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Summary

Summary

During the last centuries, intensive forest management has changed the characteristics of forests
worldwide. This has caused a worldwide decline of old trees and deadwood structures, leading
to a threat for saproxylic species, i.e. those species depending on deadwood at soime point
their life cycle. Saproxylic species comprise about 25% of forest biodiversity and are important
for various ecosystem functions e.g. wood decomposition and nutrient cycling. A very
important key structure for saproxylic species and their diversity are tree hollows, contributing
stable and long-lasting habitats for many threatened saproxylic insect species. Tree hollows
enable undisrupted development for individuals of species with long developmental times and
special habitat preferences. To develop effective management strategies maintaining the
diversity of tree hollow associated insect species, evidence-based knowledge on environmental
characteristics influencing their diversity, dispersal abilities, and food web structures have to
be well understood. For this purpose, | collected all emerging arthropods from hollows with
wood mold in beech trees over two consecutive years in a managed forest using emergence
traps.

In the first manuscript, | investigated characteristics of tree hollows and the immediate
environment influencing the diversity of saproxylic beetles inside. Overall diversity was
influenced by the degree of decomposition of the wood mould and increasing hollow entrance
area. Additionally, tree hollow volume, height of the hollatove ground, surrounding
deadwood structures and surrounding tree hollows, solar irradiation, temperature inside tree
hollows and diameter of the tree hollows were influencing the biodiversity of saproxylic beetles,
but their importance differed between the two years. Furthermore, tree hollow characteristics
influencing the diversity of Red List and non-Red List species were diffasdiegree of
decomposition of the wood mould, height of the hollow above ground and surrounding tree

hollows had no influence on Red List species but did have on non-Red List species. This study
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showed that the diversity of saproxylic beetles inhabiting tree hollows can be supported by
maintaining a high diversity of differently structured and sized tree hollows.

In the second manuscript, | investigated the genetic population structure of three saproxylic
insect speciesAnaspis ruficollis,Coleoptera;Criorhina floccosa Diperta; Xylomya maculata
Diptera)inhabiting tree hollows to draw conclusions on their potential dispersal within the study
area, using microsatellite analysis. Dispersal is a key trait for species in a changing
environment, like managed forests. It allows colonization, gene flow among populations and
thus ensures viable populatioifiese threatened species were chosen based on their relatively
high abundaceto allow for population genetic analyses. In contrast to the existing assumption,
that saproxylic species inhabiting long lasting habitats have limited dispersal, we neither found
genetic population substructure nor indications for restricted gene ifiowll species
investigated indicating dispersal over the whole study area. Howegstudied relatively
abundant species and our study site may not have been large enough to detect genetic
substructure.

The third chapter is based on a book chapter where we reviewed the current knowledge on the
dispersal of saproxylic insects.afdresentd an overview of the studies that have to date tried

to measure dispersal distances or dispersal abilities of different saproxylic taxa, methods to
measure dispersal, factors influencing dispersal and highlighted open research questions.
Dispersal abilities vary a lot between different saproxylic species and long-distance dispersal is
not uncommon. We could stress that dispersal is not only a matter of the physical ability of a
species but also of habitat quality and availability, feeding strategies, competition and sex-
specific dispersal.

In the fourth manuscript | investigated the food web structure of saproxylic bemtheunities

in tree hollows using stable isotope analysis of nitrogen and carbon isotopes. In this study, the
trophic position (feeding guild) of most species is congruent between the classification based

on their stable isotope signatures and literature derived classifications. Further, the isotopic
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signature of mycetophagous species suggests a highly omnivorous feeding behavior compared
to other feeding guilds. Niche redundancy was high in the xylophagous and zoo-xylophagous
guilds and niche conservation of saproxylic beetle families was common. Additionally,
saproxylic beetle communities foll@d inverted Eltonian pyramids with zoophagous species
contributing the highest biomass. However, considering all saproxylic arthropods in tree
hollows and not only saproxylic beetles, no inverted Eltonian pyramids might be present
anymoreasorganisms of lower trophic levels like collembolans compisigh proportion of

total biomass in tree hollow communities. Higher species richness was related to longer trophic
food chains, highlighting the importance of high diversity of saproxylic species for ecosystem
functioning.

The recommendations based on the results of this thesis can helprdoasitical decision
makers and conservationists to apply effective management strategies for the conservation of

saproxylic diversity.

Zusammenfassung

Wahrend der letzten Jahrhunderte hat intensive Forstwirtschaft weltweit den Charakter der
Walder gepréagt. Die intensive Forstwirtschaft hat zu einer weltweiten Abnahme von grol3en,
alten Baumen und verschiedenen Totholzstrukturen gefites.hat zur Folge, dass Arten, die

DXl 7TRWKRO] DQJHZLHVHQ VL Qéefalvdetlsih@ BIQa2ARH alle6AtsiU R [\O H
im Wald sind abhangig von Totholz. Saproxyle Arten sind bedeutsam flr viele 6kologische
Aufgaben, wie die Zersetzung von Holz und den Nahrstoffkreislauf im Wald und tragen
malgeblich zur Artenvielfalt in Waldern bei. Eine besondere Totholzstruktur und
Schlissadlement fur eine hohe Artenvielfalt im Wald sind Mulmhohlen. Sie stellen ein lang
Uberdauerndes Habitat fur viele gefahrdete Arten dar, da sie eine ungestorte Entwicklung fir
Arten mit speziellen Habitatanspriichen ermoglichen. Der Erhalt der Artenvielfalt in

Mulmhohlen erfordert effiziente Managementstrategien. Dafir ist aber Wissen uber
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Umweltfaktoren, die die Artenvielfalt beeinflussen, Ausbreitung und Nahrungsnetzwerke
saproxyler Arten notwendig. Um dies zu untersuchen, habe ich in einem Wirtschaftswald Gber
zwei Jahre hinweg alle Arthropoden aus den Mulmhdhlen in Buchen mit Hilfe von
Emergenzfallen abgesammelt.

Im ersten Manuskript habe ich Eigenschaften von Mulmhéhlen und der Umgebung untersucht,
die die Artenvielfalt saproxyler Kafer in Mulmhohlen beeinflussen. Ich konnte zeigen, dass
generell die Artenvielfalt durch den Zersetzungsgrad des Mulms und die Grol3e des
Hohleneingangs beeinflusst wird. Weiterhin haben der Zersetzungsgrad des Mulms, die Héhe
der Ho6hle zum Boden, die umgebenden Totholzstrukturen und Baumhohlen,
Sonneneinstrahlung, Temperatur innerhalb der Hohle und der Durchmesser der Mulmhdhle
Einfluss auf die Artenvielfalt saproxyler Kafer. Jedoch unterscheiden sich diese Parameter in
ihrer Bedeutsamkeit zwischen beiden Jahren. Des Weiteren unterschieden sich auch die
Parameter, die die Artenvielfalt von Rote Liste Arten und nicht Rote Liste Arten beeinflussen.
Die Artenvielfalt von Rote Liste Arten wurde im Gegensatz zu nicht Rote Liste Arten, weder
durch den Zersetzungsgrad des Mulms, die Hohe der Hohle Uber dem Bodeneoder di
umgebenden Baumhohlen beeinflusst. Diese Studie zeigte, dass die Artenvielfalt saproxyler
Kafer am besten durch unterschiedlich gestaltete Mulmhdhlen geférdert wird.

Im zweiten Manuskript habe ich die genetischen Populationsstruktur von drei Insektenart
(Anaspis ruficollis, Coleoptera; Criorhina floccosa Diperta; Xylomya maculata Diptera) aus
Mulmhohlen mit Hilfe von Mikrosatellitenanalyse untersucht um Rickschlisse tber die
potentielle Ausbreitung im Untersuchungsgebiet zu ziehen. Ausbreitung ist eine
Schlisseleigenschaft fur Arten, die mit einer sich andernden Umwelt, zum Beispiel
Wirtschaftswélder, konfrontiert sind. Ausbreitung ermoéglicht die Besiedlung neuer Habitate,
Genfluss zwischen Populationen und sichert somit zukunftsfahige Populationen. Diese
gefahrdeten Arten wurden ausgewahlt da sie haufig gefunden wurden und somit eine

populationsgenetische Analyse mdglich ist. Im Gegensatz zu der gangigen Meinung, dass Arten
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in Mulmhohlen sich schlecht ausbreiten kénnen, fanden wir keine Subtrukturierung oder
eingeschrankten Genfluss im Untersuchungsgebiet, was auf eine Ausbreitung tber das ganze
Untersuchungsgebiet hindeutet. Dies kann jedoch auch durch die geringe GrolRe des
Untersuchungsgebietes und die hohe Abundanz der untersuchten Arten bedingt sein.

Das dritte Manuskript ist ein Buchkapitel, in welchem wir eine Ubersicht Uber den jetzigen
Wissenstand zur Ausbreitung saproxyler Insekten geben. Das Kapitel zeigt einen Uberblick
Uber Studien zu Ausbreitungsdistanzen und Ausbreitungsfahiglkeiten verschiedener saproxyler
Arten, den Methoden, die zur Messung von Ausbreitung verwendet werden kénnen und den
Faktoren die Ausbreitung beeinflussen. Aul3erdem konnten wir zeigen, dass lange
Ausbreitungsdistanzen durchaus auch bei saproxylen Insekten voekpesjedoch sehr von

den untersuchten Arten abhangig ist. Wir konnten herausstellen, dass Ausbreitung oftmals nicht
nur von der physischen Ausbreitungsfahigkeit abhangt, sondern auch durch die Menge
potentielle Habitat, Habitatqualitédt, Erndahrungsstrategien, Konkurrenz und Geschlecht
beeinflusst ist.

Im vierten Manuskript habe ich die Nahrungsnetzwerke saproxyler Kafergemeinschaften in
Mulmhdhlen mit Hilfe von stabilen Stickstoff- und Kohlenstoffisotopen untersucht. Ich konnte
zeigen, dass die trophische Position der einzelnen Arten (Nahrungsgilde), die ich aus der
Untersuchung der stiéén Isotope erhalten habe, sich fast mit den Angaben zur trophischen
Position aus der Literatur decken. Die Isotopensignatur von mycetophagen Arten deutet auf
eine starke omnivore Erndhrungsweise im Vergleich zu anderen Nahrungsgilden hin. Die
xylophage und zoo-xylophage Nahrungsgilde zeigte hohe Redundanz innerhalb ihrer Nische
und generell gab es eine hohe Nischenkonservierung innerhalb der Kaferfamilien. Weiterhin
hatten zoophage Arten die hochste Biomasse innerhalb der Mulmhdhlen, was umgekehrten
eltonischen Pyramiden entspricht. Betrachtet man jedoch alle saproxylen Arthropoden
innerhalb einer Mulmhdhle und nicht nur saproxyle Kafer, findet man wahrscheinlich keine

umgekehrten eltonischen Pyramiden, da Arten aus niedrigeren trophischen Ebenen, wie zum
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Beispiel  Springschwénze, einen groBen Anteil zur Gesamtbiomasse in
Mulmhoéhlengemeinschaften beitragen. Die Lange der Nahrungsketten war in dieser Studie
abhangig von Artenvielfalt innerhalb der Hohle, was die Bedeutung einer hohen Artenvielfalt
fur die Funktionalitat des Okosystems hervorhebt.

Die Empfehlungen aus dieser Doktorarbeit konnen Forstern, politischen Entscheidungstragern
und Naturschitzern helfen durch effizientes Management von Mulmhéhlen einen Beitrag zum

Erhalt saproxyler Arten in Waldern zu leisten.
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Structure of the thesis

Tree hollows in beech trees are keystone structureforfest biodiversity and provide long
lasting habitats for saproxylic insects (i.e. dependent on deadwood). However, to maintain
saproxylic species diversity in managed forests it is important to understand the crucial
processes and interactions leading to the existing patterns of species dindrsigyhollow
communities. My thesis covers four aspects that are connected to the species diversity of tree
hollows (Fig. 1) tree hollow characteristics driving saproxylic species diversity, dispersal of
tree hollow inhabiting species, food web structures in tree hollows and the role of forest
management for saproxylic diversity.

Habitat characteristics are not the only factors shaping the community composition in tree
hollows. Dispersal islso a crucial mechanism structuring the community composition, as
dispersal ability can determine which species are able to colonize suitable habitats away from
the natal habitat. Further, species diversity might also influence the food web complexity, as
potential trophic interactions increase with an increasing number of different species within a
community. Finally, forest management is an important fantshaping the diversity of tree
hollow communities, as forest management influences the abundance of tree hollows, their

characteristics, and their spatial and temporal distribution.
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Fig. 1: Conceptual framework of the thesis on tree hollow biodiversity and the linkage between

the main fields of interest.

My thesis starts with an introduction of deadwood and especially tree hollows as an important
habitat and the importance for forest ecosystems and the associated saproxylic organisms. In a
nex step, | will point out the influence of forest management on deadwood biodiversity and
resulting problems for saproxylic insects in general. Afterwards, | will switch to the three main
aspects | investigated: environmental factors influencing the biodiversity of beetle communities
in tree hollows (Manuscript 1), dispersal of saproxylic insects in general and especially for
species associated with tree hollows (Manuscript 2 & 3) and food webs in tree hollows
(Manuscript 4). Concluding | want to discuss possible future directions and finally, | give
recommendations based on our result for maintaining tree hollows in managed forests and thus

preserving biodiversity.
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Introduction

In the past decades the awareness of the importance of deadwood and deadwood structures like
tree hollows, and their associated biodiversity arose (Grove, 2002a). However, the early
research on saproxylic species started due to economic reasons, as some saproxylic species
were considered as pest species (e.g. some bark beetle species), being a risk for forest health
and lowering the quality of timber product8§ O\VKHQ D QG & REeRpReGhEN already

Elton (1966) recognized the importance of dying and deadwood structures for the diversity of
forest ecosystems. He concluded that deadwood represents one of the most important resources
in forests for animal species worldwide, and removal of deadwood could lead to a drastic
impoverishment of its fauna. At the end of the twentieth century, the conservation of saproxylic
species became a major goal in large parts of the world, as a drastic reduction of saproxylic

species due to intensive forest management was recognized (UyQm@naRERW QtN

Deadwoodz+creation of a key resource

Deadwood in natural forest ecosystems is created by tree mortality or partial death of mostly
senescent trees. In natural forests the main causes for tree mortality are natural désturbanc
like fire, wind, drought or insects and pathogens (Kuuluvainen, 1994; Lindenmayer et al.,
2012a; Mller et al., 2014), affecting single to multiple treesven whole stands (White and
Pickett, 1985). The natural creation of deadwood in a forest system is unpredictable as all
aforementioned natural disturbances are spatially and temporally random. Besides that, the
amount and quality of deadwood differ considerably between different forest types (Fridman
and Stahl, 2001; Lachat and Mdiller, 2018). The variation of deadwood amount is caused by the
volume of living trees, deadwood input and wood decomposition (Seibold and Thorn, 2018)
High amounts of deadwood can occur in forests with slow decomposition and high productivity

(Harmon et al., 1986; Lindenmayer et al., 1999) or a high input of deadwood, for example after



Introduction

an infestation of bark beetles (Mdiller et al., 2010). At the other end of the scale, the amount of
deadwoodn tropical forests is often low. Despite a high productivity, the decompositien rat

of wood is fast, leading to reduced amounts of deadwood (Delaney et al., 1998; Grove, 2001)
The origin of deadwood is also responsible for a variation in deadwood diversity and. quality
Natural disturbances often create uniform deadwood structures. For example, wind throws
create uprooted trees leading to sun-exposed branches whereas wildfires mostly create
upstanding snags and dead trees. Thus, natural disturbances often lead to a reduced diversity of
deadwood structures (Franklin et al., 2000; Seibold and Thorn, 2018; Swanson et al., 2011).
Consequently, the intensity, severity, and frequency of natural disturbances are responsible for
the amount and quality of deadwood (Lachat and Miiller, 2018). In contrast, natural semescenc
of trees leads to a high diversity of standing and lying deadwood structures, ranging from small
twigs to large diameter logs and dead trees. These old and veteran trees are the fosos of the
called mature timber habitat (Grove, 2002a), describing structures which are economically less
valuable but at the highest peak of their ecological importance (Speight, 1989). Addit@nally,
wide range of different microhabitats can occur in these deadwood structures, like water filled
rot holes, tree hollows with and without wood mould, fungal consoles and many more (Kraus
et al., 2016; Larrieu et al., 2014, Siitonen, 2012a). Thus Speight (1989) compared old veteran
trees with different microhabitats &P H J D O R Hdhlghtiig the variety of habitats such a

veteran tree can offer.

Baproxylic’ +a term for wood-inhabiting species

Species associated with decaying wood were given a specific term the first time by Sylvestri
(1913) ZKR FDOOHG D QHZ V ShpFdxylophiRd LafRrUod,SD&jb [ID66)
continued using the term saproxylic for insects living in deadwood. However, the first and most
common definition was given by Speight (1989). He coined the t&rMiD S U RfpkO L F 3
invertebrate species dependent on dead or dying wood of fallen or standing moribund or dying

10
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trees as a resource in at least one stage of their life cycle, either directly by feedarg,on
phloem or wood or indirectly via wood-decomposing fungi or other saproxylic insects.
However, using the strict definition of Speight (1989), species living in tree hollows would be
excludedastrees with hollows are mostly healthy and not moribund. This issue was highlighted
by Alexander (2008), who suggested a less restrictive definition also including healthy and
living trees. Another term worth to mention coined by Schmidl & Bussler (2004), is xylobiont,
which is commonly used in the German language, and is similar to the definition of saproxylic
by Speight (1989), but also includes healthy trees. However, for species living in late decay
stages of wood with contact to the forest floor, the classification of being saproxylic or not
might be vague, as they will also use the forest soil as habitat (Ferro et al., 2012). In this thesis,
we use the term saproxylic, for all species associated with deadwood, including deadwood

structures in healthy trees like tree hollows.

Deadwood- a hot spot for diversity in forests

Deadwood in forests is a core element for biodiversity. It offers habitat space, with various
microhabitats, high amounts of nutritional sources and thus energy for a wide range of species
(Stokland et al., 2012). Thus the high heterogeneity of deadwood allows theteros
persistence, and diversification of saproxylic species (Seibold et al.,. BxBpxylic species

are taxonomic#y and functionally very divers, account for a large proportion of forest diversity
and are responsible for many forest ecosystem services, like nutrient cycling and decomposition
(Bouget et al., 2014; Gouix et al., 2015; Grove, 2002a; Langor et al., 2008; Siitonen, 2001).

In deadwood systems, the majority of saproxylic taxa are arthropods and wood-decaying fungi
(Basidiomycota) (Speight, 1989; Stokland et al., 2012). Nonetheless, also vertebrate species
like birds, bats, amphibians, reptiles, and other small mammals find reabita¢sting sites in
deadwood structures, e.g. tree hollows (Gibbons and Lindenmayer, 2002; Goldingay, 2009;
.RVL VNL. Even a group of tropical catfish use deadwood for nourishment and several

11



Introduction

crustaceans and mollusks use downed wood in marine systems (Stokland et al., 2012). Further,
deadwood is inhabited by lichens, bryophytes and some tree seedlings can grow on deadwood
(Humphrey et al., 2002; Spribille et al., 2008; Stokland, 2012a; Zielonka, 2006). The number
of species worldwide is still unknown and thus it is hard to estimate the number of saproxylic
organisms, but Siitonen (2001) predicted, that the total amount of saproxylic species might be
around 20-25% in boreal forests. Worth to mention are also non-saproxylic species, which
benefit from deadwood, for example, insects using deadwood structures as hunting areas, due
to the dense prey assemblages or using deadwood structures as shelter or to hibernate (Ulyshen
DQG ARERWQtN

Among the saproxylic insects, beetles (Coleoptera), gnats and flies (Dipterad, mesespand

ants (Hymenoptera) and in tropical regions termites (Isoptera) are the four dominant orders in
decaying and deadwood. However, mites, collembolans, pseudoscorpions, and nematodes
might be as abundant and diverse as the before mentioned orders, but their biology and their
ecology are less known (Stokland et al., 2012).

Beetles (Coleoptera) is the best-studied order associated with deadwood, especially in Europe
(Grove, 2002a; Stokland et al., 2012). Nonetheless, for most species, the biology is still
unknown and information on their ecology is scarce. They are very prominent in deadwood e.g.
in Central Europe, around 56% of beetle species in forests are associated with deadwood
(Kohler, 2000). In tropical forests, the proportion of beetle species being saproxylic is lower
(about 30%), but this might be due to a lack of studies on saproxylic insects compared to Central
Europe. In total, around 65% of the known beetle families contain saproxylic members
(Gimmel and Ferro, 2018). Nonetheless, the number of saproxylic insects worldwide is still
unknown (Stokland et al., 2012) but estimates predict that about 25% of forest species are

saproxylic (Lachat and Mdiller, 2018).

12
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Saproxylic diversityrgeneral theory of diversity patterns

General theory of species richness predicts an increase of species with increasingréabitat a
(MacArthur and Wilson, 1967), driven by energy availability, habitat heterogeneity,
disturbance and population dynamics (Blakely and Didham, 2010; Gaston, 2000; MacArthur
and Wilson, 1967; Storch et al., 2005; Williamson, 1988). The influence of energy availabilit

is described by theocalled 3 PRUH LQGLYLGXDOV’ ™ K\SR§pecids/dnergyD YDUL
hypothesis. This hypothesis states that a higher amount of energy is available to all species
with increasing area supporting more individuals, ultimately leading to more species within this
area (Schuler et al., 2015; Srivastava and Lawton, 1998; Wright, 1983).

Another important mechanism of increased numbers of species with increasing area is the
thabitat heterogeneity hypothesighis hypothesis suggests an increase of different potential
habitats with increasing area. Consequently, if species require different habitat characteristics
the number of species should also increase with increasing area (MacArthur and MacArthur,
1961; Simpson, 1949; Tews et al., 2004). However, energy availability and habitat
heterogeneity are often tightly linked (Whittaker, 1998; Wright, 1983), which is also true for
deadwood amount and deadwood diversity (Bouget et al.,, 2013; Mduller and Butler, 2010;
Okland et al., 1996; Simila et al., 2003). Due to this correlation, it is not easy to assess the
individual influence of these two mechanisms. Further, the importance of energy availability
and habitat heterogeneity might vary across different taxa (Blakely and Didham, 2010; Seibold
et al., 2016; Wright, 1983).

Biodiversity patterns in fragmented landscapes can be linked to the theory of metapopulation
dynamics (Levins, 1969; Ovaskainen and Hanski, 2004). The persistence of extinction-prone
local populations within a metapopulation is driven by the balance of stochastic extinctions and
recolonizations (Hanski, 1991; Levins, 1969). The classical view of metapopulations assumes
the stability of habitat patches over time, but neglecting the effect of habitat dynamics on

metapopulation dynamics (Hanski, 1994). However, the metapopulation dynamics of many

13
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species are influenced by habitat dynamics, like formation, successional change ahlbbabita

(Snall et al., 2003; Thomas, 1994). According to the theory, colonization and extindtions o
populationsn patclesand thus the number of species within these paisidependent on the

patch size and patch isolation (Hanski, 1994; MacArthur and Wilson, 1967). However, the
assumption, that patch size and patch isolation have distinct effects on species richness has been
guestioned by Fahrig (2003, 2013). Therefore, Fahrig (2013) proposetkileE LW DW DP R X
K\SRWKHVLV"™ ZKHU H tHe r&latiBr5dD rahltal didgtriBut®i@Qand species richness
provided. She hypothesized, that for most terrestrial ecosystems, the effect of patch size and
patch isolation is driven by the sample area effect. This means that a sampling $iteal
landscape (the area within an appropriate distance to the sampling site) with a high amount of
habitat should have more species than an even sized sampling site from a local landscape with
less habitat, regardless of the spatial configuration of the habitat within the local landscape.
Some studies have tested the predictions of these general theories in deadwood systems (Bassler
etal., 2010; Bouget et al., 2014; Junninen and Komonen, 2011; Lassauce et al., 2011; Muller
and Butler, 2010; Seibold et al., 2016, 200His is not only of general academic interest but

the basis for effective deadwood management and conservation strategies. These studies can
help to decide about the amount, heterogeneity and spatial distribution of deadwood objects,

supporting saproxylic diversity most efficiently.

Saproxylic insectstsensitive to forest management

The main threats of global biodiversity are deforestation, the degradation of remaining forests
and land use intensification (Allan et al., 2015; Lindenmayer et al., 2012a; Siitonen,.2012b)
Deforestation and degradation lead to a decline of senescent trees worldwide (Bauhus et al.,
2009; Harding and Rose, 1986; Lindenmayer et al., 2012a) and the reduced amounts of
deadwood in intensively managed forests are a pronounced threat for saproxylic species (Grove,
2002a; Siitonen, 2012b; Siitonen and Jonsson, 2012a; Winter and Mdller, 2008), due to their
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dependency on deadwood. This makes saproxylic species more sensitive to deforestation
compared to non-saproxylic species in the forest ecosystem (Siitonen, 2012b; Siitonen and
Martikainen, 1994).

Generally, most saproxylic species are positively related to old forests with long-term habitat
continuity (Lachat and Mduller, 2018). Due to their sensitivity to natural and anthropogenic
disturbances, a change in their trophic and taxonomic diversity can be recognized. Thus,
saproxylic communities serve as useful indicators for any habitat changes, natural or caused by
management practices, in the forest (Heikkala et al., 2016; Hjaltén et al., 2012; Langor et al.,
2008; Lee et al., 2015; Siitonen, 2001). Due to intensive forest management coupled with the
reduction of deadwood the abundance of many saproxylic species decreased greatly and many
of them became threatened or even extinct (Grove, 2002a; Seibold et al., 2015a; Siitonen,
2012b; Speight, 1989). According to the European Red List of saproxylic beetles (Nieto and
Alexander, 2010), 11 % of saproxylic beetles are threatened and 13% are considered nea
threatened in all of Europe. Moreover, there is a data deficiency of scientific information on
28% of the species, making an evaluation of their risk of extinction not possible. 14% of the
species assessed have declining populations, 27% are stable and only 2% are increasing. For
population growth estimation there is an even higher data deficiency olb@érmany, even

33% of the assessed saproxylic species are threatened (Schauer et al., 2018a).

Intensively managed forestsa threat for saproxylic biodiversity

Generally speaking, the main factors theeigig saproxylic species are forest loss, intensified

land use, biomass harvesting for energy and especially forest management resulting in habitat
loss and habitat fragmentation (Siitonen, 2012b). In Europe the forest ecosystems have been
affected by humans for more than 5000 years (Grove, 2002a, 200&by peak of minimum

forest coverage around 1750 A.D. (Whitehouse, 2006), leading to scattered forestqrdiche
decades or few centuries old in most regions (Speight, 1989). Coupled with the increased
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anthropogenic pressure on forest ecosystems, deadwood was also reduced to maintain forest
hygiene, as dying and dead trees in a forest were considered as messy and a source of potential
pest outbreaks (Seibold and Thorn, 2018).

In contrast, old-growth forests contain higher amounts of deadwood and a higher variety of
different deadwood objects compared to most managed forests (Siitonen, 2001; Siitonen et al.,
2000; Spies et al., 1988; Stenbacka, 2010). Higher amounts of deadwood and a greater variety
of deadwood objects have been shown to influence the diversity and abundance of saproxylic
species positively (Grove, 2002b; Lachat and Muller, 2018; Martikainen et al., 2000; Okland et
al., 1996; Vanderwel et al., 2006). Moreover, in old growth forests old trees with valuable
structures like tree hollows can be found more frequer Y \VKHQ DQG aRERWOQtN
One reason for forest loss was the conversion of forest to agricultural land due to the needs of
the growing human population. Additionally, industrial operations Ikkge-scale clearance,

cattle ranching and timber extraction coupled with road expansions and human settlement led
to a rapid deforestation worldwide (Achard et al., 2006; Butler and Laurance, 2008; Laurance
et al., 2009). The overall estimation of global forest loss was 13 million hgotgingsar during

1990 and 2005 (FAO, 2006), but there is a smaller net loss due to reforestation and afforestation.
However, reforested and afforested areas show plantation character, which differs significantly
from primary forests in terms of species composition and structure (Siitonen, 2012b)
Additionally, due to the increasing needs of timber, broad-leaved forests in Europe have been
replaced by fast-growing coniferous trees, often with plantation characters (Grove, 2002a;
Zerbe, 2002). Coniferous monocultures are also lower in natural abundances of important cavity
structures (Larrieu and Cabanettes, 2012). Saproxylic species are often unable to cope with the
unnatural conditions of plantations, as they have high ecological requirements, like high
amounts of qualitative deadwood, large senescent trees and natural forest dynamics (Grove,
2002b; Lachat and Mduller, 2018). Only a small proportion of saproxylic species can sustain

under plantation conditions (Gossner and Ammer, 2006; Lachat et al., 2007).
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Land use intensification and urbanization also led to the reduction of over-mature trees and
deadwood, especially in non-forested areas like semi-open grasslands and pasture woodlands
However, the scattered over mature trees offered an important habitat for a lot of different
saproxylic species (Siitonen, 2012c, 2012b). Coupled with urbanization a higher demand for
energy wood arose. Due to the high demand of bioenergy and the increasing prices, also logging
residues and stumps became attractive as a source of biomass for bioenergy (Berndes et al.,
2003; Field et al., 2008). This leadsapotential reduction of future deadwood, as also small
logging residues like twigs and branches are removed and harvesting actions can accidentally
destroy existing deadwood (Rudolphi and Gustafsson, 2005; Siitonen, 2012b). Although small
logging residues and stumps are mostly small in diameter and thus only contribute small
amounts of deadwood, they are also important for species as step stones if more suitable habitats
might not be available. It was also shown that these logging residues host a different saproxylic
community depending on the tree species and support a lot of different saproxylic species
including many Red List species (Jonsell et al., 2007; Siitonen, 2012b).

Industrial forestry has negative effects on saproxylic communities, as all actions change the
within-stand microclimate anehost importantly cause reduction of deadwood or an alteration

of its composition and characteristics, possibly leading to uniform stand structures (Grove,
2002a; Grove and Stamm, 2011; Lee et al., 2015; Siitonen and Jonsson, 2012a). Considerable
loss of deadwood due to management practices can lead to a drastic change of saproxylic
communities compared to the loss after natural disturbances (Hammond et al., 2017). Intensive
forest management, where timber production depends on a shorter rotation age of trees, often
does not give sufficient time for trees to develop suitable deadwood habitats (Larrieu et al.,
2012). Timber harvesting leads to a change in the mortality patterns of the forest (Debeljak,
2006), as trees cannot reach natural senescent, where partial or complete die-offs occur and the
natural creation of deadwood is stopped (Grove and Stamm, 2011; Lee et al., 2015; Siitonen

and Jonsson, 2012a).
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These changes are of outmost importance, as different saproxylic assemblages respond
negatively, because different saproxylic assemblages are restricted to specific habitat
characteristics, like tree species, degree of decomposition, diameter, sun exposure and many
more (Gouix et al., 2015; Lindhe et al., 2005; Mdller et al., 2015; Schauer et al., 2018a,;
Sverdrup-Thygeson et al.,, 2010). For example, after timber harvesting, early stages of
decomposed wood are greatly reduced, and late stages often become much drier, leading to
unsuitable conditions for species dependent on a specific stage of decomposition. Additionally,
depending on the tree species and environmental conditions the decomposition of deadwood
can be slow and take loagto develop. This can lead to a reduction of the local populations of
saproxylic beetles, for example, dependent on early and late successional stages of deadwood
and in the worst case to thextinction (Hammond et al., 2017; Lee et al., 2015).

