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Abstract

Human development continues to use up more physical space in the natural world,
threatening the natural habitats of many organisms. To combat the loss of biodiversity science
needs to explore what landscape features are important for different organisms so that we can
incorporate these into the modern environment. As bats play an important role in many
ecosystems and can reflect changes through trophic levels, analyzing their preferred habitats
can help planners improve biological diversity of the urban habitat. Using acoustically
identified bat sightings from Artportalen.se for the years 2017-2018, this paper studied the
habitats of bats in Sweden. Through multiple regression analysis we examine the response in
abundance and/or diversity of bats to physical and socio-cultural attributes of the urban habitat.
We examined a total of 10160 bats from 18 species in 418 land cover locales and 306
demographical statistical areas with varying degrees of urbanization. Our results indicate that
bat abundance and diversity decrease significantly with higher urbanization while deciduous
forests are the most important land cover type for all bats. The results also indicate that
wealthier areas have less abundance and diversity even when factoring in population density.
Species specific analysis suggested that bat species who are better adapted at foraging in open
vegetated landscapes and over water were less susceptible to the negative impacts of the urban
habitat. We conclude that diverse habitats with a mixture of open vegetated areas, watercourses
and broadleaf forests are the most important land features for a diverse bat fauna along with
high connectivity via tree cover and linear landscape elements. If urban planning could
incorporate these features into the urban habitat, some of the negative impacts of urbanization

could be prevented.

Key words: Urban ecology, Insectivorous bats, Chiroptera, Species composition,
Bioindicator, Sustainable development
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1. Introduction

The human population is larger than it has ever been, and more and more people live in
cities or urban environments. From having been 2 billion people in the year 1950 there are
expected to be approximately 10 billion by the year 2050 (United Nations 2017). Out of the
almost 8 billion people alive today, 55% live in urban environments, with the most urbanized
regions having up to 82% urban residents currently. The number of urban citizens is expected
to rise with the increase in human populations and the UN expects up to 42 countries to have
more than 90% urban residents by the year 2050 (United Nations 2019). Increasing
urbanization is one of the leading causes of land degradation (IPBES 2018) as well as the loss
of biodiversity (Sala et al 2000) and changes globally to ecosystem structures (Vitousek et al
1997), which leads to the loss of ecosystem services, human well-being, and natural habitats
(IPBES 2018). As cities and urban environments need to house more people, they must either
sprawl outwards claiming more space, or grow upwards to accommodate more people. This
leads to further impacts on the environment through increased land-use as well as increased
energy consumption (Heinonen & Junnila 2014) which could lead to further releases of CO?
from fossil fuels into the atmosphere. The urban sprawl has been shown to have multiple effects
on wildlife and ecosystem structures, especially insectivorous birds have been shown to have
difficulty adapting to urban environments without much green spaces (Mathé et al 2015). The
change from natural habitats to human-made environments lead to fragmentation of natural
habitats or even their complete disappearance. The reduction of habitats consequently leads to
many species disappearing among both animals and plants. Even though some species can
adapt or even thrive in urban and/or fragmented environments (McKinney 2008; Riley et al
2003; Fahrig et al 2019), other species may be unable to adapt to the man-made landscape
(Riley et al 2003) and their services to the environment will be lost, some of which (i.e.,
pollination or air filtration) human societies are dependent on.

With any change in the environment there will be winners and losers, if prolonged changed
conditions favor one species over another, the favored species will eventually replace the
species which is worse at adapting to the new conditions (McKinney & Lockwood 1999). It is
thus important out of a conservation perspective to analyze and understand the factors that
drive the urban assemblage of species (Sol et al 2014) and to study the impact urbanization has
on different organisms. This has prompted science to research the ecological effects of
urbanization along a theoretical gradient of increasing urban exploitation (Berland 2013;

Vizzari et al 2018). Diversity has also been observed within urban environments themselves



and linked to socio-cultural variables like income and population density affecting organisms
both positively and negatively (Tonietto et al 2011; Lowenstein et al 2014; Li et al 2019).
Lowenstein et al (2014) found greater bee abundance and diversity in neighborhoods with
higher human population density (Lowenstein et al 2014), while Li et al (2019) found a positive
correlation between bat activity and income for one species and a negative correlation for
another species (Li et al 2019). By observing and investigating these relationships between
anthropogenic factors and ecological response, science can better understand the effects that
the increased urban sprawl has on biodiversity so that measures can be taken to reduce its
negative effects on the future environment.

Bats can be commonly found in both urban and rural areas, across all continents except
Antarctica (Russo & Ancillotto 2015; Threlfall et al 2016), providing ecosystem services like
pollination, seed dispersal and the consumption of pest insects (\Voigt et al 2016). Their wide
distribution along with their functional and taxonomic diversity make bats a good indicator of
human-induced changes to both climate and habitat quality as they may show responses to
many different changes of the urban environment (Jones et al 2009). Changes in temperature
can affect their hibernation and reproductive cycle (Racey & Entwistle 2000), drought can
affect their availability of food, artificial light can change the hunting environment so that it is
harder for some species and easier for others (Rydell 1992; Stone et al 2015), traffic noise can
disrupt their communication and echolocation and pesticides can accumulate to reach
dangerous levels in insectivorous bats (Jefferies 1972; Clark 1981). Urban constructions can
also affect bats negatively as roads can divide and fragment habitats through physical, acoustic,
and visual means (Russo & Ancillotto 2015) and wind farms can pose immediate dangers to
migrating (Arnett et al 2016) as well as insect feeding bats (Rydell 2016). While many of the
aspects of the anthropogenic environment have been proven harmful, some species, especially
fast-moving ones, are better at adapting to the changed, now urban, environments than others
and may even establish larger populations in the areas (Avila-Flores et al 2005; Russo &
Ancillotto 2015; Threlfall et al 2016).

Bats wide arrange of vital ecosystem services globally and their tendency to reflect features
of habitat deterioration on a wide range of taxa make them good indicators of ecosystem health
(Jones et al 2009). In this study I will use the presence and diversity of bats to study the effects
of urbanization on the wildlife in Sweden. Through statistical testing the study intends to
investigate whether urbanization has any effect on bat numbers and/or diversity of species, and

if there are any species that are found more often in certain environments.



1.1 Research Problem

Humans have been influencing ecosystems and the environment for thousands of years.
With increasing amount of anthropogenic environments and human population it has become
increasingly important to further study and understand how these changes affect the ecology
both locally and globally. Thus, to understand the earth’s ecosystems we must account for the
strong, often dominant influence of humanity (Vitousek et al 1997). While the effects of the
human influence on different species and individuals can vary locally, urbanization in general
tends to lead to reduced biodiversity and species richness (McKinney & Lockwood 1999). This
necessitates the need to not only understand the ecology in cities; physical environment, but
also the ecology of cities; citywide species richness and social dimension of the urban ecology
(Pickett et al 2001). By studying the interactions and feedbacks between human and ecological
systems we can better understand ecosystem dynamics both locally and globally, facilitating
better decision grounds for public policies and land management (Grimm et al 2000).

Due to their wide geographical spread (Russo & Ancillotto 2015), their phylogenetic
diversity (Teeling et al 2005) and the fact that they can be commonly found in many urban
areas around the world (Russo & Ancillotto 2015; Threlfall et al 2016), bats are a suitable unit
for analyzing the impact on the ecology that urban environments pose as well as the socio-
cultural relationship of the urban ecology. Different species of bats may show different
response to urban landscape traits and response can even vary between different sites (Jones et
al 2015; Russo & Ancillotto 2015). Insectivorous bats occupy high trophic levels which makes
them good indicators of the ecosystem health down through the trophic levels and monitoring
their populations both short- and long-term can reflect changes throughout the ecosystem such
as changes in climate, water quality, agricultural intensification, forest fragmentation and
diseases (Jones et al 2009). By monitoring the Swedish bat populations along the urbanization
gradient, we can better understand the effects that the urban environments may have on the
ecosystem. While there has been an increasing number of inventories of bats in Sweden in
recent years (Ahlén 2011; de Jong et al 2020), few studies have been made that analyze the
effects that the urban environment may have on the bat fauna on a larger scale. Most studies
and inventory of bats in Sweden are made as part of an environmental impact assessment in
conjunction with the development of new structures such as wind farms, factories, or roads.
This study intends to fill some of that gap by studying the diversity of bats in Sweden in relation
to some variables of both the physical environment and some of the social dimension of the

urban ecology on a larger national scale.



1.2 Objective & Research questions
The aim of this paper is to study the bat population in Sweden and analyze if there is any
relationship between the abundance and diversity of bat species and some variables that explain
the urbanization level of the environment. The study intends to study both variables that explain
the physical environment as well as some variables that explain the social dimension of the
urban environment. As such the study can be formulated in a couple of questions which it
intends to answer:
i. How are the bat populations and/or diversity affected by increased physical
urbanization?
ii.  How are the bat populations and/or diversity affected by increased socio-cultural
urbanization?
iii.  How does the bat community structure change along the urbanization gradient or

with changing environmental or anthropogenic conditions?

1.3 Bats in Sweden

As of 2020, 19 bat species have been recorded in Sweden (de Jong et al 2020) out of which
seven are red listed in the Swedish Red List 2020 in accordance with the IUCN Red List
Criteria (SLU Artdatabanken 2020). All bats in Sweden are insectivores and either hibernate
or migrate during the winter and are protected by the Swedish Species Protection Ordinance
which means it is forbidden to catch, kill, disturb, or move any bats (SEPA 2020). The
protection of bats is part of the measures undertaken by Sweden as part of the EUROBATS
agreement which includes the protection and conservation of bats and their hunting grounds
(SEPA 2006). The protection of bats can also be viewed as part of some of Sweden’s
environmental objectives, as reaching goals like Thriving Wetlands, A varied Agricultural
Landscape, Sustainable Forests and A Rich Diversity of Plant and Animal Life would benefit
most bat species (SEPA 2018). Unfortunately, most of the environmental objectives were not
met by the set time of 2020 and more efforts are needed to reach the goals in the future.

