reflected in differential patterns of habitat use. Thus, in addition to the combined

dataset covering the period February - July, we also analyse subsets of data from February - April

and May-July.



Paper 1 - Habitat Analysis 13

Methods

Study area

The study was conducted in the Niderholz forest (47°37'N, 8°37'E; 800 ha; 380 m a.s.l.) in the

Northeastern part of the Swiss lowlands, where great and middle spotted woodpecker are syntopic.

This forest is one of the most important breeding areas for middle spotted woodpeckers in Switzerland

(Schmid et al., 1998), as it encompasses about 1/5 of the total Swiss breeding population of 250-300

breeding pairs. Our study area covered 120 ha of oak-hornbeam forest managed for centuries as

coppice-with-standards (Bürgi, 1999), with several windthrow areas and clearcuttings with plantations

in between (fig. 1). Oak (Quercus spp.) and hornbeam (Carpinus betulus) are the dominant tree

species, with Scots pine (Pinus sylvestris), Norway spruce (Picea abies), lime (Tilia spp.) and Norway

maple (Acer platanoides) interspersed. The study area is surrounded by forest stands that are

dominated by mixed deciduous/coniferous trees with only few oaks.

Study species

The great spotted woodpecker is the most generalist and ubiquitous species within the Dendrocopos

group in Europe. It is found in almost any type of forest, but reaches highest densities in old oak-

hornbeam forests (0.9-5.7 pairs/10 ha; Glutz von Blotzheim and Bauer, 1980). The food spectrum of

the great spotted woodpecker is very broad: Although this species is mainly insectivorous, the

proportion of conifer seeds in its diet can be high, especially during the winter months (Michalek and

Miettinen, 2003). In Europe, populations seem to be stable, or even increasing in some regions due to

increasing forest cover (Mikusihski and Angelstam, 1997).

The middle spotted woodpecker occurs in mature oak forests and is a food specialist foraging almost

exclusively on arthropods, mainly wood- and bark-living species (Glutz von Blotzheim and Bauer,

1980; Pasinelli, 2003). Population density ranges from 0.4-1.4 pairs/10 ha for typical lowland forest

habitats (Pasinelli, 2003). European populations have been heavily affected by intensive forestry and

are declining rapidly. In several countries, middle spotted woodpeckers have already disappeared

(Mikusihski and Angelstam, 1997). In Switzerland, the middle spotted woodpecker population is

considered vulnerable (Keller et al., 2001), and the species is listed as a priority species for species

action plans (Bollmann et al., 2002).

Woodpecker sampling protocol

For practical reasons, the study of habitat use most often focuses on foraging behaviour, disregarding

thus the importance of habitat structures such as singing posts for oscine birds and drumming sites or

roosting cavities for woodpeckers. In habitats with low visibility, e.g. in forests, observation sequences

are usually very short. These problems often entail a bias to more obvious behaviours or habitat

structures (Hejl et al., 1990; Morrison et al., 1998). We thus based our investigation on a combination

of optical and acoustical bird locations, because we assumed that this approach provides a more

realistic and representative picture of the study species' habitat use than merely optical observations

of - mostly eye-catching - behaviours. Accordingly, we also included acoustical registrations, provided
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that the location could be determined and the species could be identified. Flying birds were not

registered.

A grid with square cells of 150 m side length each was placed randomly over the study area, so that

the whole study area was covered by the grid cells (n=56, total area covered=126 ha; fig. 1).

Observations were conducted from all 78 corners or intersections of adjoining grid cells, respectively

(=sampling points). The cell size is based on the assumption that a distance of 150 m between

sampling points allows recording space use patterns of woodpeckers in the whole study area, if visual

and acoustical observations are combined. As woodpeckers are not easy to detect, and detection

probability differs among species and seasons (Spitznagel, 1993), the observer spent 15 min at each

sampling point to increase detection probability. If more than one individual was present, we recorded

the number of birds simultaneously observed. All observations were done by the same person (BM).

The observer identified and memorised the locations of birds, and, after each 15 min sampling period,

moved to these locations and recorded the geographical coordinates and further data on individual

woodpeckers with GPS (i.e. species, date and time). After this the observer moved to the next

sampling point, which was randomly selected among the sampling points that were not yet visited

during the observation period and at least 300 m away from the previous point. During an observation

period, each of the 78 sampling points was visited once; then a new observation period was started.

The average number of woodpeckers recorded per point was 0.8 (see paper 3, chapter 6). Field

observations were conducted from February 2001 to January 2002 (10 observation periods), from

February to July 2002 (6 observation periods) and from February to July 2003 (6 observation periods).

Only the data from the 17 observation periods conducted between February and July were included in

the analysis of habitat use.

Habitat variables

For every grid cell, we assessed the forest structure on four randomly chosen circular plots of 300 m2.

This plot size and shape was based on the forest inventory carried out by the Cantonal Forestry Office

and on previous studies conducted in this area (Pasinelli, 2000). On these plots we recorded all trees

with dbh > 8 cm (dbh: diameter at breast height, 1.3 m above ground), identified tree species and

counted the number of cavities, limb holes and polyporous fungi per tree (Pasinelli, 2000). Since

middle spotted woodpeckers seem to search part of their prey on epiphytes during the winter months

(Grüebler and Pasinelli, 1999), we estimated the percentage of tree surface covered by moss and

lichen. In ArcGIS (ESRI, 1999-2002), we quantified the forest stand area per grid cell that according to

the inventory plan of the Forestry Service was dominated by old oaks, as well as open areas caused

by windthrow. From these data we calculated ten variables related to different habitat levels (for

definition of variables see table 1): habitat elements: potential cavity trees (Pasinelli, 2000; Kosihski

and Winiecki, 2004), epiphytes (Grüebler and Pasinelli, 1999), dead wood length (Jenni, 1983;

Pettersson, 1983; Smith, 1997); forest stand characteristics: number of old oaks (Glue and Boswell,

1994; Smith, 1997; Pasinelli and Hegelbach, 1997), number of old conifers (Michalek and Miettinen,

2003), age 0-2 (nr of trees with dbh < 36 cm), age 3-5 (nr of trees with dbh >36 cm), number of tree

species (Pavlik, 1994; 1999); and spatial configuration of habitat types: old oak stands and open area
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(Müller, 1982, Pettersson, 1985a; Spitznagel, 1990; Rolstad et al., 1995; Kossenko and Kaigorodova,

2001 ; Kosihski and Winiecki, 2005).

Table 1: Description and distribution of the environmental variables used in the analysis. Except for the variable nr

spec, all values are calculated per ha; the values for nr spec represent the number of tree species found on 0.12

ha (4 plots of 0.03 ha each); dbh=diameter at breast height, 1.3 m above ground.

Habitat scale and

variable name
Variable definition Median

Lower

quartile

Upper
quartile

Habitat elements

potential cavity trees

epiphytes

dead wood length

Nr of trees with either cavities, limb holes or

polyporous fungi

Nr of trees with > 20% moss or lichen

coverage on stem and/or branches

Estimated length (m) of trunks and dead

limbs (0 > 3 cm) in tree crowns

Forest stand characteristics

old oaks

old conifers

age 0-2

age 3-5

nrspec

Forest habitat types

old oak stands

open area

Nr of oaks with dbh > 36 cm

Nr of coniferous trees with dbh > 36 cm

Nr of trees with dbh < 36 cm

Nr of trees with dbh > 36 cm

Nr of tree species

Forest area (ha) with dominance of oaks >

100 years/ ha

Gaps within the forest area (ha), mainly
caused by windthrow / ha

17 8 40

121 60 183

1229 634 1919

42 25 66

13 0 25

417 210 635

67 42 98

6 4 6

0.558 0.284 0.793

0.046 0.000 0.301

Data analysis

Differential correction of the GPS data and first data processing was carried out with GPS Pathfinder

Office 2.7 (Trimble Navigation Ltd., 2001). Thereafter, data were transferred to ArcGIS (ESRI, 1999-

2002) for further analysis. For every grid cell we determined the number of woodpeckers observed.

Although the location of the woodpeckers could be determined fairly precisely, we decided to account

for potential effects of the high mobility of our study species near cell boundaries. Thus, we divided

observations that were located within 10 m from cell boundaries equally between the two adjacent

cells or - if a registration occurred within 10 m of intersections - between all four adjacent cells

(precision of GPS locations after differential correction: < 2 m). Registrations outside grid cells were

excluded from all analyses (fig. 1). Spearman's correlation coefficients were calculated to evaluate

correlations between habitat variables. Except for the planar variables oak area and open area that

were log-transformed, we applied square-root transformation.

Spatial structure in animal or plant communities is caused by two different components: spatial

processes within the community - i.e. inter- and intraspecific interactions - produce spatial

autocorrelation, whereas the spatial structure of environmental variables generates spatial

dependence (Legendre, 1993; Wagner, 2004). To check assumptions of independent and scale-

invariant residuals in the response variable in multiple regression analysis, we used the indirect and
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direct multi-scale ordination proposed by Wagner (2004). This analysis tool was used to calculate a

correspondence analysis (CA) of woodpecker counts per grid cell and a canonical correspondence

analysis (CCA) of the same response variable constrained by environmental variables. The results of

CA and CCA were partitioned by distance (12 distance classes of 150 m) and integrated with

geostatistics (R library mso). This approach allows to distinguish between components of spatial

dependence of descriptor variables and spatial autocorrelation in the response variable (Legendre,

1993).

We then performed Poisson regressions for each species separately with R (R Development Core

Team, 2004), with bird counts per grid cell as dependent variables. Regressions were calculated for a

series of models representing competing hypotheses supposed to explain the pattern of habitat use of

these two woodpecker species on different spatial scales (table 2; Anderson et al., 2000; Quinn and

Keough, 2002; Johnson and Omland, 2004).

Table 2: Models and associated predictions examined with model selection as potential explanations for the

pattern of habitat use of great spotted woodpecker (gsw) and middle spotted woodpecker (msw).

Model Variables included Biological meaning of model Predicted effect on habitat use

Habitat elements

1 potential cavity trees effect of nr of potential cavity trees/ha gsw: + / msw: +

2 epiphytes effect of moss and lichen coverage on trees gsw: + / msw: +

3 dead wood length effect of the amount of dead wood on living
trees

gsw: + / msw: +

Forest stand characteristics

4 old oaks effect of nr of old oaks/ha gsw: + / msw: +

5 old conifers effect of nr of old conifers/ha gsw: + / msw: -

6 age 3-5 effect of nr of old trees gsw: + / msw: unknown

7 nrspec effect of tree species diversity gsw: - / msw: +

8 age 0-2 effect of small-scale stand structures gsw: unknown / msw:

age 3-5 unknown

nrspec

Combination of variables relative to habitat elements and forest stand characteristics

10

old oaks effect of arthropod prey availability
epiphytes
dead wood length

old oaks effect of availability of potential cavity trees and

potential cavity trees arthropod prey availability
dead wood length

Spatial configuration of habitat types

11 old oak stands effect of old oak stand area

12 open area effect of gaps within the forest area

gsw: + / msw: +

gsw: + / msw: +

gsw: + / msw: +

gsw: unknown / msw:

Models 1-3 operationalise the hypotheses that on the level of habitat elements one of the following

single habitat structures mainly influences woodpecker habitat use: potential cavity trees (Pasinelli,

2000a), epiphytes (Grüebler and Pasinelli, 1999), or dead wood length (Jenni, 1983; Pettersson, 1983;

Smith, 1997). Models 4-8 relate to aspects of forest stand characteristics that are influenced directly

by forestry. Model 9 represents a combination of habitat elements that have been related to the
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occurrence of bark-living and wood-boring arthropods during the critical winter and early spring period,

when this prey is supposed to be rare and limiting the survival of insectivorous birds (Grüebler and

Pasinelli, 1999). Model 10 refers to habitat structures that are presumed to indicate the combined

availability of suitable places for cavity construction and foraging (Kosihski and Wienicki, 2004), that

are both hypothesised to be a limiting resource in woodpecker habitats. On the level of spatial

configuration of habitat types, models 11 and 12 describe the influence of old growth oak stands and

gaps within the forest area on woodpecker habitat use.

We used model selection to make inferences from the whole set of these competing hypotheses.

