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This comprehensive species-specific chapter covers all aspects of the mammalian biology, including
paleontology, physiology, genetics, reproduction and development, ecology, habitat, diet, mortality,
and behavior. The economic significance and management of mammals and future challenges for
research and conservation are addressed as well. The chapter includes a distribution map, a
photograph of the animal, and a list of key literature.
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Fig. 1

A northern bat in southeastern Finland. (Photo: Katarina Meramo)

Common Names

English Northern bat

German Nordfledermaus

French Sérotine de Nilsson

Spanish El murciélago hortelano nortefio
Italian Serotino di Nilsson

Russian CeBepHBIiT KOXKAHOK

Taxonomy, Systematics and Paleontology

The northern bat belongs to the global and speciose genus of serotine bats, Eptesicus (family
Vespertilionidae, subfamily Vespertilioninae). The members of this genus are very similar to each
other, which has made it difficult to resolve their relationships (Hoofer et al. 2006).

Nilsson (1836) misidentified a northern bat from its type location Torpe, Norway, as Vespertilio
kuhlii (Rydell 1993a). Keyserling and Blasius (1839) then described Vesperugo nilssonii after
Nilsson’s description and possibly specimens collected in Germany (Knolle 1981). The species was
also named Amblyotus atratus by Kolenati (1858) based on a specimen collected in Austrian Silesia
(modern Czech Republic) (Miller 1912). The current combination of names was first used by Miller



(1907). A synonym, Amblyotus nilssonii, is sometimes used in respect to a suggested division of the
genus Eptesicus (Horacek et al. 2000).

Seven subspecies have been named (Horacek et al. 2000), of which two are presently widely
recognized: E. n. nilssonii Keyserling and Blasius, 1839 and E. n. parvus Kishida, 1932. The latter is
present in Hokkaido, Sakhalin, Korea, and the Siberian Far East (Yoshiyuki 1989, according to
Horécek et al. 2000). However, genetic data do not support this distinction, as only low levels of
genetic variability have been measured between the two taxa (Dolch et al. 2007).

Previously considered as a subspecies of the northern bat (Rydell 1993a), the Japanese short-tailed
bat Eptesicus japonensis Imaizumi, 1953 from Honshu, Japan, and the Gobi big brown bat,
Eptesicus gobiensis Bobrinski, 1926 from Central Asia, are now recognized as distinct species, and
two other suggested subspecies, E. n. centralasiaticus and E. n. kachinensis, have been included in
the Gobi big brown bat (Artyushin et al. 2018). Another taxon, the sombre bat Eptesicus tatei
Ellerman and Morrison-Scott, 1951 from northeastern Bengal, India, has been suggested to be a
synonym of the northern bat, but confirmation is required because of the disjunct location (L6pez-
Baucells and Burgin 2019).

During the mid-Pleistocene glacial periods, the northern bat was found further south than today
(Kurtén 1968). Fossils have been found in Kozi Grzbiet in central Poland (Woloszyn 1987), in
Hungary (Janossy 1986), Bulgaria (Horacek 1982) (Popov and Pandurska 2000), and Italy (Salari
and Kotsakis 2011, 2017). Other records from this period are known from Crimea, Siberia, and the
Far East of Russia (former USSR) (Baranovoj and Gromova 1981). In southeastern Russia, the
northern bat is the second or third most common species in fossil deposits from the last glacial
maximum.

In Europe, all bats were likely absent in areas north of the Alps during the last glacial maximum.
However, in the Mediterranean region, boreal species such as the northern bat found refugia outside
of their contemporary range (Kurtén 1968; Benda et al. 2003). Cave subfossil deposits in central
Italy show that the northern bat inhabited areas lower in latitude than any modern location during the
last glacial maximum. Grotto del Fosselone in Latium, Italy, at 41°13’ is the southernmost-recorded
European site for the species (Salari and Kotsakis 2011, 2017) .

Current Distribution

The northern bat has a wide trans-continental distribution across Eurasia, which is demonstrated by
the records discussed below. Despite the large gaps between the available records, the trans-
continental distribution is probably rather continuous as there are no obvious barriers. In Asia, the
northern bat occupies a latitudinal band with suitable boreal, temperate, and alpine environments and
climate via Kazakhstan, southern Siberia, and Mongolia (Botvinkin et al. 2003; Dolch et al. 2007;
Datzmann et al. 2012; Orlova et al. 2015). There is an isolated patch of occurrence in the Caucasus
(Bukhnikashvili et al. 2009), which is accompanied by a few records from northern Iran, marking
the southern extreme for the species (Benda et al. 2012).

On the Pacific coast, the continental distribution ranges from the Korean Peninsula (Jo et al. 2018;
Yoon 2010) and southeastern Russia to the Okhotsk Sea (Tiunov et al. 1992). The northern bat
occurs on the island of Hokkaido (Fukui et al. 2004), the Kuril Islands (Kawai et al. 2014), Sakhalin
(Artyushin et al. 2018), and the Kamchatka peninsula (Han&k and Horéacek 1984). The northern bat




is the most common bat species in northeastern Russia, but rare in the Russian south-east (Tiunov et
al. 1992) (Fig. 2).

440376_0_En_45-1_Fig2_Print.eps

Fig. 2

Current uniform distribution limits for the northern bat in Europe. (Data from IUCN,
references cited in text. Map template: ©Copyright Getty Images/iStockphoto)

In Europe, the continuous range of the northern bat covers the Scandinavian Peninsula (Ahlén 2011),
Finland (Nyholm 1983; Tidenberg et al. 2019), Russian Karelia (Belkin et al. 2015), and the Baltic
countries (Masing 1983; Vintulis and P&tersons 2013). There are much fewer hibernation and
summertime observations from Lithuania compared to Latvia, where the northern bat is common
(Pauza and Pauziene 1998). The northern bat is rare but present at least in the northern and central
part of Belarus (Shpak 2018), observed in Ukraine (Miroposlki 2001), and, according to the number
of hibernating individuals, common in Samara, Russia (Smirnov et al. 2008). Similarly, the species
is patchily present in Poland (Sachanowicz et al. 2006; Lesinski et al. 2008), and in southern and
eastern Germany (Hutterer et al. 2005). Distribution is most uniform adjacent to the Carpathian,
Sudeten, and Alp mountain ranges. Other Central European locations where the northern bat is a
common species are the Biatowieza forest in eastern Poland (Sachanowicz et al. 2006) and the Hartz
Mountains in central Germany (Haupt and Schmidt 2007).

