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Forord  

   Dette speciale er en del af et flerårigt projekt, vedrørende flagermus i Thy. Projektet er et sam-

arbejde mellem Biologisk Forening for Nordvestjylland (BFN), Naturstyrelsen Thy, National-

park Thy og Thisted Kommune. Der skal lyde en stor tak til koordinationsgruppen for dette pro-

jekt, samt de frivillige som har deltaget i projektet. En særlig tak rettes til Jan Durinck og Else-

marie Kragh Nielsen for deres store hjælp til tilblivelsen af dette speciale. Ydermere skal der 

lyde en tak til Hans J. Baagøe, Poul Hald Mortensen og Hugo Christensen for deres videns-bi-

drag til specialet.  

   Specialet er delt op i to dele. I første del præsenteres flagermusene som dyregruppe, deres evne 

til at ekkolokalisere og hvordan disse ekkolokaliseringer optages og analyseres til artsbestem-

melse. Anden del er en videnskabelig artikel omhandlende habitatpræferencer hos flagermus i 

Tved Klitplantage, med forslag til fremtidig forvaltning af natur i en flagermusvenlig retning. 

   I specialet var det forsøgt undersøgt, hvilke skovtyper indenfor en 100 meters-cirkel af detekto-

rerne, flagermusene foretrak eller undgik, og om alderen på skovparterne havde en betydning, 

for aktiviteten af flagermus. Disse undersøgelser byggede på et skovtypekort, stillet til rådighed 

af Naturstyrelsen Thy.  Undersøgelserne gav imidlertid nogle underlige resultater, bl.a. at en sti-

gende alder på skoven, skulle have en negativ effekt på aktiviteten af flagermus og at specielt 

birk og ahorn skulle være bedre end andre skovtyper (se Appendix 3). For bedre at forstå disse 

resultater, blev en del af de involverede skovparter inspiceret, med hjælp fra skovløber Henrik 

Kjær Bak, skovfoged Henrik Schjødt Kristensen og skovfoged Jacob Alstrup Aalborg. Inspektio-

nen viste, at skovkortene oftest ikke stemte overens, med hvad vi fandt i felten. Skovparterne 

havde en mere kompleks sammensætning end først antaget, hvor betegnelsen f.eks. ”Eg” var en 

hovedtræart, men uden information om indblanding af andre plantede arter. I nogle tilfælde 

havde selvsåede arter overtaget skovparten, så den oprindelige skovtype var i en overgang til en 

anden skovtype, og flere gange var skovkortet ikke fuldt opdateret efter sidste fældning/plant-

ning. Dette betød, at jeg undlod denne undersøgelse fra specialet. Dette førte dog til forbedringer 

i planlægningen af feltarbejdet i 2021, hvor undersøgelsen fortsættes i næste flagermus-sæson. 

Her vil skovparter med et stort indhold af en bestemt skovtype blive udvalgt i felten, og derefter 

undersøgt for aktivitet af flagermus. Resultater fra dette speciale og emner som udsprang fra spe-

cialet, vil også blive yderligere undersøgt i den kommende sæson, bl.a. effekten af nyetablerede 

søer og effekten af temperatur på fordelingen af flagermus mellem det åbne landskab og de tætte 

dele af skoven.    
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Echolocation and bat detection  

Bats in general  

   Bats are the only group of mammals to truly, actively fly. Other animal groups are only capa-

ble of gliding and cannot gain height when airborne (Dietz et al., 2009). Bats have been given 

the name Chiroptera, which means “hand wing”, due to the skeletal structure of their wings. Eu-

ropean bat species feed nearly exclusively on insects and other arthropods (Dietz et al., 2009). In 

especially tropical regions, bats may also feed on fruits, flowers, and nectar. Some bats even 

catch fish or small vertebrates like birds, mice, and frogs, and a few neotropical species has spe-

cialised in drinking blood from bigger vertebrates (Zukal, 2019). Bats have adapted to the colder 

seasons of the year, in the temperate regions, where there is a lack of insets, by being able to hi-

bernate (Davis, 1970). They lower their body temperature to the level of their surroundings, slow 

their heart- and breathing rates, and thereby achieves a low metabolic rate, that secures their sur-

vival without having to feed for long periods (Lyman and Chatfield, 1955). Most European bats 

are only active at night, where they feed, breed, and care for their young. They are able to exploit 

this niche, because of their ability to echolocate. 

Echolocation by bats   

   In 1793 Lazzaro Spallanzani, demonstrated that bats can fly and avoid obstacles, with their 

eyes covered (Russ, 2012, Dijkgraaf, 1960). Meanwhile, in 1794, Charles Jurine revealed that 

navigation in bats had something to do with their hearing (Jones, 2005). But it was not until the 

1930s that the technology allowed two Harvard students Donald R. Griffin and Robert Galambos 

to prove, that bats make high-frequency sounds and use the echoes of these calls to navigate, de-

tect and capture prey (Russ, 2012, Griffin and Galambos, 1941).   

   The echolocation system of bats is highly sophisticated. They produce high-frequency pulses 

from their mouths or noses in rapid succession, to construct a “sound picture” of their environ-

ment from the echoes, of these pulses. Bats can identify the size, position, and speed of objects 

within a three-dimensional space, and distinguish forms and surface textures (Russ, 2012).  

Each species has a unique pattern of signal types, and this diversity is likely to reflect adaptations 

to the ecological niches occupied by different bat species (Russ, 2012). For example, in Den-

mark, Nyctalus noctula, which often forages high, in the open space, produces very variable low-

frequency calls of relatively long duration and low repetition rate (Skiba, 2003, Baagøe and 

Jensen, 2007). Oppositely, Pipistrellus pygmaeus, which often forages near trees and bushes, 
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produces very high-frequency, regular calls of short duration, with a high repetition rate (Skiba, 

2003, Baagøe and Jensen, 2007). Species that occupy similar niches, may use similar patterns of 

echolocation, and some species overlap (Russ, 2012). Moreover, there can be variation within a 

species group, depending on the individuals’ sex, age, and body size, where they are currently 

located, and what they are doing (Møller et al., 2013). However, we are not able to recognize in-

dividuals from each other, yet (Russo et al., 2018). Besides calls used for orientation and hunt-

ing, bats also produce social calls to communicate, which are often more complex and at a lower, 

more far-reaching frequency, with trills and harmonics (Pfalzer and Kusch, 2003).    

Bat detection and species analyzation 

   Several techniques allow the detection of bats via their ultrasonic calls. This makes us capable 

of studying the bats, without disturbing them.  

