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Trapping of small epigeic mammals was carried out from 1946—1955
in 10 biotopes in the BialowieZa National Park, using pitfalls. The biotope
preferences and domination of species in communltles occupying the
various bioctopes were determined for the 14 species found belonging to
the orders Insectivora and Rodentia. The relative density of Micromma-
lia was compared between the different biotopes. Comparison was made
of the similarity of the Micromammalia communities in the bictopes and
it was found that the order of biotopes arranged in ecological sequence
according to similarities of phytocenoses and zoocznoses is similar, Va-
riations were found to occur in the structure of communities in suc-
cessive years of observations, which demonstrated that long-term trapping
is essential for definition of the structures of zoocenoses. Fluctuations
were found to differ in character from the long-term aspect in Insectivora
and Rodentia, Abiotic factors (chiefly the winter period) were found to
affect variations in numbers and the structure of Micromammalia com-
munities.
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Studies on Micromaommalia communiiies are rnot so far advanced as autecolo-
gical studies. Papers so far published on communities of small mammals in forest
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(Kowalski, 1050, Pivovarova, 1955; Stieve, 1855; Zejda & Klima, 1958;
Grodzifski, 1958; Haitlinger & Xorzeniowski, 1963, Kratochvil
& Gaisler, 1967) and in town biotopes (Chudoba Huminski & Woéjcik,
1861), in successively altered areas (Chudoba & Huminski, 1961), and even
in human communities (Chudoba & Huminski, 1963) deal with investigations
made in different areas, in different habitats, by different methods and in differ-
ent periods of time. Although all these and other studies contribute many new data
to the species composition and structure of such animal communities, they are not
comparable, In addition, studies on communities in forest biotopes were made
mainly in managed, and consequently unnatural tree stands, or in young tree plan-
tations, where field species such as A. egrarius and M, arvalis, were present. These
species may compete to some extent with forest species (Andrzejewski &
Wroclawek, 1961; Haitlinger & Korzeniowski, 1962}, and may signi-
ficanily alter the composition of the Micromammalia community. Analysis of such
communities yield results which characterize the ecotone rather than the forest
biotope.

The casual investigations made so far in forests of the temperate zone therefore
do not allow a detailed analysis of Micromammalia communities in forest bioctopes
to be made, Nor is it possible 10 compare the communities of different biotopes,
nor to examine geographical variation in the communities of similar biotopes, nor
to define the role of different species in the communities in different biotopes. In
order to exclude factors contributing to contamination of communities by species
alien to a given biotope, investigation must be carried out in large stretches of na-
tural or nearly natural forest, by a standard method, and over a long period of
time to eliminate seasonal and yearly variation.

The purpose of the present study, is to analyse communities of ground-
-dwelling Micromammalia in varied natural biotopes within the exten-
sive Bialowieza Primeval Forest.

A group of populations of small Insectiora and Rodentia, whose quan-
titative composition and dominance relations are determined by habitat
factors and inter- and intra-species relations, were considered as a com-
munity of ground-dwelling Micromammalia. Communities were consi-
dered different when they differed from each other in quantitative and
qualitative relations and in dominance structure, which in turn reflects
the action of ecological factors on the group of Micromammalia.

Particular attention was paid to the problems of biotope preference
exhibited by different Micromammalie and also to variations in the pre-
ference index over a period of several years. Dominance of different
species of small mammals in the communities and wvariations in such
dominance over a long period were also studied. The relative densities
of Micromammalia in different biotopes were assessed, as also were
variations in communities over a long period. Examination was also
made of the effect of some habitat factors on qualitative variations in
the communities.
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2. MATERIAL AND METHODS

Trapping areas for Micromammalie were used year after year (from 1946 to 1953)
in the BialowieZa National Park (BNP), in 10 differentiated biotopes (Karpifiski,
1949), as part of the research programme of the Forest Research Institute (FRI).
Each area was 0.25 ha in extent (5050 m). Fifty pitfall traps 10—12 em in dia-
meter and 30 cm deep, were placed on each of these areas, They were arranged in
a grid 5X10 m, and sunk flush with the soil surface. In periodically flooded areas
the pitfalls were located at the cross-over points of a wooden latticework. In
an aquatic biotope the pitfalls were placed on a floating frame of struts, In the other
biotopes the traps were connected by paths along which the herb layer was worn
down to the mineral soil. (The biotopes distinguished include 8 types of forest
associations and two types of plant associations found in the interior of forests —
Table 1). Traps were inspected and material collected every two days throughout

Table 1.

Comparison of nomenclature of study habitats after Karpinski (1949) and after
the Braun-Blanquet schecol,

Biotope Association (affer Braun-Blangquet) (afterBII%?rp;iﬁski)
I Peucedano-Pinetum Mat. 1962 (poorer form) Pinetum typicum
II Peucedano-Pinetum Wat. 1962 (richer form) Piceeto-Pinetum
m Pino-Quercetum Koz}, 1925 Querceto-Piceeto-Pi-
netum
Illa Pino-Quercetum Kozl, 1925 (deformed form) Pseudo-Quercetum
v Salicetum pentandro-cinereae (Almq. 1929) | Pineium turfosum
Pass. 1961 X} Vaccinio uliginosi-Pinetum Kleist
1929
\Y Tilio-Carpineturn  Tracz. 1962 subas, typicum Carpinetum typicum
Vi Tilio-Carpanetum Tracz. 1962 subas. stechyeto- | Querceto-Carpinetum
sum silvaticae
Vil Corcaeo-Alnetum Oberd. 1953 Fraxineto-Piceeto-Al-
netum
VIII Betulo-Salicetum repentis Oberd. 1965 Caricetum
IX Class: Potametea Tx. et Prsg. 1942 Hylagquarium

the whole trapping period. Details of trapping technique and laboratory processing
of animals collected and the locations of the trapping areas, are to be found in the
study by Borowski & Dehnel (1952). The specimens collected are currently
kept in the Mammals Research Institute, Polish Academy of Sciences at Bialowieia.

The traps placed on the study areas caught small ground-living mammals — In-
sectivore and Rodentia — and only they form the subject of this paper. A total of
14,429 small mammals belonging to 14 species were caught (Table 2). In addition
to these, 42 moles Talpe europasea Linnaeus, 1758 and 11 dormice Dryomys ni-
tedula (Pallas, 1779) were caught. Neither of these two species was included in
the discussion, since (1) the trapping method used was not appropriate for them
and (2) they do not belong to the epigeic fauna.

It may be assumed that the 14 species of small mammals found constitute the
complete range of species for those biotopes of the Bialowieza Primeval Forest
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which are situated at a distance from cultivated land and are not affected by
human activities.

Analysis of differences in Micromammalia between biotopes could be made only
on the basis of material for the period 1847—1949, when the trapping areas were
functioning in all biotopes (Fig. 1). (Only the period 1948—1949 was analysed for
areas VIII and IX. In cases in which quantitative indices were calculated for the
period 1947—1949 for all biotopes, the quantitative data from area VIII and IX
refered to the comparable period for the other areas — 1943—1949).

Habitat
R [wa [w | v | # | o Jvw | mx

Year

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955

Fig. 1, Working periods of trapping areas.

Long-term fluctuations in Micromammalia are examined mainly on area II,
in which trapping was carried out for the periocd 1948—1955.

Despite the abundance of material, detailed analysis often had to be based on
the numerically dominant species only, since less numerous species formed too
small a percentage of the numbers caught. The trapping method used gives only
relative and not absolute numerical data, It was assumed that captures are in pro-
portion to the activity of Micromammalia and this depends to a great degree on
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population density, Although the results obtained do not give true indices of ab-
solute density, it was possible, on the basis of material collected, to compare Micro-
mammalic communities between biotopes and their variations in time.

