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Abstract 
 
Good estimations of habitat preference and activity of bats in different habitats are of great 
importance when planning for conservation or assessing consequences of exploitation. The 
objective of this study was to compare two different methods for abundance estimation: line-
transects (active taxation) and point taxation by autobox recordings (passive taxation), and 
correlation analyses were made between data from these methods. The species used was 
Eptesicus nilssonii, which is easy to identify and one of the most common bat species in 
Sweden. Differences in abundance between edge zones and non-edge zones were tested. The 
equations from the correlations would allow the use of passive taxation data for abundance 
estimates. Using the equations produced in the correlation analysis, and data collected in other 
projects at different sites in southern and central Sweden, an estimation of the total number of 
E. nilssonii in southern and central Sweden was made. This data was also used in order to test 
differences in abundance between habitats close to and further away from water. However, no 
differences in abundance between different habitats could be seen. Significant correlations 
were found between active and passive taxation data. The total number of E. nilssonii 
individuals in southern and central Sweden was estimated in two different ways: 1. by using 
the total number of passive taxation observations, to about 5 million individuals and, 2. by 
using the number of five minute period containing at least one observation, to 4 million 
individuals.  How to increase the precision of these figures are discussed.  
 



 
Introduction 
 
In order to conduct conservation planning concerning bats, it is essential to know the 
abundance of bats in different habitats, such as edge zones and forest interior. Data on 
population trends are also needed to identify factors affecting the bat population size over 
time, which is of great importance in conservation. Efficient survey methods for measuring 
bat abundance are thus necessary for bat conservation.  
 
Bats can be surveyed in various ways, for example counting at hibernation sites or mist 
netting (Estrada et al. 1993). However, acoustic sampling methods, both passive sampling and 
line transects, have been more common during the last decades (Ford et al. 2005). The 
method to walk line transects while recording the echolocation calls of passing bats using an 
ultrasound detector is commonly used for determining species presence and abundance (Ford 
et al. 2005, Walsh and Harris 1996a).  
 
Müller et al. (2012) discuss a passive taxation method, with stationary recording ultrasound 
detectors, similar to the one used in this study. They argue that even though the method may 
have disadvantages, such as dense vegetation clutter blocking the sound of the bat calls, thus 
causing underestimates, (Adams et al. 2009), or that species with low intensity calls, like 
Plecotus, will be underestimated, the method is still reliable.  
 
While acoustic methods of sampling have proven to be useful for investigating presence of 
species in different habitats, it is more difficult to assess the relative activity levels of bats 
between habitats, in terms of various indices, because of unknown detection probabilities 
(Duchamp et al. 2006). The efficiency of detection varies between species and depends on 
different aspects of bat biology and various environmental effects, e.g. vegetation structure 
and call intensity (Sleep and Brigham 2003, Kazial et al. 2001). It is possible to control for 
factors like these, but the success of such attempts remains unknown (Duchamp et al. 2006), 
and there is a risk that differences in abundance indices from echolocation data represent 
differences in detection probabilities to a larger extent, instead of actual population density 
(Duchamp et al. 2006, O’Shea et al. 2003). 
 
Because of this, the problem of how to relate the number of observations to population 
density have been used as an argument against the use of any acoustical sampling methods 
when studying bat abundance (Ford et al. 2005, O’Shea et al. 2003). O’Shea et al. (2003) 
point out that the variables affecting detection probability change over time, making it 
difficult to monitor bat population trends. They suggest that various indices used in 
echolocation detection or mist-netting studies should be calibrated with other methods of 
abundance estimation, for example mark-recapture methods, and detection using infrared 
video cameras. The double observer method can be used to estimate detection probabilities, 
something O’Shea et al. (2003) suggests for exit counts. This method has also been tried 
successfully in a species detection study by Duchamp et al. (2006), and should be possible to 
use in a study investigating bat abundance.  
 
