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Abstract 

Old hollow trees have declined in Europe and many saproxylic (i.e. wood-dwelling) 

invertebrates living on them are threatened. The aim of this study was to investigate to 

what extent artificial habitats can be exploited by saproxylic beetles. To mimic the 

conditions in tree hollows, we constructed wooden boxes filled with different combinations 

of substrates like oak saw dust, oak leaves, a dead hen (Gallus domesticus), chicken dung, 

lucerne flour or potatoes and placed them on tree trunks. To investigate the importance of 

distance from dispersal sources, we placed boxes at different distances (0 to 1800 m) from 

three species-rich sites with high densities of hollow oaks. Over three years, 3423 

specimens of 105 saproxylic beetle species were caught in 47 boxes. Among beetles found 

in hollow oaks that were either tree-hollow species, bird nest species, or wood rot species, 

70 % were also found in the boxes. A dead hen added to the artificial wood mould gave a 

higher number of beetle specimens. The number of species associated with tree hollows in 

oak decreased with distance from sites with hollow oaks. In conclusion, the prospects for 
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using artificial environments for boosting substrate availability, or to fill spatial and 

temporal gaps therein, for saproxylic beetles are good. 

 

Keywords: artificial habitat, colonisation, hollow oak, Quercus robur, saproxylic beetles, 

wood mould boxes 
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Introduction  

In Europe, old deciduous trees were common until the nineteenth century (Kirby et al. 

1995), but changes in land use have caused a severe reduction of such trees in both 

forested and agricultural landscapes (e.g. Hannah et al. 1995; Nilsson 1997; Kirby and 

Watkins 1998; Eliasson and Nilsson 2002). Therefore, many species dependent on old 

trees have remnant distributions with small, isolated populations (Harding and Rose 1986; 

McLean and Speight 1993). Tree hollows are an example of a microhabitat that occur 

almost only in old trees (Ranius et al. 2009). The dead internal woody tissue of trees may 

be colonised by specialist fungi which break down the components (mainly cellulose and 

lignin) leaving residual debris which accumulates in the base of the resulting hollows, 

where it slowly decomposes together  with remains from insects, animal nests, and dead 

leaves. This soft porous material in tree hollows is called wood mould. Tree hollows with 

wood mould harbour a specialized fauna, mostly consisting of beetles, dipterans and 

pseudoscorpions (Dajoz 2000; Ranius and Wilander 2000). The fauna living in hollow 

trees are considered to be the most vulnerable to timber harvesting in forests (Gibbons and 

Lindenmayer 1996). Inhabiting species may be sensitive to habitat loss and changes in 

habitat quality over time (Ranius 2007).  

 An important goal in biodiversity conservation is to maintain the natural key stone 

elements in the landscape. As many landscapes today suffer from strong reductions of such 

elements, wildlife corridors have been proposed as a way to maintain biodiversity at a 

landscape level (Noss 1993; Hilty et al. 2006). Creating artificial habitats, e.g. in corridors, 

may be a useful alternative especially if it takes a long time for natural processes to 

produce habitat in a natural way. In oaks (Quercus robur), hollows begin to develop when 

the trees are about 200 years old (Ranius et al. 2009). Artificial habitats have been created, 

or actions have been taken to speed up the process creating natural habitats, for animals 
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living in hollow trees: birds and mammals (Klein 1955; Toole 1965; Flyger and Cooper 

1967; Bull 1981; Gibbons and Lindenmayer 2002), and invertebrates using water-filled 

holes (McComb and Noble 1982; Cavalli and Donini 2003), or dead wood in tree hollows 

(Green 1995; Whitehead 1998; Birtele 2003). Small-scaled experiments using artificial 

wood mould to emulate tree hollows are promising, as a relatively diverse saproxylic (= 

wood-dwelling) beetle fauna has been observed in such artificial habitats (Green 1995; 

Whitehead 1998; Birtele 2003). However, none of these experiments has quantified to 

what extent artificial habitats are used by saproxylic invertebrates. Hence, the efficacy of 

artificial habitats for saproxylic organisms in hollow trees remains unknown. Thus, before 

artificial habitats are recommended on a larger scale, it is important to assess what species 

utilize them, if they could be improved by using certain substrates, and at what distances 

from the dispersal sources artificial habitats can be useful for the targeted invertebrate 

fauna. 

