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Studies were made during two consecutive win te r seasons, 1975—1977,  
of the s t ruc ture and dynamics of a bat colony in the old fo r t i f i ca t -
ions in the Lubuskie Lake District (western Poland). Over 10,000 ba ts 
belonging to 11 species were found to hibernate. Numbers , dominance, 
constancy of occurrence, species diversity, capaci ty and densi ty of 
individuals in the colony were determined. M a x i m u m density in the 
populat ion of h iberna t ing bats was 152.6 individuals per 100 m of 
corridor. Slight differences were found in the value of the species 
diversi ty index (H) between di f ferent months, and also be tween suc-
cessive s tudy seasons. Capacity index (K) reached its m a x i m u m value 
at the tu rn ing point between December and J a n u a r y . It was f o u n d 
that d i f fe ren t species appear and disappear wi th in a given t ime, and 
that exchange of individuals takes place dur ing hibernat ion. In a u t u m n 
M. daubentoni dominated in the colony, in win te r B. barbastellus, in 
spring M. myotis. There was a decrease in the n u m b e r s of ba t s in 
the colony during the course of the studies, this applying to d i f fe ren t 
species to a d i f ferent degree. 

[Dept. of Syst. Zool., A. Mickiewicz Univ., F red ry 10, Poznań] 

I. INTRODUCTION 

The areas of western Poland are among the least investigated parts 
of Poland from the chripoterological aspect, since studies on bats have 
been carried out up to the present chiefly in southern and eastern 
Poland. In 1S74 biology students of the Adam Mickiewicz University 
in Poznań undertook searches for bats in the underground corridors 
of the old fortifications in the Lubuskie Lake District (western Poland). 
Even preliminary observations showed that these underground passages 
are places of mass hibernation of many species of bat (Bagrowska &  
Urbańczyk, 1976). Systematic studies have been carried out as from 
1975 for the purpose of determining the species composition of the 
colony and defining its numbers, and also dominance relations, species 
diversity and constancy of occurrence of different species. An analysis 
was also made of variations in these parameters in time. 

1 P resen t address: Osiedle J a n a III Sobieskigo 26D/142, 60-683 Poznań, Poland 
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II. DESCRIPTION OF THE STUDY AREA 

The place occupied by the s tudy colony of bats consists of the remains of 
for t i f ica t ions in the fo rmer Międzyrzecki For t i f ied Region (das befestigte Gebiet 
Oder-Warthe-Bogen) . These for t i f icat ions were constructed by the Germans dur ing 
the in t e rwar period and World War II in the Lubuskie Lake District. The most 
s t rongly for t i f ied pa r t r u n s f r o m the vil lage of Kęszyce to Staropole (Tarczyński,  
1974) (about 8 km in a s t ra ight line). It includes a labyr inth of underground 
re inforced concrete passages at a depth of 35—50 m below grund level. The 
axis of the labyrinth is the main corr idor (cross-section 3 m X 4 m) and f r o m 
it side passages (about 2 m X 2 m) run in d i f fe ren t directions. The total length 
of the passages is well over 30 km. Some of them end in chambers connected 
by means of concrete steps with steel construct ions above ground (dome). Contact 
w i th ground level is e f fec ted by means of numerous venti lat ion holes, small 
shooting openings in the steel dome and the large opening of the en t ry ga teway 

Fig. 1. P lan of the par t of the old underground for t i f icat ions examined in the 
Lubuski Lake District (diagram). 

A — en t ry gateway to the undeground; AB — exit passage (1500 m); GE — par t 
of the main passage; GH, CD, EF — side passages, D, F — chambers , Z, 1—8 — 

sites on which t e m p e r a t u r e and humidi ty were measured . 

fac ing towards the west, connecting a 1500 m exit passage (about 3 m X 4 m) wi th 
the r ema inde r of the l abyr in th . Some pa r t s of the passages a re flooded, and in 
m a n y places, wa te r drips down the walls fo rming var ied t raver t ine fo rms: sta-
lactites, s talagmites, columns, drapery . 