Another problem with using ultrasound detectors for studying bat abundance is that it might 
be difficult to determine if the echolocation pulses heard are coming from a single individual 
or from several (Thomas and West 1989). All this taken together, results from echolocation 
studies of bat abundance should not be seen as measures of population density, but rather as 



indices of bat abundance, which may vary in reliability (Ford et al. 2005, Walsh and Harris 
1996b).  
 
Many different methods of acoustic sampling have been used, in different habitats in various 
regions of the world, making the results difficult to compare. Rydell (1992) found an average 
density of 3.0 bats per km, of which 95% was Eptesicus nilssonii, along roads with 
streetlamps, during preliminary investigations using transects driven by car. The bat 
abundance varied significantly between streets lit with different kinds of streetlamps. Streets 
with white streetlamps showed higher bat densities than streets with orange ones.  
During the main study, which was done after the preliminary investigations mentioned above, 
Rydell (1992) found an average density of 1.82 bats per km, during July and August, of which 
91% was E. nilssonii. E. nilssonii was found to prefer rural and residential areas over urban 
and industrial ones. In a study by de Jong (1994) the mean bat abundance was 0.36 bats/ha 
when walking the same line transect repeatedly in an area in central Sweden. 
 
Müller et al. (2012) used passive taxation with stationary ultrasound detectors. Their activity 
measure consisted of the number of one minute intervals in which at least one bat call had 
been recorded. However, they did not identify their recorded calls to the species level. For the 
“Open-habitat guild” to which E. nilssonii, but also, for example Eptesicus serotinus, 
Nyctalus noctula and Vespertilio murinus was assigned, a mean value of 34,5 per detector and 
night of the activity index described above was found (Müller et al. 2012). Ethier and Fahrig 
(2011) used passive taxation with stationary ultrasound receivers, in their Canadian study, and 
had on average 50 bat passes per hour and receiver, with the receivers recording during the 
three hours of the night when the bats where most active (6652 observations in total). In 
montane ash forests in Australia, Brown et al. (1997) found a mean bat activity level of 32.14 
bat passes per hour and detector, using stationary ultrasound detectors. 
 
Bats show a very obvious uneven distribution pattern in the landscape, and especially edge-
zones may attract many species. Forest fragmentation, independent of forest amount, has been 
seen to have a positive effect on the abundance of three North American species: Myotis 
septentrionalis, Myotis lucifugus and Laisurus borealis (Ethier and Fahrig 2011). However, 
Johansson and de Jong (1996) found evidence that some species of bats could be negatively 
affected by habitat fragmentation, for example Plecotus auritus and Myotis 
mystacinus/brandti (not separated between in the study), but not E. nilssonii. An explanation 
to the results of Ethier and Fahrig (2011) could be that these species are benefiting from a 
larger amount of forest edge habitat in an area with greater forest fragmentation. However, 
Ethier and Fahrig (2011) are reluctant to draw such a conclusion, partly because they suspect 
that bat detectability is much higher in edge habitats than forest interior (Walsh et al. 2004), 
and partly because they did not investigate bat abundance further away from the edge in the 
open areas surrounding their forest fragments.  
 
However, bats are known to choose roost locations close to forest edges (O’Keefe et al. 
2009), and while Vaughan et al. (1997) could not find any effects of woodland edges on bat 
abundance compared to the interior of woodland, Morris et al.(2010), Zukal and Rehak 
(2006) and Rachwald (1992) did. 
 
Walsh and Harris (1996a) also found that bats selected edge habitats over none edge habitats. 
However, in their study, which was conducted in the UK, most calls were not identified to 
species level, and habitat use was only investigated for all species combined. The study 
compared bat activity in a number of habitat types, including urban areas, riparian habitats, 



linear landscape features such as hedgerows and ditches, as well as forest edges, and open 
grasslands and agricultural lands. Bat activity in forest interior, however, was not investigated 
in this study. Walsh and Harris (1996a) found that forest edges, fresh water and coastal areas 
were habitats selected by bats, and grassland, moorland and agricultural land was avoided. 
This, they speculated, probably corresponded with prey availability, i.e. there being more 
insects close to water and forest edges than in open areas.  
 
