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Will stumps from forest thinning and other standing deadwood provide habitat for
saproxylic beetles if felling stumps on clearcuts are harvested?
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ABSTRACT

Increased level of stump harvest on clearcuts is expected due to growing demand for bioenergy. For
saproxylic species, this will reduce habitat supply. Negative effects on populations may be buffered
by alternative deadwood habitats, especially stumps after forest thinning. We investigated clearcuts
and mature forest to see whether such stumps or other standing deadwood could host saproxylic
beetles that occur in clear-felling stumps. The study was conducted in boreal Sweden, on clearcuts
3-14 years after harvest and in mature forests. Beetles were sampled from the bark of spruce, pine
and birch, from stumps after clear-felling, stumps after thinning, snags within forests and high-
stumps on clearcuts. Beta diversity differed significantly between deadwood types, but not tree
species. The stumps after thinning had a species poor assemblage compared to other deadwood.
Abundance of common species was higher in deadwood on clearcuts compared to forests, and
higher in snags than in stumps. We conclude that stumps after thinning and other standing
deadwood will not buffer habitat loss from increased stump harvest for species inhabiting stumps
on clearcuts, because these communities require sun-exposed habitats. Within mature managed
forests, improving the quality and diversity of deadwood will be important for increasing the
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diversity of saproxylic beetle communities.

Introduction

The transition from fossil fuel-based to renewable energy
sources has led to a growing demand for bioenergy, and
this demand is expected to increase even further in the
near future (Anonymous 2016). Logging residues such as
stumps, branches and treetops from managed forests consti-
tute an important source of bioenergy (Egnell et al. 2007;
Swedish Forest Agency 2009). In Sweden, the majority of
stumps after harvest remain on clearcuts and the extraction
is not yet implemented at a large scale, because of legal
and economic reasons (Egnell 2013). However, as the need
for bioenergy continues to grow, we may expect that more
of the logging residues will be harvested, particularly the
stumps (Egnell 2013), with potential consequences for
saproxylic species, i.e. species relying on deadwood as
habitat (Hjaltén et al. 2010; Walmsley and Godbold 2010;
Bouget et al. 2012; Victorsson and Jonsell 2013; Jonsell and
Schroeder 2014; Ranius et al., 2018).

Loss of deadwood from managed forests has negative
effects on forest biodiversity (Esseen et al. 1997). In Scandina-
via where there is a long history of intensive forest manage-
ment (Kouki et al. 2001; Siitonen 2001), both the amount and
diversity of deadwood are substantially reduced (Fridman
and Walheim 2000; Siitonen et al. 2000). This has resulted in

many saproxylic species being threatened (Stokland et al.
2013). In order to mitigate these negative effects, some dead-
wood is retained and created during forestry operations,
which can benefit species associated with natural forest dis-
turbances (Gustafsson and Perhans 2010; The Royal
Swedish Academy of Agriculture and Forestry 2015).
Stumps left after harvesting and other residues are some-
times regarded as having a lower value for biodiversity com-
pared to logs and snags, which may have contributed to the
limited number of ecological studies (Bouget et al. 2012). Yet,
these deadwood types have been shown to host diverse
saproxylic communities (Caruso et al. 2008; Hjaltén et al.
2010; Jonsell and Hansson 2011) and some species have
large parts of their populations in slash and stumps (Jonsell
and Schroeder 2014; Hiron et al. 2017; Ranius et al., 2018).
Consequently, extraction of logging residues can lead to
reduced species richness, e.g. beetles and fungi (Toivanen
et al. 2012; Victorsson and Jonsell 2013), and therefore
poses further threats to the saproxylic diversity.

Stumps after harvest on clearcuts constitute about 80% of
all coarse deadwood in managed forests in Sweden, and are
therefore important for supporting large populations of
saproxylic species (Egnell et al. 2007). Their volume has
even increased by about 30% during the last 50 years (de
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Jong and Dahlberg 2017). However, species inhabiting those
stumps also use other man-made or natural deadwood types,
which may buffer their decline on a landscape scale under
increased extraction scenarios (Jonsell and Schroeder 2014;
Hiron et al. 2017). Some studies have found that moderate
levels of stump harvest do not necessarily compromise biodi-
versity values, provided that the harvesting sites and tree
species are selected with caution (Dahlberg et al. 2011; Las-
sauce et al. 2012; Zolotarjova et al. 2016; Hiron et al. 2017).
Negative effects of loss of one particular habitat on popu-
lations may be mitigated by the availability of alternative
habitat, e.g. other types of standing deadwood, like natural
snags or man-made high-stumps. Even low stumps created
during forest thinning operations may serve as habitat, and
this deadwood type is particularly interesting because it is
abundant in managed forest landscapes, constituting about
25% of all stumps (Swedish Forest Agency 2009). They
have, however, several differences compared to stumps on
clearcuts; most apparently, they are under closed canopy
and usually have smaller diameters, which may affect their
suitability. Sun exposure affects the occurrence of many
saproxylic species that prefer disturbed forest habitats
(Kouki et al. 2001; Lindhe et al. 2005; Vogel et al. 2020), and
experimental assessments of saproxylic species preferences
often indicate microclimate as one of the most important
factors determining species occurrence or community com-
position (Johansson et al. 2007; Miiller et al. 2020; Uhl et al.
2022). Therefore, we may expect that different microclimatic
conditions would lead to different species assemblages in
clearcut stumps compared to forest stumps.

