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Summary 

 
To answer the consequences of the Anthropocene and its associated erosion of 

biodiversity, response time, accuracy, and cost-effectiveness must be strongly 

considered when developing biodiversity conservation programs. Because of 

limited human and financial support, conservationists must prioritize relevant 

ecological areas, ideally with a high buffering capacity accounting for species loss. 

Among other conservation tools, indicator species help in assessing a specific 

environmental condition. From a conservation perspective, species used as 

indicators of naturalness would also endorse the role of an umbrella species, in the 

hope that the protection of the surrogate’s habitat will simultaneously benefit the 

array of species encompassed within it.  

In Fennoscandia and Eastern Europe, the White-backed Woodpecker 

(Dendrocopos leucotos) was proposed as an umbrella species for the saproxylic 

guild, including beetles. While the bird species went locally extinct due to intensive 

logging activity, it is now recolonizing its former habitat by expanding its breeding 

home range to extensively managed forest stands of central Europe. Because the 

bird species is often referenced as an old-growth deciduous forest specialist, 

conservationists questioned its role as a surrogate species for saproxylic beetle 

diversity in this specific anthropized context. The aim of the presented study is to 

fill in the knowledge gap regarding the relation between the central European 

White-backed Woodpeckers population and the saproxylic beetle communities.  

From 2018 on, I characterized saproxylic beetle communities found in the 

White-backed Woodpecker habitat using three different sampling methods. First, 

passive and non-attractive flight interception traps were used to quantify flying 

beetle communities occurring at the woodpecker’s breeding home range scale. 

Second, in situ eclector traps were used to directly quantify communities emerging 

from dead standing trees, informing on the beetle species associated to this type 

of dead wood, referenced as of prime importance in the bird’s foraging strategy. 

Third, standardized fresh dead wood items were exposed for colonization along the 

vertical axis of the forests and set in rearing traps, informing on the colonization 

potential of the woodpecker’s habitat by the pioneer saproxylic beetle guild. While 

the first two methods were capitalizing on local radio-frequency data to quantify 

the White-backed Woodpecker’s activity, either in its breeding home range or in 

absence sites, the vertical stratification experiment was conducted in 
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presence/absence sites distributed in along the western-Eurasian distribution of 

the woodpecker and as a collaboration between several research institutes. 

 

I found the number of flying threatened saproxylic beetle species to be positively 

correlated with the White-backed Woodpecker’s activity. In addition, multiple 

saproxylic beetle species – including threatened ones – were to be associated with 

the bird’s breeding home range, emphasizing the importance of its habitat for 

saproxylic beetle diversity. Saproxylic beetle communities emerging from dead 

standing trees were highly heterogeneous, regardless of the White-backed 

Woodpecker activity, emphasizing the overall importance of this type of dead wood 

items in supporting local saproxylic beetle diversity. Experimental study of dead 

wood colonization along the three forest strata revealed strong partitioning of the 

community as a function of elevation above ground and exposure time, 

highlighting the importance of a diversified dead wood resource, both along a 

temporal continuum and in the vertical gradient of the forest.  

 

In addition to evidencing the role of the White-backed Woodpecker as an umbrella 

species for threatened saproxylic beetles and indicator for forest naturalness, I 

propose an extensive framework for conservation programs aiming at supporting 

dead-wood dependent biodiversity. We believe this work will contribute to opening 

new opportunities for using the White-backed Woodpecker as a meaningful 

surrogate species for central European saproxylic diversity.  
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General Introduction 

 
While past extinctions were mainly caused by natural phenomena, the massive 

loss of species we witness in the 21st century – known as the sixth mass 

extinction – is driven by a relentless anthropogenic pressure (Pimm & Raven, 

2000; Vane-Wright et al., 1991; Wang-Erlandsson et al., 2022). Although being 

at its highest in agricultural and urban areas, it does not stop at the forest edges. 

While forests cover around 30% of the landmass (FOREST EUROPE 2020), they 

have been subject to a strong stand homogenization as an effect of intensive 

logging activity and dead wood removal over the last centuries (Speight, 1989). 

These practices have been repeatedly documented on having detrimental effects 

on forest biodiversity and on biome stability (Gossner et al., 2013; Müller et al., 

2007; Ranius et al., 2018; Thorn et al., 2014). Due to their dependency on dead 

wood and their important role in the forest cycle (e.g., dead wood decay, nutrient 

cycling, tree regeneration; see Hilmers et al., 2018; Seibold et al., 2021), 

saproxylic organisms are a key component of the forest ecosystem and thus must 

be protected. Nevertheless, most saproxylic species lack the adaptive plasticity to 

respond to rapid and drastic human-induced structural and climatic changes in 

their habitat. If no conservation action is taken, a significant fraction of the forest-

dwelling community could face local extinction. To protect this sensitive yet 

fundamental component of biodiversity, conservation tools allowing an acute, 

rapid, and cost-efficient assessment of the ecosystem must therefore be 

considered and evaluated.  

 

Indicator and umbrella species? 
 

The term “indicator species” has three distinct meanings. They are a species, or 

group of species, that reflect the biotic or abiotic state of an environment; reveal 

evidence for, or the impacts of, environmental change; or indicate the diversity of 

other species, taxa, or entire communities within an area (Levin, 2001). 

More than a century ago, Hall & Grinnell (1919) proposed the “indicator 

species” concept, defined as “species being distributed across specific life-zones”. 

While back then the association of species with a specific habitat was roughly 

described in terms of longitude, latitude and topography, ecological research 

steadily started integrating supplementary parameters characterizing ecosystems 

(e.g., climate, vegetation type, associated resource, trophic interaction, level of 
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anthropization). This increased resolution on environmental characteristics 

improved the knowledge of the informed naturalists about where and when to find 

a specific species. Since then, the “indicator species” concept has evolved 

substantially and is now defined as “an organism whose characteristics (e.g., 

presence or absence, population density, dispersion, reproductive success) are 

used as an index of attributes too difficult, inconvenient, or expensive to measure 

for other species or environmental conditions of interest.” (Lindenmayer et al., 

2000). In practice, species from many different taxonomic groups have been used 

as surrogate for species richness and/or ecological processes. These include 

epiphytes (Oswaldo et al., 2022), fungi (Müller et al., 2007), invertebrates (Bucher 

et al., 2019; Eckelt et al., 2018; Kašák et al., 2019; Roth & Weber, 2007), fishes 

(Albert et al., 2018; Branton & Richardson, 2014), reptiles (Albert et al., 2018; 

Hager, 1998), amphibians (Campos et al., 2014), mammals (Albert et al., 2018; 

Mortelliti et al., 2022; Zyśk-Gorczyńska et al., 2015) and birds (Assandri et al., 

2017; Roth & Weber, 2007). 

While the use of indicators species increased over time, a strong bias 

towards charismatic species started to develop (see Albert et al., 2018). Their 

excessive promotion in the public and politic spheres (Jepson & Barua, 2015) 

resulted in an inhomogeneous landscape of studies (Buxton et al., 2020; Oettel & 

Lapin, 2021), ultimately causing protection programs to focus on ecological areas 

that should not be prioritized (Albert et al., 2018; Cusack et al., 2022). 

Nonetheless, attributing a charismatic status to a neglected yet ecologically 

relevant species remains a valid strategy to raise public awareness and funding. 

Carignan & Villard (2002) proposed that ideal indicators should endorse several 

roles such as being (1) a flagship species (i.e., species that can easily attract 

public support for conservation), (2) a resource-limited species (i.e., species 

requiring specific resources that may be in critically short supply either temporally 

or spatially), (3) a process-limited species (i.e., species sensitive to the level, rate, 

spatial characteristics or timing of some ecological processes), (4) a dispersal-

limited species (i.e., species that are limited in their ability to move from patch to 

patch or that face a high mortality risk in trying to do so), (5) a keystone species 

(i.e., species whose strong interactions with other species generate large effects 

in relation to their abundance), and (6) an umbrella species (i.e., species that 

require large areas of suitable habitat to maintain viable populations and whose 
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requirements for persistence are believed to encapsulate those of an array of 

associated species). 

 

The [White-backed] Woodpecker 
 

Woodpeckers are well-suited as forest-related indicator species. Their fit can be 

attributed to their rapid identification by sight and sound (Williams & Gaston, 

1994), their strong bound to the dead wood resource (Aszalós et al., 2020). 

Besides being attractive for birdwatchers (Mikusiński & Angelstam, 1997), they 

are a proved medium for the wider audience (see Woody Woodpecker, mascot of 

Universal Studios). For conservation biology, Mikusinski et al., (2001) showed that 

the numbers of forest bird specialists and woodland bird generalists were 

positively correlated with the number of woodpecker species observed within a 

forest stand, and proposed the use of woodpecker density as a proxy for woodland 

bird richness in forests lacking avian population information. In boreal forests, the 

Black-backed Woodpecker (Picoides arcticus) was associated with old-growth 

stands with a high temporal continuity in dead wood (Martin et al., 2021) while 

the Yellow-bellied Sapsucker (Sphyropicus varius) was principally observed 

foraging on moribund deciduous trees (Nappi et al., 2015). In northern Europe, 

Roberge & Angelstam (2006) found the Middle Spotted Woodpecker (Dendrocopos 

medius) and the Lesser Spotted Woodpecker (Dendrocopos minor) to be good 

indicators for forest bird diversity in deciduous forests, whereas the Three-toed 

Woodpecker (Picoides tridactylus) was the best fit in coniferous forests. In Fenno-

Scandinavia, the White-backed Woodpecker (Dendrocopos leucotos) has been 

demonstrated to be a suitable surrogate species for forest birds and red-listed 

cryptogam diversity (Roberge et al., 2008) as well as for red-listed saproxylic 

beetles (Bell et al., 2015; Jonsell et al., 2004). 

The White-backed Woodpecker is a palearctic species inhabiting a wide 

band of the Eurasian continent, spanning from Spain to Japan, and from Turkey 

to Norway (Winkler et al., 1995). While the species is represented by a dozen of 

forms (Campion et al., 2020), its European population can be divided into two 

subspecies. Whereas the Dendrocopos leucotos lilfordi form is an isolated 

subspecies (Abruzzi, Asia Minor, Armenia, Azerbaijan, Balkan Peninsula, Georgia, 

Pyrenees and Caucasus mountains), Dendrocopos leucotos leucotos form is more 

widespread (Gerdzhikov et al., 2018; Melletti & Penteriani, 2003). Due to intensive 
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logging activities and dead wood removal since the beginning of the 

industrialization era, the species experienced a strong global population decline 

with some local extinctions in Northern (Carlson, 2000; Mikusiński & Angelstam, 

1997; Mild & Stighäll, 2017; Virkkala et al., 1993) and Eastern Europe 

(Czeszczewik & Walankiewicz, 2006). 

While the White-backed Woodpecker is still one of the rarest woodpecker 

species associated with central European broadleaved woodlands, the population 

of this old-growth and mature forest specialist (Carlson, 2000) is now considered 

to be stable. In central Europe, the species is even recolonizing its former habitat, 

with its expansion front lying in the Eastern Swiss Alps (Mollet et al., 2009). While 

the White-backed Woodpecker is told to be associated with forest’s attributes 

typically characterizing old-growth stands (e.g., high mean diameter at breast 

height of live and standing dead trees, see Ettwein et al., 2020), this habitat 

expansion has been attributed to the overall increase of the dead wood amount in 

the European landscape over the last decades (Brändli & Abegg, 2009; FOREST 

EUROPE, 2020), thanks to the adoption of extensive forest 

management strategies.  

The White-backed Woodpecker heavily rely on the dead wood resource for 

its foraging strategy (Ettwein et al., 2020; Urkijo-Letona et al., 2020). its diet 

mainly consists of invertebrates, especially large larvae such as those of 

Cerambycids (see Gustaf, 1988; Hogstad & Stenberg, 1997) found in dead 

standing trees (Bühler, 2009). Although firm evidence is still lacking, the role of 

the White-backed Woodpecker as a top-predator of saproxylic invertebrates, and 

consequently its association with large amounts of dead wood as found in primeval 

forests, suggests that it serves as an umbrella species for (threatened) saproxylic 

beetles (Bell, Hjältén, Nilsson, JØrgensen, et al., 2015; Jonsell et al., 2004; 

Martikainen et al., 1998).  

 

Saproxylic [beetle] diversity in dead wood 
 

Saproxylic species richness is estimated to encompass one-fourth of the taxa 

found in temperate forests (Lachat & Müller, 2018). The roots of the term 

saproxylic lie in ancient Greek, defined by sapros and xylon, meaning “rotten” and 

“wood”. Stokland (2012) defined a saproxylic organism as “any species that 

depends, during some part of its life cycle, upon wounded or decaying woody 



General Introduction 

 
7 

material from living, weakened or dead trees”. The saproxylic guild is represented 

by many taxonomic groups, including epiphytes (Oswaldo et al., 2022), lichens 

and bryophytes (Larrieu et al., 2019), fungi (Haeler et al., 2021; Meyer et al., 

2021; Müller et al., 2007), amphibians (Basham et al., 2022; Chai et al., 2021), 

reptiles (Shelton et al., 2020; Vasconcelos et al., 2020), airborne and terrestrial 

mammals (Gibbons et al., 2002; Gottfried et al., 2019; Paillet et al., 2018), cavity-

nesting birds (e.g., woodpeckers, nuthatches, tits, treecreepers; Fröhlich & Ciach, 

2020; Redolfi De Zan, Battisti, & Carpaneto, 2014), and invertebrates (Gossner & 

Damken, 2018; Grove, 2002; Jonsell et al., 1998; Speight, 1989; 

Stokland et al., 2012).  

In central Europe, saproxylic beetles are arguably the most speciose group 

of the saproxylic guild (Graf et al., 2022), with 56% of all forest beetles being 

associated with dead wood (Köhler, 2000). Due to the high diversity of this group, 

they cover many functions ensuring the sustainable development of the forest 

ecosystem. Saproxylic beetles represent an important food source for theie 

predators, especially during their larval stages (Martin et al., 2021; Hogstad & 

Stenberg, 1997; Versluijs et al., 2020). Many species also bear the role of 

pollinators during their adult stage (Micó et al., 2020). However, the most 

important contribution of saproxylic beetles in the successional dynamic of the 

forest ecosystem is through dead wood decay (Seibold et al., 2021), achieved in 

symbiosis with other organisms (e.g., fungi, see You et al., 2015; nematodes, 

see Davis & Prouty, 2019).  

While conservationists regard saproxylic beetles as keystone and/or 

engineer species opening new opportunities for the perennial development of the 

forests and its associated biodiversity, the logging industry often perceives them 

as a pest (Fierro et al., 2023; Müller et al., 2008; Tsikas & Karanikola, 2022). Yet 

insect outbreaks wiping out hectares of forest are mainly a result of extreme 

climatic events (Frei et al., 2022; Klesse et al., 2022) combined with stand 

homogenization (e.g., monoculture of exotic tree species, falling of old and 

senescent trees, removal of dead wood items) introduced by intensive forest 

management regime (Gossner et al., 2013). Ultimately, forest management 

generally affects structural characteristics and key ecological processes of the 

forest ecosystem (Müller 2007), often disrupting the dead wood phenology on 

which saproxylic beetles depend on (Eckelt et al., 2018; Grove, 2002; Martikainen 

et al., 2000; Müller et al., 2007; Siitonen, 2001). According to the European Red-
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List for saproxylic beetles (Nieto & Alexander, 2010), 17.9% of the evaluated 

species are categorized as threatened and 12.9% of the population is thought to 

be declining. Due to their strong dependence on dead wood, saproxylic beetles 

are highly sensitive to habitat changes and are commonly used as indicators for 

forest naturalness (Eckelt et al., 2018; Kašák et al., 2019; Lachat et al., 2014; 

Schmidl & Bussler, 2004). However, the monitoring of threatened taxa is 

challenging as they often occur at low densities, have reduced mobility, and their 

identification to the species level rely on endangered taxonomists sharing identical 

attributes with their pinned specimens. 

 

Considering (1) the evidenced role of the White-backed Woodpecker as an 

indicator species for taxonomic groups associated to its habitat, (2) its scarce 

occurrence at the landscape scale caused by the lack of highly qualitative forests, 

and (3) its dependence to saproxylic invertebrates, the species may be an ideal 

candidate as an umbrella – and to a broader extent, indicator – species for 

saproxylic communities in the recently colonized beech-dominated forests of 

Central Europe. 

 

Scope of the thesis 
 
This doctoral dissertation is part of a larger conservation project started by the 

Swiss Ornithological Institute in spring 2015. In cooperation with local partners, 

we investigated which factors enable the occurrence of White-backed 

Woodpeckers in managed forests in order to develop forest management 

measures aiming at protecting its population in Eastern Switzerland, Liechtenstein 

Western Austria, and to a broader extent, in its western Eurasian distribution. 

While another dissertation focused on questions oriented towards the bird’s 

habitat selection strategy, the goal of my work was to improve knowledge on 

saproxylic beetle communities associated with the White-backed Woodpecker 

along its Eurasian distribution, with a particular focus on its western-central 

European expansion front. Using multiple sampling methods, we characterized 

saproxylic beetle communities present within and outside of the woodpecker’s 

habitat. This extensive study helps unravelling the long-lasting status quo over 

the White-backed Woodpecker’s role as an umbrella species for threatened 

saproxylic beetle diversity and provides new information regarding saproxylic 
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communities in relation to the bird’s foraging ecology. Ultimately, this work will 

help practitioners to better target habitat management actions aiming at 

preserving the Eurasian White-backed Woodpecker population and its associated 

saproxylic beetle communities. 

 

Outline of the thesis 
 
In Chapter 1, we investigated the potential of the White-backed Woodpecker as 

an umbrella species for flying threatened saproxylic beetles. We sampled beetle 

communities using passive non-attractive flight interception traps in areas with 

different activity levels of our focal bird species. Using radio-frequency data, we 

identified “White-backed Woodpecker’s zones of interest” (i.e., forest patches with 

either “high” or “low” activity of the bird) and forest patches with its ascertained 

absence (i.e., “control”). Overall, our results identified the White-backed 

Woodpecker to be a suitable umbrella species for flying threatened saproxylic 

beetles associated to its central European habitat. 

 

In Chapter 2, we examined the saproxylic beetle communities which the White-

backed Woodpecker could potentially excavate during its foraging activities on 

dead standing trees. We installed non-destructive in situ eclector traps on dead 

standing European beech trees and left them for two years, in the same “White-

backed Woodpecker’s zones of interest” as the ones used in Chapter 1. Using 

confirmatory path analysis, we compared the direct and indirect effects of forest 

characteristics on both emerging saproxylic beetle communities and radio-

frequency telemetry-derived White-backed Woodpecker activity. Overall, our 

results bring attention on the importance of mature forest attributes for supporting 

the recruitment of large standing dead trees over time and thus supporting the 

White-backed Woodpecker population and the saproxylic beetle communities. 

 

In Chapter 3, we explored the potential of saproxylic beetles to colonize dead 

wood in forest stands across Europe, comparing White-backed Woodpecker’s 

breeding sites against uninhabited sites. Spanning along the Eurasian distribution 

of the bird, this large-scale experiment included five different countries (Austria, 

Czechia, Germany, Liechtenstein, and Switzerland). We exposed a total of 408 

standardized dead wood items, for two years, in three forest strata (ground, 
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understory, canopy). The outcome describes the importance of a diversified access 

to dead wood (i.e., temporal continuum and vertical positioning) in a forest stand 

for early colonizing saproxylic beetles. This colonizing community may in turn be 

used as a food source by the White-backed Woodpecker and other saproxylic 

predators, especially in wintertime when the majority of the dead wood items on 

the ground are not accessible due to snow cover. 
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Abstract 

The umbrella species concept is a popular conservation planning tool which 

postulates that conservation schemes targeting a specific species will indirectly 

benefit many other sympatric species. In Scandinavia and Central Europe, the 

White-backed Woodpecker (Dendrocopos leucotos) is considered an umbrella 

species for woodland birds and cryptogam species of conservation concern. 

Whether this also applies to saproxylic beetles, a group of high conservation 

concern, remains open. Therefore, we tested that umbrella function in Central 

European beech forests that are currently recolonized by this woodpecker. Relying 

on radiotracking data, we compared saproxylic beetle communities within the 

breeding home ranges of White-backed Woodpeckers (high and low activity of the 

bird) against forests with ascertained absence of the bird (control). Bayesian 

inference for linear regressions identified that species richness of threatened 

saproxylic beetles was 1.51 (lower and upper 5% PPCrI = [1.09; 2.01]) times 

higher in sites with high White-backed Woodpecker activity compared to the 

control. Community composition analyses on threatened saproxylic beetles 

showed a reduced β-diversity at low and high White-backed Woodpecker sites 

compared to the control. Finally, an indicator species analysis showed that 17 

saproxylic beetle species, including 4 threatened species, were positively 

associated with White-backed Woodpecker’s breeding home ranges, while only 3 

species, all not threatened, were associated with the control sites. Overall, our 

results suggest that the White-backed Woodpecker plays the role of an umbrella 

species for threatened saproxylic beetle communities, opening new opportunities 

for conservation planning in European beech forests. 
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Introduction 

Umbrella species are defined as organisms that need large expanses of habitat or 

habitat of high quality so that they can serve as surrogates for the overall 

biodiversity value of an ecosystem. In effect, their presence de facto encapsulates 

an array of other organisms that have similar but less stringent ecological 

requirements (Roberge & Angelstam, 2004; Suter et al., 2002). Umbrella species 

are therefore often selected for making conservation-related decisions and 

suggesting management measures that, if successful, are presumed to guarantee 

the persistence of a rich and diverse ecological community beyond the persistence 

of that very species (Favreau et al., 2006; Wilcox, 1984). Umbrella species roles 

have been evidenced among birds (Suter et al., 2002), fish (Branton & Richardson, 

2014), mammals (Mortelliti et al., 2022) and arthropods (Kašák et al., 2019). In 

addition to their umbrella function, these species may also sometimes play the 

role of a keystone species that make them superior indicators of ecological 

integrity (Carignan & Villard, 2002). Finally, some of these species can even play 

the additional role of flagship species that are helpful to raise public awareness 

and conservation support (Gregr et al., 2020). For conservation practitioners, the 

reliance on umbrella species is often key to developing effective action plans for a 

suite of other species that are more difficult to monitor. This approach is now 

widely employed as conservation efforts chronically suffer from restricted funding 

(Buxton et al., 2020) and because even basic ecological knowledge on numerous 

taxa is still lacking (Dobson, 1997; Nieto & Alexander, 2010; Ulyshen, 2018). 

However, the caveat remains that a species’ umbrella role should be clearly 

demonstrated beforehand (Suter et al., 2002), which needs in-depth research. 

The White-backed Woodpecker (Dendrocopos leucotos) depends heavily on 

dead wood resources (Urkijo-Letona et al., 2020), which have thus been promoted 

in specific conservation action plans (Stighäll & Olsson, 2015). More generally, the 

species is referenced as an old-growth and mature forest specialist (Carlson, 

2000) and previous research in Scandinavia has demonstrated its umbrella 

function for other forest birds and cryptogam species of conservation concern 

(Roberge, Angelstam, et al., 2008). Additionally, the species has been suggested 

to play a similar role for threatened saproxylic beetle communities (Bell et al., 

2015; Martikainen et al., 1998) although firm evidence is still lacking. 

Consequently, it may be an ideal candidate as an umbrella species for saproxylic 

communities in beech-dominated forests of Central Europe. White-backed 
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Woodpecker populations have declined strongly in Northern (Carlson, 2000; 

Virkkala et al., 1993) and Eastern Europe (Czeszczewik & Walankiewicz, 2006), 

but the species is currently expanding across Central Europe from the East, with 

its expansion front lying in the Eastern Swiss Alps (Mollet et al., 2009). There, the 

species occurs mainly in managed forests as old-growth forests are absent. Yet its 

presence is still positively correlated with a structure that typically characterizes 

old-growth forest stands (e.g., mean diameter at breast height of live trees and 

standing dead wood, see (Ettwein et al., 2020) for details). Additionally, Ettwein 

et al. (2020) demonstrated that the density of emergence holes of saproxylic 

insects on both standing and lying dead wood was positively correlated to the 

occupancy probability of the White-backed Woodpecker. Given the relationship 

between this old-growth forest specialist and insects that inhabit dead-wood, we 

examine the potential of this woodpecker as an umbrella species for saproxylic 

beetle communities in Central Europe, with an emphasis on species of 

conservation concern. 

