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Abstract: Altogether 445 bats, representing nine species, caught
during swarming in the Lodowa Cave in Mount Ciemniak, West-
ern Tatra Mountains, southern Poland, were examined for ec-
toparasitic mites. In total, 259 spinturnicid (Spinturnix mystaci-
na, S. andegavinus, S. kolenatii, S. plecotinus and S. myoti) and
95 argasid (Carios vespertilionis) mites were collected from
seven bat species, Myotis myotis, M. mystacinus, M. brandtii,
M. daubentonii, Eptesicus nilssonii, Plecotus auritus, and Ves-
pertilio murinus. There were sex-based differences in the preva-
lence of mites in some hosts but no differences in their mean
intensity and there was no observed relationship between the
number of mites and the condition of the bats. The prevalence
of mites differed significantly between years in E. nilssonii. The
results suggested a very low mite load on swarming bats that
had no impact on the body condition of bats.

During summer and early autumn in the temperate zone of
Europe and North America, a great number of bats visit caves,
mines and other underground spaces. Bats pursue each other
during this activity; other frequently observed phenomena are
in-flights and out-flights through the entrances, social vocalisa-
tion and mating behaviour (Davis and Hitchcock 1965, Thomas
et al. 1979, Parsons et al. 2003). Due to its mass nature, this
activity is called swarming (Davis 1964).

Swarming is the sum of many processes and is connected
with different functions. A few basic and not mutually exclu-
sive hypotheses have been proposed to explain its role. One of
them points to the function of swarming in mating (Thomas et
al. 1979). Another stresses information transfer, whereby adult
females show their young the location of winter quarters (Hum-
phrey and Cope 1976). A third suggests that swarming sites
serve as signposts and stopover places on the routes between
summer and winter quarters (Whitaker 1998).

Many aspects of swarming have been described: for example,
bat species richness and abundance, their night and seasonal ac-
tivity (Horac¢ek and Zima 1978, Parsons et al. 2003), the effect
of climatic variables, altitude, moon phases and characteristics
of cave structure (Karlsson et al. 2002, Glover and Althringam
2008, Berkova and Zukal 2009, Piksa et al. 2011), and the roles
and functions of swarming (Davis and Hitchcock 1965, Thomas
et al. 1979, Whitaker 1998). Given the mass nature of swarming
and the high intensity of physical contacts among bats during
swarming, one might expect it to play an important role in ec-
toparasite transmission, but little is known about the occurrence
and load of ectoparasites on bats during this period.

Mites of the families Spinturnicidae and Argasidae are
among the most frequently recorded ectoparasites of bats (Hai-
tlinger 1978, Deunff and Beaucournu 1981, Zahn and Rupp
2004, Lucan 2006, Laurenco and Palmeirim 2007). Spinturnicid
mites are permanent, obligatory and host-specific (i.e., mono- or
oligoxenous) ectoparasites of bats (Rudnick 1960, Bruyndon-
ckx et al. 2009). In Poland this family is represented by eight
species (Ferenc and Skoracki 2000, Ferenc and Mystajek 2003).
Argasid (soft) ticks are non-permanent obligatory blood-sucking
ectoparasites of vertebrates (Siuda 1991). Of the three species
of this family recorded in Poland (Siuda 1993), only Carios ves-
pertilionis was found parasitizing bats (Siuda et al. 2009). As
very little is known about the occurrence of ectoparasites on bats
during swarming, in this study we (1) identified spinturnicid and
argasid mites parasitizing bats during swarming; (2) analysed
basic infestation parameters as related to the species, sex and
age of bat hosts; and (3) assessed whether the occurrence of
these parasites affects the bats’ body condition during swarming.

The Lodowa Cave in Mount Ciemniak located in the Western
Tatra Mountains in southern Poland (49°14'N, 19°53'W) was
chosen as the study site. The entrance to this ice cave is on the
northwest slope of Mt. Ciemniak at 1715 m a.s.l. The length of
known corridors is 390 m with 42 m of denivelation. It is the
largest ice cave in Poland.

The study was carried out from July to October of 2008, 2009
and 2010. Bats were captured with a mist net (7 m or 6 m length;
Ecotone, Poland) and identified to the species and sex. The age
of bats was determined to as adults or juveniles (born that sum-
mer) by examination of the epiphyseal joints in the finger bones
(Antony 1988). To ascertain the rate of re-captured bats, the ani-
mals were marked with non-toxic, alcohol-based colour marks.
Quotient of body weight to forearm length was calculated as
a Body Condition Index (BCI) (Speakman and Racey 1986).
Spinturnicid mites and argasid ticks were collected using for-
ceps and preserved in 70% ethanol. The research was carried
out under permits from the Polish Ministry of Environment and
the Tatra National Park.