 The aim of this study was to evaluate to what extent artificial habitats, mimicking the 

conditions in hollow oaks, can be exploited by saproxylic beetles. A number of questions 

was addressed: How large part of the beetle fauna living in hollow oaks will be present in 

wood boxes with artificial wood mould? Are there substrates added to the artificial wood 

mould that affect the utilization of boxes? How does the distance from a dispersal source 

influence the species occurrence in boxes?  

Materials and methods 

Field survey 

Study sites 

The study was conducted in three areas 15-20 km south-east of Linköping, in the county of 

Östergötland in Sweden (Figure 1). The study sites (Brokind, Bjärka Säby and Grebo) 
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were selected because they have many hollow oaks known to harbour a species-rich 

saproxylic invertebrate fauna (Ranius and Jansson 2000). Oak is by far the dominant tree 

species among the old hollow trees in the studied areas.  

 

Figure 1. Locations of the three study sites, south-east of Linköping, in the county of 

Östergötland, Sweden (distance in kilometer). 

Boxes and traps  

In total, 48 large wooden boxes were constructed with the intent that they should resemble 

the conditions in hollow oaks regarding temperature and moisture. The boxes were made 

of oak wood (25 mm thick walls and roof and 50 mm thick bottom) joined together with 

brass screws. The size of the boxes was 0.70 × 0.30 × 0.30 m, which gives a volume of 

about 60 L. The bottom inside of each box was covered with 50 mm clay, formed a bowl 

shape, to help retain moisture. The boxes looked like large nesting boxes for birds, with a 

circular orifice of 80 mm in diameter. They were 70% filled with potential substrate for 

saproxylic organisms. The bulk in the substrate was oak wood sawdust (60%), oak leaves 

 
 

 0    10     20  30    40 
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(30%), hay (10%), 1 L lucerne flour and 5 L water. In addition, boxes were given one of 

the following four ingredients: i) five potatoes, ii) 1 L of oat flakes and 1 L additional 

lucerne flour, iii) 1 L of chicken dung, iv) a dead hen (Gallus domesticus) (Table 1). The 

potatoes were used to obtain a moist environment and lucerne flour and oat flakes to raise 

the protein content. The chicken dung and the dead hen were used to emulate occupied and 

old bird nests.  

 

Table 1. Number of boxes per distance (to sites with hollow oaks) and the additional 

substrates used for the artificial wood mould.  

Distances 

(m) 

Total number 

of boxes Chicken dung Potatoes 

Lucerne flour 

and oat flakes Dead hen 

0 12 3 3 3 3 

100 8 2 2 2 2 

200 3* 1 1 1 0 

300 4 1 1 1 1 

400 4 1 1 1 1 

600 8 2 2 2 2 

1800 8 2 2 2 2 

*An additional box was lost from the study because it was broken. 

 

 The boxes were set at a height of about 4 m on the shadiest side of oak trunks. The 

shaded position was chosen to minimize differences in microclimate between boxes, but 

also created a relatively stable environment over time in the boxes. The boxes were 

attached to the trunk with a metallic band. The roof and one side of the box could be 

opened but behind the door at the side there was a transparent plastic window so the 

activity in the wood mould could be studied. A cross was milled on the roof and four holes 

(diameter: 8 mm) drilled in the corners to let some rain water in (Figure 2).  

 The boxes were placed at three different areas. The distance between the areas were 

10-20 km. Each area consisted of one central site and two or three sites in different 

directions and distances (between 100 and 1800 m) from the central site. The distance 

between the sites in each area were 100-2000 m. Observed dispersal distances of  
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Figure 2. Principal sketch of the wood boxes used. On the roof there are scratches and 

holes to let some rainwater in. The clay is formed as a bowl in the bottom to keep moisture.  
 
saproxylic beetles of conservation interest are within the range of distances used in this 

study (Ranius 2006). The boxes at the centres of the sites were placed on hollow oaks and 

the boxes at the surrounding sites were set on younger oaks (Table 1). The distance 

between the boxes at each site were 10-200 m. The area around the sites with younger oaks 

and the central sites was carefully searched for hollow trees, ensuring that the central site 

constituted the nearest dispersal source. This means that in the surroundings of sites with 

young oaks, there were no hollow trees of any species that may contain large amounts of 

wood mould (mainly Quercus robur, Fraxinus exelsior, Ulmus glabra, Tilia cordata, Acer 

platanoides). We saw a few aspen trees with woodpecker holes, while it is less likely that 

there were any hollow trees of other species. Many woodpecker holes are impossible to 

investigate, but typically thay have no or only small volumes of wood mould.  

