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Abstract

Preserving streamside forest habitats or buffer strips is considered to reduce forestry related
biodiversity loss in commercial forest landscapes. However, it is still unclear what type of
management in and near streamside forests can be undertaken without compromising their
biodiversity and its natural change through succession. We tested the before-after-control impacts
of forested buffer strips (15 or 30 m wide, with or without selective logging) preserved after clear-
cutting, on the changes of polypore communities in streamside boreal forests in Finland.
Manipulations in 28 sites produced four treatment classes, the community compositions of which
were compared with 7 unmanaged controls before and 12 years after the manipulations. The
polypore community composition in 15 m wide buffer strips changed differently than that in
controls, and resembled the community composition typically found in production forests.
Moreover, selective logging tended to homogenize polypore communities. These responses of
polypore communities indicate that the natural biodiversity and succession of streamside forests
was disturbed in both 15 m wide and selectively logged buffer strips. Streamside forests in non-
logged 30 m wide buffer strips seemed to retain the natural polypore community composition and

succession, at least during the 12 years period.

Key words: buffer zone, dead wood, key habitat, partial harvesting, riparian forest
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1 Introduction

Most of the boreal forests are under timber production, which has decreased their biodiversity
values by homogenizing forest structures and species compositions (Esseen et al. 1997;
Kuuluvainen and Gauthier 2018). Preserving small-scaled forest patches, which provide valuable
habitat for specialized and red-listed species, is considered to reduce forestry related biodiversity
loss in forest landscapes (Ericsson et al. 2005; Timonen et al. 2010, 2011). These assumed
biodiversity-hotspots are called woodland key habitats and they are protected by law or forest
certification in most Fennoscandian countries (Timonen et al. 2010). However, it is still unclear
what type of management, if any, can be allowed in and near these habitats without disturbing their
biodiversity in the long term (Marczak et al. 2010; Timonen et al. 2010, 2011; Hylander and
Weibull 2012; Kuglerova et al. 2014). Streamside forests represent one of the most common key
habitat types in Fennoscandia (Timonen et al. 2010; Selonen and Kotiaho 2013) and their retention
is a part of sustainable forest management internationally (e.g., Lee et al. 2004; Sweeney and

Newbold 2014).

Most commercial boreal forests are still managed under rotation forestry with clear-cuts
(Kuuluvainen and Gauthier 2018), while streamside forests are retained by leaving a forested buffer
strip between the stream and the clear-cut area (Timonen et al. 2010; Kuglerova et al. 2014). The
width of the strip varies but they can be narrow (from few meters to tens of meters) (Lee et al. 2004;
Selonen and Kotiaho 2013) and prone to strong edge effects (Murcia 1995), which extend at least
20-50 m into the forest from the edge (Aune et al. 2005; Ylisirnio et al. 2016). Edges are exposed to
disturbances and they are usually warmer and drier than inland forests (Murcia 1995). Moreover,
many common generalist species in boreal forests favor edges and outcompete specialized species
that require closed forest structures (Ruete et al. 2016). Therefore, the area of natural streamside

habitat, which is not under the edge effect, can be very small or non-existent (Aune et al. 2005).
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Previous studies in streamside habitats have suggested that the width of the buffer strips should be
at least 30 to 45 m to preserve the natural microclimatic conditions and community composition of
the streamside habitat biodiversity (Selonen and Kotiaho 2013; Sweeney and Newbold 2014; Oldén

et al. 2019a, 2019b).

The forests in the immediate surroundings of streams have a special microclimate and forest
structure that provide habitats for a diverse range of species (Naiman and Décamps 1997). The
amount and diversity of dead wood, which is a critical resource for many forest-dwelling species,
can be higher in streamside habitats than in other production forests (Siitonen et al. 2009; Sweeney
and Newbold 2014). In Fennoscandia, the average amount of dead wood in managed forests is 5 m*
ha! or below, whereas for many dead wood dependent species the critical threshold may be around
20 m*ha™! (Junninen and Komonen 2011). Siitonen et al. (2009) reported that the average volume of
dead wood in streamside habitats in southern Finland was 11.7 m* ha™! and that only 15% of

streamside forests fulfilled the threshold of 20 m? ha™'.

Dead wood dependent polypores are pathogens of living trees and decomposers of dead trees and
therefore crucial for forest ecosystems’ natural functioning and succession (Junninen and Komonen
2011; Stokland et al. 2012). In addition, as polypores are sensitive to changes in substrate quality
and abiotic conditions, they are widely used as biological indicators in ecological research (Halme
et al. 2017). Findings about the importance of streamside forests in supporting polypore
communities are controversial (Junninen and Kouki 2006; Hottola and Siitonen 2008). Streamside
habitats can support polypore species richness but their function in the conservation of threatened
polypores is uncertain. In general, key habitats, such as streamside forests, are often too small in
size and isolated to preserve viable populations of specialized and rare species, especially if

surrounded by clear-cuts (Sippola et al. 2005; Ylisirnio et al. 2016). Several studies have reported
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that the composition of polypore communities changes near forest edges (Snéll and Jonsson 2001;

Siitonen et al. 2005; Ruete et al. 2016).

