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Hyvärinen, Esko 2006. Green-tree retention and controlled burning in restoration and 
conservation of beetle diversity in boreal forests. University of Joensuu, Faculty of 
Forestry. 
 

ABSTRACT 

The main aim of this thesis was to demonstrate the effects of green-tree retention and 
controlled burning on beetles (Coleoptera) in order to provide information applicable to the 
restoration and conservation of beetle species diversity in boreal forests. A methodological 
aspect was also included, in the form of an examination of the sampling of forest beetle 
communities. A large-scale field experiment involving 24 forest sites was established in 
eastern Finland, where harvesting intensity was manipulated together with burning 
treatments. The beetle data collected during one pre-treatment year and two post-treatment 
years covered altogether 201 501 individuals representing 1235 species. The main findings 
were: 1) Harvesting with or without burning increased the species richness, but it often 
began to decrease again in the second post-treatment year. 2) Many species of beetle 
colonized the sites effectively after the treatments, particularly the burned sites. 3) The 
richness of red-listed and rare saproxylic (deadwood-dependent) species was higher at 
burned than unburned sites, an effect which was not caused solely by pyrophilous species 
as many other species showed a similar pattern. 4) Higher levels of green-tree retention 
seemed to increase the richness of saproxylics, including red-listed and rare species, at 
burned sites in the second post-treatment year. 5) The abundance of red-listed and rare 
saproxylic species was higher at burned sites, and the pyrophilous species in particular 
showed population increases after fire. 6) Higher tree retention levels maintained the 
assemblages closer to the pre-treatment structure. The assemblages of saproxylic species 
were distinctly affected by the treatments and also differed between the two post-treatment 
years. 7) Harvesting with or without burning had a marked effect on herbivores, but they 
recovered by the second post-treatment year in burned areas. 8) Species dependent on 
ephemeral resources were the least affected by the treatments. 9) Burning and harvesting 
was detrimental for litter-dwelling species, but they seemed to recover quickly. 10) 
Ecological classification of the material collected in traps is important for revealing 
ecological patterns. 11) Large collections are needed to obtain representative samples of 
beetle communities in boreal forests. 

The results show that the negative effects of timber harvesting on beetle diversity in 
boreal forests can be alleviated by increasing the green-tree retention volumes and by 
controlled burning. Many red-listed and rare saproxylic species seem to benefit particularly 
from the burning of harvested sites with retained trees. Unharvested burned sites seem to 
support rather different species assemblages from harvested ones, however, emphasizing 
the importance of fire as a restoration tool in conservation areas. Controlled burning and 
green-tree retention do not solve all the problems related to commercial forest management, 
but they will clearly benefit a significant part of the ecosystem, including perhaps the most 
species rich and one of the most endangered species groups, the saproxylic beetles. 

 
Keywords: Biodiversity, Coleoptera, decaying wood, disturbance, forest management, 
saproxylic species 
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1 INTRODUCTION 
 

1.1 Background 

For a long time disturbances were seen as events that interfere with the equilibrium of 
nature and shift climax communities away from near-equilibrium conditions (Clements 
1936). Connell (1978) defined a disturbance briefly as an event that “regresses the 
succession”, while Sousa’s (1984) definition – “a discrete, punctuated killing, 
displacement, or damaging of one or more individuals (or colonies) that directly or 
indirectly creates an opportunity for new individuals (or colonies) to become established” - 
adopts the paradigm shift from acknowledging “the equilibrium of nature” to understanding 
the dynamic character of all natural populations and communities, the fact that most 
communities exist in a state of non-equilibrium (Huston 1979). Nowadays a disturbance is 
simply regarded as a rapid release or reallocation of community resources (e.g. Sheil and 
Burslem 2003). 

Natural disturbances of varying size, intensity and frequency create heterogeneity at the 
landscape and stand levels (Sousa 1984, Angelstam 1996, Kuuluvainen 2002). The classical 
intermediate disturbance hypothesis suggests that disturbances that are intermediate in 
frequency and size enable the coexistence of late-successional species and species adapted 
to younger sites, and thus maintain high species diversity (Connell 1978). Disturbances 
vary from small-scale (e.g. gap dynamics, small-scale flooding) to large-scale, stand-
replacing disturbances (e.g. fires, windstorms, insect outbreaks) (Angelstam 1996). The 
most important large-scale disturbance factor in boreal forests is fire (e.g. Zackrisson 1977, 
Wein and MacLean 1983, Esseen et al. 1997, Niklasson and Granström 2001, Ryan 2002).  

From the beginning of the 20th century in particular, natural disturbances have largely 
been replaced by stand-replacing disturbances of human origin, such as intensive forestry. 
This has taken place on a wide scale in Fennoscandia (e.g. Linder and Östlund 1998, 
Löfman and Kouki 2001) and is rapidly expanding eastwards in the boreal forests of Russia 
(Mayer et al. 2005). There is no doubt that disturbances, whether natural or not, have a 
major influence on many properties of these ecosystems. Disturbances caused by numerous 
agents on different temporal and spatial scales create a habitat mosaic for thousands of 
species. It is surprising to note, however, that the exact consequences of various 
disturbances for forest-dwelling species are still rather poorly understood. In particular, the 
similarities and differences between natural disturbances and those of human origin have 
remained unclear, although it is known that they differ notably in many critical aspects, 
such as in the amount of dead wood left behind (Angelstam 1996, Lindenmayer and 
Franklin 2002). 

The importance of dead wood for species richness is well known (e.g. Harmon et al. 
1986, Esseen et al. 1997, Siitonen 2001, Grove 2002, Jonsson et al. 2005). In boreal forests, 
where the tree species diversity is low, the role of decaying wood for biodiversity is even 
more pronounced. Dead trees provide microhabitats for numerous species during the 
decades of the decay succession. Natural stand-replacing disturbances create habitats with 
extensive biological legacies from the pre-disturbance forest (Lindenmayer and Franklin 
2002), such as large living or dead trees. For saproxylic organisms, which in Speight’s 
(1989) definition are “species dependent upon dead or dying wood of moribund or dead 
trees (standing or fallen), or upon other such organisms”, these habitats provide an 
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abundance of resources. There are at least 5000 saproxylic species in Finland (Siitonen 
2001). In Sweden, for example, it has been calculated that of the 380 beetle species living 
on Scots pine (Pinus sylvestris L.) only 6 % inhabit live trees and the remaining 94 % 
colonize dead trees in various phases of the decay process (Ehnström 1999). A considerable 
proportion of the saproxylic beetles inhabit dead trees situated in an open warm, 
environment (Ahnlund and Lindhe 1992, Kaila et al. 1997, Martikainen 2001, Sverdrup-
Thygeson and Ims 2002), and species having similar habitat preferences can be expected to 
exist in many other taxa, too. Since natural early successional phases with plenty of dead 
wood are currently almost completely lacking from forest cycles, these species are 
restricted to the scarce and often small reserves, where dead wood is still available, 
although such habitats are not necessarily optimal for them (Martikainen 2001). 

Habitat loss, fragmentation and declining habitat quality are driving numerous species 
worldwide towards extinction (Wilcox and Murphy 1985, Saunders et al. 1991, Myers et al. 
2000, Brooks et al. 2002, Fahrig 2003). In the boreal forests of Fennoscandia these changes 
have largely been induced by forestry, and have already had substantial negative 
consequences on the biota of forests (Heliövaara and Väisänen 1984, Haila 1994, Berg et 
al. 1995, Hanski and Hammond 1995, Esseen et al. 1997, Linder and Östlund 1998, Rassi 
et al. 2001, Siitonen et al. 2001, Gärdenfors 2005).  Due to the time delay in the response of 
species to habitat destruction – known as extinction debt (Tilman et al. 1994, Loehle and Li 
1996) – species doomed to extinction in the prevailing state of habitats may still seem fairly 
abundant. The time delay before extinction occurs may be fairly long for some species, 
however (Komonen et al. 2000, Hanski and Ovaskainen 2002). Hanski (2000) has predicted 
the extinction of about 1000 species in Finnish forests in the near future. It is obvious that 
our current forests provide a rather different set of ecological niches from the forests that 
existed before modern, intensive forestry. Since it seems clear that natural disturbance 
regimes cannot and will not be restored on any large scale in managed forests so long as 
timber harvesting remains the main form of land use in these ecosystems (Brown et al. 
2004, Kauffman 2004), we may have to focus on mimicking their effects on a smaller scale 
as far as possible in order to create important structural properties in the forest landscape 
for the benefit of certain focal species.  

The role of the matrix outside nature reserves in the conservation of forest biota has 
been emphasized, in order to complement the traditional approach of conserving 
biodiversity by means of networks of reserves (Franklin 1993, Mönkkönen and Reunanen 
1999, Kouki et al. 2001, Simberloff 2001, Lindenmayer and Franklin 2002). Unprotected 
areas may provide essential habitats for a number of species if their requirements are taken 
into account during management operations. By deliberately improving the occurrence of 
certain resources in the matrix outside the reserves, it may be possible to improve the 
quality of the environment sufficiently to benefit species for which unsuitable habitats do 
not so easily constitute dispersal barriers. Many insects and fungi are examples of such 
species. The use of controlled burning and green-tree retention has been under discussion 
lately as a possible means of improving the ecological quality of managed boreal forests 
(Niemelä 1996, Esseen et al. 1997, Franklin et al. 1997, Granström 2001, Ehnström 2001, 
Siitonen 2001, Vanha-Majamaa and Jalonen 2001, Penttilä et al. 2004). Conservation 
measures applicable on a smaller scale are realistic, but their consequences and 
effectiveness have remained somewhat ambiguous so far. 

According to Franklin et al. (1997), retention trees have three major purposes: 1) 
“lifeboating” species and processes immediately after logging and before the forest cover is 
re-established, 2) “enriching” re-established forest stands with structural features that would 
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otherwise be absent, and 3) “enhancing connectivity” in the managed landscape. Trees can 
be retained in small groups or they may be dispersed throughout the logging area. 
Aggregated retention is currently favoured, because it is assumed to be more effective in 
maintaining the structural properties and species of the pre-harvest forest in undisturbed 
patches (Franklin et al. 1997). 

Burning brings about major changes in environmental conditions, but controlled 
burning can create habitats and resources for species that are adapted to a burned forest 
environment. Pyrophilous species, those that conspicuously favour burned areas (Wikars 
1997), are a distinct part of boreal forest ecosystems, but there are also many other species 
that benefit from fires but are not pyrophilous sensu stricto (Lundberg 1984, Muona and 
Rutanen 1994, II, III, IV). Moreover, forest fires affect the structure of regenerating stands, 
and consequently species communities, for several decades at least. 
 

1.2 Study organisms – the beetles 

Insects numerically make up a major part of biodiversity (e.g. Erwin 1982, May 1988, 
Wilson 1992). The beetles (Coleoptera) is worldwide the most species rich order with at 
least 250000 species described so far (Capinera 2004). The use of beetles in ecological 
studies of community level is very laborious due to often large samples and many 
difficulties in identifying the specimens. In tropical forests huge number of species, of 
which many are undescribed, makes the situation even more difficult (Lawton et al. 1998). 
This frequently leads ecologists to use morphospecies (Oliver and Beattie 1996) or higher 
taxa when analyzing the samples, which prevents detailed community level analyses. On 
the other hand, high number of species together with their species specific requirements 
make beetles exceptionally well applicable group for ecological studies. Changes in beetle 
communities can reflect wide variety of changes occurring in the environment. 

There are 3670 beetle species recorded from Finland based on Silfverberg (2004) and a 
few new unpublished records. Of these, 54 are classified as regionally extinct (RE), 347 are 
threatened (CR, EN, VU) and 196 near threatened (NT) (Rassi et al. 2001). About 2000 
species of beetle can be found from forests, and 800 of these are obligatorily saproxylic 
(Siitonen 2001). Due to the long entomological tradition the fauna of Fennoscandia is 
exceptionally well known compared to most other areas and provides sound basis for using 
beetles as study objects. Also, the habitat preferences of species are well known, 
particularly those of saproxylics, thanks to pioneering works of, e.g., Saalas (1917, 1923) 
and Palm (1951, 1959), and more recent authors, e.g., Ehnström and Axelsson (2002).  
 

1.3 Aims of the thesis 

This thesis aims to demonstrate the effects of green-tree retention and controlled burning on 
beetles, and to provide information applicable to the restoration and maintenance of beetle 
species diversity in boreal forests. It also incorporates a methodological aspect, as there are 
many difficulties involved in insect sampling which also relate to the interpretation of the 
results. More specifically, the questions addressed here are: 
1) How do different trapping methods perform when sampling communities of forest 

beetles, and how do the method chosen, the sampling scheme, sample size and 
ecological classification of the species affect the results and their interpretation? (I) 
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2) How do different post-harvest green-tree retention volumes with or without controlled 
burning affect local beetle assemblages in the short-term, including destructive effects, 
and what are their consequences for early colonization? (II) 

3) How do beetle assemblages respond to different levels of post-harvest green-tree 
retention with or without controlled burning during the first two years of the post-
disturbance succession? (III) 

4) Can populations of red-listed and rare saproxylic beetle species be restored and 
maintained by post-harvest green-tree retention and controlled burning in managed 
forests, and consequently, can the current extinction debt be reversed at least partly to a 
species credit situation by these methods? (IV) 

 
 

2 MATERIALS AND METHODS 

 
Here I only briefly overview the materials and methods. For details refer to the original 
papers (I, II, III, IV). 
 

2.1 Study area and experimental design 

The data for this thesis come from a large-scale field experiment carried out in eastern 
Finland in the municipalities of Lieksa and Ilomantsi (approx. 63° N, 30° E) (Fig. 1). The 
area falls into the transition zone between the south and middle boreal vegetation zones 
(Ahti et al. 1968). All the study sites were located in state-owned land and within an area of 
20 km × 30 km. The study area lies close to Russian border and remained outside intensive 
forestry until early 1900s. Due to the rather short management history and closeness of near 
natural forests in Russia the species pool in the area is still very representative when 
compared to more southerly and westerly parts of Finland. This makes the area 
exceptionally suitable for studying the effects of different forest management methods on 
the diverse beetle assemblages, in particular on more demanding forest-dwelling species, 
such as many saproxylic and red-listed species. 