In the Czech Republic, the species is relatively common throughout the country, except for the few
lowland regions (Andéra and Hanék 2007). In the Alps, the species is abundant in southern Germany
(Hutterer et al. 2005), eastern France and Switzerland (Arthur and Lemaire 2015), Austria (Hutterer
et al. 2005; Widerin and Reiter 2017), and northern Italy (Lapini et al. 2015; Toffoli et al. 2016). The
northern bat is one of the most common if not the dominant species in high alpine habitats (Widerin
and Reiter 2017, 2018). It has also been observed in the French Pyrenees (Dietz and Kiefer 2016).
The northern bat occurs in the Carpathians in Slovakia and Romania but becomes more infrequent
toward the southern parts of the mountain range (Jére et al. 2018; Kanuch et al. 2008; Nad’o et al.
2019; Uhrin and Hapl 2004; Lucan 2007; Uhrin et al. 2014). Another isolated population has been
observed in the Velebit Mountains in Croatia (Pavlini¢ and Tvrtkovi¢ 2003). A specimen from Rila
Mountains in Bulgaria represents the southernmost contemporary observation from Europe (Benda
et al. 2003; Horécek et al. 2000).

Above the Arctic Circle, the northern bat becomes gradually less common with increasing latitude,
but it has been observed foraging and breeding at latitudes of up to 69° N in Troms, Norway (Rydell
et al. 1994; Speakman et al. 2000). There are records from the Kola Peninsula (Han&k and Horéacek
1984). A single individual has also been found in Vorkuta, Komi Republic, in the arctic tundra
(Bykhovets and Petrov 2019).

Vagrant individuals have sometimes been observed far from their current area of distribution. An
individual was found in a hibernaculum in Betchworth, southeastern England (Greenaway and Hill
1987). Northern bats have also been recorded in the Netherlands (Bruijn 2004), at oil rigs in the
Dutch sector of the North Sea (Boshamer and Bekker 2008), and on the Faroe Islands (Baagge and
Bloch 1993).

In Fennoscandia, the northern bat exploits all areas below and, in some cases, above the treeline
(Siivonen and Wermundsen 2008; Michaelsen et al. 2013; Tidenberg et al. 2019). In lowland areas




of southern Sweden, Finland, Estonia, and Latvia, the northern bat is one of the most abundant
species, even though high altitude environments are not available (Masing 1983; Ahlén 2011;
Tidenberg et al. 2019). This trend roughly correlates throughout the continent with the climate and
conditions suitable for the growth of boreal or hemiboreal forests. Despite the abundance in Skania,
southern Sweden, they are curiously absent from Denmark apart from a few observations (Ahlén et
al. 2009; Degerbgl 1935; Baagge 2007). In Central Europe, the presence of the northern bat becomes
increasingly connected to mountainous areas, and the species exploits higher altitudes more than
other sympatric bat species. Higher altitude areas, such as mountain ranges, often sustain relatively
isolated populations where the climate in the lowlands is too warm for the northern bat (Benda et al.
2012; Hanék and Horacek 1984; Pavlini¢ and Tvrtkovi¢ 2003). These patches are probably refugia,
where the species survived after the warming climate become unfavorable after the last glacial
maxima (Kurtén 1968; Benda et al. 2003).

In the Czech Republic, observations range between 250 and 1320 m above sea level with an average
of 657 m (Andéra and Hanéak 2007). The Carpathian population exhibits a similar relationship with
altitude. The occurrence in Slovakia is linked to coniferous trees, especially spruce, which grows at
higher altitudes compared to beech and other deciduous tree species. Moreover, the occurrence of
the species is biased toward higher altitudes compared to other species of bats (Kanuch et al. 2008).
Records from Romania show an even higher altitudinal preference, with most observations of
hibernating individuals occurring above 1000 m above sea level (Jére et al. 2018). Summer ecology
of the northern bat in the area is unknown due to scarce records. However, summertime observations
exist from northeastern Italy from alpine environments down to 113 m above sea level (Lapini et al.
2015).

The northern bat most likely exploits European montane habitats up to the edge of permafrost. For
example, Widerin and Reiter (2017) were able to record over 18,000 call sequences at a single
Austrian observation site at 2315 m above sea level during two consecutive summers. Moreover,
they demonstrated that the species is active at seven other sites between 2250 and 3106 m above sea
level. Apart from the records from the European Alps, there is a single observation from an Iranian
site at 2920 m above sea level (Benda et al. 2012) .

Description

Body

The northern bat is a medium-sized bat (Krzanowski 1977), which is distinguishable from other bats
by its long, dark fur with golden tips on the dorsal side, whereas the ventral side is lighter. The
contrast of the fur color on the dorsal and ventral is sharp. Juveniles do not have golden, but rather
silvery tips to their hairs (Rydell 1993a).

The northern bat has rounded, dark ears that are at their widest close to the base and have five
transverse folds at the edge. The tragus is short, rounded at the top and bends slightly toward the
inner parts of the ear (Rydell 1993a). The inner edge of the ear typically has a golden or yellowish
hair tuft (Dietz and Kiefer 2016).



The wing and tail membrane, face, nose and ears are dark, either black or blackish brown (Rydell
1993a). The hair on the dorsal side of the uropatagium extends to at least half of its length (Rydell
1993a). The plagiopatagium extends to the base of the toes (Miller 1912) and has a narrow post-
calcarial lobe. The calcar extends to roughly half the length of the tail membrane and is shorter than
the tibia. Up to 4 mm of the northern bat’s last caudal vertebra extends beyond the tail membrane.
The baculum is Y-shaped, and the penis is short and rounded (Greenaway and Hill 1987) (Table
1).Table 1

Average measurements of the northern bat from Europe. All measurements are in
millimeters (mm)
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Typical weight varies from about 8 to 13 g (Dietz and Kiefer 2016; Ryberg 1947), but may increase
during pregnancy or late in the autumn (Table 2) before hibernation to up to 16-18 g (Rydell 1989;

data from the collection of Finnish museum of Natural History Mammal collection
http://tun.fi/lHR.1329).Table 2

Weight (in grams) varies between sexes and increases from the beginning of the season

toward the end (Finnish museum of Natural History Mammal collection

http:/tun.fi/HR.1329)
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Weight
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FMNH 2020 = Finnish museum of Natural History Mammal collection http://tun.fi/HR.1329

The wings are broad, or medium broad, and have short rounded tips (Norberg and Rayner 1987;
Rydell 1993a). The northern bat has average aspect ratio, wingspan, and wing loading (Table 3)
(Norberg and Rayner 1987).Table 3

Wing measurements in mm
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Skull

The average length of the skull of the northern bat (Table 4) varies from 14 mm (Strelkov 1986) to
16.5 mm (Finnish museum of Natural History Mammal collection http://tun.fi/HR.1329). The
braincase is low, with an obvious convexity in the middle. The outline of the skull is subspherical or
roughly ovate and its depth is slightly greater than half the mastoid breadth. The crest of lambdoid
curves toward the contact point at the middle and occiput posterior, and rounded outlines of the skull
can be seen behind them. The sagittal crest is minimal or absent. The interorbital region is hourglass-
shaped and has a lacrimal swelling. Table 4

Skull measurements; ranges, means, and standard deviations

Measuremen Rang Mea SD N Source
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All measurements are in millimeters (m)

