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Introduction

Urbanization involves changes in spatial use leading to the 
expansion and densification of urban areas. It is argued that 
these transformations lead to habitat loss or fragmentation, 
negatively affecting wild flora and fauna species (Fischer 
and Lindenmayer 2007). Factors inherent in urbanization 
include deforestation and increased built-up area, artificial 
lighting, river regulation, land drainage, excessive noise, 
and water, land, and air pollution. Expansion and densifica-
tion of cities modifies natural local conditions, resulting in 
the urban heat island effect (Deilami et al. 2018).

Bats (Chiroptera) differ in reaction to anthropogenic 
pressure depending on the breadth of their ecological niches 
and the ability to adapt to the abovementioned environ-
mental factors. On this basis, they were recommended as 
good bioindicators of the state of the environment, includ-
ing transformations caused by urbanization (Russo and 
Ancillotto 2015; Jung and Threlfall 2018; Russo et al. 
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Abstract
Urban watercourses are an essential part of blue-green infrastructure (BGI) that can mitigate the negative impact of habitat 
loss resulting from urbanization. Many studies on temperate urban bats activity did not concern its seasonal variations. 
Our work evaluated the bats’ activity and occurrence in different urban riverside environments throughout the vegetation 
period. Our results showed that long-range echolocators were represented mainly by Nyctalus noctula. Their activity peak 
occurred in late summer in open habitats of high anthropogenic pressure levels, and at least part of the population was 
present year-round in the city. Recently reported from Cracow: Hypsugo savii and Pipistrellus kuhlii were confirmed in 
the medium-range echolocators. The high occurrence of P. pygmeus with a relatively low P. pipistrellus was noteworthy 
and is probably a result of the low competitiveness of the latter in the presence of P. kuhlii. Two spring and late summer 
activity peaks on different rivers suggest different migration corridors from and to hibernacula. However, the autumn activ-
ity in the city center may also indicate partial hibernation in the old town. The activity peak of short-range echolocators 
occurred in spring, as expected - mainly in a narrow riverbed and low anthropogenic pressure environments. However, 
ambiguous spring and late summer activity in the open with the highest anthropogenic pressure environment may result 
from the rapidly progressing synurbization of M. daubentonii. Our results indicate the need to monitor the bat adaptation 
process to the cities in the context of dynamic climatic and environmental changes.

Keywords Watercourses · Temperate zone · Seasonal activity · Chiroptera · Riparian habitats · Pipistrellus kuhlii 
lepidus

Accepted: 3 April 2024
© The Author(s) 2024

Spatiotemporal use of urban rivers by local bat populations in a large 
city (Cracow, Southern Poland)

Joanna Kohyt1  · Justyna Karczmarz2 · Andrea Pereswiet-Soltan3  · Ewa Pierzchała4

1 3

https://orcid.org/0000-0002-4792-5989
https://orcid.org/0000-0002-2083-0648
https://orcid.org/0000-0002-6581-9485
http://crossmark.crossref.org/dialog/?doi=10.1007/s11252-024-01545-x&domain=pdf&date_stamp=2024-4-9


Urban Ecosystems

2021; Gutiérrez-Granados and Rodríguez-Zúñiga 2023). 
So far, it has been shown that species that hunt in open 
spaces have narrow wings, fast flight, and long echolocation 
ranges (LRE, e.g., Nyctalus, Eptesicus, and Vespertilio sp.) 
that best adapt to urban conditions. Bats that prefer clut-
tered spaces, with short sonar range, broad wings, and slow 
maneuverable flight (SRE, e.g., Myotis, Plecotus, and Bar-
bastella sp.) are less likely to adapt. Between them, there are 
bats moving in semi-open spaces with medium sonar range 
(MRE, e.g., Pipistrellus and Hypsugo sp.) (Frey-Ehrenbold 
et al. 2013; Jung and Threlfall 2018). Apart from that, many 
individual species-specific preferences might be important, 
e.g., roost preferences.