Saproxylic beetles are defined as those that are "dependent, during some 

part of their life cycle, upon the dead or dying wood of moribund or dead trees 

(standing or fallen), or upon wood-inhabiting fungi, or upon the presence of other 

saproxylics" (Speight, 1989). They are a key component of forest ecosystems 

through their contribution to dead wood decay, spore dissemination and trophic 

interactions (Grove, 2002; Seibold et al., 2021; Ulyshen, 2018). Saproxylic beetle 

species are negatively affected by intensive forest management, a widespread 

practice in Central European forests (Larsson Ekström et al., 2021; Lindenmayer 

et al., 2006). According to the European Red-List for saproxylic beetles (Nieto & 

Alexander, 2010), 17.9% of the evaluated species are categorized as threatened 

and 12.9% of the population is thought to be declining, which is why saproxylic 

beetles are considered a conservation focus in European forests. Due to their 

ecological requirements for dead wood, saproxylic beetles are highly sensitive to 

habitat changes and are therefore widely used as indicators for undisturbed forest 

(Bouget et al., 2014; Brunet & Isacsson, 2009; Eckelt et al., 2018; Lachat et al., 

2014; Schmidl & Bussler, 2004). Yet, saproxylic beetles – and especially rare 

species – are inherently hard to monitor because they often occur at low densities, 

are represented by numerous species, their identification to the species level is 

challenging and skilled taxonomic specialists are rare. In contrast, birds are well 

suited for monitoring programs because they can be quickly and easily identified 
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by sight and sound (Carignan & Villard, 2002; Williams & Gaston, 1994). 

Additionally, birds show promise as indicators for a wide range of taxa, including 

arthropods (Bell et al., 2015; Roth & Weber, 2008; Vallino et al., 2021), 

demonstrating their potential role as umbrella species. 

Here, we examine the potential of the White-backed Woodpecker as a useful 

umbrella species for the saproxylic beetle community in beech-dominated forests 

of Central Europe. First, we hypothesize that at the community level, specimen 

abundance and species richness of saproxylic beetles are positively correlated with 

White-backed Woodpecker habitat use. Second, we expect predictable co-

occurrence patterns between target woodpecker species and saproxylic species, 

resulting in pronounced changes in the saproxylic beetle community along the 

gradient of woodpecker habitat use. 

 

Material and method 

Study area 

The study took place in Eastern Switzerland (cantons Grisons and St. Gallen), 

Western Austria (province Vorarlberg) and the Principality of Liechtenstein, in an 

area of approximately 40 km2 (46.8 - 47.4°N, 9.2 - 10.2°E; Figure 1). All sampling 

sites were in beech-dominated forest stands between 630 and 1230 m above sea 

level. The climate of the region is representative of the Central European Alps and 

described as ranging from a temperate climate, without dry seasons and with hot 

summers, to a cold climate, without dry seasons and with cold summers (Beck 

et al., 2018). 

 

Figure 1. Overview of the White-backed 

Woodpecker distribution in Western European 

(khaki area), the study region (blue square) and 

the study sites (dots). Black dots represent the 

White-backed Woodpecker breeding home range 

sites whereas white dots represent sites with a 

controlled absence of the target bird species. CH = 

Switzerland, LT = Liechtenstein, AT = Austria. 

Source: BirdLife International and Handbook of the 

Birds of the World (2020) 2020. Dendrocopos 

leucotos. The IUCN Red List of Threatened Species. 

Version 2021-3. Downloaded on 09 March 2022. 
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Sites selection 

The site selection was designed to represent 3 levels of White-backed Woodpecker 

activity: high (i.e., sites within a White-backed Woodpecker breeding home range 

and with high White-backed Woodpecker activity), low (i.e., sites within a White-

backed Woodpecker breeding home range but with little White-backed 

Woodpecker activity) and control (i.e., sites where White-backed Woodpeckers did 

not occur). To identify these sites, we applied a two-step approach. 

First, we used White-backed Woodpecker telemetry data collected in 2016 

and 2017 (Ettwein et al.– under revision) to identify forest surfaces with high and 

low White-backed Woodpecker activity within 9 monitored breeding home ranges. 

We identified high and low White-backed Woodpecker activity by creating a 

heatmap-type layer based on the number of telemetry locations using a hexagon 

approach of 500 m2 in Quantum GIS (v.2.18) with the plugin QMarxan Toolbox 

(v.0.3.4). Second, out of these hexagons, we selected four sampling plots each 

with the highest and lowest woodpecker activity per territory, respectively, called 

“High” and “Low”. We then selected 9 forests without known White-backed 

Woodpecker observations as absence sites following the procedure described in 

(Ettwein et al., 2020). The absence sites had a size of 550x550 m (= 30.25 ha), 

which approximately corresponds to the average breeding home range size of the 

tracked White-backed Woodpeckers (Ettwein et al. – under revision). From 

February to March 2018, we confirmed the absence of the White-backed 

Woodpecker by using playbacks every 200 m. Four sampling plots were selected 

in each of the 9 absence sites. In both breeding home ranges and control sites, 

sampling plots with overlapping rock cliffs and river streams were not selected for 

accessibility reasons, and the next sampling plot with high (or low) White-backed 

Woodpecker activity was selected from the created heatmaps in breeding home 

ranges. Within the breeding home ranges, sampling plots were installed at least 

150 m away from the currently active breeding cavity of the tagged White-backed 

Woodpecker. This avoided the potentially confounding effect of visits to the nest 

on bird activity. We then distributed 4 sampling plots around the center of every 

control site, called “Control”. To avoid spatial autocorrelation, sampling plots were 

installed 50 m apart within each site. Slope aspect, slope gradient and cardinal 

orientation of all sampling plots were equally distributed across White-backed 

Woodpecker activity levels (i.e., High, Low, Control). 
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Beetle sampling 

To quantify the saproxylic beetle community, flying insects were collected using 

non-baited flight interception traps (PolytrapTM), a widely used and standardized 

method to study saproxylic beetles. A trap was made from two transparent acrylic 

glass sheets above a funnel leading into a collecting bottle filled with water and 

antifungal agent (ROCIMATM GT Biocid; 0.5%). We installed one trap per sampling 

plot, for a total of 108 traps equally distributed among the three activity levels 

(Control, Low, High = 36 traps each). A trap was hung between 2 European beech 

trees at approximately 1.5 m from the ground. Traps were emptied monthly from 

mid-April 2018 to mid-August 2018. 

 

Beetle identification 

Beetle specimens were identified to species level by specialized taxonomists. 

Species were classified as saproxylic following an enhanced list of Schmidl & 

Bussler (2004). Conservation status such as primeval forest relict species (Eckelt 

et al., 2018) and threatened species (i.e., Vulnerable, Endangered and Critically 

Endangered) were attributed to every saproxylic species. Due to the lack of 

completeness of the Swiss red list for saproxylic beetles (Monnerat et al., 2016), 

we considered the more comprehensive list for red-listed saproxylic beetles 

developed for the Baden-Württemberg region, a neighboring German federal state 

(Bense, 2001). Samples were pooled across all months and non-saproxylic species 

were excluded from further analyses. 

 

Habitat characterization 

We inventoried habitat characteristics in summer 2018 on plots of 500 m2 centered 

on every trap. We recorded the species and diameter at breast height (DBH 

hereafter) of all living trees (DBH ≥ 7 cm). For all dead wood items (snag = height 

> 130 cm & DBH ≥ 7 cm; stump = height ≤ 130 cm & diameter at mid height ≥ 

7 cm; logs = diameter at mid length ≥ 7 cm), we recorded their diameter with a 

slide caliper, decay stage (Keller, 2011) and when possible- originating species. 

Snag height was measured with a Haglöf Sweden® Vertex IV. Stump height and 

log length were measured with a logging tape. The volume of standing dead wood 

was estimated using either the formula of a cone for non-broken snags or the 

formula of a truncated cone for the broken ones. The volume of logs and stumps 

was estimated using the formula of a cylinder. 



Chapter 1 

 
27 

Statistical analysis 

Differences in explanatory variables among the three activity levels were 

controlled a priori. A Shapiro-Wilk test of Normality was performed on all 

explanatory variables. If data was normally distributed, we used a Welch's test 

followed with a Games-Howell post-hoc pairwise test with Holm correction for 

multiple testing, whereas if data was non-normal, we used a Kruskall-Wallis test 

followed with a Dunn post-hoc pairwise test with Holm correction for multiple 

testing) (ggbetweenstats {ggstatsplot}). Additionally, all variables were 

controlled for collinearity with an exclusion threshold set at 0.8 (tab_corr 

{sjPlot}). Then, we first tested whether species richness and specimen abundance 

of overall saproxylic beetles and of threatened saproxylic beetles, respectively, 

differed between the three activity levels (Control, Low, High), using Bayesian 

generalized linear models with group-specific terms via Stan (stan_glmer.nb 

{rstanarm}) fitted on a negative binomial distribution (fitdist {fitdistrplus}). 

Estimates of the models were retrieved using the {bayestestR} and {effectsize} 

packages. Second, we assessed whether the three activity levels differed in their 

saproxylic beetle community composition, using (1) a Bray-Curtis similarity based 

permutational test for homogeneity of multivariate dispersion (betadisper 

{vegan}) followed with Tukey Honest Significant Differences test corrected for 

multiple comparisons (TukeyHSD {stats}) and (2) a permutational multivariate 

analysis of variance (adonis2 {vegan}). Third, to assess whether certain individual 

species were associated with any of the three activity levels, we performed a 

multi-level pattern analysis (multipatt {indicspecies}). All statistical analyses were 

performed using R Version 4.1.1 (R Core Team 2021) and figures were created 

using the {bayesplot}, {ggstatsplot}, {gridExtra}, {patchwork} and 

{tidyverse} packages. 

 

Forest characteristics, saproxylic beetles and White-backed Woodpecker 

Using four Bayesian generalized linear models with group-specific terms via Stan 

we analyzed how species richness and specimen abundance of overall and 

threatened saproxylic beetles, respectively, varied as a function of the White-

backed Woodpecker activity levels (Control, Low, High) and the habitat 

characteristics (volume of standing dead wood, volume of lying dead wood, mean 

diameter at breast height of live tree) as a proxy for forest naturalness. All four 

models were run under a negative binomial distribution, implementing 4 chains 
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with 2000 iterations each (warmup = 1000; sampling = 1000) and default prior 

for 108 observations (i.e., sampling unit) and 18 groups (i.e., sites as random 

intercepts to account for the hierarchical design of the study). 

 

Community composition 

Two complementary multivariate analyses were done to investigate compositional 

differences of the saproxylic beetle communities (overall or threatened) among 

the three activity levels. First, we tested whether the three groups (i.e., activity 

levels) differed in species composition, using a permutational multivariate analysis 

of variance (Anderson, 2017). This method tests whether the group centroids (i.e., 

the average identity of saproxylic beetle species composing the community of a 

given activity level) in multivariate species space differed between groups, where 

overlapping group centroids indicates a degree of community similarity across the 

groups. Second, we tested whether or not groups differed in their compositional 

variance (i.e., β-diversity), that is, the degree of variation in species identities 

among groups, using permutational test for homogeneity of multivariate 

dispersion with 9999 permutations (Anderson et al., 2006, 2011). This method 

statistically assesses the degree of biotic homogenization among treatments, 

where large treatment-wise dispersion indicates a large variation in species 

identities within a group and thus a low species overlap between sampling plots 

representing a group (i.e., high β-diversity); as opposed to small group-wise 

dispersion (i.e., low β-diversity). Differences in β-diversity among groups were 

assessed using a pairwise Tukey Honest Significant Differences test corrected for 

multiple comparisons. For both analyses, sampling site was used as the blocking 

factor to account for the hierarchical design of the study.  

 

Multi-level pattern analysis 

To test if some saproxylic beetle species were associated with a given activity level 

(hereafter site group), we performed a multi-level pattern analysis with 9999 

permutations (De Cáceres et al., 2010, 2012; De Cáceres & Legendre, 2009; 

Dufrêne & Legendre, 1997). This method provides two outputs: the specificity 

index (the conditional probability of a positive predictive value of a given species 

as an indicator of the target site group) and the fidelity index (the conditional 

probability that a given species will be found in a newly surveyed site belonging 

to the same site group (Sattler et al., 2014)). A good indicator species should 
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therefore be both ecologically restricted to the target site group (specificity index 

= 1) and frequent within it (fidelity index = 1). The species-sites group association 

(i.e., saproxylic beetle species-White-backed Woodpecker activity treatments) 

followed an abundance matrix represented by equal site group size. These 

analyses were conducted for the three activity groups (Control, Low, High) 

independently and for the Low and High activity groups pooled together, 

representing the breeding home range of the White-backed Woodpecker as a site. 

A total of four site groups (i.e., [Control] OR [Low] OR [High] OR [Low AND High]) 

were screened during this analysis. 

 

Results 

Specimen abundance and species richness of overall, threatened and 

primeval saproxylic beetles 

In total, the sampling effort yielded 21552 (579 threatened) saproxylic beetle 

specimens, represented by 400 (49 threatened) saproxylic beetle species. The 

Control sites yielded 6285 (136) specimens for 291 (28) species, the Low White-

backed Woodpecker activity level yielded 8’563 (229) specimens for 301 (34) 

species and the High White-backed Woodpecker activity level yielded 6704 (214) 

specimens for 305 (37) species (Table 1). Additionally, 8 primeval relict saproxylic 

beetle species (Eckelt et al., 2018) were sampled: Ceruchus chrysomelinus 

(Control = 6 specimens; Low = 0 specimen; High = 1 specimen), Cryptophagus 

confusus (1; 5; 2), Cryptophagus quercinus (0; 1; 0), Grynocharis oblonga (1; 4; 

4), Ischnodes sanguinicollis (4; 4; 4), Pryonichus melanarius (0; 0; 1), Prostomis 

mandibularis (0; 1; 1), Triplax elongata (0; 2; 0). Due to their low incidence, the 

statistical analysis of primeval forest relict species was not possible. 

 

Table 1. Specimen abundance and species richness of the studied saproxylic beetle suites per White-

backed Woodpecker activity treatment (Control: absence site, Low and High: presence sites). Values 

represent samples pooled per White-backed Woodpecker activity levels. 

Saproxylic 
beetles  

set 

Observation White-backed Woodpecker activity level Total 
Control Low High 

Overall Specimen abundance 6285 8563 6704 21552 

Species richness 291 301 305 400 

Threatened Specimen abundance 136 229 214 579 

Species richness 28 34 37 49 

Primeval forest 

relict species 

Specimen abundance 12 17 13 42 

Species richness 4 6 6 8 
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Figure 2. Summary of parameter estimates for the effects of White-backed Woodpecker activity 

levels (WBW activity, “Control” as reference level), volume of standing dead wood, volume of lying 

dead wood and mean diameter of live trees on a) Overall saproxylic beetles: specimen abundance; 

b) Overall saproxylic beetles: species richness; c) Threatened saproxylic beetles: specimen 

abundance and d) Threatened saproxylic beetles: species richness. Vertical lines represent the 

parameter estimates. The grey area under curve, the total area under curve and the border of the 

area under curve represent the 50%, the 90% and the distribution of the HDI 

posterior probability, respectively.  
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Drivers of saproxylic beetle species richness and specimen abundance 

First, sites representing a High White-backed Woodpecker activity had 1.5 times 

more threatened saproxylic beetle species compared to the Control sites (Posterior 

Probability Credible Interval median [lower and upper 5%] = 0.416 [0.092, 

0.786]; Figure 2, Model D; Table 2, Model D) whereas no difference in species 

richness of threatened saproxylic beetles was demonstrated between the sites 

representing a Low White-backed Woodpecker activity and the Control sites. 

Second, we did not detect differences between sites representing a Low and a 

High White-backed Woodpecker activity for the abundance and species richness 

of saproxylic beetles, regardless of their conservation status (overall or 

threatened) (see Supplementary materials S5). Third, the volume of lying dead 

wood had a positive effect on abundance of overall saproxylic beetles (0.143 

[0.03, 0.258]; Figure 2, Model A; Table 2, Model A), as well as on the abundance 

(0.216 [0.048, 0.387]; Figure 2, Model C; Table 2, Model C) and species richness 

(0.156 [0.024, 0.282]; Figure 2, Model D; Table 2, Model D) of threatened 

saproxylic beetles. Finally, the mean diameter of live trees also had a positive 

effect on the overall specimen abundance (0.124 [0.009, 0.249]; 

Figure 2, Model A; Table 2, Model A).  
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Figure 3. Summary of the community composition analyses for the overall saproxylic beetle suite 

(A; B) and threatened saproxylic beetle suite (C; D). Group centroid position was tested with a 

permutational multivariate analysis of variance (A; C) and average distance to group centroid was 

tested with a permutational test for homogeneity of multivariate dispersions (B; D). Numbers above 

boxplots are p. values resulting of a pairwise Tukey Honest Significant Difference test. 
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Community composition 

Neither community composition (Figure 3.A) nor β-diversity (Figure 3.B) of the 

overall saproxylic beetle community differed across the three White-backed 

Woodpecker activity levels. Additionally, community composition of the 

threatened saproxylic beetle community did not differ across the three White-

backed Woodpecker activity levels (Figure 3.C). However, White-backed 

Woodpecker activity levels significantly differed in β-diversity of threatened 

saproxylic beetles (Df = 2, Sum sq = 0.088, Mean sq = 0.044, F = 5.804, N.Perm 

= 9999, Pr(>F) = 0.004; Figure 3.D). Specifically, post-hoc pairwise testing 

revealed that communities found in High and Low White-backed Woodpecker 

activity sites had a reduced β-diversity compared to control sites (p < 0.05 for 

both cases). 
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Multi-level pattern analysis 

Out of the 400 identified species, 24 were identified as indicator of at least one of 

the White-backed Woodpecker activity level (i.e., site group). First, 3 saproxylic 

beetle species were significantly associated with sites representing the control 

level. Their specificity index ranged from 0.667 to 0.918 and their fidelity index 

ranged from 0.250 to 0.306. Second, 3 saproxylic beetle species were significantly 

associated with sites representing the Low White-backed Woodpecker activity 

level. Their specificity index ranged from 0.680 to 0.800 and their fidelity index 

ranged from 0.222 to 0.472. Third, 1 saproxylic beetle species was significantly 

associated with sites representing the High White-backed Woodpecker activity 

level. It had a specificity index of 0.733 and a fidelity index of 0.194. Finally, 17 

saproxylic beetle species – including 4 threatened taxa (Cis quadriens, Liodopria 

serricornis, Pteryngium crenatum, Xylophilus corticalis) – were significantly 

associated with the combination of the sites representing the Low and High White-

backed Woodpecker activity levels. Their specificity index ranged from 0.722 to 1 

and their fidelity index ranged from 0.125 to 0.958 (Figure 4, Table 3). 
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Discussion 

Umbrella species for threatened saproxylic beetles 

Based on three main results, we provide evidence that the White-backed 

Woodpecker is an effective umbrella species for threatened saproxylic beetles in 

Central Europe. First, sites with a high White-backed Woodpecker activity 

harbored on average 1.5 times as many red-listed saproxylic beetle species 

compared to the control sites. Second, threatened saproxylic beetle communities 

of the High and Low activity levels had reduced β-diversity compared to the 

control. Third, at the species level, 5.7 times as many species were associated 

with White-backed Woodpecker’s breeding home ranges than with absence sites, 

of which 4 species were red-listed. Our findings therefore suggest that the 

protection of White-backed Woodpecker breeding sites, presenting old-growth 

forest characteristics (high dead wood volume and live trees of large diameter) 

can support the achievement of a major conservation goal in European forests, 

namely the protection of red-listed dead-wood dependent beetles.  

Generally, our findings are in line with previous studies that proposed the 

White-backed Woodpecker as an umbrella species for forest species. Bell et al. 

(Bell et al., 2015) demonstrated that a higher number of red listed – but including 

near threatened (NT) – saproxylic beetle species were associated with forest 

patches restored to meet White-backed Woodpecker’s habitat requirements 

compared to managed forest stands. Prior to it, peers already proposed the White-

backed Woodpecker as an umbrella species for saproxylic beetles but yielded 

uncertain results. (Martikainen et al., 1998), identified threatened saproxylic 

beetle species within White-backed Woodpecker territories, but lacked control 

sites to validate the umbrella species hypothesis. Similarly, (Roberge, Mikusiński, 

et al., 2008) tried to answer the question addressed by Martikainen et al. (1998), 

without significant results in favor of saproxylic beetles. Yet, they did observe an 

umbrella effect of the White-backed Woodpecker for forest birds of conservation 

concern and red-listed cryptogam species. Nonetheless, it is important to stress 

that the present validation of the White-backed Woodpecker as an umbrella 

species for threatened saproxylic beetles was made possible by using the 

comprehensive red-list for saproxylic beetles of the geographically close Baden-

Württemberg region (Bense, 2001). Preliminary analyses performed with the 

Swiss red-list for saproxylic beetles (Monnerat et al., 2016) did not show any 

relation between White-backed Woodpecker occurrence and threatened saproxylic 
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beetles. From our understanding, this disparity in analysis outputs of both prior 

and present research could be explained by the different levels of completeness 

of the two red lists. Additionally, as demonstrated in the European red list of 

saproxylic beetles (Nieto & Alexander, 2010), most of the assessed taxa suffer 

from data deficiency regarding their conservation statuses and population trends, 

pointing out the fundamental need for enhanced red lists for saproxylic beetles, 

at both local and continental scale. 

 

Importance of the habitat 

Our results also highlight the importance of forest structure for the conservation 

of saproxylic beetles. The entire saproxylic beetle community and the threatened 

species both profited from the volume of lying dead wood and the presence of 

trees of large diameter. Sampling plots representing White-backed Woodpecker’s 

breeding home range were characterized by a higher volume of lying dead wood 

(Supplementary materials S3) and by larger live trees compared to control sites 

(Supplementary materials S4); two characteristics of old-growth forests which 

both White-backed Woodpeckers and many saproxylic beetles specialized on.  

Backing up those observations, previous studies delivered similar results in 

mature and old-growth forests characterized by a high structural complexity, an 

increasing density and diversity of tree-related microhabitats (Paillet et al., 2017) 

as well as an increasing proportion of dead branches in the tree crown, having in 

turn a positive effect on dead wood availability in the surroundings (Keren & Diaci, 

2018; Lachat & Müller, 2018). Additionally, our results are in line with general 

findings of European studies reporting positive effects of mean live tree diameter 

and volume of lying dead wood on White-backed Woodpecker occurrence 

(Czeszczewik, 2009; Czeszczewik et al., 2013; Czeszczewik & Walankiewicz, 

2006; Ettwein et al., 2020; Gerdzhikov et al., 2018; Mollet et al., 2009; Roberge, 

Angelstam & Villard, 2008; Urkijo-Letona et al., 2020) and on saproxylic beetle 

communities, including species of conservation concern (Gossner et al., 2013; 

Haeler et al., 2021; Jonsell et al., 1998; Lachat et al., 2014; Parisi et al., 2019; 

Roth et al., 2019). Finally, one should not overlook the importance of forest 

structures for both saproxylic beetles and White-backed Woodpeckers, as wood-

living insect larvae represent the majority of invertebrates brought to the nestlings 

(Hogstad & Stenberg, 1997). 
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Conclusions 

The presented results support the idea that the White-backed Woodpecker is a 

suitable umbrella species for threatened saproxylic beetles in beech-dominated 

forests of Central Europe, underlining the importance of protecting sites where our 

selected surrogate species occurs. Biodiversity conservation programs aiming at 

protecting and promoting this woodpecker species and its associated biodiversity 

should first protect sites with known White-backed Woodpecker occurrence 

(Campion et al., 2020). By doing this, conservation programs would also promote 

saproxylic beetles’ persistence through habitat quality improvement enabling 

forests to reach late successional stages. Secondly, conservation programs should 

identify forest sites adjacent to existing White-backed Woodpecker territories to 

implement conservation actions such as limiting logging activity (Czeszczewik & 

Walankiewicz, 2006) and implementing dead wood enrichment protocols (Doerfler 

et al., 2017; Roth et al., 2019) to match White-backed Woodpecker habitat 

requirements in this geographical context (Ettwein et al., 2020). Such 

conservation measures are expected to benefit not only our surrogate species but 

also its associated fauna such as saproxylic beetles. Additionally, combining the 

role of this umbrella species with the status of a flagship species could facilitate 

the acceptance for conservation measures that can sometimes be restrictive for 

forest users, and free up financial resources for protection (Floyd & Martin, 2016; 

Stighäll & Olsson, 2015). Finally, testing the umbrella function of the White-backed 

Woodpecker and other highly specialized surrogate species on a broader spectrum 

of organisms and their response to habitat parameters could help in building more 

comprehensive and integrative biodiversity protection programs. 
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S9. Correlation table among selected set of explanatory variables. 

Correlation among predictors (FIT) 

 obs57 standing_m3 lying_m3 lt_dbh_mean 

obs57  0.178 

(.066) 

0.192 

(.047) 

0.159 

(.101) 

standing_m3   0.299 

(.002) 

0.118 

(.223) 

lying_m3    0.295 

(.002) 

lt_dbh_mean     

Computed correlation used pearson-method with listwise-deletion. 
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Abstract 

Effective forest management to promote biodiversity requires understanding the 

intricate relationship between forest characteristics and species occurrence. Dead 

wood structures have gained attention as key components of biodiversity-friendly 

forestry, given that more than 25% of forest taxa are associated with dead wood. 