 The boxes stayed in the field for four seasons, but the start years differed for the three 

sites (Brokind: 2002; Bjärka Säby: 2003; Grebo: 2004). One box was lost over the study 

Milled notches 

Holes 

Clay 
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period. The first three seasons the boxes were open for colonization, i.e. animals could 

reach the inside of the box through the orifice (Figure 2). The second and third seasons we 

set small pitfall traps in the wood mould. The traps were placed in the boxes one week at a 

time, three times each year, between May and September. The pitfall trap was a plastic jar 

with a top diameter of 70 mm, placed with the opening level within the wood mould in the 

box. The pitfall traps were filled to 70% with a preservative liquid. The liquid consisted of 

50% ethylene glycol, 50% water, and some drops of washing-up liquid to reduce the 

surface tension. During the fourth season the boxes were closed, using an emergence trap 

(also called eclector trap; Økland, 1996). The whole box was covered and sealed with a 

dark cloth. A hole was made in the cloth to which a white plastic bottle was fastened. 

Emerging beetles were attracted to the bottle, as they were the only place where light came 

into the trap. The bottle was changed about once a month from May to September. 

Identification and classification of invertebrates 

Our study focused on beetles, but we also identified saproxylic hoverflies, craneflies, and 

pseudoscorpions to species. Most of the saproxylic (obligate saproxylic species = species 

dependent on dead wood or on other saproxylic organisms; facultative saproxylic species = 

species that may use dead wood or other saproxylic organisms) beetles were identified to 

species level by NJ, but some species were identified by other experts (see 

acknowledgements). Beetles from families or genera with no saproxylic members were not 

identified to species. We decided to leave out Anaspidae, Dasytinae, Nitidulidae and 

Ptiliidae because they are difficult to identify or due to limited autecological information.  

Nomenclature is based on Lundberg (1995) and red list categories on Gärdenfors (2005). 

We classified species according to which microhabitats they typically inhabit, using the 

same categories as Ranius and Jansson (2000). Species with larvae developing in tree 

hollows (= tree-hollow species), nests from birds or other animals in tree hollows (= nest 
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species), or rotten wood on the trunk (with rot from the outside, not in hollows) (= wood 

rot species), were sorted out for comparison with results from a study of beetles in hollow 

oaks in the same region (Ranius and Jansson 2000). We classified species as obligate or 

facultative saproxylic according to Dodelin et al. (2008). Species that fulfilled the 

following three criteria: i) classified as obligate saproxylic by Dodelin et al. (2008); ii) 

classified as living in tree hollows or nests from birds or other animals in tree hollows by 

Ranius and Jansson (2000); and iii) captured by pitfall traps in hollow oaks by Ranius and 

Jansson (2000), were classified as „saproxylic hollow-oak species‟. We assumed that the 

hollow oaks in the central sites were the closest dispersal sources for the specialised 

hollow-oak species, while other saproxylic species may also have other dispersal sources 

in the surrounding landscape.  

Data analyses 

A comparison was made with the species recorded in a study of 90 hollow oaks in the 

same region as the present study (Ranius and Jansson 2000). The beetles in this study were 

collected with pitfall traps continuously during one season (1994). In this study beetles 

from Nitidulidae, Latrididae and most part of Staphylinidae were left out. In comparisons, 

only beetle species from families identified in both studies were used. To evaluate the 

similarities of species assemblages we used Detrended Correspondence Analyses (DCA) 

with the software CANOCO 4.5 with log transformation of species abundance data (ter 

Braak and Smilauer 2002).  

With a permutation test, we analysed whether the proportion of red listed species 

differed between the surveys of hollow oaks (Ranius and Jansson 2000) and the current 

box study. From the species captured in hollow oaks, 57 species were drawn 999 times and 

the permuted proportions of red-listed species were compared with that observed in the 

boxes (as 57 species were captured in the boxes). 
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The effect of substrates and distance from sites with hollow oaks on the number of 

species and specimens of groups of beetle species was tested with a Generalized Linear 

Model (GLM) with Poisson distribution and a log link function, using Statistica 7 (Statsoft 

Inc 2004). 

Results 

In total 3423 individuals of saproxylic beetles were found, belonging to 105 species 

(Tables 2 and 3). Of these species, 72 % were recorded from the eclector traps during the 

fourth season. The most species-rich box had 27 saproxylic beetle species. The mean value 

of saproxylic beetle species per box was 11 (S.D. = 6). The mean number of specimens per 

box was 50 (S.D. = 72). The most common species was found in 42 boxes out of 47 (89 

%); and 21 species were found in only one box. 

