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Abstract
Facilitation between species is thought to be a key mechanism in community
assembly and diversity, as certain species create microhabitats for others. A profound
characteristic of forest ecosystems is a large amount of dead wood which is colonised
by a vast array of invertebrate species. Bark beetles (Scolytinae) feed and breed on
dying or dead trees, puncturing holes into the bark and engraving inner bark and
outer wood with their galleries. These holes and galleries might facilitate other
invertebrates by providing access to the inner bark for shelter, feeding and
reproduction. We tested this hypothesised facilitative interaction during the early
decomposition phase of coarse woody debris of spruce (Picea abies L. Karst.)
incubated in two environmentally contrasting forest sites in the ‘common garden’
experiment LOGLIFE. We sampled invertebrates in 25 cm diameter logs at different
degrees of colonisation by bark beetles. Our results indicated that (1) bark beetles
facilitated the entrance into spruce logs of other invertebrates with body width that
matched the size of bark-beetle holes, and (2) the abundance of invertebrates was
often positively related to the proportional surface area of inner bark consumed by
bark beetles, but more so in the nutrient-rich site than in the nutrient poor site. This
study provides the first quantitative test of facilitation between invertebrate clades in
dead wood communities. Including facilitative interaction in community assembly
studies may change some predictions about relationships between tree functional
traits and invertebrate diversity and will lead to a more accurate and comprehensive
understanding of dead wood communities.
Introduction
Understanding community assembly is a central goal in ecology. Although research
on community composition has traditionally focused on negative species interactions,
mainly competition and predation, it is increasingly recognized that positive
interactions (i.e. mutualism, commensalism, and ecosystem engineering) are
important community-level processes, too (Callaway 1995, Stachowicz 2001, Bruno
et al. 2003, Cuddington et al. 2007). Facilitation is a form of commensalism and
describes the interaction between organisms in which at least one of the participants
benefits the other and harm is caused to neither (Bruno et al. 2003, Brooker et al.
2008, McIntire and Fajardo 2014). A wealth of research has been carried out
investigating facilitative interactions, for instance in plant (Callaway 1995, Brooker et
al. 2008), intertidal (Bertness et al. 1999), benthic marine (Bruno and Bertness 2001)
and terrestrial animal communities (Pike and Mitchell 2013). In contrast, very little is
known about the potential importance of facilitation in detrital systems, including the
colonization and community assembly of invertebrates in freshly fallen dead wood in
forests.
A profound characteristic of forest ecosystems is a large amount of dead wood. Dead
wood is an essential source of biodiversity (Harmon et al. 1986, Christensen et al.
2005, Jönsson and Jonsson 2007, Stockland et al. 2012), as it provides a high diversity
of resources, which are needed by often specialised wood-inhabiting organisms for
breeding, feeding and sheltering (Rotheray et al. 2001, Michel et al. 2011). Dead wood
is also a key component of biochemical cycles (Harmon et al. 1986, Cornwell et al.
2009). Dead wood fauna themselves include important decomposers of woody plant
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tissues, thereby affecting nitrogen and phosphorus cycling and availability, release of
carbon dioxide to the atmosphere (Jacob et al. 2013) and formation of soil organic
matter. A better understanding of community assembly of dead wood invertebrates is
therefore also essential for predicting ecosystem responses and feedback to global
change.
Bark beetles (Scolytinae) are among the first invertebrates to colonize freshly fallen
or dead wood. Bark beetles are well known to invade and feed on weakened, dying, or
dead trees, engraving both bark and wood with their galleries (Rose et al. 1994). They
enter the wood by gnawing small holes in the bark. Inside the bark they start feeding
on the inner bark and phloem, creating species-specific galleries, which are expanded
after the eggs hatch and larvae develop. These galleries provide space under the outer
bark that might also be used by other species. After pupation, the newly formed adult
beetles emerge from the wood through individual exit holes. Entrance and exit holes
have the same size as the body diameter of the beetles. This feeding behavior of bark
beetles may facilitate the entrance of other invertebrates to logs for which bark is
otherwise an impenetrable barrier (Ulyshen, 2014). While facilitation among bark
beetles themselves has been already reported (Smith et al. 2011), there has been, to
