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Abstract

Intensive forest management has led to forest homogenization with associated
changes to biodiversity. Compensatory actions have been taken to counteract the
negative effects of these practices on biodiversity, but the effectiveness of these
actions depends both on which scale they are evaluated and the group of species
they are addressed to. In Sweden, the state-owned forest company Sveaskog has
developed landscape restoration projects called ecoparks to create multipurpose
forests which combine production, recreation and enhancement of natural values.
Previously, little research has been done on wild bee communities (Hymenoptera:
Anthophila) in boreal forests. With a functional and multi-scale approach, this study
aims to figure out whether and how different management regimes affect diversity
patterns of wild bee communities. The study also investigates if there are
differences in species and functional composition between these management
regimes. A pair of landscapes consisting of an ecopark and a conventionally
managed production landscape were selected in the south and north of Sweden.
Bees were sampled during three years in open and sun-exposed plots where local
environmental variables were measured. The percentage of open areas surrounding
each plot at different scales was also extracted. Results showed no differences in
diversity patterns nor in composition or functionality of wild bee communities
between management regimes. Instead, there were differences (except in functional
composition) between southern and northern regions. There was higher alpha
diversity in the north and higher gamma diversity in the south. The northern region
had a higher local functional diversity than the southern one. Functional diversity
was, in general, positively related to deadwood diversity but when analysing the
data by regions, just the southern one was significantly related to deadwood
diversity. The latter relationship might be explained by the diversity of the dataset
in terms of species functionality. Despite the little time elapsed since the beginning
of restoration, this study suggests that landscape could be playing an important role
in the assemble of wild bee communities and highlights the potential of using a
functional approach when assessing the effects of different management regimes
on wild bee communities.

Keywords: wild bees, Anthophila, forest management, functional diversity,
inventory diversity, landscape ecology, boreal forest
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1. Introduction

Since the beginning of intensive forestry in Fennoscandia in the nineteenth century,
different actions have been taken to increase the effectiveness of silvicultural
practices. Consequently, it has had direct effects on the natural succession cycle of
the forest and, therefore, on its structural composition and biodiversity (Koivula
and Vanha-Majamaa 2020). In Sweden, before even-managed and clear-cutting
harvesting models were introduced, boreal landscapes were dominated by fire-
affected uneven-aged Scots pine stands which made up more heterogenous forests
(Berglund and Kuuluvainen 2021). Nowadays, more than 90% of production forests
are structurally simplified (Gustafsson et al. 2010, Koivula and Vanha-Majamaa
2020). While just a few species are benefited by modern forestry, more than 50%
of the Fennoscandian red-listed species try to thrive in forest habitat and are mainly
threatened by intensive forest management (Henriksen and Hilmo 2015, Hyvérinen
et al. 2019, ArtDatabanken 2020). On the other hand, policies have been
implemented on sustainable management of forests which aim to preserve the
biodiversity they harbour and the ecosystem services they provide (Forest Europe
2015, The Montréal Process 2015, DG Environment 2017, IPBES 2019). To
maintain a favourable conservation status and counteract the negative effects of
modern forestry, actions have been taken. For example, since fires are one of the
most significant natural disturbance agents within boreal forests (Gauthier et al.
2015, Gustafsson et al. 2019), prescribed burnings are used to emulate the processes
that forests would get through under natural fires events (Vanha-Majamaa et al.
2007, Hekkala et al. 2014). Furthermore, due to high number of deadwood
dependent species in boreal forests, stumps and fallen trees are also saved, and
deadwood is artificially created (Abrahamsson and Lindbladh 2006, Hjéltén et al.
2010, Halme et al. 2013, Hekkala et al. 2016). Another practice used to offset the
effect of clear-cutting is the retention of whole stands of living trees, which may
improve connectivity between the fragmented landscape and act as “lifeboats” for
forest species (Rosenvald and Lohmus 2008, Jonsson and Siitonen 2012,
Gustafsson et al. 2020).

When determining the effectiveness of these management actions, the research
focus has been on several species groups like ground-dwelling arthropods and
saproxylic beetles (Hyvarinen et al. 2009, Matveinen-Huju et al. 2009, Djupstrém



et al. 2012, Heikkala ef al. 2016, Hjiltén et al. 2017, Hagglund and Hjéltén 2018,
Jonsell et al. 2019), understory vegetation (Perhans et al. 2009, Hautala et al. 2011,
Rodriguez and Kouki 2015, Granath et al. 2018) or fungi (Penttild et al. 2013,
Suominen et al. 2018, Pasanen et al. 2019). However, in comparison, little is known
about how modern forestry and restoration measures affect the order Hymenoptera
and particularly wild bees (Anthophila clade). Wild bees are main pollinators and
some species rely on the access to deadwood as this is the place where they nest in
(Westerfelt et al. 2015, Carper and Bowers 2017). According to Proctor et al.
(2012), homogenization of the forest due to monoculture management or
suppression of fires can lead to a reduction of the understory plant diversity and,
therefore, to a decline of insect pollinators. Additionally, the reduction of viable
wood-nesting structures and soil compaction may also have a negative impact
(Romey et al. 2007). On the other hand, clear-cutting creates canopy gaps that allow
greater light penetration, which is associated with a greater understory plant
abundance and species richness. This leads to an increase in floral resources and
positively affects pollinators (Quintero et al. 2010, Rodriguez and Kouki 2017).
Additionally, it is known that wildfires play an essential role in bee composition
(Potts et al. 2003, 2005, Campbell et al. 2007, Grundel et al. 2010). Rodriguez and
Kouki (2015) showed that prescribed fires have a positive effect on solitary bees’
abundance and, consequently, on the ecosystem services they provide.

It is also necessary to take into account that these management regimes may have
different effects on wild bee communities regarding the scale at which they are
evaluated (Rubene et al. 2015b, 2017, Ranius ef al. 2019). To get a broader picture
of the situation it is important to carry out the evaluation at multiple spatial scales,
studying not only local habitat variables of forest stands but also the characteristics
of the surrounding landscape (Hatfield and LeBuhn 2007, Bergman et al. 2012). In
Sweden, for example, the state-owned forest company Sveaskog developed the
concept of ecoparks. They are landscape restoration projects where different kinds
of restoration actions are planned and others are already carried out to improve the
forest landscapes and support core areas with known high values for biodiversity.

According to Arena et al. (2018), landscape composition is another key piece of the
puzzle that determines abundance and species richness of bees in local patches.
Changes at landscape scale can have different effects on wild bee communities
depending on their specific traits (Hopfenmiiller et al. 2014). Traits are any
characteristics of a species that can be measured and are classified into response
traits and effect traits. While response traits allow the species to cope with a
particular biotic or abiotic stress - “to be able to survive, grow and reproduce under
the experienced stress level or under different environmental conditions” (p. 12) -,
effect traits are those which somehow affect other species (or individuals) or
ecological processes (de Bello er al. 2021). Response traits are considered



functional traits when they affect the fitness of the species (i.e., all functional traits
are response traits but not all response traits can be considered functional traits).
Furthermore, not all functional traits affect other species or ecosystem functioning,
so not all response traits are effect traits, and vice versa (de Bello et al. 2021).
Functional traits are any characteristics of the species which directly affect its
performance and fitness (Mouillot ef al. 2013) and are likely one of the factors
affecting the species sensitivity to environmental changes (Williams et al. 2010).
Indeed, assuming that each species affects the functioning of the ecosystem
differently due to the sum of their specific traits, it seems quite logical to use
functional diversity when working in community ecology. That is because it takes
into account the species-specific traits that other measures like species diversity do
not (Ricotta and Moretti 2011, Naeem et al. 2012). There is not a unique accepted
definition of functional diversity, but it could be summarized as the set of species
and the expression variation of their traits which somehow influence ecosystem
processes (Tilman 2001, Villéger er al. 2008, Naeem et al. 2012). Therefore,
functional diversity is an interesting tool when investigating possible changes in
species and functional composition within and between communities after
disturbances, and when determining how biodiversity itself can affect ecosystem
functions (Mouillot et al. 2013, Laureto et al. 2015). Additionally, functional
diversity is of high interest between ecologists, with several indices being proposed
to measure it, such as Rao’s Quadratic entropy or Functional dispersion (Botta-
Dukét 2005, Petchey and Gaston 2006, Villéger et al. 2008, Laliberte and Legendre
2010). There are also several ways to measure diversity, being the concepts of alpha
(a), gamma (y) and beta (B) diversity introduced by Whittaker (1960) some of the
most influential ones. While beta diversity itself measures variation in species
composition between samples, both alpha and gamma diversity measures diversity
at different scales. Alpha diversity measures species diversity within a single
sample (local diversity) and gamma diversity measures diversity within a set of
samples (total diversity). According to Jurasinski et al. (2008), alpha and gamma
diversity can be grouped under the term inventory diversity. Gamma diversity can
be obtained by the sum of alpha and beta diversity (Jurasinski et al. 2008).

Maintaining the functional diversity of bee communities can help to preserve the
provision of different types of ecosystem services like pollination (Hoehn et al.
2008, Albrecht ef al. 2012), and strengthen the stability of communities in the face
of possible disturbances (Mori et al. 2013). Changes in the environment can affect
species assemblages, functional composition and diversity and, consequently, have
an impact on the functions that these species were providing (Williams et al. 2010).
Most of the literature about disturbance effects and functional traits on wild bee
communities is focused on agricultural landscapes (Forrest et al. 2015, Persson et
al. 2015, Pisanty and Mandelik 2015, Blitzer et al. 2016, Bartomeus et al. 2018),



but little research has been done on the effects of boreal forest management in
Fennoscandia.

Therefore, to further investigate the possible effects of local and landscape scale
management on the functionality and diversity of wild bees, I will use Sveaskog’s
ecoparks and conventional production forests as a study system. The concept of
ecopark was introduced by the Swedish state forest company Sveaskog Co., among
the 4.4 million ha (18% of total forest land in Sweden) of forest they own. Ecoparks
are multipurpose forests with the aim to combine production, conservation and
human recreation, and today, they consist of 170 000 ha of forest landscapes divided
into 37 ecoparks across Sweden. Restoration of natural structures plays a great role
in ecoparks’ management plans (Angelstam and Bergman 2004, Larsson Ekstrém
et al. 2021). The production landscapes are production forests where conventional
forestry highly dominates.

This study aims to I) determine whether and how different management regimes
(ecoparks vs. production landscapes) affect diversity patterns of wild bees and II)
find out if functional and species composition of wild bee communities differ
between ecoparks and their respective reference areas.

I hypothesize that I) ecoparks and production landscapes differ in wild bee diversity
patterns due to their different management regimes; I expect higher inventory and
functional diversity in ecoparks due to less intensive forestry, more protected areas
and higher amount of natural values, II) ecoparks have a higher beta diversity and
hold different bee community assemblages than production landscapes, and III)
inventory and functional diversity have positive relationships with volume and
diversity of deadwood.
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2. Materials and methods

2.1. Study areas

This study was carried out in two ecoparks and two commercially managed
production landscapes in Sweden owned by the state forest company Sveaskog.
Each ecopark makes up a study pair with a nearby production landscape similar in
composition. The northern pair is located in the central boreal zone, in the region
of Visterbotten, and it is made up by Kéringberget ecopark and its respective
production landscape in Vindeln. Hornsé ecopark and its respective production
landscape in Hélleskog in the hemiboreal zone, region of Kalmar, were chosen as
study areas in southern Sweden (Figure 1).

Karingberget ecopark was created in 2005 and it is dominated by Scots pine (Pinus
sylvestris L.), Norway spruce (Picea abies (L.) H. Karst) with some presence of
birch (Betula pubescens Ehrh., and Betula pendula Roth.) and aspen (Populus
tremula L.). When it was created, 14% of its area was composed of habitats with
high nature values, percentage which is expected to be increased up to 45% after
all restoration actions are carried out. Furthermore, its percentage of production
forest is planned to be reduced from 86% to 55% (Sveaskog 2005). On the other
hand, Horns6 ecopark was established in 2004. It is a fire-influenced forest mainly
dominated by Scots pine, together with pedunculate oaks (Quercus robur L.), beech
(Fagus sylvatica L.) and aspen. Two of the goals that are expected to be achieved
are to increase the percentage of forests with high nature values from 16% up to
51%, and to reduce the percentage of production forest from 84% to 51% (Sveaskog
2008).

Ecoparks and production landscapes are managed under different regimes and the
main differences between them are the proportion of production forests! and
conservation concern areas’ (see Appendix 7 to have a bigger picture of the target
classes used by Sveaskog). Within these forests of conservation concern are
protected areas®, set-aside forests* and a majority of areas where restoration of
natural values or structures is being carried out (Table 1). Ecoparks also have
greater proportion of forests in higher age classes (Appendix 8).

! Forests where forestry activity mainly takes place.