GSL greatest skull length, CBL condylobasal length, ZW zygomatic width, IOW interorbital
width, UTR upper tooth row length (C—M?3), LTR lower tooth row length (C—M?), ML

mandible length, FMNH Finnish museum of Natural History Mammal collection

http:/tun.fi/HR.1329

Physiology

Studies on the hibernation physiology of the northern bat exist mostly from the Republic of Karelia
and Sakhan Republic in Russia. It is known that the species expresses longer average bouts of torpor
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compared to the brown long-eared bat (Plecotus auritus), or Daubenton’s bat (Myotis daubentonii)
(Solomonov et al. 2010), which in itself suggests adaptation to longer total periods of hibernation.

llyukha et al. (2015) compared physiological parameters in three species of bats hibernating in
Karelia: brown long-eared bat, Brandt’s bat (Myotis brandtii), and northern bat. They concluded that
the northern bat was different from the other species, standing out for a number of parameters
(peripheral leukocyte and lymphocyte counts, LDH isoenzyme profile in some organs). They
suggested that the relatively high peripheral lymphocyte count in hibernating northern bats must be a
species-specific trait reflecting their physiological-biochemical characteristics.

The hibernating northern bat also has a higher content of vitamin E in the liver than the brown long-
eared bat or the Brandt’s bat. Vitamin E is one of the most important natural antioxidants. Sufficient
uptake of vitamin E before the winter period is paramount, especially in northern regions, in
connection with significant metabolic changes. The uptake, transport, and tissue delivery of a-
tocopherol, a form of vitamin E, involves molecular, biochemical, and cellular processes closely
related to overall lipid and lipoprotein homeostasis (Rigotti 2007). In addition, vitamin E
accumulation in animal tissues in the autumn induces hibernation behavior (Kalabukhov 1985), and
adequate levels of tocopherol during hibernation are essential for reproduction in spring.
Kalabukhov (1985) showed that northern bats living in colder climates with a shorter photoperiod,
and a longer period of hibernation, had in general higher values of low-molecular natural
antioxidants, such as vitamin E, than bats from warmer climates with less variability in the annual
photoperiod.

Anufriev and Revin (2006) were able to measure the rate of oxygen consumption in the northern bat
hibernating at an ambient temperature of 1-3 °C. The value they obtained, 0.056 ml g * h™?, is
roughly 0.2-0.4% of the oxygen consumption in the active state. Information about the metabolic
rate reduction during hibernation in other northern chiropteran species is rather scarce, but these
have been measured at least for Daubenton’s bat (0.070 ml g™* h™*) and Natterer’s bat (Myotis
nattereri, 0.031 ml g* h'!, Kulzer et al. 1970; Speakman et al. 1991). These measurements indicate
there are differences between bat species, but how they correlate with hibernation success or micro-
climate selection needs to be investigated in more detail.

The hibernation period is associated with a dramatic decrease in numbers of circulating leukocytes
and thrombocytes in hibernating mammals, which is an adaptation to the torpid phase (Lechler and
Penick 1963; Lyman and Chatfield 1955; Reddick et al. 1973; Reznik et al. 1975; Spurrier and Dawe
1973). The cells do not undergo apoptosis, but rather, as shown for hibernating ground squirrels and
Syrian hamsters during torpor bouts, leukocytes are separated from the circulation and stored in
other body compartments, such as the lung, liver, or secondary lymphoid organs (Bouma et al.
2010). These are then released back into circulation after restoration of body functions at arousal.
Indeed, Uzenbaeva et al. (2015) showed that the northern bat, the brown long-eared bat, and
Brandt’s bat exhibit low mean WBC values during hibernation. Kizhina et al. (2018) took a closer
look at changes in hematological parameters during the hibernation period, demonstrating that the
leukocyte profiles are dependent on the temporal stage of hibernation. For instance, the number of
leukocytes rises during late hibernation period, when the frequency of spontaneous arousals is
increased. These changes suggest dynamic leukopoiesis during the hibernation period. However, no
significant changes in red blood cells were observed.

Previous studies have demonstrated that of the leukocytes, the numbers of lymphocytes in European
and tropical bats exceeded the numbers of neutrophils (Davis et al. 1967; Paksuz et al. 2009;
Schneeberger et al. 2013; Wolk and Bogdanowicz 1987), and that neutrophils and lymphocytes
appear in equal quantities in torpor (Kovalchuk et al. 2017). However, a majority of leukocytes in



the northern bat in the study by Kizhina et al. (2018) were neutrophils; these data are consistent with
reports on other hibernating mammals that the leukocytes remaining in blood during torpor are
mainly neutrophils (Bouma et al. 2010; Szilagyi and Senturia 1974). The number of lymphocytes
was significantly higher in the spring, compared to the winter. Kizhina et al. (2018) suggested that
lymphopenia is unlikely to be caused by decreased lymphocyte production because the half-life of
the cell is several months (Bouma et al. 2010); however, it could be caused by the inhibition of
lymphocyte proliferation by 5-AMP released from brown adipose tissue (Atanassov et al. 1995).

Kizhina et al. (2018) suggested that the rise in band neutrophils, lymphocytes, and basophils by the
end of the hibernation period is indicative of the activation of leukopoesis, which, along with
favorable environmental conditions, apparently provides for a high survival of the northern bat. On a
related note, for instance in the edible dormouse (Glis glis) the amount of energy available for
investing in the immune system after the hibernation period is limited, and therefore the depleted
stocks of monocytes and neutrophils were found to be slow to recover and immune defense was
delayed (Havenstein et al. 2016), which may contribute to their high mortality directly after
emergence from hibernation (Lebl et al. 2011) .

Genetics

Chromosomes

As in other species in the genus Eptesicus, the diploid chromosome number of the northern bat is 50,
and there are 48 fundamental chromosomes (Gorobeyko and Kartavtseva 2018; Heller and Volleth
1984).

Phylogeography

Artyushin et al. (2009) proposed that the northern bat comprised two distinct mitochondrial lineages
that the authors named by the geographical locations from which the lineages were found. The
European lineage occurs only in Europe, to the west of the Russian border, whereas the Siberian
lineage is detected only in Russia. However, a later study showed that the Siberian lineage extends
into eastern Finland (Lempidinen 2014). Later studies (Juste et al. 2013; Kruskop et al. 2012) have
confirmed the intraspecific geographical division. So far, no information exists on the mitochondrial
lineages present in the Far East: Mongolia, Kamchatka, Korea, and Japan.

The existence of different mitochondrial lineages suggests that population bottle-necks have
occurred, and these have been followed by events of rapid population growth. The population
bottlenecks most likely took place when the European lineage and Siberian lineage populations were
forced into reproductive isolation in multiple and single refugial subpopulations during glacials.
Using two mitochondrial markers (cytochrome b and HVII), Lempiéinen (2014) estimated that the
population divergence occurred between the middle Pleistocene and the Holocene epochs (ca. 0.85-
1.1 Mya).