As part of the blue-green infrastructure (BGI), rivers help 
mitigate habitat loss (and fragmentation) for urban wildlife 
(Fahrig 2003; Donati et al. 2022; Riva and Fahrig 2023). 
Bats may use them for orientation during migration, hav-
ing constant access to water and food (Fukui et al. 2006; 
Furmankiewicz and Kucharska 2009). The riverbed within 
the city is usually regulated and has extensive hydro-tech-
nical infrastructure. These transformations often involve 
removing coastal vegetation that harbors insects, remov-
ing wooded areas and replacing them with buildings, and 
installing artificial lighting. In light of current knowledge, 
these transformations limit the free movement of bats and 
access to foraging and drinking sites (Azam et al. 2018; De 
Conno et al. 2018; Russo et al. 2019; Voigt et al. 2020).

Few studies focus on bats’ use of urban aquatic environ-
ments (Lintott et al. 2015; Li and Kalcounis-Rueppell 2018; 
Straka et al. 2020; Lehrer et al. 2021; Villarroya-Villalba et 
al. 2021; Lewanzik et al. 2022). To our knowledge, surveys 
considering different activities implemented in the annual 
life cycle of temperate bats are not available. Our work 
aimed to evaluate the intensity and nature of bat activity 
in different urban riparian environments during the growing 
season. We have chosen Cracow as a case study as this city 
consists of areas varying in human pressure levels and has 
watercourses crossing most of its territory. We hypothesize 
that bat activity will depend on river sections’ characteris-
tics and will be different between seasons:

1) LRE are expected mainly in open space habitats (wide 
riverbeds). Their activity will not be limited in envi-
ronments of high anthropogenic pressure. The peak of 
activity will be observed in late summer if breeding 
colonies are present in the city or during spring and/or 
autumn if rivers serve as migratory corridors.

2) MRE are expected mainly in edge habitats (greenery 
on riverbanks). Their activity may be limited in envi-
ronments of high anthropogenic pressure. The peak of 
activity will be observed in late summer if breeding 

colonies are present in the city or during spring and/or 
autumn if rivers serve as migratory corridors.

3) SRE are expected mainly in cluttered space habitats 
(narrow riverbeds with greenery). Their activity will be 
strongly limited in environments of high anthropogenic 
pressure. By assuming a very low probability of breed-
ing colonies in the city, activity peaks may occur during 
spring and/or autumn migration.

Materials and methods

Study area

Research was conducted in 2015 in Cracow – the largest 
city in southern Poland, inhabited by over 750,000 people. 
It is within Polish Jurassic Highland, around 100 km from 
the Tatra Mountains. The city is located upon the Vistula, 
the longest river flowing through Poland (1047 km long). 
Several smaller rivers are within the city borders, including 
Rudawa – a 35 km long tributary of the Vistula. Rudawa 
flows into Cracow from the western outskirts and joins 
the Vistula in the city center. The western part of the city 
is characterized by a conspicuous urbanization gradient 
towards the outskirts and considerable landscape heteroge-
neity (Fig. 1). Areas within the city center represent dense, 
continuous urban cover with tall buildings and wide streets, 
resulting in a high percentage of impervious surfaces. The 
discontinuous urban cover is typical for suburban regions 
of the city and predominantly consists of individual single-
family houses surrounded by gardens. Allotment gardens 
are a popular land use form in Cracow, where small plots of 
land are used for gardening and recreation. Green areas in 
the city are mainly deciduous tree stands with beech (Fagus 
silvatica), hornbeam (Caprinus betulus), and oak (Quercus 
sp.).

Six river sections have been established along Vistula’s 
and Rudawa’s banks. (Fig. 1). Each section was characterized 
by environmental variables: mean riverbed width (RWidth), 
green riverbed cover (GCR), illumination (LIGHT), tree 
cover density (TCD), and impervious built-up cover density 
(IBD). The first two variables characterize the river sections 
themselves, while the latter three variables describe the 
level of human pressure on the adjacent environment and 
allow the classification of transects (also considering their 
location) as highly or little impacted (Table 1). Riverbed 
width was measured in three random locations within the 
watercourse in QGIS 2.16.1. Green riverbed cover refers to 
the percentage of riverbed area covered from the top by tree 
canopy and bushes, measured in QGIS 2.16.1. The measure-
ments were based on the Google satellite images for these 
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two environmental variables. Illumination here is a number 
of street lamps within 50 m from each river bank, recalcu-
lated per 100 m. Tree cover density and impervious built-
up cover density were assessed using the zonal statistics 
algorithm run in QGIS 3.16.6 for the area within a 200 m 
radius of the transect course. For these analyses, raster Pan-
European High-Resolution Layers from Copernicus Land 

Monitoring Service were used (tree cover density layer for 
TCD, imperviousness density layer for IBD).

