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1. Preface

I am thankful to my team of supervisors and helpers, family, and friends. | could not have done this

without you around me.

2. Abstract

Deadwood is known as a diversity indicator in a forest, where 20-25 % of all forest species in the
Nordic countries are dependent on deadwood. 10.7 % of the saproxylic beetles in Europe and 37 % of
the polypore fungi in Finland is threatened, and forestry is a big threat. This study surveys to what
extent the Eurasian beaver (Castor fiber) affectsthe number of available deadwood objects and the
presence of polypore fungi- and saproxylic insect. The presence of saproxylic insects and polypore
fungi is also surveyed up against several environmental factors to detect potential effects. The study
was conducted by Gvarv and Saua river in Vestfold og Telemark county in Southeastern Norway in
August and September 2019. Saproxylic insects and polypore fungi were registered together with
several environmental variables in transects perpendicular on the riversides. For the polypore presence
my results indicated a higher presence on both laying- and standing deadwood compared to stumps.
My results also indicated a higher presence for later decomposition stages, and a positive effect of bark
cover and tree diameter. For the presence of saproxylic insects my results indicated a higher presence
in later decomposition stages. The death cause of the tree (beaver cut, human cut, natural death cause)
was not found informative in describing the presence of neither saproxylic insects not polypore fungi.
The deadwood will most likely not be very different independent of what caused the death of the tree.
According to this study it does not seem like neither the presence of saproxylic insects or polypore
fungi are directly affected by the fact that a beaver cut down the tree compared to a human or a natural

death cause. However, the beaver might have an indirect effect in the long term.
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3. Introduction

All species are dependent on a suitable habitat, that sufficiently fulfils the requirements and needs of
the species, enabling it to survive and reproduce (Hall et al. 1997). Saproxylic species need dead or
weakened woody plants in order to fulfil all their stages of life (Grove 2002). Deadwood is known as
an indicator for biodiversity (Hahn and Christensen 2005), and over 7500 species, which represent 20-
25 % of all the forest species in the Nordic countries are saproxylic species (Siitonen 2001, Stokland
and Siitonen 2012b). Among these are saproxylic insects and polypore fungi (Ehnstrom 2002,
Ryvarden 2017).

These two groups have both generalist and specialist species, that depend on deadwood with
different characteristics (Nordén et al. 2013). While for example the polypore red belt conk
(Fomitopsis pinicola) is a real generalist, growing on both coniferous and deciduous tree species, the
lemon-colored antrodiella (Antrodiella citronella) is a successor specialized to grow in natural
coniferous forests, either right by or directly on red belt conks (Ryvarden 2017). Among the saproxylic
insects the redbay ambrosia beetle (Xyleborus cryptophagus) is specialized on newly dead aspen trees
(Populus tremula) with coarse bark, while the four-banded longhorn beetle (Leptura quadrifasciata)
can utilise several different deciduous tree species with coarse bark in the middle stages of
decomposition (Ehnstrom 2002).

The decomposition of a dead tree follows a succession of various polypore species (Niemel&
et al. 1995). Preceding species in early decomposition stages makes brown rot (e.g. tinder fungus
(Fomes fomentarius) on deciduous trees) or white rot (e.g. red belt conk on both deciduous and
coniferous trees) that later decomposers are dependent on (Niemela et al. 1995). The highest polypore
diversity seems to be in the middle stages of decomposition before more specialized species colonize
in the final stages (Niemeld et al. 1995, Junninen and Komonen 2011). Some polypore species depend
on bark cover more than others. Weslien et al. (2011) from Sweden together with Ruokolainen et al.

(2018) from Russia found that the preferred amount of bark cover varied between species, and that the



red belt conk was among the bark preferring species. Some polypores are more species specific than
others when it comes to tree species, but the majority of polypore species grow either on coniferous-
or deciduous trees (Junninen and Komonen 2011). Several articles have found a positive effect of
larger diameters on polypore richness (@kland et al. 1996, Sippola et al. 2004), in contrast to Brimelis
et al. (2017) in Latvia, which found no effect. While some species prefer sun exposed deadwood,
others prefer more shaded. The rusty gilled polypore (Gloeophyllum sepiarium) clearly prefers sun
exposed substrates, while Trechispora hymenocystis is more shade tolerant (Pasanen et al. 2019). The
form of deadwood is also important for what species dwell there. A log in contact with the ground has
different microclimatic conditions than a standing dead tree, and it is easier for polypore species to
colonize (Junninen and Komonen 2011, Bramelis et al. 2017).

Similarly to the polypores, decomposition of a dead tree also follows a successional pattern
among saproxylic insect species (Jonsell et al. 1998). The bark structure is most important in the first
stages of decomposition, when it still is intact (Zuo et al. 2016, Dossa et al. 2018). The more bark types
with various structure, the more potential habitats for saproxylic insects (Zuo et al. 2016). Deciduous
trees normally have thinner bark than coniferous trees (Rosell et al. 2017). A thinner bark may results
in a lower diversity of saproxylic insects, in contrast to a thick bark with a course and scaly structure
(Rosell et al. 2017). The bark type has more to say than the tree species, but it is assumed that
differences between some deciduous trees and coniferous trees still are considerable also at later
decomposition stages (Stockland et al. 2012, Zuo et al. 2016). Among the first species to colonize a
dead tree, are the bark beetles (Ehnstrom 2002, Gossner et al. 2016), which may also assist the polypore
fungi dispersing from one tree to another (Strid et al. 2014). The saproxylic insects will have the
highest diversity in the middle stages of decomposition (Gossner et al. 2016). A large tree diameter
seems to have a positive effect on the abundance and diversity of saproxylic insect species according
to @kland et al. (1996), but two studies from Sweden (Lindhe et al. 2005, Jonsell et al. 2007) agreed

that diameter classes had a minor role for saproxylic insects, and that sun exposure had a larger effect



at least in the first stages of decomposition. While some species prefer sun exposed deadwood, others
prefer more shaded. Among the saproxylic insects it seems like there are some more species preferring
sun exposed compared to shaded deadwood objects (from now referred to as DWOSs) (Lindhe et al.
2005). When it comes to form of deadwood, laying DWOs are closer to the ground, and which makes
it easier for saproxylic insects to colonize (Gossner et al. 2016).