   Heterodyne bat detectors and frequency division systems convert the ultrasonic calls from the 

bat, into frequencies audible to humans (Russ, 2012). This is done by lowering the frequency of 

the sound waves (Andersen and Miller, 1977). The sound may be heard in real-time, and identifi-

cation can be based upon the tonal qualities, rhythm, and repetition rate of the bat calls (Møller et 

al., 2013). Frequency-division systems can preserve some information about the call, so record-

ings can be analyzed using software, but not all details are stored (Russ, 2012). Both techniques 

can only detect one bat at a time but are highly useful to point out the direction of an active bat, 

in the field.  

   Time expansion bat detectors save all information of the original bat call digitally and replays 

it at a slower speed (Ahlen and Baagøe, 1999). Time expansion recordings are suitable for soft-

ware analysis and the detector can play the call of the bat in the field, but it cannot store the data 

while plying the calls at the same time. 

   Full-spectrum bat detectors (which are used in the following paper) record ultrasound in real-

time and provides the most accurate reproduction of bat calls for software analysis (Russ, 2012). 

The only disadvantage of this equipment, compared to the others, is the costs.    
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   When analyzing bat calls by soft-

ware, the data is visualised as a so-

nogram (Russ, 2012), where the 

acoustic signal is represented by 

frequency, time, and amplitude 

(Figure 1). The frequency is the 

number of soundwaves produced 

in a unit of time and is measured in 

kilohertz (kHz). The amplitude is 

the energy level of the soundwaves 

and is measured in decibel (dB). In 

addition to the sonogram, we also 

use a power spectrum, which 

displays amplitude against 

frequency (see Figure 2). These 

visualizations of the ultrasound 

make it possible to measure call 

parameters and detect shapes, that 

can lead to species identification.  

 

Figure 1 Bat call in a sonogram in the software Pettersson Batsound analysis pro-

gram. Time is on the x-axis, frequency on the y-axis, and the color shading repre-

sents the amplitude (black to blue is higher dB and red to yellow is less dB).  

Red/yellow dots to the right of the mostly blue bat call and at the bottom of the 

screen, are background noise and not part of the actual call. 

Figure 2 Power Spektrum of the same bat-call as in Figure 1, visualised in the software Pettersson Batsound analysis 

program. Time is on the x-axis and amplitude on the y-axis. This call has the most energy at around 60 kHz, as there is a 

peak in the amplitude of about -40 dB which fades out subsequently. 
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Call shape 

   Bats combine variations in dura-

tion and amplitude, which creates 

different “call shapes” in the sono-

gram. These shapes are described 

as frequency modulation (FM) and 

quasi-constant frequency (QCF) 

(Figure 3). QCF shapes are long-

distance ranging, where FM shapes 

give the bat higher detailed infor-

mation (Jones, 1999). Myotis spe-

cies tend to use FM shapes more, 

than others like Pipistrellus, which 

use more QCF in their calls for ori-

entation (Skiba, 2003). These dif-

ferences relate to the habitat that 

the bats use, flight capabilities of 

the bat, and the shape of their ears (Russ, 2012). See Appendix 1 for visualizations of call shapes 

of the species found in the following paper.  

Parameters for species identification 

   To identify the bat species that produced a series of calls, we measure parameters from fre-

quency (kHz) and time (ms) (Skiba, 2003). TABLE 1 lists parameters that can be measured from 

the sonogram and power spectrum, and Figure 4 visualises the measurements. When the parame-

ters have been determined, we compare these to the standard parameters of the species groups in 

the literature (Skiba, 2003, Baagøe and Jensen, 2007, Ahlen and Baagøe, 1999, Middleton et al., 

2014, Russ, 2012), but a large amount of variation in all call parameters within a species-group is 

common for all species (Russ, 2012). Appendix 1 lists the standard parameters for the bat species 

found in the following paper.  

 

 

 

 

 

Figure 3 Bat-call in a sonogram in the software Pettersson Batsound analysis program, 

with frequency modulation (FM) and quasi-constant frequency shapes (QCF).  
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TABLE 1 DESCRIPTION OF COMMONLY USED CALL PARAMETERS*  

Parameter Description 

Peak frequency Frequency of the maximum amplitude of the spectrum 

Minimum frequency Minimum frequency of the call 

Inter-pulse interval The duration between two adjacent calls  

Duration Duration of the call 

 *This table is inspired by table 4.2 in the book: British Bat Calls - a guide to species identification by Jon Russ, 2012 

 

Harmonics, echoes, or more than one bat 

   It is important to be able to distinguish between harmonics, echoes, or if there is more than one 

bat, when analysing bat calls, to avoid mistakes. Harmonics are calls at higher frequencies and 

lower amplitude than echolocation calls (Matson, 2011). Often, bats produce harmonics to in-

crease the bandwidth of their call and thereby receive more information about their surroundings 

(Russ, 2012). The harmonics sit directly above the echolocation calls and are of the same shape 

as the echolocation calls, as seen on Figure 6 (Matson, 2011). Recordings of bat calls can also 

contain repeated calls that may look similar to harmonics. This can happen if the call from the 

bat hits a hard surface, like a tree or a wall, and bounce back at the detector. This is called ech-

oes. But, if the “echoes” are not regular repeats of the call patterns or not directly above the 

Figure 4 Example of measurements taken from a single bat-call in the software Pettersson analysis program. 
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echolocation call, there may be more than one bat (Russ, 2012). It is therefore important to be 

able to distinguish between harmonics, echoes, and several bats, to avoid the registration of more 

bats than there are present.  

Figure 6 Harmonics on an echolocation call from the species Myotis dasycneme in a sonogram, in the software Pettersson analysis 

program. The “lower” part is the echolocation calls, and the “upper parts” is the harmonics. 

Figure 5 Feeding buzz from the species Myotis dasycneme in a sonogram, in the software Pettersson analysis program. Before and 

after the feeding buzz, “normal” echolocation calls are produced by the bat.  
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Feeding buzz  

   We are able to detect when bats catch prey, by analysing the shape of their calls, because, the 

call shape changes, when a bat catches an insect, as seen on Figure 5. As the bat moves closer to 

its prey, the echo of its call returns faster to the bat, so the bat produces more rapid calls to re-

ceive information at a more useful rate. Immediately after insect capture, there is a gap while the 

bat consumes the insect and then the calls return to “normal” (Britton and Jones, 1999, Russ, 

2012).  

Social calls 

   We can also detect when the bats are communicating with each other, these calls are called so-

cial calls. Social calls include for example calls for attracting a mate, calls to scare off competi-

tors, calls for help, or mother-infant communication. These calls are very structurally complex 

compared to echolocation calls for orientation, as they contain more information (Pfalzer and 

Kusch, 2003). Social calls are often at a lower frequency because they must travel long distances 

to reach other bats. Some social calls can be heard by the human ear. Calls for attracting a mate 

are well documented (Chaverri et al., 2018) The mating season starts late summer or earlier, and 

during this time males call for long periods throughout the night. Females select a mate based on 

how great a proportion of the night the males spend on making attraction calls (Russ, 2012). On 

Figure 7 these attracting calls are seen from the species Pipistrellus pygmaeus which was often 

detected in the following paper.  