Bat call sampling

Bats’ calls were recorded while cycling on the established 
transects. Pettersson D500 ultrasonic detector with a com-
patible external ultrasonic microphone was used to record 

Table 1 Characteristics of the studied river sections in Kraków, Poland: W1, W2, and W3 along the Vistula, and R1, R2, and R3 along Rudawa. 
GCR - green riverbed cover, RWidth - riverbed width, LIGHT - illumination, TCD - tree cover density, IBD - impervious built-up cover density
River section GCR [%] RWidth [m] LIGHT* TCD IBD Anthropogenic pressure
W1 0 108.3 11.28 54,431 399,154 High
W2 0 92.939 9.67 73,366 180,772 High
W3 0 92.73 2.25 241,153 86,877 Low
R1 8.32 6.67 7.21 68,998 160,782 High
R2 80.94 4.23 1.63 137,193 44,737 Low
R3 49.21 4.4 3.05 105,751 66,976 Low
*LIGHT values refer to the number of street lamps per 100 m. TCD and IBD values refer to summed values of pixels representing green and 
built-up areas. See the methods section for more details

Fig. 1 Study area in Cracow, Poland. River sections marked W1, 
W2, and W3 align with the Vistula River, and R1, R2, and R3 align 
with the Rudawa River. Further explanations on land use categories 
are included in the Methods section. Data from CORINE Land Cover 

2012 and Google satellite images have been used to prepare this fig-
ure. The figure has been prepared and processed in QGIS 3.16.6 and 
Inkscape 1.0.1 software
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Statistical analysis

Bats differ regarding echolocation properties and detect-
ability (Barataud 2015). For this reason, the analyses have 
been conducted separately for each group. Firstly, to test 
the differences in bat groups’ activity between river sec-
tions (six river sections), between seasons (four seasons), 
and the interaction of those two factors, a generalized linear 
model (GLM) was performed, as both factors were fixed. 
Because the data was right skewed and overdispersed the 
Tweedie distribution and log as link function were applied 
(Moshitch and Nelken 2014). Based on full models, a set 
of the model proposals was generated, then ranked by the 
corrected Akaike Information Criterion (AICc) (Burnham 
and Anderson 2002). In the case of MRE and SRE activity, 
due to zero activity in all (eight) transects made on river 
sections in some seasons, the transformation x + 1 was 
applied. Secondly, the Spearman correlation was employed 
to test whether bat groups’ activity is related to feeding. This 
analysis was performed for river sections where foraging 
behaviors were observed during at least two out of eight 
transects for each season. Finally, the influence of river sec-
tion environmental characteristics on bat groups’ activity 
across the year was examined using multivariate analyses. 
In these models, bat group activity was summarised from 
eight transects, giving data for each section per season. First, 
detrended correspondence analysis (DCA) was performed 
to discover the data type and choose further analyses. As 
the greatest length of gradient presented by the first axis 
equals 1.277 SD - for the MRE model, gradients for LRE 
and SRE models equal respectively: 0.91 and 0.71. There-
fore, the redundancy analysis (RDA) was employed (Lepš 
and Šmilauer 2003). Environmental factors included mean 
riverbed width (RWidth), green riverbed cover (GCR), tree 
cover density (TCD), and impervious buildup cover density 
(IBD). Illumination (LIGHT) was removed from the model 
due to a large value of the variance inflation factor (VIF) 
of all factors while present in the model or while present 
in the model after removing the IBD factor. After Naimi et 
al. (2014) we assumed the threshold for the VIF lower than 
10. Multivariate analyses were performed in CANOCO ver. 
4.5 (ter Braak and Šmilauer 2002). GLMs were performed 
using Statistica ver. 13.30 (Tibco Software Inc). Spearman 
tests were performed using PAST ver. 4.2 (Hammer et al. 
2001). Figures in the results section were prepared using 
Inkscape 1.0.1 software. The significance level in the analy-
ses was assumed to be p < 0.05, and in the case of multivari-
ate analyses, trends at p ≤ 0.1 were additionally discussed.