The dead tree will have different characteristics and species compositions depending on how
and why the tree died (Renvall 1995, Lindblad 2002). Deadwood is created by biotic factors such as
cutting, competition, and aging, and abiotic factors as wind, fire, and drought (Stokland and Siitonen
2012a). While aging, competition, and drought usually result in slow deaths with altered physical state
and nutritional content, wind and cutting cause sudden deaths with all nutrients intact (Stokland and
Siitonen 2012a). Deforestation and plantation forests have threatened many saproxylic species
(Siitonen 2012, Calix et al. 2018) by removing future deadwood from the area, and ruining already
present deadwood (Hautala et al. 2004). In the IUCN red list of saproxylic beetles from 2010 (Nieto
and Alexander 2010), 10.7 % of saproxylic beetles in Europe were threatened, and in Finland 37 % of
the polypore fungi was categorized as threatened or near threatened (Hottola et al. 2008). Due to
research showing that the species richness of polypore fungiincreases when deadwood is added to the
area (Elo et al. 2019), commercial forestry are trying to improve their methods by leaving more
deadwood behind (Davies et al. 2008). Despite this, by still using large machines for logging, it is
difficult for commercial forestry sites to function as natural forests (Gibb et al. 2005, Junninen and
Komonen 2011, Astrom et al. 2019).

Another expert on cutting down trees, is the Eurasian beaver (Castor fiber), a monogamous
and territorial herbivore, that is a potential contributor in adding deadwood to an area (Rosell et al.
2005). The beaver is well adapted to a life in and close by water (Jones et al. 1994), and it is cutting
down trees to form its surroundings so that its needs for safety and food supply are fulfilled (Zurowski

1992). Trees are used for making lodges for shelter, dams for a stabile water level, and securing enough



winter supplies in a food cache (Zurowski 1992, Vorel et al. 2015). The Eurasian beaver is an
opportunistic generalist (Vorel et al. 2015) witha diet consisting of grass and herbs, aquatic vegetation,
and woody plants (Jenkins 1975, Nolet et al. 1995, Milligan and Humphries 2010). The preferred
woody plants are willows (Salix spp.), poplars (Populus spp.), rowan (Sorbus aucuparia) and birch
(Betula spp.) (Pastor and Naiman 1992, Haarberg and Rosell 2006, Vorel et al. 2015). The beaver
almost exclusively cut deciduoustrees and very few coniferous trees (Haarberg and Rosell 2006, Vorel
et al. 2015). They eat or take parts of the trees they cut with them, and leave the rest behind (Vorel et
al. 2015). These are snags and coarse woody debris (CWD) that will increase the amount of deadwood
in the area. The diameter of trees most frequently cut by the beaver is 5 cm or smaller, even though
they also can take larger diameters than 50 cm (Rosell et al. 2005, Haarberg and Rosell 2006, VVorel et
al. 2015). When trees are cut down, gaps in the canopy cover are created, causing more sunlight to
penetrate. More sunlight on the forest floor will favour a different plant species composition, with less
shade tolerant species (Pastor and Naiman 1992).

Research has been done on the foraging behaviour of beavers, but there are just a few studies
on how the beaver affects the saproxylic community. A study from Finland on the Eurasian beaver
found that the beavers increase the abundance and diversity of deadwood, and argues for that this
creates favourable conditions for saproxylic species (Thompson et al. 2016). Another study in Canada
on the North American beaver (Castor canadensis), found that bark beetles and longhorn beetles had
a higher abundance on deadwood in beaver sites compared to control sites (Mourant et al. 2018). So,
this maybe indicate that the situation is the same in Finland. That the beaver might increase the
diversity of numerous deadwood dependent species. Both studies focus on deadwood in dammed
beaver territories, but I have not found any research on beavers and saproxylic communities in
undammed areas.

This study will investigate to what degree the beaver affects the saproxylic community in an

undammed area by comparing beaver cut trees to human cut trees, and trees dying of natural causes.



The first aim will survey the distribution of deadwood objects (DWOS) in relation to distance from
river, tree species, tree type, form of deadwood (form), decomposition stage, sun exposure, bark cover,
and diameter. A second aim is to investigate if the presence of polypore fungi and saproxylic insects
are affected by these variables. In the second aim I will predict that forms closer to the ground will
have a positive effect on presence of polypores, together with a positive effect from later
decomposition stages, and larger tree diameters. | also predict that the presence of saproxylic insects
will be affected by tree type, together with a positive effect of forms closer to the ground, of later

decomposition stages, and higher sun exposure, and a negative effect from more bark cover.

4. Materials and methods

4.1 Study area

The study was conducted at the riverbanks along the two rivers Saua (59°22°N, 9°15°E — 59°29°N,
9°18°E) and Gvarv (59°24°N, 9°8'E — 59°22°N, 9°12°E) in Vestfold and Telemark county in
Southeastern Norway. Both rivers are part of Skiensvassdraget and are regulated to some extent (Pinto
et al. 2009). They flow out into the northern part of Lake Nordsjg, Gvarv in west and Saua in east.
Gvarv river is 45-130 m wide and Saua is 45-250 m wide (Pinto et al. 2009). The sediments are
dominated by marine- and fluvial deposits in addition to glaciofluvial and some bare bedrock along
Saua (Haarberg and Rosell 2006). The landscape is located between 72 and 116 MASL (Pinto et al.
2009). The annual mean temperature in the area for 2019 was 6.9°C, and the annual precipitation was
1010.6 mm (Jensen 2007-2020). Both rivers meander through a landscape consisting of mixed forests,
deciduous forests mostly dominated by grey alder (Alnus incana), birch, and willow, and coniferous
forests dominated by Norwegian spruce (Picea abies) and Scots pine (Pinus sylvestris) (Haarberg and
Rosell 2006).

The river banks are largely impacted by agriculture and rural scattered settlements (Pinto et al.

2009). Logging is unusual in the riparian zone (Pinto et al. 2009), even though exceptions were
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observed. The beaver has impacted the study area since the 1920s (Olstad 1937). Today, the population
is at carrying capacity (Campbell et al. 2005, Mayer et al. 2019). The study area is distributed between
17 beaver territories: six in Gvarv and 11 in Saua (Figure 1). There are no beaver dams built in the
study area due to too wide rivers, and a continuously good water access (Campbell et al. 2005,
Haarberg and Rosell 2006, Hartman and Tornlov 2006). However, there are exceptions in some

narrower tributaries (Arnberg 2019).