3. ECOLOGICAL CHARACTERS OF THE BIOTOPES STUDIED

The biotopes of the Bialowieza National Park used in this study have
been dealt with in many scientific papers, which contain detailed ana-

Table 2.
Numbers of Micromammalia caught.
Species Numbers
1. Sorex araneus Linnaeus, 1758 6485
2. Sorex caecutiens Laxman, 1788 150
3. Sorex minutus Linnaeus, 1766 2184
4, Neomys fodiens (Pennant, 1771) 628
5. Neomys anomalus Cabrera, 1907 152
I'nsectivora Y EQD
6. Apodemus flavicoliis (Melchior, 1834) 319
7. Micromys minutus Pallas, 1778 37b
8, Arvicola terrestris (Linnaeus, 1758) 62
9, Microtus agrestis (Linnaeus, 1761) 452
10. Microtus arvalis (Pallas, 1779) 83
11. Microtus oceconomus (Pallas, 1776) 188
12. Pitymys subterraneus (de Selys-Longchamps, 661
1835)
13. Clethrionomys glareolus (Schreber, 1780) 2244
14. Siciste betuline (Pallas, 1778) 436
Rodentia 4 850
Micromammalia 14 429

lyses of habitat factors. The following description includes those publish-

ed results which could be of significance to the epigeic communities of
Micromammalia.

3.1. Vegetation

When setting up long-term trapping areas in the BNP, Karpinski
chose the most typical stretches of the biotopes he distinguished. At that
time there were no detailed phytosociological descriptions of the BNP
associations. These were not made until later, by Matuszkiewicz
(1952). Biotopes distinguished by Karpinski (1949) include almost all
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the main plant associations of the BNP, except for Carici elongatae-Al-
netum K och, 1926, which occupies a fairly considerable area. This as-
sociation and also Circaeo-Alnetum Oberd, 1953, were treated jointly
by Karpifiski and termed Frarineto-Piceeto-Alnetum. Detailed eco-
legical examination was made chiefly of 7 types of forest associations

Table 3.
Plant dominants in herb layer (»C« level). %)

Biotope Species

I Vacecinium myrtillus, Calamagrostis arundinacea, Trientalis europaea,
Convallaria maialis

11 Vaccinium myrtillus, Vaccinium vitis-idaea, Calamagrostis arundiana-
ceq, Molinig coerulea, Oxalis ncetoselly, Majanthemum bifolium, Lu-
zula pilosa

14 Oxalis acetosella, Calamagrostis arundinacea, Vaccinium myrtillus,
Majanthemum bifolium, Carex digitata, Millium effusum, Pircola se-
cunda, Goodyera repens

II1a Oxalis acetosella, Stellaria holostea, Veronice officinalia, Millium effu-
sum, Calamagrostis arundinacea, Carex montana, Galium Schultesii

v Dryopteris thelypteris, Phragmites communis, Vaccinium myrtillus,
Lysimachia vulgaris, Pirola secunda, Calamagrostis canescens, Lysi-
machia thyrsiflora, Lycopus europaeus, Oxycoccus quadripetalus, Equi-
setum palustre

v Anemone memorosa, Galeobdolon luteum, Oxalis acetosella, Dentaria
bulbifera, Adoxa moschateling, Asperula odorata, Viola Riviniana, Vio-
la silvestris, Aegopodium podagraria, Stellaric holostea, Majanthe-
mum bifolium

VI Anemone nemorosa, Ficaria verna, Dentaria bulbifera, Corydalis soli-
da, Aegopodium podagraria, Urtica dioica, Athyrium filix-femina, Ga-
leobdolon luteum

VII Urtica dioice, I'mpatiens noli-tangere, Mercurialis perennis, Chryso-
splentum alternifolium, Oxalis acetosella, Galeobdolon luteum, Poa
trivialis, Circaea alpina

VIII Menyanthes trifoliata, Calamagrostis neglecta, Festuce rubra, Oxycoc-
cus quadripetalus, Carex divica, Agrostis canina, Carex lasiocarpa,
Caerex diandra, Carex rostrata, Epilobium palusire

*) Names of species after; Szafer, Pawlowski & Kulczynski (1953).

(I—VII), one contaminated association (IITa) and two associations in the
interior 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 current systematics two of Karpinski’s associat-
ions, i.e. Pinetum typicum (I) and Piceeto-Pinetum (II) belong to the



Small mammal communities of the Bialowieia National Park 471
association Peucedano-Pinetum M at., 1962 (Table 1). In order to equate
the terms used by Karpinski to the phytosociological terminology
of the Braun-Blanquet school, use was made of the phytosocio-
logical lists made by the Forest Research Institute (Dr. A. Sockotow-

ski and Dr. J. Wolak). These lists were made in 1959—1966 later
than the captures of small mammals, but in the natural associations of
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Fig. 2. Number of herb layer species in terrestrial biotopes.

the BNP the interval between 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 birch has begun to encroach
fairly markedly during recent years. Until the time the phytosociological
descriptions were made this biotope had, however, remained a non-for-
est association, with predominance of those elements in the herb layer
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which existed there during the period before birch enecroached upon it.
The present study contains only a table of plant dominants in the herb
layer {Table 3), without giving complete floristic lists, since it was con-
sidered that the most important vegetation in the herb layer is that oc-
curring in great abundance and forming potential food for herhivores.
Floristic wealth increases with increase in fertility of the habitat (Fig. 2).
The biotopes fall into a sort of ecological sequence with respect to num-
ber of herb layer species (particularly when seed plants and pteridophytes
are considered). Some deviation is introduced by Pinetum turfosum (IV),
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Fig. 3. Percentage in layer of tree stand of different species of trees according to
degree of cover.

as Lowever, this is a complex association the larger number of pterido-
phytes and seed plants is to be expected. Biotopes with more herb layer
species create more trophic niches for consumers. Since primary pro-
duction of the biotope also increases with habitat fertility (Traczyk,
1968), one would expect that in Tilio-Carpinetum and Circaeo-Alnetum
the communities of small mammals should be richer both in quantity
and quality.

The composition of the tree stands also affects the ecological conditions
for small mammals. The quantitative and qualitative composition of the
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tree layer exerts an indirect influence {e.g. ecoclimate) and direct in-
fluence, through litter fall, particularly of seeds. Two iypes of biotope
can be distinguished: those in which species with light seeds dominate
(IV, I, If, III and partly VII), and those in which a large number of
species bear heavy seeds (IIfa, V and VI) (Fig. 3). The latter are thus
more favourable to »seed-eafers«. Confirmation of this is provided by
the dry weight of seeds collected in samplers in 7 forest biotopes during
the period 1947—1949 (Table 4). Biotopes IIla, V and VI are most pro-
ductive both with respect of the total amount of seeds and of the heavy
seeds only. Litter fall may also give evidence of increasing fertility and
increased food supply for small mammals in the biotopes studied, from

Table 4.

Weight of seed dry mass in mg. Samples taken with 1 m? samples placed in 8 forest
biotopes during period 1947—1949 (after unpublished data of Forestry Research
Institute at Biatowieza).

. R Biotope
Species bearing:
I | o | m Ma | Vv VI VII
Heavy seeds %) — — 7.300 | 504.730 | 170.140 | 675.890 | 13.490
Light seeds **) 160 | 550 200 110 190 { 1850 | 3.030
Total 160 | 550 l 7.500 | 504.840 | 170.330 | 677.740 | 16520

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

Table 5.
Yearly fall of litter dry mass in g/1 m® (after data given by Karpinski, 1954).
Biotope I II IIT v v V1 VII
Litter
biomass 14.515 19.479 23.740 17927 33.083 32.349 45.213

Peucedano-Pinetum to Circaeo-Alnetum (Table 5). The quantity of litter
fall gives an indication of the primary production of the tree stand
(without wood biomass and seeds).

