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Trapping of sm all epigeic m am m als was carried out from  1946— 1955 
in 10 b iotopes in  the B iałow ieża National Park, using pitfalls. The biotope 
preferences and domination of species in com m unities occupying the 
various biotopes were determ ined for the 14 species found belonging to 
the orders Insectívora  and Rodentia. The relative density of M icromma-  
lia w as com pared betw een the different biotopes. Comparison w as m ade 
of the sim ilarity of the Micromammalia  com m unities in the biotopes and 
it was found that the order of biotopes arranged in ecological sequence  
according to sim ilarities of phytoeenoses and zoocenoses is similar. V a­
riations w ere found to occur in the structure of com m unities in su c­
cessive years of observations, w hich dem onstrated that long-term  trapping 
is essen tia l for definition of the structures of zoocenoses. Fluctuations 
w ere found to differ in character from the long-term  aspect in Insectívora  
and Rodentia. Abiotic factors (chiefly the w inter period) w ere found to 
affect variations in numbers and the structure of M icrom am m alia  com ­
m unities.
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I. INTRODUCTION

Studies on M icromammalia  com m unities are not so far advanced as autecolo-
gical studies. Papers so far published on com m unities of sm all m am mals in forest
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( K o w a l s k i ,  1950; P i v o v a r o v a ,  1955; S t i e  v e ,  1955; Z e j d a  Si K l i m a ,  1958; 
G r o d z i ń s k i ,  1959; H a i t l i n g e r  & K o r z e n i o w s k i ,  1962; K r a t o c h v í l  
& G a i s 1 e r, 1967) and in town biotopes ( C h u d o b a ,  H u m i ń s k i  & W ó j c i k ,  
1961), in su ccessively  altered areas ( C h u d o b a  & H u m i ń s k i ,  1961), and even  
in  hum an com m unities ( C h u d o b a  & H u m i ń s k i ,  1963) deal w ith investigations  
m ade in different areas, in different habitats, by d ifferent methods and in d iffer­
ent periods of time. A lthough all these and other studies contribute many new  data 
to the species com position and structure of such anim al com m unities, they  are not 
com parable. In addition, studies on com m unities in forest biotopes w ere m ade  
m ainly in m anaged, and consequently unnatural tree stands, or in young tree p lan­
tations, w here fie ld  species such as A. agrarius and M. arvalis,  w ere present. T hese  
species m ay com pete to som e exten t w ith  forest species ( A n d r z e j e w s k i  & 
W r o c l a w e k ,  1961; H a i t l i n g e r  & K o r z e n i o w s k i ,  1962), and m ay sign i­
fican tly  alter the com position of the M icromam malia  com m unity. A nalysis of such  
com m unities yield  results w hich characterize the ecotone rather than the forest 
biotope.

T he casual investigations made so far in forests of the tem perate zone therefore  
do not a llow  a detailed analysis of M icrom am m alia  com m unities in forest b iotopes 
to be m ade. Nor is it possible to  compare the com m unities o f different biotopes, 
nor to exam ine geographical variation in the com m unities of sim ilar biotopes, nor 
to d efine the role of different species in the com m unities in different biotopes. In  
order to exclude factors contributing to contam ination of com m unities by species  
alien  to a given  biotope, investigation  m ust be carried out in large stretches o f na­
tural or nearly natural forest, by a standard m ethod, and over a long period of 
tim e to elim inate seasonal and yearly variation.

The purpose of the present study, is to analyse communities of ground­
-dw elling Micromammalia in varied natural biotopes w ithin the exten­
sive Białowieża Prim eval Forest.

A group of populations of small Insectiora and Rodentia, whose quan­
tita tive  composition and dominance relations are  determ ined by hab ita t 
factors and in ter- and intra-species relations, w ere considered as a com­
m unity  of ground-dw elling Micromammalia. Com m unities w ere consi­
dered d ifferen t when they differed from  each other in quan tita tive  and 
qualita tive  relations and in dominance structu re , which in tu rn  reflects 
the action of ecological factors on the group of M icromammalia.

P articu la r attention was paid to the problem s of biotope preference 
exhibited by d ifferen t Micromammalia and also to variations in the  p re­
ference index over a period of several years. Dom inance of d ifferent 
species of small mammals in the com m unities and variations in such 
dom inance over a long period w ere also studied. The relative densities 
of M icromammalia in d ifferent biotopes w ere assessed, as also were 
variations in comm unities over a long period. Exam ination was also 
m ade of the effect of some habita t factors on qualitative variations in 
the communities.
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2. M ATERIAL AND METHODS

Trapping areas for M icromam malia  w ere used year after year (from 1946 to 1955) 
in  the B iałow ieża N ational Park (BNP), in 10 d ifferentiated  biotopes ( K a r p i ń s k i ,  
1949), as part of the research programm e of the Forest Research Institute (FRij. 
Each area w as 0.25 ha in ex ten t (50X50 m). F ifty  p itfa ll traps 10— 12 cm in dia­
m eter and 30 cm deep, w ere placed on each of these areas. They w ere arranged in 
a grid 5 X 10  m, and sunk flush  w ith  the soil surface. In periodically flooded areas 
the pitfalls w ere located  at the cross-over points of a w ooden latticew ork. In 
an aquatic biotope the p itfalls w ere placed on a floating  fram e of struts. In the other 
biotopes the traps w ere connected by paths along w hich  the herb layer w as w orn  
down to the m ineral soil, (The biotopes d istinguished include 8 types of forest 
associations and tw o types o f p lant associations found in the interior of forests — 
Table 1). Traps w ere inspected and m aterial collected  every tw o days throughout

Table 1.
Comparison of nom enclature of study habitats after K a r p i ń s k i  (1949) and after  

the B r a u n - B l a n q u e t  school.

B iotope A ssociation (after Braun-B lanquet) Biotope  
(after K arpiński)

I Peucedano-P inetum  Mat. 1962 (poorer form) P inetum  ty p icu m
II Peucedano-P inetum  Mat. 1962 (richer form) P icee to -P in e tum

III Pino-Q uercetum  Kozl. 1925 Q uerce to-P icee to-P i-
n e tu m

Ilia Pino-Querceturn  Kozł. 1925 (deform ed form) Pseudo-Q uerce tum
IV Salice tum  pentandro-c inereae  (Almq. 1929) 

Pass. 1961 X  Vaccinia u lig inosi-P inetum  K leist 
1929

P in etu m  turfosum

V Tilio-Carpinetum  Tracz. 1962 subas. typ icu m C arp in e tu m  typ icu m
VI T ilio-Carpanetum  Tracz. 1962 subas. s tachyeto-  

sum  silvaticae
Q uerce to -C arp ine tum

V ll C orcaeo-A lnetum  Oberd. 1953 F ra x ine to -P icee to -A l-
n e tu m

VIII B etulo-Salice tum  repen tis  Oberd. 1965 Caricetum
IX Class: P otam etea  T x. et Prsg. 1942 H ylaquarium

the w hole trapping period. D etails o f trapping technique and laboratory processing  
of anim als collected and the locations of the trapping areas, are to be found in the  
study by B o r o w s k i  & D e h n e l  (1952). T he specim ens collected are currently  
kept in the M am m als Research Institute, Polish A cadem y of Sciences at B iałow ieża.

The traps placed on the study areas caught sm all ground-liv ing m am m als —  I n ­
sec t ívora  and Rodentia  — and only they form  the subject of this paper. A total of 
14,429 sm all m am m als belonging to 14 species w ere caught (Table 2). In addition  
to these, 42 m oles Tolpa europaea  L i n n a e u s ,  1758 and 11 dormice D ryo m ys  ni-  
tedula  ( P a l l a s ,  1779) w ere caught. N either of these tw o species w as included in 
the discussion, since (1) the trapping m ethod used w as not appropriate for them  
and (2) they do not belong to the ep igeic fauna.

It m ay be assum ed that the 14 species of sm all m am m als found constitute the 
com plete range of species for those biotopes of the B iałow ieża P rim eval Forest
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w hich are situated at a distance from  cultivated land and are not affected by 
human activities.

A nalysis of d ifferences in Micromammalia  betw een biotopes could be m ade only  
on the basis of m aterial for the period 1947— 1949, w hen the trapping areas w ere  
functioning in all biotopes (Fig, 1). (Only the period 1948— 1949 w as analysed for 
areas VIII  and IX.  In cases in w hich quantitative indices were calculated for the  
period 1947— 1949 for all biotopes, the quantitative data from area V777 and IX  
refered to the com parable period for the other areas — 1948— 1949).

Fig. 1, W orking periods of trapping areas.

Long-term  fluctuations in M icromam malia  are exam ined m ain ly  on area 77, 
in w hich  trapping w as carried out for the period 1948— 1955.

D espite the abundance of m aterial, detailed analysis often had to be based on 
the num erically  dominant species only, since less num erous species form ed too 
sm all a percentage of the numbers caught. The trapping m ethod used gives only  
relative and not absolute num erical data. It was assum ed that captures are in pro­
portion to the activity of M icromam malia  and this depends to a great degree on
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population density. A lthough the results obtained do not g ive  true indices of ab­
solute density, it w as possible, on the basis of m aterial collected, to com pare Micro­
m am m alia  com m unities betw een biotopes and their variations in time.

3. ECOLOGICAL CHARACTERS OF THE BIOTOPES STUDIED

The biotopes of the Białowieża National P ark  used in this study have 
been dealt w ith in m any scientific papers, which contain detailed ana-

Table 2.
Numbers of M icrom am m alia  caught.

Species N um bers

1. S orex  araneus  L i n n a e u s ,  1758
2. Sorex  caecutiens  L a x m a n ,  1788
3. S orex  m inutus  L i n n a e u s ,  1766
4. N eo m ys  fodiens  ( P e n n a n t ,  1771)
5. N eo m ys  anomalus  C a b r e r a ,  1907

6 485 
150 

2 184 
628 
152

Insectívora 8 £90

6. A po dem u s  flavicollis  ( M e l c h i o r ,  1834)
7. M icrom ys m inutus  P a l l a s ,  1778)
8. A rvíco la  terres tr is  ( L i n n a e u s ,  1758)
9. M icrotus agrestis  ( L i n n a e u s ,  1761)

10. Microtus arvalis  ( P a l l a s ,  1779)
11. M tcrofus oeconom us ( P a l l a s ,  1776)
12. P i t y m y s  subterraneus  (de S e l y s - L o n g c h a m p s ,  

1835)
13. C iethrionom ys glareolus  ( S c h r e b e r ,  1780)
14. S ic isía  betulina  ( P a l l a s ,  1778)

319
375

62
452

83
198
661

2 244 
436

R odentia 4 830

M icrom am m alia 14 429

lyses of habita t factors. The following description includes those publish­
ed results which could be of significance to the epigeic comm unities of 
Micromammalia.

3.1. Vegetation

W hen setting  up long-term  trapping areas in the  BNP, K a r p i ń s k i  
chose the m ost typical stretches of the biotopes he distinguished. At that 
tim e there  were no detailed phytosociological descriptions of the BNP  
associations. These w ere not made until later, by M a t u s z k i e w i c z  
(1952). Biotopes distinguished by K a r p i ń s k i  (1949) include almost all
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the m ain plant associations of the  BNP, except for Carici elongatae-Al- 
netum  K o c h ,  1926, which occupies a fairly  considerable area. This a s­
sociation and also Circaeo-Alnetum  O b e r  d, 1953, w ere trea ted  jo in tly  
by K a r p i ń s k i  and term ed Fraxineto-P iceeto-A lnetum . Detailed eco­
logical exam ination was made chiefly of 7 types of forest associations

Table 3.
P lant dom inants in herb layer (»C« level). *)

Biotope Species

I Vaccinium m yrti llus ,  Calamagrostis arundinacea, Trientalis  europaea,  
Convallaria maialis

II Vaccinium m yrti llus ,  Vaccinium vit is -idaea , Calamagrostis arundiana-  
cea, Molinia coerulea, Oxalis  acetosella, M ajan th em um  bifolium, Lu-  
zula  pilosa

111 Oaralis acetosella, Calamagrostis  arundinacea, Vaccinium m yr ti l lus ,  
M ajan th em um  bifolium, Carex digitata, Mill ium effusum , Piróla se ­
cunda, Goodyera repens

Ilia Oxalis acetosella, Stellaria holostea, Verónica officinalia, M illium  effu­
sum, Calamagrostis arundinacea, C arex  montana, G alium Schultesii

IV D ryop ter is  thelyp ter is ,  Phragmites communis, V accin ium m yr ti l lus ,  
Lysim achia  vulgaris, Piróla secunda, Calamagrostis canescens, L ysi-  
machia thyrsiflora, Lycopu s europaeus, Oxycoccus quadripeta lus, Equi-  
se tu m  palustre

V A nemone nemorosa, Galeobdolon luteum, Oxalis acetosella , Dentaria  
bulbifera, A doxa  moschatelina, Asperula  odorata, Viola R iviniana, V io ­
la silvestris , Aegopodium  podagraria, S tellaria holostea, M ajan the­
m u m  bifolium

VI A nem one nemorosa, Ficaria verna, Dentaria bulbifera, C orydalis  soli­
da, A egopodium  podagraria, Urtica dioica, A th yr iu m  fi l ix -fem ina , Ga­
leobdolon luteum

VII Urtica dioica, Im patiens  noli-tangere, Mercurialis perennis, Chryso-  
sp len ium  alternifolium, Oxalis acetosella, Galeobdolon luteum, Po  a 
tr ivialis, Circaea alpina

VIII M enyanthes trifoliata, Calamagrostis neglecta, Festuca rubra, O xycoc­
cus qitadripetalus, C arex  dioica, Agrostis  canina, C arex  lasiocarpa,  
C arex  diandra,  Carea: rostrata, Epilobium palustre

*) Nam es of species after: S z a f e r ,  P a w ł o w s k i  & K u l c z y ń s k i  (1953).