The White-backed Woodpecker (Dendrocopos leucotos) is the rarest woodpecker 

in Central European deciduous forests, and observational studies often report the 

species preferentially foraging on dead standing trees. Despite lack of systematic 

assessment of the importance of dead wood structures for the woodpecker and its 

associated prey, conservation plans typically focus on dead standing tree 

enrichment when restoring forest patches for White-backed Woodpeckers. Here, 

we used confirmatory path analysis to compare the direct and indirect effect of 

structural characteristics of beech-dominated forest’s on saproxylic beetle 

communities and White-backed Woodpecker activity, as measured with 

radiotelemetry. Using in situ emergence traps, we sampled saproxylic beetle 

communities emerging from 87 dead standing European beech trees over a period 

of two years, yielding 6519 specimens representing 156 saproxylic beetle species. 

We found White-backed Woodpecker activity to be positively correlated with the 

diameter of live trees. Live tree diameter was also positively correlated with 

species richness of saproxylic beetle communities via an indirect positive effect on 

snag diameter. Taken together, our results emphasize the importance of (1) 

retaining snags in extensively managed forests, and (2) setting aside forest 

reserves which are allowed to reach late-successional stages including the 

senescence of large trees to form large-diameter dead wood resources. 

 

 

 

 

 

 

 

Keywords 

White-backed Woodpecker; Saproxylic beetles; Dead standing trees; radio-

telemetry; In-situ emergence traps; Confirmatory path analysis  
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Introduction 

More than 25% of all forest species, ranging from arthropods (e.g., beetles) to 

vertebrates (e.g., birds), are considered to be saproxylic and thus depend on dead 

wood (Lachat & Müller, 2018). Among them, saproxylic beetles are arguably the 

most speciose group of this guild, and are defined as “species [of invertebrates] 

that are dependent, during some part of their life cycle, upon the dead or dying 

wood of moribund or dead trees (standing or fallen), or upon wood-inhabiting 

fungi, or upon the presence of other saproxylics” (Speight, 1989). While the 

majority of the saproxylic beetles can survive with dead wood quantities 

compatible with managed forests (Müller and Bütler, 2010), some of them have 

high requirements regarding the quantity and the diversity of dead wood (Brin et 

al., 2013; Gossner et al., 2013; Jonsell et al., 2004; Jonsell & Weslien, 2003; 

Seibold et al., 2016; Siitonen et al., 2000).  

This diversity of dead wood resource can be described in terms of taxonomy 

(i.e., tree category: broadleaved or coniferous; tree species), size (i.e., fine to 

coarse woody debris), position (i.e., lying, standing, attached), elevation above 

ground (i.e., from the forest floor to the canopy), origin (i.e., man-made or 

natural), as well as decay stage and decomposition rate (Niemelä et al., 2002; 

Onodera & Tokuda, 2015). While logs are a common element of European forests, 

the quantity of standing dead wood found in a forest stand is much more variable 

(Brändli et al., 2020; Guby & Dobbertin, 1996; Karjalainen & Kuuluvainen, 2002; 

Meyer & Schmidt, 2011; Sippola et al., 2001). This variability can be driven by 

many factors, either increasing its availability (e.g., windthrows (Thorn et al., 

2014) and insect outbreaks (Müller et al., 2008)) or by removing it from the 

landscape (e.g., intensive logging and bioenergy (Ranius et al., 2018) or public 

safety (Carpaneto et al., 2010)). Due to their limited contact with the ground, 

snags are less humid than logs and offer specific habitat conditions for the 

development of dead wood dependent invertebrates (Ranius et al., 2019). They 

also remain out of snow during winter and might play an important role in 

providing food items for insectivorous birds such as woodpeckers.  

The White-backed Woodpecker (Dendrocopos leucotos) for example, has 

previously been shown to largely rely on saproxylic beetles, both for adults (Aulén, 

1988) and nestlings (Aulén, 1988; Hogstad & Stenberg, 1997), with large larvae 

(e.g., Cerambycidae) being the preferred prey. Because of this food specialization, 

the woodpecker requires habitat with high amounts of dead wood and its 
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occurrence is thus restricted to stands with low to a total absence of management 

(Czeszczewik & Walankiewicz, 2006).  

Although the White-backed Woodpecker has been suggested as an umbrella 

species for saproxylic beetles (Angeleri et al., under review), the link between 

saproxylic beetle communities and this bird species is still poorly understood. 

Nevertheless, Ettwein et al., (2020) found that the probability of White-backed 

Woodpecker occupancy was positively related to the density of saproxylic beetle 

emergence holes on both lying and standing dead wood. However, an increase in 

dead wood does not automatically benefit both saproxylic beetles and the White-

backed Woodpecker. In a Swedish White-backed Woodpecker conservation 

project, which included measures to increase the volume and diversity of dead 

wood, saproxylic beetles but not the focal bird species reacted positively to habitat 

restoration (Bell et al., 2015). This shows that more research on the link between 

this insectivorous predator and its potential prey may be needed to effectively 

protect both White-backed Woodpeckers and saproxylic beetles. Snags have been 

shown to be used more often than logs by foraging White-backed Woodpeckers 

(Bühler, 2009; Czeszczewik, 2009; Hogstad & Stenberg, 2005) explaining habitat 

selection (Ettwein et al., 2020) and abundance (Czeszczewik et al., 2013). Thus, 

standing dead wood and its associated saproxylic beetle communities may be 

especially important for White-backed Woodpeckers. 

In this study we explored the direct and indirect effects of local forest and 

snag characteristics, food resources, and temperature, on White-backed 

Woodpecker activity. We collected data on the birds' activity using repeated 

radiotelemetry and playback recording at 18 different sites. We also characterized 

the saproxylic beetle community emerging from dead standing trees, using a two-

year eclector sampling method. We then combined the data in a confirmatory path 

analysis framework based on a three-step hypothesis: (1) we predicted that 

woodpecker activity would be positively correlated with saproxylic beetle species 

richness, abundance, and body size, as well as with the diameter of live trees, and 

the diameter and bark coverage of dead standing trees. (2) we predicted that 

beetle species richness, abundance and body size would be positively correlated 

with the diameter of live trees, and with the diameter and bark coverage of dead 

standing trees. (3) we predicted that the diameter of standing dead trees would 

be positively correlated with the diameter of live trees.  
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Figure 1. Map of the study region with 

the breeding home ranges of White-

backed Woodpeckers (black dots) and 

the absence sites (white dots). The 

inset shows the White-backed 

Woodpecker distribution in Western 

European (khaki area) and the 

location of the study region (blue 

square) depicted in the main map. 

Source: BirdLife International and 

Handbook of the Birds of the World 

(2020): Dendrocopos leucotos. The 

IUCN Red List of Threatened Species. 

Version 2021-3. Downloaded on 09 

March 2022. 

 

 

 

 

 

Figure 2. Eclector trap installed on a 

European beech snag to collect 

emerging saproxylic invertebrates.  

A = Metallic wire closing the 

extremities of the trap; 

B = Collecting device (plastic pipe + 

plastic bottle filled with 70% ethanol 

and water); 

C = Temperature logger; 

D = Sampling surface. 
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Material and method 

Study area & site selection 

The study took place in the Central European Alps, in Eastern Switzerland (cantons 

Grisons and St. Gallen), Western Austria (province Vorarlberg) and the Principality 

of Liechtenstein. (46.8 - 47.4°N, 9.2 - 10.2°E; Figure 1). The site selection was 

designed to represent a gradient of White-backed Woodpecker activity, from areas 

located within active breeding home ranges to areas where the species was 

absent. To identify these sites, we applied a two-step approach. (1) We used 

radiotelemetry data (hereafter “VHF”) collected in 2016 and 2017 (Ettwein et al.– 

under review) to identify forest areas actively used by White-backed 

Woodpeckers. We identified White-backed Woodpecker activity plots by creating 

a heatmap layer based on the number of VHF observations using a hexagon 

approach of 500 m2 in Quantum GIS (v.2.18) with the plugin QMarxan Toolbox 

(v.0.3.4). To avoid any potential confounding effects of visits to the nest on bird 

activity, we applied an exclusion buffer in a 150 m radius centered on the breeding 

cavity of the tracked bird individuals. We then selected two plots with the highest 

density of VHF observations and two additional plots with the lowest density per 

territory for a total of 36 plots in 9 breeding home ranges. (2) We then selected 

forests without known White-backed Woodpecker observations as absence sites, 

following the procedure described in Ettwein et al. (2020). The absence sites had 

a size of 550x550 m (= 30.25 ha), which approximately corresponds to the 

average breeding home range size of the tracked White-backed Woodpeckers 

(Ettwein et al. – under review). From February to March 2018, we confirmed the 

absence of White-backed Woodpeckers using playback recordings every 200 m. 

We then located two representative sampling plots around the center of each 

control site for a total of 18 plots at 9 absence sites. In both breeding home ranges 

and control sites, plots with overlapping rock cliffs and river streams were not 

selected for accessibility reasons. To avoid spatial autocorrelation, plots were 

installed 50 m apart within each site. Slope aspect and gradient of all plots were 

equally distributed across sites. All plots were situated in beech-dominated forest 

stands with an elevation ranging from 630 and 1230 m above sea level. Additional 

information can be found in Angeleri et al., (under review). 
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Beetle sampling 

On each plot we sampled saproxylic beetles on all available dead standing 

European beech trees (hereafter “snags”) with a diameter at breast height (DBH) 

> 10 cm, yielding a total of 87 snags (Control sites = 29 snags; Breeding home 

ranges = 58 snags). The number of snags per plot ranged from 0 to 5. A total of 

10 plots could not be included in the analyses due to the absence of snags 

(Presence = 7; Absence = 3). Eclector traps were used to sample beetles, and 

snags were wrapped around the stem with a piece of camouflage patterned (160 

cm length) polyester fabric to form a trap for emerging insects (Figure 2). To allow 

insects living in the snag to hatch and move around, we created a 4 cm gap 

between the fabric and the snag with foam strip at both ends on which the fabric 

was firmly attached with a metallic wire, resulting in as a closed cylindric trap of 

150 cm long. The joint line was rolled on itself and stappled on the south-oriented 

side of the snag. To collect insects, a plastic bottle filled with 70% ethanol was 

attached to a 3 cm diameter plastic pipe which was in contact with the tree trunk. 

The bottle was attached to the north-oriented side of the snag to avoid excessive 

evaporation of the collecting and conservation fluid. Emerging insects were 

passively guided by the fabric to the collecting device as it was the only bright 

light source available in the sampled tree trunk section. Traps were emptied 

monthly from April 2018 to September 2019. Beetle specimens were then 

identified to species level in the lab and classified as threatened or least concern, 

following Schmidl and Bussler (2004). Samples were pooled across all months for 

every snag. Species without reliable information about their saproxylic habits were 

excluded from further analyses (Pterostichus aethiops = 1 specimen; Halyzia 

sedecimguttata = 1 specimen; Batophila rubi = 1 specimen; 

Mniophila muscorum = 3 specimens). 

 

Trap and habitat characterization 

In a 500 m2 circular area centered on every sampled snag, we measured the 

diameter of all live and dead trees with a diameter at breast height ≥ 6 cm. For 

all sampled snags, we measured the diameter at breast height and the proportion 

of remaining bark was also estimated visually. Air temperature was measured 

every 2 hours throughout the sampling period on every plot, using a HOBO 

Pendant® temperature data logger (UA-001-08; Onset Computer Corporation). 

Temperature data loggers were attached at breast height on the northern side of 
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a live or dead tree, as much as possible in the center of the plot. Temperature 

data loggers were shaded by a plastic tube to avoid direct sun radiation (Figure 2).  

 

Statistical analysis 

Using confirmatory path analysis in a piecewise structural equation modelling 

framework (hereafter "pSEM"; Lefcheck, 2016), we analyzed (1) how White-

backed Woodpecker activity varied as a function of the different saproxylic beetle 

community metrics (species richness, abundance, community weighted means of 

body length), sampled snag characteristics (diameter at breast height and 

proportion of remaining bark) and habitat parameters (mean diameter at breast 

height of live trees and mean annual air temperature); (2) how saproxylic beetles 

communities (species richness, abundance, community weighted means of body 

length) varied as a function of sampled snags characteristics (diameter at breast 

height and proportion of remaining bark) and habitat parameters (mean diameter 

at breast height of live trees and mean annual air temperature); and (3) how the 

diameter of the sampled snags varied as a function of the mean live tree 

diameter (Table 1). 

The analysis included the following steps. (1) The mean body length of the 

saproxylic beetle communities was computed, per snag, with the function ‘cwm’ 

in the R package ‘BAT’. (2) Abundance was log transformed to reduce the influence 

of outliers (Emery et al., 2021). (3) To account for plots with a White-backed 

Woodpecker activity equal to 0, yet encompassed within a breeding home range, 

as opposed to known White-backed Woodpecker absence sites, a theoretical VHF 

observation of a value equal to “1” was added to the White-backed Woodpecker 

activity-density variable (i.e., VHF count data). (4) All variables were normalized 

(mean = 0; sd = 1), allowing cross-comparison among variables. Because the 

mean diameter of the snag measured during the habitat inventories was correlated 

(Pearson’s correlation coefficient = 0.8) to the diameter of the sampled snags 

(also included in the habitat inventories), the latter was kept as explanatory 

variable as it was more relevant to our study question. Variables included in the 

final model showed little collinearity (Pearson’s correlation coefficient < 0.4). 

Snags were tested for non-spatial autocorrelation using Moran’s I test beforehand 

with the function ‘moran.test’ in the R package ‘spdep’. 
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Table 1. Description of the variable composing the confirmatory path analysis in the piecewise 

structural equation modelling framework. 

Grouping Variable name Unit Definition 

White-backed 

Woodpecker 
WBW activity N 

Sum of the very high frequency logs of the tracked White-

backed Woodpeckers, per sampling plot. 

Saproxylic beetle Abundance N 
Number of emerged saproxylic beetle specimens, per 

sampled snag. 

Saproxylic beetle Richness N 
Number of different saproxylic beetle species, per sampled 

snag. 

Saproxylic beetle 
CWM body 

length 
mm 

Community weighted means of the body length of the 

emerged saproxylic beetles, per sampled snag. 

Habitat 
Live tree 

diameter 
cm 

Mean diameter at breast height of live tree in a centered 

circular surface of 500 m2, per sampled snag. 

Habitat Temperature °C Mean annual temperature measured, per sampling plot. 

Sampled snag Snag diameter cm Diameter at breast height of the sampled snag. 

Sampled snag 
Snag bark 

cover 
% Proportion of remaining bark, per sampled snag. 

Figure 3. Complete path diagram of the hypothesized effects that were tested among the five 

models: White-backed Woodpecker activity (WBW activity), saproxylic beetle abundance 

(Abundance), saproxylic beetles’ species richness (Richness), saproxylic beetles’ community 

weighted mean of the body length (Body length), mean diameter at breast height of the sampled 

snag (Snag diameter).  
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Next, we built linear mixed models – without non-linear relationships du to 

computation limitations – for all response variables (Table 1), following a 

hypothesis testing approach (Tredennick et al., 2021),. Inclusion of random 

intercept was not possible due to computational limitations. Residuals of all models 

were checked for normality and heteroscedasticity.  

Finally, we used pSEM to piece together, with direct and indirect effects, 

our set of linear models (Figure 2). In case of a missing path found to be both 

statistically significant and ecologically relevant, models were updated with the 

newly identified explanatory variable. Original and updated models were 

compared using Akaike Information Criterion (AIC). The model with the smallest 

AIC was selected as reference, and models were considered as equivalent if the 

delta-AIC was smaller than 2. Independence claims were defined as tying the snag 

diameter and the mean temperature, and as tying the snag diameter and the snag 

bark cover together, respectively. Missing paths in the initial pSEM were detected 

by the D-separation test and overall model fit was evaluated with Fischer’s C 

statistic. If the p-value resulting from the evaluation of the model fit was greater 

than 5%, the model was considered to fit the data. Finally, the relative importance 

of the paths was determined using standardized path coefficients (Figure 3). All 

statistical analyses were performed using R Version 4.2.2 (R Core Team 2022). 
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Table 2. Direct standardized effect size of explanatory variables on the response variables for the 5-

component models composing the final confirmatory path model (* = Significance  0.05; ° = 

Marginal significance; NS = non-Significant; - = Not considered). Abbreviations see Table 1. 

Component 

model 

Pseudo-

R2 
Abundance Richness 

CWM 

body 

length 

Live tree 

diameter 
Temperature 

Snag 

diameter 

Snag 

bark 

cover 

WBW 

activity 
0.19 NS NS NS 0.35 * -0.23 * NS NS 

Abundance 0.05 - - - NS NS NS NS 

Richness 0.31 0.38 * - - 0.17 ° 0.2 * 0.26 * NS 

CWM body 

length 
0.06 - - - NS NS NS 

-0.23 

* 

Snag 

diameter 
0.06 - - - 0.25 * - - - 

 

Figure 4. Direct and indirect effects of the five models composing the final confirmatory path analysis 

(AIC = 66.04, Fischer’s C statistic = 4.04, p = 0.401, df = 4). Red arrows indicate a significantly 

negative effect, blue arrows indicate a significantly positive effect, black arrow indicates a marginal 

effect and dotted arrows indicates a non-significant effect. Arrows’ width and associated value 

corresponds to the standardized effect of the path, for the significant and marginal correlations. R-

squared values are associated to the response variable. 
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Results 

Saproxylic beetle community 

The 87 sampled snags yielded a total of 6519 specimens representing 156 species. 

From these, 6 species were identified as threatened (Pteryngium crenatum 

(Cryptophagidae) = 2 specimens in White-backed Woodpecker breeding home 

ranges; 1 in absence sites); Hylis olexai (Eucnemidae) = 1; 0); Isorhipis 

melasoides (Eucnemidae) = 5; 4); Euconnus pragnesis (Staphylinidae) = 0; 2); 

Thymalus limbatus (Trogossitidae) = 1; 0); Colydium elongatum 

(Zopheridae) = 1; 0) (See Supplementary materials). 

 

White-backed Woodpecker model 

White-backed Woodpecker activity was significantly positively correlated with the 

mean diameter of live trees (p < 0.001, Std. Estimate = 0.35), but significantly 

negatively correlated with the mean annual air temperature (p = 0.037, Std. 

Estimate = -0.23). Explained variance of this model was represented by a R-

squared of 0.19 (Table 2; Figure 4, Figure 5). 

 

Saproxylic beetle community models 

No significant correlation was found between the abundance of saproxylic beetles 

and the set of selected explanatory variables. However, species richness of 

saproxylic beetles was significantly positively correlated with multiple explanatory 

variables: the abundance of saproxylic beetles (p < 0.001; Std. Eff. = 0.38), the 

diameter of the snag (p = 0.008; Std. Eff. = 0.26) and the mean annual 

temperature (p = 0.037; Std. Eff. = 0.20). Species richness of saproxylic beetles 

was marginally positively correlated to the mean diameter of live trees (p = 0.082; 

Std. Eff. = 0.17). Explained variance of this model was represented by a R-squared 

of 0.31. Finally, a significant negative correlation was found between the mean 

body length of the sampled saproxylic beetle communities and the proportion of 

remaining bark of the sampled snags (p = 0.034; Std. Eff. = -0.23). Explained 

variance of this model was represented by a R-squared of 0.06 (Table 2; 

Figure 4, Figure 5). 
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Dead standing tree model 

We found a significant positive correlation between the diameter of the sampled 

snags and the mean diameter at breast height of live trees (p = 0.0179; Std. Eff. 

= 0.25). Explained variance of this model was represented by a R-squared of 0.06 

(Table 2; Figure 4, Figure 5). 

 

 

Figure 5. Standardized effect size for every significantly positive (blue), negative (red) and 

marginally significant (black) correlation identified within the final confirmatory path model. The 

grey area around the regression-function represents the 95% confidence interval. 

  



Chapter 2 

 
71 

Discussion 

Our results show that the mean diameter of life trees directly and positively 

influences White-backed Woodpecker’s activity and indirectly boosts species 

richness of saproxylic beetles. However, despite the often emphasized importance 

of dead standing trees for White-backed Woodpecker’s foraging (Bühler, 2009; 

Virkkala et al., 1993), we could not establish a direct positive bottom-up effect 

(Campbell & Donato, 2014) of the saproxylic beetle community upon the feeding 

activity of the White-backed Woodpecker. From our understanding, predation or 

methodological biases could explain this apparent absence of link. (1) The snags 

that we sampled could have been partly depredated by insectivores prior to the 

installation of the emergence traps. If depleted, our samples may thus have 

hindered the demonstration of predator-prey relationships between the 

woodpecker and its staple food (Fayt et al., 2005). (2) While the diet of the White 

backed Woodpecker incorporates mostly large larvae (Aulén, 1988; Hogstad & 

Stenberg, 1997), saproxylic beetle communities with large species did not 

correlate with bird’s presence, providing further support to our hypothesis that 

prey depletion may have taken place prior to our experiment. (3) Given that our 

traps were continuously active for a period of two years, we probably did not 

sample all potential prey occurring within a snag. More specifically, one could infer 

that species with longer life cycles (e.g., Cerambycidae) would have been 

underrepresented in our dataset. (4) Additionally, the probability of detection in 

visual bird surveys depends largely on vegetation clutter (Zwarts & Bijlsma, 

2015), one could question whether former observations reporting snags to be the 

favored dead wood items by foraging White-backed Woodpeckers were not biased 

(Bühler, 2009). (5) White-backed Woodpeckers have been evidenced to use dead 

standing trees in wintertime, where lying dead wood items are covered by snow 

(Czeszczewik, 2009). As our sampling design assessed communities in standing 

dead wood items only, it is possible that the prey item stock found in lying dead 

wood would be the critical parameter influencing White backed Woodpecker’s 

activity in a given forest patch. 

Nonetheless, forest characteristics were identified as having both direct and 

indirect effects on both White-backed Woodpeckers and saproxylic beetle 

communities. Specifically, the mean diameter at breast height of live trees, 

selected as a proxy for forest maturity, was positively correlated with White-

backed Woodpecker activity, Although forest maturity may not be properly 
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assessed by a single variable (Roberge et al., 2008), this positive correlation is in 

line with previous studies conducted in identical (Ettwein et al., 2020) or other 

(Garmendia et al., 2006; Melletti & Penteriani, 2003; Virkkala et al., 1993) areas 

of the Eurasian distribution of the focal bird species. Due to their association with 

old forest stands (Corona, 2016; Gerdzhikov et al., 2018; Urkijo-Letona et al., 

2020), White-backed Woodpeckers may therefore favour forest stands with live 

trees of large diameter, as a surrogate for potential old growth or primeval forests, 

when selecting breeding territories. In effect, compared to young stands, mature 

forests patches naturally host a higher number of large dead standing trees 

(Moroni & Harris, 2010) as well as large moribund trees offering a myriad of 

microhabitats such as large dead or decaying branches, i.e., suitable substrates 

for excavating breeding cavities (personal observation). Furthermore, mature 

forests also offer more dead wood resources notably fallen logs and branches lying 

on the ground, which promote saproxylic beetle communities and provide foraging 

hotspots for insectivorous predators. Our results reveal a cascading effect: live 

trees with a larger trunk diameter produce larger-sized dead standing trees that 

harbor richer saproxylic beetle communities. This positive interaction could be 

explained by multiple factors. Larger dead wood structures provide a diversity of 

substrates which may support more diverse saproxylic beetle communities. 

Furthermore, large diameter snags may persist longer (Onodera & Tokuda, 2015) 

and provide more stable environmental conditions for species sensitive to 

microclimatic fluctuation (Ranius et al., 2019). Snags with a large diameter will 

therefore provide greater resources for beetles that have long life cycles (Ranius 

et al., 2019) such as large body-sized species that are often 

red- listed (Hagge et al., 2021). 

Finally, although it is well documented that species richness of saproxylic 

beetles is strongly correlated with thermal conditions (Lachat et al., 2014; Müller 

et al., 2015; Sanchez et al., 2016; Vogel et al., 2020), we found that White-backed 

Woodpecker activity was negatively correlated with air temperature. This 

contradicts the view of Hogstad and Stenberg's (1997) who showed that White-

backed Woodpecker’s start of incubation and clutch size are positively influenced 

by temperature. However, geography may explain these differences as these two 

authors worked in boreal environments (Norway) while we operated next to the 

maximum western extension of its range (except Pyrenees). Yet, there might be 

some confounding factor. In our study area, forests that are easily accessible from 
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the valley bottom are typically intensively managed, whereas stands situated on 

steep or inaccessible slopes, mostly at higher altitude (i.e., in colder 

environments) tend to be less used if at all for timber production (Ettwein et al., 

2020; Sabatini et al., 2018). Consequently, forests at higher altitude tend to be 

more mature and more appropriate to harbor breeding White-backed 

Woodpeckers. 

 

Conclusion 

In conclusion, forests with large living trees promote the emblematic White-

backed Woodpecker and provide the large dead standing trees that are key to a 

rich saproxylic beetle community. Saproxylic beetles seem to be able to colonize 

available standing dead wood resources across forest stands. Consequently, the 

cessation of management in mature forests, as well as the retention of large trees 

which are allowed to decay in managed forests, both benefit an entire ecological 

community, from wood decomposers to top predators, thus reinstating integral 

and functional food chains in woodland. 
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Supplementary materials 

S1. Forest stands with large live and dead standing trees benefit both White-backed Woodpecker 

and saproxylic beetle communities. 

