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Abstract

The increasing use of forest fuels poses risks to biodiversity. Lichens that grow on deadwood may be affected as fuel
extraction removes their substrates. We surveyed deadwood and macrolichens on deadwood in two types of clearcuts:
sites in which forest fuels, stumps and slash, had been extracted, and standard clearcut sites, i.e. control sites with no
fuel extraction. Extraction sites had 52% lower deadwood volume (44.3 m*/ha vs. 21.4 m*ha) and 36% less deadwood
surface area. However, the negative impact of fuel extraction on macrolichen species richness was low: 21.4 and 16.9
species on average were found in control and extraction sites, respectively. We found a clear positive relationship between
macrolichen species richness and the surface area of logs, which are usually not targeted by forest fuel extraction. Spe-
cies composition varied more among extraction sites than control sites and differed between all the studied deadwood
types. Species of Cladonia were associated with stumps, while species in the family Parmeliaceae were associated with
logs. Slash was of negligible importance to macrolichens. Stumps may hold value, particularly if large-sized deadwood is
otherwise not available. Thus, we conclude that the extraction of slash poses no threat to macrolichen diversity, whereas
extensive extraction of stumps can cause losses in lichen diversity. The loss of coarse woody debris during forest fuel
extraction has negative effects on lichen diversity and should be avoided.

Keywords Bioenergy harvest - Community ecology - Ecological sustainability - Forest management - Logging residual

Introduction

Many forest-dwelling species are dependent on dead-
wood, and their diversity has been reduced significantly
because of the massive reduction of deadwood volume
caused by forest management (Siitonen 2001). The
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majority of studies have focused on large-sized dead-
wood, i.e. coarse woody debris (CWD), but some studies
have shown that small-sized deadwood, i.e. fine woody
debris (FWD), and stumps are also host to many species,
with the species compositions on them often being differ-
ent from those on CWD (Kruys and Jonsson 1999; Jon-
sell et al. 2007; Brin et al. 2013; Juutilainen et al. 2014;
Kubart et al. 2016). Thus, further reduction of deadwood
in the form of forest fuel extraction is likely to continue
the reduction of the diversity of deadwood organisms.
The demand for renewable energy to mitigate climate
change has been growing in the recent years. This has led
to the increased extraction of forest fuels to replace fos-
sil fuels, which, in turn, can lead to other environmental
issues such as the loss of biodiversity (de Jong et al. 2017,
Ranius et al. 2018). The extraction of forest fuels refers
to the harvesting of logging residues such as stumps, tree
tops, branches and roots (Bouget et al. 2012). This effec-
tively means that a notable portion, 40—-80% according to
estimates (Rudolphi and Gustafsson 2005; Erijai et al.
2010), of deadwood is removed from clearcut areas. Only
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a few studies have considered the effect of forest fuel
harvesting on organisms utilizing deadwood. Most of the
studies have found neutral or contrasting effects (Ranius
et al. 2018). In studies that found negative effects, espe-
cially stumps have been an important resource compared
to slash for fungi and beetles (Toivanen et al. 2012; Hiron
et al. 2017).

Deadwood has been estimated to be utilized by 43%
of the epiphytic lichen flora, so that 10% of epiphytic
lichens are obligate deadwood users (Spribille et al.
2008). Different lichen assemblages are found on dif-
ferent deadwood types (Caruso et al. 2008; Nascimbene
et al. 2008). Previous studies have shown that stumps
may host notable numbers of lichen species, while FWD
usually is less important to lichens (Caruso et al. 2008;
Svensson et al. 2013, Himaldinen et al. 2015, Svensson
et al. 2016; but see Hiron et al. 2017). Many of the lichen
species on these substrates are common generalists, but
stumps may also host some deadwood-dependent species
(Svensson et al. 2013, Hamaéldinen et al. 2015, Svensson
et al. 2016). Many studies have investigated the lichen
assemblages found on substrate types that are used as for-
est fuels, but none have studied the actual effects of forest
fuel extraction on lichens that use fuel materials as their
substrate.

In this study, we compared the amounts of different
types of deadwood and the macrolichen assemblages on
deadwood between clearcuts in which forest fuels had
been extracted and regular clearcuts (forest fuels not
extracted). We assessed the impact of forest fuel extrac-
tion on macrolichen species richness and composition,
and we compared the importance of different deadwood
types found on clearcuts for macrolichens. Thus, we were
able to provide new insights into the biodiversity impacts
of forest fuel extraction.