Kruskop et al. (2012) suggested that the unique phylogeographic pattern in the Siberian lineage is
consistent with the possible existence of a glacial refugium in the Ural Mountains (e.g., see Markova
et al. 2008), where the northern bat was common at least in the late Pleistocene—early Holocene
(Fadeeva and Kruskop 2008). From the Ural Mountains, the species could have recolonized Siberia
and easternmost Europe. The European lineage most likely resided in one or more of the major
European glacial refugia: the Iberian Peninsula, the Apennine Peninsula, and the Balkans
(Lempidinen 2014). The Apennine Peninsula was likely occupied by the northern bat during glacials,
because the contemporary range of the species reaches northern Italy, to the south of the Alps
(Lépez-Baucells and Burgin 2019). The contemporary presence of the northern bat in the Balkans
has also been confirmed (Pavlini¢ and Tvrtkovi¢ 2003). Furthermore, Bennett et al. (1991) identified
the western Balkan Peninsula as the most important refugium for forests, supporting the suggestion
that northern bats may have occupied the peninsula during the Pleistocene glacial periods. However,
no fossil findings confirm their presence The third major refugium in Europe could have existed in
Iberia, but data on the contemporary existence of the species in, for instance, the Pyrenees are
lacking.

Hybridization with Related Species

Mayer and Helversen (2001) suggested hybridization between the northern bat and the serotine bat
based on a mitochondrial sequence, ND1. This was also reported by Artyushin et al. (2009) using the
cytb mtDNA-marker, and further reaffirmed by Juste et al. (2013) with a more comprehensive set of
mtDNA-markers. Artuyshin et al. (2009) further described differences between the European and
Russian mtDNA sequences of the serotine bat, and suggested that serotine bats from Russia
preserved the original, specific mitochondrial lineage, which was lost in the western European
population most probably due to complete introgression of mtDNA of the northern bat and a
subsequent fixation of the alleles. This introgression was consequently validated by Juste et al.
(2013) with a more comprehensive set of mMtDNA and nuDNA markers. Their results showed
introgression of the mtDNA, but a nuDNA-based molecular phylogeny distinguished the northern
bat and the serotine bat as different species (Juste et al. 2013).

Fixation of mtDNA from other species is a rather common phenomenon under a number of realistic
evolutionary scenarios (Currat et al. 2008). The karyotypes of the serotine bat and the northern bat
are nearly identical (Volleth et al. 2001), and thus cytogenetic barriers to interspecific hybridization
are expected to be inefficient. Therefore, the hybridization could have occurred asymmetrically,
when post-glacial populations of the west- and northwards- expanding serotine bat came in contact
with resident, or earlier arrived, populations of the northern bat. Juste et al. (2013) suggest that the
captured northern bat mtDNA has been transmitted to all present western populations of the serotine
bat, whereas the nuclear imprint of this hybridization event has most likely been diluted due to
demographic factors. Indeed, analysis of nuclearDNA shows that the northern bat and the serotine
bat possess unique species-specific pools of alleles (Artyushin et al. 2018). Artyushin et al. (2009)
allocate the hybridization event to the last or penultimate glacial cycle based on relatively low level
of divergence (~1.8%; ML based distance) in cytb between serotine bat and northern bat.

Life History



Reproduction

Birth takes place in summer, but the exact date varies in different parts of the distribution range. In
Central Europe, the young are born in June (Harka 1967; Tress et al. 1989), whereas in Scandinavia
birth takes place in July (Rydell 1989, 1993a) or even early August (Frafjord 2013).

The northern bat gives birth to one or two young (Ryberg 1947; Taake 1985). Taake (1985)
suggested that, among European vesper bats, species that are the subjects of relatively high predation
pressure more frequently give birth to twins than species that suffer less from predators. Quantitative
data on actual predation pressure still appear to be lacking for the northern bat. The energy intake of
females increases significantly during the lactation period, which forces them to spend more time
foraging and makes them more vulnerable to predation (Duvergé et al. 2000). This increase in the
females’ foraging time expenditure may be more than 100% compared to the time before parturition
(Rydell 1993b; de Jong 1994). Northern bats do not necessarily breed every year; thus, when they do
reproduce, females may be able to invest more resources in their pups (Rydell 1989).

At birth, the young are large relative to the weight of the female, being circa 37% of the mother’s
body mass (Haarsma and Siepel 2013). The young grow rapidly, and are weaned as soon as they are
able to fly at the age of two to three weeks (Rydell 1992a, 1993a). The short interval between birth
and weaning is likely an advantage to the relatively short summers at the northern latitudes where
northern bats live (Haarsma and Siepel 2013). After weaning of the pups, maternity colonies may
move to a new locations (Kosonen 2013).

Other bat species have been recorded from localities north of the Arctic Circle (Siivonen and
Wermundsen 2008). However, the northern bat is the only bat species with records of breeding in
the far North (Rydell et al. 1994).

Longevity

Most bats are unusually long-lived by small mammal standards, and the northern bat is no exception.
Although it is not known to reach the longevity of some other European bat species, northern bat
individuals are known to have survived for longer than a decade in the wild (e.g., Martinoli et al.
2007). The longest recorded lifespan is circa 15.5 years (Masing et al. 1999) .

Habitat and Diet

The northern bat is typically found bat in boreal and mountain forest areas, where it prefers semi-
open and edge habitats. In northern Europe, it also lives in the lowlands, but in Central and South-
East Europe, it is mainly distributed in mountain areas up to 2000 m above sea level e.g., (Benda et
al. 2003; Piksa and Nowak 2002; Pocora et al. 2008; Rydell 1986a).




Foraging Habitat

The northern bat utilizes different habitats opportunistically and may shift from one habitat to
another during the season. De Jong and Ahlén (1991) discovered in Sweden that early in the season,
in May and June, bats favored deciduous and mixed forests, which often were located near rich
water bodies. Results from southern Germany, where northern bats were observed to forage in
forests before females gave birth, support these findings (Haupt et al. 2006). In Finland, the northern
bat utilizes mature but low-productivity forest patches in early summer, and are seldom detected
over open water (ljés et al. 2017; VVasko et al. 2020). This might be due to the high insect abundance
in boreal forests. Water bodies, such as lakes, are key habitats of the northern bat in Sweden (Rydell
1989; de Jong 1994) and Russian Karelia (Belkin et al. 2019). In Finland, the northern bat favors
more humid forests in July. Above-average humidity might promote insect emergence and food
abundance during a drier period of the year (Vasko et al. 2020).

Open canopy forests are important foraging habitats throughout the season in northern Europe (de
Jong 1994; de Jong and Ahlén 1991; Haupt et al. 2006; Rydell 1986a; Vasko et al. 2020), where the
northern bat usually flies relatively high, circa 8 to 15 m above the ground, sometimes even around
50 m (Rydell 1990). The species also forages in other kinds of habitats, such as open meadows,
pastures, and clear-cuts (de Jong 1994; de Jong and Ahlén 1991). In addition, edge habitats,
shorelines (Kosonen 2013) parks, and urban areas (de Jong 1994; Haupt et al. 2006; Haupt and
Schmidt 2007; Kosonen 2013; Rydell 1986a) provide suitable foraging patches for the species.

