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Unusual Age Structure of the Winter Aggregation of Nyctalus noctula (Mammalia, Chiroptera) in
Kyiv. Godlevska, L. V., Gol’din, P. E. — We analysed the sex and age composition of a large colony
of Nyctalus noctula (605 specimens), wintering in Kyiv, Ukraine. Age was identified in 113 individu-
als using the method of counting growth layer groups in dentine. Males contained ca. 70 % both in
the colony and in the sample of animals with the estimated ages. Males and females of all ages were
in good body condition. There were bats from 0+ to 7+ years old in the sample. In males, 0+ age class
was represented by 38 %; 1+ class, by 20 % of individuals. In females, 0+ and 1+ year old individuals
were found in similar numbers: 29 % and 32 % correspondingly. The observed sex ratio and propor-
tions of males and females across age classes cannot be explained only by demography. The data are
interpreted in terms of migratory behaviour and mating strategy of the species: the unusual female
age structure is possibly due to age-specific preferences in wintering habitat selection and search for
potential mating partners.
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Heo0bryHast Bo3pacTHasA CTPYKTYpa 3MMOBOYHOrO ckomnenns Nyctalus noctula (Mammalia, Chi-
roptera) B Kuese. Tognesckas JI. B., T'onpmun II. E. — [IpoaHann3npoBaH MOTOBO3PACTHO COCTAB
6071b1I0IT KOZIOHMY pbDKUX BedepHuy (605 ocobeir), sumoBaBuimx B Kmese (Ykpaumua). Bospacr
onpenenén y 113 ocobeil ¢ UCIONb30BAHMEM METOJA MOJCYETa POCTOBBIX CI0EB HeHTMHA. CaMIbl,
KaK B KOJIOHIN, TaK 1 B BBIOOPKE C OIleHEHHBIM BO3PACTOM, COCTABIIAIOT 0K0/IO0 70 %. CaMI[bl U CAMKM
ObUIM B OAMHAKOBO XOPOIIEM COCTOSIHMM, He3aBMUCMMO OT BO3pacTa. B BbIOOpKe mpucyTCTBOBAIM
JKMBOTHbIe Bo3pacToM oT O+ mo 7+ ner. Cpepu camuoB 0+ Kaacc mpefcrasieH 38 %, 1+ kmacc —
20 % ocobeit. Y camok 0+ Kyracc mpefcTaB/ieH B MeHbIeM KOIn4ecTBe, 4eM 1+ kmacc — 29 % u 32 %
cooTBeTcTBeHHO. HabmojaeMble COOTHOLIEHNSI IIOJIOB U paclipefie/ieH)e CaMIIOB ¥ CAMOK II0 Pa3HbIM
BO3PACTHBIM KjlaccaM He MOTYT ObITb OOBACHEHBI TONbKO Hemorpadueir. [laHHBIE PAacCMOTpPEHBI
B KOHTEKCTe MUTPAIMOHHOTO IOBeJeHVsI M OpavHOil cTpaTermm Bupa: HEOOBIYHAs BO3pPACTHAs
CTPYKTypa CKOIUIEHMA CaMOK MOJXKET OBITb OOYC/IOB/IeHa BO3PACTHBIMM OCOOEHHOCTAMM BBIOOpa
MeCTa 3MMOBKM 1 IIOMCKa IIOTEHIIMATbHBIX OPaYHbIX IAPTHEPOB.

Knwouessie cnosa: Nyctalus noctula, 3uMOBKa, MOIOBO3pAaCcTHAas CTPYKTypa, MuUrpaumsa, OpadHas
CTpaTerus.

Introduction

The common noctule bat Nyctalus noctula (Schreber, 1774) is the widely distributed migratory species; its
summer range occupies the most part of Europe, whereas the winter range is limited to regions with relatively
warm winters (Hutterer et al., 2005; Gebhard, Bogdanowicz, 2011). Kyiv city is situated on the north of the
present-day winter range of N. noctula. Winter aggregations of N. noctula have only been recorded in Kyiv
since 2001: this is possibly the result of the recent northward expansion due to winter warming and appearance
of new appropriate roosts (Godlevska, 2014). Therefore, non-typical composition of the population may be
expected in this recently colonised wintering area, similarly to some terrestrial small mammals under dispersal
(Gaines, McClenaghan, 1980).

