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Abstract 

1. Many wood-dwelling beetles rely on old hollow trees. In Europe, oaks are known 

to harbour a species-rich saproxylic beetle fauna, while less is known regarding other 

broad-leaved tree species. Furthermore, the extent to which saproxylic insect species 

have specialised on different tree species remains unknown. 

2. In this study, we sampled beetles through pitfall traps and window traps in four 

different tree species in a landscape with many old oaks. 

3. We recorded 242 saproxylic beetle species of which 27 were red-listed. After 

eliminating the species recorded only on a single tree, few cases among the 171 

remaining species in the dataset were confined to a single tree species. 

4. Using odds ratios, we showed that 19 of the 171 beetle species showed significant 

associations with Quercus robur in at least one of the two trap types. For Acer 

platanoides, Fraxinus excelsior and Tilia cordata, the corresponding numbers were 6, 

2 and 5, respectively. One species showed a negative association with Quercus robur. 

5. Using meta-analysis, we quantified the degree of association between the beetle 

species and the tree species. The associations were most profound among species 

classified as obligate saproxylic rather than facultative in lifestyle.Overall, a 

significant association was only found with Quercus robur. 

6. We conclude that the saproxylic fauna is dominated by non-specialist species but 

includes a small proportion of truly tree-host-specific species. Furthermore, other 

broad-leaved trees can be important as supporting habitats for many saproxylic 

organisms that have had presumed associations with oaks to date. 

Keywords. beetle, broad-leaved tree, coleoptera, conservation, hollow, saproxylic, 

preference 

Introduction 

When trees become older, structures serving as microhabitats for many organisms 

begin to develop (Sverdrup-Thygeson et al., 2009). Hollows in tree trunks often 

contain wood mould, which is loose wood colonised by fungi and with remains from 

bird nests, insects and dead leaves (Ranius, 2002; Jansson et al., 2009a). Hollows with 

wood mould in old trees harbour a rich and specialised insect fauna (Dajoz, 2000). 

Forestry and changes in land management have reduced the density of old trees 

(Speight, 1989; Hannah et al., 1995; Kirby & Watkins, 1998; Eliasson & Nilsson, 

2002), and many saproxylic insects have consequently become rare and are the focus 

of conservation efforts.  

Saproxylic insects are, at least for some part of their life cycle, dependent on dead 

wood (Speight, 1989). The degree of food specificity is likely to vary among species, 

from those exclusively relying on dead wood (obligate) to those with greater 

flexibility (facultative), and there have been attempts to classify saproxylics 

accordingly (e.g., Tavakilian et al., 1997; Dodelin et al., 2008; Jansson et al. 2009a). 

Although many saproxylic insects have been classified as specific to host tree genera 

and some even as monophagous to a single tree species, the evidence is often weak 

(e.g., faunistic surveys and field-workers’ impressions). Furthermore, studies report 

conflicting results (Jonsell et al., 2007; Irmler et al. 1996). One general conclusion, 

though, seems to be that the degree of host specificity in an assemblage decreases 

with increasing wood decay (Jonsell et al., 1998; Grove, 2002; Wu et al., 2008). This 
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might explain why Jonsell et al. (2007) reported differing assemblages of saproxylics 

on logging residues (aspen, birch, oak, spruce; relatively fresh), while Irmler et al. 

(1996) did not when comparing logs and stumps (beech, alder, spruce).  

Conservation management and related assessments would benefit from better 

information about host specificity among saproxylics. For example, old oaks have 

been the exclusive focus in many studies within Europe and adjacent areas (e.g., 

Ranius and Jansson, 2000, 2002; Ranius, 2002; Franc et al., 2007; Müller and Goßner 

2007; Buse et al., 2008, 2013; Ranius et al., 2009; Andersson et al., 2014), as well as 

in conservation efforts (e.g., Jansson et al., 2009a, 2009b; Sverdrup-Thygeson et al., 

2009; Ranius et al., 2011; Bergman et al., 2012), but other broad-leaved tree species 

might also be important to consider as supporting habitats for insects presumed to be 

oak specialists (Musa et al. 2013). 