2 Productive forests exempted from forestry activity.

3 Productive forests protected by law for nature conservation.

4 Productive forests voluntarily protected for nature conservation.

11
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Figure 1. Map of Sweden with the location of northern (Kdringberget ecopark and Vindeln
production landscape) and southern (Hornso ecopark and Hilleskog production landscape) study
areas, and an example of the distribution of study plots within a study area.
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Table 1. Location, size, area distribution and main vegetation type for each study area. ECO =

ecopark
Area Northern Southern
Sweden Sweden
Management ECO Production ECO Production
Site Kéringberget Vindeln Hornso Hiélleskog
Coordinates 64° 04' N, 64° 03' N, 57°00'N, 56° 50'N,
18°41'E 18°43'E 16°09'E 15°39'E

Size (ha) 13963 21181 9242 9144
Production 5786 (54%) 20066 (95%) 4438 (53%) 8570 (94%)
Conservation 4989 (46%) 1115 (5%) 4014 (47%) 574 (6%)
concern

- Restoration 2817 (26%) 18 (0%) 3227 (38%) 124 (1%)

- Set-aside 1615 (15%) 331 (2%) 485 (6%) 381 (4%)

- Protected 557 (5%) 766 (4%) 302 (4%) 69 (1%)
Dominating VT (38%) VT (46%) CT (38%) CT (46%)
Vegetation MT (27%) MT (27%) MT (35%)  MT (12%)

VT = Vaccinum type; MT = Myrtillus type; CT = Calluna type
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2.2. Study object: wild bees (Hymenoptera: Anthophila)

Hymenoptera is the third most diverse insect order, hosts lots of wood-nesting
species and has both a noteworthy role in the ecosystem and a significant
socioeconomic importance (Siitonen and Jonsson 2012, Peters et al. 2017). Despite
the fact that the honeybee (Apis mellifera Linnaeus, 1758) is probably the most
acknowledged hymenopteran species among the public, the Anthophila clade (bees)
consists of lots of wild bee species -of which some might be better pollinators than
honeybees (Klein et al. 2007)- with singular foraging and nesting strategies. For
example, the above-ground nesting bees can dig their galleries directly in living or
dead wood, take advantage of tunnels previously created by other insects, or even
use human-made structures like bird boxes (Siitonen and Jonsson 2012).
Furthermore, they can also nest underground, like some bees of the Halictidae or
Apidae family (Michener 2007). Additionally, while the majority of them are
generalist (polylectic) or specialist (oligolectic) pollen collectors, there are other
species which do not actively gather pollen but parasite the nests of other species
so their larva can grow feeding on the harvest of their host (Michener 2007, Détterl
and Vereecken 2010).

Wild bees play a significant role in boreal forest ecosystem. For example, they are
the main pollinators of bilberry (Vaccinium myrtillus L.) and lingonberry (V. vitis-
idaea L.) (Rodriguez and Kouki 2015), which are not only important
socioeconomic resources for us humans (Pouta ef al. 2006) but also necessary for
some iconic species such as the western capercaillie (Tetrao urogallus Linnaeus,
1758) (Lakka and Kouki 2009) or the brown bear (Ursus arctos Linnaeus, 1758)
(Hertel et al. 2016).

However, despite the wild bee diversity in terms of taxonomy, functionality and
services they provide to the ecosystem, they have been overlooked in
Fennoscandian forest ecosystem research. Therefore, wild bees were selected as
study object to contribute to increasing the knowledge of the species in this forest
ecosystem.

2.2.1. Functional traits

For the species of wild bees (Hymenoptera: Anthophila) that were found in the
study, eight functional traits were compiled (Table 2). These traits likely affect the
presence of the species in the areas and could be useful to explain changes in
diversity patterns. They are all response traits and considered functional traits
because they somehow affect the fitness of the species. They can also be effect traits
depending on the question under they are evaluated (de Bello et al. 2021). For
example, regarding pollination, the functional traits tongue length and diet
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specialization are also effect traits because they have a direct effect on the
pollination of different plant species.

Table 2. Functional traits used in the analyses with a description of the effect the trait has on
species functionality.

Trait Trait type Levels Description
Inter tegular ~ Continuous N/A Distance between the wing-attachment
distance bases on the thorax (ITD), related to
(mm) foraging range (Kendall ef al. 2019).
Tongue Continuous N/A Total length of the tongue, which mediates
length (mm) several characteristics of bee ecology,
such as flower choice and plant
specialization (Cariveau et al. 2016).
Body mass Continuous N/A It is related to ITD, body size and
(mg) therefore to foraging range (Greenleaf et
al. 2007, Cariveau ef al. 2016).
Nesting Categorical Below-ground Bees can use different substrates (e.g.,
behaviour nesters sand, logs, holes in dead and living trees,
abandoned rodent nests, artificial elements
Above-ground ) )
like roofs or bird boxes, etc.) to nest under
nesters
or below the ground (Leken 1973).
Diet Polylectic (pollen Bees can visit several families of plants to
specialization generalists) collect pollen (generalists) or collect it just
) ) from a family or even specific species
Oligolectic (pollen o
o (specialists).
specialists)
Sociality Categorical Solitary Bees can socially organise themselves in
. colonies with division of tasks
Social - . o
(eusociality) or live as solitary individuals.
Eusocial
Pollen Categorical Tibial corbicula Pollen transportation can be done by
transportation ) specific pollen collecting structures
Femoral corbicula .
(corbiculae) made up by a set of setae or
Abdominal directly but less frequent via mouth
corbicula storage (crop). Kleptoparasite bees do not
actively collect pollen but steal it from
Crop . .
their hosts (Michener 1999).
Kleptoparasitism
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Trait Trait type Levels Description

Hairiness Continuous N/A Bee sensory hairs are used to detect

index electromagnetic fields emitted by flowers
and it is shown to be highly related to
pollination (Stavert et al. 2016, Sutton et
al. 2016, Zakon 2016).

All traits except for the tongue length and body mass were extracted from literature
(Leken 1973, Sydenham et al. 2015, Kendall et al. 2019, Woodcock et al. 2019),
the online databases traitbase (Traitbase 2021), bwars (BWARS 2021) and artfakta
(Artdatabanken 2021a), and the book “The bees of the world” (Michener 2007).
Tongue length and body mass were calculated in R version 4.0.2 (R Core Team
2020) with the BeelT package (Cariveau ef al. 2016). Nomenclature of bees follows
the online Swedish database Dyntaxa (Dyntaxa 2021). A table with the specific
traits of each species can be found in Appendix 1.

2.3. Experimental design

In each ecopark and production landscape, 26 plots representative to the area and
accessible from the road were selected (See Appendix 7 and 8 to have a bigger
picture of the landscapes). The distance between plots was at minimum 1000 m to
avoid spatial correlation, and the plots were thus considered as independent
sampling units. Within each plot, a pair of pine and birch high stumps (height 2.5
m, and diameter 15-25 cm) was created in 2010 and 2011 respectively for northern
and southern Sweden. The stumps were exposed to sunlight from south and west.
In some cases, trees of correct species and/or size were not close enough to each
other (1-5 meters), so pairs of two pines or two birches were chosen instead. These
were afterwards removed from the analyses of this study.

2.4. Data collection

2.4.1. Sampling of bees

Bees were passively sampled with two flight-intercept traps per high stump. The
traps were attached to the trunk at 1.1 and 1.6 meters from the ground and consisted
of'a 0.5 litres aluminium mould below a 10x20 cm transparent plexiglass sheet. For
preserving insects, a 60 percent liquid dilution of propylene glycol with a little
amount of soap was used. Traps were set at the end of May and removed at the end
of July and were emptied two times per sampling period for 3 consecutive years:
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from 2010 to 2012 in the north and from 2011 to 2013 in the south of Sweden.
Then, bees were identified by an expert taxonomist (Niklas Johansson,
ArtDatabanken, SLU) to species level and separated by stump and year.

2.4.2. Environmental data

Stand scale measurements

In 2019, tree stand structure data was measured at each sampling plot within a 20-
meters radius circle which was centred at the middle of the pair of stumps.

Living tree species and their diameter at breast height (DBH, ca 1.3 m) were
recorded when the tree height and its DBH were greater than 1.3 m and 4.5 cm
respectively. The species, height, DBH and decay class were recorded for standing
dead trees and snags. In addition, the maximum and minimum diameters and the
length were also recorded for lying dead trees over 1.3m in length and 4.5cm in
diameter. The type of dead wood (i.e., standing dead tree, snag, or log) was also
recorded.

Decomposition stage of standing trees and snags was classified according to
Thomas et al. (1979) and Jung et al. (1999), while adjusted classification from Gibb
et al. (2005) was used for deadwood logs. Four decay classes were used for the
latter one: 1) hard wood with more than 50% of bark, 2) hard wood with less than
50% of bark and surface beginning to soften, 3) soft wood surface free of bark, with
holes and crevices, 4) soft wood, difficult to define surface and outline, possible
remaining hard core. Broadleaf trees in advanced decomposition stages were
classified as 3 or 4 decay class according to wood softness and regardless of the
bark cover percentage. The canopy cover was measured in order to calculate the
gap fraction, which is the proportion of sky measured in any direction of the canopy
not obstructed by canopy structure (Gonsamo et al. 2010). To get that, a fish-eye
lens was used to take hemispherical pictures which were later processed in Image J
(Schneider et al. 2012) with the plugin Hemispherical 2.0 (Beckschéfer 2015).
Furthermore, the vegetation type of each site was recorded using the vegetation
classification of Cajander (Cajander 1926).

Landscapes scale measurements

Besides these measures, the percentage of open area surrounding each plot at
different scales (100- and 500-meters radius circular buffer zones) was extracted
from Sveaskog’s database of forest structure in 2013 using the software ArcGIS
version 10.6 (Esri Inc 2020). Open areas were defined as forests without canopy
cover, leaving lakes and mires out of this consideration. To get them, clear-cuts less
than 15 years old were chosen. This variable was selected because it was assumed
that these areas were open and sun exposed habitats, and therefore beneficial for
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wild bees due to a greater availability of floral resources and nesting sites (Steffan-
Dewenter and Tscharntke 2000, Romey et al. 2007, Sydenham, Moe, et al. 2016).

2.5. Calculations

Both deadwood and living trees were classified into diameter classes of 10 cm,
resulting in six diameter classes (from 4.9 up to > 50 cm). Diversity index of
deadwood and living trees per plot was calculated using modified formulas from
Siitonen et al. (2000) and Hekkala ef al. (2016). Living tree diversity was calculated
as the different combinations of tree species and diameter class. Deadwood
diversity index was the number of different combinations of tree species, diameter
class, decay class and type of dead wood (i.e., log, snag or standing dead tree).
Basal area of living trees and deadwood volume per hectare were calculated for
each plot. Volume of intact standing dead trees was calculated based on diameter
and height, whereas volume of snags, high stumps and logs was calculated with the
cylinder formula based on diameter and length/height. Different formulas for pine,
spruce and birch were used, using the latter one for all broadleaf trees larger than 6
meters (Brandel 1990). All calculations and formulas were extracted from Larsson
Ekstrom et al. (2021).

2.6. Statistical analyses

All bees caught in the four traps per plot along the three years of sampling were
pooled for each plot. Only plots with pine and birch stump pairs were selected,
ending up with 20-25 plots per area (Table 3). All the analyses were carried out in
R version 4.0.2 (R Core Team 2020).

Different measures of alpha diversity (abundance, species richness and Shannon
diversity index per plot) were calculated using the packages plyr (Wickham 2011),
doBy (Seren and Halekoh 2020) and vegan (Oksanen ef al. 2020). To compare total
diversity (gamma diversity) among regions and between management regimes
within regions while exploring if the current species richness values were skewed
due to a small sample size, rarefaction and extrapolation curves of species richness
were performed using the INEXT package (Hsieh ef al. 2020). Differences between
curves were tested following Schenker and Gentleman (2001). Alpha and gamma
diversity were grouped under the term “inventory diversity” according to Jurasinski
et al. (2008).

Functional diversity was measured as the indices functional dispersion (FDis) and
Rao’s Quadratic entropy (Rao’s Q) and calculated using the FD package (Laliberte
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and Legendre 2010). For the diversity indices, plots with zero abundance were
dropped from the analyses. Functional composition was assessed as community-
level weighted means (CWM), combining species and trait matrices as mean trait
values weighted by species abundances (Garnier et al. 2004). Before calculating
CWM, community composition data was log-chord transformed and then
normalised in order to reduce skewness in species distribution and get relative
abundances (Legendre and Borcard 2018).

To test whether there were differences in tree stand structures between ecoparks
and their respective production landscapes, two-sample Mann-Whitney tests were
used. Linear models (LM) and generalised linear models (GLM) with Poisson
distribution were used to explore relationships between response and explanatory
variables. The models predicting FDis and Rao’s Q were fitted after removing the
plots where just one individual was present. This decision was made because we
felt that the sampling method was biased to lower catches and values of FD indices
of these plots were zero, decreasing average FD. LMs were used when fitting
Shannon diversity index, FDis and Rao’s Q as response variables, whereas GLM
were used with abundance and species richness. Abundance was also used as a
predictor when fitting species richness as a response variable to test whether effects
on species richness are independent from abundance. When fitting GLMs, negative
binomial models from MASS package (Venables and Ripley 2002) were used for
correcting overdispersion while Poisson models with quasi-likelihood estimation
were used for correcting underdispersion.

