
337MAMMALIA •  2004  •  68 (4)  © Publications Scientifiques du Muséum national d’Histoire naturelle, Paris. 

Bats, climate, and air microorganisms 
in a Romanian cave

Daniela BORDA
“Emil Racovitza” Speleological Institute, Clinicilor 5, 400006 Cluj-Napoca (Romania)

dachib@yahoo.com

Cristin BORDA
University of Agricultural Sciences and Veterinary Medicine, Faculty of veterinary Medecine,

Hygiene and Environmental Protection Dept., Mănătur 3-5, 400372 Cluj-Napoca (Romania)

Tudor TĂMAȘ
“Emil Racovitza” Speleological Institute, Clinicilor 5, 400006 Cluj-Napoca (Romania), 

Babes-Bolyai University, Faculty of Biology and Geology, Kogălniceanu 1, 
400084 Cluj-Napoca (Romania)

Borda D., Borda C. & Tămaș T. 2004. — Bats, climate, and air microorganisms in a
Romanian cave. Mammalia 68 (4): 337-343.

ABSTRACT
Monthly surveys of bat dynamics, temperature, and humidity were per-
formed for the duration of one year in a Romanian cave (Măgurici Cave).
Myotis myotis/Myotis blythii, Miniopterus schreibersii, Rhinolophus
ferrumequinum, and R. hipposideros were observed. The locations of the bat
colonies in the cave are dependent on the temperature, humidity, on the wall
structure, and underground ventilation. The air microorganisms present are
in direct relation with the location of the bat colonies, showing a pronounced
air infestation near the nursing colony during summer.

RÉSUMÉ
Chauves-souris, climat et microorganismes de l’air dans une grotte de Roumanie.
La dynamique des chauves-souris, la température et l’humidité ont été
relevées mensuellement, pendant une année, dans une grotte de Roumanie
(Grotte de Măgurici). Les espèces trouvées dans cette grotte sont Myotis
myotis/Myotis blythii, Miniopterus schreibersii, Rhinolophus ferrumequinum et
R. hipposideros. La localisation des colonies dans la grotte dépend des facteurs
physiques mentionnés, de la structure des murs, et de la ventilation souter-
raine. Il a été établi une relation entre la localisation des chauves-souris et
les microorganismes de l’air, la contamination de l’air étant plus forte à
proximité de la colonie de reproduction.
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INTRODUCTION

The selection of the roosts used by bats depends
on a specific combination of physical, chemical,
and biological factors. Therefore, only a few cate-
gories of roost are used as permanent shelters by
bats. In Romania, caves may serve as one of the
most adequate roosting sites, especially in winter.
Data recorded in two caves from Eastern
(“Peștera de la Rarău”) and South-Western
(“Peștera lui Dut,u”) Romania indicated that
Myotis myotis hibernated in great number at tem-
peratures ranging between 2 ºC and 5 ºC and at
95% – 100% humidity (Valenciuc and Ion
1965). Miniopterus schreibersii and Rhinolophus
ferrumequinum, however, chose warmer caves to
hibernate in; temperatures beneath these colonies
ranged between 7.0 ºC and 8.8 ºC, respectively
(Barbu 1958). During summer, when the tem-
perature measured inside the caves did not exceed
6 ºC and 12 ºC, respectively, the bats left these
shelters. 
Previous studies were based on punctual meas-
urements. In order to obtain accurate informa-
tion about the optimal climatic factors of the
roosts, we undertook monthly measurements of
the temperature and humidity in the entire
length of a cave inhabited by bats. 
The presence of bats can influence the microbiol-
ogy of the air, especially in a cave habitat where
the ventilation is reduced and bats often gather in
big colonies. Therefore a microbiological exami-
nation of the Măgurici cave air was performed, to
provide valuable information on the impact that
bats have on the cave air. This study might prove
useful for their protection. 

MATERIAL AND METHODS

The studied cave, Măgurici Cave, is located in
the Someșan Plateau (a limestone area in North-
Western Romania, Transylvania) at 319 m alti-
tude, being the only representative natural
underground site important to bats activity in
this region. The vegetation around the cave
consists of potato and maize crops, meadows,