Chi-square and Fisher’s exact tests were used to check the
significance of differences in the prevalence of mites between
bats and between groups, and the Mann-Whitney U-test to com-
pare the mean intensities of mites between sex and age catego-
ries. Spearman’s rank-order correlation coefficient (Spearman’s
Rho) was used to examine the relationship between the BCI of
bats and their mite load. Statistical analyses were conducted us-
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Table 1. Spinturnicid and argasid mite load (prevalence and mean intensity) in the examined bat species. Mite and bat sample sizes
(n) are given in parentheses. Recaptured bats were excluded from the analysis. Mean intensity calculations ignore zero values.

Bat species Mite species

Prevalence % Mean intensity

Bat Bat Test Bat Bat Test
males females males females
Mpyotis mystacinus (Kuhl) Adults Spinturnix mystacina 9.8(41) 36.8(19) P<0.05 1.8 1.6 Z=-0472
(Kolenati, 1857) (18) P=0.637
M. mystacinus Juveniles S. mystacina (20) 40.0 (10) 38.4(13) P=0.662 1.8 26 Z=0.98
P=0.327
M. mystacinus Carios vespertilionis Latreille, 1802 (82) —(51) 3.1 (32) - - 82.0 -
Myotis daubentonii (Kuhl) Spinturnix andegavinus Deunff, 40.0 (10) 80.0(5) P=0.18 3.0 3.0 Z=0.00
1977 (24) P=1.00
Eptesicus nilssonii (Keyserling et Blasius) Spinturnix kolenatii Oudemans, 20.4 (152) 55.9(34) =17.80 2.6 3.6 Z=0.720
1910 (148) P<0.001 P=0472
C. vespertilionis (1) - 2.9 - - 1.0 -
Plecotus auritus (Linnaeus) Spinturnix plecotinus 17.6 (34) 45.5(11) P<0.05 2.0 26 Z=0.822
(Koch, 1839) (25) P=0.411
Spinturnix myoti (Kolenati, 1856) (1) 2934 -1 - 1.0 - -
Mpyotis myotis (Borkhausen) S. myoti (21) 50.0(2) 50.0(4) - 12.0 4.5 -
Myotis brandtii (Eversmann) S. mystacina (2) 11.1 (9) -(1) - 2.0 - -
Vespertilio murinus Linnaeus C. vespertilionis (12) -3 100 (1) - - 12.0 -

ing STATISTICA for Windows v. 9.0 package (Statsoft®, Inc.,
Tulsa, USA). Only bat species that were represented by both
sufficient number of sex- and age- classes and mites collected
were statistically analysed. Terminology of infestation param-
eters was based on Margolis et al. (1982) modified by Bush et
al. (1997).

Altogether, 445 bats representing nine species, Myotis myotis
(8 individuals), M. nattereri (4), M. mystacinus (87), M. brandtii
(10), M. alcathoe (1), M. daubentonii (17), Eptesicus nilssonii
(261), Plecotus auritus (53), and Vespertilio murinus (4), cap-
tured on 18 nights between 2008 and 2010 were examined.

A total of 259 spinturnicid and 95 argasid mites were collect-
ed from seven bat species; no mites were found on M. nattereri
and M. alcathoe. The mite load varied considerably depending
on bat species and their sex (Table 1).

In juvenile and adult E. nilssonii and P. auritus, and in adult
M. mystacinus, there were significant differences in mite preva-
lence between males and females (Table 1). There were no sex-
based differences in mite prevalence in M. daubentonii and in
juveniles of M. mystacinus. In the latter species, mite prevalence
was higher in juvenile males than in adult males (Fisher’s exact
test: P = 1.00 for juvenile females vs. adult females; P<0.05
for juvenile males vs. adult males). Mean mite intensity did not
differ significantly between the sexes (Table 1). In E. nilssonii
there were significant between-year differences in mite preva-
lence (Chi-square test; y*>= 6.82, df =2, P<0.05).

Spearman’s correlation coefficient did not show any sig-
nificant relationship between the number of mites and bat
BCI (Spearman’s Rho for M. mystacinus females: r,= —0.004,
n =34, P=0.982; for males: r,=—0.164, n =41, P = 0.306; for
E. nilssonii females: r,=—0.308, n = 30, P = 0.098; for males:
r,=—0.094, n = 149, P = 0.254).