Surprisingly, the current knowledge of tree host specificity among saproxylic species 

seems to be based on expert judgment only, as we have failed to find studies 

comparing different tree species using a strict sampling protocol. Although expert 

judgements are what we often rely on when dealing with the autecology of insects, 

obvious shortcomings are their qualitative nature, their lack of transparency and the 

risk for observation bias. Hence, to further this field of enquiry, quantitative studies 

are needed that specifically target host specificity by comparing resource selection. 

Therefore, the aim of the current study was to investigate to what extent saproxylic 

beetle species prefer hollow trees of different species. We selected, within our 

northern European study system, large specimens of oak and three other deciduous 

tree species and sampled them with pitfall and window traps. We expect a better 

understanding of the habitat requirements of rare saproxylic beetles, and especially 

those considered as oak dependent, to be useful in landscape planning and 

conservation efforts.  

Materials and Methods 

Study sites 

This study was conducted in one of the few remaining landscapes in Northern Europe 

with a high density of old oaks, in Östergötland, south-eastern Sweden (Antonsson & 

Wadstein, 1991). Hollow trees of the different tree species, registered over the past 15 

years in a database at the County Administration Board of Östergötland, were used to 

select potential trees in a study area of approximately 10 x 30 km2. In total, 49 hollow 

trees were selected, clustered at 10 study sites. At each site, at least one hollow 

Quercus robur was examined, along with one or several hollow trees of Acer 

platanoides, Fraxinus excelsior and/or Tilia cordata. The distance between two trees 

belonging to the same site was between 14 and 2603 m. In the study area, the old and 

hollow deciduous trees were approximately 68% Quercus robur, 6% Acer 

platanoides, 6% Fraxinus excelsior and 8% Tilia cordata, according to the database 

at the County Administration Board. 

Beetle trapping 

Beetles were collected using two types of traps: pitfall traps and window traps. 

According to a study comparing these two methods to survey saproxylic beetles 

(Ranius & Jansson, 2002), window traps collect the highest number of species. On the 

other hand, pitfall traps collect beetles clearly associated with tree hollows, which 
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window traps do not. Therefore, to be able to catch a wide variety of saproxylic 

species, a combination of these two methods was chosen for this study. 

The pitfall trap was a plastic jar of 7-cm diameter placed in the tree hollow with the 

opening level with the wood mould surface. The window trap was a 30x50 cm2 

vertical transparent plastic plate with a tray underneath, and it was placed near (within 

1 m) the entrance of the tree hollow (Figure 1). The positions of the windows were 

1.5-4 m above the ground, depending on where the hollow entrance was situated on 

the tree. The trays were filled to 70% with a solution of approximately 50% water, 

50% propylene glycol, some denatured alcohol to prevent animals from drinking the 

solution, and a few drops of detergent to reduce surface tension. We trapped beetles 

from May until late August and the traps were emptied four times during that period.  

The target in this project was to have one oak with one or several of the other tree 

species per site, with one pitfall trap and one window trap on each tree. This target 

was not reached for two main reasons. It proved difficult to find hollow non-oaks that 

allowed pitfall traps (entrance too narrow; wood mould without reach), and several of 

the window traps were destroyed during the season. In total, 49 trees contributed the 

data used: 38 trees with both trap types, seven with only a pitfall trap and four with 

only a window trap. 

Identification of saproxylic beetles 

Nicklas Jansson (NJ) identified most of the saproxylic beetles genera to the species 

level, while other experts were consulted for the remaining genera (see 

Acknowledgments). The family Latrididae was excluded from the study for financial 

reasons. Species were classified as obligate or facultative saproxylic according to 

Dodelin et al. (2008), with a few exceptions that, based on field experience (NJ), were 

classified as obligate saproxylic (see Appendix). Non-saproxylic species were 

excluded from the study. Nomenclature follows Lundberg (1995) and the red-list 

categories of Gärdenfors (2010). 

Data analyses 

First, we compiled the number of beetle species unique to a tree species and those 

unique to a single tree. These cases of singletons were numerous and, although 

interesting to compile, at the species level, they provide very weak evidence for host 

specificity. Therefore, they were excluded from the meta-analyses detailed below. 