So far, most deadwood studies have focused on logs,
snags and branches, while comparatively few have investi-
gated low stumps (but see Abrahamsson and Lindbladh
2006; Hjaltén et al. 2010; Jonsell and Hansson 2011; Uhl
et al. 2022). Low stumps have a close connection to the
ground, which provides moisture. Even stumps on clearcuts
become partly shaded, as soon as the vegetation has
reached some meters height, which may create some simi-
larities between stumps after thinning and stumps after clear-
cutting. Snags and high-stumps, on the other hand, remain
sun-exposed for longer. To understand how different
factors influence saproxylic communities, more comparative
studies between deadwood types are needed. Knowing to
what degree species in clearcut stumps can use other stand-
ing deadwood, including stumps after thinning, snags and
high-stumps, would help to assess the amount of habitat
available for this fauna. The results may also be relevant for
assessing how saproxylic beetles might be affected by the
implementation of alternative management methods, like
different types of continuous cover forestry, which create
habitats with varying degrees of sun exposure, in regions pre-
viously dominated by clearcutting.

In this study, we compared the beta diversity and abun-
dance of saproxylic beetles from bark samples of stumps
and snags/high-stumps, located either within mature forest
or on clearcuts, 3-14 years after cutting. We were especially
interested in analysing if felling stumps after forest thinning
could provide complementary habitats to stumps after clear-
cuting. The data were collected by Jonsell and Schroeder
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(2014), who estimated the proportions of saproxylic beetle
fauna that use clearcut stumps compared to other deadwood
types at a landscape scale. In that study, the relative impor-
tance of stumps after thinning for beetle diversity was not for-
mally assessed. Therefore, in the present study, we aimed to
evaluate whether stumps from forest thinning provide
habitat for beetle communities using stumps on clearcuts.
We posed the following questions:

- Is the saproxylic beetle fauna similar between felling stumps
on clearcuts and other types of standing deadwood?

- What are the main deadwood characteristics that affect
abundance patterns of individual beetle species?

We would consider different dead wood types as fully
complementary habitats if they host similar beetle species
at similar levels of abundance. If the identities of species
are similar, but they vary in abundance, it may indicate that
different deadwood types can be used as alternative habitats,
but cannot support the same population sizes. Finally, if there
are clear differences in both species identities and abun-
dance, it would suggest that the species communities are
highly deadwood-specific, and habitat loss of any of the
deadwood types is likely to have negative effects on their
populations. Our hypothesis was that the thinning stumps
would be largely complementary to the clearfelling stumps
in terms of species composition, because of similar (man-
made) origin, tree species and age. However, we expected
that they may have lower species abundances, due to
smaller size at cutting and fewer substrates created at the
same time.

Methods
Study area

The study landscape was located in central Sweden in the
province of Halsingland (62N, 16E, Figure 1). The total area
was 24,449 ha, consisting of 83% forest and the rest mainly
mires and lakes. The forest is typical of the central boreal
region, with Scots pine (Pinus sylvestris L) and Norway
spruce (Picea abies L. Karst.) as the dominant tree species.
The most common deciduous tree species are birch (Betula
pendula Roth. and B. pubescens Ehrh.) and aspen (Populus
tremula L.), but they only form a minor part of the stand
basal area. The forest land in the area is owned by a single
forest company Holmen Skog AB.

Selection of stands

The study was conducted on ten clearcuts, five old forest
stands and five thinned stands (Jonsell and Schroeder 2014)
(Figure 1). All the clearcut stands were conifer-dominated,
with less than 15% (range 1-13%) deciduous trees. The
share of spruce was between 62 and 88% in eight of the clear-
cuts, and 50% and 16% on the two remaining. The last one
was thus pine-dominated. The old forest and thinned
stands had similar tree species composition as the clear
cuts. The aim was to sample bark from low stumps on
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Figure 1. Spatial distribution of the surveyed stands within the study landscape situated in boreal Sweden. Background map from The Swedish Land Survey

(Lantmateriet).

clearcuts and in thinned stands, the bases of snags (= dead
standing trees) in the forest, and high-stumps on clearcuts.
The clearcuts and the old stands (> 60 years) were randomly
selected from the forest company’s stand database. We
included ten 3-14-year-old clearcuts (four 3-5 and six 7-14
year old) that contained stumps of pine, spruce and birch. If
a chosen clearcut did not have stumps of all three tree
species, we selected the next nearest clearcut that did. The
thinned stands that were treated 3-14 years ago were not
possible to identify from the stand database. However, two
of the old forest stands met this condition and were therefore
chosen for the sampling of stumps after thinning, i.e. both
stumps and snags were sampled in these stands. The three
remaining thinned stands were chosen with the help of
company personnel, among stands >60 years old in the
landscape.