Although it typically forages in open and edge spaces, the northern bat can sometimes successfully
capture insects in clutter overlap zones where background echoes mask prey echoes. This was
reported by Jensen et al. (2001), who observed northern bats feeding on large ghost moths
(Hepialidae) over a meadow in Sweden.

The northern bat utilizes illuminated areas early in the spring and again in late summer and early
autumn (Rydell 1992b). Haupt et al. (2006) observed that the northern bat uses urban areas after
parturition, taking advantage of the insect abundance around artificial light. Urban areas are
considered to be key habitats for the species in Germany (Haupt et al. 2006). However, the shift to
LED and white halogen lights has decreased the occurrence of the northern bat in illuminated areas,
because these lights attract fewer insects (Rydell et al. 2020).

In southwestern Finland, radio-tracked females began their nightly foraging from a city center, in
which the most frequently utilized foraging area was less developed (Kosonen 2013). However,
some individuals were also observed to forage over paved areas, such as parking lots overlaid with
tarmac. In this case, the city center was close to the roost, and thus a good location to begin nightly
foraging (Kosonen 2013). Rydell (1992b) divided a town into four different areas, “urban”,
“residential”, “industrial”, and “rural”, where the residential and rural areas were most used by bats.
However, the use was associated with tree occurrence and the presence of short wave-length street
lamps, but not with density of buildings or distance from the city center.

The short northern summer nights in the middle of the active season bring challenges to the northern
bat. Frafjord (2013) showed that the species forages only in the darkest hours and as close to the
roosts as possible in the middle of the summer, and increases its foraging time and home range with
the night length in the northern parts of its distribution. These are supported by results of de Jong
(1994) from southern Sweden, who found the home range size increasing from the beginning of the
season toward autumn.



Roosts

Northern bats, especially female colonies, often roost in heated buildings taking advantage of the
warmth (Rydell 1993a), but occasionally they choose abandoned buildings as nursery roost, and
occupy roofs that are heated by the sun (Rydell 1993a; Frafjord 2013; Kosonen 2013).

Occasionally a solitary northern bat can accept a bat box or a tree crevice for shelter (Dietz and
Kiefer 2016; Rydell 1993a). Individuals preferring other shelters are often male, non-breeding
females or females that have weaned their pups (Kosonen 2013). The roost sites are located near
abundant foraging areas, and females return to the same roost year after year (Rydell 1989).

Hibernation Habitat

The northern bat utilizes a plethora of man-made over-wintering sites, such as mines (Rydell et al.
2019), cellars, and bunkers (Siivonen and Wermundsen 2008; Wermundsen and Siivonen 2010;
Vintulis and P&tersons 2013; Rydell 1989), as well as natural formations such as caves (Lucan
2007), glacial erratics, bedrock crevices (Blomberg et al. 2021), rock scree (Michaelsen et al. 2013),
and even ancient shores (photo 2), which are post-glacial formations consisting of rocks and pebbles
left behind by retreating sea shore as a consequence of land rising, where observations have been
made in early spring and late autumn in Finland (Fritzén and Hagg 2020) (Fig. 3).
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Fig. 3

Northern bats have been detected in this ancient shore in Finland early in the spring and
late in the autumn. (Photo Niclas Fritzén)

Diet

The northern bat is an insectivorous species, which utilizes short-term food resources (Dolch et al.
2007). It has been considered a generalist (Haupt et al. 2006; Smirnov 2018), even though the
majority of its diet consists of nematoceran flies (Rydell 1986a; Rydell et al. 2016; Vesterinen et al.
2018). Vesterinen et al. (2018) found that up to 77% of the insect DNA in the feces belong to the
order Diptera (flies), among which Pediciidae (hairy-eyed craneflies) (21.3%), Trichoceridae (winter
craneflies) (18.4%), Tipulidae (craneflies) (13.0%), and Chironomidae (chironomids) (10.7%) were
the most abundant families. Occasional gleaning of stationary prey items is suggested by a small
portion of terrestrial arthropods in the diet (GajdoSik and Gaisler 2004; Vesterinen et al. 2018). At
more southerly latitudes, the northern bat’s diet consists mostly of species belonging to the dipteran
suborder Nematocera, followed by the orders Lepidoptera and Heteroptera, genus Phyllomorpha
belonging to the order Hemiptera, suborder Brachycera belonging to the order Diptera,
Aphidomorpha (an infraorder of the order Hemiptera), and Coleoptera (beetles). The remains of
Brachycera often found in pellets suggests an additional foliage gleaning strategy (GajdoSik and
Gaisler 2004). In the north, the species also complements its diet with Lepidoptera, Coleoptera, and




Trichoptera (Rydell 1986a; Vesterinen et al. 2018). In the Samarskya Luka area in Russia,
lepidopterans were the predominant order in the feces of the northern bat (Smirnov 2018).

Behavior

Acoustic Behavior

The northern bat utilizes ultrasonic echolocation to locate and catch insects in flight. In foraging
habitats, relatively long, low and loud calls are beneficial because they maximize detection distance
(Schnitzler and Kalko 2001). Typically, the northern bat uses quasi-constant frequency (QCF) calls
in an open environment (photo 3). These calls are characterized by a linear descent in frequency and
a bandwidth of only 1 to 5 kHz (Fig. 4).
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Fig. 4

(a) Northern bat foraging or commuting high above the ground using QCF calls. (b)
Northern bat foraging in a narrow forest clearing with FM calls. (Both recordings by Harry J.
Lehto with Petterson M500 full spectrum detector)

In contrast, northern bats emit flat-ended frequency modulated (FM) calls while flying in the vicinity
of obstacles or the ground (photo 4), or upon approaching a prey item. These calls start with a
rapidly descending frequency modulated part of up to 40 kHz in bandwidth, which breaks into a
horizontal terminal part, resulting in an L- or “banana”-shaped spectrogram. The border between
these call types is fluid, however, and forms that do not clearly represent one or another type may
exist (Ahlén 1981; Rydell 1993c; Barataud 2015). Peak frequencies of 26 to 29 kHz are common in
open environments, where bats use QCF-calls (Barataud 2015). On the other hand, when northern
bats are close to obstacles or during an approach, peak frequencies usually range from 27 to 33 kHz.