Carios vespertilionis was recorded three times from three
bat species (Table 1), with a notable intensity of 82 larvae on
a young M. mystacinus female (19 September 2008). The body
weight and BCI of this bat were the lowest of all the M. mystaci-
nus females (weight = 3.7 g, BCI = 0.11 vs. other females
weight =5.52¢g BCI =0.16).

an mean

Despite many years of research on a variety of aspects relat-
ed to bat swarming, little is known about ectoparasite loads and
the effect of ectoparasites on the body condition of swarming
bats (e.g., Poissant and Broders 2008). In this three-year study
at a single swarming site we gathered and analysed data on mite
loads and their possible effects on bats’ body condition. Overall,
the most prevalent ectoparasites were spinturnicid mites. The
load (intensity) of these mites fluctuates seasonally through the
bats’ annual cycle (Deunff and Beaucournu 1981, Lucan 2006,
Lourengo and Palmeirim 2007). Their prevalence is lowest dur-
ing bat hibernation; then it increases and peaks during the nurs-
ing season, then decreases during the period of autumn move-
ments and mating (= swarming) (Zahn and Rupp 2004, Luc¢an
2006, Lourengo and Palmeirim 2007). In line with that scenario,
our study demonstrated that for most bat species the mite loads
were very low during swarming.

In this study, we recorded considerably lower numbers of
mites on bat males than on females. This pattern is consistent
with other findings: the intensity and prevalence of ectoparasite
infestation were usually higher in females and juveniles than
in males (Haitlinger 1978, Zahn and Rupp 2004, Lucan 20006,
Christe el al. 2007). Such a discrepancy seems attributable to
two factors. The crucial one may be the difference in lifestyle
between females and males during the period of activity. Males
of most bat species live solitarily or in small groups and often
switch shelters, while females usually stay in one or a few shel-
ters where they form breeding colonies, give birth and live in
close proximity to their juveniles (Dietz et al. 2007). Conse-
quently, females and juveniles are more prone to vertical and
horizontal transmission of ectoparasites (Christe et al. 2000).
The lower intensity of male infestation with ectoparasites may
also be related to the nature of swarming. This activity takes
place at cave entrances and other swarming sites in late summer
and autumn. The participants are primarily males. They often
travel long distances to swarming sites; during swarming they
usually do not forage but chase each other, displaying mating
behaviour (i.e., copulation and social vocalisation) (Davis and
Hitchcock 1965, Thomas et al. 1979, Whitaker 1998). This ac-
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tivity is therefore costly in terms of energy expenditure. Late
summer and autumn is also the period of intense foraging of
bats in order to accumulate fat reserves before the forthcoming
winter (Ewing et al. 1970) Presumably, males in poorer body
condition (e.g., with more ectoparasites) are forced to devote
more time to foraging, while individuals in good body condition
and with large energy reserves can afford to swarm; hence the
high numbers of such bats in swarms.

Our analysis of the influence of ectoparasite load on the body
condition of swarming bats did not confirm a negative impact.
Other work done during comparable periods — during autumn
movements and the mating season — also showed no such rela-
tionship in most groups of bats (Zahn and Rupp 2004, Lourengo
and Palmeirim 2007). Only Lucan (2006) reported a negative
impact of Spinturnix andegavinus on body condition in juvenile
females of Myotis daubentonii during the post-lactation period,
that is, a time corresponding to the swarming period. The lack
of effect of mite infestation on the body condition of bats in
our study can be explained by its low intensity. To observe an
adverse effect, the intensity of infestation presumably must be
considerably higher, on the order of tens of ectoparasites (Gior-
gi et al. 2001, Zahn and Rupp 2004, Laurenco and Palmeirim
2007). It cannot be ruled out that in bats the presence of ec-
toparasites may be only an indicator rather than the cause of
poor physical condition (Marshall 1982, Zahn and Rupp 2004).
Note, however, that Giorgi et al. (2001) demonstrated in labora-
tory experiments that bats with high numbers of mites lose more
energy and weigh less than bats without mites, and suggested
that the impact of mites may be even more pronounced in natu-
ral conditions.

Carios vespertilionis is distributed throughout Poland, with
most localities recorded in the south (Siuda et al. 2009), but we
rarely recorded it in the present study. Unlike Spinturnix mites,
it is a periodic burrow-nest-dwelling parasite. It appears briefly
on the host for between a few and ten days during bat feeding
(Belashova 1966, Filippova 1966). Its annual activity peaks dur-
ing spring and summer (Belashova 1966), when its highest in-
festations have been observed (Zahn and Rupp 2004). The short
duration of its residence on bats, and time differences between
the bat swarming period and the peak of C. vespertilionis activ-
ity explain the low incidence of this ectoparasite. Given high
infestation by this species, its presence might be expected to be
particularly detrimental to the body condition of the parasitized
bats.