(/—VII), one contam inated association (i/Ja) and two associations in the 
in terior of the  forest (VIII and IX).  One of the forest associations is 
a complex association (IV). In  addition, in the coniferous forest associat­
ions, according to cu rren t system atics two of K a r p i h s k i ’s associat­
ions, i.e. P inetum  typ icum  (I) and Piceeto-P inetum  (II) belong to the
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association Peucedano-Pinetum  M a t., 1962 (Table 1). In order to equate 
the  term s used by K a r p i ń s k i  to the phytosociological term inology 
of the B r a u n - B l a n q u e t  school, use was made of the  phytosocio­
logical lists m ade by the Forest Research In stitu te  (Dr. A. S o k o ł o w ­
s k i  and Dr.  J.  W o l a k ) .  These lists w ere m ade in 1959— 1966 later 
than  the captures of small mammals, bu t in the na tu ra l associations of

N
©-I — i

_  «ff-
Ite
» 30-

Fig. 2. N um ber of herb layer species in  terrestrial biotopes.

the BNP  the in te rval betw een these two periods is too short for appre­
ciable succession to have occurred. The only significant change was ex­
hibited by Caricetum (VIII), into which b irch  has begun to encroach 
fairly  m arkedly during recent years. U ntil the tim e the phytosociological 
descriptions w ere m ade th is biotope had, however, rem ained a non-for­
est association, w ith  predom inance of those elem ents in the  herb  layer
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which existed there during the period before b irch encroached upon it. 
The present study contains only a table of p lant dom inants in the  herb  
layer (Table 3), w ithout giving complete floristic lists, since it was con­
sidered th a t the most im portant vegetation in the herb layer is that oc­
curring in great abundance and form ing potential food for herbivores. 
Floristic w ealth  increases w ith increase in fertility  of the  hab ita t (Fig. 2). 
The biotopes fall into a sort of ecological sequence w ith respect to num ­
ber of herb layer species (particularly  when seed plants and pteridophytes 
are considered). Some deviation is introduced by P inetum  turfosum  (IV);

Fig. 3. Percentage in layer of tree stand of d ifferent species of trees according to
degree of cover.

as however, this is a complex association the  larger num ber of pterido­
phytes and seed plants is to be expected. Biotopes w ith  m ore herb layer 
species create m ore trophic niches for consumers. Since prim ary pro­
duction of the biotope also increases w ith hab ita t fertility  (T r a c z y  k, 
1968), one w ould expect tha t in Tilio-Carpinetum  and Circaeo-Alnetum  
the comm unities of small mammals should be richer both in quantity 
and quality.

The composition of the  tree stands also affects the  ecological conditions 
for small m am mals. The quan tita tive  and qualitative composition of the



tree layer exerts an indirect influence (e.g. ecoclimate) and direct in­
fluence, through litte r  fall, particularly  of seeds. Two types of biotope 
can be distinguished: those in which species w ith light seeds dom inate 
(IV, I, II, III  and  p a rtly  VII), and those in which a large num ber of 
species bear heavy seeds (Ilia, V and VI) (Fig. 3). The la tte r  a re  thus 
m ore favourable to »seed-eaters«. Confirm ation of th is is provided by 
the dry w eight of seeds collected in sam plers in 7 forest biotopes during 
the period 1947— 1949 (Table 4). Biotopes Ilia , V and Vi are  m ost pro­
ductive both w ith  respect of the total am ount of seeds and of the heavy 
seeds only. L itte r fall may also give evidence of increasing fertility  and 
increased food supply for small mammals in the biotopes studied, from

Table 4.
W eight of seed dry m ass in mg. Sam ples taken w ith  1 m 2 sam ples placed in  8 forest 
biotopes during period 1947— 1949 (after unpublished data of Forestry Research

Institute at Białowieża).
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Species bearing:
Biotope

I II III I lia V VI VII

H eavy seeds *) 
L ight seeds **) 160 550

7.300
200

504.730
n o

170.140
190

675.890
1.850

13.490
3.030

Total 160 550 7.500 504.840 170.330 677.740 16.520

*) Quercus, Carpinus, Tilia, Acer, Fraxinus, Coryllus.  **) Pinus, Picea, Betula, A l-  
nus, Populus, Ulmus.

Table 5.
Y early fa ll of litter dry m ass in g/1 m2 (after data given  by K a r p i ń s k i ,  1954).

Biotope I II III IV V I VI VII

L itter
biom ass 14.515 19.479 23.740 17 927 33.053 32.349 45.213

Peucedano-Pinetum  to Circaeo-Alnetum  (Table 5). The quan tity  of litter 
fall gives an indication of the prim ary production of the tree  stand 
(w ithout wood biomass and seeds).

Using S o r e n s e n ’s form ula ( M a c f a d y e n ,  1963), floristic sim ilar­
ity  coefficients w ere calculated to compare the qualitative occurrence of 
seed plants, p teridophytes and bryophytes. On the  C z e k a n o w s k i  
diagram  (Fig. 4) the  biotopes are arranged  in a kind of ecological se­
quence from  Peucedano-Pinetum  to Circaeo-Alnetum . Pseudo-Querce- 
tum  (Ilia) is floristically closer to Pino-Q uercetum , which would indicate
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th a t it originated from  Pino-Q uercetum  (III) and not from  Tilio-Carpine- 
turn (V) (as suggested by K a r p i ń s k i ,  1949). The w et biotopes {VIII  
and IV) do not exhibit any close floristic relationship  to the rem ainder. 
The biotope H ylaquarium  (IX)  has been included only to show w here it 
lies in the ecological arrangem ent.

3.2. H abitat Factors

Soil conditions and the ecoclimate are included as hab ita t factors i.e. 
physiological properties of the  habitat. A soil character of great im por­
tance to M icromam malia  is its hum idity. Also im portant is the level of 
the w ater table, which directly  affects soil hum idity. In 1949, both the

IX VIII lv\ll ! /// llh V VI VII Type of habitat Association (Karpiński, 1949J

IX Water hylaquarium
via Wet habitats Caricetum
tv Pinetum turfosum
a / /

Dry and trophically
Piceeto -Pinetum

i Pinetum typicum
m poor habitats Querceto-Piceeto-Pinetum

Ilia / Ps eudo - Querceturn
V Carpineturn typicum
VI / Y Æ f Fertile habitats Querceto - Carpineturn
VII

j •
Fraxineto-Piceeto-Alnetum

Scale of similarity in per cent 

wf% 6iiw\^ss.i-&!$gfaQ.t-swffl30.i-‘Wi\7\efis№ \~^\!Ww\ \as-ajo 

Fig, 4. D iagram  of floristic sim ilarity of 10 study biotopes.

average level of the w ater table and its fluctuations exhibited consi­
derable differences betw een the biotopes (Fig. 5). Humid biotopes (IV, 
V II  and VIII),  are recognized by an average level of th e  w ater table near 
ground level (or, in the case of Caricetum (VIII), even above ground 
level). In these biotopes the  am plitude of fluctuations in  w a te r level 
during the year is small. They a re  thus favourable to hygropbilous 
species. In the other biotopes the average level of the  w ater tab le  is at 
least 1 m below ground level and there  are  fairly  w ide fluctuations 
during the  y ear particu larly  in the  Tilio-Carpinetum  biotopes (V and VI), 
w here the  w ater level periodically rises fairly  high, which m ay cause ex­
cessive hum idity  in burrow s or even flood them . The lowest level of wa­
ter table is found in Pseudo-Q uercetum  (Ilia), which accounts for the  se­
vere  tem pera tu re  conditions in the soil and the depth  to which it freezes.

T he p a tte rn  of tem pera tu re  variation in the soil, in which the animals 
spend 70— 80% of th e ir life, is of im portance to the  energy balance of
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Fig, 5. A verage lev e l and 
yearly  am plitude of ground  
w ater fluctuations in 1949 
(data from  O b m  i A s k i, 1960).

N

Fig. 6. Soil tem perature at 
depths of 5—20 cm in February 
and Ju ly  and num ber of days 
(N) w ith  soil tem perature of 
<  0°C (data from T o m a n e k, 

1953).
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M icromammalia  ( G ó r e c k i ,  1968). In w in ter only sm all differences are  
found betw een biotopes in the average tem peratures of the  superficial 
soil layer (Fig. 6). The Tilio-Carpinetum  associations {V and Vf), how­
ever, in thich the average soil tem pera tu re  does not fall below 0°C differ 
m arkedly  from  the Pseudo-Q uercetum {Ilia), in which the  average 
tem pera tu re  is alw ays low 0°C. In summ er, far g reater differences are  
found in average tem peratures, but these do not exert any im portant 
influence on the living conditions of Micromammalia.
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Fig. 7. A verage thickness o f snow  cover (S) in cm and number of days w ith  snow  
cover (D ) during period January—March 1949 (data from  O b  m i ń s k i ,  1960).

A nalysis of snow conditions during the w in ter period, so critical to 
sm all m am m als (Fig. 7), reveals only slight differences betw een biotopes 
in the tim e for which the  snow lies, bu t considerable differences in the 
average thickness of cover. Biotopes w ith a thick snow cover (V, VI and 
VII)  do not exhibit very  low soil tem peratures. However, the thick snow 
cover in Pseudo-Q uercetum  does not protect the soil from  excessive 
cooling, as the level of ground w ater is fairly  low.
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An im portant ecological param eter for Micromammalia is the  a ir 
tem perature in the ground level layer. Analysis shows tha t the  m ost 
severe tem peratures in  the air layer are  to be found in Pseudo-Querce- 
lum  (Fig. 8). W ide fluctuations in average air tem peratures in this layer 
are  also found in  Caricetum (VII) which is not covered by a tree stand.

The factors discussed above show th a t the various biotopees provide 
different living conditions for Micromammalia. Among the forest bio­
topes undoubtedly the  m ost favourable conditions are  provided by Tilio- 
-Carpinetum  (V and VI), and the least favourable by Pseudo-Q uercetum
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Fig. 8. Intervals of average air tem peratures at height of 5 cm and 50 cm for  
February and July and for w hole year (data from T o m a n e k ,  1955).

a

(Ilia). The hum id biotopes (IV, VII,  VIII)  are the m ost favourable for 
hygrophilous species. The action of physical factors in the environm ent 
may also be modified by biotic factors.

4. OCCURRENCE OF M IC R O M A M M A L IA  IN DIFFERENT BIOTOPES

4.1. Biotope Preferences

In the present discussion preferences are  defined on the basis of the 
percentage of individuals of the  given species caught in  a given biotope 
in relation  to the to tal num ber of individuals caught during this tim e in
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all the biotopes. The period 1947— 1949 was taken as the  analysis period. 
The following procedure was adopted for including the  non-forested 
biotopes (VIII  and IX),  in which captures were not m ade in 1947, in  the 
whole of the m aterial. Specimens captured  in 1948—1949 in  all biotopes 
w ere treated  as 100%, and preferences for biotopes VIII  and I X  defined 
in relation to the whole of th is m aterial. The percentage obtained fo r the 
various species was divided betw een the  forest biotopes in proportion to 
captures for th ree  years (1947— 1949). This procedure is employed in 
all fu rth e r discussions of cases in which m aterial from tw o-year captures 
in biotopes VIII  and I X  a re  compared w ith  th ree-year m aterial from  the 
other biotopes.

