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Early-arriving saproxylic beetles developing
in Scots pine stumps: effects of felling type and date
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ABSTRACT: A total of 320 Scots pine (Pinus sylvestris L.) low stumps were analysed within two stands (one stand
was thinned, and the other stand was subjected to clear-cut final felling) in the Drahanska Highlands in the Czech
Republic. Each stand was divided into four parts, and the felling of each part was performed on different dates during
2006 (February, May, August and November). The fauna of early-arriving saproxylic beetles inhabiting the stumps was
investigated by peeling the bark in two vegetation periods after the felling. A total of 17 species of beetles were found.
The felling type and date affected the species composition of the recorded assemblages, with the felling date being
considerably more important than the type. The species richness and diversity did not differ significantly between the

felling types, but significant differences were found among the felling dates. Several associations of particular species

with certain felling types or dates were also found.
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Saproxylic beetles are an endangered group of or-
ganisms in European managed forests (WALLENIUS
et al. 2010) and have been investigated extensively
during recent decades. Stumps are a substantial
part of dead wood in managed forests (up to 80% of
dead wood remaining in clear-cuts) and support a
remarkable number of saproxylic species (HJALTEN
et al. 2010). During recent decades, an effort has
been made to improve the conditions for saprox-
ylic beetles by creating high stumps that provide
a suitable substrate for the development of even
more species than those found in ordinarily cut
low-stumps (ABRAHAMSSON, LINDBLADH 2006).
To maximise the positive effects of such efforts,
we must first understand the factors influencing
the colonisation of stumps by saproxylic beetles. In
view of this need for additional information and in
view of the current tendency to harvest stumps as a
renewable energy source, research on stump fauna
is highly relevant.

It is known from many previous studies that the
species composition, richness and diversity of sap-
roxylic beetle assemblages on stumps are affected
by an array of factors, such as the surrounding
stand characteristics (ABRAHAMSSON et al. 2009),
position of the stumps in a closed stand, forest-
edge environment or clear-cut ( ABRAHAMSSON et
al. 2008; FOSSEST@L, SVERDRUP-THYGESON 2009),
tree species represented by the stump (JONSELL
et al. 2004, 2007; LINDHE et al. 2005; LINDBLADH
et al. 2007), stump diameter (JONSELL et al. 2004;
LINDHE et al. 2005), stump height (ABRAHAMS-
SON, LINDBLADH 2006; HEDGREN 2007), sun ex-
posure (JONSELL et al. 2004; LINDHE, LINDELOW
2004; LINDHE et al. 2005), moisture level (WAL-
LACE 1953), stage of dieback or decomposition
(KrROGERUS 1927; WALLACE 1953) and presence
of certain fungi or other organisms (JONSELL et al.
2005; ABRAHAMSSON et al. 2008; WESLIEN et al.
2011). Most of the above-cited studies were con-
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ducted on Norway spruce (Picea abies [L.] Karsten)
stumps in Northern Europe, whereas the saproxylic
fauna of Scots pine (Pinus sylvestris L.) stumps was
investigated in a few cases only (WALLACE 1953;
SCHROEDER et al. 2006).

No study to date has addressed the effects of the
felling date (date of stump origination) on the sap-
roxylic beetle fauna occurring in stumps. Saproxylic
beetles have certain requirements for the condition
of their substrate tissues, particularly the phloem
(e.g. RUDINSKY 1962; SCHWENKE 1974), and they
mate and lay eggs during particular phases of the
vegetation period (e.g. SCHWENKE 1974). These
observations suggest that the felling date could be
an important variable affecting the occurrence of
particular species developing in stumps and, there-
fore, the overall composition of the species assem-
blages. However, the effects of felling date have
been documented only for the logging residues
excluding stumps: Norway spruce stems from pre-
commercial thinning (Kura, Kajrosz 2007) and
Scots pine twigs and branches (Fort 2011).

The purpose of this study was to explore the
early-arriving saproxylic beetle fauna of Scots pine
stumps in the study area and to assess possible ef-
fects of the felling date and felling type (thinning
or final felling) on the composition of assemblages
and on the occurrence of particular species.