As we wanted to put the study within the framework of estimates of effect sizes, 

rather than hypothesis testing (Cumming, 2012; Milberg, 2014), we decided to use 

odds ratios, an index that is biologically interpretable, comparable over studies and 

study systems and well suited for meta-analysis. Odds ratios compare proportions 

(Lechowicz, 1982; Lele et al., 2013), and they are used frequently in some fields of 

research, less frequently in ecology (Rita & Komonen, 2008), and sometimes appear 

as Jacobs’ Index (Jacobs, 1974) in the resource selection literature. The odds of 

finding a beetle species on a particular tree species (i.e., the probability of finding it 

divided by the probability of not finding it) was divided by the odds of finding it on 

the other tree species. Odds ratios were calculated using the software Comprehensive 

Metaanalysis (v2.2, 2011). These species-wise odds ratios were then used to calculate 

an overall weighted odds ratio for each tree species and trap type and for obligate and 

facultative saproxylic species as groups. Assuming a null model of no host specificity, 

log(odds ratios) would be normally distributed around zero. For the 57 species 
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recorded with both trap types, we also calculated species-wise estimates of host 

preferences as ln(odds ratios). 

Results 

More than 5,600 individuals of saproxylic beetle species were identified in this study 

as belonging to 242 species. Some saproxylic beetles were very abundant: 13 species 

had more than 100 individuals, the most abundant being Atheta nigricornis with 903. 

In contrast, 63 were represented by single individuals, and eight additional species 

were confined to single trees. Neither these singletons nor richness seemed to vary 

among the tree species in the pitfall trap data (Table 1). In the window-trapped data, 

there was a tendency for singletons to be fewest on Fraxinus excelsior, while Quercus 

robur had the most species and the most singletons (Table 1). The vast majority of 

singletons were those of a single individual caught, providing poor evidence for host 

specificity. Therefore, the eight cases of singletons where a beetle species was found 

on more than one tree provide stronger evidence of specificity. There were 2, 1, 2 and 

3 such species restricted to Acer platanoides, Fraxinus excelsior, Quercus robur and 

Tilia cordata, respectively. 

Of the total number of species caught, 27 were on the Swedish red-list (Gärdenfors 

2010), all being obligate saproxylic and mainly appearing in the window traps 

(Appendix). Among these species, 15 were found on Quercus robur, while Acer 

platanoides, Fraxinus excelsior and Tilia cordata had 8, 7 and 9 red-listed species, 

respectively. 

Species-wise odds ratios 

In total, the 171 species generated 217 cases of calculated odds ratios (i.e., some 

species were found in both trap types). There were 20 species, and 25 cases, where 

the odds ratio suggested a significant association with Quercus robur. Corresponding 

values for the other tree species were 6 species and 7 cases for Acer platanoides, 2 

species and 2 cases for Fraxinus excelsior, and 5 species and 5 cases for Tilia cordata 

(Figure 2a). Only one of the significant associations was negative: Anobium nitidum 

avoided Quercus robur (Figure 2a). Of the 39 cases with significant odds ratios, 4 

involved facultative and 35 obligate saproxylic beetle species (Figure 2a). 

Among the 57 species that were recorded in both trap types and for which overall 

averages were calculated, there were 16 species (and 20 cases) where the odds ratio 

suggested a significant association with a tree species (Figure 2b). Two of the 16 

species were facultative, while the rest were classified as obligate saproxylic species. 

In this analysis, Quercus robur, Acer platanoides, Fraxinus excelsior and Tilia 

cordata had 10, 3, 1 and 0 significantly positively associated species, respectively 

(Figure 2b). In contrast, there were several negatively associated species: three each 

for Quercus robur and Acer platanoides (Figure 2b).  

Obligate saproxylic beetles with host tree preferences 

There were obligate saproxylic species associated with each of the four tree species, 

in both pitfall and window trap data. Most of the obligate saproxylic species were 

found on oaks, and those for which we provide strongest evidence – i.e., present in 

both datasets – were Allecula morio, Ampedus spp., Anaspis thoracica, Dorcatoma 

spp., Euglenes oculatus, Mycetophagus piceus, Paromalus flavicornis; Figure 2b).  
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Acer platanoides had five obligate species significantly associated with it (Figure 2a), 

but it was also represented by more trees in the study (Table 1), giving it stronger 

statistical power. Combining the evidence from both trap types resulted in three 

species with a clear preference for Acer platanoides (Anobium nitidum, Mycetochara 

axillaris, Phloeophagus lignarius) and three that avoided it (Cryptophagus dentatus, 

Dorcatoma chrysomelina, Prionychus ater; Figure 2b). 