M aterial from  1948 in biotope I X  is trea ted  as complete even though 
captures w ere not begun there un til towards the end of April (Fig. 1). 
This procedure is reasonable since in 1949 very  few captures w ere made 
in this biotope during the m onths of Jan u ary  to April.

In addition H ylaquarium  d iffers in  its M icromammalia  both qualita ti­
vely and quantitatively  from  o ther biotopes. Consequently the failure to 
include a few individuals would not d istort the p icture of the preferences 
of small mammals 'in the  range of biotopes.

In the diagram  illustrating  biotope preferences (Fig. 9) a 6-degree 
scale of preference of a species for a biotope has been used. This made 
it possible to assess the biotope preferences and the  eury- or stenobiotism  
of each species and to estim ate the  degree of attractiveness of the diffe­
ren t biotopes for species of m am m als of for groups of species. Four 
groups of biotopes can be distinguished on the diagram . The first group 
consists of one biotope only, Hylaquarium  (IX).  The species occurring 
here are closely connected w ith an aquatic habitat and part of their 
activ ity  takes place in  th a t habitat. The second group consists of biotopes 
VIII,  VI I  and IV  w ith  high hum idity  but varied trophic values (see 
below). The th ird  group consists of Peucedano-Pinetum  and Pino-Quer- 
cetum  (I, II, III  and Ilia), fairly  dry  biotopes w ith  low tropic value, as 
defined below. The fourth  group is form ed by Tilio-Carpinetum  (V and 
VI), a not very  dry biotope, w ith high trophic value for small mammals, 
expressed in great floristic wealth, high seed production and both quanti­
tatively  and qualitatively  rich invertebra te  fauna.

It can be seen from  Fig. 3 tha t the biotopes Peucedano-Pinetum  and 
Pino-Q uercetum  a re  no t the native biotopes of any  of the 14 species of 
m am mals. Some species avoid them  altogether, w hile the  rem ainder occur 
there  in small num bers only. Hylaquxirium (IX) has its specific composi­
tion of micromammal'ian fauna and is the  native biotope of typical hygro- 
philes (N . fodiens, N. anomalus, M. m inutus, A. terrestris  and M. oecono- 
mus). Biotopes Tilio-Carpinetum  (V and Vi) are native fo r A. flavicollis,



Small mammal communities of the Białowieża National Park 479

M. arvalis and P. subterraneus. S. betulina  and M. agrestis a re  attached 
to certain  biotopes of the hum id group (‘VIII, VI I  and IV), depending on 
their hum idity  and trophic value.

A nalysis of the  ecological range occupied by d ifferen t species reveals 
a group of eurybiontic species — th ree  species of shrew  and C. glareolus 
{Fig. 9). The rem aining species are, to a lesser or g reater degree, steno- 
bionts. S, m inutes  m ore readily occupies hum id biotopes than  S. araneus, 
which m ay be due to the more »hygrophilous character« of the species 
(D e h n e 1, 1949, It would also appear tha t N. fodiens is a m ore hygrophi­
lous species than  N. anomalus. A lthough D e h n e 1 (1950), and B o r o w ­
s k i  & D e h n e l  (1952) hold the opposite opinion, th is m ay be due to the 
greater activ ity  of N. fodiens and the  fairly  extensive m igrations it

Scale o f preferences 
>30% Native [ X I  > 5% Freuuenttu occupied[~ r ~\ i  1% Occupied a t random

ggg) >/5% Co -native I — I > t% Sporadically occupied I I 0% Avoided

Fig. 9. B iotope preferences of sm all m am m als according to percentage of individuals 
in each biotope during period 1947— 1949,

undertakes, unlike N. anomalus. A. flavicollis exhibits distinct preference 
for biotopes w ith considerable falls of heavy seeds (cf. also P i v o v a r o -  
v a, 1955; K o r m i l i c i n a ,  1966; A u 1 a k, 1967). M. m inu tus  prefers 
w et and moist biotopes ( D e h n e l ,  1946); hence the m ajority  
of individuals were caught in  biotopes IX  and VIII. A. terrestris 
occurs only near bodies of w ater (IX). The fact th a t single individuals 
w ere encountered in Peucedano-Pinetum  biotopes (I and II) m ay be due 
to these anim als sporadically undertaking fairly  long m igrations. M. 
agrestis occurs in all biotopes, bu t its native hab ita t is the complex asso­
ciation P inetum  turfosum  (IV). M. arvalis exhibited  the g reatest a ttach ­
m ent to Tilio-Carpinetum  typ icum  (V), and occurs sporadically in moist
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biotopes (VIII , IV). It is difficult to determ ine the cause of this species’ 
a ttachm ent to chiefly one biotope. It is possible th a t dt is due partly  to 
its m igration from  fields, since the trapping area in this biotope was 
situated about 500 m away from  the fields of the Białowieża Glade. 
M. oeconomus prefers w et biotopes (VIII  and IX) and occurs only spora­
dically in the others. P. subterraneus never occurs num erously in bio­
topes other than Tilio-Carpinetum  (V and VI). It prefers fertile  biotopes 
w ith  a rich herb layer ( P i v o v a r o v a ,  1955). It occurs only fortuitously 
in moist biotopes. C. glareolus is an eurybiont and occurs everyw here apart 
from  outstandingly m oist biotopes (IX, VIII,  VII). The wide ecological 
range of this species is shown by its occurrence even on ruderal areas 
(H a i 1 1 i n g e r, 1965). The fairly  considerable num bers of this species 
in P inetum  turfosum  (IV) in 1948 was not a fortu itous phenomenon, since 
C. glareolus occurs often and num erously on peat bogs and m oist areas in 
o ther parts of Poland ( S k u r a t o w i c z ,  1948; H a i t l i n g e r & K o r z e -  
n i o w s k i ,  1962). S. betulina  occupies moist biotopes (VIII, VII,  IV) 
w ith dense shrub layer and high herb layer (cf. also K u b i k ,  1952; 
P i v o v a r o v a ,  1955). The avoidance of Pseudo-Q uercetum  (Ilia) is 
characteristic of this species and is probably connected w ith the fact th a t 
this is a biotope w ith extrem e tem peratu re  range in the air layer imme­
diately above ground level and in the superficial layers of the earth  
(Fig. 6 and 8). A part from  eurybionts the  preference indices for the 
rem aining species clearly define the biotopes optim al for each species of 
m am mal (Fig. 9).

In order to find w hat influence the study period chosen had on the 
preference indices obtained and to elim inate any influence of the time 
factor in such assessm ents, a comparison was m ade of the  changes in 
biotope preference index for several species caught in fairly  large num ­
bers. It m ay be seen from  table 6 th a t a change in preference is evident 
not only in  the  case of stenobionts (P. subterraneus, S. betulina) bu t also 
in eurybionts (S. araneus, S. m inutus, C. glareolus). The fairly  consi­
derable differences in  biotope preference indices betw een the different 
years indicate th a t it is incorrect to define the species a ttachm ent to 
a biotope on the basis of a short period of observations (even over a whole 
year). In the present discussion the au thor had at his disposal data from 
three years only, but even so th is period is fairly  representative, since it 
covers the  year preceding peak num bers, the year of peak num bers and 
the year of decrease in the num bers.

4.2. D om inant Specie?

In order to determ ine the significance of the d ifferen t species of Micro­
mammalia  in the biotope their degree of dom inance was determ ined, i.e.
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comparison was made of the percentages they form  in groups of small 
m am mals, determ ined  separately for Insectívora  and Rodentia, since the 
traps used a re  to a certain  extent selective in their action on these two 
groups of mammals, Jnsectiuora are  caught in larger num bers than  ro-

Table 6.
P ercentage (preference index) of som e species of sm all m am m als in different forest 
biotopes from  1947— 1949. Num ber of individuals caught in  all biotopes taken as 100%. 
Biotopes arranged in order of m ost to least densely settled . P reference indices d if­

fering v isib ly  in successive years are boldfaced.

Year No. of 
individuals Biotopes

S. araneus VI II III I lia V IV I VII

1947— 1949 4246 21.1 18.2 12.7 12-3 11.6 10.6 8.4 5.1
1947 873 24.2 21.8 15.3 9.5 9.6 9.2 7.3 3.1
1948 1936 20.3 17.4 12.0 12.6 5.5 16.9 8.6 6.9
1949 1437 20.5 17.2 12 2 13.7 20.8 2.9 8.9 3.8

S. m inutus IV VII VI II V III I lia I

1947— 1949 1177 39.5 17.5 12.1 10.1 7.1 6.6 3.6 3 5
1947 249 36.5 14.1 14.5 17.7 5.2 3 2 3.6 5.2
1948 662 48.7 18.3 11.6 7.1 2.0 7.2 2.6 2.5
1949 266 18 8 19.1 10.9 10.5 21.5 8.3 6.4 4.5

C. glareolus VI IV V Ilia II III I VII

1947—1949 1269 28.4 18.8 12.9 10.4 10.4 7.6 6.9 4 6
1947 269 23.1 15.2 11.2 12.6 14.5 15.2 3.7 4.5
194 4 901 29.6 21.6 11 8 8.9 9.0 6.2 8.1 4.8
1949 99 30.2 3.0 28.3 18 2 11.1 0.0 5.1 4.1

P. subterráneas V VI Ilia II III I VII IV

1947— 1949 445 42.3 40.9 5.6 3.1 2.7 2.2 2.2 1.0
1947 136 40.5 47.1 2.9 3.7 2.9 1.5 0.7 0.7
1943 159 30 8 42 3 8.2 5.0 4.4 2.5 5.7 0.6
1949 150 56.0 33.3 5.3 0.7 0.7 2.7 0.0 1.3

S. betulina VII IV VI V I II III I lia

1947 — 1949 295 51.9 27.8 6-1 4.7 3.7 3.4 2.4 0.0
1947 87 62.1 18.4 10.3 5.7 2.3 0.0 1.2 0.0
1948 71 59.2 31.0 2.8 2.8 1.4 2.8 0.0 0.0
1949 137 41.7 32.1 5.1 5.1 5.8 5.8 4.4 0.0

dents in pitfalls (P u c e k, 1969), hence combining the  two groups m ight 
under-estim ate the role of Rodentia  in biotopes.

It was found tha t S. araneus is a dom inant species in all terrestria l 
biotopes (Fig, 10); S. m inutus  also is dom inant in moist biotopes (VIII,
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VII,  IV). In  these th ree  biotopes thas two species jo in tly  from  m ore than  
60% of the Insectívora  group. In Peucedano-Pinetum  and Pino-Querce- 
tum  biotopes (I, II, III  and Ilia) and in Tilio-Carpinetum  (V and VI) 
S. araneus is the sole dom inant. The rem aining species of Insectívora  a re  
not even co-dominants in these biotopes. N. fodiens  is clearly dom inant 
in an aquatic biotope {IX). The rem aining th ree  species {N. anomalus, 
S. araneus, S. m inu tus) co-dom inate, the percentage form ed by each of 
these species being below 30% (Fig. 10).

Relations are  m ore complicated in the case of Rodentia. M. m inu tus  
dom inates in an aquatic biotope (IX),  for w hich this is sim ultaneously 
the native biotope (Fig. 9). Typical hygrophiles such as A. terrestris  and  
M. oeconomus co-dom inate w ith  th is species. The rem aining species form  
only a small percentage of anim als found in  th is biotope.

Scale o f dominance 
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m s  >15% Co-dominant P H  >!'/• Sporadic I 1 0% Not encountered

Fig, 10. P ercentage of various species (dom inance) in Insectivora  and Rodentia
com m unities from  1947— 1949.