Streamside forests are often productive and thus interesting from the economic point of view
(Lundstrom et al. 2018). Therefore, leaving wide buffer strips next to clear-cuts can evoke
significant costs. The Finnish Forest Act (Forest act 2013) allows selective logging in the
streamside key habitats, provided their characteristic features, i.e. natural forest structure,
microclimatic conditions and growing conditions, are not altered. If selective logging can be
performed without altering these characteristic features, it could be a way to decrease the costs of
retaining wider buffer strips. Relative to clear-cutting, selective logging can reduce forestry related
biodiversity loss (Joelsson et al. 2017; Vanha-Majamaa et al. 2017; Oldén et al. 2019a), but it
nevertheless is likely to disturb microclimatic conditions and species composition relative to
unmanaged old-growth forests (Bader et al. 1995; Sippola et al. 2001; Oldén et al. 2019b).
However, the impacts of selective logging on the changes of species community composition are

still poorly understood.

The aim of this study was to determine the impact of forested buffer strip width and the impact of
selective logging of the buffer strips on the formation of dead wood and on the succession of
polypore species community composition in streamside habitats in Finnish boreal forests. The
streamside habitat was assumed to be the forested area from 0 to 15 m from the stream, which is
included in the buffer strips. The width of the buffer strip between a stream and a clear-cut area (15
or 30 m) and selective logging within it were manipulated forming four buffer strip treatments,
which were compared with unmanaged controls 12 years after treatment loggings. Study forests
were 80—100 years old mature forests and expected to slowly change towards natural old-growth

forest structure and species composition. Therefore, natural changes were likely to occur also in the
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control sites and our aim was to determine whether the treatments disturb the natural succession.
We tested for differences in changes over time in the formation of dead wood, the number of
polypore species and individuals, the polypore community composition, and the homogenization of

the polypore communities among sites, between treatments and in relation to controls.

2 Materials and methods

2.1 Study design

Our 35 study sites, representing spruce (Picea abies) dominated and mature streamside forests,
were located in production forest landscapes in southern and middle boreal region (Oldén et al.
2019a). There was only one study site along each stream. All of the sites were classified as Forest
Act Habitats meaning that streamside forests were in a natural or nearly natural state. Before the
treatment manipulations, the minimum distance to the nearest clear-cut area was 80 m, sites had not
been managed during recent decades and the dominant trees were 80-100 years old. Thus, forests
were expected to slowly develop towards old-growth conditions. In treatment manipulations, 7 sites
were left as unmanaged control sites and loggings were conducted in 28 sites during the winter
2005-2006. As part of the logging operations, the adjacent upland forest on one side of the stream
was clear-cut and one of four buffer strip treatments was applied between the stream and the clear-
cut area: 30 m wide buffer strip without selective logging (5 sites), 30 m wide buffer strip with
selective logging (8 sites), 15 m wide buffer strip without selective logging (6 sites) or 15 m wide
buffer strip with selective logging (9 sites) (Fig. 1a). In selective loggings, 30% of the basal area of
the forested buffer strip was evenly logged from the whole buffer strip width. The logged trees were
mainly the largest trees. More information on study design and sites is found in Oldén et al. (2019a,

2019b).

2.2 Data collection
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Dead wood and polypores were inventoried in late September — early November 2004 before the
treatments and the inventory was repeated in late September — early November 2017, i.e. 12
growing seasons after the treatments. Dead wood was measured from 0.045 ha study plots and
polypores from 0.1 ha plots (Fig. 1b). In this study, the immediate surrounding of a stream (from 0
to 15 m from a stream) was considered to be the actual streamside key habitat. Therefore in
treatments with a 15 m wide buffer strip, the clear-cut was immediately next to study area whereas
in treatments with a 30 m wide buffer strip, there was a 15 m wide strip (from 15 to 30 m from a
stream) between the study area and the clear-cut (Fig. 1a). We did not have the dead wood data
from 5 sites (one control site, two 30 m wide buffer strip sites with selective logging, and one 15 m
wide buffer strip site with and one without selective logging), so the number of sites with dead

wood data was 30.