Forest degradation is often the start of forest fragmentatiopled with habitat loss, edge
effects and isolation of populations (Fahrig, 2003; Whitmore et al., 1997). Habitat
fragmentation is defined as a process leading to the separation of a large habitat by a matrix of
habitats unlike the original habitat into smaller patches without connection (Wilcove et al.,
1986). Fragmentation has several direct negative effects on biodiversity like decreased species
richness (Ranius, 2002a; Schmiegelow and Monkkdnen, 2002; Steffan-Dewenter et al., 2002),
genetic diversity (Gibbs, 2001; Knutsen, 2000), population abundance and reduced spatial
distribution (Best et al., 2001; Gibbs, 1998; Gibbs and Stanton, 2001; Guthery et al., 2001;
Hanski et al., 1996). Additionally, many factors influencing biodiversity are negatively affected

by fragmentation, like negative breeding success leading to decreased population growth
(Bascompte et al., 2002; Donovan and Flather, 2002; Kurki et al., 2000), reduced trophic chain
length (Komonen et al., 2000) and lower effective dispersal (Bélisle et al., 2001; With and Crist,
1995; With and King, 1999). This is also true for saproxylic species as deadwood is an
ephemeral habitat and the concept of metapopulations is tightly linked to the population

dynamics of saproxylic species especially in fragmented landscapes (Jonsson et al., 2005;
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Ranius et al., 2014). Fragmentation of forest habitats often teéalest patches embeddied

a landscape matrix consisting of non-forested areas potentially resaltigpersal limitation

for species (Shepherd and Brantley, 2005). Fragmentedioalso take place within forests
dueto large distances between suitable microsites aadieadwoodr tree hollows (Schiegg,

2000). However, deadwood, in general, is a fragmented habitat in space and time, as it is
heterogeneously distributed in all forests no matter of the management history or previous
natural or anthropogenic disturbances (Amanzadeh et al., 2013; Christensen et al., 2005;
Ylisirnié et al., 2009). For deadwood several studies suggested that spatial and temporal
continuity is very important for saproxylic species, even more important than the amount or
variety of deadwood (Schiegg, 2008; Simila et al., 2003; Sverdrup-Thygeson et al., 2014).
Contrastingly, rare species in young forests were positively affected by the amount of deadwood
and not by its continuity but common species were affected by both factors (Brin et al., 2016).
This indicates that deadwood amount might be more important in ancient forests compared to
recent forests (Seibold and Thorn, 2018)rther Seibold et al. (2017) showed that the total
amount of deadwood habitat available is the main driver of the diversity of saproxylic beetle
species and connectivity might only play a minor role.

Generally speaking, the extraction of wood and thus also the removal of potential deadwood
leads to a direct competition of species dependent on deadwood and industrial forestry (Siitonen
and Jonsson, 2012a). Concluding, any action leading to reduced amounts of deadwood can

impose severe threats to saproxylic organisms.

Objectives

One of the most fascinating and complex deadwood habitats are tree hollows. They are regarded
as keystone structures for the diversity in forest ecosystems (Miiller et al., 2014). Tree hollows
are a confined space, with unique physical, biotic and abiotic characteristics determining the

communities inside (Mico, 2018; Schauer et al., 2018a; Siitonen, 2012a; Speight, 1989). In
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contrast to other deadwood habitats, like snags and logs, hollows in living trees are long lasting
habitats with stable microclimate conditions and food stability as microbes, fungi and animals
produce nutrients inside the tree hollow (Micd, 2018; Park et al., 1950; Siitonen, 2012a;
Siitonen and Jonsson, 2012b). Tree hollows can last for centuries and over time wood mould
accumulates and as consequence the structural complexity increases. Thus, with increasing age
and size, tree hollows can offer a lot of different habitat niches for very distinctive communities
(Gibbons and Lindenmayer, 2002; Lindenmayer et al., 2012a; Siitonen, 2012a; Speight, 1989).
Tree hollows containing wood mould are functionally and taxonotyinabre diverse than any

other deadwood habitat (Miller et al., 2014). The most diverse arthropod taxa found in tree
hollows are Coleoptera and Diptera and therefore account for a large proportion of forest
diversity and are important for nutrient cycling and ecosystem functioning (Gouix et al., 2015;
Grove, 2002a; Kohler, 2000). The species composition of saproxylic beetles in tree hollows
with wood mould consists of generalist species utilizing a wide variety of deadwood and wood
mould-specialist species. Many of the wood mould specialist species are threatened due to their
restriction to that habitat in terms of their dependency on the specific and stable environment
tree hollows with would mould can proei@Chiari et al., 2013; Gouix et al., 2015; Micé, 2018;
Mdller et al., 2014; Nieto and Alexander, 2010; Quinto et al., 2015; Ranius and Jansson, 2000).
In Germany, approximately 86% of species associated with tree hollows are threatened
(Schmidl et al., 2008).

The high number of endangered species associated with tree hollows might not only be due to
their special habitat requirements but also due to potentially limited dispersal. General theory
predicts low dispersal propensity of species inhabiting stable and long-lasting habitats like tree
hollows (Denno et al., 1996; Nilsson and Baranowski, 1997; Southwood, 1962; Travis and
Dytham, 1999). However, dispersial a key trait of species confronted with a changing
environmenin terms of habitat loss and fragmentation (Thomas, 2000). Dispersajuired

to maintain gene flow between habitat patches, allows the colonization of new habitats, and
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thus affects population dynamicsytinction risk of populations, and species distributions
(Bowler and Benton, 2005; Hanski et al., 1994). Habitat fragmentedimoause the isolation

of subpopulations due dispersal limitation, which may lead an accelerated loss of genetic
variability, dueto random genetic drift and a higher risk of inbreeding (Hedrick, 2011; Kelle

and Largiader, 2003).

Tree hollows are functionally very complex and the deadwood food web comprises several
trophic levels above the primary level (Stokland, 2012a). The primary level is wood mould
followed by decomposer, e.g. bacteria, fungi and detrivores, the consumers of dead organic
matter (Begon et al., 2006), xylophages, organisms feeding on living wood ending in higher
trophic levels fungivores, scavengers and predators, as well as parasitoids and hyperparasitoids
(Stokland, 2012a). Thus, saproxylic insects are important for ecosystem functioning. Further,
according to general theory, the length of trophic chains might also be influenced by species
diversity, habitat availability and habitat heterogeneity (Cohen and Newman, 1991; Holt, 1993)
A reduction in quality and number of structures, due to intensive manageandrave seve
consequences for the associated species (Lindenmayer et al., 1991; Muller et al., 2014; Ranius
and Wilander, 2000; Tews et al., 2004). Thus, it is important to develop effective management
strategies antb protect saproxylic insect diversity in managed forests. For this purpose, it is
crucial to investigate the microhabitat parameters related to saproxylic beetle diversity

dispersal of saproxylic insects and the food web structure of tree hollow communities.

In this thesis | addressed the following objectives:

I.  Identification of the characteristics of tree hollows and their near surrounding
influencing the diversity of saproxylic beetle communities (Red List and Non-Red List
species) in tree hollows (Manuscript 1).

Il.  Investigating the population genetic structure of three saproxylic insects (one beetle and

two flies) using microsatellite analysis and inferring ithelispersal capacity
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(Manuscript 2). Additionajl, giving an overview of the existing knowledge of dispersal
abilities of different saproxylic insects, methods to measure dispersal, factors
influencing dispersal, and highlighting open research questions (Manuscript 3)
Disentangling trophic relations and dietary information of saproxylic species in tree
hollows, using stable isotope analysis (Manuscript 4).

Giving recommendations on tree hollow management, derived from the results gained
in all studies and making it accessible to a broad audience of foresters, forestry workers

and forest owners (Manuscript 5 & 6, Appendix)
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Abstract Tree hollows are key structures in forest ecosystems constituting long-lasting
habitats and nutritional resources for many saproxylic arthropod species. Due to diverse
microhabitat structures and conditions in tree hollows, they can support a broad range of
species. However, in the past intensive management practices in parts of Europe reduced
the abundance of tree hollows, resulting in a decrease and endangerment of species spe-
cialised in this tree habitat. We investigated 40 beech trees with hollows in 2014 and a
subset of 23 of these trees in 2015 in a managed forest landscape in Germany. Using
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emergence traps we collected 89 beetle species of which 33% were on the Bavarian Red
List. We described the tree characteristics, physical hollow characteristics, and their sur-
rounding environment investigating their influence on a-diversity of non-Red List and Red
List species. Furthermore, we investigated spatial (between tree hollows) and temporal
(same tree hollow but different years) B-diversity, considering the importance of turnover
and nestedness components on B-diversity. o-Diversity decreased with increasing
decomposition of wood mould and increased with increasing area of hollow entrance in
both years. Additional characteristics differed between years and between non-Red List
and Red List species. B-Diversity was related to diameter at breast height, number of
surrounding tree hollows, area of hollow entrance and a temperature gradient. We found a
higher species turnover than nestedness between tree hollows and between years, indi-
cating highly dynamic beetle communities spatially as well as temporally. To support and
maintain the diversity of saproxylic beetles inhabiting tree hollows, the heterogeneity of
microhabitats is important and should be supported by maintaining the diversity of dif-
ferently structured and sized tree hollows.

Keywords Coleoptera - Conservation - Dead wood - Keystone structure - Threatened
species - Wood mould

Introduction

A decline of large and old trees has been observed in forests all over the world (Lin-
denmayer et al. 2012). Conservation of biodiversity in forest ecosystems has become a
major goal of national forest policies, beside timber production (Brunet et al. 2010).
Saproxylic organisms have attracted great interest for conservation due to their vulnera-
bility to timber harvesting and changing habitat quality in terms of habitat loss (Gibbons
and Lindenmayer 1996; Ranius 2007). Speight (1989) coined the term “saproxylic” for
species dependent on deadwood as a resource in at least one stage of their life cycle, either
directly or indirectly (via wood-decomposing fungi or other saproxylic species). In Ger-
many, approximately 34% of all forest arthropod species are saproxylic (Miiller et al.
2008). The largest part of saproxylic insect diversity is formed by flies and beetles (Grove
2002). Saproxylic beetles therefore account for a large proportion of forest diversity and
are important for nutrient cycling and ecosystem functioning (Gouix et al. 2015; Grove
2002). They have been suggested as indicator species for habitat quality in terms of forest
continuity and amount of deadwood, due to their dependency on deadwood and sensitivity
to historical and current forest use intensity (Gossner et al. 2013; Nilsson et al. 2001;
Siitonen 2001).

Most dead trees, snags or logs undergo a straight succession with strong species turn-
over over time (Stokland and Siitonen 2012). In contrast, living trees with hollows provide
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long lasting and stable microhabitats to many different species. Therefore, they are
regarded as keystone structures maintaining forest biodiversity. A reduction in number and
quality of tree hollows can have severe consequences for the associated species (Lin-
denmayer et al. 1991; Miiller et al. 2014; Ranius and Wilander 2000; Tews et al. 2004).

Wood mould in tree hollows consists of fungally decomposed wood, insect frass and
excrements of different species, forming a nitrogen-rich habitat (Siitonen 2012b). Tree
hollow development often starts with trees being damaged, e.g., by branches breaking off
and leaving cracks in the stem. These injuries provide access to sapwood and heartwood,
where fungi and invertebrates initiate a combination of decaying processes. Mostly, tree
hollows start with small rot holes developing into bigger cavities but the temporal
development aspect is still not clear (Siitonen 2012b). On one hand, tree age seems an
important determinant for the occurrence of tree hollows. Ranius et al. (2009a) estimated
tree hollow occurrence in different age classes in pedunculate oaks (Quercus robur)
showing higher probability of tree hollows in old age classes (> 200 years). Therefore,
intensive forest management, where timber production depends on a shorter rotation age of
trees, often does not give sufficient time for trees to develop suitable deadwood habitats
(Larrieu et al. 2012). On the other hand, aside from tree age, silvicultural practices can
have important influence on tree hollow development. One traditional practice is pol-
larding, which increases the probability and speed of tree hollow formation (Sebek et al.
2013). Additionally, methods like pruning of branches or damaging the bark to mimic
natural injuries can help to speed up tree hollow formation (Carpaneto et al. 2010; Siitonen
2012a).

The species composition of saproxylic beetles in tree hollows with wood mould consists
of generalist species which prefer a wide variety of deadwood and wood mould-specialist
species such as Limoniscus violaceus (violet click beetle, Elateridae), and Osmoderma
eremita (hermit beetle, Scarabaeidae). Many of the wood mould specialist species are
threatened due to their restriction to that habitat in terms of their dependency on the
specific and stable environment tree hollows with would mould can provide (Miiller et al.
2014; Nieto and Alexander 2010; Quinto et al. 2015; Ranius and Nilsson 1997).

Tree hollows support the high functional diversity and species richness of their insect
communities due to their specific and diverse set of micro-environmental features such as
their physical (e.g., tree hollow volume, wood mould volume), biotic (e.g., presence of
ecosystem engineers) and chemical characteristics (e.g., nitrogen, carbon and phosphorus
content of wood mould) (Gouix and Brustel 2012; Jonsson et al. 2004; Micé et al. 2015;
Ranius and Nilsson 1997). Due to various combinations of these characteristics each tree
hollow can offer a unique deadwood habitat (Micé et al. 2015; Quinto et al. 2014). In
general, large tree hollows with a large volume of wood mould support a high invertebrate
diversity, as it is assumed that large hollow volumes and a large amount of wood mould
can offer highly variable microsites and resources (Quinto et al. 2014; Ranius 2002a, b;
Ranius and Jansson 2000). In addition, different stages of decomposed wood provide a
wide range of niches for species with different requirements and thus the presence of
different stages supports a greater diversity of deadwood associates (Speight 1989).

By identifying the parameters influencing saproxylic diversity and distribution patterns
at large scales (landscape) and small scales (microhabitats), a better understanding for the
protection of species associated with tree hollows can be gained. Specifically, we address
the following questions: (1) Which tree hollow characteristics (micro-environmental and
surrounding stand structure characteristics) are explaining o-diversity in tree hollows? (2)
Is a-diversity of Red List saproxylic beetle species related to the same tree hollow char-
acteristics as that of non-Red List species? We expected to find a different set of

@ Springer

27



Manuscripts and declaration of own contribution

Biodivers Conserv

microhabitat parameters for Red List species based on their specific habitat requirements,
such as a large hollow volume. (3) How is B-diversity (spatial and temporal) partitioned
into turnover and nestedness components and which tree hollow characteristics relate to -
diversity? We assumed to find a high spatial turnover (between tree hollows) and a lower
temporal turnover (same tree hollow but different years) due to the specific microhabitat
offered by a focal tree hollow.

As European forests are largely managed, they constitute big areas of potential habitats
for saproxylic organisms. Hence it is important to investigate the microhabitat parameters
related to saproxylic beetle diversity in managed forest, because these findings can help to
protect saproxylic beetle diversity. Furthermore, not much is known about the communities
in tree hollows of beech trees (Fagus sylvatica), compared to those in oak. Moreover, we
focus on the whole community level within tree hollows instead of focusing on only a
single species or trophic guild (Quinto et al. 2014).

The knowledge gained can add to the existing studies conducted mostly in oaks and
protected areas (Micé et al. 2013, 2015; Ranius 2002a; Sverdrup-Thygeson et al. 2010).
Finally, a more complete overview of habitat requirements of saproxylic beetles, will
potentially lead to more efficient conservation strategies in the future.

Materials and methods
Study site

This study was conducted during the years 2014 and 2015 at the Forest Management
District Ebrach in the northern Steigerwald (N 49°50’, E 10°29’). Mean annual temperature
of the region is 7—8 °C and a mean annual rainfall of 850 mm (Bissler et al. 2014). The
Steigerwald covers an area of approximately 1000 km? and is described as a temperate,
colline to sub-montane, forested landscape. The dominating species in the natural forest is
beech with a cover of 43%, followed by sessile oak (Quercus petraea, 20% cover).
Altogether about 70% of the forest is covered by deciduous trees (Miiller et al. 2008). The
study area can historically be divided into three different levels of silvicultural manage-
ment intensities. The northern study area belongs to an intensively managed part of the
Steigerwald which was logged intensively over a period of about 70 years until recently.
Due to this intensive use these sections of the Steigerwald contained little amounts of
deadwood until ~ 2005. The southern part of the study area was treated in a more con-
servation-orientated direction. There was only slight logging until the 1970s, and after-
wards the forest management strategy was to maintain ecologically important structures
such as deadwood and damaged trees. The third section of the forest comprises strict forest
reserves which are left unmanaged for up to 35 years. These forest reserves are fragmented
within the managed forest. The structure of tree age, size and deadwood amount of these
reserves is comparable to virgin beech forests (Miiller 2004; Miiller et al. 2008).

For our study, we chose 40 beeches with hollows in 2014. For the second sampling
period in 2015, the number of trees was reduced to a subset of 23 trees. The 17 trees not
sampled again contained a low number of saproxylic beetles in the first sampling period
(average species per tree 3.53 £ 1.66). Tree hollows were chosen if at least 2 cm of
detritus was found on the hollow base as a measure of saproxylic arthropod activity. Tree
hollows above 2 m height from ground were not sampled due to safety restrictions and
sampling method. The trees with hollows were selected spatially randomly over the whole
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study site. Eighteen trees in 2014 and 11 trees in 2015 were located in the northern section
of the study area. Twenty-two trees in 2014 and 16 trees in 2015 were located in the
southern section. Three trees in 2014 and one in 2015 were located in a strict forest reserve
(Fig. 1).

Location and tree hollow parameters

For all hollow trees, we used different ecological variables describing the tree and the
hollows themselves (see Table S1):

e Diameter at breast height (DBH) at 130 cm from ground.

e Tree hollow volume calculated as standardized cylinder with a circular base with the
formulaV =1 * r*> * h (cm3) whereby r is the radius measured at the entrance and h is
the total height of the hollow. Height was measured with a measuring tape from the
base to the roof of the hollow.

e Height above ground hollow distance to the ground (cm) from the lowest point of the
hollow entrance.

e Hollow entrance tree hollow opening calculated as an ellipse with the formula
area = 1 * a * b, where a is half of the height and b half of the width of the ellipse.
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Fig. 1 Location of all 40 sampled tree hollows in the Forestry Department of Ebrach in the northern
Steigerwald. Squares indicate tree hollows only sampled in 2014 (40 hollows), triangles indicate trees
sampled in 2014 and 2015 (23 hollows)
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o Lateral surface of the tree hollow (area of an object, excluding the top and bottom
area) calculated with the formula lateral surface a * b (cmz), where a is the height of
the tree hollow and b is the girth of the tree hollow.

e Proportion lateral surface to hollow entrance calculated with the formula 100 * a/b,
where a is the area of the hollow entrance and b is the lateral surface of the tree hollow.

e Mean annual solar irradiation calculated based on surface slope, inclination direction,
elevation and coordinates (of tree hollows) using Points Solar Radiation tool as part of
the spatial analyst tools for ArcMap 10.3.

e Degree of decomposition wood mould was sampled from the base of the hollow. Mould
was collected at a depth of 2 cm below the surface of the mould to 7 cm depth. Mould
was classified in four stages (1-4 ascending) of decomposition. We used three
parameters to determine the stage of decomposition (colour, texture of the detritus and
visible woody parts) (Jarzabek 2005).

Stage 1 yellow to light brown in colour, visible woody parts of bigger size, low

decay.

Stage 2 light brown to brown in colour, visible woody parts of smaller size, medium
decay.

Stage 3 brown to dark brown in colour, almost no visible woody parts, medium to
high decay.

Stage 4 dark brown to black in colour, no visible woody parts, high decay.

o Temperature inside the tree hollow temperature logger measured the temperature inside
the tree hollow every hour over the full sampling period.

e Surrounding tree hollows the number of all visible tree hollows in a radius of 50 m
around each sampled tree hollow.

e Surrounding structures all injuries at trees larger than 250 cm” and woodpecker holes
in a radius of 50 m around each sampled tree hollow.

Sampling method and identification

All selected tree hollows were closed with black acrylic mesh in the period of mid-March
to mid-April to prevent the tree hollows from being used as nesting place by vertebrates
(Fig. S1). From April to August all tree hollows were closed with black fabric and
emergence traps, modified from Gouix and Brustel (2012) (Fig. S1) and were emptied
biweekly. The collecting pot contained 99.8% ethanol to preserve trapped emerging insects
for further analyses. We chose emergence traps, because it is a very effective method to
sample entire saproxylic communities directly after individuals have become mature.
Furthermore, the handling and deployment of the traps is easy and the ethanol for trapping
does not evaporate at least for 2 weeks. This kind of trap allows efficient sampling and
sorting as only species emerging from tree hollows will be trapped compared to window
traps where other non-tree hollow related species can also be trapped. However, species
not leaving or completing their whole lifecycle inside a tree hollow could not be included
with our sampling method. A saproxylic beetle specialist (H. Bufiler) identified all
saproxylic beetle species associated with tree hollows. Bavarian Red List status (Red List
Bavaria, 2005) was used to classify all species and as a proxy for threatened and non-
threatened species.
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Data analysis

In order to quantify the effect of microhabitat parameters of tree hollows, for number of
species of saproxylic beetles, generalized linear models (GLMs) with Poisson error dis-
tribution were implemented. Stepwise model selection based on AIC was used to remove
non-relevant variables from the model (R-function step in the stats package). The model
was once implemented for the 40 hollows sampled in 2014. It was further repeated for the
23 hollows sampled both in 2014 and 2015 (2 x 23 = 46 observations). In order to
quantify potential differences in the relationship between predictor variables and species
richness between years, this model tests for interactions between the microhabitat
parameters of tree hollows and year of sampling. Analyses were performed for species
richness including all species, for non-Red List species as well as for Red List species only.
The R-package visreg version 2.3 (Breheny and Burchett 2016) was used to visualize
results.

Prior to modelling, collinearity among variables was tested using Pearson linear cor-
relation (exclusion criteria Irl > 0.7). The variable lateral surface of the tree hollow was
subsequently excluded from analyses due to correlation with the tree hollow volume
(r = 0.95). All other variables were included. We log-transformed the variables tree
hollow volume, lateral hollow surface and proportion lateral surface to hollow entrance
after visually inspecting the relationship and residuals of a simple GLM between
saproxylic beetles species-richness and each explanatory variable. All models were tested
for overdispersion using the dispersion test implemented in R-package AER version 1.2-4
(Kleiber and Zeileis 2008).

Spatial and temporal turnover in saproxylic species composition was analysed by
comparing similarity in species composition between hollows within 2014 and within 2015
to that of the same respective hollow but between 2014 and 2015. Similarity in species
composition was quantified using Sgrensen similarity partitioned in its turnover and
nestedness component (Baselga 2010, 2012) using the function beta.pair in R package
betapart version 1.3 (Baselga et al. 2013). Significant differences in similarity in species
composition between 2014 and 2015 was assessed using Mantel statistics with significance
evaluated by permuting rows and columns of the similarity matrix to account for pseu-
doreplication as implemented in function mantel in R-package vegan version 2.3-5 (Ok-
sanen et al. 2016). The same approach cannot be used when comparing similarity within
years (n = 253 non-independent observations per year) to similarity between hollow
communities between years (n = 23 independent observations). In order to circumvent this
problem, the 23 similarity values obtained from the temporal comparison of each hollow
between 2014 and 2015 were compared to similarity in species composition between each
of the 23 hollows and 1 randomly chosen other hollow sampled in the same year (analyses
run separately for 2014 and 2015) using Students ¢ test. This approach was repeated 1000
times always randomly choosing alternative other hollows for within year comparisons.
The median of the resulting p-values is reported.

Nonmetric multidimensional scaling (NMDS) from R-package vegan version 2.4-1
(Oksanen et al. 2016) (two axes, Bray—Curtis distance) was implemented to illustrate
similarity in species composition between tree hollows. In order to identify the most
important microhabitat parameters of tree hollows for differentiating species composition,
these variables were correlated to the resulting ordination axes (function envfir). Permu-
tation of variables allowed testing for significance.
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A Mantel permutation test as implemented in R-package vegan was further used to test
for a relationship between similarity in species composition and distance.

Results
Saproxylic beetles

We collected 3087 individuals that were all identified to species level (89 species; see
Tables S2, S3 for raw data). In 2014, we identified 55 species belonging to 28 families of
which 17 species were unique in 2014. In 2015, we identified 72 species in 31 families
including 34 species that were unique in 2015. One species was classified as critically
endangered, 12 species as endangered, 16 species as vulnerable and 60 species as not
endangered (Red List Bavaria, 2005). Thus, 33% of all saproxylic beetles identified were
on the Red List.

Effect of tree hollow characteristics on beetle communities

Across all 40 hollows sampled in 2014 (final model AIC Fig. 2, univariate relationship
Fig. S2), total species richness of saproxylic beetles was related to the degree of

(@ (b) (c) (d)

All species (23x2 hollow communities sampled in 2014 and 2015) Al spacies (40 hollow Non Red List spacies. Red List species
communities sampled only 2014)
1 104 = -] J 40
4 15 124 La 12 - )
gx" g i | g 2104 g &4 2104 3304
i £ i | |
5 £ 5 5 o 2 4 § o oo
& 104 z 4 é | 2 5 €4 é,./\ eie]
2 ] . i 1.0
24 2 2 2
;3 T L e T ot L e e O L e
0 05 10 15 20 0 3a%05  6eds 0 05 10 15 20 0 05 10 15 20 0 3ess  Geeds L S S 36005 Gee0s
Area of hollow entrance (m?] Trae holow volume ()] Aves of hallow enrance (m2} Area of hollow antrance {m?] Tree hollow volume [mY] Area of hollow entrance [m2] Treo hotow volume [m]
12 = 1o 8 ~] 10d =y
2 ' P 277 2 8 PRE
e § § s .
L 5 £:] £ o £ o]
g of & 2] 2 23 Degree of decomposition Height above ground
o] o a el 4 ot solocted ted
e 2
ettt T 2t Sttt e
12 3 4 0 50 150 250 EEEEEY] R T 0 %0 1% 2%
Dagree of decomposition Haight above ground [om] Degree of decomposition Dogroe of decompositon Height above ground fcm)
1 ¥
1. o] @ T
= 12+ g 2 15
5 & £ 15 5 5109 £ 34
& of - & 5 z £,
] 104 s 2
2 i
t

Pt
0 15

7 75 T
5 10 15 20 25 30 4
Surrounding tree hollows

Surmounding strucures

il
5 10 15 20 25 30
Surmounding structures

Sumounding tree hollows

i —r—
5 10 15 20 25 30
Surrounding structures

14 :;‘ B | 25 &
- 12 ol .
4 12 —_— 310 81 = 3 10] b
£ £ 5 £ Solar iradiation £ £
g 10 3 o] 2 &4 ol ealacie 3.4 —_— 5 3
€ pf— “ - e for final modol 2
20 b
2 4
T T T T T T T Ty
2014 2015 700000 900000 1100000 2014 2015 2014 2015 700000 900000 1100000
Year Solar radiaton (WVm2) Year foar Solar rraciation [Whim2)
20 2014 2015 5 402014 215" 152014 2015
“ g3 "
£ 15 § §10
5 L a—— £ 204 £
£ 10 5 ]
« & 404 s
o ———
04
Ty ey ' T
12 13 14 15 16 12 13 14 15 16 2 13 14 15 1612 13 14 15 16 122 13 14 15 16 12 13 14 15 16
Tomperature inside the frse hollow ['C] Tempersture inside the tree hollow ['C] Temperature inside the tree holiow ['C)
a0 2014 2015 2 2201 215"
5 v 20
f- I
S / T 104
L g0 g
] ° ___/
i ————— 1 Ry S W B ! T | g, i " R S O sttty LT petstopricay iy
00 200 300 100 200 300 100 00

100 150 200 250 300 100 150 200 250 300
)

0 300 100 200 2
Diametar breast height {cm) Diameter breast height cm] Diameter breast haight fcm]
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decomposition (negative relationship, p < 0.001) as well as the area of the hollow entrance
(hump shaped relationship, p < 0.001) in the final model after AIC based model evaluation
(variables selected in final models and their effects can be inferred from Fig. 2; Table 1).

When analyses were restricted to the 23 hollows sampled in both years (2 x 23 = 46
observations; final model AIC Fig. 2, univariate relationship Fig. S2), species richness was
related to height above ground (negative relationship, p < 0.05), solar irradiation (positive
relationship, p < 0.001), surrounding tree hollows (positive relationship, p < 0.01), the
degree of decomposition (hump shaped relationship, p < 0.001), tree hollow volume
(humped shape relation, p < 0.05), area of hollow entrance (hump shaped being positive if
one tree is removed from analyses, p < 0.01), year (higher number of species in the second
year, p < 0.01), temperature inside the tree hollow (positive relationship, p < 0.01) and
the interaction between year and temperature, surrounding structures (negative relation-
ship, p < 0.05) and DBH (positive relationship) and the interaction with year (variables
selected in final models and their effects can be inferred from Fig. 2; Table 1).

The most remarkable difference between overall richness and the number of Red List
species (final model AIC Fig. 2, univariate relationship Fig. S2) was that the latter was
negatively related to the temperature inside the hollows (p < 0.001). Red List species
richness was further related to selar irradiation (positive, p < 0.05), DBH (positive,
p < 0.001) and area of hollow entrance (hump shaped, p < 0.001), tree hollow volume and
the surrounding structures in the final model (variables selected in final models and their
effects can be inferred from Fig. 2; Table 1).

Richness in non-Red List species largely showed a similar relationship to explanatory
variables as the model for overall richness but often with clearer trend. Richness in non-
Red List species was related to explanatory variables as follows (final model AIC Fig. 2,
univariate relationship Fig. S2): solar irradiation (no effect), height above ground (neg-
ative relationship, p < 0.05), surrounding tree hollows (positive relationship, p < 0.001),
degree of decomposition (hump shaped relationship, p < 0.001), area of hollow entrance
(hump shaped, p < 0.01), vear (higher richness in second year, p < 0.01), temperature
inside the tree hollow (positive relationship, p < 0.001), surrounding structures (negative
relationship, p < 0.001), DBH (negative relationship in 2014 and positive in 2015) and tree
hollow volume (negative relationship) (variables selected in final models and their effects
can be inferred from Fig. 2; Table 1). None of the models showed evidence for
overdispersion.

Species turnover

Spatial turnover in species composition between all sites sampled in 2014 had a dissimi-
larity index of 0.53 4+ 0.20 (mean + SD; n = 40) and 0.42 4+ 0.21 (n = 23) in 2015. In
contrast, the nestedness component of species dissimilarity was lower in 2014
(0.15 £ 0.15), when compared to 2015 (0.23 £ 0.19) (Fig. 3). These differences were not
significantly different from random variation (Mantel test). A comparison of this spatial
change to temporal change within the same hollows from 2014 to 2015 indicated a sig-
nificantly lower temporal species turnover (0.38 & 0.18) (p < 0.05 for a comparison to
2014, not significant for a comparison to 2015), while the nestedness component of species
compositional dissimilarity of the temporal comparison (0.17 £ 0.10) is about equal to
that in space (no significant differences).