The field surveys were conducted in 2009, and the field
design has been previously described by Jonsell and Schroe-
der (2014). Overall, our sampling included two stand types in
relation to the rotational stage (forest and clearcut) combined
with two standing deadwood types (stump and snag)
(Table 1). We sampled bark from stumps (diameter >10 cm)
of spruce, pine and birch on clearcuts and in thinned
stands, and from trunk bases on dead standing trees in the
old forest stands because the basal part of snags might be
similar to low-stumps. Those samples were taken at a
height corresponding to the bark surface on a harvest
stump. We also sampled bark from high-stumps on clearcuts,
but these were sampled at breast height for the purpose of
another study (Jonsell and Schroeder 2014).

Table 1. The number of sampled CWD objects grouped by stand type and tree
species.

Stand type CWD type Birch Spruce Pine Total
Clearcut stump 39 79 75 193
Clearcut high-stump 0 37 1 38
Forest snag 15 15 15 45
Forest (thinned) stump 32 40 40 112
Forest (thinned) snag 10 10 15 35
Total 96 181 146 423

Sampling design within stands

We selected 10-12 sampling plots per clearcut by positioning
a regular square grid on a map of each selected clearcut,
where each node was the center of a circular sampling plot
(100 m?, 5.64 m radius) (Jonsell and Schroeder 2014). The vari-
ation is due to the grid being randomly applied to the area
and that we chose to sample all nodes. The sampling plot
centers were identified in the field with a GPS.

In each sampling plot on the clearcuts, we sampled
beetles on one stump of each of the target tree species
(pine, spruce, birch) (Table 1). We chose stumps that were
closest to the plot center and had remaining bark. The aim
was to sample eight stumps per tree species per clearcut
and when this limit was reached, we did not sample the
remaining plots. In some plots, the stumps of targeted tree
species were not found, particularly birch stumps were
often lacking. Therefore, we did not find the intended
number of birch stumps on some clearcuts, and on three
clearcuts, we found no birch stumps at all. On two clearcuts,
we could not find the full number of pine stumps. We also
sampled bark from spruce high-stumps that were encoun-
tered within or between the sampling plots. We sampled
between 1 and 5 spruce high-stumps per clearcut, the
number depending on how many were present, making a
total of 37 high-stumps. Spruce was chosen because earlier
sampling programs in the same area focused on spruce
(Schroeder et al. 2006); spruce is also the most common
species of which high-stumps are created. In the thinned
stands, we sampled the first eight stumps encountered of
each tree species with bark remaining. In older forests, we
sampled trunk bases (=the bark area corresponding to
what would have been left if the tree was felled) of dead-
standing trees in the same way but restricted the sample
size to five trunk bases per tree species in each stand. The
quadratic network, which we used on the clearcuts, was not
possible to use in the mature forests as the stumps were
too sparsely distributed. Therefore, a large part of the stand
had to be covered in order to find all samples required.
Because both sampling methods covered most of the stand



area, we think that the difference in approaches between
clearcuts and mature forests is of minor importance. For
each sampled object (stump or trunk base), we estimated
the area of bark sampled and measured the size (circumfer-
ence in cm) and decay stage (5 classes, based on Siitonen
and Saaristo 2000) (Table S1).

Beetle collection

The beetle fauna was sampled by sifting, using the same
method as reported in earlier studies (Schroeder et al. 2006;
McGeoch et al. 2007). The sifts consisted of a textile bag,
which has a grid with an 8 mm mesh size in the middle.
The peeled bark was broken into smaller pieces and sifted
through the mesh, whereafter the fine fraction at the
bottom of the bag was brought to the lab for beetle extrac-
tion in Tullgren funnels. The coarse material that did not
pass through the grid was discarded in the forest. Sampling
was conducted during the summer (23 June-28 July 2009)
in all stands, as the time of sifting may influence the results
(Wikars et al. 2005). Where possible, we sifted 0.5 m? bark
per stump/trunk base. If stumps had less bark than that, all
available bark was sifted. The average bark sample size was
0.29 m?, with a range from 0.02 m? to 0.5 m?. All beetles
were determined to species according to the nomenclature
in Lobl and Smetana (2003-2012) by taxonomic experts
Joel Hallgvist and Vitezslav Manak. We defined as saproxylic
all species that are mainly recorded from various kinds of
dead wood, according to Hansen (1964), Koch (1992) and
Palm (1959). Only saproxylic species were included in the sub-
sequent analyses.