Dead trees and their fragments with a diameter > 5 cm and length > 1.3 m were inventoried (thus
excluding stumps). For each trunk and a fragment of a trunk, the length, diameter, tree species and
decay stage was recorded. For the whole trunks, the diameter at 1.3 m height was measured, and for
the fragments of the trunks the diameter at the middle of the fragment. The decay stages 1-5 were
classified as follows (Renvall 1995): (1) hard, a knife penetrates by pushing only a few mm into the
wood; (2) relatively hard, knife penetrates 1-2 cm in depth; (3) relatively soft, knife penetrates 3—5
cm in depth, (4) soft throughout, (5) very soft, can be moulded by hand. Volumes of whole dead
trees were calculated based on the volume formulas of spruce (Picae abies), pine (Pinus sylvestris)
and birch (Betula pendula and pubescens), the latter of which was applied for all deciduous tree
species (Laasasenaho and Snellman 1983). Volumes of dead tree fragments were calculated using

the formula of a cylinder.



159  Polypores were surveyed by observing their fruiting bodies from the dead and living trees with

160  length > 1.3 m and diameter > 5 cm at 1.3 m height. Several fruiting bodies of the same species in
161  one dead or living tree trunk or fragment of a trunk were considered as one individual. Only living
162  fruiting bodies of perennial species were recorded but both living and dead fruiting bodies of annual
163 species were recorded. If species identification in the field was not possible, a specimen was

164  collected and identified under a microscope. The nomenclature and division of species follows

165  Niemeld (2016) but Phellinus igniarius coll. included species P. igniarius, P. alni and P. cinereus,
166  and Postia leucomallella coll. included species P. calvenda and P.rufsecens. We classified red-
167  listed species according to Kotiranta et al. (2019).

168

169  Treatment loggings have caused changes in abiotic microclimatic conditions (Oldén et al. 2019b)
170  and can disturb biotic conditions through altered dead wood dynamics (Méenpéi et al.

171  unpublished). Early colonizers can produce fruiting bodies soon after the colonization and on the
172 other hand, the fruiting success of existing species can be disturbed due to changed abiotic

173 conditions (Jonsson et al. 2008; Moore et al. 2008). Therefore, the early impacts of altered abiotic
174  and biotic conditions on polypore community succession can be detected after 12 years.

175

176 2.3 Statistical analyses

177  2.3.1 Dead wood and numbers of polypore species and individuals

178  Most polypore species are specialized with regards to the tree species, size, mortality factor and
179  decay stage of the trees (Junninen and Komonen 2011; Stokland et al. 2012). However in this study,
180  our aim was not to deeply explore the dead wood profile and its impacts on polypore communities,
181  and thus we only divided the resources between fresh (decay stages 1,2) and old dead wood (decay
182  stages 3,4,5). We calculated the change in the volume of fresh and old dead wood between 2004

183  and 2017 separately for each site. The change of fresh decaying wood indicates the change in the



184  formation of new dead wood, which is the one that can mainly be altered due to buffer strip

185  treatments during the 12 years.

186

187  Similarly, we calculated the changes in the number of polypore species and the number of

188  individuals for each site by subtracting the numbers observed in 2004 from those observed in 2017.
189  These changes were calculated for all species as a group, in addition to which they were calculated
190  separately for red-listed species as a group.

191

192  The calculated changes were not normally distributed so to test if there were differences in the

193  changes among treatments we conducted non-parametric Anova, Kruskall-Wallis tests by ranks
194  (function kurskal.test in R-package stats). To further test if the changes in buffer strip treatments
195  differed from the control treatment we conducted Dunn’s multiple comparison tests by ranks

196  (function dunn.test in R-package dunn.test)

197

198  2.3.2 Polypore communities

199  To estimate the differences in polypore communities among sites and years we calculated and

200  tested for differences in their semi-metric abundance-based (i.e., taking the number of individuals
201  into account) Bray-Curtis dissimilarity measures (function vegdist in R-package Vegan). This

202  dissimilarity measure is widely used and shown to be good in detecting ecological gradients. The
203  measure varies between 0 and 1, with 1 meaning total dissimilarity between communities (no

204  shared species). In addition, we repeated the analyses applying precence-absence based Serensen
205  measure. Polypore fruiting bodies were not detected at all from three sites before the treatment
206  manipulations (one control site, one 30 m wide buffer strip site with selective logging and one 15 m
207  wide buffer strip without selective logging), so we removed these sites from the community-level

208 analyses. Due to this one polypore species (Heterobasidion parviporum) was not included in the
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community-level analyses as it was detected only in one site in 2017 and this site did not have

fruiting bodies in 2004.