How the bat populations have changed long term in Sweden is unclear since proper
inventory of bats has only started to be common practice since the late 1990s due to technical
advancements making auditory inventory methods more accessible (Ahlén 2011; de Jong et al
2020). Bats can be found in all parts of Sweden with varying abundance and diversity, all 19

species have been sighted in southern Sweden while only some can be found in the north (de



Jong et al 2020). Some of the most common species in Sweden; Eptesicus nilssonii, Myotis
daubentonii, and Pipistrellus pygmaeus likely grew in numbers during the 2000s and benefit
from some urban habitat traits like street lighting, built environments and added nutrition to
water bodies (Ahlén 2011). The sheer abundance in these species likely cause them to
outcompete some of the less common species like Plecotus auratus and Barbastella
barbastellus, at least locally (Ahlén 2011). Among the most common species it appears that
Eptesicus nilssonii has declined slightly in numbers in the last 10 years while Myotis
daubentonii numbers have remained unchanged and Pipistrellus pygmaeus has likely increased
slightly (de Jong et al 2020). The most common species in Sweden appear to be ones that can
benefit from the more urban environments and the moving trend towards a few dominant
species corresponds with the homogenizing effect of urbanization observed in other cases
(Threlfall et al 2012; Threlfall et al 2016; Russo & Ancillotto 2015).

2. Theory

When we study an environmental change, we often look to the harmful aspects of the
changed environment, which species are reduced in numbers or disappear due to changed
conditions. However, with any disturbance in any environment and the reduction of one
species, another may thrive (Morris et al 1997; McKinney & Lockwood 1999). Changed
conditions can favor an opportunistic species which capitalizes on a new niche in the ecosystem
and grows in number. With deteriorating conditions this often leads to biotic homogenization
as some few species favor the new conditions while multiple, often more specialized species,
are reduced in numbers (McKinney & Lockwood 1999). This has been observed to be the case
with previous mass extinctions in the earth’s history which have led to low-diversity biotas
dominated by widespread adaptive species (Erwin 1998). The earth is now heading towards its
sixth mass extinction, mainly caused by the expansion of the human race and its increasing
urban disturbance to nature, as the rate of extinction have increased rapidly over the past 200
years, corresponding to the rise of the industrial society (Ceballos et al 2015).

In the same vein of winners and losers of disturbance, Russo & Ancillotto (2015) suggests
that a gradient of increasing urbanization can be used to describe and analyze winners and
losers within the bat fauna of urban environments. Some more adaptive species can utilize the
environments introduced with the urban environment while less adaptive species are less fit for
the urban conditions (Russo & Ancillotto 2015). This point of view allows for the distinction
between synurbic bats that exploit the new ecological conditions and those that are affected by
the loss of the natural habitat (Russo & Ancillotto 2015). By this Russo & Ancillotto (2015)
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suggest that species fitness follows different theoretical paths along the urbanization gradient;
Urban-sensitive species which decrease with increasing urbanization, Synurbic species which
are better adapted to increased urbanization and some semi-urban that specialize in the areas
halfway along the gradient.

Following the hypothesis of intermediate disturbance (Connell 1978), we would assume to
find the highest species diversity and/or bat abundance in suburban areas as it produces
“optimal” levels of disturbance which maximizes biodiversity. This has been the case in some
bat studies (Coleman and Barclay 2011; Luck et al 2013) which found peaks in richness and/or
abundance in suburban areas, halfway along the urbanization gradient. However, Threlfall et
al (2011) found that the net productivity of the habitat and individual species functional traits
played a bigger role in structuring the community than the disturbance hypothesis. This further
gives weight to the concept of winners and losers of the increasing urbanization as some species
may have a phylogenetic susceptibility to urban environments. Indeed, Jones et al (2003)
showed that lower wing aspect ratio (wingspan squared divided by wing area) was a significant
predictor of extinction risk in microbats. Smaller wing aspect ratio is associated with species
that have lower flight efficiency and higher flight costs, utilize smaller foraging ranges and are
poorer dispersers and migrators (Norberg and Rayner 1987). These species often forage in
more cluttered habitats (spatially complex) and over a smaller area than those with larger wing
aspect ratios (Jones et al 2003). For example, fast hunting species like Eptesicus nilssonii,
Vespertilio murinus, Nyctalus noctula have been found to often hunt under streetlight, and
Eptesicus nilssonii individuals hunting moths under streetlight have a higher energy intake than
those who do not (Rydell 1989; 1992). Some other, slower, species like the Myotis family and
Plecotus auritus are however found less often hunting near streetlights (Rydell 1992).
Similarly, species with low frequency echolocation use more open spaces for moving and
hunting while species with lower intensity calls depend on acoustic cues in the landscape and
use structures, hedgerows and tree lines when navigating their environment (Kyherdinen et al
2019).

Since the bats’ response to anthropogenic environments varies between species, we need to
understand these species specific needs to identify how the bats are affected by the urban
environments. These traits have been identified by previous scientific inquiries and can be
found summarized for all European bats in the EUROBATS project (Kyherdinen et al 2019).
More traits specific to bats in Sweden such as dwellings used during summer and winters in
Sweden have also been summarized by SEPA (2020), Ahlén (2011) and de Jong et al (2020).



2.1 Swedish bat species traits

As mentioned earlier, 19 species of bats have been recorded in Sweden (de Jong et al 2020).
The bats can be divided familywise into 7 taxonomic groups, although some species within the
same family possess different traits. This section will be devoted to compiling some of the
knowledge on the Swedish bat species and their needs from the EUROBAT project
(Kyherdinen et al 2019) as well as their dispersion and preferred habitats from additional
sources such as SEPA (2020), The Swedish Red List (SLU Artportalen 2020) and de Jong et
al (2020). Species specific preferences can be found summarized in table 1 and are followed
by a general summary of habitats and landscape features that are important to bats in Sweden
as well as a few mitigating measures that can diminish some of the negative impacts of urban

environments.

2.1.1 Barbastella barbastellus

The Western Barbastelle Barbastella barbastellus is a rather rare species in Sweden
classified as Near Threatened (NT) by the Swedish Red List 2020 (SLU Artdatabanken 2020)
but has seen an increase in number in recent years (de Jong et al 2020). In Sweden it has been
found in environments such as farmland, forests, cities, and wetlands as far north as Uppsala
county (SLU Artdatabanken 2020). It mostly feeds on small moths in richly structured mature
forests 2-4 meters above the canopy (Sierro & Arlettaz 1997) but can also be found hunting
below the canopy, along forest trails and roads (Kyherdinen et al 2019). It roosts mainly in
caves and tree hollows, but is also found commonly in houses, attics, window shutter and old
forts (SEPA 2020). The Barbastella bat can travel long distances, up to 25 km, between roost
and hunting areas, mainly using forest corridors and edges as commuting routes, although it
can cross open areas (Kyherdinen et al 2019).

To conserve the Barbastelle, EUROBAT recommends the preservation of highly structured
forest, dead trees, and tall riparian vegetation. As well as favoring forest continuity by
promoting corridors and high underpasses and preserving small ponds and waterbodies along
forest edges (Kyherdinen et al 2019).

2.1.2 Eptesicus Family

Two bats of the Eptesicus family in Sweden are E. nilssonii and E. serotinus. They can both
be found in farmland, forests, cities, limnic environments and wetlands, and they are both
classified as Near Threatened (NT) (SLU Artdatabanken 2020). Both Eptesicus spp. are
commonly found roosting in buildings, under roof panels or in attics as well as tree hollows
(SEPA 2020).
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Eptesicus nilssonii is known as an opportunistic species found foraging anywhere from
forest glades and edges to urban parks and over water, but it prefers deciduous forests near
water and areas with high insect abundance within 5 km of its roost (Kyherdinen et al 2019).
It can often be found hunting near artificial light sources (Rydell 1992). When commuting
between roost and hunting area it usually takes the shortest route and gives little weight to
linear landscape elements (de Jong 1995), unlike many other species. Conservation efforts for
Eptesicus nilssonii (Northern bat) should, according to EUROBATS (Kyherdinen et al 2019)
focus on natural forests and grasslands as well as areas with high insect production (Kyherdinen
et al 2019).

Eptesicus serotinus (Common Serotine) on the other hand is more of a forest edge and open-
area specialist where it hawks for many different flying insects among the canopy or up to 20
m above open pastures (Kyherdinen et al 2019). The Serotine bat is generally larger than
nilssonii (de Jong et al 2020) and does most of its foraging within 2 km of the roost but can
travel up to 5-7 km to hunt (Kyherdinen et al 2019). Conservation efforts for Eptesicus
serotinus should focus on permanent pastures, preservation of park-like tree groups and the
creating of unbuilt urban areas like gardens, parks, and fallow land. When commuting the
Serotine bat usually takes the direct path but can opportunistically utilize linear elements in the
environment. The preservation of broadleaf woodlands and woodland borders adjacent to
grassland are also important habitats in need of protection, especially near roosts (Kyherdinen
et al 2019).

2.1.3 Myotis Family

The Myotis family is the most diverse family with 8 different species having been recorded
in Sweden. They are generally more specialized than the Eptesicus spp. and can be found
foraging in forest, over lakes or over meadows depending on species. Common for the species
is that almost all of them use linear and acoustic landmarks when commuting, some can cross
open areas but prefer to follow linear elements like waterways, hedgerows, and other corridors.

Myotis daubentonii is the most common Myotis and is currently one of the few Least concern
bat species in Sweden. It is mainly found trawling for insects in aquatic habitats and thus prefers
open flowing or static water bodies with little clutter (Kyherdinen et al 2019). It can be found
roosting in houses, tree hollows and sometimes caves (de Jong et al 2020; SEPA 2020) and
commutes following waterways and tree lines ((Downs & Racey 2006).

Myotis dasycneme is in many ways similar to M. daubentonii but larger and has a more

straight and direct flight path. It is found in the same habitats and environments as M.
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daubentonii but can travel farther between roost and foraging area and can easily cross open
areas like arable land, meadows, or large blocks of coniferous plantations (Ciechanowski &
Zapart 2012). It is found regularly up to Uppsala county but has occasionally been sighted
further north, it is considered as Near Threatened (NT) (SLU Artdatabanken 2020).

To conserve the water specialist bats like M. daubentonii and M. dasycneme, EUROBATS
recommends the preservation of waterbodies and linear waterways and otherwise riparian
vegetation. Avoiding eutrophication of lakes and reducing pesticide use are also important
measures (Kyherdinen et al 2019).