Statistical analyses
Community dissimilarity

As a measure of community dissimilarity, we used beta diver-
sity. We used packages betdiver and vegan (Oksanen 2017) in
R (R Core Team 2022) to visualize community composition
and calculate total beta diversity, nestedness and turnover.
We compared beta diversity for the four different dead
wood types: stumps on clearcuts, high-stumps on clearcuts,
stumps after thinning, and snags in the forest, as well as for
the three tree species: spruce, pine and birch. For these ana-
lyses, the species community data were summed for each
dead wood type per stand (n=31), or for each tree species
per stand (n=46). The analysis is based on PCoA (principal
coordinates analysis) of community composition where
beta diversity is estimated as the distance to centroid in
each group by the betadisper function, which uses infor-
mation from all PCoA axes. We added Lingoes correction to
the data, to avoid axes with negative eigenvalues. We calcu-
lated beta diversity measures based on presence-absence
data (Jaccard index) as well as abundance data (Bray-Curtis
index), and used ANOVA to analyze differences in beta diver-
sity (separately for the total beta diversity, nestedness, and
turnover) between the deadwood types and between tree
species. Eigenvalues from all PCoA axes for analyses of total
beta diversity are presented in Table S2.
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Abundance of common species

We used negative binomial generalized linear mixed models
(GLMM) in R package MASS to analyze whether stump prop-
erties had effects on abundance patterns of the most
common beetle species. As common species, we defined
those represented by a minimum of 20 individuals and occur-
ring in at least 10 stumps or snags. In total, this encompassed
20 species. Due to a large number of zeros in the data, for
each species, we removed categories of stand type and
stand ID, deadwood type or tree species where that species
was completely absent, in order to avoid variable categories
with only zero values. Data for additional sub-categories
with only zeros were removed only if they caused problems
with model convergence or model fit.

As the response variable, we used the number of individ-
uals found in the bark sample of each stump/snag, and we
used stand ID as a random factor. As fixed explanatory vari-
ables we used stand type (clearcut or forest) and deadwood
type (stump or snag), tree species (spruce, pine, birch) and
decay stage (classes 1-5). In addition, we included deadwood
size (circumference in cm) and sampled bark area (m?) as cov-
ariates to control for the effects of deadwood size and
sampling effort; these variables were scaled prior to analysis.
We also included geographical coordinates for each stand, to
account for possible spatial dependence. The original x- and
y-coordinates (SWEREF99TM coordinate system) were nor-
malized by scaling and centering +0.01, in order to obtain
positive data on comparable scales (Figure 1). The distri-
bution of the sites within the landscape lay along North-
West to South-East and the coordinates were highly corre-
lated (>0.7). Therefore, we did not test both coordinates
together in the same model. We tested two-way interactions
between tree species, stand type, deadwood type and size,
when possible (if all sub-categories contained data).

We assessed the model fit by inspecting residual plots and
testing for overdispersion and zero-inflation using the diag-
nostic functions in the DHARMa package in R. Models were
simplified based on Akaike's Information Criterion (AIC), by
removing variables if the removal reduced the AIC value of
the model. We selected the model with the lowest AIC as
the final model for each species. In addition, we compared
the AIC values of the final models to the null models (only
intercept and random factor), using AAIC >2 as cutoff, in
order to assess whether the fixed factors contributed substan-
tially to explaining the variation in the data.

Results

In total, 2669 saproxylic beetles belonging to 145 species
were collected from the bark samples. Of these, 1205 individ-
uals belonging to 91 species were collected from clearcut
stumps (193 surveyed objects), 318 individuals of 41 species
from high-stumps (38 objects), 555 individuals of 42 species
from stumps after thinning (112 objects) and 591 individuals
of 71 species from forest snags (80 objects). The collected
numbers of beetles were distributed similarly among tree
species, with 993 beetles found in spruce bark, followed by
pine (904 beetles) and birch (782 beetles).
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Table 2. Results from ANOVA, comparing beta diversity between beetle assemblages in different dead wood types, and among different tree species.