First, we analysed the impacts of buffer treatments on the mean community composition. We
compared separately the mean community composition of each buffer treatment with the
composition of control before and after the treatment manipulations using a permutational Manova,
Permanova (function adonis2 in R-package Vegan, a multivariate analog of analysis of variance).
Explanatory factors were the four treatment contrasts: each buffer strip treatment compared with the
control treatment. To test if the treatments change polypore communities differently compared with
controls we ran a Permanova where we used the interactions of each treatment contrast and year as
explanatory variables. We used study site as a strata to constrain permutations within sites. To
directly test the effect of selective logging and to compare the effects of different buffer strip widths
on the change of polypore community composition, we also analyzed data without the controls. In
these analyzes, explanatory factors were the width of the buffer strip (15 m or 30 m), selective

logging (yes or no), year and their interactions.

Second, we studied the impacts of buffer treatments on the dispersion in community composition.
Decreased dispersion in community composition indicates homogenization, i.e. sites become more
similar to each other in community composition. We compared the dispersion of each buffer
treatment with the dispersion of control before and after the treatment manipulations using the
analysis of multivariate homogeneity of group dispersions (betadisper in R-package Vegan, a
multivariate analogue of Levene's test for homogeneity of variances) and permutations
(permutest.betadisper in R-package Vegan). To test if buffer treatments changed the dispersion of
communities differently than controls, we first used betadisper to extract the distance of each site to

the centroid of the sites of the same treatment and year. Betadisper does not allow using more than
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one explanatory variable in the analysis, so we extracted the distances and used Anova (with Type
II sums of squares) to test for the effects of the interaction between each treatment contrast and year
(Anova in R-package car). As in the Permanova-analyses above, we also analyzed the data without
controls to test for the effects of buffer strip width and selective logging among the buffer strip

sites.

We also illustrated these community changes in different treatments with ordination using non-
metric multidimensional scaling (NMDS, function metaMDS in R-package Vegan). Moreover, we
tested if there were species associated with specific treatments before and after the treatment

manipulations using multi-level pattern analysis (function multipatt in R-package Indicspecies).

The results of all community analyses above are reported with Bray-Curtis dissimilarity measures in
the main text, but the results of the same analyses with Serensen dissimilarity are fully reported in
the Supplementary material. In all permutation tests, significances were tested using a
randomization test with 9999 permutations. All statistical analyses were performed using R version
3.5.1 (R Development Core Team 2014). The references for the R-packages are available in Table

S1.

3 Results

3.1 Dead wood

The formation of fresh dead wood (decay stages 1,2) tended to increase during the study period in
all treatments (Figure 2a). The average volume of fresh dead wood was on average (+ SD) 5.4 £
5.6 m*ha'in 2004 and 20.0 + 22.2 m*ha! in 2017. However, compared with controls, the
formation of fresh dead wood increased less in 30 m wide buffer strips with selective logging

(Dunn’s test: Za=-2.621,12, p=0.044). The volume of old dead wood (decay stages 3,4,5) tended to
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remain at similar levels in 2004 and 2017 in all treatments (Figure 2b). The average volume (+ SD)
of old dead wood (decay stages 3,4,5) was 9.9 £ 21.4 m>ha™! in 2004 and 6.7 + 8.0 m> ha™! in 2017.
There were no significant differences among treatments in the change of old dead wood volume

(Kruskal-Wallis: Chi-squareq=2.104, 27, p=0.718).

3.2 Numbers of polypore species and individuals

In total 62 different polypore species were recorded, of which 41 species were found in 2004 and 50
in 2017 (Table S2). The total number of individuals had doubled during the study period, as it was
320 in 2004 and 656 in 2017. The number of species per site (Fig. 2¢) and the number of
individuals per site (Fig. 2d) tended to increase in all treatments. The site-level number of species
increased similarly among all treatments (Kruskal-Wallis: Chi-squareqs=4.71432, p=0.320).
However, compared with controls, the site-level number of polypore individuals increased more in

15 m wide buffer strips with selective logging (Dunn’s test: Zg=-2.621,16, p= 0.009).

One red list species was observed in 2004, and seven in 2017, of which five different species were
found in controls, two in 30 m wide strips without selective logging, two in 30 m wide strips with
selective logging and two in 15 m wide strips with selective logging (Table S2). There were many
sites without red-listed species and variation among sites was high so there were no significant
differences among treatments in the change of site-level number of red-listed species (Kruskal-
Wallis: Chi-squaredar = 5.13432, p = 0.280) or individuals (Kruskal-Wallis: Chi-squaredqr = 4.63432,

p = 0.330).

3.3 Polypore communities
3.3.1 Community composition
The mean community composition was similar to controls in all buffer strip treatments before the

manipulations in 2004 (Table 1a, Fig. 3a). In contrast, the mean community composition was
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similar to controls only in non-logged 30 m wide buffer strips after the manipulations in 2017, and
differed from the controls in both types of 15 m wide buffer strips and in 30 m wide buffer strips

with selective logging (Table 1a, Fig. 3a).