Myotis alcathoe, brandtii and mystacinus, are all species found mainly in forests where they
forage in the canopy but also near the ground around tree stems. They are the smallest bats in
Sweden. M. mystacinus and brandtii roost in buildings and tree hollows while alcathoe builds
its colonies in tree hollows (de Jong et al 2020). M. alcathoe is classed as Endangered (EN)
and have in Sweden been found in farmland, forests, urban areas, and wetlands (SLU
Artdatabanken 2020), brandtii and mystacinus are both classed as Least Concern (SLU
Artdatabanken 2020) but brandtii is rarely found in urban environments (Kyherdinen et al
2019). When commuting they follow linear fixed routes along wood lanes, hedges, streams,
and forest edges. Conservation of these species should, according to EUROBATS (Kyherdinen
et al 2019), focus on the restoration of mature broadleaf forests, woodlands, and riparian zones
around roosts as well as avoiding the trespass of artificial light (Kyherdinen et al 2019).

Myotis bechsteinii and M. myotis are much larger than the other Myotis species and are some
of the rarest in Sweden. They are both classed as Endangered (EN) and are exclusive to the
southern parts of the country (SLU Artdatabanken 2020). They both prefer to hunt in open
deciduous forests with little understory as they sometimes catch insets on the ground. M. myotis
can build colonies in houses while M. bechsteinii keeps to tree hollows (de Jong et al 2020).
While bechsteinii generally only commutes within the forest area (Kerth & Melber 2009), M.
myotis commutes directly from roost to foraging area (Kyherdinen et al 2019). Conservation
of these species should focus on maintaining and increasing the proportion of deciduous forests
and promote continuity of forests. Further the controlling of shrub and maintenance of forest
alleys clear of vegetation is important, while pesticides and light trespass should be avoided
(Kyherdinen et al 2019).

Myotis nattereri is classed as Near Threatened (NT) and has been found as far north as
Vasternorrlands county (SLU Artdatabanken 2020). This bat is mainly a forest foraging bat
found mostly in swamp forests and along streams (de Jong et al 2020) but can also commonly

be found in meadows, pastures, and orchards (Kyheréinen et al 2019) as well as in cattle sheds
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(Simon et al 2004). It roosts in both houses and tree hollows and commutes following linear
landscape elements like hedgerows and waterways with riparian vegetation (Kyheréinen et al
2019). Conservation of this species is much like the other Myotis species with the addition of
keeping cattle sheds and stables unlit and accessible to bats (Kyheroinen et al 2019).

2.1.4 Nyctalus Family

There are two Swedish bats of the Nyctalus family. Nyctalus noctula (LC) is one of the more
common bats in Sweden found throughout most of the country while Nyctalus leisleri is one
of the rarest. N. leisleri is significantly smaller than N. noctula and classed as vulnerable (VU)
and found mostly in southern Sweden (SLU Artdatabanken 2020) where it forages in most
open and half-open biomes (de Jong et al 2020). These bats often hunt before dark over open
and half-open habitats like lakes, riparian meadows and pastures and can regularly travel far
from the roost to forage. They mostly roost in tree hollows but can sometimes be found roosting
in buildings during the winter (de Jong et al 2020), often in ventilation of multistory buildings
(SEPA 2020). However, most of the population migrates out of the country in the autumn,
which makes windfarms a dangerous obstacle along its migratory path (Rydell 2017). When
commuting to foraging areas, these bats usually take the most direct path (Kyheréinen et al
2019). Conservation of the Nyctalus bats should focus on the protection of riparian vegetation,
broadleaf forests, and natural pastures as well as unmanaged woodlands. Additionally,
windfarm projects need to take migratory paths into consideration (Kyherdinen et al 2019).

2.1.5 Pipistrellus Family

Three bats in Sweden are of the Pipistrellus family. P. pipistrellus (VU) and P. pygmaeus
(LC) are very similar but P. pygmaeus is substantially more common as one of the most
numerous bat species. P. nathusii (LC) is similar in behavior to the other two but larger and
has slightly wider wings (de Jong et al 2020). These bats prefer to forage along forest edges
and in sparse woodlands, especially broadleaf forests (de Jong et al 2020) but can also be found
in parks and garden with deciduous trees and wetlands (Kyherdinen et al 2019). They roost in
tree hollows and commonly in buildings, sometimes in large colonies of 300-500 individuals
(de Jong et al 2020). P. nathusii is a pronounced migrator and can migrate as far as to south
France (de Jong et al 2020), making it extra susceptible to the negative impacts of windfarms
(Rydell 2017). These bats generally forage relatively close to the roosts and use linear
landscape elements to navigate, although P. nathusii may sometimes commute across open
fields (Kyherdinen et al 2019). To conserve the Pipistrelle bats, conservation efforts should

focus on the preservation of riparian habitats, wetlands, and especially mature deciduous
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forests. Linear landscape elements like hedgerows, tree lines and waterways are also important
landscape factors to maintain. Finally, windfarms need to consider the movement of these bats

when deliberating on location and take mitigating measures (Kyherdinen et al 2019).

2.1.6 Plecotus Family

Two Swedish bats are of the Plecotus family, Plecotus auratus (NT) is one of the more
common bats found regularly as far north as Vasternorrland county, while Plecotus austriacus
(CR) is one of the rarest and have only been sighted in Skane county (SLU Artdatabanken
2020; de Jong et al 2020). These bats mainly forage in larger woodlands, along forest edges,
bushes, and hedgerows where they glean insects of off trees and meadows, Plecotus austriacus
is also found often in more open habitats like open meadows and pastures (Kyheroinen et al
2019; de Jong et al 2020). Plecotus auratus have traditionally been found roosting in churches
in Sweden, but when these have been increasingly lit up in recent years, they are no longer
suitable roosts. This may explain some of the species recent decline in number (de Jong et al
2020). Linear landscape elements can be important for the Plecotus bats to follow when
commuting and are important to preserve to keep environments habitable for these bats
(Kyherdinen et al 2019), Conserving traditional woodlands, gardens and orchards near roosts
is also important and avoiding the trespass of light, especially near roosts, is particularly

essential for this species (Kyherdinen et al 2019).

2.1.7 Vespertilio murinus

Vespertilio murinus is in some ways much like Eptesicus nilssonii, it hunts in a variety of
habitats, over water bodies, agricultural areas, meadows and forests to human settlements and
it seems to prefer a mosaic of habitats in open to half-open areas (Kyherdinen et al 2019).
Vespertilio murinus can be found as far north as VVasternorrlands county and is classed as Least
Concern (LC). It mostly hunts 20-40 meters above the ground and can commonly be found
foraging around streetlights (Rydell 1992a; Rydell & Baagee 1994). They mainly roost in
buildings and some colonies spend the winters in buildings, while some migrate south during
(de Jong et al 2020). Traveling from roost to foraging area this species commutes directly,
about 2-3 km from the roost. Due to some of the population migrating during the winter, these
bats are extra susceptible to the negative impacts of windfarms and extra avoidance and
mitigation measures should therefore be implemented in these projects to help conserve the bat
population (Kyherdinen et al 2019). Further conservation should focus on facilitating
heterogenous areas with high insect abundance, such as wetlands and deciduous forests
(Kyherdinen et al 2019).
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Table 1. Summary of species preferred habitats based on theoretical framework.

Species

Feeding areas

Commuting routes

Roosts

Barbastella
barbastellus

Eptesicus
nilssonii

Eptesicus
serotinus

Myotis
alcathoe
Myotis
bechstenii

Myotis
brandtii

Myotis
dasycneme

Myotis
daubentonii
Myotis
mystacinus
Myotis myotis

Myotis
nattereri
Nyctalus
leisleri

Nyctalus
noctula

Pipistrellus
nathusii

Pipistrellus
pipistrellus

Pipistrellus
pygmaeus
Plecotus
auritus
Plecotus
austriacus
Vespertilio
murinus

Mature forests above canopy or
below along trails and roads

Opportunistic, forests, parks,
deciduous forests

Forest edges and open area
specialist

Forest specialist, canopy and
near ground

Open deciduous forest

Forest specialist, canopy and
near ground

Water specialist, trawling

Water specialist, trawling

Forest specialist, canopy and
near ground

Open deciduous forest

Swap forest and along streams,
meadows, and cattle sheds

Open and half open biomes like
pastures and meadows, before
dark

Open and half open biomes like
pastures and meadows, before
dark

Forest edges, parks, and gardens
with deciduous trees

Forest edges, parks, and gardens

with deciduous trees

Forest edges, parks, and gardens
with deciduous trees

Large woodlands, forest edges

Large woodlands, forest edges

Mosaic of open to half-open
habitats

Forest edges are important
but can cross open areas and
travels far

Often takes the shortest
route

Can fly straight to feeding
area, opportunistically using
linear landscape elements
Linear landscapes, hedges,
streams, forest edges

Only forested areas, prefers
underpasses for crossing
motorways

Fixed routes along wood
lanes, hedges, and forest
edges, does not cross open
areas.

Crosses open areas, can
utilize linear elements like
tree lines and hedgerows
Waterways and tree lines

Hedgerows, acoustic
landmarks

Direct flight, utilizes
corridors

Hedgerows and waterways
with riparian vegetation

Commutes directly

Commutes directly

linear landscape elements,
streams, forest edges, hedges
tree lines

Follows streets, hedgerows,
tree lines or woodland

edges, can cross open areas
for a few hundred meters.
Linear landscape elements

Can use linear landscapes
Linear landscape elements,

can cross open meadows
Commutes directly

Buildings, Caves

Buildings, Tree
Hollows
Buildings, Tree
Hollows

Tree Hollows

Tree Hollows

Building, Tree
hollows

Buildings, Tree
Hollows and Caves

Buildings, Tree
Hollows and Caves
Buildings, Tree
hollows

Buildings, Tree
hollows

Buildings, Tree
hollows

Tree Hollows,
buildings (Winter)

Tree Hollows,
buildings (Winter)

Tree Hollows,
migrates during
winter

Tree hollows,
buildings

Tree hollows,
buildings
Churches, tree
hollows

Buildings

Buildings, some
migrate during
winter
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2.1.8 General important landscape elements and measures.

In summary, although different bats utilize different environments, there are some landscape
features and measures that can benefit the bat fauna as a whole. First and foremost is to secure
appropriate feeding areas around and nearby roosts. This requires knowledge of the bat
populations and any project that is likely to affect any bats, should include a bat survey and
analysis of potential affects (Kyherdinen et al 2019). By knowing which bats are present and
their needs, projects can easier implement mitigating measures. Knowledge on migration paths
is also important in this context, but academic understanding in this field is still lacking.

