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Abstract. To reduce the risk of bark- and wood-boring beetle pests, the ex-
tensive removal of logging residues is conducted in forests; however, this
practice can lead to a loss of saproxylic insect diversity. Thus, finding a bet-
ter pest management strategy is needed and requires additional information
on the actual effects of various, differently treated logging residues for pest
multiplication. In the present study, a total of 2,160 fragments of Scots pine
(Pinus sylvestris L.) logging residues generated during final felling in a sin-
gle stand in the Drahanska Highlands in the Czech Republic were examined
for bark- and wood-boring beetles. The felling occurred on four dates in 2006
(in February, May, August and November). The logging residues from each
felling were left scattered on the clear-cut area or were gathered into piles.
The fauna inhabiting the logging residues were investigated by peeling off
the bark during the first six months of the vegetative period following the
felling. The logging residues hosted species-rich assemblages of bark- and
wood-boring beetles (25 species were identified). Beetle occurrence was
significantly affected by felling date, logging residue type (trunk fragment
or branch and branch thinner or thicker than 1 cm), diameter and the manner
in which the logging residues were deposited (freely scattered, top pile layer,
or bottom pile layer). The Scots pine logging residues were a substrate for
the significant multiplication of several potentially significant pests (par-
ticularly, Pityogenes chalcographus [Linnaeus], Ips acuminatus [Gyllenhal]
and Pityophthorus pityographus [Ratzeburg]). The results indicated that the
risk of pest reproduction can be minimised by felling the trees in August
(and probably also September and October). For /. acuminatus and P. pityo-
graphus,therisk canbe minimised by gathering the logging residues into piles.
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Introduction

Logging residues (LRs) form a substantial
portion of the dead wood in managed forests.
Most LRs are produced during the final fell-
ing. Although LRs from final fellings do not
include substrates with thick bark, a variety of
thin-barked substrates with a wide range of di-
ameters (i.e., from the thinnest branches with
diameters of less than 1 c¢m to thick tree tops
with diameters exceeding 7 cm) are found.
Moreover, LRs (as well as stumps) from final
fellings generally experience high exposure to
the sun, whereas most of the dead wood in man-
aged forests is shaded; thus, these substrates
are specific and important for many saproxylic
beetles (Jonsell 2008a, b, Bouget et al. 2012,
Jonsell & Schroder 2015). Additionally, LRs
from final fellings can serve as substrates for
the development of forest bark- and wood-
boring pests (particularly bark beetles), and
in specific circumstances, these LRs facilitate
pest multiplication and outbreaks (Schroeder
2008). Therefore, various strategies for the re-
moval of LRs (e.g., hauling, burning, and chip-
ping) are often recommended to prevent pest
multiplication (DeGomez et al. 2008). How-
ever, the extensive removal of LRs can lead
to the extinction of rare saproxylic species and
a loss of overall diversity, and the removal of
sun-exposed LRs from final fellings might be
of particular significance (Jonsell et al. 2007,
Jonsell 2008a, b, Fossestol & Sverdrup-Thy-
geson 2009, Bouget et al. 2012, Jonsell &
Schroder 2015).