full spectrum.wav format files. The equipment was trans-
ported in a backpack to protect it from shaking and record-
ing excessive noises. The microphone was always directed 
towards the river. The recording process was continuous. 
Sampling occurred under favorable weather conditions (no 
rain, no strong wind) in the early evening hours (beginning 
from sunset). A single sampling session lasted around two 
hours. All river sections were sampled weekly from the 
25th of March to the 12th of November 2015. The sampling 
period has been divided into four seasons that correspond to 
certain bat activities in their life cycle: (1) spring: migration, 
gathering in breeding colonies; (2) early summer: the breed-
ing season; (3) late summer: colony dispersion; (4) autumn: 
migration and mating season. Season date intervals were the 
same as in Kohyt et al. (2021). Each transect was sampled 
eight times per season.

Call analysis

All the files were analyzed in the Kaleidoscope program 
(Wildlife Acoustics Inc.). Recorded echolocation call 
sequences with at least two subsequent calls were manu-
ally assigned to species or groups of species using refer-
ence data (Barataud 2015). The call’s parameters considered 
in identification include the duration, peak frequency, start 
frequency, end frequency, bandwidth, and interval between 
calls. When parameters’ values did not allow to recognize 
the species certainly, the sequence was assigned to one of 
the groups based on general call characteristics and echo-
location range: (1) long-range echolocators (LRE): gen-
era Nyctalus, Eptesicus and Vespertilio; (2) medium-range 
echolocators (MRE): genera Pipistrellus and Hypsugo; 
(3) short-range echolocators (SRE): genera Myotis, Pleco-
tus and Barbastella (Frey-Ehrenbold et al. 2013). In some 
cases, sequences were identified to the genus level or spe-
cies complex (e.g., Pipistrellus nathusi/kuhlii).

The number of passes (i.e., the number of 5-second long 
parts of recordings containing a single echolocation call 
sequence) serves as an indicator of bats’ activity. Since the 
sampling duration of subsequent transects was not equal, 
bats’ activity was further standardized per 10 min. Species 
occurrence is an additional indicator describing bat assem-
blages (Table 2). It is here understood as a minimum of one 
echolocation or social call sequence of the species per each 
river section and season. Based on recent literature, social 
calls were identified to the species level (Pfalzer 2002; Mid-
dleton et al. 2014). Foraging activity was assessed based on 
the number of feeding buzz sequences.
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present for each bat group, each factor, and their interaction 
(Table 3).

The most important observation for the long-range echo-
locators (LRE) is very high late summer activity, mainly on 
W1 and W2 sections (Fig. 2a). Large seasonal differences in 
activity between river sections were observed for medium-
range echolocators (MRE). The highest means concern sec-
tions R1 (during spring) and W1 (during late summer), and 
they are significantly higher than the others except the high 
activity in W1 in spring and autumn which is also distinc-
tive (Fig. 2b). Short-range echolocators (SRE) show the 
highest activity, mainly in spring, where the highest means 
are observed in sections R3 and R2. However, there are no 
statistical differences between those sections and R1 and 
W1 at this time (statistically significant differences are pres-
ent for W2 and W3). Significantly, the highest activity of 
this group in the late summer period was also recorded in 
section W1 (Fig. 2c).

Foraging timing and place

The relationship between activity (echolocation) and feed-
ing was analyzed for those sections where feeding buzz 
sequences were recorded on at least two transects in a 
season.

For LRE, only early summer (sections W1, W3, R1) 
and late summer (sections W1, W2, W3, R1) were tested. 
A positive correlation of activity and feeding was observed 
during late summer in sections W1 (rs = 0.95; p = 0.001) 
and W2 (rs = 0.78; p = 0.047). No correlation was found 
in any sections during the early summer. For MRE, spring 
(W1, R1, R3), early summer (W1) and late summer (W1, 

Results

Species (groups of species) occurrence and social 
activity

The spatiotemporal occurrence for individuals that could be 
reliably identified to the species level is presented in detail 
in Table 2.