Distance to the obstacles also affects the duration of the calls. QCF-calls in an open environment are
up to 22 milliseconds long, but shorter calls and a higher repetition rate to increase temporal
resolution are utilized in a cluttered environment or while engaged in a chase (Barataud 2015). The
attack usually ends with a terminal buzz typical for all aerial hawking bats (Schnitzler and Kalko
2001). During the buzz, the northern bat utilizes an extremely short call duration and a repetition rate
of up to 200 calls per second (recordings made by the authors, 2019). Other acoustic descriptions
from Sweden (Ahlén 1981, Rydell 1990, 1993c) and Hokkaido, Japan (Fukui et al. 2004), present
values fitting within the ranges mentioned above. While there may be geographical variation across
Eurasia and latitudinal gradient, it is not apparent in these studies, because a difference in average
values alone might be caused by the recording situation and surroundings (Rydell 1993c).

An experimental study by EkI6f et al. (2002) revealed that vision was involved during the initial
detection of stationary prey items located in the clutter overlap zone 0-1.5 m above the grass tips.
However, the typical echolocation sequence from search to terminal phase was still present.




Moreover, the frequency of attempted attacks on rapidly moving targets within the clutter was not
affected by visual conspicuousness of the target, hence the detection was probably based on echoes
in these situations. However, this behavior appears rare because the species is most often avoiding
dense vegetation and staying 1-2 m away from background clutter (Rydell 1986a, 1992b).

As the prey insects consumed by northern bats differ in size, they are handled by the bat in a
different manner. Rydell (1992b) measured times elapsed between one terminal buzz and the
subsequent return into the normal echolocation routine. The processing time for smaller dipteran
prey was almost non-existent, but after catching a larger moth, handling time increased drastically
and could be as long as 40 s. During this time, the bat usually flew in circles while remaining within
the feeding site and avoiding nearby obstacles .

Social Behavior

Northern bats are mainly solitary foragers. They establish temporary individual feeding territories
and aggressively chase intruding bats away. The territories or repetitive flight paths can last at least
up to 90 min before the bats move to a new spot (Rydell 1986a, b, 1989, 1992b; Kosonen 2013). In
times of high insect abundance, they sometimes tolerate conspecifics sharing the area (Rydell 1986a,
b, 1992b; Kosonen 2013). Rydell (1986a) observed northern bats foraging in a group of ten or more
individuals with overlapping flight paths. This kind of behavior most likely occurs only in situations
with especially high and concentrated insect abundance, but nevertheless demonstrates a degree of
behavioral flexibility.

Roughly 20-30% of the foraging cases involve more than one individual at the same site (Rydell
1986b, 1992b), which usually leads to conflict. Established feeding territories are defended but
replacement of the original occupant by an intruder is not unusual (Rydell 1986b; Kosonen 2013).
Sometimes a conflict is not apparent after intrusion, but both bats rarely remain at the same site for
more than one minute (Rydell 1986b). Aggressive behavior is also typical in cases where territories
are not clearly defined, and bats forage together for a prolonged period (Rydell 1992b).

Maternity colonies have a linear hierarchical structure and disputes tend to get resolved quicker if
the bats are from the same colony (Rydell 1986b). The disputes settle in favor of the dominant
individual in about 90% of the cases. Normally, a single agonistic call, a chase, or both initiated by
the dominant individual suffice (Rydell 1986b).

Social vocalizations are often involved in the disputes between bat individuals (Rydell 1986a, b,
1992b; Kosonen 2013; Middleton et al. 2014). These calls often consist of steep, descending FM
calls extending into the audible range, with energy peaks around 14 kHz and up to 3 harmonics
present. They are usually emitted simultaneously with the normal echolocation routine (photo 5).
Another common social call type consists of repetitive feeding buzz-like trills mixed with variable
shorter elements. These can be long, songlike sequences with great complexity lasting for over a
second (Middleton et al. 2014).

During foraging, it is typical for northern bats to rest in trees for short periods of time before
continuing. Sometimes multiple individuals rest in the same tree, but the possible social function of
this is unknown (de Jong 1994; Kosonen 2013).

The distance to the feeding grounds is dependent on the abundance of insect prey. When prey is
scarce, bats spend more time feeding and fly further from the roost. On the other hand, at times when
prey is plentiful, all individuals of a colony can be found foraging less than 200 m away from the



day roost. High insect abundance also decreases the total time spent outside the roost, because the
energy demand is satisfied in a shorter time (de Jong 1994). According to Rydell (1986b), bats often
begin their daily foraging close to the roost but move further away to other feeding grounds after 20—
40 min. Kosonen (2013) also reported a pattern of beginning in one feeding area before moving to
another.

Frafjord (2013) observed a clear increase in foraging range sizes from July to October in Troms,
North-West Norway. The increase in range was accompanied with increased foraging hours and
decreased ambient light. However, bats have been observed feeding under the midnight sun too
(Speakman et al. 2000). In southern Scandinavia, the emergence time in relation to sunset was
postponed during late pregnancy and early lactation, possibly to control predation risk (Duvergé et
al. 2000).

The seasonal dynamics could be determined by spatiotemporal variation in insect abundance, which
depends heavily on the studied area. In addition, there is seasonal variation in the use of different
feeding areas. For example, de Jong and Ahlén (1991) observed a shift from a productive lakeshore
habitat to a less productive coniferous woodland, where insect abundance peaks in the middle of the
summer (Haupt et al. 2006). Haupt et al. (2006) observed a switch from a generalist habitat use into
more selective behavior around the birth of the young. During the latter part, high interindividual
variation indicated variable feeding strategies.

During late summer and autumn, bats may fly considerable distances to reach preferred foraging
sites. The selection of these sites is probably driven by insect availability (de Jong and Ahlén 1991;
Rydell 1992b; de Jong 1994; Haupt et al. 2006). Key habitats, where insect abundance is relatively
high at particular times, are probably essential in satisfying energy demand both early and late in the
summer (de Jong 1994; Haupt et al. 2006).

In studies conducted in southern Sweden, female northern bats started foraging in the beginning of
May, when night temperatures reached 7-10 °C (Rydell 1989; de Jong 1994). The foraging activity
is linked with temperature, which also predicts insect abundance. Bats often stay in the roost during
colder nights (Rydell 1989).

The northern bat could be sensitive to competition from other open space-foraging bat species.
Haupt and Schmidt (2007) suggested avoidance of other species as a key determinant of the current
distribution and habitat selection in Central Europe. They observed that the northern bat rarely
utilizes the same areas as the serotine bat, the noctule bat (Nyctalus noctula), the parti-colored bat
(Vespertilio murinus), and Leisler’s noctule (Nyctalus leisleri). However, they could not verify the
observation statistically. In the same study, northern bat was often observed foraging together with
the common pipistrelle (Pipistrellus pipistrellus). The two species have also been observed
exploiting the same deciduous lakeside habitats, indicating succesful resource partitioning (de Jong
and Ahlén 1991). It has also been suggested the northern-most populations of the northern bat could
be in competition for resources with swifts (Apus apus) and barn swallows (Hirundo rustica) during
the light summer nights of the Arctic region (Speakman et al. 2000).