Distance Beta diversity DF Sum Sq Mean Sq F P

Dead wood type

Bray-Curtis index (abundance) Total 3 0.14 0.04 5.56 0.004
Nestedness 3 0.03 0.01 0.98 0.49
Turnover 3 0.41 0.14 9.63 0.0001

Jaccard index (presence/absence) Total 3 0.04 0.01 32 0.039
Nestedness 3 0.005 0.0002 3238 <0.0001
Turnover 3 0.03 0.01 7.1 0.001

Tree species

Bray-Curtis index (abundance) Total 2 0.005 0.002 0.36 0.69
Nestedness 2 0.0002 0.0001 0.29 0.75
Turnover 2 0.01 0.006 2.17 0.13

Jaccard index (presence/absence) Total 2 0.01 0.005 1.1 0.35
Nestedness 2 0.00005 0.00003 0.07 0.93
Turnover 2 0.02 0.009 4.25 0.02

The total beta diversity, nestedness and turnover were estimated using betadisper function in R package vegan. Significant differences (p < 0.05) are marked in

bold.

The most abundant species were Pteryx suturalis (582 indi-
viduals), Leptusa pulchella (172 individuals), Cerylon hister-
oides (125 individuals) and Corticaria longicollis (120
individuals); 49 species were represented by singletons
(Table S3). Ten species were unique to high-stumps and
stumps from forest thinning, while 29 and 32 species were
uniquely collected from snags and stumps after clearcutting,
respectively.

Community dissimilarity

We found differences in beta diversity between the samples
collected from different dead wood types (Table 2). The
total beta diversity and the species turnover were signifi-
cantly different, while the nestedness component was
only significant for species abundance-based data. The
first two axes of the PCoA showed a community overlap
between clearcut stumps and forest snags, particularly
when considering species abundance data (Figure 2A),
while the assemblages of high-stumps and forest stumps
were widely separated. The lowest beta diversity was
observed for forest stumps compared to the other dead-
wood types (Figure 2B).

A

<«
o

N
=] o

PCoA 2

-0.4 -02 0.0 02 0.4
PCoA 1

We found no differences in beta diversity between tree
species for most beta diversity types (Table 2). The single
exception was presence-absence-based turnover. In the
PCoA, however, there was a clear community separation
between birch and the coniferous species, spruce and pine,
along the first two axes (Figure 3A). Yet it was also apparent
from the PCoA plot that the variation within communities of
each tree species, i.e. beta diversity (the average distance to
centroid), was similar for all groups (Figure 3B).

Abundance of common species

Among the 20 species that were analysed individually, stand
type was included in the final models for ten of the species
(Tables 3, S5). Only two species showed a positive association
with forest habitat (Leptusa pulchella and Crypturgus hispidu-
lus), while more species (7) had significant or marginal nega-
tive association with forest, indicating that they prefer
clearcuts. Also, more species preferred snags compared to
stumps (Tables 3, S5). However, for about half of the
species the stand or deadwood type were not included in
the final models as relevant factors explaining species abun-
dance. Tree species was the factor retained in most models
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Figure 2. Total beta diversity (abundance-based) of beetle communities collected from four dead wood types: high-stumps on clearcuts, clearcut stumps, forest
snags and forest stumps. A — compositional differences illustrated by PCoA; B — beta diversity measured as distance to centroid in each dead wood type; median
values (black line), 25th and 75t percentile (boxes), and minimum/maximum values (whiskers) are shown. Beta diversity (= distance to centroid) differed signifi-

cantly between dead wood types (ANOVA: F =8.97, p = 0.004).
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Figure 3. Total beta diversity (presence-absence-based) of beetle communities collected from three tree species: spruce, pine and birch. A - compositional differ-
ences illustrated by PCoA; B — beta diversity measured as distance to centroid in each dead wood type; median values (black line), 25th and 75th percentile
(boxes), and minimum/maximum values (whiskers) are shown. Beta diversity (=distance to centroid) did not differed significantly between tree species

(ANOVA: F=1.11, p=0.35).

(13 out of 19), and we found a preference for birch or pine
substrate for six species each. Decay stage of deadwood or
sampled bark area was important for seven species. The
abundance of most species was not affected by deadwood
size; however, three vs. one species preferred small or
large-diameter wood, respectively. Two species, Hadreule
elongatula and Cerylon ferrugineum, were more abundant in
the eastern part of the study area, while P. suturalis and Ato-
maria bella were positively associated with the northern part
(Tables 3, S5).

It was only possible to test interactions for six of the
species, and for three of these, we found significant inter-
actions. Abundance of L. pulchella differed between forest
and clearcut (clearcut < forest) only for coniferous deadwood,
but was equally high in birch. The abundance of C. hispidulus
was influenced by an interaction between stand type and
deadwood type, with a higher abundance in stumps com-
pared to snags on clearcuts, but not within the forest.
Finally, fewer individuals of P. suturalis were found in small-
size deadwood, but only in snags, not stumps.