The 24 forest sites used for the experiment covered an area of 3–5 ha each, and were 
initially mature 150-year-old forests dominated by Scots pine, which comprised on average 
72 % of the volume of trees. Other tree species in the sites were Norway spruce (Picea 
abies [L.] Karst.), birch (Betula spp.) and other deciduous trees such as aspen (Populus 
tremula L.) and grey alder (Alnus incana [L.] Moench). Altogether deciduous trees 
comprized an average of 6 % of the volume of trees. The mean volume of living trees was 
287.9 m3/ha (S.D.=71.1) and that of the decaying wood 40.8 m3/ha (S.D.=17.5) of which 
36% was in downed logs. Selective harvesting had taken place in all of the study sites 
dating back to 1950s and before, but intensive modern forestry was not yet practiced at the 
sites. Signs of previous forest fires were found at all of the study sites (Kaipainen 2001). 
Eighteen of the sites had burned during the 19th century, when slash-and-burn cultivation 
was common in the area (Lehtonen et al. 1996). There were no statistically significant 
differences between the sites assigned to eight treatment categories in the volume of living 
trees, snags, or logs before the treatments. 
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Figure 1. Map of the experimental area and treatments on study sites. The volume of green-
tree retention is given within symbols: 0, 10, 50 m3/ha and nc (no cuttings). Black circles 
represent burned study sites and white circles unburned sites. 
 
The experiment focused on two factors: the volume of green-tree retention and the burning, 
and the study applied the before-after-control-impact (BACI) principle (Green 1979). Post-
harvest green-tree retention had three volumes, 0, 10 and 50 m3 trees/ha, in addition to the 
unharvested sites  (Fig. 1). Trees were principally retained in small groups (Fig. 2). The 
harvesting treatments were implemented during the winter 2000/2001, and twelve of the 
study sites were burned on 27–28 June 2001. The burning procedure is described in detail 
in paper II. The experimental treatments resulted in three replicates of each treatment 
combination. The treatments were assigned to the study sites in random, except for the 
unharvested sites, which were situated within the Patvinsuo National Park. The study sites 
were similar to those outside the park in terms of tree species and volume, forest site type, 
and management history, despite their national park status.  
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Figure 2. A group of retention trees and a freely-hanging window trap in a burned study site. 
The volume of green-tree retention is 10 m3/ha at the site. 
 
 

The intensity of fire was recorded by measuring the average flame height and changes 
in the thickness of humus layer. In harvested sites the humus layer became on average 27 
%, and in unharvested sites 8 % thinner as a result of burning, but there was considerable 
small-scale variation within sites (Laamanen 2002). The scorch height was measured by 
estimating the height of charred bark from the retained trees (Sidoroff 2001). On 
unharvested sites the mean height of flames was 2.2 m, on sites with 50 m3 retention 
trees/ha 3.9 m, and on sites with 10 m3 retention trees/ha 5.8 m. Naturally on the sites 
where no trees were retained this method could not be applied. 
 

2.2 Sampling methods, data and analyses 

The beetles were sampled with three trapping methods: freely hanging window (flight-
interception) traps (Fig. 2), trunk window traps, and pitfall traps (I). Freely hanging window 
traps were used as a primary source of data (Table 1), due to many benefits of that method 
in comparison with the other two (I). The beetles were sampled with 240 freely hanging 
window traps during three growing seasons 2000–2002, i.e. in one pre-treatment year and 
two post-treatment years (II, III, IV). From other two types of trap the beetle material was 
used only from one one-month period in 2002 in order to compare the performance of 
different types of trap (I). 
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Table 1. Sampling years and proximate duration of sampling, types of trap used, and data 
used for papers I, II, III and IV. FWT: freely hanging window trap; TWT: trunk window trap; 
PFT: pitfall trap. 
   I  II  III  IV 
Sampling years  2002  2000-2001 2000-2002 2000-2002 
Sampling duration/year 1 month  1 month  4 months 4 months 
Trap type  FWT, TWT, PFT FWT  FWT  FWT 
Number of individuals 59760  34175  153334  2107  
Number of species 814  740  1142  84 
 
 
Almost all individuals were identified to species level except for a small number of 
deteriorated specimens, which were excluded from the data. For practical reasons also a 
few species difficult to identify to species level were treated as species pairs, or in one case 
as a triplet, but were counted as one species in the analyses. Species were classified into 
ecological groups on the basis of several published sources (e.g. Saalas 1917, 1923, Palm 
1948-1972, 1951, 1959, Koch 1989-1992, Ehnström and Axelsson 2002) and unpublished 
empirical information. 

Factorial analysis of variance (ANOVA) was used as primary statistical testing tool to 
study main effects and interactions of green-tree retention and burning on beetles. Changes 
in species assemblages induced by the treatments were examined with detrended 
correspondence analysis (DCA), non-metric multidimensional scaling (NMDS), and Bray-
Curtis similarity index. 
 
 

3 MAIN RESULTS AND DISCUSSION 

 
The results of this thesis are based on a total material of 201 501 individuals representing 
1235 beetle species collected over a period of three years (Appendix 1), including 18 095 
individuals of 572 species recorded in the pre-treatment year and altogether 120 074 
individuals of 1030 species at burned sites and 63 332 individuals of 963 species at 
unburned sites in the two post-treatment years. Of these latter species, 231 were recorded 
exclusively on burned sites and 166 on unburned sites. 

The first results I present will apply to a comparison of three methods commonly used 
for sampling forest-dwelling species and an examination of the effects of varying sample 
sizes and the importance of ecological classification of the beetle material for interpretation 
of results (I). This will be followed by a summary of the results of three papers (II, III, IV) 
concerned with the effects of post-harvest green-tree retention volume and controlled 
burning on beetles in boreal forests. 
 

3.1 Sampling of forest-dwelling beetles (I) 

Boreal forests are often considered to be relatively species-poor, suggesting that 
representative sampling of their insect fauna might be fairly easy. This is clearly not the 
case, however, since boreal forests harbour a surprisingly high number of species, reaching 
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a level of one thousand beetle species per stand, for example (Hanski and Hammond 1995, 
Muona 1999, Martikainen and Kouki 2003). Such a high species richness is quite amazing, 
because there are only a few tree species and the forests in Fennoscandia, for example, are 
composed mainly of pine, spruce and birch with some aspen and other deciduous trees. 

Several methods have been developed for sampling forest-dwelling insects (Southwood 
1978, Leather 2005), such as interception traps, malaise traps, pitfall traps, canopy fogging, 
sieving and direct searching, but only a few of them are considered to be quantitative or 
semi-quantitative and thus suitable for numerical comparisons between areas or treatments. 
Flight-intercept traps and pitfall traps have been widely employed in many other recent 
studies in boreal forests (Muona and Rutanen 1994, Siitonen 1994, Spence and Niemelä 
1994, Niemelä et al. 1996, Økland et al. 1996, Martikainen 2001, Koivula et al. 2002, 
Similä et al. 2002, Lindhe and Lindelöw 2004). 

Insect communities are very difficult to sample, and the effects of different sampling 
protocols and data processing methods on the results need to be fully understood in order to 
achieve reliable interpretations. Three methods commonly used for sampling forest-
dwelling beetles were compared here: freely hanging flight-intercept (window) traps 
(FWT), flight-intercept traps attached to trunks (TWT) and pitfall traps placed on the 
ground (PFT). Four partly overlapping groups of beetles were used in the analyses: all 
species and saproxylic, rare, and red-listed species.  

In terms of the number of species collected, the TWTs were the most effective for all 
these groups, and the rarer the species in the species group the larger were the differences 
between the types of trap. In particular, the TWTs caught the most red-listed species. 
However, when the sample sizes were standardized by resampling the data, the FWTs and 
TWTs caught the same number of species in all the species groups, while the PFTs caught 
fewer species in all the groups, regardless of whether the sample sizes were standardized or 
not and seem in general to be unsuitable for the representative sampling of saproxylic, rare 
and red-listed species in boreal forests. However, the PFTs clearly sampled different parts 
of the species assemblages from the window traps. The distribution of the abundance of all 
species recorded took the form of the right tail of a lognormal or logseries distribution with 
the mode in the first octave. When an ecologically well-defined group of forest-dwelling 
species – the saproxylics – was investigated, the abundance distribution revealed a clear 
mode in the TWT and pooled material, which had a lognormal distribution, despite the fact, 
that the limited trapping period of one month obviously increased the number of temporal 
edge species occurring in low numbers. These differences in abundance distributions 
indicate that when studying material collected by means of traps, classification of the 
species into ecologically relevant groups is important for revealing the underlying 
ecological patterns. This, of course, requires a good knowledge of the biology of the species 
concerned. 

The present results clearly confirmed that even in boreal forests local beetle species 
richness can be so high that sample sizes of at least several thousand individuals, preferably 
tens of thousands, are needed in order to obtain a representative sample of a local 
community (see also, Muona 1999, Martikainen and Kouki 2003) and to perform reliable 
community-level analyses. The results also indicate that figures and generalizations based 
on small samples collected using a few traps of one type and consisting of diverse species 
groups such as beetles are likely to be unreliable. Moreover, relevant ecological 
classification of the material is also very important for the achieving of reliable 
comparisons. Differences in performance between the types of trap should be considered 
when designing a study, and in particular when evaluating the results.  
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In short, the main results related to the sampling of forest-dwelling beetles were: 
1) Window traps attached to trunks were the most effective for all species groups in 

terms of the number of species collected. The rarer the species in the group the 
larger were the differences between the types of trap in the number of species 
caught. 

2) Freely-hanging window traps were equally as effective as trunk-window traps after 
standardization for sample size. 

3) Pitfall traps caught fewer species of all groups, but they clearly sampled different 
parts of the species assemblages from the window traps. 

4) Ecological classification of the material collected using traps is important for 
revealing ecological patterns. 

5) Large collections are needed to obtain representative samples of beetle 
communities in boreal forests. 

 

3.2 Effects of different levels of green-tree retention and controlled burning on the 
beetles in boreal forests (II, III, IV) 

Different ecological groups of beetles showed variable responses to harvesting and 
controlled burning with different levels of green-tree retention. Here I summarize the 
patterns of species richness, abundance and composition of the assemblages induced by the 
harvesting and burning treatments. 
 

3.2.1 Species richness 

Biodiversity is most commonly measured in terms of species richness (Gaston and Spicer 
2004). This is a basic measure which is often readily available in community-level data and 
the present work is no exception in this sense. 

Species richness at the sites increased almost without exception immediately after 
harvesting irrespective of whether the site was burned or not (II). Not only pyrophilous 
species but also many other boreal forest beetle species, including saproxylic and rare ones, 
were among the first colonizers and displayed an ability to locate newly formed resources 
even in managed forests. It is also significant, that the number of red-listed species was 
already higher on the burned sites than on the unburned ones during the first few weeks 
after burning (II). This effect was partly caused by the pyrophilous species, many of which 
are endangered species in Finland. The patterns reported in paper II, however, may have 
partly been distorted by the fact that the data contain only the first colonizers, those 
attracted by the odours and warmth of the recently logged and burned sites. The results 
should be considered primarily as an evidence of good colonization ability on the part of 
many beetle species, particularly saproxylics, which is the first important requirement that 
must be met before the restoration of beetle assemblages becomes possible. In order to 
complete the colonization successfully, however, the individuals of a species must be able 
to reproduce at the site. 

In the longer term, i.e. over the two-post treatment years, the different ecological groups 
– saproxylics, herbivores, species dependent on ephemeral resources and litter-dwelling 
species – showed variable responses to the experimental treatments (III). Harvesting with or 
without burning increased the richness of all these groups in the first post-treatment year, 
but the richness decreased in the second year in many cases. One notable pattern was for 
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the richness of saproxylic species to continue to increase on the burned sites in the second 
post-treatment year, indicating successful reproduction and ongoing colonization, whereas 
the numbers decreased on the unburned sites (III), suggesting that many of the species that 
had come there initially after harvesting had most probably been unable to find suitable 
resources for reproduction, so that colonization was unsuccessful. The results can be 
explained by the fact that burning of the sites killed or weakened many of the trees that had 
been retained and thus rapidly created suitable resources for saproxylic species, whereas 
only occasional tree deaths occurred on the unburned sites during the first two years after 
harvesting. The rather high occurrence of saproxylic species on the unburned harvested 
sites in the first post-treatment year can be explained by olfactory stimuli from the recently 
cut stumps and logging waste, which evidently attracted large numbers of species to the 
areas (Brattli et al. 1998). 

The richness of herbivores continued to increase on burned harvested sites in the second 
post-treatment year, particularly on those with lower green-tree retention volumes, whereas 
on the unburned sites the species richness remained fairly similar (III). The richness of 
litter-dwelling species on the harvested sites increased in the first post-treatment year 
regardless of whether burning took place, but often decreased in the following year. The 
richness of the species dependent on ephemeral resources did not change markedly as a 
result of the treatments. 

The responses of the red-listed and rare saproxylic species to the treatments were rather 
similar to those of the saproxylics in general, the highest mean number of species being 
observed on the burned sites with 10 m3 tree retention/ha in the first year and increasing 
still further in the second year (IV). The results nevertheless showed a trend toward a 
greater increase in the richness of red-listed and rare saproxylic species at the higher tree-
retention levels in the second year, an effect that was particularly notable at the uncut 
burned sites. The difference between the burned and unburned sites in the richness of these 
species showed an increase in the second post-treatment year, so that as there was on 
average 2.71 red-listed and rare saproxylic species more on the burned than the unburned 
sites in the first year, the difference had increased to an average of 3.91 species in the 
second year. This indicates that burned areas are very important for conservation of the 
rarest portion of the forest beetle fauna. The differences between the burned and unburned 
sites were not caused by pyrophilous species alone, as other species followed a similar 
pattern. The higher richness of red-listed and rare saproxylic species observed on the 
burned sites can be explained by the combined effects of fire per se (smoke, heat, a burned 
environment) and of the consequent increase in the availability of free resources (trees 
killed by the fire). 