A necessary prerequisite to finding a way
to decrease the risk of multiplication of bark-
and wood-boring beetle (BWBB) pests on LRs
without extensive LR removal is to increase
the understanding of the ecology of BWBBs
(or generally, saproxylic beetles), including
how they are influenced by the date of LR
production, the post-felling treatments of LRs
and other characteristics. In general, the oc-
currence of saproxylic beetles on LRs or dead
wood is affected by substrate characteristics,
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including substrate metric parameters, such as
bark thickness (Zhang et al. 1993, Foit 2010)
and diameter (Schiegg 2001, Lindhe & Lin-
delow 2004, Lindhe et al. 2005, Jonsell et al.
2007, Manak 2007, Jonsell 2008b, Foit 2010).
Sun exposure (Jonsell et al. 2004, Lindhe &
Lindelow 2004, Lindhe et al. 2005, Jonsell
2008b), moisture (Wallace 1953, Larkin &
Elbourn 1964), decomposition stage (Wallace
1953, Vanderwel et al. 2006, Jonsell 2008b)
and the presence of other organisms (Jonsell
et al. 2005, Abrahamsson et al. 2008, Weslien
et al. 2011) are of remarkable significance for
the occurrence of saproxylic beetles in vari-
ous substrates. Because of these associations,
known breeding substrate requirements and
timing of mating and egg laying of particular
BWBB species (Schwenke 1972), it is possible
that the colonisation of LRs by BWBBEs is in-
fluenced by the date of LR production (felling
date). This has been documented for several
BWBB species that develop in Norway spruce
(Picea abies L. [Karst.]) LRs resulting from
pre-commercial thinning (Kula & Kajfosz
2006, 2007) and in Scots pine (Pinus sylves-
tris L.) stumps (Foit 2012a). Furthermore, the
felling date was found to strongly affect Pityo-
genes chalcographus (Linnaeus) occurrence on
various Scots pine LRs (Foit 2012b). The post-
felling deposition of LRs (i.e., left scattered or
concentrated into piles) affected Ips pini (Say)
occurrence on LRs from ponderosa pine (Pi-
nus ponderosa P. & C. Lawson) and lodgepole
pine (Pinus contorta Dougl. ex Loudon) (Six
et al. 2002) and influenced the occurrence and
development success of P. chalcographus on
Norway spruce LRs (Kacprzyk 2012).

The goals of this study were to investigate
which BWBB species developed and multi-
plied on Scots pine LRs that were generated in
a final felling and to assess the effects of vari-
ous habitat variables, including the type and
diameter of the LR fragments, the felling date,
and the post-felling deposition of LRs, on the
occurrence of the recorded species.
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Materials and methods
Study site

The research was conducted at a single stand
in the southern Drahanskd Highland in the
Czech Republic. The climate is characterised
by a mean annual temperature of 8.4—8.5°C
and an average annual rainfall of approximate-
ly 580-590 mm. The study stand (49°16°01”°N
and 16°37°15”E) was 0.99 ha in area, between
370 and 400 m in elevation and located on a
southeast- to southwest-facing slope with a
gradient of approximately 10%. The even-
aged stand was 114 years old in 2006, when
the final felling was conducted. The main can-
opy mainly comprised Scots pine (77%), Euro-
pean larch (13%, Larix decidua Mill.) and ses-
sile oak (7%, Quercus petraea [Matt.] Liebl.).
Norway spruce, European hornbeam (Carpi-
nus betulus L.) and European birch (Betula
pendula Roth) were also present. The forests
in the study area were traditionally managed
using a clear-cutting system and the prevailing
artificial regeneration.

Sampling

The study stand was divided into four sections
of equal area, and the felling was conducted
on a different date in each section. The felling
dates were 10" February, 11" May, 14" August
and 10™ November 2006. With each felling,
LRs were produced from 40 (or slightly more)
pine trees. All of the trees were removed from
the felled site, creating a sun-exposed clear-cut
area. Logging residues on approximately one-
quarter of the felled area were left scattered,
whereas the remaining LRs were concentrated
into piles (approximately 1.5 m high and 2 m
wide).

Sampling began 14 days after felling and
was repeated every 14 days within the vegeta-
tive period (23 April through 10™ October)
until 12 repetitions were performed in each
section with a different felling date. On each
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sampling date, in each section of the stands
felled on different dates, ten branches (2-5 cm
in diameter) and five trunk fragments from
tree tops (1 m in length and 5-18 cm in diam-
eter) were sampled from the following loca-
tions: 1) freely scattered LR, ii) the top layer
(approximately within 40 cm from the top) of
LR piles, and iii) the bottom layer (approxi-
mately below 60 cm from the top) of LR piles.
Consequently, 2,160 LR fragments (i.e., 360
branches and 180 trunk fragments in each of
4 sections of the stand) were sampled. Only
branches that were at least 1 m in length and 2
cm in diameter at the base were sampled. Parts
of the sampled branches that were less than 1
cm in diameter were sampled separately; a to-
tal of 3,600 samples was collected. The branch
or trunk length and diameter were recorded for
each sampled LR fragment. Each sample was
entirely debarked, and the BWBB (phloemo-,
xylo- and xylomycetophagous) species present
were identified based on gallery characteris-
tics or on the morphological traits of imagoes
or larvae (Svécha & Danilevsky 1986, 1987,
1988, Bily 1989, Bense 1995, Pfeffer 1995).
Furthermore, the gallery coverage of each spe-
cies was evaluated on a semilogarithmic, six-
degree scale based on a visual estimation of
the percentage of the area exploited by the spe-
cies within the sample mantle (< 1%, 1-5%,
6—25%, 26—50%, 51-75% and > 75%, see
Braun-Blanquet 1964).