Kusch et al. (2004) had similar findings. In their study, which was conducted in a forest in 
Germany, close to Kaiserslauten, bats were not identified to species level, but to three species 
groups. Group one included Pipistrellus spp. Group two included Nyctalus spp., Eptesicus 
spp., Vespertilio murinus and Myotis myotis. All other Myotis spp. and Plecotus spp. 
comprised group three. According to their results, bat activity of all species groups was 
greater at forest-lake edges, than in the forest interior. They found that bat activity (all species 
pooled) correlated with insect abundance. de Jong and Ahlén (1991), and Kalcounis et al. 
(1999) also found that bat activity was correlated with insect abundance. 
 
Different species of bats use different habitats to varying extents (Walsh and Harris 1996a), as 
a result of species-specific adaptations in morphology and behaviour (Ford et al. 2005). Bat 
activity levels also differ between habitats during different times of the season (de Jong and 
Ahlén 1991). What habitats insectivorous bats are using are closely linked to how the insects 
they prey on are distributed, temporarily as well as spatially (de Jong and Ahlén 1991, de 
Jong 1994, Rydell 1992).  
 
Forest structure and forest composition also affect bat distribution. Pipistrellus pygmaeus, P. 
pipistrellus, P. auritus, E. serotinus and Myotis nattereri have been found to roost closer to 
broadleaved woodland than what would be expected by chance (Boughey et al. 2011). P. 
pygmaeus was also found to select roost locations close to water and P. auritus showed 
selection for roost locations in coniferous woodland, even though not as much as for 
broadleaved woodland (Boughey et al. 2011). Boughey et al. (2011) could not find any effect 
of forest fragmentation on roost location chosen by any of the studied species. 
 
A too cluttered habitat attracts fewer bats than a forest with a lesser density of trees, 
independently of insect abundance (Kusch et al. 2004, Brigham et al. 1997). On the other 
hand, too open habitats are also avoided, possibly in order to avoid strong winds and 
predation, and because of the lack of landmarks (Verboom and Spoelstra 1999). Kusch et al. 
(2004) suggests that there is a trade-off between food availability at a patch, and factors such 
as structural features of the vegetation, which can make foraging more difficult, risk of 
predation and the presence or lack of features that can be used as landmarks for spatial 
orientation. They mean that these factors, not just prey abundance, influences bat activity. 
 
Ponds, streams and other riparian habitats are well known to be of great importance to many 
bat species (Ford et al. 2005, Walsh and Harris 1996a, Vaughan et al. 1997, de Jong and 
Ahlén 1991, Zukal and Rehak 2006). In a study in the Czech Republic, Zukal and Rehak 
(2006) found the highest levels of bat foraging activity over ponds and streams, with Myotis 
daubentonii being the most abundant species. They also found that M. nattereri, N. noctula 
and P. pipistrellus used these habitats extensively, even though they used other habitats as 
well. Species groups that they found to use more cluttered forest habitats to a greater extent 
include M. mystacinus/brandti and Plecotus auritus/austriacus. 
 



Urban habitats with streetlamps that attract insects are also used by many bat species (Zukal 
and Rehak 2006, Rydell 1992), for example E. nilssonii (Haupt et al. 2006). This is a species 
adapted to coniferous woodlands, where insect abundance levels are usually low (de Jong 
1994). However, other habitats, such as lakes and wetlands, are often very important for 
foraging (de Jong 1994). E. nilssonii is known to use deciduous forests close to eutrophic 
lakes in late spring and summer (de Jong and Ahlén 1991). During early summer, it also uses 
clear cuttings and coniferous forest for foraging to a greater extent, while lakes decrease in 
importance (de Jong 1994). After that, wetlands and arable land increased in importance, 
while coniferous and deciduous forests were avoided. During August and the latter half of 
July, lakes and deciduous woodland near those lakes were the main foraging habitats (de Jong 
1994).  
 