The differences in species richness between the harvested sites with different levels of 
tree retention were generally fairly small, although lower numbers of saproxylic species 
were generally recorded at sites where no trees were retained (II, III, IV). The unharvested 
sites usually showed the lowest richness of beetle species (II, III, IV). It may be concluded 
that although there were differences in fire intensity among the harvested sites, the fires 
were intense enough everywhere to induce largely parallel changes in the environment.  

In short, the main results related to species richness were: 
1) Harvesting with or without burning increased the species richness (II, III, IV), but 

the richness had often already decreased by the second post-treatment year (III ,IV). 
2) Colonization after the treatments was particularly active at the burned sites (II, III, 

IV). 



 17 

3) The richness of red-listed and rare saproxylic species was higher on the burned than 
unburned sites, not entirely by virtue of the pyrophilous species (II, IV). 

4) Higher levels of green-tree retention promoted an increase in the richness of 
saproxylics, including red-listed and rare species, on the burned sites in the second 
post-treatment year. No clear patterns were observed in this respect on the 
unburned sites (III, IV). 

5) The number of red-listed and rare species on the unburned sites had already 
declined by the second post-treatment year (IV). 

6) Different ecological groups among the beetles showed different responses to 
harvesting at different levels of green-tree retention and burning (III). 

 

3.2.2 Abundance of beetles 

The abundance of species in trapping material is rather an unreliable measure, particularly 
when used in comparisons between years, because differences in weather conditions, for 
example, affect the activity of insects considerably. Differences in the abundance of a focal 
group of species, such as red-listed and rare species, between treatments may provide 
valuable information, however, and can reflect successful conservation action if the 
abundance has been increased through measures such as green-tree retention and burning. 

One notable result obtained here was that red-listed and rare saproxylic species were 
much more abundant on burned than unburned sites, and that the abundance of many such 
species increased on the burned sites with higher levels of green-tree retention in the second 
post-treatment year indicating successful reproduction there (IV). As the increase in the 
numbers of individuals was clearly smaller or negative on the harvested sites with or 
without burning, it may be concluded that reproduction was not so successful there. 
Pyrophilous species dominated the samples of red-listed and rare saproxylic species in 
terms of the numbers of individuals in the first post-treatment year, but their proportion 
decreased in the following year, especially at the unburned sites. Their dominance was even 
more striking among the red-listed species alone, but this was largely caused by the high 
abundance of just a few species, in particular Sphaeriestes stockmanni (Biström). 
Pyrophilous species accounted for 98.6% of the abundance of red-listed species on the 
burned sites in the first post-treatment year and 72.6% in the second, whereas the 
proportions on the unburned sites were 72.6% and 32.4%, respectively. Sphaeriestes 
stockmanni and Clypastraea pusilla (Gyllenhal) were the most abundant species, 
particularly on the burned sites, while most of the other red-listed species were observed in 
smaller numbers, although many of them increased in abundance in the second post-
treatment year.  

Many of the pyrophilous species were also observed at the unburned sites, some of them 
in considerable abundance. It is thus possible that some of them can at least occasionally 
make use of dead trees situated in unburned, open environments as a breeding substrate 
(Wikars 2002), although suitable resources are probably very scarce in such areas. If some 
of these species can persist in the forest landscape in low numbers or reasonable lengths of 
time without regular fires, their population levels could easily be enhanced by controlled 
burning, because they could be expected to colonize the burned areas effectively.  

In short, the main results related to the abundance of beetles were: 
1) Abundance increased due to the treatments, this being more pronounced at the 

burned than unburned sites (II, III, IV). 
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2) Colonization after the treatments was particularly active at the burned sites (II, III, 
IV). 

3) The abundance of red-listed and rare saproxylic species was higher at the burned 
sites, and particularly the pyrophilous species showed population increases after 
fire (II, IV). 

 

3.2.3 Changes in species assemblages 

Changes in the composition of assemblages are often much more interesting and 
informative than changes in overall species richness, for example. Species richness may 
remain unchanged in situations where the composition of the assemblages is altered as a 
result of environmental change. Thus the latter may serve better to reveal underlying 
ecological processes. 

Although the harvesting and burning treatments induced profound changes in the beetle 
assemblages (II, III, IV), there were considerable differences in response between the four 
ecological groups of beetle over the two post-treatment years (III). The assemblages of 
saproxylics, species dependent on ephemeral resources, and litter-dwelling species were 
greatly affected by the harvesting and burning treatments, whereas the assemblages of 
herbivores were originally more heterogeneous between the sites and did not show such a 
marked change in response to the treatments as did the other three species groups. The 
treatments had the strongest impact on the saproxylic and litter-dwelling species, and there 
was also a clear difference in the assemblages of these species between the first and second 
post-treatment years (III).  

The assemblages of saproxylic species were distinctly affected by the treatments and 
differed between the two years (III). In the first year the burned and unburned sites 
supported different assemblages, particularly when tree retention levels were also taken into 
account, whereas in the second year the difference between the burned and unburned sites 
remained fairly similar but the assemblages showed a clear change from the first year. This 
probably reflects the rather rapid decay succession after tree death. The first phase lasts 
only 1–2 years and is dominated by bark beetles, other phloem feeders and their associated 
species, which rapidly colonize the dead trees (e.g., Esseen et al. 1997, Siitonen 2001). The 
second phase is characterized by secondary phloem feeders, detritivores, species associated 
with mycelia growing under the bark and their associates. It is likely that many of the trees 
that died as a result of burning, and also logging waste at the unburned sites, had already 
proceeded to the second decay phase by the second post-treatment year. 

Although most of the deciduous trees, on which many forest-dwelling herbivores are 
dependent, were killed by the fire, fire is also known to create favourable conditions for the 
regeneration of deciduous trees (Esseen et al. 1997). This explains the rapid recovery of the 
herbivores, particularly at the burned sites, as indicated by the increased similarities in the 
second post-treatment year (III). The ordinations nevertheless suggested that the 
assemblages of herbivores were fairly heterogeneous among the sites both before and after 
the treatments, which makes it difficult to interpret the results. The species dependent on 
ephemeral resources were the least affected by the treatments, presumably because of their 
high mobility in the forest landscape. Suitable resources such as elk dung and rotten fungi 
were also readily available at and around the sites concerned. 

Burning seemed to be detrimental to the litter-dwelling species. The low similarity 
between the first post-treatment year assemblages and the pre-treatment assemblages 
indicated a very high species turnover in response to the pronounced alteration in the 
habitat on account of burning. It is likely that burning also caused direct mortality among 
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these species (Paquin and Coderre 1997, Wikars and Schimmel 2001). Nevertheless, the 
assemblages seemed to recover fairly quickly, as indicated by the similarity indices. 
Species living on the soil surface in boreal forests probably have good opportunities to 
colonize disturbed areas rapidly from the surroundings. A parallel pattern was also seen at 
the unburned harvested sites, which indicates that harvesting operations without burning 
also had a powerful, although transient, impact on these species, in spite of the fact that no 
post-harvesting soil preparation work intended to improve the regeneration of a new stand 
was carried out here. 

Higher tree-retention levels generally maintained the assemblages closer to the pre-
treatment structure at both the burned and unburned sites. Groups of trees may provide 
refugia for some species from the effects of harvesting and burning, although there are 
indications that small groups of trees cannot maintain the original assemblages of forest 
carabids (Koivula 2002, Martikainen et al. unpubl.). It is obvious that retained trees affect 
different species through different mechanisms. For saproxylic species the additional 
presence of dead wood resources is relevant, and they colonize the newly formed substrate 
after the trees have died as a result of burning or for some other reason. For many other 
species, such as litter-dwelling ones, the tree retention volume may not be important per se, 
but it can affect such factors as the size of the area not disturbed by cutting, the degree of 
shading, or the result of burning (e.g. fire intensity), thus having indirect consequences on 
these. 

In short, the main results related to species assemblages were: 
1) Higher tree retention levels maintained the assemblages closer to the pre-treatment 

structure (II, III). 
2) The assemblages were greatly affected by harvesting and burning, but different 

ecological groups showed different responses to burning (II, III, IV). 
• the assemblages of saproxylic species were distinctly affected by the 

treatments, and also differed between the two post-treatment years (III). 
• harvesting with or without burning had a marked effect on herbivores, but 

they had recovered by the second post-treatment year in the burned areas (III).  
• the species dependent on ephemeral resources were affected least by the 

treatments (III). 
• burning and harvesting was detrimental to the litter-dwelling species, but they 

seemed to recover quickly (III). 
 

3.2.4 Methodological aspects 

The traps used in this work can be expected to have been of fairly similar efficiency at the 
harvested sites, but less so at the more shaded unharvested ones. Moreover, the beetles may 
have been more active at the burned sites than at the unburned ones due to the higher 
temperatures caused by the charred environment which absorbs solar radiation more 
efficiently. The bias can be partly corrected by resampling the data, or by calculating 
species accumulation curves. These tend to underestimate the species richness, however, if 
there is even one very abundant species in the sample (Magurran 2004), so that a 
comparison between two otherwise similar samples where only one contains an abundant 
species will result in two rather differently shaped curves. The use of such methods here 
would have greatly underestimated the species richness at the burned sites by comparison 
with the unburned ones, due to high abundance of several species at the former. Thus 
standardization of the samples was avoided, on the assumption that the results for species 
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richness based on unstandardized samples are reasonably reliable in the current case and 
more justified than to those based on species accumulation curves. 

The classification of beetle material collected with traps into ecological groups is 
important for revealing underlying ecological patterns (I). Material of this kind is 
nevertheless apt to contain beetle individuals that occur as “tourists” at a particular site 
(only crossing the area), even though the habitat may seem suitable for the species. 
Particularly in the first post-treatment year the assemblages consisted mostly of colonizing 
species and individuals, as was seen especially at the sites where no trees were retained. 
Many species which obviously were unable to find suitable resources for reproduction were 
recorded at that stage (II, III, IV). By the second year, however, the assemblages included 
the progeny of the first-year colonizers, and thus these results can be considered to be more 
important for evaluating the effects of green-tree retention and burning, although 
colonization was presumably still active in that year. The results would probably have been 
even clearer, however, particularly concerning the saproxylic species, if it had been 
possible to eliminate the “tourists” from the data. 
 
 

4 IMPLICATIONS FOR FOREST MANAGEMENT AND SPECIES 
CONSERVATION 

 
The conservation of biodiversity is a fundamental component of ecologically sustainable 
forestry (Hunter 1999, Maa- ja metsätalousministeriö 1999, Lindenmayer and Franklin 
2002). In addition to the maintenance of ecosystem functions, for example, the definition of 
ecological sustainability includes the maintenance of species diversity in the long-term. 
There are clearly a lot of improvements that modern forestry still has to make in this field. 
The biological legacies left from preceding forests through natural disturbances are 
significant aspects of newly developing stands, for example, but they have been largely 
ignored in forestry (Franklin et al. 2002). 

Fire and timber harvesting share some of their effects on boreal forest ecosystems, and 
it may be tempting for this reason to assume that their effects on forest-dwelling biota are 
also similar, and consequently to argue that clear-cutting, perhaps with some retention trees, 
mimics natural disturbances. Several recent studies have shown that this is not the case, 
however, and that natural disturbances and timber harvesting have substantially different 
effects on the ecological properties of forests (Bergeron et al. 1999, Kouki et al. 2001, 
Siitonen 2001, Uotila et al. 2001, Franklin et al. 2002, Similä et al. 2003). Forest fires, for 
example, typically consume less than 10% of the wood, whereas 95–98% of the wood is 
removed in normal final harvesting (Angelstam 1996). The results presented in this thesis 
confirm that burning has a rapid and profound effect on beetle assemblages both in 
harvested areas and in uncut forests, and that the resulting species compositions are quite 
different from those in unburned areas. The differences arose not only through colonization 
by pyrophilous species but also because of the behaviour of a large number of other species 
that either increased or decreased as a result of burning and logging. 

It is shown here that the living conditions of many red-listed and rare saproxylic species 
can be significantly improved by making certain fairly simple alterations to existing forest 
management methods. Then current extinction debt (Hanski 2000) could consequently be 
partly reversed to a species credit situation, although this would require some reduction in 
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timber production. Current forest management recommendations in Finland (Hyvän 
metsänhoidon suositukset, 2001) suggest that at least an average of 5 trees/ha should be 
retained in final harvesting operations. These trees may be small (dbh >10 cm) 
(Metsäsertifioinnin standardityöryhmä, 2003) and of low economic value, which usually 
results in retention volumes of only few cubic metres per hectare, a level of little 
significance for the diversity of saproxylic species. The recently revised recommendations 
for state-owned forests nevertheless suggest that 5–10 m3 of trees should be retained in 
final harvesting operations, and volumes could be even higher than that, up to 20–50 m3/ha, 
close to reserves and other areas of special importance (Heinonen 2004). No general 
recommendations for critical thresholds regarding dead wood volumes can be given on the 
basis of the present results, because every saproxylic species have its own requirements 
with respect to deadwood quality, its temporal and spatial availability and other biotic and 
abiotic factors in the environment. It is clear, however, that any addition to deadwood 
volumes will be beneficial, and 10 m3/ha could already induce distinct positive effects, 
particularly in the presence of controlled burning. In any case, retention volumes should be 
increased from the current average of 3.4 m3/ha (Hänninen 2001). In addition to the burning 
of harvested areas, more unharvested forests should be burned as a part of forest restoration 
activities as they differ in many respect from harvested areas.  

Controlled burning with reasonable green-tree retention is an effective method for the 
conservation of many saproxylic species, since deadwood resources are created rapidly and 
effectively (II, III, IV). Further regional extinctions of species of this kind could most likely 
be prevented if burning were used more frequently. Although burning has major and 
sometimes negative effects on other forest-dwelling species, fire is a natural part of the 
boreal forest succession, so that species in general are adapted to such disturbances and able 
to recover from them. Burned trees host different assemblages of species than trees that 
have died for other reasons (Wikars 2002), which further emphasizes the importance of fire 
for forest biodiversity. 