the best of our knowledge, no research on interspecific facilitation between
evolutionarily distant invertebrates during wood decomposition. The succession of
fauna communities in dead wood is complex and interspecific facilitation, if and
where common, could be important for their assembly. Based on our incidental field
observations of earthworms and millipedes going into bark beetle holes in Norway
spruce (Picea abies), we hypothesise that holes and inner bark galleries that bark
beetles make can be used at significant frequency by other taxa of invertebrates for
shelter, feeding or reproduction. Thus, we hypothesise that bark beetles act as a
facilitative agents of dead wood colonization by other invertebrate taxa. To test this
hypothesis we incubated logs of Norway spruce in two environmentally contrasting
sites in the Netherlands for 14 months and investigated possible relationships
between abundances of invertebrate clades with densities of bark beetle holes and
inner bark galleries.
Materials and methods
Study area
Two environmentally contrasting sites were selected to represent two predominant
temperate forest types and soils in NW Europe: (1) the Hollandse Hout, a forest
plantation in Flevoland (hereafter site F) (52.46 N, 5.42 E) and (2) the forest estate
Schovenhorst in the Veluwe region (hereafter site S) (52.25 N, 5.63 E). Both sites are
located in the central part of the Netherlands. Site F was reclaimed from the former
Zuiderzee in the 1960s. This relatively young soil consists of marine clay and is
calcareous, moist and fertile, with a pHH2O close to neutrality. This forest site mainly
consists of monospecific plantations used for commercial forestry. In contrast, site S
has a sandy and podzolic soil that is well-drained. The soil is acidic and has a lower
fertility. Further site details are given in Cornelissen et al. (2012).
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Reciprocal incubation of logs
In February 2012 we extracted 20 individual fresh trees of Norway spruce (P. abies),
all 25 ± 3 cm diameter (DBH), i.e. 10 from each of the two sites. We had three
arguments to extract living trees rather than naturally senesced or dying trees. First,
bark beetles are known to mostly invade recently died trees and feed on the fresh
resources in their phloem (Rose et al. 1994, Franceschi et al. 2005 ). Second, a
substantial proportion of living trees tend to come down owing to wind throw or
other disturbances, while logging operations usually leave large amounts of big
diameter logs as residue. Third, a sufficient amount of trees of similar initial diameter
and quality were needed for keeping other factors than bark beetle colonization
constant for testing our facilitation hypothesis. Each individual tree trunk was chainsawed into five similar sections (hereafter logs), each of 1 m length and 25 ± 3 cm
diameter, and without major side branches, often leaving out the bottom and top part
of the trunk. We transported the logs to their incubation plot, minimizing any damage
to the bark. Five individual trees (replicates), each divided into the five logs
(subsamples), were placed in site F and the other five trees in site S, such that each
tree individual had its own plot representing a statistical block. The five replicate
blocks per site also contained one tree of each of nine other species in the larger
LOGLIFE experiment (Cornelissen et al. 2012). The replicate blocks each measured 12
by 12 m with minimum distances of 20 m between blocks. Logs and big branches
naturally present in the replicate blocks were removed before log placement. At site S
each replicate block in the incubation plot had a 1.2-m high fence around it to keep
out the wild boar that is abundant in the Veluwe area. In total 100 logs of P. abies
were placed in their respective incubation sites. Within each replicate block, the five
logs were positioned on the soil surface, parallel and approximately 30 cm apart,
making good contact with the soil. Their location and compass orientation within
each block were selected haphazardly.
The incubation plot at site F is a relatively light-open Populus x Canadensis Moench
stand with a sumptuous herb layer dominated by the nitrophilic herbs Urtica dioica L.
and Galium aparine L. The incubation plot at site S is a Larix kaempferi (Lambert)
Carriere stand that is also relatively light-open. It has a low and dense ground layer of
predominantly the acidophilic grass Deschampsia flexuosa (L.) Trin. intermingled
with mosses and patches of the dwarf shrub Vaccinium myrtillus L. More information
about the incubation plots is given in Cornelissen et al. (2012).
Log harvest, beetle hole counting, animal extraction and measurements
In February 2013, one random log out of five in each replicate incubation block was
sawn into two halves of 50 cm length. One half was removed and sampled for other