Figure 7 Social calls form the species Pipistrellus pygmaeus in a sonogram, in the software Pettersson analysis program. Above 

the social calls are echolocation calls.  
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Abstract  

   We recorded calls from eight different bat species in Tved Plantation in Thy National Park of 

Denmark, including the vulnerable species Myotis dasycneme. More than 100,000 individual bat-

calls were analysed in this study, to clarify the habitat preferences of the bats living in the planta-

tion and provide recommendations for future management of nature in a bat-friendly direction.  

   Our study showed a positive correlation between the activity of several bat species and the 

proximity to water. This was mainly the case in summer, where female bats nurture the young 

and are bound to the colony. We found that in summer and fall, both species previously known 

to roost in buildings, as well as species without this preference reported earlier, were positively 

correlated with proximity to buildings. We found that smaller bat species avoided clearings in 

the forest, while bigger species were attracted to them. We also saw that the richness of plant 

species in an area, and the richness of tree/bush species in forest edges, affect the activity of bats, 

positively. Furthermore, our study demonstrated that the presence of water, high-stemmed 

stumps, and standing dead trees were positively correlated with the activity of many bat species, 

while brushwood was negatively correlated in all significant events. These findings resulted in 

management suggestions, to improve natural hydrology and create ponds in the plantations, as 

well as clearings with a high richness of plants and diverse forest edges. Finally, we recommend 

being careful when restoring or removing buildings in or near the plantations, as they may con-

tain breeding or roosting bats.  
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Introduction 

   There are around 1400 species of bats worldwide. Bats comprise about 20% of all classified 

mammal species in the world, only topped by rodents with approx. 2300 species (Zukal, 2019). 

Thus, bats comprise a significant part of the overall mammal biodiversity. In Denmark, there are 

identified 17 bat species and 12 of them have been observed in the North-western Danish region 

called Thy (Durinck et al., 2019a). Four of these have been observed only a few times, but about 

eight species can be found regularly in this region (Durinck and Nielsen, 2020). All species of 

bats in Denmark are protected under The Habitats Directives annex IV list of protected species, 

as well as specific Danish legislation (Miljø- og Fødevareministeriet, 2018). Denmark has an es-

pecially large responsibility to protect the species Myotis dasycneme, as it is categorised as vul-

nerable on the IUCN Red List of Threatened Species and also placed under annex II, under The 

Habitats Directive (Aarhus Universitet, 2019, Miljø- og Fødevareministeriet, 2018). Despite this, 

there is limited knowledge about the local habitat preferences of the Danish bat species.  

In this study, we studied the habitat preferences of the bat species located in Tved Plantation in 

Thy.  

   Our hypotheses in this study were: 

1. Clearings, which act as an insect trap, are the single most important factor for bat activity 

in a forest. 

2. The proximity to water affects the activity of all bat species, positively, while the proxim-

ity to buildings affects only the species previously known to roost in these.  

3. The richness of plants, presence of water, and deadwood affect the bat activity positively. 

 

   We tested these hypotheses in Tved Plantation, with the use of bat-detectors, which records the 

echolocations of the active bats. These recordings can be analysed to detect the specific species 

of the bat which has produced the calls, as well as certain forms of behaviour.  

This study will act as a basis for a discussion of improvements of bat-friendly nature manage-

ment in general, and particularly in Thy.  
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Materials and methods 

Study site  

   We conducted the study in Tved Plantation, located in the northern part of Thy National Park 

owned mainly by The Danish Nature Agency. This location was chosen, based on an earlier 

study, which mapped out the activity of bats in Thy National Park (Durinck et al., 2019b). The 

Plantation has an area of around 860 ha and is located on top of a glacial moraine, overlaid with 

sand dunes. As it is located close to the North Sea, it is affected by salt and strong westerly 

winds. The land is dominated by coniferous forests (57%) that are actively managed through cut-

ting. Other habitat types include deciduous forests (16%), agricultural landscape (2%), lakes 

(0,8%), and permanent grassland (0,4%) (Schjødt, Naturstyrelsen Thy). 

Bat Data Collection 

   We included 59 detector locations; all located in Tved Plantation (Figure 8). The divisions of 

the locations are specified in TABLE 2. The selection of the locations was carried out after in-

spection of the plantation by the author. 

 

TABLE 2 DETECTOR LOCATIONS 

Location Specification Placement criteria 

Clearings 30 of the locations were clearings in the for-

est of varying sizes. These sites are areas in 

the plantation where most trees have been cut 

and the area is exposed to light. 

Placed as to obtain a balanced se-

lection of east/west locations, 

sizes, forest age, and plant com-

position, thus covering the full 

variation of the plantation. 

Forest-sites  

(controls) 

10 forest-sites acted as controls for the clear-

ings, in the study of the efficiency of clear-

ings in woodland to raise bat activity.  

These sites were placed inside wooded areas, 

with no clearing.  

Placed in diverse woodlands: co-

niferous trees, deciduous trees, 

low and high density. 

Forest-sites 12 locations were forest sites, with no rela-

tion to the clearings. 

Placed in woodlands with an as-

sumed specific composition of 

trees. 

Management-sites 5 locations in areas with active management 

activities. 

Selected by The Danish Nature 

Agency. 

Lake-sites 2 locations were lake sites, where the detec-

tor was placed near the shore. 

Placed at lakes of a decent size. 
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   Data was collected passively without a researcher present, as recommended in the literature 

(Teets et al., 2019, Faure-Lacroix et al., 2019). We placed the detectors 1 meter above the 

ground (Loeb et al., 2019), sheltered from the prevailing westerly winds, i.e. in the southwestern 

corners of clearings and out of sight of public visitors, close to the forest edge. The detectors 

were left at the sites for three consecutive nights, when weather conditions were favourable, i.e., 

weak winds, little to no rain, and temperatures above 10⁰C. The study was carried out two times 

in the breeding period approx. July 20 – August 7 and two times in the late summer/fall period 

approx. August 10 – September 15, according to the Danish National Management Plan for Bats 

(Møller et al., 2013). The last period is where the new cohort of the year is airborne (Møller et 

al., 2013). We used detectors and microphones of the brand Wildlife Acoustics SM2+ and 

SM4bat FS. The detectors were programmed to start recording at sundown and stop at sunrise 

using date, time, and its built-in almanac, recording at 10kHz to 192kHz with a sampling rate of 

180 – 384k per second. Subsequently, all recordings were broken up into WAV-files at a maxi-

mum of 5 seconds length. The sound-files were processed using the Wildlife Acoustics 

Figure 8 Map of Tved Plantation with markings of detector locations. TABLE 2 clarifies the 5 different locations. The map was 

made in QGIS using a background map from www.kortforsyningen.dk. 

http://www.kortforsyningen.dk/
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Kaleidoscope Software, to sort out most noise-files, not containing bat sounds. The bat sound-

files were then analyzed in the Pettersson Batsound analysis software, using the criteria from the 

literature of species identification from bat sounds (Skiba, 2003, Baagøe and Jensen, 2007, 

Ahlen and Baagøe, 1999, Middleton et al., 2014, Russ, 2012), to identify the species, detect the 

amount of bat-activity as well as, social sounds, and feeding buzzes.  