In general, areas with high insect production, such as woodlands near waterbodies, broadleaf
forests, parks, and orchards are beneficial for all bat species, especially reproducing females
(Kyheroinen et al 2019). Further, connectivity within the landscape is essential as many bats
favor linear structures and edges which they can follow when commuting to and from feeding
habitats. As such, bats greatly benefit from planning strategies that take the whole landscape
into consideration (Kyherdinen et al 2019). Bats normally favor older forests as these provide
more tree cavities for roosts and natural patches in the woodworks, such as streams, fallen tree
patches and small open landscape structures that provide good feeding areas (Kyheréinen et al
2019). Large size clearings from forest management are usually too wide for many bats to cross
and bats crossing open areas run higher risk of being preyed upon by predatory birds (Lesinski
et al 2009). These large openings in the environment therefore risk fragmenting the habitat.

While most urban landscape elements like roads, residential areas, wind energy, artificial
lighting, large scale agriculture and forest management would mostly affect bats negatively,
there are some measures that can be implemented to mitigate the negative impact of these urban
features. Solid linear landscape elements like fences, stone walls and natural rock formations
can to some extent substitute for hedgerows and tree lines, although lacking the foraging
opportunities (Kyherdinen et al 2019). Green roofs have been found to have significantly
higher diversity and activity among urban bats than non-green roofs (Pearce & Walters 2012;
Parkins & Clark 2015). Forest operations that negatively impact bats, like clearcutting and
small patch cutting can be mitigated by retaining tree lines and old trees (Kyherdinen et al
2019). By creating and maintaining ponds, dikes and riparian areas, more suitable habitats can
be made available for bats in both urban and rural environments. Preserving old buildings like
watermills, barns and bridges can also facilitate better habitats for bats in otherwise less than
ideal environments (Kyherginen et al 2019). And finally assessing the impact of current, and

implementation of new artificial light, is crucial in ensuring the suitability for many bats as
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artificial light sources can both harm habitats and fragment areas from each other (Voigt et al
2018).

3. Method

The goal of this paper is to examine the relationship between the bats in Sweden and
anthropogenic environments in the form of land cover types as well as socio and economic data
showing the socio-cultural development of the studied areas. Thus, there are three sets of data
that lay the foundation for the study; (i) Bat sightings through sound recordings reported to
artportalen.se, (ii) National Land Cover data provided by the Swedish environmental protection
agency (SEPA) through the CadasterENV Sweden project (NMD, Naturvardsverket 2020) and
(iii) Demographical statistics (DeSO) provided by the Swedish Central bureau of statistics
(SCB). These data allow the study to examine individual species as well as the bat population
as a whole along two urbanization gradients: increasing urban land cover and socio-cultural
development. The land cover data is used to analyze the level of anthropogenic exploitation in
a radius around the areas where bats have been sighted, while the spatial combining of
demographic data and bat sightings allows for a study on their geographical relationship. As
such, the study aims to study how the bats in Sweden are affected by some aspects of
urbanization. The analysis is thus formulated as follows: (i) How are the bat populations and/or
diversity affected by increased physical urbanization? (ii) How are the bat populations and/or
diversity affected by increased socio-cultural urbanization.

For further and deeper studies of the anthropogenic effects on bats and wildlife in Sweden,
science should move in closer and study more specifically what in the urban environment is
the driving factor to the change. This could be done by studying individuals living in such
environments and collecting more specific data through tests and observations over a long time
to determine what is the leading cause of a species rise or decline in the area. Some studies
have done this by examining the heterogeneity (Monck-Whip et al 2018) and connectedness
(Heim et al 2015) of bat habitats and found valuable results, however, more investigation is
needed to better our understanding of the environment. Due to the time frame of this study this
was not possible since most of the work has been done during the winter and early spring when
bats are hibernating and studying them up close would risk disturbing their wellbeing. Instead,
this study has focused on general patterns on a national level with the aim of providing better

knowledge of the anthropogenic relationship to the bats.
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3.1 Collection of data
As mentioned, the data for this study consists of

three parts (table 4), these three datasets are combined

geographically using the GIS-software ArcMap @
10.8.1.

The data of bat sightings provides the basis for the 4
study. This dataset consists of recordings of bats from . -h
the years 2017 and 2018 that have been reported to the &
artportalen.se database maintained by the Swedish ; .
Species Information Centre (SLU) at the Swedish : =
University of Agricultural sciences on behalf of the
Swedish Environmental protection agency (SEPA) & ,.’)'
(artportalen.se 2021). Sightings are reported by both o o .' ot °
private individuals and enthusiasts as well as ::": :‘is -
professionals such as researchers. Methods of ® “," 0 » ‘.i
observation vary from visual observations to audio : *‘-..:
recordings however, for the purpose of species ‘."’"“ °e

identification this study has only included audio

recordings. Some reports do not specify any species and Natf:\?grﬁsvle}kﬂap of all bat sightings, NMID
have thus been discarded from the dataset, this results in a total of 13038 bat sighting spread
across most of the country. The datapoints include such information as XY coordinates,
species, and threat level according to the Swedish red list.

The bat-data is combined with the other two datasets to examine the physical and socio-
cultural relationships between bats and urban environments. The land cover data from SEPA
is used to analyze the physical environment. This data consists of satellite data from 2015-2018
combined with laser scanning from 2009-2019 and has been developed to cover the whole
country in a resolution of 10-meter/pixel. The map-layer generally gives a high accuracy of
representation of the land cover, only having trouble with accuracy where there is dramatic
topography (NMD, Naturvardsverket 2020). This set of data supplies the study with
information on what kind of landcover bats have been sighted in. Originally the landcover is
divided into multiple variables of exploited land, forest types and wetland types. For this study

these have been combined into single variables of total exploited land, overall forest,

18



broadleaved forests, and total wetlands to reduce the number of variables in the statistical

testing. The combined variables are listed in table 2.

Table 2. Combined land cover variables and their original names from the NMD land cover data. Original land cover
attributes are combined into the Land cover variables used in the testing of this study. Original landcover attributes have been
translated to English from the original Swedish names.

Land cover variable Original landcover attributes
Exploited land Buildings
Railroads

Exploited land - not buildings or railroads

Water Lakes and watercourses
Farmland Farmland

Open ground without vegetation Open ground without vegetation
Open ground with vegetation Open ground with vegetation
Forest Spruce outside wetland

Coniferous forest outside wetland
Deciduous/coniferous forest outside wetland
Trivial deciduous forest outside wetlands
Broadleaf outside wetland
Deciduous/broadleaf outside wetland
Broadleaf forest Broadleaf outside wetland
Deciduous/broadleaf outside wetland
Broadleaf on wetland
Deciduous/broadleaf on wetland
Wetlands Open wetlands

Pine on wetland

Spruce on wetland

Coniferous on wetland
Deciduous/broadleaf on wetland

Trivial deciduous on wetland

Broadleaf on wetland
Deciduous/broadleaf on wetland

Temporary no forest on wetland

For the purpose of the land cover analysis bat points that are within 500 meters of each other
have been integrated and grouped by locales (see Figure 1). Around each locale a 500-meter
buffer is used to summarize the land cover of the surrounding area using the Tabulate area
function in ArcMap 10.8.1 which calculates the pixel area of the National land cover data
within each buffer. To avoid misrepresentation, original points that are located outside of these
buffers are excluded from the study, as are buffers that were made in between two points and

thus did not contain any original bat points. These are not given their own buffers as
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overlapping buffer areas do not work with the tabulate area function. This reduces the dataset
to 10160 points of bat recordings distributed across 418 different locales and a total of 18
species which can be used for the analysis.

0 250 500 1000

: Me{ers '

. Integrated bat sightings
. Bat sightings 500m radius study area

Figure 2 Example of how bat-points have been integrated into a single point representing a locale. Left picture shows
bat-points (green) before integration. Right picture shows all bat points integrated into one point (pink) representing the
locale around which land use is analyzed in a 500-meter radius (large pink circle).

Demographical statistical areas (DeSO)

provided by SCB are used to analyze the socio-

o cultural environments. This is a nationwide
division of areas based on population numbers and

° natural landmarks which divides the nation in 5984
areas (SCB 2021). Each of these areas hold

statistics of how many reside in the area, the

\ general income level, and the most common type
i, of living etc. By spatially combining the bat-points
. 1.‘ with the DeSO-zones which they reside in the
study is left with 306 DeSO-zones in which bats
have been found. These have then been analyzed
. to determine whether there are any significant
* relationships between the bats’ occurrence and
these socio-cultural variables such as average

Figure 3. Map exemplifying DeSO-zones with bats income, housing types, population density and the

found in them on Gotland. NMD Naturvardsverket,

SCB proportion of citizens with low financial standard
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(economic standard less than 60% of the national median). The DeSO-zones are divided based
on population numbers ranging from approximately 700 — 2700 people as well as natural
landmarks (SCB 2021). This means the size of the DeSO-areas differ in size as there are smaller
ones within more densely populated areas and larger zones outside the city centers. Thus, the
population density (DeSO-population/DeSO-area) in this study is different from the national
population density and varies considerably between DeSO-zones. Population density is used
in the analysis since population number in itself correlates too much with the other variables in
the data. The DeSO variables used in this study, their original description and how they have

been combined is listen in table 3.

Table 3. DeSO variables used in the analysis of this study.

DeSO variable Original DeSO variables

p/km? Population + DeSOzone area (km?)

Average income average income of households in thousand crowns (tkr)

Apartments Number of apartment buildings

Low financial standard Proportion of low financial standard (average income <60%
national standard)

Detached houses Number of detached houses

Since this study is more on a general, national level as opposed to an in-depth local analysis
it warrants a digital inventory of the land cover and the bats’ relationship to anthropogenic
environments. While a digital study risks missing some small-scale details that a physical in-
situ study would likely find, it allows for broader more general patterns to be identified and

studied in a more time efficient manner.

Table 4 Input data used in ArcMap to gather data on environments where bats have been found.