Materials and methods

This study was conducted in 12 study sites provided by
forestry company UPM in the southern boreal zone in
central Finland (Ahti et al. 1968). The sites were Picea
abies -dominated managed forests that had been clear-
cut 7-9 years ago. Forest fuels had been extracted from
seven sites, so that stumps and slash had been harvested
from five sites, while only slash had been harvested from
two sites. Five sites were regular clearcuts where slash
and stumps had not been harvested. In each study site,
we set up three study plots of 10 m x 5 m. The plots were
positioned 10, 20 and 30 m from the central point of the
site towards randomized compass directions.
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The field work was conducted in the summer 2015.
We surveyed all deadwood units with >20 cm length and
>2 cm width that had their basal end within the plot.
Stumps were surveyed if more than half of them was
within the plot. Deadwood that was underground or cov-
ered by a thick layer of humus was ignored. We catego-
rized the deadwood units into logs, stumps and slash. Logs
with diameter<5 cm were categorized as slash. Only
a few units of standing deadwood were found from the
plots in the whole study, so we decided to ignore standing
deadwood. Some of the extraction sites contained several
stumps that had been pulled from the ground but not col-
lected. We assumed that this was a deviation from the
common procedure of forest fuel extraction. Thus, we
ignored the uprooted stumps to depict a situation where
these stumps had also been collected. We used the for-
mula for a cylinder to calculate the surface area and vol-
ume of stumps, and the formula for a truncated cone for
all other deadwood units.

We recorded all macrolichen occurrences on the wood
and bark of the surveyed deadwood units within the plots.
We considered the presence of a lichen species on any
deadwood unit as a single occurrence of the species.
Most observations of Peltigera, Usnea and Bryoria were
juvenile thalli that could not be identified at the species
level, and thus they were recorded at the genus level.

We used a generalized linear model (GLM) with a Pois-
son distribution to analyze the association of macrolichen
species richness with the surface area of logs, stumps and
slash. A quadratic term for log surface area was added,
since the response of macrolichen richness to log surface
area was nonlinear, and the inclusion of the quadratic
term increased the R? of the model. We attained virtually
identical results when volumes of the different deadwood
types were used as explanatory variables, but focused on
surface area as it is a more accurate measure of habi-
tat availability for lichens. We used ordination analyses
to examine macrolichen community composition in the
study sites. We used non-metric multidimensional scal-
ing (NMDS) to analyze the dissimilarities of site-level
communities. For the site-level analysis, the abundance
of the species was based on the number of occurrences
of a species in a site. We performed another NMDS to
examine communities at the level of deadwood units.
Deadwood units with two or less lichens were excluded.
Moreover, species with less than five total occurrences
were excluded from the NMDS analyses. In addition, we
calculated the phi coefficient of association (rg) between
species and sites (De Caceres and Legendre 2009), which
in this case were individual deadwood units. This way,
we analysed the associations between species and dif-
ferent deadwood types. The statistical analyses were
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Table 1 (a) The surface area (m*ha) of total deadwood and different
deadwood types, (b) the volume (m3/ha) of total deadwood and differ-
ent deadwood types, and (c¢) the species richness of all macrolichens,
Cladonia and Parmeliaceae on the study plots in control sites and
extraction sites. All values are averages. The extraction sites include
both sites where stumps and slash were extracted and the sites where
only slash were extracted, except for stumps, where the sites where
only slash was extracted were included in control sites

Control sites

a) Deadwood surface area (m?*/ha)

Extraction sites %-difference

Total 1527 839 45%
Logs 606 393 35%
Stumps 349 174 50%
Slash 573 212 63%
b) Deadwood volume (m?/ha)
Total 44.28 21.39 52%
Logs 22.20 11.12 50%
Stumps 15.53 5.69 63%
Slash 6.56 2.57 61%
¢) Lichen species richness
Macrolichens  21.4 16.9 21%
Cladonia 11.0 10.3 6%
Parmeliaceae  10.2 6.1 40%

performed with R software version 4.2.2 (R Core Team
2023), and the ordination analyses were performed using
the ‘vegan’ package (Oksanen et al. 2022), and the analy-
sis of species-sites-associations with the ‘indicspecies’
package (De Céceres and Legendre 2009).
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Results

We recorded a total of 1257 deadwood units, of which
721 (57%) hosted at least one macrolichen species. The
extraction sites had on average 36% lower total dead-
wood surface area (ANOVA: F(1,10)=4.50, p=0.060),
and 52% lower total deadwood volume (ANOVA:
F(1,10)=7.70, p=0.020) compared to the control sites
(Table 1). Total deadwood volume and surface area
were highly correlated (Pearson’s correlation coefficient
r=0.94; Fig. 1a). We made a total of 2024 macrolichen
observations consisting of 35 species, which all belonged
either to the genus Cladonia or the family Parmeliaceae
apart from 7 observations of Peltigera. Macrolichen spe-
cies richness per study site ranged from 6 to 26, and from
0 to 16 per deadwood unit. Average macrolichen species
richness was 21.4 in control sites and 16.9 in extraction
sites (ANOVA: F(1,10)=2.03, p=0.184) (Table 1).

