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Abstract
The latest study about the distribution of bat species in Latvia was published irnrhe98.

rapid development of automatic ultrasound detectors has enabled researchers to condu

extensive bat acoustic monitorifidus, the knowledge on the distribution of many bat species
in Latvia has increased in the last 20 yeBg. aim of this study was to examine thésdénces

in the activity of the northern bEptesicus nilsson{Keyserling & Blasius, 1839) across four
geographical regions of Latvia using data provided by three-year bat acoustic monitoring
programWe analyzed bat calls expressed as bat activity from 60 randomly selected LKS-92
25x25 km squares with a total of 360 observation statiafound thak. nilssoniiis less

common in the southeastern part of Latvia and more common in the south-west and north-

west parts of Latvial hus, thouglk. nilssoniiis widespread, the distribution of across Latvia
is uneven. Howevefurther studies are needed to examine the possible drivergeoédides
in the distribution of this species.
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INTRODUCTION over much of its range in Europe (Coroiu 2016).
However it is considered a rare species in neighbor
The northern bdEptesicus nilssonfKeyserling&  countries such as Lithuania (Pauza et al. 2002)
Blasius 1839) is a widespread Palearctic speciesd in Belarus (Shpak et al. 2022{é?sons &
reaching from Europe to eastern Russia andintulis 1999)While the northern bat has been
Mongolia, with a disconnected region in easternebserved across most of Poland, the distribution
most Russia and Japan (Coroiu 200ilenbeg  is uneven, with the breeding populations restricted
etal. 2019). Itis mentioned as a common speci¢s eastern regions and mountainous areas
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(Sachanowicz et al. 2006). In Fennoscandia ard this studywe tested the previously stated hypo-
Estonia,E. nilssoniiis one of the most common thesis on an uneven population density of the
bat species Riell 1993, Tidenbeg et al. 2019). northern bat in Latvia using data from the coun-
trywide acoustic monitoring of batsétersons
Itis also one of the most common bat species & Vintulis 2013).
Latvia (Rtersons &/intulis 1998) According to
passive bat acoustic monitoririg, nilssoniiis
the most commonly recorded species (Kaag MATERIALSAND METHODS
Petersons 2022).
Sudy area
OverallE. nilssoniiis a generalist species, foraging
in a wide variety of habitats i{d@enbeg et al. Latviais located in the boreo—nemoral forest zone
2019). Its general activity in Latvia is highest oveand characteristic of Latvia'climate is a half-
water bodies, parklands and coniferous forestgear long vegetation period/e used data from
and significantly lowest in open agriculturalan acoustic survey designed for monitoring pur
habitats and broad-leaved forests (Kaimu posesThe territory of Latvia was divided into
unpublished data). four regions: SE (southeast), SW (southwest), NE
(northeast) and NW (northwest) (Fig. 1) based
Petersons andintulis (1998) suggested thAt  on model used for bat monitoring program. Data
nilssoniiis less common in the southeastern pawere collected from 60 randomly selected LKS-
of Latvia, because no nurseriesEfnilssonii 92 (Latvian Geodetic Coordinate System 1992)
were found in this part of the countfyurther  25x25 km squares with 360 observation stations
more, the relative number of observation sitemstalled in total. In each region, 15 squares were
with bat detectors of this species was also loweurveyed. In each square bat calls were recorded
than the rest of Latvia giersons &/intulis 1998)  in six sites, each representing deatiént habitat
A recent analysis of the species composition angtoup (broad-leaved forest stands, coniferous
distribution among the hibernating bats in rooforest stands, urban-parklands, agricultural lands,
cellars showed a lower occupancyeohilssonii  small water bodies, and e water bodies)
in the western and south-eastern parts of Latvi@etersons &Vintulis 2013). In total, bat recor
(Vintulis & Petersons 2014). dings were made in 360 sites.
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Figure 1. The map of Latvia divided in four regions under LKS-92 25x25 km square network. Bat
activity was studied in randomly selected squares (visited squares marked grey). In total, 60 squares
were surveyed with six survey sites chosen in each squeB6Q).
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Data collection Data analysis