4.2 Data collection

Data was collected in August and September 2019. Prior to that, coordinate points were placed for
every 400 m in the centre of the two rivers. Every coordinate point represented two possible transects,
one on each riverbank. Eleven out of 17 beaver territories were chosen randomly for the survey (five
in Gvarv and six in Saua) (Figure 1). Ten of the 11 territories had four transects (also chosen
randomly), while one had two due to the small territory size (Hatveit) (Figure 1, Appendix 1). The
transects were perpendicular to the shoreline (Figure 2), 2 m wide (1 m on both sides of the transect
band) and 50 m long. As previous research show, most of the beaver foraging occurs within 50 m from
water (Gerwing et al. 2013, Graf et al. 2016), and we therefore chose to focus our survey within this

distance.
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Figure 1: Study area and the 17 beaver (Castor fiber) territories. Gvarv river is in west and Sauariver in east.

Territories included in the study are marked in white. The map is provided by Google Maps (Kartdata 2020).
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Figure 2: The field method illustrated with a boat (green) at the exact coordinate point (light red dot). The
transectis placed perpendicular to the shoreline fromthe coordinate point, and stretches50 m fromthe shoreline
and away from theriver (blueline). Thewholetransectis 2 mwide, 1 m to each side of the transect band (orange

mark on the figure). The map is provided by the app Collector for ArcGIS (Ersi Inc. 2015-2018).

All DWOs touching inside the transect that were taller/longer than 10 cm and had a diameter 5 cm or
larger were included. Intotal 42 transects were surveyed. Zero transects without any DWOs were not
included in the analysis.

All data on each DWO were registered in the app Collector for ArcGIS (Ersi Inc. 2015-2018).
Forest type was determined according to the surrounding tree species: grey alder dominated deciduous
forest, coniferous forest, deciduous forest, deciduous forest with some broadleaf trees, and mixed
forest. When possible, the deadwood was assigned a tree species and a tree type (deciduous /
coniferous). Distance to the river was measured from the centre of the object. Form of deadwood
(hereafter form) was divided into five levels: broken on stump (the log is still attached to the stump),
laying (a log laying on the ground), hanging (> 80 % of the object is above the ground), stump (standing

object < 130 cm), or standing (standing object > 130 cm). The length was measured from end to end.
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Broken on stump was measured from the ground following the angle to the end. Standing or hanging
objects were measured as far up as reachable, and the rest was estimated by eye, using the measured
length as reference. The diameter was measured 10 cm above the ground or from the thickest end. If a
stump was beaver cut lower than 10 cm, but the total height was 10 cm or higher (because of the
characteristically pointy end), the DWO was measured on the highest whole diameter. The death
causes, were divided into three categories and one unknown: beaver (characteristic teeth marks and
pointy end), human (smooth, flat cut surface), and natural (natural through weather and wind, drought,
aging, competition, illness and parasites). The percent of bark cover was estimated to the closest 5 %
(where only 0 % and 1 % are lower). Decomposition stage (from one to five) was estimated by inserting
a knife blade into the stem, and percentage of bark. The criteria for this estimation are based on
Ehnstrom (2002), Staniaszek-Kik and Zarnowiec (2018) (Appendix 2). Sun exposure was measured
by a spherical densiometer, model-A (Lemmon 1956) where the mean of four measurements (one in
each cardinal direction from the centre of the object) gave the percentage of sun exposure coming
through the canopy and affecting the DWO.

Polypore fungiand insect galleries were registered. Pictures, measurements, and notes were taken
in the field and later used for species/taxa identification. Saproxylic insects were identified with three
different levels of confidence: secure (s), unsecure (u), and very unsecure (vu). Polypore fungi were
registered from the whole surface of the object, while the insect galleries were registered for the first

5 m (from the thickest end, or the end closest to the river when the diameter was the same).

4.3 Descriptive investigation of the data

To give an indication on how much deadwood that was found, an approximate volume of the deadwood
was calculated by the formula:

V=narl*h

12



V is DWO volume, r is DWO radius, h is DWO height. Further, to get an overview over how the
deadwood was distributed among the different environmental variables, polypores and saproxylic
insects, | made frequency tables in R-studio that were calculated further to percentage, standard

deviation (SD) and mean values.

4.4 Statistical analysis

To investigate what factors that affect polypore- and saproxylic insect presence, | used generalized
linear mixed effects models (GLMM) with Bernoulli distribution and logit link, using the gimmTMB
package (Brooks et al. 2017). Territory and transect were included as crossed random effectstoaccount
for variability between territories and transect locations that might be caused by e.g. environmental
differences and sampling frequency (Bolker et al. 2009). | made one global model for polypore
presence, and one for the presence of saproxylic insects. Both included the same explanatory variables.
These were tree type (deciduous/coniferous), death cause (beaver / human / natural), sun exposure (%
light through the canopy), diameter (cm), bark cover (%), form (laying / hanging / standing / broken
on stump / stump), and decomposition stage (first / second / third / fourth / fifth).

Decomposition stage was grouped (stagel / stage2-3 / stage4-5) because of too few
observations of different stages in some territories and transects. For death cause, the unknown
observations were treated as NA and excluded from the analysis. | scaled and centered the variables
to ensure model convergence. Tree type was included instead of tree species for both global models,
as the tree species could in many cases not be identified.

Collinearity between variables was checked by using the functions corrplot-, corrgram-, and
lattice package (Sarkar 2008, Wei and Simko 2017, Wright 2018). The threshold-based method for the
collinearity plots and pairwise comparison was used with a correlation coefficient threshold of |r| > 0.6
(Dormann et al. 2013). The variables were also tested with variance inflation factor (VIF), by using

the lattice package (Sarkar 2008) and a threshold value of > 3 (Zuur et al. 2010).
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Model selection was done using the function dredge in the MuMIn package (Barton 2019) to
compare candidate models based on Aikake’s Information Criterion corrected for small sample size
(AICc). I chose the most parsimonious of the candidate models with AAICc < 2 as my two top
models.Variables that included zero in their 95 % confidence intervals were interpreted as
uninformative. | validated my top models by inspecting the DHARMa scaled residual plots with the
DHARMa package (Hartig 2020), and by plotting the residuals for each of the variables in the top
models. To investigate if some of the levels of an informative categorical variable were different from
each other considering the presence of polypores and saproxylic insects, | utilized the function
emmeans in the package emmeans (Length 2020) for a pairwise comparison of the least square means.