Site-level species richness was explained by dead-
wood surface area. When deadwood surface area was
split between deadwood types, site-level species richness
was shown to be controlled by the surface area of logs
(CWD) specifically, while the surface area of slash and
stumps had no effect (Table 2; Fig. 2).

The site-level NMDS indicated that sites where forest
fuels have been extracted may host differentiated mac-
rolichen communities. The communities on control sites
were more similar with each other, while communities
on the forest fuel extraction sites (slash and stump and
slash) varied more from each other (Fig. 3). At the level
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Fig. 1 The relationship between deadwood surface area and volume for (a) all deadwood, and (b) logs. R software, version 4.2.2 (R Core Team

2023)

@ Springer



European Journal of Forest Research

Table 2 GLM results for macrolichen species richness and its associa-
tion with the surface area (reported exceptionally for dm?ha to avoid
large number of decimals in the table) of different deadwood types. For
the model, R2 = 0.72

Estimate SE z value p-value
Intercept 2.301 0.226 10.187 <0.001
Log surface area 0.163 0.064 2.549 0.011
Log surface area? -0.007 0.004 -1.726 0.084
Stump surface area  0.029 0.046 0.621 0.535
Slash surface area 0.008 0.017 0.455 0.650
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of deadwood units, stumps, logs and slash had differ-
ences in macrolichen community composition (Fig. 4).
In the analysis of associations between species and dead-
wood types, there was a distinct split between Cladonia
being associated with stumps and Parmeliaceae with logs
(Table 3). No species were found to be associated with
slash.
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Fig. 2 The response of site-level macrolichen species richness to (a) total deadwood surface area, and the surface area of (b) logs, (¢) stumps and

(d) slash. R software, version 4.2.2 (R Core Team 2023)
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Fig. 3 Site-level non-metric multidimensional scaling of the macroli-
chen communities occurring in differently managed study sites. The
dashed lines outline the areas within which all symbols of control and
extraction sites are located for illustrative purposes. The stress for scal-
ing is reported in the bottom of the figure. R software, version 4.2.2 (R
Core Team 2023)

Discussion

We found that macrolichen species richness on deadwood
in clearcut sites is closely associated with available dead-
wood surface area. Since the extraction of forest fuels
reduces the amount of deadwood (Erdjaa et al. 2010),
it may be expected to affect lichen diversity negatively.
However, we found the negative impact on species rich-
ness to be low. This was because macrolichen species
richness was associated specifically with the surface area
of logs (CWD), which are primarily not affected by for-
est fuel extraction (but see Rudophi & Gustafsson 2005).
Notably, macrolichen richness increased steeply until log
surface area was approximately 500 m?/ha, which cor-
responded to a volume of about 15 m?®/ha, after which
the richness increase was weaker. However, we surveyed
rather small plots (0.015 ha per site), and it is highly
uncertain whether the relationship between deadwood
quantity and lichen richness would scale up similarly if
larger areas and numbers of logs were surveyed. Regard-
less, our results clearly indicate that the richness of
lichens on deadwood is connected to deadwood quantity.
This has been noted widely for deadwood-associated
biota, but the topic has been studied scarcely in regard to
lichens (Parajuli and Markwith 2023).

In contrast, the amounts of stumps and slash, the types
of deadwood that are removed in forest fuel extraction,
were less important for macrolichen diversity. As may
be expected, the surface area of stumps and slash was
distinctively lower in the extraction sites. While the sur-
face area of stumps was not associated with macrolichen
species richness, the macrolichen community composi-
tion was unique on stumps compared to slash or logs.
Stumps were the preferred substrate for many species,
although these species did occur also on logs. Since logs
and snags are infrequent in the managed landscape while
stumps are abundant, stumps may act as a substitute sub-
strate for species that naturally occur on logs or snags.
Consequently, stumps have a high relative importance as
substrates for deadwood-associated lichens in managed
forests (Svensson et al. 2016). Therefore, particularly in
the absence of logs and snags, the extraction of stumps
is likely to cause losses in lichen diversity. Moreover,
a relatively short time (7-9 years) had passed since the
clearcuts in our study sites. Lichen diversity on stumps
and therefore also the diversity impacts of stump extrac-
tion may be expected to increase over time, since lichen
richness is known to be higher on older stumps (Caruso
and Rudolphi 2009; Svensson et al. 2013). A similar
effect is unlikely on slash because of its quicker decom-
position due to its small size.