Habitat Data Collection  

   The area of each clearing was measured using the Garmin GPSMAP 64’s Area Calculation 

function. In both the clearings and controls, we made a list of all plant and tree species, classify-

ing them into 5 categories: Very common, common, occasional, rare, and very rare (Petersen and 

Vestergaard, 2006). We analysed the vegetation structure, using a modified version of the 

method used in the Habitat Directive terrestrial habitats (Fredshavn and Ejrnæs, 2007). Here, we 

estimated the vegetation cover, divided into area share with grass/herbs vegetation, dwarf shrubs, 

and canopy cover. We inspected forest edges around the clearings and registered species of trees 

and bushes and classified the vegetation as either dense, medium, or open. In addition, we regis-

tered if the clearings contained high-stemmed stumps, standing dead trees, brushwood, or wa-

ter/moisture. The habitat analysis was solely based on empirical data, gathered in situ in the plan-

tation.  

GIS Data 

   Data concerning distances were calculated using the QGIS program.  

The distance to the nearest lake or pond from the detector was calculated via the function 

“NNJoin” in the program. Information about the location of the lakes and ponds near Tved was 

obtained from The Danish Environmental Portal and The Danish Nature Agency. The distance to 

the nearest building from the detector was calculated via the function “Distance to nearest hub”. 

The location of buildings near Tved was obtained by visual inspection of orthophotos from 

www.kortforsyningen.dk.  

Statistical Analyses  

   The collected data was gathered in a database and the bat data was transformed into bat activity 

per night, with an average of the two periods summer and late summer/fall, respectively. The ac-

tivity was separated into 24 categories (see TABLE 3) and normalized using log(1+x) transfor-

mations. The homogeneity of variance and normality of the data was validated via residual and 

normal quantile plots. All categories of bat activity per night were fitted separately via a linear 

http://www.kortforsyningen.dk/
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normal model with fixed effects of the different factors listed in TABLE 4. This was followed by 

model reduction to avoid multicollinearity. Some locations were not used in all analyses, see 

TABLE 4. 

 

TABLE 3 CATEGORIES OF BAT ACTIVITY PER NIGHT* 

Summer Categories Late summer/ fall categories  

All species summer All Species fall 

All species wo/social calls summer All species wo/social calls fall 

All feeding buzzes summer All feeding buzzes fall 

All social calls summer All social calls fall 

Bat species richness summer Bat species richness fall 

M. dasycneme summer M. dasycneme fall 

M. dasycneme wo/social calls summer M. dasycneme wo/social calls fall 

M. dasycneme feeding buzzes summer M. dasycneme feeding buzzes fall 

M. dasycneme social calls summer M. dasycneme social calls fall 

P. nathusii summer P. nathusii fall 

P. nathusii wo/social calls summer P. nathusii wo/social calls fall 

P. nathusii feeding buzzes summer P. nathusii feeding buzzes fall 

P. nathusii social calls summer P. nathusii social calls fall 

P. pygmaeus summer P. pygmaeus fall 

P. pygmaeus wo/social calls summer P. pygmaeus wo/social calls fall 

P. pygmaeus feeding buzzes summer P. pygmaeus feeding buzzes fall 

P. pygmaeus social calls summer P. pygmaeus social calls fall 

M. daubentonii summer M. daubentonii fall 

M. daubentonii wo/social calls summer M. daubentonii wo/social calls fall 

M. daubentonii feeding buzzes summer M. daubentonii feeding buzzes fall 

M. daubentonii social calls summer M. daubentonii social calls fall 

Eptesicus serotinus summer Eptesicus serotinus fall 

Vespertilio murinus summer Vespertilio murinus fall 

Nyctalus noctule summer Nyctalus noctule fall 

*The category “Bat species richness” represents the number of different bat species, detected at each site. 

The abbreviation wo/social calls, means without social calls. 
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TABLE 4 FACTORS FOR ANALYSIS* 

Factors  Measurements Range of analysis 

Nearest lake or pond from the 

detector (see GIS Data) 

Distance measured in meters  All 59 sites 

Nearest building from the de-

tector (see GIS Data) 

Distance measured in meters All 59 sites 

Clearings Absence/presence of a clearing 30 clearings + 10 controls  

Plant species richness at the 

site   

Sum of forbs, graminoids, and woody 

plant species form the species list (see 

Habitat Data Collection) 

30 clearings + 10 controls 

Trees/bush species richness 

along the forest edges 

Sum of the species list of the forest edges 

(see Habitat Data Collection) 

30 clearings 

High-stemmed stumps Absent/present at the site 30 clearings + 10 controls 

Standing dead trees  Absent/present at the site 30 clearings + 10 controls 

Brushwood Absent/present at the site 30 clearings + 10 controls 

Water/moisture Absent/present at the site 30 clearings + 10 controls 

*The first two factors are analysed in the same procedure, the next three factors in the same procedure, and the last four in the same 

procedure (see TABLE 6 and TABLE 8)  

 

   The classifications of the two species-lists of the plants in clearings/control areas and the 

trees/bushes at the forest edges were tried out as a basis in the statistical analysis, but no useful 

results emerged. This was also the case with the analysis of the vegetation structure and the anal-

ysis of the area of the clearings. These are therefore excluded from the following.  
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Results 

   We analyzed in total 101,186 recordings of bats. We were able to identify 96% to species. 3% 

was categorized as the Myotis genus, 1% was categorized in a group of E. serotinus, V. murinus 

and N. noctule, and less than 1% were unidentified.  

 

TABLE 5 FREQUENCY OF OCCURRENCE OF BAT CALLS PER SPECIES* 

Bat species Number of recordings 

Pipistrellus pygmaeus 55785  

Pipistrellus nathusii 24255 

Myotis daubentonii 9932  

Myotis dasycneme 3314  

Eptesicus serotinus 2445  

Vespertilio murinus 808  

Nyctalus noctule 379  

Plecotus auritus 9  

*The recordings do not represent individual bats, but the activity of bats (see Bat Data Collection for more information). 