Table 2. Number of species found in this study of boxes with artificial wood mould, and a 

study on natural tree hollows.  

Category 

In the boxes 

(n=47) 

In natural oak 

cavities* 

(n=90) 

Proportion 

of the 

species from 

natural 

cavities 

found in the 

boxes (%) 

Total number of specimens of saproxylic beetles 3423   

Total number of beetle specimens of tree-hollow 

species, nest species, and wood rot species* 1862 2496 

 

Total number of saproxylic beetle species 105   

Number of saproxylic beetle species in the most species 

rich box 27   

Mean number of saproxylic beetle species 12.7 (SD 6.0)   

Mean number of individuals of saproxylic beetle species 72.8 (SD 71.7)   

Mean number of beetle specimens of tree-hollow 

species, nest species, and wood rot species* 39.6 (SD 48.9) 27.7 (SD 19.4)  

Total number of beetle species that are tree-hollow 

species, nest species, or wood rot species* 57 82 69.5 

Mean number of beetle species that are tree-hollow 

species, nest species, or wood rot species * 8.1 (SD 4.0) 9.9 (SD 4.6)  

Saproxylic beetle species on Swedish Red list** 7 15 46.7 

Pseudoscorpions 5 7  

Hoverflies (Syrphidae) 3   

Craneflies (Tipulidae) 2   

*from Ranius and Jansson (2000), ** Gärdenfors (2005) 
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Table 3. Saproxylic beetle species trapped in boxes with artificial wood mould and 

determined in this study and species caught with pitfall traps in hollow oaks in 

Ranius and Jansson (2000). RL = Red-list category from Gärdenfors (2005), Cat = 

Category from Dodelin et al., 2008, O = Obligate saproxylic, F = Facultative 

sapoxylic, NI = Not identified. 

Species RL Cat 

Number of 

specimens 

in boxes 

Percentage 

of boxesa 

(%) 

Percentage 

of oaksb 

(%)     RL Cat 

Number of 

specimens 

in boxes 

Percentage 

of boxesa 

(%) 

Percentage 

of oaksb 

(%) 