Akaike weights based on second-order Akaike information criteria for reduced
sample size (AICc) between models were compared with the bbmle package
(Bolker and R Development Core Team 2020) and those with the lowest AAICc
values (highest AICc weights) were selected as the best models. Results of the best
performing models were extracted with the sjPlot package (Liidecke 2021) and
compiled in Appendix 5.

In order to visualize the species and functional composition of bee communities in
the study areas and to have an insight of the differentiation diversity between areas
(beta diversity; (Jurasinski et al. 2008)), non-metric multidimensional scaling
(NMDS) ordinations of species and functional (CWM) composition were plotted
using the vegan package (Oksanen et al. 2020). Singleton species were dropped
before plotting the species composition NMDS to improve convergence.
Differentiation diversity, or also called compositional similarity, is one of the two
terms that results from the division that Jurasinski et al. (2008) make of the concept
of beta diversity, and it refers to the variation in species composition between
samples.
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3. Results

In total, 1466 individuals of 43 different bee species were found. Andrena
lapponica Zetterstedt, 1838 counts for the 73% of total individuals caught. Most
specimens were caught in the northern areas, with 1330 individuals of 23 species.
There, A. lapponica outnumbers (with 1059 individuals) the rest of species in terms
of abundance. It is followed by Bombus pratorum (Linnaeus, 1761) (68
individuals), B. pascuorum (Scopoli, 1763) and Hylaeus annulatus (Linnaeus,
1758) (with 29 individuals each). In the south, the numbers were 136 individuals of
29 species. Hylaeus communis Nylander, 1852 was the most abundant species (49
individuals) and it was not found in the northern areas. This species is followed by
A. lapponica (16 individuals), H. angustatus (Schenck, 1861) (8 individuals), and
H. annulatus (7 individuals). A species list per area can be found in Appendix 2.

A total of 29 species were found in the south and 20 of these were not found in the
north. On the other hand, 14 out of the 23 species found in the north were
exclusively found in this region (Appendix 3).

3.1. Inventory diversity and functional diversity indices

Significant differences in mean abundance (Wilcoxon rank sum test; w =2138.5, p
< 0.001), species richness (w = 1848, p < 0.001), Shannon index (w = 1341, p =
0.040), Rao’s Q (w = 1757, p < 0.001) and functional dispersion (w = 1728, p <
0.001) were found between regions, the values being greater in the northern region.
However, there were no significant differences between management regimes
within regions (Figure 2).
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Figure 2. Mean abundance (a), species richness (b), Shannon diversity index (c), Raos’ Q (d) and
functional dispersion (e) per plot between management regimes within regions and between

regions. Whiskers represent + SE.
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When comparing gamma diversity of northern and southern Sweden under equal
sample size using rarefaction (Figure 3), it appeared that the southern area had a
significantly higher gamma diversity (z = 2.05, p = 0.04).
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Figure 3. Gamma diversity of northern and southern areas. Sampling units in the north = 50.
Sampling units in the south = 38.
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No significant differences were found in gamma diversity between management
regimes in the north (z = 1.58, p = 0.11) (Figure 4) or in the south (z = 0.15, p =
0.88) (Figure 5).
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Figure 4. Gamma diversity between management regimes within the northern area. Sampling
units in ECO = 25; Sampling units in Production = 25.
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Figure 5. Gamma diversity between management regimes within the southern area. Sampling
units in ECO = 16. Sampling units in Production = 22.
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3.2. Stand structure data

Basal area of living trees, living tree diversity and deadwood volume were
significantly greater in the ecopark than in the production landscape in the south,
while there was no difference in deadwood diversity between treatments. In the
north, the three first variables were also higher in the ecopark but without
significance, and deadwood diversity was significantly higher in the ecopark. Both
in the northern and southern areas, the percentage of open areas within a buffer
zone of 500 meters was quite similar between treatments. Yet, there were more
differences within the 100 meters buffer zone, although they were not significant
(Table 3). See Appendix 4 for a summary of stand structure data of each region.

Table 3. Mean=SE values for stand structure data. Highlighted p-values hold statistical significance
(p <0.05) based on Mann-Whitney.

Northern Southern
Sweden p- Sweden p-
value
value

Landscapes  Production ECO Production ECO

Plots 25 25 22 16

Basal area of

living trees 10.3+1.5 12.6+£1.1  0.160 9.1£1.0 13.9+£1.3  0.023

(m2/ha)

Living tree

diversity 7.8+£0.7 9.240.5 0.107 8.1+0.6 12.7£0.8  <0.001

Deadwood

volume 6.8+1.2 12.0£2.9  0.065 4.4+04 9.1+1.6 0.002

(m3/ha)

Deadwood

diversity 7.7+£0.8 12.6+£1.3  0.004 7.1£0.6 9.7+1.2 0.056

Open area %

-500m 6.240.9 6314 0711  3.7£0.5 33:1.0  0.143

Open area %

- 100m 25.146.1  14.7+5.1 0291  8.7+2.3 98438 1
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3.3. Inventory diversity and functional diversity models

Species richness was positively related to abundance while functional dispersion
and Rao’s Q had a positive relationship with deadwood diversity (Figure 6). Results
in Figure 6 are based on the whole dataset.

Living tree
diversity :
x
Abundance
| Variable
Abundance
Species richness
Shannon index
§ /\ FDis
3 </ RaosQ
Dead wood
volume 3
o«
A
Dead wood *
diversit :
’ v
-0.12 -0.08 -0.04 0.00

Estimate

Figure 6. Models for the whole dataset with environmental variables and abundance as predictors. To
be significant, estimate+SE must not cross the 0.00 dotted line. The symbol “*” indicates significance
but not level of significance. Only the best performing models are shown. For more information of the
models, Appendix 5.
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Bee abundance in northern and southern landscapes was negatively but not
significantly related to the basal area of living trees (Figure 7). In the north,
Shannon index, functional dispersion, Rao’s Q and species richness were positively
related to living tree diversity, being only significant the first relationship (Figure
7a). In the south, functional dispersion had a significant positive relationship with
deadwood diversity (Figure 7b).
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Figure 7. Results of the models plotted by region with environmental variables and abundance as
predictors. a) = northern Sweden. b) = southern Sweden. To be significant, estimate+SE must not
cross the 0.00 dotted line. The symbol “*” indicates significance but not level of significance. Only
the best performing models are shown. For more information of the models, Appendix 5.
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3.4. Species and functional composition of bee
communities

The species assemblage differs between northern and southern regions, but there
are no differences between management regimes in either region (Figure 8). In the
north the genus Bombus is very well represented, whereas just one species of this
genus was found in the south. On the other hand, the genus Hylaeus did
predominate more in the south than in the north and species of Chelostoma genus
were only found in the southern areas (see Appendix 6 for a figure with all species
shown).

Bombus_bohemicus

\H_;daeus_angusratus

NMDS2

Hylaeus_annulatus

I —

I 1 .
Megachile_lapponica | | | | Production
T T T T T
-4 -2 a 2 4

NMDS1
Figure 8. NMDS plot visualizing species composition of study areas. Stress = 0.078. To offer a clear

visualization of the plot and avoid superimposition of species labels, only the names of the most
abundant ones are shown and “+” symbols replace the rest. See Appendix 6 for a complete figure.
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Functional composition in the northern areas was nested within the southern ones
(Figure 9). Large and furry bees with a long tongue dominated in the north, while
the variation in trait composition among sites was much greater in the south.
However, no differences between ecoparks and their respective production
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Figure 9. NMDS plot visualizing functional traits composition of study areas. Stress = 0.046.
Traits names: Epig = above-ground nesters, Hypog = below-ground nesters; Solit = solitary,
Eusoc: eusocial; Soc = social; Olig = oligolectic; polyg = polylectic; Femur = femur crobicula,
Crop = crop; Abdomen = abdomen corbicula; Tibia = tibia corbicula,; Klepto = kleptoparasitism,
Hair = hairiness index; ITD = intertegular distance; Tlength = tongue length; Mass = body
mass. See Table 2 for closer explanations.
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4. Discussion

4.1. General findings

There were no differences in inventory diversity, species assemblages, functional
composition nor functional diversity of wild bee communities between
management regimes. Instead, there were differences (except in functional
composition) between southern and northern regions.

There was higher alpha diversity in the north and higher gamma diversity in the
south, but no greater beta diversity in the south, possibly due to the removal of
singletons in the species composition analysis. The northern region had a higher
functional diversity than the southern one.

Functional diversity was, in general, positively related to deadwood diversity but
when analysing the data by regions, just the southern one was significantly related
to deadwood diversity.

4.2. Inventory diversity and functional diversity

4.2.1. Ecoparks versus conventionally managed forest
landscapes

Contrary to what was hypothesized, no differences were found in inventory
diversity between the two different management regimes. Some similar results were
found in Larsson Ekstrom et al. (2021) regarding saproxylic beetles. That study was
carried out in the same study areas as this thesis, and they observed no differences
in alpha diversity between the landscapes in the north but a greater alpha diversity
in the southern ecopark in comparison with the production landscape. Additionally,
they showed that there was a greater species richness of red-listed species in both
ecoparks than in forest production landscapes, which suggests that conservation-
orientated managed landscapes can host more red-listed species than other
conventionally managed forests. In contrast, my study does not yield evidence to
support that wild bees are positively affected by ecoparks management actions yet,
which might be due to the short period of time between the creation of the ecoparks
and the sampling of bees. It is necessary to bear in mind that this study is part of a
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long-term project running from 2009 to 2033, so when bees were sampled, none or
very few planned actions to improve the natural values of the landscape had been
taken yet. Furthermore, as Granath et al. (2018) mention, it is highly unlikely that
all targets aimed by the management plans are reached at the same time. Since
different goals need different time to be fulfilled, organisms with different ecology,
life history and requirements may respond differently to implemented actions.

4.2.2. Southern and northern regions

According to the results, the greater alpha diversity in the north cannot be explained
by its greater volume and diversity of deadwood. The analyses did not yield
significant relationships between them, but it is worth mentioning that these results
may be skewed due to the large number of specimens of A. lapponica that were
caught, counting for the 80% of all specimens caught in the northern area. This
species does not use wood resources because it is a below-ground nester, which
could explain that lack of relationship between deadwood and alpha diversity.
The greater species richness of bumblebees in colder habitats (Nieto et al. 2014)
may be positively affecting the greater alpha diversity in the north. Furthermore,
from in situ observations it seems that southern forests are much more dense than
northern ones and that the understory vegetation of both regions are quite different.
While dwarf shrubs (V. myrtillus, V. vitis-idaea, Empetrum nigrum (L.) and C.
vulgaris dominate in the north, in the south there are some zones with thick Calluna
carpets, others with some lingonberry present but also areas with scarce understory
vegetation (just mosses, some herbs, saplings of beech and oaks or ferns). This is
not reflected in the data because of the coarseness of vegetation typing, but it might
be affecting the different diversity patterns between regions and could be one of the
reasons why barely any bumblebees (Bombus spp.) and so few A. lapponica were
caught in southern landscapes. Another factor which may be influencing the
difference in alpha diversity between regions is the foraging pressure of ungulates.
Despite current knowledge about the effects of grazing on wild bee communities is
still inconclusive, it seems to be dependent on the intensity of grazing (Danforth et
al. 2019). Thus, a possible greater density of some ungulates like fallow deer Dama
dama (Linnaeus, 1758) in the southern areas could explain the lower alpha diversity
in this region. They may be homogenizing the lower vegetation layer of the forest
and, potentially, reducing the flowering of dwarf shrubs. This could negatively
affect the presence of some wild bees. This herbivores foraging effect hypothesis
concurs and contrasts with some other studies (Vulliamy ez al. 2006, Hatfield and
LeBuhn 2007). Another hypothesis could be that, in the northern region, other and
more common ungulates like moose and reindeers may be shaping the lower
vegetation layers of the forest creating more open and flower-rich suitable local
habitats for wild bees. A suboptimal sampling methodology (i.e., high-situated
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flight-intercept traps) might also be influencing the incredibly few bees found in
the south and therefore affecting the lower alpha diversity in this region.

Gamma diversity was significantly greater in the south than in the north, which is
logic due to the biogeographic filtering of bee species in Europe. The highest
species richness is found in Southern Europe and declines gradually towards
northern latitudes and the northeast of Europe (Nieto ef al. 2014). Furthermore, the
pre-forestry history of southern landscapes could also be influencing gamma
diversity in the south. According to Lindborg and Eriksson (2004), the historical
composition of the landscape can play an important role on today’s diversity
patterns, and the study of Ibbe et al. (2011) serves as an example. They showed that
inventory diversity of butterflies was greater in clear-cuts historically managed as
meadows than in clear-cuts which were historically coniferous forests.
Furthermore, the study of Milberg et al. (2019) in southern Sweden found that
forests with a history as meadows were more similar both in species and trait
composition of plants to grasslands than forests with a forest history. Thus, it is
plausible that these remnants of former pastures and meadows (Dahlstrom et al.
2006) may be positively affecting the current total diversity of bees. This historic
influence might be helping to maintain a different landscape composition, perhaps
with more diverse floral communities than in the north, which enables a greater
number of species to thrive.