 

   P. pygmaeus and P. nathusii were the most common bat species detected in the plantation and 

Plecotus auritus was, not surprisingly the least recorded species (see TABLE 5), as it is very dif-

ficult to detect, due to its extremely weak sonar pulses (Baagøe and Jensen, 2007).   

 

TABLE 6 THE EFFECT OF THE DISTANCE TO NEAREST LAKE OR POND AND 

NEAREST BUILDING* 

Category Lake/pond Building 

All species summer 0.003 0.003 

All species wo/social calls summer 0.012 0.008 

All feeding buzzes summer 0.024 0.027 

All species fall  0.009 

All species wo/social calls fall 0.014 0.007 

M. dasycneme summer 0.034  

M. dasycneme wo/social calls summer 0.035  

P. nathusii summer 0.034 <.001 

P. nathusii wo/social calls summer 0.049 0.001 

P. nathusii fall  0.025 

P. pygmaeus summer  0.043 
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P. pygmaeus wo/social summer  0.017 

P. pygmaeus calls fall  0.043 

P. pygmaeus wo/social calls fall  0.010 

M. daubentonii summer 0.003 0.040 

M. daubentonii wo/social calls summer 0.003 0.043 

E. serotinus summer 0.008 0.003 

E. serotinus wo/social calls summer 0.009 0.003 

*Significant P-values under 0,05% are shown in the table. Non-significant values are omitted from the table.  

All numbers marked with red have negative estimates and all black have positive.   

 

TABLE 7 THE EFFECT OF CLEARINGS, PLANT SPECIES RICHNESS AT THE 

SITE, TREE/BUSH SPECIES RICHNESS ALONG THE EDGE OF THE CLEARINGS* 

Category Clearings Plant species 

richness 

Trees/bush spe-

cies richness 

All species fall 0.008 0.038 0.009 

All species wo/social calls fall   0.036 

All feeding buzzes fall 0.018  0.001 

All social calls fall 0.005  0.012 

Bat species richness fall  0.007  

M. dasycneme summer 0.007   

M. dasycneme wo/social calls summer 0.007   

M. dasycneme fall  0.001  

M. dasycneme wo/social calls fall  0.025  

P. nathusii fall  0.039  

P. nathusii wo/social calls fall  0.005  

P. pygmaeus fall 0.006  0.003 

P. pygmaeus wo/social calls fall   0.002 

P. pygmaeus feeding buzzes fall 0.006  0.001 

P. pygmaeus social calls fall 0.005  0.011 

V. murinus summer 0.020   

V. murinus wo/social calls summer 0.020   

V. murinus fall 0.004   

*Significant P-values under 0,05% are shown in the table. Non-significant values are omitted from the table. All numbers marked 

with red have negative estimates and all black have positive. There were no significant correlations between bat activity and the 

area of the clearings.   
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TABLE 8 THE EFFECT OF HIGH-STEMMED STUMPS, STANDING DEAD TREES, 

WATER AND BRUSHWOOD* 

Category Stumps Dead trees Water Brushwood 

M. dasycneme summer  0.042 0.008  

M. dasycneme wo/social calls sum-

mer 

 0.045 0.008  

Bat species richness summer 0.001   0.003 

P. nathusii fall 0.009    

P. nathusii wo/social calls fall 0.002   0.049 

M. daubentonii feeding buzzes 

summer 

  0.010  

N. noctule summer 0.001 0.009   

N. noctule wo/social calls summer 0.001 0.012   

V. murinus summer 0.001   0.025 

V. murinus wo/social calls summer 0.001   0.025 

*Significant P-values under 0,05% are shown in the table. Non-significant values are omitted from the table. All numbers marked 

with red have negative estimates and all black have positive. 

 



 

 

Discussion  

The effect of the distance to the nearest lake or pond  

   We found that the bat activity generally increased with decreasing distance to water. Several 

summer categories, where all bat species were involved, had a significant correlation with the 

distance to the nearest lake or pond. The category: “All species without social calls” were also 

significant in fall. The species M. dasycneme, P. nathusii, M. daubentonii, and E. serotinus were 

all significantly affected by the distance to water, but only in summer (see TABLE 6). Lakes and 

ponds attract and act as breeding habitats for many insects, which attract the bats. Especially M. 

daubentonii and M. dasycneme prefer hunting over water (Dietz et al., 2009) and the bats, like 

many animals, also drink from the ponds and lakes. In summer, it was noticeable, that a large 

proportion of the bats seemed to forage close to lakes, as there was a negative correlation be-

tween feeding buzzes of all species combined and increased distance to the nearest lake, in this 

period. This suggests that many bat species benefitted from nearby lakes and ponds; especially in 

the period before the new cohort of the year is airborne and the female bats are tied to the breed-

ing colonies. 

The effect of the distance to the nearest building 

   We observed a similar pattern regarding distance to the nearest building, where bat activity in-

creased with decreasing distance. P. nathusii and P. pygmaeus were significantly affected in both 

periods and M. daubentonii and E. serotinus only in summer (see TABLE 6). Many bat species 

make roosts in houses and buildings and some species even prefer it to holes and cracks in trees. 

M. pygmaeus and E. serotinus thrive well near humans and they are some of the species most 

frequently found in houses in Denmark (Baagøe and Jensen, 2007). In Tved Plantation, previous 

studies have shown, that P. nathusii has a colony in the buildings near the location T1 (see Fig-

ure 9) (Durinck and Nielsen, 2019). However, P. nathusii is known to prefer a wide range of 

roost-sites in general and M. daubentonii only rarely roost in buildings (Baagøe and Jensen, 

2007). It should be noted that three buildings in the plantation, including the church, lies in the 

oldest parts of the plantation and the gardens of other nearby houses also contain big old trees 

and a high richness of plant species. This can bias these results to some degree. However, the 

negative correlation between increasing distance to buildings and the activity of P. nathusii and 

M. daubentonii could be due to the young age of the plantations in Thy, which may not provide 
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enough suitable roosting trees, with holes, twined branches, and loose bark. The plantations of 

Thy are relatively young because of over-exploitation and sand drift, which ended in the 1800s 

(Hald-Mortensen, 2018), and the subsequent management, with tree harvest. Especially, the 

patches with deciduous trees in the plantations are young and few. This is due to an old policy, 

that the plantations first and foremost, should be cost-effective and strive for profit and as the di-

rector of the plantation, Poul Thaarup wrote in his book: “Deciduous trees are not planted in 

larger quantities, as they do not tolerate the strong winds from the west coast” (Thaarup, 1953). 

This policy ended when the agencies were transitioned into The Danish Forest Agency in 1971. 

Due to the present findings and the fact that P. nathusii and M. pygmaeus are some of the most 

common species in Thy (Durinck and Nielsen, 2019), it is, therefore, important to consider bats, 

when restoring or removing old buildings in or near the woods in Thy.  