Using Sdrensen’s formula (Macfadyen, 1963), floristic similar-
ity coefficients were calculated to compare the qualitative occurrence of
seed plants, pteridophytes and bryophytes. On the Czekanowski
diagram (Fig. 4) the biotopes are arranged in a kind of ecological se-
quence from Peucedano-Pinetum to Circaeo-Alnetum. Pseudo-Querce-
tum (IIla) is floristically closer to Pino-Quercetum, which would indicate
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that it originated from Pino-Quercetum (III) and not from Tilio-Carpine-
wm (V) (as suggested by Karpinski, 1949). The wet biotopes (V11
and IV) d¢ not exhibit any close floristic relationship to the remainder.
The biotope Hylaquarium (IX) has been included only to show where it
lies in the ecological arrangement.

3.2, Habitat Factors

Soil conditions and the ecoclimate are included as habitat factors i.e.
physiological properties of the habitat. A soil character of great impor-
tance to Micromammalia is its humidity. Also important is the level of
the water table, which directly affects soil humidity. In 1949, both the

x\vi\ v g {8\ ey Y VW Type of habitat Assoctation (Rarpinski, 1945)

X Water Hylaguarium
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Fig. 4. Diagram of floristic similarity of 10 study biotopes.

average level of the water table and its fluctuations exhibited consi-
derable differences between the biotopes (Fig. 5). Humid biotopes (IV,
VII and VIII), are recognized by an average level of the water table near
ground level (or, in the case of Caricetum (VIII), even above ground
level). In these biotopes the amplitude of fluctuations in water level
during the year is small. They are thus favourable to hygrophilous
species, In the other biotopes the average level of the water table is at
least 1 m below ground level and there are fairly wide fluctuations
during the year particularly in the Tilio-Carpinetum biotopes (V and VI),
where the water level periodically rises fairly high, which may cause ex-
cessive humidity in burrows or even flood them. The lowest level of wa-
ter table is found in Pseudo-Quercetum (IIla), which accounts for the se-
vere temperature conditions in the soil and the depth te which it freezes.

The pattern of temperature variation in the soil, in which the animals
spend T0—80% of their life, is of importance to the energy balance of
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Micromammalia (G 6recki, 1968). In winter only small differences are
found between biotopes in the average temperatures of the superficial
soil layer (Fig. 6). The Tilio-Carpinetum associations (V and VI), how-
ever, in thich the average soil temperature does not fall below 0°C differ
markedly from the Pseudo-Quercetum (IIla), in which the average
temperature is always low 0°C. In summer, far greater differences are
found in average temperatures, but these do not exert any important
influence on the living conditions of Micromammalia.
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Fig. 7. Average thickness of snow cover (S} in ¢m and number of days with snow
cover (D) during period January—March 1949 (data from Obmifhiski, 1960).

Analysis of snow conditions during the winter period, so critical to
small mammals (Fig. 7), reveals only slight differences between biotopes
in the time for which the snow lies, but considerable differences in the
average thickness of cover. Biotopes with a thick snow cover (V, VI and
VII} do not exhibit very low soil temperatures. However, the thick snow
cover in Pseudo-Quercetum does not profect the soil from excessive
cooling, as the level of ground water is fairly low.
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An important ecological parameter for Micromammalia is the air
temperature in the ground level layer. Analysis shows that the most
severe temperatures in the air layer are to be found in Pseudo-Querce-
tum (Fig. 8). Wide fluctuations in average air {emperatures in this layer
are also found in Caricetum (VII) which is not covered by a iree stand.

The factors discussed above show that the various biotopees provide
different living conditions for Micromammalia. Among the forest bio-
topes undoubtedly the most favourable conditions are provided by Tilio-
-Carpinetum (V and VI), and the least favourable by Pseudo-Quercetum
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Fig. 8. Intervals of average air temperatures at height of 5 cm and 50 cm for
February and July and for whole year (data from Tomanek, 1955).

(IIIa). The humid biotopes (IV, VII, VIII) are the most favourable for
hygrophilous species. The action of physical factors in the environment
may also be modified by biotic factors.

4. OCCURRENCE OF MICROMAMMALIA IN DIFFERENT BIOTOPES

1.1. 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 bictope
in relation to the total number of individuals caught during this time 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 made in 1947, in the
whole of the material. Specimens captured in 1948—1949 in all biotopes
were treated as 100%, and preferences for biotopes VIII and IX defined
in relation to the whole of this material. The percentage obtained for the
various species was divided between the forest biotopes in proportion to
captures for three years (1947—1948). This procedure is employed in
all further discussions of cases in which material from two-year captures
in biotopes VIII and IX are compared with three-year material from the
other biotopes.

Material from 1948 in biotope IX is treated as complete even though
captures were not begun there until towards the end of April (Fig. 1).
This procedure is reasonable since in 1949 very few captures were made
in this biotope during the months of January to April

In addition Hylequarium differs in its Micromammalia both qualitati-
vely and quantitatively from other biotopes. Consequently the failure to
include & few individuals would not distort the picture 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 estimate the degree of attractiveness of the diffe-
rent biotopes for species of mammals of for groups of species. Four
groups of bictopes can be distinguished on the diagram. The first group
consists of one biotope only, Hylaequarium (IX). The species occurring
here are closely connected with an aquatic habitat and part of their
activity takes place in that habitat. The second group consists of biotopes
VIII, VII and IV with high humidity but varied trophic values (see
below). The third group consists of Peucedano-Pinetum and Pino-Quer-
cetum (I, II, III and Illa)}, fairly dry biotopes with low tropic value, as
defined below. The fourth group is formed by Tilio-Carpinetum (V and
VI), a not very dry biotope, with high trophic value for small mammals,
expressed in great floristic wealth, high seed production and both quanti-
tatively and qualitatively rich invertebrate fauna.

It can be seen from Fig. 3 that the biotopes Peucedano-Pinetum and
Pino-Quercetum are not the native biotopes of any of the 14 species of
mammals. Some species avoid them altogether, while the remainder occur
there in small numbers only. Hylequarium (IX) has its specific composi-
tion of micromammalian fauna and is the native biotope of typical hygro-
philes (N, fodiens, N. anomalus, M. minutus, A. terrestris and M. oecono-
mus), Biotopes Tilio-Carpinetum (V and VI) are native for A. flavicollis,
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M. arvalis and P. subterraneus. S. betulina and M. agrestis are attached
to certain biotopes of the humid group (VIII, VII and IV), depending on
their humidity and trophic value.