Three temperature and humidity sensors
(Minikin THi, EMS Brno) were used to de-
termine the microclimate characteristics of
the LR piles. Air temperature and relative air
humidity were recorded hourly from April to
September of 2007 and 2008 in the following
locations: 1) over the clear-cut area (a sensor
was installed 0.4 m above the ground), ii) in
the top layer of the LR pile (1.2 m above the
ground) and iii) in the bottom layer of the pile
(0.4 m above the ground).
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Statistical analyses

The frequency of occurrence of each species
was expressed as the proportion of samples in
which the species was present. For statistical
analysis, the six-point scale of gallery cover-
age was represented by the following middle
values of the percentage intervals: 0.5%, 3%,
15.5%, 38%, 63% and 88%. Canonical corre-
spondence analysis (CCA) was used to assess
the effects of the habitat variables on the spe-
cies composition of the beetle assemblages.
The CCA does not require normally distrib-
uted data, is not affected by the correlation of
habitat factors, and assumes unimodal models
for the relationships between the responses of
each species to the habitat variables. This ap-
proach is appropriate for the data because a
preliminary detrended correspondence analy-
sis showed long gradient lengths (> 3 SD)
(ter Braak 1986, 1987). In the CCA, a Monte
Carlo permutation test (Manly 2001) with 999
permutations was used to compute the signifi-
cance of the relationships between the species
responses and the habitat factors. All of the
analyses were performed using CANOCO for
Windows (ter Braak 1987). All of the recorded
species were included in the analyses; how-
ever, to avoid an undesirably high influence
of low-frequency species, rare species were
down-weighted as a separate step of the analy-
ses in CANOCO.

The non-normal distributions of data for the
gallery coverage of particular species (tested
using Shapiro-Wilk tests) could not be correct-
ed by data transformation; therefore, nonpara-
metric statistics were used for further analyses
(Hollander & Wolfe 1999). The statistical sig-
nificance of differences and trends in the gal-
lery coverage of particular species found in
LRs with different characteristics was tested
by Kruskal-Wallis tests and Spearman’s cor-
relation indices. If significant differences were
found by the Kruskal-Wallis tests, then the
Mann-Whitney U tests with critical p-values
that were decreased by Bonferroni adjustment
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(i.e., critical p = 0.017, 0.008 for the compari-
son of three or four datasets, respectively) were
used to identify the pairs of datasets with sig-
nificant differences. All of these calculations
were performed in Statistica 10.0 (StatSoft
2013).

Results

Of the 25 species of BWBB found in LRs
(Figure 1), the family Curculionidae (15 spe-
cies) was the most abundant. The majority of
the curculionids (11 species) were bark bee-
tles (Scolytinae), and P. chalcographus and
Ips acuminatus (Gyllenhal) were encountered
most frequently (Figure 1).

All of the studied habitat variables signifi-
cantly affected the species composition of the
BWBB assemblages, and together, the habitat
variables explained 14.8% of the observed var-
iance in the species’ gallery coverage (Table
1). The variance explained by particular vari-
ables overlapped negligibly (Figure 2). Felling
date was the most significant variable affect-
ing the species composition of the BWBB as-
semblages. The type of LR (trunk fragment or
branch and branch < 1 cm or > 1 cm) and LR
diameter also had comparably strong effects.
The LR deposit type (scattered or piled and top
pile or bottom pile layer) affected the composi-
tion of the BWBB assemblages considerably
but to a lesser extent.