Here we analyze an age and sex composition of a large wintering aggregation of N. noctula in Kyiv and
interpret it in terms of migratory behaviour and mating strategy.
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Material and methods

We examined 605 specimens of N. noctula taken from a winter shelter in a ventilation duct in a build-
ing in the central part of Kyiv city during reconstruction operations on February 7, 2007. Of them, 270 died
during transportation to the Kyiv Zoo; 5 died during hibernation in captivity; others were successfully re-
leased in spring (Tyshchenko, Godlevska, 2008). The sex was identified in all dead specimens. The dead bats
were weighted after the transportation, so their weight was the weight at death (fig. 1). Age was identified in
113 individuals. We examined thin cross-sections of decalcified teeth (preferably upper canines; lower canines
were used in a few cases) stained by Ehrlich haematoxylin. Upper canines were preferred, since their overall
size and pulp cavity were the greatest among all teeth; therefore, the growth layers were better readable and the
pulp cavity was open in all studied specimens. We preferred the distal portion of the root for the cross-sections,
since the annual growth layer groups were better distinct in this portion of the teeth, and the main (primary
or annual) layers were easily distinguished from the secondary layers (see also Klevezal, 1988: fig. 28 and 33 a).
Such a technique allowed minimizing errors of age identification which usually originated from confusion in
primary and secondary layers (e. g., Phillips et al., 1982 and following discussion in Klevezal, 1988). We counted
growth layer groups in dentine and estimated the age as the number of complete growth layer groups, following
the recommendations by G. A. Klevezal (1988: 138-142, fig. 33). The last growth layer groups were incomplete
due to the winter season of sampling. Thus, all age estimates were codified as the Age+ (age groups of 0+, 1+,
24, etc.): for example, the group 0+ included the animals born during the previous warm season, with the first
incomplete growth layer group. Here we apply the conditional term “adult animals” to the bats at least two years
old, the age classes in which all noctules are involved in reproduction.

The normality of weight distribution was estimated by Shapiro-Wilk test. The Mann-Whitney U test was
used to compare the between-group differences in weight. Differences in proportions of males and females
across age classes, as well as proportions of specific age classes, were estimated by chi-square test (observed vs.
expected). The expected values and ratios in the specific age classes were calculated from the values predicted by
the model of logarithmic regression on the total sample with the estimated ages (fig. 2).

Results

Sex structure of the colony. The colony consisted of 428 males and 172 fema-
les (the sex of 5 animals was not identified). Among the dead animals, there were 191 males
and 84 females. Therefore, the sex ratio in the dead animals was the same as in the total
sample: males contained 70 % (71 % in total, 69 % among the dead animals); no sex bias in
mortality was observed.

Body weight structure. Thebody weight was normally distributed and amount-
ed 20-32.4 g. All dead animals were in normal body condition as compared to those who
has survived. No difference in weight between females and males was observed, p < 0.05
(fig. 1, A-C). Thus, there was no selectivity in male or female body weight in the examined
sample. Males and females of all ages were in normal body condition. Body weights were
similar across almost across all age categories. 0+ year old animals were slightly lighter than
older animals (mean weights were 25.7 vs. 26.8 g) but all the differences between age classes
were not statistically significant except for 0+ and 5+ age classes (mean weights 25.7 and
28.0 g; U test, p < 0.05).The weight of individuals of 0+ and 1+ age classes, both in females
and males, was also normally distributed. No difference between sexes in these classes was
observed; as well, there was no difference in comparison to the total samples of weighted
animals and those with the estimated age (fig. 1, D-F).

Age structure. There were bats from 0+ to 7+ years old in the sample (fig. 2, A).
The age structure in females and males was substantially different (fig. 2, B, C).