Model selection is an extension of likelihood theory and is based on information theory (Burnham and

Anderson, 1998; Anderson et al., 2000). Akaike information criterion (AlC; Akaike, 1973; 1974) or

other selection criteria are applied to compare fit and complexity of each model (Johnson and Omiand,

2004). We used the AICC selection criterion, a derivation of the AlC that includes a bias correction term

for small sample sizes (Johnson and Omiand, 2004). The models with the lowest AICC value are the

most parsimonious ones among the fitted models. AAICC, the difference in AICC to the model with the

lowest AlCc value, is used to calculate Akaike weights. These indicate the relative support a particular

model gets compared with the other models, with higher values corresponding to a higher degree of

support. Based on Akaike weights we calculated a weighted average of parameter estimates and the

corresponding standard errors (SE) (model averaging; Johnson and Omiand, 2004).

Results

During the 17 observations periods carried out between February and July from 2001-2003, we

obtained 953 locations of woodpeckers (641 of great spotted woodpeckers, 312 of middle spotted

woodpeckers; fig. 1).
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Fig. 1: Woodpecker locations February - July 2001-2003 (n=1,081) from systematic randomised sampling. Grey
circles: great spotted woodpecker; black squares: middle spotted woodpecker; thin black lines: grid cell

boundaries, white squares with black center: observation points (n=78), grey shaded: old oak forest stands,
hatched: open area caused by windthrow, white: plantations on former clear cutting areas or other forest types
(forest data provided by the cantonal forestry service). Only observations within grid cells used in all analyses
(n=953).

The spatial partitioning of bird counts per grid cell with CA showed a significant spatial autocorrelation

in the first distance class (0-150 m), indicating the presence of spatial processes in the dataset. This

autocorrelation disappeared when we conducted a multiscale ordination of bird counts constrained by

environmental variables (MSO-CCA; Wagner, 2004). Thus spatial autocorrelation in the dataset is not

an effect of spatial processes within the woodpecker community but results from environmental

dependence. This implies that the assumption of independent and scale-invariant residuals of the

response variables in multiple regression analyses is likely to be fulfilled.

Some of the environmental variables were highly correlated, namely old oaks, dead wood length,

potential cavity trees (table 3). However, these correlations are not supposed to affect the model

selection process, because most of the models consist of single variables or small sets of variables

with low correlation coefficients (but see below models 9 and 10).
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Table 3: Spearman's rank correlation coefficients for habitat variables, n = 56; definitions of variables see table 1.

potential

cavity
trees

epi- dead

phytes wood

length

old oaks old age 0-2 age 3-5 nr spec old oak open

conifers stands area

potential cavity trees 1.000

epiphytes 0.337 1.000

dead wood length 0.626 0.543 1.000

old oaks 0.753 0.510 0.809 1.000

old conifers -0.056 0.134 0.152 -0.055 1.000

age 0-2 0.246 0.474 0.355 0.185 0.209 1.000

age 3-5 0.548 0.493 0.670 0.671 0.571 0.277 1.000

nrspec -0.257 0.062 -0.006 -0.204 0.581 0.306 0.168 1.000

old oak stands 0.465 0.584 0.681 0.729 -0.042 0.162 0.426 -0.216 1.000

open area -0.240 -0.584 -0.369 -0.280 -0.222 -0.719 -0.373 -0.125 -0.406 1.000

Table 4: Results of model selection analysis for great spotted woodpecker and middle spotted woodpecker,
performed using 12 candidate models for three time periods February - July 2001-2003, February - April 2001-
2003 and May - July 2001-2003. For variables included in the models see table 2. The models with the lowest

AlCc value are the most parsimonious ones among the fitted models. AAICC is the difference in AICC to the model

with the lowest AICC value. For ease of interpretation, only models with AAICC s 2 were included in this table.

Akaike weights indicate the relative support a particular model has compared with the other models, with higher
values corresponding to a higher degree of support; n=56 grid cells. The complete results of model selection are

presented in appendix I.

Species Time period Model (Nr) AlCc AAlCc Akaike weight

D. major February-July dead wood (3) 333.80 0.00 0.36

food availability (9) 334.20 0.40 0.29

age 3-5 (6) 335.21 1.41 0.18

cavity tree avail. (10) 335.59 1.79 0.15

February-April dead wood (3) 284.25 0.00 0.74

May-July age 3-5 (6) 252.00 0.00 0.76

D. médius February-July old oak stands (11) 276.90 0.00 1.00

February-April old oak stands (11) 260.41 0.00 0.99

May-July old oak stands(11) 166.45 0.00 0.99

For great spotted woodpeckers, model selection revealed a set of models with similar AICC values, if

data from all observation periods (February - July) were included (table 4, models 3, 6, 9, 10; for

complete results of model selection see appendix I).

These models characterise habitat use at different levels: model 3 describes a single habitat element

(dead wood length), model 6 refers to a feature of stand structure (age 3-5), whereas models 9 and 10

relate to habitat elements needed for foraging (old oaks, epiphytes, dead wood length) and nesting

(old oaks, potential cavity trees, dead wood length). Models 9 and 10 include sets of highly correlated

variables and thus should be interpreted with caution. When considering model-averaged effect sizes

and SEs of habitat variables, the most important variables explaining habitat use of great spotted

woodpeckers for the entire period from February - July were dead wood length and age 3-5, because

only these two variables had effect sizes larger than their associated SEs (table 5). If we included only
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the woodpecker positions recorded from February - April, i.e. before the foliation of oaks, model 3

(dead wood length) turned out to be the best model (table 4), and dead wood length also was the

single most important descriptor of great spotted woodpecker habitat use during that time period (table

5). After foliation (May - July), model 6 (age 3-5) achieved the lowest AICC value (table 4). Weighted

averaging of regression estimates confirmed the influence of age 3-5during that time period (table 5).

The distribution of middle spotted woodpecker counts from February - July was best explained by

model 11 (old oak stands; table 4), and accordingly, old oak stands was the single most important

predictor of middle spotted woodpecker habitat use after model averaging (table 6). Model 11 and old

oak stands as most important explanatory variable also resulted from the analyses of habitat use

before and after the foliation of oaks (table 4 + 6).

Table 5: Model-averaged estimates and standard errors for great spotted woodpecker, calculated from original
estimates and standard errors obtained from Poisson regression by using Akaike weights of all 12 models, for

three time periods. February - April and May - July correspond to the time period before and after foliation,

respectively, se: standard error; for definition of models see table 2.

Great spotted woodpecker
February --July 01-03 February --April 01-03 May- July 01-03

estimate se estimate se estimate se

potential cavity trees 0.0052 0.0095 0.0017 0.0092 0.0081 0.0089

epiphytes 0.0052 0.0053 0.0020 0.0046 0.0009 0.0023

dead wood length 0.0138 0.0037 0.0189 0.0043 0.0003 0.0012

old oaks 0.0037 0.0172 -0.0015 0.0155 0.0007 0.0194

old conifers 0.0000 0.0000 0.0000 0.0001 0.0002 0.0014

age 0-2 0.0000 0.0010 0.0000 0.0002 0.0000 0.0030

age 3-5 0.0238 0.0103 0.0008 0.0024 0.0984 0.0270

nrspec -0.0007 0.0198 0.0000 0.0050 -0.0003 0.0616

oak stands 0.0019 0.0104 0.0088 0.0268 0.0074 0.0309

open area 0.0000 0.0000 0.0000 0.0004 -0.0002 0.0078

Table 6: Model-averaged estimates and standard errors for middle spotted woodpecker, calculated from original
estimates and standard errors obtained from Poisson regression by using Akaike weights of all 12 models, for

three time periods. February - April and May - July correspond to the time period before and after foliation,

respectively, se: standard error; for definition of models see table 2.

Middle spotted woodpecker
February --July 01-03 February --April 01-03 May- July 01-03

estimate se estimate se estimate se

potential cavity trees 0.0000 0.0000 0.0000 0.0002 0.0000 0.0012

epiphytes 0.0000 0.0003 0.0006 0.0018 0.0002 0.0014

dead wood length 0.0000 0.0001 0.0001 0.0008 0.0002 0.0009

old oaks 0.0000 0.0006 0.0006 0.0046 -0.0001 0.0036

old conifers 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

age 0-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

age 3-5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002

nrspec 0.0000 0.0000 0.0000 0.0001 0.0000 0.0006

oak stands 2.7565 0.3317 2.5671 0.3668 3.1440 0.6286

open area 0.0000 0.0000 0.0000 0.0000 0.0000 0.0007
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Discussion

Our results show a clear differentiation in habitat use patterns between syntopic great spotted

woodpeckers and middle spotted woodpeckers from February to July. Whereas for great spotted

woodpeckers, a habitat element needed for foraging (dead wood length) and a variable describing

stand structure (age 3-5) best predicted habitat use patterns, middle spotted woodpeckers' habitat use

was determined by a characteristic of stand composition on a coarser scale (old oak stands).

For great spotted woodpeckers our results suggest a shift in habitat use that occurs with the foliation

of oaks. Before foliation, this species prefers forest areas that contain large amounts of dead limbs on

living trees (see also Jenni, 1983). We suppose that this preference reflects the availability of the main

arthropod prey of the great spotted woodpecker and its foraging behaviour. In a study on the feeding

ecology of bark-foraging birds conducted in the same area, Grüebler and Pasinelli (1999) found that,

apart from coniferous seeds, great spotted woodpeckers mainly foraged on Cerambycidae larvae

during the winter months. The larvae of this arthropod group are xylophagous (Dajoz, 1980) and

colonise wood or bark (von Demelt, 1966). The importance of wood living arthropods in great spotted

woodpeckers' diet is also underlined by the finding of Jenni (1983), who reported pecking to be the

main foraging technique during the winter months. After the emergence of oak leaves the presence of

old trees (bhd > 36 cm) is the most important predictor of great spotted woodpecker habitat use. On

our study plots, 71% of these old trees were deciduous, 68% of the old trees were oaks (n=457). The

preference of old deciduous trees can be linked to the prevalent foraging technique during late spring:

gleaning and probing for surface arthropods, with foliage-gleaning for caterpillars being particularly

important in spring and summer (Jenni, 1983; Török, 1990; Michalek and Miettinen, 2003). Moreover,

the change of preference from a very specific habitat element (dead wood length) to a more generic

feature of stand description (age 3-5) reflects the shift towards a more opportunistic foraging strategy

during the late spring months also reported by Jenni (1983). Apparently, the pooling of data across

time periods masks the fine-scale differences in great spotted woodpecker habitat use (Hejl and

Verner, 1990; Miles, 1990).

Seasonal shifts in foraging behaviour and diet have been described for many other woodpecker

species and are considered to be an adaptation to the differences in seasonal availability and location

of arthropod prey (Conner, 1979). When breeding, lesser spotted woodpeckers (Dendrocopos minor),

for example, switch from wood-living insects to surface-living prey that is supposed to be more

abundant after the foliation of oaks (Wiktander et al., 1994). White-backed woodpeckers (D. leucotos),

in contrast, display a much less pronounced shift in foraging technique and prey items from the pre-

breeding to the breeding period (Aulen, 1988).

For habitat use of the middle spotted woodpecker, old oak stands was the single most important

predictor variable before and after the foliation of oaks and for both time periods pooled. This finding

supports the conclusions of Jenni (1983) that the middle spotted woodpecker does not show a more

general use of habitat after foliation, but maintains its preference for oaks also during the summer

months.

In contrast to the findings of Pavlik (1994; 1999) and Kosihski and Winiecki (2005), neither the number

of tree species nor the share of non-oak forest types - such as open areas - affected the habitat use
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of our study species. We assume that the potential impact of these variables was masked by the all-

dominant influence of old oaks and habitat structures related to old oaks. The importance of oaks for

foraging and nesting was emphasised by several studies for both woodpecker species (e.g.

Pettersson, 1983; Török, 1990; Glue and Boswell, 1994; Coch, 1997; Smith, 1997; Pasinelli and

Hegelbach, 1997). In addition to habitat structure, also interspecific interactions are supposed to

influence habitat use (see e.g. Sergio et al., 2004). As for our study species, competition, prédation

and facilitation might affect habitat use patterns, too. The potential impact of these mechanisms and

their importance relative to the influence of habitat structure are addressed in paper 2 (chapter 5).

As was suggested recently (Saab, 1999; Villard et al., 1999; Jones, 2001; MacFaden and Capen,

2002), multiple-scale approaches may make important contributions to the conservation and

management of bird species. In the case of the middle spotted woodpecker, the analysis of different

spatial scales of habitat use adds a new aspect to conservation efforts. In addition to the availability of

old oaks and of potential cavity trees that affect home range size (Spitznagel, 1990; Pasinelli, 2000),

old growth oak stand area seems to influence middle spotted woodpecker habitat use as well. In our

dataset, the variables old oak stands and old oaks show a strong correlation (Spearman's correlation

coefficient rs = 0.729, n = 56), indicating that larger old oak stands are also characterised by a high

density of old oaks. However, this relationship may not apply to all oak forests, i.e. the density of old

oaks may be relatively low, but the forest still be classified as old oak stand. As both oak area and

density of old oaks seem to describe different aspects of middle spotted woodpecker habitat use, both

variables are important and should be considered accordingly.