Analysis of the ecological range occupied by different species reveals
4 group of eurybiontic species — three species of shrew and C. glareolus
{Fig. 9). The remaining species are, to a lesser or greater degree, steno-
bionts. S. minutes more readily occupies humid biotopes than S. araneus,
which may be due to the more »hygrophilous character« of the species
(Dehnel, 1949, It would also appear that N. fodiens is a more hygrophi-
lous species than N. anomalus. Although Dehnel (1950), and Boro w-
ski& Dehnel (1952) hold the opposite opinion, this may be due to the
greater activity of N. fodiens and the fairly extensive migrations it
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Fig, 9. Biotope preferences of small mammals according to percentage of individuals
in each biotope during period 1947—1949,

undertakes, unlike N, anomalus. A. flavicollis exhibits distinct preference
for biotopes with considerable falls of heavy seeds (cf. also Pivovaro-
va, 1955; Kormilicina, 1966; Aulak, 1967). M. minutus prefers
wet and moist biotopes {(Dehnel, 1946); hence the majority
of individuals were caught in bictopes IX and VII. A, terrestris
occurs only near bodies of water (IX). The fact that single individuals
were encountered in Peucedano-Pinetum biotopes (I and II) may be due
to these animals sporadically undertaking fairly long migrations. M.
agrestis occurs in all biotopes, but its native habitat is the complex asso-
ciation Pinetum turfosum (IV). M. arvalis exhibited the greatest attach-
ment to Tilio-Carpinetum typicum (V), and occurs sporadically in moist



480 W. Aulak

biotopes (VIII, IV). 1t is difficult to determine the cause of this species’
attachment to chiefly one biotope. It is possible that it is due partly to
its migration from fields, since the trapping area in this biotope was
situated about 500 m away from the fields of the Bialowieza Glade.
M. oeconomus prefers wet biotopes (VIII and IX) and occurs only spora-
dically in the others. P. subterraneus never occurs numerously in bio-
topes other than Tilio-Carpinetum (V and VI). It prefers fertile biotopes
with a rich herb layer (Pivovarova, 1953). It occurs only fortuitously
in moist biotopes. C. glareolus is an eurybiont and cccurs everywhere apart
from outstandingly moist biotopes (IX, VIII, VII). The wide ecclogical
range of this species is shown by its occurrence even on ruderal areas
(Haitlinger, 1965). The fairly considerable numbers of this species
in Pinetum turfosum (IV) in 1948 was not a fortuitous phenomenon, since
C. glareolus occurs often and numerously on peat bogs and moist areas in
other parts of Poland (Skuratowicsz, 1948; Haitlinger & Korze-
niowski, 1962), S. betulina occupies moist biotopes (VIII, VII, IV)
with dense shrub layer and high herb layer (cf. also Kubik, 1952;
Pivovarova, 19535). The avoidance of Pseudo-Quercetum (IIIa) is
characteristic of this species and is probably connected with the fact that
this is a bictope with extreme temperature range in the air layer imme-
diately above ground level and in the superficial layers of the earth
(Fig. 6 and 8). Apart from eurybionts the preference indices for the
remaining species clearly define the biotopes optimal for each species of
mammal (Fig. 9).

In order to find what influence the study period chosen had on the
preference indices obtained and to eliminate any influence of the time
factor in such assessments, a comparison was made of the changes in
biotope preference index for several species caught in fairly large num-
hers. It may be seen from table 6 that a change in preference is evident
not only in the case of stenobionts (P. subterraneus, S. betulina) but also
in eurybionts (S. araneus, S. minutus, C. glareolus). The fairly consi-
derable differences in hiotope preference indices hetween the different
years indicate that it is incorrect fo define the species attachment to
a biotope on the hasis of a short period of observations (even over a whole
year). In the present discussion the author had at his disposal data from
three years only, but even so this period is fairly representative, since it
covers the year preceding peak numbers, the year of peak numbers and
the year of decrease in the numbers.

4.2. Dominant Species

In order to determine the significance of the different species of Micro-
mammalia in the biotope their degree of dominance was determined, i.e.
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comparison was made of the percentages they form in groups of small
mammals, determined separately for Insectivore and Rodentia, since the
traps used are to a certain extent selective in their action on these two
groups of mammals, Insectivora are caught in larger numbers than ro-

Table 6.

Percentage (preference index) of some species of small mammals in different forest

biotopes from 1947—1949. Number of individuals caught in all biotopes taken as 100%b.

Biotopes arranged in order of most to least densely settled. Preference indices dif-
fering visibly in successive years are boldfaced.

. No. of .
Year individuals Biotopes

S. araneus VI II 111 1I1a v v I VII
1947—1949 4246 211 182 12% 123 118 106 84 b.1
1947 873 242 218 153 96 9.6 9.2 7.3 3.1
1948 1936 2001 174 120 126 55 16.9 8.6 6.9
1949 1437 205 17.2 122 127 208 2.9 8.9 3.3

S. minutus IV VII VI II Vv III 1lla I
1947—1949 1177 3.6 175 121 101 7.1 6.6 3.6 35
1947 249 365 14.1 146 177 5.2 32 3.6 5.2
1948 662 387 183 116 7.1 2.0 7.2 2.6 2.5
1949 266 188 191 109 105 215 8.3 6.4 4.5

' C. glareolus VI IV Vv llla 11 111 I VII
1947—1949 1269 284 188 2.9 104 104 76 69 46
1847 269 23.1 162 11.2 126 145 152 3.7 4.5
1943 901 296 216 118 8.9 9.0 6.2 8.1 4.8
1849 98 30.2 3.0 283 182 111 0.0 5.1 4.1

P. subterraneus v VI 1lla II 11X I vl v
1947—1949 445 423 409 5.6 3.1 2.7 22 22 1.0
1947 136 406 4171 29 3.9 29 1.5 8.7 0.7
1948 159 308 4238 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 v VI v I II IIT Illa
1947 —1948% 295 61.9 27.8 6.1 4 3.7 3.4 24 00
1947 87 62.1 184 103 5.7 23 00 1.2 0.0
1948 71 59.2 310 2.8 2.8 1.4 28 00 (0
1949 137 41.7 321 6.1 5.1 5.8 58 44 00

dents in pitfalls (P ucek, 1969), hence combining the two groups might
under-estimate the role of Rodentia in biotopes.

It was found that S. graneus is a dominant species in all terrestrial
biotopes (Fig. 10); S. minutus also is dominant in moist biotopes (VIII,
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VII, IV), In these three biotopes thas two species jointly from more than
60% of the Insectivora group. In Peucedano-Pinetum and Pino-Querce-
tum biotopes (I, II, III and Illa) and in Tilio-Carpinetum (V and VI)
S. araneus is the sole dominant. The remaining species of Insectivora are
not even co-dominants in these biotopes. N. fodiens is clearly dominant
in an aquatic biotope {IX). The remaining three species (N. anomalus,
S. araneus, S. minutus) co-dominate, the percentage formed by each of
these species being below 30% (Fig. 10).

Relations are more complicated in the case of Rodentia. M. minutus
dominates in an aquatic biotope (IX), for which this is simultaneously
the native biotope (Fig. 9). Typical hygrophiles such as A. terrestris and
M. ceconomus co-dominate with this species. The remaining species form
only a small percentage of animals found in this biotope.
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Fig. 10. Percentage of various species (dominance) in Insectivora and Rodentia
communities from 1947—1948.

In the group of most biotopes including different habitats the dominant
species are S. betulina (VIII and VII) and C. glareolus (IV). In the wettest
of these biotopes (VIII), hygrophilous species, such as M. minutus and
M. eoconomus, for which this is simultaneously the joint native biotope,
are co-dominants, In Ciraeo-Alnetum (VII) C. glareolus is a co-domi-
nant, the remaining species forming only a small percentage. Pinetum
turfosum (IV) possesses, in addition to the dominant C. glareolus, two
co-dominant species: S. befulina and M. agrestis. This is the native bio-
topes for this last species. The role of C. glareclus is remarkable
in this biotope. The high degree of preference and dominance of this
species in Pinetum turfosum was particularly marked in 1948. This was
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the year of highest numbers for the majority of species of Micromamma-
lia. The red-backed vaole exhibited an exceptionally great increase in
numbers in this biotope. In 1948 almost five times more individuals of
C. glareolus were caught there than in 1947, and therefore the situation

Table 7.

Percentage (domination index) of some species of small mammals in different bio-

topes from 1947—1949, In each case the sum totals of Insectivore and Rodentia caught

in each biotope were taken as 100%, Domination indices differing visibly in succes-

sive years are boldfaced. Biotopes arranged in order of decreasing dominance of
the species in the community.