The age distribution of males showed a large portion of bats born during the previous
summer (0+ age class): they contained 38 % of the male sample, and the ratio of 0+ and 1+
age classes was 1.9. The other age classes were distributed within a sigmoid curve. In total,
combined 0+ and 1+ age classes contained 57.1 %.

In females, combined 0+ and 1+ age classes contained 61.3 % of the sample. However,
1+ year old specimens were found even in a slightly greater number than 0+: the ratio of 0+
and 1+ age classes was 0.90 (which significantly differs from the expected ratio of 1.52, p <
0.05), and 1+ year old bats contained 32 % of the female sample (contrary to 20 % within
males). The other age classes were represented by minor numbers.
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Fig. 1. Distribution of body weight in the wintering colony of N. noctula in Kyiv: A — total sample (n = 270;
20.0-32.4 g); B — females (n = 83; 21.2-31.8 g); C — males (n = 187; n = 20.0-32.4 g); D — total sample of
individuals with estimated age (n = 104; 20.0-31.8 g); E — females and F — males of 0+ and 1+ years old (n =
19;22.8-31.3 g; n = 44, 20.3-31.7 g).

Puc. 1. PactipepienieHne Maccel Tea 0cobeit B 3uMoBO4HOI Kosmornu N. noctula B KueBe: A — o61jast BBIGOpKa
(n=270520,0-32,41); B— camku (n = 83; 21,2-31,.8 1); C — camupi (n = 187; n = 20,0-32,4 1); D — Bce ocobu
¢ orjeHéHHBIM Bo3pactoM (n = 104; 20,0-31,8 r); E — camxu u F — camisl Bospactom 0+ u 1+ et (n = 19;
22,8-31,3 1; n = 44, 20,3-31,7 1).

Males clearly dominated in all age classes in the interval 0-3 years, except 1+. The
difference of frequencies between males and females (observed vs. expected as to be 1: 1)
was significant (p < 0.05). In the age class 1+, there was no significant difference between
males and females: the percentage of females was unusually large (40 % vs 29 % in the total
sample).

Three year old bats of both sexes were found in higher proportions than expected (in
comparison to both 1+ and 2+ age classes, p < 0.05).

Discussion

P. P. Strelkov (2002) summarised data on sex ratios of common noctule bats in win-
ter in Europe and reported the general tendency: the percentage of females in winter ag-
gregations grew southward and southwestward. P. P. Strelkov interpreted the prevalence
of males in winter aggregations with the marginal positions of the localities in the winter
range and the male tendency to remain closer to their summer areas. As well, males domi-
nated in the winter colony in Rostov-on-Don in December, 1976 (68 %); whereas the sex
ratio was close to 1 : 1 in Krasnodar and Maikop, south to Rostov-on-Don (Gazaryan, Ka-
zakov, 2002). Males also dominated in winter aggregations in Kharkov (Vlaschenko, 2008).

Winter colonies of common noctule bats in Kyiv followed the northern pattern of sex
distribution described by P. P. Strelkov (2002). They had quite stable sex structure: male
dominance was recorded from year to year. The percentage of males varied within 59-77 %
(samples with n > 25 were considered). In total, in addition to the colony examined here,
455 males and 254 females were recorded in winter in a few localities in Kyiv in 2001-2014
(Godlevska, unpublished data; Kravchuk, Godlevska, unpublished data). Thus, the male-
biased ratio can be explained by the northern position of Kyiv as the wintering locality on
the margin of the expanding range of N. noctula (Godlevska, 2014).
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Fig. 2. Age of common noctule bats in the examined sample: A — total sample, n = 113, the model of the loga-
rithmic regression is indicated with the line; B — females, n = 31; C — males, n = 77.

Puc. 2. BospacT ppDKUX BeYepHMUI] B MCCIIEIOBAHHOI BbIOOpKe: A — Bce 0cobu, n = 113, nmuHneit 0603HaueH
rpaduxk norapudmmdeckoir perpeccun; B — camku, n = 31; C — camipl, n = 77.