Similarity in species composition (Bray—Curtis) was significantly declining with spatial
distance (r = 0.09, Mantel test p = 0.02) when analysing all 40 tree hollows from 2014.
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Table 1 Final model structure after stepwise model selection (based on AIC) for 23 tree hollows sampled
both in 2014 and 2015 (23 x 2 = 46 observations), 40 tree hollows sampled in 2014, non-Red List species

and Red List species

Dependent Hollows Explanatory variables Est. Std. Err. p-
AIC values
All species in tree 40 Degree of —0.05 0.02 i
hollows from 2014 decomposition
Area hollow entrance 1.9 0.5 kA
All species in 23 hollows 2 x 23 = 46 Height above ground — 1.4 x 107° 08 x107° ns
;*(1)"11513‘1 2014 and Solar irradiation 23 x 107° 1.0 x 107 =
i Time (year 2015) 3.1 2.0 n.s.
Surrounding —43x 1072 15x 1072 k*
structures
Degree of 1.8 0.6 Ak
decomposition
Diameter at breast 3.1 % 10~* 02 x 107* ns
height
Area hollow entrance 1.9 0.5 K
Temperature inside 0.3 0.1
the tree hollow
Tree hollow volume — — 1.8 x 1072 0.6 x 10712 =
Time (year 2015): 3.6 x 1073 1.7 x 1073 =
diameter at breast
height
Time (year 2015): 0.2 0.1 n.s
temperature inside
the tree hollow
Red List species in 23 2 x 23 =46 Solar irradiation 38 x 107° 1.7 x 107¢  *
ho:j]oz\gjssampled 2014 Time (year 2015) 3.8 27 n.s.
an
Surrounding —0.03 0.02 n.s.
structures
Diameter at breast 6.1 x 107? 24 x 107 *
height
Area hollow entrance 2.2 0.8 ok
Temperature inside - 0.1 0.2 n.s
the tree hollow
Tree hollow volume  — 1.0 x 107 0.5 x 107 ns
Time (year 2015): 52 x 1073 3.0 x 1073 ¢
diameter at breast
height
Time (year 2015): —-03 0.2 n.s

temperature inside
the tree hollow
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Table 1 continued

Dependent Hollows Explanatory variables Est. Std. Err. p-
AIC values
Non-Red List species in 2 x 23 =46 Height above ground — 1.5 x 107° 1.0x 107 ns.
23 hollows sampled Diameter at breast —23x107 23 x107° ns.
2014 and 2015 height
t=)
Surrounding tree 0.2 0.1 wk
hollows
Time (year 2015) 3.9 2.7 n.s.
Degree of 25 0.6 e
decomposition
Tree hollow volume —93x 1077 48 x 1077 ns.
Area hollow entrance 1.1 0.1 n.s.
Temperature inside 0.6 0.2 i
the tree hollow
Surrounding —0.07 0.02 Aok
structures
Time (year 2015): 3.5 % 1073 2.1 x 107 ns.
diameter at breast
height
Time (year 2015): - 0.3 0.2 n.s.

temperature inside
the tree hollow

Models were implemented with a Poisson family error (log-link function). All models were tested for
overdispersion using the dispersion test implemented in R-package AER version 1.2-4 (Kleiber and Zeileis
2008)

Est. estimate, Std. Err standard error

##% p < 0.001, ** p < 0.01, * p <0.05, n.s. p> 0.05

However, this pattern is less strong in the subsample of 23 tree hollows of 2014 (r = 0.008,
Mantel test p = 0.4) and 2015 (r = 0.12, Mantel test p = 0.07).

A post hoc correlation of environmental variables with the two NMDS ordination axes
(Fig. 4) revealed that gradients in similarity in species composition were related to DBH
(R? = 0.47, p < 0.001), the number of surrounding tree hollows (R* = 0.36, p < 0.001),
and the area of the hollow entrance (R* = 0.15, p < 0.05). One major gradient in species
turnover follows an axis representing a temperature gradient in the hollows (R? = 0.15,
p < 0.05)/richness (R* = 0.39, p < 0.001) (Fig. 4). The relatively high NMDS stress
value (stress 0.29, Fig. 4) indicated that two NMDS axes miss parts of the variability in
species composition between sites. However, while rerunning the NMDS with four axes
reduces stress to an acceptable value (stress 0.16), it results in very similar conclusions
regarding the relationship between explanatory variables and species composition
(Fig. S3). The third and fourths axes would further reveal existing gradients in species
composition correlated with solar radiation as well as differences between the two sampled
years (Fig. S3). We focus on the main gradients and thus the two-dimensional NMDS in
the main text.
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Fig. 4 Nonmetric
multidimensional scaling
(NMDS) of similarity in species
composition (Bray—Curtis
dissimilarity) of all species in the
23 tree hollows sampled in 2014
and 2015. Post hoc correlated
environmental variables are
indicated by arrows (permutation
based p > 0.05)
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Our results show that the a-diversity of saproxylic beetles in tree hollows is related to
different tree hollow characteristics. However, importance of the different tree hollow
characteristics varied between years. The degree of decomposition of the wood mould
influenced overall o-diversity (Red List and non-Red List species) in both years. At
medium stages of decomposition we found the highest number of saproxylic beetles
(Fig. 2) which was also shown by Sverdrup-Thygeson et al. (2010). Medium stages of
decomposition are thought to be at an optimum in habitat quality, due to increased
availability of the important wood mould for most species occurring in tree hollows
(Sverdrup-Thygeson et al. 2010). However, the accumulation of wood mould may only
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benefit a diverse community until a certain stage of decomposition. After that point, wood
mould composition may be changing and nutrient availability to a broad community might
not be given anymore. At later stages of decay in tree hollows of deciduous trees, the
number of species declines (Stokland and Siitonen 2012). Nonetheless, highly decayed tree
hollows may support specialised representatives of saproxylic beetle communities and may
thus enhance B-diversity. For example, the violet click beetle (Limoniscus violaceus), an
umbrella species for deadwood species conservation, is a tree hollow specialist preferring
advanced stages of decomposed basal tree hollows (Gouix et al. 2015).

We show that medium-sized entrance area is associated with high species numbers in
both years. However, when a single tree with a large hollow entry was removed from our
analyses, the relationship became positive, indicating that it drove the declining phase of
the hump-shaped relationship. One possible explanation for the increasing species richness
with increasing hollow entrance may be that many species prefer a less humid microcli-
mate, and an increasing hollow entrance is probably associated with a reduction in
humidity inside a tree hollow, leading to drier conditions inside the tree hollow (Ranius
2002a). The preference for a large hollow entrance seems to be species and guild
dependent. Ranius (2002a) showed that Allecula morio Fabricius (Alleculidae), which was
also present in hollows sampled here, prefers larger hollow entries. Quinto et al. (2014)
also found a positive effect of large entrances for different guilds, ranging from xylo-
phagous to predatory guilds. Thus, depending on the entrance area, tree hollows can
harbour very different species during the decaying process and thus the ageing process
(Ranius et al. 2009a, b).

When the subset of 23 tree hollows sampled in both 2014 and 2015 was analysed, -
diversity was related to additional tree hollow parameters, and species numbers were
generally higher in 2015 (Fig. 2). We found higher species numbers in tree hollows located
close or open to the ground. This agreed with Quinto et al. (2014) who also found higher
richness of several saproxylic guilds in tree hollows located close to the ground in
Mediterranean sclerophyllous and deciduous oak woodland. There might be a change in
wood mould composition, when the hollow is extended towards the ground as the wood
mould may contain a higher amount of litter and soil (Taylor and Ranius 2014). Likewise,
the presence of generalist predators like carabids and staphylinids is increased in hollows
close to the ground (Ranius 2002a). However, Ranius (2002a) showed higher species
richness in hollows high above ground in Swedish oaks, which may be due to more optimal
microclimatic conditions for the decay of wood. Another reason could be the additional
nutrition through the presence of nests in tree hollows, located more frequently in higher
hollows (Nilsson 1984; Ranius 2002a).

Tree hollows with a higher solar irradiation contained higher species numbers. Related
to higher sun exposure we found higher species numbers in tree hollows with warmer
temperatures inside. At our study site, beech, which casts heavy shades, is the dominant
tree species. Thus, sun exposure, e.g., due to canopy gaps around the focus tree and
openness towards south (Lindhe et al. 2005; Widerberg et al. 2012), can favour the
occurrence of species preferring sun exposed habitats (Brunet et al. 2010). Higher species
richness in tree hollows facing sunny aspects, and thus with warmer temperatures, has been
reported in several other studies (Jonsell et al. 1998; Miiller et al. 2015; Ranius 2002b;
Ranius and Nilsson 1997).

Another important factor for high species numbers is the number of tree hollows sur-
rounding the focal tree. With an increasing number of tree hollows in the near surroundings
(within a 50 m radius) the number of species increased in the focal tree. A higher number
of tree hollows in the surroundings potentially leads to greater resource availability and
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may be a reservoir for populations of potential tree hollow colonizers. Other studies
showed that long-term survival of some tree hollow species is difficult without a dense
regional network of suitable tree hollows (Ranius and Wilander 2000). The amount of
deadwood related structures in general increases species richness of saproxylic beetles
(@kland et al. 1996). Surprisingly, the number of surrounding structures in our study is
negatively related to species numbers.

We found a positive relationship of tree hollow volume and number of species until a
medium sized volume. In tree hollows larger than medium volumes there is a negative
relationship. An additional driving factor is the DBH of the hollow tree which was posi-
tively related to higher species numbers in our study. In general, larger diameter trees may
offer larger hollows, representing larger habitats that can maintain more species in com-
parison to small trees with smaller habitats. Larger tree hollows may also be associated
with a larger amount of wood mould (Sverdrup-Thygeson et al. 2010; Ranius et al.
2009a, b). In addition to hollows with larger volume, large trees may offer a more
stable microclimate and thus temporally more stable conditions in tree hollows and wood
mould therein, which can positively affect saproxylic species (Ranius and Jansson 2000).
Several studies report the association of threatened species with larger tree hollows, such as
Limoniscus violaceus, and Osmoderma eremita (Gouix and Brustel 2012; Ranius and
Nilsson 1997).

The relationship of tree hollow characteristics to a-diversity of Red List compared to
non-Red List species partly differ. Hollow height above ground, number of surrounding
tree hollows and the degree of decomposition of wood mould influence species numbers in
non-Red List species but not the majority of Red List species in our study (Fig. 2).

Solar irradiation positively influenced species richness of Red List but not of non-Red
List species. In general, sun light exposure is an important factor for Red List but also non-
Red List species (Lindhe et al. 2005; Widerberg et al. 2012).

While the number of Red List species decreased with increasing temperature inside the
tree hollow, non-Red List species were affected positively. In our study, Red List
saproxylic beetle species seem to prefer colder temperatures, which may be caused by the
strong natural shading of beech trees. According to the literature, threatened species are
often associated with warmer temperatures (Lindhe et al. 2005; Ranius 2002b; Ranius and
Nilsson 1997; Widerberg et al. 2012). However, the habitat preference for colder tree
hollow temperatures in summer is also reported for the threatened umbrella species Os-
moderma eremita (Carpaneto et al. 2010). As different temperature preferences were
recorded in different climate zones (e.g., in Scandinavia and Italy) it seems that habitat
preferences of Osmoderma eremita change with the climate, to find an optimal habitat
temperature.

The configuration of every tree hollow is considered unique and highly complex,
offering different microhabitat characteristics. In accordance with our expectations we
found a higher proportion of species turnover than nestedness among all sampled trees
(spatial turnover), in both the years investigated (Fig. 3). In contrast, we expected a higher
nestedness when comparing communities sampled from the same tree in both years
(temporal turnover). However, for the temporal change we again found a higher turnover
than nestedness component. This suggests that species replacement also occurs within the
same trees between the years. The results underline the complexity of tree hollows as
habitat, with a high variability of beetle communities not only spatially but also temporally
(Engen et al. 2008).

B-Diversity was related to the DBH of the hollow tree, the number of surrounding tree
hollows, the area of hollow entrance and a temperature gradient (Fig. 4). We only found a
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Abstract

1. Disentangling trophic relations and dietary information of species with a cryptic
lifestyle is difficult. This is the case for saproxylic insects in tree hollows, where information
on food resources and trophic relations are still rare.

2. The aim of this study was to characterise the food web of saproxylic beetle
communities in tree hollows using stable isotope analy®sand*C).
3. We compared the feeding guild assignment of saproxylic beetle species derived from

literature to stable isotope-based analysis. Further, we tested the feasibility of stable isotope
analysis to discriminate different feeding guilds. We characterized the isotopic niche
represented by the standard ellipse area (SEA) of each feeding guild. Within feeding guilds,
we calculated the overlap, to test for functional niche redundancy or complementarity. To test
for niche conservation, we tested the SEA overlap within families. Further, we investigated
the distribution of biomass of all feeding guilds to test if beetle communities follow Eltonian
pyramids. We investigated the influence of habitat heterogeneity and species diversity
(ecosystem size hypothesis) on trophic chain length.

4. For most species, the assignment to a guild was congruent between literature and
stable isotope analysis. Stable isotope signatures were suitable for distinguishing most feeding
guilds except for some guilds with mixed feeding. We found a more omnivorous feeding
behaviour of the mycetophagous guild compared to other guilds. Xylophagous and xylo-
zoophagous feeding guilds showed a higher functional niche redundancy compared to
mycetophagous and zoophagous guilds. Within families niche overlap was high, suggesting
niche conservation.

Considering saproxylic beetles only, communities follow inverted Eltonian pyramids, as the
highest trophic guilds (zoophagous guilds) constitute the highest biomass. Food chains within
tree hollows were longer with a larger number of saproxylic beetle species presdrgdn a
hollow, suggesting ecosystem size determining trophic chain length.

5. Maintaining a high diversity of saproxylic beetles and thus longer trophic chains will
support essential ecosystem functions for the forest ecosystem, like controlling pest species due
to the high amount of predatory species or nutrient cycling through decomposing species.

Introduction

Trophic relations are an important factor in structuring communities as organisms compete for
food sources or directly prey upon other organisms in the community. According to theory the
trophic chain length (number of trophic guilds) is regulated by the productivity of a system
(productivity hypothesis) (Pimm, 1982, Briand & Cohen 1987), species diversity, habitat
availability and habitat heterogeneity (ecosystem size hypothesis) (Cohen & Newman 1991,
Holt 1993), or the combination of both (productive-space hypothesis) (Schoener, 1989).

Dead wood food webs are very complex and consist of several trophic levels above the primary
level (Stokland 2012). They comprise the basal trophic levels of decomposer, e.g. bacteria,
fungi and detrivores, the consumers of dead organic matter (Bengon et al. 2006), followed by
xylophages, organisms feeding on living wood ending in higher trophic levels of fungivores,
scavengers and predators, as well as parasitoids and hyperparasitoids (Stokland 2012). The
main substrate of tree hollows is wood mould, which collects at the bottom of the tree hollow.
The wood mould is an assemblage of fungally decomposed wood, insect frass, carrion and
excrements of different vertebrate and invertebrate species (Siitonen 2012). Over time, the tree
hollow becomes larger, due to fungal decomposition and insect activity, and larger amounts of
wood mould accumulate, ant becomes structurally more complex (Siitonen 2012). The
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different stages of decomposed wood offer a wide range of niches for different species with
different habitat requirements (Speight 1989).

However, for species with a cryptic lifestyle, such as saproxylic beetles, it is often viextdiff

to obtain dietary information based on direct observations, leading to patchy information about

their trophic relations. (Bouget et al. 2008, Bussler and Miiller, 2009; Gouix et al., 2012).
Speight (1989) coineWKH WHUP ppVDSURI[\OLFTY IRU VSHFLHV GHSHC
in at least one stage of their life cycle, either directly or indirectly (via consumption of wood-
decomposing fungi or other saproxylic species). Saproxylic beetles account forea larg
proportion of forest diversity and are important for nutrient cycling and ecosystem functioning
(Gouix et al. 2015; Grove 2002).

Trophic relations of saproxylic beetle communities are not well understood. This might be
related to different facts: they are often very small in body size and difficult to sample (Bouget
et al. 2008). Furthermore, many saproxylic beetle species are considered raiallyespec
forests with a long management history (Grove 2002). Direct observations are difficult for many
species because the access to some forms of dead wood such as tree hollows is difficult. In vivo
feeding experiments are not feasible as most saproxylic insects are restricted to specific and
stable microhabitats (Gouix et al. 2012, Miiller et al. 2014, Quinto et al. 2015). Analysis of gut
content may also be problematic as it only shows a snapshot of the food intake prior to sampling.
Furthermore, some beetle species switch their diet during their development. For example,
larvae ofElater ferrugineugViolet Click Beetle) larvae are considered as predatory (Svensson

et al. 2004), omnivorous or carnivorous (Whitehead 2003), or sapro-necrophagous (lablokoff
1943, Brustel 2004), whereas adults either may not feed at all (Paulian 1988), feed on pollen
and nectar (Mendel & Owen 1990) or are xylophagous (Seibold et al. 2014). The example of
E. ferrugineuslearly shows the problems and uncertainties of describing the trophic niche of
saproxylic beetles.

Stable isotope analysis can be used to infer the diet and trophic positions of species in a
community (Post 2002) and has been shown to facilitate a precise distinction even of fine-scaled
differences in trophic positions in very small arthropods (Maraun et al. 2014). Trophic position
can be assessed via stable nitrogltN) and carbon {3C) ratios as consumers are enriched

in the heavy isotopeSN and**C compared relatively to their diet (DeNiro & Epstein 1981,
McCutchan et al. 2003). Furthermore, the isotopic ratios of carbon (C) and nitrogen (N) reflect
an integrated measure of diet over time (Hood-Nowotny & Knols 2007).

The aim of this study was to elucidate the trophic relations of saproxylic beetle communities in
tree hollows using stable isotope analysis. Specifically, we aim to a) Compare feeding guilds
derived from literature with the assignment based on stable isotope analysis, b) Test the
feasibility of stable isotope signature to discriminate different feeding guilds, c) Characterize
the tropic niche space of species within and among feeding guilds, to test whether species are
functionally redundant within guilds and whether niches are conserved on the family level, d)
Examine the distribution of biomass over feeding guilds, to see if saproxylic beetle communities
are following Eltonian pyramids, where basic feeding guilds should have the highest biomass
in a community, e) Investigate if the ecosystem size hypothesis applies for saproxylic beetles
by testing the effect of number of beetle species and degree of decomposition of the wood
mould, on the trophic chain length.
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Material and Methods

Sampling of saproxylic beetles

Saproxylic beetles were collected from April to August with emergence traps from 40 tree
hollows in beech trees in 2014 and a subset of 23 of these hollows in 2015 in the forest
management district Ebrach in the northern Steigerwald (N 49°50"; E 10°29") (for detailed
information see Schauer et al. 2017). Emerging beetles were directly collected and conserved
in 99.8 % ethanol in the traps to preserve the insects. All beetles were identified to species level
by an expert for saproxylic beetles (H. Bul3ler).

Sample preparation

Prior to stable isotope analysis, the body length (measured from the tip of the abdomen to the
clypeus) was measured with a Leica M165C dissection microscope and a Leica DFC 298
camera using the Leica Application suite V4 (Leica Biosystems, Nussloch, Germany).
Afterwards, the abdomen of all individuals was removed to avoid the bias of results by gut
content. Undigested food in the gut may differ from the stable isotope signature from the body
biomass and may thus lead to erroneous results, especially in omnivores where current gut
content may have a higher or lower stable isotope signature than body tissues of the respective
insect. Stable isotope signature of the body tissue integrates food intake over time while gut
content is only a snapshot.

Wood mould preparation

The wood mould of each tree hollow was sampled from the base of the tree hollow at a depth
of 2 cm below the surface of the mould to 7 cm depth for subsequent analysis in both years in
April. To stop the decomposition processes of the wood mould, it was stored in a freezer at -
20°C. The wood mould was assigned to four categories according to its degree of
decomposition, ranging from 1 (low decay) to 4 (high decay). With the ongoing decay of the
wood mould, it becomes darker in colour (from yellow/light brown to dark brown/black) and
the woody parts become finer (from clearly visible woody parts to almost no visible woody
parts) (for further details see Schauer et al. 2018). Stable isotope signatures of wood mould
were used as a baseline for normalization of data to enable comparisons of beetles collected
from different tree hollows (see below). The stable isotope analysis of wood mould was
conducted together with the beetle samples after the sampling season.

Stable isotope analysis

Before stable isotope analysis, all samples (wood mould and beetles) were oven dried overnight
at 105 °C. Relative C and N isotope natural abundances were measured in a dual element
analysis mode with an elemental analyser (1108; Carlo Erba Instruments, Milano, Italy) coupled
to a continuous flow isotope ratio mass spectrometer (delta S, Finnigan MAT, Bremen,
Germany) via a ConFlo Il open-split interface (Thermo Fisher Scientific, Bremen, Germany)

as described in Bidartondo et al. (2004). Measured relative isotope abundances are denoted as
/| values that were calculated according to the following equatiBfC or /°N,

= (RsampiéRstandard | 1) X A Z KRdkbkBNdRstandarsare the ratios of heavy to light
isotope of the samples and the respective standard. Standard gases (Riessner, Lichtenfels,
Germany) were calibrated with respect to international standardsC®DB, Nvs. Nbin

air) with the reference substances ANU sucrose and NBS19 for the C isotopes, N1 and N2 for
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the N isotopes all provided by the IAEA (International Atomic Energy Agency, Vienna,
Austria). Reproducibility and accuracy of the C and N isotope abundance measurements were
routinely controlled by measuring the laboratory standard acetanilide (Gebauer & Schulze,
1991). In relative C and N isotope natural abundance analyses, acetanilide was routinely
analysed with variable sample weight at least six times within each batch of 50 samples. The
maximum variation in*C and/°*1 ERWK ZLWKLQ DQG EHWZHHQ EDWFKHV
Total nitrogen concentrations of the samples were calculated from sample weights and peak
areas using a six-point calibration curve per sample run based on measurements of the
laboratory standard acetanilide with a known nitrogen concentration of 10.36% (Gebauer &
Schulze, 1991

To compare the N and C stable isotope abundances between individuals of different trees we
used the isotopic enrichment factor approach to normalize the data (Preiss & Gebauer, 2008)
with the stable isotope signatures of wood mould as a reference. The enrichment factors (
were calculated ag= /s i /rer, Where/sis the single/**C and /A°N value of an individual and

Ireris the A3C and /A°N of the wood mould of the respective tree hollow the individual emerged
from. Most beetle samples were enriched®® and'®>N compared to would mould (see Table

1).

Feeding quild assignment based on the literature

All species were assigned to one of seven feeding guilds, respectively (d = detritivorous, m =
mycetophagous, x = xylophagousn = xylo-mycetophagous, xs = Xylo-saprophagouss=
xylo-zoophagous, z = zoophagous, and n.a. = species without information) according to the
classification of Kdhler (2000) and Seibold et al. (2015), where dietary information for most
saproxylic beetle species in Germany is provided. The classifications are based on expert
knowledge and to a minor part direct observation. The classification of Seibold et al. (2015) is
mainly based on the publication of Kéhler (2000), but Seibold et al. (2015) do not use mixed
feeding guilds (xylo-mycetophagous, xylo-saprophagous, xylo-zoophagous). Further Seibold
et al. (2015) introduce the detritivorous feeding guild, which is not present in Kéhler (2000).
Instead, Kéhler (2000) uses the term saprophagous in the mixed guilds but not as a separate
guild. Per definition the terms detritivorous and saprophagous are synonyms. They describe
species feeding on dead organic matter and the associated microbial and fungal biota (Begon et
al., 2006). We decided to keep both terms for two reasons. Firstly, we do not know on which
basis Seibold et al. (2015) chose the term detritivorous instead of saprophagous, and secondly,
for some species, Kdhler (2000) gave no information but Seibold et al. (2015) classified these
species as detritivorous.

Discrimination of feeding guilds (NMDS)

For all statistical analyses and graphical outputs, we used the software environment R (R
version 3.4.1, R Development Core Team 2008). We conducted non-metric multidimensional
scaling to test if the different feeding guilds can be differentiated based on their isotopic
signatures. We used the Bray-Curtis index to calculate the distance matrix betweeneall beetl
samples derived fronf3C and /*°N values using the functianetaMDSwith 100 permutation

and two dimensions in the R-packagmganv. 2.4-3 (Oksanen et al. 2017). To test for overall
significant differences of the group means we performed a permutational MANOVA with 9999
permutations using the functi@aonisin the R-packageeganv. 2.4-3 (Oksanen et al. 2017).

To test for pairwise significant differences of the group means, we used the R package
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pairwiseAdonisv0.0.1 (Martinez Arbizu 2017) with Benjamini Hochberg correction
(Benjamini & Hochberg 1995).

Estimation of biomass

To compare the biomass per feeding guild we summed up the dry biomass of each feeding guild
per tree hollow and biomass of each feeding guild overall tree hollows. The dry weight biomass

per individuals was calculated based on the body size of the beetle with the power function of

Rogers et al. (1976).

Characterization of trophic niche

Standard ellipse areas (SEA) reflect the trophic niche width. We calculated the SEA, using the
enrichment factors @C and @°N), for each species per feeding guild, between guilds and
between species in the same family and the overlap of SEA in these groups using the R package
SIBER(Jackson et al. 2011). To account for small sample sizes and to increase the accuracy of
SEA the corrected standard ellipse area (SEAc) was also calculated. The isotopic niche overlap
was also calculated using the SEAc, with 100% indicating total overlap. This measure can be
used as a proxy for the similarity in the species” diet (Jackson et al. 2011). For comparison
among species within a feeding guild, the 95% confidence interval for the standard ellipse was
calculated via bootstrapping (bootstrap = 100000, thinning = 1000). Species with fewer than
five individuals were excluded for these calculations as the results would not be statistically
meaningful. Detritivorous, xylo-mycetophagous and Xxylo-saprophagous species were not
considered for overlap calculations, as there was only one species per guild and species without
information were also excluded. This led to the exclusion of 47 of the 74 species.

Factors influencing the number of feeding quilds per tree hollow

According to ecosystem size hypothesis, the habitat complexity and species diversity might
influence the trophic chain length. To test this, we used the degree of decomposition as a proxy
for habitat complexity because the complexity of the tree hollows increases with ongoing
decomposition (Siitonen 2012). The number of saproxylic beetle species was used to test if
species diversity influences trophic chain length. To quantify the effect of the degree of
decomposition of the wood mould and the number of saproxylic beetle species on the trophic
chain length, two generalized linear models (GLM) with Poisson error distribution were
implemented for 2014 and 2015, respectively.

Results

Species assignment

In total we analysed 74 species of which, based on literature (Kéhler 2000, Seibold et al. 2015),
two species are classified as detritivorous, 13 species mycetophagous, one species myceto-
saprophagous, 18 species xylophagous, 4 species xylo-mycetophagous, two species xylo-
saprophagous, 8 species xylo-zoophagous, 25 species zoophagous and one species without
information (see Table 1).
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Isotopic signature of wood mould

The /A3C and /*°N values of the sampled wood mould ranged from -29.43 to -23.11 and -4.49
to 5.81, respectively in 2014 and from -27.98 to -22.92 and -5.18 to 2.61, respectively in 2015
(see Table Al)rhe /°C values were negatively correlated with the degree of decomposition
(Pearson's product-moment correlatid?C, t = -2.32, df = 78; p < 0.05), but not the carbon
concentration (Pearson's product-moment correlatté@, t = -1.48, df = 78; p > 0.05). In
contrast, neither™N values nor the nitrogen content in the wood mould were correlated with
the degree of decomposition (Pearson's product-moment correfatigrt = 1.8, df = 78; p >

0.05; nitrogen content, t = 1.26, df = 78, p > 0.05).

Isotopic signatures of saproxylic beetles and feeding guilds

The &°C and @°N values for all species ranged from -8.15 to 11.23 and -8.57 to 15.71,
respectively.

In detail the*C and 8°N values range for a) detritivorous species from -3.18 to 6.31 and -4.38

to 7.69, b) mycetophagous species from -8.15 to 10.29 and -6.16 to 9.77, c) myceto-
saprophagous species from 3.28 to 9.66 and 0.39 to 5.69, d) xylophagous species from -0.11 to
8.68 and -8.57 to 9.21, e) xylo-mycetophagous ranged from -0.94 to 8.95 and -2.96 to 15.71, f)
xylo-saprophagous from 0.86 to 4.19 and 0.32 to 5.04, g) xylo-zoophagous from -0.16 to 8.55
and 0.04 to 11.26, h) zoophagous species from -2.1 to 7.64 and -3.12 to 12.05 and e) species
without information from 0.63 to 2.22 and 2.86 to 3.01 (see Table 1; Table A2 & Fig 1).

Discrimination of feeding quilds

The NMDS of Bray-Curtis distances based ¢ and °N values showed that feeding guilds

can be distinguished via stable isotope analysis, with a stress value of 0.08, indicating a good
fit. Furthermore, the MANOVA showed significant differences of group centroids (df 2 7, R

= 0.11, p < 0.01) (Fig Al). The pairwise comparisons of feeding guilds showed significant
differences of the group means in 13 out of 28 comparisons (Table 2).

Niche breadth of feeding quilds

The detritivorous, mycetophagous and xylo-mycetophagous show a higher SEAc and thus a
more omnivorous feeding behaviour than the other guilds. The niche breadth represented by
the SEAc for a) the detritivorous guild was 254%b) the mycetophagous guild was 25284

c) the myceto-saprophagous guild was &26d) the xylophagous guild species guild was
13.09A2 e) the xylo-mycetophagous guild was 184£1f) the xylo-saprophagous guild was
4.45A2 g) the xylo-zoophagous guild was 13A83and h) the zoophagous guild was 14283

The average SEAc overlap between the feeding guilds was 39.16% (SD+16.88) with
mycetophagous and xylo-saprophagous guilds having the lowest overlap (17.57%) and the
zoophagous and the xylo-mycetophagous guild the highest (Fig 2, Table A4).
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Niche breadth and overlap within feeding quilds

To examine if species within the same feeding guild are functionally redundant and potentially
competing for food resources (high SEA overlap) or are functionally complementary and
specialized in their diet (low SEA overlap), we calculated the SEAc per species within the same
feeding guild and their overlap. The xylophagous and xylo-zoophagous guild show a higher
functional redundancy compared to the mycetophagous and zoophagous guild, where we found
a higher functional complementariffhe mean niche breadth and overlap or niche breath for
JXLOGV ZLWK RQO\ R Q H Wik Ehe Heirit@dous Quild, b) 182 (SD+9.56)

within the mycetophagous guild with an average overlap of 29.23% (SD + 24.36), cR%1.29
(SD+5.75) within the xylophagous guild with an average overlap of 36.95% (SD + 13.5%), d)
9.15A2 within the xylo-mycetophagous guild, e) 4 Aiwithin the xylo-saprophagous guild,

f) 12.56A2 (SD+1.77) within the xylo-zoophagous with an average overlap of 46.8% (SD +
11.78%), g) 9.582 (SD+5.84) within the zoophagous guild with an average overlap of 22.29%
(SD £ 12.76%) (Table A4).

Niche breadth and overlap among species within the same family

Species within the same family should show a high overlap of their trophic niche if they are
conserved in their diet. Overall, we found a high overlap within the species of the same family,
indicating trophic niche conservation.

Having a look at the families themselves the SEAc overlap of species within a) Anobiidae was
21.48% and, b) 29.7% within zoophagous Elateridae , ¢) 10.4% within zoophagous Histeridae,
d) 66.43% (SD + 7%) within mycetophagous Scolitidae with the lowest overlap between
Cyclorhipidion bodoanusnd Xyleborus dispan56.84%)and the highest overlap between
Cyclorhipidion bodoanusnd Xyleborus saxeser{v8.54%), e) 44.5% (SD % 15.6%) within

xylo zoophagous Scraptiidae with the lowest overlap betweaspis thoraciaand Scraptia
fuscula(30.19%) and the highest overlap betwéeraspis ruficollisand Anaspis thoracica
(66.2%), f) 53.2% (SD + 1.2%) within zoophagous Staphilinidae with the lowest overlap
betweerHapalaraea pagmaeandHesperus rufipenniéb1.49%) and with the highest overlap
betweerHesperus rufipenniandQuedius truncicolgd54.21%). (Table A5).