analyses. The remaining half of 50 cm length was carefully laid back in its original
position. On 12th and 15th April 2013, i.e. after presumably leaving sufficient time for
the invertebrate community to recover from any sawing disturbance, these logs were
sealed individually into plastic bags and carefully transported to the laboratory at VU
University Amsterdam for sampling. All logs were stored in a cold room at 4°C until
processing. The bags were opened for a few seconds once every two weeks to let
fresh air in and logs were randomly selected and processed within two months, by
which time the animals in the logs were generally still alive. In total, 20 logs were
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harvested, two of them (trees sawn in the vicinity of site S and incubated in both
sites) were used for another analysis, thus 18 logs (9 from each incubation site) were
included in this study.
During sampling, each log was put in a large tray with tall enough edges for the
animals not to crawl out, the round holes in the bark (Figure 1a) with a diameter
close to the width of bark beetles were counted before collecting the invertebrates.
After that, all bark that was still attached (Figure 1b) was removed from the trunk
(Figure 1c). All bark beetles (larvae and imagines) and additional invertebrates in
and under the bark of every log were collected with forceps and pooters while the
bark was being peeled off, fragmented and subsequently systematically searched.
Animals were transferred to vials with 70% ethanol for identification and counting.
Wood under the bark was intact and did not show any signs of xylophagy. Identifying
and counting were done using identification keys to the family level. Five relatively
abundant taxonomic fauna groups were selected for the analysis: Annelida
(earthworms), Chilopoda (centipedes), Coleoptera (beetles), Diplopoda (millipedes)
and Isopoda (woodlice). With the exception of the Chilopoda, these taxa can feed
directly on inner bark or on microbes that grow in inner bark. Chilopoda were
considered as a special taxon, as they are predators and might at best be expected to
experience an indirect facilitative effect of bark beetles, if any, via the abundance of
their prey in the bark beetle galleries. Other invertebrate taxa were not taken into the
analysis either because they were rare or because they were too small and abundant
(e.g. dipteran larvae) for reliable and comprehensive collecting by hand within the
short time-frame we considered justifiable in terms of continued log storage; storage
for longer than two months might have altered log quality and caused mortality of the
invertebrate fauna.
The body width of each invertebrate specimen was measured on pictures taken with
a digital camera (Olympus SC30) through a microscope (magnification 6 times), using
specialized analysis software (cellSens Entry 1.7). Based on our hypothesis of bark
beetle holes facilitating entrance of other animals, we compared the body width of
each individual to that of bark beetles. For the two species of bark beetles that were
encountered in the logs, i.e. Dryocoetes autographus (Ratzeburg, 1837) and Hylastes
cunicularius Erichson, 1836, we measured mean body widths of 1.43 + 0.01 mm
(n=144) and 1.51 + 0.01 mm (n=114) respectively, based on a maximum of 8
randomly selected specimens from each log. The mean overall body width was 1.44 +
0.01 mm (after first weighting average width by the abundance of each species for
each log; see Results). All specimens of invertebrates were divided into two
categories: smaller or bigger than the largest bark beetle width within each log. As
the diameter of bark holes might differ between logs, we compared the body width of
each soil fauna directly with the body width of the bark beetles present within each
log. We randomly selected up to 8 specimens of both bark beetle species and
compared each soil fauna specimen with these up to 16 bark beetle specimens. We
chose to measure body width rather than diameter of holes in the bark as body size
can be measured with a higher precision.
The galleries formed by colonisation and consumption of the inner bark area (defined
here as the combined inner bark, cambium and outer xylem ring) by bark beetles left
conspicuous imprints on the xylem surface (Figures 1c,d), enabling us to reliably
measure the proportion of gallery surface area per bark area. We drew the gallery
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areas onto a transparent plastic membrane tightly wrapped around the debarked log,
and cut the same area of standard paper. The mass per cm 2 of the standard paper was
measured beforehand. The total consumed inner bark area per log was calculated by
dividing the mass of the standard paper by the mass per cm2. Galleries were observed
around the whole log, including the side where the log had been in contact with the
soil.