This study did not find any significant relationship between the percentage of open
areas and the inventory diversity, even though the relationship was expected
because wild bee species require floral and nesting resources assumed to be greater
in these open habitats than in densely populated forests. Indeed, Rubene et al.
(2015a) found a significantly positive relationship between species richness of
below-ground nesters and the proportion of open areas within 2 km. In our study,
the percentage of open areas within 500 m was greater (although not significantly,
perhaps due to the zeros present in the dataset) in the northern region than in the
southern region (See Appendix 4), which may be a reason why 4. lapponica was
that abundant in the northern areas. This below-ground nesting species might be
benefitting from these early-successional habitats by having an adequate substrate
to dig their nest in while foraging in the coniferous forest in various plant species
of Vaccinium like blueberry (V. myrtillus L.) and lingonberry (V. vitis-idaea L.)
(Artdatabanken 2021Db).

Functional diversity was, in general, positively related to deadwood diversity, even
though it was significantly related to deadwood diversity in the southern region but
not in the north. The general relationship between deadwood diversity and FD
might be explained by the high correlation (> 0.7) between deadwood diversity and
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the number of suitable deadwood pieces per hectare (CWD pieces/ha)® for nesting
bees. It might also have to do with the diverse functional groups of our database,
made up of species which nest in deadwood and others which are completely
independent of this resource. The significant relationship between functional
diversity and deadwood diversity in the south may be justified by the species
composition of these areas. There, small-sized and above-ground nesters like some
species of Chelostoma and Hylaeus dominate, which use deadwood to dig their nest
in or take advantage of holes already created by saproxylic beetles. However, that
relationship was not found in the study of Rubene ef al. (2015a) in central-south
Sweden about wild bees and wasps and argued that it may be caused by the relative
fresh stage of deadwood and the few cavities bored by other insects. Sydenham et
al. (2016) found a positive relationship between wood boring beetles and cavity-
nester bees and claimed that it might be an important factor to take into account
when investigating wild bee communities assemblages. In our study, the bees were
collected during three years after stump creation, after a considerable amount of
beetles had inhabited the stumps (Larsson Ekstrom et al. 2021). The intermediate
landscape-complexity hypothesis (Tscharntke ef al. 2012) could also explain why
there was not a significant positive relationship between functional diversity of bees
and deadwood within the northern areas while there was in southern Sweden. This
hypothesis suggests that conservation and restoration efforts would be more
effective in intermediate complex systems than complex ones due to the already
structural complexity present in the latter ones (Tscharntke ef al. 2012, Jonsson et
al. 2015). If one considers the northern landscapes to be more complex because
they generally have greater volume of deadwood (Fridman and Walheim 2000), the
southern region would be of intermediate complexity because it has been more
intensively exploited than the northern one. Then, it would explain the significant
relationships between deadwood and diversity of bees in southern landscapes but
not in the northern ones.

4.3. Beta diversity and functional composition

Species assemblages did differ between southern and northern regions even though
the results do not allow us to see clear differences in B diversity (see size of
polygons in species composition NMDS). Since gamma diversity is the sum of local
diversity and the variation in species composition among sites, I expected to obtain
a higher beta diversity in southern Sweden which could have explained the greater
gamma diversity in this area. However, the NMDS ordination of species
composition does not show that result. This may have arisen from dropping the

5 This variable was calculated after all the results to look for a possible explanation for that relationship. It
refers to all logs and snags with a diameter greater than 10 cm and not rotten.
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singletons before performing the species composition NMDS, as 7 out of 9 species
dropped were present in the south.

Regarding functional composition, the results showed no clear differences between
management regimes within regions nor between regions, but southern landscapes
showed higher trait variation among sites than northern landscapes. This pattern
might arise due to the dominance of 4. lapponica and bumblebees in the north, the
difference in understory vegetation composition between northern and southern
landscapes (being more heterogenous among sites in the south at a landscape level)
and the management history of the landscapes. Given the long history of forest
management in southern Sweden, these landscapes should be more homogenous
and therefore the expected functional turnover should be lower than in the north, as
previously occurred with ants and saproxylic beetles assemblages in managed
forests (Martello et al. 2018, Mic6 et al. 2020). However, the results do not support
that, which suggests that there are still some important patterns yet to be
investigated.

4.4. Management implications

Up to my knowledge, this thesis is one of the first studies that specifically
investigates with a multiple scale approach how different forest management
regimes may affect diversity patterns of wild bee communities in Fennoscandian
boreal forests. Thus, despite the general findings should be taken with caution, this
is a big step to begin digging up the direct effects of silvicultural and restoration
practices both at local and landscape scale on this taxon. When evaluating which
management action should be taken, it is very important to take into consideration
the ecology of the species which these actions are addressed to. In this regard,
functional traits play an important role and give us interesting insights on the
management practices that may benefit different species. Additionally, there are
some studies that emphasize the importance of local patch characteristics to predict
diversity of invertebrates, but it is also essential to bear in mind that some
pollinators can traverse relatively long distances to gather resources such as pollen
or nectar. Consequently, landscape characteristics may affect them in a greater way
than other insects with smaller foraging and home ranges. Yet, there are also some
small-sized bees which can be negatively affected by landscape fragmentation.
According to Danforth et al. (2019) solitary bees are more prone to suffer low levels
of genetic variability due to the reduced gene flow between populations, normally
caused by the patchy distribution of their host plants and their small foraging
ranges. This may have implications for bee conservation and highlights the
importance to focus not only on local level actions but also formulate plans aimed
to increase the heterogeneity and connectivity at a landscape level.

34



Therefore, a better understanding of their habitat requirements both at a local and
landscape level, together with a functional group approach, can help to formulate
precise and accurate restoration actions which would efficiently protect and
maintain the so important wild bee communities of our forests.

4.5. Further investigation

Given that this thesis is the first study within a long-term project and has already
found significant results, further analyses of the data could help to clarify some
patterns and find robust relationships. For example, by creating functional groups
we may dig up more into specific conservation-related questions like: is the above-
ground nesters diversity positively related to deadwood diversity and volume of
deadwood? If it is not, can it be due to very low floral resources? Is the inventory
diversity of small and above-ground nester bees related to the diversity of small
saproxylic beetles?

Since the structure of bee communities is very linked to that of floral communities,
understanding how floral resources are distributed in the study area is of paramount
importance. Thus, a floral inventory may help us to clearly explain different
diversity patterns. Furthermore, it might be interesting to have forest roads in mind
in next studies since they are normally sun-exposed and constant open habitats
which provide both flower resources to gather food from and viable soil type where
below-ground nesters can dig their nests in.

It would also be very interesting to repeat the analyses dropping the overrepresented
species A. lapponica to see if some patterns are clarified or new ones appear.

Some other trapping methodologies (e.g., pan traps, direct observations, sweeping
nets, etc.) can be tried to increase the sample completeness and to eliminate the bias
which this study’s sampling methodology is assumed to have. The database is made
up of 49 species and there were 25 solitary bees (out of 37) of which only 5 or less
individuals were caught. It is both curious and intriguing the low number of
individuals that were trapped during the three years of sampling, and it may be
worthwhile to investigate this pattern more deeply and relate it to sampling
methodology and landscape connectivity.

Finally, it would be interesting to follow the continuing research between the
different management regimes to see if there is a difference in, for example, ten
years from now. It would also be interesting to see if the results would show any
difference in a comparison of production forests and landscape restoration projects
among other companies.
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4.6. About the experimental design and the possible
pseudoreplicates

Due to the sampling design of this study, one could argue that the sampling plots
are pseudoreplicates because the distance between sampling plots is not great
enough to consider them as independent samples. Nevertheless, given the
geographic scale of the landscapes (>5000 ha) and the scale of the bee’s movement,
I consider that 1 km distance between sampling plots can be a substantial distance
for wild bees and therefore I consider the plots as independent samples when
comparing management regimes within regions. According to Hurlbert (1984), this
study would have an issue of pseudoreplication in strict sense because the
experiment has been restricted to a few plots which can be sampled within a short
period, so “the space over which samples are taken is smaller or more restricted
than the inference space implicit in the hypothesis being tested” (p. 190). Later,
Hurlbert (2009) claims that pseudoreplication occurs when “there is a single
experimental unit per treatment, but multiple measurements on each experimental
unit . . . These multiple measurements are then treated statistically as if each
represented a separate experimental unit” and also when “multiple measurements
on an experimental unit are taken successively in time and are treated as if each
represented a different experimental unit” (p. 437). However, Hargrove and
Pickering (1992) argue that “classical experiments are not well-suited to regional
ecology [...] classical experimentation is most practical to reductionist approach”
(p. 253). Despite replicates are necessary, replication at large scales are difficult
and expensive. Due to the general impossibility to experiment in the classical sense
at regional scales and durations, Hargrove and Pickering (1992) argue that careful
pseudoreplication leading to conclusions could be necessary in these studies:
“Regional ecologists cannot afford to eschew induction and pseudoreplication as
inferior, indeed, we must embrace these as primary investigative tools” (p. 255).
Hurlbert (1984) agrees with that statement because replication is often impossible
in large scale landscapes or replicates can be very expensive, but adds that the
results derived from this unreplicated treatment should be carefully taken when
making conclusions.

It is essential to include more ecoparks and production landscapes to obtain a
greater statistical power when comparing different management regimes and for
further evaluation of the ecopark concept. Yet, besides this is out of the scope of
this thesis, each ecopark should be treated as a single study case as each has its own
management plan. This study can be considered as a case study with two cases and
a comparison between southern and northern regions.

Overall, I think that this study has contributed to increasing the knowledge about
wild bees in Swedish boreal forests. However, one can only carefully extrapolate
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the results of one ecopark to all Sveaskog’s ecoparks in Sweden. Since they are all
distributed across the country, the most northern and southern ones can differ in
species composition solely due to their geographic position, but that does not mean
that one is not as well managed as the other one. To get the best conclusions out of
these studies, while bearing in mind the large discrepancy in latitudes within the
country, one should pay attention not only to the results of their analyses but also
to the possible biodiversity differences inherent to the geographic position of the
study landscapes.
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5. Conclusion

This study explores the diversity patterns and composition of wild bee communities
between two different forest management regimes (organised by the company
Sveaskog) and two regions using a functional trait and multiscale approach.

The results of the study show no differences in diversity patterns or composition of
wild bee communities between ecoparks and conventionally managed production
landscapes. This might be explained by the short time elapsed between the
establishment of these ecoparks and the sampling of bees. Conversely, the study of
Larsson Ekstrom et al. (2021) conducted in the same study areas found not only
greater alpha diversity of saproxylic beetles in the southern ecopark than in its
respective production landscape, but also a greater species richness of red-listed
species in both ecoparks. These results indicate that wild bee communities respond
differently than saproxylic beetles to the same management regimes and suggest
that one should not come up with an early conclusion about the effects of these two
different management regimes on wild bee communities in Fennoscandian boreal
forests.

Differences in diversity patterns and composition of species were found between
southern and northern regions. The greater alpha diversity in northern Sweden
cannot be explained by its greater amount of deadwood even though this lack of
relationship can be skewed due to the overrepresentation of the below-ground
nester A. lapponica in this region. Total diversity was greater in the south of
Sweden, probably due to the biogeographic differences between regions. The pre-
forestry history of southern landscapes might also explain this difference. Lots of
current forests were previously managed as meadows, so there can exist remnants
of vegetation which help to create a more heterogenous landscape and therefore
increase the total diversity of wild bees in southern Sweden (Dahlstrom et al. 2006,
Milberg et al. 2019). This result enhances the importance of a multiscale approach
when planning and evaluating different management regimes.

Functional diversity was positively related to deadwood diversity in the south but
not in the north, likely due to the diversity of the database in terms of species
functionality.

This thesis has found significant results, but it is still the beginning point of a long-
term project. Therefore, there is still a lot of room for improvement, like the use of
different sampling methodologies and measurement of other important variables,
or the use of additional statistical analyses and a deeper analysis of the database.

38



References

Abrahamsson, M. and Lindbladh, M. (2006). A comparison of saproxylic beetle
occurrence between man-made high- and low-stumps of spruce (Picea
abies), Forest Ecology and Management, 226(1-3), pp. 230-237. doi:
10.1016/j.foreco.2006.01.046.

Albrecht, M., Schmid, B., Hautier, Y. and Miiller, C. B. (2012). Diverse pollinator
communities enhance plant reproductive success, Proceedings of the Royal
Society B: Biological Sciences, 279(1748), pp. 4845-4852. doi:
10.1098/rspb.2012.1621.

Angelstam, P. and Bergman, P. (2004). Assessing Actual Landscapes for the
Maintenance of Forest Biodiversity: A Pilot Study Using Forest
Management Data, Ecological Bulletins, (51), pp. 413-425.