The studies were carr ied out in the par t of the underground passages si tuated 
nea r the village of Wysoka (52°23'N, 15°28'E; UTM grid square WU 30) in the 
Gorzôw voivodship, this including the exi t passage 1500 m long, about 2 km of 
pa r t of the main corr idor and several side passages, the total length of which 
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is about 3 km. (Fig. 1). Systematic observat ions were made in the exit passage, 
while the remaining corr idors were inspected sporadically. 

As f r o m 11.8.1980 these underground passages have been under protection as 
the "Nietoperek") Bat Na tu re Reserve (Urbanczyk, in press). 

T e m p e r a t u r e conditions in the pa r t of the exi t corr idor examined (0—1500 m) 
va ry depending on the distance f r o m the en t ry gateway. In win te r the t empera -
tu re is lower and subject to considerable f luc tuat ions in the par t s near the 
opening. F u r t h e r into the interior t empera tu re is higher and more stable (Table 1). 
Relative humidi ty in the given par t was f r o m 80—100%. Distinct movement of 
air can be fel t underground, due to the presence of vent i la t ion openings and 
entries. A par t icular ly strong draught was found in the initial pa r t of the exi t 
corr idor (up to 500 m) when wes tern winds blew. 

III. MATERIAL AND METHODS 

The studies were made over the period of two win te r seasons f r o m September 
1975 to Apri l 1976, and f rom August 1976 to May 1977. Eight inspections at 
4—5 week intervals were made in both seasons, one inspection lasting 2—3 days. 

Table 1 
Air t e m p e r a t u r e (°C) on eight sites in the unde rg round and on the exter ior for 

the 1975/76 and 1976/77 seasons. 

Distance 
f r o m the 
ent rance 

(m) 

1975/76 1976/77 
Distance 
f r o m the 
ent rance 

(m) 
Min. Max. Mean Min. Max. Mean 

Outside —7.6 16.4 7.3 0.2 26.6 10.6 
100 —6.0 8.8 4.3 0.8 9.3 5.8 
300 —2.2 8.7 4.8 2.1 8.4 6.1 
500 0.0 8.3 5.4 3.3 7.8 6.2 
700 1.4 8.3 5.5 4.2 8.0 6.7 
900 3.2 8.2 5.9 4.6 8.0 6.6 

1100 5.8 8.4 6.8 4.8 8.2 6.8 
1300 6.3 8.8 7.2 5.4 8.4 7.1 
1500 7.0 9.4 8.0 7.1 9.0 8.3 

The f i rs t day of stay in the underground passage was taken as the inspection 
date. 

All bats encountered were counted during each inspection. Whenever possible 
handl ing of the bats was l imited to a min imum, i.e. when it was impossible to 
ident i fy the species at a distance, or for measur ing or banding. In such cases 
the whole operat ion did not last longer than 15 minutes and the bat was lef t 
in the place in which it had been found. A small number of bats of several 
species w e r e released at Międzyrzecz (about 9 k m NE) and in Poznań (about 
100 km E). Very limited banding was carried out, and in the two seasons 625 bats 
of 8 species were banded. 

Tempera tu r e and relat ive humidi ty were measured, the la t ter using an Assmann 
psychrometer (Table 1), dur ing each inspection in eight places in the exit cor-
ridor. Measurements were made at a height of 1.5—2 m. One measuremen t on the 
outside of the underground passage was made for each series of measurements . 
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The following biocenotic indices were used in describing the hibernat ing bat 
colony. 
Constancy of occurrence was expressed by the eqaut ion: 

C = (na : N) 100 
where na is the number of samples containing species a, while N is the number 
of samples in the given series. One inspection was taken as one sample, and one 
season as one series (from au tumn to the spring of the following calendar year). 
Dominance was expressed by the equat ion: 

D = (Sa : S) 100 
where Sa is the sum total of individuals of species a, while S is the number of 
all individuals in a mult i -species colony dur ing each inspection. 
Diversi ty was expressed by the equat ion: 

£?=—2p t log Pi P i = n , : N 
where n t is the n u m b e r of individuals of species i, whi le N is the n u m b e r of 
all individuals in a mult i-species colony dur ing the given inspection. 
Capaci ty a f t e r Gaisler (1975) was expressed by the equat ion: 

K=(N : 100) H 
where N is abundance, and R diversi ty index. 