Distribution of biomass among feeding quilds

Considering the total biomass over all tree hollows, we found inverted Eltonian pyramids,
where zoophagous species (zoophagous and xylozoophagous guild) contribute the highest
biomass. In detail the dry biomass per feeding guild divides as follows: detritivorous species
have the highest biomass in 1 of 40 tree hollows and 0.75% of total biomass over all tree
hollows, mycetophagous species have the highest biomass in 14 of 40 tree hollows and 9.92%
of total biomass ovetllatree hollows, myceto-saprophagous species have the highest biomass
in 0 of 40 tree hollows and 0.07% of total biomass over all tree hollows, xylophagous species
have the highest biomass in 3 of 40 tree hollows and 22.95% of total biomass over all tree
hollows, xylo-mycetophagous have the highest biomass in 3 of 40 tree hollows and 5.54% of
total biomass over all tree hollows, xylo-saprophagous species have the highest biomass in 1 of
40 tree hollows and 7.56% of total biomass over all tree hollows, xylo-zoophagous species have
the highest biomass in 9 of 40 tree hollows and 27.87% of total biomass over all tree hollows
and zoophagous species have the highest biomass in 8 of 40 tree hollows and 23.98% of total
biomass over all tree hollows (Table A3).
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Effect of wood mould decomposition and species number on trophic chain length

Across the 40 hollows sampled in 2014 the number of beetle species had a significant effect on
the number of feeding guilds (positive relationship, estimate 0.08, standard error (SE) 0.02, p <
0.001). The degree of decomposition had no significant effect on the number of feeding guilds
(hump-shaped relationship, Estimate -0.04, SE 0.11, p > 0.05). Across the 23 hollows sampled
again in 2015 the biomass of beetles had a significant effect on the number of feeding guilds
(positive relationship, Estimate 0.06, SE 0.01, p < 0.001). The degree of decomposition had no
significant effect on the number of feeding guilds (hump-shaped relationship, Estimate 0.02,

SEr 0.16, p > 0.05)

Discussion

All species of our study were assigned to their feeding guild according to a combination of the
publications by Seibold et al. (2015) and Koéhler (2000). Comparing the literature-based
information on the feeding guild and the stable isotope analysis we obtained comparable results
for the classification of the trophic niches of saproxylic beetles. The stable isotope signature
(**N) is always dependent on the resource a species consumes. For example, the zoophagous
Tillus elongatusa member of the highest trophic level in our stddgds on the larvae of the
genusAnobium(personal communication H. Bul3ler), members of the xylophagous guild. This
relation is also represented well in our studyTakis elongatusshows low G°N values
compared to the other zoophagous species, but it's potentigdmobium nitidunalsohas the

lowest G°N values.

In our study Orchesia micansand Arpidiphorus orbiculatus,both members of the
mycetophagous guild, are among the species with the highBisvalues, even higher than

most zoophagous species. However, this seems plausible, as saprotrophic fungi are
heterotrophic organisms and can, therefore, show Hithh values (Henn & Chapela, 2001;
Mayor, Schuur and Henkel, 2009). Thus, mycetophagous species feeding on fungi with high
/"N values might show higher enrichment than zoophagous species.

We used the stable isotope signatures to test if feeding guilds can be differentiated in an
ordination space (NMDS). The main feeding guilds (zoophagous, mycetophagous and
xylophagous) were clearly distinguishable, as the centroids of these groups were significantly
different to each other. The detritivorous and myceto-saprophagous guilds, represented by only
one and four species respectively, can only be distinguished from the zoophagous and xylo-
zoophagous guild and showed the highest overlap to the mycetophagous guild. Species
classified as either saprophagous or detritivorous species in the literature did not differ in their
isotopic signature, stressing that the two terms describe the same trophic niche. The isotopic
niche of the xylo-zoophagous feeding guild was clearly separated from both, the xylo- and the
zoophagous guild. The species of the xylo-zoophagousshwlded high®>N and 63C values,
indicating additional food sources even higher enriche@ih and *C compared to the other
species in the xylophagous and zoophagous guild, respectively. The only two species classified
as xylo-saprophagous species were enriche® compared to the purely xylophagous
species. This might be due to a high#N in sap compared to woody material. The other
species assigned to mixed guilds (myceto-saprophagous and xylo-mycetophagous) could not
be distinguished from the main feeding guilds (myceto- and xylophagous).

Within a community or a trophic level species might compete for a resource or have a similar
role in ecosystem functioning (functional niche redundancy) (Lawton, 1994, Rosenfeld, 2002).
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The opposite is avoiding competition by specialising in a different kind of diet or having a
different functional role (functional niche complementarity). Functional complementarity can
promote diversity and has a positive effect on the ecosystem functioning (Levine &
HilleRisLambers 2009), but also functional redundancy can help to promote ecosystem stability
in case of perturbations (Walker 1995). The xylophagous guild and the xylo-zoophagous guild
show higher functional redundancy or interspecific competition as they have the highest
average overlap among species within the feeding guild. For the xylophagous feeding guild the
species Alosterna tabacicolgr Ischnomera sanguinicollis, Ptilinus pecticorniand
Rhizophagus bipustulats®em to be more specialised in their diet, as they have low SEA. In
contrast Anobium nitidumhas a larger isotopic niche, potentially due to the small number of
individuals tested. However, the trophic nicheAsfobium nitidumis distinct from that of
Ptilinus pecticornissuggesting niche complementarity. Within the xylo-zoophagous species,
Scraptia fusculaseems to be more distinct in comparison to the other species, as the SEA
overlap is lower than between all other species in this guild. Considering the high niche
redundancy, interspecific competition within the same feeding guild for resources might occur
and species showing a lower overlap might try to avoid competition by switching to a different
or an additional food source.

The mycetophagous and zoophagous species have a lover overlap among species within the
feeding guild, indicating stronger functional complementarity or avoidance of competition. For
mycetophagous species the bark beethesv the largest SEA with a high overlap, indicating a
similar trophic niche and a low specificity in their diet. In compariddycetophagus populi
andOrchesia micansave very small SEA and show the lowest overlap of species within the
mycetophagous feeding guild. This suggests that these species are more specialized and likely
feed on different parts of the same fungus or more likely, on completely different fungi. Thus,
within the mycetophagous guild, there is a redundancy among bark beetles but complementarity
to Mycetophagus populind Orchesia micansAmong the zoophagous specietapalaraea
pygmaea, Hesperus rufipenngsd Quedius truncicolaseem to be the most generalized
predators with relatively large niche breadth. All other zoophagous species had smaller trophic
niches and should thus be more specialized predatorsPieiffaderus dissectishowing the

smallest trophic niche. High SEA overlap among species within the same family suggests that
the beetle families in our study are conservative in their trophic niches. Consequently, resource
competition between closely related species might be quite high.

According to general theory on the distribution of biomass within an ecosystem, the trophic
level of predators is always supposed to have less biomass then its prey or the trophic levels
below (Bodenheimer 1938, Elton 1927, Berg & Bengtsson 2007). In the case of the saproxylic
beetle communities in this study, we find a high biomass of the zoophagous (purely zoophagous
and xylo-zoophagous) guilds, which is often higher than the biomass of all lower feeding guilds
and thus showing inverted Eltonian pyramids. However, we have only considered saproxylic
beetles and the biomass of other important taxa within saproxylic communities such as
collembolans and Diptera was not included in the calculation. Many saproxylic beetle larvae
feed on a variety of different prey items present in the tree hollows of which collembolans and
dipteran larvae supposedly account for the biggest proportion (Kéhler 2000). Thus, we assume
if considering all potential prey items in a tree hollow general theory on the distribution of
biomass holds and biomass distributions among trophic levels should follow an Eltonian
pyramid.
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Theory on the predicted length of trophic chains suggests, that either the productivity of a
system

(productivity hypothesis) (Pimm, 1982, Briand & Cohen 1987), or species diversity, habitat
availability and habitat heterogeneity (ecosystem size hypothesis) (Cohen & Newman 1991,
Holt 1993), or the combination of both (productive-space hypothesis) (Schoener, 1989) are the
determining factors. Here we assumed that the degree of decomposition might be affecting the
food chain length. At medium stages of decomposition, the amount of the important wood
mould is increased, nutrient availability is highest and medium stages of decay show the highest
habitat complexity (Siitonen 2012), supporting a broad range of species and potentially larger
communities (Schauer et al. 2018, Sverdrup-Thygeson et al. 2010). However, we could not find
an effect of degree of decomposition of the wood mould on the number of feeding guilds. The
number of feeding guilds within tree hollows was positively correlated with the number of
saproxylic beetle species in both years. This finding indicates that the ecosystem size hypothesis
might hold true for saproxylic beetle communities in tree hollows and thus a functionally
diverse community is supported by a high species diversity.

One shortcoming of stable isotope analysis is the inability to assign a species to a eelitagn fe

guild only based on its stable isotope signature. E. g., mycetophagous species feeding on highly
15N enriched fruiting bodies of fungi could potentially be classified as zoophagous based on
stable isotopes only (like the mycetophagous spe&ip&liphorus orbiculatussee above).

Thus, to achieve a reliable assignment to a certain feeding guild additional knowledge and a
combination of methods is needed. To get more insights into the trophic relationship of
saproxylic beetles in tree hollows it is important to get detailed knowledge of the basic food
sources, especially the components of the wood mould and the associated fungi. Further, the
isotopic signature of other taxa, like collembolans and dipterans should also be considered, as
they contribute high biomass in tree hollow communities (Kéhler 2000) and thus also potential
food sources for zoophagous species.

In the present study, we provide insight into the food web of saproxylic beetle communities
using stable isotope analysis. We show that the food webs of saproxylic beetles are complex
and comprise several feeding guilds and a high degree of omnivory. The trophic structure of
saproxylic beetle communities in tree hollows is comparable to brown food webs in soil where
with detritus and organic humus as basal food resources. In soil ecosystems, food webs are
mostly comprised of two trophic levels, decomposers and predators (Scheu & Falca 2000, Digel
et al. 2014). In soil ecosystems, the high degree of omnivory in both trophic levels is due to
opportunistic feeding and special foraging strategies (Scheu & Setéla 2002). In tree hollow food
webs, we also found high levels of omnivory in the different feeding guilds. Xylophagous and
the wood boring species of the mycetophagous guild seem to feed on a large variety of food
sources and predatory species may unselectively feed on different prey items.

Maintaining a high diversity of saproxylic beetles and thus longer trophic chains will support
essential ecosystem functions for the forest ecosystem, like controlling pest species due to the
high amount of predatory species or nutrient cycling through decomposing species.
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Figures

Fig 1: Boxplot of 5N values of saproxylic beetles assigned to their feeding guild according to Seibold et al. (2015) and Kdhler (2000). Dashed
OLQHV VKRZ A GNNnauesHiqhieating @trophic level.
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Fig 2: Density plots showing the confidence intervals of the standard ellipse areas (SEAc) for all feeding guilds.



L0T

Tables

Manuscripts and declaration of own contribution

Table 1: Information on species; number of tree hollows they emerged from; feeding guild 1 (classification according to Seibold et al. 2015 &
Kohler 2000), feeding guild 2 (classification according to Seibold et al. 2015) d = detritivorous, m = mycetophagous, m = mycetoeseprophag
= xylophagous, xm = xylo-mycetophagous, xs = xylo-saprophagous, xz = xylo-zoophagous, zoo = zoophagous, n.a. = withotdrdietzoy;

number of individuals; range, mean and standard deviation (SBI@f A°N, 63C and 8°N; standard ellipse area (SEA) and corrected standard

ellipse area for small samples (SEAc)®IC and @°N. For the calculation of means and SEA/SEAc species with less than five individuals were
excluded, as the results would not be statistically meaningful.

Species # of tree Feeding Feeding # Z vP wii mean SD Z vP wii mean SD Z vP xifimean SD Z vP xii mean SD SEA SEAc
hollows guild 1 guild 2 individuals wifiE wWifE wii wii xiAE xiAE x8C xii

Abraeus perpusillus 4 z z 5 0.27 to 238 143 084 -2364to2212 -2288 054 1.24t0426 264 123 1to268 193 056 270 3.60
Acalles hypocrita 2 n.a n.a 2 1.18 to 175 - - -25.33t0 2379 - - 2.86t0301 - - 0.63 to 222 - - - -
Aderus populneus 1 xm X 1 14.6 - - -21.07 - - 1571 - - 494 - - - -
Allecula morio 3 XS X 21 -2.51t0 323 0.37 133 -2533to227 -2383 093 0.32to504 299 124 0.86to0419 266 107 438 461
Alosterna tabacicolor 3 X X 12 -9.48 10 191 -319 350 -2443to=20.7 -2244 101 -6.66to372 -103 338 2.28to 559 362 101 942 1036
Ampedus nigroflavus 1 X X 1 -058 - - -22.14 - - 132 - - 4.49 - - - -
Ampedus pomorum 1 X X 3 1.23t0 2.1 - - -25.39to 2259 - - 3.04t0408 - - 0.57 to 245 - - - -
Anaspis frontalis 3 Xz X 3 0.47 to 464 - - -22.97 to 20.07 - - 187t05.7 - - 4.21to0 712 - - - -
Anaspis marginicollis 4 Xz n.a 4 -0.68t0 603 - - -22.81to 2157 - - 1.26t0 758 - - 2.631t03.6 - - - -
Anaspis ruficollis 12 Xz X 25 -2.05 to 893 165 228 -2515t041894 -2198 134 0.04t01126 393 229 1.48t0855 466 154 1129 1179
Anaspis rufilabris 4 X X 4 0.7 t0 434 - - -23.21t0 2082 - - 45410615 - - 4.34t0 519 - - - -
Anaspis thoracica 10 X X 13 -111t07.23 147 394 -26.05t02038 -2208 157 0.62t0921 313 414 -0.02to 558 376 170 1354 1477
Anisotoma humeralis 1 m m 1 6.1 - - -21.16 - - 7.55 - - 6.03 - - - -
Anobium costatum 1 X X 1 0.46 - - -24.43 - - 156 - - 157 - - - -
Anobium nitidum 1 X X 5 -9.68 to 048 -442 331 -2459t02091 -2295 162 -857t0158 -331 331 1.42106.2 350 216 1674 2232
Arpidiphorus orbiculatus 1 m m 6 3.43 to 642 464 094 -2258t041938 -2072 109 4.39t07397 6.02 120 2.88t0591 474 121 515 644
Calambus bipustulatus 1 Xz X 1 0.86 - - -24.99 - - 196 - - 1.02 - - - -
Cerophytum elateroides 1 X X 1 -3.3 - - -22.49 - - -141 - - 324 - - - -
Choragus sheppardi 1 xm X 1 -315 - - -22.69 - - 2.02 - - 5.29 - - - -

Cis bidentatus 1 m m 1 -195 - - -195 - - -145 - - 531 - - - -
Crepidophorus mutilatus 3 z z 6 -1.36 to 422 147 182 -231t02023 0.73 096 0.6t0678 179 208 1.94t0579 114 133 421 527
Cryptophagus labilis 4 ms m 4 -1.6 to 458 - - -219to 4745 - - 0.39t05.69 - - 3.28 to 966 - - - -
Cyclorhipidion bodoanus 19 m n.a 30 -5.75 to 656 -004 247 -2567t0o4734 -004 172 -493to767 187 304 0.01to1029 357 246 2344 2427
Denticollis rubens 1 Xz X 1 1.36 - - -22.47 - - 187 - - 264 - - - -
Dissoleucas niveirostris 1 xm X 1 -3.37 - - -22.69 - - -227 - - 332 - - - -
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Dorcatoma substriata
Epuraea variegata
Ernoporicus fagi
Eucnemis capucina
Hapalaraea pygmaea

Hesperus rufipennis
Hylecoetus dermestoides

Hypebaeus flavipes
Ischnomera caerulea/cyanea
Ischnomera sanguinicollis
Malachius bipustulatus
Malthinus punctatus
Malthodes marginatus
Megatoma undata
Melanotus castanipes
Melanotus rufipes
Mycetophagus populi
Neuraphes carinatus
Orchesia micans
Orthoperus atomus
Paromalus flavicornis
Phloeonomus punctipennis
Phloeophagus lignarius
Pityophagus ferrugineus
Platycis cosnardi
Plegaderus dissectus
Prionocyphon serricornis
Procraerus tibialis
Pseudocistela ceramboides
Ptilinus pectinicornis
Quedius brevicornis
Quedius microps

Quedius truncicola
Rhagium mordax
Rhizophagus bipustulatus
Rhizophagus depressus
Rhizophagus dispar
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Table 2: Pairwise comparisons of the group means between all feeding guilds. P-values were adjusted with Benjamini-Hochberg correction.

" ” ” Qnificant,@R-\Wegrdes of freedom

detritivorous mycetophagous myceto-saprophagous xylophagous xylo-mycetophagous xylo-saprophagous xylo-zoophagous zoophagous

detritivorous - df = 83, df = 111,
R2=0.16 R2=0.06
mycetophagous n.s. - df = 376, df = 364, df =392,
R2=0.04 R2=0.07 R?=0.03
myceto-saprophagous n.s. n.s. -
xylophagous n.s. *rk n.s. - df =106, R=0.1 df=157, df = 185,
R?=0.29 R2=0.2
xylo-mycetophagous n.s. n.s. n.s. n.s. - df =49, R=0.12 df =100, df = 128,
R?=0.27 R2=0.13
xylo-saprophagous n.s. n.s. n.s. bl * - df = 94,
R2=0.13
xylo-zoophagous *x *rk n.s. rkk *hx rkk - df =173,
R2=0.04

zoophagous * *kk n.s. rkk *hx n.s. * -
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Characteristics influencing the biodiversity of saproxylic insects

Habitat heterogeneity of deadwood objects (veteran trees, fruiting bodies of different fungi,
snags, logs, dead tree crowns and many more) influence the diversity of saproxylic organisms
at the forest level (Bouget et al., 2014; Seibold et al., 2016).i§hiso true for tree hollow
heterogeneity at a local level. Differently shaped tree hollows, varying in their physical
characteristics define the diversity and the composition of tree hollow communities. As all tree
hollows are unique in their characteristics, there is a high temporal and spatial turnover of
species inhabiting tree hollows (Gouix et al., 2015; Quinto et al., 2014; Ranius, 2002a; Schauer
et al., 2018a; Schmidl et al., 2008kveral studies could show that a wide variety of different
parameters are influencing saproxylic species diversity (see Table 1 for a detailed information),
irrespective of the deadwood syfParameters structuring the communities within a tree hollow

are numerous and complex and thus there is no general predictor of high saproxylic diversity.
The importance of parameters influencing the diversity within a tree hollow is changing
between different species groups, environments, landscapes, and climate zones. For example,
the degree of decomposition, height above the ground and the amount of surrounding tree
hollows positively influence the number of non-threatened beetle species but not the majority
of threatened ones (Schauer et al., 2018a). However, the habitat preference of some saproxylic
beetles is also dependent on the climate zone. In warmer climate zones, colder habitats are
preferred and vice versa in colder climate zones habitats with higher temperatures are preferred
(Carpaneto et al., 2010; Mduller et al., 2015; Schauer et al., 20l&4)only physical
characteristics of tree hollows are important in shaping the communities inside but species
interactions. Fungi are responsible for the creation of tree holow the nutrient basis for

mycetophagous species. Fungi are important for the nutrient composition and quality of the
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wood mould during the successional changes of the tree hollow. Therefore the fungal
community will determine to a certain degree the future species assemblages as they modify
the characteristics of the tree hollow (Boddy, 2001; Micd, 2018; Siitonen, 2012a; Stokland,
2012b). Insects can help to spread the decaying fungi on or in their body and also facilitate the
vectoring of the fungi in boring tunnels through the whole tree (Ulyshen, 2016). Further, the
interspecific interactions of insects like facilitation in a tree hollow might be an important factor
shaping the assemblage. Through the presence of larvae of ecosystem engineeritigeenera
Cerambyxor Cetoniathe diversity in tree hollows is increased (Mico et al., 2015). Moreover,
the faeces of the larvae of these genera positively influence the growth rate of syrphid larvae
(Sanchez-Galvan et al., 2014, 2018). In the interactions between scirtid beetles and mosquito
larvae, faeces of the beetle positively influence the survival rate and emergence tmbkigher
levels (Daugherty and Juliano, 2003). However, the species interactions and their influence on
the community structure of tree hollow arthropade not well understood until today.

General theory predicts that larger habitats offer more available energy and increased habitat
heterogeneity, with both factors leading to higher species richness (MacArthur and MacArthur,
1961; Schuler et al., 2015; Simpson, 1949; Srivastava and Lawton, 1998; Tews et al., 2004;
Wright, 1983). The predicitions that larger habitats and increased habitat heterogeneity are
leading to increased species richness can also be afptieddwood systems. The amount of
deadwood is the determining factor for the amount of available resources and chemical energy.
Further, also the deadwood surface area will increase leading to more different deadwood
habitats (Béassler et al., 2010; Boecklen, 1986). Accordingtée hBRUH LQGLYLGXDOV~ ™ K\.
increagd deadwood amounts should lead to more available resources consequently leading to
increased numbepf species. This prediction holds true for most deadwood systems and was
shown in several studies considering different saproxylic taxa (Grove, 2002a; Junninen and

Komonen, 2011; Lassauce et al., 2011; Muller and Butler, 2010; Riffell et al., 2011).
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Table 1: Parameters positively influencing saproxylic species diversity in deadwood. For many studiesfinaefigtion for the investigated

deadwood types asgiven. Thus, all different deadwood objects (coarse woody debris, logs, snags, veteran trees with dead pamsneenaep

asdeadwood.

Parameter Deadwood Positive Country Tree species References
object Relation

Decomposition Deadwood Fresh Canada Pine, Aspen, (Vanderwel et al., 2006)

Oak
Tree hollow, Medium Germany, Norway Oak, Beech (Jonsell and Weslien, 1998; Schalt
Deadwood decomposed Sweden et al., 2018a; Sverdrup-Thygeson
al., 2014)
Tree hollow Highly France Oak (Gouix et al., 2015)
decomposed
Entrance area of the tre Tree hollow Medium sized  Germany Beech (Schauer et al., 2018a)
hollow Tree hollow Large sized Sweden, Spain Oak, Ash (Quinto et al., 2015; Ranius, 200z

Ranius et al., 2009a, 2009b)
Distance to the ground  Tree hollow Close or open tc¢ Germany, Spain Oak, Beech, Asl (Quinto et al., 2014; Schauer et ¢

ground Sweden 2018a; Taylor and Ranius, 2014)
Tree hollow High above Sweden Oak (Ranius, 2002a)
ground
Sun Tree hollow High Germany, Sweder Beech, Oak, (Jonsell and Weslien, 1998; Ko«
exposure/Temperature  Deadwood France, Switzerlanc Spruce, Birch, Widerberg et al., 2012; Lindhe et ¢
Aspen 2005; Mdller et al.,, 2015, 201f

Ranius, 2002b, 2002b; Ranius a
Nilsson, 1997; Schauer et al., 2018:
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Sun Tree hollow Low Germany, ltaly Beech, Oak (Carpaneto et al., 2010; Schauer et
exposure/Temperature 2018a)
Number of surroundin¢ Tree hollow, High amount Germany, Norway Beech, Spruce (Grove, 2002b; Martikainen et al
tree  hollows/deadwoor Deadwood Australia, Finland, Pine, different 2000; Miiller et al., 2015; Okland
amount Canada tropical species al., 1996; Ranius and Wilander, 20(C
Schauer et al., 2018a; SverdrL
Thygeson et al., 2010; Vanderwel
al., 2006)
Tree hollow volume Tree hollow Medium volume Germany Beech (Schauer et al., 2018a)
Tree hollow Large volume Sweden Oak (Quinto et al., 2014; Ranius, 2002
Ranius and Jansson, 2000; Sverdr
Thygeson et al., 2010)
Openness Tree hollow High Sweden Oak (Koch Widerberg et al., 2012; RanjL
Deadwood 2002b; Ranius and Jansson, 2000)
Canopy cover Deadwood Low Sweden Oak (Ranius and Jansson, 2000)
Stand age Deadwood Old growth Australia, Finland  Spruce, Pine (Grove, 2002b; Martikainen et al
different 2000)
tropical species
Wood mould amount Tree hollow High Norway, Sweden O&k (Mic6 et al., 2015; Ranius et a
Spain 2009a, 2009b; Sverdrup-Thygeson
al., 2014)
Species interaction Tree hollow Presence Spain Oak, Ash (Micé et al., 2015; Quinto et al., 201
(Ecosystem engineerin Sanchez-Galvan et al., 2018)
species, Facilitation

Predation, Vertebrates




Discussion

However, comparing different forest types, it seems that the relation of deadwood amount and
species richness is stronger in boreal forests compared to temperate forests (Lassauce et al.,
2011; Muller et al., 2015) and the weakest relation is found in subtropical and tropical forests
(Richardson et al., 2010; Schowalter et al., 2014; Ulyshen and Hanula, 2009). Nevertheless,
several studies suggest, that deadwood amount is a poor predictor for saproxylic species
richness, especially in forest with high heterogeneity of deadwood types (Lassauce et)l., 201

as the species richness differs between deadwood objects with different characteristics like tree
species, degree of decomposition or diameter (Gossner et al., 2016; Grove, 2002a). Moreover,
deadwood amount seems to be more important for species richness in ancient forests rather than
but not in young forests (Brin et al., 2016).

Habitat heterogeneity is also one possible factor explaining the diversity of saproxylic species.
Habitat heterogeneity of deadwood structures can increase with higher amounts of deadwood,
as the amount and diversity of deadwood are highly correlated (Bouget et al., 2013; Hottola et
al., 2009; Muller and Butler, 2010; Okland et al., 1996; Simila et al., 2003). The tight link of
deadwood amount and diversity was shown in temperate but also in boreal and tropical forests
(Grove, 2002c; Martikainen et al., 1999; Simila et al., 2003). Moreover, habitat heterogeneity
might increase with increasing size of a single deadwood object, since on a fine scale
microclimate, degree of decomposition, fungal colonization, and water content can vary greatly
(Graham, 1924, Leather et al., 2014; Saint-Germain et al., 2010). Many studies have underlined
the importance of different deadwood types (Heilmann-Clausen and Christensen, 2005; Simila
et al., 2003) and showed that deadwood diversity is the main driver of the functional
composition of deadwood communities (Janssen et al., 2017). Several studies have shown that
deadwood diversity could explain species richness of saproxylic beetles better than deadwood
amount could (Bouget et al., 2013; Brin et al., 2009; Seibold et al., 2016; Simila et al,, 2003)
indicating that habitat heterogeneity is a major driver of saproxylic beetle richness. Habitat

heterogeneity might also be important to evaluate the spatial distribution of deadwood objects
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(Seibold et al., 2015b), as heterogeneity might be regarded as fragmentation and isolation of
patches on a larger scale, influencing species richness negéliigely et al., 2004).

A recent study of saproxylic beetles (Seibold et al., 2017) has shown, that patch size and habitat
amount in the local landscape independently positively affected the species number, without a
significant interaction. This means, that there was no stronger or weaker increase in species
richness with increasing patch size when the amount of habitat in the local landscape was higher
than in the patch. These findsgf Seibold et al. (2017) are consistent with the habitat amount
hypothesis. However, the habitat amount hypothesis seems not to hold true for different taxa.
Studies on plant species richness (Evju and Sverdrup-Thygeson, 2016; Haddad et al., 2017) and
microarthropods (Haddad et al., 2017) revealed contradictory results not supporting the habitat

amount hypothesis.

Dispersal of saproxylic insects

Dispersal is a key trait for all species facing a changing environthénespecially important

for saproxylic species as most deadwood habitats are ephemeral and thus changing either by
natural processes like decomposition or due to habitat loss and fragmentation caused by human
activities (Feldhaar and Schauer, 2018; Siitonen and Jonsson, 2012a; Thomas, 2000)l Dispersa
allows the colonizationf new habitats and thus affects species distributions, extinction risk of
populations, and metapopulation dynamics (Bowler and Benton, 2005; Hanski et al., 1994).
Metapopulations are spatially discrete populations within habitat patches connected through the
migration of individuals between the local populations. Extinction of local populations and the
recolonization of empty habitat patches are common in metapopulations. However, to achieve
a stable population the rate of extinction and recolonization has to be more or less in balance
(Hanski, 1998). Metapopulation dynamics are often discussed on a large scale (Hanski, 1999;
van Nouhuys, 2016; Thomas, 2000). However, for some saproxylic insects, the
metapopulations dynamics take place in a way smaller dimension. Ephemeral and small habitats
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like logs, snags and fungal sporocarps are the habitat of many saproxylic organisms. These
organisms might go extinct, once their habitat decomposes and colonization of new habitat
patches is not possible because either a suitable habitat is not available or the distance for
colonization is too far. Thus, forest management practices, which alter the distribution,
availability, and abundance dhis habitat can lead to a gap in the habitat continuity.
Consequently, metapopulation dynamics might break down and result in extinctians on
landscape level (Grove, 2002a, 2002b).

Dispersal theory suggests that species inhabiting discrete and long-lasting habitats are poor
dispersers compared to species associated with ephemeral habitats (Denno et al., 1996; Roff,
1994; Shaffer, 1981; Southwood, 1962; Travis and Dytham, 1999). In terms of saproxylic
species, this would mean that species associated with long-lasting tree hollows should have a
low dispersal propensity (Nilsson and Baranowski, 1997; Ranius and Hedin, 2001) compared
to species living irephemeral deadwood habitats like fresh deadwood or living in burnt wood,

as they are adapted to their spatially and temporally dynamic habitat (Nilsson and Baranowski,
1997, 1997; Siitonen, 2012a, 2012b). Species with bad dispersing abilities are facing severe
problemaf new habitat patches are not in a reachable distance from the natal habitat. However,
this does not hold true for all species living in tree hollows but is strongly dependent on the
studied species (Feldhaar and Schauer, 2018; Schauer et al.,. Z0d@&s}s with a long
continuity and old growth forest characteristics (higher amounts of deadwood supplied
continuously for decades or centuries amigh number of senescent trg@é/hitehead, 1997)

are important for species dependent on these characteristics and poorly mobile species (Lachat
DQG 0-OOHU 8O0 \VKHQ .CCQnGeqaehtyR3peQiedN with low dispersal
abilities might be more sensitive to a break in the continuity of their habitat, as the colonization
of new habitat patches might be difficult due to large distances (Ranius and Hedin, 2001)
Artificial tree hollows can help to keep the continuity of habitats with similar habitat quality

However, artificial tree hollows are less colonized by some tree hollow specialists when the
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boxes are far away from the source habitat. This indicates that at least some of the specialists
are dispersal limited (Jansson et al., 2009). Thus, some species with low dispersal inhabiting
tree hollows are more common in older forests, with a higher connectivity and habitat continuity
8O\WKHQ DQG ARERWOQtN
Fragmentation has often been suggested to have strong negative effects on sapsextdic
(Grove, 2002a, 2002b; Siitonen, 2001). However, many saproxylic species, especially those
associated with ephemeral habitats, are good dispersers and can bridge several kilometers
between suitable habitats (Grove, 2002b; Kuuluvainen and Siitonen, 2003). This might be due
to a preadaptation to a mosaic structure of their habitat as a result of natural disturbances
(Langor et al., 2008), like fire or windthrow, which can extend over large areas (Boulanger et
al., 2010). However, species inhabiting tree hollows, the most long-lasting deadwood structure,
should also have good dispersal abilities because of the pre-adaptation to the natarslly pa
distribution. Further, avoiding inbreeding in small populations and avoidance of competition
should also favor good dispersal abilities (Perrin and Mazalov, 2000). Until today, studies on
the dispersal of saproxylic species are still scarce but some of them gave evidence for good
dispersal abilities of species inhabiting tree hollows (Chiari et al., 2013; Dubois et al., 2010;
Schauer et al., 2018b). Thus, limited dispersal of species inhabiting tree hollows might be not
as pronounced as it was assuraéahg time.
In general, the absence of a species in a habitat can be explained either by dispersal limitation
or habitat limitation. Often the extinction of a species is explained by poor dispersal ability.
However, it might be also duethe absence of high-quality habitat or unsuitable matrix around
the habitat patch, caused by forest fragmentation coupled with low connectivity and reduced
habitat availability (Fahrig, 2013; Feldhaar and Schauer, 2018; Hanski et al., 1994). In large-
scale studies reduced saproxylic biodiversity due to dispersal limitation was shown as fewer
saproxylic species occurred in more isolated forest areas or habitat structures (Bergman et al.,

2012; Ranius et al., 2011).

118



Discussion

Concluding, dispersal abilities are strongly taxa dependent in saproxylic insects, reaching from

a few meters of passalid beetles (Jackson et al., 2009) to several kilometers in some jewel
beetles (Taylor et al., 2010) or cerambycid beetles (Drag et al., 2015). However, the long
assumed limited dispersal ability of tree hollow inhabitants (Nilsson and Baranowski, 1997;
Ranius and Hedin, 2001) is not true for all species (Chiari et al., 2013; Dubois et al., 2010;
Schauer et al., 2018b). The reason why some saproxylic species are not present in some obvious
habitats might not always be due to dispersal limitation, but habitat limitation or specific factors

of dispersal behavior, likesex-related dispersal conditions, competition and many more

(Feldhaar and Schauer, 2018).