Particular taxa were associated with specific
felling dates, deposition locations and LR di-
ameters (Table 2, Figures 3, 4). All of the taxa
found on at least 50 LR fragments exhibited
significant differences in the gallery coverage
on LRs that were produced on different dates
(Table 2), and particular taxa exhibited char-
acteristic patterns (Figure 3). For example, the
three most frequent species (I. acuminatus,
P chalcographus and Pityophthorus pityo-
graphus [Ratzeburg]) were found most often
on LRs that were produced in February, some-
what less frequently on LRs produced from
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Figure 1Frequency of taxa occurrence. *Includes mostly Anthaxia helvetica Stierlin; however, the occa-
sional occurrence of other species from the subgenus Melanthaxia was possible. **Includes two
species: Pogonocherus fasciculatus (De Geer) and Pogonocherus decoratus Fairmaire. ***In-
cludes two species: Magdalis frontalis (Gyllenhal) and Magdalis rufa Germar.

Table 1 Canonical correspondence analysis. Results of the Monte Carlo permutation tests for the signifi-
cance of the habitat factors for species composition of the BWBB assemblages. The percentage
of the variance in the species’ gallery coverage explained by the factors is included for particular
cases. Values in parentheses show the results with the effects of specific variables removed by
considering them covariables (listed in the last column)

Explained .
Factor F P variance [%] Covariables
. 26.6 0.001 LR type, diameter, LR deposit

felling date (25.5) (0.001) 7.3(6:5) type, sample date
LR type (trunk fragment or branch, 27.6 0.001 52 (4.7) felling date, LR deposit type,
branch <1 or>1 cm) (27.2) (0.001) 7 sample date

. 30.7 0.001 felling date, LR deposit type,
diameter (32.5) (0.001) 3:028) sample date
LR deposit type (scattered, top pile 6.6 (6.8) 0.003 1.9(1.7) felling date, LR type, diameter,
layer, or bottom pile layer) T7(0.003) sample date
sample date 9.6 0.001 0.1 -
factors combined 17.4 0.001 148 -
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felling date
(February | May /
August / November)

(trunk fragment /
branch>1cm/
branch <1 cm)

5.5%

7.3%

LR deposit type
(scattered /
top pile layer/
bottom pile layer)

1.9%

Figure 2 Venn diagram of the percentage values of the variance
explained by the LR characteristics individually and
jointly (circle overlaps) based on the canonical corre-
spondence analysis (Table 1)

Table 2 The statistical significance of differences and trends in the gallery coverage of particular taxa
on LRs with different characteristics. The differences in gallery coverage for particular species
on LRs generated on different dates and for LR deposited in different ways were tested using
the Kruskal-Wallis test. Spearman’s correlation indices were used to illustrate the strength and
significance of associations between the gallery coverage of particular species and LR diameter.
Significant results (p < 0.05) are highlighted in bold. Only taxa recorded on at least 50 LR frag-
ments were tested