plum orchards, and forests. The river Someș is
also an excellent foraging habitat for bats.
The bats were observed and counted monthly
during a one-year period (February 2001-
February 2002) and identified at distance with-
out catching them. However in some situations
the exact size of nursery could not be observed
directly due to the height of the gallery and in the
ceiling pockets, where visibility was reduced.
Therefore, the magnitude of the nursing colony
was estimated based on the fresh guano quantities
and the number of dead young. 
Air temperature and relative humidity were regis-
tered monthly at the floor level, at 16 stations
(arabic numerals, 1 to 15 in the cave and 0 – out-
side, Fig. 1), using an Assmann Psychrometer. In
the proximity of the hibernating bat colonies,
measurements were made with an electronic
thermometer (Checktemp 1, Portugal). 
Microorganisms from the air were measured sea-
sonally through the gravitational fall-out of the
germs attached to the solid air particles (Koch
method). Five Petri plates each with specific
colony medium were exposed for 15 minutes to
the atmosphere of the cave, in two stations (Latin
numerals, I and II) near the bat colonies (Fig. 1),
in every season of the year. The mediums were
agar standards for the total count of aerobic
germs, Levine for the gram-negative bacteria,
Chapmann for the staphylococci, Holmes for the
streptococci, and Sabouraud for fungi. After
medium exposure to the air microorganisms, the
plates were incubated at 37 ºC for 24 hours,
except for the Sabouraud medium, which was
incubated at 18-20 ºC for 3-5 days.

RESULTS

The most abundant bat species in the cave were
Myotis myotis mixed with M. blythii, permanent
inhabitants with nursing and hibernating
colonies. The nursery of approximately hundreds
to one thousand bats inhabited in the cave from
April until the end of August and was located in
the proximal part of cave (station 7), at 19-20 m
height (Fig. 1). In winter, the colony of 108 (in



November) to 298 individuals (in February)
occupied a lower gallery, 2-3 m high, with sinuous
walls and ceiling (stations 7-8). Miniopterus
schreibersii visited the cave in autumn for mating
(Fig. 1), the maximum of individuals (c. 500)
being recorded in September-October. Rhino-
lophus ferrumequinum and R. hipposideros were
accidentally recorded in the winter, but only in
small numbers.

Climatically, the cave has bidirectional ventila-
tion in the disturbance meroclimatic zone (the
first 100 meters from the entrance), descending
to the floor level and ascending to the ceiling.
The temperature and relative humidity recorded
along the cave indicated a stability zone, with no
air circulation, beyond the station 9 (Fig. 2). 
In the proximity of the winter colony of
M. myotis/M. blythii (stations 7-8), the mean
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FIG. 1. — Map of the Măgurici Cave showing the location of the bat colonies. Arabic numerals indicate the stations where tempera-
ture and humidity measurements were recorded. Latin numerals indicate the stations for air microorganisms sampling.
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FIG. 2. — Temperature variations in Măgurici Cave from February 2001 to February 2002, outside the cave (point 0), and in fifteen
stations situated along the cave (points 1-15). See also Fig.1.



temperature of the cave, measured at the floor
level, varied between 2.9 ºC and 4.1 ºC. Near the
hibernating bats and inside the colony, at 2-3 m
height, the measured temperature was 6.3 ºC. In
summer, under the nursery, the mean tempera-
ture was 7.2 ºC. In autumn, under the colony of
M. schreibersii (station 15), the temperature
recorded was constant at practically 11.8 ºC
(Table 1). The relative humidity had high values
all year, ranging between 85.6% and 98.5%, the
lowest values being measured in the winter.
The results of the microbiological investigations
of the cave air are shown in Table 2. The total
aerobic germ count varied between 102 and 104

cfu/m3 of air. The gram-negative bacteria and
staphylococci ranged between 0 and 102 cfu/m3

and the values of streptococci and fungi between
5 × 10 and 103 cfu/m3 of air. For all micro-
organisms, the maximal values were measured in
summer, near the nurseries (Fig 3). 

DISCUSSION

The five most frequent bat species (Myotis
myotis/Myotis blythii, Miniopterus schreibersii,
Rhinolophus ferrumequinum, and R. hipposideros)
in Romania, especially in Transylvania, are
recorded in the Măgurici Cave. The nursing
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TABLE 1. — Mean values and standard deviation of temperature and humidity in the Măgurici Cave (Feb. 2001-Feb.
2002). In brackets are recorded the variations of these values determined as the differences between the maximal
and the minimal values. Summer was considered from March through October, winter from November through
February. 