Species that have adapted to taking advantage of sudden disturbances such as forest 
fires, apparently have good dispersal abilities. These species are quite easy to maintain in a 
forest landscape if suitable habitats are adequately formed both spatially and temporally. 
Jonsson (2002) found that insects inhabiting wood-decaying fungi may fly distances of 
several kilometres, although there are species-specific differences. Pyrophilous species 
have even better dispersal abilities than that (Evans 1964, 1966, Schutz et al. 1999). In 
order to gain the most benefit from controlled burning with respect to forest biota, it should 
be implemented at the time of the year when the natural ignition probability is highest, from 
late May to early July in the case of Finland (Larjavaara et al. 2004). Saproxylic species 
inhabiting stable, long continuity habitats are expected to be poorer dispersers and to have a 
continuous need for large amounts of suitable substrate within short distances in order to 
maintain their populations (e.g. Siitonen and Saaristo 2000). Such species may only be 
expected to persist where there are large enough reserves of old-growth forest. 

The eventual effects of different levels of green-tree retention on saproxylic species at 
unburned sites can be evaluated only after the retained trees begin to die. At this point of 
time it can only be concluded that harvesting operations have marked effects on beetle 
assemblages, as observed in several previous studies dealing with litter-dwelling beetles 
(Niemelä et al. 1993, Spence et al. 1996, Koivula 2002), and that there are major 
differences in response between the ecological groups. The increasing of green-tree 
retention volumes in unburned areas is probably beneficial, although the formation of 
resources for saproxylic species may be postponed for years or decades. The fact that beetle 
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assemblages remained closer to the pre-treatment structure in areas where higher volumes 
of green trees were retained (II, III) indicates that some properties of a pre-harvest forest 
can be maintained by green-tree retention, at least for a few years. Thus sufficient retention 
may also be important in maintaining the functional properties of ecosystems. 
 
 

5 CONCLUDING REMARKS 

 
The results of this thesis are likely to be applicable over the whole boreal forest region, 
where fire has previously been the major natural disturbance factor, and has been 
superseded in recent times by stand-replacing disturbances of human origin. In areas where 
the forest fauna has become impoverished due to modern forestry, as in Fennoscandia, 
controlled burning with reasonable green-tree retention should be applied in everyday 
forestry to improve the quality of managed forests for forest-dwelling species. The 
ecological significance of these measures, however, is highly dependent on the spatial and 
temporal scale upon which they are implemented. 

The effects of green-tree retention without controlled burning could not be fully 
assessed here because its relevance to the focal group, saproxylics, is seen only after the 
trees have died, implying a longer time-span than that employed here. Nevertheless, other 
studies have already demonstrated that retention trees can provide resources for many 
saproxylic species (Kaila et al. 1997, Martikainen 2001). It was demonstrated here, 
however, that higher volumes of green-tree retention seem to reduce the impact of timber 
harvesting on many other species in the short-term. 

The characteristics and location of the area used in this work should be taken into 
account when interpreting the results. The forests in many parts of eastern Finland have 
maintained most of their natural diversity until now due to the rather short management 
history and the vicinity of large, almost natural forests on the Russian side of the border. 
This is probably one explanation for the rich beetle assemblages recorded here. In more 
westerly and southerly parts of Finland, data on red-listed and rare species in particular 
would have been much more difficult or even impossible to obtain to this extent. 
Consequently, the positive effects of green-tree retention and controlled burning on the 
rarer portion of the forest-dwelling species will probably not be seen everywhere in such 
magnitude or over such a short period of time as in the present data, because the role of 
spatial and temporal factors – such as isolation effects – are likely to be more influential.  

Green-tree retention and controlled burning naturally do not solve all the problems 
related to commercial forest management, but they will clearly benefit a significant part of 
perhaps the most species-rich and most seriously endangered group, the saproxylic beetles. 
Some of the species that are currently largely restricted to nature reserves could probably be 
induced to return to managed forests provided that suitable resources are retained or created 
there. These are mainly species confined to natural young forests, where the availability of 
dead wood, for example, is high after disturbances. It seems that species of this kind may be 
more common among the beetles and other insects (Jonsell et al. 1998), than among many 
other taxa (Tikkanen et al. in press), and hence the present results cannot directly be 
generalized to other groups of species inhabiting forests. It should also be emphasized, that 
there still remain a large number of species which can probably thrive only in 
representative networks of strictly protected forests. Further research would be needed to 
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fully reveal the effects of green-tree retention and controlled burning on forest biota. The 
observations made in this thesis, however, help to fill in some of the gaps in our 
understanding of the effects of these methods on the diverse beetle assemblages in boreal 
forests. 
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APPENDIX 1. Beetle species recorded at the study sites in 2000–2002. 

 
Beetle species recorded at the study sites in Lieksa and Ilomantsi in 2000–2002. The 
nomenclature follows Silfverberg (2004). If red-listed, the category (Rassi et al. 2001) is 
given after the species. Group refers to the ecological group of species as used primarily in 
the paper IV; S: obligatorily saproxylic; H: herbivore; E: species dependent on ephemeral 
resources, such as rotten fungi, dung and carrion; N: other non-saproxylic species. The 
latter group (N) contains mainly litter-dwelling species, but also other species not clearly 
belonging to the first three groups or having wider requirements for substrate. Records are 
specified in 10 km × 10 km Finnish grids, number of study sites within each grid is shown 
at the end of the table. Sampling methods or experimental treatments are not specified. The 
total number of individuals is given for each species. Five red-listed species that are not 
included in the thesis, but have been observed during the study are marked with an asterisk. 
 

Species 
G

roup 

700:(3)68 

701:(3)68 

702:(3)67 

702:(3)68 

702:(3)69 

703:(3)67 

703:(3)68 

Total 

TRACHYPACHIDAE          
Trachypachus zetterstedtii N X    X   3 
DYTISCIDAE          
Hydroporus nigrita N    X  X  3 
Hydroporus morio N X  X X  X  8 
Hydroporus incognitus N X  X X X X X 63 
Hydroporus palustris N   X X X X X 18 
Hydroporus melanarius N    X    1 
Agabus melanarius N X       1 
Agabus congener N     X   1 
Ilybius opacus N X       1 
Ilybius guttiger N X       3 
Ilybius aenescens N X       1 
Ilybius fuliginosus N X  X     2 
Rhantus notaticollis N    X    1 
CARABIDAE          
Notiophilus aquaticus N   X X  X  9 
Notiophilus palustris N X  X X X X  21 
Notiophilus germinyi N X  X X X X X 34 
Notiophilus biguttatus N X X X X X X  51 
Carabus glabratus N X X X X   X 42 
Carabus violaceus N    X    1 
Cychrus caraboides N X   X  X  10 
Cicindela sylvatica N    X X X  18 
Cicindela campestris N    X  X X 11 
Loricera pilicornis N     X X  2 
Clivina fossor N X  X X X X  44 
Miscodera arctica N   X X X X  25 
Patrobus assimilis N   X X    3 
Trechus rubens N X  X X X X  21 
Trechus quadristriatus N X  X X    3 
Blemus discus N   X     1 
Bembidion lampros N X  X X X X  86 
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Species 

G
roup 

700:(3)68 

701:(3)68 

702:(3)67 

702:(3)68 

702:(3)69 

703:(3)67 

703:(3)68 
Total 

Bembidion grapii N X X X X X X X 47 
Bembidion bruxellense N X  X X X X  23 
Bembidion obliquum N    X    1 
Bembidion doris N     X   1 
Bembidion gilvipes N   X  X X  4 
Bembidion quadrimaculatum N X  X X X X  48 
Bembidion guttula N   X X    4 
Bembidion mannerheimii N   X     1 
Porotachys bisulcatus N   X   X  2 
Tachyta nana S X  X X X X  18 
Poecilus cupreus N      X  1 
Poecilus versicolor N    X X X  7 
Pterostichus crenatus N   X X  X  7 
Pterostichus oblongopunctatus N X X X X X X  152 
Pterostichus adstrictus N X  X X X X X 639 
*Pterostichus quadrifoveolatus VU N      X  1 
Pterostichus melanarius N X  X     2 
Pterostichus rhaeticus N X   X X X  8 
Pterostichus strenuus N X  X X  X X 12 
Pterostichus diligens N     X X  2 
Calathus melanocephalus N    X  X  3 
Calathus micropterus N X X X X X X X 203 
Sericoda quadripunctata N X  X X  X  34 
Platynus mannerheimii  N   X  X   2 
Agonum gracile  N X  X   X  5 
Agonum fuliginosum  N   X     7 
Agonum thoreyi  N      X  1 
Agonum sexpunctatum  N   X X X X X 24 
Amara plebeja  N   X X  X  5 
Amara ovata  N   X X X   12 
Amara montivaga  N    X    1 
Amara nitida  N    X  X  2 
Amara communis  N   X X  X  5 
Amara nigricornis  N   X X X X X 72 
Amara lunicollis  N X  X X X X X 289 
Amara famelica  N   X X    2 
Amara familiaris  N X  X X X X X 17 
Amara tibialis  N    X X X X 8 
Amara erratica  N      X  1 
Amara interstitialis  N      X  2 
Amara bifrons  N X   X X   11 
Amara praetermissa  N   X X X X X 24 
Amara brunnea  N    X X   4 
Amara quenseli  N   X X X X  13 
Amara apricaria  N X  X X X X  12 
Harpalus griseus  N    X X   3 
Harpalus affinis  N    X    4 
Harpalus solitaris  N    X X X  26 
Harpalus latus  N X  X  X X  5 
Harpalus laevipes  N X  X X X X X 165 
Harpalus tardus  N    X X   2 
Anisodactylus binotatus  N   X   X  2 
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Species 