Arena, M. V. N., Martines, M. R., da Silva, T. N., Destéfani, F. C., Mascotti, J. C.
S., Silva-Zacarin, E. C. M. and Toppa, R. H. (2018). Multiple-scale
approach for evaluating the occupation of stingless bees in Atlantic forest
patches, Forest Ecology and Management, 430, pp. 509-516. doi:
10.1016/j.foreco.2018.08.038.

Artdatabanken (2021a). Artbestdmning - Artfakta fran SLU Artdatabanken.
Available at: https://artfakta.se/artbestamning (Accessed: 13 May 2021).

Artdatabanken (2021b). Bldbdrssandbi - Artbestimning fran SLU Artdatabanken.
Available at: https://artfakta.se/artbestamning/taxon/andrena-lapponica-
103101 (Accessed: 13 May 2021).

ArtDatabanken (2020). Rédlistade arter i Sverige 2020. Uppsala, Sverige.

Bartomeus, I., Cariveau, D. P., Harrison, T. and Winfree, R. (2018). On the
inconsistency of pollinator species traits for predicting either response to
land-use change or functional contribution, Oikos, 127(2), pp. 306-315.
doi: 10.1111/01k.04507.

Beckschifer, P. (2015). Hemispherical 2.0 - Batch processing hemispherical and
canopy photographs with ImageJ — User Manual. Chair of Forest Inventory
and Remote Sensing, Georg-August-Universitit Gottingen, Germany.
www.uni-goettingen.de/en/75936.html. doi: 10.13140/RG.2.1.3059.4088.

de Bello, F., Carmona, C. P., Dias, A. T. C., Gotzenberger, L., Moretti, M. and
Berg, M. P. (2021). Handbook of Trait-Based Ecology, Handbook of Trait-
Based Ecology. Cambridge University Press. doi: 10.1017/9781108628426.

39



Berglund, H. and Kuuluvainen, T. (2021). Representative boreal forest habitats in
northern Europe, and a revised model for ecosystem management and
biodiversity conservation, Ambio, pp. 1-15. doi: 10.1007/s13280-020-
01444-3.

Bergman, K. O., Jansson, N., Claesson, K., Palmer, M. W. and Milberg, P. (2012).
How much and at what scale? Multiscale analyses as decision support for
conservation of saproxylic oak beetles, Forest Ecology and Management,
265, pp. 133—-141. doi: 10.1016/j.foreco.2011.10.030.

Blitzer, E. J., Gibbs, J., Park, M. G. and Danforth, B. N. (2016). Pollination services
for apple are dependent on diverse wild bee communities, Agriculture,
Ecosystems and Environment, 221, pp- 1-7. doi:
10.1016/j.agee.2016.01.004.

Bolker, B. and R Development Core Team (2020). bbmle: Tools for General
Maximum Likelihood Estimation. R package version 1.0.23.1. Available at:
https://cran.r-project.org/web/packages/bbmle/index.html (Accessed: 13
May 2021).

Botta-Dukat, Z. (2005). Rao’s quadratic entropy as a measure of functional
diversity based on multiple traits, Journal of Vegetation Science, 16, pp.
533-540. doi: 10.1111/1.1654-1103.2005.tb02393 .x.

Brandel, G. (1990). Volume functions for individual trees; Scots pine (Pinus
sylvestris), Norway spruce (Picea abies) and birch (Betula pendula &amp;
Betula pubescens)., Rapport - Institutionen for Skogsproduktion, Sveriges
Lantbruksuniversitet, 26, pp- 1-183. Available at:
https://www.cabdirect.org/cabdirect/abstract/19930670338 (Accessed: 26
February 2021).

BWARS (2021). Bees, Wasps & Ants Recording Society. Available at:
https://www.bwars.com/home (Accessed: 13 May 2021).

Cajander, A. (1926). The theory of forest types, Acta Forestalia Fennica, 29, pp.
1-108. doi: 10.14214/aft.7193.

Campbell, J. W., Hanula, J. L. and Waldrop, T. A. (2007). Effects of prescribed fire
and fire surrogates on floral visiting insects of the blue ridge province in
North Carolina, Biological Conservation, 134(3), pp. 393-404. doi:
10.1016/j.biocon.2006.08.029.

Cariveau, D. P., Nayak, G. K., Bartomeus, ., Zientek, J., Ascher, J. S., Gibbs, J.
and Winfree, R. (2016). The allometry of bee proboscis length and its uses
in ecology, PLoS ONE, 11(3). doi: 10.1371/journal.pone.0151482.

Carper, A. L. and Bowers, M. D. (2017). The conservation value of woody debris
for cavity-nesting bees on Boulder County, Final Report. Available at:
http://www.bowerslab.orghttp//ebio.colorado.eduhttp://cumuseum.colorad
o.edu/research/entomology (Accessed: 6 May 2021).

Dahlstrom, A., Cousins, S. A. O. and Eriksson, O. (2006). The history (1620-2003)
of land use, people and livestock, and the relationship to present plant
species diversity in a rural landscape in Sweden, Environment and History,
12(2), pp. 191-212. doi: 10.3197/096734006776680218.

40



Danforth, B. N., Minckley, R. L., Neff, J. L. and Fawcett, F. (2019). The Solitary
Bees: Biology, Evolution, Conservation, The Solitary Bees. Biology,
Evolution and Conservation. Princeton University Press. Available at:
https://press.princeton.edu/books/hardcover/9780691168982/the-solitary-
bees (Accessed: 12 April 2021).

DG Environment (2017). Reporting under Article 17 of the Habitats Directive:
Explanatory Notes and Guidelines for the period 2013-2018.
Brussels. 188pp. Available at:
https://circabc.europa.eu/d/a/workspace/SpacesStore/f35d1017-7afc-4684-
a4b7- (Accessed: 1 March 2021).

Djupstrom, L. B., Weslien, J., Hoopen, J. ten and Schroeder, L. M. (2012).
Restoration of habitats for a threatened saproxylic beetle species in a boreal
landscape by retaining dead wood on clear-cuts, Biological Conservation,
155, pp. 44—49. doi: 10.1016/j.biocon.2012.06.009.

Détterl, S. and Vereecken, N. J. (2010). The chemical ecology and evolution of
bee-flower interactions: A review and perspectives, Canadian Journal of
Zoology, 88(7), pp. 668—697. doi: 10.1139/Z10-031.

Dyntaxa (2021). Svensk taxonomisk databas. Available at: https://www.dyntaxa.se/
(Accessed: 13 May 2021).

Esri Inc (2020). ArcGIS Pro (Version 10.6). Available at: https://www.esri.com/en-
us/arcgis/products/arcgis-pro/overview. (Accessed: 13 May 2021).

Forest Europe (2015). Madrid Ministerial Declaration 25 years together promoting
Sustainable  Forest  Management in  Europe. Available at:
https://www.foresteurope.org/sites/default/files/ELM_7MC 2 2015 Mini
sterialDeclaration_adopted (2).pdf (Accessed: 1 March 2021).

Forrest, J. R. K., Thorp, R. W., Kremen, C. and Williams, N. M. (2015). Contrasting
patterns in species and functional-trait diversity of bees in an agricultural
landscape, Journal of Applied Ecology. Edited by Y. Clough, 52(3), pp.
706-715. doi: 10.1111/1365-2664.12433.

Fridman, J. and Walheim, M. (2000). Amount, structure, and dynamics of dead
wood on managed forestland in Sweden, Forest Ecology and Management,
131(1-3), pp. 23-36. doi: 10.1016/S0378-1127(99)00208-X.

Garnier, E., Cortez, J., Billés, G., Navas, M.-L., Roumet, C., Debussche, M.,
Laurent, G., Blanchard, A., Aubry, D., Bellmann, A., Neill, C. and
Toussaint, J.-P. (2004). PLANT FUNCTIONAL MARKERS CAPTURE
ECOSYSTEM PROPERTIES DURING SECONDARY SUCCESSION,
Ecology, 85(9), pp. 2630-2637. doi: 10.1890/03-0799.

Gauthier, S., Bernier, P., Kuuluvainen, T., Shvidenko, A. Z. and Schepaschenko,
D. G. (2015). Boreal forest health and global change, Science, 349(6250),
pp. 819-822. doi: 10.1126/science.aaa9092.

Gibb, H., Ball, J. P., Johansson, T., Atlegrim, O., Hjdltén, J. and Danell, K. (2005).
Effects of management on coarse woody debris volume and composition in
boreal forests in northern Sweden, Scandinavian Journal of Forest
Research, pp. 213-222. doi: 10.1080/02827580510008392.

41



Gonsamo, A., Walter, J.-M. N. and Pellikka, P. (2010). Sampling gap fraction and
size for estimating leaf area and clumping indices from hemispherical
photographs, Canadian Journal of Forest Research, 40(8), pp. 1588—1603.
doi: 10.1139/X10-085.

Granath, G., Kouki, J., Johnson, S., Heikkala, O., Rodriguez, A. and Strengbom, J.
(2018). Trade-offs in berry production and biodiversity under prescribed
burning and retention regimes in boreal forests, Journal of Applied Ecology.
Edited by S. Mukul, 55, pp. 1658—1667. doi: 10.1111/1365-2664.13098.

Greenleaf, S. S., Williams, N. M., Winfree, R. and Kremen, C. (2007). Bee foraging
ranges and their relationship to body size, Oecologia, 153(3), pp. 589-596.
doi: 10.1007/s00442-007-0752-9.

Grundel, R., Jean, R. P., Frohnapple, K. J., Glowacki, G. A., Scott, P. E. and
Pavlovic, N. B. (2010). Floral and nesting resources, habitat structure, and
fire influence bee distribution across an open-forest gradient, Ecological
Applications, 20(6), pp. 1678—1692. doi: 10.1890/08-1792.1.

Gustafsson, L., Berglind, M., Granstrom, A., Grelle, A., Isacsson, G., Kjellander,
P., Larsson, S., Lindh, M., Pettersson, L. B., Strengbom, J., Stridh, B.,
Savstrom, T., Thor, G., Wikars, L.-O. and Mikusinski, G. (2019). Rapid
ecological response and intensified knowledge accumulation following a
north European mega-fire, Scandinavian Journal of Forest Research, 34(4),
pp. 234-253. doi: 10.1080/02827581.2019.1603323.

Gustafsson, L., Hannerz, M., Koivula, M., Shorohova, E., Vanha-Majamaa, 1. and
Weslien, J. (2020). Research on retention forestry in Northern Europe,
Ecological Processes. Springer. doi: 10.1186/s13717-019-0208-2.

Gustafsson, L., Kouki, J. and Sverdrup-Thygeson, A. (2010). Tree retention as a
conservation measure in clear-cut forests of northern Europe: a review of
ecological consequences, Scandinavian Journal of Forest Research, 25(4),
pp- 295-308. doi: 10.1080/02827581.2010.497495.

Hégglund, R. and Hjéltén, J. (2018). Substrate specific restoration promotes
saproxylic beetle diversity in boreal forest set-asides, Forest Ecology and
Management, 425, pp. 45-58. doi: 10.1016/j.foreco.2018.05.019.

Halme, P. et al. (2013). Challenges of ecological restoration: Lessons from forests
in northern Europe, Biological Conservation, 167, pp. 248-256. doi:
10.1016/j.biocon.2013.08.029.

Hargrove, W. W. and Pickering, J. (1992). Pseudoreplication: a sine qua non for
regional ecology, Landscape Ecology, 6(4), pp. 251-258. doi:
10.1007/BF00129703.

Hatfield, R. G. and LeBuhn, G. (2007). Patch and landscape factors shape
community assemblage of bumble bees, Bombus spp. (Hymenoptera:
Apidae), in montane meadows, Biological Conservation, 139(1-2), pp.
150-158. doi: 10.1016/j.biocon.2007.06.019.

42



Hautala, H., Laaka-Lindberg, S. and Vanha-Majamaa, 1. (2011). Effects of
Retention Felling on Epixylic Species in Boreal Spruce Forests in Southern
Finland, Restoration Ecology, 19(3), pp. 418-429. doi: 10.1111/5.1526-
100X.2009.00545 .x.

Heikkala, O., Seibold, S., Koivula, M., Martikainen, P., Miiller, J., Thorn, S. and
Kouki, J. (2016). Retention forestry and prescribed burning result in
functionally different saproxylic beetle assemblages than clear-cutting,
Forest Ecology and  Management, 359, pp. 51-58. doi:
10.1016/j.foreco.2015.09.043.

Hekkala, A.-M., Paitalo, M.-L., Tarvainen, O. and Tolvanen, A. (2014).
Restoration of Young Forests in Eastern Finland: Benefits for Saproxylic
Beetles (Coleoptera), Restoration Ecology, 22(2), pp. 151-159. doi:
10.1111/rec.12050.

Hekkala, A.-M., Ahtikoski, A., Padtalo, M. L., Tarvainen, O., Siipilehto, J. and
Tolvanen, A. (2016). Restoring volume, diversity and continuity of
deadwood in boreal forests, Biodiversity and Conservation, 25(6), pp.
1107-1132. doi: 10.1007/s10531-016-1112-z.