Allecula morio NT O  0 27.8  Haploglossa gentilis  F 1 2.1 NI 

Alosterna tabacicolor  O  0 11  Haploglossa marginalis  F 7 8.5 NI 

Alphitobius diaperinus  F 1 2.1 0  Haploglossa villosula  F 265 51.1 NI 

Ampedus balteatus  O 5 6.4 5.5  Hedobia imperalis  O  0 1.1 

Ampedus cardinalis NT O  0 16.7  Hypebaeus flavipes VU O 5 6.4 7.8 

Ampedus hjorti  O 4 8.5 13.3  Hypulus quercinus NT O  0 1.1 

Ampedus nigrinus  O 2 4.3 0  Korynetes caeruleus  O  0 3.3 

Ampedus nigroflavus NT O 11 19.1 0  Latridius consimilis  F 9 14.9 NI 

Ampedus pomonae  O 2 2.1 0  Latridius hirtus  O 6 8.5 NI 

Ampedus pomorum  O 5 4.3 1.1  Latridius minutus   F 3 4.3 NI 

Ampedus tristis  O 1 2.1 0  Latridius nidicola  F 3 4.3 NI 

Anthrenus museorum  F 7 10.6 1.1  Liocola marmorata  O 15 23.4 12.2 

Anthrenus scrophulariae  F 6 6.4 2.2  Lyctus linearis VU O 3 4.3 0 

Atheta nigricornis  F 792 89.4 NI  Lymexylon navale NT O 10 10.6 0 

Atheta crassicornis   F 9 4.3 NI  Margarinotus striola  F 5 8.5 10 

Atheta euryptera   F 1 2.1 NI  Megatoma undata  F 11 19.1 1.1 

Atomaria alpina NT O  0 1.1  Melanotus castanipes  O 1 2.1 6.6 

Atomaria bella  O  0 2.2  Melanotus vilosus  O  0 5.5 

Atomaria morio  F 6 6.4 31.1  Mycetaea subterranea  O  0 2.2 

Atomaria umbrina  O  0 1.1  Mycetochara humeralis  NT O 2 4.3 4.4 

Aulonothroscus brevicollis   F 2 4.3 9.9  Mycetochara linearis  O 27 14.9 4.4 

Batrisodes adnexus VU O  0 1.1  Mycetophagus populi  O  0 2.2 

Batrisodes delaporti VU O  0 1.1  Mycetophagus 4-guttatus VU F 20 4.3 1.1 

Bibloporus bicolor  O 2 4.3 NI  Mycetophagus piceus  O 2 2.1 10 

Calambus bipustulatus NT O  0 1.1  Nemadus colonoides  O 65 44.7 7.7 

Cartodere constricta  F 2 4.3 NI  Orchesia undulata  O 2 4.3 0 

Cerylon ferrugineum  O 6 6.4 1.1  Osmoderma eremita NT O 1 2.1 30 

Cerylon histeroides  O 34 27.7 21.1  Ostoma ferruginea  O 1 2.1 0 

Corticaria longicollis  F 7 8.5 NI  Paromalus flavicornis  O 9 8.5 3.3 

Corticaria serrata  F 113 44.7 NI  Pentanota meuseli NT O 1 2.1 NI 

Corticarina elongata  F 4 2.1 NI  Pentaphyllus testaceus NT O  0 1.1 

Corticeus fasciatus  O  0 1.1  Plegaderus caesus  O 16 6.4 10 

Cryptophagus acutangulus  F 1 2.1 0  Procraerus tibialis NT O  0 11.1 

Cryptophagus badius  O 4 6.4 26.4  Prionocyphon serricornis  O 1 2.1 NI 

Cryptophagus confusus  F 32 6.4 2.2  Prionychus ater  O 52 42.6 37.8 

Cryptophagus dentatus  F 6 8.5 13.2  Pseudocistela ceramboides  O 3 2.1 22.2 

Cryptophagus distinguentus  F  0 4.4  Ptinus fur   F 573 46.8 80 

Cryptophagus labilis NT F  0 1.1  Ptinus rufipes  O 1 2.1 11.1 

Cryptophagus micaceus  O 73 12.8 11  Ptinus subpilosus   O 40 34.0 68.9 

Cryptophagus pallidus  F 2 2.1 0  Quedius brevicornis  O 175 48.9 12.2 

Cryptophagus populi  F  0 1.1  Quedius cruentus  F 3 6.4 1.1 

Cryptophagus quercinus  O  0 19.8  Quedius mesomelinus  F 5 6.4 2.2 

Cryptophagus saginatus  F  0 7.7  Quedius scitus  F 3 6.4 8.9 

Cryptophagus scanicus  F 99 53.2 45.6  Quedius xanthopus   F 1 2.1 3.3 

Cryptophagus scutellatus  F 1 2.1 3.3  Rhizophagus bipustulatus  O 8 4.3 0 

Ctesias serra   F 3 6.4 7.7  Rhizophagus cribratus  O 1 2.1 3.3 

Dacne bipustulata  O 6 6.4 NI  Rhyncolus ater  O  0 7.7 

Dendrophilus corticalis  F 54 29.8 40  Scraptia fuscula  O 42 21.3 21.1 

Dendrophilus pygmaeus  F  0.0 2.2  Scydmaenus hellwigi  F 3 4.3 1.1 

Dermestes lardarius  F 8 4.3 3.3  Sepedophilus testaceus  F 15 14.9 NI 

Diaperis boleti  O 2 4.3 0  Sinodendron cylindricum  O  0 3.3 

Dienerella elongata  F 5 4.3 NI  Stenichnus bicolor  F 1 2.1 0 

Dorcatoma chrysomelina  O  0.0 38.9  Stenichnus godarti  O 2 4.3 4.4 

Dorcatoma flavicornis  O  0.0 16.7  Tenebrio molitor  F 8 4.3 20 

Elater ferrugineus EN O  0.0 5.5  Tenebrio opacus VU O 7 6.4 14.4 

Eledona agaricola  O  0.0 5.5  Thamiaraea cinamomea  O 5 4.3 NI 

Enicmus rugosus  O 9 17.0 NI  Thamiaraea hospita NT O 71 29.8 NI 

Euglenus oculatus  O  0 8.9  Tillus elongatus  O  0 1.1 

Euplectus bescidicus  O  0 1.1  Tipnus unicolor  F 1 2.1 1.1 

Euplectus karsteni  F 140 46.8 12.2  Trox scaber  O 105 40.4 27.5 

Euplectus nanus  F 17 10.6 4.4  Uloma rufa  O  0 1.1 
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Euplectus piceus  F  0 1.1  Velleius dilatatus  F 39 17.0 2.2 