Trophic structure of saproxylic spesi

Segproxylic food webs are very complex with several trophic levels above the primary producer.
Compared to other terrestrial and marine food webs the primary consumers in deadwood food
webs are not herbivores but decomposers (e.g. wood decaying bacteria and fungi) and
detritivores (consumers of dead matter) (Begon et al., 2006; Stokland, 2012a). Additionally,
mycetophagous species and interactions between insects and fungi are pronounced in deadwood
systems, due to a long history of cohabitation resulting in adaptations and interactions
(Birkemoe et al., 2018). Deadwood is colonized and digested by fungi during the succession,
and in late decomposition stages, the biomass of fungi and other microbes contribute a high
proportion of the biomass of rotten wood (Jones and Worrall, 1995; Noll et al., 2016; Stokland,
2012b). In deadwood systems, the interactions of fungi and insects are very important but
scarcely investigated. However, there is evidence, that the interactions of insects and fungi can
be grouped into four main functional relationships, namelytianridetoxification, protection

and dispersal (Birkemoe et al., 2018). Saproxylic insects feed on fungi, the nutritional value of
fungi-enriched wood is increased and fungi can provide enzymes obligatory for wood digestion
(Birkemoe et al., 2018; Kukor and Martin, 1986; Stokland, 2012b). Fungi can also detoxify
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chemical components of the tree defense and thus facilitate the uptake of otherwise toxic
compounds for insects (Birkemoe et al., 2018). Fungi and insects also have protective
interactions as insects protect fungi, e.g. leaf cutter ants, termites and ambrosia beetle and
further fungi can serve for the fortification of nest walls and fighting microbial pathogens
(Flérez et al., 2015; Schlick-Steiner et al., 2008). Further, the dispersal of fungi can be mediated
by insects either passively or in special organs (Birkemoe et al., 2018).

To characterize food webs the first step is often to assign the target species to a sp#niic fee
guild. For saproxylic insects different assignments to specific feeding guild exist (Bouget et al.,
2005; Kohler, 2000; Stokland, 2012a) but it is argued that at species level these assignments
are arbitrary, as saproxylic species might be qualified for multiple feeding guilds during their
developmental stages or even within one sta@® \VKHQ D QG aR H&tavvert N is

often not clear how the existing classificatisrderived and there is also not a standard usage

of terms for the different feeding guild, for example, some authors use detritivorous and others
use saprophagous, both probably describing the same functional group. Altogether it is often
hard to assign a species to a specific feeding guild. A good example are species livinky in hig
decayed stages of deadwood. It is hard to clearly distinguish if species allegedly feeding on
wood might feed even more on the wood decaying fu®iO\VKHQ DQG aRBRWOQtN
combination of different methods, like stable isotope analysis, direct observations, gut content
analysis, anéxpert knowledge are needed to get reliable information on the feeding behavior.
Especially in tree hollows, it is noticeable, that a large proportion of the saproxylic community
are predators. In tree hollows, there are up to 30% of species present belonging to the predator
guild and in downed deadwood even up to 41% (Pilskog et al., 2016; Quinto et al., 2014; Wende
et al., 2017). However, a high trophic level, e.g. predatory species, is generally associated with
a higher extinction risk in threatened species (Purvis et al., 2000). This is relevant for saproxylic
species, where a high number of species is threatened. Komonen (2001) showed that parasitoids

of saproxylic insects are the most sensitive of all trophic levels and disappeared first in
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fragmented landscapes. Consequently, intensive forest management not only reduces the
biodiversity but also leads to a reduction of functional groups and reduce the complexity of
interactions (Stokland, 2012a). In terms of biomass, the predatory guild in tree hollows
contributes the highest biomass and thus for saproxylic beetle communities inverted Eltonian
pyramids can be found (Manuscript 4). However, in terms of total biomass, the basal trophic
level might contribute the highest biomass because collembolans and dipteran larvae
supposedly account for the biggest proportion of biomass (Kéhler, 2000).

One of the main questions in food web research is if the foodsawsittom up or top down
controlled. Deadwood food webs are assumed to be bottom-up controlled systems as deadwood
amount and deadwood input is the energetic base and consequently available energy is limited
by the amount of deadwood. Top down control seems less likely as tree mortality and thus the
amount of dead wood is not influenced by most saproxylic species, except some bask beetle

which can lead to the death of trees (Stokland, 2012a).

Implications for tree hollow management

The reduction of tree hollows due to intensive management in forests has led to a decreasing
habitat availability for hollow-dependent species (Andersson and Ostlund, 2004; Eliasson and
Nilsson, 2002; Fan et al., 2004; Lindenmayer et al., 2012b). This will negatively impact all
saproxylic species using tree hollows but especially the obligate ones, finding no alternative
habitat (Bergman et al., 2012; Gouix et al., 2012). Thus, as already mentioned in the
introduction, intensive forest management and the resulting consequences like reduction of
available habitat and fragmentation lead to endangerment of tree hollows, the keystone structure
of forest biodiversity and especialhy the associated species (Grove, 2002a, 2002b; Mller et
al., 2014; Remm and Lohmus, 2011; Siitonen and Jonsson, 2MN@sxdays deadwood
management is implemented and a major aim of sustainable forest management (Franklin et al.,
1987; Hjaltén et al., 2012; Jacobs et al., 2007; Lindenmayer et al., 2012c).

121



Discussion

For the conservation of saproxylic biodiversity in managed forests worldwide it is caucial t
protect veteran trees, deadwood in its various forms and especially tree hollows, retaining
different characteristics (e.g. dimension, sun exposure, see table 1) and the full range of
decomposition stages to support arthropod species diversity best (Ferro et al., 2012; Langor et
al., 2008; Lee et al., 2014; Schauer et al., 2018a; Simila et al., 2003).

To improve the protection of tree hollows and establish effective management strategies it is
important to understand how tree hollows develop. Tree hollow development often starts with
trees being damaged, e.g., by branches breaking off and leaving cracks in the stem. These
injuries provide access to sapwood and heartwood, where fungi and invertebrates initiate a
combination of decaying processes. Invertebrates like beetles help to develop tree cavities as
they bore galleries and help to spread decaying fungi and further facilitate the entranae of tax
unable to create their own tunnels (Gibbons and Lindenmayer, 2002; Perry et al., 1985; Siitonen
and Jonsson, 2012b). However, the main decaying process is due to heart rot fungi, leaving the
sapwood untouched but decaying mostly the heartwood (Siitonen and Jonsson, 2012b). Mostly,
tree hollows start with small rot holes developing into bigger cavities, but the temporal
development aspect is still not clear (Siitonen, 2012a). Tree age and diameter seems an
important determinant for the occurrence of tree hollows (Gibbons and Lindenmayer, 2002;
Horak, 2017; Ranius et al., 2009a). Ranius et al. (2009a) estimated tree hollow occurrence in
different age classes in pedunculate o§ksefcus robuy showingahigher probability of tree
hollows in old age classes 200 years). Therefore, intensive forest management, where timber
production depends on a shorter rotation age of trees, often does not provide enough time for
trees to develop suitable deadwood habitats (Larrieu et al., .2B%R)e from tree age,
silvicultural practices can have an important influence on tree hollow development. One
traditional practice is pollarding, which increases the probability and speed of tree hollow
formation (Sebek et al., 2013). Additionally, methods like the pruning of branches or damaging

the bark to mimic natural injuries can help to speed up tree hollow forn{@€&opaneto et al.,
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2010; Siitonen, 2012c). However, the formation of tree hollows is highly dependent on the tree
species, as different tree species are not Bqlikkly to get infected by heart rot fungi.
Coniferous trees are less likely to form cavities compared to broad-leafed species (Milberg et
al., 2014; Siitonen, 2012a).
Tree hollows will completely decay over time and will vanish at some point, but the
development takeslong time. Thus, it must be ensured that there is a constant availability of
tree hollows also in the future (Ranius et al., 2009a). Therefore, it is important to pay attention
and protect existing microhabitat structures (Kraus et al., 2016) and retain structures which may
develop into tree hollows in the future, like broken branches or bigger injuries at thé bark.
gap in the continuity due to a long development time is especially pronounced for saproxylic
species who are dependent on tree hollows with late successional characteristics like highly
decayed wood mould or a large volume of wood mould, like two of the flagship species
Osmoderma eremitandLimoniscus violaceugouix et al., 2015; Ranius and Nilsson, 1997)
Several studies showed the importance of different tree hollow characteristic for the associated
species and how variable the characteristics are, depending on the landscape, history of the
forest and climate (Chiari et al., 2012; Gouix et al., 2015; Quinto et al., 2014; Ranius and
Nilsson, 1997; Schauer et al., 2018b). Thus, ensuring a constant availability of tree hollows in
space and time with different characteristics can support a broad set of insect communities with
different ecological preferences (Schauer et al., 2018a).
Generally, it is important to protect the biodiversity worldwide but besides that, a high diversity
of saproxylic insects benefits forest ecosystem functioning as they provide various ecosystem
services, for example, wood decomposition and nutrient cycling (Gouix et al., 2015; Grove,
D 80\WKHQ 8 O\V K H2Q18p @ Gigh Rpeded/ dMersity is generally
leading to a longer food chain length, supporting the more different ecosystem services (Cohen
and Newman, 1991; Holt, 1993). Further, a high diversity of saproxylic insects can help to

control forest pest species. A large proportion of saproxylic insects are predators and

123



Discussion

parasitoids, which can help to reduce the damage of pest species, like different bark beetle
species, below economic damage leve]d HOGLQJ DQG (YDQV 8O\WKHQ
2018; Yang et al., 2014).

Retention forestry might be one way efficiently maintaining biodiversity and ecological
functions on a landscape level. The main focus of retention forestry is to keep the complexity,
continuity, and composition of preharvest to postharvest forest at a significant level, meaning
to protect significant elements, like structures, organisms and patches of high ecological value
permanently (Gustafsson et al., 2012; Lindenmayer et al., 2012c). However, retention forestry
cannot and is not meant to replace permanent reserves (Lachat and Muller, 2018; Lee et al.,
2015; Lindenmayer et al., 2012c), as old forest patches of large size have the highest
conservation value (Grove, 2002b; Irmler et al., 2010). Generally, there is aggregated retention,
where groups of important elements retained in a larger area, and dispersed retention where
single trees or small patches are retained (Franklin et al., 1997). Aggregated patchedealre ne

to be ofa certain size to maintain the long-term persistence of valuable structures and the
associated microhabitats for supporting the biodiversity of sensitive interior forest species
(Baker and Read, 2011; Franklin et al., 1997; Pinzon et al., 2012). However, there is still not
much known on how large a sufficient aggregated patch has to be or much habitat amount it
has to offer. In a study in Canada has shown that saproxylic beetle assemblages inesyafit

from retention patches with more than 3 ha, as negative edge effects are mitigatedll.ee et
2015). Aggregated retention patches should be located at sites having already a high ecological
value to maximize the conservation effect (Lee et al., 2018). In contrast to aggregated retention,
there is dispersed retention. Dispersed retention alone is problematic, as the patch size is often
not large enough to counter negative edge effects and to support the diversity of interior forest
species (Aubry et al., 2009; Lee et al., 2017; Matveinen-Huju et al., 2006; Pinzon et al., 2012).
However, it is important to retain these valuable structures, like tree hollows. Even single trees

have positive effects for threatened species and are valuable for species richness (Pilskog et al.,
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8O\WKHQ DQG aRHERMWRIMMNe the benefits of retention forestry for
conservation impact and maintaining biodiversity aggregated and perigacenserved
patches can be connected by dispersed retention (Hamalainen et al., 2016; Lee et al., 2017;
Lindenmayer et al., 2012c; Pinzon et al., 2012). The connectivity through dispersed retention
can also be actively promoted by leaving large logs and snags and complete trezigrow
harvested areas and creating high stumps and snags (Bouget et al., 2014; Jonsell et al., 2007;
Jonsson et al., 2005; Siitonen, 2001). However, permanent conserves only cover a small
percentage of the forested area and thus also in managed areas the conservation of deadwood
ard valuable structures should be promoted where ever it is possible (Franklin and
Lindenmayer, 2009; Seibold and Thorn, 2018).
Connectivity is important to facilitate the dispersal among the different habitat patches. This is
important for gene flow, balancing extinction through recolonization and maintaining viable
populations and evolutionary potential (Bowler and Benton, 2005; Driscoll et al., 2014; Hanski
et al., 1994). It is important to consider the different dispersal abilities of saproxylic species for
conservation measures. For species with high dispersal abilities it is also possible to consider
smaller and younger patches as they have conservation value for these species if these patches
can offer the neestl habitat qualty 6 FKDXHU HW DO E 80\WWKHQ DQG
However, some saproxylic species are limited in their dispersal, for example, some passalid
beetles with dispersal distances of only a few meters (Jackson et al., 2009). For these species,
it would be lethal if a reduction of habitat amount and quality around their natal habitat takes
place.
Concluding | recommend the following steps for the conservation of tree hollows and
deadwood in general. The first but most basic step is the reduction of deforestation and thus
ensuring sources of deadwood development for the future. In general, deadwood independent
of the already existing amount of deadwood and deadwood structures should be increased

where ever it is possible (Seibold and Thorn, 2018). Deadwood amount is very important for
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the diversity, but one should keep in mind that also the heterogeneity of deadwood should be
promoted to support the diversity of saproxylic species best (Brin et al., 2009; Seibold and
Thorn, 2018). This also applies for key structures like tree hollows. It is important to ansure
constant availability of tree hollows with different characteristics in space and time agé#uky
decades to develop (Ranius et al., 2009a). Every tree hollow is important as in highly managed
areas even single tree hollows support species diversity and can serve as dispersed retention
patches to connect more suitable habitat patches. This can be achieved by paying attention for
early structures, that might develop into tree hollows, like large injuries of the breakage of limbs
or by active management techniques like pruning of branches or damaging the bark to mimic
natural injuries (Carpaneto et al., 2010; Siitonen, 2012c).

Conservation efforts should consider a mixed strategy for retention patches, biecause
ecosystems more or less mobile species are ltketpexist. Firstly, one should support and
preservation of suitable habitats immediately surrounding the habitat of poorly mobile species
(Huxel and Hastings, 1999). Secondly, conservation efforts can be mediiaizpecies with

high dispersal ability and colonization over long raniggsupporting even distant sites with

high habitat quality, e.g. protecting areas with already existing valuable habitat structures

(Ranius and Kindvall, 2006).

Future directions

Despite saproxylic organisms are consideasdkeystone species for a high diversity and
providers of important ecosystem services, the research on these important species has just
begun 80\WVKHQ DQG aRHERerQidstill large knowledge gaps in the basic
understanding of their ecology on the species level but also on the community level and their
functional role within the community (Grove and Stork, 1999; Langor et al., 2008). Knowledge

on the functional role of saproxylic species is very important, as the species composition will

change between different regions, but the functional roles are mostly conserved by different
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taxa, for example click beetles (Elateridae) or rover beetles, which will be predatspgatree

of the landscape (Micd, 2018). Moreover, until today saproxylic beetles are the focus of
research and most other taxa are left out. However, it is important to gain more knowledge on
a wider variety of taxonomic groups, like dipterans and collembolans which contribute a high
proportion to the overall diversiip tree hollows.

| could show that many different factors influence the diversity of saproxylic beetles in tree
hollows. However, as shown before, they are different between study regions. It is also very
likely that these characteristics differ even between different forests in the same studly regio

as microclimate conditions or management history might be different. Thus, it is important to
continue with studies investigating the influence of tree hollow characteristics and the
immediate environment to establish effective conservation measure for different regions.
Additionally, better knowledge on dispersal of saproxylic species and on habitat preferences
can help to explain the absence of a specific species in a habitat and can then be contributed to
either habitat limitation or dispersal limitation. Thus, future studies disentangling the problem

of habitat limitation versus dispersal limitation are still needed. The study on dispersal of
saproxylic beetles has just started and more studies on different species and especially species
which are obligate to tree hollows are needed to estimate the distance between suitable habitats
for efficient conservation. Further, factors influencing the propensity to disperse, like different
dispersal capacity of sexes, body condition or competition are still poorly understood (Feldhaar
and Schauer, 2018). Moreover, studies on potential differences of the dispersal capacity of
individuals of the same species occurring in different landscapes are needed, as the dispersal
capacity might be different @uo different pre-adaptions caused by different management
histories. This means, that individuals of a species with high quality and amount of deadwood
with low distances between suitable habitats might show lower dispersal distances as there is
no need to disperse over large distances compared to individuals of the same species pre-

adapted to low quality and amount and large distances between suitable habitats.
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My study on the dispersal of saproxylic insects was conducted in a highly connected area.
However, in highly fragmented areas or areas surrounded by a matrix of unsuitable habitats
studies are need, to assess if geneflow is still present and species are still in genetic exchange.
On landscape level studies are rembtesting the suitability of aggregated and dispersed
retention as step stones to connect distant sites, and thus ensuring undisrupted gene flow even
on landscape scale. Additionally, to increase connectivity of tree hollows, the success of special
management techniques for the creation of tree hollows like pollarding and pruning must be
tested and if they are suitable even in managed forests. Further, the usage of wooden boxes
mimicking tree hollows seem to be promising, but knowledge about how to maintain these
artificial boxes suitable over many years is still unknown (Carlsson et al., 2016; Jansson et al.,
2009).

Our study on the trophic structure of beetle communities in tree hollows was the first to our
knowledge, at least using stable isotope analysis. However, to understand the food web structure
it is important to investigate the associated fungi and their contribution to the nitrogen flow.
Fungi in the wood mould are the basic source of energy for many of species in a tree hollow
but there is still no knowledge about their trophic and isotopic niche. Further, studies are needed
how ecosystem functions, e.g. decomposition and nutrient cycling is influenced by the loss of

species and to which extent this loss can be compensated by the tree hollow community.
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Al

Mean annual temperature of the region is 7-8 °C and mean annual rainfall 850 mm (Bassler,
Ernst, Cadotte, Heibl & Muller 2014). The Steigerwald covers an area of approximately 1000
km?and is described as a temperate, colline to sub-montane, forested landscape. The
dominating tree species is beeEhgus sylvaticawith a cover of 43%, followed by oak

(Quercus petrae®0% cover). About 70% of the forest is covered by deciduous trees

(Muller, BulRler & Kneib 2008). The study area can historically be divided into three different
levels of silvicultural management intensities. The northern part of the study area belongs to
an intensively managed part of the Steigerwald, which was logged intensively over a period of
about 70 years until recently. Due to this intensive use these parts contained only little
amounts of deadwood until ~2005. The southern part of the study area was managed more
extensively with only slight logging until the 1970s. Afterwards the forest management
strategy was to maintain ecologically important structures such as deadwood and damaged
trees whose injuries may turn into tree hollows or other important habitat structures for
saproxylic insects. The northern and southern parts of the study area are separated by a road
and a strip of agricultural area of approximately 1800 m width at maximum (Fig. 1). The third
section of the forest comprises strict forest reserves, which were left unmanaged for up to 35
years. These forest reserves are scattered within the managed forest. The forest structure of
these reserves is comparable to virgin beech forests with respect to tree age, tree size and

amount of deadwood (Muller 2004; Muller, Bul3ler & Kneib 2008)

Bassler, C., Ernst, R., Cadotte, M., Heibl, C. & Mller, J. (2014) keagature logging
influences fungal community assembly processes in a temperate Jotesial of Applied

Ecology 51, 939948.
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Muller, J., Bu3ler, H. & Kneib, T. (2008) Saproxylic beetle assemblages related to
silvicultural management intensity and stand structures in a beech forest in Southern

GermanyJournal of Insect Conservatipth2, 1074.24.

Muller, J. (2004) Welchen Beitrag leisten Naturwaldreservate zum Schutz von

waldvogelartenOrnithologischer Anzeiged3, 348.

A2

Two legs of each specimen were used to extract DNA likewise with the PureGene Kit (Qiagen),
with a final extraction volume of 25-50ul per individual (DNA pellet suspended in hydration
solution) and stored at -20 °C.

Polymerase chain reaction (PCR) was performed in a peqSTAR 2X Gradient Thermal Cycler
in a total reaction volume of 12.5 pl. It contained 2 pl (approximately 10 ng) template DNA,
7.65 pl HPLC water, 1.25 pl 1x PCR buffer (peqGOLD Taqg DNA Polymerase kit), 160 uM
dNTPs mix (peqGOLD Taq DNA Polymerase kit), 2.5 uM of each primer (forward primer
labelled with fluorescent IR-700 or IR-800dye) and 0.5 U of Tag-Polymerase (peqGOLD Taq
DNA Polymerase kit). For all loci, we used a touch-down protocol with the following cycle
parameters: 3 min at 95 °C, followed by 6 cycles of 94 °C for 30 s, annealing step of 1:30 min
with temperature decreasing 1°C per cycle from 60 to 55 °C, and an extension of 1 min at 72
°C. This was followed by 24 cycles of 94 °C for 30 s, annealing step of 55 °C for 1:30 s, an
extension of 1 min at 72 °C and a final extension step of 3 min at 72 °C. PCR products were

diluted between 1:25 and 1:35 and analyzed on a LICOR 4300 DNA Analyzer.
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A.3
Kinship coefficients for each species were calculated after Loiselle et al. (1995).The number
of distance classes were constructed according to Sturges” foknula+{og>*n; wherek =
the number of distance classes andthe number of pairwise observations) (13 classeA.for
ruficollis, 12 classes fdC. floccosaand 14 classes fof. maculatd The intervals of each
distance class was assigned automatically by SPA@eB&a(Hardy &Vekemans 2002) to
ensure an evenly distribution of individual pairs to each distance class. Confidence intervals
for every kinship coefficient per distance class were obtained from standard error by
jackknifing the loci (20,000 permutations). The average kinship coefficient was plotted
against every distance class in each species. FurtheBp@eneasure for spatial genetic
structure was calculated as follo®p= -br /(1-F), wherebr is the slope of the regression of
kinship on In geographic distance &nds the average kinship of distance clasbesindF
were obtained from the results output of SPAGeDba.The mean kinship coefficient &f.
ruficollis over all distance classes ranges from -0.0007 to 0.10%5,ftiiccosaover all
distance classes from -0,0009 to 0.0768 andl. haculateover all distance classes from -
0.0059 to 0.1313. The me&pof A. ruficollis, C. floccosandX. maculatavere0.0023 +
0.000076 (SD), -0.0017 £ 0.000039 (SD) and 0.0002 £ 0.000001 (SD), respectively (see
Appendix A: Table A4). The slopes of the regression of kinship on logarithmic geographic
distance ofA. ruficollis, C. floccosandX. maculatavere -0,00230749, 0,0016761 and -
0,000197784, respectively.
The individual based kinship analyses using SPAGeDi showed that only within each tree
hollow the kinship coefficient was significantly more positive than expected in all three
species. In all other distance classes genotypes showed random spatial distribution.as

individuals were related no more or less than by chance (see Appendix A: Fig. Al).

Hardy, O. J., Vekemans, X. (2002) SPAGeDi: a versatile computer program to analyse spatial
genetic structure at the individual or population levels. Molecular Ecology Notes, 2818
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Loiselle, B.A., Sork, V.L., Nason, J. and Graham, C. (1995). Spatial genetic structure of a
tropical understory shrul®sychotria officinaligRubiaceae)American Journal of Botany,
82, 1420-1425.
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Fig Al: Average pairwise kinship coefficient Af ruficollis, C. floccosandX. maculatgplotted against geographical distances of the populations,
respectively. The observed kinship coefficient and standard error obtained by jackknifing over all loci is shown. 95% confidence igtareal) (gra

shows the null hypothesis of randomly distributed alleles.
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a) C) e)

b) d) f)

Fig A2: Probability (Ln P(D)) of potential number of cluster (Kpayuficollis ranging from 1 to 13 with a priori location information)ruficollis
ranging from 1 to 13 without a priori location informatiorCc)floccosaanging from 1 to 15 with a priori location information@l)floccosaanging

from 1 to 15 without a priori location information X¥) maculataranging from 1 to 19with a priori location informationd) maculataranging from

1 to 19 without a priori location information.
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Table A1l: Number of individuals per tree and year and calculaigdlEes per population f@&k. ruficollis, C. floccosandX. maculataPopulations

without Fs value consisted of only one specimen, thus no calculation was possible.

A. ruficollis C. floccosa X. maculata
# # # # # #
Tree individuals individuals Fis Tree individuals individuals Fis Tree individuals individuals Fis
2014 2015 2014 2015 2014 2015

3 1 - - 2 5 31 0.0837 |2 - 2 0.0769

7 10 - 0.0365 | 4 - 1 - 4 - 2 0.1429

8 5 - 0.1277 | 7 - 2 0.0000 |8 3 4 0.1236

21 23 - 0.0208 | 10 1 - - 10 1 - -

22 8 - 0.0886 | 18 - 1 - 11 2 5 0.0977

25 13 - 0.1735 | 21 2 - 0.0909 |15 1 - -

26 2 - 0.1220 | 22 3 - 0.1429 |17 1 - -

27 1 - - 23 1 4 -0.0377 |19 1 - -

28 3 - 0.0667 | 24 3 - -0.1494 | 21 3 12 0.2053

37 3 - 0.1402 | 25 1 5 -0.0241 | 22 4 41 0.1605

38 1 - - 26 4 4 0.1046 |23 3 15 0.0290

40 3 - 0.1220 | 28 3 15 0.0992 |24 1 - -

41 4 - 0.2532 | 33 1 - - 25 - 10 0.0544

40 2 8 0.1720 |26 1 7 0.2527
41 1 1 -0.0968 | 27 12 - 0.0007

28 5 13 0.1707
29 2 - -0.2000
34 1 - -
35 7 - 0.0192
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Table A.2 Pairwise calculation o+ values according to Weir & Cockerham (1984) between trees of which they emem§yedsais ruficollis b)

Criorhina floccosac) Xylomya maculataBold numbers indicate deviation from zero after bootstrapping.

Anaspis ruficollis Tree 7 Tree 8 Tree 21 Tree 22

Tree 25 Tree 28 Tree 37 Tree 40 Tree 41

Tree 8

Tree 21
Tree 22
Tree 25
Tree 28
Tree 37
Tree 40
Tree 41

0.0104 -

0.0151 0.018 -
0.0124 0.0134 O

0.0196 0.0273
0.0335 0.0401
0.0196 0.0288
0.0145 0.0010
0.0178 0.0292

0.0102 0.0012
0.0241 0.0096
0.0244 0.0043
0.0020 0.0118
0.0153 0.0145

0.0132
0.0247
0.0096
0.0099

0.0069 -

0.0243 0.0165 -

0.0251 0.0318 0.0044

Criorhina floccosa

Tree 2

Tree 22 Tree23 Tree 24 Tree 25 Tree 26 Tree 28 Tree 40

Tree 2

Tree 22
Tree 23
Tree 24
Tree 25
Tree 26
Tree 28
Tree 40

-0.013
0.0258
0.0123
0.0046
0.0051
0.0007
0.0012

0.0083

-0.0082
-0.0338
-0.0102
-0.0147
-0.0125

0.0273 -

0.0062 0.0015
0.0277 0.0028
0.0327 0.0002
0.0183 0.0125

-0.0026 -
0.0020 0.0123
-0.0003 0.0088

-0.0034 -




Appendix

Tree
Xylomya maculate Tree 8 Tree 11 Tree 21 Tree 22 Tree23 Tree25 Tree 26 Tree 27 Tree 28 35

Tree 8 -

Tree 11 0.0179 -

Tree 21 0.0217 0.0057 -

Tree 22 0.0215 0.0092 0.0005 -

Tree 23 0.0121 0.0016 0.0005 0.0063 -

Tree 25 0.0213 0.0071 0.0023 0.0065 0.0004 -

Tree 26 0.0184 0.0004 0.0006 0.0013 0.0037 0.0107 -

Tree 27 0.0175 0.009 0.0067 0.0152 0.0123 0.021 0.0026 -

Tree 28 0.0162 0.0112 0.0099 0.0058 0.0128 0.0103 0.0113 0.0139 -

Tree 35 0.0177 0.0076 0.0021 0.0092 0.0079 0.0134 0.0089 0.0032 0.0091 -
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Table A.3 Analysis of molecular varianédMOVA o of A. ruficollis. C. floccosand X. maculatadf = degrees of freedom. SSD = sum of square

deviations. MSD = mean square deviations. Sigma = variance.

Species Source of Variation df SSD MSD Sigma Total variance [%] P - value

A. ruficollis  between north and south 1 9.26 9.26 0.05 1.09 > 0.05
between trees 11 66.16 6.01 0.09 1.93 <0.01
between individuals within trees 60 306.68 511 0.39 8.03 <0.01
within individuals 73 316.07 433 4.33 88.96 <0.01
Total 145 698.18 482 4.87 100.00

C. floccosa between north and south 1 3.63 3.63 -0.01 -0.19 > 0.05
between trees 13 53.13 409 0.01 0.17 > 0.05
between individuals within tree« 84 338.57 403 0.28 7.33 <0.01
within individuals 99 344.50 3.48 3.48 92.69 <0.01
Total 197 739.83 3.76 3.75 100.00

X. maculata between north and south 1 3.71 3.71 0.00 0.09 > 0.05
between trees 17 60.02 3.53 0.04 1.39 <0.01
between individuals within tree« 140 414.74 296 0.33 1214 <0.01
within individuals 159 367.64 231 231 86.38 <0.01

Total 317 846.11 2.67 2.68 100.00
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Table A.4 Description of mean kinship coefficient. standard error of mean kinship coefficient. upper and lower boundaries of 95% confidence

interval and estimation &pof A. ruficollis. C. floccosandX. maculata.

Appendix

Distance Mean kinship SE kinship

classes Distance [m] coefficient coefficient 95% CIl uper 95% CI lower Sp

Anaspis

ruficollis

0 within Tree hollow  0.1055 0.0178 -0.0249171 0.0254055 0.00257964225824483
1 103.45 0.0049 0.0051 -0.01304 0.0131228 0.00231885237664556
2 547.91 -0.0007 0.0026 -0.0164765 0.0261145 0.00230587588687918
3 547.91 - - - - 0.00230749

4 612.00 0.0046 0.0047 -0.0210485 0.0311102 0.00231815350612819
5 2057.08 -0.0070 0.0039 -0.0100248 0.00773698 0.0022914498510427

6 3877.30 -0.0026 0.0051 -0.00993748 0.00565491 0.00230150608418113
7 4571.47 -0.0075 0.0032 -0.0122252 0.011584 0.00229031265508685
8 7351.60 -0.0026 0.0029 -0.0102985 0.0069909 0.00230150608418113
9 7452.26 -0.0055 0.0039 -0.0152988 0.0204497 0.0022948682247638
10 7477.09 -0.0072 0.0037 -0.0297711 0.0557001 0.00229099483717236
11 7568.50 -0.0075 0.0087 -0.017471 0.0239511 0.00229031265508685
12 7690.10 -0.0131 0.0082 -0.0113797 0.0111021 0.00227765274898825
13 10161.47 0.0085 0.0043 -0.00990817 0.00735482 0.0023272718103883
Criorhina floccosa

0 within Tree hollow  0.0768 0.0247 -0.0365273 0.0369564 -0.00181553292894281
1 137 -0.0026 0.0035 -0.0123475 0.0120771 -0.00167175344105326
2 651 -0.006 0.0053 -0.0122525 0.0114386 -0.00166610337972167
3 4813 -0.0016 0.0043 -0.00752506 0.00593698 -0.00167342252396166
4 5228 0.0016 0.0019 -0.010876 0.0101912 -0.00167878605769231
5 6548 0.0029 0.0052 -0.0059628 0.00411155 -0.0016809748269983
6 7625 -0.0034 0.0051 -0.0137763 0.0136577 -0.00167042057006179
7 7691 0.0035 0.0028 -0.0248247 0.025946 -0.00168198695434019
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8 7707 -0.0009 0.0044 -0.043249 0.0568612 -0.00167459286642022
9 7711 0.0008 0.0030 -0.0739862 0.101292 -0.00167744195356285
10 7711 - - - - -0.0016761

11 10181 0 0.0023 -0.0101139 0.0088477 -0.0016761

12 14592 0.0014 0.0088 -0.00925976 0.00848732 -0.00167844982976167
Xylomya maculata

0 within Tree hollow  0.1313 0.0487 -0.0301492 0.0302236 0.00022767813974905
1 103 0.0007 0.0023 -0.0181981 0.0174926 0.000197922545782047
2 133 0.0038 0.0058 -0.0216081 0.0217043 0.000198538446095162
3 157 -0.0081 0.0054 -0.028136 0.0242037 0.000196194821942268
4 612 0.0057 0.0034 -0.0202384 0.0191229 0.00019891783164035
5 661 0.002 0.0032 -0.0344283 0.0346806 0.000198180360721443
6 667 -0.0038 0.0037 -0.146079 0.10851 0.000197035265989241
7 727 -0.0112 0.0055 -0.0509141 0.048508 0.00019559335443038
8 749 -0.003 0.0067 -0.146079 0.134075 0.000197192422731805
9 2359 -0.0103 0.0038 -0.0118781 0.0103221 0.000195767593784025
10 5175 0.0042 0.0034 -0.00841118 0.00623434 0.000198618196424985
11 7352 -0.0059 0.0051 -0.00565533 0.00265769 0.000196623918878616
12 7707 -0.0044 0.0037 -0.0142463 0.0117917 0.000196917562724014
13 10250 0.003 0.0052 -0.0104128 0.00864517 0.000198379137412237
14 13962 0.001 0.0028 -0.00706581 0.00469089 0.000197981981981982
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Fig A1: NMDS plot vizualizing the Bray-Curtiss dissimilarity index of different feeding guilds calculated from the enrichrteest@3c and 3°N
in two dimensional space with a stress of 0.08 and 100 permutations. d = detritivorous. m = mycetophagous. m = myceto-saprophagous. x =
xylophagous. xm = xylo-mycetophagous. xs = xylo-saprophagous. xz = xylo-zoophagous. zoo = zoophagous.
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Table Al: /A3C and /**N values for all wood mould samples from 2014 and 2015.