Henriksen, S. and Hilmo, O. (2015). Norwegian Red List of species — methods and
results,  Norwegian  Red  List of Species. Available at:
http://www.biodiversity.no/Pages/135380.

Hertel, A. G., Steyaert, S. M. J. G., Zedrosser, A., Mysterud, A., Lodberg-Holm, H.
K., Gelink, H. W., Kindberg, J. and Swenson, J. E. (2016). Bears and
berries: species-specific selective foraging on a patchily distributed food
resource in a human-altered landscape, Behavioral Ecology and
Sociobiology, 70(6), pp. 831-842. doi: 10.1007/s00265-016-2106-2.

Hjéltén, J., Hagglund, R., Lofroth, T., Roberge, J. M., Dynesius, M. and Olsson, J.
(2017). Forest restoration by burning and gap cutting of voluntary set-asides
yield distinct immediate effects on saproxylic beetles, Biodiversity and
Conservation, 26, pp. 1623—1640. doi: 10.1007/s10531-017-1321-0.

Hjéltén, J., Stenbacka, F. and Andersson, J. (2010). Saproxylic beetle assemblages
on low stumps, high stumps and logs: Implications for environmental
effects of stump harvesting, Forest Ecology and Management, 260(7), pp.
1149-1155. doi: 10.1016/j.foreco.2010.07.003.

Hoehn, P., Tscharntke, T., Tylianakis, J. M. and Steffan-Dewenter, 1. (2008).
Functional group diversity of bee pollinators increases crop yield,
Proceedings of the Royal Society B: Biological Sciences, 275(1648), pp.
2283-2291. doi: 10.1098/rspb.2008.0405.

Hopfenmiiller, S., Steffan-Dewenter, 1. and Holzschuh, A. (2014). Trait-Specific
Responses of Wild Bee Communities to Landscape Composition,
Configuration and Local Factors, PLoS ONE. Edited by F. de Bello, 9(8),
p. €104439. doi: 10.1371/journal.pone.0104439.

43



Hsieh, T. C., Ma, K. H. and Chao, A. (2020). iNEXT: iNterpolation and
EXTrapolation for species diversity. R package version 2.0.20. Available
at: http://chao.stat.nthu.edu.tw/wordpress/software download/inext-
online/ (Accessed: 13 May 2021).

Hurlbert, S. H. (1984). Pseudoreplication and the Design of Ecological Field
Experiments, Ecological Monographs, 54(2), pp. 187-211. doi:
10.2307/1942661.

Hurlbert, S. H. (2009). The Ancient Black Art and Transdisciplinary Extent of
Pseudoreplication, Journal of Comparative Psychology, 123(4), pp. 434—
443. doi: 10.1037/a0016221.

Hyvérinen, E., Juslén, A., Kemppainen, E., Uddstréom, A. and Liukko, U.-M.
(2019). Suomen lajien uhanalaisuus — Punainen kirja 2019. The 2019 red
list of Finnish species.

Hyviérinen, E., Kouki, J. and Martikainen, P. (2009). Prescribed fires and retention
trees help to conserve beetle diversity in managed boreal forests despite
their transient negative effects on some beetle groups, Insect Conservation
and Diversity, 2, pp. 93—105. doi: 10.1111/j.1752-4598.2009.00048.x.

Ibbe, M., Milberg, P., Tunér, A. and Bergman, K. O. (2011). History matters:
Impact of historical land use on butterfly diversity in clear-cuts in a boreal
landscape, Forest Ecology and Management, 261(11), pp. 1885—-1891. doi:
10.1016/j.foreco.2011.02.011.

IPBES (2019). The global assessment report on BIODIVERSITY AND
ECOSYSTEM SERVICES SUMMARY FOR POLICYMAKERS. doi:
10.5281/ZENODQO.3553579.

Jonsell, M., Abrahamsson, M., Widenfalk, L. and Lindbladh, M. (2019). Increasing
influence of the surrounding landscape on saproxylic beetle communities
over 10 years succession in dead wood, Forest Ecology and Management,
440, pp. 267-284. doi: 10.1016/j.foreco.2019.02.021.

Jonsson, B. G. and Siitonen, J. (2012). Dead wood and sustainable forest
management, in Stokland, J. N., Jonsson, B. G., and Siitonen, J. (eds)
Biodiversity in Dead Wood (Ecology, Biodiversity and Conservation).
Cambridge: Cambridge University Press, pp. 302-337. doi:
10.1017/CB09781139025843.014.

Jonsson, M., Straub, C. S., Didham, R. K., Buckley, H. L., Case, B. S., Hale, R. J.,
Gratton, C. and Wratten, S. D. (2015). Experimental evidence that the
effectiveness of conservation biological control depends on landscape
complexity, Journal of Applied Ecology, 52, pp. 1274-1282. doi:
10.1111/1365-2664.12489.

Jung, T. S., Thompson, 1. D., Titman, R. D. and Applejohn, A. P. (1999). Habitat
Selection by Forest Bats in Relation to Mixed-Wood Stand Types and
Structure in Central Ontario, The Journal of Wildlife and Management,
63(4), pp. 1306-1319.

44



Jurasinski, G., Retzer, V. and Beierkuhnlein, C. (2008). Inventory, differentiation,
and proportional diversity: A consistent terminology for quantifying species
diversity, Oecologia. Springer, pp. 15-26. doi: 10.1007/s00442-008-1190-
z.

Kendall, L. K. ef al. (2019). Pollinator size and its consequences: Robust estimates
of body size in pollinating insects, Ecology and Evolution, 9(4), pp. 1702—
1714. doi: 10.1002/ece3.4835.

Klein, A. M., Vaissi¢re, B. E., Cane, J. H., Steffan-Dewenter, 1., Cunningham, S.
A., Kremen, C. and Tscharntke, T. (2007). Importance of pollinators in
changing landscapes for world crops, Proceedings of the Royal Society B:
Biological Sciences, 274(1608), pp. 303—313. doi: 10.1098/rspb.2006.3721.

Koivula, M. and Vanha-Majamaa, I. (2020). Experimental evidence on biodiversity
impacts of variable retention forestry, prescribed burning, and deadwood
manipulation in Fennoscandia, Ecological Processes. Springer, pp. 1-22.
doi: 10.1186/s13717-019-0209-1.

Lakka, J. and Kouki, J. (2009). Patterns of field layer invertebrates in successional
stages of managed boreal forest: Implications for the declining Capercaillie
Tetrao urogallus L. population, Forest Ecology and Management, 257(2),
pp. 600—607. doi: 10.1016/j.foreco.2008.09.042.

Laliberte, E. and Legendre, P. (2010). A distance-based framework for measuring
functional diversity from multiple traits, Ecology, 91(1), pp. 299-305. doi:
10.1890/08-2244.1.

Larsson Ekstrom, A., Bergmark, P. and Hekkala, A.-M. (2021). Can
multifunctional forest landscapes sustain a high diversity of saproxylic
beetles?, Forest Ecology and Management, 490, p. 119107. doi:
10.1016/j.foreco.2021.119107.

Laureto, L. M. O., Cianciaruso, M. V. and Samia, D. S. M. (2015). Functional
diversity: An overview of its history and applicability, Natureza e
Conservagao, 13(2), pp. 112—116. doi: 10.1016/j.ncon.2015.11.001.

Legendre, P. and Borcard, D. (2018). Box-Cox-chord transformations for
community composition data prior to beta diversity analysis, Ecography,
41(11), pp. 1820-1824. doi: 10.1111/ecog.03498.

Lindborg, R. and Eriksson, O. (2004). Historical landscape connectivity affects
present plant species diversity, Ecology, 85, pp. 1840-1845. doi:
10.1890/04-0367.

Loken, A. (1973). Studies on Scandinavian Bumble Bees (Hymenoptera, Apidae),
Norwegian Journal of Entomology, 20(1), pp. 1-228.

Liidecke, D. (2021). sjPlot: Data Visualization for Statistics in Social Science. R
package version 2.8.7. Available at: https://cran.r-
project.org/web/packages/sjPlot/index.html (Accessed: 19 May 2021).

45



Martello, F., De Bello, F., De Castro Morini, M. S., Silva, R. R., De Souza-
Campana, D. R., Ribeiro,b M. C. and Carmona, C. P. (2018).
Homogenization and impoverishment of taxonomic and functional
diversity of ants in Eucalyptus plantations, Scientific Reports, 8(3266), pp.
1-11. doi: 10.1038/s41598-018-20823-1.

Matveinen-Huju, K., Koivula, M., Niemel4, J. and Rauha, A. M. (2009). Short-term
effects of retention felling at mire sites on boreal spiders and carabid
beetles, Forest Ecology and Management, 258(11), pp. 2388-2398. doi:
10.1016/j.foreco.2009.08.015.

Michener, C. D. (1999). The corbiculae of bees, Apidologie, 30(1), pp. 67-74.
Available at: https://hal.archives-ouvertes.fr/hal-00891567 (Accessed: 22
February 2021).

Michener, C. D. (2007). The Bees of theWorld. Second Edi. The Johns Hopkins
University Press.

Mico, E., Ramilo, P., Thorn, S., Miiller, J., Galante, E. and Carmona, C. P. (2020).
Contrasting functional structure of saproxylic beetle assemblages
associated to different microhabitats, Scientific Reports, 10(1), p. 10. doi:
10.1038/s41598-020-58408-6.

Milberg, P., Bergman, K. O., Jonason, D., Karlsson, J. and Westerberg, L. (2019).
Land-use history influence the vegetation in coniferous production forests
in southern Sweden, Forest Ecology and Management, 440, pp. 23-30. doi:
10.1016/j.foreco.2019.03.005.

Mori, A. S., Furukawa, T. and Sasaki, T. (2013). Response diversity determines the
resilience of ecosystems to environmental change, Biological Reviews,
88(2), pp. 349-364. doi: 10.1111/brv.12004.

Mouillot, D., Graham, N. A. J., Villéger, S., Mason, N. W. H. and Bellwood, D. R.
(2013). A functional approach reveals community responses to
disturbances, Trends in Ecology and Evolution, 28(3), pp. 167-177. doi:
10.1016/j.tree.2012.10.004.

Naeem, S., Duffy, J. E. and Zavaleta, E. (2012). The functions of biological
diversity in an age of extinction, Science, 336(6087), pp. 1401-1406. doi:
10.1126/science.1215855.

Nieto, A. et al. (2014). European Red List of Bees. Luxembourg: Publication Office
of the European Union. doi: 10.2779/77003.

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D.,
Minchin, P. R., O’Hara, R. B., Simpson, G. L., Solymos, P., Stevens, M. H.
M., Szoecs, E. and Wagner, H. (2020). vegan: Community Ecology
Package. R package version 2.5-7. Available at: https://cran.r-
project.org/web/packages/vegan/index.html (Accessed: 13 May 2021).

Pasanen, H., Juutilainen, K. and Siitonen, J. (2019). Responses of polypore fungi
following disturbance-emulating harvesting treatments and deadwood
creation in boreal Norway spruce dominated forests, Scandinavian Journal
of Forest Research, 34(7), pp- 557-568. doi:
10.1080/02827581.2019.1663915.

46



Penttild, R., Junninen, K., Punttila, P. and Siitonen, J. (2013). Effects of forest
restoration by fire on polypores depend strongly on time since disturbance
- A case study from Finland based on a 23-year monitoring period, Forest
Ecology and Management, 310, pp- 508-516. doi:
10.1016/j.foreco.2013.08.061.

Perhans, K., Appelgren, L., Jonsson, F., Nordin, U., Séderstrom, B. and Gustafsson,
L. (2009). Retention patches as potential refugia for bryophytes and lichens
in managed forest landscapes, Biological Conservation, 142(5), pp. 1125—
1133. doi: 10.1016/j.biocon.2008.12.033.

Persson, A. S., Rundlof, M., Clough, Y. and Smith, H. G. (2015). Bumble bees
show trait-dependent vulnerability to landscape simplification, Biodiversity
and Conservation, 24, pp. 3469-3489. doi: 10.1007/s10531-015-1008-3.

Petchey, O. L. and Gaston, K. J. (2006). Functional diversity: Back to basics and
looking forward, Ecology Letters, 9, pp. 741-758. doi: 10.1111/j.1461-
0248.2006.00924 x.

Peters, R. S. et al. (2017). Evolutionary History of the Hymenoptera, Current
Biology, 27(7), pp. 1013—-1018. doi: 10.1016/j.cub.2017.01.027.

Pisanty, G. and Mandelik, Y. (2015). Profiling crop pollinators: life history traits
predict habitat use and crop visitation by Mediterranean wild bees,
Ecological Applications, 25(3), pp. 742—752. doi: 10.1890/14-0910.1.

Potts, S. G., Vulliamy, B., Dafni, A., Ne’eman, G., O’Toole, C., Roberts, S. and
Willmer, P. (2003). Response of plant-pollinator communities to fire:
changes in diversity, abundance and floral reward structure, Oikos, 101(1),
pp. 103—112. doi: 10.1034/5.1600-0706.2003.12186.x.