Data, format Attributes Source, Year
Bat sightings, Points Species, Coordinates, Artportalen.se, 2017-
Locales 2018
Land Cover data, Pixels Land cover type/10m NMD Naturvardsverket
2020
DeSO-zones, Polygons Demographic statistics SCB, 2018
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3.2 Analysis of data

Through the analysis the study seeks to answer the questions of whether the bats are affected
by urbanization, both physical and socio-cultural. This analysis is done by statistically studying
the relationship between the different variables in the statistics program R 4.0.4 (R core team
2021) and the additional packages; Political Science Computational Laboratory (pscl 1.5.5) for
zero-inflation models (Jackman 2020; Zeileis 2008); Analyses of Phylogenetics and Evolution
(ape 5.4-1) (Paradis 2019), Spatial Covariance Functions (ncf 1.2-9) (Bjornstad 2020) and
Spatial Dependence: Weighting Schemes, Statistics (spdep 1.1-7) (Bivand & Wong 2018) for
auto covariation analysis; and the package MASS 7.3-53.1 (Venables & Ripley 2002) for
negative binomial models and stepwise model selection.

This statistical analysis focuses on determining significant correlations between the number
of bats, species and individual species in a locale and land cover types/DeSo variables. For
most of the tests the study is using zero-inflation models (package pscl) with negative binomial
distribution (package MASS) which mainly helps adjust for the residual dispersion since the
response variables often have an inflation of O:s, or in the case of species 1:s. Zero-inflation
models let the study find not only if the explanatory variable (i.e. land cover) correlates to the
response variable (bats, species etc.), but also if the explanatory variable correlates to the total
absence or presence of the response variable. This is done by the model yielding a count
coefficient and a zero-inflation coefficient. The count coefficient explains the correlation
between the numeric value of the response and the explanatory variable while the zero-inflation
coefficient explains weather the explanatory variable affects the occurrence of the response
(i.e., bats). For example, if bats were to have a significant negative zero-inflation correlation to
exploited land, it would imply that exploited land makes it less likely for any bats to be found
in a locale.

In the models the study also factors in the spatial autocorrelation of the bats, that is, if the
number of bats or species in neighboring sites (up to 100km away) influences the number of
bats or species. The auto covariate is mainly included to improve the statistical models, it is
part of the study and included in every statistical analysis, but the results of the auto covariate
is not reported in the results. The MASS package is used for stepwise model selection which
selects the explanatory variables that gives the best model to explain the correlation using
stepwise AIC comparisons. The correlations of general bat numbers (all bats) and
landcover/DeSO data used a normal linear regression since there is no inflation of 0 due to

every locale having at least 1 bat sighting. Similarly, the zero-inflation model on number of
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species tests on the presence of only 1 species due to each locale having at least 1 species of
bats.

The models yield a coefficient estimate which indicates whether the correlation is positive
or negative and a p-value which (if <0.05) indicates if we can accept the correlation as
statistically significant. A species which shows a positive correlation to a type of land cover
could thus be considered as favored by that type of environment and possible assumptions can
be made about how the bats would be affected if the landscape changed. Plotting the residual
of each test to verify their residuals allowed for diagnosing for over/under dispersion in the
model.

Since the models are using multiple regression analysis, we are analyzing several variables
at the same time, meaning that we factor in other relationships between the variables when we
find a significant relationship. For example, poorer areas may also have more natural
environments. By factoring in both economic variables and population density at the same time,
we can adjust to the risk of observing the bats relations to natural environments when studying
the economic association. If we observe a significant relationship between bat abundance and
economic standard while factoring in population density, we minimize the risk of actually

observing the bats relation to population density through the economic variable.

4. Results & Analysis

In this section the results of the statistical analysis will be presented, introduced by a general
summary of the gathered bat data. The study has been conducted on data containing a total of
10160 bat sightings and 18 out of the 19 species occurred in Sweden, only lacking the rarely
seen and endangered (EN) Myotis bechsteinii. Two Myotis species Myotis brandtii and Myotis
mystacinus are combined in the data and analysis since it is difficult to differentiate the two
only through sound (Ahlén 2011). The data from artportalen.se also contained several
undetermined Myotis individuals which have been tested separately in the analysis.

Locales had a mean diversity of 5 bat species, with the most diverse locale having a total
of 16 species present while some only had a single bat species. The most common bat species
Eptesicus nilssonii was recorded 2102 times, followed by Pipistrellus pygmaeus (1662),
Nyctalus noctula (1096) and Myotis daubentonii (1080). The least common species were
Plecotus austriacus, with only a single recorded sighting, followed by Myotis alcathoe (4) and
Myotis myotis (11) all of which are either Critically endangered or endangered and have only
been encountered in southern Sweden (SLU Artdatabanken 2020, de Jong et al 2020). Some

species occurred in such low numbers that no significant correlations could be found, these
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were the three previous mentioned as well as Nyctalus leisleri and Pipistrellus pipistrellus. The
bats were divided over 418 locations for the land cover study, ranging from no exploited land
up to 73% exploited land cover. Locales also ranged from 0% up 98% forest cover, with as
much as 66% broadleaf forest, and from 0% to 75% wetland.

For the DeSO study the bats were divided over 306 DeSO-zones in which the bats
correlation to financial standard and population statistics were examined. The DeSO-zones
ranged from low populated areas of 718 people to more highly populated areas of up to 3470
people. Important to note is that the size of the DeSO-areas differs greatly since the boarders
follow general population numbers and landmarks, thus, the population density ranges from
0,0006 people/km? in the least densely populated areas to 10 people/km? in the densest
populated DeSO-areas. The average economic standard ranged from 209 thousand Swedish
crowns (t.kr) per year, a monthly income of approximately US$2000/month, up to 680 t.kr/y
(6700 USD/month). The proportion of low financial standard citizens ranged from 1% in the

wealthiest areas to 37% in the poorest.

4.1 Land cover analysis

The statistical analysis on the relationship between bats and land cover found multiple
significant associations, unfortunately, some of the less common species occurred in such low
numbers that they had no individual results but were a part of the overall bats and species tests.
Any significant results have been compiled and are presented in table 5.

Both general bat numbers and the number of species showed a negative correlation to
exploited land (Figure 2). Species also correlated negatively to open ground without vegetation
and positively to water for the count model. For zero-inflation, species correlated positively to
open ground with vegetation, suggesting that locales with some open vegetated areas allow for
more than one species to share the same habitat area. Both the abundance of bats and the
number of species correlated positively to broadleaf forest (Figure 4), indicating that rich and
diverse vegetation is important for the occurrence of bats. Species also correlated negatively
through zero-inflation with broadleaf forest, indicating that if there is no broadleaf forest it is
unlikely for multiple species to be present. The importance of broadleaf forest is also reflected
in the individual species analysis as almost every species had a positive count correlation to
that type of land cover. Eptesicus nilssonii, the most common species, even showed a positive
zero-inflation correlation to broadleaf forest, implying that broadleaf forests are a significantly

important habitat for the species.
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Figure 4. Scatterplots illustrating the count relationships between bats and two land cover types, blue line shows the least-square line
which represent the relationship between the two variables. Top left: (log)Bats negative count correlation to exploited land (r=-2,1
p<0,05). Top right: (log)Bats positive count correlation to broadleaf forest (r=3,29 p<0,05). Bottom left: number of species negative
count correlation to exploited land (r=-0,85 p<0,05). Bottom right: number of species positive count correlation to broadleaf forest
(r=1,21 p<0,05).

Similarly, exploited land cover had a negative correlation to most species, as did farmland.
Suggesting that most bats prefer natural environments, especially diverse broadleaf forests,
over the human made environments like cities and agricultural farms with a less diverse set of
trees and other vegetation. Two tests (Myotis mystacinus/brandtii and Pipistrellus nathusii) did
however show a positive zero-inflation correlation to exploited land while having a negative
count correlation to the same variable. This can be interpreted as these bats being found often
in urban environments, but in lesser numbers than when observed in less urban locales. A
possible explanation for this could be that these bats are more likely to be observed and reported
to artportalen.se in environments where there are humans, but when these bats have been
observed in other environments they have been found in greater number.

One species however, stood out from the others during the analysis. Myotis dasycneme
showed no negative correlation to exploited land and a positive correlation to farmland for both
the count and Zero-inflation coefficient, indicating that the species is favored by farmland. It
also showed a negative correlation to wetlands for both the count and zero-inflation coefficient
and a positive zero-inflation correlation to lakes and moving water, as well as a positive zero-
inflation correlation to open land with vegetation. This could suggest that Myotis dasycneme

indeed favors a different kind of habitat compared to most other bats in the study. While most
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bats seem to favor natural environments and especially broadleaf forests, Myotis dasycneme
also occurs in more open habitats and is not negatively impacted by the human influence.
Indeed, the species even seems to take advantage of the insect rich farm environments that
other species appear to dislike. Barbastella barbastellus also stood out as one of the few
species that did not have a negative correlation to exploited land. This could indicate that the
species is not as negatively impacted by urban exploitation as most other bats species, however
it does not show that it is favored by anthropogenic environments, as it did correlate negatively
(count) to open ground without vegetation.

Open ground appears to be the variable with the most varied responses. Some species like
Eptesicus serotinus (count), Myotis dasycneme (zero-inflation) and Nyctalus Noctula (zero-
inflation) had a positive correlation to open ground with vegetation while Eptesicus nilssonii
(zero-inflation), Myotis mystacinus/brandtii (count) and Vespertilio murinus (count) were
found less in locales with this land cover type. This is also reflected in the species diversity
positive zero-inflation to open ground with vegetation which saw more than one species in
locales with more open ground with vegetation. Similarly, we saw that species diversity
decreased with increased open ground without vegetation (count), while Eptesicus nilssonii
(zero-inflation), Myotis mystacinus/brandtii (zero-inflation) and Pipistrellus pygmaeus (zero-
inflation) were in fact all found more often in locales with open ground without vegetation.
Pipistrellus nathusii on the other hand had a strong negative correlation to this land cover type
for both the count and zero-inflation model. These results suggest that species that utilize a
more open landscape seem to thrive since all the most common species had a positive
correlation to open ground.

The relationship to water seems to vary between species. Some species like Barbastella
barbastellus (count) and Myotis dasycneme (zero-inflation) showed a positive relationship to
water while Myotis and Pipistrellus nathusii showed a negative (count) correlation to water.
Overall species richness also appears to increase with water, indicating that habitats with

waterbodies or moving water may allow for more species to find suitable habitat.

Table 5. Significant statistical results on the land cover analysis, Coefficient indicates whether there is a
positive or negative relationship between the response and the explanatory variable, p-value indicates the results
significance level. Explanatory count results show if the explanatory variable correlates to the number of the bats
or species. Zero-inflation results show if the explanatory variable correlates to the presence of bats or multiple
species in a locale.