Year Bictope
S. araneus IIIa I II1 I1 VI v VII v
1947—1949 88.0 87.3 85.6 84.5 82.4 82.3 47.4 44.5
1947 B8&.7 B2.1 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
1948 86.2 87.1 87.8 B6.3 85.8 80.3 46.2 34.7
S. minutus v VIl v VI 11 111 I I1ia
1947—1949 46.0 45,4 13.8 13.1 13.0 12.3 10.0 7.2
1947 49.7 50.7 13.0 14.5 18.5 3.5 19.1 9.6
1948 46.4 456.1 10.6 15.9 11.9 16.7 8.6 6.3
1949 42.3 438 15.2 8.4 9.8 11.0 8.2 74
C. glareolus I Iila 11 VI v 1 v Vi1
1947—1949 60.3 59.7 56.0 52.9 47.2 43.8 324 23.1
1947 60.4 §7.6 51.0 35.8 41.4 26.0 248 16.4
1948 718 62.0 61.0 65.3 56.3 63.3 52.7 311
1949 0.0 54.5 42.5 30.8 4.8 20.8 152 59
P, subterraneus v VI I1Ia 11X II X VII v
1947—1945 37.1 26.8 11.3 7.4 6.0 5.0 3.9 0.8
1947 45.5 3.0 6.8 5.9 8.7 6.0 14 1.0
1948 24.4 16.7 10.0 9.0 6.0 2.9 7.9 0.0
1949 456.7 51.6 24.2 6.7 3.8 16.7 0.0 32
S. betulina VII v I 111 II v VI IiIa
1947—1948 60.0  16.2 5.6 4.4 4.3 2.8 2.6 0.0
1947 74.0 16.1 b.1 1.6 0.0 4.1 556 0.0
1948 36.8 6.3 0.7 0.0 15.0 1.0 0.6 0.0
1949 33.9 70.8 33.3 40,0 30.7 3.8 7.2 0.0

in 1348 was of decisive importance to determining the role of this species
in Pinetum turfosum.

C. glareolus is the dominant in the group of biotopes in which pine
predominates. In Pino-Quercetum (III) it is the absolute dominant. In the
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poorest biotopes of this group (I and II) M. agrestis is a co-dominant. In
Pseudo-Quercetum (Illa), in which species bearing heavy seeds are in-
cluded in the composition of the tree-stand, the co-dominant is the typical
seed-eater A. flavicollis. The remaining species form a negligible per-
centage in Peucedano-Pinetum and Pino-Quercetum. In Tilio-Carpinetum

Table 8.

Preferences (W) and domination (D) of some species of Micromammalie in most
densely and least densely settled biotopes from 1947—1849 (jointly).

Biotopes setteled:
Species
most densely least densely
S. araneus Biotope VI I1 VII IX
Wo/g 18.87 16.36 4.b6 2.52
D% 82.38 84.50 47.37 19.04
S. minutus Biotope IV VIII I1la I
Wiy 29.11 27.69 2.10 2.57
Doy 46.04 38.84 7.24 10.00
A. flavicollis Biotope Vi \ v VIII
W% 31.94  28.24 0.93 0.46
Dv/o 10.16 12.06 0.39 .35
M. minutus Biotope X VIII 111a 111
Wo/o 47.30 17.05 3.10 1.16
DYy 40.63 15.44 3.62 1.86
M. agrestis Biotope VI I Illa VII
Wo/y 40.53 14.40 2.67 1.87
DYy 29.98 17.95 2.74 4.32
P, subterraneus Biotope \ VI IV VIII
Wo/o 41.97 40.63 0.89 0.67
DV 37.14 26.80 11.31 4,98
C. glareolus Biotope VI IV VIII 1X ]
Wi/ 2'1.30 18.17 2.74 0.76
D% 52.89 32.41 12.63 3.32
S. betulina Biotope VII VIII II 111
W/ 35.92 26.82 2.36 1.64
D/ 60.01 38.60 4.27 4.36

(V and VI) C. glareolus and P. subterraneus predominate, the latter
species co-dominanting in VI. Although A. flavicollis has its optimum
living conditions here, its numbers are never equal of the two above-
-mentioned species. It is possible that the percentage of this species has
been slightly under-estimated here on account of the fact that its repre-
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sentatives were found to jump out and escape from the traps (A dam-
czewska, 1959). This possible underestimation is not, however, very
great, since analysis of the composition of rodent communities in Tilio-
-Carpinetum made by other methods does not reveal numerical predomi-
nance of this species over C. glareolus.

Analysis of variation in the dominance index from 1947—1949 (Table
7) shows that its amplitudes are far greater in Rodentic than in Insecti-
vora. This is accounted for by the fact that far greater fluctuations occur
in the numbers of rodents than of insecetivores. Comparison of Fig. 9 and
10 reveals that it is only in certain cases that the various species are
guantitative dominants in their native biotopes. In the great majority 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), while in others the role of the species is very great even in
non-native biotopes (S. araneus, S. minutus). Only in some cases do the
preference and dominance indices exhibit a certain numerical coincidence
(M, minutus, M. agrestis). Changes in ecological factors in different years
do not evoke uniform quantitative changes in all species of Micromam-
malia, hence reciprocal guantitative relations between the various com-
ponents of communities differ in different years.

4.3. Relative Density of Insectivora and Rodentia

The sum of habitat conditions in different biotopes given a certain
pattern of ecological niches which, to a greater or lesser degree, deter-
mines the percentage of the various species of mammals or their groups
in the biotopes examined. The average annual numbers of small mammals
have been calculated for non-forest bictopes from two years data, and
from forest biotopes from three years data (Fig. 11). The figure illustrates
the relative density of Micromammalia in different biotopes, and in turn
defines the potential capacities of each biotope for supporting more or
less numerous Micromammalic populations.

The greatest average annual abundance of Micromammalia is shown
by Tilio-Carpinetum (VI), then Caricetum (VIII) and Pinetum turfosum
(IV). Relations for Insectivora and Rodentiez form a slightly different
pattern. The greatest numbers of rodents were found in Tilio Carpinetum
stachyetosum silvaticae (VI). This is a biotope producing the greatest
seed biomass (Table 4) which form the chief component of the food nof
the dominant rodents. Similar relations prevail in Tilio-carpinetum typi-
cum (V). Seed production here is, however, lower and hence the numbers
of rodents are also smaller, The large number 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 with other
years and with other biotopes in the some year. In the Circaeo-Alnetum
biotope the low percentage of C. glareolus and predominance of less
numerous hygrophilous species resulted in the figure for Rodentia being
fairly low. The smallest number of rodents was caught in the Peuceda-
no-Pinetum and Pino-Quercetum biotopes. The small numbers of Ro-
dentia in Pseudo-Quercetum (IlIa), in which seed production is high, is
fairly charactenistic. It would appear that the low density is due to the
varying amounts of seed produced in successive years by the oak which
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Fig. 11, Mean numbers of small mammals during year for period 1847—1949.

is the chief seed producer there, and to the extreme temperatures pre-
vailing there during the winter period (Fig. 6—8). This may lead to low
numbers of mammals surviving to reproduce in spring.

The density relations found in the case of Insectivora follow a different
pattern. The biotope most numerously 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-Pinetum (II).
it may be that the temperatures prevailing in the ground level air layer
may influence this, particularly during the winter period (Fig. 8) and also
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the fairly high biomass of invertebrates. In the remaining biotopes,
quantitative relations are more or less balanced. In moist biotopes the
numbers of Insectivora are fairly high, Circaeo-Alnetum being the least
densely settled biotope.