Figure 1. Bark beetle (Scolytinae) attack on a 14 months old log of Picea abies, (a) bark beetle holes in
outer bark; (b) a log before taking off the bark; (c) imprint (dark spots) of inner bark gallery areas on the
xylem; (d) beetle galleries in the inner bark.

Statistics
Statistical analyses were performed in R language version 3.0.3 (R Core Team, 2014).
Two way ANOVA was used to compare bark beetle abundance, number of bark holes
and consumed inner bark area in logs, the independent variables being collection site
(site F versus site S) and incubation site (site F versus site S). We used the ShapiroWilk test to test for normality and the Levene’s test to check for homogeneity of
variance. Linear regression was used to test the relationship between invertebrate
abundance by size width class or for a given larger taxon (dependent variable;
excluding bark beetles) and bark hole number or gallery surface area (independent
variable). Data were tested for normality and homogeneity of residual variances by
visual estimation of residual plots and normal probability plots using the plot
function in R. The assumptions for parametric testing were generally met, even
though in a few cases the residuals were a bit skewed, possibly because of small
sample size.
- 78 -

Facilitation by bark beetles

Results
After 14 months incubation of the spruce logs, the numbers of bark holes per 50 cm
log length ranged broadly between 199 and 1054 (≈ between 507 and 2685 per m2).
The holes appeared randomly distributed around the log. All bark was still attached
by the time we harvested the logs. The inner bark galleries contained two bark beetle
species (see above), the dominant species being D. autographus (392 + 56 individuals
log-1), followed by H. cunicularius (33 + 7 individuals log-1), the abundance ratios of
these two species’ adults were broadly similar between the two sites (Figure S1,
support information). Therefore, and because the larvae of the two species are hard
to distinguish and are probably also functionally very similar, we pooled the data for
both species in our analyses (see below). In total, for the key invertebrate taxa
sampled, we found 11,467 specimens in 18 logs, i.e. 9873 Scolytinae, 451 Annelida,
384 Chilopoda, 337 other Coleoptera excluding Scolytinae, 279 Diplopoda and 143
Isopoda (Family list in Table S1, support information).
Bark beetle abundance, holes and gallery surface area
Logs incubated in site F contained more bark beetles than those incubated in site S
(F(1,14)= 15.2, P=0.002), while the collecting site (where a tree was collected and sawn
for the trial) made no significant difference (F (1,14)= 0.79, P=0.389) (Figure 2a). There
was no significant interaction between incubation site and collection site (F (1,14) =
1.17, P=0.299). Average bark beetle abundance was 741 + 70 specimens in site F and
356 + 70 specimens in site S. Although the number of bark beetles was higher in site
F, incubation site and collecting site, or their interaction, had no significant effect on
bark hole numbers or inner bark gallery surface area at the time of harvest (Figures
2b, c; statistical details not shown).
Abundance of smaller fauna positively related to the number of bark holes
There was a wide spread in the number of holes per log (Figure 3), which enabled us
to test the hypothesized facilitation effect of holes on invertebrates. There were many
more small invertebrates (with body width smaller than bark beetle width) than
large invertebrates (with body width larger than bark beetle width) (Figure 3). In
support of our hypothesis, the overall abundance of small fauna was significantly and
positively related to the number of bark holes in both sites (Figure 3). Only in site S
we observed a positive relationship between number of holes and large
invertebrates, but with a really low number of fauna observations and a relatively
small slope (0.04) (Figure 3).
There was a significant and positive relationship between inner bark gallery surface
area and bark hole numbers in site F (R 2=0.56, P=0.020), but not in site S (Figure S2,
support information).
The relationships or trends between abundance of small invertebrates and number of
bark holes were all positive for all four taxa that directly feed on inner bark resources
in both sites (Figures 4a-d). When the data for both sites were pooled, the four
relationships were all significant: for Annelida R 2=0.34, P=0.011, for Coleoptera
(excluding Scolytinae) R2=0.31, P=0.017, for Diplopoda R2=0.44, P=0.003 and for
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Isopoda R2=0.25, P=0.035. There was no significant relationship between bark hole
numbers or inner bark gallery surface area and the abundance of predatory
Chilopoda (Figure S3, support information).

Figure 2. (a) Scolytinae abundance, (b) bark holes and (c) inner bark gallery surface area in logs of Picea
abies. Letters stand for the sites, F for site Flevoland, S for site Schovenhorst.