Discussion

We found that different species communities inhabited
stumps retained on clearcuts compared to those left after
forest thinning, and that both deadwood type and tree
species affected beetle species composition (Figure 2A,
Figure 3A). The patterns of beta diversity largely resembled
those of species composition for deadwood types, and we
observed a considerably lower species turnover in stumps
from forest thinning (Figure 2B). Beta diversity did not differ
significantly between beetle communities of different tree
species (Figure 3B). Abundance patterns of individual
species depended mainly on the tree species, deadwood
type and stand type, while e.g. substrate size and geographi-
cal gradients were relatively less important (Table 3). Our
findings are broadly consistent with other studies on
species habitat associations, (e.g. Jonsell et al. 1998; Abra-
hamsson and Lindbladh 2006; Johansson et al. 2007;
Hjaltén et al. 2010; Muller et al. 2020; Vogel et al. 2020;

Burner et al. 2021), and confirm that both the properties of
the deadwood itself, as well as the conditions of the sur-
rounding habitat, affect the diversity of saproxylic beetles.
Contrary to our hypothesis, our results indicate that other
types of standing deadwood, and particularly the stumps left
after thinning in mature forests, do not function as comp-
lementary habitats for beetle species inhabiting felling
stumps on clearcuts. This is because the species communities
are different both regarding species identity and their abun-
dance (Table 2). The stumps after thinning also had lower
beta diversity than the other categories showing that these
stumps host a species poorer community. Differences in
beta diversity also suggest that beetle communities change
across space, i.e. across forest stands within the landscape,
in a different manner in different deadwood types. Therefore,
alternative deadwood habitats may not be able to buffer the
negative effects of habitat loss of one particular substrate

type.

Different deadwood types as habitat for saproxylic
beetles

Different types of standing deadwood hosted different beetle
communities. In particular, stumps from forest thinning
clearly differed in species composition from the other dead-
wood types. In addition, we found considerably lower beta
diversity in stumps from thinning (Figure 2B) and they
appear to be avoided by most individual species that we ana-
lysed. Only one species (Leptusa pulchella) was positively
associated and another (Crypturgus hispidulus) marginally
associated with both factors “forest” and “stump” (Table 3).
L. pulchella is a generalist species in relation to most wood
properties, as long as fungi have colonised the wood (Palm
1959). C. hispidulus live on conifers, but generally seem to
thrive in wood of somewhat moister condition (downed
wood) than other species in the same genus (Lekander
et al. 1977). Other species more frequently occurring in the
stumps after thinning occurred to a similar or higher extent
in stumps on clearcuts (Table 3, S3). Thus, the stumps after
thinning seem to host rather species-poor communities and
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Table 3. Structure and results of the final models, GLM/GLMER (negative binomial), explaining abundance of the most common species* per deadwood (CWD)
substrate (Table S4).

g <% E" g 2 % S . 2 22
2 EEZE 8% 5 ¢ t % 3 ES £g
& 7€ 0% &2 & & & z & E£8 &%
Birch Pine
Leptusa pulchella
Crypturgus hispidulus
Atomaria bella
Pteryx suturalis 326
Rhyncolus ater 277
Corticaria longicollis 281
Sulcacis affinis 141
Cerylon ferrugineum 146
Enicmus rugosus 149
Stenichnus bicolor 207
Rhyncolus sculpturatus 94
Corticaria rubripes 166
Rhizophagus dispar 281
Anisotoma castanea 128
Abdera triguttata 149
Hadreule elongatula 174
Cis hispidus 193
Cerylon histeroides 358
Euplectus punctatus 158
Cis punctulatus 223

Fixed factors were stand (forest or clearcut), deadwood (stump or snag; high-stumps treated as snags in analyses), tree species (spruce, birch or pine), decay class
(1-5), substrate size (circumference) and sampled bark area. Reference categories were clearcut (stand), snag (CWD) and spruce (tree). Colors and symbols: red =
significant negative effect (p < 0.05), orange = marginal negative effect (0.05 < p < 0.1), green = significant positive effect, light green = marginal positive effect,
grey = no effect, but in the final model, - = not in the final model, x = in interaction, na = could not be tested due to zero-categories. The order of species is
organized so that species with positive correlation to stand type = forest are at the top of the table and species with positive correlation to clearcuts at the
bottom. *Analysed species were represented by at least 20 individuals and present in at least 10 stumps or snags.



they seem to be a favorable habitat for only a few species,
while the majority of species do not thrive in this deadwood
type.

Lower diversity in stumps after forest thinning might be
due to several factors, including (1) comparatively lower
diameter than clearcut stumps, (2) shaded microclimate, (3)
that they are created with the same method at the same
time, or (4) management history of the stands. We think all
those factors might be contributing due to the reasons
explained below, starting with the first point. Our data
showed only limited evidence for a preference for large-size
stumps, as also reported by other studies (e.g. Lindhe et al.
2005), which suggests that diameter is probably not a
strong contributing factor within the size range studied here.