Fraxinus excelsior had only one species clearly associated with it: Prionychus ater 

(Figure 2). For Tilia cordata, there were four cases with positive associations and one 

case with a negative association, but because results from the two trap types were 

conflicting, none were significant in the species-wise meta-analyses (Figure 2a, b).  

It is noteworthy that for three beetle species, the species-wise meta-analysis highlights 

a positive association with one tree species and a negative association with another, 

thus supporting a strong degree of host preference in these species (Anobium nitidum, 

Dorcatoma chrysomelina, Prionychus ater; Figure 2b).  

Facultative saproxylic beetles with host tree preferences 

Only four of the 39 facultative saproxylic species recorded showed a significant 

association with one tree species, and then only in one of the trap types (Figure 2a). 

Furthermore, no species showed positive associations in the species-wise meta-

analyses, which instead highlighted two with negative associations (Figure 2b). 

Quantifying the degree of host specificity 

The meta-analysis, calculating the weighted average of trap- and species-wise odds 

ratios, showed that the degree of preference for oak was much higher than for the 

other three tree species, which instead resided close to the reference line (Figure 3). 

For oak, the preference was only apparent among obligate species, but in both trap 

types (Figure 3).  

Facultative species were relatively few, and consequently the log(odds ratios) had 

large confidence intervals and overlapped zero in all eight cases (Figure 3). In 

contrast, three estimates involving the more numerous group of obligate species did 

not overlap the reference line (Figure 3).  

Of the 868 log(odds ratios) calculated, 39 were significantly different from zero (5% 

level). Hence, approximately 4.5% of the cases displayed a clear preference. Of the 

228 species-wise log(odds ratios) from the meta-analyses, 20 were significant (8.8%). 

Corresponding values for evidence of non-preference, as indicated by P>0.5, were 

54% and 50%, respectively.  

Finally, using the best available species-wise data, i.e., the meta-analysis of 57 species 

collected in both trap types, and considering the distribution of log(odds ratios), there 

was little to suggest a preference for Acer platanoides, Fraxinus excelsior or Tilia 

cordata, which had symmetrically distributed values (Figure 4). In contrast, the 

distribution of log(odds ratios) for Quercus robur was skewed towards positive 

associations (Figure 4). 

Discussion 

We expected the best evidence for host specificity among the four tree species to be 

displayed in the data from pitfall traps because specimens caught could be considered 
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to be more clearly associated with a particular tree species (i.e., pitfall traps are less 

affected by stray catches). On the other hand, window traps catch more specimens and 

more species (Table 1; Ranius & Jansson, 2002), but they are likely to be biased 

towards species that are more mobile (e.g., early successional species) and species 

associated with habitats outside cavities (e.g., branches or under bark). Together, the 

two types of data provide two different perspectives, and their combination might 

give a relatively unbiased assessment of individual species. Hence, we put particular 

emphasis on the outcome of the species-wise meta-analyses (Figure 2a, Figure 4).  

Generally, oak stood out by being more species-rich, with both a larger number of 

unique species and a larger number of significantly associated species. However, 

when considering the number of significant cases and the other tree species, the 

evidence points towards a fauna dominated by generalists, with a small proportion of 

host-specific species. Therefore, there is little evidence for saproxylic beetles being 

monophagous to any great extent. This is good news for conservation biologists, as 

polyphagous species have much larger feeding niches than monophagous species. For 

the conservation manager, it adds potential habitat and opens up an opportunity to 

include several tree species in conservation planning but also complexity as the tree 

species might differ in relative value as saproxylic habitats.  