Family Species 

D. leucotos 

absence: 

Abundance 

(Incidence) 

D. leucotos 

presence: 

Abundance 

(Incidence) 

Total: 

Abundance 

(Incidence) 

Anthribidae Choragus sheppardi  1 (1) 1 (1) 

Anthribidae Dissoleucas niveirostris 1 (1)  1 (1) 

Anthribidae Platystomos albinus 2 (2) 4 (3) 6 (5) 

Apionidae Eutrichapion punctiger  1 (1) 1 (1) 

Biphyllidae Diplocoelus fagi 2 (2) 20 (3) 22 (5) 

Cantharidae Malthodes crassicornis  1 (1) 1 (1) 

Cantharidae Malthodes fuscus 3 (2) 1 (1) 4 (3) 

Cantharidae Rhagonycha translucida 1 (1)  1 (1) 

Cerambycidae Anaglyptus mysticus  2 (2) 2 (2) 

Cerambycidae Leiopus nebulosus 10 (5) 52 (10) 62 (15) 

Cerambycidae Mesosa nebulosa 1 (1)  1 (1) 

Cerambycidae Phymatodes testaceus  1 (1) 1 (1) 

Cerambycidae Rhagium bifasciatum  1 (1) 1 (1) 

Cerambycidae Rhagium mordax 2 (1) 4 (4) 6 (5) 

Cerambycidae Rutpela maculata 7 (6) 1 (1) 8 (7) 

Cerambycidae Stictoleptura scutellata 1 (1)  1 (1) 

Cerylonidae Cerylon ferrugineum 7 (3) 2 (2) 9 (5) 

Ciidae Cis boleti  3 (1) 3 (1) 

Ciidae Cis dentatus  2 (2) 2 (2) 

Ciidae Cis fagi 5 (3) 28 (4) 33 (7) 

Ciidae Cis festivus 1 (1)  1 (1) 

Ciidae Ennearthron cornutum 3 (2) 11 (4) 14 (6) 

Ciidae Orthocis alni  1 (1) 1 (1) 

Cleridae Korynetes caeruleus  1 (1) 1 (1) 

Cleridae Thanasimus formicarius 1 (1) 3 (3) 4 (4) 

Cleridae Tillus elongatus 175 (19) 223 (22) 398 (41) 

Corylophidae Orthoperus atomus 79 (1) 2 (1) 81 (2) 

Cryptophagidae Atomaria pulchra  3 (2) 3 (2) 

Cryptophagidae Caenoscelis sibirica  1 (1) 1 (1) 

Cryptophagidae Cryptophagus dentatus 12 (10) 39 (19) 51 (29) 

Cryptophagidae Cryptophagus scanicus 4 (2)  4 (2) 

Cryptophagidae Pteryngium crenatum 1 (1) 2 (1) 3 (2) 

Cucujidae Pediacus dermestoides  1 (1) 1 (1) 

Curculionidae Dryocoetes autographus  1 (1) 1 (1) 

Curculionidae Echinodera hypocrita 7 (4) 13 (6) 20 (10) 

Curculionidae Ernoporicus fagi 1 (1) 265 (5) 266 (6) 

Curculionidae Otiorhynchus lepidopterus  1 (1) 1 (1) 

Curculionidae Otiorhynchus singularis 1 (1) 1 (1) 2 (2) 
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Family Species 

D. leucotos 

absence: 

Abundance 

(Incidence) 

D. leucotos 

presence: 

Abundance 

(Incidence) 

Total: 

Abundance 

(Incidence) 

Curculionidae Phyllobius argentatus  1 (1) 1 (1) 

Curculionidae Polydrusus aeratus 3 (2)  3 (2) 

Curculionidae Rhyncolus ater  1 (1) 1 (1) 

Curculionidae Stereocorynes truncorum  1 (1) 1 (1) 

Curculionidae Taphrorychus bicolor 38 (3) 385 (14) 423 (17) 

Curculionidae Trachodes hispidus 1 (1)  1 (1) 

Curculionidae Tropiphorus elevatus  1 (1) 1 (1) 

Curculionidae Trypodendron domesticum 174 (10) 1435 (30) 1609 (40) 

Curculionidae Xyleborinus saxesenii 17 (7) 237 (19) 254 (26) 

Curculionidae Xylosandrus germanus 36 (7) 79 (20) 115 (27) 

Dasytidae Dasytes plumbeus 1 (1) 3 (3) 4 (4) 

Dermestidae Anthrenus fuscus 1 (1)  1 (1) 

Dermestidae Attagenus smirnovi 1 (1)  1 (1) 

Dermestidae Megatoma undata 1 (1) 1 (1) 2 (2) 

Elateridae Ampedus erythrogonus  1 (1) 1 (1) 

Elateridae Ampedus pomorum 1 (1) 3 (2) 4 (3) 

Elateridae Ampedus sanguineus 1 (1)  1 (1) 

Elateridae Athous vittatus  1 (1) 1 (1) 

Elateridae Denticollis linearis  3 (3) 3 (3) 

Elateridae Denticollis rubens 1 (1) 2 (1) 3 (2) 

Elateridae Hypoganus inunctus 1 (1)  1 (1) 

Elateridae Melanotus villosus 2 (1) 2 (2) 4 (3) 

Endomychidae Endomychus coccineus  2 (1) 2 (1) 

Erotylidae Tritoma bipustulata  4 (1) 4 (1) 

Eucnemidae Dromaeolus barnabita 14 (1)  14 (1) 

Eucnemidae Hylis olexai  1 (1) 1 (1) 

Eucnemidae Isorhipis melasoides 4 (1) 5 (2) 9 (3) 

Eucnemidae Melasis buprestoides 1 (1)  1 (1) 

Eucnemidae Microrhagus pygmaeus  2 (1) 2 (1) 

Latridiidae Corticaria longicornis  1 (1) 1 (1) 

Latridiidae Corticarina minuta  1 (1) 1 (1) 

Latridiidae Corticarina similata 1 (1)  1 (1) 

Latridiidae Dienerella vincenti 3 (3) 5 (4) 8 (7) 

Latridiidae Enicmus fungicola 1 (1)  1 (1) 

Latridiidae Enicmus rugosus 1 (1) 5 (5) 6 (6) 

Latridiidae Latridius hirtus 3 (2) 6 (5) 9 (7) 

Latridiidae Stephostethus alternans  6 (1) 6 (1) 

Leiodidae Agathidium confusum 1 (1) 1 (1) 2 (2) 

Leiodidae Agathidium laevigatum  1 (1) 1 (1) 

Leiodidae Amphicyllis globus  1 (1) 1 (1) 

Leiodidae Leiodes oblonga  1 (1) 1 (1) 

Lucanidae Platycerus caraboides  1 (1) 1 (1) 

Lucanidae Sinodendron cylindricum 8 (7) 39 (9) 47 (16) 
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Family Species 

D. leucotos 

absence: 

Abundance 

(Incidence) 

D. leucotos 

presence: 

Abundance 

(Incidence) 

Total: 

Abundance 

(Incidence) 

Lymexylidae Elateroides dermestoides  13 (2) 13 (2) 

Malachiidae Ebaeus abietinus 2 (1)  2 (1) 

Malachiidae Hypebaeus flavipes  3 (3) 3 (3) 

Melandryidae Abdera flexuosa 35 (1) 3 (2) 38 (3) 

Melandryidae Conopalpus testaceus 1 (1)  1 (1) 

Melandryidae Melandrya caraboides  8 (2) 8 (2) 

Melandryidae Orchesia micans 10 (2) 1 (1) 11 (3) 

Melandryidae Orchesia minor 1 (1) 1 (1) 2 (2) 

Melandryidae Orchesia undulata  1 (1) 1 (1) 

Monotomidae Monotoma longicollis  1 (1) 1 (1) 

Monotomidae Rhizophagus bipustulatus 4 (3) 14 (8) 18 (11) 

Monotomidae Rhizophagus dispar 2 (2) 26 (13) 28 (15) 

Monotomidae Rhizophagus grandis  1 (1) 1 (1) 

Mordellidae Mordellochroa abdominalis 1 (1) 3 (1) 4 (2) 

Mordellidae Tomoxia bucephala 18 (1) 7 (4) 25 (5) 

Mycetophagidae Litargus connexus 4 (3) 19 (7) 23 (10) 

Mycetophagidae Mycetophagus multipunctatus 6 (2) 2 (2) 8 (4) 

Nitidulidae Epuraea unicolor  6 (4) 6 (4) 

Ptiliidae Acrotrichis rosskotheni  9 (1) 9 (1) 

Ptinidae Hemicoelus costatus 5 (3) 12 (6) 17 (9) 

Ptinidae Hyperisus plumbeum  8 (2) 8 (2) 

Ptinidae Microbregma emarginatum 1 (1)  1 (1) 

Ptinidae Ptilinus pectinicornis 751 (23) 1706 (43) 2457 (66) 

Ptinidae Ptinomorphus imperialis 15 (6) 12 (8) 27 (14) 

Ptinidae Ptinus fur 5 (3) 6 (5) 11 (8) 

Ptinidae Ptinus subpilosus  1 (1) 1 (1) 

Salpingidae Salpingus planirostris  2 (2) 2 (2) 

Salpingidae Salpingus ruficollis 1 (1) 1 (1) 2 (2) 

Salpingidae Sphaeriestes castaneus  1 (1) 1 (1) 

Salpingidae Vincenzellus ruficollis 4 (2) 3 (2) 7 (4) 

Scraptiidae Anaspis lurida 2 (2) 5 (5) 7 (7) 

Scraptiidae Anaspis ruficollis 17 (9) 40 (14) 57 (23) 

Scraptiidae Anaspis thoracica 14 (7) 19 (13) 33 (20) 

Silphidae Phosphuga atrata  1 (1) 1 (1) 

Silvanidae Uleiota planatus  2 (1) 2 (1) 

Staphylinidae Aleochara ruficornis  1 (1) 1 (1) 

Staphylinidae Aleochara sparsa 2 (2) 9 (6) 11 (8) 

Staphylinidae Anomognathus cuspidatus  2 (2) 2 (2) 

Staphylinidae Atheta vaga  5 (2) 5 (2) 

Staphylinidae Bibloporus bicolor  2 (2) 2 (2) 

Staphylinidae Bythinus macropalpus  1 (1) 1 (1) 

Staphylinidae Cypha longicornis  1 (1) 1 (1) 

Staphylinidae Euconnus pragensis 2 (1)  2 (1) 
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Family Species 

D. leucotos 

absence: 

Abundance 

(Incidence) 

D. leucotos 

presence: 

Abundance 

(Incidence) 

Total: 

Abundance 

(Incidence) 

Staphylinidae Euplectus brunneus  1 (1) 1 (1) 

Staphylinidae Eusphalerum rectangulum 1 (1) 2 (2) 3 (3) 

Staphylinidae Eusphalerum semicoleoptratum  1 (1) 1 (1) 

Staphylinidae Gabrius splendidulus  1 (1) 1 (1) 

Staphylinidae Leptusa fumida 7 (5) 5 (5) 12 (10) 

Staphylinidae Leptusa pulchella 2 (1) 2 (2) 4 (3) 

Staphylinidae Leptusa ruficollis  3 (2) 3 (2) 

Staphylinidae Neuraphes elongatulus  5 (3) 5 (3) 

Staphylinidae Ocypus nitens 1 (1)  1 (1) 

Staphylinidae Phyllodrepa melanocephala 1 (1) 1 (1) 2 (2) 

Staphylinidae Phyllodrepoidea crenata  2 (1) 2 (1) 

Staphylinidae Placusa tachyporoides 2 (1) 5 (4) 7 (5) 

Staphylinidae Plectophloeus nubigena 2 (1)  2 (1) 

Staphylinidae Proteinus ovalis  7 (1) 7 (1) 

Staphylinidae Quedius cruentus 1 (1)  1 (1) 

Staphylinidae Quedius invreae  1 (1) 1 (1) 

Staphylinidae Quedius mesomelinus 1 (1)  1 (1) 

Staphylinidae Quedius puncticollis  1 (1) 1 (1) 

Staphylinidae Quedius xanthopus 1 (1) 5 (3) 6 (4) 

Staphylinidae Stenichnus collaris  2 (2) 2 (2) 

Staphylinidae Stenichnus godarti  1 (1) 1 (1) 

Staphylinidae Trimium brevicorne 1 (1) 1 (1) 2 (2) 

Tenebrionidae Corticeus unicolor 1 (1) 3 (2) 4 (3) 

Tenebrionidae Mycetochara maura  2 (2) 2 (2) 

Tenebrionidae Nalassus convexus 1 (1)  1 (1) 

Trogossitidae Nemozoma caucasicum 1 (1)  1 (1) 

Trogossitidae Nemozoma elongatum 1 (1) 1 (1) 2 (2) 

Trogossitidae Peltis ferruginea 1 (1) 1 (1) 2 (2) 

Trogossitidae Thymalus limbatus  1 (1) 1 (1) 

Zopheridae Colydium elongatum  1 (1) 1 (1) 

Zopheridae Coxelus pictus  1 (1) 1 (1) 

Zopheridae Synchita humeralis 3 (1) 1 (1) 4 (2) 
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Abstract 

Efficiency of a conservation plan requires thorough knowledge of the selected focal 

species. The White-backed Woodpecker (Dendrocopos leucotos) was historically 

present in many European countries but has been facing a dramatic decline due 

to intensive forest management. While being often considered as an old-growth 

forest, the species now broadens its habitat to managed forest stands. To explore 

the potential of saproxylic beetles to colonize the dead wood resource in forests – 

inhabited or not – by the White-backed Woodpecker, we set up an experiment in 

7 geographical regions using 408 standardized dead wood items exposed for two 

years in three different forest strata (forest floor, understory, canopy). Ex-situ 

rearing of the dead wood items demonstrated a higher species richness and 

abundance of saproxylic beetles emerging from dead wood items exposed in the 

understory and in the canopy, compared to the ones exposed on the forest floor. 

Community partitioning along the forest strata was strongly driven by species 

turnover and increased with above ground elevation. Generally, no differences 

were found between sites with presence or absence of the White-backed 

Woodpecker. Our experimental approach highlights the prime importance of a 

diversified position of the dead wood resource for saproxylic beetle communities, 

which may be predated by our focal bird species. Maintaining senescent and dead 

trees offering above-ground dead wood in managed forest stands would help in 

supporting the early colonizing communities, which are a fundamental component 

of the forest ecosystem and its associated diversity, including rare species with 

high habitat quality requirements such as the White-backed Woodpecker. 

 

 

 

 

 

 

Keywords 

Dendrocopos leucotos; Saproxylic beetles; Standardized dead wood exposition; 

Vertical stratification; Forest stratum; Community composition; Ex-situ 

emergence trap.  
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Introduction 

Saproxylic beetles are defined as “species that are dependent, during some part 

of their life cycle, upon the dead or dying wood of moribund or dead trees 

(standing or fallen), or upon wood-inhabiting fungi, or upon the presence of other 

saproxylics” (Speight, 1989). They are arguably the most speciose group of the 

saproxylic guild (Graf et al., 2022) fulfilling important functions in the forest cycle, 

such as dead wood decay (Hardersen et al., 2020; Seibold et al., 2021). 

Additionally, they – and especially their instar stages – play a critical role as the 

primary food source for many of their predators (Jennings et al., 2013; Pechacek 

& Kristin, 2004; Powell et al., 2002; Soto et al., 2017; Virkkala, 2006). Among 

them is the White-backed Woodpecker. This bird species has been observed 

extracting saproxylic invertebrates (Aulén, 1988; Hogstad & Stenberg, 1997) on 

a multitude of dead wood items (Bühler, 2009). While the White-backed 

Woodpecker was historically present in many European countries (Scherzinger, 

1990), the number of individuals composing its western Eurasian population 

significantly dropped, as a result of intensive logging activities and dead wood 

removal (Carlson, 2000; Czeszczewik & Walankiewicz, 2006; Virkkala et al., 

1993). Still being one of the rarest woodpeckers living in broadleaved forests, this 

old-growth forest specialist now broadens its habitat to managed stands, which 

could be attributed to the overall increase in dead wood amount over the last 

decade (Brändli & Abegg, 2009; FOREST EUROPE, 2020). In unmanaged forests, 

dead wood is mainly created by the natural senescence processes (Hilmers et al., 

2018). However, natural disturbances such as bark beetle outbreaks (Müller et 

al., 2008) or extreme droughts (Senf et al., 2020) can greatly contribute to dead 

wood enrichment over large forest areas. Forest management can also play a role 

in increasing the amount of dead wood available in the forest. Either by leaving 

logging residues (Ranius et al., 2018), or by the implementation of active dead 

wood enrichment strategies (Doerfler et al., 2017; Floren et al., 2014; Roth et al., 

2019; Vogel et al., 2020). Whereas dead wood volume is mainly driven by coarse 

woody debris lying on the ground (Siitonen et al., 2000), standing and suspended 

dead wood items are nonetheless fundamental in supporting the saproxylic guild, 

estimated to represent about one fourth of the species pool found in the forest 

ecosystem (Lachat & Müller, 2018). Saproxylic diversity encompasses many 



Chapter 3 

 
89 

taxonomic groups, yet a much higher diversity in species can be observed in and 

for Coleoptera (Stokland et al., 2012).  

While the influence of the forests stratum on saproxylic beetle’s 

assemblages is well established (see Basset et al., 2003; Ulyshen, 2011), 

contrasting results emerge when focusing on species richness only (Maguire et al., 

2014; Plewa et al., 2017; Ruchin & Egorov, 2021; Seibold et al., 2021; Weiss et 

al., 2016). It has been argued that, in temperate deciduous forests, stand 

characteristics along the vertical axis will tend to homogenize in wintertime (e.g., 

the loss of foliage, cold winter temperatures, light availability). Due to this 

seasonal homogenization of the habitat, fewer species would be restricted to a 

specific stratum, especially imagos moving closer to the ground to overwinter 

(Ulyshen, 2011). 

However, for species such as the White-backed Woodpecker, a top predator 

in the saproxylic food chain, having a sufficient continuous access to prey is 

fundamental. This might be even more important in wintertime when snow cover 

is preventing access to most of the dead wood items lying on the ground 

(Czeszczewik, 2009). Above-ground dead wood structures might therefore play 

an important role in providing year-round prey availability, represented by the 

larvae and pupae hidden under the bark or deeper in the wood. While the White-

backed Woodpecker is a flagship species highly sensitive to logging activity, to our 

knowledge, conservation plans focusing on this bird species were only 

implemented in Fenno-Scandia. While the action plan targeting the Finnish White-

backed Woodpecker population has been reported to be successful by setting aside 

forest surface used by the bird (Virkkala et al., 1993), the active restoration that 

took place in Sweden was not successful in bringing the bird back. Partially due to 

the lack of knowledge and data necessary for successful implementation of action 

plan (Blicharska et al., 2014). Nonetheless, the plan succeeded in attracting 

saproxylic species, especially threatened ones (Bell et al., 2015).  

To better understand the structuration of the early colonizing saproxylic 

beetle communities associated with the White-backed Woodpecker habitat, we 

explored the colonization of fresh dead wood by saproxylic beetles occurring in 

and outside of the White-backed Woodpecker home range, in multiple sites across 

the western Eurasian distribution front of the focal woodpecker. Specifically, we 

exposed dead wood pieces of a standardized size along three forest strata of the 

studied forests, over a period of two years. The results of this experiment would 
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ultimately help improve the efficiency of future conservation plans aiming at 

protecting the White-backed Woodpecker and the saproxylic communities 

it represents. 

 

Methods 

Site selection  

The experiment was conducted in 7 geographical regions occurring in the western 

Eurasian range of the White-backed Woodpecker and spanning along a 

longitudinal and latitudinal gradient of ± 800 km and ± 350 km, respectively 

(Figure 1). Within each region, trained ornithologists identified sites where the 

White-backed Woodpecker was either present or absent. The White-backed 

Woodpecker was considered present at a site if a specimen had been observed 

within it, during its breeding period, at least once in the past 10 years. If no White-

backed Woodpecker had been historically observed within a site, the species was 

considered absent. Once sites with presence and absence of the species had been 

identified, a subset of those was selected for the experiment based on the 

following criteria: (1) European beech (Fagus sylvatica) as the dominant tree 

species, (2) sites to be compared had to have similar elevations above sea level, 

and (3) absence sites had to be at least 2 km but not more than 5 km apart from 

the closest presence site. Two to four sampling plots, each of a circular area of 

500 m2, representative of the dead wood availability at the given site, were 

delimited at every site, resulting in a total of 68 sampling plots. 

 

Wood exposition and beetle rearing 

In winter 2018, we installed six pieces of wood per sampling plot. To mimic a 

fallen log, two pieces were installed lying on the forest floor. To mimic a dead 

standing tree, two pieces were attached at breast height (± 130 cm) on a healthy 

European beech tree. To mimic crown dead wood, two pieces were installed in the 

canopy (hereafter “canopy samples”) of a large European beech tree found in the 

center of each plot. The 408 wood pieces had a mean diameter of 13 cm (± 2 cm) 

and a mean length of 82 cm (± 6 cm). All wood pieces were sourced from healthy 

European beech trees found in the surroundings of the plot, or from outside of the 

forest reserve when appropriate. Per sampling plot, all pieces of wood were placed 

with the same orientation as the canopy treatment. After the first year of exposure 
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(winter 2019), one piece of wood from every stratum and every plot was retrieved 

and installed in ex-situ emergence traps. The remaining wood samples were 

retrieved after a second year of colonization (winter 2020) and installed in 

emergence traps as well. Each emergence trap consisted of a polyethylene tube 

(length = 1 m; diameter = 20 cm) with one end closed with a piece of black 

polyester fabric and the other with a polyethylene cap. This cap with a diameter 

of 8 cm, had an opening covered with a fine metal mesh (0.13 * 0.13 mm) 

improving air circulation through the tube while preventing the escape of emerged 

insects. To collect emerging insects, a plastic bottle filled with 70% ethanol was 

connected to a second hole in the cap, using a plastic pipe connecting the two (see 

Supplementary materials S5). Emergence traps were placed under climatic 

conditions comparable to the studied forests and were protected by a roof from 

direct solar radiation and rain. Samples from Austria, Germany, Liechtenstein, and 

Switzerland were pooled together in the Swiss rearing station. Samples from 

Czechia were reared on their own. Overall, the 408 wood pieces (204 with one 

year of colonization and 204 with two years of colonization) were placed in 

emergence traps for one year after being retrieved from the forest. Wood pieces 

were randomly distributed within their respective rearing stations. Emerging 

invertebrates were pooled per emergence trap and year of emergence. After 

sorting, beetles were identified to species level by trained entomologists. 

 

Figure 1. Map of the western Eurasian distribution front of the White-backed Woodpecker in yellow 

(source: BirdLife International and Handbook of the Birds of the World (2020). Dendrocopos 

leucotos. The IUCN Red List of Threatened Species. Version 2021-3. Downloaded on 09 March 2022) 

with the study regions marked by the blue dots: A. Vorarlberg (AT) = 28 sampling plots; B. Beskids 

(CZ) = 8; C. Bayerwald (DE) = 4; D. Traunstein (DE) = 2; E. Liechtenstein (LT) = 6; F. Grisons (CH) 

= 8; G. St Gallen (CH) = 12. Maps created in QGIS 3.28.0. 
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Statistical analysis 

Linear regression 

Using two Bayesian generalized linear models with group-specific terms via Stan 

(stan_glmer.nb {rstanarm}), we analyzed how species richness and specimen 

abundance of saproxylic beetles varied as a function of the White-backed 

Woodpecker activity levels (presence, absence), strata (forest floor, understory, 

canopy) and wood pieces characteristics (colonization time, sample diameter, 

sample length). The two models were run under a negative binomial distribution, 

implementing four chains with 4000 iterations each (warmup = 2000; sampling = 

2000) and uninformed priors, for 408 observations. To account for potential 

regional effects, the region, site, and plot identities were used as random 

intercepts. Additionally, sampling units were controlled for absence of spatial 

autocorrelation using Moran’s I test beforehand (moran.test {spdep}). All 

numerical explanatory variables were normalized (mu = 0; sd = 1) and controlled 

for absence of collinearity. 

 

Community composition 

We investigated compositional differences of the saproxylic beetle communities in 

relation to the group levels (i.e., the two White-backed Woodpecker occurrence 

levels, or the three forest strata and the colonization time of the wood sample, 

independently) using complementary multivariate analyses. First, we tested 

whether the group levels differed in species composition, using a permutational 

multivariate analysis of variance (adonis2 {vegan}) (Anderson, 2017). This 

method tests whether the group centroids (i.e., the average identity of saproxylic 

beetle species composing the community of a given group level, or average-group 

dispersion) in multivariate species space differ between groups, where overlapping 

group dispersions indicate a degree of community similarity across the groups. 