The community composition of polypores had changed between years 2004 and 2017 in all sites
(Fig. 3b). However, communities in both types of 15 m wide buffer strips showed changes that
deviated from the changes in controls (Fig. 3). In controls, the changes tended to be inconsistent in
direction whereas in 15 m wide buffer strips, changes tended to be more directional and towards
species not found in the controls. (Fig. 3b). However, mean changes in community composition
differed significantly from the controls only in 15 m wide buffer strips with selective logging (Table
2a). In non-logged 15 m wide buffer strips, the directions of change in community composition
were less consistent (Fig. 3b) and the number of sites within the treatment was the smallest so the
deviation from the control was not captured by Permanova. The mean community composition in
selectively logged 30 m wide buffer strips changed roughly to the same direction as the composition
in controls (Fig. 3b), and therefore these changes were not statistically different, although the
compositions themselves differed in 2017 (Table 1a, Fig. 3a). Moreover, communities in 15 m and
30 m wide buffer strips changed differently but selective logging did not affect the change in mean

community composition at either buffer strip width (Table 3a).

3.3.2 Community dispersion

The dispersion in community composition among sites was similar to controls in all treatments
before the treatment manipulations in 2004 (Table 1b, Fig. 3a). After the manipulations in 2017, the
dispersion in community composition was still similar to the controls in all treatments with the
exception of the 15 m wide buffer strips with selective logging where the dispersion was smaller

(Table 1b, Fig. 3a). Despite this, the dispersion in community composition changed differently than
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in controls in 15 m wide buffers without selective logging (Table 2b), where the dispersion seemed
to be slightly increased compared to other treatments (Fig. 3a). The dispersion in community
composition decreased in both buffer treatments with selective logging (Table 3b, Fig. 3a).
However, the change of dispersion in buffer strip treatments with selective logging did not differ
significantly from the change of dispersion in controls as it seemed to decrease slightly as well.
Nevertheless, when the sites with different buffer strips were compared, selective logging caused a

decrease in dispersion, while buffer strip width did not impact the change in dispersion (Table 3b).

3.3.3 Species associated with treatments

Except for one species (Phellinus punctatus) that was associated with controls, there were no
species associated with treatments prior to treatment manipulations (Table S3). After the
manipulations in 2017, there were three species (Gloeophyllum sepiarium, Antrodia serialis and
Postia tephroleuca), which were associated with both types of 15 m wide buffer strips (Table S3).
In addition, Postia caesia was associated with all buffer strip treatments, except the non-logged 30
m wide buffer strips (Table S2). These associated polypore species are mostly generalist species
and typically found in production forests (Niemeld 2016). The direction of change of community
composition in both types of 15 m wide buffer strips tended to be towards these species (Fig. 3). In
addition, even though not significantly associated with the 15 m wide buffers, the abundance of two
generalist species (Fomitopsis pinicola and Trichaptum abietinum) increased in 15 m wide buffer
strips after treatment manipulations (Table S2). Moreover, in 2017 three species (Phellinus
tremulae, Postia ptychogaster and Trichaptum fuscoviolaceum) were associated with 15 m wide
buffer stirps without selective logging and one species (Antrodiella pallescens) was associated with

30 m wide buffer strips withouth selective logging (Table S3).

3.3.4 Species presence vs. abundance
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Communities were similar in buffer strip treatments and controls before the treatment
manipulations in 2004 also when species presence-absence (Serensen dissimilarity) was only
considered (Table S4). After the manipulations in 2017, fewer buffer strip treatment differed from
the control when species presence-absence was only considered than when abundance (Bray-Curtis
dissimilarity) was considered. In 2017, only 15 m wide buffer strips differed from the controls in
the mean community composition and 15 m wide buffer strips with selective logging in the
dispersion of community composition (Table S4). The changes in mean composition and dispersion
did not differ between any logging treatment and the control (Table S5). Similarly, the width of the
buffer strip or selective logging did not affect the changes in mean composition and dispersion
(Table S6). Therefore, the largest effects of management on communities were captured via
increased abundance of certain species, such as species associated with specific treatments in 2017

(Table S3).