In our study area, the remaining old oak stands are separated from each other by former clear cuttings

now hosting plantations and/or natural regenerations of mixed deciduous and coniferous tree species

< 50 years of age and open areas caused by windthrow. The disruption of continuity of important

habitat structures can be considered as fragmentation even within a forested area that is considered

continuous on larger spatial scales (Haila, 1999). The influence of the extent of old oak stands on

middle spotted woodpecker habitat use raises the concern that this species could be sensitive to

fragmentation of old-growth oak stands not only on the landscape level (Müller, 1982; Pettersson,

1985a), but also within single forest areas (see also Kosihski and Winiecki, 2005). Some of the

consequences of habitat fragmentation suggested to negatively affect the presence of forest bird

species on the landscape scale (Hinsley et al., 1995; Villard et al., 1999; Stephens et al., 2003) might

also influence habitat use of bird species within forest areas, if these are fragmented by forestry

activities and windthrow events (e.g. increased prédation rates near edges; Huhta et al., 2004;

Ibarzabal and Desrochers, 2004; but see Deng and Gao, 2005).

Our results support the conclusions of Villard et al. (1999) and MacFaden and Capen (2002) that

although microhabitat features are important predictors for the space use of bird species,

environmental characteristics on a coarser scale may also predict the habitat use of many species.

Habitat specialists are usually associated with habitat structures on a finer-grained level, whereas

generalists are assumed to select habitat at larger scales. For a small rodent community in the Rocky

Mountains for example, Morris (1996) found that the generalist species (Tamias amoenus) responded

to habitat composition at a larger scale than did the two specialist species (Peromyscus maniculatus,
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Clethrionomys gapperi). In contrast, in our study the availability of specific vegetation structures (dead

wood on living trees, old trees) best explained the presence of the generalist great spotted

woodpecker, whereas the specialist middle spotted woodpecker seemed to respond to a measure of

spatial configuration of habitat types (extent of continuous old oak stands). Mitchell et al. (2001)

observed a similar pattern for bird species inhabiting a managed forest in South Carolina, USA, where

generalists were rather insensitive to landscape characteristics, while specialists responded strongly

to factors measured at the landscape scale. Apparently, the degree of habitat specialisation of species

does not predict the scale at which the mechanisms of habitat selection are most important.

Management implications

The findings of this study draw the attention to the risks of fragmentation and degradation of suitable

habitats. Our study was conducted in a forest habitat type (old growth oak forest) that is most regularly

occupied by the middle spotted woodpecker throughout its range and where great spotted

woodpeckers reach highest densities in Europe (see reviews by Glutz von Blotzheim and Bauer, 1980;

Pasinelli, 2003). We therefore assume that our conclusions apply to most situations where middle and

great spotted woodpecker currently occur in syntopy. The intensification and commercialisation of

forestry has changed composition and structure of forests in many parts of Europe: the native uneven-

aged deciduous forests were substituted with mixed or mostly coniferous (exotic) stands of similar

ages. Specialised forest arthropod predators, such as the middle spotted woodpecker, the white-

backed woodpecker and the grey-headed woodpecker (Picus canus), are most heavily affected by

these anthropogenic changes (Mikusihski and Angelstam, 1998). Middle spotted woodpecker

populations are in decline in many countries or even extinct (Pettersson, 1985b; Heath et al., 2000).

Previous research suggests that this species was heavily affected by habitat loss and the increasing

isolation of populations resulting from the loss of suitable habitats (see review in Pasinelli, 2003). Our

study indicates that, in addition to these factors, middle spotted woodpeckers are also negatively

affected by fragmentation in the interior of oak forest areas that are considered to be continuous at the

landscape scale. To prevent further population declines and range reductions in Europe, forestry

practices thus should aim at preserving the remaining old growth oak stands as a whole and avoid to

further fragment and degrade such important habitats.

Moreover, our study emphasises that habitat analyses for forest inhabiting species should be

conducted on different spatial and temporal levels. Such a comprehensive approach can provide

additional useful insights for conservation and management plans. In the case of middle spotted

woodpeckers, our results show that - besides the number and density of old oaks identified as

important in previous studies - also the configuration of habitat types on a coarser-grained scale

influences habitat use of this species from February to July.
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Appendix I

Results of model selection analysis for great spotted and middle spotted woodpecker, performed using 12 candidate models for

three time periods February- July 2001 -2003, February - April 2001-2003 and May - July 2001-2003 For variables included in

the models see table 2 log(L) Log-likelihood, K nr of estimated parameters The models with the lowest AICC value are the

most parsimonious ones among the fitted models AAICC is the difference in AICC to the model with the lowest AICC value Akaike

weights indicate the relative support a particular model has compared with the other models, with higher values corresponding
to a higher degree of support, n=56 grid cells bold printed estimated best models

Model Variables included Great spotted woodpecker Middle! spotted woodpecker

log(L) K AlCc AAlCc
Akaike

weight
log(L) K AlCc AAlCc

Akaike

weight

February - April

1 potential cavity trees -146 94 2 297 12 12 87 0 00 -144 88 2 293 98 33 57 0 00

2 epiphytes -147 53 2 299 29 15 03 0 00 -136 74 2 277 72 17 30 0 00

3 dead wood length -140.01 2 284.25 0.00 0.74 -138 91 2 282 04 21 63 0 00

4 old oaks -145 94 2 296 11 11 86 0 00 -139 30 2 282 84 22 42 0 00

5 old conifers -150 34 2 304 90 20 65 0 00 -156 23 2 316 69 56 28 0 00

6 age 3-5 -144 67 2 293 56 9 31 0 01 -142 42 2 289 07 28 66 0 00

7 nr spec -153 37 2 310 98 26 72 0 00 -156 27 2 316 77 56 36 0 00

8 age 0-2

age 3-5

nr spec

-144 60 4 297 98 13 73 0 00 -141 83 4 292 45 32 04 0 00

9 old oaks

epiphytes
dead wood length

-139 37 4 287 52 3 27 0 14 -130 36 4 269 50 9 09 0 01

10 old oaks

potential cavity trees

dead wood length

-139 83 4 288 43 4 18 0 09 -136 85 4 282 49 22 08 0 00

11 old oak stands -144 53 2 293 28 9 03 0 01 -128.09 2 260.41 0.00 0.99

12 open area -153 08 2 310 39 26 14 0 00 -149 00 2 302 23 41 82 0 00

May -J uly

1 potential cavity trees -126 09 2 256 42 4 42 0 08 -93 07 2 190 36 23 91 0 00

2 epiphytes -127 69 2 259 61 7 61 0 02 -89 01 2 182 25 15 80 0 00

3 dead wood length -128 03 2 260 29 8 29 0 01 -86 76 2 177 74 11 29 0 00

4 old oaks -128 36 2 260 95 8 95 0 01 -90 92 2 186 07 1961 0 00

5 old conifers -129 21 2 262 64 10 64 0 00 -96 01 2 196 24 29 79 0 00

6 age 3-5 -123.89 2 252.00 0.00 0.76 -92 24 2 188 71 22 26 0 00

7 nr spec -132 00 2 268 22 16 22 0 00 -95 90 2 196 03 29 58 0 00

8 age 0-2

age 3-5

nr spec

-123 89 4 256 56 4 56 0 08 -92 00 4 192 77 26 31 0 00

9 old oaks

epiphytes
dead wood length

-126 10 4 260 98 8 98 0 01 -84 82 4 178 42 11 97 0 00

10 old oaks

potential cavity trees

dead wood length

-125 75 4 260 29 8 29 0 01 -86 64 4 182 07 15 62 0 00

11 old oak stands -128 38 2 260 99 8 99 0 01 -81.11 2 166.45 0.00 0.99

12 open area -131 37 2 266 96 14 96 0 00 -94 88 2 193 98 27 53 0 00
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Model Variables included GrealI spotted woodpecker Middle spotted woodpecker

log(L) K AlCc AAlCc
Akaike

weight
log(L) K AlCc AAlCc

Akaike

weight

February - July

1 potential cavity trees -170 96 2 345 14 12 34 0 00 -161 00 2 326 22 49 33 0 00

2 epiphytes -174 45 2 353 13 19 33 0 00 -152 88 2 309 98 33 08 0 00

3 dead wood length -164.79 2 333.80 0.00 0.36 -150 28 2 304 79 27 90 0 00

4 old oaks -171 31 2 345 85 13 05 0 00 -154 02 2 312 26 35 37 0 00

5 old conifers -180 02 2 364 26 30 46 0 00 -176 00 2 356 23 79 33 0 00

6 age 3-5 -165 49 2 335 21 1 40 0 18 -158 11 2 320 45 43 55 0 00

7 nr spec -185 97 2 376 17 42 36 0 00 -176 07 2 356 37 79 49 0 00

8

9

age 0-2

age 3-5

nr spec

old oaks

epiphytes
dead wood length

-165 45

-162.71

4

4

339 68

334.20

5 87

0.40

0 02

0.29

-157 31

-142 27

4

4

323 40

293 33

46 51

16 43

0 00

0 00

10 old oaks

potential cavity trees

dead wood length

-163 40 4 335 59 1 78 0 15 -148 73 4 306 25 29 35 0 00

11 old oak stands -170 19 2 344 61 1081 0 00 -136.34 2 276.90 0.00 1.00

12 open area -184 31 2 372 85 39 04 0 00 -168 65 2 341 52 64 62 0 00
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5. Do Spatial Patterns Reveal Interspecific Interactions in Syntopic Dendrocopos

Species?

Paper 2, to be submitted as:

Miranda, B., Pasinelli, G.: Do spatial patterns reveal interspecific interactions in syntopic Dendrocopos

species? Journal of Avian Biology.

Abstract

In a study conducted in Central European forest habitat, we explored spatial patterns of the great

spotted woodpecker and the middle spotted woodpecker and tested the hypothesis that spatial

patterns indicate the presence of interspecific interactions between these species. Moreover, we

investigated if spatial patterns and the mechanisms underlying these patterns change with spatial

resolution and temporal scale. Our results suggest that habitat structure is the single most important

factor that determines the spatial patterns of great spotted woodpeckers and middle spotted

woodpeckers in our study area during the pre-breeding and breeding season. Yet, our data show that

this general pattern is influenced to a variable degree by inter- and intraspecific interactions.

Introduction

The impact of interspecific interactions on community structure has been discussed among ecologists

since the 1970's (e.g. Schoener, 1974; Connell, 1983; Roughgarden, 1983; Schoener, 1983;

Simberloff, 1983; Connor and Simberloff, 1986). In conservation biology, however, the influence of

interspecific interactions has mostly been disregarded by scientists trying to explain habitat use

(Jones, 2001). Only recently, researchers included the influence of such interactions in their studies of

habitat use or habitat selection, for example in the case of birds of prey (Sergio et al., 2004).

Interactions between species in a community may have either positive (mutualism, facilitation) or

negative impacts (competition) on the species involved or, as in the case of prédation and parasitism,

be positive for some of the species and negative for others (e.g. Forsman et al., 2001 ; Forsman et al.,

2002; Bruno et al., 2003). Interspecific interactions are present in many animal communities: For

example, competition has been shown to structure systems of coexisting species as different as small

mammal communities in rain forest and steppe habitat in South America (Kelt, 1995) and large birds

of prey in Western Finland (Hakkarainen et al., 2004). In the case of potentially competing forest birds,

species interactions were found to vary in relation to the density of a potential competitor and to switch

from positive to negative along environmental gradients (Mönkkönen et al., 2004). In contrast, patterns

in species co-occurrences in stream fish communities are driven mostly by species-habitat

relationships, while species interactions may not play a significant role in structuring these

communities (Peres-Neto, 2004). Predator-prey interactions are widespread in animal communities

(e.g. Hanski et al., 2001), as well as mutualistic or facilitation effects, which, however, have mainly

been described for plant, invertebrate and aquatic vertebrate species, but may have often been

overlooked in communities of terrestrial vertebrates (Dickmann, 1992).