Felling date LR deposit type Diameter
Taxon KW-H p KW-H p ngraeﬁ?;ln

(3, 3600) (2, 3600) index
Callidium aeneum 39.6 <0.001 4.5 0.105 0.060
Molorchus minor 134.0 <0.001 2.6 0.267 0.031
Pogonocherus spp. 12.3 0.006 12.1 0.002 0.031
Magdalis spp. 57.0 <0.001 4.6 0.102 -0.046
Pissodes piniphilus 98.4 <0.001 23.9 <0.001 0.176
Crypturgus cinereus 89.3 <0.001 26.3 <0.001 0.322
Hylurgops palliatus 17.4 <0.001 22.8 <0.001 0.307
Ips acuminatus 103.0 <0.001 82.7 <0.001 0.373
Pityogenes bidentatus 34.6 <0.001 24.5 <0.001 0.013
Pityogenes chalcographus  334.5 <0.001 0.2 0.938 0.277
Pityophthorus pityographus 122.3 <0.001 41.2 <0.001 -0.104
Tomicus minor 164.0 <0.001 124 0.002 0.230
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May and November, and were nearly absent on
LRs produced in August. In contrast, Molor-
chus minor (Linnaeus) and Pissodes piniphilus
(Herbst) exhibited maximal frequencies on
LRs produced in August. Furthermore, eight
taxa had significantly different gallery cov-
erage in relation to LR deposition (Table 2);
for these taxa, differences were found only
between LRs deposited in the bottom layer
of piles and LRs deposited in the top layer of
piles or left scattered (Figure 4). No significant
differences were observed between LRs that
were deposited in the top layer of piles and
LRs that were left scattered. Although most
of the taxa (Pogonocherus spp., Crypturgus
cinereus [Herbst], I. acuminatus, Pityogenes
bidentatus [Herbst], P. pityographus and
Tomicus minor [Hartig]) significantly avoided
LRs that were deposited in the bottom layer
of piles, P. piniphilus and Hylurgops palliatus
(Gyllenhal) were significantly more frequent
in these LRs. Nine of the taxa found on at least
50 LR fragments were significantly associated
with LR diameter (Table 2), and gallery cover-
age of most of the taxa increased with larger
LR diameters (Callidium aeneum [De Geer],
P. piniphilus, C. cinereus, H. palliatus, I. acu-
minatus, P. chalcographus and T. minor). Only
Magdalis spp. and P. pityophthorus showed
significant associations with the LRs of small
diameter.

During the growing season, the mean air
temperature in the top and bottom layers of
the pile was 0.78 and 1.54°C lower than the
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temperature measured over the clear-cut area,
respectively (Table 3). The mean relative air
humidity in the top and bottom layers of the
piles was 11.05 and 16.74% higher than those
measured over the clear-cut area, respectively.
Larger differences were found in the daily am-
plitudes; in the top and bottom layers of the
pile, the amplitudes of the air temperature were
on average 2.57°C and 7.11°C lower than those
measured over the clear-cut area, respectively,
and the amplitudes of the relative humidity in
the top and bottom layers of the pile were on
average 18.29% and 32.57% lower than those
measured over the clear-cut area, respectively.

Discussion

Although the LRs from the final felling were
formed only by branches and thin-barked top
parts of trunks, the LRs served as a breeding
substrate for a considerable number of BWBB
species (Figure 1). The number of recorded
species (25) was comparable to that found on
whole standing mature Scots pine trees (17
species in Finland (Véisdnen et al. 1993), 23
species in Poland (Zabecki 1999), and 34 spe-
cies in the Czech Republic (Foit 2007, 2010)).
The relatively high number of species record-
ed in the present study might be explained by
the high sun-exposure of the LRs on the clear-
cut area because sun-exposure favours species
richness among saproxylic beetles (Bouget &
Duelli 2004, Lindhe & Lindelow 2004, Lindhe

Table 3 Means of microclimatic characteristics measured in vegetative periods during 2007 and 2008 by
sensors placed over the clear-cut area, in the top layer of the LR pile and in the bottom layer of

the LR pile
Air temperature Relative air humidity Dally amplitude of Dally amphtude. O.f
°C] %] air temperature relative air humidity
[°C] [70]
Clear-cut area 17.10 74.19 17.95 59.41
Top layer of pile 16.32 79.88 15.38 45.13
Bottom layer of pile 15.56 90.93 10.84 26.84
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et al. 2005, Fossestal & Sverdrup-Thygeson
2009). This hypothesis was also supported by
the much lower number of species (16) that was
found in a similar study in the Czech Republic
on shaded Scots pine LRs, which were gener-
ated by thinning (Foit 2011). Although no red-
listed BWBB species were recorded, the high
total number of species identified indicates
that the saproxylic insect assemblages associ-
ated with these LRs are species rich and might
be important for conservation. Additionally,
several forest pests were recorded (Gregoire
& Evans 2004), primarily Ips acuminatus and
P. chalcographus. Because these species were
the most frequent species found in this study, it
is clear that these pests multiplied significant-
ly on the LRs generated by final felling. The
main host tree species of P. chalcographus is
Norway spruce (Pfeffer 1955, Schwenke 1972,
Bertheau et al. 2009), although this species and
1. acuminatus frequently develop on Scots pine
LRs, which was previously documented at
several localities in the Czech Republic (Foit
2012b).