4 Discussion

4.1 The width of the buffer strips

Species richness and number of individuals tended to increase in all treatments 12 years after the
manipulations. However, the community composition in 15 m wide buffer strips changed
differently than that in controls and 30 m wide buffer strips, and after the manipulations, resembled
the composition typically found in production forests. These results were not surprising, as narrow
buffer strips are prone to strong edge effects, which has been identified in these sites also as
increased abundance of windthrows (Méenpai et al. unpublished) and as altered microclimatic
conditions (Oldén et al. 2019b). In this study, we did not separate the impacts of substrate
availability and abiotic conditions on polypores but the occurrence and increased abundances of
certain species in narrow buffer strips indicate that polypore communities were disturbed through

changes in both of them. G. sepiarium favours open and warm habitats (Snéll and Jonsson 2001;
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Siitonen et al. 2005) provided by these narrow strips (Oldén et al. 2019b). F. pinicola, T. abietinum,
T. fuscoviolaceum and A. serialis colonize recently felled dead trees in early and intermediate
decay stages (Jonsson et al. 2008; Niemeld 2016), which were common in our narrow buffer strips
due to the high number of windthrows (Médenpéé et al. unpublished). Moreover, two Postia species,
which are common also in production forests (Niemeld 2016), were abundant in 15 m wide buffer
strips. These responses of polypore species community support earlier conclusions the natural
species composition of streamside habitats is disturbed in narrow buffer strips (Selonen and Kotiaho

2013; Sweeney and Newbold 2014; Oldén et al. 2019a, 2019b).

The natural like succession of streamside polypore communities appeared not to be disturbed if the
width of the forested buffer strip between the stream and the clear-cut was 30 m wide and not
selectively logged. In this case, the outer half of the buffer strip (from 15 to 30 m from the stream)
seemed to protect the streamside habitat (from 0 to 15 m from the stream) from the strongest edge
effect. However, an edge effect often travels deeper than 15 m into the forest (Murcia 1995;
Ylisirni0 et al. 2016) and the moisture conditions were found to be altered also in 30 m wide buffer
strips in these study sites (Oldén et al. 2019b). Polypore communities are sensitive to these changes
in microclimate even if their substrate availability is not disturbed (Moore et al. 2008). Moreover,
negative responses of species can be slow due to extinction debt and thus may not yet be visible
after 12 years (Junninen and Komonen 2011; Hylander and Weibull 2012). Therefore, based on our
study it is too early to conclude that 30 m wide buffer strips would be wide enough to preserve the

natural biodiversity of streamside habitats in the long term.

To retain biodiversity in streamside habitats, several studies have suggested that the width of buffer
strip between a stream and a clear-cut area should be more than 30 m, depending on the features of

the site and its surrounding landscape (Wenger 1999; Kuglerova et al. 2014; Sweeney and Newbold



385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

2014; Oldén et al. 2019b). We did not explore other environmental factors in this study but, for
example, the structure of the surrounding forest (Oldén et al. 2019b), topography (Wenger 1999;
Sweeney and Newbold 2014) and the width of the moist habitat area (Kuglerova et al. 2014) can

influence the needed width of the buffer strip to protect the biodiversity of streamside habitats.

4.2 Selective logging

Selective logging seemed to cause the homogenization of polypore communities when compared to
buffer strips that had not been selectively logged. Such decreased variation in communities among
sites with selective logging indicates that selective logging disturbed the natural variation in
polypore communities, which is typically high in natural forests (Abrego et al. 2014). Moreover,
compared with unmanaged controls, the formation of fresh dead wood was smaller in 30 m wide
buffer strips with selective logging. This indicates that the continuity and diversity of dead wood
resources in the future can be disturbed. These negative impacts of selective logging were not
surprising either as previous studies in boreal forests have reported that selective logging can reduce
the availability of dead wood resources and the richness of polypore species even decades after

loggings (Bader et al. 1995; Sippola et al. 2001).

In narrow buffer strips with selective logging, the edge effect is strong and the direct impact of
selective logging is probably smaller than the impact of the edge. In wider buffer strips with
selective logging, the selective logging can affect the streamside habitat in two ways: directly by
changing the forest structure in the streamside key habitat (from 0 to 15 m from the stream in this
study) and indirectly by increasing the edge effect through the selectively logged outer half of the
buffer (from 15 to 30 m from the stream). In any case, based on this and previous research in

streamside forests, selective logging should not be applied, at least in the actual key habitat, if the
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aim is to retain the natural biodiversity and its succession (Lundstrom et al. 2018; Oldén et al.

2019b).

However, if selective logging is applied in surrounding forests beyond the 30 m instead of clear-
cutting, this could reduce the negative effects of the adjacent loggings on streamside habitats
(Braithwaite and Mallik 2012). In this case, the non-logged buffer strip between the stream and the
production forest stand could be potentially narrower than 30 m. Despite the increased interest
towards the possibilities of continuous cover forestry, such as selective logging, to reduce forestry
related biodiversity loss in boreal commercial forests (Joelsson et al. 2017; Vanha-Majamaa et al.
2017), the strength of edge effect between an ecologically valuable habitat and a forest managed
with continuous cover forestry has not been measured. However, continuous cover forestry affects
microclimate less than clear-cuts at the stand scale (Zheng et al. 2000) and continuous cover
forestry applied at the landscape scale can reduce the occurrence of windthrows (Pukkala et al.
2016). Therefore, the edge effect of continuous cover forestry is likely less severe than the effect of
clear-cuts. This alternative forestry method has been suggested to be economically profitable
(Tahvonen et al. 2010). Hence, managing forest stands next to a streamside habitat under
continuous cover forestry could be beneficial from both economic and ecological perspectives.
Future studies should explore more the possibilities of alternative forestry methods in the

surrounding landscape to reduce negative edge effects on streamside habitats.