Response Explanatory Coefficient P Explanatory variable  Coefficient p
Variables variable Count Zero-inflation
(log)Bats ‘Exploited land -2.103 <0.001

‘ Broadleaf forest 3.298 <0.001

26



Species
richness

Barbastella
barbastellus

Eptesicus
nilssonii

Eptesicus
serotinus

Myotis

Myotis
dasycneme

Myotis
daubentonii

Myotis
mystacinus +
brandtii

Myotis
nattereri

Nyctalus
Noctula

Pipistrellus
nathusii

Exploited land

Open ground
without vegetation
Water

Broadleaf forest
Farmland

Water

Forest
Broadleaf forest
Farmland

Exploited land

Broadleaf forest

Open ground with
vegetation
Exploited land

Wetlands
Broadleaf forest
Farmland
Exploited land
Water
Broadleaf forest
Farmland
Wetland

Broadleaf forest
Water

Farmland
Exploited land
Forest
Broadleaf forest
Farmland

Open ground with
vegetation

Exploited land
Broadleaf forest
Exploited land
Forest
Broadleaf forest
Exploited land

Broadleaf forest
Farmland

Open ground
without vegetation
Exploited land

-0.858

-5.956

0.800
1.215
3.657
4.931
6.287
3.387
-1.413

-3.731

1.389
4.275

-6.296
8.922
3.390

-5.052

-5.200

-2.490
2.618
5.126

-13.761

3.483
4.577
-2.292
-4.448
-1.744
2.792
-0.999
-2.116

-3.405
2.397
-4.369
2.120
3.980
-2.957

2.030
-3.054
-29.121

-9.176

0.038

0.014

0.002
0.001
0.016
0.016
<0.001
<0.001
<0.001

<0.001

0.015
0.043

0.007
0.004
0.023
<0.001
0.020
0.020
0.024
<0.001
0.001

<0.01
0.016
<0.001
<0.001
0.004
<0.001
0.020
0.035

0.009
<0.001
0.044
0.006
<0.001
0.001

0.005
<0.001
0.001

0.002

Open ground with
vegetation

Broadleaf forest

Open ground with
vegetation

Open ground
without vegetation
Broadleaf Forest

Farmland

Farmland
Wetland

Open ground with
vegetation
Forest

Water

Farmland

Open ground
without
vegetation

Exploited land

Open ground with
vegetation

Open ground
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4.2 Socio-cultural analysis
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Water

Open ground
without
vegetation

-199.455
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The analysis on DeSO variables and bats found a less diverse set of correlations, instead

most bats had similar results to the socio-cultural variables available through the DeSO

statistics. Significant correlations have been compiled in table 6. Both general bat numbers and

overall species showed a negative count correlation to population density (p/km?) (figure 5 &
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Figure 5 Scatterplots illustrating the count relationships between bats and three DeSO-variables, blue line shows the
least-square line which represent the relationship between the two variables. Top left: (log)Bats negative count correlation to
population density (people/km?) (r=-0,18 p=0,04). Top right: (log)Bats negative count correlation to the number of
apartments in an area (r=-0,05, p<0,05). Bottom: (log)Bats negative count correlation to the average income of the area (r=

-0,04, p<0,05).
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6), as did all the individual species that had significant results besides one. While Pipistrellus
pygmaeus also had a negative count correlation to population density it did also have a positive
zero-inflation correlation to population density, indicating that the species is often found in
more populated areas but in lesser numbers. Similarly, bats and species both decrease in count
with increased apartment buildings, as did several individual species. This further shows that
urban land exploitation negatively impacts the bats as was shown in the land cover analysis.
Barbastella barbastellus however, showed a positive count correlation to apartments, further
suggesting that the species may have a positive relationship to semi-urban environments.
Average income also showed a negative count relation to both bat abundance and number
of species in a locale (figure 5 & 6), as well as Myotis mystacinus/brandtii and Pipistrellus
nathusii. Species also had a positive zero-inflation correlation to average income, meaning that
higher average income DeSO-zones often had more than one species, but the overall diversity
still decreases with higher income. In this regard Vespertilio murinus stood out as the only
species with a positive count correlation to average income. Four species also showed a
significant correlation to the proportion of low-income citizens. Eptisicus nilssonii and
Pipistrellus nathusii had positive count relationships to the proportion of low-income citizens
while Myotis daubentonii and Myotis mystacinus/brandtii had negative zero-inflation

relationships to low-income proportions.
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Figure 6. Scatterplots illustrating the count relationships between bat species and three DeSO-variables, blue line shows
the least-square line which represent the relationship between the two variables. Top left: number of species negative count
correlation to population density (people/km?) (r=-0,16 p<0,05). Top right: number of species negative count correlation to
the number of apartments in an area (r=-0,02, p=0,047). Bottom: number of species negative count correlation to the average
income of the area (r=-0,019, p<0,05).
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Pipistrellus nathusii was found more often (count correlation) in DeSO-areas with more

low-income individuals while Myotis daubentonii and Myotis mystacinus/brandtii both had

negative zero-inflation correlation to low-income proportions. Meaning that these species are

less likely to be found in areas with a higher proportion of low-income individuals. On the

other hand, these species also showed a positive zero-inflation correlation to apartments,

implying they are present more often in areas with more apartments.

Table 6. Significant statistical results on the DeSO-zone analysis, Coefficient indicates whether there is a
positive or negative relationship between the response and the explanatory variable, p-value indicates the results
significance level. Explanatory count results show if the explanatory variable correlates to the number of the bats
or species. Explanatory zero-inflation results show if the explanatory variable correlates to the presence of bats
or multiple species in a locale.

Response Explanatory Coefficien p Explanatory variable  Coefficient p
Variables variable Count  t Zero-inflation
(log)Bats p/km? -0.188 0.04
Avg. income -0.040 0.003
Apartments -0.059 0.005
Species p/km? -0.165  0.002
Avg. income -0.019 0.006 Avg. income 0.063 0.042
Apartments -0.020 0.047
Barbastella Apartments 0.724 0.036
barbastellus
Eptesicus p/km? -0.272  <0.001
nilssonii Apartments -0.037  <0.001
Low-income 0.018 <0.001
Eptesicus Apartments -0.003  0.008
serotinus
Myotis Apartments -0.144 0021
Myotis p/km? -0.385  0.006 Apartments 0.580  0.007
daubentonii Low-income -0.311  0.001
Myotis p/km? -0.397  0.038 Apartments 0.403 0.005
mystacinus + | Avg. income -0.071 0.001 Low-income -0.287 0.008
brandtii
Myotis Avg. income -0.149  <0.001
nattereri Apartments -0.143 0.002
Nyctalus p/km? -0.543  <0.001
noctula
Pipistrellus p/km2 -0.744  0.006
nathusii Apartments -0.166  <0.001
Low-income 0.077 0.036
Detached houses -0.136 0.001
Pipistrellus p/km? -0.204  0.007 p/km? 1.279  <0.001
pygmaeus
Plecotus p/km? -0.989 <0.001
auritus
Vespertilio p/km? -0.575  0.001
murinus
Avg. income 0.091 0.001
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5. Discussion

The analysis found numerous associations between the bat fauna and both urban and rural
variables. In general, the study found that bat abundance and diversity is lower in areas with
more human development and denser population. These results agree with similar studies
which have found that urbanization has a homogenizing effect on urban bat populations
(Threlfall et al 2012; Threlfall et al 2016; Russo & Ancillotto 2015). A few species, however,
did not show any negative correlations to the anthropogenic environments, which could
indicate they are not as negatively impacted by the urban environments. Barbastella
barbastellus and Myotis dasycneme had no correlation to exploited land or population density
when most other species did (see table 5 & 6). Barbastella barbastellus also had a positive
correlation to the number of apartment buildings in an area, further indicating that the species
displays some synurbic traits. A possible explanation for these species showing such synurbic
relationships could be that they are commonly found roosting in buildings, but more
importantly they can commute directly to and from roosts and can utilize open areas for hunting
(Kyherdinen et al 2019). The fact that these species both have increased in number in recent
years (de Jong et al 2020) further attests to the assumption that these species have been able to
adapt to urban environments. This reflects what Threlfall et al (2011) found, that open-adapted
species were more common in urban environments than clutter-specialists (Threlfall et al
2011). Further evidence of these species utilizing more open environments is that they were
both found more in locales with more farmland land cover and Myotis dasycneme showed to
be more likely to be present in locales with more open ground with vegetation and farmland.
Open ground with vegetation showed to be an important land cover for more than one species
to be found, which also highlights that bats who can forage and move in open areas, such as
Myotis dasycneme, are possibly better suited for the current landscape in Sweden.

The complexity of habitats seems to be an important factor for bat abundance and diversity
as similar studies have shown that both bat abundance and diversity increases with a more
diverse and connected landscape (Heim et al 2015; Monck-Whipp et al 2018). Heim et al
(2015) found that bat populations were more numerous and diverse in grasslands that were
connected to forest edges and tree groves. Monck-Whipp et al (2018) also confirmed that bat
activity increased with farmland heterogeneity. These studies concur with the results found in
this study which found more species in locales with more landcovers like broadleaf forest,

water bodies and open ground with vegetation such as meadows and pastures.
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In Fact, we found that broadleaf forest is the single most important land cover for all bats in
Sweden. This variable showed a positive relationship to all species who had any significant
correlation and even appeared crucial for multiple species to even be found in the same locale.
This association between bats and deciduous forests is hardly surprising since previous
knowledge on bats have shown that most bats utilize broadleaf forests to some extent
(Kyherdinen et al 2019; section 2.1). Deciduous forests often have high insect production and
provide many of the linear landscape elements such as hedgerows and natural alleys that
especially smaller bats need for commuting. Broadleaf forests also provide good roosting
opportunities for species that rely on tree hollows and provide a more spatially complex habitat
than other vegetation. Although this study did not find any significant correlations for species
that are Critically Endangered (CR) or Endangered (EN), it showed that deciduous woodlands
had a significantly positive impact on all Near Threatened (NT) species. As such, Swedish bat
conservation needs to especially focus on preserving and facilitating broadleaf forests to secure
vital habitats for bats.