Wood mould tree hollov Degree of 2014 2015
decomposition
/1 /I & I 1 I &

2 15 -1.901 -26.63 -3.178 -22.917
3 15 -4.493 -27.492 2.609 -27.053
4 2 -1.108 -27.112 -1.102 -26.006
5 1 -2.801 -29.199 - -

6 2 -3.893 -26.892 - -

7 15 -1.454 -27.188 -1.809 -25.96
8 2.5 -1.105 -28.235 -1.814  -25.699
10 3 -0.052 -26.999 - -

11 4 -1.189 -27.632 -0.882 -26.06
12 3 -1.512 -27.521 -0.872 -26.704
13 3 5.805 -28.955 - -

14 1 -2.684 -25.761 -2.936  -24.183
15 2 -2.871 -27.672 - -

16 3 -3.268 -28.078 - -

17 4 4,032 -23.111 - -

18 2 -2.514 -25.64 -2.73 -24.104
19 3.5 -1.058 -28.243 -0.253 -26.08
20 2 -2.914 -25.987 -3.051  -24.573
21 2.5 -3.962 -26.512 -1.938 -25.465
22 3 -1.394 -25.993 0.301 -24.639
23 2.5 0.433 -25.875 0.869 -24.801
24 2 -0.503 -25.115 - -

25 15 -2.434 -26.146 -2.036  -25.003
26 15 -1.887 -25.728 -3.244  -24.526
27 4 -0.909 -24.918 - -

28 2 -2.817 -26.71 -1.984  -25.039
29 3 -1.301 -28.18 -1.488 -26.858
30 3 -4.332 -29.434 - -

31 4 -3.705 -28.293 -5.175  -27.983
32 3 -3.69 -27.818 - -

33 2 -2.555 -26.669 - -

34 2 -1.46  -27.279 - -

35 4 -2.016 -27.804 - -

36 1 -1.937 -26.384 - -

37 2 -2.328 -27.282 -1.476  -26.189
38 2 -3.024 -27.027 -2.752  -26.759
39 4 1.03 -27.793 - -

40 2.5 -4.26 -27.307 -1.551  -26.025
41 3 -2.557 -26.018 -1.658 -24.198
42 3 2.709 -27.369 - -
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Table A2: 3C. /*N. 6°C and @°N values for each individual per species.

Tree  Year Species Family /1 | & 0 1 o0C
hollow

23 2015 Abraeus perpusillus Histeridae 2.38 -22.118 1.511 2.683
22 2015 Abraeus perpusillus Histeridae 1.545 -23.643 1.244 0.996
26 2015 Abraeus perpusillus Histeridae 0.667 -22.489 3.911 2.037
28 2015 Abraeus perpusillus Histeridae 0.27 -22.845 2.254 2.194
28 2015 Abraeus perpusillus Histeridae 2.276 -23.29 426 1.749
7 2015 Acalles hypocrita Curculionidae  1.197 -25.329 3.006 0.631
4 2015 Acalles hypocrita Curculionidae  1.754 -23.786 2.856 2.22
4 2015 Aderus populneus Aderidae 14.604 -21.066 15.71 4,94
7 2014 Allecula morio Alleculidae 0.236 -25.092 1.69 2.096
37 2014 Allecula morio Alleculidae -0.191 -23.592 2.137 3.69
7 2014 Allecula morio Alleculidae 2105 -24.228 3.559 2.96
7 2015 Allecula morio Alleculidae -0.074 -24.319 1.735 1.641
37 2015 Allecula morio Alleculidae -0.824 -24.25 0.652 1.939
7 2015 Allecula morio Alleculidae 2.908 -24.523 4.717 1.437
37 2015 Allecula morio Alleculidae -0.426 -25.326 1.05 0.863
28 2015 Allecula morio Alleculidae 1.247 -23.414 3.231 1.625
37 2015 Allecula morio Alleculidae -0.678 -24.794 0.798 1.395
28 2015 Allecula morio Alleculidae -0.535 -23.394 1.449 1.645
28 2015 Allecula morio Alleculidae 0.064 -23.093 2.048 1.946
28 2014 Allecula morio Alleculidae -2.497 -23.05 0.32 3.66
28 2014 Allecula morio Alleculidae -0.364 -23.083 2.453 3.627
28 2014 Allecula morio Alleculidae -0.655 -22.698 2.162 4.012
28 2014 Allecula mario Alleculidae 1405 -22.984 4222 3.726
37 2014 Allecula morio Alleculidae -0.111 -23.088 2.217 4.194
37 2014 Allecula mario Alleculidae -0.024 -23.188 2.304 4.094
37 2014 Allecula morio Alleculidae 0.159 -23.943 2.487 3.339
7 2014 Allecula mario Alleculidae 1.891 -24527 3.345 2.661
7 2014 Allecula morio Alleculidae 0.973 -235 2.427 3.688
7 2015 Allecula mario Alleculidae 3.23 -24.36  5.039 1.6
7 2014 Alosterna tabacicolor Cerambycidae 0.933 -21.603 2.387 5.585
28 2014 Alosterna tabacicolor Cerambycidae -9.475 -24.431 -6.658 2.279
28 2014 Alosterna tabacicolor Cerambycidae -6.68 -24.222 -3.863 2.488
7 2015 Alosterna tabacicolor Cerambycidae -3.814 -21.95 -2.005 4.01
28 2015 Alosterna tabacicolor Cerambycidae -6.315 -22.202 -4.331 2.837
8 2015 Alosterna tabacicolor Cerambycidae -6.696 -22.129 -4.882 3.57
7 2015 Alosterna tabacicolor Cerambycidae -4.684 -21.749 -2.875 4.211
7 2015 Alosterna tabacicolor Cerambycidae 1.909 -20.7 3.718 5.26
28 2015 Alosterna tabacicolor Cerambycidae -2.145 -22.314 -0.161 2.725
28 2015 Alosterna tabacicolor Cerambycidae 0.496 -22.217 2.48 2.822
28 2014 Alosterna tabacicolor Cerambycidae 0.222 -22.846 3.039 3.864
28 2014 Alosterna tabacicolor Cerambycidae -2.085 -22.891 0.732 3.819
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19
22

24
21
40
41
22
40
25
25

21
26
27

21

22
22

37
28
37
28
26

40
41
32

31
12
20
21

37

2014
2015
2015
2015
2014
2014
2014
2015
2015
2015
2015
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2014
2014
2014
2015
2015
2015
2014
2014
2014
2015
2015
2015
2015

Ampedus nigroflavus
Ampedus pomorum
Ampedus pomorum
Ampedus pomorum
Anaspis frontalis
Anaspis frontalis
Anaspis frontalis
Anaspis marginicollis
Anaspis marginicollis
Anaspis marginicollis
Anaspis marginicollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis rufilabris
Anaspis rufilabris
Anaspis rufilabris
Anaspis rufilabris
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica

Elateridae

Elateridae

Elateridae

Elateridae

Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
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-0.577
2.095
2.016
1.23
4.642
0.472
1.092
4.109
-0.677
6.026
1.65
2.082
0.045
2.195
-0.769
1.616
3.028
2.726
-0.358
1.397
-2.053
1.509
4.047
-1.35
1.663
4.435
3.244
8.93
0.38
0.124
3.656
1.205
0.488
3.809
-0.475
-0.299
1.107
3.44
4.343
0.703
0.791
0.582
-0.139
-1.112
3.363
5.433
3.638

-22.144
-22.587
-25.387
-24.66

-22.968
-21.785
-20.065
-22.048
-22.809
-22.428
-21.572
-20.92

-24.195
-21.48

-21.864
-21.759
-21.752
-20.107
-23.438
-21.67

-22.365
-18.94

-20.734
-22.587
-21.464
-20.796
-24.07

-25.146
-22.857
-22.526
-23.19

-21.389
-22.163
-21.51

-22.112
-20.565
-23.209
-20.817
-21.619
-22.82

-23.065
-22.28

-22.158
-20.381
-21.206
-22.061
-21.458

Appendix

1.324
4.079
3.825
3.039
57
1.866
2.546
4.612
1.261
7.577
3.308
3.476
4.305
4.629
1.665
3.07
6.99
4.613
0.551
2.851
1.909
6.002
5.152
0.044
3.057
5.54
4.349
11.26
3.197
2.452
6.473
3.092
1.942
5.618
3.785
2.258
4.797
4.542
6.152
5.878
2.303
3.496
3.823
0.697
4.839
8.611
4.74

4.486
2.452
0.573
1.3
5.275
4.208
7.123
3.067
2.656
3.597
2.626
5.073
3.112
4.666
4.282
5.429
4.76
5.621
1.48
5.518
4.147
8.552
7.501
3.406
4.529
7.439
4.165
2.136
3.853
4.756
3.52
4.339
5.025
4.45
5.195
5.453
4.609
5.189
4.341
5.163
4.456
3.707
4.354
5.579
4.983
0.856
4.548
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2015
2015
2015
2015
2015
2015
2014
2015
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2015
2014
2014
2015
2015
2015
2015
2014
2015
2015
2015
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015

Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anisotoma humeralis
Anobium costatum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Calambus bipustulatus
Cerophytum elateroides
Choragus sheppardi

Cis bidentatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Cryptophagus labilis
Cryptophagus labilis
Cryptophagus labilis
Cryptophagus labilis
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus

Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Leiodidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Sphindidae
Sphindidae
Sphindidae
Sphindidae
Sphindidae
Sphindidae
Elateridae

Cerophytidae

Anthribidae
Cisidae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

Cryptophagidae
Cryptophagidae
Cryptophagidae
Cryptophagidae

Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
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4.13
7.229
1.55
5.397
-0.93
1.013
6.097
0.457
-9.682
-5.321
0.477
-4.676
-2.892
4.55
4.876
3.882
4.698
6.421
3.432
0.859
-3.301
-3.151
-1.954
1.989
4.22
0.646
-1.385
0.517
-0.598
4.58
-1.595
2.208
0.443
3.125
-0.962
-0.686
-0.594
-0.836
-1.82
2.678
-0.649
1.443
0.797
-5.749
0.867
0.137
-1.19

-23.075
-21.839
-20.952
-21.21

-26.048
-21.676
-21.162
-24.433
-20.913
-21.054
-24.591
-24.144
-24.046
-20.41

-22.583
-21.735
-20.05

-20.144
-19.375
-24.991
-22.487
-22.693
-19.807
-22.818
-20.233
-22.659
-23.095
-22.09

-22.682
-17.449
-21.761
-21.27

-21.902
-25.486
-25.666
-22.336
-23.09

-22.228
-21.514
-20.618
-18.339
-20.49

-22.995
-17.342
-23.109
-23.177
-23.455
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5.232 2.931
9.213 3.2
4.794 3.574
6.948 4.815
0.621 -0.023
2.115 4.33
7.551 6.026
1559 1.573
-8.574 6.199
-4.213 6.058
1579 1.415
-3.574 1.862
-1.79 1.96
5.053 4.705
6.814 2.882
4.385 3.38
6.507 5.91
7.972 5.881
5416 5.664
1.961 1.015
-1.414 3.241
2.024 5.29
-1.451 5.308
4.806 3.892
6.777 5.785
2.63 2.38
0.599 1.944
3.761 2.436
1.386 2.357
5.688 9.663
0.389 3.278
1.339 3,531
2.252 4.058
7.457 3.948
1.472 0.48
0.708 3.657
3.899 4.402
2.188 4.799
-0.712 5.598
5.479 8.581
0.459 8.773
2.551 6.622
13 2.12
-4.56 10.29
1.37 2.006
2.867 0.927
-0.687 1.66



23
20
18
20
24
26

21
31

40

18
29

24

22

23
28
28
25
25
41
12
25
22
11
21
23
26
18
22
40
11
41

w

18
18
18
18
25

2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2014
2015
2014
2015
2015
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2014
2014
2014
2014
2015
2015
2014
2014

Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Denticollis rubens
Dissoleucas niveirostris
Dorcatoma substriata
Epuraea variegata
Ernoporicus fagi
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Hapalaraea pygmaea
Hapalaraea pygmaea

Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Elateridae
Anthribidae
Anobiidae
Nitidulidae
Scolytidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Staphylinidae
Staphylinidae

213

1.485
3.004
-0.098
2.658
0.443
-2.631
2.603
-0.196
-2.688
-2.631
1.663
6.563
-0.558
-4.932
-2.318
-0.022
1.362
-3.368
3.199
2.192
-3.734
-2.431
-3.006
-2.814
-3.859
1.105
-2.355
-2.033
-3.97
-3.054
-2.614
-1.639
-3.805
-3.544
-2.661
-2.622
-3.21
-0.343
-1.199
-2.233
-2.833
-2.224
-1.916
-1.342
-3.039
2.696
3.021

-22.193
-22.939
-24.1
-23.649
-21.602
-24.182
-22.119
-23.501
-23.955
-23.146
-23.108
-23.475
-21.392
-22.543
-21.818
-23.027
-22.471
-22.69
-18.513
-21.946
-24.913
-20.757
-24.404
-22.621
-24.019
-22.065
-25.089
-24.523
-21.624
-22.417
-23.027
-24.022
-23.255
-25.044
-22.222
-22.228
-24.044
-24.095
-23.008
-26.844
-22.662
-23.129
-22.343
-22.038
-23.565
-18.984
-23.014
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0.616
6.055
2.632
5.709
0.946
0.613
4.412
1.742
2.487
-1.529
3.214
7.665
2.172
-3.444
-4.927
3.871
1.865
-2.266
4.593
4.001
-4.603
0.386
-0.189
-0.38
-1.425
3.662
-0.843
0.401
-2.576
-1.865
1.348
-2.508
-0.561
-0.814
-2.962
-1.071
-2.328
1.315
0.615
2.26
1.66
0.29
0.598
1.388
-0.309
5.13
7.514

2.608
1.634
0.004
0.924
3.513
0.344
3.841
1.964
4.028
2.86
2.917
2.531
2.712
4.315
5.235
3.865
2.644
3.316
7.48
4.014
-0.112
5.953
2.306
3.525
2.127
3.953
2.432
1.623
4.369
5.215
3.485
0.779
1.271
-0.94
2.417
3.797
2.016
0.103
2.691
0.648
4.83
2.511
3.297
2.066
0.539
7.162
4.478



28
29
41
25
24

23

2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2014

2014
2014
2014
2014
2014
2014
2014

Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hylecoetus dermestoides
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes

Ischnomera
caerulea/cyanea

Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Lymexylidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Malachiidae
Oedemeridae

Ischnomera sanguinicollic Oedemeridae
Ischnomera sanguinicollis Oedemeridae
Ischnomera sanguinicollic Oedemeridae
Ischnomera sanguinicollic Oedemeridae
Ischnomera sanguinicollic Oedemeridae
Ischnomera sanguinicollic Oedemeridae
Ischnomera sanguinicollic Oedemeridae
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3.609
4.308
2.786
2.286
2.453
-0.508
1.047
-0.097
1.876
1.754
2.097
-0.956
2.216
1.357
9.183
-0.04
0.708
-1.124
2.556
2.289
4.588
-0.785
7.03
2.891
5.055
4.359
5.625
4.116
4.811
4.057
4.223
5.983
3.296
5.01
1.54
4.285
5.24
2.537
-1.668

-0.054
1.014

-2.081
-0.109
-4.096
-0.467
-0.978

-20.277
-20.594
-21.388
-21.628
-19.783
-21.358
-23.362
-26.473
-21.383
-21.638
-22.003
-23.278
-24.064
-22.319
-23.811
-20.874
-24.157
-25.367
-21.985
-22.104
-21.231
-25.785
-22.446
-23.785
-22.598
-23.23

-22.651
-22.957
-23.882
-23.232
-23.553
-21.884
-23.218
-22.816
-23.748
-23.447
-24.591
-23.169
-22.471

-24.962
-23.325
-22.572
-22.499
-23.259
-21.294
-22.528

Appendix

5.003
5.413
477
4.095
2.956
-3.117
4.098
1.379
1.575
3.738
4.035
3.537
4.773
3.791
12.05
3.204
2.366
0.86
2.255
1.988
4.287
2.483
8.424
5.219
6.509
5.464
7.079
5.51
5.916
5.511
6.551
7.377
4.401
7.694
3.349
6.094
4.939
4.346
0.887

2.763
2.315
0.476
2.325
-3.593
1.434
-1.411

5.716
7.641
3.651
4.332
5.332
5.695
1.211
-0.284
3.256
3.401
3.462
4.214
1.954
3.827
3.861
3.652
0.041
-0.328
2.654
2.535
3.408
2.293
3.547
3.497
4.59
5.005
4.537
3.036
4.353
3.956
3.729
4.109
5.017
2.945
2.212
2.513
0.048
2.791
4.198

1.748
4.855
3.446
3.647
1.856
5.336
3.347



26
26
40
24
23
21
23

20
28
40
40
23

28
28
26
41
21
18

40

21

20

D

29
31
40

33
14
23
20
20

19

22
25
22
22
21

2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2014
2014
2015
2015
2015
2015
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2014
2014
2015
2015
2015

Ischnomera sanguinicollic Oedemeridae  -1.186
Ischnomera sanguinicollic Oedemeridae  -3.127
Ischnomera sanguinicollic Oedemeridae  -1.356
Ischnomera sanguinicollic Oedemeridae  -0.527
Ischnomera sanguinicollic Oedemeridae  -3.017
Ischnomera sanguinicollic Oedemeridae  -5.237
Ischnomera sanguinicollic Oedemeridae  -5.105
Ischnomera sanguinicollis Oedemeridae  2.078
Ischnomera sanguinicollic Oedemeridae  1.534
Ischnomera sanguinicollic Oedemeridae  -2.22

Ischnomera sanguinicollic Oedemeridae  -1.261
Ischnomera sanguinicollic Oedemeridae  -1.689
Ischnomera sanguinicollic Oedemeridae  -1.536
Ischnomera sanguinicollic Oedemeridae  0.839
Ischnomera sanguinicollic Oedemeridae  -3.331
Ischnomera sanguinicollic Oedemeridae  -2.567
Ischnomera sp. Oedemeridae  -3.463
Ischnomera sp. Oedemeridae  1.615
Ischnomera sp. Oedemeridae  -6.226
Ischnomera sp. Oedemeridae  -1.632
Malachius bipustulats Malachiidae 6.396
Malthinus punctatus Cantharidae 0.068
Malthodes marginatus  Cantharidae -0.116
Malthodes marginatus  Cantharidae -1.726
Malthodes marginatus  Cantharidae -2.632
Malthodes marginatus  Cantharidae -0.938
Malthodes marginatus  Cantharidae -2.023
Malthodes marginatus  Cantharidae -1.677
Malthodes marginatus  Cantharidae 0.056
Megatoma undata Dermestidae 4.893
Melanotus castanipes Elateridae 0.434
Melanotus castanipes Elateridae 1.873
Melanotus castanipes Elateridae 0.469
Melanotus castanipes Elateridae 3.173
Melanotus castanipes Elateridae 2.44

Melanotus castanipes Elateridae 2.115
Melanotus castanipes Elateridae 1.698
Melanotus castanipes Elateridae 2.201
Melanotus castanipes Elateridae 1.888
Melanotus rufipes Elateridae 4217
Melanotus rufipes Elateridae 2.265
Melanotus rufipes Elateridae 1.405

Mycetophagus populi
Mycetophagus populi
Mycetophagus populi
Mycetophagus populi
Mycetophagus populi

Mycetophagidae 0.826
Mycetophagidae 1.649
Mycetophagidae 0.945
Mycetophagidae 0.528
Mycetophagidae 1.178
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-23.029
-22.629
-22.909
-23.368
-21.21

-21.763
-20.311
-23.315
-22.434
-22.67

-23.038
-22.064
-23.665
-21.724
-22.505
-22.526
-21.456
-20.869
-22.211
-23.58

-22.922
-27.614
-25.808
-26.13

-26.79

-25.888
-26.67

-26.078
-25.506
-24.385
-24.257
-23.297
-24.018
-22.519
-24.168
-23.168
-24.961
-24.163
-24.355
-22.249
-22.968
-24.504
-21.706
-22.404
-21.236
-21.847
-21.045

Appendix

0.701
0.117
0.195
-0.024
-3.886
-3.299
-5.974
3.18
4.585
-0.236
0.29
-0.138
-2.405
1.941
-1.347
-0.583
-0.219
3.273
-4.288
1.098
8.205
1.619
0.992
2.167
1.33
0.164
1.028
-0.575
1.158
7.694
1.735
5.578
4.729
5.974
4.995
4.799
0.829
5.252
4.939
6.026
2.518
3.214
2.22
4.083
0.644
0.227
3.116

2.699
1.897
3.116
1.747
3.591
3.702
4.49
2.691
2.139
2.369
2.987
3.961
1.136
4.282
2.534
2.513
3.07
3.329
3.254
0.524
3.038
-1.589
1.304
0.762
-0.278
0.118
-2.097
-0.072
0.5
4.814
3.923
4.996
3.289
6.68
2.501
2.593
-0.16
0.41
0.218
3.711
3.112
1.456
4.287
3.742
3.403
2.792
4.42



22
21
40
22
22
22
25
22
34
27
22
21
21
37

24

22
22
29

25
24
26
40
40
22
22
12

40
32
40

40
28
23
40
40
22
37
20
20

37
37
37

2015
2015
2015
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2014
2015
2015
2015
2015
2015
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2014
2014
2014
2014
2014
2014
2014
2014

Mycetophagus populi
Mycetophagus populi
Neuraphes carinatus
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orthoperus atomus
Paromalus flavicornis
Phloeonomus punctipenn
Phloeophagus lignarius
Phloeophagus lignarius
Phloeophagus lignarius
Pityophagus ferrugineus
Platycis cosnardi
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Procraerus tibialis
Pseudocistela ceramboid:
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis

Mycetophagidae 2.087
Mycetophagidae 1.386
Scydmaenidae 3.105

Melandryidae
Melandryidae
Melandryidae
Melandryidae
Melandryidae
Melandryidae
Melandryidae
Melandryidae
Melandryidae
Melandryidae
Corylophidae
Histeridae
Staphylinidae
Curculionidae
Curculionidae
Curculionidae
Nitidulidae
Lycidae
Histeridae
Histeridae
Histeridae
Histeridae
Histeridae
Histeridae
Histeridae
Scirtidae
Scirtidae
Scirtidae
Scirtidae
Scirtidae
Scirtidae
Scirtidae
Scirtidae
Scirtidae
Scirtidae
Elateridae
Tenebrionidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
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3.553
5.365
4.257
3.72
4.03
3.023
5.762
1.382
3.245
3.761
2.967
2.925
0.501
-4.573
-1.994
-0.876
-0.805
0.899
2.304
2.992
0.06
3.32
2.107
3.202
1.683
3.41
-6.258
-0.364
-1.536
-4.139
-1.016
0.347
-3.293
0.367
0.034
2.258
1.48
-0.119
-2.592
-1.768
0.173
0.049
-0.43
-1.13

-21.722
-20.497
-24.067
-18.916
-18.375
-18.895
-19.592
-19.346
-21.269
-18.204
-18.832
-19.616
-19.002
-23.088
-22.284
-20.086
-22.607
-22.582
-21.674
-23.961
-21.405
-22.201
-21.181
-19.701
-20.363
-21.472
-21.059
-22.257
-24
-25.332
-21.762
-21.512
-25.244
-25.407
-24.312
-28.216
-23.393
-25.155
-22.443
-22.484
-23.467
-22.611
-21.662
-20.769
-19.777
-20.396
-20.06

Appendix

1.786 2.917
3.324 4.968
4.656 1.958
4.947 7.077
6.759 7.618
5.651 7.098
6.154 6.554
5.424 6.647
4.483 6.01
6.671 6.714
1.081 5.807
5.183 5.849
5.699 6.463
4443 3.101
4734 3.676
1.004 5.029
-2.764  3.353
-2.295 2.057
-1.177  2.965
0.496 4.219
2.708 4.555
4.738 3.945
3.495 3.934
3.304 4.825
4871 5.662
3.658 4.553
2.901 3.58
3.077 3.736
4922 3.521
-4.357 1.298
3.896 5.545
2.154 6.306
-2.588 0.781
0.086 0.599
1.898 1.713
-1.309 -3.177
-0.502 1.408
1.585 0.87
3.809 3.582
2.874 3.509
2.209 3.815
0.322 3.376
1.146 4.325
1.281 6.343
2.377 7.505
1.898 6.886
1.198 7.222



2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2014
2015
2015
2014
2014
2014
2015
2015
2015
2015
2015
2014
2015
2015
2015
2015
2015
2014
2015
2015
2014
2015
2015
2015
2014
2014
2014
2014
2015
2015
2014

Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Quedius brevicornis
Quedius microps
Quedius truncicola
Quedius truncicola
Quedius truncicola
Quedius truncicola
Quedius truncicola
Quedius truncicola
Rhagium mordax
Rhizophagus bipustulatus
Rhizophagus bipustulatus
Rhizophagus bipustulatus
Rhizophagus bipustulatus
Rhizophagus bipustulatus
Rhizophagus bipustulatus
Rhizophagus depressus
Rhizophagus depressus
Rhizophagus depressus
Rhizophagus dispar
Rhizophagus perforatus
Rhizophagus perforatus
Rhizophagus perforatus
Scraptia fuscula

Scraptia fuscula

Scraptia fuscula

Scraptia fuscula

Scraptia fuscula

Scraptia fuscula

Scraptia fuscula

Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Anobiidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Staphylinidae
Cerambycidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Monotomidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
Scraptiidae
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-2.857
-1.379
-3.682
-2.61
-2.826
-2.083
2.332
-2.621
-0.954
-1.89
-2.13
-3.485
-0.683
-1.765
-1.661
-3.011
-5.32
-1.298
2.118
4.192
3.808
0.454
3.013
0.427
2.811
2.598
-1.048
-2.943
-1.712
1.597
-2.755
0.681
-0.288
0.972
1.911
-2.766
-0.548
-1.85
2.872
2.291
2.465
3.451
2.363
1.641
0.672
1.738
4.902

-17.47
-20.912
-20.478
-22.261
-22.504
-22.077
-22.271
-22.598
-21.71
-23.432
-21.924
-22.254
-22.008
-21.959
-21.44
-24.354
-21.958
-22.755
-24.323
-20.319
-24.537
-23.126
-23.351
-24.47
-21.52
-23.893
-21.775
-23.952
-22.168
-23.746
-23.284
-23.11
-22.706
-26.233
-22.152
-22.197
-23.823
-23.322
-23.647
-23.3
-18.545
-19.818
-21.761
-19.492
-23.091
-23.74
-18.24

Appendix

-0.423
1.535
-0.768
-1.059
-1.35
-0.274
4.141
-1.145
2.097
-0.788
0.921
-2.009
0.419
0.044
1.39
-1.557
-3.866
-0.196
3.932
8.452
7.77
1.643
6.257
2.085
4.749
5.842
0.503
1.55
-1.209
3.148
0.489
2.49
-0.589
4.677
3.849
-1.278
3.784
-0.374
3.375
4.229
4.899
6.322
2.866
4.075
3.916
3.722
7.719

8.676
5.075
5.509
3.764
3.685
3.883
3.689
3.591
2.863
2.574
2.649
3.935
3.998
4.001
3.133
2.834
5.23
3.251
1.376
6.988
1.975
4.506
1.175
-0.272
3.945
0.633
4.25
3.54
2.947
2.279
1.242
2.85
1.933
2.06
3.313
4.661
5.611
2.867
1.468
2.165
7.601
7.854
3.354
6.654
1.435
1.299
8.47



28
28
28
25
37
21
20
37

21
37
19
37
21
37

22
22

29
31
25
15

13

30

35
20
30

31
21
10
39
18

30
36
41
31
39
41
37

2014
2014
2014
2014
2015
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2014
2014
2015
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015

Scraptia fuscula
Scraptia fuscula
Scraptia fuscula

Siagonum quadricorne
Tetropium castaneum

Tillus elongatus
Tillus elongatus
Tillus elongatus
Tillus elongatus
Tillus elongatus
Tillus elongatus
Tillus elongatus
Tillus elongatus
Tillus elongatus
Tillus elongatus
Tillus elongatus
Triplax russica
Triplax russica
Velleius dilatatus
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar

Scraptiidae
Scraptiidae
Scraptiidae
Staphylinidae
Cerambycidae
Cleridae
Cleridae
Cleridae
Cleridae
Cleridae
Cleridae
Cleridae
Cleridae
Cleridae
Cleridae
Cleridae
Erotylidae
Erotylidae
Staphylinidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
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4.004
4.215
3.978
0.149
-3.137
1.003
0.246
-0.061
-0.478
-0.697
-2.45
-2.75
-2.135
0.242
-1.171
-1.012
1.517
2.58
5.042
-2.629
6.065
-2.825
-2.974
-2.723
1.839
-2.913
-1.476
0.857
-2.065
-3.121
1.674
-3.692
-0.966
-3.035
-5.361
6.287
1.978
1.045
0.583
-2.653
-4.772
-1.785
1.328
-2.074
2.106
1.233
-2.414

-18.976
-18.418
-19.132
-19.518
-22.514
-22.554
-22.106
-22.236
-24.565
-21.88

-21.975
-21.702
-21.872
-21.482
-21.746
-21.663
-20.299
-19.408
-24.972
-26.768
-24.892
-27.003
-25.655
-29.309
-22.05

-25.342
-26.089
-24.048
-23.99

-24.937
-24.774
-27.301
-25.709
-29.378
-27.696
-25.132
-25.089
-23.827
-24.734
-24.309
-27.401
-26.942
-25.114
-25.342
-21.669
-25.563
-24.969