MATERIAL AND METHODS

Study site

The research was conducted in the southern part
of the Drahanska Highlands in the Czech Repub-
lic, where two suitable stands were chosen for the
study. The sites had almost the same ecotope char-
acteristics and were separated by an approximate
distance of only 700 m. In the first site, Scots pine
stumps produced during thinning were investi-
gated under the conditions of a relatively closed
stand, whereas the stumps produced during the
main felling operation were studied in a clear-cut
area in the other site. The climate of the study area
was characterised by mean annual temperatures of
8.5°C and an average annual rainfall amount of ap-
proximately 580-590 mm (long-term mean values
(1971-2000) from Brno-Zabovresky climatological
station (49°13'00"N, 16°33'58"E) corrected for el-
evation differences).

The first study stand (i.e. the thinned stand)
(49°15'38"N, 16°36'52"E) had an area of 1.6 ha and
was situated between 350 m and 380 m a.s.l. on
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a south- to southwest-facing slope with a gradi-
ent of approximately 5-10%. This even-aged stand
had been experimentally thinned in 2006, when it
was 61 years old. The main canopy was composed
primarily of Scots pine (60%) and European larch
(Larix decidua Miller) (20%), however, sessile oak
(Quercus petraea [Mattuschka] Liebl) and Norway
spruce were also present.

The second study site (i.e. the felled stand)
(49°16'01"N, 16°37'15"E) had an area of 0.99 ha and
was situated between 370 m and 400 m a.s.l. on a
southeast- to southwest-facing slope with a gradi-
ent of approximately 10%. This even-aged stand had
been 114 years old in 2006, when the experimental
main felling was conducted. The main canopy was
composed primarily of Scots pine (78%), European
larch, sessile oak, Norway spruce, European horn-
beam (Carpinus betulus 1..) and European birch
(Betula pendula Roth) were also present.

The forests in the study area have traditionally
been managed by the clear-cutting system with
prevailing artificial regeneration.

Sampling

Both study sites were divided into four parts,
each of the same area, and the experimental fell-
ing was conducted on a different date in each part.
The dates on which the felling occurred were Feb-
ruary 10, May 11, August 14 and November 10
(all 2006). Within each felling, 40 (or slightly more)
pine stumps of approximately 25 cm height were
produced by manual felling. The stumps had a
diameter of approximately 20-30 cm within the
thinned stand; the final felling produced stumps of
approximately 30—-45 c¢m in diameter.

A 22% decrease in the number of trees per hect-
are resulted from the thinning (the number of pine
trees decreased from approximately 450 per ha to
350 per ha), but the shady microclimate of the for-
est stand was retained. In contrast, the final felling
removed all of the trees from the felled site. The
stumps produced were exposed completely to the
sun in the clear-cut area created by the felling.

Within both study sites, 40 pine stumps were
sampled in each of the four parts with different
felling dates. Twenty stumps were sampled in the
middle of the first vegetation period after the fell-
ing and additional 20 stumps in the middle of the
second vegetation period (i.e. the February and
May fellings, 25. 7. 2006 and 27. 7. 2007; the August
and November fellings, 27. 7. 2007 and 24. 7. 2008).
In total, 320 stumps were analysed.
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The entire aboveground part of each stump (down
to the level of the mineral soil) was debarked, and
all of the early-arriving (phloemo-, xylo- and xylo-
mycetophagous) beetle species were identified using
gallery characteristics or the morphological traits of
imagoes or larvae (PFEFFER 1955; SVACHA, DANI-
LEVSKY 1986, 1987, 1988; BiLy 1989, 1999; BENSE
1995). Furthermore, the impact of each species was
evaluated on a semi-logarithmic six-degree scale ac-
cording to the visually estimated percentage of area
exploited by the species within the stump mantle
(< 1%, 1-5%, 6-25%, 26—50%, 51-75%, and > 75%).
This scale was adapted from the Braun-Blanquet
cover-abundance scale (BRAUN-BLANQUET 1964),
which is widely used in phytocoenology.