Parameters Mean Station 7 Station 8 Station 15

Annual 5.62 ± 2.57 6.26 ± 2.16 11.78 ± 0.25
(12 samples) (7.0) (6.2) (0.8)

Temperature (°C) Summer 7.18 ± 0.81 7.48 ± 0.54 11.75 ± 0.34
(7 samples) (2.5) (1.5) (0.8)

Winter 2.90 ± 1.96 (4.8) 4.12 ± 2.01 11.80 ± 0.14
(5 samples) (5.4) (0.4)

Annual 95.39 ± 4.64 92.34 ± 7.41 97.77 ± 1.29
(12 samples) (13.2) (12.8) (4.5)

Humidity Summer 97.74 ± 2.89 95.22 ± 4.00 97.20 ± 1.13
(%) (7 samples) (6.5) (9.2) (2.3)

Winter 89.90 ± 2.21 85.60 ± 8.24 98.53 ± 1.03
(5 samples) (5.0) (20.0) (2.2)
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Fig. 3. — Correlation between the number of bats and air
microorganisms in station I, located near the nursery of
M. myotis/M. blythii, and station II located near the mating
colony of Miniopterus schreibersii. Left y axis: number of bats;
right y axis: air microorganisms (cfu/m3).



colony of Myotis myotis/Myotis blythii found in
this cave is medium-sized for the country, where
this species usually forms nurseries that gather
3000-5000 individuals (Dumitrescu et al. 1962-
1963a; Nagy et al. 2000). As only three hundred
individuals were found here during the winter,
this cave was not one of the more important
hibernacula. For example, Valenciuc and Ion
(1965) noted a large winter colony of 6500-7500
M. myotis in “Peștera de la Rarău” Cave and more
recently a minimum of 2941 individuals of
M. myotis were found hibernating in a cave from
Padurea Craiului Mountains (Szodoray-Paradi
and Szanto 1998).
Although karst represents only 1.94% of the
Romanian territory (Onac and Cocean 1996),
6800 caves were recorded in 1981 (Goran 1982),
and their number reaches up to 13000 now
(Goran pers. comm.).
In summer, bats prefer warm caves for nursing.
M. myotis can often bear temperatures of 40 ºC
(Zahn 1995), although generally in nurseries
avoid temperatures higher than 30 ºC (Zahn and
Henatsch 1998). When the temperature lowers
to 20 ºC-25 ºC, M. myotis clusters tightly, using
social thermoregulation. Heidinger et al. (1989)
correlated the ambient temperature with cluster
density and found ca. 400 females/m2 at 15 ºC
and 20/m2 at 35 ºC. In the Romanian caves such
high temperatures are exceptional, and nurseries
in caves form big clusters with hundreds to thou-
sands of individuals. For example, in 1952 in
“Peștera de la Mânăstirea Bistrit,a” Cave, a mixed
nursery of ca. 15000 M. myotis and Miniopterus

schreibersii was observed by Dumitrescu et al.
(1955). The ambient temperature of M. myotis
nurseries, recorded by the same authors, ranged
between 8 ºC and 14 ºC in the studied caves
(Dumitrescu et al. 1962-1963b). In Măgurici
Cave, the maternity colony was in a higher sec-
tion than the hibernating colony, and we assume
that females and newborns roosted at a higher
ambient temperature than the mean of 7.2 ºC
that was measured at the floor level.
In winter, bats elect hibernacula with a cooler cli-
mate, due to the conformation of the cave or to
the particularities of ventilation (Meyer 1971),
where M. myotis shows a great tolerance for
variable temperatures during hibernation. In the
Romanian caves, these temperatures ranged from
–2 ºC to 9,5 ºC (Dumitrescu et al. 1962-1963a).
These values are similar with the ambient tem-
perature recorded in different hibernacula (caves,
cellars and galleries) from South-West-Germany:
–2.5 ºC to 9.0 ºC (Nagel and Nagel 1991). In
Măgurici Cave, the mean of the hibernation tem-
peratures for M. myotis/Myotis blythii (2.9 ºC-
4.1 ºC) was higher than the lowest temperature
recorded for this species, and therefore the colony
did not move during hibernation. Both winter
colony and nursery of M. myotis/Myotis blythii
chose a place with an optimal climate, situated in
the ventilated sector of the cave, right in front of
the thermal stability zone.
Miniopterus schreibersii and Rhinolophus spp. pre-
fer hibernacula with higher temperatures: 7 ºC-
10 ºC (Barbu 1958; Pandurska 1993), or
8 ºC-11 ºC (Dumitrescu et al. 1967). Therefore,
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TABLE 2. — Air microorganisms in Măgurici Cave (TAG, total count of aerobic germs; G, Gram negative bacteria; SP, staphylococci;
ST, streptococci; cfu/m3, colony forming units/m3 of air). 