In the group of most biotopes including d ifferen t hab ita ts the dom inant 
species are S. betulina (VIII  and VII)  and C. glareolus (IV). In the w ettest 
of these biotopes (VIII), hygrophilous species, such as M. m inutus  and 
M. eoconomus, for which this is sim ultaneously the jo in t native biotope, 
a re  co-dominants. In C iraeo-Alnetum  (VII) C. glareolus is a co-domi­
nant, the rem aining species form ing only a sm all percentage. Pinetum  
turfosum  (IV) possesses, in addition to the dom inant C. glareolus, two 
co-dom inant species: S. betulina  and iW. agrestis. This is the native bio­
topes for this last species. The role of C. glareolus is rem arkable 
in this biotope. The high degree of preference and dom inance of this 
species in Pinetum  turfosum  was particu larly  m arked in  1948. This was



the  year of h ighest num bers for the m ajority  of species of M icromamma­
lia. The red-backed vole exhibited an exceptionally great increase in 
num bers in th is biotope. In 1948 alm ost five times more individuals of 
C. glareolus w ere  caught there than iin 1947, and therefore the situation

Tabic 7.
Percentage (dom ination index) of som e species of sm all m am mals in d ifferent bio­
topes from  1947— 1949. In each case the sum totals o f Insectivora  and Rodentia  caught 
in each biotope w ere  taken as 100°/o. D om ination indices differing v is ib ly  in succes­
sive years are boldfaced. Biotopes arranged in order of decreasing dom inance of
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the species in  the com m unity.

Year Biotope

S. araneus I lia I III II VI V VII IV

1947—1949 88.0 87.3 85.6 84.5 82.4 82.3 47.4 44.5
1947 86.7 82.1 91.7 80.4 81.6 84.0 39.2 43.7
1948 89.7 89.7 81.0 85.7 80.4 87.1 50.0 46.5
1949 86.2 87.1 87.8 86.3 85.8 80.3 46.2 34.7

S. m inutus IV VII V VI II III I I lia

1947—1949 46.0 45.4 13.9 13.1 13.0 12.3 10.0 7.2
1947 49.7 50.7 13.0 14.5 18.5 5.5 19.1 9.6
1948 46.4 46.1 10.5 15.9 11.9 16.7 8.6 6.3
1949 42.3 43 8 15.2 8.4 9.8 11.0 8.2 7.4

C. glareolus HI I lia II VI IV I V VII

1947— 1949 60.3 59.7 56-0 62.9 47.2 43.8 32.4 23.1
1947 60.4 57.6 51.0 35.8 41.4 25.0 24.8 16.4
1948 71.8 62.0 61.0 65.3 56.3 53.3 52.7 37,7
1949 0.0 54.5 42.3 30.8 4.8 20.8 15.2 5.9

P. subterraneus V VI I l ia III II I VII IV

1947— 1949 37.1 26.8 11.3 7.4 6.0 5.0 3.9 0.8
1947 45.5 37,0 6.8 5.9 6.7 5.0 1.4 1.0
1948 24.4 16.7 10.0 9.0 6.0 2.9 7.9 0 0
1949 45.7 51.6 24.2 6.7 3.8 16.7 0.0 3 2

S. betulina VII IV I III II V VI I lia

1947— 1949 60.0 16.2 5.5 4.4 4.3 2.8 2.6 0 0
1947 74.0 16.1 5.1 1.5 0,0 4.1 5.5 0.0
1948 36.8 6.3 0.7 0.0 15.0 1.0 0.5 0.0
1949 33.9 70.8 33.3 40.0 30.7 3.8 7.2 0-0

in 1948 was of decisive im portance to determ ining the role of th is species 
in P inetum  turfosum .

C. glareolus is the dom inant in the group of biotopes in which pine 
predom inates. In Pino-Q uercetum  (III) i t  is the  absolute dom inant. In the
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poorest biotopes of this group (I and II) M. agrestis is a co-dom inant. In 
Pseudo-Q uercetum  {Ilia), in which species bearing heavy seeds are in­
cluded in the composition of the tree-stand, the co-dom inant is the typical 
seed-eater A. flavicollis. The rem aining species form  a negligible per­
centage in Peucedano-Pinetum  and Pino-Q uercetum . In Tilio-Carpinetum

Table 8.
Preferences (W) and domination (D) of som e species of M icrom am m alia  in m ost 

densely and least densely settled  biotopes from  1947— 1949 (jointly).

Species
B iotopes setteled:

m ost densely least densely

S. araneus Biotope VI II VII IX

W% 18.87 16.36 4.56 2.52
D®/o 82.38 84.50 47.37 19.04

S. m inutus Biotope IV VIII I l ia I

W°/o 29.11 27.69 2.70 2.57
W o 46.04 38.84 7.24 10.00

A. flavicollis Biotope VI V IV VIII

W»/o 31.94 28.24 0.93 0.46
W o 10.16 12.06 0.39 0.35

M. m inutus Biotope IX VIII I l ia III

WVo 47.30 17.05 3.10 1.16
W o 40.63 15.44 3.62 1.86

M. agrestis Biotope VI I I lia VII

W°/o 40.53 14.40 2.67 1.87
W o 29.93 17.95 2.74 4.32

P, subterraneus Biotope V VI IV VIII

W% 41.97 40.63 0.89 0.67
W o 37.14 26.80 11.31 4.98

C. glareolus Biotope VI IV VIII IX

WVo 27.30 18.17 2.74 0.76
W o 52.89 32.41 12,63 3.32

S. betulina Biotope VII VIII II III

W®/o 35.92 25.82 2.36 1.64
W o 60.01 38.60 4.27 4.36

(V and VI) C. glareolus and P. subterraneus predom inate, the  la tte r 
species co-dom inanting in VI. A lthough A. flavicollis has its optim um  
living conditions here, its num bers are  never equal of the two above­
-m entioned species. It is possible tha t the  percentage of this species has 
been slightly under-estim ated here on account of the fact th a t its repre-
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sentatives w ere found to jum p out and escape from  the traps (A d a m- 
c z e w s k a ,  1959). This possible underestim ation is not, however, very 
great, since analysis of the composition of rodent communities in Tilio- 
-Carpinetum  m ade by other m ethods does not reveal num erical predom i­
nance of this species over C. glareolus.

Analysis of variation  in the dominance index from  1947— 1949 (Table 
7) shows th a t its am plitudes are far greater in Rodentia  than  in Insectí­
vora. This is accounted for by the fact that far g reater fluctuations occur 
in the num bers of rodents than  of insecetivores. Comparison of Fig, 9 and 
10 reveals th a t it is only in certain  cases that the various species are 
quantitative dom inants in their native biotopes. In the great m ajority  of 
cases the preference and dominance indices do not coincide (Table 8). 
In the case of some species their role even in native biotopes is small (A. 
flavicollis), w hile in others the role of the species is very great even in 
non-native biotopes {S. araneus, S. m inu tus). Only in  some cases do the 
preference and dominance indices exhibit a certain  num erical coincidence 
(M, m inutus, M. agrestis). Changes in ecological factors in  d ifferen t years 
do not evoke uniform  quantitative changes in all species of M icrom am ­
malia, hence reciprocal quantitative relations betw een the various com­
ponents of com m unities differ in d ifferent years.

4.3. R elative D ensity of Insectívora  and Rodentia

The sum of hab ita t conditions in d ifferen t biotopes given a certain 
pattern  of ecological niches which, to a g reater o r lesser degree, d e te r­
mines the percentage of the various species of m am m als or their groups 
in the biotopes examined. The average annual num bers of sm all m am m als 
have been calculated for non-forest biotopes from  two years data, and 
from  forest biotopes from  th ree years data (Fig. 11). The figure illustrates 
the relative density  of M icromammalia in d ifferen t biotopes, and in tu rn  
defines the potential capacities of each biotope for supporting m ore or 
less num erous M icromammalia populations.

The greatest average annual abundance of M icromammalia is shown 
by Tilio-Carpinetum  (VI), then  Caricetum (VIII) and P inetum  turfosum  
(IV). Relations for Insectívora  and Rodentia  form  a slightly d ifferen t 
pattern . The g rea test num bers of rodents w ere found in Tilio Carpinetum  
stachyetosum  silva ticae (VI). This is a biotope producing the greatest 
seed biomass (Table 4) which form  the chief component of the  food of 
the dom inant rodents. Sim ilar relations prevail in Tilio-carpinetum  typi-  
cum  (V). Seed production here is, however, lower and hence the  num bers 
of rodents are  also sm aller. The large num ber of rodents in Pinetum  
turfosum  (IV) is difficult to explain, especially as it is chiefly data  from  
1948 which is responsible for this high average figure. Catches in this
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biotope were disproportionately great in 1948 in comparison w ith  other 
years and w ith other biotopes in the some year. In the  Circaeo-Alnetum  
biotope the low percentage of C. glareolus and predom inance of less 
num erous hygrophilous species resulted in the  figure for Rodentia  being 
fairly  low. The sm allest num ber of rodents was caught in the  Peuceda- 
no-P inetum  and Pino-Q uercetum  biotopes. The small num bers of Ro- 
dentia  in Pseudo-Q uercetum  (Ilia), in which seed production is high, is 
fairly  characteristic. It would appear th a t the low density  is due to  the 
varying am ounts of seed produced in successive years by the oak which
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Fig. 11. Mean num bers of sm all m am m als during year for period 1947— 1949.

is the chief seed producer there, and to the extrem e tem pera tu res pre­
vailing there during the w in ter period (Fig. 6— 8). This m ay lead to low 
num bers of m am m als surviving to reproduce in sprang.

The density  relations found in the case of Insectívora  follow a d ifferen t 
pa tte rn . The biotope most num erously occupied, as in the case of Ro­
dentia, is Tilio-Carpinetum stachyetosum  silvaticae (VI).  The second in 
order, from  among the  relatively  dry biotopes, is Peucedano-P inetum  (II). 
I t  m ay be that the tem peratures prevailing in  the ground level a ir  layer 
m ay influence this, particu larly  during the w in ter period (Fig. 8) and also
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the fairly high biomass of invertebrates. In the rem aining biotopes, 
quantita tive  relations are  m ore or less balanced. In moist biotopes the 
num bers of Insectivora  are fairly  high, Circaeo-Alnetum  being the least 
densely settled biotope.

W ith respect to density of M icromammalia, the biotopes exam ined can 
be arranged in the following order: VI, VIII,  IV, IX,  II, V,  Ilia , III, VII,  
I. This o rder does not reflect the  true  productivity  of the  M icromammalia  
comm unities in these biotopes, b u t is the resu lt of relative density  of the 
various species and their activity.

5. M ICR O M A M M A LIA  COMMUNITIES

5.1. S im ilarities B etw een Com m unities

The varied biotope preferences exhibited by different species of IVficro- 
m avm m lia  and the different species dom inance dn d ifferen t biotopes 
causes d ifferentiation of the com m unities of small mammals and different 
degrees of sim ilarity  betw een the groups.

A. C z e k a n o w s k i  diagram  (Fig. 12) was draw n up to find the 
reciprocal sim ilarities. The sim ilarity  indices were defined by m eans of 
S o r e n s e n ’s equation:

2 c
P =  — --.100«/», 

a +  b
where
a — num ber of species in m am m al com m unity I,
b — num ber of species in m am m al com m unity II,
c — num ber of species common to the two comm unities compared.

The lowest dom inance index for the two comm unities compared was
taken as a common elem ent. The sum to tal of these values gave value P 
in %. This index  defines sim ilarity  of dom inance regardless of the  density  
of species in the mam mal com m unities compared.

Three groups of com m unities are  d ifferen tia ted  on the diagram  (Fig. 
12a). The firs t of these covers the  com m unity in the H ylaquarium  biotope. 
O utstandingly hygrophilous species dom inate in its composition and  
consequently there  is little  sim ilarity  betw een the com m unity from  this 
biotope and o ther comm unities from  other biotopes and their som ew hat 
d istan t phytosociological relationships, the hum idity  factor outweighed 
these in importance, so th a t there  w ere considerable sim ilarities in the 
comm unities of sm all m am mals. In  addition to S. araneus, S. m inu tu s  is 
co-dom inanat in the com m unities of these biotopes. The sim ilarities of 
this group of comm unities to o thers do not exceed 60%. Only the com­
m unity  from  Pinetum  turfosum , owing to the  g reater percentage of 
C. glareolus, is slightly m ore sim ilar to the com m unity from  the poor
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Peucedano-Pinetum  biotope. The th ird  group exhibits certain  in ternal 
differences. It is possible to distinguish a sub-group of comm unities from  
Peucedano-Pinetum  and Pino-Q uercetum  and a subgroup from  the Tilio- 
-Carpinetum  biotopes. This d ifferentiation is due to the far sm aller per­
centage of S. araneus in the Tilio-Carpinetum  comm unities and the 
greater percentage of P. subterraneus in these communities.