Euplectus punctatus  O 2 4.3 1.1  Xestobium rufovillosum  O 17 14.9 61.1 

Gabrius splendidulus  F 8 6.4 NI  Xyleborinus saxesenii  O 1 2.1 0 

Gastrallus immarginatus  O 2 2.1 0  Ctenophora pectinicornis*   112 59.6 NI 

Glischrochilus hortensis  O 6 6.4 NI  Dictendia bimaculata*   28 34.0 NI 

Globicornis emarginata  F 4 4.3 0  Brachypalpus laphriformis**   14 17.0 NI 

Gnathoncus buyssoni  F 55 38.3 NI  Mythropa florea**   10 19.1 NI 

Gnathoncus buy/nan  F 7 8.5 33.3  Pocota personata** NT  5 8.5 NI 

Gnathoncus nannetensis  F 9 10.6 NI  Allochernes wideri***   1 2.1 18.9 

Gnorimus nobilis NT O  0 1.1  Anthrenochernes stellae*** NT  5 8.5 2.2 

Grynocharis oblonga  O 2 4.3 5.5  Apocheiridium ferum***   1 2.1 0 

Hapalaraea floralis  F 5 4.3 NI  Chernes cimicoides***    6 13.0 2.2 

Hapalaraea ioptera  O 2 2.1 NI  Dinocheirus panzeri***   17 17.0 12.2 

Hapalaraea melanocephala  F 49 21.3 NI  Larca lata*** NT   0 16.7 

Hapalaraea nigra  F 107 12.8 NI  Pselaphochernes dubius***    0 1.1 

Hapalaraea pygmaea   O 7 10.6 5.5   Pselaphochernes scorpioides***     0 1.1 

 

a n = 47, b n = 90, *Tipulidae (Diptera), **Syrphidae (Diptera), *** Pseudoscorpionida 
 

 The number of saproxylic beetles species, the total number of beetle specimens and 

the number of specimens per box/tree were lower than for natural cavities in the oaks. 

Among beetles found in hollow oaks that were either tree-hollow species, nest species, or 

wood rot species, 70 % were found in the boxes (Table 2). The species composition in the 

boxes set on hollow oaks was more similar to the hollow oaks than in boxes further away 

from the central sites (Figure 3). The proportion of red-listed saproxylic beetle species in 

the boxes was slightly lower than in hollow oaks (Table 4). 

The number of saproxylic hollow-oak species and the number of specimens of red-

listed species decreased with increasing distance from the source sites (p = 0.038 and p < 

0.0001, respectively; Table 5; Figure 4), while the number of specimens of obligate 

saproxylic beetles increased (p < 0.0001; Table 5).  

For obligate saproxylic beetles species and saproxylic hollow-oak species there was 

a positive effect on the number of specimens when a dead hen was added to the boxes, 

while for red-listed saproxylic beetle species there was a positive effect on the number of 

specimens from adding lucerne flour and oat flakes (Table 5, Figure 5). 
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Figure 3. Similarity (sample scores from a DCA) of the saproxylic beetle fauna from 90 

old oaks and 47 boxes with artificial wood mould. Eigenvalues for axis 1 and 2 were 0.427 

and 0.306, respectively.  

 

Table 4. Comparison of the proportion of red-listed saproxylic beetle species in natural 

tree hollows and boxes with artificial wood mould. P-value from a permutation test. 

 In the boxes Pitfall traps in 

hollow oaks* 

P-value 

Number of saproxylic 

species 
57 82  

Proportion of redlisted 

saproxylic species 
12.3 18.3 0.041 

* Data from Ranius and Jansson (2000). 
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Figure 4. The effect of distance from central sites (hollow oaks) on the number of 

saproxylic hollow-oak species found in boxes with artificial wood mould. N.b. square-root 

scale on x-axis.. 
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Table 5. Results from GLM (Generalized Linear Model) with Poisson distribution and a 

log link function, using Statistica 7 (Statsoft Inc, 2004) for different groups of saproxylic 

beetles from boxes with artificial wood mould. 
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Obligate 
saproxylic beetle 

species  
     

Specimens 858 47    

sqrtDist   39.1 <0.0001 + 

Substrate   106 <0.0001  

No. of species 53     

sqrtDist   1.39 0.2380 + 

Substrate   4.37 0.2244  

Saproxylic hollow-
oak species  

     