Figure 3. Relationships of overall other fauna abundance for each category (body width larger or smaller
than bark beetle) and bark hole numbers per 50 cm log length. Fauna of smaller body width than bark
beetles related positively to bark hole number in both sites, while larger fauna showed a flatter (site S) or
no relationship (site F) with bark hole density. Regression lines were only fitted for significant
relationships. **P < 0.01. Letters stand for the site, F for site Flevoland, S for site Schovenhorst.
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The (partly weak) trends between inner bark gallery surface area and abundance of
all four invertebrate that feed on inner bark were all positive in site F (Figures 4e-h);
these relationships were significant only for Diplopoda (Figure 4g) and Isopoda
(Figure 4h). No significant relationships were found in site S.

Figure 4. Relationships between number of bark beetle holes or gallery surface area and abundance
(number of animals per 50 cm log length) of different invertebrate taxa for two sites (F and S). The
relationships or trends of bark hole numbers with abundance were all positive for (a) Annelida, (b)
Diplopoda (c) Isopoda and (d) other Coleoptera, in both sites or across the two sites together (see text). (eh) The relationships or trends between inner bark gallery surface area and invertebrate abundance were
all positive for all fauna taxa in site F, but not in site S. (i-l) Abundance of four fauna taxa on logs in the two
incubation sites. Picea abies logs collected from the two sites were combined within each incubation site, as
there was no significant difference between collection sites. Only individuals smaller than bark beetle
width were included. Lines were only shown for relationships with slopes differing significantly from zero
with P < 0.10. Letters stand for the site, F for site Flevoland, S for site Schovenhorst.
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Discussion
We tested the hypothesis that bark beetle feeding activity can facilitate invertebrate
colonization and utilization of logs during the early decomposition phase and thereby
increase the abundance and diversity of invertebrates. In support of this hypothesis,
our study has demonstrated that especially the density of bark holes made by bark
beetles, but to some degree also the extent of their inner bark galleries, had strong
positive effects on the presence of dead wood associated invertebrates, especially of
those with a body width smaller than those of the bark beetles. This supports our
expectation, based on incidental field observations, that bark beetle holes are
commonly used by other invertebrates that feed on the inner bark to enter the
otherwise inaccessible dead wood. The inner bark area excavated into galleries also
appeared to promote the abundance of the four main macro-detritivore invertebrate
taxa, but this effect appeared to be taxon dependent and varied with incubation
environment. Only in the fertile poplar stand (site F) this relationship was clear and
consistently positive across invertebrate taxa. This relationship may be partly
confounded with bark hole densities, as these were positively correlated with inner
bark gallery areas in this site. We thus found convincing empirical support for our
hypothesis, but is this the (w)hole story about bark beetle facilitation of dead wood
invertebrates? Below we will discuss the details and associated caveats of our results
critically, to be able to evaluate the importance and context of our findings.
Bark holes and inner bark gallery surface area
The assembly of the invertebrate community in dead wood is influenced by different
interacting factors (Zuo et al. 2014). Bark plays a crucial role in protecting nutrientrich tissues in living trees against herbivores (Wainhouse et al. 1990, Paine et al.
2010), and through afterlife effects of bark traits (Cornwell et al. 2009, Zuo et al. in
revision) that inhibit invertebrate access to newly downed logs. Therefore, in the
early decomposition stage (i.e. the first 1-2 years), when the bark is still attached to
the wood, bark is a crucial environmental filter for associated fauna assembly (Wu et
al. 2008, Zuo et al. in revision). Bark beetles can alter the accessibility of bark
resource availability to other organisms, by modifying the bark structural properties
of bark tissues, thereby speeding up wood-associated community assembly and,
subsequently, log decomposition (Ulyshen, 2014).
Bark beetles enter the bark, create galleries, and lay their eggs in the secondary
(living) phloem/cambial zone; also they introduce pathogenic fungi that can rapidly
decompose the phloem and cambium and can reduce the defenses of the stem
(Franceschi et al. 2005). Tree species vary greatly in defense traits against
invertebrate attack (Franceschi et al. 2005). Interestingly, the gymnosperms that tend
to be specifically targeted by specific bark beetles, not only Picea species but also
several other members of the Pinaceae family, tend to be particularly resinous,
thereby likely deterring other invertebrates. Therefore, from the invertebrates’
perspective, facilitation of access to the sheltered and resource-rich phloem, provided
by the bark beetles, should be particularly helpful in such tree species. By making
holes in the bark, bark beetles reduce the strength of the environmental filter for the
dead wood community (Zuo et al. in revision). At the early decomposition stage, tree
logs constitute a new site for colonizing fauna, thus the environmental filter that
- 82 -