IV. RESULTS 

Eleven species of bat occur in the underground passages: Myotis 
myotis (Borkhausen, 1797), M. bechsteini (Kuhl, 1818), M. nattereri 
Kuhl, 1818), M. mystacinus (Kuhl, 1819), M. brandti (Eversmann, 1845),  
M. dasycneme (Boie, 1825), M. daubentoni (Kuhl, 1819), Eptesicus seroti-
nus (Schreber, 1774), Pipistrellus pipistrellus (Schreber, 1774), Plecotus 
auritus (Linnaeus, 1758), Barbastella barbastellus (Schreber, 1774). In 
view of the fact that at first no distinction was made between M. my-
stacinus and M. brandti, and that their differentiation on the basis of 
external morphological characteristics did not always give reliable results, 
both species were treated jointly as M. mystacinus. The occurrence in 
the passages of the two forms was confirmed by Dr. A. L. Ruprecht 
(pers. communication) on the basis of bone material. 

M. nathalinae Tupinier, 1977 was found in the underground passages 
in 1980 (Bogdanowicz & Urbańczyk, 1981; Ruprecht, 1981). 

The most numerous species in the colony examined are M. myotis, 
M. daubentoni and B. barbastellus, and they also dominate there. During 
hibernation changes take place in the domination of different species —  
in autumn M. daubentoni dominates in the colony, in winter B. barba-
stellus, in spring M. myotis (Fig. 2). These changes are due to the dif-
fering course taken by variation in numbers in different species. 

By combining results for the two seasons it proved possible to esta-
blish the existence of regularities in the course of variations in numbers, 
both in the colony as a whole and among different species. The first 
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bats were observed in the underground passages in August (Table 2), 
but the most numerous occurrence there began from September and 
lasted to January. In January the colony reaches maximum numbers. 
As from the end of January there is a drop in numbers lasting to the 

Vo 

% 

• M.daubentoni E l 8 barbastellus 

^ M.myotis • Other 6 sp. 

H P. auritus 

Fig. 2. Changes in dominat ion s t ructure of the mult i-species bat colony f r o m 
1975—1977. 

end of April. Single bats are still encountered in May. Different species 
have their own characteristic course of variations in numbers (Fig. 3). 

In August and September there is an abrupt increase in the numbers 
of M. daubentoni to more than 300 individuals. This species decidedly 
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dominates during this period in the colony (D = 91.4; 92.5%>) (Fig. 2). 
In October and November there is a further increase in numbers of 

different species, the numbers of M. myotis and P. auritus specially 
increasing, and to a lesser degree those of M. daubentoni and B. bar-
bastellus (Table 2). The total number of bats in the part of the under-
ground examined is more than 600 during this time. M. daubentoni 

P aur i tus 

M. daubentoni 
% A 

30- 

20- 

10' 

SOND 
1975 

J i M A ^ S O N D l J FMAM  
1976 I 1977 

%/fv 
40 

30 

20 

10 

SOND 
1975 

JFMA A S O N O J F M A M  
1976 I 1977 

B. b a r b a s t e l l u s 

50 

AO  

30 

20 

10 

•• I J l i i rf. 
S O N D J F M A ASONDlJ FMAM 
1075 1976 ' 1977 

40 

30 

20 

10 

M. myotis 

i O N D  
1975 

J F M A A S ON D J FMAM 
1976 I 1977 

Fig. 3. Dis t r ibut ion of f r equency of occurrence fo r the f o u r most n u m e r o u s species 
of bats in the pa r t of the underground s tudied f r o m 1975—1977. 

continues to predominate among them, although there is distinct de-
crease in the value of its domination coefficient in comparison with the 
previous period (D — 61.1, 70.2f/o). 