The program used for the statistical testing was R-studio version 3.6.3 (R Core Team 2020).

5 Results

5.1 Deadwood distribution

In total an approximate deadwood volume of 48 m3 was found. The 42 transects had 532 DWOs, with
a mean DWOs per transect of 12.7 £ 11.4 with a range between 0 — 43 (Appendix 4). Among these,
seven were zero transects. In total: 54.0 % of the DWOs died of natural causes, 26.3 % were cut by
human, 12.0 % were cut by beaver, and 7.7 % had an unknown death cause. The dominating cause of
death was natural for seven of the 11 transects, while human was dominating for three, and beaver for
one. Average distance from the river was 25.2 + 14.2 m. Beaver cut trees had a mean distance of 22.9
+12.8 m fromthe river, human 28.4 £ 13.0 m, and natural 24.6 £ 14.8 m from the river. The dominating
form of deadwood was laying followed by stumps, hanging, standing, and broken on stump. The mean
diameter (cm) of DWOs was 13.2 £ 9.1 cm. Human cut trees had the highest mean diameter (cm)
followed by natural-, and beaver cut trees. The DWOs were identified to sixteen different tree species
or taxa. Of the identified DWOs, the four most frequently found were grey alder, birch, Norway spruce,

and Scots pine. Birch was most frequently cut by beaver before grey alder, Scots pine, and Norway
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spruce. Norway spruce was most frequently cut by humans before grey alder, birch, and Scots pine.
Grey alder died most frequently because of natural causes followed by Norway spruce, birch, and
Scots pine. The dominating tree type was deciduous trees before coniferous trees. A natural cause of
death dominated over human cut- and beaver cut DWOs for both tree types. The mean sun exposure
for the DWOs was 31.6 + 27.9 %. The highest mean sun exposure was registered for human cut trees
before natural dead trees, and beaver cut trees. The mean bark cover for the DWOs was 48.5 + 40.7
%. The dominating decomposition stage among the DWQOs were stagel before stage2, stage4, stages,
and stage3. For beaver cut trees decomposition stagel dominated over stage4, stage2, stage3, and
stageb. For both trees that died of natural causes and human cut trees, decomposition stagel dominated

over stage2, stage4, stage5, and stage3.

5.2 Polypore fungi

Polypores were present on 17.1 % (91 / 532) of the DWOs with a range of 0 — 3 species per DWO.
The polypore fungi were identified to 23 different species levels and three genus levels. The three most
observed polypores were red belt conk, hairy bracket (Trametes hirsuta), and elbow-patch crust
(Fomitiporia punctata), and the rose bracket (Fomitopsis rosea) that is on the Norwegian Red List for
Species of 2015 as NT (near threatened), was also found (Appendix 5) (Henriksen and Hilmo 2015).
For GLMM models, the best model included bark cover (%), form, decomposition stage, and
diameter (cm) (Appendix 3). Bark cover (%), decomposition stage4-5, and diameter (cm) were found
to have a positive effect on the presence of polypores, while sumps had a negative effect (Figure 3,
Table 1). Stump indicated a lower polypore presence than standing dead trees (estimate = -1.866, SE
=0.551, 95 % CI lower = 0.356, 95 % CI upper = 3.376) and laying (estimate =-1.328, SE = 0.420,
95 % CI lower = -2.478, 95 % CI upper = -0.177) DWOs. Decomposition stagel indicated a lower

polypore presence than stage4-5 (estimate = -1.037, SE = 0.413, 95 % CI lower = -2.010, 95 % CI
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upper = -0.066). We found no effect for death cause, tree type, or sun exposure on the presence of

polypores.

Table 1: Results from the GLMM with presence of polyporesas the response variable, and bark cover (%),
form, decomposition stage, and diameter (cm) as explanatory variables. For every explanatory variable there is
estimate, standard error (SE), lower- (lwr) and upper (upr) 95 % confidence interval (Cl). The informative

explanatory variables (where 95 % CI does not include zero) have grey cells.

Resr:>onse Explanatory variable Estimate SE 95 % Cl lwr 95 % Cl upr
variable
Intercept -1.5901 0.5070 -2.5837 -0.5964
Bark cover (%) 0.6335 0.1778 0.2849 0.9820
From (Stump) -1.8661 0.5515 -2.9469 -0.7853
Form -1.0658 0.9747 -2.9761 0.8445
b ¢ (Brokenonstump)

refence ° Form (Hanging) -0.9038 0.5838 -2.0480 0.2405
polypores Form (Laying) -0.5385 0.4724 ~1.4645 0.3875
Decomp(ozs_';')on *age | o372 0.3837 -0.3799 1.1242
Decmp&f ';')0” *98C | 10373 0.4133 0.2273 1.8474
Diameter (cm) 0.6301 0.1297 0.3759 0.8842
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Figure 3: Predicted relationship+ 95 % confidenceinterval between each variable,and the presence of polypore
fungi on deadwood objects (DWOs) located in beaver habitat. The 95 % confidence interval is marked with
grey fields for diameter (cm) (up left) and bark cover (%) (up right), and error bars for form (down left) and

decomposition stage (down right). The graphs are based on scaled and centered values.

17



5.3 Saproxylic insects

Insects were present on 94.0% (500 of 532) of the DWOs. Twenty-three different insect families were
identified. Of these, 14 were identified with confidence (secure = s), while the rest had more
uncertainty to them (unsecure = u, very unsecure = vu). The three most found insect families were
snout beetles (Curculionidae), ants (Formicidae), and longhorn beetles (Cerambycidae) (Appendix6).

In GLMM, the best model included sun exposure, decomposition stage, and diameter (cm)
(Appendix 3, Table2). Decomposition stage2-3 and stage4-5 were found to have a positive effect on
the presence of saproxylic insects (Table 2, Figure 4), while the rest was found non-informative (Table
2). Decomposition stagel had a lower polypore presence than for both stage2-3 (estimate = -1.750, SE
= 0.592, 95 % CI lower = -3.140, 95 % CI upper = -0.357) and stage4-5 (estimate = -2.800, SE =
1.056, 95 % CI lower =-5.280, 95 % CI upper = -0.314). Sun exposure and diameter (cm) were found
non-informative in describing the presence of saproxylic insects, and tree type, death cause, bark cover

(%), and form were not included in the best model.