Microclimate is often identified as one of the main factors
shaping saproxylic communities (Vogel et al. 2020; Burner
et al. 2021), and its importance has been demonstrated for
many saproxylic beetle communities (Lindhe et al. 2005;
Johansson et al. 2007; Miiller et al. 2020; Vogel et al. 2020).
Forest thinning stumps experience similar microclimatic con-
ditions as forest snags, yet we observed considerably higher
beetle diversity in snags, similar to that of substrates on clear-
cuts. This suggests that the habitat type with shaded micro-
climate isn't the only factor responsible for low diversity in
stumps after thinning.

Another likely explanation for the observed diversity pat-
terns is that man-made deadwood may have a more
uniform species assemblage compared to natural deadwood
because they are created on the same occasion and with the
same method; this applies to stumps after thinning, as well as
stumps after clearcutting and high-stumps. Such low hetero-
geneity of man-made substrates in comparison with naturally
created was reported for deciduous high-stumps (Jonsell
et al. 2004). In comparison, forest snags are created by the
natural death of the trees and could therefore be expected
to have more varying properties and thereby species commu-
nities than the stumps. In our study, however, the beta diver-
sity of beetle communities was also high in high-stumps and
clear-felling stumps, even though these are man-made sub-
strates. This might be related to higher sun exposure on clear-
cuts. Forests with high sun exposure have higher
microclimatic heterogeneity both on stand level and sub-
strate level (Lettenmaier et al. 2022), which could contribute
to richer fauna of sun-exposed environments. Additionally,
habitat conditions change rapidly over time after clearcut-
ting, which affects saproxylic communities (Hyvdrinen et al.
2009). Due to the wide range of clearcut ages (3-14 years)
surveyed in this study, habitat heterogeneity is likely higher
for the deadwood substrates surveyed in this group. There-
fore, stumps left after thinning in mature forests might be
relatively more homogeneous than the other deadwood
types, at least under the Fennoscandian forest management
regime where sun exposure usually benefits insect diversity
(Kouki et al. 2001).

The history of forest management is rather different
between the stands in the study area. In boreal Sweden, for-
estry had a comparatively low impact until the first half of the
1900s (Ostlund et al. 1997). Cutting occurred in most forests,
but only the most valuable trees were harvested. When the
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clearcutting system was introduced on a large scale, whole
stands were replaced by planted trees. Usually, all trees
were removed, including small ones, so the new stands
became very uniform (Ostlund et al. 1997). The old forest
stands and many of the stands that have been cut close to
the shift of the millennia (=old clearcuts in our data) have
never been subjected to stand-replacing clearcutting,
whereas the thinning stands originated after the shift to
stand-replacing clearcuts. Therefore, it might be so that the
thinned stands have a poorer and more uniform habitat
quality with smaller species pools of saproxylic beetles that
might colonize the stumps after thinning. The management
history is thus correlated with stand age, which also might
be a contributing factor.

Species composition and abundance

We observed compositional differences among saproxylic
beetle communities between the deadwood types; particu-
larly, the stumps after thinning in the forest and high-
stumps on clearcuts hosted distinct communities. High-
stumps and low-stumps were expected to be different,
which has been shown for spruce earlier (Abrahamsson and
Lindbladh 2006; Hjéltén et al. 2010). The high-stumps were
sampled at breast height, while all other substrates were
sampled near ground, which implies that low stumps have
closer contact with ground moisture compared to the wood
where the high-stumps were sampled. Similarly, logs in
close contact with the ground have been shown to differ
from high-stumps (Jonsell and Weslien 2003). A conspicuous
example of a species differentiating due to this is the ciid
beetle Hadreule elongata (Table S3) that has a very strong
affinity for high-stumps compared to low stumps or logs on
the ground (Jonsell and Weslien 2003; Schroeder et al.
2006). Other studies have shown that different sections of
standing deadwood differ in species diversity (Graf et al.
2022) and the base of high-stumps hosts different commu-
nities than the section at the breast height (Abrahamsson
and Lindbladh 2006), which suggests that different moisture
levels probably contribute to these diversity patterns. Even if
previous studies have mostly focused on early colonizing
saproxylic communities, and high-stumps in our study were
considerably older, it appears that they maintain a distinct
beetle fauna for up to 14 years after clearcutting.

Even if we found that different deadwood types host
different species assemblages, there was also overlap
between them (Figure 2A). Moreover, about half of the
species that we analysed individually preferred a specific
stand type or deadwood type, while for the rest of the
species, these factors were not important, suggesting that a
considerable part of the community uses several substrate
types.