W hen Fig. 12a and Fig. 4 a re  compared it is clear th a t anim al comm u­
nities a re  to a  certain ex ten t determ ined by the p lan t associations. The 
groups of biotopes (distinguished according to their floristic composition) 
on the two diagrams correspond to groups of biotopes defined according 
to the composition of the M icromammalia  communities. The only excep­
tion is Circaeo-Alnetum  (VII), which together with Tilio-Carpinetum  (F 
and VI) belongs to one phytosociological class Querco-Fagetea B r. - B 1. 
et V 1 i e g. 1937, while its M icromammalia com m unity is sim ilar to

a b

Fig. 12. Diagram of sim ilarities betw een sm all m am m al com m unities for 1947— 1949 
(jointly) according to: (a) quantitative participation of different species, (b) quanti­
tative participation. Scale of sim ilarities expressed  in percentage (as for Fig. 4).

com m unities in the other hum id biotopes, which from  the phytosociolo­
gical aspect are allocated to other classes.

The M icromammalia comm unities from  the d ifferent groups of biotopes 
can be defined according to dom inant species as follows:

Group I — Biotope IX  — N. fodiens, S. m inutus, M. m inutus.
Group II — Biotope VIII  and VII  — S. araneus, S. m inutus, S. betulina. 

Biotope IV  — S. araneus, S. m inutus, C. glareolus.
Group III — Biotope I, II, III  and I lia  — S. araneus, C. glareolus. Bio­

tope V and V I  — S. araneus, C. glareolus, P. subterraneus.
W hen calculating the index of dom inance sim ilarity  (Fig. 12a) the 

relative density of M icromammalia  dn d ifferen t biotopes was converted 
to a common denom inator ( =  100%). Fig. 12b shows the  quantitative
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relations betw een species. Despite certain  in ternal shifts in the o rder of 
biotopes in d ifferen t groups, the quantitative indices of sim ilarity  did not 
cause shifts of different biotopes to other groups. A lthough the p icture 
is less clear, the pa tte rn  of groups of communities and th e ir reciprocal 
sim ilarities are analogous to those given in Fdg. 12a. Only sim ilarity  w ith  
respect to dom inance will therefore be considered in fu rther discussion.

Dominance indices and percentage of components of the comm unities 
were determ ined from  the  longest possible period of tim e w ith in  the 
com parable period 1947— 1949. The longer the period, the  m ore correctly  
calculated the average dom inance value for the d ifferent species (Fig. 13). 
The sim ilarity  of the percentage composition of the M icromammalia 
com m unity in Peucedano-Pinetum  (II) in d ifferent years to the  compo­
sition of the com m unity defined on the basis of long-term  captures takes

%

Fig, 13, S im ilarity o f percentage com position of M icrom am m alia  com m unity in d iffe ­
rent years to percentage com position of com m unity for period 1947— 1949 jo in tly  
(dots) and cum ulated values of sim ilarity (curve). D ata for P eucedano-P ine tum

forest association (if).

differen t values. The average value does not greatly  exceed 80%. W hen 
analysing accum ulated m aterial it was found th a t w ith  an increasing 
num ber of years the composition of the com m unity becomes increasingly 
sim ilar to the long-term  composition (from 8 years). The decrease in the  
curve of sim ilarity  in  1949 is fairly  characteristic. The composition of the  
com m unity tha t year differed m ost m arkedly from  the average value as 
the of an  ab rup t drop in the  num bers of Rodentia. The curve rep resen t­
ing th ree-year m aterial in th a t year did not fall m uch below 90%. I t  is 
clear from  this th a t even considerable alteration of the composition of 
the  com m unity in a given year does not greatly  affect the correct defini­
tion of its true  composition, as the m aterial covers a period of several 
years. Hence the composition of comm unities from  different biotopes
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defined on the  basis of m aterial from  1947— 1949 does not differ greatly  
from  the average for several years.

A dom inance spectrum  was made for the com m unities exam ined (Fig.
14), adhering to the  same order of biotope as in the diagram  of sim ilarity  
(Fig. 12). In  the comm unities of M icromammalia for the biotopes I, II, 
III, Ilia , V  and VI the absolute dominance of S, araneus is distinct, its 
predom inance in the Peucedano-Pinetum  and Pino-Q uercetum  being

»abitat *

1 0 ^
V ^ ^  Pig. 14, P articipation of species in study

10 20 iO 40 50 60 70 % biotopes in  classes of percentage of ind i­
viduals in  general num bers of m am m als.

g rea ter than  in Tilio-Carpinetum. In principle there  is no absolute do­
m inan t in the  com m unities of m oist biotopes. H ylaquarium  (IX) possesses 
the  m ost balanced dom inance relations. In  terrestria l biotopes the great 
m ajority  of the species have a dom inance index  w ith  lim its of 0— 10%. 
The role of these species in the  comm unities and their production of 
biomass is also small.

The d ifferen t hab ita t conditions in the biotopes exam ined form  the 
cause, not only of d ifferen t dominance indices of the species, b u t also of 
the  general proportions betw een Insectívora  and Rodentia  trea ted  jointly. 
An annual spectrum  of Micromammalia com m unities was analysed (Fig.
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15). In each biotope there  is a distinct predom inance of Insectívora, which 
m ay be due to  th e ir g reater ease of capture in pitfalls. The proportions 
betw een d ifferen t biotopes, however, point to certain  significant diffe­
rences in  the percentage spectrum  of the comm unities.

Tilio-Carpinetum  (VIII) is distinguished by a relatively  high percentage 
of Rodentia, seed food production being high there, and th is accounts for 
the  greater percentage of »seed-eaters« in these biotopes. Also, on account 
of the  considerable num ber of rhizomic plants, the percentage of P. sub- 
terraneus is high there. In  biotopes in which pine predom inantes the

I  Sore.t araneus 
M other insectívora

jH  ttetftrionomys giareotus 

p o th e r  Rodentia

Fig. 15. P ercentage of Insectívora  and R odentia  
in study biotopes for period 1947— 1949.

percentage of rodens is highest in the poor biotope Peucedano-P inetum  
(I), in which the  annual stand of biomass is fairly  evenly d istribu ted  over 
the whole of the year because of the abundance of hardy  shrubs (e.g. 
Vaccinium  sp.). There is a slightly sm aller percentage of rodents in 
Pseudo-Q uercetum, in w hich abundant seed production does not occur 
every year, so th a t the index of the percentage of Rodentia  is the resu l­
tan t of good and poor seed years.

In m oist te rrestria l biotopes the percentage of rodents is h igher than  
in Peucedano-Pinetum  and Pino-Q uercetum , b u t low er than  in  Tilio~
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-C arpinetum . The percentage of C. glareolus is reduced in  favour of 
hygrophilous rodents.

H ylaquarium  has an annual spectrum  sim ilar to moist te rrestria l asso­
ciations, except tha t here the percentage of species which are dom inants 
in the  terrestria l communities drops to a m inim um  value.

5.2. V ariations in Com m unities from  1947— 1949

Q uantitative fluctuations in the different components of the epigeic 
M icromammalia  communities contribute to variations in preference and 
dom inance indices, and resu lt in the occurrence of d ifferent degrees of

Tabic 9.
Sim ilarities of sm all m am m als com m unities (in °/o) in forest biotopes.

Biotope 1947 K 1948 1947 B 1949 1948 S 1949 D ifference
Max.-Min,

1 79.6 71.7 65.0 14.8
II 90.5 76.0 80 4 14.5

III 89.2 71.0 77.6 18.2
I lia 91.0 72.7 79.6 18.3
IV 91.6 68.4 63.9 27.7
V 76.7 76.8 68.1 8.7

VI 79.7 79.7 68.0 11.7
VII 69.9 84.4 75.0 14.5

Table 10.
Ratio of Insectivora  to Rodentia,

Biotope 1947 1948 1949
Total

1947-1949

IX - 1.38 2.61 2.08

VIII — 2.86 2.29 2.55
VII 0.94 2.35 1.75 3.79
IV 1.85 2.00 1.90 1.96

I 1.96 1.36 6.08 2.04
II 3.16 2.95 11.00 3.91
III 2.15 3.45 13.27 3.81
I l ia 1.59 2.10 6.94 2.69

VI 1.49 1.18 3.52 1.60
V 0.83 0.61 2.04 1.18

in ternal sim ilarity of com m unities over a period of several years (Table 
9). The differences betw een com m unities in the  sam e biotopes in diffe­
ren t years are fairly  considerable. In the m ajority  of com m unities the 
m inim um  sim ilarity values oscillate between 60 and 70%. In  m ost of the



biotopes the sim ilarities of comm unities betw een the year preceding peak 
num bers (1947) and the peak year (1948) are g rea ter than betw een the 
other years of the  study period. But the greatest differences occur 
betw een the year of decreasing num bers of Rodentia  (1949) and the o ther 
years. This is the result of significant alterations in  dom inance relations 
during the m arked reduction in rodent num bers (Table 10). The greatest 
decreases occur in dry  and trophically poor biotopes; hence in 1949 in 1, 
II, III  and Ilia  there  is a much greater preponderance of Insectívora  than  
in the other biotopes, jfn m oist biotopes the  decrease in Rodentia  w as 
much sm aller than in Insectívora  and hence the indices of the ratio  in 
Insectívora  to Rodentia  are lower in 1949 than  in the  peak year of M icro­
mam malia  (1948). Variation -in these indices in the long-term  point to the 
need to analyse the composition of M icromammalia  com m unities on the 
basis of m aterial obtained from  a large num ber of years.

Table 11.
S im ilarities in percentage com position of sm all m am m al com m unities in  particular  
years to com position o f com m unities defined according to sum m arized data for w hole

study period (1947— 1949).
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Biotope 1947 1948 1949

I 87.1 86.7 77.2
II 90.6 94.1 84.8
III 87.5 92.8 83.4
Ilia 87.2 93.9 83 9
IV 95.0 94.7 69.0
V 87.9 79.6 89.5

VI 90.2 87.4 79.9
VII 81.8 87.4 87.6

VIII — 80.6 86.4
IX 87.9 94.1

A check was m ade to see to w hat degree the composition of m am m al 
comm unities in a given year differs from  the composition obtained by 
results of long-term  trapping (Table 11). The calculated values here 
h igher than  in Table 9. The composition of the  comm unity, defined on 
the basis of m aterial from  one year, differs from  the average composition 
obtained from long-term  trapping fa r less than  it d iffers from  the  com­
position of this same com m unity in d ifferen t years. The m ost significant 
d ifference is tha t betw een the  long-term  composition and the  1949 com­
m unity  in Pinetum  turfosum . There m ay thus be cases in which a one­
-year analysis of the composition of a com m unity does in  fact give a false 
picture.

The variation found in com m unities in the  long term  also cause varia­
tion in sim ilarity indices betw een comm unities in different years (Fig.
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16). The same order has been retained in the  diagram s as in  Fig. 12; 
th a t is, the order accords w ith  the pa tte rn  resulting  from  long-term  
trapping  (1947— 1949). In  the m ajority  of biotopes groups of communities 
discussed in  th e  preceding sections of this paper w ere clearly  differen­
tia ted  in 1947, the year preceding the peak num bers of Micromammalia. 
The peak year (1948) appears a t first glance to give a som ewhat confused 
p icture. If data from  this year only had seen analysed it would have 
been difficult to speak of significant differences betw een communities 
from  differen t biotopes. In  1949, howerer, the  year of decrease in the  
num bers of M icromammalia, th ere  is distinct division into three basis 
groups of biotopes: (1) aquatic biotope, (2) m oist and  w et biotopes and  
(3) the Peucedano-Pinetum , P ino-Q uercetum  and Tilio-Carpinetum  bio­
topes. In  1949 these th ree  groups exhibit m inim um  sim ilarity  to the 
o ther groups, and sim ultaneously g reater in te rnal consistency than in 
other years. This p a tte rn  of relations can be explained by the different 
preferences of the species exam ined in the d ifferen t years of this period.