The effect of clearings  

   There is an inconsistency in whether the activity of bats is positively or negatively correlated 

with the presence of clearings. In fall, the social calls, feeding buzzes, and the category with all 

species of bats combined were negatively correlated with the presence of clearings. This was 

also the case with P. pygmaeus, which were the most abundant species in this study (see TABLE 

5). P. pygmaeus forage near vegetation and often between branches (Dietz et al., 2009), this may 

be why this species avoids the clearings. M. dasycneme and V. murinus were in contrast posi-

tively correlated with the presence of clearings. These species prefer to hunt in more open places, 

than smaller and more manoeuvrable species like P. pygmaeus (Dietz et al., 2009). This suggests 

that making clearings in densely wooded areas in Thy, may attract more species than just the 

most common ones. 

The effect of the richness of forbs, graminoids, and woody plants at the site of the detector place-

ment 

   P. nathusii and M. dasycneme were significantly affected by the plant composition at the site 

of the detector placement in fall. The same is the case with the category with all species com-

bined and the bat species richness. Bat activity and richness rose, with rising numbers of plant 

species at the sites (see  

TABLE 7). A higher plant species richness probably facilitates a higher abundance and species 

richness of insects to be consumed by the bats. This seems to be particularly true, for the two bat 

species mentioned above. To enhance a high richness of plants, we recommend spreading seeds 
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of native species of plants, in areas where the tree have been harvested. Spreading seeds can be 

necessary to speed up the process, because seeds can have difficulty reaching a clearing, due to 

the forest and forest edges, which act as barriers for seeds (Devlaeminck et al., 2005). Choosing 

plant seeds of local provenance is important to avoid the spread of invasive species or genotypes 

and to secure the attraction of the insects, which are often attached to certain plants/trees.      

The effect of the richness of trees/bushes along the forest edges of the clearings 

   As it was the case with the plants at the detector placement, the bat activity rose at the clear-

ings with a higher richness of trees and bushes at the forest edges. We observed a significant cor-

relation between this, and all combined categories with and without social sounds and feeding 

buzzes in fall. P. pygmaeus in fall and the social calls of P. nathusii in summer have a similar 

correlation (see  

TABLE 7). It, therefore, seems important to secure diverse forest edges, when creating clearings, 

either by planting or spreading seeds.   

Presence of high-stemmed stumps at the site of the detector-placement 

   Some clearings contained several high-stemmed stumps, due to the requirements to obtain the 

FSC- and PEFC-certificating on the wood (Forest Stewardship Council, 2018, PEFC Danmark, 

2012). The presence of the high-stemmed stumps correlated positively with the richness of the 

bat species; V. murinus and N. noctule in summer, and P. nathusii in fall (see TABLE 8). The 

stumps are home to the larvae of many different species of insects, which may be a food source 

to the bats (Wallace, 1953). The stumps are also high enough, to contain nesting holes from 

woodpeckers, which bat often use as roosting sites (Møller et al., 2013). This suggests that leav-

ing high-stemmed stumps after harvesting, not only benefits insects and birds but bats as well. 

Presence of standing dead trees at the site of the detector-placement 

   The presence of dead trees is positively correlated with M. dasycneme in summer, but nega-

tively with N. noctule in the same period (see TABLE 8). The trees serve the same function to-

wards insects and birds, as the high-stemmed stumps, but are much taller. N. noctule often hunts 

high in free space away from trees, since the species is narrow-winged and fast-flying (Baagøe 

and Jensen, 2007). This behaviour may be the reason why the N. noctule has a negative correla-

tion with standing dead trees, but a positive correlation with high-stemmed stumps. Therefore, 

we suggest leaving high-stemmed stumps instead of standing dead trees, after tree harvesting.  
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Presence of brushwood at the site of the detector-placement 

   Surprisingly, the presence of brushwood only showed negative correlations with the bat spe-

cies richness, P. nathusii w/o social calls in fall, and V. murinus in summer (see TABLE 8). We 

had the presumption that the presence of brushwood, would have a positive effect on the activity 

of bats, due to the attraction of insets. This may be due to brushwood having less value to the in-

sects that the bats feed on. The differences between deadwood of a small diameter, as brushwood 

is, and larger trunks, as the high-stemmed stumps, is described in the book “Biodiversity in Dead 

Wood” (Stokland et al., 2012). Here they mention the thickness of the bark, the density of the 

wood, the rate of decay, and surface-volume ratio, which influences the moisture and tempera-

ture regimes inside the wood. These factors influence which species of insects occupies the 

wood. A rule of thumb is, that the larger de diameter of the wood, the larger the insects. How-

ever, this only explains why the presence of brushwood is not positively correlated with bat ac-

tivity. Why it is negatively correlated, we cannot explain, and further study is needed to answer 

this question. 

Figure 9 Map of Tved Plantation with markings of detector-placement of the Clearings (T1-T30) and Controls (K1-K10). The size 

of the dots represents the average number of feeding buzzes per night of the bat specie M. daubentonii. The colouring of the dots 

represents if water was registered at the site (blue) or not (brown). The map was made in QGIS, using a background map from 

www.kortforsyningen.dk. 

http://www.kortforsyningen.dk/
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Presence of water or moisture at the site of the detector-placement 

   The presence of water or moist near the detector has a significant positive correlation with M. 

dasycneme and the feeding buzzes of M. daubentonii in summer (see Figure 9 and Figure 10). 

On the distribution of feeding buzzes of M. daubentonii and all calls of M. dasycneme per night, 

are visualized on the clearing and control locations. Figure 9 illustrates, that location T20, T15, 

and T5, which are all “water locations”, hold a large proportion of feeding buzzes per night, 

compared to other locations. K10 is the only location with the same large amount of feeding 

buzzes per night, without water of some form. However, this location is the only large dense old 

beech location covered by detectors. Location T20 is a newly established pond (2019) in a new 

clearing (Schjødt, Naturstyrelsen Thy). T15 and T5 contain wet areas in or close to the clearing, 

which occasionally dries out during summer. This suggests that M. daubentonii successfully 

hunts in areas both with and without a high density of vegetation and that newly established 

ponds benefit the species, even in the first year of their creation. M. dasycneme shows the same 

tendencies as M. daubentonii (see Figure 10) where T20 and T5 had a large amount of activity. 

These findings show the importance of natural hydrology in woods and that establishing small 

ponds can benefit the richness of bats not only in the far future but even soon after establishment. 