Second, we tested if groups differed in their β-diversity, that is, the degree of 

variation in species identities among groups, using a permutational test for 

homogeneity of multivariate dispersion with 9999 permutations (betadisper 

{vegan}) (Anderson et al., 2006, 2011). This method statistically assesses the 

degree of species homogenization among treatments, where large treatment-wise 

dispersion indicates a large variation in species identities within a group and thus 

a low species overlap between sampling plots representing a group (i.e., high β-
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diversity); as opposed to small group-wise dispersion (i.e., low β-diversity). 

Differences in β-diversity among groups were assessed using a pairwise Tukey 

Honest Significant Differences Test corrected for multiple comparisons (TukeyHSD 

{stats}). To account for potential regional effects, the region was used as the 

blocking factor for these two community analyses. Finally, based on species 

occurrence data, we assessed how the β-diversity relative to the group levels was 

partitioned into species turnover (i.e., replacement of some species by others) 

and nestedness (i.e., the biotas of sites with smaller numbers of species being 

subsets of the biotas at species-richer sites) components using the Jaccard 

dissimilarity index (beta {BAT}) (Baselga, 2010; Cardoso et al., 2014; Legendre, 

2014). All statistical analyses were performed using R Version 4.1.1 (R Core 

Team 2021). 

 

Results 

Specimen abundance and species richness 

In total, we obtained 48632 individuals belonging to 147 species. The absence 

sites yielded 82 species and 14528 individuals compared to 126 species and 34104 

individuals obtained from the presence sites. Wood pieces laying on the forest 

floor yielded 83 species and 6971 individuals, those installed in the understory 91 

species and 17904 individuals, and those installed in the canopy 84 species and 

23757 individuals. 
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Table 1. Summary table of the Bayesian generalized linear mixed models. Explanatory variables with 

a non-null predicted effect (89% of the HDI posterior probability excluding 0) are displayed in bold. 

Response Parameter 
HDI posterior probability 

median (CrI 89%) 

exp[HDI posterior 

probability median (CrI 

89%)] 

Predicted 

direction 

(a) 

Abundance 

(Absence) Presence 0.222 (-0.265, 0.679) 1.249 (0.767, 1.972)  

(Floor) Understory 1.143 (0.859, 1.445) 3.136 (2.361, 4.242) Positive 

(Floor) Canopy 1.376 (1.068, 1.669) 3.959 (2.91, 5.307) Positive 

Exposure time -0.528 (-0.647, -0.404) 0.59 (0.524, 0.668) Negative 

Wood diameter 0.31 (0.174, 0.456) 1.363 (1.19, 1.578) Positive 

Wood length 0.08 (-0.058, 0.222) 1.083 (0.944, 1.249)  

(b) Species 

richness 

(Absence) Presence 0.052 (-0.094, 0.193) 1.053 (0.91, 1.213)  

(Floor) Understory 0.286 (0.164, 0.418) 1.331 (1.178, 1.519) Positive 

(Floor) Canopy 0.346 (0.218, 0.477) 1.413 (1.244, 1.611) Positive 

Exposure time 0.102 (0.055, 0.152) 1.107 (1.057, 1.164) Positive 

Wood diameter 0.045 (-0.01, 0.103) 1.046 (0.99, 1.108)  

Wood length 0.031 (-0.027, 0.096) 1.031 (0.973, 1.101)  

 

 

Figure 2. Summary of parameter estimates for the effects of the White-backed Woodpecker 

occurrence (presence, absence), the forest strata (forest floor, understory, canopy), colonization 

time (1, 2 years), diameter, and length of the exposed pieces of wood, respectively. Reference level 

of factorial explanatory variables is set in parentheses. Models are using the individual abundance 

(panels a) and species richness (panels b) as response variables. Vertical lines represent the 

parameter estimates. The grey area, total area, and the border of the area under curve represent 

the 50%, the 89%, and the distribution of the HDI posterior probability, respectively.  
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Drivers of saproxylic beetle species richness and abundance 

Whereas the occurrence of the White-backed Woodpecker did not explain the 

abundance and species richness of saproxylic beetles (Figure 2, panel a and b), 

forest stratum, exposure time and wood pieces diameter did. First, wood pieces 

placed in the understory had 3.1 times more individuals (Posterior Probability 

Credible Interval median [lower and upper 5.5%] = 1.143 [0.859, 1.445]; Figure 

2, panel a; Table 1) and 1.3 times more species (0.286 [0.164, 0.418]; Figure 2, 

panel b; Table 1) than wood pieces placed on the floor. The observed abundance 

and species richness increased with height, wood pieces exposed in the canopy 

having 3.9 (1.376 [1.068, 1.669]; Figure 2, panel a; Table 1) and 1.4 (0.346 

[0.218, 0.477]; Figure 2, panel b; Table 1) times more individuals and species, 

respectively, than wood pieces exposed on the forest floor. Second, the exposure 

time had an opposite effect on the abundance and species richness. Abundance 

was responding negatively to the exposure time, with 0.59 (-0.528 [-0.647, -

0.404]; Figure 2, panel a; Table 1) times less individuals emerging after two years 

of exposure. In contrast, species richness increased with exposure time, with 1.1 

(0.102 [0.055, 0.152]; Figure 2, panel b; Table 1) times more species after two 

years of exposure. Third, we did not observe the diameter of the wood having an 

effect on the species richness. Yet, it had a positive effect on the abundance, with 

an increase of 40% (0.31 [0.174, 0.456]; Figure 2, panel b; Table 1) individuals 

per centimeter. Finally, our models did not detect an effect of wood sample length 

on the emerging saproxylic beetle communities. Exploratory analyses did not 

detected differences between the understory and the canopy. 
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Figure 3. Summary of the community composition of the saproxylic beetles as a function of the 

presence/absence of the White-backed Woodpecker (panels a, b, c), of the forest strata (panels d, 

e, f) and of the colonization time (panels g, h, i). Group centroid position was tested with a 

permutational multivariate analysis of variance (panels a, d, g), average distance to group centroid 

was tested with a permutational test for homogeneity of multivariate dispersions and letters 

represent significant differences among groups resulting from a pairwise Tukey Honest Significant 

Difference test (panels b, e, h). Beta-diversity partitioning was assessed with the species turnover 

and nestedness components (panels c, f, i). 
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Community composition 

Whereas the average community identity of saproxylic beetles was marginally 

different regarding the White-backed Woodpecker occurrence (PERMANOVA: 

Pr(>F) = 0.057; R2 = 0.004; F = 1.796; Figure 3, panel a), no significant 

difference in average group dispersion was detected among sites with or without 

an occurrence of the target bird species (Figure 3, panel b). Additionally, beta-

diversity partitioning revealed that differences in species composition were equally 

driven by turnover and nestedness in relation to the occurrence of the White-

backed Woodpecker (Figure 3, panel c). Second, the assemblages found in the 

understory and in the canopy were significantly different from the ones found on 

the forest floor in terms of average community identity (Pr(>F) < 0.001; R2 = 

0.029; F = 6.079; Figure 3, panel d) and of community homogeneity (Pr(>F) < 

0.001; F = 10.715; Figure 3, panel e). A pairwise comparison of the beta-diversity 

of the three forest strata revealed a community partitioning strongly driven by 

species turnover, which increased with height differences between the strata 

(Figure 3, panel f). Third, communities emerging from wood samples left in the 

forest for one year of colonization were significantly different from those emerging 

from samples left for two years of colonization, both in terms of average 

community identity (Pr(>F) < 0.001; R2 = 0.063; F = 26.558; Figure 3, panel g) 

and of community homogeneity (Pr(>F) = 0.01; F =6.471; Figure 3, panel h). A 

pairwise comparison of the beta-diversity partitioning of the two decay stages 

revealed that the species-community shift was driven slightly more by species 

turnover than by nestedness (Figure 3, panel i).  
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Discussion 

Influence of the dead wood characteristics 

One of the goals of our experiment was to assess the colonization by saproxylic 

beetles of fresh dead wood pieces during the first two years of exposure in the 

forest. Our findings highlighted important community shifts from one year to 

another. Specifically, the abundance of emerging saproxylic beetles was higher 

after one year of exposure and lower after two years of exposure (i.e., colonization 

by the beetles). In contrast, the number of species showed an opposite pattern, 

with a more species emerging from a dead wood item being colonized for a period 

of two years. These opposite patterns as a function of decay rate could be 

explained by the specificity of the colonizing communities and their relative r/K-

selection strategies (Macarthur & Wilson, 1967). Pioneer species, (e.g., 

Taphrorychus bicolor and Ernoporicus fagi) were represented by very high 

numbers of individuals after one year of exposure (see Supplementary material 

S6). Such early dead wood colonizers with high reproduction rates and several 

generations per year are predominantly found in short-lived habitats, such as 

recently felled or naturally died trees (Graf et al., 2022; Leather et al., 2014; 

Ramilo et al., 2017).  

Additionally, we observed significant changes in average community 

composition as well as a homogenization of the saproxylic beetle beta-diversity 

after two years of exposure. These changes in species composition were mostly 

influenced by species turnover. While saproxylic beetle species colonizing fresh 

dead wood items would provide a pathway for many saproxylic species through 

the creation of galleries (Speight, 1989) and providing access to the fresh 

resource, saproxylic beetle assemblage will homogenize and/or specialize along 

dead wood decay process, with microclimatic conditions converging to a stable 

state.  

Finally, the abundance of emerging saproxylic beetles was positively 

correlated with the diameter of the exposed wood pieces. Despite the effort to 

standardize the diameter of the exposed substrate and to randomly distribute it 

across the forest strata, the diameter of the wood pieces significantly decreased 

with altitude above ground (see Supplementary material S1). Yet, even if the 

diameter of a dead wood item and its decay stage played a role in shaping 

emerging saproxylic insect communities (Brin et al., 2011), the effect of the 
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vertical stratification of the dead wood items along the forest was much 

more pronounced. 

 

Importance of the vertical stratification of the dead wood resource 

Saproxylic beetles emerging from wood pieces on the forest floor strongly 

diverged from the communities found in pieces exposed in the understory and in 

the canopy. Species richness was positively correlated with above ground 

elevation, putting our results in line with Seibold et al., (2018; to our knowledge 

the sole experiment rearing fresh dead wood exposed along the vertical axis of 

Central european forests). Yet, the peer study observed a higher abundance of 

saproxylic beetles emerging from dead wood items exposed near the ground, 

whereas we an opposite pattern was observe in our experiment. From our 

understanding, such discrepancies could be explained by both the experimental 

design and the dead wood characteristics. First, we collected beetles emerging 

from our wood pieces for one year, whereas the process of Seibold et al., (2018) 

took three years. As reported, their second year of emergence yielded 60% of the 

total abundance of emerging beetles. It is therefore possible that our data is not 

yet representative of the communities present in the colonized dead wood items. 

Second, as Vogel et al., (2021) demonstrated, broadleaved trees tend to 

harbor a greater number of saproxylic beetle species than conifers. The type of 

tree species used in the respective experiments might therefore play an important 

role in colonization patterns. Whereas we exposed medium sized logs sourced 

from European Beech only, Seibold et al. (2018) exposed bundles of branches 

sourced from Norway Spruce, European Beech, and Silver Fir. One could infer the 

smaller species richness observed in the fresh dead wood samples exposed along 

several strata by Seibold et al., (2018) is due to the greater proportion of 

coniferous tree species composing the branch bundles as opposed to our logs, 

represented by a single tree species with a higher potential in harboring many 

saproxylic species (Vogel et al., 2021).  

Finally, we observed a strong community partitioning along the forest 

strata, which was dominated by a gradual species turnover following the forest 

vertical plane, putting our result in line with peer studies rearing dead wood 

sourced from different strata in European forests (Bouget et al., 2011; Seibold et 

al., 2018). From a wider perspective, partitioning of saproxylic beetle communities 
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along the vertical gradient of forests has been widely studied (Basset et al., 2003; 

Ulyshen, 2011). Yet, whereas activity-based sampling methods are more common 

(Floren et al., 2014; Procházka et al., 2018; Ruchin & Egorov, 2021; Ulyshen & 

Hanula, 2007; Weiss et al., 2016), rearing techniques remain more accurate when 

assessing the stratification of dead wood dependent invertebrate communities. 

For most of the species, imagines will move around the three-dimensional space 

of a forest stand. Traps intercepting flying or crawling invertebrates will therefore 

inevitably carry a background noise in their results. Even if the two sampling 

methods could yield similar results, their relevance will be strongly dependent of 

the study question. Here, by studying the potential prey-predator interaction 

between saproxylic beetles and White-backed Woodpeckers, colonization 

processes happening in the dead wood items would bring a more accurate 

representation of the expected trophic interactions.  

 

Importance for conservation 

As saproxylic beetle communities from our rearing experiment were not 

responding to the presence of the White-backed Woodpecker, we would argue that 

all sampled forests have the same potential for colonization of fresh dead wood. 

These findings underline the potential for foraging of the White-backed 

Woodpecker outside of its breeding habitat if above-ground fresh dead wood is 

integrated in management practices. Despite being considered as an old-growth 

forest specialist (Roberge & Angelstam, 2004; Urkijo-Letona et al., 2020), the 

White-backed Woodpecker is also able to successfully establish in managed forests 

offering large trees and higher amount of dead wood (Ettwein et al., 2020). 

Senescent trees, providing dead wood structures, will be colonized by saproxylic 

beetles, constituting potential prey for the White-backed Woodpecker. Especially 

in wintertime, when snow cover is blocking access to dead wood lying on the forest 

floor. Additionally, fresh dead wood is a fundamental component of the forest 

ecosystem, providing specific habitat conditions for specific species (e.g., 

Poecilium pusilum, Nemozoma elongatum and Salpingus ruficollis; see 

Supplementary materials S6) and during a shorter time frame compared to the 

following stages of decay. 

Based on the present results, we propose to maintain standing senescent 

and dead trees, offering above-ground dead wood in managed forests within and 
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in the surroundings of the breeding habitat of the White-backed Woodpecker. This 

measure should complement the setting aside of forest reserves to increase the 

stock of larvae being potentially accessible throughout the year as well as 

supporting saproxylic beetle species associated with recently dead wood items. 
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Supplementary materials 

 

S1. Pairwise comparison of the diameter of the exposed piece of wood per forest strata. 

 

 

 

 

S2. Drivers of saproxylic beetles’ abundance and species richness: Histograms and kernel density 

plots of MCMC draws; Main model group with Control level as intercept. Woodpecker absence and 

Forest floor as intercept. wbwPAP = woodpecker presence. strataBSNA = understory. strataCCAN = 

canopy.  
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S3. Drivers of saproxylic beetles’ abundance and richness: Posterior predictive checks distribution; 

Main model group with Control level as intercept. 

 

 

 

 

S4. Drivers of saproxylic beetle’s abundance and richness: Efficient approximate leave-one-out 

cross-validation for our main model group with Control level as intercept, using Pareto smoothed 

importance sampling (PSIS-LOO CV).  
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S5. Picture of the Swiss rearing installation. 

 

 

 

 

 

 

 

 

S6. Abundance and proportion per exposition time of the trapped saproxylic beetle species. 

Family Species 
Year 1 Year 2 Total 

Abundance Proportion Abundance Proportion Abundance Proportion 

Curculionidae Taphrorychus bicolor 31001 82.93% 3067 27.26% 34068 70.05% 

Curculionidae Ernoporicus fagi 4347 11.63% 5274 46.88% 9621 19.78% 

Cerambycidae Leiopus nebulosus 401 1.07% 474 4.21% 875 1.80% 

Cryptophagidae Cryptophagus punctipennis 24 0.06% 767 6.82% 791 1.63% 

Curculionidae Anisandrus dispar 435 1.16%   435 0.89% 

Trogossitidae Nemozoma elongatum 31 0.08% 373 3.32% 404 0.83% 

Mycetophagidae Litargus connexus 190 0.51% 166 1.48% 356 0.73% 

Corylophidae Sericoderus lateralis 209 0.56% 84 0.75% 293 0.60% 

Cryptophagidae Cryptophagus pallidus 254 0.68% 5 0.04% 259 0.53% 

Latridiidae Enicmus histrio 123 0.33%   123 0.25% 

Corylophidae Orthoperus brunnipes 17 0.05% 95 0.84% 112 0.23% 

Latridiidae Latridius minutus   105 0.93% 105 0.22% 

Corylophidae Orthoperus atomus   92 0.82% 92 0.19% 

Salpingidae Salpingus ruficollis 57 0.15% 26 0.23% 83 0.17% 

Latridiidae Cartodere nodifer 23 0.06% 50 0.44% 73 0.15% 

Curculionidae Taphrorychus villifrons   73 0.65% 73 0.15% 

Mycetophagidae Mycetophagus atomarius 11 0.03% 59 0.52% 70 0.14% 

Corylophidae Arthrolips obscura   62 0.55% 62 0.13% 

Curculionidae Orchestes fagi 6 0.02% 44 0.39% 50 0.10% 
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Family Species 
Year 1 Year 2 Total 

Abundance Proportion Abundance Proportion Abundance Proportion 

Salpingidae Salpingus planirostris 31 0.08% 13 0.12% 44 0.09% 

Cryptophagidae Atomaria umbrina   30 0.27% 30 0.06% 

Curculionidae Xyleborinus saxesenii 10 0.03% 20 0.18% 30 0.06% 

Cryptophagidae Cryptophagus dentatus 5 0.01% 22 0.20% 27 0.06% 

Cryptophagidae Atomaria analis 23 0.06%   23 0.05% 

Latridiidae Dienerella vincenti   21 0.19% 21 0.04% 

Ptinidae Ptilinus pectinicornis   21 0.19% 21 0.04% 

Dasytidae Dasytes caeruleus 20 0.05%   20 0.04% 

Cerambycidae Pogonocherus hispidulus 17 0.05% 3 0.03% 20 0.04% 

Ciidae Orthocis alni   18 0.16% 18 0.04% 

Curculionidae Cryptorhynchus lapathi   17 0.15% 17 0.03% 

Dasytidae Dasytes plumbeus 1 < 0.01% 15 0.13% 16 0.03% 

Staphylinidae Holobus flavicornis   14 0.12% 14 0.03% 

Cryptophagidae Atomaria pusilla   13 0.12% 13 0.03% 

Endomychidae Endomychus coccineus 12 0.03% 1 0.01% 13 0.03% 

Curculionidae Trypodendron domesticum 13 0.03%   13 0.03% 

Monotomidae Rhizophagus bipustulatus 7 0.02% 5 0.04% 12 0.02% 

Staphylinidae Holobus apicatus   11 0.10% 11 0.02% 

Latridiidae Latridius consimilis 8 0.02% 3 0.03% 11 0.02% 

Curculionidae Xylosandrus germanus   11 0.10% 11 0.02% 

Staphylinidae Acrotona aterrima   10 0.09% 10 0.02% 

Scraptiidae Anaspis flava 3 0.01% 7 0.06% 10 0.02% 

Coccinellidae Aphidecta obliterata   10 0.09% 10 0.02% 

Staphylinidae Cypha longicornis   10 0.09% 10 0.02% 

Staphylinidae Mocyta fungi   10 0.09% 10 0.02% 

Monotomidae Rhizophagus dispar 1 < 0.01% 9 0.08% 10 0.02% 

Latridiidae Dienerella clathrata 4 0.01% 5 0.04% 9 0.02% 

Staphylinidae Phloeocharis subtilissima   9 0.08% 9 0.02% 

Cryptophagidae Cryptophagus badius 8 0.02%   8 0.02% 

Dasytidae Dasytes obscurus   8 0.07% 8 0.02% 

Curculionidae Kyklioacalles roboris 5 0.01% 3 0.03% 8 0.02% 

Cerambycidae Phymatodes testaceus 8 0.02%   8 0.02% 

Silvanidae Silvanus bidentatus 6 0.02% 2 0.02% 8 0.02% 

Endomychidae Symbiotes gibberosus 5 0.01% 3 0.03% 8 0.02% 

Curculionidae Dryocoetes autographus 7 0.02%   7 0.01% 

Monotomidae Rhizophagus nitidulus   7 0.06% 7 0.01% 

Curculionidae Trachodes hispidus 3 0.01% 3 0.03% 6 0.01% 

Cryptophagidae Atomaria fimetarius 5 0.01%   5 0.01% 

Staphylinidae Cypha discoidea   5 0.04% 5 0.01% 

Staphylinidae Liogluta longiuscula   5 0.04% 5 0.01% 

Staphylinidae Atheta crassicornis   4 0.04% 4 0.01% 

Latridiidae Corticaria impressa 3 0.01% 1 0.01% 4 0.01% 

Cryptophagidae Cryptophagus cellaris   4 0.04% 4 0.01% 
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Family Species 
Year 1 Year 2 Total 

Abundance Proportion Abundance Proportion Abundance Proportion 

Cryptophagidae Cryptophagus subdepressus 4 0.01%   4 0.01% 

Latridiidae Stephostethus alternans 4 0.01%   4 0.01% 

Staphylinidae Atheta fungivora   3 0.03% 3 0.01% 

Cryptophagidae Atomaria apicalis   3 0.03% 3 0.01% 

Corylophidae Corylophus cassidoides 1 < 0.01% 2 0.02% 3 0.01% 

Staphylinidae Dinaraea angustula   3 0.03% 3 0.01% 

Latridiidae Latridius hirtus 2 0.01% 1 0.01% 3 0.01% 

Anthribidae Platyrhinus resinosus   3 0.03% 3 0.01% 

Anthribidae Platystomos albinus 2 0.01% 1 0.01% 3 0.01% 

Cerambycidae Poecilium pusillum 3 0.01%   3 0.01% 

Ptinidae Ptinomorphus imperialis 3 0.01%   3 0.01% 

Zopheridae Synchita humeralis   3 0.03% 3 0.01% 

Scraptiidae Anaspis brunnipes   2 0.02% 2 < 0.01% 

Zopheridae Coxelus pictus   2 0.02% 2 < 0.01% 

Laemophloeidae Cryptolestes duplicatus 1 < 0.01% 1 0.01% 2 < 0.01% 

Cryptophagidae Cryptophagus dorsalis 2 0.01%   2 < 0.01% 

Cryptophagidae Cryptophagus scanicus   2 0.02% 2 < 0.01% 

Cryptophagidae Cryptophagus subfumatus   2 0.02% 2 < 0.01% 

Staphylinidae Cypha punctum   2 0.02% 2 < 0.01% 

Latridiidae Dienerella filum 1 < 0.01% 1 0.01% 2 < 0.01% 

Biphyllidae Diplocoelus fagi 1 < 0.01% 1 0.01% 2 < 0.01% 

Latridiidae Enicmus transversus 1 < 0.01% 1 0.01% 2 < 0.01% 

Ptiliidae Nossidium pilosellum 1 < 0.01% 1 0.01% 2 < 0.01% 

Ptiliidae Ptenidium laevigatum 1 < 0.01% 1 0.01% 2 < 0.01% 

Cerambycidae Rhagium inquisitor   2 0.02% 2 < 0.01% 

Monotomidae Rhizophagus picipes   2 0.02% 2 < 0.01% 

Staphylinidae Rybaxis longicornis   2 0.02% 2 < 0.01% 

Curculionidae Trypodendron lineatum   2 0.02% 2 < 0.01% 

Silvanidae Uleiota planatus 2 0.01%   2 < 0.01% 

Salpingidae Vincenzellus ruficollis   2 0.02% 2 < 0.01% 

Curculionidae Acalles echinatus   1 0.01% 1 < 0.01% 

Elateridae Ampedus nigrinus   1 0.01% 1 < 0.01% 

Scraptiidae Anaspis thoracica   1 0.01% 1 < 0.01% 

Staphylinidae Anthobium atrocephalum   1 0.01% 1 < 0.01% 

Cryptophagidae Atomaria impressa 1 < 0.01%   1 < 0.01% 

Cryptophagidae Atomaria longicornis   1 0.01% 1 < 0.01% 

Cryptophagidae Atomaria turgida 1 < 0.01%   1 < 0.01% 

Staphylinidae Batrisodes venustus   1 0.01% 1 < 0.01% 

Staphylinidae Bolitochara obliqua   1 0.01% 1 < 0.01% 

Ciidae Cis castaneus 1 < 0.01%   1 < 0.01% 

Clambidae Clambus punctulum   1 0.01% 1 < 0.01% 

Clambidae Clambus simsoni 1 < 0.01%   1 < 0.01% 

Cerambycidae Clytus rhamni   1 0.01% 1 < 0.01% 
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Family Species 
Year 1 Year 2 Total 