Potts, S. G., Vulliamy, B., Roberts, S., O’Toole, C., Dafni, A., Ne’eman, G. and
Willmer, P. (2005). Role of nesting resources in organising diverse bee
communities in a Mediterranean landscape, Ecological Entomology, 30(1),
pp. 78-85. doi: 10.1111/5.0307-6946.2005.00662.x.

Pouta, E., Sievédnen, T. and Neuvonen, M. (2006). Recreational wild berry picking
in Finland - Reflection of a rural lifestyle, Society and Natural Resources,
19(4), pp. 285-304. doi: 10.1080/08941920500519156.

Proctor, E., Nol, E., Burke, D. and Crins, W. J. (2012). Responses of insect
pollinators and understory plants to silviculture in northern hardwood
forests, Biodiversity and Conservation, 21(7), pp. 1703-1740. doi:
10.1007/s10531-012-0272-8.

Quintero, C., Morales, C. L. and Aizen, M. A. (2010). Effects of anthropogenic
habitat disturbance on local pollinator diversity and species turnover across
a precipitation gradient, Biodiversity and Conservation, 19(1), pp. 257-274.
doi: 10.1007/s10531-009-9720-5.

R Core Team (2020). R: 4 language and environment for statistical computing.
Vienna, Austria. Available at: https://www.r-project.org/ (Accessed: 13
May 2021).

47



Ranius, T., Snéll, T. and Nordén, J. (2019). Importance of spatial configuration of
deadwood habitats in species conservation, Conservation Biology, 33(5),
pp. 1205-1207. doi: 10.1111/cobi.13387.

Ricotta, C. and Moretti, M. (2011). CWM and Rao’s quadratic diversity: A unified
framework for functional ecology, Oecologia, 167(1), pp. 181-188. doi:
10.1007/s00442-011-1965-5.

Rodriguez, A. and Kouki, J. (2015). Emulating natural disturbance in forest
management enhances pollination services for dominant Vaccinium shrubs
in boreal pine-dominated forests, Forest Ecology and Management, 350,
pp. 1-12. doi: 10.1016/j.foreco.2015.04.029.

Rodriguez, A. and Kouki, J. (2017). Disturbance-mediated heterogeneity drives
pollinator diversity in boreal managed forest ecosystems, Ecological
Applications, 27(2), pp. 589—602. doi: 10.1002/eap.1468.

Romey, W. L., Ascher, J. S., Powell, D. A. and Yanek, M. (2007). Impacts of
logging on midsummer diversity of native bees (Apoidea) in a Northern
Hardwood Forest, Journal of the Kansas Entomological Society, 80(4), pp.
327-338. doi: 10.2317/0022-8567(2007)80[327:10LOMD]2.0.CO;2.

Rosenvald, R. and Ldhmus, A. (2008). For what, when, and where is green-tree
retention better than clear-cutting? A review of the biodiversity aspects,
Forest Ecology and Management, pp.- 1-15. doi:
10.1016/j.foreco.2007.09.016.

Rubene, D., Schroeder, M. and Ranius, T. (2015a). Diversity patterns of wild bees
and wasps in managed boreal forests: Effects of spatial structure, local
habitat and surrounding landscape, Biological Conservation, 184, pp. 201—
208. doi: 10.1016/j.biocon.2015.01.029.

Rubene, D., Schroeder, M. and Ranius, T. (2015b). Estimating bee and wasp
(Hymenoptera: Aculeata) diversity on clear-cuts in forest landscapes - an
evaluation of sampling methods, Insect Conservation and Diversity. Edited
by R. Didham, 8(3), pp. 261-271. doi: 10.1111/icad.12105.

Rubene, D., Schroeder, M. and Ranius, T. (2017). Effectiveness of local
conservation management is affected by landscape properties: Species
richness and composition of saproxylic beetles in boreal forest clearcuts,
Forest  Ecology and  Management, 399, pp. 54-63. doi:
10.1016/j.foreco.2017.05.025.

Schenker, N. and Gentleman, J. F. (2001). On judging the significance of
differences by examining the overlap between confidence intervals, The
American Statistician, 55(3), pp- 182—-186. doi:
10.1198/000313001317097960.

Schneider, C. A., Rasband, W. S. and Eliceiri, K. W. (2012). NIH Image to ImagelJ:
25 years of image analysis, Nature Methods, 9(7), pp. 671-675. doi:
10.1038/nmeth.2089.

48



Siitonen, J., Martikainen, P., Punttila, P. and Rauh, J. (2000). Coarse woody debris
and stand characteristics in mature managed and old-growth boreal mesic
forests in southern Finland, Forest Ecology and Management, 128(3), pp.
211-225. doi: 10.1016/S0378-1127(99)00148-6.

Siitonen, J. and Jonsson, B. G. (2012). Other associations with dead woody
material, in Stokland, J. N., Jonsson, B. G., and Siitonen, J. (eds)
Biodiversity in Dead Wood (Ecology, Biodiversity and Conservation).
Cambridge University Press, pp- 58-81. doi:
10.1017/CB0O9781139025843.005.

Seren, H. and Halekoh, U. (2020). doBy. Groupwise Statistics, LSmeans, Linear
Contrasts, Utilities. R package version 4.6.8. Available at: https://cran.r-
project.org/package=doBy (Accessed: 19 May 2021).

Stavert, J. R., Linan-Cembrano, G., Beggs, J. R., Howlett, B. G., Pattemore, D. E.
and Bartomeus, 1. (2016). Hairiness: The missing link between pollinators
and pollination, Peer.J, 2016(12), p. €2779. doi: 10.7717/peer).2779.

Steffan-Dewenter, 1. and Tscharntke, T. (2000). Resource overlap and possible
competition between honey bees and wild bees in central Europe,
Oecologia, 122(2), pp. 288-296. doi: 10.1007/s004420050034.

Suominen, M., Junninen, K., Heikkala, O. and Kouki, J. (2018). Burning harvested
sites enhances polypore diversity on stumps and slash, Forest Ecology and
Management, 414, pp. 47-53. doi: 10.1016/j.foreco.2018.02.007.

Sutton, G. P., Clarke, D., Morley, E. L. and Robert, D. (2016). Mechanosensory
hairs in bumblebees (Bombus terrestris) detect weak electric fields,
Proceedings of the National Academy of Sciences of the United States of
America, 113(26), pp. 7261-7265. doi: 10.1073/pnas.1601624113.

Sveaskog (2005). Vilkommen till Ekopark Kdiringberget. Available at:
https://www.sveaskog.se/upplev-naturen/besoksomraden/ekopark-
karingberget/ (Accessed: 13 May 2021).

Sveaskog  (2008). Vilkommen till Ekopark Hornso. Available at:
https://www.sveaskog.se/upplev-naturen/besoksomraden/ekopark-hornso/
(Accessed: 13 May 2021).

Sydenham, M. A. K., Moe, S. R., Totland, @. and Eldegard, K. (2015). Does multi-
level environmental filtering determine the functional and phylogenetic
composition of wild bee species assemblages?, Ecography, 38(2), pp. 140—
153. doi: 10.1111/ecog.00938.

Sydenham, M. A. K., Héusler, L. D., Moe, S. R. and Eldegard, K. (2016). Inter-
assemblage facilitation: the functional diversity of cavity-producing beetles
drives the size diversity of cavity-nesting bees, Ecology and Evolution, 6(2),
pp. 412-425. doi: 10.1002/ece3.1871.

Sydenham, M. A. K., Moe, S. R., Stanescu-Yadav, D. N., Totland, @. and Eldegard,
K. (2016). The effects of habitat management on the species, phylogenetic
and functional diversity of bees are modified by the environmental context,
Ecology and Evolution, 6, pp. 961-973. doi: 10.1002/ece3.1963.

49



The Montréal Process (2015). The Montréal Process Criteria and Indicators for the
Conservation and Sustainable Management of Temperate and Boreal
Forests. Available at: http://www.montrealprocess.org/ (Accessed: 10 July
2020).

Thomas, J. ., Anderson, R. ., Maser, C. and Bull, E. . (1979). Snags, in Parker, J. L.
et al. (eds) Wildlife Habitats in Managed Forests: The Blue Mountains of
Oregon and Washington. US Department of Agriculture, p. 516. doi:
10.2307/3898589.

Tilman, D. (2001). Functional Diversity, in Levin, S. . (ed.) Encyclopedia of
Biodiversity. New York: Academic Press, pp. 109—120. doi: 10.1016/b0-
12-226865-2/00132-2.

Traitbase (2021). Traitbase. Available at: https://traitbase.info/explore (Accessed:
13 May 2021).

Tscharntke, T. et al. (2012). Landscape moderation of biodiversity patterns and
processes - eight hypotheses, Biological Reviews, 87, pp. 661-685. doi:
10.1111/5.1469-185X.2011.00216.x.

Vanha-Majamaa, 1., Lilja, S., Ryomé, R., Kotiaho, J. S., Laaka-Lindberg, S.,
Lindberg, H., Puttonen, P., Tamminen, P., Toivanen, T. and Kuuluvainen,
T. (2007). Rehabilitating boreal forest structure and species composition in
Finland through logging, dead wood creation and fire: The EVO
experiment, Forest Ecology and Management, 250(1-2), pp. 77-88. doi:
10.1016/j.foreco.2007.03.012.

Venables, W. N. and Ripley, B. D. (2002). Modern Applied Statistics with S. Fourth

Edition. New York: Springer. Available at:
https://link.springer.com/book/10.1007/978-0-387-21706-2 (Accessed: 13
May 2021).

Villéger, S., Mason, N. W. H. and Mouillot, D. (2008). New multidimensional
functional diversity indices for a multifaceted framework in functional
ecology, Ecology, 89(8), pp. 2290-2301. doi: 10.1890/07-1206.1.

Vulliamy, B., Potts, S. G. and Willmer, P. G. (2006). The effects of cattle grazing
on plant-pollinator communities in a fragmented Mediterranean landscape,
Oikos, 114(3), pp. 529-543. doi: 10.1111/5.2006.0030-1299.14004.x.

Westerfelt, P., Widenfalk, O., Lindelow, A., Gustafsson, L. and Weslien, J. (2015).
Nesting of solitary wasps and bees in natural and artificial holes in dead
wood in young boreal forest stands, /nsect Conservation and Diversity, 8,
pp. 493-504. doi: 10.1111/icad.12128.

Whittaker, R. H. (1960). Vegetation of the Siskiyou Mountains, Oregon and
California, Ecological — Monographs, 30, pp. 279-338. doi:
10.2307/1943563.

Wickham, H. (2011). The split-apply-combine strategy for data analysis, Journal
of Statistical Software, 40(1), pp. 1-29. doi: 10.18637/jss.v040.101.

50



Williams, N. M., Crone, E. E., Roulston, T. H., Minckley, R. L., Packer, L. and
Potts, S. G. (2010). Ecological and life-history traits predict bee species
responses to environmental disturbances, Biological Conservation,
143(10), pp. 2280-2291. doi: 10.1016/j.biocon.2010.03.024.

Woodcock, B. A. et al. (2019). Meta-analysis reveals that pollinator functional
diversity and abundance enhance crop pollination and yield, Nature
Communications, 10(1), pp. 1-10. doi: 10.1038/s41467-019-09393-6.

Zakon, H. H. (2016). Electric fields of flowers stimulate the sensory hairs of bumble
bees, Proceedings of the National Academy of Sciences of the United States
of America. National Academy of Sciences, pp. 7020-7021. doi:
10.1073/pnas.1607426113.

51



Acknowledgements

I would like to start these lines by expressing my deep gratitude to two essential
pillars of my life, my parents, who have been unconditionally supporting me since
I set foot in Sweden two years ago. Thank you for helping me emotionally,
economically, and even physically even though you could not come here (thanks
for the packages full of Spanish food and good wine). I would not have reached this
point if you had not been there.

I also want to thank my supervisor, Anne, and co-supervisor, Antonio, for guiding
me during this year, and Paulina for helping me at the beginning of my thesis. I
think it is essential to have a good supervisor, and I knew that I successfully chose
mine not when some professors of the department told me about her, but when we
were in Kéringberget ecopark looking for suitable plots to set up the traps to catch
the longhorn beetle Tragosoma depsarium (my first option as master thesis’ topic).
I will never forget that day last summer when we were exhausted in the middle of
the forest under a pouring rainstorm with no success at all, and you said, “/et’s go
to the next plot, I hate giving up”. Thank you for motivating me and looking for
alternatives when things did not go as planned at the beginning, and for placing so
much trust in me, I appreciate it.

Another huge thanks go to my first landlord here in Sweden. I will always be very
thankful to you, your sons and your husband for hosting me even knowing nothing
about me. I wish all the students had the same luck I had with your family.

To my brother Manu, who indirectly motivated me to decide to come here to
Sweden, and thanks to whom I have somehow gotten here, following his footsteps
at the beginning and advice during these two years.