Haupt et al. (2006) found that E. nilssonii preferred forest and sometimes riparian and urban 
areas to grasslands and agricultural areas. These habitats were preferred more strongly after 
the birth of the young when the urban areas became more of key habitats, than before, when 
they were less specific in their habitat preferences. Haupt et al. (2006) conclude that the 
sporadic distribution pattern of E. nilssonii in central Europe is probably a result of 
interspecific competition, because of the fact that the species often is found in coniferous 
forest habitats, where insect abundance is low, and few other species therefore are present. 
 
In this study we focused on the northern bat Eptesicus nilssonii (fig. 1), and we had three 
objectives: a) to investigate if there is a correlation between the activity, measured by passive 
stationary ultrasound detectors (auto-box data), and number of individuals measured by line-

transect data (by 
walking) using 
ultrasound detectors. 
Such a correlation would 
allow the use of data 
from passive ultrasound 
detectors for estimations 
of bat abundance, which 
could be an efficient tool 
when investigating bat 
abundance in an area. 
b) to use the equation of 
such a correlation, 
provided a correlation is 
found, in combination 
with passive taxation 
data from different 
localities in southern and 
central Sweden, to 
estimate the total number 
of E. nilssonii 
individuals in this area. 
Norrland, and the 
counties of Dalarna and 

Värmalnd, were excluded, because the density of E. nilssonii individuals there is presumed to 
be so low that data from southern and central Sweden is not valid for extrapolation of the 
population in these regions (Johnny de Jong, personal communication). 

Figure 1. Northern bat, Eptescius nilssonii. Photo: Johnny de Jong 



Figure 2. Auto-box set up. 
 Photo: Emelie Nilsson. 

c) to investigate habitat preference of E. nilssonii, testing forest edge zones versus forest 
interior, and habitat close to water bodies versus habitat not close to water bodies. Knowing 
which habitats are of most importance to E. nilssonii is necessary when planning conservation 
efforts for the species. 
 
Materials and methods 
 

This study was conducted on 17 different locations in the 
Swedish provinces Dalarna, Uppland, Västra Götaland, 
Östergötland and Småland, during the summer of 2013, 
between the 26th of June and the 22nd of August. Seven 
of these locations were situated in forest interior habitat, 
while the other ten were situated at forest edge habitats 
(i.e. edges between forest and wetlands, fresh water 
bodies, clear-cuttings, agricultural land or urban areas). 
Bat activity was measured at each site by monitoring of 
bat calls using both active and passive sampling. For 
active sampling Pettersson ultrasound detectors D200 
and D240X were used, while passive sampling was done 
using Pettersson ultrasound detector D500X, referred to 
as auto boxes. Each site was visited during one night, 
except for one site that was visited on two consecutive 
nights. At each site and night, a transect of 
approximately 1000 m was walked with an active 
sampling ultrasound detector at a slow steady pace, 

approximately 2 km/h, twice, during which active taxation of 
echolocation calls was carried out. The start of the first sampling 
along the transect ranged from between 28 minutes to 133 
minutes after sunset, and the second sampling was started one 

hour after the start of the first one. E. nilssonii calls heard during the active taxation were 
counted. E. nilssonii calls can be detected, using ultra sound detectors, up to a distance of 100 
meters under optimal conditions, however the average detection distance is probably around 

half of that (Johnny de Jong, personal communication). 
This means that individuals in an area of 100000 m2 were 
detected, during 30 minutes of sampling, giving a measure 
of individuals per 30 minutes and 10 hectares. The exact 
distances of the transects varied slightly, as well as the 
walking time. However, this was corrected for in the 
analysis. 
 
At each site, in proximity of the transects, two to six auto-
boxes were placed (fig. 2, 3). These recorded bat calls 
during the entire night, from 21:00 to 05:00, and 
experienced bat surveyors determined the bat passes 
recorded to species level, if possible. Rainy and windy 
nights were excluded from surveying.  
 