The processes shaping ecological communities are complex, interdependent and variable depending

on environmental conditions, which makes the study of interspecific interactions very challenging
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(Bradley and Bradley, 1985; Schmidt et al., 2000; Morris, 2003; Kneitel and Chase, 2004; Green and

Sadedin, 2005). The presence of such interactions can become manifest in the spatial patterns that

the species in a community exhibit (Perry et al., 2002). Segregation or aggregation of species, for

example, is indicated by the tendency of individuals to be near conspecifics or near heterospecifics,

respectively, hinting thus at negative or positive interspecific interactions (Mountainspring and Scott,

1985; Dixon, 1994; Dixon, 2002a; Whittaker and Lindzey, 2004). On this account, the analysis of

spatial distribution patterns may contribute to understanding the processes that structure a community.

As explained above with respect to the processes that shape ecological communities, also the

analysis and interpretation of spatial patterns that may mirror such processes is complicated by the

potential influence of habitat structure, spatial scale and seasonal effects. Moreover, whereas many

different techniques are available to analyse the spatial patterns of sessile organisms, such as plants

(for reviews see Fortin et al., 2002; Perry et al., 2002), the study of the spatial patterns of mobile

animals is constricted by methodological problems. Most methods of nearest neighbour analysis, for

example, require complete mapping of all data points (e.g. all trees in a study area), an assumption

that hardly can be satisfied with highly mobile organisms (Dixon, 2002a). In the light of such

methodological difficulties and of the variety of potential techniques that often produce seemingly

conflicting results, Perry et al. (2002) recommended to employ several different techniques to facilitate

the interpretation of spatial patterns .

In a study conducted in Central Europe, we investigated spatial patterns of two sympatric woodpecker

species. Great spotted woodpeckers (Dendrocopos major) and middle spotted woodpeckers (D.

medius) inhabit similar habitats, but exhibit different degrees of food and habitat specialisation (Jenni,

1983). Differentiation of the foraging niche observed during the winter months has been suggested to

reduce food competition between the great spotted woodpecker and middle spotted woodpecker

(Jenni 1983; Pettersson, 1983). Based on the infrequence of direct agonistic interactions and on the

overlap of territories, Bachmann and Pasinelli (2002) concluded that the actual level of competition

between these species is likely to be modest, but also called for more studies on this subject.

Whereas foraging competition has been rarely observed (but see Pettersson, 1984), several studies

indicate competition for nest-holes between great spotted woodpeckers and middle spotted

woodpeckers (Michalek and Miettinen, 2003; Pasinelli, 2003). Great spotted woodpeckers strongly

reacted to playback of middle spotted woodpecker's calls during the pre-breeding season (own obs.).

This behaviour may hint at the presence of competition for breeding cavities in the two woodpecker

species. Agonistic responses to playback songs of a potential competitor for preferred nest sites was

also found in wood warblers: The more aggressive orange-crowned warbler (Vermivora celata)

responded to playback of Virginia's warblers (V. virginiae) songs by approaching the tape recorder or

singing (Martin and Martin, 2001).

With four different approaches we test if spatial patterns indicate interspecific interactions between the

great spotted woodpecker and the middle spotted woodpecker. As the potential interactions shaping

the spatial patterns are supposed to act at determined spatial scales and during particular time periods

only, we investigate these patterns at different spatial resolutions and temporal scales.
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Methods

Study area

The study was conducted in the Niderholz forest (47°37'N, 8°37'E; 800 ha; 380 m a.s.l.) in the

Northeastern part of the Swiss lowlands. Our study area covered 120 ha of oak-hornbeam forest

managed for centuries as coppice-with-standards (Bürgi, 1999), with several windthrow areas and

clearcuttings with plantations in between. Oak (Quercus spp.) and hornbeam (Carpinus betulus) are

the dominant tree species, with scots pine (Pinus sylvestris), spruce (Picea abies), lime (Tilia spp.) and

Norway maple (Acer platanoides) interspersed. The study area is surrounded by forest stands that are

dominated by mixed deciduous/coniferous trees with only few oaks.

Study species

The great spotted woodpecker is the most generalist and ubiquist species within the Dendrocopos

group in Europe. It is found in almost any type of forest, but reaches highest densities in old oak-

hornbeam forests (0.9-5.7 pairs/10 ha; Glutz von Blotzheim and Bauer, 1980). The food spectrum of

the great spotted woodpecker is very broad: Although this species is mainly insectivorous, the

proportion of conifer seeds in its diet can be high, especially during the winter months. In Europe,

populations seem to be stable, or even increasing in some regions due to increasing forest cover

(Mikusihski and Angelstam, 1997). The density of great spotted woodpeckers in our study area has

been stable during the time period 1994-2003 (2.2 breeding pairs/10 ha +/- 0.15 SE; Miranda et al.,

2006)

The middle spotted woodpecker occurs in mature oak forests and is a food and habitat specialist

feeding almost exclusively on arthropods, mainly bark-living species, by searching and probing in the

bark of old deciduous trees (Glutz von Blotzheim and Bauer, 1980; Pasinelli, 2003). Population density

ranges from 0.4-1.4 pairs/10 ha in typical lowland forest habitats (Pasinelli, 2003). European

populations have been heavily affected by intensive forestry and are declining rapidly. In Switzerland,

the middle spotted woodpecker population is considered vulnerable (Keller et al., 2001) and is listed

as a priority species for species action plans (Bollmann et al., 2002). In our study area, density has

been stable (0.82 breeding pairs/10 ha +/- 0.1 SE; time period 1994-2003, Miranda et al., 2006).

Study design and woodpecker registrations

We established a grid with square cells of 150 m side length each randomly over the study area, so

that the whole study area was covered by the grid cells (n=56, total area covered=126 ha, fig. 1). The

cell size is based on the assumption that visual and acoustical observations from all 78 grid

intersections (= sampling points) spaced at a distance of 150 m allow to record space use patterns of

woodpeckers in each grid cell and hence in the whole study area.
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Fig. 1: Study design used for mapping woodpecker spatial patterns. Bold black lines: border of grid cells 150x150

m (n=56), thin grey lines: border of subcells 75x75 m (n=224), intersections of bold black lines: observation points
for systematic woodpecker sampling (n=78).

Systematic sampling of woodpecker locations was conducted from grid intersections (n=78). As

woodpeckers are not easy to detect, and detection probability differs among species and seasons

(Spitznagel, 1993), the observer (all observations were done by BM) spent 15 min at each sampling

point to increase detection probability. To avoid multiple registration of the same bird during a 15 min

sampling period, we recorded only single individuals and those that could be registered

simultaneously. We collected both visual and acoustical bird location data, since this approach

provides a more realistic and representative picture of the study species' habitat use than merely

visual registrations of - mostly eye-catching - behaviours. However, acoustical registrations of birds

were only included if their location was known and if they could be clearly assigned to one of the two

woodpecker species. The observer identified and memorised the first location of each bird, and, after

each 15 min sampling period, moved to these locations and recorded the geographical coordinates

and further data on all individual woodpeckers with GPS (i.e. species, date, time and - if possible -

behaviour). The average number of woodpeckers recorded per 15 min sampling period was 0.78 +/-

0.02 SE (n=1716; Miranda et al., submitted; see paper 3, chapter 6).

During an observation period, we visited each of the 78 sampling points once; then we started a new

observation period. The initial sampling point of each new observation period was randomly selected.

After every 15 min sampling period, the observer moved to the next sampling point, which was chosen
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randomly among the sampling points not yet visited during the current observation period and which

was at least 300 m away from the previous point.

Field observations were conducted from March 2001 - January 2002 (10 observation periods), from

February - July 2002 (6 observation periods) and from February - June 2003 (6 observation periods).

Only the data from the 17 observation periods covering the pre-breeding and breeding seasons

(February - July) were included in this analysis. As the foliation of oaks by the end of April is assumed

to cause a major change in the foraging behaviour of great spotted woodpeckers and middle spotted

woodpeckers (Jenni, 1983; Grüebler and Pasinelli, 1999; Michalek and Miettinen, 2003; Pasinelli,

2003), we analysed data covering the time period before (February - April) and after foliation (May -

July) separately (see also Miranda and Pasinelli, submitted as paper 1, chapter 4).

Data processing

Differential correction of the GPS data and first data processing was carried out with GPS Pathfinder

Office 2.7 (Trimble Navigation Ltd., 2001). Thereafter, data were transferred to ArcGIS 8.3 (ESRI,

1999-2002) for further analysis. To allow for analysis at two different levels of spatial resolution, grid

cells of 150x150 m were divided into subcells with 75 m side length (n=224, see fig. 1). For every grid

cell and subcell we determined the number of woodpeckers observed. Although the location of the

woodpeckers could be determined fairly precisely, we decided to account for potential effects of the

high mobility of our study species near cell boundaries. Thus, we divided observations that were

located within 10 m from cell boundaries equally between the two adjacent cells or - if a registration

occurred within 10 m of intersections - between all four adjacent cells (precision of GPS locations

after differential correction: < 2 m).

Habitat models and residuals

The residuals of habitat models are supposed to represent the variation in spatial patterns not

explained by habitat use, but by other ecological processes influencing the community structure,

namely interspecific interactions. Therefore, we used the habitat models that resulted estimated best

from model selection for each species at the level of 150x150 m grid cells for the time periods

February - April and May - July (environmental descriptors as explanatory and bird counts per cell as

dependent variables, table 1; for more details see chapter 4, paper 1, p. 11-27) and computed the

residuals for these models. To test for the potential influence of interspecific interactions, we then

calculated Pearson correlation coefficients of the residuals of the estimated best habitat models for

each species. The inter- and intraspecific processes that shape the woodpecker community are

supposed to produce spatial autocorrelation in the variables (Legendre, 1993). To correct for the

potential impacts of this effect on the correlations, we used t-tests corrected for spatial autocorrelation

to test the significance of Pearson correlation coefficients (Dutilleul, 1993).

As we hypothesised that interactions between great spotted and middle spotted woodpecker might

vary between different spatial scales, we repeated the analysis of residuals at a finer resolution.

Hence, we calculated 12 habitat models with environmental descriptors as explanatory and bird

counts per cell as dependent variables for 75x75 m subcells for two time periods (February - April,
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May - July). Then, we determined the best models for each species and time period with model

selection (Burnham and Anderson, 1998; Anderson et al., 2000) and computed Pearson correlation

coefficients of the residuals as described above.

Species vs. habitat models

In order to evaluate potential interactions of the coexisting woodpecker species from a different

perspective, we further compared the best habitat models for each species, spatial resolution and time

period, respectively, with a model that represented the number of birds of the other species registered

at sampling sites at the same temporal and spatial scale (hereafter referred to as other species, table

1) with model selection.

Table 1: Models and associated predictions examined with model selection as potential explanations for the

pattern of habitat use of great spotted woodpecker and middle spotted woodpecker. For definitions of habitat

variables included see table 1, chapter 4. nr = number.

Variables included in models Biological meaning of model

Habitat models

potential cavity trees

epiphytes

dead wood length

old oaks

old conifers

age 3-5

nrspec

age 0-2

age 3-5

nrspec

old oaks

epiphytes
dead wood length

old oaks

potential cavity trees

dead wood length

old oak stands

open area

Species model

other species

effect of nr of potential cavity trees/ha

effect of moss and lichen coverage on trees

effect of the amount of dead wood on living trees

effect of nr of old oaks/ha

effect of nr of old conifers/ha

effect of nr of old trees

effect of tree species diversity

effect of small-scale stand structures

effect of arthropod prey availability

effect of availability of potential cavity trees and arthropod prey availability

effect of old oak stand area

effect of gaps within the forest area

effect of the number of individuals of the other species

Nearest neighbour analysis of woodpecker locations

In a third approach, we examined potential interspecific effects on a more fine-grained level with

nearest neighbour analysis. For this purpose, we classified each bird location by species and by the

species identity of its nearest neighbour in a contingency table. We then conducted X2 tests of

independence for incompletely mapped data (Pielou, 1961; Dixon, 2002b), with the null hypothesis

being independence of the species identity of an individual observed at one location from the species

identity of its nearest neighbour, i.e. no difference in the intensity of interspecific and intraspecific
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interaction. Nearest neighbours were counted for each observation period (n=17) separately, because

pooling would have introduced a territoriality bias: due to strong territoriality of woodpeckers during the

pre-breeding and breeding seasons, we expected to locate most birds within the same area during

subsequent observation periods. If data were pooled over observation periods, cases of individuals

being their own nearest neighbour would have made interpretations in terms of intra- and interspecific

interactions impossible. As most of our datasets for single observation periods were too small for

conventional X2 analysis, with values for observed and/or expected frequencies < 5, we used ACTUS2

(Analysis of Contingency Tables Using Simulation; Estabrook and Estabrook, 1989; Estabrook et al.,

2002) for these tests. ACTUS was designed to test the hypothesis of independence of two

classifications from small datasets. Observed cell values were bootstrapped 1000 iterations, and

Bonferroni-corrected p-values were calculated from the proportion of all simulated tables the X2 values

of which exceeded the values of the observed table. For further interpretation, ACTUS2 was used to

explore if the observed counts per cell were significantly higher or lower than the counts expected per

cell from randomisation.