Finally, thanks to those who, in one way or another, have helped me to mature and
overcome the problems that have arisen. Amber, Amanda, Anders, Elias, Mate;...,
thank you for all the time spent together and the incredible trips. Thank you all for
making a great experience out of these two years.

Of course, and as always for the last six years, thanks to my ADNz group. I wish
you could be here with me today.

52



Appendix

Appendix 1. Species-specific functional traits

Table 4. Functional traits of the different species

ITD Tlength | Mass NEST | Diet Social | Transport | Hair

Andrena helvola 2.010 | 2.072 10.687 Hypo | Poly Soli Femur 0.792
Andrena lapponica 2.500 | 2.555 18.315 Hypo | Olig Soli Femur 0.792
Andrena minutula 1.420 | 1.484 4.532 Hypo | Poly Soli Femur 0.792
Bombus bohemicus 3.495 | 7.081 41.887 Hypo | Poly Soli Klept 0.714
Bombus hortorum 5.120 | 10.216 107.525 | Hypo | Poly Eu Tibia 0.875
Bombus hypnorum 4290 | 8.621 69.479 Epi Poly Eu Tibia 0.917
Bombus jonellus 4.700 | 9.410 87.042 Epi Poly Eu Tibia 0.875
Bombus lapidarius 4.760 | 9.525 89.811 Hypo | Poly Eu Tibia 0.792
Bombus lucorum 4.050 | 8.157 60.272 Hypo | Poly Eu Tibia 0.875
Bombus pascuorum 4310 | 8.659 70.281 Hypo | Poly Eu Tibia 0.834
Bombus pratorum 4.060 | 8.176 60.640 Epi Poly Eu Tibia 0.792
Bombus sporadicus 5920 | 11.744 153.883 | Hypo | Poly Eu Tibia 0.875
Bombus terrestris 5.430 | 10.809 124.321 | Hypo | Poly Eu Tibia 0.875
Chelostoma 1.030 | 1.924 2.051 Epi Olig Soli Abdomen | 0.571
campanularum

Chelostoma florisomne 1.770 | 3.235 7.808 Epi Olig Soli Abdomen | 0.619
Chelostoma rapunculi 1.660 | 3.042 6.664 Epi Olig Soli Abdomen | 0.571
Halictus rubicundus 1.920 | 2.581 9.544 Hypo | Poly Eu Femur 0.792
Hylaeus angustatus 1.080 | 0.926 2.306 Epi Poly Soli Crop 0.125
Hylaeus annulatus 1.350 | 1.147 4.000 Epi Poly Soli Crop 0.125
Hylaeus brevicornis 0.990 | 0.852 1.860 Epi Poly Soli Crop 0.125
Hylaeus communis 1.240 | 1.057 3.243 Epi Poly Soli Crop 0.125
Hylaeus confusus 1.500 | 1.269 5.188 Epi Poly Soli Crop 0.125
Hylaeus gibbus 1.440 | 1.220 4.691 Epi Poly Soli Crop 0.125
Hylaeus hyalinatus 1.380 | 1.172 4.223 Epi Poly Soli Crop 0.125
Lasioglossum albipes 1.640 | 2.219 6.467 Hypo | Poly Soci Femur 0.667
Lasioglossum calceatum | 1.750 | 2.362 7.592 Hypo | Poly Soci Femur 0.667
Lasioglossum fratellum 1.500 | 2.037 5.188 Hypo | Poly Soli Femur 0.667
Lasioglossum leucopus 1.200 | 1.644 2.991 Hypo | Poly Soli Femur 0.667
Lasioglossum rufitarse 1.400 | 1.906 4.376 Hypo | Poly Soli Femur 0.667
Megachile lapponica 3.110 | 5.558 31.400 Epi Poly Soli Abdomen | 0.709
Megachile versicolor 2.770 | 4.973 23.593 Epi Poly Soli Abdomen | 0.709
Megachile willughbiella | 3.540 | 6.293 43.231 Epi Poly Soli Abdomen | 0.709
Nomada glabella 1.640 | 3.425 6.467 Hypo | Poly Soli Klept 0.167
Nomada leucophthalma | 1.789 | 3.723 8.016 Hypo | Poly Soli Klept 0.167
Nomada rufipes 1.553 | 3.250 5.653 Hypo | Poly Soli Klept 0.167
Osmia bicornis 2.470 | 4.455 17.777 Epi Poly Soli Abdomen | 0.917
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Osmia laticeps 1.935 | 3.524 9.7296 Epi Poly Soli Abdomen | 0.917
Osmia nigriventris 3.300 | 5.883 36.351 Epi Poly Soli Abdomen | 0.917
Osmia parietina 2.100 | 3.812 11.908 Epi Poly Soli Abdomen | 0.917
Osmia uncinata 2.500 | 4.507 18.315 Epi Poly Soli Abdomen | 0.917
Sphecodes crassus 1.263 | 1.727 3.393 Hypo | Poly Soli Klept 0.542
Sphecodes geoffrellus 1.013 | 1.397 1.968 Hypo | Poly Soli Klept 0.542
Stelis ornatula 2.038 | 3.704 11.059 Epi Poly Soli Klept 0.476
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Appendix 2. List of bee species

Table 5. List of species. Total abundance of species per each study area.

South North
Ecopark | Production | Ecopark | Production | Total
landscape landscape

Andrena helvola 0 1 0 0 1
Andrena lapponica 5 11 571 488 1075
Andrena minutula 1 0 0 0 1
Bombus bohemicus 0 0 5 0 5
Bombus hortorum 0 0 2 1 3
Bombus hypnorum 2 0 9 19 30
Bombus jonellus 0 0 8 4 12
Bombus lapidarius 0 0 2 0 2
Bombus lucorum 0 2 22 2 26
Bombus pascuorum 0 0 16 13 29
Bombus pratorum 0 0 22 46 68
Bombus sporadicus 0 0 17 0 17
Bombus terrestris 4 0 0 0 4
Chelostoma campanularum 0 3 0 0 3
Chelostoma florisomne 1 1 0 0 2
Chelostoma rapunculi 6 1 0 0 7
Halictus rubicundus 0 0 6 4 10
Hylaeus angustatus 4 4 0 0 8
Hylaeus annulatus 1 6 7 22 36
Hylaeus brevicornis 0 6 0 0 6
Hylaeus communis 15 34 0 0 49
Hylaeus confusus 1 4 0 0 5
Hylaeus gibbus 0 3 0 0 3
Hylaeus hyalinatus 1 1 0 0 2
Lasioglossum albipes 0 2 0 0 2
Lasioglossum calceatum 2 0 0 0 2
Lasioglossum fratellum 0 2 11 9 22
Lasioglossum leucopus 1 0 0 1 2
Lasioglossum rufitarse 0 0 2 2 4
Megachile lapponica 0 0 1 4 5
Megachile versicolor 0 1 0 0 1
Megachile willughbiella 0 0 1 0 1
Nomada glabella 0 0 0 2 2
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Nomada leucophthalma 0 0 0 1 1
Nomada rufipes 0 1 0 0 1
Osmia bicornis 1 0 0 0 1
Osmia laticeps 1 0 0 1 2
Osmia nigriventris 0 0 2 1 3
Osmia parietina 1 1 0 0 2
Osmia uncinata 2 0 0 3 5
Sphecodes crassus 0 1 0 0 1
Sphecodes geoffrellus 0 1 0 3 4
Stelis ornatula 1 0 0 0 1
Grand Total 50 86 704 626 1466
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Appendix 3. Distribution of number of species

between regions and between management
regimes within regions.

A
South North
B
Production ECO
C
Production ECO

Figure 10. Distribution of number of species between A) regions, B) management regimes within
the northern region and C) management regimes within the southern region.



Appendix 4. Stand structure data of each
region

Table 6. Stand structure data of each region.

Northern  Southern

Sweden Sweden p-value
Plots 50 38
Basal area
(m2/ha) 11.5+£0.9 11.2+0.9 0.761
Living tree
diversity 8.6:0.4 10.1£0.6 0.094
Deadwood
volume 9.4+1.6 6.4+0.8 0.231
(m3/ha)
Deadwood
diversity 10.2+£0.9  8.2+0.7 0.126
Open area
0 -
%-300m 6208 35105 0.117
Open area
0 -
-100m 90440 91421 0.321
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Appendix 5. Results of models

Table 7. Results of the best performing models of the whole dataset. Ltdiv = living tree
diversity, m3ha = volume of deadwood; dwdiv = deadwood diversity. Highlighted p-values
hold statistical significance (p <0.05).

Model: Abundance
Predictors Estimates  SE p-value dAIC weight
Itdiv 0.943 0.030 0.065 0.0 0.379
Model: Species richness
Predictors  Estimates  SE p-value dAIC weight
abundance 1.018 0.003 <0.001 NA NA
AIC NA
Model: Shannon diversity index
Predictors Estimates  SE p-value dAIC weight
m3ha 0.005 0.005 0.359 0.0 0.426
Model: Functional dispersion
Predictors  Estimates SE p-value dAIC weight
dwdiv 0.005 0.002 0.004 NA NA
AIC -156.411
Model: Raos' Q
Predictors Estimates SE p-value dAIC weight
dwdiv 0.002 0.001 0.003 0.0 0.898
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Table 8. Results of the best performing models of the northern region. m2ha = basal area of
living trees; m3ha = volume of deadwood; dwdiv = deadwood diversity; openareal00.0_15
= open area in 100 m radius, ltdiv = living tree diversity. Highlighted p-values hold
statistical significance (p <0.05).

Model: Abundance

Predictors Estimates  SE p-value dAIC  weight
m2ha 0.989 0.013 0.407 0.0 0.506
m3ha 1.010 0.010 0.319
dwdiv 0.981 0.018 0.318

openareal00.0 15 0.996 0.003 0.151

Model: Species richness
Predictors  Estimates  SE p-value dAIC weight
abundance 1.009 0.003 0.009 NA NA
Itdiv 1.030  0.018 0.092
Model: Shannon diversity index
Predictors Estimates  SE p-value dAIC weight
dwdiv -0.015  0.010 0.127 0.0 0.984
Itdiv 0.046  0.021 0.035
Model: Functional dispersion
Predictors Estimates  SE p-value dAIC weight
dwdiv 0.002  0.001 0.118 0.0 0.40
Itdiv 0.004  0.002 0.080
Model: Raos' Q
Predictors Estimates  SE p-value dAIC weight
dwdiv 0.001  0.000 0.126 0.0 0.37
Itdiv 0.002  0.001 0.101
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Table 9. Results of the best performing models of the southern region. m2ha = basal area
of living trees; m3ha = volume of deadwood; dwdiv = deadwood diversity. Highlighted p-
values hold statistical significance (p <0.05).

Model: Abundance
Predictors Estimates  SE p-value dAIC weight
m2ha 0.973 0.022 0.235 0.0 0.493
Model: Species richness
Predictors  Estimates  SE p-value dAIC weight
abundance 1.162 0.038 <0.001 0.0 0.72
m3ha 1.016  0.019 0.397
Model: Shannon diversity index
Predictors Estimates  SE p-value dAIC weight
m3ha 0.027  0.019 0.147 0.0 0.428
Model: Functional dispersion
Predictors Estimates  SE p-value dAIC weight
m3ha -0.007  0.004 0.154 0.0 0.243
dwdiv 0.015  0.006 0.023
Model: Raos’ Q
Predictors Estimates  SE p-value dAIC weight
dwdiv 0.003 0.002 0.058 0.0 0.397
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Figure 11. Complete figure of species composition with all the names of the species.
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Appendix 7. Map of each study area with
positions of plots and target classes
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Figure 12. Kdiringberget ecopark map with positions of sampling plots marked with ”*” and
target classes. NO = Areas with high natural values;, NS = Areas dedicated to restoration or
management of natural values; PF = Production forests emphasizing natural values;, PG =
Production forests with no specific natural values.
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Figure 13. Map of Vindeln production landscape with positions of sampling plots marked with
"*” and target classes. NO = Areas with high natural values; NS = Areas dedicated to
restoration or management of natural values, PF = Production forests emphasizing natural
values; PG = Production forests with no specific natural values.
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Figure 14. Hornso ecopark map with positions of sampling plots marked with ”*” and target
classes. NO = Areas with high natural values; NS = Areas dedicated to restoration or management
of natural values; PF = Production forests emphasizing natural values; PG = Production forests
with no specific natural values.
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Figure 15. Hornso ecopark map with positions of sampling plots marked with ”*” and target classes.
NO = Areas with high natural values;, NS = Areas dedicated to restoration or management of natural
values; PF = Production forests emphasizing natural values; PG = Production forests with no
specific natural values.

66



Appendix 8. Location of the 500 meters buffer
zones in each area and forest age classes
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Figure 16. Location of some 500 meters buffer zones in Kdiringberget ecopark and forest
age classes.
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Figure 17. Location of some 500 meters buffer zones in Vindeln production landscape and
forest age classes.
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Figure 18. Location of some 500 meters buffer zones in Hornsé ecopark and forest age
classes.
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Figure 19. Location of some 500 meters buffer zones in Hdlleskog production landscape
and forest age classes.
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