A Pearson correlation was done between the number of 
individuals of E. nilssonii observed (n1) per unit of time (t) 
and area (a) by active taxation (n1/t·a), and the number of Figure 3. Auto-box.  

Photo: Johnny de Jong. 



passive taxation E. nilssonii observations during 120 minutes after the start of the active 
taxation for each site (n2). A second Pearson correlation was made between the number of E. 
nilssonii individuals observed per unit of time and area by active taxation (n1/t·a), and passive 
taxation data. For this second correlation, as an attempt to better estimate the number of 
individuals per unit of time and area from passive taxation data, rather than using number of 
observations, the 120 minutes after the start of the active taxation where divided in 24 time 
periods of 5 minutes, and the number of periods containing at least one E. nilssonii 
observation was used as a measure of the estimated number of individuals (n2/5 min. per.). 
This is a procedure similar to the one used by Müller et al. (2012). The procedure does not 
give a measure of the true number of individuals, but is a measure of activity, which can be 
used to make an estimation of the number of individuals. Two sample T-tests were done 
between edge-zone and non-edge-zone data. Data from active taxation (n1/t·a) and passive 
taxation (n2 and n2/5 min. per.) was tested in this way. 
 
The result from the correlation was used in order to calculate the number of individuals of E. 
nilssonii in Sweden. We used 8 different sites from south Sweden in which passive sampling 
with auto boxes have been used, referred to as “national data” (Zuniga 2013). By using the 
equation from the correlation, and the autobox data, it was possible to calculate the mean 
number of individuals per time-period and ha. 
 
This was then multiplied with the total area of south Sweden (excluding Norrland and the 
counties of Dalarna and Värmland, as well as sea territory, the four largest lakes, and 
agricultural land). Data for this was provided by Statistics Sweden, Land use in Sweden 2010.  
 
Paired T-tests were used on this data set to see if E. nilssonii activity differed between 
habitats close to (< 50 m) and away from water edges. This was done using both number of 
observations (n2), and the procedure for estimating the number of individuals described above 
(n2/5 min. per.). As these tests did not display significance (see results section), this habitat 
variable was not taken into account when estimating the total number of E. nilssonii 
individuals in south Sweden.  
 
Power analyses for all T-tests were done retrospectively. All statistical analyses were done 
using Minitab. Some trend lines and equations were calculated in Excel. To meet test 
assumptions of normality, tested using Shapiro-Wilk tests, data was transformed accordingly. 
 
Results 
 
The difference in number of E. nilssonii individuals in edge zones and non-edge zones was 
tested, using two sample T-tests (table 1), in three different ways: 1. number of active taxation 
observations (n1/t·a), 2. number of passive taxation observations (n2), 3. the number of five 
minute periods containing at least one passive taxation observation (n2/5 min. per.).  None of 
the cases showed significant differences, although a trend towards more individuals in edge 
zones than in non-edge zones could be seen in active taxation data. 
 
 
 
 
 
 
 



 
 
 
 
 

 
Two correlation analyses between active and passive taxation data were carried out (table 2.): 
1. between the number of individuals measured by active taxation (n1/t·a) and the number of 
passive taxation observations (n2) (fig. 4), 2. between the number of individuals measured by 
active taxation (n1/t·a) and the number of five minute periods containing at least one passive 
taxation observation (n2/5 min. per.) (fig. 5). Both correlations were significant.  
 
 
 
 
 
 

 
The equation trend lines were calculated as: 
(1) n2: Y=1.3x0,96 

(2) n2/5 min. per.: Y=x2

 
 
 
 
 

 

y	  =	  1.2936x0.9555	  
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Two sample T-tests  n (first sample, second sample) T p Power 
n1/t·a 10, 7 2.05 0.06 31 to 44 % 

n2 10, 7 0.98 0.345 10 to 13 % 
n2/5 min. per. 10, 7 0.86 0.406 12 to 16 % 

Pearson correlation correlation coefficient p n 
1. between n1/t·a and n2 0.783 p < 0.0005 17 

2. between n1/t·a and n2 5 min. per. 0.750 p = 0.001 17 

Figure 4. Correlation between active taxation: E. nilssonii observations per 30 minutes and 10 
hectares (n1/t·a), and passive taxation (n2): observations per 30 minutes. To avoid zeroes in the 
data, 1 has been added to every value, and axes are on a logarithmic scale. Correlation coefficient 
= 0,783; p < 0,0005; n = 17. 