Abundance Proportion Abundance Proportion Abundance Proportion 

Latridiidae Corticaria longicornis   1 0.01% 1 < 0.01% 

Latridiidae Corticarina curta   1 0.01% 1 < 0.01% 

Latridiidae Corticarina minuta   1 0.01% 1 < 0.01% 

Latridiidae Corticarina similata   1 0.01% 1 < 0.01% 

Laemophloeidae Cryptolestes corticinus 1 < 0.01%   1 < 0.01% 

Staphylinidae Cypha laeviuscula   1 0.01% 1 < 0.01% 

Dasytidae Dasytes niger 1 < 0.01%   1 < 0.01% 

Elateridae Denticollis linearis   1 0.01% 1 < 0.01% 

Anthribidae Dissoleucas niveirostris 1 < 0.01%   1 < 0.01% 

Carabidae Dromius quadrimaculatus   1 0.01% 1 < 0.01% 

Latridiidae Enicmus testaceus   1 0.01% 1 < 0.01% 

Nitidulidae Epuraea biguttata   1 0.01% 1 < 0.01% 

Nitidulidae Epuraea distincta   1 0.01% 1 < 0.01% 

Tetratomidae Hallomenus binotatus   1 0.01% 1 < 0.01% 

Ptinidae Hemicoelus canaliculatus 1 < 0.01%   1 < 0.01% 

Latridiidae Latridius porcatus 1 < 0.01%   1 < 0.01% 

Staphylinidae Leptusa ruficollis   1 0.01% 1 < 0.01% 

Curculionidae Liparus germanus   1 0.01% 1 < 0.01% 

Staphylinidae Microscydmus nanus   1 0.01% 1 < 0.01% 

Tenebrionidae Mycetochara maura 1 < 0.01%   1 < 0.01% 

Melandryidae Orchesia undulata   1 0.01% 1 < 0.01% 

Curculionidae Otiorhynchus tenebricosus   1 0.01% 1 < 0.01% 

Staphylinidae Oxypoda vittata   1 0.01% 1 < 0.01% 

Histeridae Paromalus flavicornis   1 0.01% 1 < 0.01% 

Cucujidae Pediacus dermestoides   1 0.01% 1 < 0.01% 

Laemophloeidae Placonotus testaceus 1 < 0.01%   1 < 0.01% 

Curculionidae Plinthus tischeri   1 0.01% 1 < 0.01% 

Ptiliidae Ptenidium pusillum   1 0.01% 1 < 0.01% 

Ptiliidae Pteryx suturalis 1 < 0.01%   1 < 0.01% 

Salpingidae Rabocerus foveolatus 1 < 0.01%   1 < 0.01% 

Cantharidae Rhagonycha lignosa 1 < 0.01%   1 < 0.01% 

Curculionidae Rhyncolus ater 1 < 0.01%   1 < 0.01% 

Staphylinidae Scydmaenus tarsatus   1 0.01% 1 < 0.01% 

Staphylinidae Sepedophilus bipustulatus   1 0.01% 1 < 0.01% 

Silvanidae Silvanus unidentatus   1 0.01% 1 < 0.01% 

Curculionidae Sitona hispidulus 1 < 0.01%   1 < 0.01% 

Staphylinidae Stenichnus godarti 1 < 0.01%   1 < 0.01% 

Latridiidae Stephostethus angusticollis   1 0.01% 1 < 0.01% 

Cleridae Thanasimus formicarius   1 0.01% 1 < 0.01% 

Latridiidae Thes bergrothi   1 0.01% 1 < 0.01% 

Mycetophagidae Triphyllus bicolor 1 < 0.01%   1 < 0.01% 

Mordellidae Variimorda villosa   1 0.01% 1 < 0.01% 

Total 37381 76.87% 11251 23.13% 48632 100% 
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General Discussion 

 
While several studies indirectly assessed the link between the White-backed 

Woodpecker and forest biodiversity (Bell et al., 2015; Roberge et al., 2008; Jonsell 

et al., 2004; Martikainen et al., 1998), evidence of the bird as an umbrella species 

for saproxylic beetles is still missing. In addition of finding that all studied sites 

had an equivalent potential for saproxylic beetle colonization (Chapter 2; 

Chapter 3), we evidenced saproxylic beetle species of conservation concern to be 

associated with the White-backed Woodpecker’s breeding home range 

(Chapter 1). Informed by implemented past action plans targeting the White-

backed Woodpecker in Fennoscandia (Mild & Stighäll, 2017; Virkkala et al., 1993), 

we propose forest management measures to enhance the quality of its central 

European habitat, using the White-backed Woodpecker as an indicator for forest 

naturalness supporting the array of rare saproxylic beetle species its occurrence 

may encompass. 

 

 

Main findings 
 

In Chapter 1, we evidenced the White-backed Woodpecker to be a suitable 

umbrella species for threatened saproxylic beetle communities. Species richness 

of threatened saproxylic beetles was higher in sites with high White-backed 

Woodpecker activity compared to absence sites. Community composition analyses 

showed threatened saproxylic beetle communities to be more homogeneous in 

presence of the bird compared to absence sites. Indicator species analysis showed 

that more saproxylic beetle species – including threatened ones – were positively 

associated with the breeding home range of the White-backed Woodpecker 

compared to absence sites. These results bring first-time evidence-based 

information on the role of the White-backed Woodpecker as an umbrella species 

for threatened saproxylic beetles. Besides the possibility to transfer our 

methodological approach to other potential surrogate species, our results should 

open new opportunities for action plans aiming at supporting the White-backed 

Woodpecker and saproxylic beetles in central European beech-dominated forests.  

 

 



General Discussion 

 
116 

In Chapter 2, we confirmed the importance of mature forest attributes in 

supporting both saproxylic beetle and White-backed Woodpecker populations. The 

activity of the White-backed Woodpecker was positively correlated with the 

diameter of live trees. Live tree diameter was also positively correlated with the 

species richness of saproxylic beetles via an indirect positive effect of the diameter 

of the surrounding standing dead trees. However, we did not found evidence of a 

direct link between emerging saproxylic beetle communities and the White-backed 

Woodpecker's activity. Our results are calling for a reassessment of the dead 

standing trees’ importance in the woodpecker's foraging strategy. Nonetheless, 

we highlighted the equal contribution of dead standings trees in supporting 

saproxylic beetle communities associated with them. We believe our results could 

guide practitioners in integrating biodiversity-friendly actions in the development 

of their management strategies in extensively managed central European beech-

dominated forests. 

 

In Chapter 3, we highlighted an equivalent potential of forest sites in supporting 

communities of early colonizing saproxylic beetles, regardless of the White-backed 

Woodpecker’s occurrence. The forest stratum (ground, understory, canopy) was 

the most important variable driving the composition of saproxylic beetle 

assemblages emerging from fresh dead wood. Additionally, we evidenced a strong 

effect of the dead wood decay in structuring the communities of early colonizing 

saproxylic beetles. Our experimental approach shows the importance of a 

continuous and diversified dead wood resource in the three-dimensional space of 

the forest ecosystem for pioneer saproxylic beetle communities. Colonized 

standing and suspended dead wood could – hypothetically – support saproxylic 

predators by providing a year-round access to prey of utmost importance when 

the snow cover is blocking access to lying dead wood in wintertime.  

 

 
Delayed recolonization 

 

The White-backed Woodpecker can easily disperse over the landscape, eventually 

finding suitable forest patches for its survival. However, saproxylic species 

characterized by a reduced mobility might be enclosed in a large-scale ecological 
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trap induced by former intensive logging regimes (following the "island theory"; 

see Macarthur & Wilson, 1967). 

As shown in Chapter 1, sites inhabited by the White-backed Woodpecker 

harbored threatened (Bense, 2002) and primeval forest relict species (Eckelt et 

al., 2018). While the detection of these species of conservation concern attests to 

the presence of a rare community, this observation was only valid for flying 

species. However, most of threatened saproxylic beetles are characterized by a 

low dispersal ability and a reduced flying capacity (Carpaneto et al., 2010; Hagge 

et al., 2021). Considering the importance of dead standing trees for both White-

backed Woodpeckers (Bühler, 2009; Czeszczewik, 2009; Ettwein et al., 2020; 

Melletti & Penteriani, 2003; Urkijo-Letona et al., 2020) and saproxylic 

invertebrates (Bouget et al., 2012; Brunet & Isacsson, 2009; Jonsell & Weslien, 

2003; Onodera et al., 2017), and the presence of threatened saproxylic beetle 

taxa in presence of the bird, we hypothesized that snags found in the bird’s 

breeding home range had greater value in supporting saproxylic beetles of 

conservation concern than the ones found in absence sites (Chapter 2). Yet, this 

could not be confirmed. Additionally, emerging saproxylic beetle communities 

were relatively similar among sites, regardless of the White-

backed Woodpecker’s occurrence.  

In our opinion, this missing link between the White-backed Woodpecker 

occurrence and saproxylic beetles emerging from dead standing trees could be 

explained by the long-term pernicious effect of intensive forest management. After 

centuries of dead wood removal (Whitehouse, 2006), European forest 

management induced an interruption and a strong deficit in dead wood diversity 

(Speight, 1989), represented by tree species, decay stages, sizes and types (lying, 

standing, and suspended dead wood items). While the dead wood amount is 

generally increasing in European forests (FOREST EUROPE, 2020), the past 

massive dead wood depletion resulted in a long-term fragmentation of the 

ecosystem. As a result, many snag-dependent saproxylic species may have been 

subject to landscape-scale extinction. If no conservation measures are taken to 

sustain the increasing quality of European forest ecosystems (FOREST EUROPE, 

2020), a valuable fraction of saproxylic diversity could struggle in recolonizing this 

valuable habitat. 
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Conservation action plans 
 

To my knowledge, only two action plans have been implemented to preserve the 

European White-backed Woodpecker population. In Finland, Virkkala et al. (1993) 

proposed to set aside 199 forest sites of about 50 km2 where White-backed 

Woodpeckers had been observed, including breeding sites. Additional measures 

were suggested to enhance the habitat quality of the selected sites by (1) reducing 

coniferous encroachment, (2) excluding 10% of the deciduous trees from 

harvesting and (3) stopping the extraction of dead wood (to provide foraging items 

for woodpeckers). While this action plan did not study saproxylic beetles, they 

observed a significant increase in the Finnish White-backed Woodpecker 

population (1993: 30 to 50 breeding pairs; 2015: ±200 breeding pairs; see 

Virkkala et al., 1993; Finnish Environment Institute (Web resource)). In Sweden, 

Mild & Stighäll (2017) proposed active restoration techniques (i.e., creation of 

nature reserves, habitat protection, conservation agreement, removal of spruce, 

prescribed burning, fencing and creation of dead wood) for over 10,000 ha of 

forested stands. Seven years after, only nine birds were identified as living 

permanently among restored sites (Bell et al., 2015). While the Swedish White-

backed Woodpecker action plan was considered as a failure (Blicharska et al., 

2014), red-listed flying (Bell et al., 2015) and snag-associated (Jonsell et al., 

2004) saproxylic beetles communities benefited from it.  

While the core area of our study is in beech-dominated managed forests of 

central Europe, past action plans promoting the White-backed Woodpecker 

focused their research in Fennoscandian woodlands (Bell et al., 2015; Jonsell et 

al., 2004; Martikainen et al., 1998; Mild & Stighäll, 2017; Virkkala et al., 1993). 

It is therefore legitimate to expect different biodiversity patterns emerging from 

such distinct ecozones, not to mention the diverging forest management history. 

Nonetheless, valuable information can be acquired from their experience. On the 

one hand, the Finnish approach enhanced the naturalness of current and potential 

White-backed Woodpecker habitats with biodiversity-friendly forest management 

measures. Thus, increasing the bird’s population, but without assessing the 

potential beneficial effects of the measures on saproxylic beetle communities. On 

the other hand, the Swedish plan was to actively restore the habitat with heavy 

manipulations of the landscape, which attracted some red-listed saproxylic beetle 

species, but failed to bring the bird back. We believe that at the time the 
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effectiveness of the Swedish plan was evaluated, the environmental conditions to 

attract the bird and its associated diversity were not yet met. As evidenced by our 

dead wood colonization experiment (Chapter 3), some saproxylic beetles can 

rapidly colonize a newly available habitat. However, the White-backed 

Woodpecker is primarily an old-growth deciduous forest specialist (Carlson, 2000). 

Ecological processes shaping primeval forests may take decades to centuries 

(Hilmers et al., 2018). Informed by studies observing the bird in its natural 

primeval habitat (Czeszczewik et al., 2013; Wesołowski, 1995), it is legitimate to 

hypothesize its occurrence to be governed by a strong connection to its biome. 

This hypothesis could be supported by the Finnish action plan, which sets aside 

forest stands deemed suitable and orienting its conservation strategy towards the 

improvement of the current habitat.  

While habitat restoration will take many years before reaching the high level 

of naturalness the focal bird need, saproxylic beetle species of conservation 

concern can nonetheless be found in relatively young dead wood (Jonsell et al., 

2004; Jonsell & Weslien, 2003), adding a conservation value to the ecosystem 

function of dead wood colonizers. In association with fungi, pioneer saproxylic 

beetle species are shaping the forest ecosystem as the future old-growth habitat 

the other members of their guild depend on (Jacobsen et al., 2017; Müller et al., 

2008; Speight, 1989; Thorn et al., 2016). When developing conservation 

programs aiming at supporting forest biodiversity, members of the early colonizer 

guild should not be overlooked. To support forest biodiversity, while emphasizing 

its old-growth component, we believe that an ideal action plan should be inspired 

from both of the Fenno-Scandinavian initiatives. 

 

 

Management recommendations 
 

Considering the evidenced role of the White-backed Woodpecker as an umbrella 

species for threatened saproxylic beetles and its proxy role for forest naturalness, 

actions must be implemented to support its return. Political instances are now 

orienting forest management strategies towards a better integration of the 

biodiversity component (e.g., by reducing conifer encroachment (Hämäläinen, 

Junninen, Halme, & Kouki, 2020; Mild & Stighäll, 2017; Virkkala et al., 1993), 

diversifying stand’s genetic pool and focusing on local tree variety (Ratnam et al., 
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2014), retaining dead and moribund trees (Carpaneto et al., 2010; Larrieu et al., 

2018; Müller et al., 2022; Paillet et al., 2010) and more generally, the 

development of dead wood oriented management regimes (Doerfler et al., 2017; 

Gossner et al., 2013)). Even though being “biodiversity-friendly”, modern forestry 

remains too conservative (Imesch et al., 2015). Studied sites harboring White-

backed Woodpeckers were represented by large trees (around 32 cm DBH; see 

Chapter 1) and a dead wood volume was substantially higher than the European 

average (55 m3 ha-1 compared to 11.5 m3 ha-1; see Ettwein et al., 2020 and 

FOREST EUROPE, 2020).  

To protect and support the White-backed Woodpecker and its associated 

saproxylic community, informed public and private instances must therefore sit 

together to implement cost-effective and future-proof action plans (Blicharska et 

al., 2014; Verkerk et al., 2022). Due to the high value of the White-backed 

Woodpecker for forest biodiversity, political instances should take measures to 

preserve the species. Current breeding home ranges should benefit from the 

“strict nature reserve” status. This protection measure should be extended to all 

forest sites considered economically unsuitable for logging activity (e.g., situated 

on steep slopes or in remote locations) and with a surface of mixed forest suitable 

for hosting breeding individuals (c.a. 30-40 ha per White-backed Woodpecker 

couple; see Chapter 1); (Ettwein et al., 2020; Garmendia et al., 2006). In sites 

identified as potential White-backed Woodpecker breeding home ranges and yet 

being managed, practitioners could implement passive actions to create a 

sustainable and diversified dead wood resource over the landscape. Among them, 

the non-exportation of logging and natural disturbance residuals, the retention of 

dead and moribund trees, and the creation of senescence islands. Beside reducing 

habitat fragmentation, the persistence of these habitat quality enhancement 

efforts should provide the diversity of the habitats saproxylics depend on (i.e., 

tree species, decay stages, sizes, and types). The implementation of these long-

term conservation measures should efficiently support the White-backed 

Woodpecker and the valuable diversity of saproxylic species that its presence 

encompasses, as well as bringing back primeval forests into the 

European landscape. 
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Study limitations and perspectives 
 

We do believe that the results of this study can make a valuable contribution to 

our understanding of forest-dependent communities in a context of changing 

environment. This, in turn, can help in the development of efficient forest 

management strategies and conservation plans for dead wood-dependent 

biodiversity. However, we believe that some aspects have not been addressed and 

forest-dependent conservation plans would benefit from their investigation. 

 

Little is known about the diet of the central European White-backed Woodpecker 

population. Few studies describe the bird as favoring Cerambycid larvae (Aulén, 

1988; Hogstad & Stenberg, 1997). However, these observations – conducted in 

Fennoscandia – may not be valid in our geographical area. Although the bird was 

identified as foraging primarily on snags (Bühler, 2009), our exploration of 

standing dead trees did not allow us to confirm a prey-predator association. 

Methodologies relying on new technologies may help better understanding the 

specific trophic interactions occurring at the local scale, and improving 

management strategies if necessary (e.g., video recording of breeding cavities, 

sequencing of bird’s fecal DNA). 

 

A single species may not fully represent an ecosystem. Combining the White-

backed Woodpecker with other highly specialized surrogate species for forest 

diversity could help develop holistic conservation programs (Roberge & 

Angelstam, 2004). Nevertheless, given that red-listed saproxylic beetles (Bell et 

al., 2015; Jonsell et al., 2004; Martikainen et al., 1998), woodland birds, and 

cryptogams (Roberge et al., 2008) are associated with the Fennoscandian White-

backed Woodpecker habitat, testing the umbrella function of the central European 

White-backed Woodpecker population on a broader spectrum of organisms could 

increase the value of our surrogate bird species for saproxylic and forest-

dependent diversity. With the data already available and the methodological 

framework we developed, assessing the response of several forest-dependent 

taxonomic groups would be a cost-effective approach to highlight biodiversity-rich 

forest patches that should be protected. 
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Long-term monitoring of the White-backed Woodpecker population and its 

associated saproxylic community is essential. Due to global warming and the 

increasing frequency of extreme climatic episodes (e.g., heatwaves and drought), 

central European beech forests have been subjected to significant stress in the 

past years (Klesse et al., 2022; Rohner et al., 2021). Moreover, the amplitude and 

direction of the ecosystems' response to this changing environment is not 

generalized but deeply linked to the geographic context they are embedded within 

(Frei et al., 2022; Hülsmann et al., 2016). In regard of the chaotic response of 

the forest ecosystem to human-induced stressors, and the uncertainty in the 

adaptive plasticity of the many species depending on this biome, it is our 

responsibility to be the custodians of their persistence and posterity. 
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Species list 

  

Species list of all trapped beetles. Values are the summed abundance as a function of 

the sampling method. Saproxylic: O = Obligatory; F = Facultative (Bense, U. (2002). 

Verzeichnis und Rote Liste der Totholzkäfer Baden-Württembergs. Landesanstalt für 

Umweltschutz Baden-Württemberg (LfU), 1–77). 

Family Species S 
Flight 

Interception 

traps 

Snag 
Emergence 

Eclector 

Dead 
Wood 

Rearing 

Forest 
Floor 

Dead Wood 
Rearing 

Understory 

Dead 
Wood 

Rearing 

Canopy 

Aderidae Anidorus nigrinus O 6 
    

Aderidae Anthicus oculatus 

 
4 

    

Aderidae Euglenes pygmaeus O 6 
    

Anthribidae Anthribus fasciatus 

 
1 

    

Anthribidae Anthribus nebulosus O 15 
    

Anthribidae Choragus sheppardi O 
 

1 
   

Anthribidae Dissoleucas niveirostris O 4 1 
 

1 
 

Anthribidae Platyrhinus resinosus O 8 
 

1 2 1 

Anthribidae Platystomos albinus O 9 6 2 2 3 

Anthribidae Tropideres albirostris O 1 
    

Anthribidae Tropideres niveirostris 

 
17 

    

Apionidae Eutrichapion punctiger 

  
1 

   

Biphyllidae Biphyllus lunatus O 1 
    

Biphyllidae Diplocoelus fagi O 16 22 
 

1 1 

Buprestidae Agrilus angustulus O 
    

1 

Buprestidae Agrilus olivicolor O 
    

1 

Buprestidae Anthaxia helvetica O 2 
    

Buprestidae Anthaxia quadripunctata O 1 
    

Byrrhidae Cytilus sericeus 

 
1 

    

Byturidae Byturus ochraceus 

 
2 

    

Byturidae Byturus tomentosus 

 
15 

    

Cantharidae Ancistronycha abdominalis 

 
1 

    

Cantharidae Ancistronycha erichsonii 

 
4 

    

Cantharidae Cantharis decipiens 

 
1 

    

Cantharidae Cantharis fusca 

 
2 

    

Cantharidae Cantharis nigricans 

 
6 

    

Cantharidae Cantharis obscura 

 
3 

    

Cantharidae Cantharis pallida 

 
2 

    

Cantharidae Cantharis pellucida 

 
8 

    

Cantharidae Cantharis rufa 

 
2 

    

Cantharidae Cantharis rustica 

 
1 

    

Cantharidae Malthinus balteatus O 21 
    

Cantharidae Malthinus flaveolus O 18 
    

Cantharidae Malthinus frontalis O 2 
    

Cantharidae Malthodes crassicornis O 
 

1 
   

Cantharidae Malthodes fuscus O 
 

4 
   

Cantharidae Malthodes maurus O 1 
    

Cantharidae Malthodes mysticus O 2 
    

Cantharidae Malthodes spathifer O 11 
    

Cantharidae Metacantharis clypeata 

 
1 

    

Cantharidae Podabrus alpinus 

 
5 

    

Cantharidae Podistra prolixa 

 
1 
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Understory 

Dead 
Wood 

Rearing 
Canopy 

Cantharidae Podistra rufotestacea 

 
20 

    

Cantharidae Podistra schoenherri 

 
5 

    

Cantharidae Rhagonycha atra 

 
6 

    

Cantharidae Rhagonycha fulva 

 
10 

    

Cantharidae Rhagonycha lignosa 

 
17 

 
1 

  

Cantharidae Rhagonycha lutea 

 
2 

    

Cantharidae Rhagonycha translucida 

 
24 1 

   

Carabidae Diachromus germanus 

 
1 

    

Carabidae Dromius fenestratus F 2 
    

Carabidae Dromius quadrimaculatus F 1 
  

1 
 

Carabidae Pterostichus aethiops 

  
1 

   

Carabidae Sinechostictus doderoi 

 
1 

    

Carabidae Trichotichnus nitens 

 
12 

    

Cerambycidae Alosterna tabacicolor O 62 
    

Cerambycidae Anaglyptus mysticus O 5 2 
   

Cerambycidae Anastrangalia dubia O 8 
    

Cerambycidae Anisarthron barbipes O 2 
    

Cerambycidae Anoplodera sexguttata O 3 
    

Cerambycidae Arhopalus rusticus O 2 
    

Cerambycidae Axinopalpis gracilis O 3 
    

Cerambycidae Clytus arietis O 47 
   

3 

Cerambycidae Clytus lama O 2 
    

Cerambycidae Clytus rhamni O 
    

1 

Cerambycidae Cortodera holosericea 

 
3 

    

Cerambycidae Dinoptera collaris O 7 
    

Cerambycidae Evodinus clathratus O 1 
    

Cerambycidae Gaurotes virginea O 3 
    

Cerambycidae Grammoptera ruficornis O 4 
    

Cerambycidae Leiopus femoratus O 2 
    

Cerambycidae Leiopus linnei O 15 
    

Cerambycidae Leiopus nebulosus O 16 62 185 1153 569 

Cerambycidae Mesosa nebulosa O 5 1 
   

Cerambycidae Molorchus minor O 27 
    

Cerambycidae Molorchus umbellatarum O 2 
    

Cerambycidae Oberea pupillata O 2 
    

Cerambycidae Obrium brunneum O 51 
    

Cerambycidae Oxymirus cursor O 8 
    

Cerambycidae Pachytodes cerambyciformis O 12 
    

Cerambycidae Phymatodes testaceus O 17 1 
 

45 3 

Cerambycidae Phytoecia cylindrica 

 
1 

    

Cerambycidae Pidonia lurida O 3 
    

Cerambycidae Poecilium pusillum O 
    

3 

Cerambycidae Pogonocherus hispidulus O 2 
 

3 25 
 

Cerambycidae Pogonocherus hispidus O 2 
    

Cerambycidae Rhagium bifasciatum O 7 1 
   

Cerambycidae Rhagium inquisitor O 1 
  

2 
 

Cerambycidae Rhagium mordax O 12 6 
   

Cerambycidae Rutpela maculata O 16 8 
   

Cerambycidae Spondylis buprestoides O 1 
    

Cerambycidae Stenostola dubia O 2 
    

Cerambycidae Stenurella melanura O 19 
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Cerambycidae Stictoleptura rubra O 46 
    

Cerambycidae Stictoleptura scutellata O 
 

1 
   

Cerambycidae Tetropium castaneum O 9 
    

Cerambycidae Tetropium fuscum O 6 
    

Cerylonidae Cerylon fagi O 17 
    

Cerylonidae Cerylon ferrugineum O 37 9 
   

Cerylonidae Cerylon histeroides O 43 
    

Cerylonidae Cerylon impressum O 2 
    

Chrysomelidae Batophila rubi 

  
1 

   

Chrysomelidae Calomicrus pinicola 

 
10 

    

Chrysomelidae Cassida denticollis 

 
1 

    

Chrysomelidae Chrysolina fastuosa 

 
1 

    