Facilitation by bark beetles

restricts the range of viable strategies should be particularly strong. The cambium
and younger phloem in the inner bark are particularly important by providing
resources and habitat to invertebrates. Therefore, in the early decomposition stage,
when the bark is still attached to the wood, bark holes may be a crucial point of entry
for small invertebrates. Some faunal taxa that enter the bark also commence
oviposition. Access to inner bark galleries via bark holes increases the availability of
oviposition sites which offers secondary colonizers three beneﬁts: (1) saving
energetic costs of searching and excavating for suitable oviposition sites (CalderónCortés et al., 2011); (2) reducing predation (Aukema and Raffa, 2002); and (3)
increasing nutrient availability by the deposition of frass (Jönsson et al., 2004) by
beetles.
Fauna taxa and environment
Bark beetles are ecologically important in particular ecosystems (e.g. coniferous
forests) and microhabitats (e.g. very dry wood) (Crowson 1981). Because of the
strong tree host specificity of bark beetles, their different life histories and the
different environmental regimes in different forests, the facilitation effect by bark
beetles will differ among fauna taxa and sites. This is consistent with previous studies
that were carried out in other communities dominated by different fauna (e.g.
Sánchez-Galván et al. 2014). In our study, we found that the abundances of small
Annelida, other Coleoptera, Diplopoda and Isopoda (Figures 4a-d) were positively
related to the number of bark holes made by bark beetles. Also, we found that the
abundance of invertebrates was positively related to the extent of inner bark beetle
galleries in the phloem, but only in the fertile (poplar) site on base-rich clay soil (site
F). These findings suggest that the increased abundance of certain invertebrate taxa
can be a consequence of the larger density of entrance holes independently of the
abiotic regimes in different sites. In contrast, for the facilitative effect of bark beetle
galleries, we speculate that early decomposition after initial bark beetle colonization
goes faster in the moist and rich site, thereby creating a more favourable
microclimate and resource availability to other invertebrates in the galleries.
Compared to the small-diameter fauna, large invertebrates had much lower
abundance for each taxon, as is common in invertebrate communities. The
relationship between abundance of large-diameter fauna and number of bark holes
was also positive, although only significantly so in site S (Figure 3). The large fauna
mainly consisted of earthworms (Table S1, support information), which with their
flexible body can probably squeeze into the bark holes. Thus, in future studies
relating facilitation by bark beetles, not only typical body diameter but also minimum
body diameter at the individual level should be taken into account. In contrast to the
four macro-detritivore taxa, the abundance of Chilopoda was also strongly
determined by the site (but not by bark beetle hole density), with larger numbers in
the poor and well-drained site S than in the rich and moist site F. Chilopoda were
almost absent in site F and their abundance showed a positive trend with the number
of bark holes in site S. The two dominant families of Chilopoda observed in our study,
Cryptopidae and Schendylidae, have a strong preference for acid, sandy soils (Berg et
al. 2008). Lithobiidae were found only in Site F, but with much lower abundance
compared to the other two families (Table S1, support information). Moreover,
Chilopoda are predators and do not directly feed on inner bark. As not all
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encountered invertebrates will be part of their diet it is therefore not surprising that
their abundance did not correlate with bark beetle hole-induced differences in
invertebrate abundances.
Other Coleoptera also benefited from bark beetles in our study, which is consistent
with the study of Smith et al. (2011). They showed that Pseudips mexicanus facilitated
Dendroctonus ponderosae, possibly by affecting host condition and improving the
subcortical environment for this beetle. Furthermore, Buse et al. (2008) found that
oak trees colonized by the cerambycid beetle Cerambyx cerdo harbored a more
species rich and heterogeneous beetle fauna than un-colonized oaks, suggesting C.
cerdo might alter the physiological characteristics of the host tree (Buse et al. 2008).
Our present study, while being consistent with these relationships in the literature,
adds a new dimension to facilitation between animals in dead wood, by revealing
that, and how, bark beetles facilitate several other taxa from very different positions
in the phylogeny.
Outlook and conclusion
The overall abundance of invertebrates with sufficiently small body width (smaller
than bark beetles) as well as the abundances of smaller macro-detritivorous
Annelida, Diplopoda, Isopoda and Coleoptera in logs were facilitated by bark beetles
via holes made in bark. We conclude from our study, together with evidence from
previous studies on Coleoptera, that facilitation is an important ecological interaction
also in dead wood invertebrate communities. Bark beetles can be considered as
ecosystem engineers (sensu Jones et al. 1997) that may influence community
structure and biodiversity in dead wood via a physical alteration of the environment.
Including facilitative interaction will eventually lead to a more accurate and inclusive
understanding of dead wood community assembly. In other words, to understand the
whole story of community assembly in dead wood, the “hole story” is of primary
importance. Because it represents a key facilitative role for bark beetles, by
supporting the abundance of important macro-detritivores on particular tree species,
this facilitation may have important and tree species specific cascading effects on
coarse wood debris decomposition. It will be interesting to follow the next
decomposition phase of our study (or related studies elsewhere), when, for instance,
cerambycid beetles will invade the logs and will bore relatively large diameter holes
into the xylem. Whether, in which tree species and to which extent they will also
facilitate other invertebrate taxa, especially larger macro-detritivores that could
provide possible positive feedback to further decomposition, will also contribute to
the (w)hole story of facilitation in dead wood.
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Supplementary Material
Table S1. List of families and their abundance (large-diameter and small-diameter individuals (see
methods) and total number (bold) of individuals) of Annelida (worms), Chilopoda (centipedes), Coleoptera
(beetles; except Scolytinae), Diplopoda (millipedes) and Isopoda (woodlice) observed in 18 Picea abies logs
of 50 cm length in site Flevoland (F) and Schovenhorst (S).
Family
Annelida
Chilopoda