In summary, the present study demonstrated that the ectopar-
asitic infestation of bats during swarming was very low and had
no impact on the body condition of parasitized bats. This ap-
pears to be due to several reasons: (1) a general annual pattern
of the ectoparasite load which is low in the late summer and
autumn; (2) the lower ectoparasite prevalence and intensity on
males that may result from their lifestyle; and (3) maybe also
nature of the swarming activity itself. Due to the high energetic
costs of swarming, bat swarming can be afforded predominantly
by individuals in good body condition, thus predisposing indi-
viduals without ectoparasites, or parasitized at low levels.

We thank Tomasz Brzuskowski, Wojciech J. Gubata and
other colleagues for help with fieldwork, Michael Jacobs for
comments and corrections in the English text, two anonymous
referees for their useful comments and suggestions and the ad-
ministrators of Tatra National Park for permitting this research.

324

This project was supported in part by the Polish Ministry of Sci-
ence and Higher Education (grant no. N304 081 435).

References

AnTony E.L.P. 1988: Age determination in bats. In: T.H. Kuntz
(Ed.), Ecological and Behavioral Methods for the Study of Bats.
Smithsonian Institution Press, Washington, D.C., pp. 47-58.

BeLasHOVA V.S. 1966: [4Argas vespertilionis ticks in Kazakhstan.]
Tezisy Dokl. Akarol. Soveshch. 1: 25-26. (In Russian.)

Berkova H., Zukar J. 2009: Cave visitation by temperate zone
bats: effects of climatic factors. J. Zool. (Lond.) 280: 1-9.

BruyNpoNckXx N., DuBey S., Ruepi M., CHRISTE P. 2009: Mo-
lecular cophylogenetic relationships between European bats
and their ectoparasitic mites (Acari, Spinturnicidae). Mol. Phy-
logenet. Evol. 51: 227-237.

BusH A.O., Larrerty K.D., Lotz J.M., SHosTAK A.W. 1997:
Parasitology meets ecology on its own terms: Margolis et al.
revisited. J. Parasitol. 83: 575—583.

CHRISTE P., ARLETTAZ R., VOGEL P. 2000: Variation in intensity
of a parasitic mite (Spinturnix myoti) in relation to the repro-
ductive cycle and immunocompetence of its bat host (Myotis
myotis). Ecol. Lett. 3: 207-212.

CHRISTE P., Graizot O., Evanno G., BRuynponckx N., DEVEVEY
G., YANNIC G., PATTHEY P., MAEDER A., VOGEL P., ARLETTAZ
R. 2007: Host sex and ectoparasites choice: preference for, and
higher survival on female hosts. J. Anim. Ecol. 76: 703—710.

Davis W.H. 1964: Fall swarming of bats at Dixon cave, Kentucky.
Bull. Natl. Speleol. Soc. 26: 82—83.

Davis W.H., Hitcacock H.B. 1965: Biology and migration of the
bat, Myotis lucifugus, in New England. J. Mammal. 46: 296—
313.

DEeunrr J., BEaucournu J.C. 1981: Phénologie et variations du
dermecos chez quelques espéces de Spinturnicidae (Acarina,
Mesostigmata). Ann. Parasitol. Hum. Comp. 56: 203-224.

Dietz C., voN HELVERSEN O., NiLL D. 2007: Handbuch der Fle-
derméuse Europas und Nordwestafrikas. Kosmos, Stuttgart,
399 pp.

Ewing W.G., Stupier E.H., O’FARRELL M.J. 1970: Autumn fat
deposition and gross body composition in three species of Myo-
tis. Comp. Biochem. Physiol. 36: 119—129.

Ferenc H., Mystajex R. 2003: Spinturnix helvetiae Deunff &
Keller & Aellen, 1986 (Acari: Mesostigmata: Spinturnicidae)
— a new mite species in the Polish fauna. Acta Zool. Cracov.
46: 277-281.

Ferenc H., Skorackr M. 2000: Knowledge of the mites of the
family Spinturnicidae (Acari: Mesostigmata) in Poland. Wiad.
Parazytol. 46: 433—438.

FiLiprova N.A. 1966: [Argasid ticks (Argasidae). Fauna of SSSR.
Paukoobraznye.] Vol. 4. Nauka, Moskva-Leningrad, 255 pp.
(In Russian.)