Chrysomelidae Chrysomela cuprea 

 
1 

    

Chrysomelidae Gonioctena quinquepunctata 

 
4 

    

Chrysomelidae Lilioceris merdigera 

 
1 

    

Chrysomelidae Mniophila muscorum 

 
1 3 

   

Chrysomelidae Oulema obscura 

     
1 

Chrysomelidae Plagiosterna aenea 

 
2 

    

Ciidae Cis bidentatus O 23 
    

Ciidae Cis boleti O 112 3 
   

Ciidae Cis castaneus O 30 
 

1 
  

Ciidae Cis dentatus O 47 2 
   

Ciidae Cis fagi O 163 33 
   

Ciidae Cis festivus O 
 

1 
   

Ciidae Cis glabratus O 70 
    

Ciidae Cis jacquemartii O 34 
    

Ciidae Cis lineatocribratus O 9 
    

Ciidae Cis micans O 35 
    

Ciidae Cis quadridens O 23 
    

Ciidae Cis rugulosus O 105 
    

Ciidae Cis striatulus O 14 
    

Ciidae Ennearthron cornutum O 17 14 
   

Ciidae Octotemnus glabriculus O 341 
    

Ciidae Octotemnus mandibularis O 24 
    

Ciidae Orthocis alni O 17 1 1 10 7 

Ciidae Orthocis pseudolinearis O 10 
    

Ciidae Ropalodontus perforatus O 19 
    

Ciidae Sulcacis bidentulus O 1 
    

Ciidae Sulcacis fronticornis O 4 
    

Ciidae Sulcacis nitidus O 13 
    

Ciidae Wagaicis wagae O 3 
    

Clambidae Calyptomerus alpestris O 11 
    

Clambidae Clambus armadillo 

   
1 

  

Clambidae Clambus minutus 

 
4 

    

Clambidae Clambus pubescens 

 
2 

    

Clambidae Clambus punctulum 

     
1 

Clambidae Clambus simsoni 

   
1 

  

Cleridae Korynetes caeruleus O 
 

1 
   

Cleridae Opilo mollis O 1 
    

Cleridae Thanasimus formicarius O 36 4 
 

1 
 

Cleridae Tillus elongatus O 31 398 
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Coccinellidae Anatis ocellata 

 
1 

    

Coccinellidae Aphidecta obliterata 

 
4 

   
10 

Coccinellidae Bulaea lichatschovii 

 
1 

    

Coccinellidae Calvia decemguttata 

 
6 

    

Coccinellidae Chilocorus bipustulatus 

 
3 

    

Coccinellidae Chilocorus renipustulatus 

 
6 

    

Coccinellidae Coccinella septempunctata 

 
1 

    

Coccinellidae Exochomus quadripustulatus 

 
1 

    

Coccinellidae Halyzia sedecimguttata 

 
14 1 

   

Coccinellidae Nephus quadrimaculatus 

 
1 

    

Coccinellidae Scymnus abietis 

 
1 

    

Coccinellidae Scymnus impexus 

 
3 

    

Coccinellidae Scymnus schmidti 

 
2 

    

Corylophidae Arthrolips humilis 

    
1 

 

Corylophidae Arthrolips obscura O 
  

32 36 39 

Corylophidae Arthrolips picea 

 
1 

    

Corylophidae Corylophus cassidoides 

   
2 2 2 

Corylophidae Orthoperus atomus O 6 81 73 37 61 

Corylophidae Orthoperus brunnipes O 4 
 

40 66 56 

Corylophidae Sericoderus lateralis 

 
7 

 
179 296 127 

Cryptophagidae Antherophagus pallens 

 
9 

    

Cryptophagidae Antherophagus silaceus 

 
2 

    

Cryptophagidae Antherophagus similis 

 
4 

    

Cryptophagidae Atomaria analis 

 
3 

 
8 11 4 

Cryptophagidae Atomaria apicalis 

   
5 3 8 

Cryptophagidae Atomaria diluta O 27 
    

Cryptophagidae Atomaria fimetarius 

 
1 

 
2 1 2 

Cryptophagidae Atomaria impressa 

 
5 

  
1 

 

Cryptophagidae Atomaria longicornis O 
  

1 
  

Cryptophagidae Atomaria nigripennis 

    
1 

 

Cryptophagidae Atomaria ornata O 4 
    

Cryptophagidae Atomaria pulchra O 
 

3 
   

Cryptophagidae Atomaria pusilla 

   
6 2 8 

Cryptophagidae Atomaria turgida O 860 
 

1 
  

Cryptophagidae Atomaria umbrina O 
  

10 11 25 

Cryptophagidae Caenoscelis ferruginea O 3 
    

Cryptophagidae Caenoscelis sibirica O 3 1 
   

Cryptophagidae Cryptophagus badius O 
  

4 4 
 

Cryptophagidae Cryptophagus cellaris 

   
2 3 11 

Cryptophagidae Cryptophagus confusus O 8 
    

Cryptophagidae Cryptophagus corticinus O 1 
    

Cryptophagidae Cryptophagus cylindrellus O 2 
    

Cryptophagidae Cryptophagus dentatus F 2 51 
 

6 21 

Cryptophagidae Cryptophagus denticulatus 

 
3 

    

Cryptophagidae Cryptophagus distinguendus 

 
3 

    

Cryptophagidae Cryptophagus dorsalis O 1 
 

2 
  

Cryptophagidae Cryptophagus fuscicornis O 3 
    

Cryptophagidae Cryptophagus labilis O 1 
    

Cryptophagidae Cryptophagus laticollis 

 
1 

 
1 

  

Cryptophagidae Cryptophagus obsoletus 

 
2 

    

Cryptophagidae Cryptophagus pallidus 

   
126 70 85 
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Cryptophagidae Cryptophagus parallelus O 2 
    

Cryptophagidae Cryptophagus populi 

 
1 

    

Cryptophagidae Cryptophagus puncticollis 

 
1 

    

Cryptophagidae Cryptophagus punctipennis 

   
742 686 454 

Cryptophagidae Cryptophagus quercinus O 1 
    

Cryptophagidae Cryptophagus ruficornis O 2 
 

10 
 

1 

Cryptophagidae Cryptophagus saginatus 

 
2 

    

Cryptophagidae Cryptophagus scanicus 

 
5 4 1 1 

 

Cryptophagidae Cryptophagus schmidtii 

 
1 

    

Cryptophagidae Cryptophagus setulosus 

 
2 

    

Cryptophagidae Cryptophagus subdepressus O 2 
   

4 

Cryptophagidae Cryptophagus subfumatus 

 
1 

 
4 

  

Cryptophagidae Henoticus serratus O 4 
    

Cryptophagidae Hypocoprus lathridioides 

 
1 

    

Cryptophagidae Micrambe abietis O 4 
    

Cryptophagidae Micrambe bimaculata O 1 
    

Cryptophagidae Micrambe pilosula 

 
1 

    

Cryptophagidae Micrambe ulicis 

 
1 

    

Cryptophagidae Pteryngium crenatum O 57 3 
   

Cryptophagidae Sternodea baudii 

 
8 

    

Cucujidae Pediacus dermestoides O 85 1 
 

1 
 

Curculionidae Acalles echinatus O 1 
 

3 
  

Curculionidae Acalles fallax O 
  

1 
  

Curculionidae Acalyptus carpini 

 
26 

    

Curculionidae Anisandrus dispar O 3678 
 

183 218 34 

Curculionidae Anthonomus rubi 

 
4 

    

Curculionidae Bradybatus fallax 

    
2 

 

Curculionidae Cryphalus intermedius O 27 
    

Curculionidae Cryphalus piceae O 259 
    

Curculionidae Cryptorhynchus lapathi O 
   

3 16 

Curculionidae Crypturgus cinereus O 125 
    

Curculionidae Crypturgus pusillus O 294 
    

Curculionidae Dendroctonus micans O 1 
    

Curculionidae Dryocoetes autographus O 391 1 4 3 
 

Curculionidae Dryocoetes hectographus O 4 
    

Curculionidae Dryocoetes villosus O 8 
    

Curculionidae Echinodera hypocrita O 
 

20 
   

Curculionidae Ernoporicus fagi O 1208 266 1689 9024 10650 

Curculionidae Hylastes ater O 512 
    

Curculionidae Hylastes cunicularius O 5 
    

Curculionidae Hylastinus obscurus F 2 
    

Curculionidae Hylesinus crenatus O 146 
    

Curculionidae Hylesinus fraxini 

 
6 

    

Curculionidae Hylesinus toranio O 140 
    

Curculionidae Hylesinus varius O 10 
    

Curculionidae Hylurgops glabratus O 2 
    

Curculionidae Hylurgops palliatus O 10 
    

Curculionidae Ips duplicatus O 1 
    

Curculionidae Ips sexdentatus O 1 
    

Curculionidae Ips typographus O 19 
    

Curculionidae Kyklioacalles roboris O 
  

12 1 
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Curculionidae Liparus germanus 

   
1 

  

Curculionidae Lymantor coryli O 6 
    

Curculionidae Magdalis armigera O 
    

1 

Curculionidae Orchestes fagi 

 
13 

 
2 9 43 

Curculionidae Otiorhynchus lepidopterus 

  
1 

   

Curculionidae Otiorhynchus singularis 

  
2 

   

Curculionidae Otiorhynchus tenebricosus 

     
1 

Curculionidae Phloeophagus lignarius O 
  

1 
  

Curculionidae Phloeotribus spinulosus O 13 
    

Curculionidae Phyllobius argentatus 

  
1 

   

Curculionidae Pityogenes bidentatus O 13 
    

Curculionidae Pityogenes chalcographus O 36 
    

Curculionidae Pityogenes quadridens O 8 
    

Curculionidae Pityokteines curvidens O 2 
    

Curculionidae Pityophthorus micrographus O 2 
    

Curculionidae Pityophthorus pityographus O 206 
    

Curculionidae Plinthus tischeri 

    
1 

 

Curculionidae Polydrusus aeratus 

  
3 

   

Curculionidae Polydrusus formosus 

 
1 

    

Curculionidae Polygraphus poligraphus O 93 
    

Curculionidae Pteleobius vittatus O 12 
    

Curculionidae Rhyncolus ater O 2 1 
  

1 

Curculionidae Rhyncolus punctatulus O 35 
    

Curculionidae Scolytus intricatus O 26 
    

Curculionidae Scolytus laevis O 198 
    

Curculionidae Scolytus mali O 1 
    

Curculionidae Scolytus rugulosus O 3 
    

Curculionidae Sitona hispidulus 

   
1 

  

Curculionidae Stereocorynes truncorum O 
 

1 
   

Curculionidae Taphrorychus bicolor O 286 423 5821 12873 19820 

Curculionidae Taphrorychus villifrons O 
  

240 97 370 

Curculionidae Trachodes hispidus O 
 

1 11 1 
 

Curculionidae Tropiphorus elevatus 

  
1 

   

Curculionidae Trypodendron domesticum O 40 1609 13 
  

Curculionidae Trypodendron lineatum O 27 
 

1 2 1 

Curculionidae Trypodendron signatum O 10 
    

Curculionidae Trypophloeus alni 

 
3 

    

Curculionidae Xyleborinus saxesenii O 348 254 9 13 22 

Curculionidae Xylechinus pilosus O 18 
    

Curculionidae Xylocleptes bispinus O 4 
    

Curculionidae Xylosandrus germanus O 
 

115 9 
 

2 

Dascillidae Dascillus cervinus 

 
13 

    

Dasytidae Aplocnemus nigricornis O 4 
    

Dasytidae Aplocnemus tarsalis O 1 
    

Dasytidae Danacea nigritarsis 

 
1 

    

Dasytidae Danacea pallipes 

 
1 

    

Dasytidae Dasytes caeruleus O 2 
 

1 5 14 

Dasytidae Dasytes niger O 
    

1 

Dasytidae Dasytes obscurus O 
  

2 1 6 

Dasytidae Dasytes plumbeus O 94 4 
 

9 7 

Dasytidae Dasytes subaeneus O 1 
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Dasytidae Trichoceble memnonia O 2 
    

Dermestidae Anthrenus fuscus 

 
2 1 

   

Dermestidae Anthrenus museorum 

 
3 

    

Dermestidae Attagenus schaefferi O 2 
    

Dermestidae Attagenus smirnovi 

  
1 

   

Dermestidae Dermestes ater 

 
9 

    

Dermestidae Dermestes erichsoni 

 
1 

    

Dermestidae Dermestes frischii 

 
1 

    

Dermestidae Dermestes intermedius 

 
1 

    

Dermestidae Dermestes lardarius 

 
6 

    

Dermestidae Dermestes maculatus 

 
6 

    

Dermestidae Dermestes murinus 

 
361 

    

Dermestidae Dermestes undulatus F 284 
    

Dermestidae Globicornis emarginata O 2 
    

Dermestidae Globicornis nigripes O 1 
    

Dermestidae Megatoma undata O 3 2 
   

Drilidae Drilus concolor 

 
48 

    

Dryopidae Dryops rufipes 

 
1 

    

Dytiscidae Agabus bipustulatus 

 
1 

    

Elateridae Adrastus axillaris 

 
9 

    

Elateridae Adrastus limbatus 

 
1 

    

Elateridae Agriotes pilosellus 

 
102 

    

Elateridae Agrypnus murinus 

 
1 

    

Elateridae Ampedus balteatus O 4 
    

Elateridae Ampedus cinnabarinus O 7 
    

Elateridae Ampedus elongatulus O 21 
    

Elateridae Ampedus erythrogonus O 50 1 
   

Elateridae Ampedus nigerrimus O 63 
    

Elateridae Ampedus nigrinus O 4 
   

1 

Elateridae Ampedus nigrita 

 
1 

    

Elateridae Ampedus nigroflavus O 1 
    

Elateridae Ampedus pomonae O 71 
    

Elateridae Ampedus pomorum O 15 4 
   

Elateridae Ampedus quercicola O 1 
    

Elateridae Ampedus rufipennis O 4 
    

Elateridae Ampedus sanguineus O 6 1 
   

Elateridae Ampedus scrofa O 5 
    

Elateridae Ampedus triangulum O 1 
    

Elateridae Anostirus castaneus O 5 
    

Elateridae Anostirus purpureus O 8 
    

Elateridae Athous bicolor 

 
17 

    

Elateridae Athous campyloides 

 
1 

    

Elateridae Athous emaciatus 

 
6 

    

Elateridae Athous flavipennis 

 
3 

    

Elateridae Athous haemorrhoidalis 

 
1704 

    

Elateridae Athous subfuscus 

 
984 

    

Elateridae Athous vittatus 

 
705 1 

   

Elateridae Athous zebei 

 
105 

    

Elateridae Calambus bipustulatus O 3 
    

Elateridae Cardiophorus nigerrimus 

 
2 

    

Elateridae Cidnopus aeruginosus 

 
7 
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Elateridae Ctenicera virens 

 
2 

    

Elateridae Dalopius marginatus 

 
337 

    

Elateridae Denticollis linearis O 225 3 1 
  

Elateridae Denticollis rubens O 27 3 
   

Elateridae Hemicrepidius hirtus F 21 
    

Elateridae Hemicrepidius niger 

 
7 

    

Elateridae Hypoganus inunctus O 31 1 
   

Elateridae Idolus picipennis 

 
2 

    

Elateridae Ischnodes sanguinicollis O 12 
    

Elateridae Limonius minutus 

 
1 

    

Elateridae Melanotus castanipes O 16 
    

Elateridae Melanotus crassicollis O 22 
    

Elateridae Melanotus villosus O 378 4 
   

Elateridae Nothodes parvulus 

 
21 

    

Elateridae Paraphotistus impressus 

 
180 

    

Elateridae Pheletes quercus 

 
1 

    

Elateridae Porthmidius austriacus F 4 
    

Elateridae Prosternon tessellatum 

 
2 

    

Elateridae Selatosomus aeneus 

 
2 

    

Elateridae Selatosomus latus 

 
16 

    

Elateridae Selatosomus melancholicus 

 
1 

    

Elateridae Sericus subaeneus 

 
8 

    

Elateridae Stenagostus rhombeus O 4 
    

Elmidae Riolus cupreus 

 
1 

    

Endomychidae Endomychus coccineus O 5 2 11 7 
 

Endomychidae Mycetina cruciata O 34 
    

Endomychidae Symbiotes armatus O 2 
    

Endomychidae Symbiotes gibberosus O 7 
 

25 18 2 

Endomychidae Symbiotes latus O 
  

1 
  

Erotylidae Dacne bipustulata O 12 
    

Erotylidae Triplax elongata O 2 
    

Erotylidae Triplax lepida O 3 
    

Erotylidae Triplax rufipes O 1 
    

Erotylidae Triplax russica O 49 
    

Erotylidae Tritoma bipustulata O 30 4 
   

Eucnemidae Clypeorhagus clypeatus 

 
10 

    

Eucnemidae Dromaeolus barnabita O 10 14 
   

Eucnemidae Eucnemis capucina O 22 
    

Eucnemidae Hylis cariniceps O 70 
    

Eucnemidae Hylis foveicollis O 41 
    

Eucnemidae Hylis olexai O 111 1 
   

Eucnemidae Hylis procerulus O 87 
    

Eucnemidae Isorhipis melasoides O 2 9 
   

Eucnemidae Melasis buprestoides O 2 1 
 

1 
 

Eucnemidae Microrhagus emyi O 19 
    

Eucnemidae Microrhagus lepidus O 47 
    

Eucnemidae Microrhagus pygmaeus O 87 2 
   

Eucnemidae Thambus frivaldskyi 

 
1 

    

Eucnemidae Xylophilus corticalis O 63 
    

Geotrupidae Anoplotrupes stercorosus 

 
63 

    

Histeridae Abraeus granulum O 61 
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Histeridae Atholus duodecimstriatus 

 
3 

    

Histeridae Gnathoncus buyssoni 

 
12 

    

Histeridae Gnathoncus rotundatus 

 
11 

    

Histeridae Hister unicolor 

 
45 

    

Histeridae Margarinotus merdarius 

 
46 

    

Histeridae Margarinotus striola F 61 
    

Histeridae Paromalus flavicornis O 1 
 

1 
  

Histeridae Paromalus parallelepipedus O 8 
    

Histeridae Plegaderus dissectus O 2 
    

Histeridae Plegaderus saucius O 1 
    

Histeridae Saprinus aeneus 

 
1 

    

Histeridae Teretrius fabricii O 1 
    

Hydraenidae Hydraena assimilis 

 
1 

    

Hydraenidae Hydraena lapidicola 

 
1 

    

Hydraenidae Hydraena truncata 

 
1 

    

Hydrophilidae Cercyon bifenestratus 

 
10 

    

Hydrophilidae Cercyon granarius 

 
17 

    

Hydrophilidae Cercyon haemorrhoidalis 

 
21 

    

Hydrophilidae Cercyon impressus 

 
19 

    

Hydrophilidae Cercyon lateralis 

 
11 

    

Hydrophilidae Cercyon pygmaeus 

 
2 

    

Hydrophilidae Cercyon quisquilius 

 
1 

    

Hydrophilidae Cercyon terminatus 

 
1 

    

Hydrophilidae Cercyon tristis 

 
91 

    

Hydrophilidae Cercyon unipunctatus 

 
9 

    

Hydrophilidae Cryptopleurum minutum 

 
14 

    

Hydrophilidae Megasternum concinnum 

  
1 

   

Hydrophilidae Sphaeridium lunatum 

 
1 

    

Hydrophilidae Sphaeridium scarabaeoides 

 
2 

    

Laemophloeidae Cryptolestes corticinus O 
   

1 
 

Laemophloeidae Cryptolestes duplicatus O 4 
  

1 3 

Laemophloeidae Cryptolestes ferrugineus 

 
4 

 
1 

  

Laemophloeidae Laemophloeus kraussi O 2 
    

Laemophloeidae Laemophloeus monilis O 1 
    

Laemophloeidae Leptophloeus alternans O 12 
    

Laemophloeidae Notolaemus castaneus O 
   

1 
 

Laemophloeidae Placonotus testaceus O 
  

2 1 
 

Laemophloidae Placonotus modestus 

 
1 

    

Lampyridae Lamprohiza splendidula 

 
5 

    

Lampyridae Lampyris noctiluca 

 
28 

    

Latridiidae Cartodere nodifer F 119 
 

27 23 52 

Latridiidae Corticaria crenicollis 

 
2 

    

Latridiidae Corticaria elongata 

 
5 

 
1 

  

Latridiidae Corticaria impressa 

 
1 

 
2 1 1 

Latridiidae Corticaria longicollis O 1 
    

Latridiidae Corticaria longicornis O 
 

1 
 

1 
 

Latridiidae Corticaria obscura 

 
2 

    

Latridiidae Corticarina curta 

   
1 

  

Latridiidae Corticarina minuta 

 
9 1 1 

 
1 

Latridiidae Corticarina similata 

  
1 

 
1 

 

Latridiidae Dienerella clathrata 

   
12 40 49 
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Latridiidae Dienerella filum 

   
1 

 
1 

Latridiidae Dienerella vincenti F 
 

8 23 
 

2 

Latridiidae Enicmus fungicola O 11 1 
 

1 
 

Latridiidae Enicmus histrio 

 
5 

 
8 44 72 

Latridiidae Enicmus rugosus O 1 6 
   

Latridiidae Enicmus testaceus O 26 
   

1 

Latridiidae Enicmus transversus 

 
1 

  
1 1 

Latridiidae Latridius consimilis O 158 
 

5 9 9 

Latridiidae Latridius hirtus O 8 9 
 

2 1 

Latridiidae Latridius minutus 

   
117 178 151 

Latridiidae Latridius porcatus 

 
1 

   
1 

Latridiidae Stephostethus alternans O 1 6 1 3 
 

Latridiidae Stephostethus angusticollis 

    
1 

 

Latridiidae Thes bergrothi 

 
178 

   
1 

Leiodidae Agathidium atrum 

 
3 

    

Leiodidae Agathidium badium 

 
9 

    

Leiodidae Agathidium confusum 

 
25 2 

   

Leiodidae Agathidium discoideum 

 
5 

    

Leiodidae Agathidium laevigatum 

 
2 1 

   

Leiodidae Agathidium nigripenne O 20 
    

leiodidae Agathidium pilosum 

 
2 

    

Leiodidae Agathidium seminulum 

 
25 

    

Leiodidae Agathidium varians 

 
13 

    

Leiodidae Amphicyllis globiformis 

 
15 

    

Leiodidae Amphicyllis globus F 15 1 
   

Leiodidae Anisotoma axillaris O 1 
    

Leiodidae Anisotoma castanea O 4 
    

Leiodidae Anisotoma humeralis O 20 
    

Leiodidae Anisotoma orbicularis O 30 
    

Leiodidae Catops coracinus 

 
10 

    

Leiodidae Catops longulus 

 
12 

    

Leiodidae Catops subfuscus 

 
15 

    

Leiodidae Catops tristis 

 
15 

    

Leiodidae Choleva cisteloides 

 
1 

    

Leiodidae Choleva elongata 

 
1 

    

Leiodidae Choleva glauca 

 
4 

    

Leiodidae Choleva oblonga 

 
1 

    

Leiodidae Colenis immunda 

 
22 

    

Leiodidae Colon brunneum 

 
3 

    

Leiodidae Colon serripes 

 
2 

    

Leiodidae Hydnobius multistriatus 

 
2 

    

Leiodidae Leiodes cinnamomea 

 
8 

    

Leiodidae Leiodes fracta 

 
3 

    

Leiodidae Leiodes gyllenhalii 

 
12 

    

Leiodidae Leiodes hybrida 

 
1 

    

Leiodidae Leiodes obesa 

 
3 

    

Leiodidae Leiodes oblonga 

 
17 1 

   

Leiodidae Leiodes polita 

 
6 

    

Leiodidae Leiodes triepkei 

 
1 

    

Leiodidae Liodopria serricornis O 21 
    

Leiodidae Nargus velox 

 
3 
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Leiodidae Nargus wilkini 

 
22 

    

Leiodidae Nemadus colonoides O 8 
    

Leiodidae Sciodrepoides fumatus 

 
156 

    

Leiodidae Sciodrepoides watsoni 

 
830 

    

Leiodidae Triarthron maerkelii 

 
1 

    

Lucanidae Ceruchus chrysomelinus O 7 
    

Lucanidae Platycerus caprea O 9 
    

Lucanidae Platycerus caraboides O 13 1 
   

Lucanidae Sinodendron cylindricum O 72 47 
   

Lycidae Dictyoptera aurora O 22 
    

Lycidae Erotides cosnardi O 2 
    

Lycidae Platycis minutus O 1 
    

Lycidae Pyropterus nigroruber O 9 
    

Lymexylidae Elateroides dermestoides O 76 13 
   

Malachiidae Ebaeus abietinus 

  
2 

   

Malachiidae Hypebaeus flavipes O 
 

3 
   

Malachiidae Malachius aeneus 

 
3 

    