Figure 10 Map of Tved Plantation with markings of detector-placement of the Clearings (T1-T30) and Controls (K1-

K10). The size of the dots represents the average number of  calls per night of the bat specie M. dasycneme. The colouring 

of the dots represents if water was registered at the site (blue) or not (brown). The map was made in QGIS using a 

background map from www.kortforsyningen.dk. 

http://www.kortforsyningen.dk/


 

 

Conclusion  

   In our hypotheses, we predicted that the clearings would act as insect traps, where the wind 

gathers insects and concentrates them in the lee side of the clearings, where there is warmth and 

shelter. We anticipated that this would make the clearings an important habitat for all species of 

bats. However, this was not the case. We saw that the clearings were beneficial to the bigger spe-

cies of bats, which prefer open airspace to hunt but avoided by the smaller species of bats, which 

can navigate in the denser parts of the forest. This suggests that the clearings do not act as insect 

traps, but they can help secure a higher richness of bat species in a wooded area, as they make 

room for species that otherwise would not visit these dense areas. 

   Another hypothesis of ours was, that the proximity to water would affect the activity of all bat 

species positively. This proved to be true; except that not all bat species were significantly af-

fected when analyzed separately, but all results showed a negative correlation between the activ-

ity of bats and increasing distances to water. This hypothesis also addressed that the proximity to 

buildings only should affect the species, which, according to the literature roost in buildings. Our 

study showed that more species were positively affected by decreasing distances to buildings. 

Even M. daubentonii which is only rarely reported in buildings was affected. This suggests that 

buildings may play a bigger role in Thy, than in other regions with more suitable habitats.  

   Our last hypothesis stated that the richness of plants, presence of water, and deadwood would 

affect the activity of bats positively. This was true on all occasions, but one. All significant re-

sults stated that a higher richness of plant species around the detector and trees/bushes species at 

the forest edges meant higher activity of bats. The presence of water, high-stemmed stumps, and 

dead standing trees also correlated positively with the bat activity, except for N. noctule, which 

was negatively correlated with the presence of dead standing trees. The presence of brushwood 

was the only factor that on all occasions correlated negatively with the activity of bats. This may 

indicate that the quality of the deadwood is particularly important, in the conservation of bats.      

 

   Hence, our study shows that if relevant authorities want to accommodate bats in Thy, care 

must be taken when restoring buildings in or near our forests, as they may be roosting places for 

many bats, as it can be hard for them to find other suitable roosting places in our young forests. 

Water is a key element to multiple species of bat, as they feed and drink here. We saw that even 

newly established ponds benefit the bats, and that it is important for the bats, to have water 

nearby, especially during summer, when females nurture the young and are bound to the colony. 
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Furthermore, our study suggests that leaving high-stemmed stumps is preferable over standing 

dead trees, but both benefit the bats, and this should be considered when cutting trees, but further 

studies are needed before this is implemented as a bat-conservation tool. After cutting, it is also 

favourable to plant bushes and smaller trees along the forest edges and spread seeds of native 

plant species in the clearings, as this study shows, that a higher richness of forbs, graminoids, 

and woody plants, results in a higher activity of multiple bat species and a higher species rich-

ness of these as well. Finally, it can be beneficial to the richness of bat species in a forest, if 

clearings are created, as it will attract bigger species of bat, that otherwise do not hunt inside the 

forest.  

 

   With a particular focus on the vulnerable species M. dasycneme, the most important actions to 

take, will be to ensure the natural hydrology in the forest, and create ponds and clearings, with a 

high richness of plant species and standing dead trees. Which will contribute to the overall mo-

saic of habitat types needed by this species.  
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Appendix 1: Standard measurement of the bat species 

detected in the paper  

1. Pipistrellus pygmaeus 

 

TABLE 1.1 DESCRIPTION OF CALL PARAMETERS FOR 

P. PYGMAEUS (SKIBA, 2003) 

Parameter Description 

Peak frequency 55 kHz 

Minimum frequency 52-57 kHz 

Inter-pulse interval 65-95 ms 

Duration 4-8 ms 

 

Figure 1.1.1 A series of calls from Pipistrellus pygmaeus in a sonogram, in the software Pettersson analysis program 

Figure 1.1.2 A call from Pipistrellus pygmaeus 

in a sonogram, in the software Pettersson anal-

ysis program 
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2. Pipistrellus nathusii 

 

TABLE 1.2 DESCRIPTION OF CALL PARAMETERS FOR 

P. NATHUSII (SKIBA, 2003) 

Parameter Description 

Peak frequency Right before 40 kHz 

Minimum frequency 37-41 kHz 

Inter-pulse interval 100-130 ms 

Duration 7-10 ms 

 

  

Figure 1.2.1 A series of calls from Pipistrellus nathusii in a sonogram, in the software Pettersson analysis program 

Figure 1.2.2 A call from Pipistrellus nathusii in a sonogram, in 

the software Pettersson analysis program 
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3. Myotis daubentonii 

 

 

 

 

 

 

 

 

 

 

 

TABLE 1.3 DESCRIPTION OF CALL PARAMETERS FOR 

M. DAUBENTONII (SKIBA, 2003) 

Parameter Description 

Peak frequency 38-40 kHz 

Minimum frequency 40-47 kHz 

Inter-pulse interval 65-95 ms 

Duration 3-7 ms 

  

Figure 1.3.1 A series of calls from Myotis daubentonii in a sonogram, in the software Pettersson analysis program 

Figure 1.3.2 A call from Myotis 

daubentonii in a sonogram, in the 

software Pettersson analysis pro-

gram 
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4. Myotis dasycneme 

 

TABLE 1.4 DESCRIPTION OF CALL PARAMETERS FOR 

M. DASYCNEME (SKIBA, 2003) 

Parameter Description 

Peak frequency Around 35 kHz 

Minimum frequency 37-41 kHz 

Inter-pulse interval 100-130 ms 

Duration 7-10 ms 

 

  

Figure 1.4.1 A series of calls from Myotis dasycneme in a sonogram, in the software Pettersson analysis program 

Figure 1.4.2 A call from Myotis dasycneme in a sonogram, in the soft-

ware Pettersson analysis program 
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5. Eptesicus serotinus 

 

TABLE 1.5 DESCRIPTION OF CALL PARAMETERS FOR 

E. SEROTINUS (SKIBA, 2003) 

Parameter Description 

Peak frequency Around 25 kHz 

Minimum frequency 24-27 kHz 

Inter-pulse interval 130-180 ms 

Duration 8-16 ms 

Figure 1.5.1 A series of calls from Eptesicus serotinus in a sonogram, in the software Pettersson analysis program 

Figure 1.5.2 A call from Eptesicus serotinus 

in a sonogram, in the software Pettersson 

analysis program 
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6. Vespertilio murinus 

 

TABLE 1.6 DESCRIPTION OF CALL PARAMETERS FOR 

V. MURINUS (SKIBA, 2003) 

Parameter Description 

Peak frequency 25 kHz 

Minimum frequency 23-26 kHz 

Inter-pulse interval 260-320 ms 

Duration 12-19 ms 

  