Table 1. Two sample T-tests used to test for differences in the number of E. nilssonii 
individuals between edge zones and non-edge zones. This was tested in three different 
ways: 1. number of active taxation observations (n1/t·a), 2. number of passive taxation 
observations (n2), 3. the number of five minute periods containing at least one passive 
taxation observation (n2/5 min. per.).  

Table 2. Correlation analyses between active and passive taxation data. 1. between the 
number of individuals measured by active taxation (n1/t·a) and the number of passive 
taxation observations (n2), 2. between the number of individuals measured by active 
taxation (n1/t·a) and the number of five minute periods containing at least one passive 
taxation observation (n2/5 min. per.). 



 
 
 
 
 
 

 
The difference in number of E. nilssonii individuals close to water (< 50 m) and further away 
from water, at the same sites, in the national data was tested in two ways: 1. number of 
passive taxation observations (n2) and 2. number of five minute periods containing at least 
one passive taxation observation (n2/5 min. per.). No significant differences were found (n2: 
Paired T-test: n = 8; T = 0.36; p = 0.728. n2/5 min. per.: Paired T-test: n = 8; T = - 0.33; p = 
0.749). The power of these tests was < 10%. 
 
The total number of E. nilssonii individuals in Sweden, except for Norrland and the counties 
of Dalarna and Värmland, was estimated using national data and equation (1) to 4793527.291 
individuals (SD = 2479648.657; n = 8), represented by the blue bar in fig. 6, and, using 
equation (2), to 3870384.07 individuals (SD = 2139498.046; n = 8), represented by the red 
bar in fig. 6.  
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Figure 5. Correlation between active taxation: E. nilssonii observations per 30 minutes and 10 hectares 
(n1/t·a), and the number of individuals estimated from passive taxation data (n2/5 min. per.), in 
individuals per 30 minutes. To avoid zeroes in the data, 1 has been added to every value, and axes are 
on a logarithmic scale. Correlation coefficient = 0.750; p = 0.001; n = 17. 



 
 

 
 
 
 
 
 

The means and standard deviations for the active taxation (n1/t·a), and passive taxation (n2 and 
n2/5 min. per.) datasets can be seen in table 3. 
 

 
 
 

Dataset Mean Standard deviation 
n1/t·a (ind. / (30 min*10 hectares)) 3.68 5.42 

n2  (Observations / 30 min.) 2.57 4.63 
n2/5 min. per. (Estimated ind. / 30 

min.) 
0.83 0.75 

 
 
 
 
 
Discussion 
 
This study is the first attempt to estimate the total number of E. nilssonii, which is the most 
common bat species in Sweden. It also demonstrates that passive taxation, e.g. by using 
autoboxes, can be used for abundance measures. The use of equations (1) and (2), and passive 
taxation data could greatly simplify abundance estimations when surveying bat populations. 
 
The methods used to investigate bat abundance often vary between studies, making 
quantitative comparisons of the results difficult to compare. However, the densities of E. 
nilssonii individuals found the sites in this study is generally in the same size range as the 
densities found by de Jong (1994), see introduction. The densities measured by Rydell (1992) 
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Figure 6. Estimated number of E. nilssonii individuals in Sweden, except for Norrland 
and the counties of Dalarna and Värmland using national data, and the correlation (1) and 
(2). The blue bar represents the value estimated using the correlation (1), while the red bar 
represents the value estimated using the correlation (2). Error bars represent standard 
deviations. n = 8 for both bars. 