W? ms 1949

Lia yn\
3

i a II! Ilia fl f

IX w n
fill L B
til L ■ 'S M s m m m

Fig. 16. D iagram s of sim ilarities of sm all m am m al com m unities in 1947, 1948 and 
1949 according to percentage of different species. S im ilarity scale as for Fig. 4,

In a year of m axim um  (1948) the favourable conditions in  all the  bio­
topes led to increased percentages of d ifferent species of mammals, even 
in biotopes less readily  occupied. M igration m ay also take place from 
overcrow ded biotopes to those in which the density of the given species 
is usually  slight, and w here the  favourable circum stances in  the given 
year perm it of an  increase in population density. As a resu lt the  dominance 
relations a re  sligh tly  altered, th e  degree of a ttachm ent to biotopes las- 
sened and sim ilarities betw een the comm unities of d ifferen t biotopes are 
greater. In th e  y ea r w hen the  num bers of M icromammalia  decreased the 
deterioration in hab ita t conditions leads prim arily  to m igration from  dif­
feren t biotopes of species which do no t find  optim um  living conditions 
there. These species m ay also disappear through m ortality . Thus in years
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unfavourable to  M icromammalia individual species occur m ost num ero­
usly in the biotopes m ost favourable to them  (that is, in th e ir native bio­
topes). In unfavourable years those species least affected by factors con­
tribu ting  to  population decrease in the  given biotope dom inate in the 
composition of the  comm unity of th a t biotope. During th is period the 
com m unities of d ifferent biotopes or groups of biotopes differ m ost from  
each o ther and therefore the C z e k a n o w s k i  diagram  emphasises 
these differences most distinctly. Confirm ation of this is supplied by 
Table 12, Except for S. m inutus, in the year of m inim um  num bers the

Tabic 12.
P ercentage of som e M icromam malia  in five  m ost densely settled  biotopes in year  

of m axim um  and m inim um  num bers (for 1948 and 1949).

Species Peak
year

Crash
year

S. araneus 59.0 73.9
S. m inutus 82.8 74.1
N. fodiens 88.7 98.5
A. flavicollis 88.2 94.4
P. subterraneus 90.1 95.4
C. glareolus 77.6 84.9
S. betulina 87.4 95.4

Spring Summer Autumn

1 E fillvnIYi u tuIliaw 1V
n r z 7 7 7¿1VIII

VTa  rjZ W A W B i 
WTa /T a  /V J a W a
w w a /  / / /  

g j j p f r / v  * ■ /

Fig. 17. D iagram s of sim ilarity of sm all m am m al com m unities in spring, sum m er 
and autum n for 1947— 1949 according to percentage of d ifferent species. S im ilarity

scale as for Fig. 4.

various species exhibit a greater degree of a ttachm ent to native bio­
topes. This phenom enon can be observed even in the case of such eury- 
bionts as S. araneus and C. glareolus, which disappear from  less favour­
able biotopes during a year of m inimum  num bers.

A diagram  was also prepared (Fig. 17) of the sim ilarity  of com m unities 
from  the seasonal view point. The divisions used were: spring (March—■ 
May), sum m er (June— August), and au tum n (Septem ber—November).
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The w in ter period (December—February) was not analysed, as w inter 
cap tures w ere not com parable because of the trapping m ethod used.

The autum n period gives the most compact groups of m ammal com­
m unities, since the various species occupied chiefly native biotopes. A less 
distinct picture is observed in  summer. In spring, however, sim ilarities 
betw een comm unities are slight, although m arkedly g reater sim ilarities 
occur betw een communities closer to each o ther then  betw een communi­
ties of m am mals from biotopes w ith d ifferen t hab ita t conditions.

Trapping of small mammals in Peucedano-Pinetum  (II) was continued 
un til the autum n of 1955. From  1947— 1949 variations in num bers of dif­
feren t species were observed to tend in the sam e direction as variations in

Fig. IB. V ariations in num bers and percentage spectrum  of M icrom am m alia  commu­
nity in Peucedano-P inetum  (II) for 1947— 1655.

the m ajority  of the other biotopes. Long-term  fluctuation in num bers in 
th is biotope can therefore be considered as representative of a ll biotopes. 
V ariations in the num bers of Insectívora  a re  slight, w hile num bers of 
Rodentia  fluctuate  m arkedly {Fig. 18), In the  case of Insectívora  there

5.3. Long-term  V ariations in  M amm al Com m unities

N

I  Insectívora (9) 
g  Roüentto (ft)

80

Year m 7 №48 M S  m o  1951 1952 1951 1954 1955
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w ere two distinct peaks in num bers during the  study  period, in 1948 and 
1955. There was also only one clearly depressive year (1951).

In the case of Rodentia  the  curve of num bers has m ore peaks, in the 
sum m ers of 1948, 1950, 1953 and 1955. The diagram  also shows clearly 
the character of declines in the  num bers of Insectívora, for which de­
creases in num ber after the peaks are  slight, and for Rodentia, for which 
these declines are  abrupt, particu larly  in 1949 and 1954. Com parison of 
the  two curves of num bers reveals the absence in some periods of pa­
rallel variations in num bers of Insectívora  and Rodentia (1949— 1950, 
1952— 1953, 1953— 1954). The years 1948 and 1955 are, however, charac­
teristic here. In these years there  is coincidence in the peak num bers of 
both groups of mammals. Despite the d ivergent pa tterns of fluctuations 
in the rem aining years it m ay be deduced th a t there  are certain  hab ita t 
factors creating optim um  conditions a t the same tim e for the groups of 
Micromammalia.

/V

Year m? m  mg isso mi m2 mi 1954 ms
Fig. 19. D ynam ics of Sorex araneus  and Clethrionom ys glareolus  in  Peucedano-P i-  

netum  (II) for period 1947— 1955, as show n by trapping success.

As a result of the frequent but not uniform  changes in the num bers 
of small m am m als and the d ifferen t rates of these fluctuations the do­
m inance spectrum  of the com m unity also varies from  year to y ear (Fig. 
18). In spite of the general predom inance of Insectívora, a very low per­
centage of Rodentia occurs only during the periods in which the  peak of 
num bers of rodents is followed by an ab rup t decrease (1949 and 1954) — 
in other years the oscillations a re  slight.

Analysis was m ade of variations in num bers for the two dom inants in 
biotope II  (Fig. 19). In the case of S. araneus, a fte r a peak in 1948 num ­
bers gradually decreased un til 1951. Thereafter, there  was a distinct in ­
crease in num bers until a second peak occurred in 1955. W ith C. glareo-
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lus, a fte r  a peak in 1948 there  was an abrup t drop in num bers in 1949, 
and then  an increase lasting until 1953. The following year (1954) there  
was again a crash in num bers. The peak of num bers in 1955 exceeded 
those in all o ther years of the study period, and coincide w ith  the peak 
of S. araneus.

Fig. 20. D iagram  of sim ilarities o f sm all m am m al com m unities in  Peucedano-P i-  
■netum (11) betw een d ifferent years for period 1947— 1954 according to percentage 

of different species. S im ilarity scale as for Fig. 4.

Table 13.
S im ilarity  of percentage com position of sm all m am m als com m unity (S) in Peuce-  
dano-P inetum  (II) defined  from different trapping periods as com pared w ith  pooled

data for 1947— 1949.

O ne-year periods 
years S

T w o-year periods 
Years S

T h -ee-year periods 
Years S

Four-year periods 
Years S

1947 90.4 1947—48 90.8 1947—49 87.4 1947—50 93.0
1943 90.5 1948—49 85.7 1948—50 91.8 1948—51 96.4
1949 74.2 1949—50 89.9 1949—51 91.2 1949—52 90.0
1950 77.1 1950-51 78.8 1 950 -52 80.8 1950—53 84-9
1951 76.0 1951—52 79.7 1951—53 84.5 1951—54 92.9
1952 79.4 1952—53 86.8 1952—54 95.6
1953 B4.4 1953—54 91.8
1954 75.4

Avg. 80.9 Avg. 86.2 Avg. 88-6 Avg. 91.4

The curve of to ta l num bers of both Insectívora  and Rodentia  (Fig. 18) 
is m ore complicated than  those of dom inants (Fig. 19). For instance, the 
overall decrease in num bers of Insectívora  in 1955 is not evident in  S. 
araneus sim ilarly, decrease in total num bers of Rodentia  in 1951 is not 
the resu lt of any great changes in the  num bers of C. glareolus. More 
exact analysis show that the variations in chosen periods are  not syn­
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chronous in all species, and this affects the fluctuations of Insectívora  
and Rodetitia trea ted  jointly.

As the  resu lt of different pa tte rns of fluctuation in  the  num bers of 
the various com ponents of the communities, the sim ilarity  of the Micro­
m am malia  com unity also varies from  year to year (Fig. 20). The least 
sim ilarity  occurs betw een years in  which the  percentages of the  differ­
ent elem ents in the com m unity (species) or of groups of elem ents (Insec­
tívora  and Rodentia) d iffer considerably from  each other. A t one extrem e 
in the  diagram  there  are  years w ith m arked prodom inance of insectivores 
over rodents and, a t the  other extrem e, years w ith  far sm aller predo­
m inance. The order of years on the  diagram  corresponds to the  decreasing 
role of the  Insectívora , except that when com paring the  com m unity all 
elem ents of th e  com m unity w ere taken into consideration. Hence the 
order of the  years has two exceptions to the curve of decrease in the

N  l  il III Illa ¡V V W W l i t  I f

Fig. 21. Trapping dynam ics of m am m als in 10 biotopes for period 1947— 1954.

role of Insectívora  (1948 and 1953). The longer the analysis period the 
m ore correct the definition of the physionom y and s tru c tu re  of the com­
m unity, w ith  the variations given above (Table 13).

5.4. V ariations in Captures of Micr07nam.rna.lia and the character of fluctuations  
found in  Insectívora  and R odentia

During the study period analysed investigation was m ade of the  trap p ­
ing dynamics of M icromammalia in all biotopes (Fig. 21). In addition to 
the combined num bers of Insectívora  and Rodentia  the  trapping  values 
for the two dom inants (S . araneus and C. glareolus) w ere also given. It
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is clear from  the diagrams th a t the  direction taken by variations in 
num bers in forest biotopes was uniform . The peak year during the period 
1947— 1949 was 1948. Only the num bers of Insectívora  in Tilio-Carpine- 
tum  typ icum  (V) were greater in 1949 than in 1948. For Rodentia, 1949 
was a year of low num bers in all the  biotopes. There was continued de­
crease in the  num bers of Insectívora  in biotopes I and II  in 1950. In bio­
tope VI, on the other hand, only the dom inant species exhibited decrease, 
while the other species of Insectívora  increased th e ir  num bers slightly. 
There was also increase in the num bers of Rodentia  caught in all there  
biotopes in 1950. In  the non-forest biotopes (VIII  and IX) relations fol­
lowed a slightly d ifferen t pattern , and depend to a great ex ten t on the

T able 14.
Yearly variations in numbers of sm all m am mals in forest biotopes (I—VII).

Species 1947 1948 1949

S. araneus 873 1936 1447
S. caecutiens 22 4?. 30
S. minutus 249 662 266
N. fodiens 21 74 75
N. anomalus 1—*■ 5 6

Insectívora 1165 2719 1824

A. flavicollis 44 132 35
M. minutus 18 2 32
A. terrestris — 1 1
M. agrestis 98 207 19
JVf. arvalis 30 15 28
M. oeconomus 26 19 8
P. subterraneus 130 159 150
C. glareolus 209 901 99
S. betulina 87 71 137

Rodentia 70S 1547 509

M icromamma lia 1873 4266 2333

w ater level in the nearby river. I t  m ay be seen from  the diagram  th a t on 
such a sm all area as the BNP  changes in num bers occurred in paralled 
in a ll biotopes except Tilio-Carpinetum  typicum  (V). Factors thus existed 
which, by acting synchronously throughout a sm all area, caused similar 
changes in the  various biotopes.

Of Insectívora  only N. fodiens. which prefers moist biotopest did not 
exhibit a decrease in num bers in 1949. In Rodentia, on the o ther hand, 
only M. arvalis and «S', betulina  w ere trapped in low er num bers in 1948 
(Table 14), M. arvalis is not a constant com ponent of na tu ra l forest com­
m unities and probably the large num bers of the  other rodents in 1948
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exerted some sort of ecological pressure on it. S. betulina d iffers so 
greatly  w ith respect to its biology from  the o ther rodents (K u b i k, 1952) 
that comparison of quan tita tive  variations is difficult. The quantita tive  
relations before the peak period and afte r this period are characteristic 
when compared w ith  num bers during the peak period (Table 14). W ith 
Insectívora the  quan tita tive  s ta te  after the peak period is higher than 
before it. The decrease in num bers is therefore slight. W ith rodents the 
opposite is the case. A fter the peak, num bers are  far sm aller than before 
it, and the decrease is abrupt.

Table 15,
Number of Insectivora  and Rodentia in 1947 and 1949 in relation to number in 1948

(taken as 1.00),

Biotope
Insectivora  

1947 1949
Rodentia

1947 1949
M icromammalia  
1947 1949

IX — 2,55 — 1.34 — 2.04

VIII _ .97 _ 1.21 _ 1.03
VII .26 .44 .64 .60 .37 .49
IV .26 .17 .28 .18 .27 .17

I .42 .79 .29 .18 .36 .53
II .60 .73 .56 .20 .59 .59
III .52 .70 ,83 .18 .59 .59
Ilia .35 .46 .46 .26 .38 .63

VI .53 .71 .42 .24 .48 .49
V .81 3.05 .42 .92 .68 1.72

The same regularity  occurs in Insectivora and Rodentia  in each of the 
biotopes (Table 15).