G
roup 

700:(3)68 

701:(3)68 

702:(3)67 

702:(3)68 

702:(3)69 

703:(3)67 

703:(3)68 

Total 

Bradycellus caucasicus  N X  X X X X X 410 
Trichocellus cognatus  N    X  X X 14 
Trichocellus placidus  N X  X X X X X 151 
Acupalpus flavicollis  N      X  1 
Acupalpus parvulus  N    X  X  3 
Dromius agilis  N X X X X X X X 51 
Dromius schneideri  N X  X X X X X 25 
Cymindis vaporariorum  N    X    3 
HYDROPHILIDAE          
Helophorus flavipes  N     X X  2 
Anacaena lutescens  N X   X    4 
Enochrus affinis  N X  X X   X 7 
Hydrobius fuscipes  N X  X X X   11 
Cercyon impressus  E X    X X  3 
Cercyon melanocephalus  E    X    1 
Cercyon emarginatus NT E X       2 
Cercyon borealis  E X  X X  X  10 
Cercyon lateralis  E X   X  X  8 
Megasternum concinnum  E X X X X X X X 67 
Cryptopleurum subtile  E   X X X X  4 
Cryptopleurum minutum  E   X  X X  3 
Cryptopleurum crenatum  E     X X  2 
SPHAERITIDAE          
Sphaerites glabratus  E X   X X X  6 
HISTERIDAE          
Plegaderus saucius  S   X X    5 
Plegaderus vulneratus  S X  X X  X X 178 
Gnathoncus buyssoni  N  X  X    5 
Myrmetes paykulli  N X   X  X X 13 
Dendrophilus pygmaeus  N    X    2 
Paromalus parallelepipedus  S X       5 
Margarinotus ventralis  E X       1 
Platysoma minus  S X  X X  X X 6 
Platysoma deplanatum  S X  X X  X  15 
Platysoma angustatum  S X  X X X X  28 
Platysoma lineare  S X  X X  X  6 
PTILIIDAE          
Ptenidium formicetorum  N X       1 
Ptenidium pusillum  N    X    1 
Ptenidium nitidum  N    X    1 
Ptilium exaratum  N    X    1 
Euryptilium saxonicum  E X   X X X  4 
Ptiliola kunzei  E X   X    2 
Ptiliolum caledonicum NT S X       2 
Ptinella limbata  S X X X X  X  9 
Ptinella johnsoni  S    X    1 
Pteryx suturalis  S X  X X X X  9 
Pteryx splendens  S  X      1 
Nephanes titan  E      X  1 
Smicrus filicornis  N X     X  2 
Baeocrara variolosa  N X  X X  X  6 
Acrotrichis grandicollis  N   X X  X  6 
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Acrotrichis sericans  N   X X X  X 5 
Acrotrichis dispar  E    X  X  2 
Acrotrichis silvatica  N   X X X X  17 
Acrotrichis cognata  N    X    2 
Acrotrichis insularis  N X X X X X X X 180 
Acrotrichis intermedia  N X X X X X X X 934 
Acrotrichis rugulosa  N X X X X X X X 25 
AGYRTIDAE          
Pteroloma forsstromii  N   X   X  4 
LEIODIDAE          
Triarthron maerkelii  N    X   X 3 
Sogda suturalis  N     X X  2 
Hydnobius spinipes  N X  X X X X X 43 
Leiodes punctulata  N       X 1 
Leiodes silesiaca  N X  X X X X X 46 
Leiodes hybrida  N    X    1 
Leiodes lucens  N    X    1 
Leiodes picea  N X  X X X X X 66 
Leiodes ruficollis  N X  X X X X X 44 
Leiodes obesa  N X  X X X X X 186 
Leiodes ferruginea  N   X     2 
Leiodes puncticollis  N X   X    2 
Anisotoma humeralis  S X X X X X X  111 
Anisotoma axillaris  S X X X X X X X 167 
Anisotoma castanea  S X X X X X X X 267 
Anisotoma glabra  S X X X X X X X 1339 
Anisotoma orbicularis  S X X X     3 
Amphicyllis globus  N X X  X X X  25 
Agathidium pulchellum EN S    X    1 
Agathidium pallidum NT S X       1 
Agathidium rotundatum  N X X X X X X X 44 
Agathidium confusum  N X X X X X X X 96 
Agathidium arcticum  N   X X X   3 
Agathidium discoideum  S X   X    6 
Agathidium nigripenne  S X  X X X   14 
Agathidium atrum  N X  X X X X X 54 
Agathidium seminulum  N X X X X X X X 1345 
Agathidium laevigatum  N X X X X X X X 229 
Agathidium pisanum  S X X X X X X  119 
Colon latum  N    X    1 
Colon serripes  N X  X   X  4 
Colon bidentatum  N   X     1 
Nargus velox  N  X  X    3 
Choleva lederiana  N    X    1 
Choleva glauca  N   X X X X  9 
Choleva sturmii  N  X  X  X  6 
Sciodrepoides watsoni  E X X X X X X X 206 
Sciodrepoides fumatus  E X X X X X   82 
Sciodrepoides alpestris  E  X  X    14 
Catops subfuscus  E  X      4 
Catops alpinus  E X X  X  X  16 
Catops coracinus  E X       1 
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Catops tristis  E   X X X   11 
Catops morio  E   X X    2 
Catops nigrita  E X X X X X  X 55 
SCYDMAENIDAE          
Eutheia linearis  N X     X  7 
Nevraphes coronatus  N    X X  X 3 
Scydmoraphes minutus  S X   X    4 
Stenichnus collaris  N X X X X X X X 99 
Stenichnus bicolor  N X X X X X X X 101 
Microscydmus nanus  S X X X X  X X 63 
Microscydmus minimus  S X X  X  X  16 
Euconnus claviger  N X       1 
Scydmaenus hellwigii  N  X      5 
SILPHIDAE          
Oiceoptoma thoracica  E X  X X  X  4 
Phosphuga atrata  E X X  X X   31 
Nicrophorus investigator  E  X  X    2 
Nicrophorus vespilloides  E X X X X X X X 260 
Nicrophorus vespillo  E X       1 
STAPHYLINIDAE          
Eusphalerum minutum  N X   X    2 
Eusphalerum lapponicum  N X  X X    3 
Acrulia inflata  S X   X X X  8 
Phyllodrepa melanocephala  S X X      2 
Phyllodrepa linearis  S X X X X    17 
Phyllodrepa clavigera  S X  X X X X X 99 
Omalium rivulare  E      X  1 
Omalium strigicolle  E  X      1 
Omalium caesum  E X  X X  X X 16 
Omalium rugatum  E X  X X X X X 47 
Phloeostiba plana  S X  X X  X  30 
Phloeostiba lapponica  S X  X X X X X 278 
Phloeonomus pusillus  S X  X X  X X 36 
Phloeonomus sjobergi  S X  X X X X X 182 
Phloeonomus punctipennis  S      X  3 
Xylodromus depressus  N    X  X  2 
Porrhodites fenestralis  N   X X  X  6 
Deliphrum tectum  E X X X X X X  14 
Olophrum fuscum  N   X     2 
Olophrum consimile  N X  X X X X X 72 
Arpedium quadrum  N   X X X   4 
Eucnecosum brachypterum  N X X X X X X X 104 
Eucnecosum brunnescens  N      X  1 
Acidota crenata  N X X X X X X X 104 
Acidota quadrata  N   X X X X  15 
Geodromicus plagiatus  N    X    2 
Anthophagus omalinus  N X X X X X X X 1058 
Anthophagus caraboides  N   X X X X X 125 
Coryphium angusticolle  N      X  1 
Megarthrus strandi  E X     X  3 
Megarthrus depressus  E X X X X X X X 81 
Megarthrus fennicus  E X   X    3 
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Proteinus brachypterus  E X X  X X X X 19 
Proteinus atomarius  E X X      3 
Arrhenopeplus tesserula  N X  X X X   6 
Bibloporus bicolor  S X X  X X X  24 
Bibloporus minutus  S X X X X X X X 38 
Bibloplectus ambiguus  N X  X X  X  12 
Euplectus kirbii  S X       1 
Euplectus piceus  S X   X  X  6 
Euplectus decipiens  S  X  X X X  9 
Euplectus signatus  N X       1 
Euplectus punctatus  S X X  X X X X 117 
Euplectus karstenii  N X X X X X X X 43 
Euplectus mutator  S X X X X X X X 44 
Trimium brevicorne  N X X X X X X X 49 
Batrisodes hubenthali  S X   X    5 
Bryaxis puncticollis  N X  X X  X X 12 
Bryaxis bulbifer  N X  X X X X X 73 
Rybaxis longicornis  N  X  X    2 
Pselaphaulax dresdensis  N    X    2 
Pselaphus heisei  N    X  X  2 
Tyrus mucronatus  S X  X X X X  16 
Phloeocharis subtilissima  S X     X  2 
Olisthaerus substriatus  S X X X X   X 11 
Mycetoporus tenuis  N   X X    2 
Mycetoporus monticola  N    X    1 
Mycetoporus lepidus  N X X X X X X X 1030 
Mycetoporus glaber  N    X    1 
Mycetoporus clavicornis  N X  X X  X  10 
Mycetoporus maerkeli  N X  X X X X  12 
Mycetoporus punctus  N X X X X X X X 37 
Ischnosoma bergrothi  N X  X X X X X 41 
Ischnosoma longicorne  N X X X X X X X 28 
Ischnosoma splendidum  N X X X X X X X 830 
Bryoporus cernuus  N X X X X X X X 67 
Bryophacis crassicornis  N    X    1 
Lordithon thoracicus  E X X X X X X X 36 
Lordithon exoletus  E X X    X  3 
Lordithon trimaculatus  S X   X  X  8 
Lordithon lunulatus  E X X X X X X X 204 
Lordithon speciosus  E X X X X    7 
Bolitobius cingulatus  N X   X X X  13 
Bolitobius castaneus  N     X   2 
Bolitobius formosus  N X X X X X X X 16 
Sepedophilus littoreus  E X X X X X X X 424 
Sepedophilus testaceus  E X X X X X X X 48 
Sepedophilus marshami  E X   X    4 
Sepedophilus constans  E X  X X X X  27 
Sepedophilus immaculatus  E X    X X X 9 
Sepedophilus pedicularius  N X  X X X X X 28 
Tachyporus nitidulus  N X  X X  X  7 
Tachyporus obscurellus  N X  X X X X  21 
Tachyporus abdominalis  N X   X    5 
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Tachyporus pallidus  N   X X  X  5 
Tachyporus hypnorum  N X  X X  X  17 
Tachyporus chrysomelinus  N X  X X X X X 297 
Tachyporus dispar  N X  X   X  7 
Tachyporus transversalis  N X  X X X X  13 
Tachyporus pulchellus  N X  X X  X  15 
Tachyporus scitulus  N X  X X    3 
Tachyporus corpulentus  N X   X  X  7 
Tachinus signatus  E  X X     3 
Tachinus elegans  E X X X X X X  54 
Tachinus pallipes  E X X X X X X  124 
Tachinus proximus  E X X X X X X X 49 
Tachinus atripes  E    X    1 
Tachinus subterraneus  E X   X    3 
Tachinus basalis  E X X      2 
Tachinus corticinus  E   X X    2 
Tachinus laticollis  E X X X X X X X 141 
Tachinus marginellus  E X  X     2 
Tachinus elongatus  E X  X X X X X 21 
Trichophya pilicornis  N X  X X X X  59 
Aleochara brevipennis  E    X X X  5 
Aleochara inconspicua  E    X X X  3 
Aleochara fumata  E X X X X X X  34 
Aleochara moerens  E X X X X X X X 117 
Aleochara bilineata  E     X   1 
Aleochara binotata  E      X  1 
Aleochara bipustulata  E    X X   2 
Tinotus morion  E X  X X X X  10 
Oxypoda lugubris  N X       1 
Oxypoda elongatula  N   X   X  7 
Oxypoda procerula  N X X X X X X X 24 
Oxypoda opaca  N    X X   2 
Oxypoda nigricornis  N   X X    2 
Oxypoda operta  N X  X X X X  11 
Oxypoda spectabilis  N X   X    3 
Oxypoda skalitzkyi  N X X X X X X X 472 
Oxypoda brevicornis  N X  X X X X X 102 
Oxypoda doderoi  N     X   1 
Oxypoda hansseni  N  X  X    3 
Oxypoda vicina  N   X X X X  7 
Oxypoda exoleta  N     X   1 
Oxypoda alternans  E X X X X X X X 78 
Oxypoda annularis  N X X X X X X X 294 
Oxypoda flavicornis  N X   X    4 
Oxypoda formiceticola  N X  X X   X 8 
Oxypoda haemorrhoa  N X X X X  X  10 
Hygropora cunctans  N X       1 
Acrostiba borealis  N X  X X  X  12 
Ocyusa maura  N   X X    3 
Chilomorpha longitarsis  N X X X X X X X 22 
Calodera aethiops  N X  X X X X  15 
Parocyusa rubicunda  N     X   1 
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Ischnoglossa elegantula  S X X X X X  X 14 
Ischnoglossa obscura NT S X       1 
Dexiogyia corticina  S   X X    6 
Thiasophila angulata  N X  X X  X  14 
Thiasophila wockii  S X   X    4 
Thiasophila bercionis  N    X    1 
Haploglossa villosula  N X X X X X  X 34 
Haploglossa nidicola  N X       1 
Haploglossa picipennis  N     X   1 
Haploglossa marginalis  N   X X   X 9 
Mniusa incrassata  N X  X  X   16 
Pentanota meuseli  S X     X  7 
Phloeopora testacea  S X X X X X X X 58 
Phloeopora nitidiventris  S X   X X X  5 
Phloeopora corticalis  S X X X X X X X 110 
Phloeopora concolor  S X  X X X X X 71 
Dinarda hagensii  N      X  1 
Dinarda maerkelii  N X X  X X   6 
Meotica exilis  N X  X X X X  29 
Ischnopoda atra  N X       1 
Schistoglossa viduata  N X  X   X  12 
Schistoglossa gemina  N   X     1 
Schistoglossa curtipennis  N X  X X X X X 310 
Schistoglossa aubei  N X       3 
Aloconota insecta  N X  X  X   3 
Aloconota subgrandis  N   X X X  X 4 
Aloconota gregaria  N X  X X  X  7 
Liogluta granigera  N  X  X    2 
Liogluta micans  N X X X X X X X 75 
Liogluta microptera  N   X  X   10 
Geostiba circellaris  N X  X X X X  36 
Dadobia immersa  S X X X X X X X 42 
Paranopleta inhabilis NT S X  X X X X X 28 
Philhygra arctica  N X X X X X X X 44 
Philhygra elongatula  N X       1 
Philhygra hygrobia  N      X  1 
Philhygra hygrotopora  N   X     1 
Philhygra luridipennis  N   X   X  4 
Philhygra gyllenhalii  N X       1 
Philhygra melanocera  N   X X X   5 
Philhygra malleus  N   X     1 
Philhygra volans  N    X    1 
Philhygra palustris  N   X X X X  18 
Philhygra debilis  N X       1 
Philhygra deformis  N   X  X   2 
Philhygra britteni  N X  X X X X X 126 
Philhygra fallaciosa  N X  X X X X  118 
Atheta talpa  N X   X    3 
Atheta palleola  E    X  X X 6 
Atheta amicula  N      X  1 
Atheta excelsa  E    X    1 
Atheta subtilis  E X X X X X X X 79 