As with any study, there is the risk of human influence on the results. In the case of this
study there is the possibility that areas where bats have been recorded is affected by where
people decide to look for bats. It is possible that we notice this effect in the results as some
species are present more often in more urban areas, shown by a zero-inflation correlation but
show a negative correlation to the same variable through the count model. This could suggest
that the bat is found more in urban areas simply because there are more people there to notice
it. Similarly, it is possible that we find decreasing number of bats in more urbanized areas
because bigger inventory of bats is organized mainly in less urban environments with the intent
to maximize the number of bats recorded. However, the fact that most but not all bats show
similar results to the urban variables and that previous studies draw similar conclusions speaks
to the reality of these correlations between bats and the urban environment.

The analysis found little evidence that the income of the population would have any positive
effect on bat activity. In fact, we found that bats were less numerous and diverse in areas with
higher average income. Assuming that higher income would relate to higher urbanization this
would give further weight to the fact that there are less bats in urban environments, however
this is factored into the models with other variables. Only one bat, Vespertilio murinus, showed
a positive correlation to the average income of the population but this species still showed a
negative correlation to exploited land so it is difficult to say that it would benefit from the urban
habitat. Thus, unlike Li et al (2019) we did not find that the luxury effect has much positive

effect on bat activity and diversity in Sweden.
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Seeing as most species in this study showed significant negative correlations to urban
habitats, it is unlikely that the theory of intermediate disturbance is relevant to the Swedish bat
population. Although the study did not perform any groupwise testing on rural-suburban-urban
populations, it appears that most species are more numerous in rural areas with more broadleaf
forest. Diversity overall also decreased with more urban exploitation and increases with rural
variables like broadleaf forest and open ground with vegetation. In fact, we found more
evidence in line with that of Threlfall et al (2011) which found that net productivity and species
functional traits played a bigger role in determining the community structure. The unanimous
positive response to deciduous forests and some species displaying individual relationships to
habitats important to them such as water and cluttered meadows or woodlands, indicates that
individual functional traits and net productivity plays a bigger role in determining the suitability
of the habitat. However, since the bats show such similar results, we cannot draw any
conclusion on whether size of the bat or wing load has any effect on the suitability of the bats.
To examine this further, studies would have to incorporate such traits in the statistical testing
similar to how Jones et al (2003) did.

Our testing method did not include any variables specific to artificial light, but it is possible
that the trespass of artificial light sources is one of the reasons for the negative response of
exploited land. Much of the previous writing on the urban bats highlights the fact that artificial
light sources can affect the bats both negatively and positively (Rydell 1989; 1992; Russo &
Ancillotto 2015; Voigt et al 2018; Kyherdinen et al 2019). It is therefore advisable that urban
planners evaluate the impact of artificial light especially in areas with broadleaf woodlands and

in potential roosts.

6. Conclusion

This study concludes that increasing urban exploitation is a threat to the diversity and
abundance of bats in Sweden. Although some species appear to be capable of adapting to the
modern habitats, the general effect of the urban spread is negative. Considering the fact that
bats often reflect the state of the ecosystem as a whole (Jones et al 2009; Russo & Ancillotto
2015; Voigt 2016) this can be regarded as a sign on the state of the urban habitat. If we continue
to expand and develop our environment in the same way we have for the past 100 years, it is
likely that we will continue to see losses in abundance and diversity across many different taxa.

If urban planners want to create suitable habitats for bats, this study’s results indicate that
urban green areas should use deciduous trees and bodies of water to help form linear elements

and preserve connectivity between habitats. Additionally, preserving open vegetated areas such
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as meadows, pastures, and grasslands in connection to woodlands should help facilitate
diversity. These measures would hopefully lead to a more suitable habitat for bats and many

other organisms and create a more balanced urban environment for humans in the long run.

34



7. References

Ahlén, 1. (2011) Fladdermusfaunan i Sverige. Arternas utbredning och status. Kunskapslaget 2011. [The Bat
fauna of Sweden. Present knowledge on distribution and status.] — Fauna och Flora 106(2): 2-19

Arnett E.B, Baerwald E, Mathews F, Rodrigues L, Rodriguez-Duran A, Rydell J, Villegas-Patraca, Voigt C (2016)
Impacts of Wind Energy Development on Bats: A Global Perspective, In Bats in the Anthropocene:
conservation of bats in a changing world (eds Voigt C, Kingston T), pp. 295-324. Cham, Switzerland, and
Heidelberg, Germany: Springer.

Artportalen.se (2021) https://artportalen.se/Home/About [20-4-2021]

Avila-Flores R, Fenton B. 2005. Use of spatial features by foraging insectivorous bats in a large urban landscape.
J. Mammal. 86, 1193-1204. (10.1644/04-MAMM-A-085R1.1)

Berland A, Mason S M., (2013) Patterns in Residential Urban Forest Structure Along a Synthetic Urbanization
Gradient, Annals of the Association of American Geographers, July 2013, Vol. 103, No. 4 (July 2013), pp.
749-763

Bivand, Roger S. and Wong, David W. S. (2018) Comparing implementations of global and local indicators of
spatial association TEST, 27(3), 716-748. URL https://doi.org/10.1007/s11749-018-0599-x

Bjornstad O. N. (2020). ncf: Spatial Covariance Functions. R package version 1.2-9.

https://CRAN.R.project.org/package=ncf

Ceballos G, Ehrlich P, Barnosky A, Garcia A, Pringle R, Palmer T, (2015) Accelerated modern human—induced
species losses: Entering the sixth mass extinction, Science advances, 2015-06, Vol.1 (5), p.e1400253-
€1400253, DOI: 10.1126/sciadv.1400253

Ciechanowski, M. & Zapart A. (2012). The diet of the pond bat Myotis dasycneme and its seasonal variation in a
forested lakeland of northern Poland. Acta Chiropterol. 14(1): 73-79

Clark DR Jr (1981) Bats and environmental contaminants: a review. US Fish and Wildlife Service Special
Scientific Report, Wildlife No. 235, Washington, DC

Coleman, J.L., Barclay, R.M.R., (2011). Urbanization and the abundance and diversity of Prairie bats. Urban
Ecosyst. 15, 87-102, http://dx.doi.org/10.1007/s11252-011- 0181-8

Connell, J.H., (1978). Diversity in tropical rain forests and coral reefs. Science 199, 1302-1310.

de Jong, J. (1995). Habitat use and species richness of bats in a patchy landscape. Acta Theriol. 40: 237-248.

de Jong, J., Gylje Blank, S., Ebenhard T. & Ahlén, 1. (2020). Fladdermusfaunan i Sverige — arternas utbredning
och status 2020 — Fauna & flora 115(3): 2-16.

Downs, N.C. & Racey, P.A. (2006). The use by bats of habitat features in mixed farmland in Scotland. Acta
Chiropterol. 8: 169-185.

Erwin, D.H. (1998) The end and beginning: recoveries from mass extinctions, Trends Ecol. Evol. 13, 344-349

Fahrig, L., Arroyo-Rodriguez, V., Bennett, J. R., Boucher-Lalonde, V., Cazetta, E., Currie, D. J., ... Watling, J.
I. (2019). Is habitat fragmentation bad for biodiversity? Biological Conservation, 230, 179-186
https://doi.org/10.1016/j.biocon.2018.12.026

Grimm NB, Grove JM, Pickett STA, Redman CA (2000) Integrated approaches to long-term studies of urban
ecological systems. Bioscience 50:571-584. doi:10.1641/ 0006-3568(2000)050[0571: IATLTO]2.0.CO;2

Heim O, Treitler J, Tschapka M, Knémschild M, Jung K (2015) The importance of Landscape Elements for Bat
Activity and Species Richness in Agricultural Areas, PLoS ONE, Vol.10(7), p.e0134443

35


https://artportalen.se/Home/About
https://doi.org/10.1007/s11749-018-0599-x
https://cran.r/

Heinonen J & Junnila S, (2014) Residential energy consumption patterns and the overall housing energy
requirements of urban and rural households in Finland, Energy and buildings, June 2014, Vol.76, pp.295-
303, Elsevier.

IPBES (2018): Summary for policymakers of the assessment report on land degradation and restoration of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. R. Scholes, L.
Montanarella, A. Brainich, N. Barger, B. ten Brink, M. Cantele, B. Erasmus, J. Fisher, T. Gardner, T. G.
Holland, F. Kohler, J. S. Kotiaho, G. Von Maltitz, G. Nangendo, R. Pandit, J. Parrotta, M. D. Potts, S. Prince,
M. Sankaran and L. Willemen (eds.). IPBES secretariat, Bonn, Germany. 44 pages

Jackman S (2020). pscl: Classes and Methods for R Developed in the Political Science Computational Laboratory.
United States Studies Centre, University of Sydney. Sydney, New South Wales, Australia. R package version
1.5.5. URL https://github.com/atahk/pscl/

Jefferies DJ (1972) Organochlorine insecticide residues in British bats and their significance. J Zool 166:245-
263

Jones G, Jacobs D.S, Kunz T.H, Wilig, M.R., Racey, P.A (2009) Carpe noctem: The importance of bats as
bioindicators, Endangered Species Research, Volume 8, Issue 1-2, 8 April 2009, 93-115

Jones K, Purvis A, Gittleman J, (2003) Biological Correlates of Extinction Risk in Bats, The American naturalist,
2003-04, Vol.161 (4), p.601-614, https://www.jstor.org/stable/10.1086/368289

Kerth, G. & Melber, M. 2009. Species-specific barrier effects of a motorway on the habitat use of two threatened
forest-living bat species. Biol. Conserv.142: 270-279.

Kyherdinen, E.M., S. Aulagnier, J. Dekker, M.-J. Dubourg-Savage, B. Ferrer, S. Gazaryan, P. Georgiakakis, D.
Hamidovic, C. Harbusch, K. Haysom, H. Jahelkov4, T. Kervyn, M. Koch, M. Lundy, F. Marnell, A. Mitchell-
Jones, J. Pir, D. Russo, H. Schofield, P.O. Syvertsen, A. Tsoar (2019): Guidance on the conservation and
management of critical feeding areas and commuting routes for bats. EUROBATS Publication Series No. 9.
UNEP/EUROBATS Secretariat, Bonn, Germany, 109 pp.

Lesinski G, Gryz, J, Kowalski M, (2009) Bat predation by tawny owls Strix aluco in differently human-
transformed habitats, The Italian journal of zoology, 2009-12-01, VVol.76 (4), p.415-421

Li, H., Parker K A., Kalcounis-Rueppell, M C., (2019) The luxury effect beyond cities: bats respond to
socioeconomic variation across landscapes, BMC ecology, 2019-11-01, Vol.19 (1), p.46-46.
Lowenstein DM, Matteson KC, Xiao I, Silva AM, Minor ES. (2014). Humans, bees, and pollination services in

the city: the case of Chicago, IL (USA). Biodiversity and Conservation 23:2857-2874.