All of the studied habitat factors (felling
date, LR type, LR diameter and LR deposit
type) significantly affected the composition
of the BWBB assemblages and were together
able to explain a substantial portion (14.8%)
of the variance in the species’ gallery cover-
age (Table 1). Except for LR diameter and
type, which are strongly correlated, the vari-
ables were almost independent, and the vari-
ance explained by these variables did not over-
lap considerably (Figure 2). Felling date had
the highest explanatory power, and all of the
species that occurred on at least 50 LRs ex-
hibited significant differences in gallery cover-
age depending on LR generation date (Table 2,
Figure 3). LR generation date was previously
documented to have a substantial impact in
various types of Norway spruce and Scots pine
LR (Kula & Kajfosz 2006, 2007, Foit 2012a,
b) and is most likely associated with the tim-
ing of the species’ mating and egg laying and
with the requirements of particular species

Bark- and wood-boring beetles on Scots pine ...

regarding stage of substrate dieback or decay.
Thus, P. chalcographus, an early arriving spe-
cies (Schwenke 1972, Gregoire & Evans 2004,
Foit 2014) that exhibits spring and early sum-
mer mating and egg laying, colonised fresh
LRs immediately after felling. The overwin-
tering generation primarily colonised LRs
from February, and the following generation
colonised LRs from May. In contrast, the LRs
produced in August and November were not
colonised in the year of felling, and the LRs
were too wilted to attract P. chalcographus en-
tering the next mating and egg-laying period
(the LRs from August were particularly unat-
tractive). Additionally, in a study conducted
in the Czech Republic on various Scots pine
LRs in 135 different stands (Foit 2012b), P.
chalcographus obviously avoided Scots pine
LRs produced during August and September
(and partially also those produced during Oc-
tober and November). In the present study, 1.
acuminatus and P. pityographus were affected
by felling date in a similar manner to that for
P chalcographus (Figure 3), which exhibits
analogous mating and egg-laying periods. Be-
cause 1. acuminatus colonised older LRs (from
November and even August) somewhat more
frequently, this species was likely slightly
more tolerant of LR degradation. The only spe-
cies with early spring mating and egg laying,
T. minor, likely colonised moderately wilted
LR from the November felling and avoided
the LRs from February (too fresh) as well as
the strongly degraded LRs from the previous
May and August. Molorchus minor and P.
piniphilus were the only species that preferred
the LRs produced in August. A very early ar-
riving species, P. piniphilus (Foit 2014), which
mates and lays eggs throughout almost the en-
tire vegetative period (Schwenke 1972), colo-
nised LR from August immediately after it was
generated. In contrast, M. minor, a late-arriv-
ing species (Schwenke 1972, Bense 1995, Foit
2014), colonised the strongly degraded LRs
from August in the year following the felling.