Bat calls were recorded using automatic batheJamovi(v. 2.3.21) was used for the analysis
detectordettersson ElektémikAB D500X.The  of the data (Jamovi 2022, R Cofeam 2021).
detector settings were: trigger level 40, gain 30T he data conformity to a normal distribution was
recording length 3 sec, interval 15 sa&lt.data checked withQ —Q plots together with p values
were collected between 2020 and 2022, with eadf the Shapio-WIk test.The data outliers were
square monitored for one nightll recordings tested with th&ox plotmethod andQR (vari-
were done between 2®f June and the Sof able)calculations. Since the data did not follow
July when most juveniles should be able to flya normal distribution, non-parametric tests were
The detectors were set to record bat calls frohosenTo assess the d#rences in the activity
sunset until sunrise and only deployed on nightsf E. nilssoniiin the four regions of Latvia, we
with favorable weather conditions (without rainusedKruskal-Villis H test.To distinguish comp-
and strong wind)The sound files were stored onarable variables between groups, we used post
CF cards itWAV format, and recordings analyzedhoc analysis followed by Dwass te8l — Critch-
usingBatSoundyv. 4.2.0. or v4.4.0.). low — Fligner test for multiple comparisoivge
considered results with p-valu€8.05 as statisti-
The identification ofE. nilssoniiis generally cally signicant.
straightforward (Russ 2012, Barataud 2015,
Skiba 2003), however the calls of the northern
bat must be distinguished from those of the partRESULT S
coloured batvespetilio murinus (Linnaeus,
1758), the Serotine bdiptesicus satinus During three years of acoustic bat monitoring, in
(Schreber 1774) and possibly the Leisdrat total we recorded 10549 passesEofnilssonii
Nyctalus leisler(Kuhl, 1817)While the Serotine (5852 passes in 2020, 1543 passes in 2021 and
and Leislers bats are very rare in Latvia, the3154 passes in 2022)e found that the distribu-
parti-colored bat is more commorg{ersons & tion of E. nilssoniiin four parts of Latvia was not
Vintulis 1998) Thus, we used the EF (end frequ-equal §2(3)=34.6<0.0012=0.097). Observed
ency) of FM-QCF (frequency modulated fol-median values db_ were the following: at SE
lowed by guasi-constant frequency) calithin ~ 0.16 (IQR=0.00-0.76), at SW 1.44 (IQR=0.31—
27-30 kHz as a diagnostic featurdzohilssonii  4.89), at NE 0.58 (IQR=0.00-2.31), at NW 1.10
Bat activity p, ) was calculated for each site agIQR=0.28-4.1). Post hoc analysis showed that
the number of passes)(per hour across the there were statistically significant fiifences in
whole night, where 1 is duration of the nightin the activity ofE. nilssoniibetween the SE and

minutes: SW (p<0.001) parts of Latvia; between the SE
n and NW ¢<0.001), and the SW and Ng=0.02)
bact = —60 (Fig. 2A).These results indicated tHtnilssonii
min

is more frequent in the SW and NW parts than in
A pass was defined as a series of at least twhe SE and more common in the SW than in the
echolocation pulses. NE part of Latvia (Fig. 2B).
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Figure 2. Dot plot showing the activity d&. nilssoniiin each observation sit€he outer dot in each
region represents the mean and the whiskers the standard error of the nfieemtgfters indicate
statistically significant dferences §<0.05) (A). Data visualization depicting the gradient of the
activity of E. nilssoniiin four parts of LatviaThe darker color represents the higher activity (B).

DISCUSSION P. nathusiidrives the dfierences irk. nilssonii

activity.
In this study we found that the activity dt.
nilssoniiacross Latvia is uneven, with the highesfhe SE region is dominated by a mosaic type
activity in the south-west (SW) and north-westandscape that mainly consists of small patches
(NW) parts of Latvia, and lowest in the south-of agricultural land and forests. Compared to the
eastern (SE) part of Latvi@ihe conclusion, that other regions, in SE there are ngtboreal forest
E. nilssoniiis less common in the southeastermassifs. Considering thit nilssoniiis a boreal
(SE) part of Latvia also matches with the earlieforest species (Suominen et al. 2022, Lapiai et
hypothesis expressed bgtersons an®intulis  2015), we suggest that lack of boreal forest mas-
(1998). sifs in SE, results in a lower activity Bf nilssonii

in this region. Possibjyfor the same reason
In the earlier studies éRersons 2004, dersonst.  E. nilssoniiis considered as a rare species in
Vintulis 1999), the authors proposed that th&ithuania Anyway, a further analysis of the distri-
lower activity ofE. nilssoniiin the south-eastern bution pattern of this species and the possible
part of the country could be due to the higheinfluencing factors are beyond the scope of this
abundance of the Nathusiusat Pipistrellus paper and needs to be addressed in the future.
nathusii(Keyserling & Blasius 1839), resulting
in a competition between both species. Howeverhe acoustic monitoring program is ongoing and
we found that the activity d® nathussis even more data, spanning most territory of Latvia will
across the four regions of Latvia (Kadpy be available and may provide a deeper insight
unpublished dataYhus, it is unlikely that inter into the distribution patterns &. nilssoniiin
specific competition betweeB. nilssoniiand Latvia.
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CONCLUSIONS Lapini L., Dorigo L., Zagmajster MAstaA.
2015. Distribution of two alpine-boreal bat

In this study we analyzed a three-year bat acoustic speciesEptesicus nilssonifKeyserling &

monitoring data and assessed, whether the activity Blasius, 1839) and/espetilio murinus

of E. nilssoniidiffers between four regions of Linnaeus, 1758, in Friul/enezia Giulia

Latvia.The study confirms expected f@ifences region (NE Italy).Gortania. Botanica

in activity and occurrence of the northern Bat Zoologia36: 115-121

nilssonii in four parts of Latvia, which could

inspire future research to reveal key aspects coRauza D., Pauziene N. 1998. Bats of Lithuania:

cerning ecology of this species. distribution, status and protectidlammal
Review28(2): 53-68. https://doi.gf10.
1046/j.1365-2907.1998.00025.x
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