The present results are somewhat surprising because Quercus robur has been 

considered to be the most species-rich tree (Palm 1959; Lundberg, 1995; Jonsell et al., 

1998, Müller and Goßner 2007; Irmler et al., 2010). Furthermore, a compilation of 

substrate requirements, including host specificity, of all red-listed saproxylic beetles 

in Sweden concluded that almost 30% of the invertebrates found in Q. robur were 

considered monophagous (Jonsell et al., 1998). However, there seem to be no other 

systematic sampling studies comparing saproxylic fauna in hollows between tree 

species, but there are some studies investigating tree host specificity on other dead 

wood, with mixed results. Studies on high stumps (Lindhe & Lindelöw, 2004; Lindhe 

et al., 2005) and on logging residues (Jonsell et al., 2007) of spruce, birch, aspen and 

oak found that the different tree species hosted different assemblages of saproxylic 

beetles. However, among the deciduous trees, there was considerable overlap, 

especially between birch and oak (Lindhe & Lindelöw, 2004). Another study on logs 

and stumps found only small differences between the tree species beech, alder and 

spruce (Irmler et al., 1996). Müller & Goßner (2007) hypothesised that the occurrence 

of insects on oak would be lower when a target oak was surrounding by Fagus 

sylvatica than when surrounded by oaks. This was the case for specialised leaf-

feeders, but not for saproxylic species. In the light of our results, the last finding is not 

unexpected is presumed oak specialists can use also beech.  

In the current study, which was placed in an oak-dominated landscape, we should 

have expected a larger species pool on oak, and consequently more species caught, 

than for the other trees. However, such a pattern is only observed (and is still not 

significant) in the obligate saproxylic species. The study by Jonsell et al. (1998) was 

based on faunistic literature and field experience and might therefore be biased. Still, 

we acknowledge a weakness in the present methodology: we aimed for old trees with 

accessible hollows. However, it is impossible to select trees from different species 

that are identical in features such as age, size, shape, and geographic placement. 

Because the landscape is oak-dense, the oaks selected might be typical for a large 

population of old trees, while the other tree species are biased towards their “very 

best” specimens. We also acknowledge the possibility that, this being an oak-

dominated landscape, oaks might act as sources and the other tree species as sinks. 
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Hence, the latter might carry more saproxylic beetles, and more oak-associated 

beetles, when surrounded by oaks than when in an oak-poor matrix. Such a pattern 

has been suggested by Irmler et al. (2010) when interpreting the finding that Fagus 

sylvatica had a higher number of saproxylic beetle species than oaks when in a F. 

sylvatica-dominated area in Germany. 

Although trees other than oaks have been shown to be very species-rich (e.g., Jonsell 

& Andersson, 2011) and to carry many of the same beetle species (e.g., Palm 1959), it 

is important to stress two features that distinguish oaks from the other tree species 

studied here. First, the oak trees are potentially older and larger, thereby providing – 

on average – more wood mould per tree, and over a longer time period per tree. 

Second, impressions from the field (e.g., many hollows lacking wood mould) as well 

as data on rates of timber decomposition (e.g., Flæte et al., 2009), suggest that oak 

wood is slower to decompose, thereby creating more long-lasting wood mould. 

Therefore, we believe that oaks, compared with many other broad-leaved species, 

have a greater conservation value for saproxylics, but that the difference is one of 

quantity rather than quality. If this is correct, we might identify other tree species of 

particular value as saproxylic habitat, either through their size/age, or through their 

slow wood decomposition rate. Sweden, being poor in tree species, has few 

candidates to rival oak (possibly Fagus sylvatica), but the Mediterranean have 

several, e.g. Castanea sativa and Juglans regia. 

One type of saproxylic species utilises the fruiting bodies of fungi, most often 

available outside the tree hollows, and it is claimed that such species can be host-

specific to the fungus, which, in turn, might be host-specific to a tree species (e.g., 

Jonsell & Andersson 2011). We also expected host specificity to be found among 

those species specialising on dying or newly dead wood, which might be richer in 

deterring host-specific chemicals. Living trees and fungi would be more influenced by 

specific chemicals than would wood mould. There were, however, only four species 

among those with a host preference that can be considered as early successional 

(Cerylon spp., Cryptarcha undata, Epuraea guttata; Figure 2a), and none of these 

were highlighted in the species-wise meta-analysis (Figure 2b). 