Melandryidae Abdera affinis O 21 
    

Melandryidae Abdera flexuosa O 4 38 
   

Melandryidae Abdera quadrifasciata O 1 
    

Melandryidae Anisoxya fuscula O 2 
    

Melandryidae Conopalpus testaceus O 7 1 
   

Melandryidae Dolotarsus lividus O 12 
    

Melandryidae Melandrya barbata O 1 
    

Melandryidae Melandrya caraboides O 14 8 
   

Melandryidae Melandrya dubia O 5 
    

Melandryidae Orchesia blandula F 3 
    

Melandryidae Orchesia fasciata O 1 
    

Melandryidae Orchesia luteipalpis O 2 
    

Melandryidae Orchesia micans O 1 11 
   

Melandryidae Orchesia minor O 5 2 
   

Melandryidae Orchesia undulata O 8 1 1 
  

Melandryidae Osphya bipunctata O 2 
    

Melandryidae Phloiotrya rufipes O 2 
    

Melandryidae Phloiotrya subtilis 

 
1 

    

Melandryidae Serropalpus barbatus O 18 
    

Melandryidae Xylita laevigata O 2 
    

Monotomidae Monotoma longicollis F 3 1 
   

Monotomidae Rhizophagus bipustulatus O 42 18 7 2 4 

Monotomidae Rhizophagus cribratus O 16 
    

Monotomidae Rhizophagus depressus O 5 
 

2 
  

Monotomidae Rhizophagus dispar O 17 28 5 3 3 

Monotomidae Rhizophagus ferrugineus O 88 
    

Monotomidae Rhizophagus grandis O 
 

1 
   

Monotomidae Rhizophagus nitidulus O 62 
 

13 1 
 

Monotomidae Rhizophagus perforatus O 67 
    

Monotomidae Rhizophagus picipes O 
  

2 
  

Mordellidae Curtimorda maculosa O 2 
    

Mordellidae Mordellaria aurofasciata O 1 
    

Mordellidae Mordellistena humeralis O 71 
    

Mordellidae Mordellistena neuwaldeggiana O 7 
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Mordellidae Mordellochroa abdominalis O 156 4 
   

Mordellidae Mordellochroa tournieri 

 
47 

    

Mordellidae Tomoxia bucephala O 38 25 
   

Mordellidae Variimorda villosa O 
   

1 
 

Mycetophagidae Litargus balteatus F 2 
    

Mycetophagidae Litargus connexus O 15 23 238 149 142 

Mycetophagidae Mycetophagus atomarius O 31 
 

115 26 1 

Mycetophagidae Mycetophagus multipunctatus O 4 8 
   

Mycetophagidae Mycetophagus piceus O 2 
    

Mycetophagidae Mycetophagus populi O 3 
    

Mycetophagidae Mycetophagus quadripustulatus O 3 
    

Mycetophagidae Mycetophagus salicis O 1 
    

Mycetophagidae Triphyllus bicolor O 
   

2 
 

Nitidulidae Amphotis marginata O 2 
    

Nitidulidae Carpophilus obsoletus 

 
1 

    

Nitidulidae Cryptarcha undata F 2 
    

Nitidulidae Cychramus luteus O 14 
    

Nitidulidae Cychramus variegatus O 10 
    

Nitidulidae Epuraea biguttata O 23 
   

1 

Nitidulidae Epuraea binotata O 7 
    

Nitidulidae Epuraea distincta O 
    

1 

Nitidulidae Epuraea limbata O 2 
    

Nitidulidae Epuraea longula O 1 
    

Nitidulidae Epuraea melanocephala 

 
45 

    

Nitidulidae Epuraea neglecta O 30 
    

Nitidulidae Epuraea pallescens O 113 
    

Nitidulidae Epuraea silacea O 1 
    

Nitidulidae Epuraea unicolor 

 
8 6 

   

Nitidulidae Glischrochilus quadriguttatus O 10 
    

Nitidulidae Ipidia binotata O 1 
    

Nitidulidae Omosita colon 

 
5 

    

Nitidulidae Omosita depressa 

 
4 

    

Nitidulidae Physoronia wajdelota 

 
1 

    

Nitidulidae Pityophagus ferrugineus O 51 
    

Nitidulidae Soronia grisea F 3 
    

Nitidulidae Soronia punctatissima F 3 
    

Nitidulidae Stelidota geminata 

 
15 

    

Nitidulidae Thalycra fervida 

 
2 

    

Oedemeridae Calopus serraticornis O 1 
    

Oedemeridae Ischnomera caerulea O 3 
    

Oedemeridae Ischnomera cyanea O 2 
    

Oedemeridae Ischnomera sanguinicollis O 3 
    

Oedemeridae Nacerdes carniolica O 4 
    

Oedemeridae Nacerdes melanura O 1 
    

Oedemeridae Oedemera croceicollis 

 
2 

    

Oedemeridae Oedemera femoralis O 1 
    

Oedemeridae Oedemera pthysica 

 
6 

    

Oedemeridae Oedemera tristis 

 
8 

    

Oedemeridae Oedemera virescens 

 
1 

    

Omalisidae Omalisus fontisbellaquaei 

 
7 

    

Orsodacnidae Orsodacne cerasi 

 
6 
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Prostomidae Prostomis mandibularis O 2 
    

Ptiliidae Acrotrichis rosskotheni 

  
9 

   

Ptiliidae Nossidium pilosellum O 3 
 

3 
  

Ptiliidae Ptenidium laevigatum 

   
2 

  

Ptiliidae Ptenidium pusillum 

   
1 1 

 

Ptiliidae Pteryx suturalis O 
  

1 
  

Ptinidae Anobium punctatum O 100 
    

Ptinidae Dorcatoma chrysomelina O 3 
    

Ptinidae Dorcatoma dresdensis O 22 
    

Ptinidae Dorcatoma minor O 2 
    

Ptinidae Dorcatoma substriata O 1 
    

Ptinidae Episernus granulatus O 11 
    

Ptinidae Ernobius mollis O 12 
    

Ptinidae Hadrobregmus pertinax O 34 
    

Ptinidae Hemicoelus canaliculatus O 
   

1 
 

Ptinidae Hemicoelus costatus O 448 17 
   

Ptinidae Hemicoelus fulvicornis O 15 
  

2 
 

Ptinidae Hemicoelus rufipennis 

 
3 

    

Ptinidae Hyperisus plumbeum O 41 8 
   

Ptinidae Microbregma emarginatum O 
 

1 
   

Ptinidae Ochina ptinoides O 2 
    

Ptinidae Priobium carpini O 1 
    

Ptinidae Ptilinus fuscus O 29 
    

Ptinidae Ptilinus pectinicornis O 4011 2457 
 

66 6 

Ptinidae Ptinomorphus imperialis O 106 27 2 2 10 

Ptinidae Ptinus coarcticollis O 1 
    

Ptinidae Ptinus fur F 
 

11 
   

Ptinidae Ptinus pilosus 

    
1 

 

Ptinidae Ptinus subpilosus O 5 1 
   

Ptinidae Ptinus villiger 

 
2 

    

Pyrochroidae Pyrochroa coccinea O 9 
    

Pyrochroidae Schizotus pectinicornis O 7 
    

Rhynchitidae Chonostropheus tristis 

 
1 

    

Salpingidae Cariderus aeneus O 6 
    

Salpingidae Lissodema cursor O 3 
    

Salpingidae Rabocerus foveolatus O 13 
  

1 
 

Salpingidae Rabocerus gabrieli O 1 
    

Salpingidae Salpingus planirostris O 163 2 7 19 18 

Salpingidae Salpingus ruficollis O 243 2 55 33 3 

Salpingidae Sphaeriestes castaneus O 
 

1 
   

Salpingidae Vincenzellus ruficollis O 103 7 1 2 
 

Scarabaeidae Aphodius corvinus 

 
108 

    

Scarabaeidae Aphodius depressus 

 
600 

    

Scarabaeidae Aphodius distinctus 

 
147 

    

Scarabaeidae Aphodius fimetarius 

 
16 

    

Scarabaeidae Aphodius foetidus 

 
3 

    

Scarabaeidae Aphodius rufipes 

 
27 

    

Scarabaeidae Aphodius rufus 

 
14 

    

Scarabaeidae Aphodius sticticus 

 
1 

    

Scarabaeidae Aphodius zenkeri 

 
20 

    

Scarabaeidae Gnorimus nobilis O 2 
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Scarabaeidae Hoplia argentea 

 
2 

    

Scarabaeidae Onthophagus coenobita 

 
33 

    

Scarabaeidae Onthophagus fracticornis 

 
2 

    

Scarabaeidae Onthophagus ovatus 

 
109 

    

Scarabaeidae Onthophagus verticicornis 

 
7 

    

Scarabaeidae Serica brunnea 

 
10 

    

Scirtidae Contacyphon ochraceus 

 
1 

    

Scirtidae Contacyphon ruficeps 

 
5 

    

Scirtidae Microcara testacea 

 
2 

    

Scirtidae Odeles hausmanni 

 
4 

    

Scirtidae Prionocyphon serricornis O 1 
    

Scirtidae Scirtes haemisphaericus 

 
1 

    

Scirtidae Scirtes orbicularis 

 
2 

    

Scraptiidae Anaspis brunnipes 

     
2 

Scraptiidae Anaspis costai O 15 
    

Scraptiidae Anaspis fasciata O 5 
    

Scraptiidae Anaspis flava O 32 
 

4 5 10 

Scraptiidae Anaspis frontalis O 142 
 

1 
  

Scraptiidae Anaspis lurida O 
 

7 
   

Scraptiidae Anaspis maculata O 7 
    

Scraptiidae Anaspis ruficollis O 17 57 
   

Scraptiidae Anaspis rufilabris O 127 
    

Scraptiidae Anaspis thoracica O 87 33 3 
 

2 

Scraptiidae Cyrtanaspis phalerata O 6 
    

Silphidae Nicrophorus humator 

 
2 

    

Silphidae Nicrophorus vespilloides 

 
182 

    

Silphidae Oiceoptoma thoracicum 

 
28 

    

Silphidae Phosphuga atrata 

  
1 

   

Silphidae Thanatophilus sinuatus 

 
6 

    

Silvanidae Silvanoprus fagi O 9 
    

Silvanidae Silvanus bidentatus O 
  

17 4 1 

Silvanidae Silvanus unidentatus O 
  

1 
 

1 

Silvanidae Uleiota planatus O 
 

2 
 

1 1 

Sphindidae Aspidiphorus orbiculatus O 69 
    

Sphindidae Sphindus dubius O 1 
    

Staphylinidae Acidota crenata 

 
1 

    

Staphylinidae Acrotona aterrima 

   
5 5 1 

Staphylinidae Acrulia inflata O 1 
    

Staphylinidae Agaricochara latissima O 26 
    

Staphylinidae Aleochara bipustulata 

 
3 

    

Staphylinidae Aleochara brevipennis 

 
226 

    

Staphylinidae Aleochara curtula 

 
6849 

    

Staphylinidae Aleochara erythroptera 

 
23 

    

Staphylinidae Aleochara funebris 

 
4 

    

Staphylinidae Aleochara moerens 

 
1 

    

Staphylinidae Aleochara ruficornis 

  
1 

   

Staphylinidae Aleochara spadicea 

 
15 

    

Staphylinidae Aleochara sparsa 

  
11 

   

Staphylinidae Aleochara tristis 

 
1 

    

Staphylinidae Aloconota currax 

 
8 

    

Staphylinidae Aloconota planifrons 

 
5 
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Staphylinidae Amischa analis 

 
1167 

    

Staphylinidae Amischa nigrofusca 

 
3 

    

Staphylinidae Anomognathus cuspidatus O 67 2 
   

Staphylinidae Anotylus politus 

     
1 

Staphylinidae Anotylus rugosus 

 
93 

    

Staphylinidae Anotylus tetracarinatus 

 
1 

    

Staphylinidae Anthobium atrocephalum 

 
39 

 
1 

  

Staphylinidae Anthophagus angusticollis 

 
1 

    

Staphylinidae Atheta aquatica 

 
2 

    

Staphylinidae Atheta basicornis O 6 
    

Staphylinidae Atheta crassicornis 

 
418 

 
2 

 
3 

Staphylinidae Atheta diversa 

 
4 

    

Staphylinidae Atheta fungi 

 
71 

    

Staphylinidae Atheta fungicola 

 
7 

    

Staphylinidae Atheta fungivora O 
  

2 4 1 

Staphylinidae Atheta hygrotopora 

 
2 

    

Staphylinidae Atheta liliputana 

 
75 

    

Staphylinidae Atheta macrocera 

 
1 

    

Staphylinidae Atheta negligens 

    
1 

 

Staphylinidae Atheta nigritula 

 
11 

    

Staphylinidae Atheta sodalis 

 
2 

    

Staphylinidae Atheta vaga 

 
121 5 

   

Staphylinidae Atheta xanthopus 

    
2 

 

Staphylinidae Autalia rivularis 

 
5 

    

Staphylinidae Batrisodes venustus O 3 
  

1 
 

Staphylinidae Batrisus formicarius O 2 
    

Staphylinidae Bibloporus bicolor O 2 2 
   

Staphylinidae Bisnius fimetarius 

 
745 

    

Staphylinidae Bolitochara bella O 16 
    

Staphylinidae Bolitochara obliqua O 25 
   

1 

Staphylinidae Bolitochara pulchra O 6 
    

Staphylinidae Brachygluta fossulata 

     
1 

Staphylinidae Brachyusa concolor 

 
2 

    

Staphylinidae Bryaxis collaris 

 
11 

    

Staphylinidae Bythinus burrellii 

 
7 

    

Staphylinidae Bythinus macropalpus 

 
5 1 

   

Staphylinidae Carpelimus bilineatus 

 
81 

    

Staphylinidae Coprophilus striatulus 

 
13 

    

Staphylinidae Creophilus maxillosus 

 
15 

    

Staphylinidae Cypha discoidea 

 
5 

  
3 4 

Staphylinidae Cypha laeviuscula 

    
2 1 

Staphylinidae Cypha longicornis 

 
90 1 3 17 12 

Staphylinidae Cypha punctum 

    
2 

 

Staphylinidae Cyphea curtula O 1 
    

Staphylinidae Deleaster dichrous 

 
12 

    

Staphylinidae Dinaraea angustula 

    
3 

 

Staphylinidae Dinothenarus pubescens 

 
1 

    

Staphylinidae Emus hirtus 

 
1 

    

Staphylinidae Enalodroma hepatica 

 
2 

    

Staphylinidae Erichsonius subopacus 

 
1 

    

Staphylinidae Euconnus pragensis O 
 

2 
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Staphylinidae Euplectus brunneus O 
 

1 
   

Staphylinidae Euplectus monticola 

 
28 

    

Staphylinidae Eusphalerum luteum 

 
2 

    

Staphylinidae Eusphalerum macropterum 

 
2 

    

Staphylinidae Eusphalerum rectangulum 

  
3 

   

Staphylinidae Eusphalerum semicoleoptratum 

  
1 

   

Staphylinidae Falagria sulcatula 

 
2 

    

Staphylinidae Gabrius splendidulus O 
 

1 
   

Staphylinidae Gauropterus fulgidus 

 
2 

    

Staphylinidae Geostiba circellaris 

 
1 

    

Staphylinidae Gymnusa brevicollis 

 
3 

    

Staphylinidae Gyrophaena affinis 

 
27 

    

Staphylinidae Gyrophaena boleti O 205 
    

Staphylinidae Gyrophaena gentilis 

 
328 

    

Staphylinidae Gyrophaena joyi O 9 
    

Staphylinidae Gyrophaena manca O 317 
    

Staphylinidae Gyrophaena pulchella 

 
3 

    

Staphylinidae Gyrophaena rugipennis O 8 
    

Staphylinidae Gyrophaena strictula O 25 
    

Staphylinidae Habrocerus capillaricornis 

 
19 

    

Staphylinidae Hapalaraea pygmaea O 1 
    

Staphylinidae Holobus apicatus O 
  

3 8 1 

Staphylinidae Holobus flavicornis 

 
2 

 
3 6 5 

Staphylinidae Homalota plana O 3 
    

Staphylinidae Ischnosoma splendidum 

 
1 

    

Staphylinidae Leptusa fumida O 
 

12 
   

Staphylinidae Leptusa hoelzeli 

 
1 

    

Staphylinidae Leptusa pulchella O 
 

4 
   

Staphylinidae Leptusa ruficollis 

  
3 

  
1 

Staphylinidae Lesteva monticola 

 
102 

    

Staphylinidae Liogluta alpestris 

 
64 

    

Staphylinidae Liogluta longiuscula 

   
1 4 3 

Staphylinidae Liogluta microptera 

 
3 

    

Staphylinidae Lordithon exoletus 

 
8 

    

Staphylinidae Lordithon lunulatus 

 
218 

 
1 

  

Staphylinidae Lordithon thoracicus 

 
8 

    

Staphylinidae Lordithon trinotatus 

 
2 

    

Staphylinidae Lypoglossa lateralis 

 
2 

    

Staphylinidae Medon apicalis 

 
4 

    

Staphylinidae Megarthrus denticollis 

 
7 

    

Staphylinidae Megarthrus depressus 

 
6 

    

Staphylinidae Microscydmus nanus F 31 
   

1 

Staphylinidae Mniusa incrassata 

 
449 

    

Staphylinidae Mocyta fungi 

   
10 5 3 

Staphylinidae Nehemitropia lividipennis 

 
12 

    

Staphylinidae Neuraphes elongatulus 

  
5 

   

Staphylinidae Nudobius lentus O 1 
    

Staphylinidae Ocalea badia 

 
8 

    

Staphylinidae Ocalea concolor 

 
6 

    

Staphylinidae Ocypus biharicus 

 
1 

    

Staphylinidae Ocypus nitens 

  
1 
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Flight 

Interception 
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Emergence 
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Dead 
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Forest 
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Dead Wood 
Rearing 
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Dead 
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Rearing 
Canopy 

Staphylinidae Oligota pumilio 

 
6 

    

Staphylinidae Oligota pusillima 

 
5 

    

Staphylinidae Olophrum assimile 

 
10 

    

Staphylinidae Omalium rivulare 

 
134 

    

Staphylinidae Ontholestes murinus 

 
3 

    

Staphylinidae Ontholestes tessellatus 

 
32 

    

Staphylinidae Othius lapidicola 

 
17 

    

Staphylinidae Oxypoda haemorrhoa 

 
1 

    

Staphylinidae Oxypoda mutata 

 
3 

    

Staphylinidae Oxypoda spectabilis 

 
1 

    

Staphylinidae Oxypoda vittata 

 
5 

 
1 

 
1 

Staphylinidae Oxyporus mannerheimii 

 
1 

    

Staphylinidae Oxyporus maxillosus F 6 
    

Staphylinidae Oxytelus sculptus 

 
673 

    

Staphylinidae Pella limbata 

 
58 

    

Staphylinidae Philonthus carbonarius 

 
3 

    

Staphylinidae Philonthus chalceus 

 
1 

    

Staphylinidae Philonthus confinis 

 
4 

    

Staphylinidae Philonthus decorus 

 
450 

    

Staphylinidae Philonthus ebeninus 

 
6 

    

Staphylinidae Philonthus intermedius 

 
5 

    

Staphylinidae Philonthus nitidus 

 
1 

    

Staphylinidae Philonthus politus 

 
12 

    

Staphylinidae Philonthus punctus 

 
7 

    

Staphylinidae Philonthus splendens 

 
11 

    

Staphylinidae Phloeocharis subtilissima O 
  

5 3 1 

Staphylinidae Phloeopora concolor O 1 
    

Staphylinidae Phloeopora corticalis O 1 
    

Staphylinidae Phloeopora testacea O 4 
    

Staphylinidae Phyllodrepa melanocephala O 
 

2 
   

Staphylinidae Phyllodrepoidea crenata O 
 

2 
   

Staphylinidae Placusa atrata O 4 
    

Staphylinidae Placusa tachyporoides O 
 

7 
   

Staphylinidae Plataraea brunnea 

 
2 

    

Staphylinidae Platystethus arenarius 

 
1 

    

Staphylinidae Platystethus nitens 

 
2 

    

Staphylinidae Platystethus nodifrons 

 
3 

    

Staphylinidae Plectophloeus nubigena O 
 

2 
   

Staphylinidae Poromniusa procidua 

 
1 

    

Staphylinidae Proteinus brachypterus 

 
19 

    

Staphylinidae Proteinus ovalis 

  
7 

   

Staphylinidae Quedius boops 

 
64 

    

Staphylinidae Quedius cinctus 

 
4 

    

Staphylinidae Quedius cruentus 

 
2 1 

   

Staphylinidae Quedius curtipennis 

 
10 

    

Staphylinidae Quedius dilatatus O 3 
    

Staphylinidae Quedius fuliginosus 

 
13 

    

Staphylinidae Quedius fulvicollis 

 
1 

    

Staphylinidae Quedius invreae F 
 

1 
   

Staphylinidae Quedius limbatus 

 
4 

    

Staphylinidae Quedius lucidulus 

 
1 
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Staphylinidae Quedius mesomelinus 

 
197 1 

   

Staphylinidae Quedius minor 

 
1 

    

Staphylinidae Quedius puncticollis 

  
1 

   

Staphylinidae Quedius reitteri 

 
2 

    

Staphylinidae Quedius umbrinus 

 
5 

    

Staphylinidae Quedius xanthopus O 39 6 
   

Staphylinidae Rugilus erichsonii 

 
10 

    

Staphylinidae Rugilus rufipes 

 
4 

    

Staphylinidae Rybaxis longicornis 

 
4 

 
1 2 

 

Staphylinidae Scaphidium quadrimaculatum O 30 
    

Staphylinidae Scaphisoma agaricinum O 6 
    

Staphylinidae Scaphisoma boleti O 24 
    

Staphylinidae Schistoglossa aubei 

 
1 

    

Staphylinidae Scydmaenus perrisi O 2 
    

Staphylinidae Scydmaenus tarsatus 

     
1 

Staphylinidae Sepedophilus bipustulatus O 1 
  

1 
 

Staphylinidae Sepedophilus immaculatus 

 
1 

    

Staphylinidae Sepedophilus littoreus 

 
2 

    

Staphylinidae Sepedophilus testaceus O 
   

1 
 

Staphylinidae Stenichnus collaris 

  
2 

   

Staphylinidae Stenichnus godarti O 
 

1 
  

1 

Staphylinidae Syntomium aeneum 

 
5 

    

Staphylinidae Tachinus basalis 

 
9 

    

Staphylinidae Tachinus humeralis 

 
24 

    

Staphylinidae Tachinus laticollis 

 
2 

    

Staphylinidae Tachinus pallipes 

 
10 

    

Staphylinidae Tachinus rufipes 

 
234 

    

Staphylinidae Tachinus sibiricus 

 
2 

    

Staphylinidae Tachinus subterraneus 

 
11 

    

Staphylinidae Tachyporus abdominalis 

 
5 

    

Staphylinidae Tachyporus chrysomelinus 

 
2 

    

Staphylinidae Tachyporus hypnorum 

 
13 

    

Staphylinidae Trimium brevicorne 

 
2 2 

   

Staphylinidae Xantholinus longiventris 

 
39 

    

Staphylinidae Xantholinus tricolor 

 
10 

    

Staphylinidae Xylodromus depressus 

 
3 

    

Staphylinidae Zoosetha inconspicua 

 
1 

    

Staphylinidae Zyras collaris 

 
5 

    

Staphylinidae Zyras haworthi 

 
14 

    

Tenebrionidae Corticeus bicolor O 1 
    

Tenebrionidae Corticeus linearis O 2 
    

Tenebrionidae Corticeus unicolor O 26 4 
   

Tenebrionidae Diaperis boleti O 2 
    

Tenebrionidae Gonodera luperus O 44 
    

Tenebrionidae Lagria hirta 

 
2 

    

Tenebrionidae Mycetochara axillaris O 5 
    

Tenebrionidae Mycetochara maura O 40 2 
 

1 
 

Tenebrionidae Nalassus convexus 

  
1 

   

Tenebrionidae Prionychus melanarius O 1 
    

Tenebrionidae Pseudocistela ceramboides O 3 
    

Tenebrionidae Scaphidema metallica O 2 
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Tetratomidae Hallomenus binotatus O 17 
  

1 
 

Tetratomidae Tetratoma ancora O 4 
    

Throscidae Aulonothroscus brevicollis O 284 
 

1 
  

Throscidae Trixagus dermestoides 

 
1 

    

Trogossitidae Grynocharis oblonga O 9 
    

Trogossitidae Lophocateres pusillus 

 
1 

    

Trogossitidae Nemozoma caucasicum O 5 1 
   

Trogossitidae Nemozoma elongatum O 18 2 9 382 172 

Trogossitidae Peltis ferruginea O 2 2 
   

Trogossitidae Thymalus limbatus O 8 1 
   

Zopheridae Bitoma crenata O 5 
    

Zopheridae Colydium elongatum O 2 1 
   

Zopheridae Coxelus pictus O 1 1 2 
  

Zopheridae Diodesma subterranea O 1 
    

Zopheridae Synchita humeralis O 3 4 
  

3 

Zopheridae Synchita variegata O 23 
    

Grand Total 44530 6526 10223 25855 33275 
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