In addition to the felling date, the most impor-
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tant factors to affect the species composition
of the BWBB assemblages were LR type and
diameter (Table 1). Because these factors were
strongly associated, the variance explained by
them overlapped, as expected (Table 1, Figure
2). LR type had a greater explanatory power
than LR diameter, possibly because LR type
was more strongly correlated with unstudied
variables, such as the presence or absence
of needles on particular LR fragments. Sub-
strate diameter has previously been shown to
affect saproxylic beetle occurrence (Schiegg
2001, Lindhe & Lindelow 2004, Lindhe et al.
2005, Jonsell et al. 2007, Manak 2007, Jonsell
2008b, Foit 2010, Brin et al. 2011). Thus, nine
taxa were significantly associated with LR
diameter in the present study (Table 2). The
associations of particular taxa were approxi-
mately as expected based on their known sub-
strate preferences (Schwenke 1972). Although
most of the BWBB taxa preferred thicker LRs,
two taxa were associated with thin LRs, and
these associations with thin LRs were mostly
weaker than those associated with thick LRs.
However, the larger validity of this pattern is
uncertain because whereas several studies con-
ducted on saproxylic beetles found that higher
species richness was associated with coarser,
dead wood (Jonsell et al. 1998, Grove 2002,
Jonsell et al. 2007), other researchers found
more species associated with dead wood of
small diameter (Schiegg 2001, Jonsell 2008b).
LR deposit type also significantly affected the
species composition of the BWBB assemblag-
es, although this parameter had less effect than
the other factors (Table 1). The effect of LR
deposition has previously been demonstrated
in a study conducted on Norway spruce in Po-
land (Kacprzyk 2012) and in a study conducted
on lodgepole pine and ponderosa pine LRs in
Montana (USA). The effects of LR deposition
are caused mostly by modified microclimatic
conditions within the LR piles and also by the
decreased accessibility of LRs within the bot-
tom layer of piles. No significant differences in
the gallery coverage of particular species were
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found between the scattered LRs and the LRs
that were deposited in the top layer of piles;
similarity in climatic conditions (Table 3) and
easy accessibility for BWBB represent likely
explanations for this finding. In contrast, the
gallery coverage of eight taxa significantly dif-
fered between LRs in the bottom layer of piles
and the LRs deposited in top layer of piles or
left scattered (Table 2, Figure 4). Most of the
taxa found (Pogonocherus spp., C. cinereus, 1.
acuminatus, P. bidentatus, P. pityographus and
T minor) significantly preferred LRs that were
scattered on the clear-cut area or that were
deposited in the top layer of piles; this obser-
vation supported the hypothesis that high sun-
exposure and the consequent warmer micro-
climates increased saproxylic beetle diversity
(Bouget & Duelli, 2004; Lindhe & Lindelow,
2004; Lindhe, et al., 2005; Fossestol & Sver-
drup-Thygeson, 2009). Only P. piniphilus and
H. palliatus were significantly more frequent
in the LRs in the bottom pile layer. In the case
of H. palliatus, this finding most likely reflect-
ed its requirement for higher humidity (Pfeffer
1955, Peltonen & Helidvaara 1999). In con-
trast to the results obtained for Norway spruce
LRs in southern Poland (Kacprzyk 2012), no
significant differences were found in the gal-
lery coverage of P. chalcographus according to
LR deposition in the present study. Kacprzyk
(2012) found a significantly lower occurrence
of P. chalcographus in the bottom layer of
LR piles, and this result might have reflected
the more enclosed character of piles made of
spruce LR and generally colder climate in that
study area. Based on the results of Kacprzyk
(2012) and my observations, P. chalcographus
might have greater development success on
LRs in piles (especially the middle layer) than
on those that were left scattered.

Conclusions and implications for forest
management

Logging residues produced during final fell-
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ing form a substantial part of the sun-exposed
dead wood habitats in managed forests and
provided a substrate for the development of a
remarkable number of BWBB species in the
present study, and thus, these residues most
likely support many other saproxylic species.
The occurrence of particular species and the
overall species composition of the assemblag-
es differed significantly among the studied LR
types (trunk fragment or branch and branch <
1 cm or > 1 cm) and were strongly affected by
the date of felling, substrate diameter and (to a
lesser extent) LR deposit type (scattered, top
pile layer, or bottom pile layer).

Additionally, the LRs generated from final
felling enabled a number of pests to multiply,
most notably, P. chalcographus, I. acuminatus
and P. pityographus. However, the status of P,
pityographus as a pest is disputed. Based on
the results of the present study and those of
Foit (2012b), we can infer that the risk of mul-
tiplication of these pests could be minimised
if the fellings were conducted in August (and
probably also in September or October). Fur-
thermore, gathering the LRs into piles reduced
the multiplication of particular pests (/. acu-
minatus, P. bidentatus, P. pityographus and T.
minor). The only pest species that was found to
favour piles was P. piniphilus, and significant
multiplication of this pest is unlikely because
of its low density on the LRs. The overall im-
pact of LR pile formation on the multiplication
of P. chalcographus remains unclear.
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