However, the examined aggregation in Kyiv, as shown by this study, was characterised
not only by minor percentage of females but also by its unusual age structure. In males,
percentages in 0+ and 1+ age classes were in concordance with the known life tables of
common noctule bats and other bat species: due to the high mortality of weaning juveniles,
individuals of 0+ age class significantly dominate over 1+ year old ones (e. g. Funakoshi,
Uchida, 1982; Heise, Blohm, 2003). On the contrary, the female age structure cannot be
explained by demography: its most distinct trait is the particularly low ratio of 0+ and 1+
year old animals: 1+ year old bats even tended to dominate in number over the first winter-
ing animals. Another unusual (and unexplained) trait is the relatively high proportion of
3 year old bats of both sexes.

There is little information on the age structure of hibernating common noctule bats in
other geographical regions. However, detailed data on the age and sex structure have been
published for hibernating common noctule bats in Almaty, Kazakhstan: among 146 animals,
females contained 45 %, and they also significantly differed from males in the ratio of 0+ and
1+ age classes: respectively, females, 17 and 17, vs. males, 43 and 19, just as in this study (Bu-
tovsky etal., 1985:199). Interestingly, Almaty is located in the region with quite severe winters.
However, Butovsky et al. (1985) indicated that the sex ratio strongly fluctuated across years,
and later Butovsky and Shaimardanov (1988) provided different data on the age structure: it
is still unclear which samples were used in both cases and if these samples were homogenous
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in terms of time and place. In Krasnodar and Maikop (“southern type” of the sex structure),
on the contrary, the proportion of nulliparous females with sharp teeth (hypothetically, 0+
age class) was notably high, 36 %, whereas sharp-toothed mature females (hypothetically, 1+
age class) contained only 6 %, and rounded-toothed females (hypothetically, the mix of 1+,
2+ and possibly 3+ age classes), 21 % (Gazaryan, Kazakov, 2002).

An apparent explanation for the skewed female composition is that Kyiv, with its
comparatively long and cold winters, may be considered as the risk zone for wintering
noctule bats. The smaller percentage of females would be the result of the press of natural
selection: females have more demanding requirements to the wintering environment than
males. Therefore, adult females would prefer to migrate further southwards and choose
the regions with shorter and milder winters and earlier springs. On the contrary, young
females may choose northern roosts, which are closer to breeding localities, due to lower
energy costs for migration on shorter distances. This would also explain their prevalence in
the winter colony in Kyiv. However, the unusually high percentage of 1+ year old bats in
northern roosts remains unexplained under this scenario. Furthermore, the young females
(0+ and 1+ age categories) in this study were in as good body condition, as adults, so their
presence in the colony was owing to their individual preferences, rather than inability for
a distant migration.

A possible explanation of this phenomenon could be the difference between wintering
colonies in sex and age structure. Possibly other colonies could have different age struc-
tures. However, the overall sex structure of noctules wintering in Kyiv matches the struc-
ture of the colony reported here (Godlevska, unpublished data). Thus, the age structure is
also suggested to be the same as in other wintering aggregations in Kyiv.

Another explanation is the mating strategy of N. noctula. The common noctule bat is
characterised by promiscuous mating system with the sperm competition (Racey, 1974;
Wilkinson, McCracken, 2003). Mating usually occurs in late summer and autumn, before
or during migration, and a female can copulate with a few males and even give birth to twins
with different paternity (Mayer, 1995). However, the common noctule bat is characterised
by highly diverse mating strategies and behaviour patterns, and some of them involve mat-
ing in winter time, in wintering roosts; sometimes males even wake hibernating females
(Gebhard, 1995; Dietz et al., 2011). Notably, winter copulations and mating behaviour were
reported from Almaty, from the colonies with the same age structure, as in Kyiv (Butovsky
etal,, 1985). In these conditions, a female wintering in a roost together with a great number
of males considerably increases the chance for the reproductive success. Common noctule
bats usually attain the sexual maturity by the first winter of life (Gaisler et al., 1979), but
many yearlings remain resting (Kleiman, 1969) or give birth to one young, whereas the
older females often bear twins (Dietz et al., 2011). Thus, wintering in a northern roost can
be an advantage for less competitive young females, particularly those who failed to mate a
year ago or mating first, i. e. for 1+ year old bats. While the adult females copulate and leave
for along distance migration, the younger and less successful females can stay in a northern
locality for a winter. The females of 0+ age class can prefer the southern wintering localities,
but for the next year they may stay in the northern roosts if they did not mate during their
first winter. Thus, the great percentage of 1+ year old females (especially in comparison to
0+ bats) is better explained by their reproductive behaviour.