Nearest neighbour analysis of active nests

In addition, nearest neighbour analysis with ACTUS2 (1000 iterations) was conducted also for active

nest cavities of the two species found in 2002 and 2003. These cavities were found through

systematic nest searches carried out between the middle of May and the end of June, which

corresponds to the time when young of both species are about to fledge. During this time, begging

calls of nestlings allow detection of active nests.

Results

Habitat models and residuals

At the spatial resolution of 150x150 m, the best predictors of great spotted woodpecker spatial

patterns before and after foliation were the length of trunks and dead limbs in tree crowns (Akaike

weight = 0.97) and the presence of old trees with dbh > 36 cm (Akaike weight = 0.96), respectively. At

the 75x75 m scale old oak stand area received the greatest support from Akaike weight in both time

periods (February - April: Akaike weight = 1.00; May - July: Akaike weight = 0.84; for results of all

models see appendix I). Thus, best predictors of spatial patterns of great spotted woodpeckers

differed both between spatial scales and for the 150x150 m scale also between time periods. In the

middle spotted woodpecker, old oak stand area best explained spatial patterns during both time

periods and levels of spatial resolution (Akaike weight = 1.00 for both time periods and spatial

resolutions). The residuals of the best models for each species showed low positive correlations for

both time periods at the 150x150 m spatial scale and for the time before foliation of oaks at the

resolution 75x75 m (table 2). These correlations, however, were significant only for cell size 75x75 m

before foliation. After foliation, we found no relation between spatial patterns of the study species on

this level of spatial resolution.
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Table 2: Pearson correlation coefficients between residuals of best models per species (for details see appendix
I) and t-test for significance of Pearson correlation coefficients corrected for spatial autocorrelation following
Dutilleul (1993), for each time period separately, and for two spatial resolutions (cell sizes 75x75 m and 150x150

m); **: p< 0 01; in brackets: best model great spotted woodpecker/best model middle spotted woodpecker

Cell size n February-April May-July

75x75 m 224
°'24** °-03

(old oak stands/old oak stands) (old oak stands/old oak stands)

Hcri Hcri r-r
0.22 0.21

150x150 m 56

(dead wood length/old oak stands) (age 3-5/old oak stands)

Species vs. habitat models

Our data suggest that the presence of one species did not affect the space use patterns of the other

species at none of the temporal or spatial scales examined. Compared to the models of habitat

structure, models representing the number of individuals of the other species received only marginal

or no support at all (appendix I).

Nearest neighbour analysis of woodpecker locations

The nearest neighbour analysis revealed no effects between the study species for most observation

periods (table 3). After Bonferroni correction, a significant interaction effect seemed to be present only

in March/April 2003. Further analysis with ACTUS2 (Estabrook and Estabrook, 1989; Estabrook et al.,

2002) indicated that this interaction was due to a segregation effect between species: For the time

period 25.03.-08.04.03, the counts of middle spotted woodpeckers being nearest neighbour of middle

spotted woodpeckers were significantly higher (p = 0.027) and the counts of middle spotted

woodpeckers located next to great spotted woodpeckers and great spotted woodpeckers next to

middle spotted woodpeckers, respectively, significantly and nearly significantly lower than expected (p

= 0.041, p = 0.058).

Table 3: Results of nearest neighbour Xz tests of independence
between species, for incompletely mapped data (Pielou, 1961;

Dixon, 1994) No significant deviation from the number of nearest

neighbours of each species expected under the hypothesis "no

interaction between species" 1000 simulations, programme

ACTUS2 (Estabrook and Estabrook, 1989; Estabrook et al,

2002) n: number of birds located during time period indicated; p:

significance based on number of times out of 1000 that the X2
values from F-simulated tables were equal to or exceeded the X2
value calculated from the observed data table; *: significant
deviation from the number of nearest neighbours expected under

independence of species from species identity of nearest

neighbour, Bonferroni-corrected significance level = 0 003

time period n P

16.03.-13.04.01 40 0.930

17.04.-04.05.01 52 0.034

09.05.-25.05.01 44 0.103

28.05.-25.06.01 54 0.286

26.06.-20.07.01 37 0.068

05.02.-10.03.02 72 0.624

14.03.-02.04.02 94 0.273

03.04.-18.04.02 95 0.198

23.04.-09.05.02 61 0.269

15.05.-29.05.02 80 1.000

13.06.-12.07.02 34 0.257

19.01.-02.03.03 61 0.214

05.03.-19.03.03 86 0.366

25.03.-08.04.03 65 *0.002

14.04.-25.04.03 73 0.626

01.05.-23.05.03 61 0.026

12.06.-30.06.03 71 0.433
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Nearest neighbour analysis of active nests

Nearest neighbour analysis of active nest cavities showed significant deviations from the overall

frequencies expected under the null hypothesis "no interaction between species", i.e. that the species

of a breeding pair occupying a nest cavity is independent on the species occupying its nearest

neighbour cavity (2002: n=31, p=0.000; 2003: n=29, p=0.046).

Further analysis showed that in 2002, the nearest neighbour cavity of middle spotted woodpeckers

was significantly less often than expected another middle spotted woodpecker cavity (p = 0.013), but,

as a tendency, more often than expected a great spotted woodpecker cavity (p = 0.06; table 4). Great

spotted woodpecker cavities being next to a cavity of the same species did not significantly deviate

from expectations (p-value "more often than expected" = 0.96; p-value "less often than expected" =

0.11), but tended to be next to a middle spotted woodpecker cavity more frequently than expected (p =

0.08). In 2003, counts did not significantly deviate from expectations calculated from 1000 simulated

tables.

Table 4: Observed counts of nearest neighbour active breeding cavities and significances based on 1000

simulated tables (ACTUS2; Estabrook and Estabrook, 1989; Estabrook et ai, 2002). NN: nr of nearest neighbour
breeding cavities. In brackets: significance of small counts / high counts; -: not significant, +: marginally
significant, i.e. 0.05<p<0.1, *: significant.

2002 2003

NN

great spotted
woodpecker

NN

middle spotted
woodpecker

NN

great spotted
woodpecker

NN

middle spotted
woodpecker

great spotted woodpecker

middle spotted woodpecker

8

(-/-)

9

(-/+)

14

(-/+)

0

(*/-)

15

(-/-)

5

(-/-)

7

(-/-)

0

(-/-)

Discussion

This study suggests that habitat structure is the single most important factor determining spatial

patterns of great spotted woodpeckers and middle spotted woodpeckers in our study area during the

pre-breeding and breeding season. Yet, our data indicate that this general pattern is influenced to a

variable degree by inter- and intraspecific interactions.

Small positive correlations between the residuals of the best models for each species resulted for the

time period February - April at both levels of spatial resolution and for the period May - July at the

level of 150x150 m. Although these correlations were significant only at the 75x75 m scale for the time

period before foliation (February - April), we suggest that this finding might hint at a small aggregation

effect between species not explained by the habitat variables included in our study. At the level 75x75

m, no interaction seemed to be present after the foliation of oaks. Contrary to our hypothesis based on

previous reports of aggressive interactions (e.g. Conrads, 1975) and own observations of agonistic

reactions to playback, we found no evidence of competitive interspecific interactions in spatial

patterns.

Until recently, positive interspecific interactions have only rarely been found in bird communities.

Lately, several mechanisms have been put forward to explain heterospecific aggregation observed in
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boreal forest birds and assemblages of dabbling ducks (Anas spp.) in Northern Europe (e.g. Elmberg

et al., 1997; Thompson et al., 2003). Resident birds were proposed to act as cues either to favourable

breeding sites (Monkkonen et al., 1999) or food sources (Monkkonen et al., 1997; Forsman et al.,

1998) for later arriving individuals. Forsman et al. (2002) reported positive fitness consequences for

pied flycatcher (Ficedula hypoleuca) breeding near competitively superior titmice (Parus spp.), and

Krams and Krama (2002) found interspecific cooperation to mob potential predators in temporarily

stable breeding communities. Also in sympatric rollers (Coracias garrulus) and kestrels (Falco

tinnunculus), heterospecific public information seems to influence breeding habitat selection (Parejo et

al., 2005). All of these positive interspecific interactions can be thought to influence spatial patterns in

our study species, and species are supposed to benefit as long as the advantages from aggregating

with heterospecifics exceed potential effects of competition (Monkkonen et al., 1999). This trade-off

between the advantages of aggregation and the problems arising with competition might explain why

the correlations observed in our data were only small.

Alternatively, habitat variables not explored in this study might also have influenced spatial patterns.

The variables we examined in this analysis were based on previous findings (Jenni, 1983; Spitznagel,

1990; Coch, 1997; Grüebler and Pasinelli, 1999; Pasinelli, 2000; Michalek and Miettinen, 2003;

Pasinelli, 2003; for further details see chapter 4, paper 1). Yet, due to practical difficulties, most of

these studies focussed on habitat structures supposed to be closely related to some aspects of

resource use, while only few directly referred to the resources themselves, e.g. food items and prey

species (Grüebler and Pasinelli, 1999). This lack of information about the relevant resources that are

directly used and consumed by our study species indeed may have influenced variation of spatial

patterns observed.

Except for the time period March 25th - April 8th 2003, the analysis of individuals' nearest neighbours

indicated no difference in the intensity of interspecific and intraspecific interaction at both scales. A

closer look at the behaviour types recorded during the time period deviating from this pattern reveals

that the apparent segregation of species displayed in March/April 2003 is not an effect of negative

interspecific interactions, but rather of intraspecific interactions. Most of the middle spotted

woodpeckers found to be nearest neighbours of individuals of the same species were engaged in

pairbonding and mating activities or aggressive interactions with supposed invaders of their territory.

Such small-scale "pair effects" or territorial activities are due to direct intraspecific behaviour and

cannot be interpreted in terms of interspecific interactions. Surprisingly, such effects were neither

detected in other years or time periods nor in the great spotted woodpecker. We presume that this

variation in small-scale spatial pattern may reflect changes in the levels of inter- and intraspecific

competition and variation in environmental conditions between seasons and years.

The distribution of active nest sites significantly deviated from the null hypothesis "no interaction

between species", and breeding pairs tended to occupy cavities that were situated next to the cavities

of heterospecifics rather than to cavities of the same species. This finding suggests that intraspecific

competition for breeding sites influenced the spatial distribution of nest cavities more than did

interspecific interactions. In this context, it might be important to notice that great spotted woodpeckers

normally begin to construct the breeding cavities about two weeks earlier and accordingly start egg-
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laying and breeding earlier than middle spotted woodpeckers (Blume and Tiefenbach, 1997). We

hypothesise that this temporal shift in the breeding cycle may have reduced potential interspecific

competition effects during the most critical reproduction period. Still, before starting cavity

construction, both species might compete for suitable cavity sites, as was suggested by several

observations (for review see Michalek and Miettinen, 2003) and our own observations of interspecific

reactions to middle spotted woodpecker's playback calls during the pre-breeding period.