Table 2: Results from the GLMM with presence of saproxylic insects as the response variable, and sun
exposure, decomposition, and diameter (cm) as explanatory variables. For every explanatory variable, there is
estimate, standard error (SE), lower (lwr)- and upper (upr) 95 % confidence interval (Cl). Informative

explanatory variables (95 % CI does not include zero) have grey cells.

ResPonse Explanatory variable Estimate SE 95 % Cl lwr 95 % Cl upr
variable
Intercept 2.4620 0.4086 1.6612 3.2628
Sunexposure -0.4000 0.2220 -0.8351 0.0350
Prese nce.of Decomposition stage 1.7499 0.5923 0.5890 79108
saproxylic (2-3)
. + —
neecs Decomp&f';')on Sto8e | 27961 1.0558 0.7269 4.8653
Diameter (cm) 0.6679 0.3712 -0.0597 1.3955
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Figure 4: The predicted relationship (x 95 % confidence interval) between decomposition and the presence of
saproxylic insects on deadwood objects (DWOs) located in beaver habitat. The error bars indicate 95 %

confidence interval. The graph is based on scaled and centered values.

6 Discussion

The dominating cause of deathfor the DWOs was natural followed by human and beaver. The average
distance from the river was smallest forthe beaver cut trees followed by trees dying of natural causes,
and largest for human cut trees. The beavers contributed most to deciduous trees together with the
natural death cause, while humans contributed most to coniferous trees. The two most found deadwood
forms were laying (natural 57.1 %) and stump (human 50.0 %), while the rarest form was broken on
stump (beaver 70 %) (Appendix 4). As predicted form was informative in describing polypore
presence, while it was not found informative for the saproxylic insect presence. The dominating

decomposition stage was stagel for all three death causes. A higher mean bark cover was found to
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increase the polypore presence, while it was not found informative for presence of saproxylic insects.
| did not have a prediction for the effect of bark cover on polypore presence, but my prediction of bark
cover having a negative effect on presence of saproxylic insects was found to be wrong. The mean tree
diameter was highest for human cut trees followed by trees dying of a natural death cause, and beaver
cut trees. Diameter was found to be affect polypore presence positively, but was not found informative
for the presence of saproxylic insects. This was as predicted for the polypore presence. It was some
variation in mean sun exposure betweenthe causes of death, but the variable was not found informative
in describing neither polypore presence nor presence of saproxylic insects. Death cause alone was not
found informative in describing neither polypore presence nor the presence of saproxylic insects.

Uninformative variables will not be discussed further.

6.1 Tree selection

According to earlier research, the beaver’s diet was dominated by grey alder, rowan, birch, willow and
bird cherry (Prunus padus) (Haarberg and Rosell 2006). Even though grey alder was just as available
as willows, willows was the most preferred (Haarberg and Rosell 2006). In my results grey alder,
birch, Norway spruce, and Scots pine were found as the most dominating in the study area. Here, the
species most cut by beaver was birch followed by grey alder, Scots pine, and then Norway spruce.
This indicates the same preference as Haarberg and Rosell (2006). For human, the most frequently cut
species was Norway spruce followed by grey alder, birch, and Scots pine. This may indicate that
humans select for Norway spruce over other species. This is also supported by the Norwegian forestry
industry (Sagen 2020). Natural death causes are much ruled by wind and weather, and the tree species’
root system will decide how much force the tree can hold before it breaks or gets uprooted (Kucera
1998). Norway spruce has a superficial root system weak for rough weather, while birch and alder
have deeper roots, followed by pine with even deeper roots that are more storm resistant (Kucera

1998). Other potential influencing factors except from the root system, are fungi attacking the root or
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heart wood, and bark beetle attacks (Stokland and Siitonen 2012a). The results from the field indicate
some of the same pattern where grey alder are the most dominated tree species followed by Norway
spruce, birch, and Scots pine. A reason why grey alder was the dominated here, even though the root

system is deeper than Norway spruce, might be because of the higher quantity of this species.

6.2 Polypores

The level stump was found to have a lower presence than both laying- and standing DWOs. Also as
predicted laying DWOs had a higher presence most likely due to more contact with the ground
(Junninen and Komonen 2011, Bramelis et al. 2017). Stumps will, compared to its volume, have a
higher contact with the ground than standing deadwood. However, ahigher volume gives more hosting
potential compared to a small volume stump (Stokland and Siitonen 2012a). Stumps also have a large
open cut surface compared to its volume, that absorbs and evaporates easily, and cause varying
moisture conditions that can be difficult living conditions for many decomposing fungi (Stokland and
Siitonen 2012a). The results for decomposition stage matched my prediction, that later decomposition
stages would have a positive effect on polypore presence. Decomposition stage has earlier been found
important in describing the polypore diversity on deadwood, and that there are an increasing diversity
among polypore species at later decomposition stages, when the most decomposed DWOs are
excluded (Renvall 1995, Junninen et al. 2007). An succession from early decomposer to later
decomposers has been explained, where the earliest decomposers overlap with the later decomposers
in the middle decomposition stages (Renvall 1995). This causes the highest polypore diversity at these
stages, something Junninen and Komonen (2011) also found a clear agreement on. My results indicate
the same findings. Bark cover was found to have a positive effect on polypore presence. It was hard to
predict the bark cover's effect through literature search because there was no clear trend if most species
preferred more or less bark cover. Of the identified polypore species in this study, the two most

registered polypores were red belt conk and Trametes spp. These species are known as early



decomposers of deadwood (Heilmann-Clausen and Boddy 2005, Weslien et al. 2011), where the bark
cover still is intact to a certain degree (Appendix 2). The red belt conk as mentioned earlier, has been
found to prefer bark cover (Weslien et al. 2011). If there is a connection between polypore fungi on
early decomposition deadwood and bark cover, and | think that a larger proportion of the unidentified
polypores also are of early decomposers, then this might be a potential part of the reason why bark
cover had a positive effect on the polypore presence. On the other hand, my datais not sufficient to
make such a statement, and there is no prof for this hypothesis, and needs more research to find more
out about it. A larger diameter was found to increase polypore presence, which agreed with my
hypothesis. Earlier research have found that a larger diameter gives a higher diversity of polypores
(Renvall 1995, Sippola et al. 2004). A higher diversity may indicate a larger chance of presence due
to several potential species, and by that support the result of this study.