During the winter season (Dec., Jan., Feb.) the numbers of hibern-
ating bats reach a maximum, the peak occurring at the end of Decern-
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ber and beginning of January (Table 2), when over 2200 individuals were 
found (3.1.1976). The species composition is also most diverse during 
these months. The percentage of different species differs completely 
from that observed in autumn. At approximately the turning point of 
November—December the numbers of B. barbastellus abruptly increase 
(Table 2, Fig. 3) so that it forms up to 75%> of the total numbers of 
bats during the period of its most numerous occurrence in January 
(Fig. 2). In February its numbers begin to decrease, but it still continues 
to dominate in the colony. As from December these is a decrease in 
the numbers of M. daubentoni and its domination index also decreases. 
The remaining species increase their numbers to approximately the 
beginning of January, after which there is a decrease lasting up to 
spring. 

In March and April there is an abrupt drop in both abundance and 
number of species. Within three weeks (March 26—April 19, 1976) the 
number of bats fell from 343 (6 species) to 14 (3), M. daubentoni, B. 
barbastellus and P. auritus decreasing most rapidly. M. myotis disap-
pears from the hibernation place more slowly, so that in April it forms 
more than 80°/o of all bats there (Table 2, Fig. 2). 

Differences were found in the course taken by variations in the 
numbers of M. myotis between different seasons. During the 1975/1976 
season as from September increase in numbers was found, reaching 
a maximum at the beginning of January. The relatively small number 
of individuals of M. myotis found on 6 Dec. 1975 was due to the fact 
that only from 0—1000 m of passage was inspected (this of course also 
applies to the remaining species). As the majority (70—90%>) of M. 
myotis hibernated during the other inspections over a length of 1000— 
1500 m, the combined number of individuals of this species in the exit 
passage on 6.12.1975 may be estimated as about 200. During the season 
1976/1977 the November peak in numbers was found to decrease, to 
be followed later by a repeat increase in March and April. An abrupt 
increase in the number of this species of bats found on 17.4.1977 may 
have been due to individuals which had hibernated further into the 
passages, moving towards the opening. Among the 69 individuals of 
M. myotis banded on 14.3.1977 at a distance of 2500—3000 m from 
the entrance, 10 were found on 17.4.1977 in the exit passage, 9 of them 
at distances of 500—700 m. 

The course taken by variations in numbers in the case of M. dauben-
toni, B. barbastellus and P. auritus was almost identical in both seasons. 
The first of these species reached peak numbers in the underground 
passages in autumn (end of October/beginning of November) whereas 
in the case of the other two species maximum numbers were found 
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during the winter months (Dec./Jan.). Among less numerous species 
M. nattereri reached peak numbers during the winter months, while 
differences were found in the course taken by variations in numbers 
in the two seasons in the case of M. mystacinus. 

In both seasons greatest constancy of occurrence was characteristic 
of M. myotis, M. mystacinus, M. daubentoni, P. auritus and B. bar-
bastellus (Fig. 4). The value of the constancy of occurrence coefficient 
(C) in different seasons was 76—100°/o for these species. Least constancy 
of occurrence was found for M. bechsteini (average for the two 

i 

• 0 - 2 5 % Accidental sp-

[[D 2 6 - 5 0 % Accessory sp. 

0 5 1 - 7 5 % Constant sp. 

• 76 -100% Euconstant sp. 

Fig. 4. Constancy of occurrence (C) for ten bat species in two seasons. 

seasons C = 18.7°/o) and for M. dasycneme (average C = 12.5®/o). 
Table 2 gives the values for diversity index (H) and capacity index 

(K). Minimum differences only were found in the diversity index 
between different months, varying from 1.62 to 2.06. Differences between 
the two seasons were also inconsiderable. No relation was found between 
numbers and species diversity, which agrees with Gaisler's observations 
(1975). Maximum values of the capacity index were recorded in winter 
(Dec./Jan.). Changes in its value were correlated with respective changes 
in number of bats in the colony. 