With respect to density of Micromammalia, the biotopes examined can
be arranged in the following order: VI, VIII, IV, IX, II, V, Illa, III, VII,
I. This order does not reflect the true productivity of the Micromammalia
communities in these biotopes, but is the result of relative density of the
various species and their activity.

5. MICROMAMMALIA COMMUNITIES

5.1. Similarities Between Communities

The varied biotope preferences exhibited by different species of Micro-
mammalia and the different species dominance in different biotopes
causes differentiation of the communities of small mammals and different
degrees of similarity between the groups.

A. Czekanowski diagram (Fig. 12) was drawn up to find the
reciprocal similarities. The similarity indices were defined by means of
Sorensen’s equation:

P = =25~ 1000,
e+ b
where
¢ — number of species in mammal community I,
b — number of species in mammal community 1I,
¢ — number of species common to the two communities compared.

The lowest dominance index for the two communities compared was
taken as a common element. The sum total of these values gave value P
in %. This index defines similarity of dominance regardless of the density
of species in the mammal communities compared.

Three groups of communities are differentiated on the diagram (Fig.
12a). The first of these covers the community in the Hylaquarium biotope.
Outstandingly hygrophilous species dominate in its composition and
consequently there is little similarity between the community from this
biotope and other communities from other biotopes and their somewhat
distant phytosociological relationships, the humidity factor outweighed
these in importance, so that there were considerable similarities in the
communities of small mammals. In addition to S. araneus, S. minutus is
co-dominanat in the communities of these biotopes. The similarities of
this group of communities to others do not exceed 60%. Only the com-
munity from Pinetum turfosum, owing to the greater percentage of
C. glareolus, is slightly more similar to the community from the poor
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Peucedano-Pinetum biotope. The third group exhibits certain internal
differences, It is possible to distinguish a sub-group of communities from
Peucedano-Pinetum and Pino-Quercetum and a subgroup from the Tilio-
-Carpinetum biotopes. This differentiation is due to the far smaller per-
centage of S. araneus in the Tilio-Carpinetum communities and the
greater percentage of P. subterraneus in these communities.

When Fig. 12a and Fig. 4 are compared it is clear that animal commu-
nities are to a certain extent determined by the plant 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 Micromemmalie communities. The only excep-
tion is Circaeo-Alnetum (VII), which together with Tilio-Carpinetum (V
and VI) belongs to one phytosociological class Querco-Fagetea Br.-B 1.
et Vlieg, 1937, while its Micromammaealia community is similar fo
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Fig. 12. Diagram of similarities between small mammal communities for 1947—1949
(jointly) according to: (a) guantitative participation of different species, (b} guanti-
tative participation. Scale of similarities expressed in percentage (as for Fig. 4).

communities in the other humid biotopes, which from the phytosociolo-
gical aspect are allocated to other classes.

The Micromammalia communities from the different groups of biotopes
can be defined according to dominant species as follows:

Group 1 — Biotope IX — N. fodiens, §. minutus, M. minutus.

Group II — Biotope VIII and VII — S. araneus, §. minutus, S. betulina.
Biotope IV — &8, araneus, S. minutus, C. glareolus.

Group III — Biotope I, II, III and Illa — 8. araneus, C. glareolus. Bio-
tope V and VI — S. araneus, C. glareolus, P. subterraneus.

When calculating the index of dominance similarity (Fig. 12a)} the
relative density of Micromemmalia in different biotopes was converted
to a common denominator (= 100%). Fig. 12b shows the quantitative
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relations between species. Despite certain internal shifts in the order of
biotopes in different groups, the quantitative indices of similarity did not
cause shifts of different biotopes to other groups. Although the picture
is less clear, the pattern of groups of communities and their reciprocal
similarities are analogous to those given in Fig. 12a. Only similarity with
respect to dominance will therefore be considered in further discussion.

Dominance indices and percentage of components of the communities
were determined from the longest possible period of time within the
comparable period 1947—1949. The longer the period, the more correctly
calculated the average dominance value for the different species (Fig. 13).
The similarity of the percentage composition of the Micromammalia
community in Peucedano-Pinetum (II) in different years to the compo-
sition of the community defined on the basis of long-term captures takes
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Fig. 13. Similarity of percentage composition of Micromammalio community in diffe-

rent years to percentage composition of community for period 1947—1949 jointly

(dots) and cumulated values of similarity (curve). Data for Peucedano-Pinetum
forest association (II).

different values, The average value does not greatly exceed 80%. When
analysing accumulated material it was found that with an increasing
number of years the composition of the community becomes increasingly
similar to the long-term composition (from 8 years). The decrease in the
curve of similarity in 1949 is fairly characteristic. The composition of the
community that year differed most markedly from the average value as
the of an abrupt drop in the numbers of Rodentia. The curve represent-
ing three-year material in that year did not fall much below 90%. It is
clear from this that even considerable alteration of the composition of
the community in a given year does not greatly affect the correct defini-
tion of its true composition, as the material covers a period of several
years. Hence the composition of communities from different biotopes
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defined on the hasis of material from 1947—1949 does not differ greatly
from the average for several years.

A dominance spectrum was made for the communities examined (Fig.
14), adhering to the same order of biotope as in the diagram of similarity
(Fig. 12). In the communities of Micromammalie for the hiotopes I, I,
III, Hla, V and VI the absolute dominance of S. araneus is distinct, its
predominance in the Peucedano-Pinetum and Pino-Quercetum being
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greater than in Tilio-Carpinetum. In principle there is no absolute do-
minant in the communities of moist biotopes. Hylequarium (IX) possesses
the most balanced dominance relations. In terrestrial biotopes the great
majority of the species have a dominance index with limits of 0—10%.
The role of these species in the communities and their production of
biomass is also small.

The different habitat conditions in the biotopes examined form the
cause, not only of different dominance indices of the species, but also of
the general proportions between Insectivore and Rodentia treated jointly.
An annual spectrum of Micromammaliz communities was analysed (Fig.
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15). In each biotope there is a distinct predominance of Insectivora, which
may be due to their greater ease of capture in pitfalls. The proportions
between different biotopes, however, point to certain significant diffe-
rences in the percentage spectrum of the communities.

Tilio-Carpinetum (VIII) is distinguished by a relatively high percentage
of Rodentia, seed food production being high there, and this accounts for
the greater percentage of »seed-eaters« in these biotopes. Also, on account
of the considerable number of rhizomic plants, the percentage of P. sub-
terraneus is high there. In biotopes in which pine predominantes the
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Fig. 15. Percentage of Insectivora and Rodentia
in study biotopes for period 1947--1949.

percentage of rodens is highest in the poor biotope Peucedano-Pinetum
(I}, in which the annual stand of biomass is fairly evenly distributed over
the whole of the year because of the abundance of hardy shrubs (e.g.
Vaccinium sp.). There is a slightly smaller percentage of rodents in
Pseudo-Quercetum, in which abundant seed production does not occur
every year, so that the index of the percentage of Rodentia is the resul-
tant of good and poor seed years.

In moist terrestrial biotopes the percentage of rodents is higher than
in Peucedano-Pinetum and Pino-Quercetum, but lower than in Tilio-
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-Carpinetum. The percentage of C. glareolus is reduced in favour of
hygrophilous redents.

Hylaquarium has an annual spectrum similar to moist terrestrial asso-
ciations, except that here the percentage of species which are dominants
in the terrestrial communities drops to a minimum value.