4.3 Key habitats and buffer strips as conservation tools

In general, the function of small retained forest patches, such as key habitats or buffer strips, as a
conservation tool has been questioned, especially, from the perspective of red-listed species
(Marczak et al. 2010; Timonen et al. 2011). Hottola et al. (2008) found that the number of red-listed

polypore species was not significantly larger in streamside habitats than in spruce-dominated



434  mature production forests in the same regions. However, some of their study sites were younger
435  than in our study, all streamside habitats did not fulfill the criteria of key habitats defined by the
436  Finnish Forest Act, and the forest management in and near streamside habitats was not controlled.
437  In our study, only one red-listed species was found in 2004 when the volume of dead wood was
438  small in many sites. However, in 2017 many sites fulfilled the threshold of 20 m? ha! dead wood
439  (Junninen and Komonen 2011) and seven different red-listed species were found, whereof five

440  species were found in the control sites. Thus, our study suggests that streamside key habitats, at
441  least those defined by the Finnish Forest Act, and when allowed to develop through natural

442 succession, can provide important habitats for red-listed polypores in forest landscapes. However,
443 their long-term capacity to support the populations of sensitive species is not known (Junninen and
444  Komonen 2011; Timonen et al. 2011).

445

446  Previous research suggests that while different types of key habitats or retained buffer strips can
447  provide habitats for dead wood dependent species (Jonsson and Jonsson 2007; Siitonen et al. 2009;
448  Hylander and Weibull 2012; Sverdrup-Thygeson et al. 2014), they may be too isolated and small in
449  size to preserve viable populations of sensitive and specialized species in the long term (Junninen
450  and Kouki 2006; Hottola and Siitonen 2008; Junninen and Komonen 2011; Ylisirnio et al. 2016).
451  On the other hand, retained habitat patches or buffer strips themselves can support existing

452  conservation networks by increasing the habitat connectivity at least for species with moderate

453  dispersal ability (Laita et al. 2010). Nevertheless, in the case of streamside habitats, fragmentation
454  may not be as problematic as, for example, in the case of old-growth forest patches, since streams
455  form connected networks of habitats if forested buffer strips are wide enough and retained

456  continuously. However, to guarantee the effectiveness of limited conservation efforts in commercial
457  forest landscapes, small-scale efforts, such as retention trees in neighboring stands (Gustafsson et

458  al. 2012) and less intensive forestry methods could be allocated to the vicinity of key habitats or
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buffer strips to protect them more from the negative impacts of forest management in the

surrounding landscape.

4.4 Conclusions

We studied the management of streamside habitats in boreal Fennoscandia by manipulating the
width of the forested buffer strip and selective logging within the buffer strips. The responses in
polypore communities and dead wood formation 12 years after the manipulations showed that the
natural biodiversity and its succession was disturbed in 15 m wide buffer strips and in selectively
logged buffer strips. The disturbance was mainly detected in the changed species composition and
not in terms of overall species diversity. Streamside habitats in non-logged 30 m wide buffer strips
seemed to retain the natural like polypore community composition and its succession. However,
based on previous studies, it is too early to conclude that 30 m wide strips would be wide enough to
safeguard the preservation of natural biodiversity in streamside habitats in the long term. Therefore,
large-scale spatial planning, which takes into account the adjacent forests next to streamside

habitats, is needed to secure their effectiveness in conservation.
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625  Tables

626

627  Table 1 Each buffer strip treatment compared with control separately in 2004 and in 2017 with
628  Bray-Curtis dissimilarity in a) mean community composition (Permanova) and in b) dispersion in

629  community composition (Betadisper).

a) Community composition b) Dispersion

Explanatory factor Pseudo-Fqr p Far p
2004
30m vs Control 0.70131 0.763 0.1413 0.717
30mSL vs Control 0.85131 0.621 0.52131 0.487
15m vs Control 1.141 31 0.302 0.21131 0.656
15mSL vs Control 0.59131 0.880 0.01131 0.934
2017
30m vs Control 0.80131 0.628 0.17131 0.693
30mSL vs Control 2.201,31 0.017 0.23131 0.639
15m vs Control 2.811,31 0.004 0.83131 0.387
15mSL vs Control 331131 0.003 5.031,31 0.043