Statistical analysis

The frequency of occurrence of each species was
expressed as the proportion of stumps occupied.
For each stump, the number of species and the
Shannon diversity index of the recorded assem-
blage were assessed. The differences in these values
and in the occurrences of particular species among
the stumps produced in diverse months and under
different stand conditions (thinning or final felling)
were tested using an analysis of variance (ANOVA)
calculated in STATISTICA 8.0 (StatSoft 2007).
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Fig. 1. Number of stumps with the
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Canonical correspondence analysis (CCA) was used
to assess the effects of the felling date (month) and
felling type (thinning or final felling) on the species
composition of the beetle assemblages. CCA does not
require normally distributed data and assumes uni-
modal models for the relationships between the re-
sponses of each species to the habitat variables. This
approach was appropriate for this data set because
the preliminarily detrended correspondence analysis
showed long gradient lengths (> 3 SD) (TER BRAAK
1986, 1987). In the CCA, the Monte Carlo permuta-
tion test (MANLY 1991) with 999 permutations was
used to compute the significance of the relationships
between the species response and the habitat factors.
All of these analyses were performed in CANOCO for
Windows (TER BRAAK 1987). All of the recorded spe-
cies were included in the analyses, however, rare spe-
cies were down-weighted in CANOCO to decrease
the impact of the random occurrences of rare species.

RESULTS

Among the 17 species of early-arriving saproxylic
beetles found (Fig. 1), the families Curculionidae
(11 species) and Cerambycidae (5 species) were the
most abundant. Most of the curculionids (9 species)
were bark beetles (Scolytinae), and Tomicus pini-
perda (L.) was encountered most frequently (Fig. 1).
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No. of species: F (3; 316) = 9.0; P < 0.001
Shannon diversity index; F (3; 316) = 10.2; P = 0.000
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Fig. 2. Mean values of the number of species and Shannon diversity index recorded on stumps originated from fell-

ings conducted on different dates. Vertical lines show 95% confidence intervals for the estimated mean values. The

results of ANOVA tests for the significance of the differences among particular dates of felling are also presented

No significant differences were found out in the
number of species and in the diversity of the beetle
fauna developing on the stumps in the clear-cut area
after the final felling and within the closed stand after
thinning (ANOVA — number of species: F| ,,,=1.332,
P < 0.251; Shannon diversity index: F| ;.= 3.735,
P = 0.054). However, both of these variables were
slightly higher in the case of thinning and the dif-
ference in Shannon diversity index was close to
significant.

Both the number of species and the Shannon
diversity indices differed significantly among the
various felling dates (date of stump origination)
(Fig. 2). The highest values were recorded on the
stumps from the autumn (November) and winter
(February) fellings, whereas the lowest values were
recorded on the stumps from the spring (May)
fellings.

The results of the CCA showed that the felling
date and felling type had significant impacts on the
species composition of the communities, and these
results held even when the sampling date was treat-
ed as a covariable (Table 1, Figs. 3 and 4). Together,
these factors accounted for 14.5% of the variance in
the species structure of the assemblage. The felling
date was clearly the most important factor, explain-
ing approximately 10% of the variance in the spe-
cies occurrences (Table 1, Fig. 4).

Particular species were associated with certain
felling types and felling dates (Figs. 5a, b), and many
of these associations were statistically significant
(Table 2). Thus, certain species were significantly
more abundant on the stumps from thinning: Ar-
hopalus rusticus (L.), Hylobius abietis (L.), Hylastes
attenuatus Erichson, Hylastes opacus Erichson, Hy-
lurgops palliatus (Gyllenhal), and Tomicus piniper-

Table 1. CCA - results of the Monte Carlo permutation tests for the significance of the studied habitat factors. The
percentages of variance in species occurrence explained by the factors studied are included for particular cases