Appendix

6.821 7.734
7.032 8.292
6.795 7.578
2.583 6.628
-1.661 3.675
4.965 3.958
3.16 3.881
2.267 5.046
0.976 2.623
1.241 3.585
-0.974 4214
-2.497 4.378
-0.659 4.317
2.18 3.983
0.305 4.443
0.09 4.343
2911 5.694
3.974 6.585
6.144 1.034
-1.328 1.412
9.77 3.401
-0.391 -0.857
-0.103 2.017
-1.615 -2.197
-3.966  6.905
-0.112  3.857
2.856 3.345
3.658 5.151
-0.611 3.198
-1.105 2.867
4588 1.213
0.64 2.133
1.835 3.49
0.67 -1.085
-1.399 -1.184
6.339 1.867
0.948 2.704
3.559 1.813
2.037 2.454
1.679 5.125
-2.835 -1.017
0.772 -0.924
5.033 3.179
-3.104 2.451
4.663 4.349
2.709 0.626
-0.605 0.991



31
24
31
21

18

12
26

17
31
28
29
22
35
21
25
37
22

13
14
16

o O

38
30
36
26
11

41
12

34

17

30

24

31

21

2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014

Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germaus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus

Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
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-2.965
-1.623
3.174
-2.295
-0.092
-2.653
-1.972
-4.188
-1.951
-3.741
-0.73
-1.874
5.165
6.82
1.973
1.864
0.36
-0.981
-1.847
-0.36
0.08
-0.35
3.625
-0.132
-0.746
-2.536
1.291
0.638
1.314
-1.422
0.606
3.444
0.322
1.743
-2.628
-0.194
-1.979
-1.291
-0.028
0.591
-4.095
-0.364
-0.708
0.065
0.242
0.77
-2.975

-23.83

-27.199
-23.268
-24.933
-26.906
-24.289
-25.651
-24.479
-25.164
-26.23

-25.885
-24.402
-24.052
-23.58

-25.105
-23.79

-24.737
-25.542
-23.291
-24.121
-24.924
-25.202
-26.15

-25.112
-24.33

-22.65

-26.733
-23.405
-24.641
-25.111
-23.497
-24.851
-24.063
-24.088
-24.864
-24.107
-24.678
-24.426
-25.987
-24.116
-24.622
-26.616
-22.462
-25.018
-23.201
-25.611
-23.418

Appendix

2.21
-1.12
8.349

-0.357

1.01

0.077
-4.581
-3.316

1.293
-1.932
-4.762

3.301

7.982

8.121

3.367

3.88
4.322
1.453
0.481
1.034
1.188

-6.155
6.309
3.136
0.708
0.265
5.184
5.131
4.338

291
2.543
5.331
1.511
6.236

-0.071
1.318
0.822
0.169
-4.06
4.923
0.398
0.139

0.4

3.77
1.347
4.732

-1.867

4.153
-2.084
4.715
0.532
-0.9
-0.185
1.402
2.225
-0.638
-0.27
-2.774
3.581
2.658
4.6
0.888
4.014
1.775
0.604
3.991
1.872
2.188
3.753
-0.389
2.966
2.858
6.549
0.159
4.087
2.386
4.323
2.887
0.877
3.569
3.404
1.154
3.414
4521
2.853
-2.876
5.318
2.87
-1.501
4.65
3.275
5.034
0.901
3.694
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2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015

Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
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Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus

Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
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-2.589
-0.224
-0.222
1.876
-1.803
1.685
3.059
-0.552
-1.522
-3.534
2.43
0.217
-2.822
2.484
-2.087
-3.169
-0.53
-1.428
4.781
0.304
-0.332
1.022
0.393
-2.142
5.027
-0.24
-0.942
-0.024
-1.567
1.075
-0.722
4.227
1.196
0.147
0.185
-5.121
-0.994
0.04
2977
1.693
-0.632
-2.031
-0.574
-3.362
2.639
1.354
-3.137

-22.346
-25.012
-23.582
-22.773
-23.999
-25.571
-26.274
-23.714
-18.794
-23.368
-23.16
-19.939
-20.43
-26.3
-21.849
-21.782
-24.253
-25.487
-23.391
-21.762
-34.86
-22.643
-23.922
-22.57
-24.035
-20.825
-16.446
-23.921
-22.403
-20.007
-24.477
-26.74
-18.045
-20.814
-26.378
-23.33
-23.946
-24.805
-26.534
-23.863
-26.117
-25.719
-23.583
-24.468
-26.303
-25.613
-23.07
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-1.481
0.685
-4.254
-2.156
1.221
3.572
5.876
1.464
-0.128
-1.1
2.482
2.772
-0.921
2.987
-0.15
0.521
2.738
1.84
8.674
2.861
2.485
0.589
3.264
-0.688
7.541
2.577
0.959
-2.733
-4.276
2.133
-1.155
5.416
411
2.831
1.736
-3.312
0.482
1.849
3.48
3.169
1.306
-0.543
141
-1.553
3.142
3.292
-5.746

4.766
-0.094
-0.471

0.338

3.028

0.157

0.436

4.09

7.199

2.778

3.839

6.73
6.2
-1.185

4.535

6.036

3.825

2.591

3.501

4.256

-8.15

3.232

3.75

4.618

1.605

5.885
10.184

3.448

4.966

8.236

1.398

0.892

7.942

4.947
-0.353

2.63

2.243

1.155
-1.419

2.326
-0.652

1.139

1.456

1.492
-1.188
-0.148

3.983
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Xyleborus germanus
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Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus

Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Swlytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
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0.06
-0.084
0.066
-1.183
-0.134
-2.692
1.596
-0.168
-1.704
-1.457
-0.119
2.487
0.185
-1.699
-3.15
0.772
-1.855
0.23
4.038
0.855
1.355
-1.245
-1.727
0.778
-0.253
0.645
1.442
0.459
2.05
-2.859
-1.636
1.944
3.162
0.915
-0.229
-1.919
-1.322
0.253
-2.393
-1.183
-0.954
0.061
-2.063
1.922
0.654
1.203
-1.233

-24.811
-24.307
-25.97

-24.575
-22.586
-23.568
-24.137
-25.696
-22.816
-24.523
-25.592
-22.328
-22.077
-23.274
-24.747
-21.932
-25.112
-25.721
-24.375
-26.234
-25.979
-25.642
-23.28

-23.372
-23.153
-25.461
-25.701
-25.462
-26.15

-26.091
-24.187
-25.686
-25.355
-24.778
-24.563
-25.197
-22.911
-25.383
-24.533
-26.381
-23.582
-26.069
-25.158
-27.002
-25.304
-24.668
-24.331

Appendix

1.162
1.392
0.948
-3.792
2.618
-0.878
3.254
-0.469
0.11
0.094
-0.42
4.301
1.287
1.352
0.094
1.874
1.196
-0.639
6.768
2.793
3.013
1.999
-1.224
3.829
2.499
3.889
4.194
2.01
2.932
-1.201
-4.245
4.674
4.034
3.851
0.024
-2.22
-2.191
2.237
-0.905
-0.93
1.03
-0.808
3.112
2.804
3.384
4.139
1.703

1.195
1.882
0.09
2.478
4.173
2.131
0.061
-1.057
2.883
1.502
-0.953
3.371
3.929
1.299
-0.221
4.074
-0.539
-0.92
-0.271
-0.769
-1.781
-1.116
1.835
1.201
3.606
-0.935
1.058
0.563
-0.09
-1.893
2.866
-1.582
1.349
-0.595
1.517
-0.558
1.89
-0.344
2.325
-0.301
1.457
-1.268
2.825
-0.942
-1.2
-0.485
-0.148
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Xyleborus monographus Scolytidae
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Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
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-3.34
-1.211
-0.067
0.204
-0.958
1.842
0.253
0.067
0.397
4.885
0.937
-1.062
-0.061
-3.421
-1.021
0.136
-1.762
-3.423
-0.525
-0.11
1.786
-1.289
-0.338
-0.167
-4.292
-1.591
-0.43
2.509
-2.711
2.012
-2.748
-1.662
-2.322
-2.043
-0.706
-2.489
0.711
-2.232
-1.033
-2.142
1.856
2.613
0.261
-4.261
2.302
-0.697
6.769

-21.269
-22.685
-22.922
-21.857
-23.164
-23.64

-22.421
-23.554
-22.339
-23.558
-23.845
-23.461
-22.696
-23.391
-22.293
-21.765
-21.875
-22.86

-16.265
-17.444
-18.789
-21.55

-22.209
-20.032
-19.358
-19.233
-21.05

-23.26

-24.062
-22.942
-23.325
-23.756
-22.167
-22.801
-22.293
-21.988
-22.87

-24.964
-23.558
-22.654
-24.354
-25.03

-23.64

-24.573
-23.918
-23.124
-23.376

Appendix

-2.837
0.34
1.234
1.505
1.476
3.236
-5.552
2.751
3.198
8.778
3.621
1.739
-5.866
-3.369
1.85
3.16
2.2
-2.315
3.968
4.383
6.279
-0.181
2.93
3.726
-1.378
2.902
2.004
4.318
-1.235
4.742
-2.245
0.147
0.729
0.687
2.345
-0.68
2.695
-1.729
0.069
3.033
2.109
4.101
1.143
-1.509
4.24
-1.566
8.583

3.846
3.34
5.258
6.323
2.982
2.353
6.534
2.207
6.86
3.334
1.916
5.738
6.259
3.608
5.379
5.262
4.637
4.252
11.227
10.048
8.703
5.562
5.869
6.86
6.629
8.259
5.096
2.7
2.127
1.162
1.79
2.204
2.406
1.303
2.28
3.972
2.169
0.151
2.448
5.329
1.726
1.828
2.42
2.186
1.547
1.677
2.323
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Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyloterus signatus

Xyloterus signatus

Xyloterus signatus

Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae
Scolytidae

2.269

-0.932
-0.481
-0.117
-3.249
-1.34

-1.814
-3.414
-0.673
-0.019
-2.071
-1.052
-2.208
-2.524
-0.437
-2.855
-3.351
1.458

-24.52

-23.959
-22.133
-20.954
-23.976
-22.762
-18.557
-21.366
-23.199
-22.619
-24.01

-22.233
-23.059
-22.167
-22.128
-22.036
-25.345
-25.19

Appendix

1.968
2.312
-3.09
0.985
-0.198
-1.641
-0.712
-1.756
2.079
0.863
-4.68
1.884
-4.817
-1.416
0.445
-0.054
-0.3
2.34

0.119
0.567
4.92
5.052
0.597
1.877
7.449
2.832
3.56
3.441
3.043
1.95
3.994
4.945
3.932
7.163
-0.772
0.87
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Appendix

Table A3: Body length. pronotum width. feeding guild and estimated dry weight after Rogers
et al. (1976) for all individuals per species.

Species Tree Year Bodylength  Width Estimated dry weigh
hollow [mm] Pronotum [mm] after Rogers (1976)
Abraeus perpusillus 22 2015 1.374 0.850 0.070117283
Abraeus perpusillus 22 2015 1.33 0.989 0.064385955
Abraeus perpusillus 23 2015 1.485 1.023 0.085945501
Abraeus perpusillus 26 2015 1.264 0.860 0.056347827
Abraeus perpusillus 28 2015 1.318 0.887 0.062875031
Abraeus perpusillus 28 2015 1.399 0.973 0.073509294
Abraeus perpusillus 28 2015 1.405 0.980 0.07433816
Abraeus perpusillus 28 2015 1.567 1.067 0.098941983
Acalles hypocrita 4 2015 4.732 2.214 1.790263872
Acalles hypocrita 7 2015 5.509 2.325 2.666309149
Aderus populneus 4 2015 1.794 0.437 0.141031014
Allecula morio 7 2014 6.897 1.776 4.803852138
Allecula morio 7 2014 8.538 2.078 8.403359699
Allecula morio 7 2014 7.005 1.811 5.003445403
Allecula morio 7 2014 8.447 1.852 8.170720867
Allecula morio 7 2015 7.924 2.036 6.910895763
Allecula morio 7 2015 7.645 1.941 6.291422664
Allecula morio 7 2015 6.321 1.593 3.822597839
Allecula morio 28 2014 8.546 2.018 8.42400483
Allecula morio 28 2014 7.331 1.902 5.636733139
Allecula morio 28 2014 7.241 1.662 5.457227183
Allecula morio 28 2014 6.656 1.496 4.37641724
Allecula morio 28 2015 7.694 1.946 6.3976217
Allecula morio 28 2015 7.346 2.168 5.667000621
Allecula morio 28 2015 7.894 1.911 6.842555035
Allecula morio 37 2014 6.549 1.689 4.1944818
Allecula morio 37 2014 6.977 1.680 4.951216233
Allecula morio 37 2014 6.364 1.479 3.891104436
Allecula morio 37 2015 6.592 1.648 4.267022176
Allecula morio 37 2015 6.983 1.807 4.962379676
Allecula morio 37 2015 7.319 1.922 5.612591276
Alosterna tabacicolor 7 2014 6.329 1.185 3.835286308
Alosterna tabacicolor 7 2015 6.467 1.417 4.058273714
Alosterna tabacicolor 7 2015 6.498 1.387 4.109440263
Alosterna tabacicolor 7 2015 6.201 1.231 3.635378007
Alosterna tabacicolor 8 2015 6.155 1.350 3.565146243
Alosterna tabacicolor 28 2014 6.217 1.958 3.660005279
Alosterna tabacicolor 28 2014 7.817 1.458 6.66906473
Alosterna tabacicolor 28 2014 5.944 1.080 3.253765855
Alosterna tabacicolor 28 2014 5.884 1.283 3.168416156
Alosterna tabacicolor 28 2015 5.809 1.191 3.063694421
Alosterna tabacicolor 28 2015 6.412 1.402 3.968467657
Alosterna tabacicolor 28 2015 7.915 1.635 6.890349443
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Ampedus nigroflavus
Ampedus pomorum
Ampedus pomorum
Ampedus pomorum
Anaspis frontalis
Anaspis frontalis
Anaspis frontalis
Anaspis marginicollis
Anaspis marginicollis
Anaspis marginicollis
Anaspis marginicollis
Anaspis marginicollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
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2014
2014
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2014
2014
2014
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2014
2014
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2014
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2014
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2014
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2014
2014
2014
2014
2014
2014
2014
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2014

9.178
10.891
9.822
10.178
3.352
3.622
3.427
3.268
3.191
3.798
2.954
3.489
3.24
3.184
2.823
3.376
3.187
3.416
3.24
3.2
3.346
2.658
3.277
3.029
3.056
3.561
3.165
2.711
3.27
3.392
3.233
3.401
3.42
3.971
3.232
3.403
3.794
3.055
3.129
3.643
3.668
3.117
3.01
3.075
3.326
3.047
3.245

225

2.585
3.452
2.983
2.843
1.056
1.090
1.041
1.035
0.891
1.156
0.920
1.056
1.051
0.994
1.042
0.968
1.052
1.092
1.072
1.004
0.969
0.834
1.024
1.034
0.856
0.927
0.903
0.804
1.055
1.112
0.994
1.118
0.979
1.162
0.996
0.994
1.097
0.954
0.909
0.856
0.931
0.958
0.931
1.030
1.003
0.971
1.038

Appendix

10.15546326
15.90074107
12.13007973
13.31605098
0.725431393
0.888678693
0.768731705
0.678764007
0.637658372
1.006314744
0.52092515

0.805705595
0.663632683
0.633999994
0.462553893
0.739118762
0.635566277
0.762283708
0.663632683
0.642381141
0.722034241
0.395033456
0.683672507
0.556293436
0.569379224
0.849998991
0.624135623
0.416005599
0.679852895
0.748331712
0.659882765
0.753545039
0.764624549
1.130882656
0.659348135
0.754706597
1.00354034

0.568891207
0.605706752
0.902241643
0.918553965
0.599639539
0.547197441
0.578700762
0.710781509
0.564996385
0.666319244



Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis ruficollis
Anaspis rufilabris
Anaspis rufilabris
Anaspis rufilabris
Anaspis rufilabris
Anaspis rufilabris
Anaspis thoracica

2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2014
2015

3.283
3.193
3.223
3.469
2.95

1.023
2.909
3.128
2.861
2.825
2.963
3.48

2.807
2.734
3.069
2.878
2977
3.092
2.679
3.386
2.812
3.238
2.581
3.236
3.69

3.211
3.094
3.165
3.704
2.904
2.893
2.745
3.35

3.334
3.421
2.812
3.293
2.754
3.471
3.119
3.347
3.178
3.573
3.742
3.173
3.287
3.23

226

1.015
1.069
0.991
1.155
0.914
0.590
0.715
0.954
0.950
0.861
0.962
1.030
0.878
0.782
0.969
0.810
0.950
1.026
0.832
1.067
0.885
1.010
0.831
0.996
0.924
0.960
0.941
1.015
0.963
0.816
0.971
0.811
0.993
1.041
0.993
0.867
1.015
0.888
0.950
0.874
0.994
1.081
1.049
1.188
0.993
1.114
1.032

Appendix

0.686956998
0.638706015
0.654548512
0.793661119
0.519079074
0.032372333
0.500389732
0.605199708
0.479045348
0.463412969
0.52509365

0.800271699
0.455716717
0.425316211
0.575747004
0.486539056
0.531618868
0.587120562
0.403262974
0.744868585
0.457846573
0.662559937
0.365750064
0.661488264
0.933058597
0.648182707
0.588116075
0.624135623
0.942362079
0.49813948

0.493210979
0.429814233
0.724297913
0.715269488
0.765210453
0.457846573
0.692452797
0.43351622

0.794860521
0.600648119
0.722599748
0.630874595
0.857524115
0.967902811
0.628277386
0.689152069
0.658279678



Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anaspis thoracica
Anisotoma humeralis
Anobium costatum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Anobium nitidum
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Arpidiphorus orbiculatus
Calambus bipustulatus
Cerophytum elateroides
Choragus sheppardi

Cis bidentatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Crepidophorus mutilatus
Cryptophagus labilis
Cryptophagus labilis
Cryptophagus labilis
Cryptophagus labilis
Cryptophagus labilis
Cryptophagus labilis
Cryptophagus labilis

2015
2015
2015
2015
2015
2014
2015
2015
2015
2015
2014
2015
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2015
2015
2014
2015
2015
2015
2014
2014
2014
2015
2015
2015
2015
2015

3.732
3.127
3.099
3.003
3.005
3.164
3.479
3.243
3.202
2.864
3.514
3.587
2.56
2.892
2.464
2.899
2.59
2.486
3.047
2.808
1.133
1.492
1.452
1.333
1.315
1.419
1.362
1.223
1.205
1.175
7.485
7.449
1.533
2.322
11.639
11.996
12.448
12.941
10.925
11.306
1.826
1.728
1.696
1.939
1.877
2.018
2.048

227

1.126
1.016
0.908
0.988
0.939
0.961
1.140
1.001
0.975
0.721
2.069
1.098
0.800
0.782
0.760
0.918
0.810
0.756
0.949
0.871
0.612
0.700
0.766
0.744
0.631
0.749
0.675
0.687
0.736
0.648
2.180
2.230
0.651
0.942
3.079
3.247
3.343
3.564
2.797
3.014
0.654
0.646
0.641
0.860
0.763
0.758
0.706

Appendix

0.961140601
0.604692926
0.590609419
0.543869632
0.544819154
0.623619093
0.799669335
0.665243814
0.643433573
0.480362543
0.820919256
0.866355319
0.358004552
0.492764435
0.323890703
0.495895496
0.369101
0.331522329
0.564996385
0.456142197
0.042304075
0.087010999
0.081031219
0.064767157
0.062500762
0.076294585
0.068524182
0.051684124
0.049714824
0.046537071
5.9522665
5.877552701
0.093415789
0.277241885
18.92338782
20.48214125
22.56631978
24.98363192
16.03112598
17.53756808
0.147717471
0.127839315
0.121729422
0.172883561
0.158772847
0.191952284
0.199519025



Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Cyclorhipidion bodoanus
Denticollis rubens
Dissoleucas niveirostris

oo, WWW
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2014
2015
2015
2014
2014
2014
2015
2015
2015
2014
2014
2015
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2015
2015
2015
2014
2015

2.157
2.346
2.103
2.324
1.928
2.182
2.193
2.122
2.008
2.172
2.205
1.926
2.122
2.069
2.215
2.125
2.244
2.025
2.202
2.15
2.272
2.076
2.238
2.106
2.356
2.039
2.216
2.32
2.228
2.308
2.23
2.093
2.226
2.078
2.094
2.169
1.888
2.204
2.183
2.181
2.37
2.078
2.116
2.062
2.226
10.135
3.632

228

0.728
0.783
0.692
0.773
0.659
0.748
0.725
0.710
0.707
0.732
0.715
0.700
0.724
0.716
0.738
0.746
0.756
0.697
0.738
0.729
0.755
0.744
0.760
0.752
0.825
0.732
0.713
0.759
0.747
0.802
0.741
0.746
0.716
0.756
0.703
0.747
0.654
0.737
0.738
0.728
0.754
0.698
0.719
0.700
0.746
2.019
1.544

Appendix

0.228553154
0.284812614
0.213864516
0.277867967
0.170325729
0.235558768
0.238682762
0.218964008
0.189470131
0.232740825
0.242119827
0.1698632
0.218964008
0.204923764
0.245007294
0.219775991
0.253501021
0.193701691
0.241257711
0.226614975
0.261872356
0.206745228
0.251729002
0.214664763
0.288004378
0.197229998
0.245297205
0.276616677
0.248792697
0.272883733
0.249378254
0.21121036
0.248207991
0.207267478
0.211474854
0.231899528
0.161222278
0.241832244
0.235841716
0.23527603
0.292509857
0.207267478
0.217345612
0.203112256
0.248207991
13.16915994
0.895121399



Dorcatoma substriata
Epuraea variegata
Ernoporicus fagi
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Eucnemis capucina
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea

2014
2015
2015
2014
2014
2014
2015
2015
2014
2015
2014
2014
2014
2015
2015
2015
2014
2015
2015
2014
2014
2014
2015
2014
2014
2015
2014
2015
2014
2015
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2014
2014
2015
2015

2.061
2.526
1.645
5.544
5.419
5.221
5.459
5.394
5.053
5.22

5.651
5.303
6.031
6.296
5.915
4.654
5.06

5.558
5.667
5.09

5.577
5.502
6.049
5.643
5.602
5.952
5.415
5.417
2.302
2.197
3.028
2.613
2.976
2.101
2.513
2.325
2.461
1.935
2.035
2.664
2.486
2.068
2.15

1.88

2.215
2.135
2.236

229

1.120
1.427
0.598
1.954
1.916
1.818
1.836
1.921
1.747
1.750
2.030
1.941
2.061
2.216
2.048
1.767
1.714
1.919
1.920
1.698
1.930
1.988
2.065
2.003
2.001
2.054
1.826
1.833
0.658
0.771
0.754
0.766
0.727
0.663
0.774
0.655
0.711
0.710
0.711
0.667
0.731
0.737
0.745
0.724
0.725
0.696
0.770

Appendix

0.202854281
0.345680759
0.112371067
2.710919865
2.553689054
2.316405117
2.603371502
2.522937591
2.126174968
2.31524288

2.850152805
2.412939886
3.380024747
3.783113787
3.212338344
1.713976852
2.133900639
2.728892455
2.871344201
2.167207171
2.753401394
2.657441879
3.406519119
2.839593485
2.785856699
3.265251942
2.548753335
2.551220457
0.271029008
0.239825075
0.555812386
0.377750539
0.531151128
0.213332045
0.341039089
0.278181335
0.322858532
0.171950712
0.196217891
0.397374045
0.331522329
0.204664368
0.226614975
0.159438575
0.245007294
0.222496039
0.251140037



Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hapalaraea pygmaea
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipennis
Hesperus rufipenn
Hesperus rufipennis
Hesperus rufipennis
Hylecoetus dermestoides
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavigs
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes

28
28
37
37
40
15
22
22
22
25
26
28
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2015
2015
2015
2015
2015
2014
2015
2015
2015
2014
2015
2015
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014

2.248
2.235
2.291
2.325
2.337
7.768
6.581
6.932
7.775
7.204
7.768
7.96
6.992
12.761
1.895
1.734
1.992
1.665
1.604
2.072
1.727
1.718
1.688
2.003
1.806
1.677
2.094
1.887
1.98
2.057
1.935
2.163
1.628
2.119
2.113
2.166
1.847
1.897
1.874
1.983
2.028
1.859
2.242
1.796
1.987
1.994
2.004

230

0.781
0.735
0.745
0.814
0.770
1.585
1.700
1.440
1.546
1.553
1.694
1.504
1.635
2.223
0.647
0.672
0.624
0.636
0.582
0.641
0.616
0.609
0.595
0.652
0.610
0.654
0.648
0.615
0.675
0.727
0.676
0.727
0.589
0.657
0.687
0.688
0.652
0.654
0.652
0.633
0.663
0.651
0.693
0.657
0.664
0.643
0.662

Appendix

0.25468664
0.250845874
0.267648968
0.278181335
0.281958808
6.56009287
4.248392106
4.86798522
6.575592347
5.384469784
6.56009287
6.993459704
4.979154
24.08339873
0.162793095
0.12900557
0.185540146
0.115985886
0.10518051
0.205703171
0.127645575
0.125910085
0.120230773
0.188236538
0.143516004
0.118188838
0.211474854
0.160998644
0.182626013
0.201824406
0.171950712
0.230222582
0.109353923
0.218153882
0.216539197
0.231060115
0.152209972
0.163243631
0.158108841
0.183351873
0.194454443
0.154814573
0.252909494
0.141443316
0.184322457
0.186028611
0.188482858



Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes
Hypebaeus flavipes

Hypebaeus flavipes
Ischnomera
caerulea/cyanea
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Ischnomera sanguinicollis 2
Ischnomera sanguinicollis 2
Ischnomera sanguinicollis 4
Ischnomera sanguinicollis 4
Ischnomera sanguinicollis 20
Ischnomera sanguinicollis 21
Ischnomera sanguinicollis 23
Ischnomera sanguinicollis 23
Ischnomera sanguinicollis 23
Ischnomera sanguinicollis 23
Ischnomera sanguinicollis 24

2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2014
2014
2014
2014
2015
2014
2014
2014
2014
2014
2014
2015
2014
2014
2014
2014
2014
2014

2014
2014
2015
2015
2015
2015
2015
2014
2015
2015
2015
2014

1.802
2.07

1.785
2.084
1.913
2.005
1.754
1.752
1.943
2.057
1.871
2.021
1.829
2.26

1.839
2.105
1.986
1.821
2.045
2.083
2.08

2.011
2.219
2.17

1.921
1.953
2.062
2.131
2.107
1.914
1.997
1.928
1.813
2.138

7.593
9.161
9.543
8.258
7.76

8.897
7.576
6.811
8.451
8.442
9.44

8.643

231

0.659
0.663
0.603
0.686
0.660
0.659
0.600
0.610
0.642
0.664
0.538
0.689
0.639
0.712
0.645
0.665
0.659
0.573
0.672
0.687
0.665
0.663
0.749
0.713
0.589
0.679
0.642
0.661
0.716
0.636
0.675
0.644
0.629
0.691

1.445
1.501
1.740
1.474
1.428
1.513
1.334
1.274
1.451
1.526
1.676
1.802

Appendix

0.142684691
0.205183363
0.139184854
0.208839119
0.166875685
0.188729377
0.132940517
0.132543729
0.173819532
0.201824406
0.157446555
0.192700828
0.148354166
0.258264046
0.150488728
0.214397808
0.184079514
0.146660073
0.198754201
0.208576669
0.207790543
0.19021268

0.246168212
0.232179751
0.168710276
0.176173149
0.203112256
0.221405537
0.214931922
0.167104331
0.186762797
0.170325729
0.144977994
0.22331609

6.179921336
10.10625363
11.24797493
7.700377584
6.542406867
9.360909502
6.143736067
4.648494759
8.180861982
8.158055408
10.93267567
8.6768255



Ischnomera sanguinicollis 25
Ischnomera sanguinicollis 25
Ischnomera sanguinicollis 26
Ischnomera sanguinicollis 26
Ischnomera sanguinicollis 28
Ischnomera sanguinicollis 28
Ischnomera sanguinicollis 28
Ischnomera sanguinicollis 28
Ischnomera sanguinicollis 29
Ischnomera sanguinicollis 40
Ischnomera sanguinicollis 40
Ischnomera sanguinicollis 40
Ischnomera sanguinicollis 41

Ischnomera sp. 21
Ischnomera sp. 26
Ischnomera sp. 41
Ischnomera spp. 18
Malachius bipustulatus 7

Malthinus punctatus 40

Malthodes marginatus 4
Malthodes marginatus 4
Malthodes marginatus 4
Malthodes marginatus 4
Malthodes marginatus 6
Malthodes marginatus 20
Malthodes marginatus 21
Megatoma undata 5
Melanotus castanipes 5
Melanotus castanipes 14
Melanotus castanipes 20
Melanotus castanipes 20
Melanotus castanipes 23
Melanotus castanipes 29
Melanotus castangs 31
Melanotus castanipes 33
Melanotus castanipes 40

Melanotus rufipes 7

Melanotus rufipes 7

Melanotus rufipes 19
Mycetophagus populi 21
Mycetophagus populi 21
Mycetophagus populi 22
Mycetophagus populi 22
Mycetophagus populi 22
Mycetophagus populi 22
Mycetophagus populi 25
Neuraphes carinatus 40

2014
2015
2014
2015
2014
2015
2015
2015
2014
2015
2015
2015
2014
2015
2015
2015
2015
2015
2015
2014
2015
2015
2015
2014
2015
2014
2014
2014
2014
2015
2015
2015
2014
2014
2014
2014
2015
2015
2015
2015
2015
2014
2015
2015
2015
2014
2015

9.406
9.82
6.954
8.867
8.757
8.184
9.24
9.374
9.289
7.901
8.674
6.925
9.398
6.447
5.504
7.246
7.733
5.203
3.62
3.505
3.639
4.853
5.06
3.686
3.707
3.69
3.908
10.392
13.937
14.09
15.462
15.312
14.392
15.61
15.084
14.549
12.559
13.963
12.282
3.849
3.998
3.422
3.704
3.063
3.815
3.7
1.27

232

1.565
1.768
1.262
1.604
1.675
1.494
1.667
1.703
1.742
1.311
1.562
1.311
1.629
1.380
1.233
1.462
1.647
1.675
0.716
0.668
0.771
0.833
0.833
0.728
0.743
0.705
1.482
3.472
3.436
3.822
4.286
4.277
3.847
4.096
4.024
4.031
3.614
3.851
3.192
1.611
1.625
1.403
1.568
1.447
1.506
1.493
0.375

Appendix

10.82981087
12.12360944
4.908566935
9.278436835
8.979886667
7.520899158
10.3361881

10.73354561
10.48041601
6.858463651
8.758600427
4.855116518
10.80569472
4.02547316

2.659973521
5.467105607
6.482934384
2.295539992
0.887393604
0.815422062
0.899648427
1.912699757
2.133900639
0.930410936
0.944363112
0.933058597
1.084478068
14.0621453

30.34054694
31.22098792
39.82684391
38.82249752
33.00481124
40.83339082
37.32614437
33.95648096
23.09734693
30.48906688
21.7863694

1.042104728
1.151139479
0.765796634
0.942362079
0.572802587
1.018158849
0.939698117
0.057051306



Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orchesia micans
Orthoperus atomus
Orthoperus atomus
Orthoperus atomus
Orthoperus atomus
Paromalus flavicornis
Phloeonomus punctipenni
Phloeonomus punctipenni
Phloeophagus lignarius
Phloeophagus lignarius
Phloeophagus lignarius
Pityophagus ferrugineus
Platycis cosnardi
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Plegaderus dissectus
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis
Prionocyphon serricornis

21
21
22
22
22
22
22
25
27
34
37
37
37
37

25
25

\‘

22
22

22
22
22
22
22
25
25
25
25
25
25
25
25
26
40
40
40

N

12
23
28
32
40
40

2015
2015
2014
2014
2014
2014
2015
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2014
2014
2014
2015
2015
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2014
2015
2014
2015
2015
2014
2014
2015

4.38

4.555
4.293
4.135
4.354
4.254
4.443
3.338
4.095
4.718
0.757
0.733
0.791
0.691
1.716
1.623
1.374
3.096
3.359
3.305
3.806
6.164
1.246
1.33