Specimens 258 37    

sqrtDist   4.55 0.0328 + 

Substrate   114 <0.0001  

No. of species 15     

sqrtDist   4.36 0.0368 - 

Substrate   5.27 0.1528  

Saproxylic species 
on Swedish Red 

list*  
     

Specimens 58 21    

sqrtDist   18.0 <0.0001 - 
Substrate   22.2 <0.0001  

No. of species 9     

sqrtDist   1.43 0.2314 - 
Substrate   5.09 0.1655  

* Gärdenfors (2005) 
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Figure 5. The effect on the number of specimens from special ingredients in boxes with 

artificial wood mould. a = obligate saproxylic beetles species, b = saproxylic hollow-oak 

species, c = saproxylic beetle species on the Swedish redlist (Gärdenfors, 2005). 
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Discussion 

Comparison between the boxes and real hollow trees 

The efficacy of using boxes for saproxylic beetles was surprisingly high, with the artificial 

substrates carrying nearly as many species (70% among tree-hollow, nest and wood-rot 

species) as captured in a study of real hollow trees in the area (Ranius and Jansson 2000). 

The latter study, compared with the former, involved almost twice as many trees than 

boxes, and caught many more specimens (Table 2). Furthermore, the trees were all situated 

in stands with at least five hollow oaks, while many of the boxes were distant from hollow 

oaks. On the other hand, the captures in the boxes were conducted during several years 

with two different methods, while in-trees collecting was done during one single year with 

only one method. Capturing beetles in eclector traps indicates that larval development has 

taken place in the boxes (even though some individuals may have been hibernating), while 

at least during the first 1-2 year pitfall traps are likely to mainly collect beetles that have 

had their larval development at other places. The fact that 72 % of the species was captured 

in eclector traps indicates that a large proportion of the species observed actually had used 

the boxes. 

 The proportion of red-listed species in the boxes was somewhat lower than in hollow 

oaks. Some red-listed tree-hollow species that were relatively frequent (present in >10 % 

of the trees) in the hollow oaks have never (like Allecula morio, Ampedus cardinalis,  

Cryptophagus quercinus and Procraerus tibialis) or only on one occasion (as Osmoderma 

eremita) been captured in the boxes. Thus, there are some specialist species on hollow 

trees that have so far not used the artificial habitat. Here, we study wood mould boxes that 

have only been available for colonisation for three years. Perhaps some of these species 

will use the boxes when they have got longer time for colonisation, or when the substrate 

has become older. However, it is possible that there will always be some specialist species 
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lacking in the boxes, because the boxes do not emulate the variability that occurs among 

natural cavities regarding, e.g., microclimate, decay type, and successional stage. Natural 

wood mould represents a late stage in the decay of wood. The fresh saw dust that we used, 

has a structure similar with later decay stages, but regarding chemistry and the fungal 

decaying process, it is similar to fresh wood representing earlier stages. 

The similarity between the beetle fauna in boxes placed on hollow oaks (the current 

study) and in hollow oaks (Ranius and Jansson 2000) was strong (Figure 3). The observed 

difference in species composition may be due to the decay type, since there is a clear 

association between decay type and the occurrence of certain saproxylic insect species 

(Kaila et al. 1994; Yee et al. 2001). Some beetle species lacking from the boxes are 

specialists on red-rotten oak wood, such as Dorcatoma chrysomelina, Mycetophagus 

piceus and Pentaphyllus testaceus. Such wood is usually created through decay by the 

fungus Laetiporus sulphureus. We observed large amounts of mycelia in the boxes, but it 

is likely that the fungi flora was different in the boxes in comparison to natural cavities. 

This suggests that some saproxylic beetles might never colonise boxes with the ingredients 

we have used. One possible way to obtain red-rotten wood might be to inoculate mycelium 

of Laetiporus sulphureus in the boxes. 

Wood box substrates 

Among the four substrate combinations compared, a dead hen gave the highest number of 

individuals for obligate saproxylic beetle species, for saproxylic hollow-oak species, and 

species and specimens in total. There was no advantage of increasing nutrient contents 

(chicken dung or potatoes), but an increased protein content (lucerne flour and oat flakes) 

had a positive effect on the number of specimens of redlisted species. A dead chicken is 

probably more similar to what could be found in a natural cavity in comparison to the other 

substrates evaluated. Thus, the additional substrates with the most positive impact, when 
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adding to the ground recipe (oak saw dust, oak leaves, hey, lucerne flour, water), were a 

dead hen and to some extent also oat flakes and extra lucerne flour. 