Factor Covariables F P Explained species data (%)
Sampling date - 7.4 0.001 2.6
Felling type (thinning/final felling) sampling date 13.1  0.001 4.6
Felling type (thinning/final felling) sampling date, felling date  14.8  0.001 5.2
Felling date (February/May/August /November) sampling date 9.6 0.001 9.7
Felling date (February/May/August /November) sampling date, felling type  10.3  0.001 10.3
Felling type and date together sampling date 11.3  0.001 14.5
All factors together - 9.4  0.001 17.4
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Fig. 3. CCA — Impact of felling type on the species com-
position of saproxylic beetle assemblages (covariables:
sampling date, felling date; sum of eigenvalues of the first
and second axes = 1.070; sum of all eigenvalues after fit-
ting the covariables = 5.578; see also Table 1). Species are
denoted as triangles with abbreviations of their names:
Ac_a (Acanthocinus aedilis); Ar_r (Arhopalus rusticus);
As_s (Asemum striatum); Ha_a (Hylastes attenuatus);
Ha_o (Hylastes opacus); Hg p (Hylurgops palliatus);
Hu_l (Hylurgus ligniperda); Hy_a (Hylobius abietis);
Or_I (Orthotomicus laricis); Rh_i (Rhagium i. inquisitor)
and To_p (Tomicus piniperda). Only the species recorded
on five stumps at least are shown

da. In contrast, other species were more frequent
on the stumps in the clear-cut area after the final
felling: Acanthocinus aedilis (L.), Asemum stria-
tum (L.), and Orthotomicus laricis (F.). Differences
in the colonisation of stumps created in different
months were not as easily generalised because
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Fig. 4. CCA - Impact of the felling date on the species
composition of saproxylic beetle assemblages (covari-
ables: sampling date, felling type; sum of eigenvalues of
the first and second axes = 0.553; sum of all eigenvalues
after fitting the covariables = 5.893; see also Table 1). Spe-
cies are denoted as triangles with abbreviations of their
names (see Fig. 3). Only species recorded on five stumps
at least are shown.

each species exhibited a specific pattern. The most
evident contrasts in the colonisation of stumps by
particular species were recorded in the case of the
stumps from the May fellings. Many species avoid-
ed the colonisation of such stumps (Acanthocinus
aedilis, Arhopalus rusticus, Rhagium inquisitor in-

Table 2. ANOVA - significance of the differences in gallery coverage on the stumps originating from various felling

types and felling dates (only the species recorded on 10 stumps at least were tested)

Felling type Felling date
Species
F(1,318) F (3, 316) P

Acanthocinus aedilis 14.7 0.000 6.0 0.001
Arhopalus rusticus 16.5 0.000 3.0 0.030
Asemum striatum 10.0 0.002 13.0 0.000
Rhagium i. inquisitor 2.1 0.153 2.7 0.047
Hylobius abietis 33.7 0.000 19.8 0.000
Hylastes attenuatus 6.3 0.012 4.1 0.007
Hylastes opacus 9.2 0.003 4.1 0.007
Hylurgops palliatus 13.4 0.000 8.2 0.000
Hylurgus ligniperda 0.1 0.723 5.1 0.002
Orthotomicus laricis 29.3 0.000 4.7 0.003
Tomicus piniperda 19.2 0.000 30.6 0.000
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Fig. 5. Frequencies of occurrence of recorded species with respect to the type of felling (a) and to the felling date (b)

*indicates the species with significant differences in gallery coverage between the stumps originating from thinning

and final felling (a) and among the stumps originating from particular months (b) (Table 2)

DISCUSSION

.1, Hylurgus ligniperda [F.], and Tomicus

quisitor [L
piniperda), whereas other species preferred or at

In total, 17 early-arriving saproxylic beetle species
were found developing in recently produced Scots

least did not avoid stumps originating from this

felling date

(Asemum striatum, Hylobius abietis

pine stumps (Fig. 1); however, it is probable that ad-

and Hylurgops palliatus).
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ditional rare species were not recorded. Only four
species (24% of all the recorded taxa) were found
in less than five stumps and could be considered
rare in the data set (Fig. 1). WALLACE (1953) found
only eight phloemophagous (possibly xylo- or xy-
lomycetophagous) beetle species developing in 200
pine stumps in various stages of decomposition in
Northwest England. The markedly higher number
of species recorded in the present study is likely to
result from the overall higher species richness of
saproxylic beetle fauna in the Czech Republic com-
pared to England (NIETO, ALEXANDER 2010).