Season Station TAG G – SP ST Fungi
(cfu/m3) (cfu/m3) (cfu/m3) (cfu/m3) (cfu/m3)

Spring I 890 0 0 524 1084
(April) II 210 0 52 157 576
Summer I 11317 209 104 1152 3929
(August) II 1833 52 0 1152 1152
Autumn I 628 52 0 104 1834
(October) II 314 0 0 52 524
Winter I 996 0 0 943 1205
(February) II 262 0 0 157 1676



Miniopterus schreibersii selected the warmer place
in the temperature stable section of the cave, only
for a short time in autumn. In the North-
Western part of Romania, big colonies of R. fer-
rumequinum (up to 852 individuals) were
reported hibernating in caves at an ambient tem-
perature varying between 8.6 ºC and 9.4 ºC
(Szodoray-Paradi and Szanto 1998). Occasionally
few isolated individuals of R. ferrumequinum and
R. hipposideros were found at temperatures lower
than 5 ºC (Szodoray-Paradi and Szanto 1998) as
in Măgurici Cave. 
The relative humidity, 85.6%-89.9%, was some-
what lower that the values 90.0%-100.0%
recorded by Dumitrescu et al. (1962-1963a,
1967), but fell in the range 74.0%-95.6%
reported by Szodoray-Paradi and Szanto (1998). 
The soil, as well as humans and animals which
eliminate germs through their secretions, excre-
tions and dejections are the main sources of air
microorganisms (Drăghici 1982). Inside the
caves, the air is usually “cleaner” when compared
with the exterior atmosphere. The few germs
found in the cave are brought in the air circula-
tion from outside, by trogloxene and troglophile
animals, and by tourists (Manolache 2001). Due
to the high humidity, in caves the mass of
aerosols is greater, and the fall-out speed of parti-
cles is more elevated than outside. Thus, the
results of microbiological determinations depend
on the season, on the distance from the entrance
and on the humidity. The most infested air (with
total aerobic germs) was near the nursing colony
of M. myotis. The microbiological values noticed
in summer under the nurseries are comparable
with those recorded in the Central Park from the
city of Cluj-Napoca (TAG = 629-10479 cfu/m3;
G– = 0-786 cfu/m3; SP = 0-1402 cfu/m3; ST =
314-1572 cfu/m3; Fungi = 550-109970 cfu/m3).
In spring, autumn, and winter, values were simi-
lar to the air microbiology at the mountain resort
of Păltiniș (TAG = 366 cfu/m3; G – = 0 cfu/m3;
SP = 0 cfu/m3; ST = 0 cfu/m3; Fungi =
2907 cfu/m3) (Drăghici 1982), particularly at
station II where bats roosted for a short time. The
amount of air microorganisms in the investigated
cave seems to be correlated with the intensity of

the foraging activity (outside the cave), the size of
the nursery and probably the number of dead
young.
This contamination of the air with micro-
organisms may cause risks to animals and man
(Hartung 1994). About 20% of the infectious
diseases are transmitted by air and in the temperate
zone these diseases are the most frequent
(Manescu et al. 1993). One of the best methods
to diminish the number of germs in the air is
ventilation (Manescu et al. 1993). It is known
that bats choose for hibernation the ventilated
parts of the caves, for a cooler climate, but it is
also possible that ventilation play an important
role in the maintenance of a healthy air.

CONCLUSION

A great number of caves in Romania are good
shelters for winter colonies of bats and also for
their nurseries. Due to the different wall mor-
phology, humidity and especially ambient tem-
perature the Măgurici Cave is an important
underground site for the bat populations of the
Someșan Plateau. The cave ventilation might
play an important role in the prevention of the
air contamination and can contribute to the
health of bat populations. Pursuant to the impor-
tance of this site for bats, Măgurici Cave is pro-
posed to be included in the list of caves protected
by law.

Acknowledgements
I thank to my colleague Dr. Oana Moldovan,
who made a first appraisal of the manuscript.
I am indebted to Emilia Tudoroniu who took
part in fieldwork. Sanda Iepure, Mirela Cîmpean
and members of the Montana Caving Club Baia-
Mare are acknowledged for the survey of the
cave. I am particularly grateful to my referees and
to the editor for their corrections and suggestions
and also to Joe Kearns who improved the
English. This study was partly financed by the
grant CNCSIS 448/3 from the Romanian
Department of Education, Research and Youth. 

Borda D. et al.

342 MAMMALIA •  2004  •  68 (4)



REFERENCES

BARBU P. 1958. — Contribut,ii la studiul monografic
al lui Miniopterus schreibersi Kuhl. Nota I. Curbele
de frecvent,ă în biometria lui Miniopterus schreibersi
Kuhl și cîteva observat,ii biologice. St. și Cerc. Biol.
s. Biol. Anim., 10: 145-157.