Even though northern bats are able to cover distances of up to 40 km during a single night between
their roosts and foraging grounds (de Jong 1994), they are considered to be mostly sedentary (Rydell
1993a). The northern bat has been detected to forage at the same location over multiple years,
suggesting a high degree of foraging site fidelity (Kosonen 2013; Martinoli et al. 2007; Rydell
1989). Some ringed individuals have however covered distances of over 100 km. The longest
recorded transect is 450 km from Germany to Austria (Hutterer et al. 2005). Further evidence of



long movements is provided by the numerous offshore observations in western Europe (Petersen et
al. 2014). Dispersal is usually considered the primary purpose for such flights (Hutterer et al. 2005) .

Hibernating Behavior

The northern bat lives in cold conditions of the north and at times even below freezing temperatures
(Masing 1981; Masing and Lutsar 2007; Siivonen and Wermundsen 2008; Wermundsen and
Siivonen 2010). In Yakutia, northern bats enter torpor in October—November and leave their
hibernation sites in April-May, totaling to 7.5-8 months of torpor (Anufriev and Revin 2006).
Similarly, Kizhina et al. (2018) reported that the hibernation period in Karelia lasts from October to
May.

Northern bats spend 97% of their hibernation period in torpor (Anufriyev 2008) . They also express
longer bouts of torpor (428 h on average) compared to brown long-eared bats and Daubenton’s bats.
The microclimate in which the northern bat has been observed to hibernate is relatively dry and cold,
and the species can tolerate temperatures below freezing and relative humidity as low as 70%
(Kizhina et al. 2018; Siivonen and Wermundsen 2008; Smirnov et al. 2008). The ambient
hibernation temperature of species in southeastern Finland has been reported at 2.0 + 0.1 °C, with a
preferred relative humidity of 78.0 £ 0.6%, but they regularly hibernated in temperatures below 0 °C
(Siivonen and Wermundsen 2008). Masing (1981) concluded that the lower critical temperature at
which northern bats arouse from torpor was —3.13 °C. However, hibernation temperatures as low as
—5.3 °C have been recorded (Masing 1983; Masing and Lutsar 2007).

Most studies have found northern bats typically hibernating openly on walls (Ilyukha et al. 2015;
Kizhina et al. 2018, Belkin et al. 2019). Siivonen and Wermundsen (2008) reported that 54% of
northern bats observed in their study selected crevices for hibernation. While clusters as large as
eight individuals have been recorded in southeastern Finland (Siivonen and Wermundsen 2008), the
northern bat usually hibernates solitarily or in small groups consisting of 2—4 individuals (Ilyukha et
al. 2015; Kizhina et al. 2018; Rydell 1993a). Northern bats have been found clustering with
Daubenton’s bat, brown long-eared bats, and whiskered/Brandt’s bats (Myotis mystacinus/brandtii)
(Siivonen and Wermundsen 2008).

Winter mortality of northern bats has not been extensively studied, but an annual mortality rate of
5.1% for northern bats in Karelia has been reported, whereas the mortality rates of Daubenton’s bat
and Brandt’s bat were 5.3% and 10.0% respectively (Kizhina et al. 2018) .

Reproductive Behavior

Male sperm availability fluctuates during the mating period. Pfeiffer and Mayer (2013) studied
swarming flight activity of males and females in southern Germany, and measured the epipididymal
volume. Swarming was strongly male-biased, and the female activity peak was timed with the
maximum volumes of male epididymi. The males’ testis volumes increased from week 24 to week
28, and epididymal filling increased from the beginning of July to mid-August. After that, the
volumes started to decrease rapidly, and by mid-September, when they were no longer measurable,
the mating season was over. Thus, at least in the southern parts of the northern bats’ distribution, it



appears that the sperm production of males is timed to coincide with the reproductive cycle of
females (Pfeiffer and Mayer 2013).

In late May or early June females gather into maternity colonies consisting of up to several dozens of
individuals (Rydell 1992a, 1993b; Snit’ko 2007). These colonies include both parous and non-
parous females, but no adult males have been identified in the colonies (Kosonen 2013; Rydell 1989;
Tress et al. 1989). Whereas males disperse in their first year, females show high maternity roost
fidelity; more than 70% of females return to the colony they were born in (Rydell 1989; Tress et al.
1989).

Females usually breed for the first time at the age of three years, but may have their first pups
already in their first full summer (Dietz and Kiefer 2016). Among the breeding females, older
individuals maintain a higher body mass and are in better condition compared to younger
individuals. There is a stable, age-determined dominance hierarchy among individuals in the
maternity colony (Rydell 1993b).

During pregnancy, the weight of the females may increase by up to 50%, from eight to twelve
grams, which significantly increases the females’ flight costs. To compensate for the increased
energy expenditure, pregnant females concentrate their feeding flights to the hours of the night when
insect, especially dipteran, abundance is at its highest and foraging is energetically most profitable
(Duvergé et al. 2000; Rydell 1989, 1992b, 1993b).

Female foraging flights during pregnancy typically extend only a few hundred meters from the
maternity roost; later, after the birth of the young, lactating females start to extend their foraging
flights further away from the roost (de Jong 1994; Rydell 1989). Foraging flight distances of up to
several kilometers from the roosts have been recorded (de Jong 1994; Kosonen 2013).

Parasites and Diseases

Ectoparasites

The northern bat is host to several parasitic flea species, such as Ischnopsyllus hexactenus, I.
obscurus (Scheffler et al. 2010, 2012, 2016), I. intermedius, 1. simplex, I. octactenus and I. variabilis
(Kristofik and Danko 2012). Parasitic mites found in northern bats include Spinturnix kolenatii
(Kristofik and Danko 2012; Scheffler et al. 2010, 2012, 2016), S. plecotina (Stanyukovich 1997),
Macronyssus spp. (Scheffler et al. 2010, 2012), Leptotrombidium russicum (Haitlinger and Ruprecht
1992), Trombicula spp. (Scheffler et al. 2012), Steatonyssus spinosus (Scheffler et al. 2016), and
Ornithonyssus pipistrelli (Orlova et al. 2016). Northern bats are also hosts to bedbugs (Cimex sp.)
(Orlova et al. 2015; Scheffler et al. 2016).

In Poland, a study investigating the parasitic loads of swarming bats found that male northern bats
had a lower prevalence (20.4%, N = 152) of mites compared to females (55.9%, N = 34), but the
prevalence of mites differed significantly between years (Piksa et al. 2011). Lilley et al. (2014)
examined the parasitic loads for 12 northern bats and found a mite prevalence of 25%, with a mean
intensity (number of mites/infested individual) of 1.7 mites, and a louse fly prevalence of 8.3% with
a mean intensity of 1.