The species recorded included several pests,
chiefly Hylobius abietis and Tomicus piniperda. It
is widely known that H. abietis multiplies on co-
nifer stumps (SCHWENKE 1974). Because 7. pini-
perda was the most frequent species in the present
study, it is obvious that this pest can also multiply
significantly on Scots pine stumps. Notably, no red-
listed species were found. However, because only
the aboveground part of the stumps was sampled
in the first and second growing seasons after fell-
ing, this finding cannot be viewed as evidence that
Scots pine stumps are relatively unimportant for
nature conservation.

Because the greater sun exposure (LINDHE, LIN-
DELOW 2004; LINDHE et al. 2005) and the larger
diameter (the surface area of the stump habitat)
(LinDHE, LINDELOW 2004) have positive effects
on the species richness and the diversity of sap-
roxylic fauna, we could expect higher species rich-
ness and diversity on larger stumps in clear-cut
areas after the final felling than on shaded stumps
of smaller diameter resulting from thinning. This
difference was previously shown by FossesToL and
SVERDRUP-THYGESON (2009) in a study of Norway
spruce stumps in Central Norway. However, in the
present study no significant differences were found
either in the number of species or in the Shannon
diversity index between stumps from different
felling types. Moreover, both these variables had
slightly higher values for the stumps resulting from
thinning. Similarly, LINDBLADH and ABRAHAMS-
SON (2008) studied Norway spruce high stumps in
Southern Sweden and found no significant differ-
ences in the species number or species densities
between stumps from thinning and stumps from
final felling.

In the present study, significant and conspicuous
differences in the number of species and in species
diversity were found between the stumps from dif-
ferent felling dates (Fig. 2). The highest number of
species and the highest Shannon diversity indices
were recorded on the stumps from the February
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and November fellings. These stumps entered the
next growing season with fresh phloem and other
tissues and could be colonised by a number of spe-
cies that mate and lay eggs during any part of the
growing season, including those reproducing in the
spring. In contrast, the lowest values for the num-
ber of species and the Shannon diversity index re-
corded on the stumps from the May fellings could
have two explanations. First, limited numbers of
species are available to colonise the stumps during
the year of origin (it is probable that the stumps do
not become suitable as breeding material imme-
diately after felling but are suitable several weeks
later — in the summer). In addition, the desiccation
and degradation of the tissues of such stumps dur-
ing the next growing season could disfavour po-
tential colonisers. Similarly, a study conducted on
logging residues (Fo1t 2011) in the Czech Republic
revealed a significant effect of the felling date on
the species richness and diversity. However, the
lowest diversity and species richness recorded by
that study was found for the summer (August) fell-
ings. This result may reflect faster desiccation and
degradation of the phloem and other tissues in log-
ging residues than in the stumps.

The species composition of the saproxylic beetle
assemblages colonising the pine stumps was sig-
nificantly affected by the felling type and date, with
the felling date having a greater effect than the fell-
ing type. Whereas the effect of the felling date was
strong and undoubted (Table 1), the recorded ef-
fect of the felling type was much weaker and could
result, in part, from certain unrecorded differences
between the two study sites because each study site
corresponded to one felling type only (pseudorepli-
cation). However, the sites were close to each other
and were very similar in ecotope and in tree species
composition before felling. Significant differences in
the species composition of saproxylic assemblages
between the stumps from final felling and thinning
were also found by LIDBLADH and ABRAHAMS-
SON (2008). The effects of the felling type could
be explained by the larger diameter of the stumps
in the final felling and, above all, by the different
microclimate between the clear-cut area after the
final felling and the almost closed stand within the
thinned stand. For example, the impact of the sun
exposure of stumps on the species composition of
saproxylic assemblages was documented by many
previous studies (JONSELL et al. 2004; LINDHE,
LINDELOW 2004; LINDHE et al. 2005). The felling
date, the most important factor found in the present
study, was previously documented as a significant
factor only by studies conducted on the other types
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of logging residues, such as thin stems, branches and
twigs (Kura, Kajrosz 2007; ForT 2011) in which it
was similarly much more important than the felling
type. It is probable that the substantial impact of the
felling date was associated with different require-
ments of particular species for certain conditions
of the phloem (or also of other tissues) (RUDINSKY
1962; SCHWENKE 1974) and with the timing of the
mating and egg-laying of the species (SCHWENKE
1974). Although the present study has documented
the impact of the felling date only for the early-arriv-
ing saproxylic beetles, in view of the priority effects
of the first-colonising species (WESLIEN et al. 2011)
we can expect that the saproxylic fauna would also
be affected in subsequent years.