1.356
1.27

1.257
1.211
1.414
1.261
1.321
1.212
1.087
1.255
1.226
1.163
1.167
1.314
1.22

4.145
3.588
3.94

3.491
4.103
4.392
3.589
4.349

233

1.624
1.536
1.434
1.450
1.504
1.601
1.534
1.351
1.400
1.536
0.441
0.413
0.454
0.441
0.986
0.453
0.436
0.971
1.154
1.133
1.267
1.284
0.670
0.718
0.715
0.704
0.710
0.646
0.690
0.643
0.685
0.709
0.651
0.731
0.675
0.669
0.669
0.764
0.683
1.808
1.674
1.851
1.621
1.913
1.983
1.552
1.952

Appendix

1.462049272
1.620090959
1.387181752
1.257377503
1.439419932
1.354407193
1.517790325
0.717520032
1.225758951
1.776419914
0.014707235
0.013516749
0.016501454
0.011580634
0.125526414
0.108476175
0.070117283
0.58911263

0.729407206
0.699083536
1.011877766
3.578820613
0.054269661
0.064385955
0.067736106
0.057051306
0.055533912
0.050366004
0.075592253
0.05599811

0.063250683
0.050475044
0.037950827
0.055302708
0.052016948
0.045302137
0.045711501
0.062376312
0.051352619
1.265360056
0.866988261
1.107898414
0.806916216
1.232042853
1.472567285
0.867621489
1.435093137



Prionocyphon serricornis 40
Prionocyphon serricornis 40

Procraerus tibialis

40

Pseudocistela ceramboide 22

Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Ptilinus pectinicornis
Quedius brevicornis
Quedius microps
Quedius truncicola
Quedius truncicola
Quedius truncicola
Quedius truncicola
Quedius truncicola
Quedius truncicola
Rhagium mordax

11
21
21
26
26
41
40

Rhizophagus bipustulatus 3
Rhizophagus bipustulatus 6
Rhizophagus bipustulatus 7
Rhizophagus bipustulatus 22
Rhizophagus bipustulatus 25

2015
2015
2015
2014
2015
2015
2015
2014
2014
2015
2015
2015
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2014
2014
2014
2015
2015
2015
2015
2015
2014
2014
2015
2015
2014

3.775
4.217
7.319
9.812
4.459
3.785
3.988
3.89
3.823
3.236
4.014
3.73
3.884
3.608
3.741
3.867
3.446
3.261
2.997
3.223
4.125
3.665
2.951
3.531
3.299
3.96
3.306
4.099
4.011
3.394
3.826
4.16
2.974
9.495
1.035
10.064
9.103
9.443
9.205
10.967
9.329
11.813
2.618
2.083
2.336
2.131
2.241

234

1.745
1.942
2.053
3.270
1.425
1.208
1.299
1.224
1.268
1.033
1.320
1.181
1.165
1.062
1.121
1.156
1.112
1.027
0.934
0.967
1.280
1.225
0.890
1.123
1.023
1.199
1.026
1.282
1.273
1.021
1.165
1.331
0.893
2.509
5.639
1.864
2.163
1.981
2.098
1.997
2.071
3.152
0.646
0.581
0.749
0.663
0.603

Appendix

0.990426528
1.323760061
5.612591276
12.09774965
1.53215258

0.997315239
1.143611019
1.071439849
1.023762223
0.661488264
1.163248614
0.959791675
1.067115428
0.879707197
0.967225271
1.054921564
0.77994837

0.674961393
0.541027208
0.654548512
1.249426163
0.916586939
0.519540213
0.831365234
0.695763283
1.122693547
0.699637863
1.228898419
1.160972182
0.749488295
1.025868393
1.277392511
0.530216411
11.10034964
0.033376712
12.92881988
9.939472611
10.94178085
10.23392374
16.19309968
10.59907056
19.67358807
0.379647288
0.208576669
0.281642815
0.221405537
0.252614051



Rhizophagus bipustulatus 25
Rhizophagsbipustulatus 26
Rhizophagus bipustulatus 40

Rhizophagus depressus
Rhizophagus depressus
Rhizophagus depressus
Rhizophagus dispar
Rhizophagus perforatus
Rhizophagus perforatus
Rhizophagus perforatus
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Scraptia fuscula
Siagonum quadricorne
Tetropium castaneum
Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Tillus elongatus

Triplax russica

Triplax russica

Velleius dilatatus
Xyleborus dispar

21
29
31
30
21
25
37
2

15
24
24
24
25
25
25
25
26
28
28
28
28
28
28
28
28
28
25
37

19
20
21
21
21
37
37
37
37
22
22

2015
2015
2015
2015
2015
2014
2014
2015
2015
2015
2015
2014
2014
2014
2014
2014
2014
2014
2014
2015
2014
2014
2014
2014
2014
2014
2014
2014
2015
2014
2015
2015
2015
2014
2015
2014
2014
2015
2015
2014
2015
2015
2015
2014
2014
2015
2015

2.048
2.564
2.156
2.318
2.604
3.045
2.614
2.318
2.368
2.9
2.459
2.653
2.366
2.6
2.556
2.398
2.327
2.269
2.55
2.505
2.184
2.283
2.421
2.4
2.811
2.459
2.791
2.729
2.513
2.939
2.955
7.951
7.558
7.595
6.733
8.083
6.928
6.37
6.213
7.667
6.94
8.014
7.262
6.252
5.253
16.012
3.43

235

0.619
0.722
0.656
0.730
0.845
0.895
0.685
0.759
0.745
0.852
0.883
0.850
0.799
0.842
0.822
0.683
0.728
0.864
0.836
0.816
0.756
0.783
0.839
0.811
0.844
0.767
0.753
0.773
0.856
0.738
11.627
1.392
1.473
1.295
1.158
1.508
1.272
1.129
1.084
1.590
1.254
1.543
1.503
2.578
2.221
5.207
1.452

Appendix

0.199519025
0.359471988
0.228275646
0.275992341
0.37435118

0.564025264
0.378129419
0.275992341
0.291863569
0.496343791
0.322171549
0.393089492
0.291218164
0.372846449
0.356540825
0.301650943
0.278808727
0.260967376
0.354352183
0.338201938
0.236124875
0.26520721

0.30929022

0.302310543
0.457420111
0.322171549
0.448942387
0.42328132

0.341039089
0.51402324

0.521387303
6.972761866
6.105565361
6.184187068
4.510310173
7.280144438
4.860629097
3.900723368
3.653838822
6.338967908
4.882718107
7.11844453

5.498790835
3.714236376
2.353787377
43.64628284
0.770496081



Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus dispar
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
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2014
2015
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2014
2015
2014
2014
2014
2014
2014
2014
2015
2014
2014
2015
2014
2014
2015
2015
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2014
2015
2014
2014
2014
2014
2014
2014
2015

3.385
3.512
3.53

3.437
3.332
3.262
3.313
3.275
3.048
3.289
3.366
3.317
3.436
3.244
3.245
2.05

3.339
3.298
3.101
3.459
3.474
3.432
3.425
3.426
3.212
3.485
3.409
3.294
3.396
3.05

3.503
3.485
3.438
3.341
3.259
3.425
3.193
3.541
3.421
3.293
3.328
3.244
3.439
2.365
2.239
2.345
2.421

236

1.385
1.474
1.413
1.415
1.358
1.302
1.345
1.356
1.230
1.395
1.472
1.442
1.424
1.447
1.346
0.814
1.444
1.400
1.339
1.388
1.458
1.385
1.402
1.451
1.438
1.482
1.443
1.470
1.429
1.287
1.470
1.482
1.432
1.454
1.376
1.444
1.435
1.495
1.428
1.390
1.444
1.362
1.482
0.962
0.946
0.980
0.987

Appendix

0.744292363
0.819695684
0.830748503
0.774622689
0.714145856
0.675503815
0.703525756
0.682579839
0.565482334
0.690251228
0.733396464
0.705753393
0.774032339
0.665781395
0.666319244
0.200029917
0.71808335

0.695210857
0.591608584
0.787680895
0.796661725
0.771673721
0.767556843
0.768144135
0.648711722
0.803287723
0.758197909
0.693003867
0.750645983
0.566455005
0.814203564
0.803287723
0.775213317
0.719210809
0.673877357
0.767556843
0.638706015
0.837548119
0.765210453
0.692452797
0.711901866
0.665781395
0.775804224
0.290895792
0.252023805
0.284494647
0.30929022



Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
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2014
2014
2014
2015
2015
2015
2015
2015
2015
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2014
2015
2015
2015
2014
2014
2014
2014
2014
2014

2.247
2.346
2.354
2.21

2.358
2.288
2.404
2.366
2.299
2.36

2.321
2.454
2.28

2.247
2.349
2.288
2.302
2.347
2.217
2.371
2.251
2.225
2.434
2.257
2.183
2.283
2.191
2.205
2.29

2.248
2.335
2.306
2.307
2.348
2.336
2.256
2.253
2.333
2.37

2.163
2.252
2.29

2.24

2.313
2.361
2.349
2.383

237

0.944
0.975
0.959
0.971
0.969
0.969
1.003
0.975
0.981
0.998
0.982
0.945
0.974
0.954
0.982
0.979
1.011
1.000
0.963
0.999
0.964
0.952
1.001
1.016
0.713
0.999
0.983
0.954
0.970
0.950
0.963
0.978
0.973
0.995
1.020
0.975
0.987
0.984
1.026
0.994
0.996
1.000
0.939
0.967
1.002
0.966
0.994

Appendix

0.254389914
0.284812614
0.287364265
0.243560915
0.288645371
0.266731687
0.303632415
0.291218164
0.270104577
0.289287246
0.276929172
0.320458048
0.264295116
0.254389914
0.285767834
0.266731687
0.271029008
0.285130801
0.245587329
0.292833333
0.255578099
0.247915956
0.313660437
0.257366801
0.235841716
0.26520721

0.238112869
0.242119827
0.267342991
0.25468664

0.281327041
0.272264622
0.272574069
0.285449208
0.281642815
0.257068148
0.256173476
0.280696149
0.292509857
0.230222582
0.255875681
0.267342991
0.252318821
0.274435315
0.289608514
0.285767834
0.296732305



Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus
Xyleborus germanus

11
11
11
11
11
12
12
12
12
13
13
14
14
14
14
14
14
14
14
14
15
16
16
16
16
16
17
17
17
17
17
17
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2.299
2.321
2.122
2.31

2.358
2.268
2.351
2.36

2.46

2.263
2.321
2.333
2.448
2.26

2.286
2.238
2.323
2.341
2.369
2.35

2.263
2.38

2.359
2.317
2.33

2.385
2.146
2.29

2.391
2.444
2.359
2.122
2.29

2.279
2.354
2.354
2.376
2.393
2.305
2.378
2.433
2.584
2.222
2.339
2.386
2.276
2.186
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0.956
0.990
0.976
0.987
0.988
0.957
1.000
0.993
0.999
1.010
0.988
0.987
1.005
0.987
0.966
0.979
0.986
0.936
0.981
0.986
0.949
0.984
1.003
1.000
0.976
0.986
0.994
0.979
1.003
1.030
0.968
0.949
0.982
0.983
0.978
0.983
0.971
0.996
0.973
0.973
0.992
0.816
0.980
0.942
0.988
0.966
0.941
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0.270104577
0.276929172
0.218964008
0.273503713
0.288645371
0.260666146
0.286405747
0.289287246
0.322514927
0.259163222
0.276929172
0.280696149
0.318409299
0.258264046
0.266121248
0.251729002
0.277554817
0.283224972
0.292186602
0.28608668
0.259163222
0.295754572
0.288966198
0.2756805
0.279751454
0.297385236
0.225512022
0.267342991
0.299349356
0.317047978
0.288966198
0.218964008
0.267342991
0.263991517
0.287364265
0.287364265
0.29445403
0.300005841
0.271955393
0.295103858
0.31332292
0.366864943
0.247041128
0.282591452
0.297712034
0.263082012
0.236691822
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2.203
2.233
2.308
2.352
2.18

2.313
2.296
2.284
2.26

2.217
2.355
2.36

2.227
2.351
2.303
2.307
2.223
2.323
2.329
2.211
2.333
2.364
2.327
2.264
2.398
2.362
2.32

2411
2.296
2.245
2.146
2.386
2.25

2.286
2.291
2.392
2.333
2.298
2.34

2.318
2.419
2.353
2.282
2.386
2.213
2.354
2.193
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0.964
1.017
0.967
0.976
0.987
0.988
0.967
0.950
0.994
0.968
0.975
0.969
0.982
0.977
0.962
0.984
0.969
0.994
0.967
0.964
0.987
1.003
0.987
0.967
1.024
1.012
1.012
1.016
0.967
0.918
0.970
1.002
0.976
0.976
0.954
1.028
0.976
0.974
1.005
0.997
1.023
0.969
0.991
1.022
0.984
0.997
0.963
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0.241544872
0.250258187
0.272883733
0.286725033
0.234993502
0.274435315
0.269182099
0.265511674
0.258264046
0.245587329
0.287684211
0.289287246
0.248500237
0.286405747
0.271337586
0.272574069
0.247332525
0.277554817
0.279436993
0.243849767
0.280696149
0.290573642
0.278808727
0.259463377
0.301650943
0.289930003
0.276616677
0.305954278
0.269182099
0.253797105
0.225512022
0.297712034
0.255280732
0.266121248
0.267648968
0.299677487
0.280696149
0.269796868
0.282908102
0.275992341
0.308621242
0.287044539
0.264902963
0.297712034
0.244428107
0.287364265
0.238682762
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2.289
2.341
2.389
2.182
2.419
2.325
2.373
2.438
2.414
2.265
2.344
2.246
2.316
2.295
2.301
2.296
2.2
2.266
2.39
2.371
2.305
2.309
2.331
2.396
2.222
2.336
2.353
2.375
2.326
2.334
2.436
2.394
2.294
2.375
2.305
2.345
2.377
2.275
2.37
2.334
2.259
2.268
2.294
2.263
2.324
2.465
2.35
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0.981
0.969
0.992
0.949
1.010
0.991
0.995
0.985
1.003
0.969
0.960
0.960
0.969
0.971
0.987
1.014
0.997
0.992
1.001
0.994
0.997
0.980
0.993
0.991
0.968
0.971
0.974
0.972
1.028
1.008
0.987
1.023
0.983
1.003
0.967
0.982
0.973
0.971
0.959
0.944
0.944
0.931
0.954
0.966
0.970
1.018
1.022
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0.267037231
0.283224972
0.298693761
0.235558768
0.308621242
0.278181335
0.293480948
0.315012753
0.306952713
0.259763747
0.284176899
0.254093403
0.275368877
0.268875039
0.270720648
0.269182099
0.240684024
0.260064332
0.299021448
0.292833333
0.271955393
0.273193614
0.280066134
0.300992235
0.247041128
0.281642815
0.287044539
0.294129448
0.278494922
0.281011486
0.314336145
0.300334416
0.268568197
0.294129448
0.271955393
0.284494647
0.294778833
0.262779275
0.292509857
0.281011486
0.25796475

0.260666146
0.268568197
0.259163222
0.277867967
0.324235213
0.28608668
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2.277
2.316
2.293
2.316
2.31
2.353
241
2.327
2.305
2.294
2.369
2.458
2.346
2.267
2.435
2.305
2.177
2.337
2.299
2.408
2.268
2.199
2.3
2.196
2.374
2.358
2.348
2.331
2.293
2.402
2.204
2.246
2.342
2.41
2.969
3.183
2.459
2.316
2.38
2.354
2.279
2.423
2.544
2.448
2.422
2.405
2.362
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0.974
0.952
0.974
0.966
0.967
0.984
1.000
1.057
1.005
0.972
0.977
1.015
0.992
1.021
0.976
1.007
0.909
0.990
0.937
1.024
0.995
0.921
0.974
0.960
0.979
1.020
0.962
0.954
0.983
0.982
0.948
0.966
0.950
0.998
0.983
1.012
0.767
0.754
0.777
0.749
0.784
0.807
0.816
0.804
0.792
0.772
0.808
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0.263384965
0.275368877
0.26826157

0.275368877
0.273503713
0.287044539
0.305621914
0.278808727
0.271955393
0.268568197
0.292186602
0.321828396
0.284812614
0.260365131
0.313998179
0.271955393
0.234147176
0.281958808
0.270104577
0.304957855
0.260666146
0.240397496
0.270412504
0.23953918

0.293805087
0.288645371
0.285449208
0.280066134
0.26826157

0.302971033
0.241832244
0.254093403
0.283542062
0.305621914
0.527884071
0.633478431
0.322171549
0.275368877
0.295754572
0.287364265
0.263991517
0.309960094
0.352171867
0.318409299
0.309625045
0.30396344

0.289930003
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2.372
2.464
2.303
2.204
2.314
2.487
2.273
2.246
2.368
2.422
2.368
2.316
2.42

2.415
2.367
2.444
2.132
2.376
2.339
2.171
2.287
2.444
2.262
2.252
2.351
2.403
2.251
2.347
2.468
2.428
2.368
2.444
2.404
2.266
2.391
2.376
2.323
2.213
2.334
2.307
2.462
2.311
2.322
2.405
2.181
2.294
2.419
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0.782
0.825
0.744
0.755
0.773
0.825
0.791
0.760
0.767
0.808
0.785
0.785
0.792
0.776
0.792
0.807
0.699
0.788
0.773
0.751
0.775
0.821
0.760
0.836
0.758
0.781
0.782
0.802
0.798
0.822
0.814
0.799
0.784
0.800
0.806
0.748
0.790
0.766
0.774
0.758
0.816
0.778
0.758
0.813
0.745
0.775
0.796
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0.29315703

0.323890703
0.271337586
0.241832244
0.274746285
0.331871835
0.262174447
0.254093403
0.291863569
0.309625045
0.291863569
0.275368877
0.308955619
0.307285971
0.291540756
0.317047978
0.221677852
0.29445403

0.282591452
0.232460184
0.26642636

0.317047978
0.258863282
0.255875681
0.286405747
0.303301612
0.255578099
0.285130801
0.325270102
0.311638702
0.291863569
0.317047978
0.303632415
0.260064332
0.299349356
0.29445403

0.277554817
0.244428107
0.281011486
0.272574069
0.323202363
0.27381403

0.277241885
0.30396344

0.23527603

0.268568197
0.308621242



Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyleborus saxeseni
Xyloterus signatus

Xyloterus signatus

20
20
20
20
20
20
20
21
21
22
22
22
22
22
23
25
25
25
25
25
25
25
25
26
26
28
28
29
29
29
29
29
29
31
31
37
38
38
38
38
38
38
38
41

20

2014
2015
2015
2015
2015
2015
2015
2015
2015
2014
2014
2015
2015
2015
2015
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2014
2014
2014
2014
2015
2015
2015
2015
2015
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015

2.351
2.346
2.323
2.36
2.224
2.097
2.199
2.339
2.3
2.325
2.402
2.444
2.224
2.409
2.504
2.44
2.513
2.375
2.384
2.419
2.27
2.369
2.413
2.344
2.254
2.399
2.386
2.452
2.393
2.331
2.37
2.312
2.378
2.375
2.532
2.268
2.247
2.403
2.394
2.397
2.371
2.383
2.46
2.463
3.787
3.234

0.781
0.752
0.775
0.814
0.775
0.744
0.761
0.819
0.759
0.761
0.798
0.815
0.779
0.834
0.807
0.809
0.792
0.774
0.764
0.789
0.781
0.788
0.803
0.799
0.786
0.788
0.795
0.827
0.811
0.782
0.814
0.778
0.785
0.810
0.783
0.749
0.727
0.814
0.804
0.802
0.789
0.771
0.830
0.805
1.433
1.321
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0.286405747
0.284812614
0.277554817
0.289287246
0.247624134
0.212269564
0.240397496
0.282591452
0.270412504
0.278181335
0.302971033
0.317047978
0.247624134
0.305289773
0.337848325
0.315690261
0.341039089
0.294129448
0.29705866

0.308621242
0.261268821
0.292186602
0.306619678
0.284176899
0.256471486
0.301980632
0.297712034
0.319774229
0.300005841
0.280066134
0.292509857
0.274124564
0.295103858
0.294129448
0.347836167
0.260666146
0.254389914
0.303301612
0.300334416
0.301321478
0.292833333
0.296732305
0.322514927
0.32354642

0.998696525
0.660417663
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Table A4: SEA and SEAc of all guilds and species and niche breadth overlap calculated by overlap of standard ellipse areas with corrections for
small sample sizes (SEAc) between species within feeding guilds. For the calculation of SEAc overlap species with less than five individuals were
excluded. as the results would not be statistically meaningful.

1444

All guilds

d m ms X Xm XS Xz z
SEA 22.52328 25.25623 5.065180 12.93676 17.73199 4.241013 13.73718 14.68040
SEAc 25.02587 25.34333 7.597771 13.09262 18.41399 4.453064 13.93066 14.82869
SEAc overlap

d m ms X Xm XS Xz z
d
m 0.6476736
ms 0.2133423 0.1985852
X 0.3882073 0.474838 0.2010404
xm 0.5787741 0.6139861 0.1880438 0.6292845
XS 0.1779384 0.1757095 0.1942392 0.3366191 0.2418305 -
Xz 0.5220514 0.475678 0.2406666 0.348772 0.4668505 0.3196592
z 0.5360222 0.5522014 0.2167253 0.4390977 0.5824696 0.3003006 0.7030734
Detrivorous
Prionocyphon serricornis no oyerlap calculated because only one species iretheatous

species

SEA 19.51880

SEAC 21.9586




ave

Appendix

Mycetophagous
Arpidiphorus Cyclorhipidion Mycetophagus Orchesia micans Xyleborus dispar  Xyleborus Xyleborus
orbiculatus bodoanus populi germanus saxeseni
SEA 5.152145 23.43791 2.630245 2.285614 21.89875 22.39303 23.10006
SEAc 6.440181 24.27498 3.156295 2.571316 22.47503 22.56936 23.49834
SEAc overlap
Arpidiphorus Cyclorhipidion Mycetophagus Orchesia micans Xyleborus dispar  Xyleborus Xyleborus
orbiculatus bodoanus populi germanus saxeseni
Arpidiphorus orbiculatus -
Cyclorhipidion bodoanus 0.2039874 -
Mycetophagus populi 0.1672921 0.1300225 -
Orchesia micans 0.2605336 0.07678569 0.06537816 -
Xyleborus dispar 0.2136307 0.5683714 0.1404356 0.07457385 -
Xyleborus germanus 0.1723118 0.6773071 0.1398487 0.06333957 0.702979 -
Xyleborus saxeseni 0.2212372 0.7853915 0.1343199 0.08992152 0.6035455 0.6480986 -
Xylophagous
Alosterna Anobium nitidum Ischnomera Ptilinus pectinicornis Rhizophagus
tabacicolor sanguinicollis bipustulatus
SEA 9.420625 16.73651 8.653401 8.878990 4.362227
SEAc 10.362688 22.31535 9.065468 9.265033 5.452784
SEAc overlap
Alosterna Anobium nitidum Ischnomera Ptilinus pectinicornis Rhizophagus
tabacicolor sanguinicollis bipustulatus
Alosterna tabacicolor -
Anobium nitidum 0.2504669 -
Ischnomera sanguinicollis ~ 0.544235 0.3004965 -
Ptilinus pectinicornis 0.4019317 0.2147513 0.5038816 -
Rhizophagus bipustulatus 0.2825775 0.1940335 0.5926129 0.409714 -
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Xylomycetophagous

Eucnemis capucina
SEA 8.753792
SEAc 9.151691

no SEAc overlap calculated because only one specibeg in t
xylomycetophagous species

Xylosaprophagous
Allecula morio

SEA 4.376949
SEAC 4.607314

no SEAc overlap calculated because only one specibg in t
xylosaprophagous species

Xylozoophagous

Anaspis ruficollis  Anaspis thorada Melanotus Scraptia fuscula
castanipes
SEA 11.29401 13.53610 11.88731 8.984655
SEAc 11.78505 14.76665 13.58549 10.107737
SEAc overlap
Anaspis ruficollis  Anaspis thoracica Melanotus Scraptia fuscula
castanipes
Anaspis ruficollis -
Anaspis thoracica 0.6620034 -
Melanotus castanipes 0.521213 0.5291206 -
Scraptia fuscula 0.3710539 0.3019253 0.4227485 -
Zoophagous
Abraeus Crepidophorus Hapalaraea Hesperus rufipennis Hypebaeus flavipes Malthodes Plegaderus Quedius  Tillus
perpusillus mutilatus pygmaea marginatus dissectus truncicola elongatus
SEA 2.696310 4.213025 16.11938 13.77710 5.123099 2.941074 1.485690 14.06044 3.952966
SEAc 3.595080 5.266282 17.46267 15.74525 5.489035 3.529389 1.782828 17.57555 4.392185
SEAc overlap
Abraeus Crepidophorus Hapalaraea Hesperus rufipennis Hypebaeus flavipes Malthodes Plegaderus Quedius  Tillus
perpusillus mutilatus pygmaea marginatus dissectus truncicola elongatus
Abraeus perpusillus -
Crepidophorus mutilatus 0.3291006 -
Hapalaraea pygmaea 0.2058724 0.2750809 -



Ly

Hesperus rufipennis
Hypebaeus flavipes
Malthodes marginatus
Plegaderus dissectus
Quedius truncicola

Tillus elongatus

0.2283279
0.2232315
0.2551148
0.1039951
0.2045501
0.1265621

0.3186902
0.3365681
0.2195687
0.2298219
0.2355313
0.2038233

0.5149267
0.3143297
0.1282091
0.1020937
0.5388812
0.2170613

0.3406034
0.1831436
0.1099234
0.5421116
0.168328

0.005759011
0.201762
0.2988147
0.1431633

0.006320428
0.1423351
0.01426689

0.101438
0.2678567

0.1889157 -
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Table A5: SEA and SEAc of all families and species. and niche breadth overlap calculated by overlap of standard ellipse areas with corrections for
small sample sizes (SEAc) between species within families. For the calculation of SEAc overlap species with less than five individuals were
excluded. as the results would not be statistically meaningful.

All families

SEA

SEAC

SEACc overlap

Alleculidae
Anobiidae
Cantharidae
Cerambycidae
Cleridae
Curculionidae
Elateridae
Eucnemidae
Histeridae
Malachiidae
Melandryidae
Monotomidae
Mycetophagidae
Oedemeridae
Scirtidae
Scolytidae
Scraptiidae
Sphindidae

Staphylinidae

Alleculidae

4.376949

4.607314

Alleculidae

0.2749886

0.1970227

0.2255757

0.3538985

0.3084092

0.4654702

0.3375927

0.5802472

0.2066439

0.01332724

0.4964601

0.4501549

0.4559087

0.2098178

0.1869772

0.3297487

0.1799669

0.2416543

Anobiidae

15.31710

15.82767

Anobiidae

0.1029116

0.422577

0.2764522

0.3671796

0.3089845

0.4742053

0.2830024

0.1299763

0.08259325

0.4591221

0.1994162

0.5660742

0.4415369

0.5665912

0.3674201

0.1496156

0.3992541

Cantharidae

3.080418

3.593821

Cantharidae

0.02469998

0.01056419

0.163739

0.232337

0.2494664

0.1438604

0

0

0.1608108

0.06380249

0.1269317

0.1629489

0.1458469

0.07948435

0

0.1438346

Cerambycidae
8.115922

8.792248

Cerambycidae

0.4588442
0.320605

0.2395095
0.3694843
0.2403049
0.137231

0.0720115
0.4114069
0.3401559
0.5378978
0.2745749
0.287171

0.2475028
0.1534619

0.239011

Cleridae

3.952966

4.392185

Cleridae

0.1795057

0.224477

0.3394344

0.2874935

0.1443739

0.02454198

0.4238851

0.4206321

0.4478418

0.1879536

0.1782467

0.2212562

0.1481506

0.1937593

Curculionidae

6.448730

8.598306

Curculionidae

0.2927703

0.3990813

0.1945191

0.1083778

0

0.4713106

0.141547

0.535167

0.2578905

0.3080173

0.2057601

0.060352

0.2734545

Elateridae

8.730380

9.109962

Elateridae

0.2882269

0.5013315

0.4169467

0.109499

0.5462436

0.291434

0.3306848

0.3824407

0.3696867

0.503647

0.3987817

0.4778188

Eucnemidae Histeridae

8.753792

9.151691

4.186518

4.567111

Eucnemidae Histeridae

0.2230214

0.05074946

0.02656699

0.5340217

0.2276119

0.5810043

0.3998978

0.3714003

0.2443003

0.04894755

0.3286553

0.3061304

0.1152017

0.3965074

0.400933

0.3250458

0.2079869

0.1853457

0.3309248

0.3272551

0.2395456

Malachiidae

5.325755

5.680806

Malachiidae

0.05819752

0.2761704

0.1533313

0.1530523

0.169813

0.1942615

0.3945834

0.6010881

0.297959

Melandryidae
2.285614

2.571316

Melandryidae

0.03712061
0.06537816
0.01527985
0.1000714
0.07284129
0.1886398
0.2605336

0.1298298

Monotomidae

8.506971

9.280332

Monotomidae

0.311767

0.6427942

0.4047827

0.3766209

0.4421042

0.2298419

0.4417485

Mycetophagidae
2.630245

3.156295

Mycetophagidae

0.2738333
0.1437381
0.1280909
0.2207199
0.1672921

0.1655481

Oedemeridae Scirtidae  Scolytidae Scraptiidae Sphindidae

8.877633

9.219080

19.51880 24.54771 13.37847 5.152145

21.95865 24.64105 13.61318 6.440181

Oedemeridae Scirtidae  Scolytidae Scraptiidae Sphindidae

0.3539941

0.366774

0.297062

0.1424094

0.3106155

0.6343973 -

0.434394  0.4008066 -

0.2104632 0.1876726 0.4730842 -

0.523042 0.5672025 0.6569769 0.3327375

Staphylinidae
18.48798

19.06573

Staphylinidae
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Anobiidae

SEA

SEAC

SEAc overlap

Anobium nitidum

Ptilinus pectinicornis

Anobium nitidum

1.673.651

22.31535

Anobium nitidum

0.2147513

Ptilinus pectinicornis

8.878.990

9.265033

Ptilinus pectinicornis

Histeridae

SEA

SEAC

SEAc overlap

Abraeusperpusillus

Plegaderus dissectus

Abraeus perpusillus

2.696.310

3.595080

Abraeusperpusillus

0.1039951

Plegaderus dissectus

1.485.690

1.782828

Plegaderus dissectus

Elateridae

SEA

SEAC

SEACc overlap

Crepidophorus mutilatus

Melanotus castanipes

Crepidophorus mutilatus
4.213025

5.266282

Crepidophorus mutilatus

0.2969738

Melanotus castanipes
1.188731

1.358549

Melanotus castanipes

Scolitidae

SEA

SEAC

SEACc overlap

Cyclorhipidion bodoanus
Xyleborus dispar
Xyleborus germanus

Xyleborus saxeseni

Cyclorhipidion bodoanus
23.43791

24.27498

Cyclorhipidion bodoanus

0.5683714

0.6773071

0.7853915

Xyleborus dispar
21.89875

22.47503

Xyleborus dispar

0.702979

0.603546

Xyleborus
germanus

22.39303

22.56936

Xyleborus
germanus

0.648099

Xyleborus
saxeseni
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Scraptiidae

SEA

SEAc

SEAc overlap

Anaspis ruficollis

Anaspis thoracica

Scraptia fuscula

Staphilinidae

SEA

SEAC

SEAc overlap

Hapalaraea pygmaea

Hesperus rufipennis

Quedius truncicola

Anaspis ruficollis
11.29401

11.78505

Anaspis ruficollis

0.6620034

0.3710539

Hapalaraea pygmaea
16.11938

17.46267

Hapalaraea pygmaea

0.5149267

0.5388812

Anaspis thoracica
13.53610

14.76665

Anaspis thoracica

0.3019253

Hesperus rufipennis
13.77710

15.74525

Hesperus rufipennis

0.542112

Scraptia fuscula
8.984655

10.10773

Scraptia fuscula

Quedius truncicola
14.06044

17.57555

Quedius truncicola
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