5.5 Effect of A biotic and Iliotic Factors on Q ualitative Variations 
in  the Com m unities

An attem pt has been m ade to correlate variations in certain habitat 
factors w ith variations in the  num bers of sm all m am m als from the long­
-term  view point (Table 17, Fig. 12). P articu lar a tten tion  was paid to 
variations in precipitation, w in ter air tem pera tu re  and thickness of the 
snow cover. In can be seen (Figs. 18— 19, 21) th a t it is impossible to ex­
trac t any simple relation, betw een variation in am ount of precipitation 
over a period of several years and the quan tita tive  dynamics of small 
mammals.

The w inter period was characterized by air tem perature and snow 
conditions. If comparison is m ade of the w in ter conditions w ith variations



Fig. 22. V ariations in som e m eteorological param eters for period 194B— 1055.
— A nnual precipitation (YK), seasonal precipitation (SR ) in spring (Sp), sum m er (Su) and autum n (A ) in mm  and number

of days w ith  precipitation >  1 mm (DR) in different seasons.
— T em perature (T) m onthly average and average m inim um  tem perature for period October—April. — Thickness of snow

cover (S) and number of days w ith  snow  cover (DS) for period October—April.
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in num bers of Micromammalia it is possible to find a closer connection 
than  when precipitation is analysed. Long w inters (1948/1949, 1950/51, 
1952/53, 1953/54) are unfavourable to survival of M icromammalia  to sub­
sequent years. W inters in which the  snow cover is not very thick but tem ­
peratures a re  fairly  low (1950/51) a re  more unfavourable to the  popula­
tions than years in which low w inter tem peratu re  are accompanied by 
thick snow cover (1952/53). It is thus clear that the  insulating role of the 
snow cover, under the conditions prevailing in the  BNP,  contributes con­
siderably to im proving conditions for small m am mals to survive the 
w in ter (Fig. 22).

It would seen that the w inters in which low tem peratures occurred 
fairly  late in the season (1951/52, 1954/55) do not cause reduction of 
num bers in the early p a rt of w inter. They probably allow a longer tim e

Table 16.
D ynam ics of heavy seed fa ll* ) from 1947— 1949 in forest biotopes in mg/m* (after 

unpublished data of Forestry Research Institute at Białowieża).
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Biotope 1947 1948 1949

I
II
III 
Ilia
IV
V

VI
VII

74,350

85.620
27,690

3,660

12,090
650

3,170

7,300
430,380

72,430
647,550

6,660

*) Quercus, Carpinus, Tilia, Acer, Fraxinus, Coryllus.

for accum ulating stores for the w inter period and contribute to m ain­
taining a better condition in those individuals which en ter the overw in­
tering period. The sum m ers of 1952 and 1955 w ere preceded by th is type 
of w inter and they show considerable increase in the num bers of Micro­
mam m alia compared with previous years.

The food supply in the habitat in d ifferen t years exerts an im portant 
influence on the  num bers of small mammals, particu lary  Rodentia. 
Sum m ers w ith high production of tree  and shrub seeds seem to influence 
the quan tita tive  dynamics of A. flavicollis and C. glareolus. 1947 was 
characterized by high seed production (Table 18). The subsequent year, 
1948, was a peak year for rodents in all biotopes, bu t was also a poor 
year for p lan t species producing heavy seeds. This was probably the 
reason w hy num bers of rodents decreased in 1949. The fairly  long w inter 
of 1948/49 created  worse conditions for the survival of rodents, w ith 
m inim um  stores of high-calorie seed foods. There was a good seed crop
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again in 1949, which contributed to the increase in the num bers of rodents 
in the biotopes exam ined in 1950 (I, II, VI).  The cold w eather in the 
w in ter of 1949/50 began fairly  late, which enabled the anim als to accu­
m ulate larger stores of seeds for the  w inter and to en ter the overw inter­
ing period in good condition. In 1948, despite the generally  poor seed 
crop, the  foods available in Tilio-Carpinetum  (V) w ere far g reater than 
in o ther biotopes {Table 16). The may be the reason why the num bers of 
rodents in th is biotope in 1949 w ere only slightly  reduced, by comparison 
w ith general depression in num bers in the other biotopes. Absolute 
values of seed fall a re  available only for 1947— 1949. The values for the

Table 17.
Influence of numbers of dom inants (S. araneus, C. glareolus) on num bers of other 

species o f sm all m am m als (trappings in Peucedano-P inetum ,  1947—1955).

Species 1947 1948 1949 1950 1951 1952 j  1953 1954 1955

S. araneus  
Other Insectívora  
D om inant in °/o

190
47
80.2

337
56
85.8

247
39
86.4

133
82
61.9

94
76
55.3

195
118
62.3

212
62
77.4

272
37
88.0

346
54
86.5

C. glareolus  
Other Rodentia  
D om inant in °/o

39
36
52.0

81
52
60.9

11
15
42.3

70
69
50.4

64
15
81.0

117
24
83.0

121
37
76.6

12
21
36.4

260
38
87.2

Table 18.
Percentage occurence of ecological groups of M icrom am m alia  in groups 

of biotopes distinguished.

Biotopes H ygrophilous
Feeding ch iefly  on

invertebrates seeds

IX 67.4 69.8 14.7
VIII, VII, IV 9.7 78.5 13.3
I, II, III, I l ia 3.2 76.5 16.5
VI, V 2.8 59.8 23.5

following years are  estim ates only and apply to the percentage of fru it­
ing of certain  species of trees in the tree stands of the BN P  (jointly). Ac­
cording to the  data oak fru ited  abundantly  in 1952 and 1954, th a t is, years 
preceding increase in the num bers of Rodentia. The influence of the food 
supply is thus clear.

The period 1950— 1951 is fairly  characteristic. In 1950 there  was in­
crease in num bers in  Peucedano-Pinetum  (II) of both C. glareolus and 
other representatives of Rodentia  (chiefly Microtidae). The w in ter 1950/51 
did little  to reduce the  num bers of C. glareolus (from 70 do 64 individu­
als), w hile the  rem aining rodents exhibited a m arked decrease in num-
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bers in 1951. This was certainly due to the food availability and the 
w in ter period of 1950/51. This w in ter was very  long w ith  a relatively  
low tem peratures, and a fairly th in  snow cover. The red-backed 
vole population, survived this period better than the other Microtidae 
which feed on low er-calorie food and do not collect w in ter stores. The 
low air tem pera tu re  led to m arked reduction in soil tem peratu re  and 
thus caused intensive reduction of the overw intering microtines.

Exam ination was m ade of the influence of dom inants on the num bers 
of the other species (Table 17). In the Peucedano-Pinetum  (II) association 
the dom inants are  S. araneus and C. glareolus. W ith Rodentia  variation 
in the dom inants’ abundance is accompanied by parallel variations in the 
num bers of the o ther rodents. These variations take place a t d ifferen t 
rates, hence the  percentage of the dom inant in the com m unity d iffers in 
different years. W ith Insectívora  the picture is sim ilar in the m ajority  of 
cases, in only th ree  of which are there  differences in the  direction taken 
by variations in num ers of dom inants and other species. It w ould appear 
that interspecific competition does not affect the variations in num bers 
of d ifferent species in the comm unity. The existence of variations in 
habitat conditions for species occupying sim ilar ecological niches leads 
in principle to parallel variations in their num bers. Com petition may, 
however, contribute to establishm ent of a certain  average level of density  
of d ifferent species in a given small m am m al community.

It is clear from the above discussion that abiotic and biotic factors, by 
variations in their param eters over a long period of tim e, cause fluc tuat­
ions in d ifferent species and consequently variations in the reciprocal 
relations between the various com ponents of com m unities leading to 
changes in tim e in the physionomy and s tructu re  of the  small m am m al 
communities.

6. DISCUSSIO N

The m ethod of quan tita tive  analyses of M icromammalia  used in th is 
study has m et w ith considerable criticism , chiefly from  B o r o w s k i  & 
D e h n e 1 (1952). M any such objections, frequen tly  unsupported by evid­
ence of their validity, have lead to lim itation in the application of th is 
m ethod in ecological studies.

The first objection is concerned w ith the degree to which one area can 
be representative of a whole biotope. The trapping areas w ere set up by 
J . J. K a r p i ń s k i  in the centre of large stretches of vegetation typical 
of the given biotopes. Captures from  control areas could not disprove 
th a t they w ere representative of the biotope, as the  areas were situated  
near o ther biotopes ( B o r o w s k i  & D e h n e l ,  1952) and thus caught
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anim als in principle not from  typical stretches of the biotope (on account 
of the activ ity  of Micromammalia), I t  would appear that w ith a constant 
tu rnover of M icromammalia  ( A n d r z e j e w s k i  & W i e r z b o w s k a ,  
1961; A n d r z e j e w s k i ,  1963; T r o j a n  & W o j c i e c h o w s k a ,  
1964a) processes taking place in the trapping area of 0.25 ha are related  
to w hat takes place in neighbouring areas, and not only in the  area in 
which the traps have been set. I t  may therefore be considered that such 
areas are  representative of the biotope.

The second objection is concerned w ith  selective trapping of certain  
species and even of categories of individuals of the same species. More 
recent studies supply proof of this ( B u c h a l c z y k  & P u c e k ,  1968; 
P u c e k ,  R y s z k o w s k i  & Z e j d a ,  1970). N evertheles, w ith com­
parative studies m ade in all biotopes by a uniform  m ethod and over 
a fairly  long period, quantita tive  and qualitative differences between 
comm unities from  differen t biotopes are surely  real. Data on quantita tive  
relations betw een species are undoubtedly not fu lly  com parable. For 
instance the easy capture of Insectívora  in pitfalls has been clearly de­
m onstrated  (K u i  e r  u  k et al., 1965; A u l a k ,  1967; C h e i k o w s k a ,  
1967). To get round this problem  dom inance in  a com m unity was 
evaluated separately  for Insectívora  and Rodentia. In  addition dominance 
indices in Rodentia  have been adm itted to be relative when compared 
betw een biotopes. W ithin the  biotope the role of the species in a commu­
nity has been defined, w ithout recognizing the quantitative proportions 
of species as real.

The trapping m ethod used gives the dynamic density of IWicromam- 
maZia, as does the m ethod of trap-lines, which has been criticized by, 
in te r  alia, K u i e r u k  et al., 1963. The m ethod used here would appear 
to be even be tte r than  trap-lines. If it is assum ed that there  are 
certain  perm anent paths along which M icromammalia  move about (O 1- 
s z e w s k i ,  1963; T r o j a n  & W o j c i e c h o w s k a ,  1964b; A n d r z e ­
j e w s k i  et al., 1966) then an  area of 0.25 ha can embrace both areas 
through which these paths run  and also areas less thoroughly penetrated 
by sm all mammals. W ith the know n clum ped distributions of Micro­
m am m alia  ( A n d r z e j e w s k i  & G ł o g o w s k a ,  1962; O p u s z y  ń- 
s k i  & T r o j a n ,  1963; T r o j a n  & W o j c i e c h o w s k a ,  1964b) the 
area m ethod of sam pling guarantees tha t both densely and thinly settled 
areas are  included. The use of pitfalls as traps repeatedly catching these 
anim als, elim inates the influence which the num ber of traps on a trap p ­
ing site has been found to have on the  num ber of captures ( A n d r z e ­
j e w s k i  et al., 1966). This m ethod also perm its the dynam ics of Micro­
mam m alia  to be followed during the yearly  cycle. Taking into consider­
ation all these points, it would seem th a t m aterial collected from  perm a­
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nent trapping areas provides sufficient bases for correct definition of the 
preferences of sm all mammals, for definition of th e ir relative dom inance, 
for comparison betw een biotopes and for defining the composition of 
comm unities. Long-term  trapping also perm its the relative variations in 
num bers over a period of several years to be followed.