V. DISCUSSION 

The results of studies so far carried out on winter colonies of bats 
in Europe (Bells, 1952; Strelkov, 1959; Haensel 1974; Gaisler, 1975; and 
many others) justify the statement that the colony we examined is one 
of the most interesting winter colonies of bats in Europe, on account 
of the unusually great numbers, for European conditions, of hibernating 
bats and also the variety of species there. 
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Bat colonies composed of many species occur more in regions of 
warmer climates (Bells, 1952; Gaisler, 1966), but regardless of this it 
would seem that the variety of the species composition of the colony 
is due primarily to the diversity of the microclimatic conditions prevail-
ing in the hibernation quarters and the abundance of places in which 
to shelter (crevices, niches). The number of hibernating individuals in 
a colony depends on the size of the hibernation quarter (Gaisler, 
1975). The underground passages we inspected were very extensive, 
have varied climatic conditions and a very large number of shelters, 
providing the bats with optimum hibernating conditions. It is this 
which accounts for the large numbers of bats and varied species com-
position. It is also of significance that in western Poland there are no 
natural winter quarters such as are found in abundance in southern 
Poland. This results in all manner of artificial places of shelter, such 
as underground tunnels, bunkers, forts etc. being used by very great 
numbers of bats (unpublished data). 

The relation between numbers of bats and size of hibernation quar-
ters makes it more suitable under certain circumstances of make use 
of density, i.e. number of individuals/100 m of passage than total abun-
dance. This would for instance make it easier to compare different 
hibernation quarters. In chiropterological literature density of bat po-
pulations as the number of individuals/ha is usually applied to the 
period of summer activity (e.g. Gaisler, 1975, 1979; Zaborowski, 1976).  
In papers on winter colonies of bats population density in a given 
hibernation quarter (caves, tunnels) is rarely given. Gilson (1977) gives 
a density of 1.4 individual/100 m of passage for the Zussen reserve 
(Belgium). In our studies the relative density of the bat population was 
from 0.3 (25 May, 1977) to 152.6 (3.1.1976) individuals/100 m of passage. 

As regards the species composition and proportion of different species 
in the underground passages we examined, the mass numbers of hiber-
nating B. barbastellus and M. daubentoni are remarkable. Although 
mas hibernation of M. myotis lis known from literature to occur (e.g. 
Gauckler & Kraus, 1963; Haensel, 1974), such great numbers of hiber-
nating bats form a unique phenomenon. The fact of the regular occur-
rence in winter months of P. pipistrellus is also interesting. This species, 
considered as a "tree bat" (Gaisler, 1966) is only exceptionally encoun-
tered in underground passages (Eisentraut, 1937; Haagen & Arnold, 1955).  
Mass hibernation of this species in caves has been however found in 
Roumania, where abount 100,000 individuals hibernate every year in 
the Sure-Mare cave (Dumitrescu & Orghidan, 1963). The fact of the 
regular hibernation of M. bechsteini, one of the rarest European species 
of bat, is also remarkable. 
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When analyzing the data contained in table 2 it must be concluded 
that there was a drop in the numbers of the colony during the studies. 
When analogical periods for the two seasons are compared, however, 
(30.1.1976 and 30.1.1977) differences are found in the course taken by 
variations in number of different species. In the case of B. barbastellus, 
M. myotis, P. auritus and M. natterari, a drop in number is observed, 
whereas numbers of M. daubentoni and M. mystacinus increased con-
siderably. One of the reasons for the smaller numbers in the colony 
during the second season might have been the milder winter of 1976/77 
('Table 1), which might in particular account for the less numerous 
occurrence of B. barbastellus (Krzanowski, 1959; Rybar, 1975). The 
actual studies, which disturbed the bats, may also have contributed to 
the decrease in their numbers. The negative effect of the anthropogenic 
factor (including scientific studies, combined with mass banding) on 
the bat population has frequently been found (Sluiter & Heerdt, 1957; 
Stebbings, 1966; Rybar, 1973). In our studies inspections were made 
eight times during the season and, as Gaisler states (1975), a decrease 
in the number of bats may take place when inspections are made more 
often than once a year. It would, however, appear that the method we 
adopted, limiting disturbance of the bats to a minimum, could not have 
had a decisive effect on the decrease in the numbers of the colony. 
It is certain that tourist visits played a more important part in this 
cave. Instances of vandalism were frequently observed: destruction of 
the formations caused by dripping, lighting bonfires, disturbance or 
even killing of hibernating bats. It is, however, difficult to find an 
explanation for the increase in numbers of M. daubentoni and M. my-
stacinus. It must be observed here that in hibernating quarters in both 
Belgium (Gilson, 1974; Fairon, 1981) and Holland (Daan, 1980) increase 
in the numbers of M. daubentoni and M. mystacinus have been observed 
of recent years, with a simultaneous distinct drop in the numbers of 
other species. According to Gaisler (1975) variations in the numbers of 
different species of bats are negatively correlated with the degree of 
their return rate. The numbers of species with a lower degree of 
"fidelity" to winter hibernating quarters (M. mystacinus, M. nattereri, 
M. daubentoni, P. auritus) increased during his studies, while number 
of species with a higher degree of "fidelity" (M. myotis, B. barbastellus) 
decreased. 