 38 

Species 

G
roup 

700:(3)68 

701:(3)68 

702:(3)67 

702:(3)68 

702:(3)69 

703:(3)67 

703:(3)68 

Total 

Atheta nesslingi  E     X X  3 
Atheta liliputana  E     X   1 
Atheta boreella  E X       1 
Atheta nigra  E     X   1 
Atheta dadopora  E X  X X    4 
Atheta canescens  E    X    1 
Atheta sordidula  E    X    1 
Atheta celata  E X  X X X X  19 
Atheta myrmecobia  N X X X X X X X 1438 
Atheta laticollis  N X       1 
Atheta orbata  N    X X   3 
Atheta fungi  N X X X X X X X 678 
Atheta amplicollis  N X   X  X  5 
Atheta lateralis  N X X X X X X X 166 
Atheta scapularis  N X X X X  X  16 
Atheta sodalis  N X X X X X X X 171 
Atheta gagatina  E X  X X X X  59 
Atheta flavipes  N X X X X X X  77 
Atheta subterranea  N X       1 
Atheta macrocera  E   X X    6 
Atheta longicornis  E    X  X  4 
Atheta cribripennis  E    X X   2 
Atheta eremita  N X  X X  X  21 
Atheta nigripes  E   X X  X  3 
Atheta cinnamoptera  E     X   1 
Atheta aeneipennis  E X X X X X X X 44 
Atheta picipennoides  E      X  1 
Atheta lapponica  E     X   1 
Atheta intermedia  E    X    1 
Atheta cauta  E   X     1 
Atheta atramentaria  E    X    1 
Atheta hypnorum  N X X X X X X X 149 
Atheta graminicola  N   X X  X  3 
Atheta incognita  N X  X X X X X 35 
Atheta procera  E X   X    5 
Atheta nidicola  N    X    1 
Atheta allocera  E       X 1 
Atheta boletophila  S     X   1 
Atheta diversa  E X   X X   4 
Atheta strandiella  E    X    1 
Atheta pilicornis  E X  X X X X X 40 
Atheta acutangula  E    X    1 
Atheta boleticola  E X X  X X X  7 
Atheta crassicornis  E X   X    2 
Atheta paracrassicornis  E   X X X X X 10 
Atheta crassic./paracrassic. E X  X X X X X 41 
Atheta euryptera  E   X X  X  6 
Atheta nigricornis  E X  X   X  5 
Atheta coriaria  N   X X    3 
Atheta nigritula  E X   X  X  4 
Atheta excellens  E X  X X    4 
Anopleta corvina  E    X    1 
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Anopleta depressicollis  E    X    1 
Dinaraea aequata  S X X X X X X X 42 
Dinaraea linearis  S X X X X  X  14 
Lyprocorrhe anceps  N X X X X X X  32 
Acrotona sylvicola  N X   X    2 
Acrotona pygmaea  N      X  1 
Acrotona pseudotenera  N X   X    2 
Acrotona parens  N X  X X X X X 30 
Acrotona aterrima  E X  X X X X  7 
Amischa nigrofusca  N X  X X X X X 37 
Amischa analis  N X X X X X X X 1781 
Amischa bifoveolata  N X  X X X X X 26 
Amischa spp. N X X X X X X X 2754 
Pachyatheta cribrata  E   X X X   5 
Drusilla canaliculata  N X X X X X X X 503 
Zyras collaris  N       X 1 
Zyras funestus  N X       1 
Zyras humeralis  N X X X X X X  4352 
Zyras cognatus  N X X  X X X  7 
Zyras lugens  N X    X   3 
Lomechusoides strumosus  N    X X X  11 
Lomechusoides wellenii  N    X  X  5 
Lomechusa emarginata  N X   X  X  5 
Lomechusa pubicollis  N X   X X   15 
Gyrophaena pulchella  E X       3 
Gyrophaena affinis  E X X X X X X  51 
Gyrophaena poweri  S    X    1 
Gyrophaena fasciata  E  X   X   2 
Gyrophaena williamsi  E X   X X X  6 
Gyrophaena orientalis  E X   X    2 
Gyrophaena bihamata  E      X  1 
Gyrophaena joyioides  S      X  1 
Gyrophaena strictula  E    X    2 
Gyrophaena boleti  S X   X    4 
Encephalus complicans  E X   X    3 
Bolitochara mulsanti  S X X X X X X  21 
Bolitochara pulchra  E X X X X X X X 268 
Leptusa pulchella  S X X X X X X X 166 
Leptusa norvegica  S  X      1 
Leptusa fumida  S     X   1 
Euryusa castanoptera  S X X X X X X  16 
Anomognathus cuspidatus  S X  X X X X  31 
Homalota plana  S X X X X X X  20 
Cyphea latiuscula NT S X       1 
Placusa complanata  S X   X  X X 23 
Placusa depressa  S X  X X X X  60 
Placusa tachyporoides  S X  X X  X  15 
Placusa incompleta  S X   X X X  20 
Placusa suecica  S   X     2 
Placusa atrata  S X X X X X X X 90 
Autalia impressa  E X X  X    4 
Autalia longicornis  E X X X X X X X 39 
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Autalia rivularis  E      X  1 
Autalia puncticollis  E   X     1 
Holobus apicatus  E   X X  X  3 
Holobus flavicornis  E X X X X  X  7 
Oligota parva  N X     X  2 
Myllaena intermedia  N X  X X X X X 54 
Myllaena gracilis  N    X    1 
Myllaena minuta  N X X X X X X X 50 
Gymnusa brevicollis  N      X  1 
Scaphidium quadrimaculatum  S X       2 
Scaphisoma agaricinum  N X X X X X X X 602 
Scaphisoma inopinatum  S X  X X X   22 
Scaphisoma boleti  S    X   X 2 
Scaphisoma subalpinum  S X X  X X X X 71 
Scaphisoma boreale  S X X X X X X X 55 
Scaphisoma assimile  S    X    1 
Syntomium aeneum  N X  X X X X X 33 
Deleaster dichrous  N      X  1 
Coprophilus striatulus  E X       1 
Thinobius flagellatus  N    X    2 
Carpelimus bilineatus  N   X   X  4 
Carpelimus lindrothi  N     X   1 
Carpelimus corticinus  N X  X X X X  120 
Carpelimus subtilicornis  N X   X    2 
Carpelimus pusillus  N      X  3 
Carpelimus gracilis  N X  X X  X  6 
Aploderus caelatus  E X   X X   4 
Bledius gallicus  N   X X    2 
Oxytelus sculptus  E   X X  X  8 
Oxytelus migrator  N      X  1 
Anotylus rugosus  E X  X X X X X 67 
Anotylus nitidulus  E X   X    3 
Anotylus clavatus  E    X X   7 
Platystethus arenarius  E X   X X X X 23 
Platystethus nodifrons  E     X   2 
Oxyporus maxillosus  E X X  X  X  52 
Stenus biguttatus  N   X     2 
Stenus fossulatus  N X   X    2 
Stenus juno  N    X X X  5 
Stenus bilineatus  N X   X    3 
Stenus fasciculatus  N      X  1 
Stenus clavicornis  N X X X X X X X 107 
Stenus morio  N X  X X X X  25 
Stenus excubitor  N      X  1 
Stenus canaliculatus  N   X X X X  11 
Stenus argus  N     X   1 
Stenus nanus  N   X     1 
Stenus humilis  N    X  X  2 
Stenus carbonarius  N   X     1 
Stenus scabriculus  N X  X X X X  85 
Stenus opticus  N X    X   2 
Stenus crassus  N      X  1 
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Stenus intermedius  N X  X X X X  23 
Stenus fulvicornis  N X       1 
Stenus tarsalis N X      X 2 
Stenus bohemicus N       X 1 
Stenus tarsalis/bohemicus  N    X  X  5 
Stenus flavipes  N    X    1 
Stenus bifoveolatus  N X   X    3 
Stenus palustris  N X   X X   10 
Stenus geniculatus  N  X  X  X  3 
Astenus pulchellus  N    X    1 
Astenus gracilis  N   X X  X  7 
Medon apicalis  N    X    3 
Pseudomedon obscurellus  N X  X     2 
Lithocharis nigriceps  N X   X X   9 
Lathrobium zetterstedti  N X  X     2 
Lathrobium terminatum  N   X X X X  29 
Lathrobium quadratum  N   X   X X 5 
Lathrobium elongatum  N   X X  X  3 
Lathrobium rufipenne  N    X X   2 
Lathrobium geminum  N    X  X  3 
Lathrobium fulvipenne  N X  X  X X X 21 
Lathrobium brunnipes  N X X X X X X X 69 
Lathrobium longulum  N X  X X X X  40 
Ochthephilum fracticorne  N    X X X X 17 
Leptacinus formicetorum  N X   X    4 
Leptacinus intermedius  N     X X  2 
Gyrohypnus punctulatus  N X       1 
Gyrohypnus angustatus  N   X X  X  4 
Gyrohypnus atratus  N      X  1 
Nudobius lentus  S X  X X X X X 137 
Xantholinus linearis  N X  X X X X X 282 
Xantholinus tricolor  N X   X X X X 99 
Xantholinus laevigatus  N X   X  X  4 
Othius punctulatus  N X   X X   21 
Othius lapidicola  N X  X X X X  29 
Othius subuliformis  N X  X X X X  79 
Atrecus pilicornis  S X X X X X X X 117 
Atrecus affinis  S X X X X X X X 67 
Atrecus longiceps NT S X   X   X 4 
Erichsonius cinerascens  N    X  X  2 
Gabrius appendiculatus  N X  X X X X X 45 
Gabrius sphagnicola  N      X  1 
Gabrius austriacus  N   X X X   6 
Gabrius breviventer  N   X X X X  18 
Gabrius expectatus  S X X X X X X X 75 
Gabrius astutoides  N   X X  X  5 
Gabrius trossulus  N X X X X X X X 337 
Bisnius scoticus  N  X      1 
Bisnius fimetarius  E    X    1 
Bisnius puella  E X   X    6 
Bisnius nigriventris  E X  X X X X  10 
Bisnius cephalotes  E X       1 
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Philonthus rectangulus  N X     X  4 
Philonthus laminatus  E X       1 
Philonthus politus  E X   X X X  6 
Philonthus succicola  E X  X X  X  8 
Philonthus addendus  E X   X    2 
Philonthus tenuicornis  E X   X    2 
Philonthus decorus  E  X  X X   3 
Philonthus cognatus  E    X    1 
Philonthus cruentatus  E   X     1 
Philonthus varians  E X  X X    7 
Philonthus marginatus  E X       1 
Philonthus lederi  E X X X X X  X 12 
Philonthus carbonarius  E X  X   X  4 
Philonthus albipes  E   X X  X  5 
Philonthus concinnus  E X  X X X X  26 
Philonthus debilis  E X   X    3 
Philonthus nigrita  N X  X X X X X 101 
Platydracus fulvipes  N X  X X  X  21 
Staphylinus erythropterus  N X  X    X 41 
Heterothops stiglundbergi  N      X  1 
Heterothops quadripunctulus  N X  X X X X X 132 
Quedius mesomelinus  N X X     X 5 
Quedius maurus  N  X      1 
Quedius brevis  N X  X X  X  18 
Quedius tenellus  N X X X X X X X 398 
Quedius xanthopus  S X X X X X X X 442 
Quedius plagiatus  S X X X X X X X 162 
Quedius fuliginosus  N X  X X  X X 17 
Quedius subunicolor  N X  X X  X  5 
Quedius molochinus  N X X X X X X X 122 
Quedius lucidulus  N X   X X X  11 
Quedius limbatus  N X  X X X X  11 
Quedius nitipennis  N   X X X X X 14 
Quedius fulvicollis  N X X X X X X X 39 
Quedius boops  N X  X X X X X 53 
LUCANIDAE          
Platycerus caprea  S X X X X X X X 177 
GEOTRUPIDAE          
Geotrupes stercorosus  E X X X X    32 
SCARABAEIDAE          
Aphodius brevis  E      X  1 
Aphodius rufipes  E X X X X X X X 427 
Aphodius depressus  E X X X X X X X 194 
Aphodius fimetarius  E    X X   5 
Aphodius borealis  E X  X X  X X 21 
Aphodius nemoralis  E X X X X X X X 13 
Aphodius lapponum  E X X X X X X X 35 
Aphodius piceus  E X X X X X X  15 
Serica brunnea  H  X  X  X  5 
Potosia cuprea  N X   X X X X 11 
Trichius fasciatus  S X  X X X X X 520 
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EUCINETIDAE          
Eucinetus haemorrhoidalis NT N    X    1 
Eucilodes caucasicus VU S  X  X X   4 
CLAMBIDAE          
Clambus pubescens  N X   X  X  5 
Clambus punctulum  N X X  X X X  17 
Clambus gibbulus  N    X  X  2 
Clambus armadillo  N X X X X X X X 56 
SCIRTIDAE          
Microcara testacea  N   X     1 
Cyphon coarctatus  N X  X X X X  493 
Cyphon palustris  N  X X X  X  22 
Cyphon kongsbergensis  N X  X X  X  25 
Cyphon ochraceus  N X  X   X  8 
Cyphon variabilis  N X X X X X X X 435 
Cyphon punctipennis  N X X X X X X X 226 
Cyphon padi  N X X X X X X X 1602 
BUPRESTIDAE          
Buprestis rustica  S X  X X  X X 20 
Melanophila acuminata NT S X   X X X  16 
Phaenops formaneki  S   X     1 
Anthaxia quadripunctata  S    X  X X 8 
Chrysobothris chrysostigma  S    X X   4 
Agrilus betuleti  S      X  1 
Agrilus viridis  S      X  1 
BYRRHIDAE          
Simplocaria semistriata  H    X  X  5 
Cytilus sericeus  H X  X X X X X 184 
Cytilus auricomus  H X     X  2 
Byrrhus fasciatus  H X  X X X X X 647 
Byrrhus arietinus  H X X X X X X  85 
Byrrhus pustulatus  H X  X X X X X 57 
Curimopsis paleata  H    X X X  17 
ELMIDAE          
Oulimnius tuberculatus  N      X  1 
DRYOPIDAE          
Dryops anglicanus  N   X     1 
THROSCIDAE          
Trixagus carinifrons  H X X X X X X X 38 
ELATERIDAE          
Lacon conspersus NT S X  X X X X X 44 
Lacon fasciatus NT S X  X X X X X 132 
Athous subfuscus  H X X X X X X X 3024 
Limonius aeneoniger  H    X X X  7 
Harminius undulatus  S X  X X  X X 9 
Denticollis linearis  S X  X X X X X 41 
Denticollis borealis  S X   X  X X 7 
Hypnoidus riparius  H   X X    3 
Ctenicera pectinicornis  H   X X X X  16 
Ctenicera cuprea  H   X X X X X 12 
Liotrichus affinis  H X  X X X  X 25 
Orithales serraticornis  H X  X X X X X 12518 
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Actenicerus sjaelandicus  H   X X  X X 8 