630  Statistically significant effects (p < 0.05) are indicated in bold.

631

632

633  Table 2 The effects of year, each buffer strip treatment compared with control, and their
634  interactions with Bray-Curtis dissimilarity in a) mean community composition (Permanova) and in

635  b) dispersion in community composition (Betadisper).

a) Community composition b) Dispersion
Explanatory factor Pseudo-Far p Far p
Year 3.51162 0.002 22.461.62 <0.001
30m vs Control 1.26162 0.23 1.871,62 0.178
30mSL vs Control 1.691 62 0.061 0.701,62 0.406
15m vs Control 2.321,62 0.012 2.52162 0.119
15mSL vs Control 1.20162 0.26 1.781.62 0.187
Year*30m vs Control 0.701,62 0.76 0.13162 0.718
ggiﬁglomSL Ve 11416 0.33 1.23162 0.272
Year*15m vs Control 0.641 62 0.82 6.631,62 0.013
Year®15mSL vs 21216 0.014 13116 0.258

Control




636
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639

640

641
642

Statistically significant effects (p < 0.05) are indicated in bold.

Table 3 The effects of year, width of the strip, selective logging, and their interactions with Bray-

Curtis dissimilarity in a) mean community composition (Permanova) and in b) dispersion in

community composition (Betadisper).

a) Community composition b) Dispersion

Explanatory factor Pseudo-Fqr p Far p

Year 4.081,50 0.001 18.571,50 <0.001
Width 1.561,50 0.091 2.391,50 0.129
Selective logging 1.13150 0.335 3.40150 0.072
Year*Width 1.901,50 0.032 0.391,50 0.538
Year*Selective logging 0.741 50 0.717 6.791,50 0.013
Width*Selective logging 2.261,50 0.015 0.731,50 0.398
Year*Width*Selective logging 0.581,50 0.871 1.551,50 0.220

Statistically significant effects (p < 0.05) are indicated in bold.
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Figure captions

a) Treatments

e ¢ Retained tree
* A X e & S EEa = ®'* o Logged tree
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**** * * * **.:k . : ¢ °. .' 5 I:l Polypores 20 /f Deadwood
FTAF AR kT o TR
Kk KK ** *** e * |8
* * *k* ** * * * e 15m
* A h — : >
Control (7) 30m(5) 30mSL (8) 15m (6) 15m SL (9) 66.7m

Fig 1. a) Study design of treatments modified from Oldén et al. (2019a). Streams are at the bottom
of the figure, arrows above indicate continuous forest cover in the controls and continuing clear-cut
area in buffer strip treatments. The treatments are: control, 30 m wide buffer strip with or without
selective logging (SL), and 15 m wide buffer strip with or without selective logging. The number of

sites per treatment are given in parentheses. b) The study plots for dead wood and polypores.
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Fig. 2 The volume of fresh dead wood (a), the volume of old dead wood (b), the number of
polypore species (c), and the number of polypore individuals (d) on sites of different treatments
before the treatment manipulations in 2004 and after the manipulations in 2017. Please note that the
scales of y-axis are different in figures ¢ and d. One outlier was removed from the figure b (120 m?

ha! in control site 2004).



656
657

658

659

660

661

662

663

T 90 Ty 90
=
g 801 Year B9 2004 B3 2017 <= 801 Year B 2004 EF 2017
:g 70 . E 70
[0} o
S 604 S 601
=
g 50 1 Lo 50 1
@ (1]
T 40 L 401
B an ey °
@ 30 = 30
= -
% 201 ® g 20
a') -
= QQ el =L = Eiééée=9
[s] 7 > 7
> T : ;
Control 30m 30m SL 15m 15m SL Control Dm 30m SL 1 m 15m SL
c —~ d
3 '©
g 16 4 = 70 -
S 141 Year E3 2004 EF 2017 % o] Year E3 2004 EF 2017
N 12 ©
@
1 =
% '8 40
o 81 -
g % 5 301
> 61 <1
[e] =
a i o 204
[ 4 o
i - =
E o £ o
=z T T T =
Control 30m 30m SL 15m 15m SL Z Control Om 30m SL 1 5m 15m SL

Fig. 3 Non-metric multidimensional scaling plots of polypore species (n=61) communities based on
Bray-Curtis dissimilarites (stress=19%). Treatments are indicated by colours. a) Treatment
centroids with 95% confidence interval ellipses in 2004 and in 2017 are indicated by dashed and
solid lines, respectively. b) Arrows indicate sites, the beginning of the arrow is the composition of
the polypore community of the site in 2004 and the end of the arrow is the composition of the
polypore community of the site in 2017. Species associated with more than one treatment in 2017

(Table S3) are indicated by black symbols.