Effect of distance from source 

The beetle assemblages in the boxes differed depending on where the boxes were situated, 

i.e. with distance from central area with hollow oaks (Fig. 3). This is partly because the 

probability of colonisation decreases with distance from dispersal sources, as seen in the 

decreasing number of specimens and species of saproxylic hollow-oak species (Table 5, 

Figure 4). This is consistent with a previously observed limited dispersal propensity of 

invertebrates inhabiting tree hollows (Ranius 2006), which may be due to that their habitat 

is relatively stable and long-lived (Nilsson and Baranowski 1997). In contrast, obligate 

saproxylic species did not exhibit the decreasing pattern with distance from the hollow oak 

sites (Table 5). This may be because of their ability to use dead wood of other tree species, 

that was not assessed when selecting sites for the boxes. For instance, dead coniferous trees 

and downed dead wood may occur in greater quantity and diversity when moving away 

from the central sites, that were grazed wooded pastures, into the surrounding landscape 

dominated by mixed forests. The observed decrease in colonisation probability with 

distance for some of the species suggests that if wood mould boxes should act as stepping 

stones between stands of hollow oaks, they should not be placed more than a few hundred 

metres from dispersal sources. 

Box usage 

Boxes with artificial wood mould may be used in nature conservation, with the aim of 

rapidly increasing the availability of wood mould habitat for saproxylic invertebrates. For 

instance, the boxes can be used as “stepping stones” between stands of hollow trees, or 
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within small sites where the number of hollow trees is decreasing. Some practical 

considerations that may be useful in such a project are discussed below.  

Tree hollows have a more stable microclimate than other dead wood habitats and that 

is probably one reason why they harbour many specialised invertebrates. Tree hollows in 

large oaks are probably more stable (Kellner-Pillault 1974) than our boxes due to the 

thicker walls in the tree trunk, and perhaps also from the continuous flow of water in the 

sapwood of a living tree. The amount of wood mould differs widely among hollow trees, 

and the population sizes of a specialised beetle have been found to be higher in hollows 

with larger volumes of wood mould (Ranius 2007). Consequently, it would be 

advantageous if the boxes could be made larger than in this study. 

 The boxes in this study were made of oak wood. An advantage with oak wood is its 

superior durability in comparison with other species of wood. It might also have some 

influence on the beetle assemblage; among the beetles found in the boxes there were at 

least two species only living on oak wood: Lyctus linearis and Lymexylon navale. Probably 

these species were attracted by the oak wood that the boxes were made of and probably 

they can use the wood for larval development. Since these species are on the Swedish red-

list, this might be a reason to build the boxes of oak wood.  

 In our study, a dead hen gave an increased number of beetle specimens. This is 

consistent with other studies, which have shown that the frequency of presence of some 

species is higher when there are bird nests in the tree hollows (Ranius and Nilsson 1997). 

On the other hand, there were bird breedings in single years in seven of the boxes but no 

significant effect on the beetle fauna was observed (data not shown). Anyway, it may be 

possible to increase the habitat quality of the boxes by making them attractive for nesting 

birds, for instance by using entrances with a wider aperture. 
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 In this study, all boxes were situated in the shade to obtain similar conditions 

among the boxes. However, more sun-exposed oaks do on average host more species than 

more shaded ones (Ranius and Jansson 2000; Lindhe et al. 2005; Buse et al. 2007). Thus, 

to favour a larger number of species it might be advisable to place the boxes so that a 

variation in sun exposure is obtained. 

It is convenient to place the boxes relatively low on the main trunk, but it should not 

be so low that there is a risk of interference from grazing animals and people. Some beetle 

species are more frequent in cavities higher up on trunks (Ampedus cardinalis (Martin 

1989; Ranius 2002), Prionychus ater and Liocola marmorata (Ranius 2002)). This may be 

due to a different microclimate and higher predation in hollows close to the ground, and is 

therefore an effect that may be avoided if boxes are placed > 2 m from the ground. 

 For most of the boxes in our study, the wood mould volume decreased with 15-30% 

over a three-year period (data not shown) and this has also been observed by Green (1995) 

in a similar experiment. This reduction was most likely from larval consumption and 

fungal activity. This means that the boxes might need to be refilled after some years. 

Conclusions 

This study shows that wood mould boxes attract many saproxylic species (Table 2 and 3) 

and also several red-listed species (Table 4) naturally living in hollow oaks. We found only 

small differences between the four tested combinations of substrates in the artificial wood 

mould, but a dead hen resulted in more specimens (Table 5 and Figure 5). The number of 

red-listed saproxylic beetle species and the number of specimen of hollow-oak specialist 

species decreased with increasing distance from the central oak sites (Table 5; Figure 4). 
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