Bat activity in seasons and on river sections

Significant differences in the activity between seasons 
and river sections (i.e., spatiotemporal preferences) were 

Table 2 Seasonal species occurrences in river sections and their social activity. Species presence is indicated by „+” within seasons (S – spring, 
Es – early summer, Ls – late summer, A- autumn; no indication of the season means the species has been present throughout the year), and absence 
is indicated by „ –.”
Species\river section W1 W2 W3 R1 R2 R3 Social calls
Nyctalus noctula + + + + + + W1, W3 (Ls)

R3 (Es)
Eptesicus serotinus +

S
– – – +

Ls
– –

Vespertilio murinus +
S, Ls

– – – – – –

Pipistrellus nathusii +
S, Ls, A

+
Ls

+
S

+
S

+
S

+
S

All occurrence data based on social calls.

Pipistrellus kuhlii + +
S, Ls

+
Ls, A

+
S, Ls, A

+
Es

– R1 (Ls) *

Pipistrellus pipistrellus +
A

+
LS

– +
S

+
S

– -

Pipistrellus pygmaeus +
S, Es, Ls

+
S, Ls, A

+
Ls

+
S, Es, Ls

+
S, Es, Ls

+
S, Es, Ls

W1, R1, R2, R3 (S)
R1, R3 (Es)

Hypsugo savii +
Ls

+
Ls

– +
S

+
Es

– –

*one social call sequence belonging to Pipistrellus kuhlii lepidus taxon (Piskorski and Sachanowicz 2021)

Table 3 Differences in bat groups’ activity between river sections, 
seasons, and interaction of both. GLM results for each group of bats 
(LRE: long-range echolocators, MRE: medium-range echolocators, 
SRE: short-range echolocators)

df Wald stat. p
LRE
Intercept 1 266.14 < 0.001
River section 5 21.42 < 0.001
Season 3 86.1 < 0.001
River section*season 15 45.91 < 0.001
MRE
Intercept 1 674.1 < 0.001
River section 5 160.58 < 0.001
Season 3 46 < 0.001
River section*season 15 94.37 < 0.001
SRE
Intercept 1 219.6 < 0.001
River section 5 45.8 < 0.001
Season 3 62.8 < 0.001
River section*season 15 43 < 0.001
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W2, R1) were tested. A positive correlation was observed 
in spring, in section W1 (rs = 0.86; p = 0.023), and during 
late summer, again in section W1 (rs = 0.93; p = 0.002). No 
correlation during early summer was observed. SRE were 
analyzed for spring and late summer, only section W1. A 
positive correlation was observed only during spring (W1; 
rs = 0.94; p = 0.0006). There was no correlation during late 
summer.

Impact of environmental factors on spatiotemporal 
activity

The impact of environmental factors on the spatiotemporal 
activity of each group of bats is presented in Table 4. Condi-
tional effects for each model are also included.

In the model for LRE, the variability presented in the 
ordination diagram, which consists of the activity of bats 
on river sections and the relationship between activity and 
environmental factors, was explained in 93.3%. Impervious 
built-up cover density (IBD), correlated with the first axis, 
statistically significantly explains more than 67% of the 
variability observed (Table 4; Fig. 3a). This factor was posi-
tively correlated mainly with late summer activity (associ-
ated with W1).

In the case of MRE, the variability presented in the 
ordination diagram was explained in 97%. Both IBD and 
riverbed width (RWidth), correlated with the first and sec-
ond axis, respectively, statistically significantly explained 
the variability in the ordination diagram in 58% and 27% 
(Table 4; Fig. 3b). IBD is strongly correlated with late 
summer and autumn activity on W1. RWidth additionally 
explains higher MRE activity during these seasons on Vis-
tula’s sections.