Many species were significantly associated with
certain felling types and felling dates (Table 2,
Figs. 5a, b), and it is probable that the species as-
sociated with the stumps from thinning require a
more humid and stable microclimate provided by
a closed stand. The majority of those species are
actually known to prefer the moist underground
parts of stumps (Hylobius abietis, Hylastes at-
tenuatus and Hylastes opacus) or are known to
require breeding material that is high in moisture
content (Arhopalus rusticus and Hylurgops pal-
liatus) (PFEFFER 1955; SCHWENKE 1974; SLAMA
1998). In contrast, it is probable that the species
associated with stumps from the final felling (e.g.
Acanthocinus aedilis and Orthotomicus laricis) are
more thermophilic and prefer sun-exposed wood
habitats and higher temperatures. More species
were found to be associated with thinning (6) than
with final felling (3); however, this result is surpris-
ing because higher amounts of sun exposure and
higher temperatures might increase the species
richness of saproxylic assemblages (LINDHE, LIN-
DELOW 2004; FOSSESTOL, SVERDRUP-THYGESON
2009). In their extensive study of the stumps of var-
ious tree species in Sweden, LINDHE et al. (2005)
found only 13 saproxylic species favoured by shade,
compared to 29 favoured by sun exposure. This dis-
crepancy probably arose from higher requirements
of saproxylic beetles for microhabitat sun exposure
and temperature in the colder climate of Northern
Europe, where all the aforementioned studies were
conducted. The associations found in the pres-
ent study between particular species and felling
dates showed various patterns and frequently cor-
responded to the mating and egg-laying period of
the species and requirements for the condition of
the tissue used as breeding substrate listed in sev-
eral monographs (PFEFFER 1955; SCHWENKE 1974;
BiLy 1989; SLAMA 1998). However, certain associa-
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tions were not as readily explained. In view of the
limited scope of this paper, not all of these associa-
tions can be discussed in detail.

CONCLUSIONS

Scots pine stumps from classical commercial fi-
nal felling and thinning operations are important
substrates for the development of a substantial
number of early-arriving saproxylic beetle species.
Several of these species are considered pests, but
the majority of the species are not economically
harmful. The occurrence of particular species and,
thus, the overall composition of the assemblages,
including their species richness and diversity, are
strongly affected by the date of stump origination
(felling date) and, to a lesser extent, are also affect-
ed by the type of felling that produced the stumps
(thinning or final felling).

The artificial creation of high stumps in managed
forests is frequently recommended to enhance the
overall diversity of saproxylic beetles and to sup-
port particular endangered species (JONSELL et
al. 2004; LINDHE, LINDELOW 2004). Many factors
can influence the colonisation of such stumps by
saproxylic beetles (see the Introduction) and can,
therefore, affect the results of these conservation
efforts. The present study suggests that the date of
the stump origination is one of the most important
of these factors: stumps created during the winter
(February) and autumn (November) hosted the
early-arriving beetle assemblages with the highest
species richness and diversity. The effects of this
factor should be examined from a nature conser-
vation perspective in future studies. Such studies
should investigate all (not only early-arriving) sap-
roxylic beetles or even all saproxylic insects.
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