We conclude that at the intermediate levels of densities maintained in our study area, habitat structure

is the most important factor influencing spatial patterns of great spotted woodpeckers and middle

spotted woodpeckers. Yet, we found modest evidence for both intraspecific and interspecific effects

acting at different scales and from different perspectives. Interestingly, the analysis of the residuals of

the best habitat models suggested a small aggregation effect between species that might either be an

effect of positive interspecific interactions not known so far or of an unknown resource that both

species exploit similarly. Our findings underline that inter- and intraspecific interactions depend on

many factors that make its outcome highly variable (Monkkonen et al., 2004).
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Appendix I

Results of model selection analysis for great spotted and middle spotted woodpecker on spatial resolution 150x150 m,

performed using 13 candidate models for time periods February - April and May - July For definition of variables included in

the models see table 1, p 15 (chapter 4) log(L) Log-likelihood, K nr of estimated parameters The models with the lowest AICC
value are the most parsimonious ones among the fitted models AAICC is the difference in AICC to the model with the lowest AICC

value Akaike weights indicate the relative support a particular model has compared with the other models, with higher values

corresponding to a higher degree of support, n=56 grid cells bold printed estimated best models

Model Variables included Great spotted woodpecker Middle spotted woodpecker

log(L) K AlCc AAlCc J^ log(L) K AlCc AAlCc
Akaike

weight

February - April

1 potential cavity trees

2 epiphytes

3 dead wood length

4 old oaks

5 old conifers

6 age 3-5

7 nr spec

8 age 0-2

age 3-5

nr spec

9 old oaks

epiphytes
dead wood length

10 old oaks

potential cavity trees

dead wood length

11 old oak stands

12 open area

13 other species

May - July

1 potential cavity trees

2 epiphytes

3 dead wood length

4 old oaks

5 old conifers

6 age 3-5

7 nr spec

8 age 0-2

age 3-5

nr spec

9 old oaks

epiphytes
dead wood length

10 old oaks

potential cavity trees

dead wood length

11 old oak stands

12 open area

13 other species

146 94 2 297 12 12 87 0 00 -144 88 2 293 98 33 57 0 00

147 53 2 299 29 15 03 0 00 -136 74 2 277 72 17 30 0 00

140.01 2 284.25 0.00 0.74 -138 91 2 282 04 21 63 0 00

145 94 2 296 11 11 86 0 00 -139 30 2 282 84 22 42 0 00

150 34 2 304 90 20 65 0 00 -156 23 2 316 69 56 28 0 00

144 67 2 293 56 9 31 0 01 -142 42 2 289 07 28 66 0 00

153 37 2 310 98 26 72 0 00 -156 27 2 316 77 56 36 0 00

144 60 4 297 98 13 73 0 00 -141 83 4 292 45 32 04 0 00

139 37 4 287 52 3 27 0 14 -130 36 4 269 50 9 09 0 01

139 83 4 288 43 4 18 0 09 -136 85 4 282 49 22 08 0 00

144 53 2 293 28 9 03 0 01 -128.09 2 260.41 0.00 0.99

153 08 2 310 39 26 14 0 00 -149 00 2 302 23 41 82 0 00

144 44 2 293 11 8 86 0 01 -43 28 2 290 78 30 37 0 00

-126 09 2 256 42

-127 69 2 259 61

-128 03 2 260 29

-128 36 2 260 95

-129 21 2 262 64

-123.89 2 252.00

-132 00 2 268 22

-123 89 4 256 56

-126 10 4 260 98

-125 75 4 260 29

-128 38 2 260 99

-13137 2 266 96

-128 08 2 260 38

4 42 0 08 -93 07 2 190 36

7 61 0 02 -89 01 2 182 25

8 29 0 01 -86 76 2 177 74

8 95 0 01 -90 92 2 186 07

10 64 0 00 -96 01 2 196 24

0.00 0.76 -92 24 2 188 71

16 22 0 00 -95 90 2 196 03

4 56 0 08 -92 00 4 192 77

8 98 0 01 -84 82 4 178 42

8 29 0 01 -86 64 4 182 07

8 99 0 01 -81.11 2 166.45

14 96 0 00 -94 88 2 193 98

8 38 0 01 -91 22 2 186 66

23 91

15 80

11 29

1961

29 79

22 26

29 58

26 31

0 00

0 00

0 00

0 00

0 00

0 00

0 00

0 00

11 97 0 00

15 62 0 00

0.00 0.99

27 53 0 00

20 21 0 00
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Results of model selection analysis for great spotted and middle spotted woodpecker on spatial resolution 75x75 m, performed

using 13 candidate models for time periods February - April and May - July For definition of variables included in the models

see table 1, p 15 (chapter 4) log(L) Log-likelihood, K nr of estimated parameters The models with the lowest AICC value are

the most parsimonious ones among the fitted models AAICC is the difference in AICC to the model with the lowest AICC value

Akaike weights indicate the relative support a particular model has compared with the other models, with higher values

corresponding to a higher degree of support, n=224 subcells, bold printed estimated best models

Model Variables included Great spotted woodpecker Middle spotted woodpecker

log(L) K AlCc AAlCc J^ log(L) K AlCc AAlCc
Akaike

weight

February - April

1 potential cavity trees

2 epiphytes

3 dead wood length

4 old oaks

5 old conifers

6 age 3-5

7 nr spec

8 age 0-2

age 3-5

nr spec

9 old oaks

epiphytes
dead wood length

10 old oaks

potential cavity trees

dead wood length
11 old oak stands

12 open area

13 other species

May - July

1 potential cavity trees

2 epiphytes

3 dead wood length

4 old oaks

5 old conifers

6 age 3-5

7 nr spec

8 age 0-2

age 3-5

nr spec

9 old oaks

epiphytes
dead wood length

10 old oaks

potential cavity trees

dead wood length

11 old oak stands

12 open area

13 other species

-366 95 2 737 96 22 04 0 00 -327 82 2 659 69 54 24 0 00

-363 69 2 731 43 1551 0 00 -324 75 2 653 56 48 11 0 00

-363 25 2 730 55 14 63 0 00 -324 01 2 652 08 46 63 0 00

-366 44 2 736 93 21 01 0 00 -324 00 2 652 06 46 61 0 00

-367 50 2 739 05 23 13 0 00 -327 79 2 659 64 54 19 0 00

-363 04 2 730 14 14 22 0 00 -328 54 2 661 13 55 68 0 00

-368 48 2 741 01 25 09 0 00 -331 32 2 666 69 61 24 0 00

362 79 4 733 77 17 85 0 00 -326 82 4 661 83 56 38 0 00

362 78 4 733 74 17 82 0 00 -320 79 4 649 77 44 32 0 00

362 91 4 733 99 18 08 0 00 -321 24 4 650 66 45 21 0 00

-355.93 2 715.92 0.00 0.99 -300.70 2 605.45 0.00 1.00

-368 56 2 741 18 25 26 0 00 -325 82 2 655 69 50 24 0 00

-361 58 2 727 21 11 29 0 00 -320 42 2 644 90 39 44 0 00

-312 36 2 628 76

-313 44 2 630 93

-312 72 2 629 50

-313-77 2 63159

-314 88 2 633 82

-311 57 2 627 20

-314 13 2 632 31

-311 04 4 630 26

-312 44 4 633 06

-31156 4 63130

-309.58 2 623.22

-314 52 2 633 09

-314 44 2 632 94

5 55 0 05 -187 12 2 378 29

7 71 0 02 -187 38 2 378 81

6 28 0 03 -187 08 2 378 20

8 37 0 01 -185 11 2 374 28

10 60 0 00 -186 30 2 376 65

3 98 0 10 -186 92 2 377 89

9 09 0 01 -189 78 2 383 61

7 04 0 02 -186 70 4 381 59

9 84 0 01 -184 61 4 377 40

8 08 0 01 -184 79 4 377 77

0.00 0.73 -176.68 2 357.41

9 87 0 01 -189 17 2 382 39

9 72 0 01 -183 71 2 371 47

20 89

21 41

20 80

16 87

19 24

20 49

26 20

24 18

0 00

0 00

0 00

0 00

0 00

0 00

0 00

0 00

19 99 0 00

20 36 0 00

0.00 1.00

24 98 0 00

14 06 0 00
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6. Can Distance Sampling Be Used to Assess Woodpecker Population Size?

Paper 3, submitted as:

Miranda, B., Ewald, K., Coch, T., Pasinelli, G. (submitted): Can distance sampling be used to assess

woodpecker population size? Ibis.

Abstract

Most woodpecker species are difficult to survey accurately, because they often live in forested habitats

with low visibility, use large home ranges and behave inconspicuously. Commonly used methods

present many difficulties for assessing population size of these birds and most often rely on the

controversial proportionality assumption. Recently, the use of more robust, detectability-based

methods, e.g. distance sampling, was suggested as an alternative to direct or index counts. Here we

apply the distance sampling approach to woodpecker location data obtained from a systematic

randomised sampling design. The estimated number of individuals is then compared to the number of

active nests found in nest site censuses. Our results suggest that distance sampling provides robust

density estimates of woodpecker populations in forest habitats.

Keywords: detectability-based methods, distance sampling, great spotted woodpecker, middle

spotted woodpecker, Piciformes, population survey.

Introduction

Woodpeckers are considered to be key-stone species in European forest ecosystems (Angelstam and

Mikusihski, 1994). The occurrence of several species of woodpeckers has been suggested to be an

indicator for naturally dynamic forests and sustainable forest management practices (Mikusihski and

Angelstam, 1997; Scherzinger, 1998; Wübbenhorst and Südbeck, 2002). In addition, Mikusihski et al.

(2001) found a positive relationship between woodpecker species richness and the number of other

forest birds, suggesting that some woodpecker species can be considered umbrella species in forests.

Woodpeckers therefore are important target species for conservation biology research in forest

landscapes.

Studies on the dynamics of woodpecker populations are difficult, since most common monitoring

techniques (e.g. territory mapping during the breeding season, Bibby et al., 2000) do not provide

sufficiently reliable results for this group (Oelke, 1975; Spitznagel, 1993; Setterington et al., 2000).

Partly, this can be explained by the reduced visibility in forest habitats. Additional difficulties arise due

to the large home ranges and the inconspicuous behaviour of many members of this non-passerine

bird group (Spitznagel, 1993), as well as the similarity of their vocalisations (Murphy and Lehnhausen,

1998; Gunn and Hagan III, 2000). Playback censuses during the pre-breeding season are commonly

used for population estimates of the most inconspicuous or uncommon species (Johnson et al., 1980),

e.g. the middle spotted woodpecker (Dendrocopos medius) (Müller, 1982; Bühlmann et al., 2003;

Robles and Olea, 2003; Kosihski et al., 2004), the lesser spotted woodpecker (D. minor) (Miranda and

Pasinelli, 2001), the black-backed woodpecker (Picoides arcticus) and three-toed woodpecker (P.

tridactylus) (Setterington et al., 2000; Hoyt and Hannon, 2002). However, the response to playback
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varies between species and also between individuals of one species (Johnson et al., 1980; Spitznagel,

1993). External factors such as season, playback equipment and/or call types, and individual

characteristics (sex, motivation, distance to breeding cavity) have been shown to influence the

probability of response to playback in lesser spotted woodpeckers (Campolattano and Hoentsch,

2002). Moreover, playback may attract birds from outside the study area and thus result in

overestimation of population size. Nest cavity searches, on the other hand, are believed to be the

most accurate method to assess woodpecker breeding density (Michalek et al., 2001). Yet, for species

with weak vocal activity of the nestlings, this method does not always provide reliable results. For

example, chirp-calls of juvenile middle spotted woodpeckers can only be heard during a short time

period and at short distances (Pasinelli, 2003), especially when the brood size is small (own. obs.).

Even after extensive nest searches a variable fraction of active nests may be overlooked (Kosihski et

al., 2004). Thus, both playback censuses and nest searches may lead to incorrect assessments of

population size, and nest searches can be particularly time-consuming, but not always effective

(Kosihski et al., 2004).

The validity of direct counts (also referred to as index counts, since the counts are used as an index to

relative abundance; Rosenstock et al., 2002) for the monitoring of land bird populations has been

questioned repeatedly, as such techniques rely on the proportionality assumption, i.e. they assume

that numbers of individuals detected represent a constant proportion of the actual number of birds

present (Rosenstock et al., 2002; Thompson, 2002). As demonstrated in the lesser spotted

woodpecker example mentioned above, this assumption is likely to be violated.

Recently, several authors advocated the use of more robust methods that adjust estimates for

individuals present, but not detected, and suggested distance sampling as an alternative to direct

counts (Rosenstock et al., 2002; Thompson, 2002; Ellingson and Lukacs, 2003). Distance sampling

bases population estimates on detection functions modeled from empirical data from line transects or

points of observation (usually referred to as "line or point transects"; Buckland et al., 2001). It thus

compensates for differences in the detectability of individuals depending on the distance from the

observer (Buckland et al., 2001). Distance sampling methods have been applied to a wide variety of

taxa of terrestrial and marine mammals, birds, amphibians and reptiles. Yet, to our knowledge, it has

not been applied specifically to woodpeckers so far. We hypothesise that distance sampling could

provide a robust tool for population monitoring of this group. Here we adapt distance sampling field

procedures to the special problems that arise with woodpecker sampling and compare population

estimates derived from distance sampling with results from nest site censuses.