Table 4 Environmental variables in the order in which they were 
included stepwise forward in the RDA model, created by the preced-
ing variables. Lambda A is the variability (fraction) given variable 
explained after joining the model already created by the preceding 
variables. IBD – impervious built-up cover, TCD – tree cover density, 
GCR – green riverbed cover, RWidth – riverbed width. Results with 
p < 0.05 are bolded

Variable LambdaA F p
LRE IBD 0.67 8.29 0.012

TCD 0.05 0.46 0.688
GCR 0.10 1.24 0.326
RWidth 0.08 1.06 0.464

MRE IBD 0.58 5.45 0.028
TCD 0.03 0.38 0.676
GCR 0.05 1.05 0.372
RWidth 0.27 5.38 0.018

SRE IBD 0.37 3.28 0.078
TCD 0.16 1.99 0.232
GCR 0.30 1.72 0.124
RWidth 0.13 3.69 0.284

Fig. 2 Predicted means of bat groups activity with 95% confidence 
interval (CI) on river sections (W1-W3: Vistula river; R1-R3: Rudawa 
river) in analyzed seasons (S – spring, Es – early summer, Ls – late 
summer, A – autumn). LRE: long-range echolocators, MRE: medium-
range echolocators, SRE: short-range echolocators. MRE and SRE 
activity were transformed x + 1 (see: methods)
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For SRE, the variability presented in the ordination 
diagram was explained in 81.4%. The closest to statistical 
significance were IBD and green riverbed cover (GCR) 
(Table 4; Fig. 3c). Therefore, tendencies are discussed here. 
IBD explained 37% of the variability observed in the dia-
gram. It was positively correlated with the late summer 
activity in W1. GCR was correlated with spring activity, 
especially in sections R2 and R3, and explained 30% of the 
variability.

Discussion

Our research shows differences in the activity of bats in the 
city in riverside environments they use during the growing 
season. It has been shown that species belonging to differ-
ent ecological groups distinguished by sonar range (LRE, 
MRE, SRE) reach the peak of their activity on different 
river sections depending on the season. It was also identi-
fied which environmental characteristics are responsible for 
these spatiotemporal differences in activity.

Long-range echolocators

The results regarding species occurrence in environments 
and seasons allow us to cautiously assume that most recorded 
individuals belonged to Nyctalus noctula (observed in all 
sections in all seasons). As Vespertilio murinus and Eptesi-
cus serotinus were confirmed only from single locations, 
this may suggest that both species do not prefer urban ripar-
ian habitats. The latter’s case is consistent with previous 
observations (Gaisler et al. 1998).

The average LRE activity was relatively high during 
most seasons in all river sections (excluding autumn). It 
may indicate that at least part of the population has com-
pleted its annual life cycle in the city. These results support 
the observations of the adaptation process of noctules to 
urban conditions, where the reports of year-round colonies 
in cities are growing (Godlevska 2015; Lesiński and Janus 
2019). The high activity of this group in late summer may 
be a result of long-distance flights from and to wintering 
areas (Petit and Mayer 2000; Ciechanowski et al. 2010) but 
also a doubling of the size of local populations due to the 
number of young individuals leaving the breeding colonies.

From all analyzed environmental characteristics, IBD 
explains the activity of this group to the greatest extent. 

Fig. 3 Distribution of river sections of the Vistula (W1-W3) and 
Rudawa (R1-R3) in the redundancy analysis (RDA) ordination dia-
gram for the model of (a) short-range echolocators (SRE); (b) medium 
range echolocators (MRE); (c) long-range echolocators (LRE), where 
GCR - green riverbed cover, RWidth - riverbed width, LIGHT - illu-
mination, TCD - tree cover density, IBD - impervious built-up cover 
density
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contemporaneously), P. pipistrellus was (and is) described 
as a generalist compared to P. pygmaeus (Gaisler et al. 
1998; Nicholls and Racey 2006), showing a broader toler-
ance to habitat transformations caused by the urbanization 
process (Lintott et al. 2015). In Krakow, when P. pipistrel-
lus co-occurs with P. kuhlii, the latter may win the competi-
tion, especially regarding feeding efficiency at street lamps 
(Tomassini et al. 2014; Salinas-Ramos et al. 2021). It is also 
possible that, as it is less adapted to hunting in riverine envi-
ronments, it also loses the competition with P. pygmaeus in 
such habitats.

The most apparent differences in MRE activity con-
cerned the seasons, where two peaks were observed. During 
spring, this group was the most active in R1 (narrow river-
bed and high anthropogenic pressure), which was explained 
by a preference for an environment with a narrow riverbed 
(RWidth). Surprisingly, at that time, not R1 but W1 served 
as a feeding ground for this group. So, social calls recorded 
in this section may indicate the communication within 
breeding colonies (but unrelated to feeding). The other 
peak of activity was observed in W1 in late summer and 
was explained by the buildup area (IBD). Also, at this time, 
a strong positive correlation of activity with feeding was 
demonstrated only for W1. Then, social calls recorded in 
this section at this time may result from communication on 
feeding grounds and mating behavior. These observations 
support the hypothesis that despite using artificial light as a 
stable food supply, bats from the MRE avoid it during com-
muting flights and reproduction (Azam et al. 2016, 2018).