DRAGHICI C. 1982. — Influent,a factorilor atmosferci
asupra animalelor domestice. Editura Ceres, București.

DUMITRESCU M., TANASACHE J. & ORGHIDAN D.
1955. — Dinamica și hibernat,ia chiropterelor din
Peștera Liliecilor de la Mânăstirea Bistrit,a. Bul. St.-
Sect. St. Biol., Agron., Geol., Geogr. 7: 317-357.

DUMITRESCU M., TANASACHE J. & ORGHIDAN D.
1962-1963a. — Studiu monografic al complexului
carstic din defileul Vîrghișului. Trav. Inst. Spéol.
“Emile Racovitza” 1-2: 69-178.

DUMITRESCU M., TANASACHE J. & ORGHIDAN D.
1962-1963b. — Răspândirea chiropterelor în R.P.
Română. Trav. Inst. Spéol. “Emile Racovitza” 1-2:
509-575.

DUMITRESCU M., ORGHIDAN N., ORGHIDAN T. R.,
PUSCARIU V., TANASACHI J., GEORGESCU M. &
AVRAM S. 1967. — Contribut,ii la studiul peșterilor
din regiunea Hunedoara. Trav. Inst. Spéol. “Emile
Racovitza” 6: 9-88.

GORAN C. 1982. — Catalogul sistematic al peșterilor
din Romania. Consiliul Nat,ional pentru Educat,ie
Fizică și Sport, București.

HARTUNG J. 1994. — A new automatic bacteria
sampler for air quality research, in Proceedings of the
8th International Congress on Animal Hygiene.
International Society for Animal Hygiene, St. Paul:
ES1-ES4.

HEIDINGER F., VOGEL S. & METZNER W. 1989. —
Thermoregulatory behaviour in a maternity colony
of Myotis myotis, in Hanák et al (eds), European Bat
Research 1987. Charles Univ. Press, Praha: 189-190.

MANESCU S., TĂNĂSESCU G, DUMITRACHE S. &
CUCU M 1993. — Igiena. Ed. Medicală, București.

MANOLACHE E. R. 2001. — Populat,ii microbiene și
activităt,i enzimatice în substraturi naturale aflate în
condit,ii ecologice nefavorabile. Teză de doctorat,
Universitatea Babeș-Bolyai, Cluj-Napoca.

MEYER E. 1971. — Ökologische beobachtungen in
einem Fledermauswinterquartier der Eifel.
Decheniana 18: 115-120.

NAGEL A. & NAGEL R. 1991. — Remarks on the
problem of optimal ambient temperatures in hiber-
nating bats. Myotis 29: 109-114.

NAGY Z., SZANTO L. & SZODORAY-PARÁDI F. 2000.
— Cave dwelling bats in Bihor and in the Padurea
Craiului Mountains. Abstracts of the 3rd

International Conference on Carpathian Bats,
Rakhiv, Ukraine: 11.

ONAC B. P. & COCEAN P. 1996. — Une vue globale
sur le karst roumain. Kras speleol. 8 (17): 105-112.

PANDURSKA R. S. 1993. — Distribution and species
diversity of cave-dwelling bats in Bulgaria and some
remarks on the microclimatic conditions of the
hibernation. Trav. Inst. Spéol. “Emile Racovitza” 32:
155-163.

SZODORAY-PARÁDI F. & SZANTO L. 1998. — Telelési
sajátosságok a közönséges egérfülű denevérnél
(Myotis myotis) és nagy patkösorrú denevérnél
(Rhinolophus ferrumequinum) a csarnóházi és a Les-
völgy vizesbarlangokban. Coll. Biol. 1: 55-59.

VALENCIUC N. & ION I. 1965. — Date ecologice ale
coloniei de lilieci din Peștera de la Rarău. Analele St.
Univ. “Al. I. Cuza” St. Nat. Biol. 11 (2): 339-348.

ZAHN A. 1995. — Populationsbiologische Unter-
suchungen am Großen Maushor (Myotis myotis).
Diss. Univ. München.

ZAHN A. & HENATSCH B. 1998. — Bevorzugt Myotis
emarginatus kühlere Wochenstubenquartiere als
Myotis myotis? Zeitschrift für Säugetierkunde 63:
26-31.

Bats, climate, and air microorganisms in a Romanian cave

343MAMMALIA •  2004  •  68 (4)