Our studies showed that the phenomenon of hibernation by bats is 
dynamic in character. During the hibernation season there is an 
exchange of individuals, different species appear and disappear at a 
given period (cf. also Verschuren, 1949; Bells, 1952; De Wilde & van 
Nieuwenhoven, 1954; Krzanowski, 1959), Among hibernating species of 
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bats a large number are known to wake frequently and move to a new 
place (cf. Davis, 1970). 
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S T R U K T U R A I DYNAMIKA ZIMOWEJ KOLONII NIETOPERZY 

Streszczenie 

W dwu kole jnych sezonach zimowych 1975—1977 badano s t ruk tu rę i dynamikę 
kolonii nietoperzy w podziemnych tunelach s ta rych fo r ty f ikac j i na Pojezierzu 
Lubuskim. Podczas 16 kontrol i s twierdzono z imowanie wielu tysięcy nietoperzy 
11 ga tunków (Tabela 2). Zagęszczenie populacj i z imujących nietoperzy wynosiło 
od 0,3 (25.V.1977) do 152,6 (3.1.1976) osobników/100 m korytarza . 

Dużą liczebność i bogaty skład ga tunkowy autorzy t łumaczą rozległością pod-
ziemi, różnorodnością w a r u n k ó w mikrokl imatycznych dużą ilością schronień (szcze-
lin, nisz) oraz b r a k i e m na tura lnych k ry jówek zimowych w te j części Polski. Sen 
zimowy nietoperzy ma charak te r dynamiczny, poszczególne ga tunki po j awia j ą się 
i u b y w a j ą o okreś lonej porze (Tabela 2, Rys. 3), w ciągu sezonu nas tępu je też 
wymiana osobników. Jesienią dominu je w koloni M. daubentoni, zimą B. barba-
stellus, wiosną M. myotis (Rys. 2). Analiza wskaźn ików różnorodności ga tunkowej 
(H) wykaza ła min ima lne różnice między poszczególnymi miesiącami jak i między 
badanymi sezonami. Nie s twierdzono zależności między liczebnością nietoperzy 
a różnorodnością składu gatunkowego. Wskaźnik pojemności (K) maksymalną war -
tość osiągał w grudniu—styczniu (Tabela 2). Obserwowano spadek liczebności ko-
lonii w t rakcie badań , przy czym w różnym stopniu dotyczył on poszczególnych 
ga tunków (Tabela 2). 