In conclusion, the possible factor increasing the portion of young females in northern
winter colonies is the lower energy costs of their migration on shorter distances, and the im-
portant potential advantage for 1+ year old females is their increasing reproductive success.

We thank Volodymyr Tyshchenko and Ljubov Kravchuk for their help in collecting the initial data, Maria
Ghazali for the discussion of the results and recommendations on data processing, Galina Klevezal for the rec-
ommendations on age determination, Igor Dzeverin and Suren Gazaryan for important remarks to the earlier
draft of the manuscript. We thank the World Bat Library (Geneve) for providing copies of necessary referenced
publications.



538 L. V. Godlevska, P. E. Goldin

References

Butovsky, P. M., Shaimardanov, R. T. Structure and balances of three species of bats of Southeastern Kazakhstan
/I Bats (morphology, ecology, echolocation, parasites, conservation). — Kyiv : Naukova dumka, 1988. —
P. 107-110. — Russian : Bymosckuti I1. M., laiimapdaros P. T. Crpykrypa u 6aaHChl IOMYIIALINIL TPEX
BUZOB pyKokpbuIbix FOro-Bocrounoro Kasaxcrana.

Butovsky, P. M., Strelkov, P. P., Shaimardanov, R. T. Bats // Mammals of Kazakhstan. Vol. 4. — Alma-Ata :
Nauka KazSSR, 1985. — P. 125-270. — Russian : Bymoscxuii I1. M., Cmpenxos I1. II., Illatimapdaros
P. T. Pykokpblble.

Dietz, C., Helversen Von , O., Nill, D. Bats of Britain, Europe and Northwest Africa. — London : A&C Black
Publishers Ltd., 2011. — 400 p.

Funakoshi, K., Uchida, T. A. Age composition of summer colonies in the japanese house-dwelling bat, Pipistrel-
lus abramus // Journal of the Faculty of Agriculture, Kyushu University. — 1982. — 27, N 2. — P. 55-64.

Gaines, M. S., McClenaghan, L. R, jr. Dispersal in small mammals // Annual Review of Ecology and Systemat-
ics. — 1980. — P. 163-196.

Gaisler, G., Handk, V., Dunge, ]. A contribution of the population ecology of Nyctalus noctula (Mammalia:
Chiroptera) // Acta Sci. Nat. Acad. Sci. Bohem., Brno. — 1979. — 13. — P. 1-38.

Gazaryan, S. V., Kazakov, B. A. Ecology of the noctule bat Nyctalus noctula in the Northern Caucasus and Pre-
caucasus. Commun. 2. Seasonal dynamics of sex and age composition // Plecotus et al. — 2002. — Pars
spec. — P. 74-88. — Russian : I'asapsan C. B., Kazaxos b. A. 9xonorus psokeit BedepHuibl Nyctalus noct-
ula Ha CeBeprom Kasxkase u B IIpenxaBkaspe. Coobui. 2. Ce30HHas JMHAMMKA II0/I0BOTO ¥ BO3PACTHOTO
cocTraBa.

Gebhard, J. Observations on the mating behaviour of Nyctalus noctula (Schreber, 1774) in the hibernaculum //
Myotis. — 1995. — 32-33. — . 123-129.