Methods

Study area

The study was conducted in the Niderholz forest (47°37'N, 8°37'E; 800 ha; 380 m a.s.l.) in the

northeastern part of the Swiss lowlands (Pasinelli et al., 2001), where great spotted woodpecker (D.

major), middle and lesser spotted woodpecker occur in sympatry (see below). This forest is one of the

most important breeding areas for middle spotted woodpeckers in Switzerland (Schmid et al., 1998),
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as it encompasses about 20% of the total Swiss breeding population (250-300 breeding pairs). The

study area covered 120 ha of oak-hornbeam forest managed for centuries as coppice-with-standards

(Bürgi, 1999). Oak (Quercus spp.) and hornbeam (Carpinus betulus) were the dominant tree species,

with scots pine (Pinus sylvestris), spruce (Picea abies), lime (Tilia sp.) and Norway maple (Acer

platanoides) interspersed.

Study species

The great spotted woodpecker is the most generalist and ubiquist species within the Dendrocopos

group. It is found in almost any type of forest, but reaches highest densities in old oak-hornbeam

forests (0.9-5.7 pairs/10 ha; Glutz von Blotzheim and Bauer, 1980). The food spectrum of the great

spotted woodpecker is very broad: Although it is mainly insectivorous, the proportion of conifer seeds

in its diet can be high, especially during the winter months (Michalek and Miettinen, 2003). The middle

spotted woodpecker lives in mature oak forests and is a food specialist foraging almost exclusively on

arthropods, mainly tree- and bark-living species (Glutz von Blotzheim and Bauer, 1980; Pasinelli,

2003). Population density ranges from 0.4-1.4 pairs/10 ha for typical lowland forest habitats (Pasinelli,

2003). European populations have been heavily affected by intensive forestry and are declining rapidly

(Mikusihski and Angelstam, 1997). Due to the inconspicuous behaviour of the lesser spotted

woodpecker several aspects of its ecology are not well known (Cramp, 1985). Recent studies have

revealed quite a large range of occupied habitat types (Wiktander et al., 1992; Hoentsch, 1996; Coch,

1997; Miranda and Pasinelli, 2001). These rather unspecific habitat requirements cannot explain the

very low density over most habitat types (< 0.1 pairs/10 ha; Glutz von Blotzheim and Bauer, 1980).

Woodpecker sampling protocol

A grid with square cells of 150 m side length each was placed randomly over the study area, so that

the whole study area was covered by the grid cells (n=56, total area covered=126 ha). Observations

were conducted from all 78 corners or intersections of adjoining grid cells, respectively (=sampling

points). GPS GeoExplorer 3 (Trimble) was used to find the grid intersections in the field. As

woodpeckers are not easy to detect and detection probability differs among species and seasons, the

observer (all observations were made by BM) spent 15 min at every sampling point to increase

detection probability. If more than one individual was present, we recorded the number of birds

simultaneously observed. The average number of woodpeckers recorded per point was 0.78 +/- 0.02

SE. The observer identified and memorised the initial locations at which the birds were observed or

heard. Up to a distance of 100 m an experienced observer was able to locate and memorise a bird's

position with good accuracy. If the location could not be identified, the observation was not registered.

After each sampling period, the observer moved to these locations and recorded the geographical

coordinates and further data on the woodpeckers present with GPS (i.e. species, sex, behaviour, date

and time). Woodpecker positions were also mapped without visual contact, provided that the location

was known and the species could be acoustically identified. During an observation period, we visited

each of the 78 sampling points once; then we started a new observation period. The initial point of

each observation period was randomly selected. After every 15 min sampling period, the observer
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moved to the next sampling point, which was chosen randomly among the sampling points not yet

visited during the current observation period and at least being 300 m away from the previous point.

With this sampling scheme, we tried to avoid data collection from the same individual in consecutive

sampling periods. Field observations were conducted from March 2001 to January 2002 (10

observation periods), from February to July 2002 (6 observation periods) and from February to June

2003 (6 observation periods). Some nest cavities were already found during excavation, while

conducting the normal transect work, but most active cavities were detected during systematic nest

searches conducted over the entire study area in May and early June. This time period corresponds to

the nestling stage, when nests of both species can be found due to the fairly loud begging calls of

nestlings as well as by following parents carrying food in their beaks.

Data analysis

Differential correction and first data processing was carried out with GPS Pathfinder Office 2.7.

Thereafter, data were transferred to ArcGis 8.3 for further analysis. Distance sampling analysis was

conducted with Distance 4.0, Release 2 (Thomas et al., 2003). Distance sampling uses the distribution

of radial distances of objects counted from sampling points to model detection probability as a function

of distance from sampling points (Buckland et al., 2001). Then the detection function was modelled for

the whole dataset pooled among years for every species with the 3 key functions implemented in

Distance 4.0 (uniform, half-normal, hazard-rate) with cosine, simple or hermite polynomial adjustment

terms. Low AICC values - a derivation of the AlC that includes a bias correction term for small sample

sizes - and numbers of parameters, no significant deviation of the goodness-of-fit X2and low variance

characterise the function that best approximates the detection function (Anderson et al., 2000;

Buckland et al., 2001; Johnson and Omiand, 2004). Starting from this detection function, Distance

estimates the proportion of objects that remain undetected and calculates the estimated number of

individuals present in the study area. The model that was found to be best for the pooled dataset was

also used for subsets of the data (see below). The estimated number of individuals per species was

compared to the number of active breeding cavities multiplied by two, because nests in both species

are usually attended by two individuals (Michalek and Miettinen, 2003; Pasinelli, 2003). Obviously, the

number of nest sites multiplied by two does not exactly correspond to the population size estimated by

distance sampling, because floaters (unpaired individuals) may be recorded during sampling periods,

but not during nest searches. Also, nests may be lost before being found, although nest loss rates in

both great and middle spotted woodpeckers are very low (Michalek and Miettinen, 2003; Pasinelli,

2003). Yet, given the methodological difficulties of assessing woodpecker populations we assume

results from nest site censuses to be the most adequate data to compare with estimates derived from

distance sampling.

To give the practitioner some guidelines for the sampling effort needed to obtain reliable woodpecker

population estimates in a distance sampling framework, we tried to calculate the number of bird

locations that the analysis should be based upon. For this purpose, we used the distance sampling

model found to be best for the pooled data to calculate population estimates (number of birds

observed) and measures of precision (coefficient of variation) from subsets of observation periods for
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different time periods. These subsets correspond to data from single years as well as from the time

periods February - April and May - July for single years and for two and three years pooled. Then we

confronted the number of birds observed during these subsets with the coefficient of variation

calculated with distance sampling for the same subsets.

Results

During our field study we located 1,360 woodpeckers (982 great spotted woodpeckers, 356 middle

spotted woodpeckers and 22 lesser spotted woodpeckers). There was evidence of evasive

movements within 20 m distance from the sampling points for great spotted woodpeckers, with the

observed values resulting lower than expected within the first ten meters and higher than expected

between 10 and 20 m (fig. 1).
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Fig. 1: Detection probability function superimposed on histograms showing the frequency of great spotted
woodpecker counts in relation to radial distance from observation points; hazard-rate key function fitted to counts.

Radial distance category width = 4 m.

Although the assumption that objects should be detected at their initial location was violated to some

degree, we decided not to discard any observations near the sampling points, because the lack of

observations within the first 10 m averages out with the surplus of observations between 10 and 20 m.

Right-truncation was set at 100 m, as the locations of birds are supposed to be less accurate and

large distances are more difficult to model (Buckland et al., 2001). The remaining observations located

between 0 m and 100 m, i.e. 91% of the original dataset, were entered in distance sampling analysis.

For middle spotted woodpeckers, we also truncated data at 100 m and entered the remaining 89% of

the original data set in the analysis (fig. 2). Lesser spotted woodpecker data were not analysed by

distance sampling, as the sample size for this species is far too small (n=22) to estimate the detection

function for point sampling data (Buckland et al., 2001).
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Fig. 2: Detection probability function superimposed on histograms showing the frequency of middle spotted
woodpecker counts in relation to radial distance from observation points; half-normal key function fitted to counts.

Radial distance category width = 5.88 m.

Differences between AICC values and estimates derived from single models were only small in both

species. For the great spotted woodpecker, the hazard-rate key function best fitted the data (model

assessment based on AICC values, number of parameters, goodness-of-fit X2 and coefficient of

variation; Table 1). The number of individuals estimated by this model was 39. This corresponds well

to the results of nest site surveys for the same years (mean number of nest sites found: 20.3, 95% ci.

(confidence interval) = 1.3; n = 3 years). The half-normal key function was the best model for the

middle spotted woodpecker detection function (Table 2). For this species, 19 individuals resulted from

distance sampling estimates, whereas the mean number of nest sites found was 7 (95% ci. = 3.0, n =

3 years).

Table 1: Number of individuals and confidence intervals of the great spotted woodpecker estimated from different

key functions. All models were fitted after right-truncation at 100 m; sampling effort = 1,716 point transects, bird

counts = 889. AICC: a derivation of Akaike's information criterion that includes a bias correction term for small

sample sizes; GOFX2: p-value of goodness-of-fitX2 test; N: estimated number of individuals; CV N: coefficient of

variation of the estimated number of individuals; lower/upper 95% ci.: lower/upper 95% confidence interval. Bold

printed: best model based on AICC values, number of parameters, goodness-of-fitX2 and coefficient of variation.

Key function Series

expansion

Nrof

para¬

meters

AICC GOFX^ N CVN Lower

95% ci.

Upper
95% ci.

hazard-rate - 2 7968.50 0.741 39 0.062 34 44

half-normal hermite pol. 2 7969.18 0.781 44 0.115 35 55

uniform simple pol. 2 7969.51 0.727 47 0.071 41 54

half-normal cosine 2 7969.72 0.785 43 0.164 31 59

uniform cosine 3 7970.19 0.771 4? 0.143 32 55
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Table 2: Number of individuals and confidence intervals of the middle spotted woodpecker estimated from

different key functions. All models were fitted after right-truncation at 100 m; sampling effort = 1,716 point
transects, bird counts = 312. AICC: a derivation of Akaike's information criterion that includes a bias correction

term for small sample sizes; GOFX2: p-value of goodness-of-fitX2 test; N: estimated number of individuals; CV N:

coefficient of variation of the estimated number of individuals; lower/upper 95% ci.: lower/upper 95% confidence

interval. Bold printed: best model based on AICC values, number of parameters, goodness-of-fit X2 and coefficient

of variation.

Key function Series

expansion

Nrof

para¬

meters

AlCc GOFX^ N CVN Lower

95% ci.

Upper
95% ci.

half-normal - 1 2807.46 0.521 19 0.132 15 25

uniform cosine 2 2807.95 0.518 16 0.185 11 23

uniform simple pol. 2 2808.33 0.529 18 0.134 13 23

hazard-rate cosine 3 2809.21 0.479 15 0.249 9 25

Relatively large differences exist between estimates for single years (fig. 3+4). For 2001, the number

of 52 great spotted woodpecker individuals present in the area seemed to be too high in comparison

to the 21 active nests found, accounting each for two adult birds. Observation periods conducted

during courtship and breeding in 2002 and 2003 resulted in estimates that were close to the number of

nest sites found (33 birds vs. 19 nest sites in 2002; 39 birds vs. 21 nest sites in 2003), with the number

of nests multiplied by two falling within the confidence interval for single years and for all years pooled.

The estimate of middle spotted woodpeckers present in 2001 (17) is based upon only 43 locations.

Also, the results of the nest site census for this year are incomplete due to unfavourable weather

conditions. For 2002, the analysis of data from courtship and breeding periods provided a rather high

estimate if compared with the number of nest sites found (29 birds vs. 9 nest sites found), whereas for

2003 the results from nest site censuses were within the 95% ci. of the distance sampling estimates

(22 birds vs. 8 nest sites).
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Fig. 3: Estimated number of individuals of great spotted woodpeckers with upper and lower 95% confidence

interval from observations periods during courtship and breeding (February - July) for single years and from all

observation periods 2001-2003. (2001: 5 obs. periods / 172 birds located; 2002: 6 obs. periods / 245 birds

located; 2003: 6 obs. periods / 257 birds located; whole dataset: 22 obs. periods / 889 birds located); asterisks

represent the number of nest sites multiplied by 2, i.e. the number of adult birds assessed based on nest site

censuses.
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Fig. 4: Estimated number of individuals of middle spotted woodpeckers with upper and lower 95% confidence

interval from observation periods during courtship and breeding (February - July) for single years and from all

observation periods 2001-2003. (2001: 5 obs. periods / 43 birds located; 2002: 6 obs. periods / 130 birds located;
2003: 6 obs. periods / 102 birds located; whole dataset: 22 obs. periods / 356 birds located); asterisks represent
the number of nest sites multiplied by 2, i.e. the number of adult birds assessed based on nest site censuses. In

2001, the nest site censuses could not be completed due to unfavorable weather conditions.