Coleoptera

Diplopoda

Isopoda

Enchytraeidae
Lumbricidae
Cryptopidae
Lithobiidae
Schendylidae
Cerambycidae
Elateridae
Leiodidae
Lymexylidae
Monotomidae
Nitidulidae
Ptiliidae
Pyrochroidae
Scarabaeidae
Staphylinidae
Tenebrionidae
Craspedosomatidae
Julidae
Polydesmidae
Oniscidae
Philoscidae
Trachelipodidae
Trichoniscidae

Site
F
large
0
73
0
0
0
3
7
0
0
0
0
0
0
0
2
0
0
0
0
0
4
6
9

small
61
46
0
7
2
0
4
3
0
4
2
1
0
0
155
0
4
144
13
0
3
9
49

total
61
119
0
7
2
3
11
3
0
4
2
1
0
0
157
0
4
144
13
0
7
15
58

S
large
0
52
0
0
0
7
41
1
0
0
1
0
2
0
0
0
0
4
2
0
0
35
0

small
5
214
252
0
123
1
38
0
5
9
1
0
0
4
44
2
0
110
2
1
0
26
1

total
5
266
252
0
123
8
79
1
5
9
2
0
2
4
44
2
0
114
4
1
0
61
1

Figure S1. Abundances of the two Scolytinae species, Dryocoetes autographus and Hylastes cunicularius, in
logs of Picea abies. Only adults of these two species were included in the figure because it is not possible to
separate their larvae into species. Letters stand for the sites, F for site Flevoland, S for site Schovenhorst.
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Figure S2. Relationship between number of bark holes and gallery surface area in the inner bark by
incubation site in spring 2013. A regression line was only fitted for the significant relationship (site F).
Letters stand for the sites, F for site Flevoland, S for site Schovenhorst.

Figure S3. Chilopoda showed no significant relationship between abundance and number of bark holes.
Logs incubated in site S had significantly higher Chilopoda abundance than in site F (F (1,14)=128, P<0.001),
but collecting site made no difference (F(1,14)=0.27, P=0.612). Letters stand for the site, F for site Flevoland,
S for site Schovenhorst.
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