Gebhard, ]., Bogdanowicz, W. Nyctalus noctula (Schreber, 1774) — Grofler Abendsegler // Die Fledermiuse
Europas: Ein umfassendes Handbuch zur Biologie, Verbreitung und Bestimmung. — Wiebelsheim : Aula-
Verlag, 2011. — S. 607-694.

Godlevska, L. Northward expansion of the winter range of Nyctalus noctula (Chiroptera: Vespertilionidae) in
Eastern Europe // Mammalia. — 2014. — DOI: 10.1515/mammalia-2013-0178.

Heise, G., Blohm, T. Zur Altersstruktur weiblicher Abendsegler (Nyctalus noctula) in der Uckermark // Nycta-
lus. N. F. — 2003. — 9 (1). — S. 3-13.

Hutterer, R., Ivanova, T., Meyer-Cords, C., Rodrigues, L. Bat migrations in Europe: A review of literature and
analysis of banding data // Naturschutz und Bilologische Vielfalt. — 2005. — H. 28. — P. 1-176.

Kleiman, D. G. Maternal care, growth rate, and development in the noctule (Nyctalus noctula), pipistrelle
(Pipistrellus pipistrellus), and serotine (Eptesicus serotinus) bats // J. Zoology. — 1969. — 157 (2). —
P. 187-211.

Klevezal, G. A. Recording structures of mammals in zoological investigations. — Moscow : Nauka, 1988. —
288 p. — Russian : Knesesanv I. A. Perucrpupymommue cTpyKTypbl MIEKOIUTAIOMIMX B 3007I0TMYECKUX
MCCIIeIOBAHIISIX.

Mayer, F. Multiple paternity and sperm competition in the noctule bat (Nyctalus noctula) revealed by DNA
fingerprinting // Bat Research News. — 1995. — 36, N 8. — P. 88.

Phillips, C. J., Steinberg, B., Kunz, T. H. Dentin, cementum, and age determination in bats: a critical reevaluation
//'J. Mammalogy. — 1982. — 63. — P. 197-207.

Racey, P. A. The reproductive cycle in male noctule bats, Nyctalus noctula // J. reproduction and fertility. —
1974. — 41, N 1. — P. 169-182.

Strelkov, P. P. Materials on wintering of migratory bat species (Chiroptera) on the territory of the former
USSR and adjacent regions. Part. 2. Nyctalus noctula // Plecotus et al. — 2002. — 5. — P. 35-56. —
Russian : Cmpenxos I1. II. MaTepuaisl 110 3IMOBKaM Ilepe/ieTHbIX BuoB pyKokpbuibix (Chiroptera) na
teppuropuu 6piBurero CCCP 1 cMexxHbIX pajtonoB. Coob. 2. Nyctalus noctula.

Tyshchenko, V. M., Godlevska, O. V. First winter records of Vespertilio murinus and Nyctalus noctula (Chirop-
tera) in Kyiv // Vestnik zoologii. — 2008. — 42, N 3. — P. 280. — Ukrainian : Tuwenxo B. M., [oonescoxa
O. B. Ilepui suaxinku Vespertilio murinus ta Nyctalus noctula (Chiroptera) Ha sumisii y M. Kuesi.

Vlaschenko, A. S. Sex ratio in four bat species in north-eastern Ukraine // Journal of V. N. Karazin’s National
University. Ser. biology. — 2008. — N 814, is. 7. — P. 65-73. — Russian : Brawenxo A. C. CooTHOLIeHME
IOJIOB Y YeThIPEX BIUIOB PYKOKPBUIBIX Ha CEBEPO-BOCTOKE YKPAUHBL.

Wilkinson, G. S, McCracken, G. F. Bats and balls: sexual selection and sperm competition in the Chiroptera
/] Bat ecology / Eds T. H. Kunz, M. B. Fenton. — Chicago, IL : University of Chicago Press; 2003. —
P. 128-155.

Received 9 September 2014
Accepted 24 September 2014