We found that the deadwood of birch hosted different
beetle species assemblage compared to the communities in
spruce and pine (Figure 3A). The lack of differences in beta
diversity suggests that the communities in deadwood of
different tree species vary in a similar way across the land-
scape. Also, several individual species varied in abundance
between tree species (Table 3). Here, we mostly found
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species with a preference for pine or birch wood, while no
species preferred spruce over both pine and birch. That
saproxylic species discriminate between wood of different
tree species and particularly between deciduous and conifer-
ous wood is well known (Jonsell et al. 1998; Dahlberg and
Stokland 2004; Toivanen and Kotiaho 2010; Lassauce et al.
2012; Vogel et al. 2020; Burner et al. 2021). This pattern is
usually most apparent early in the succession, and as dead-
wood reaches later decomposition stages, other factors
than tree species, e.g. fungal species community, determine
which beetles use the deadwood (Jonsell et al. 1998;
Seibold et al. 2023). Our study covered a rather broad age
range of the deadwood, but not the first years when the
species turnover is most pronounced, probably explaining
why the difference in species composition between pine
and spruce was not apparent.

Management and conservation implications

The value of thinning stands for biodiversity is rather over-
looked (e.g. Klein et al. 2022), and here, we showed that the
stumps after forest thinning have comparatively low values
for the diversity of saproxylic beetles. More generally, our
results suggest that the deadwood on clearcuts has an impor-
tant niche to fill for the saproxylic biodiversity in managed
boreal forests. The open sun-exposed stumps are used by
an assemblage of species that would not thrive in stumps
within mature forests.

Our study is not unique in finding that a majority of
saproxylic beetles prefer open and sunny conditions. As
large-scale disturbance by forest fires was very common in
boreal forests before humans could control the fires (Niklas-
son and Granstréom 2000; Niklasson and Drakenberg 2001),
many species have adapted to track these disturbances
(Kouki et al. 2001). The fires supplied large quantities of
sun-exposed wood, and today clear cuts are the major
habitat for those species. However, most of the coarse
wood is extracted from the clear cut, leaving the felling
stumps to be the main source of coarse deadwood there. Har-
vesting these stumps would imply an even more restricted
supply of habitat and our results suggest that the shaded
stumps within the forest would not be a good substitute
for those species. In addition, during stump harvest, other
types of deadwood present on clearcuts risk being
damaged or removed (Hautala et al. 2004; Rudolphi and Gus-
tafsson 2005). Thus, the results of our study support the con-
clusions of previous research (Bouget et al. 2012; Lassauce
et al. 2012; Toivanen et al. 2012; Victorsson and Jonsell
2013; Jonsell and Schroeder 2014; Zolotarjova et al. 2016;
Hiron et al. 2017), suggesting that logging residue harvest
should be limited to residues of certain tree species and
managed stands with low biodiversity values. In addition,
increased stump harvest on clearcuts needs to be combined
with strategies for improved deadwood retention and protec-
tion on a landscape scale. Landscape focus is important since
a forest stand on its own will usually not be able to support
populations in the long term due to its small size and succes-
sional character. Our analyses of beta diversity showed that
beetle communities vary across space in different ways

among deadwood types, regarding both species turnover
and nestedness. This means that all deadwood types have
their own unique contribution to the regional species pool
and all of them need to be considered in conservation
management.

Currently, continuous cover forestry is increasingly con-
sidered as a potential way to increase multifunctional forest
values, such as recreation, biodiversity and improved resili-
ence of managed forests under climate change (Peura et al.
2018; Mason et al. 2022). Regarding biodiversity, continuous
cover forestry increases habitat availability for late-succes-
sional forest species (Peura et al. 2018; Ekholm et al. 2023),
because continuous cover forestry generally aims at minimiz-
ing tree-less areas, even if smaller open patches are created
during, e.g. gap harvest. Our study shows that stumps
under tree cover have a lower diversity and a different assem-
blage of species than stumps on clearcuts, which is at least in
part due to low sun exposure. Therefore, continuous cover
forestry that maintains a high degree of shading, like
single-tree harvest, will not benefit species adapted to dis-
turbed sun-exposed environments, which has also been high-
lighted by other studies (Ekholm et al. 2023).

For the saproxylic species, irrespective of the forestry
method, dead wood retention throughout the successional
cycle is necessary, including trees older than the felling age
in forestry. Refraining from thinning has been suggested as
a cost-effective way to increase habitat availability for threa-
tened saproxylic beetles (Monkkénen et al. 2014). Our
results provide some support for such an approach, as
stumps after thinning were species-poor compared to
forest snags, and without thinning the long-term availability
of snags would increase throughout the successional cycle.
At a landscape scale, a combination of management
regimes, including clear cuts, extended rotation times and
stands with continuous cover, provides the highest values
for ecosystem services and biodiversity (Ménkkonen et al.
2014; Peura et al. 2018). Thus, the goal of forest policy in
Sweden, to establish continuous cover forestry as a comp-
lement to clearcutting (Swedish Forest Agency 2023),
should be favorable for biodiversity, provided that hetero-
geneous deadwood habitats are created in forests of all suc-
cessional stages.
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