S o r e n s e n ’s form ula ( M a c F a d y e n ,  1963) in general use in phy to­
sociology, was used for comparing sim ilarity  of communities. It became 
necessary here take into consideration quantitative relations, as basing 
findings only on the occurrence or non-occurrence of a species was im­
possible in M icromammalia  comm unities, since the m ajority  of the 14 
species of sm all m am m als analysed occur in all the study biotopes. S i­
m ilarity  of dom inance (B a 1 o g h, 1958) was m ainly used. The index 
calculated in this w ay defines the sim ilarity  of com m unities with respect 
to the  percentage of the various species in the  com m unity and thus also 
the  sim ilarity  of percentage of ecological niches in the biotope. This index 
converts the num bers of M icromammalia  in all biotopes to a common 
value (100%). The diagram  of sim ilarity  shown in Fig. 12b took into 
consideration absolute quan tita tive  relations and confirm ed the cor­
rectness of the arrangem ent of biotopes in a group according to  sim ilar­
ity  of dom inance of comm unity. The groups of biotopes distinguished 
according to sim ilar com m unities of M icromammalia  also possess sim ilar 
annual spectra of the  percentage of Insectívora  and Rodentia. In tra p p ­
ing using pitfalls the  preponderence of Insectívora  over ftodentia found 
in all biotopes is not of course a reliable value, in  view of the decided 
preference for these traps exhibited by Insectívora  (A u 1 a k, 1967; P u ­
c e k ,  1969).

Considerable differences w ere found in the physionom y and s truc tu re  
of com m unities in d ifferen t years. This results from  the  d ifferen t abund ­
ances of the various species. Variations in the population density  of 
a given species depend both on biotic and abiotic factors and on in tra ­
population relations. Optim um  factors cause an increase in density  by 
■increasing the num ber of litters and num ber of young per litte r (B o- 
r o w s k i  & D e h n e l ,  1952; K o s h k i n a ,  1967; K o r m i l i c i n a ,  1966). 
In tu rn  excessive reproduction reduces the reproductiv ity  of a popu lat­
ion ( P e t r u s e w i c z ,  1963; T a n a k a ,  1964). High density  leads to 
intrapopulation fighting and fights betw een species, which increase m i- 
grational tendencies (B o r  e t, 1963; A n d r z e j e w s k i ,  D o m i n a s  & 
T a r  w i d, 1964; A l i e v ,  1965). During a period of high density  m igrants 
occupy even biotopes unfavourable to them , w hereas during a period of 
low num bers JWtcromammaiia are found m ainly in their native biotopes 
( W a s i l e w s k i ,  1960; A n d r z e j e w s k i ,  K a j a k  & P i e c z y ń s k a ,  
1963).
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All factors encouraging abundance of M icromammalia  in d ifferen t bio­
topes cause the variations in the sim ilarity  coefficients of com m unities 
found in the present study (Tahle 10, Fig, 16). The parallel na tu re  of 
M icromammalia  dynam ics in alm ost all te rres tria l biotopes m ay point to 
the fact th a t changing factors of the m icrohabitat influence the habitat 
factors of the d ifferen t biotopes in the same direction.

P art of the  activ ity  of epigeic M icromammalia takes place below ground 
(in the superficial layers of the soil) and in the layer above ground level 
up to the height of less than 1 m. The w ater relations in the soil m ay 
directly cause a reduction in the num bers of sm all m am m als by flooding 
burrow s, but it would seem that this factor is not of decisive im portance 
in view of the possibility of m igration to higher ground (T a s t, 1966). 
Nor is there  any correlation betw een seasonal distribution of prec ip ita t­
ion and the num ber of days w ith precipitation, and the variations in  the 
num bers of M icromammalia.

The influence of the w in ter period on the abundance of M icrom am m a­
lia has em phasised in this study. B o r o w s k i  & D e h n e l  (1952) stated 
that this influence in negligible, but their underestim ation w as due to the  
lack of em pirical data defining relations in and above the soil in  w inter. 
It seems indeed that the  w in ter period is critical for M icromammalia  and 
causes considerable losses in their populations ( S n i g i r e v s k a j a ,  
1955; E h r  1 i c h, 1957; G l i w i c z  e£ al., 1968; G ó r e c k i ,  1968; P  e- 
t r u s e w i c z  et al., 1968). The presence or absence of snow cover also 
affects the degree of predation on M icromammalia  (G u s i e v, 1952).

The effect of the w inter period is m ore d istinct when we also take into 
consideration food conditions in autum n, particu larly  seed fall. The in ­
fluence of the  am ount of seed fall is not of course evident in the  fluc­
tuations of Insectívora. The g reater part of their food consists of inverte­
brates, of w hich there is probably always a sufficient supply ( D e h n e l ,  
1949; M e z h z h e r i n ,  1958; K i s i e l e w s k a ,  1963). The effect of the 
seed yield on the abundance of rodents the following year was, however, 
very  m arked. A lthough rodents change to feeding on food consisting of 
green parts w hen no seeds are  available ( S n i g i r e v s k a j a ,  1955; K o r -  
m i 1 i c i n a, 1966), in the case of species such as A. flavicollis or C. gla- 
reolus the lack of high-calorie food during the w in ter m ay m ake it m ore 
difficult for the overw intering population to survive. The lack of food in 
w in ter also causes reduced reproductive output in those individuals 
which survived the w inter, or even postponem ent of the  reproduction 
period ( S n i g i r e v s k a j a ,  1955; G o l i k o v a ,  1959; A d a m c z e w ­
s k a ,  1961; K u b i k ,  1965).

Intrapopulation relations undoubtedly exert a considerable influence 
on the dynam ics of M icromammalia  ( C h r i s t i a n ,  1963; P  e t r  u s e-



w i c z ,  1966). In  the  present study increased num bers of dom inants w ere 
not found to lead to reduction of the other elem ents of the community 
(Table 17), despite the fact that P i v o v a r o v a  (1955) and A n d r z e ­
j e w s k i  & W r o c ł a w e k  (1961) found tha t some components of the 
com m unity are ousted by dom inants. The observations of these authors 
would appear to be the  result of trapping data collected for too short 
a period of tim e. Variations in the num bers of dom inants and the other 
elem ents of the comm unity m ay then take place in d ifferen t directions,
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Fig. 23. M icrom am m alia  com m unities in relation to hum id ity-fertility  grid for 10 
biotopes and possible directions of succession.

not alw ays giving evidence of the pressure of dom inants on species a l­
ready decreasing in numbers.

The correlation found betw een some habita t factors and quantitative 
dynam ics of Micromammalia does not perm it the identification of any of 
these factors as exerting a decisive effect on fluctuations in numbers. 
Their complex action on the num bers of small m am m als in different 
years results in differentiation in physionom y and struc tu re  of the com­
m unities from  the long-term  viewpoint.

The long-term  variations in com m unities defined in th is discussion are 
the resu lt of oscillation round a certain  average value. Shortlived varia-
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tions in habita t factors cause slight variations in M icromammalia com­
m unities, w ithout visible changes in plant associations. If changes in 
habita t factors are  characterized by a certain  direction this m ay lead to 
succession of both plant and anim al associations. In the biotopes of the 
Białowieża National P ark  succession of p lant associations is im per­
ceptible over short periods of time. It may be evoked by a change in the 
basic habita t param eters leading to a change in the habitat. Succession 
of anim al communities also takes place together w ith this, through the 
change in p lan t associations. A ttem pts may therefore be m ade to define 
the  presum ed directions which changes in epigeic comm unities of M icro­
mam malia  will take depending on the directions of changes in habitat 
factors. F o r th is purpose the M icromammalia  comm unities have been set 
out on a fertil-ity-hum idity grid (Fig. 23). These two habita t factors to 
a great ex ten t determ ine the existence of given biotopes. Biotopes w ere 
grouped according to s truc tu re  of small mam mal comm unities and the 
possible directions of succession indicated. Probable changes in tim e were 
equated w ith changes in  space. Let us consider the basis directions of 
succession.

I — change in habitat from  biotopes Peucedano-Pinetum  and Pino- 
-Q uercetum  to Tilio-Carpinetum  cause increase in the dominance of Ro- 
dentia. Increased food production, particu lary  of seeds, results in a higher 
percentage of seed-eaters and a rela tively  sm aller percentage of species 
feeding chiefly on invertebrates (Table 18). On account of the lack of 
significant differences in hum idity, the  percentage of hygrophilous forms 
does not exhibit any significant change.

II — change in biotopes Peucedano-Pinetum  and Pino-Q uercetum  
in the direction of m oist and trophically  poor Pinetum  turfosum  causes 
increase in the percentage of hygrophilous forms.

III — change in biotopes Tilio-Carpinetum  in the direction of moist 
associations (VII, IX)  causes considerable increase in hygrophilous forms 
and sim ultaneously considerable reduction in the percentage of seed- 
-eaters.

IV — a change in  the riverside biotope (VIII) in the direction of an 
aquatic biotopes (IX) causes significant changes in the composition of the 
M icromammalia  comm unity. M ore than  half the individuals are hygro­
philous forms. Seed-eaters feed chiefly on grass-seeds. The m ajority  of 
the elem ents of the com m unity are form s feeding chiefly on insects and 
o ther invertebrates.

The possible directions of succession in comm unities may resu lt in  two 
ways. The quantitative changes of some habita t factor, in the direction of 
the value characteristic of a biotope adjacent in the succession order, 
causes certain  shortlived changes in the com m unity from  the adjacent
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biotope. Long-lasting directed changes cause th is state to become perm a­
nent and also cause a perm anent change in the s tructu re  of the Micro­
mammalia  com m unity together w ith the change in habitat.
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W ładysław  AULAK

ZESPOŁY DROBNYCH SSAKÓW W BIOTOPACH  
BIAŁOW IESKIEGO PARKU NARODOWEGO

Streszczenie

W B iałow ieskim  Parku N arodowym , na 10 stałych pow ierzchniach (0,25 ha) w  
każdym  biotopie, dokonano odłow u drobnych ssaków w cyklu w ielo letn im . Jako  
pułapki stosow ano m etalow e cylindry (por. B o r o w s k i  i D e h n e l ,  1952). S tw ier­
dzono 14 gatunków  naziem nych Micromammalia.

Przyjęto, że m etoda ciągłego odłow u, jest przydatna do określenia struktury ze­
społów  ssaków , ich podobieństw a, do określania w ybiórczości biotopów  przez po­
szczególne gatunki oraz do śledzen ia  w zględnych fluktuacji ilościow ych drobnych  
gryzoni.

Zanalizowano w ybiórczość biotopów  oraz dom inację poszczególnych gatunków  w  
zespołach drobnych ssaków , w  poszczególnych biotopach. Stwierdzono, że poza ga­
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W arsaw A gricultural U niversity  
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tunkam i eurybiontycznym i (S. araneus , S. caecutiens, S. minutus, C. glareolus)  
w szystk ie  pozostałe w ykazują znaczne przyw iązanie do poszczególnych biotopów  
lub do grup biotopów  o podobnych w arunkach środow iskow ych (Ryc, 9).

W ykazano zm ienność w skaźników  w ybiórczości i dom inacji w  aspekcie w ie lo le t­
nim  oraz konieczność określania tych w skaźników  w edług badań w ielo letn ich  (Ta­
bele  6—ti).

Porównano w zględne zagęszczenie M icrom am m alia  w  analizow anych biotopach  
(Ryc. 11) stw ierdzając zależność zagęszczenia od w arunków  środow iskow ych.

Zespoły drobnych ssaków  z poszczególnych biotopów  porównano m iędzy sobą  
(Ryc. 12). Stw ierdzono dużą zbieżność podobieństw a m iędzy biotopam i oraz podział 
na grupy środow iskow e biotopów, w edług podobieństw a zespołów  roślinnych i ze­
społów  Micromammalia.  W ykazano zm ienność podobieństw a zespołów drobnych  
ssaków  w różnych latach (Ryc. 16). N ajw iększe odrębności struktury poszczególnych  
zespołów  m ają m iejsce w roku m inim alnej liczebności Micromammalia.  P o  roku 
kulm inacyjnego zagęszczenia redukcja populacji gryzoni jest bardziej radykalna, 
natom iast u owadożernych załam anie się  liczebności jest niew ielk ie.

Zm iany liczebności M icrom am m alia  w  różnych biotopach terrestrycznych oraz 
stępnym .
u różnych gatunków zachodzą jednokierunkowo. W ahania liczebności gryzoni na­
stępują częściej niż u ow adożernych. Stw ierdzono, że niekorzystne w arunki zim o­
w ania m ają znaczny w pływ  na liczebność populacji g łów nie gryzoni w  roku na-

Określono potencjalne kierunki sukcesji zespołów  drobnych ssaków  w  zależno­
ści od zmian czynników  środow iskow ych (Ryc. 23).