One of the polypores identified was categorized as NT (near threatened) on the Norwegian Red
List for Species of 2015 (Henriksen and Hilmo 2015). This was the rose bracket fungi (Fomitopsis
rosea), one of five polypore species that is used as indicator species for spruce forests with high
continuity (Roesok 1998). These indicator species are considered to have different degrees of
requirements for the continuity to be present in the area, where the rose bracket fungi is among the
least demanding species (Roesok 1998). Besides, more than one indicator species needs to be in the

area to call it a forest of high continuity (Roesok 1998).

6.3 Saproxylic insects

As predicted, a higher decomposition stage had a positive effect on the presence of saproxylic insects.
Preceding species such as the bark beetles have made the resources more available in the first stages,
which makes it easier also for other species to colonize the DWO at later decomposition stages
(Ehnstrém 2002). Easier access to the deadwood resource combined with species overlapping between

decomposition stages, causes an increasing diversity at later stages, and the highest diversity in the
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middle stages (Ehnstrom 2002, Gossner et al. 2016). With a higher diversity of saproxylic insect
species, there might also be a bigger chance of presence. Presence of saproxylic insects are registered
from all visible insect galleries in the moment out in the field, together with the decomposition stage
observed then. This may cause some false observations, because it is unknown which decomposition
stage the insect made the gallery. This will not affect observations of decomposition stagel, but may

potentially increase later decomposition stages.

6.4 Beaver

The cause behind the death of a tree was not found as informative in describing the presence neither
of polypores nor of saproxylic insects. There are no major differences between beaver cut trees
compared to human cut trees or trees dying of natural causes. Beavers cut only fresh trees, and human
cut trees and trees dying of natural causes are most oftenalso quite fresh at the point of death (Haarberg
and Rosell 2006, Stokland and Siitonen 2012a). A study from Finland found that by adding deadwood
to an area, the abundance of polypores would increase, and by time also the species diversity (Elo et
al. 2019). In this study the beaver contributed with only 12.0 % of the DWOs surveyed, which most
likely not make much of a role. Through these results it does not seem like the beaver has a direct
effect on the saproxylic community.

Other studies have discussed a more indirect effect of the beavers over time, where the beaver's
selective foraging changes the tree species composition of the forest vegetation close by the water. The
beaver's hardest foraging pressure is right by the shore, creating habitats well suited for early successor
tree species, such as willows and alder that need more sun exposure. A bit further inward the land the
beaver may cut down understory vegetation that which has a positive effect on later successor species
as Norway spruce and Scots pine (Wright et al. 2002, Rosell et al. 2005). The same vegetation pattern
was observed at several transects in this study as well. This changed composition of tree species may

also change the composition of saproxylic insects and polypore fungi, due to different preferences
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among them (Junninen and Komonen 2011, Stockland et al. 2012). Due to few identified species, it
was hard to investigate the diversity of polypores and saproxylic species on beaver cut trees compared

to trees dying of natural causes and human cut trees (Appendix 6 and 8).

7 Conclusion

According to this study it does not seem like neither the presence of saproxylic insects or polypore
fungi are directly affected by the fact that a beaver cut down the tree compared to a human or a natural

death cause. However, the beaver might have an indirect effect in the long term.
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10 Appendix

Appendix 1: Overview of all the DWOs (deadwood objects) surveyed in this study. The table shows

the rivers (n = 2), beaver (Castor fiber) territories (n = 11), transects (n = 42), and the number of
DWOs (deadwood objects) (n = 532).

. .. Number of Sum DWOs per
River Territories Transects DWOs o P
27A 23
Nordsjg1l 298 > 62
ordsje 30A 23
30B 7
31A 0
31B 0
GvarvbrualLower 26
32A 26
32B 0
33A 0
Gvarv
33B 28
GvarvbruaMid 33
34A 3
34B 2
. 36A 18
Hatveit 23
36B 5
37A 0
37B 4
Evjutunet 19
40A 14
40B 1
61B 28
Pat oU 630 13 55
atmosOUpper oA 1
65A 13
58A 12
59A 24
Patmos1 65
59B 19
60A 10
Saua
54A 15
54B 21
Patmos2A 53
56A 17
56B 0
87A 30
Pat 3A 878 0 79
atmos 88A 40
88B 9
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22A

. 228 14
BrafjordenB 62
78A 4
79A 43
72B 10
73B 6
Patmos5 55
75A 11
76A 28
Sum 11 42 532
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Appendix 2: Criteria defining the five stages of deadwood decomposition, using knife stabbing and

bark percent.

Decomposition stage Criteria

Stage 1 Knife stab <1 cm deep, bark more or less intact.

Knife stab 1-2 cm deep, bark begunto loosen up (Betula sp. bark

2 .
Stage decompose slowerthan many otherspecies).
Knife stab 3-5 cm deep, bark mostly gone, sapwood signs of fungal attack
Stage 3 "
and decomposition.
Knife stab easily deep, but still some resistance, outer structures are
Stage 4 .
changing.
Stage 5 Knife stab without resistance, easily falls apart in the hands.
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Appendix 3: The candidate models (AAICc < 2) for presence polypores- and saproxylic insects. The

candidate models marked in light grey are considered as the best models, and chosen for the GLMM.

The model terms show which variables that are included, df (degrees of freedom), LogLik (log
likelihood), AICc (Akaike's Information Criterion c), Delta (AAICc), and weight based on all

models present.