Extraction sites had 52% less deadwood volume
and 36% less deadwood surface area compared to con-
trol sites. Previous studies have reported rather similar
reductions of deadwood volume by forest fuel extrac-
tion (Rudolphi and Gustafsson 2005; Erdjdd et al. 2010).
However, Erdjaa et al. (2010) reported a higher reduction
of stump volume and a lower reduction of slash volume,
which may reflect a lack of a standard approach to forest
fuel extraction. We found much lower amounts of slash
and stumps in the extraction sites, as expected, but also
log volume was 50% lower than in non-harvested sites.
Even though collecting logs is not a part of forest fuel
extraction in principle, it is possible that logs are also
collected during forest fuel extraction (Rabinowitsch-
Jokinen and Vanha-Majamaa 2010). In addition, logs
or snags may be destroyed by trampling by harvesting
machinery (Hautala et al. 2004; Rabinowitsch-Jokinen
and Vanha-Majamaa 2010). Our study highlights the
importance of CWD, and since the amount of CWD is
very low in managed forests (Siitonen 2001), any CWD
should be left intact during forest fuel extraction and
other forestry operations.

Nine out of the twelve study sites contained more than
half (>17) of the species observed in the study. This
indicates that the species pool of macrolichens occurring
on deadwood in these sites consisted mainly of common
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species. Most of the macrolichen species observed in
this study can be characterized as generalists that occur
mainly on the ground or on humus (e.g. reindeer lichens
Cladonia rangiferina, C. arbuscula) or on the bark of
living trees (members of Parmeliaceae) and utilize dead-
wood as a facultative substrate. However, for some of
the observed Cladonia species, deadwood may be the
primary substrate even though none of them are strictly
dependent on it. Therefore, the studied substrates do not
have special importance for macrolichen diversity on a
large scale.

Our study did not include microlichens. Approximately
three out of four epiphytic lichens found in Fennoscan-
dia are microlichens, and nearly all deadwood-dependent
lichens are microlichens (Spribille et al. 2008). Thus, a
significant section of the lichen diversity on deadwood
substrates was omitted. Deadwood-dependent microli-
chens have been shown to occur frequently on stumps,
but scarcely on dead branches (Svensson et al. 2016). We
found similar patterns in the relative importance of these
substrates for macrolichens. Furthermore, occurrence
patterns of full lichen assemblages (with microlichens

@ Springer
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included) on these deadwood substrates observed in other
studies (Caruso et al. 2008, Hamaéldinen et al. 2015), are
similar to the patterns we observed for macrolichens
here. Thus, the occurrence patterns of microlichens likely
were similar to those of macrolichens in our study sites.
However, concerning lichens on deadwood, microlichens
have been shown to be more sensitive to forest manage-
ment than macrolichens (Kantelinen et al. 2022), and this
could also be the case regarding forest fuel extraction.
In conclusion, we expect the extraction of slash to
possess no threat to the diversity of macrolichens, since
the species that we found on slash are common and they
grow on a wide range of substrates. Stumps, on the other
hand, are utilized by a wider range of species, including
species that are deadwood specialists (Caruso and Rudol-
phi 2009; Svensson et al. 2016). Therefore, extensive
extraction of stumps can lead to a loss of lichen diversity,
especially if there is no CWD available otherwise. These
claims are also supported by other studies on lichens on
these types of deadwood substrates (Caruso et al. 2008,
Hamaldinen et al. 2015, Svensson et al. 2016; Snill et al.
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Table 3 Species with a statistically significant association with a cer-
tain deadwood type. “r¢” expresses the strength of the association with
arange from 0 to |

Species To p

Logs
Platismatia glauca 0.189 <0.001
Hypogymnia tubulosa 0.153 0.002
Parmelia sulcata 0.144 0.002
Parmeliopsis hyperopta 0.134 0.008
Pseudevernia furfuracea 0.134 0.007
Usnea spp. 0.128 0.010
Parmeliopsis ambigua 0.128 0.009
Bryoria spp. 0.119 0.024
Vulpicida pinastri 0.099 0.045

Stumps
Cladonia coniocraea 0.502 <0.001
Cladonia cenotea 0.373 <0.001
Cladonia grayi 0.339 <0.001
Cladonia fimbriata 0.272 <0.001
Cladonia digitata 0.264 <0.001
Peltigera spp. 0.223 <0.001
Cladonia bacilliformis 0.217 <0.001
Cladonia rangiferina 0.215 <0.002
Cladonia arbuscula 0.188 <0.001
Cladonia carneola 0.170 <0.001
Cladonia gracilis 0.145 0.002
Cladonia chlorophaea 0.144 0.003
Cladonia merochlorophaea 0.135 0.006
Cladonia botrytes 0.130 0.009

Slash
N/A

2017). Continuing effort should be put into increasing the
amount of CWD in the managed forest landscape.
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