Gioraglt M.S., ARLETTAZ R., CHRISTE P., VoGEL P. 2001: The en-
ergetic grooming costs imposed by a parasitic mite (Spinturnix
myoti) upon its bat host (Myotis myotis). Proc. R. Soc. Lond.,
Ser. B., 268: 2071-2075.

GLOVER A.M., ALTRINGHAM J.D. 2008: Cave selection and use by
swarming bat species. Biol. Conserv. 141: 1493—1504.

HartLiNGER R. 1978: External parasites of Lower Silesian bats. I11.
Spinturnicidae, Argasidae, Ixodidae (Acarina). Wiad. Parazy-
tol. 24: 475-490.

HorACEK 1., Zima J. 1978: Net-revealed cave visitation and cave-
dwelling in European bats. Folia Zool. 27: 135—-148.

Huwmphrey S.R., Cope J.B. 1976: Population ecology of the little
brown bat, Myotis lucifugus, in Indiana and north-central Ken-



tucky. American Society of Mammalogy Special Publication,
No. 4. Allen Press, Lawrence, Kansas, 83 pp.

KarrssoN B.L., EkLOF J., RypeLL J. 2002: No lunar phobia in
swarming insectivorous bats (family Vespertilionidae). J. Zool.
(Lond.) 256: 473-477.

Lourenco S.I., PALMEIRIM J.M. 2007: Can mite parasitism affect
the condition of bat hosts? Implications for the social structure
of colonial bats. J. Zool. (Lond.) 273: 161-168.

Lucan R.K. 2006: Relationships between the parasitic mite Spin-
turnix andegavinus (Acari: Spinturnicidae) and its bat host,
Mpyotis daubentonii (Chiroptera: Vespertilionidae): seasonal,
sex- and age-related variation in infestation and possible impact
of the parasite on the host condition and roosting behaviour.
Folia Parasitol. 53: 147-152.

Margoris L., Esch G.W., HoLmes J.C., Kuris A.M., ScHAD
G.A. 1982: The use of ecological terms in Parasitology (report
of an ad hoc committee of the American Society of Parasitolo-
gists). J. Parasitol. 68: 131-133.

MarsHALL A.G. 1982: Ecology of insects ectoparasitic on bats.
In: T.H. Kuntz (Ed.), Ecology of Bats. Plenum, New York, pp.
369—401.

Parsons K.N., Jones G., DavipsoN-WaTTs 1., GREENAwAY F.
2003: Swarming of bats at underground sites in Britain — impli-
cations for conservation. Biol. Conserv. 111: 63—70.

Piksa K., Bogpanowicz W., TEREBA A. 2011: Swarming of bats
at different elevations in the Carpathians. Acta Chiropterol. 13:
113-122.

Poissant J.A., Bropers G.H. 2008: Ectoparasite prevalence in
Mpyotis lucifugus and M. septentrionalis (Chiroptera: Vesper-
tilionidae) during fall migration at Hayes Cave, Nova Scotia.
Northeast Nat. 15: 515-522.

Rubpnick A. 1960: A revision of the mites of the family Spinturni-
cidae (Acarina). Univ. Calif. Publ. Entomol. 17: 157-284.

SpEakMAN J.R., Racey P.A. 1986: The influence of body con-
dition on sexual development of male Brown long-eared bats
(Plecotus auritus) in the wild. J. Zool. (Lond.) 210: 515-525.

Stupa K. 1991: [Ticks (Acari: Ixodida) of Poland. Part I. General
issues.] PWN, Warszawa, Wroctaw, 287 pp. (In Polish.)

Stupa K. 1993: [Ticks of Poland (Acari: Ixodida). Part II. Tax-
onomy and Distribution.] PTP, Warszawa, 381 pp. (In Polish.)

Siuba K., Stanko M., Piksa K., Gorz A. 2009: Ticks (Acari:
Ixodida) parasitizing bats in Poland and Slovakia. Wiad. Para-
zytol. 55: 39—45.

THomAs D.W., FENTON M.B., BaArRcLAY R.M.R. 1979: Social be-
haviour of the little brown bat, Myotis lucifugus. 1. Mating be-
haviour. Behav. Ecol. Sociobiol. 6: 129-136.

WhHiTAkER J.O. Jr. 1998: Life history and roost switching in six
summer colonies of Eastern pipistrelles in buildings. J. Mam-
mal. 79: 651-659.

ZauN A., Rupp D. 2004: Ectoparasite load in European vespertil-
ionid bats. J. Zool. (Lond.) 262: 383-391.

Received 19 May 2011
Accepted 8 August 2011

325