Luck, G.W., Smallbone, L., Threlfall, C.G., Law, B., (2013). Patterns in bat functional guilds across multiple
urban centres in south-eastern Australia. Landsc. Ecol. 28, 455-469, http://dx.doi.org/10.1007/s10980-012-
9842-0

Méathé Orsolya & Batary Péter (2015) Insectivorous and open-cup nester bird species suffer the most from
urbanization, Bird Study, 62:1, 78-86, DOI: 10.1080/00063657.2014.1000262

McKinney M. (2008) Effects of urbanization on species richness: a review of plants and animals. Urban
Ecosyst. 11, 161-176. (10.1007/s11252-007-0045-4)

Mckinney Michael L, Lockwood Julie L, (1999) Biotic homogenization: a few winners replacing many losers in
the next mass extinction, Trends in Ecology & Evolution, 1999, Vol.14(11), 450-453

36


https://github.com/atahk/pscl/

Monck-Whipp Liv, Martin Amanda E., Francis Charles M., Fahrig Lenore (2018) Farmland heterogeneity
benefits bats in agricultural landscapes, Agriculture, Ecosystems and Environment, 1 February 2018, VVol.253,
131-139

Morris, D.W. and Heidinga, L. (1997) Balancing the books on biodiversity, Conserv. Biol. 11, 287-290

NMD, Naturvardsverket (2020) Nationella marktackedata 2018 basskikt, Produktbeskrivning Utgava 2.2, 2020-
07-07, Naturvardsverket.

Norberg, U. M., and J. M. V. Rayner. (1987). Ecological morphology and flight in bats (Mammalia; Chiroptera):
wing adaptations, flight performance, foraging strategy, and echolocation. Philosophical Transactions of the
Royal Society of London B, Biological Sciences 316: 335-427.

Paradis E. & Schliep K. 2019. ape 5.0: an environment for modern phylogenetics and evolutionary analyses in R.
Bioinformatics 35:526-528.

Parkins K.L, Clark J.A (2015) Green roofs provide habitat for urban bats, Global ecology and conservation, 2015-
07, Vol.4 (C), p.349-357

Pearce, H. & Walters, C.L. (2012) Do green roofs provide habitat for bats in urban areas? Acta Chiropterol. 14:
469-478.

Pickett STA, Cadenasso ML, Grove JM, Nilon CH, Pouyat RV, Zipperer WC et al (2001) Urban ecological
systems: linking terrestrial ecological, physical, and socioeconomic components of metropolitan areas. Annu
Rev Ecol Syst 32:127-157. doi: 10.1146/annurev.ecolsys.32.081501.114012

R Core Team (2021). R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.R-project.org/.

Racey PA, Entwistle AC (2000) Life-history and reproductive strategies of bats. In: Crichton EG, Krutzsch PH
(eds) Reproductive biology of bats. Academic Press, London, 363-414

Russo D, Ancillotto L, (2015) Sensitivity of bats to urbanization: a review, Mammalian Biology, May 2015,
V/0l.80(3), 205-212

Rydell J (1989) Feeding Activity of the Northern Bat Eptesicus nilssonii during Pregnancy and Lactation
Oecologia, 1989, Vol.80(4), 562-565

Rydell J (1992) Exploitation of insects around streetlamps by bats in Sweden. Functional Ecology Vol. 6, No. 6
(1992), 744-750

Rydell J, Bogdanowicz W, Boonman A, Pettersson S, Suchecka E, Pomorski J, (2016) Bats may eat diurnal flies
that rest on wind turbines, Mammalian Biology 81 (2016), 331-339

Rydell J, Ottvall R, Pettersson S, Green M, (2017) Vindkraftens paverkan pa faglar och fladdermadss — Uppdaterad
syntesrapport 2017, Biologiska Institutionen, Lund University, Naturvardsverket rapport 6740, 2017

Rydell J. & Baagge, H.J. (1994). Vespertilio murinus. Mammalian Species 467: 1-6.

Rydell J. (1992a). The diet of the parti-colored bat Vespertilio murinus in Sweden. Ecography 15: 195-198.

Sala, O E ; Chapin, F S ; Armesto, J J ; Berlow, E ; Bloomfield, J ; Dirzo, R ; Huber-Sanwald, E ; Huenneke, L F
; Jackson, R B ; Kinzig, A ; Leemans, R ; Lodge, D M ; Mooney, H A ; Oesterheld, M ; Poff, N L ; Sykes, M
T ; Walker, B H ; Walker, M ; Wall, D H (2000) Global biodiversity scenarios for the year 2100, Science
(New York, N.Y.), 10 March 2000, Vol.287(5459), pp.1770-4

37



SCB (2021) DeSO-tabellerna | Statistikdatabasen — information och instruktioner, https://www.scb.se/hitta-

statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/deso-

tabellerna-i-ssd--information-och-instruktioner [22-04-2021]

SEPA (2006), Naturvérdsverket Handlingsprogram fér skydd av fladdermusfaunan. Ataganden enligt det
europeiska fladdermusavtalet EUROBATS, Rapport 5546 februari 2006

SEPA (2018) Naturvardsverket, Sweden’s Environmental Objectives — An introduction, Swedish Environmental
Protection Agency, Stockholm, ISBN 978-91-620-8820-0

SEPA (2020), Naturvardsverket, Fladdermdssen i Sverige http://www.naturvardsverket.se/Var-natur/Djur-och-
vaxter/Rad/Fladdermossen-i-Sverige/ [12-02-2021]

Sierro, A. & Arlettaz, R. (1997). Barbastelle bats (Barbastella barbastellus) specialize in the predation of moths:

implications for foraging tactics and conservation. Acta Oecologica 18: 91-106.

Simon, M., Hittenbligel, S. & Smit-Viergutz, J. (2004). Ecology and conservation of bats in towns and villages.
Schriftenreihe fir Landschaftspflege und Naturschutz 77. Federal Agency for Nature Conservation, Bonn

SLU Artdatabanken (2020). Rodlistade arter i Sverige 2020. SLU, Uppsala

Sol D, Gonzélez-Lagos C, Moreira D, Maspons J, Lapiedra O. (2014) Urbanisation tolerance and the loss of
avian diversity. Ecol. Lett. 17, 942-950. (10.1111/ele.12297

Stone E, Harris S, Jones G, (2015) Impacts of artificial lighting on bats: a review of challenges and solutions
https://doi.org/10.1016/j.mambio.2015.02.004

Teeling EC, Springer MS, Madsen O, Bates P, O'brien SJ, Murphy WJ (2005) A molecular phylogeny for bats
illuminates biogeography and the fossil record, Science. 2005 Jan 28; 307(5709):580-4.

Threlfall C, Law B, Penman T, Banks P, (2011) Ecological processes in urban landscapes: mechanisms
influencing the distribution and activity of insectivorous bats. Echography 34:814-826, 2011
doi:10.1111/j.1600-0587.2010.06939.x

Threlfall CG, Jung K. (2016). Urbanisation and its effects on bats—a global meta-analysis. In Bats in the
Anthropocene: conservation of bats in a changing world (eds Voigt C, Kingston T), pp. 13-33. Cham,
Switzerland, and Heidelberg, Germany: Springer.

Threlfall, Caragh G, Law, Bradley, Banks Peter B (2012) Sensitivity of insectivorous bats to urbanization:
Implications for suburban conservation planning, Biological Conservation, February 2012, VVol.146(1) ,41-52

Tonietto R, Fant J, Ascher J, Ellis K, Larkin D. (2011) A comparison of bee communities of Chicago green roofs,
parks and prairies. Landscape and Urban Planning 103:102-108.

United Nations (2017) World Population Prospects: The 2017 Revision, Key Findings and Advance Tables,
United Nations Department of Economic and Social Affairs/Population Division

United Nations (2019) Department of Economic and Social Affairs, Population Division. World Urbanization
Prospects: The 2018 Revision (ST/ESA/SER.A/420). New York: United Nations.

Venables, W. N. & Ripley, B. D. (2002) Modern Applied Statistics with S. Fourth Edition. Springer, New York.
ISBN 0-387-95457-0

Vitousek PM, Mooney HA, Lubchenco J, Melillo JM (1997) Human domination of Earth’s ecosystems. Science
277:494-499

38


https://www.scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/deso-tabellerna-i-ssd--information-och-instruktioner
https://www.scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/deso-tabellerna-i-ssd--information-och-instruktioner
https://www.scb.se/hitta-statistik/regional-statistik-och-kartor/regionala-indelningar/deso---demografiska-statistikomraden/deso-tabellerna-i-ssd--information-och-instruktioner
http://www.naturvardsverket.se/Var-natur/Djur-och-vaxter/Rad/Fladdermossen-i-Sverige/
http://www.naturvardsverket.se/Var-natur/Djur-och-vaxter/Rad/Fladdermossen-i-Sverige/
https://doi.org/10.1016/j.mambio.2015.02.004

Vizzari M, Hilal M, Sigura M, Antognelli S, Joly D, (2018), Urban-rural-natural gradient analysis with CORINE
data: An application to the metropolitan France, Landscape and urban planning, March 2018, Vol.171, pp.18-
29. ELSEVIER

Voigt C.C. and T. Kingston, (2016), Bats in the Anthropocene: Conservation of Bats in a Changing World, DOI
10.1007/978-3-319-25220-9 1

Voigt, C.C, C. Azam, J. Dekker, J. Ferguson, M. Fritze, S. Gazaryan, F. Holker, G. Jones, N. Leader, D. Lewanzik,
H.J.G.A. Limpens, F. Mathews, J. Rydell, H. Schofield, K. Spoelstra, M. Zagmajster (2018): Guidelines for
consideration of bats in lighting projects. EUROBATS Publication Series No. 8. UNEP/EUROBATS
Secretariat, Bonn, Germany, 62 pp. ISBN 978-92-95058-40-8

Zeileis A., Kleiber C., Jackman S. (2008). Regression Models for Count Data in R. Journal of Statistical Software
27(8). URL http://www.jstatsoft.org/v27/i08/.

39


http://www.jstatsoft.org/v27/i08/