The two peaks of MRE activity observed in Cracow may 
indicate the use of different corridors while migrating from 
and to hibernacula, as some species (like P. nathusii) start 
migration early in the season (Jarzembowski 2003; Fur-
mankiewicz and Kucharska 2009) and the autumn activity 
is still the highest in W1. Moreover, reports about autumn 
invasions and hibernation of this group in the city come 
from increasingly higher latitudes of the European continent 
(Flaquer et al. 2005; Nusová et al. 2019; Blomberg et al. 
2021). It may indicate that some individuals, due to climate 
changes, likely overwinter in the city.

Short-range echolocators

As in most works concerning urban bats’ ecology, in our 
research, we did not attempt to assign SRE to a species level 
due to similar echolocation properties within this species 
group. We presume that M. daubentonii, as a species associ-
ated with water, may have the largest share in the activity of 
this group (Lintott et al. 2015).

Our results present the highest activity of SRE in spring, 
mainly in sections with a narrow riverbed and low anthro-
pogenic pressure (R2 and R3). This result was expected and 

Around the W1 and W2 sections (wide riverbed and high 
anthropogenic pressure), where LRE had their peak activity 
in late summer, the highest values of IBD were noted. In 
statistical procedures, the LIGHT factor had to be removed 
from the analyses as it was strongly correlated with IBD. 
However, it is possible that our result might be due to the 
„vacuum effect”: artificial light is responsible for attract-
ing insects from their natural environments and attracting 
bats preying on them (Stone et al. 2015; Russo et al. 2019). 
Feeding and social activity also support this interpretation. 
A positive correlation between activity and feeding was 
recorded only in the river sections mentioned above in late 
summer. The social calls accompanying feeding emitted at 
that time may have resulted from communication on feed-
ing grounds. Since social calls in late summer were also 
recorded on W3 without intensive feeding, likely mating 
occurred mainly along this section.

Medium-range echolocators

In our research, the high occurrence of Pipistrellus pyg-
maeus with a relatively low occurrence of P. pipistrellus is 
noteworthy. The latter was recorded as rarely as relatively 
new in the Polish fauna: Hypsugo savii. Often noted were P. 
nathusii, present in all sections at least once per season, and 
P. kuhlii, which was not confirmed only in the R3 section. 
Records of social calls belonging to P. kuhlii lepidus, sug-
gest mating behavior in the city.

P. nathusii and P. pygmaeus are known to be associ-
ated with aquatic environments (Ciechanowski et al. 2010; 
Lewanzik et al. 2022). P. nathusii was previously defined 
as non-synanthropic (Ciechanowski 2015) and its influx 
into cities has only recently been recorded (Sachanowicz et 
al. 2019). Our data seem to confirm the generally observed 
trend for this species. Similarly, in the case of P. kuhlii, 
the available data suggest its rapid encroaching into cities 
(Sachanowicz et al. 2006). H. savii, like P. kuhlii, is of Med-
iterranean origin, slowly expanding its range northwards 
due to global warming rather than urbanization (Ancillotto 
et al. 2018). The most enigmatic are reports about P. pyg-
maeus’ presence in cities. Research from northern and cen-
tral Europe indicates it is rather urban-avoidant (Gaisler et 
al. 1998; Lintott et al. 2015). However, in southern Spain, 
it predominates in city centers compared to the outskirts 
(Elena Tena, pers. comm.). The works mentioned above, 
and forecasts on range changes (Smeraldo et al. 2021) 
suggest difficulties in predicting the proportion of species 
within this group occurring in urban areas in the future. In 
our research, the observed low occurrence of P. pipistrel-
lus, while high of P. pygmaeus, may result from P. kuhlii 
expansion to the north and the recent entry into southern 
Poland. In the absence of P. kuhlii (both historically and 
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