Quercus robur has been the focus in several studies of saproxylic beetles, including 

the hermit beetle (Osmoderma eremita; e.g., Ranius, 2002, Jansson et al., 2009b). In 

many respects, it is considered an oak-dependent species. Nevertheless, it was no 

great surprise that two out of four specimens in the present study were recorded in 

Tilia cordata, with the other two on Quercus robur (Appendix): O. eremita has been 

shown to strongly prefer Tilia cordata over Q. robur (and other tree species, such as 

Fraxinus excelsior and Acer platanoides) in Poland (Oleksa et al., 2007), and in a 

pan-European assessment, Tilia spp. was mentioned as the second most important tree 

among a long list of potential host tree species (Ranius et al., 2005). 

Those species that, according to significant odds ratios, were associated with a 

particular tree species was partly in line with the existing literature (Palm 1959; 

Jonsell et al. 1998). The obligate saproxylic species Dorcatoma chrysomelina, 

Dorcatoma flavicornis, Mycetophagus piceus and Euglenes oculatus were found to be 

strongly associated with Quercus robur in this study. They are specialists on red-

rotten oak wood, and such wood is usually created through decay by the fungus 

Laetiporus sulphureus (Jansson et al., 2009a), a species prevalent on oaks 

(Vasiliauskas et al., 2003). In addition to its occurrence on oaks, Dorcatoma 

flavicornis was caught in a single window trap on Fraxinus exelcior (Appendix) and 
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has previously been recorded on dead wood of Acer platanoides (Jonsell et al., 1998) 

and Tilia cordata in Sweden (Jonsell & Sahlin, 2010). In the latter study, which 

sampled hollow Tilia cordata, Mycetophagus piceus and Euglenes oculatus were also 

found (Jonsell & Sahlin, 2010). That study and Jonsell (2010) also report Dorcatoma 

chrysomelina on Tilia cordata. These mixed results show that even the species clearly 

associated with Q. robur have also been repeatedly recorded on other tree species (cf. 

Palm 1959). Of the species with a preference (Figure 2a) that were also reported on 

by Palm (1959), only two were listed by him to exclusively occur on oak: Ampedus 

hjorti, which we recorded on both oak and Tilia cordata (both trap types) and 

Epuraea guttata, that we recorded also on Acer platanoides and Fraxinus exelcior 

(window traps; Appendix).  

Another way to manifest preference is by avoidance, but there were few species that 

displayed a distinct non-preference for a tree species in the current study. Despite 

many specimens collected, none of Anobium nitidum were on Quercus robur. Others 

have, however, reported it on this tree species. Palm (1959), in fact, note it on 13 of 

14 deciduous tree species that this author distinguishes, and a previous study in our 

study region (Ranius & Jansson 2000) recorded it on Quercus robur.  

To conclude, only a few saproxylic beetle species were found to be host-specific. The 

cases of host specificity were mainly towards oak, and mainly involved obligate 

saproxylics species. From a conservation perspective, several tree species can 

contribute to the available saproxylic habitat for most species.  
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Figures 

 

 

 

Fig. 1. The pitfall and window traps used in the study to collect saproxylic beetles. 
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Fig. 2. Beetle species with significantly different odds of being recorded.  

2a) Species recorded in at least one the of the trap types on one tree species compared 

with their recorded presence on the three other tree species.  
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Fig. 2. Beetle species with significantly different odds of being recorded. 

2b) Species recorded in both trap types and where the joint evidence from both trap 

types suggested significant preferences for one tree species over the others. Bars show 

95% confidence interval; the zero reference line indicates no preference. Cry. = 

Cryptophagus; Den. = Dendrophilus; Dor. = Dorcatoma; Gas. = Gastrallus; Myc. = 

Mycetophagus; Phl. = Phloeophagus; Tha. = Thamiaraea. F = facultative saproxylic; 

O = obligate saproxylic. 
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Fig. 3. Meta-analysis of species-wise log(odds ratios) grouped according to tree 

species, trap type, and whether considered obligate or facultative saproxylic. Bars 

show 95% confidence interval; the zero reference line indicates no preference. 
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Fig. 4. Distribution of log (odds ratios) from species-wise meta-analyses contrasting 

one tree species against the other three.  
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