As we expected, the coefficient of variation of the estimated number of individuals decreased with an

increasing number of woodpecker observations obtained from different time periods (single and

combined years and seasons), reaching an acceptable level of precision (CV < 15%) for both species

at approximately 200 observations (fig. 5).
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Fig. 5: Precision of estimate (coefficient of variation) achieved in relation to the number of birds that the analyses
are based on. Grey triangles: great spotted woodpeckers; black dots: middle spotted woodpeckers.
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Discussion

Distance sampling analysis relies on three key assumptions: a) the certainty of detection of objects at

the sampling point, b) the detection of objects at their initial location and c) the precision of distance

measurements, especially near sampling points (Buckland et al., 2001). If interpreted in the very strict

sense of Hutto and Young (2003), our field protocol did not meet all these assumptions. Particularly,

our data suggest evasive movements of great spotted woodpeckers in the immediate vicinity of

sampling points, violating thus mainly assumption a), and to some degree assumption b). However,

this problem could be dealt with by fitting the detection function only to the data beyond a distance

after which detection is certain (left-truncation; Buckland et al., 2001). Although flushing behaviour

seemed to be present in the great spotted woodpecker, we did not apply left-truncation to this dataset,

because the lack of observations caused by flushing within the first 10 m averages out with the surplus

of observations between 10 and 20 m. Violations of the assumption that objects are detected at their

initial location may bias population estimates, but only movements in response to the observer are

deemed to be problematic (Buckland et al., 2001). Our field protocol was designed to avoid evasive

movement prior to detection: the observer approached the sampling points very carefully in order to

avoid disturbance. Precise measurements of the distance between sampling points and woodpecker

locations (assumption c) were obtained by mapping the exact position of a woodpecker with GPS.

After differential correction, the accuracy of positions mapped was <2 m.

Differences in the detection probability between visual and acoustical detections are not critical in

distance sampling analysis, because the functions used to model the detection function are "pooling

robust" (Burnham et al., 1980; Buckland et al., 2001; Rosenstock et al., 2002). As the probability of

detection is a function of many factors other than distance (e.g. weather, observer, season, behaviour

of the object), a dataset always represents an assortment of detection functions. The functions used in

distance sampling analysis are robust to these variations in detection probability (Buckland et al.,

2001).

Eventually, also the similarity of the estimates derived from distance sampling with the results from

nest censuses suggests that our field protocol and analysis satisfied the key assumptions of distance

sampling and provided reasonable estimates of woodpecker population size, particularly in the case of

the great spotted woodpecker. In the case of the middle spotted woodpecker, the comparison between

distance sampling estimates and the number of active nests is complicated by the incomplete nest site

census results for this species in 2001. If the 2001 data are omitted from the analysis, the mean

number of nests found multiplied by two also falls within the confidence interval of the distance

sampling estimate for the same time period.

Although further studies are needed, we suggest that distance sampling may represent a viable,

detectability-based alternative to playback or nest site censuses commonly used to assess

woodpecker populations. Our findings support the conclusions of Norvell et al. (2003) that distance

sampling is a valuable tool even in habitats with low visibility, such as forests. We propose that the

problems encountered in habitats with low visibility can be addressed by including acoustical cues,

provided that the identity and location of the birds can be determined with sufficient accuracy.

Distance sampling not only provides robust density estimates at a landscape or habitat scale (e.g. Catt
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et al., 1998; Tobias and Seddon, 2002), but also appears to yield reliable estimates of the number of

individuals present in a relatively small area (120 ha this study).

The number of bird observations needed to achieve acceptable levels of precision seems to be

independent of the study species behaviour and density (see also Marsden, 1999). With an increasing

number of birds observed, the coefficient of variation of the estimated number of individuals decreased

for great spotted woodpeckers and middle spotted woodpeckers to a similar extent and reached an

acceptable level of precision (CV < 15%) with 200 bird observations. However, as fewer middle

spotted woodpeckers (n = 356) than great spotted woodpeckers (n = 982) were observed and located

over all observation periods, the final level of precision achieved was lower for middle spotted

woodpeckers, resulting in a higher CV than for the great spotted woodpecker (13.2% vs. 6.2%, Fig. 4).

Apparently, a reasonable level of precision can be achieved with a relatively small number of

individual observations, but any additional increase in precision requires a rather large increase in

observations.

Differences in estimates between years can be attributed both to differences in the number of birds

actually present in the area and to variation in weather conditions and conspicuousness of

woodpecker behaviours. In both species, the estimates for 2001 deviate from those of other years.

Fluctuations between years, especially the high estimate of great spotted woodpeckers for 2001,

might be attributed to the presence of floating birds. Previous studies using radio-tracking (Pasinelli et

al., 2001; Bachmann and Pasinelli, 2002) and own observations during this field study, however, gave

no indications that a large number of floaters were present in the area in neither of these species. In

the middle spotted woodpecker, the relatively low estimate for 2001 may reflect the influence of

unfavourable weather conditions with above-average precipitation in March and cold and rainy

weather in April and June (MeteoSchweiz, 2001). On the other hand, estimates of population size for

2001 could have been less reliable than for other years simply because the analyses for this year

were based on a relatively small number of woodpecker locations (172 great spotted woodpeckers, 43

middle spotted woodpeckers).

Middle spotted woodpecker observations were much less common than great spotted woodpecker

observations and remained below the threshold of 200 birds for single years, so the data combined

from all observation periods produced the most precise estimates with small confidence intervals.

Management Implications

We conclude that distance sampling can be a valuable method to assess woodpecker population size

and produces robust estimates of woodpecker populations in forest habitats, if based on at least 200

observations per species. It thus provides an additional tool for the monitoring of woodpecker

populations that are difficult to assess with common bird monitoring techniques. In particular, this

method appears to be useful even for inconspicuous species living in low-visibility habitats such as

deciduous forests, if acoustical cues are included in the analysis. However, it cannot be recommended

for species with very low overall densities, such as the lesser spotted woodpecker, as for these

species, the 200 observations needed for a robust estimate are very difficult to obtain with a

reasonable effort and within time periods that are ecologically relevant. The systematic random
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sampling design and the field procedures used in our study seem to satisfy the key assumptions

underlying distance sampling analysis. Eventually, this approach offers a promising tool for systematic

long-term monitoring of the effects of conservation measures, natural disturbances or forest

management practices on the population sizes of woodpeckers and other forest birds.
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7. General Conclusions

For my studies on the mechanisms acting between sympatric great spotted, middle spotted and lesser

spotted woodpeckers I chose a systematic randomised sampling design (Ratti and Garton, 1996).

With this approach I intended to provide information on the whole population in the study area instead

of basing my analyses on radiolocation data from a comparatively small number of individuals, as is

used as a standard approach in many studies on woodpecker habitat use (for example Pasinelli et al.,

2001 ; Wiktander et al., 2001 ; Pechacek and d'Oleire-Oltmanns, 2004; but see Coch, 1997).

The results presented in this work demonstrate that the proposed study design and field procedures

provide a valuable tool for woodpecker research and offer the opportunity to gain new insights into the

structure of species communities.

In chapter 4 (paper 1, pp. 11-28) I demonstrated that differences in the intensity of use of grid cells

can be related to environmental variables describing different levels of habitat (single habitat

elements, forest stand characteristics, forest habitat types). For great spotted woodpeckers, I found a

change of preference from a specific habitat element (estimated length of trunks and dead limbs in

tree crowns) to a more general feature of forest stands (number of trees with dbh > 36 cm) associated

with the foliation of oaks at the end of April. This result confirms the shift towards a more opportunistic

foraging strategy also reported by Jenni (1983). Middle spotted woodpeckers, on the other hand,

maintained a clear preference for forest areas dominated by oaks > 100 years during the entire study

period (February - July). Interestingly, the more specialised middle spotted woodpecker thus

responded to a more generic feature of habitat (extent of continuous old oaks stands), whereas from

February - April the intensity of habitat use of the generalist great spotted woodpecker was explained

by a specific vegetation structure (amount of dead wood). I thus conclude that the degree of habitat

specialisation cannot be used to predict the scale at which habitat selection takes place.

In chapter 5 (paper 2, pp. 29-43) I compared the influence of variables describing habitat and of

variables relative to the intensity of use of grid cells by the other woodpecker species supposed to

compete for similar resources. The results show that habitat structure determines the spatial patterns

in most instances, whereas intra- and interspecific interactions can modify this general pattern to a

variable degree. A clear niche differentiation thus seems to facilitate the coexistence of the similar-

seized great spotted woodpecker and middle spotted woodpecker in Central European forest habitats,

probably associated with temporary adaptations in behavioural responses to variations in inter- and

intraspecific pressure.

As a practical application of the proposed sampling design, I showed that woodpecker location data

collected with the proposed systematic randomised sampling design can also be used to estimate

population size with distance sampling (paper 3, pp. 44-55).

However, the application of systematic randomised sampling of woodpecker locations seems to be

limited to species with high or intermediate density, as was the case for great spotted and middle

spotted woodpeckers in my study area (great spotted woodpecker: 2.2 breeding pairs/10 ha +/- 0.15

SE; middle spotted woodpecker: 0.82 breeding pairs/10 ha +/- 0.1 SE; time period 1994-2003,

Miranda et al., 2006). For species with very low densities, the proposed approach does not provide

sufficient data for analysis.
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During 22 observation periods I registered only 22 observations of lesser spotted woodpeckers, which

is far less than expected from the frequency of non-systematic and incidental observations in other

habitats of this species. The amount of data collected for this species did not allow conducting sound

statistical analysis. Lesser spotted woodpeckers are known to behave rather inconspicuously during

most seasons, but display regular vocal activity during the pre-breeding season (Spitznagel, 1993;

Miranda, 1998), i.e. in March and April when I carried out extensive field observations for this study.

Although the presence of this species during the breeding season had been confirmed in a previous

study with playback tape census (Miranda, 1998), lesser spotted woodpeckers thus seemed to be only

temporarily present in the study area. During systematic nest site searches conducted since 1994 in

the same area, active nests of lesser spotted woodpeckers were found in 1997, 1999 and 2000 only (1

nest per year, G. Pasinelli, unpublished results; own unpublished results).

Several hypotheses might explain the supposed temporary absence of lesser spotted woodpeckers in

the study area.

Habitat conditions: Lesser spotted woodpecker habitat distribution in forests of Northeastern

Switzerland was best predicted by the presence of softwoods (alder Alnus sp., ash Fraxinus excelsior,

tile Tilia sp., cottonwood Populus sp.), small distances to lakes or rivers and low elevation (Miranda

and Pasinelli, 2001). Whereas my study area is situated near the river Rhine and at low altitude (< 400

m a.s.I.), it contains only few softwood trees and thus probably provides only suboptimal habitat

conditions for lesser spotted woodpeckers.

Interspecific interactions: The small quantity of data collected for this species does not allow any

conclusions about the presence or absence of interspecific interactions with great spotted

woodpeckers or middle spotted woodpeckers. I therefore was not able to test my hypothesis that

interspecific interactions might influence the lesser spotted woodpecker's habitat use.

Mobility: In comparison to other bird species inhabiting similar habitats, lesser spotted woodpeckers

have rather large home ranges that can include large unused areas (Hoentsch, 1996; Wiktander et al.,

2001). Lesser spotted woodpeckers have been reported to fly large distances over unsuitable habitats

(Hoentsch, 1996). In a long-term study conducted in Southern Sweden, Wiktander et al. (2001) found

that mean home range area during the winter months covered 742 ha (both sexes) and decreased to

43 ha during nesting. I hypothesise that within these large home ranges, lesser spotted woodpeckers

displace the centre of nesting activity from year to year. This shift may explain the temporary absence

of lesser spotted woodpeckers in my study area. The unusually large home ranges and the high

mobility cannot be explained by the rather unspecific habitat requirements of this species. I tentatively

conclude that space use behaviour of lesser spotted woodpeckers might be an adaptation to

mechanisms acting within the woodpecker community, for example interspecific competition for

suitable nest cavities and prédation of nestlings by great spotted woodpeckers (Michalek and

Miettinen, 2003).
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