Prosternon tessellatum  H X  X   X X 5 
Anostirus castaneus  H X  X X X X X 123 
Aplotarsus incanus  H    X X   4 
Selatosomus impressus  H X X X X X X X 437 
Selatosomus melancholicus  H X  X X X X X 1395 
Selatosomus aeneus  H X  X X X X X 37 
Eanus costalis  H X X X X X X X 795 
Ampedus pomonae  S X  X X X X X 44 
Ampedus nigroflavus  S      X  1 
Ampedus pomorum  S X  X X X X  8 
Ampedus suecicus NT S   X X X X  14 
Ampedus balteatus  S X X X X X X X 2092 
Ampedus lepidus EN S    X    1 
Ampedus tristis  S X X X X X X X 742 
Ampedus erythrogonus  S X X  X X X X 65 
Ampedus nigrinus  S X X X X X X X 1213 
Sericus brunneus  H X X X X X X X 5361 
Melanotus castanipes  S X X X X X X X 4105 
Agriotes obscurus  H   X X X X X 33 
Dalopius marginatus  H X X X X X X  77 
Cardiophorus ruficollis  S X  X X X X X 205 
LYCIDAE          
Dictyoptera aurora  S X X X X X X X 157 
Pyropterus nigroruber  S   X X  X  7 
Platycis minuta  S  X      2 
Lygistopterus sanguineus  S X  X X X X X 76 
LAMPYRIDAE          
Lampyris noctiluca  N X X X X X X  63 
CANTHARIDAE          
Podabrus alpinus  N    X X   6 
Cantharis obscura  N    X    2 
Cantharis pellucida  N   X X    2 
Cantharis figurata  N   X X    3 
Cantharis paludosa  N X       1 
Rhagonycha testacea  N X    X   2 
Rhagonycha limbata  N   X X X X X 21 
Rhagonycha elongata  N X  X X X X  24 
Rhagonycha atra  N X X X X X X X 522 
Absidia rufotestacea  N    X    1 
Absidia schoenherri  N X X X X X X X 705 
Malthinus biguttatus  S X X X X X X X 151 
Malthinus punctatus  S X  X  X   5 
Malthodes flavoguttatus  S X  X X  X  13 
Malthodes misellus  S X  X X X X X 216 
Malthodes fuscus  S X X X X X X X 613 
Malthodes guttifer  S X X X X X X X 477 
Malthodes marginatus  S X X X X X X X 289 
Malthodes mysticus  S X X    X  10 
Malthodes pumilus  S X X X X X X  49 
Malthodes spathifer  S X X X X X X  24 
Malthodes crassicornis  S X X X X X X X 43 
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Malthodes brevicollis  S X X X X X X X 1312 
DERMESTIDAE          
Dermestes murinus  N   X X X X X 20 
Dermestes lardarius  N   X   X  3 
Dermestes palmi NT S X       1 
Trogoderma glabrum  N   X X  X  7 
Globicornis emarginata  S X  X X  X X 11 
Anthrenus museorum  N X  X X X X  35 
BOSTRICHIDAE          
Stephanopachys substriatus NT  S X   X X X  25 
Stephanopachys linearis NT S X  X X X X  45 
ANOBIIDAE          
Ptinus sexpunctatus NT S X   X  X  7 
Episernus angulicollis  S X   X  X X 7 
Ernobius longicornis  S     X X  2 
Ernobius nigrinus  S X  X X X X X 72 
Ernobius explanatus  S X   X   X 12 
Anobium rufipes  S  X  X  X X 5 
Anobium thomsoni  S   X X  X  4 
Microbregma emarginata  S   X  X   2 
Hadrobregmus pertinax  S X X X X X X X 538 
Hadrobregmus confusus  S X X  X X X X 15 
Ptilinus fuscus  S    X  X  9 
Xyletinus tremulicola EN S      X  1 
Xyletinus hanseni  E   X X    2 
Xyletinus planicollis  E    X X  X 4 
Stagetus borealis  S X  X X X X X 88 
Dorcatoma punctulata  S X  X X X X  18 
Dorcatoma dresdensis  S X X X X X X X 107 
Dorcatoma robusta  S X X X X X X X 141 
LYMEXYLIDAE          
Hylecoetus dermestoides  S X X X X X X X 238 
TROGOSSITIDAE          
Peltis grossa NT S X  X X  X X 11 
Ostoma ferruginea  S X X X X X X X 45 
Calitys scabra NT S    X    2 
CLERIDAE          
Thanasimus formicarius  S X  X X X X X 196 
Thanasimus femoralis  S X  X X  X  26 
Necrobia violacea  N    X    1 
MELYRIDAE          
Aplocnemus nigricornis  S   X     1 
Aplocnemus tarsalis  S   X X   X 22 
Dasytes niger  S X  X X X X X 69 
Dasytes obscurus  S X  X X X X X 319 
Nepachys cardiacae  S X   X  X  8 
SPHINDIDAE          
Sphindus dubius  S X  X X X X X 44 
Aspidiphorus orbiculatus  S X X X X X X X 36 
NITIDULIDAE          
Epuraea concurrens  S    X  X  2 
Epuraea pallescens  S X X X X X X  17 
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Epuraea laeviuscula  S X  X X  X  90 
Epuraea rufobrunnea NT S X       2 
Epuraea deubeli  S X  X X X X  41 
Epuraea thoracica  S X  X X X   31 
Epuraea angustula  S X  X X X X X 47 
Epuraea oblonga  S X X X X  X  26 
Epuraea longipennis  N X   X X X  8 
Epuraea fussii  S X       4 
Epuraea boreella  S X X X X X X  60 
Epuraea opalizans  N X  X X  X  5 
Epuraea marseuli  S X X X X X X X 915 
Epuraea pygmaea  S X X X X X X X 1198 
Epuraea binotata  N X X X X X X X 1080 
Epuraea terminalis  N X  X X X X  14 
Epuraea biguttata  S X  X X X X  24 
Epuraea unicolor  N   X  X   6 
Epuraea variegata  S X X  X X X  20 
Epuraea muehli  S X   X X   41 
Epuraea silacea  S X  X X  X  5 
Epuraea aestiva  N X X X X X X X 257 
Epuraea rufomarginata  S X X X X X X X 140 
Epuraea contractula  S X  X  X   5 
Epuraea silesiaca EN S    X    1 
Meligethes denticulatus  H      X  1 
Meligethes aeneus  H X       1 
Meligethes viridescens  H      X  1 
Omosita depressa  N X       1 
Nitidula bipunctata  E      X  1 
Ipidia binotata  S X  X X X X X 65 
Pocadius ferrugineus  E    X    1 
Thalycra fervida  E    X X   2 
Cychramus variegatus  E     X   1 
Cychramus luteus  E X   X    4 
Glischrochilus hortensis  S X  X X X X  25 
Glischrochilus quadripunctatus  S X  X X X X X 200 
Pityophagus ferrugineus  S X X X X X X X 780 
Cybocephalus politus  N X X X X X X X 21 
MONOTOMIDAE          
Rhizophagus grandis  S X     X  2 
Rhizophagus depressus  S X  X X X X  41 
Rhizophagus ferrugineus  S X X X X X X X 3995 
Rhizophagus dispar  E X X X X X X X 52 
Rhizophagus bipustulatus  S X     X  8 
Rhizophagus nitidulus  S X  X X X X  27 
Rhizophagus parvulus  S X X X X X X  115 
Rhizophagus cribratus  S X X  X X   46 
Monotoma conicicollis  N X       5 
Monotoma angusticollis  N X       1 
Monotoma picipes  N X  X X X X  7 
Monotoma longicollis  N    X    1 
SILVANIDAE          
Dendrophagus crenatus  S X X X X  X X 39 
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Ahasverus advena  N X       1 
Silvanus bidentatus  S      X  2 
Silvanoprus fagi  S X X X X X X X 395 
CUCUJIDAE          
Pediacus fuscus  S X  X X X X X 969 
LAEMOPHLOEIDAE          
Laemophloeus muticus  S X  X X X X  14 
Cryptolestes abietis  S X  X X  X  20 
Cryptolestes weisei  S X       8 
Cryptolestes alternans  S X  X X  X  23 
Cryptolestes corticinus  S X  X X X   8 
PHALACRIDAE          
Phalacrus substriatus  H X     X  3 
Olibrus norvegicus  H    X    1 
CRYPTOPHAGIDAE          
Telmatophilus typhae  H X   X    2 
Henoticus serratus  S X  X X X X  138 
Pteryngium crenatum  S X   X X X  5 
Micrambe abietis  N X X X X X X X 340 
Micrambe longitarsis  S X X X X X X X 50 
Cryptophagus acutangulus  N X     X  2 
Cryptophagus parallelus  S X  X X  X  7 
Cryptophagus fallax  N      X X 2 
Cryptophagus badius  N X   X X   8 
Cryptophagus quadrihamatus  S X  X     2 
Cryptophagus sp. cf. confertus  N X  X X    5 
Cryptophagus lapponicus  N X X X X X X X 245 
Cryptophagus subdepressus  N X  X X X X  8 
Cryptophagus dorsalis  N X X X X X X X 117 
Cryptophagus corticinus  S   X X X X  21 
Cryptophagus setulosus  N X X X X X X X 43 
Spavius glaber  N X  X X X   51 
Antherophagus nigricornis  N X X X X X X X 85 
Antherophagus pallens  N X  X X  X  8 
Caenoscelis subdeplanata  N X  X X X X  38 
Caenoscelis ferruginea  N X X X X X X X 458 
Caenoscelis sibirica  N X  X     2 
Atomaria impressa  N   X   X  4 
Atomaria ornata  N X   X X   8 
Atomaria peltata  E X X X X X X X 395 
Atomaria peltataeformis  E X   X X  X 18 
Atomaria pusilla  N   X     1 
Atomaria sodermani  N    X X   3 
Atomaria lundbergi  N    X    1 
Atomaria clavigera NT N X       1 
Atomaria fuscata  N X  X X X X  9 
Atomaria lewisi  N X  X X X X  89 
Atomaria rubella  N  X  X X   3 
Atomaria hislopi  E X   X X X  7 
Atomaria turgida  N X X  X X   17 
Atomaria apicalis  N   X X  X X 10 
Atomaria testacea  E X  X X  X  28 
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Atomaria umbrina  S X X X X X X X 22 
Atomaria nigrirostris  N X  X X X X  39 
Atomaria subangulata  S X X X X X X  30 
Atomaria abietina NT S    X    1 
Atomaria badia  S X   X X X  8 
Atomaria elongatula NT S X    X X  4 
Atomaria affinis  S  X  X    2 
Atomaria bella  S X X X X X X X 594 
Atomaria pulchra  N X X X X X X X 3589 
Atomaria atrata  N X  X X X X X 37 
Atomaria procerula  N X  X     3 
Atomaria ihsseni  N X     X  2 
EROTYLIDAE          
Zavaljus brunneus VU S   X     3 
Dacne bipustulata  S X  X X X X X 138 
Triplax aenea  S    X X X  11 
Triplax russica  S X X X X X X X 615 
Triplax scutellaris  S X X  X X X  20 
Triplax rufipes  S X  X X X X  10 
BYTURIDAE          
Byturus tomentosus  H   X   X  3 
CERYLONIDAE          
Cerylon fagi  S X X X X  X  14 
Cerylon histeroides  S X X X X X X X 150 
Cerylon ferrugineum  S X X X X X X X 187 
Cerylon impressum VU S X  X   X  13 
Cerylon deplanatum  S X X X X X  X 23 
ENDOMYCHIDAE          
Leiestes seminigra  S X       3 
COCCINELLIDAE          
Scymnus nigrinus  N     X   1 
Scymnus frontalis  N    X X   3 
Scymnus suturalis  N    X    1 
Scymnus haemorrhoidalis  N X   X X   4 
Scymnus fennicus  N      X  1 
Nephus redtenbacheri  N X   X  X  5 
Nephus bisignatus  N X  X X X X  50 
Chilocorus renipustulatus  N X   X X X  9 
Exochomus quadripustulatus  N      X  2 
Coccinula quatuordecimpustulata  N X  X X X X X 62 
Anisosticta novemdecimpunctata  N   X     3 
Myzia oblongoguttata  N X   X  X  4 
Myrrha octodecimguttata  N X      X 2 
Calvia quatuordecimguttata  N  X      1 
Anatis ocellata  N X X X X   X 6 
Hippodamia tredecimpunctata  N    X  X X 3 
Hippodamia septemmaculata  N    X    1 
Hippodamia variegata  N     X X  3 
Hippodamia notata  N      X  1 
Coccinella trifasciata  N      X  2 
Coccinella septempunctata  N X  X X X X X 104 
Coccinella magnifica  N X   X X   10 
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Coccinella hieroglyphica  N X  X X X X X 28 
Adalia bipunctata  N   X     1 
CORYLOPHIDAE          
Clypastraea pusilla VU S X  X X X X X 210 
Orthoperus brunnipes  N X      X 8 
Orthoperus nigrescens  S X    X X  16 
Orthoperus punctatus  N X    X   2 
Orthoperus rogeri  N X X  X  X X 23 
Orthoperus atomus  N X X      6 
LATRIDIIDAE          
Latridius hirtus  S X X X X X X  216 
Latridius consimilis  N X X X X X X  17 
Latridius minutus  N X X X X  X  23 
Latridius nidicola  N X       1 
Enicmus fungicola  S X X X X X X X 510 
Enicmus planipennis  S X X X X X X X 116 
Enicmus rugosus  S X X X X X X X 1658 
Enicmus transversus  N X  X X  X  7 
Enicmus histrio NT N X  X X X   5 
Stephostethus pandellei  N X       2 
Stephostethus rugicollis  N X X X X X X X 493 
Cartodere constricta  N X  X X X X X 842 
Corticaria pubescens  N X  X X X X X 37 
Corticaria umbilicata  N X  X X X X  15 
Corticaria impressa  N X  X X X X X 54 
Corticaria lapponica  S X X X X X X X 59 
Corticaria saginata  N    X    2 
Corticaria orbicollis  S X  X X X X X 45 
Corticaria abietorum  N X   X    3 
Corticaria interstitialis  N X  X X X X X 93 
Corticaria foveola VU S    X    1 
Corticaria rubripes  N X X X X X X X 10568 
Corticaria polypori  S  X  X  X  4 
Corticaria crenicollis  S    X  X  5 
Corticaria fennica NT S X       1 
Corticaria lateritia  S X  X X X X  25 
Corticaria longicollis  N X X  X X   18 
Corticaria elongata  N X   X  X  3 
Corticaria obsoleta  S X   X    8 
Corticaria ferruginea  N X X X X X X X 20445 
Cortinicara gibbosa  N X X X X X X X 232 
Corticarina obfuscata  N X X X X X X X 128 
Corticarina fuscula  N X X X X X X X 636 
Corticarina latipennis  N X  X X X X X 43 
Melanophthalma curticollis  N    X    1 
MYCETOPHAGIDAE          
Litargus connexus  S X  X X X X X 100 