Response Model terms df LoglLik AlCc Delta Weight
5 —
Bark cover(A)+Iform+Decomp05|t|on 1 2198795 | 4202 0.00 0.216
stage+Diameter(cm)
. —
Presence of | Bark cove.r(A)+Form+Decomp05|t|on 13 197488 | 4218 161 0.097
polypores stage+Diameter (cm)+Death cause
5 —
Bark cover(.A)+Form+Decomp05|t|on 1 -198.72 4221 1.96 0.081
stage+Diameter (cm)+Treetype
Response Model terms df LogLik AlCc Delta | Weight
Sun exposure+F9rm+Decomp05|t|on 11 -82.886 188.3 0.00 0.145
stage+Diameter(cm)
Sun exposurg+Decomp05|t|on 7 -87.778 189.7 135 0.074
stage+Diameter (cm)
Presence of Bark cover (%)+Sun
saproxylic exposure+Decomposition 8 -86.922 190.2 1.81 0.059
insects stage+Diameter (cm)
Bark cover (%)+Sun
exposure+Form+Decomposition 12 -82.742 190.2 1.82 0.059
stage+Diameter(cm)
Sun exposure+Form+Decomposition 12 -82.800 190.3 1.93 0.055

stage+Diameter (cm)+Treetype
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Appendix 4: Descriptive results. n is quantity, SD is standard deviation, range shows minimum and
maximum values, amount (%) shows the amount in percent, n/totaln shows the quantity of variable 1
per variable 2 of the total number of variable 1. DWOs is deadwood objects, natural is DWOs dying
from natural causes, human is human cut DWOs, and Beaver is beaver cut DWOs. Laying, stump,
hanging, standing, and broken on stump are the different deadwood forms. The rows marked in light

grey, are not discussed further.

Variable 1 per variable 2 Unit Mean +SD Range Amount (%) n/totaln
DWOs Transect n 12.7+11.4 0-43 - -
DWOs Natural n - - 54.0 287/532
DWOs Human n - - 26.3 140/532
DWOs Beaver n - - 12.0 64/532
DWOs Unknown n - - 7.7 41/532
DWOs DistanceRiver m 25.2+14.2 0-50 - -
Human DistanceRiver m 28.4+13.0 0.45 - 50 - -
Natural DistanceRiver m 24.6 £ 14.8 0-50 - -
Beaver DistanceRiver m 229+12.8 0.5-50 - -
DWOs Laying n - - 57.0 303/532
DWOs Stump n - - 22.6 120/532
DWOs Hanging n - - 11.8 63/532
DWOs Standing n - - 6.8 36/532
DWOs Brokenonstump n - - 1.9 10/532
Beaver Brokenonstump n - - 70.0 7/10
Beaver Stump n - - 20.0 24/120
Beaver Hanging n - - 9.5 6/63
Beaver Laying n - - 8.9 27/303
Beaver Standing n - - 0.0 0/36
Human Stump n - - 50.0 60/120
Human Laying n - - 22.8 69/303
Human Hanging n - - 17.5 11/63
Human Standing n - - 0.0 0/36
Human Brokenonstump n - - 0.0 0/10
Natural Standing n - - 100.0 36/36
Natural Hanging n - - 73.0 46/63
Natural Laying n - - 57.1 173/303
Natural Stump n - - 24.2 29/120
DWOs Length m 34+4.0 0.1-30 - -
DWOs Diameter cm 13.2+9.1 5-71 - -
Human Diameter cm 14.6 + 10.6 5-44 - -
Natural Diameter cm 13.4+9.1 5-71 - -
Beaver Diameter cm 9.9+4.7 5-29 - -
DWOs Greyalder n - - 314 167/532
DWOs Birch n - - 13.5 72/532
DWOs Norway spruce n - - 13.5 72/532
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DWOs Scots pine n - - 4.9 26/532
Beaver Birch n - - 40.6 26/64
Beaver Greyalder n - - 18.8 12/64
Beaver Scots pine n - - 1.6 1/64
Beaver Norway spruce n - - 0.0 0/64
Human Norway spruce n - - 27.1 38/140
Human Greyalder n - - 24.3 34/140
Human Birch n - - 13.6 19/140
Human Scots pine n - - 5.7 8/140
Natural Greyalder n - - 39.7 114/287
Natural Norway spruce n - - 10.1 29/287
Natural Birch n - - 7.7 22/287
Natural Scots pine n - - 5.9 17/287

DWOs Coniferous n - - 19.5 104/532

DWOs Deciduous n - - 76.9 409/532
Natural Coniferous n - - 47.1 49/104
Human Coniferous n - - 46.2 48/104
Beaver Coniferous n - - 1 1/104
Natural Deciduous n - - 56.2 230/409
Human Deciduous n - - 20.8 85/409
Beaver Deciduous n - - 15.4 63/409

DWOs Sun exposure % 31.6+279 0-99.8 - -
Human Sun exposure % 48.7 +33.3 0-99.8 - -
Natural Sun exposure % 24.8 £ 23.1 2.6 -99.8 - -
Beaver Sun exposure % 23.8+19.0 2.9-94.6 - -

DWOs Bark % 48.5 + 40.7 0-100 - -

DWOs Stagel n - - 33.8 180/532

DWOs Stage2 n - - 21.2 113/532

DWOs Stage4 n - - 18.6 99/532

DWOs Stage5 n - - 15.2 81/532

DWOs Stage3 n - - 11.1 59/532
Beaver Stagel n - - 39.1 25/64
Beaver Stage4 n - - 25.0 16/64
Beaver Stage2 n - - 23.4 15/64
Beaver Stage3 n - - 9.4 6/64
Beaver Stage5 n - - 3.1 2/64
Human Stagel n - - 54.3 76/140
Human Stage2 n - - 15.7 22/140
Human Stage4d n - - 10.7 15/140
Human Stage5 n - - 10.0 14/140
Human Stage3 n - - 9.3 13/140
Natural Stagel n - - 26.8 77/287
Natural Stage2 n - - 23.9 66/287
Natural Stage4 n - - 19.5 56/287
Natural Stage5 n - - 17.8 51/287
Natural Stage3 n - - 12.9 37/287
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Appendix 5: Polypore fungi (34.3 %, 67/102 of the present polypore species) identified to the closest taxonomic level (Order, Family, Genus and Species) with

frequency of present polypores of each taxa (n). Status shows the species’ category on the Norwegian Red List for Species 2015 (Henriksen and Hilmo 2015),

where LC = Least Concern and NT = Near Threatened.