Diseases

A study investigating the causes of death for bats in Germany found that of the 17 northern bats
dissected for a study, seven had organ lesions, two had died of trauma, one had suffered from a
bacterial infection and the remaining seven bats had died of other causes (such as pulmonary edema,
anemia, dehydration, hypoglycemia, hypo-/hyperthermia), or the cause of death could not be
determined. The main histo-pathological findings for northern bats were mild to moderate interstitial
pneumonia, mild to severe enteritis, and inflammatory cell infiltrates in the liver. Bacterial infections
were determined to be caused by Enterococcus faecium. The prevalence of lung lesions in northern
bats was high compared to other species (76.5%) (Muhldorfer et al. 2011). While northern bats have
been confirmed to develop clinical signs of the fungal disease known as white-nose disease in some
cases (Zukal et al. 2014), there have been no reports of mortality. This is most likely due to the
hibernation temperature of the northern bat falling outside the optimal growth range of the fungus
(Verant et al. 2012; Wermundsen and Siivonen 2010).

Several studies have tested northern bats for European bat lyssaviruses, but none of the tested bats
have been found positive for the virus or antibodies (Botvinkin et al. 2003; Nokireki et al. 2013;
Schatz et al. 2013). However, northern bats may act as reservoirs to some other viruses and bacteria
that can affect human health. Veikkolainen et al. (2014) tested three northern bats for Bartonella , a
gram-positive group of bacteria that includes several species considered to be zoonotic. The study
found Bartonella spp. from the peripheral blood of one of the northern bats as well as from
ectoparasites collected from the individual. Kivistd et al. (2019) found beta-coronaviruses in 2 out of
36 northern bat fecal samples.

Population Ecology

Because the northern bat usually gives birth to one, or at most two pups per year, the potential for
rapid population growth is small. However, while the species may potentially be preyed upon by
several different predators, it is probably not a significant item in the diet of any other species. For
example, pellets of tawny owls (Strix aluco) have been found to contain remnants of northern bats,
but these only constitute approximately 1% of their diet (Lesinski et al. 2009; Obuch 2011). Other
known avian predators of the northern bat are barn owl (Tyto alba) (Ruprecht 1979), Ural owl (Strix
uralensis) (Jaderholm 1987; Korpimaki and Sulkava 1987), long-eared owl (Asio otus) (Mihaly and
Anna 2016), short-eared owl (Asio flammeus) (Mikkola 1983: 372), and merlin (Falco columbarius)
(Frafjord 2012); in addition, Rydell (1992a) has observed predation attempts by Tengmalm’s owl
(Aegolius funereus) and sparrowhawk (Accipiter nisus). Mammalian predators include pine marten
(Martes martes) (Pulliainen and Ollinmaki 1996) and, in Siberia, sable (Martes zibellina)
(Khritankov and Shishikin 2001). Domestic cats are also a cause of mortality, especially for newly-
weaned young (details from Finnish museum of Natural History Mammal collection
http://tun.fi/HR.1329).

Karlsson et al. (2006) conclude that the bats at high latitudes, such as the northern bat, have not been
exposed to nocturnal predation, and therefore have not evolved nocturnal antipredatory responses,
such as lunar phobia.



http://tun.fi/HR.1329

Conservation Status

The northern bat is classified as a globally Least Concern species in the IUCN Red Data list (Coroiu
2016). It is widely distributed and abundant in its distribution range in northern Fennoscandia,
Russia, and northern Asia, but closer to the edges of the distribution range, where the species
becomes rare, e.g., in Germany, its conservation status is Endangered. Recent declines in population
size in Sweden (Rydell et al. 2020) suggest the status of the species should be re-evaluated in the
more northern parts of its range. In Europe, the northern bat is protected under Annex IV (a) of the
EU Council Directive (92/43/EEC) on the conservation of natural habitats and of wild fauna and
flora.

Management

Several challenges for management are mentioned in the UNEP/EUROBATS publication,
“Guidance on the conservation and management of critical feeding areas and commuting routes for
bats” (Kyherdinen et al. 2019). Based on studies by de Jong et al. (de Jong and Ahlén 1991; de Jong
1994) and Nummi et al. (2011), the management of areas, such as water bodies, beaver flowages,
and deciduous forests close to maternity colonies (up to 5 km) with high insect production, are
mentioned as a key to the conservation and management of the species. Also, although feeding at
street lights is common for the species (Rydell 1992b), the maintenance of natural habitats, such as
forests and grasslands will remain essential to the survival of the species, because urban areas might
not remain profitable with the removal of insect-attracting Hg-lighting (Rydell et al. 2020; Haupt et
al. 2006).

The UNEP/EUROBATS-publication also mentions mitigation programs in conjunction to wind farm
construction as a future challenge for management. Indeed, collisions have been documented at wind
farms (Ahlén 2002; Rydell et al. 2010a, b, 2016; Aminoff 2014). Bats may be attracted to wind
turbines in pursuit of insects (Rydell et al. 2010b, 2016). The northern bat’s habit of foraging above
treetop height, i.e., at altitudes of up to and exceeding 100 m, and frequently in close vicinity of the
turbine rotors, makes it vulnerable to fatal rotor collisions (Ahlén 2002; Rydell et al. 2010a, b, 2016;
Blomberg 2016). The northern bat is therefore classified as a “high-risk species” at wind farms
(Rydell et al. 2010a, 2016).

There is a need for more robust monitoring programs to understand the population dynamics of the
northern bat. Alarmingly, a study by Rydell et al. (2020) estimated a 59% decline in the northern bat
population in southern Sweden between 1988 and 2017. The activity of northern bats has declined
more along sections of their transects with artificial street lighting compared to sections without
lighting, and the authors attribute this further reduction to the switch from mercury-vapor lights to
LED-lights. Mercury-vapor lighting produces light in the UV-range of the spectrum, which makes
these street lights attractive to insects (Wakefield et al. 2018). The northern bat benefitted from the
mercury-vapor street lights for several decades with increased food availability, which most likely
resulted in a population increase. Even though the findings of the study clearly demonstrate the
effect of lighting, the authors conclude that they cannot exclude other contributing factors, such as
the intensification of forestry practices and changes in agriculture, which both could affect the



availability of prey insects. Furthermore, since 1988, the northern bat has been replaced by the
soprano pipistrelle (Pipistrellus pygmaeus) as the most common bat species in southern Sweden,
with two other species, Nathusius’ pipistrelle (Pipistrellus nathusii) and common pipistrelle, having
established themselves, and increased their distribution range between the two time-points. In this
light, one has to also consider the effects of inter-species competition and climate-change on the
decrease in occurrence of the northern bat in southern Sweden.

Future Challenges for Research and Management

Research challenges for the future are mostly focused on the poorly known critical areas of the
biology of the northern bat. These include understanding the full distribution range of the species,
the multiple factors determining the occurrence of the species, potential competition with other
species expanding their range, the extent of gene flow between populations (including more isolated
populations), taxonomical issues related to the status of populations and more in-depth details on
behavior, preferences, and physiology related to hibernation and thermoregulation in general. With
the impending climate change looming, these areas in the biology of the northern bat need
clarification for the evaluation of the risks the future holds for the species.
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