Table 3. The means and standard deviations of the datasets from the active taxation 
(n1/t·a), and passive taxation (n2 and n2/5 min. per.) 



are lower, which can be explained by the fact that transects driven by car were used, as 
opposed to walked transects. 
 
A trend towards higher E. nilssonii abundance in edge zones could be seen in the analysis of 
the active taxation data (n1/t·a), but, the difference in E. nilssonii abundance between edge 
zones and non-edge zones is not statistically significant (p = 0.06). This is contrary to the 
findings of Morris et al. (2010), Zukal and Rehak (2006) and Rachwald (1992). However, the 
statistical power of the analyses in our study (< 45 %) is low and there are some limitations of 
the study, such as relatively low sample size, and large variation in the data, which both 
contribute to reduce statistical power. There are several reasons for the large variation of the 
data in this study. First, the differences in E. nilssonii abundance between study sites in 
different parts of the country, i.e. there is generally lower abundance in the central and 
northern part of Sweden, than in southern Sweden (Johnny de Jong, pers. com.). Secondly, the 
activity of bats varies depending on the time of the year (de Jong 1994). Finally, the activity 
varies during the night. All these factors must be strictly controlled to be able to lower the 
variation within the sample.  
 
Another factor that could have affected the results is unknown detection probabilities in 
different habitats. Detection probabilities are expected to be much higher in edge zones than 
in non-edge zones (Ethier and Fahrig 2011). Greater consistency in the placing of passive 
ultrasound detectors relative to the active taxation transects would have been preferable. 
 
The results of the correlation analyses confirm that passive taxation data can be used for 
abundance estimates. Both the number of observations (n2) and the number of five-minute 
periods containing at least one observation (n2/5 min. per.) can be used. Using n2/5 min. per. 
data is the best option at low to medium activity levels, as it could be a more robust measure 
by not treating each call as a new individual, if calls occur temporally close to each other. 
However, at very high activity levels, when most (or all) five-minute periods surveyed 
contain at least one call, saturation is reached and the n2/5 min. per. approach might be an 
underestimation. However, as cases where this kind of saturation is reached are rare, using 
n2/5 min. per. data should almost always be the better option.  
 
The estimations of the number of E. nilssonii individuals in parts of Sweden are, to the 
authors knowledge, the first that have been done, and the results, even though somewhat 
imprecise, are very interesting. The passive taxation ultrasound detectors used to collect the 
national data were not placed randomly, but often at places where bat activity and species 
richness was predicted to be high, something that will have affected the results, making it 
likely to be an overestimation. The large standard deviations are probably partly an effect of 
the estimation only being based on eight data points. A larger sample size, as well as random 
sampling and more consistent methods of data collection would be preferable for estimations 
such as these. Combining acoustic survey methods with measures giving absolute estimates of 
abundance, as proposed by O’Shea et al. (2003), could be efficient when investigating the 
total population size of a bat species in a large area. As E. nilssonii colonies in Sweden are 
almost exclusively found in buildings (Johnny de Jong, pers. com.) and thus easy to find, 
colony counts, or exit counts would be efficient methods for measuring absolute abundance of 
the species. In order to get information on bat population trends, long-term studies are needed. 
Long-term abundance studies of bats, such as those made by Warren and Witter (2002) and 
Kervyn et al. (2009) are not very common. As described by O’Donnel and Langton (2003), it 
is of great importance to use power analysis to determine what level of sampling effort is 



needed in order to detect a certain level of change in the population size over time, when 
designing long-term studies of trends in bat population sizes. 
 
Future studies investigating habitat preferences of bats should focus on reducing the variation 
of the data. Also, looking into habitat preferences into greater detail would be interesting, e.g. 
comparing various different types of forest habitat, edge zones and open areas. Future studies 
aiming to estimate the total number of E. nilssonii in Sweden should assure a random or 
stratified random sampling design, and should also include northern Sweden. Future studies 
trying to correlate active and passive taxation could include more species in their analysis. 
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