5.2, Variations in Commaunities from 1947—1949

Quantitative fluctuations in the different components of the epigeic
Micromammalie communities contribute to variations in preference and
dominance indices, and result in the occurrence of different degrees of

Table 9,
Similarities of small mammals communities (in %4 in forest biotopes.
Biotope | 1947 & 19481947 & 1949 | 1948 & 1949 | Difference
P Max.-Min,
I 9.8 7.7 65.0 14.5
I1 90.5 76.0 804 14.5
III 89.2 71.0 7.6 18.2
I11a 91.0 72.7 79.6 18.3
v 91.6 68.4 63.9 27.7
v 6.7 76.8 68.1 R.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 Total
p 1947 1948 1949 1947—1949

IX —_ 1.38 2.61 2.08

VIII —_ 2.86 2.29 2.65

VII 0.94 2.36 1.76 1.79

IV 1.85 2.00 1.90 1.96

I 1.95 1.36 6.08 2.04

I 3.18 2.95 11.00 3.91

II11 2.156 3.45 13.27 3.81

IIIa 1.69 2.10 6.94 2.69

VI 1.4% 1.18 3.52 1.60

v 0.83 0.61 2.04 1.18

internal similarity of communities over a period of several years (Table
9). The differences between communities in the same biotopes in diffe-
rent years are fairly considerable, In the majority of communities tkre
minimum similarity values oscillate between 60 and 70%. In most of the
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biotopes the similarities of communities between the year preceding peak
numbers (1947) and the peak year (1948) are greater than between the
other years of the study period. But the greatest differences occur
between the year of decreasing numbers of Rodentia (1949) and the other
years. This is the result of significant alterations in dominance relations
during the marked reduction in rodent numbers {(Table 10). The greatest
decreases occur in dry and trophically poor biotopes; hence in 1949 in I,
II, III and Ille there is a much greater preponderance of Insectivora than
in the other biotopes. Jn moist biotopes the decrease in Rodentia was
much smaller than in Insectivora and hence the indices of the ratio in
Insectivora to Rodentia are lower in 1949 than in the peak year of Micro-
mammalia (1948). Variation in these indices in the long-term point to the
need to analyse the composition of Micromammalia communities on the
basis of material obiained from a large number of years.

Table 11.

Similarities in percentage composition of small mammal communities in particular
years to composition of communities defined according to summarized data for whole
study period (1947—1949).

Biotope 1947 1948 1949
I 87.1 86.7 .2
11 50.6 94.1 B4.8
III 817.b 92.8 83.4
ITTa 87.2 93.9 839
1w 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 — 80.5 86.4
X — 87.9 94.1

A check was made to see to what degree the composition of mammal
communities in a given year differs from the composition obtained by
results of long-term trapping (Table 11). The calculated wvalues here
higher than in Table 9. The composition of the community, defined on
the basis of material from one year, differs from the average composition
obtained from long-term trapping far less than it differs from the com-
position of this same community in different years. The most significant
difference is that between the long-term composition and the 1949 com-
munity in Pinetum turfosum. There may thus be cases in which a one-
-year analysis of the composition of a community does in fact give a false
picture.

The variation found in communities in the long term also cause varia-
tion in similarity indices between communities in different years (Fig.
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16). The same order has been retained in the diagrams as in Fig. 12;
that is, the order accords with the pattern resulting from long-term
trapping (1947—1949). In the majority of biotopes groups of communities
discussed in the preceding sections of this paper were clearly differen-
tiated in 1947, the year preceding the peak numbers of Micromammalia.
The peak year (1948) appears at first glance to give a somewhat confused
picture, If data from this year only had seen analysed it would have
been difficult to speak of significant differences between communities
from different biotopes. In 1949, howerer, the year of decrease in the
numbers of Micromammalia, there is distinet division into three basis
groups of biotopes: (1) aguatic biotope, (2) moist and wet biotopes and
(3) the Peucedano-Pinetum, Pino-Quercetum and Tilio-Carpinetum bio-
topes. In 1949 these three groups exhibit minimum similarity to the
other groups, and simultanecusly greater internal consistency than in
other years. This pattern of relations can be explained by the different
preferences of the species examined in the different years of this period.

947 1948 1949
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Fig. 16, Diagrams of similarities of small mammal communities in 1547, 1948 and
1949 according to percentage of different species. Similarity scale as for Fig. 4.

In a year of maximum (1948) the favourable conditions in all the bio-
topes led to increased percentages of different species of mammals, even
in biotopes less readily occupied. Migration may also take place from
overcrowded biotopes to those in which the density of the given species
is usually slight, and where the favourable circumstances in the given
year permit of an increase in population density. As a result the dominance
relations are slightly altered, the degree of attachment to biotopes las-
sened and similarities between the communities of different bictopes are
greater. In the year when the numbers of Micromemmalia decreased the
deterioration in habitat conditions leads primarily to migration from dif-
ferent biotopes of species which do not find optimum living conditions
there. These species may also disappear through mortality. Thus in years
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unfavourable to Micromammalia individual species occur most numero-
usly in the biotopes most favourable to them (that is, in their native bio-
topes). In unfavourable years those species least affected by factors con-
tributing to population decrease in the given biotope dominate in the
composition of the community of that biotope. During this period the
communities of different biotopes or groups of biotopes differ most from
each other and therefore the Czekanowski diagram emphasises
these differences most distinetly. Confirmation of this is supplied by
Table 12, Except for S. minutus, in the year of minimum numbers the

Table 12.

Percentage of some Micromammalic in five most densely settled biotopes in year
of maximum and minimum numbers (for 1948 and 1949).

: Peak Crash
Species year year
S, araneus 59.0 73.9
S. minutus 82.8 74.1
N. fodiens 88.7 98.5
A, flavicollis 88.2 94.4
P. subterraneus 90.1 95.4
C. glareolus 7.6 849
S, betulina 87.4 95.4
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Fig. 17. Diagrams of similarity of small mammal cormnmunities in spring, summer
and autumn for 1947—1949 according to percentage of different species. Similarity
scale as for Fig. 4.

various species exhibit a greater degree of attachment to native bio-
topes. This phenomenon 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 minimum numbers.

A diagram was also prepared (Fig. 17) of the similarity of communities
from the seasonal viewpoint. The divisions used were: spring (March—
May), summer (June—August), and autumn (September—November).
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The winter period (December—February) was not analysed, as winter
captures were not comparable because of the trapping method used.

The autumn period gives the most compact groups of mammal com-
munities, since the various species occupied chiefly native biotopes. A less
distinct picture is observed in summer. In spring, however, similarities
between communities are slight, although markedly greater similarities
cccur between communities closer to each other then between communi-
ties of mammals from biotopes with different habitat conditions.

5.3, Long-term Variations in Mammal Communities

Trapping of small mammals in Peucedano-Pinetum (II} was continued
until the autumn of 1955. From 1947—1949 variations in numbers of dif-
ferent species were observed to tend in the same direction as variations in
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Fig. 18. Variations in numbers and percentage spectrum of Micromammalia commu-
nity in Peucedano-Pinetum (II) for 1947—1855.

the majority of the other biotopes. Long-term fluctuation in numbers in
this biotope can therefore be considered as representative of all biotopes.
Variations in the numbers of Imsectivora are slight, while numbers of
Rodentia fluctuate markedly {Fig. 18). In the case of Insectivora there
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were two distinct peaks in numbers 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 numbers has more peaks, in the
summers of 1948, 1950, 1953 and 1955. The diagram also shows clearly
the character of declines in the numbers of Insectivora, for which de-
creases in number after the peaks are slight, and for Rodentia, for which
these declines are abrupt, particularly in 1949 and 1954. Comparison of
the two curves of numbers reveals the absence in some periods of pa-
rallel variations in numbers of Insectivore and Rodentic (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 numbers of
both groups of mammals. Despite the divergent patterns of fluctuations
in the remaining years it may be deduced that there are certain habitat
factors creating optimum conditions at the same time for the groups of
Micromammalia.
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Fig. 19. Dynamics of Sorex araneus and Clethrionomys glareolus in Peucedano-Pi-
netum (II) for period 1947—1355, as shown by trapping success.