Figure 1.6.1 A series of calls from Vespertilio murinus in a sonogram, in the software Pettersson analysis program 

Figure 1.6.2 A call from Vespertilio murinus in a 

sonogram, in the software Pettersson analysis pro-

gram 
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7. Nyctalus noctule 

 

TABLE 1.7 DESCRIPTION OF CALL PARAMETERS FOR 

N. NOCTULE (SKIBA, 2003) 

Parameter Description 

Peak frequency Very variable 

Minimum frequency 18-27 kHz 

Inter-pulse interval 250-300 ms 

Duration 12-19 ms 

 

 

  

Figure 1.7.1 A series of calls from Nyctalus noctule in a sonogram, in the software Pettersson analysis program 

Figure 1.7.2 A call from Nyctalus noctule in a sonogram, in the software Pettersson analysis 

program 
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8. Plecotus auritus  

 

TABLE 1.8 DESCRIPTION OF CALL PARAMETERS FOR 

P. AURITUS (SKIBA, 2003) 

Parameter Description 

Peak frequency 25-35 kHz 

Minimum frequency 18-23 kHz 

Inter-pulse interval 40-120 ms 

Duration 2-5 ms 

Figure 1.8.1 A series of calls from Plecotus auritus in a sonogram, in the software Pettersson analysis program 

Figure 1.8.2 A call from Plecotus auritus 

in a sonogram, in the software Pettersson 

analysis program 
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Appendix 2: Visualizations of the 30 clearings and 10 

controls  

T1 – Clearing at a small grass field near a house 

 

T2 – Clearing around “the machine house” 
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T3 – Clearing at large field 

 

T4 – Clearing surrounded by dese pine-forest  
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T5 – Clearing with clear signs of water in winter/spring 

 

T6 – Clearing with fence around newly planted trees  
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T7 – Small clearing beside a forest track 

 

T8 – Clearing in the bottom of a large field   
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T9 – Clearing with fence around newly planted trees 

 

T10 – Clearing 

 



45 

T11 – Clearing with small stream 

 

T12 – Clearing 

 



46 

T13 - Clearing 

 

T14 – Clearing with clear signs of water in winter/spring 
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T15 – Clearing with small pond  

 

T16 – Clearing with clear signs of water in winter/spring 
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T17 – Clearing with clear signs of water in winter/spring 

T18 – Clearing in a “hilly” area

 



49 

T19 – Clearing 

T20 – Clearing with new pond 
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T21 – Clearing with a high amount of brushwood  

T22 – Clearing with a high amount of brushwood 
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T23 – Clearing with fence around newly planted trees 

T24 – Clearing with fence around newly planted trees 
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T25 – Clearing at a larger grass-field  

T26 – Clearing with multiple high stemmed stumps 
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T27 – Clearing which is highly overgrown 

T28 – Clearing which is highly overgrown

 



54 

 

T29 – Clearing at a small grass field 

T30 – Clearing with a high amount of brushwood 
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K1 – Control in older mixed forest  

K2 – Control in dense pine forest
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K3 – Control in dese Oak brush  

K4 – Control in open pine forest 
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K5 – Control at an overgrown track in mixed forest  

 

K6 – Control at an overgrown track in dense pine forest
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K7 – Control at an overgrown track in dense pine forest 

 

K8 – Control in a mainly Oak forest  
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K9 – Control in a high stemmed pine forest 

 

K10 – Control in dese beech forest 
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Appendix 3: Table of results from Forest-type and Age 

analysis  

These results where emitted from the paper, due to errors in the data material form the Danish 

Nature Agency (see “Forord” for more information). 

 

TABLE 3.1 THE EFFECT OF THE AGE OF 

THE OLDEST FOREST TYPE IN A 100-ME-

TER ZONE AROUND THE DECETOR  

Category Age 

Bat species richness summer 0.049 

P. nathusii summer 0.024 

E. serotinus summer 0.011 

E. serotinus wo/social calls summer 0.012 

 

 

  



 

 

TABLE 3.2 THE EFFECT OF THE FOREST TYPES IN A 100 METERS ZONE AROUND THE DETECTOR* 

Category Abies 

Alba 

Fraxinus  

excelsior 

Betula 

sp. 

Pinus 

mungo 

Pseudotsuga 

sp. 

Larix 

sp. 

Other de-

ciduous 

species 

Abies nord-

manniana 

Quercus 

rubra 

Picea 

abies 

Picea 

sitchensis 

Pinus 

sylvestris 

Quercus 

robur/pet-

raea 

Acer 

pseudo-

platanus 

All species summer   0.025    0.039        

All social calls summer       0.002 0.011      0.006 

All species fall   0.009           0.043 

All species wo/social fall     0.023  0.046       0.020 

All social calls fall 0.017  0.005     0.034       

Bat species richness 

summer 

          0.015    

Bat species richness fall  0.028       0.003      

M. dasycneme summer 0.016      0.030 0.025       

M. dasycneme wo/social 

calls summer 

0.016      0.032 0.024       

M. dasycneme fall        0.030 0.004      

M. dasycneme wo/social 

calls fall 

       0.030 0.004      

P. nathusii summer  0.010 0.012    0.009       0.014 

P. nathusii wo/social 

calls summer 

  0.010            

P. nathusii social calls 

summer 

 0.005     0.002 0.006 0.022 0.043    <.001 

P. nathusii fall  0.006 0.007           0.003 

P. nathusii wo/social  

calls fall 

0.018  0.014            

P. nathusii feeding 

buzzes fall 

      0.023  

 

0.044      
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P. nathusii social calls 

fall 

  0.002     0.037      0.019 

P. pygmaeus summer   0.023    0.044        

P. pygmaeus social calls 

summer 

      0.015 0.037 0.023 0.048    0.016 

P. pygmaeus fall   0.004     0.028       

P. pygmaeus wo/social 

calls fall 

  0.015     0.018       

M. daubentonii social 

calls summer 

  0.008    0.036        

M. daubentonii fall            0.019  0.009 

M. daubentonii wo/social 

calls fall 

  0.047         0.011  0.019 

M. daubentonii social 

calls fall 

 <.001       0.002     <.001 

E. serotinus summer 0.040      0.040      0.008  

E. serotinus wo/social 

calls summer 

0.039      0.042      0.009  

E. serotinus fall    0.046           

V. murinus summer 0.033     0.023  0.011       

V. murinus wo/social 

calls summer 

0.033     0.023  0.011       

 

*Significant P-values under 0,05% are shown in the table. Not all categories had any significant results; these are omitted from the table. All numbers marked with red have 

negative estimates and alle black have positive. The forest species/types: Fagus sylvatica, Pinus contorta, Abies procera, Picea omorika and Tsuga sp. where also analysed, but 

no connection to the categories of bat activity were found.



 

 

 