Order (n) Family (n) Genus (n) Species (n) Status
A.serialis 1 LC
Antrodia sp. 3 .
A.sinuosa 1 LC
F.pinicol 20 LC
o Fomitopsis 21 pinico™
Fomitopsidaceae 28 F.rosea NT
Piptoporus 1 P.betulinus LC
P.caesia LC
Postia sp. 3
P P.fragilis 1 LC
Polyporales 53 Cerrena 2 C.unicolor 2 LC
Datronia 1 D.mollis 1 LC
Fomes 2 F.fomentarius 2 LC
Lenzites 2 L.betulinus 2 LC
Skeletocutis 1 S.papyracea 1 LC
Polyporaceae 25 -

T.hirsuta 8 LC
Trametes 12 T.ochracea 2 LC
T.versicolor 2 LC
) T.abietum 3 LC

Trichaptum 5 -
T.fuscoviolaceum 2 LC
Fomitiporia F.punctata 4 LC
Inonotus 2 l.radiatus 2 LC

Hymenochaetales 10 Hymenochaetaceae 10
Phellinus spp. 4 P.laevigatus 2 LC
G.sepiarium LC
Gloeophyllales 3 Gloeophyllaceae 3 Gloeophyllum 3

G.odoratum LC
Russulales 1 Bondarzewiaceae 1 Heterobasidion 1 H.paviporum 1 LC







Appendix 6: Polypore fungi (34.3 %, 67/102 of the present polypore species) identified, distributed
on the deadwood object’s (DWQO's) death causes (natural, human, beaver, and DWOs with an

unknown cause of death).

Polypores Natural Human Beaver Unknown Total
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Appendix 7: Saproxylic insects (13.3 %, 133/ca. 1000 present saproxylic insect galleries) identified to the closest taxonomic level (Order, Family, Subfamily,

Genus and Species). All the taxonomic levels have a column with the frequency of present insect galleries in each of the taxa (n), and a column showing the

security of the identification (security: s = secure, U = unsecure, vu = Very unsecure).

Order (n) | Security Family (n) | Security Subfamily (n) | Security Genus (n)| Security Species (n)| Security
Lepturinae 9 Rhagium spp. 9 | 9/9(u)
Acanthocinusspp.| 2 | 2/2(u)
Lamiinae sp. 7 1/1(s) Pogonocherus 3 1/2 (u) P.hispidus 1| 1/1(s)
Cerambycidae | . | 4/10(s) spp. 1/2 (vu)
spp. 6/10 (u) Monochamussp. | 1 | 1/1 (u)
Lepturinae 1 Leptura 1 L.quadrifasciata 1/1 (s)
. Molorchus sp. 2| 1/1(u) M.minor 1/1 (s)
Cerambycinae | 3
Xylotrechussp. | 1 | 1/1(u)
Hylesinus 6 H.varius 6 | 6/6(s)
Dryocoetes 4 D.alni 4 1%4(&))
Polygraphusspp. | 2 | 2/2(s)
Scolytinaesp. |21 1/1(u) Ips 1 I.typographus | 1 | 1/1(s)
Coleoptera 106 Curculionidae a 19/19 Hylurgops 1 H.palliatus 1| 1/1(u)
spp. (s) Pityogenesspp. | 3 | 2/2(s) | P.chalcographus| 1 | 1/1 (s)
Scolytus 2 S.ratzeburgii | 2 | 2/2(s)
Phleotribus 1 P.spinulosus | 1 | 1/1(s)
Cossoninae 2 Rhyncolusspp. | 2 | 2/2(s)
Molytinae 2 Pissodes spp. 2 iﬁ ((3))
Ptinidae spp. 4 | 4/4 (s)
Lymexylidae 3 Hylecoetinae 3 Elateroides spp. | 3 | 2/2(s) | E.dermestoides | 1 | 1/1 (s)
Anobiidae sp. 1 ({//ul)
Mordellidae 1 Mordellinae 1 Tomoxia sp. 1| 1/1(u)
Lucanidae 3 Syndesinae 3 Sinodendron spp. | 3 /3 (s)

2/3 (u)




1/2 (u)

Anthribidae 2 Anthribinae Platystomos P.albinus
1/2 (vu)
Trogossitidae 1 Peltinae Ostoma sp. 1/1 (vu)
Py rogg;mdae 8 | 5/5(s) Pyrochroinae Schizotus S.pectinicornis 3/3 (u)
Elateridae spp. | 3 | 2/2 (s) Elaterinae Ampedus sp. 1/1 (s)
Ciidae spp. 2| 2/2(s)
Staphylinidaesp. | 1 | 1/1 (u)
L L. . . 1/2 (s)
Tenebrionidae | 2 Tenebrioninae Bolitophagus B.reticulatus 1/2 (u)
Buprestidae Agrilinae Agrilus A.viridis 1/1 (vu)
] Cossidae Cossinae Cossus C.cossus 1/1 (u)
Lepidoptera 2 — " -
Tineidae Scardiinae Montescardia sp. 1/1 (s)
Formicidae spp. | 18 12 )18
Hymenoptera 19 -
Ichneumonidae
1| 1/1(s)
sp.
Symphyta sp. 1/1 (s) Xiphydriidae 2 Xiphydriinae Xiphydria spp. 2/2 (vu)
Diptera Tipulidae spp. 2| 2/2(u)
Raphidioptera Raphidiidae 1 Raphidia_sp. 1/1 (s)




Appendix 8: Saproxylic insects (13.3 %, 133/ca. 1000 present saproxylic insect galleries) identified,
distributed on the deadwood object’s (DWOs) death causes (natural, human, beaver, and DWOs with

an unknown cause of death).

Saproxylicinsects Natural Human Beaver Unknown Total
Cerambycidae_sp. 5 4 0 0 9
Curculionidae_sp. 23 15 2 40
Formicidae_sp. 7 6 3 1 17
Ptinidae_sp. 3 0 1 0 4
Lucanidae_sp. 2 0 0 0 2
Lymexylidae_sp. 3 0 0 0 3
Pyrochroidae_sp. 1 4 0 0 5
Elateridae_sp. 0 2 0 1 3
Raphidiidae_sp. 1 0 0 0 1
Tineidae_sp. 1 0 0 0 1
Tenebrionidae_sp. 1 0 0 0 1
Ichneumonidae_sp. 0 0 1 0 1
Symphyta_sp. 0 1 0 0 1
Ciidae_sp. 1 1 0 0 2
Sum 48 33 5 4 90