As a result of the frequent but not uniform changes in the numbers
of small mammals and the different rates of these fluctuations the do-
minance spectrum of the community also varies from year to year (Fig.
18). In spite of the general predominance of Insectivora, a very low per-
centage of Rodentia occurs only during the periods in which the peak of
numbers of rodents is followed by an abrupt decrease (1949 and 1954) —
in other years the oscillations are slight.

Analysis was made of variations in numbers for the two dominants in
biotope II (Fig. 19). In the case of S. araneus, after a peak in 1948 num-
bers gradually decreased until 1951. Thereafter, there was a distinet in-
crease in numbers until a second peak occurred in 1955. With C. glareo-
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ius, after a peak in 1948 there was an abrupt drop in numbers in 1949,
and then an increase lasting until 1953. The following year (1954) there
was again a crash in numbers. The peak of numbers in 1955 exceeded
those in all other years of the study period, and coincide with the peak
of S. araneus.
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Fig. 20. Diagram of similarities of small mammal communities in Peucedano-Pi-
netum (II) between different years for period 1947—1054 according fo percentage
of different species. Similarity scale as for Fig. 4.

Table 13.

Similarity of percentage composition of small mammals community (S) in Peuce-
dano-Pinetum (II) defined from different trapping periods as compared with pooled
data for 1947--1949.

One-year periods Two-year periods ! Th-ee-year pericds! Four-year periods

years S Years S ! Years s Years S
1947 90.4 1947—48 90.8 1947 —49 87.4 1947—50 93.0
1948 90.5 1948—49  85.7 1948—50  91.8 1948—51 46.4
1949 74.2 1949—50  89.9 1949—561 91.2 1949—62 500
1950 771 1950 —51 78.8 1960—52  80.8 1950—53 84.9
1951 76.0 1951—52 797 1951—53 84.5 1951—64 92.9
1952 79.4 1952—563  86.8 1952—54 5.6
1953 84.4 1963—54  91.8
1954 5.4

Avg. 80.9 Avg. 86.2 AvE. 38-6 AvE, g1.4

The curve of total numbers of both Insectivora and Rodentia (Fig. 18)
is more complicated than those of dominants (Fig. 19). For instance, the
overall decrease in numbers of Insectivore in 1955 is not evident in S.
araneus similarly, decrease in total numbers of Rodentia in 1951 is not
the result of any great changes in the numbers 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 Insectivore
and Rodentia treated jointly.

As the result of different patterns of fluetuation in the numbers of
the various components of the communities, the similarity of the Micro-
mammalia comunity also varies from year to year (Fig. 20). The least
similarity occurs between years in which the percentages of the differ-
ent elements in the community (species) or of groups of elements (Insec-
tivora and Rodentia) differ considerably from each other. At one extreme
in the diagram there are years with marked prodominance of insectivores
over rodents and, at the other extreme, years with far smaller predo-
minance. The order of years on the diagram corresponds to the decreasing
role of the Insectivora, except that when comparing the community all
elements of the community were taken into consideration. Hence the
order of the years has two exceptions to the curve of decrease in the

N I n Ha i vilf %

300 1

200 B Oiher
i Insectivera

i o
S .groneus

00

B fodenfio
200 1

Fig. 21. Trapping dynamies of mammals in 10 biotopes for period 1947—1954.

role of Insectivora (1948 and 1953). The longer the analysis period the
more correct the definition of the physionomy and structure of the com-
munity, with the variations given above (Table 13).

5.4. Variations in Captures of Micromammalia and the character of fluctuations
found in Insectivore and Rodentia

During the study period analysed investigation was made of the trapp-
ing dynamiecs of Micromammalia in all biotopes (Fig. 21). In addition to
the combined numbers of Insectivora and Rodentie the trapping values
for the two dominants (S, araneus and C. glareolus) were also given. It



500 W. Aulak

is clear from the diagrams that the direction taken by variations in
numbers in forest biotopes was uniform. The peak year during the period
1947—1949 was 1948. Cnly the numbers of Insectivora in Tilio-Carpine-
tum typicum (V) were greater in 1949 than in 1948. For Rodentie, 1949
was a year of low numbers in all the bictopes. There was continued de-
crease in the numbers of Insectivora in biotopes I and II in 1950. In bio-
tope VI, on the other hand, only the dominant species exhibited decrease,
while the other species of Imsectivore increased their numbers slightly.
There was also increase in the numbers of Rodentia caught in all there
biotopes in 1950. In the non-forest biotopes (VIII and IX) relations fol-
iowed a slightly different pattern, and depend to a great extent on the

Table 14.
Yearly variations in numbers of small mammals in forest biotopes (I—VII),

Species 1947 1948 1949
S. araneus 873 1936 1447
S. caecutiens 22 42 30
S. minutus 249 662 266
N. fodiens 21 T4 75
N. anomalus — B 6
Insectivora 1165 2719 1824
A, flavicollis 44 132 35
M. minutus 18 2 32
A. terrestris — 1 1
M, agrestis 98 207 19
M. arvalis ae 15 28
M. ceconomus 26 19 8
P. subterraneus 136 169 150
C. glareolus 249 901 99
S. betulina 87 Tl 137
Rodentia T08 1547 509
Micromammalia 1873 4266 2333

water level in the nearby river. It may be seen from the diagram that on
such a small area as the BNP changes in numbers cccurred in paralled
in all biotopes except Tilio-Carpinetum typicum (V). Factors thus existed
which, by acting synchronously throughout a small area, caused similar
changes in the various biotopes.

Of Insectivora only N. fodiens. which prefers moist biotopes, did not
exhibit a decrease in numbers in 1949. In Rodentia, on the other hand,
only M. arvalis and S. betuline were trapped in lower numbers in 1948
(Table 14). M. arvalis is not a constant component of natural forest com-
munities and probably the large numbers of the other rodents in 1948
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exerted some sort of ecological pressure on it. S. betulina differs so
greatly with respect to its biology from the other rodents (K ubilk, 1952)
that comparison of quantitative variations is difficult. The quantitative
relations before the peak period and after this period are characteristic
when compared with numbers during the peak period (Table 14). With
Insectivore the quantitative state after the peak period is higher than
before it. The decrease in numbers is therefore slight. With rodents the
opposite is the case. After the peak, numbers are far smaller 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).

. Insectivora Rodentia Micromammalia
 Biotope 1947 1949 1947 1949 1947 1949
1X — 2.55 — 1.34 - 2.04
VI - 97 — 1.21 — 1.03
VII 26 44 .64 .60 37 49
v 26 17 .28 .18 27 17
I 42 9 29 18 36 63
1 60 3 56 20 59 59
11 52 70 83 .18 59 59
IIla .35 46 48 28 .38 83
VI .53 a1 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 Abiotic and Biotic Factors on Qualitative Variations
in the Communities

An attempt has been made to correlate variations in certain habitat
factors with variations in the numbers of small mammals from the long-
-term viewpoint (Table 17, Fig. 12). Particular attention was paid to
variations in precipitation, winter air temperature and thickness of the
snow cover. In can be seen (Figs. 18—19, 21) that it is impossible to ex-
tract any simple relation, between variation in amount of precipitation
over a period of several years and the quantitative dynamics of small
mammals.

The winter period was characterized by air temperature and snow
conditions. If comparison is made of the winter conditions with variations
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Fig. 22. Variations in some meteorological parameters for period 19481955,

— Annual precipitation (YR), seasonal precipitation (SR) in spring (Sp), summer (Su) and autumn (4) in mm and number
of days with precipitation > 1 mm (DR) in different seasons.

— Temperature (T) mont