Mycetophagus quadripustulatus  S      X  3 
Mycetophagus piceus  S X  X X X X X 128 
Mycetophagus decempunctatus  S X       1 
Mycetophagus multipunctatus  S X X  X X X  11 
Mycetophagus fulvicollis  S X   X X   9 
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Mycetophagus populi  S X   X X   5 
CIIDAE          
Cis lineatocribratus  S X X X X X X X 62 
Cis jacquemartii  S X X X X X X X 54 
Cis glabratus  S X  X X  X  14 
Cis comptus  S X  X X X X  19 
Cis hispidus  S X X X X X X X 46 
Cis boleti  S X X X X X X X 115 
Cis quadridens  S    X    1 
Cis punctulatus  S X X X X X X X 67 
Cis dentatus  S    X    1 
Cis bidentatus  S X       1 
Ennearthron cornutum  S X X X X    8 
Ennearthron laricinum  S X X  X    16 
Orthocis alni  S X X X X X X  47 
Hadreule elongatula  S X X X X X X X 15 
Sulcacis affinis  S X  X X X X X 22 
Ropalodontus strandi  S X X  X X X X 32 
Octotemnus glabriculus  S    X X   6 
TETRATOMIDAE          
Tetratoma ancora  S X X  X X X  7 
MELANDRYIDAE          
Hallomenus binotatus  S X X X X X X  30 
Hallomenus axillaris  S X X X X X X X 36 
Orchesia micans  S X   X X X X 42 
Orchesia minor  S     X   1 
Orchesia fasciata  S X   X X   3 
Abdera affinis  S X   X X X X 14 
Abdera flexuosa  S       X 1 
Abdera triguttata  S X X X X X X X 71 
Xylita laevigata  S X X X X X X X 702 
Xylita livida  S  X   X  X 6 
Serropalpus barbatus  S X    X   3 
*Melandrya dubia NT S    X    1 
MORDELLIDAE          
Tomoxia bucephala NT S X  X X X X  41 
Mordella aculeata  N X  X X X X  65 
Mordella holomelaena  N X  X X X X X 238 
Curtimorda maculosa  S X  X X  X X 26 
Mordellistena connata  H    X    1 
Mordellistena humeralis  S    X    1 
ZOPHERIDAE          
Synchita humeralis  S X X X X  X X 21 
Bitoma crenata  S X   X  X  9 
Lasconotus jelskii  S   X X    9 
TENEBRIONIDAE          
Lagria hirta  N X  X X  X  9 
Bius thoracicus  S   X X  X  7 
Pseudocistela ceramboides  S X   X    3 
Mycetochara flavipes  S X X X X X X X 106 
Mycetochara obscura  S X X X X X X X 91 
Corticeus longulus VU S X  X X X   6 
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Corticeus fraxini VU S    X   X 2 
Corticeus suturalis  S X  X X  X  15 
Corticeus linearis  S X  X X X X X 98 
Bolitophagus reticulatus  S X X X X X X X 87 
Alphitophagus bifasciatus  N      X  2 
Diaperis boleti  S  X  X  X  6 
Myrmechixenus vaporariorum  N   X     1 
Upis ceramboides  S   X X X   3 
OEDEMERIDAE          
Calopus serraticornis  S X  X X X X  15 
Chrysanthia geniculata  S X  X X X X X 60 
Oedemera virescens  H X   X X X X 8 
STENOTRACHELIDAE          
Stenotrachelus aeneus  S   X X X X  10 
BORIDAE          
Boros schneideri VU S    X  X  3 
PYTHIDAE          
Pytho depressus  S   X X X X X 22 
Pytho abieticola VU S   X     2 
PYROCHROIDAE          
Schizotus pectinicornis  S X  X X X X X 38 
SALPINGIDAE          
Rabocerus foveolatus  S X X X X X X X 43 
Rabocerus gabrieli  S X       1 
Sphaeriestes bimaculatus  S X   X  X X 17 
Sphaeriestes stockmanni NT S X  X X X X X 1354 
Salpingus planirostris  S    X    1 
Salpingus ruficollis  S X X X X X X  41 
ANTHICIDAE          
Omonadus floralis  N     X  X 3 
Omonadus formicarius  N     X   1 
Anthicus ater  N X  X X X X X 183 
ADERIDAE          
Euglenes pygmaeus  S X  X X X X X 42 
Euglenes sp. cf. nitidifrons  S    X  X X 5 
Anidorus nigrinus  S   X     1 
SCRAPTIIDAE          
Anaspis bohemica  S X  X X X X X 51 
Anaspis frontalis  S X   X X X  22 
Anaspis marginicollis  S X X X X X X X 1289 
Anaspis arctica  S X X X X X X X 119 
Anaspis rufilabris  S   X  X X  3 
CERAMBYCIDAE          
*Tragosoma depsarius VU S X   X    2 
Spondylis buprestoides  S   X X    2 
Arhopalus rusticus  S X  X X X X X 50 
Asemum striatum  S X  X X X X X 174 
Tetropium castaneum  S X  X X X X X 66 
Rhagium mordax  S X X X X X X X 416 
Rhagium inquisitor  S X  X X X X X 355 
Oxymirus cursor  S X X X X X X X 70 
Pachyta quadrimaculata  S    X    1 
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Pachyta lamed  S X  X X X X X 678 
Brachyta interrogationis  H  X  X    3 
Gaurotes virginea  S X   X X X  20 
Acmaeops septentrionis VU S X  X X X X  67 
Acmaeops marginata VU S   X X X X X 33 
Acmaeops pratensis  S X  X X X X X 1837 
Alosterna tabacicolor  S X X X X X X  27 
Anoplodera maculicornis  S   X     1 
Anoplodera rubra  S X       2 
Anoplodera sanguinolenta  S X  X X X X X 322 
Anoplodera reyi  S X  X X X X X 70 
Anoplodera virens  S X  X X X X X 618 
Judolia sexmaculata  S X  X X X X X 327 
Leptura quadrifasciata  S X  X X X X  113 
Leptura melanura  S X  X X X X X 204 
Obrium cantharinum VU S      X  1 
Molorchus minor  S X  X X  X  32 
Callidium coriaceum  S      X X 2 
Callidium violaceum  S   X X  X X 8 
Xylotrechus rusticus NT S    X    1 
*Monochamus urussovii VU S X       1 
Monochamus sutor  S X  X X X X  94 
Monochamus galloprovincialis  S     X   1 
Pogonocherus fasciculatus  S X X X X X X X 240 
Pogonocherus decoratus  S    X    2 
Acanthocinus aedilis  S X  X X X X X 19 
Acanthocinus griseus  S X  X X  X  7 
Saperda carcharias  S    X    1 
Saperda scalaris  S      X  1 
Saperda perforata NT S    X    1 
CHRYSOMELIDAE          
Donacia obscura  H      X  1 
Plateumaris discolor  H X X    X  9 
Plateumaris sericea  H   X   X  2 
Lilioceris merdigera  H   X  X   2 
Clytra quadripunctata  N X X X X    13 
Cryptocephalus quadripustulatus  H    X  X  3 
Cryptocephalus pini  H X   X X X  21 
Cryptocephalus punctiger  H X    X   2 
Cryptocephalus labiatus  H X       3 
Syneta betulae  H X  X X X  X 25 
Bromius obscurus  H X  X X X X X 465 
Chrysolina marginata  H    X    1 
Plagiodera versicolora  H   X     1 
Chrysomela populi  H    X X X  3 
Chrysomela tremula  H     X X  2 
Gonioctena viminalis  H X       4 
Gonioctena decemnotata  H      X  1 
Gonioctena quinquepunctata  H    X    1 
Phratora vulgatissima  H   X     1 
Phratora polaris  H   X     32 
Phratora vitellinae  H X  X X X X  9 
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Galerucella sagittariae  H X       1 
Galerucella grisescens VU H  X      1 
Galerucella lineola  H X    X X  3 
Lochmaea caprea  H X   X X X X 11 
Lochmaea suturalis  H X X X X X X  9 
Galeruca pomonae  H    X    1 
Agelastica alni  H X       1 
Phyllobrotica quadrimaculata  H   X     2 
Calomicrus pinicola  H   X X X X  17 
Luperus flavipes  H    X    2 
Phyllotreta vittula  H X   X    3 
Phyllotreta undulata  H   X X  X  5 
Phyllotreta striolata  H   X X X   3 
Longitarsus melanocephalus  H      X  1 
Longitarsus suturellus  H X  X   X  3 
Longitarsus luridus  H      X  1 
Altica chamaenerii  H X   X  X  4 
Altica longicollis  H      X  1 
Lythraria salicariae  H   X X X X  15 
Neocrepidodera motschulskii  H      X  1 
Crepidodera fulvicornis  H    X  X  2 
Chaetocnema concinna  H    X    2 
Chaetocnema laevicollis  H   X X X X  4 
Chaetocnema aridula  H    X    1 
Chaetocnema mannerheimii  H   X     1 
Chaetocnema hortensis  H    X X   2 
NEMONYCHIDAE          
Cimberis attelaboides  H X X X X X X X 51 
ANTHRIBIDAE          
Tropideres dorsalis VU S X   X    3 
Allandrus undulatus VU S   X X  X  5 
*Platyrhinus resinosus VU S    X  X  2 
Platystomos albinus  S   X X X X  14 
Anthribus scapularis  N    X  X X 10 
Anthribus nebulosus  N    X  X  3 
ATTELABIDAE          
Temnocerus nanus  H X  X X X X  14 
Temnocerus tomentosus  H    X  X  6 
Byctiscus betulae  H     X   2 
Byctiscus populi  H X   X  X  7 
Deporaus betulae  H X  X    X 8 
APIONIDAE          
Apion simile  H X X  X X X  42 
Apion cerdo  H    X X   2 
Apion viciae  H   X   X  2 
CURCULIONIDAE          
Otiorhynchus nodosus  H X X X X X X X 1971 
Otiorhynchus scaber  H X X X X X X X 1515 
Otiorhynchus ovatus  H   X     1 
Phyllobius viridicollis  H   X     1 
Phyllobius pyri  H   X X    3 
Phyllobius maculicornis  H      X  1 
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Phyllobius argentatus  H   X  X   2 
Polydrusus pilosus  H X X X X X X  35 
Polydrusus undatus  H X X X X X X X 91 
Polydrusus fulvicornis  H X X X X X X  125 
Strophosoma capitatum  H X X X X X X X 2553 
Sitona lineatus  H    X    2 
Sitona suturalis  H    X  X  3 
Grypus equiseti  H    X    1 
Notaris aethiops  H X  X   X  10 
Tanysphyrus lemnae  H   X     1 
Dorytomus tremulae  H  X  X    3 
Dorytomus tortrix  H   X     1 
Acalyptus sericeus  H      X  1 
Anthonomus rubi  H X  X X X X  12 
Anthonomus phyllocola  H X X X X X X X 50 
Anthonomus pinivorax  H  X      1 
Brachonyx pineti  H X X  X X  X 12 
Rhynchaenus iota  H X X      2 
Tachyerges salicis  H    X    1 
Tachyerges stigma  H    X    1 
Rhampus pulicarius  H      X  1 
Miarus campanulae  H     X   1 
Anoplus plantaris  H X   X    2 
Rhyncolus ater  S X X  X  X X 12 
Rhyncolus sculpturatus  S X X X X X X X 60 
Magdalis phlegmatica  S X X X X X X X 154 
Magdalis nitida  S    X X  X 7 
Magdalis linearis  S     X X  4 
Magdalis duplicata  S X  X X X X X 447 
Magdalis frontalis  S X X X X X X X 594 
Magdalis violacea  S X  X X X X X 352 
Magdalis carbonaria  S X  X  X X  6 
Hylobius piceus  S   X X  X  8 
Hylobius abietis  S X X X X X X X 3965 
Hylobius pinastri  S X X X X X X X 580 
Pissodes castaneus  S X  X X X X X 102 
Pissodes pini  S X X X X X X X 168 
Pissodes gyllenhalii  S X X X X X X X 196 
Pissodes harcyniae  S X X  X X X X 40 
Pissodes piniphilus  S X  X X X X X 43 
Pelenomus quadrituberculatus  H    X  X  2 
Rhinoncus bruchoides  H    X X   4 
Rhinoncus castor  H    X X X  14 
Rutidosoma globulus  H     X   1 
Coeliodes rubicundus  H X    X   2 
Micrelus ericae  H X   X X X  6 
Zacladus geranii  H X   X X   6 
Ceutorhynchus erysimi  H    X    1 
Hylurgops glabratus  S X X X X X X X 147 
Hylurgops palliatus  S X X X X X X X 886 
Hylastes brunneus  S X X X X X X X 6488 
Hylastes cunicularius  S X X X X X X X 6921 
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H. brunneus/cunicularius S X X X X X X X 2309 
Hylastes opacus  S X  X X X X X 686 
Xylechinus pilosus  S X X X X X X X 213 
Tomicus minor  S  X X X  X  19 
Tomicus piniperda  S X  X X X X X 141 
Dendroctonus micans  S    X    1 
Phloeotribus spinulosus  S X X X X X X X 95 
Polygraphus subopacus  S X X X X  X X 146 
Polygraphus poligraphus  S X  X X X X X 2235 
Polygraphus punctifrons  S X  X X X X  24 
Carphoborus rossicus  S X  X   X  3 
Scolytus ratzeburgi  S X  X X X X  31 
Pityogenes chalcographus  S X X X X X X X 8068 
Pityogenes quadridens  S X  X X X X X 165 
Pityogenes bidentatus  S X  X X X X X 449 
Orthotomicus proximus  S X  X X X X X 36 
Orthotomicus suturalis  S X  X X X X X 1198 
Orthotomicus laricis  S X  X X  X X 74 
Ips acuminatus  S    X    1 
Ips duplicatus  S   X X    3 
Ips typographus  S X  X X X X X 143 
Ips amitinus  S X  X X X X X 308 
Dryocoetes autographus  S X X X X X X X 3954 
Dryocoetes hectographus  S X X X X X X X 216 
D. autographus/hectographus S X X X X X X X 1066 
Crypturgus subcribrosus  S X  X X X X X 334 
Crypturgus cinereus  S X  X X  X  32 
Crypturgus pusillus  S X X X X X X  31 
Crypturgus hispidulus  S X X X X X X X 104 
Trypodendron laeve  S X X X X  X  37 
Trypodendron lineatum  S X X X X X X X 737 
Trypodendron signatum  S X X X X X X X 144 
Xyleborus dispar  S X   X  X  11 
Trypophloeus asperatus EN S    X  X  2 
Cryphalus saltuarius  S X   X X X  19 
Pityophthorus micrographus  S X  X X X X X 35 
Pityophthorus lichtensteinii  S X  X X X X X 183 
Pityophthorus tragardhi  S X   X    2 
Number of species  792 326 704 939 656 797 419 1241 
Number of study sites  6 1 2 8 2 4 1 24 
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