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The strategy of habitat utilization in the Bialowieia Primeval Forest
was analysed for mized groups of bison, which included marked in-
dividuals, in the period without snow cover over 1977—1982. In addition
to the groups of bulls, which are not analysed in this paper, the basic
structural unit is a mixed group. The optimal group size in a forest
habitat is about 20 individuals. The size and composition of mixed
groups are variable, The longest periods of group stability were recorded
in April and May, and the shortest in July. Changes in groups result
from behavioral factors (rut, calving) and other factors such as sharing
an area, encounters of groups, and exchange of individuals. The mother-
calf relationships are terminated at an age of 2—3 years. Aduli cows
are most stable elements of the group, whereas young bulls are the
most variable elements of it. The spatial structure of mixed groups
in periods without snow cover is influenced by relationships developed
in two large winter aggregations. Groups formed from different aggre-
gations occupy separate, relatively stable ranges. Single group occupies
an area 470017202 ha from April to October. The range of a group
varies over the season, and individual groups do not show territorial
behavior. Mean monthly range size of a group is 21001885.7 ha. It is
small in April and the largest in May, stable in July, and decreasing
until autumn before winter aggregations are formed. The main factor
determining movements through the forest is searching for preferred
foraging areas. In May, bison covered the longest distances — up to
11,750 m during 24 hours, but the mean distance over the season was
2034+1475.8 m, The shortest distance was noted in July (140 m). The
main habitats of bison consist of fresh and moist deciduous forests and
mixed coniferous forests (80%o of observations). The utilization of biotopes
varied with the season. In spring, deciduous forests were preferred,
in summer, mixed coniferous forests and again deciduous forests in
autumn, together with mixed deciduous forests. Among age classes of
the forest, bison prefer treestands more then 20 years old {(72% of
observations), then clearcuts, meadows and forest plantations up to ten
vears old (23%). They move to the patches where the vegetation of the
herb layer is at the peak of growth, and they return to the same place
after several or a dozen or so days. Thus they do not overgraze the
vegetation, and the herb layer can regenerate.

[Mammals Res. Inst., Polish Academy of Sciences, 17-230 Bialowieza
(M. K., K. C-R)) and Biatowieza National Park, 17-230 Bialowieza
(Z. A, K), Poland]

Niniejsza praca byla wykonana w ramach problemu MR II 19 koordynowanegu
przez SGGW-AR w Warszawie.
[147)
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1. INTRODUCTION

The European bison population in the Bialowieia Forest is a result
of a successful introduction of animals bred in enclosure, from which the
first individuals were released in 1952, The early period of the develop-
ment of the Bialowieza herd is described in detail by Krasinski (1967, 1983).
After 20 years of the life in the wild, this population reached the age
structure and sex ratio similar to natural, and it consisted of more than
200 individuals (Krasinski, 1978). Since 1971, the size of the herd is
controlled by removing about 10% of the bison from different age classes
of the two sexes each year. These eliminations stabilize the population
size at a level of about 210—250 individuals (beyond the calving season),
without disturbing significantly the sex ratio and age structure.

Free-living hison colonizing the Bialowieza Forest showed a high degree
of habitat preference (Krasifiski, 1978), and they used different forest
types in accordance with their species-specific requirements. In the an-
nual activity cycle of bison, two different periods can be distinguished:

1. Period of winter aggregation, lasting from the establishment cf
snow cover, throughout winter, until snow melting (from mid-November
to mid-April). In this period, the animals use hay for 163 days on the
average (Krasinski, 1978). Hay is supplied in ricks at ten points (Fig. 1).
During this time, two big winter aggregations are formed, one compri-
sing about 60 individuals, and the other about 100 individuals, mostly
calves, cows, and young animals, and few adult bulls. They stay at twao
feeding sites located about 4 km apart (fcrest compartments 391 and 422
Fig. 1). The other feeding sites (Fig. 1} are utilized mostly by bulls in
different ages, forming 5—8 aggregations made up of several to a dozen
or so individuals, each. In addition, small mixed groups can be encoun-
tered at those feeding sites, but rarely and only at the beginning of
winter. The provision of additional food in winter practically eliminates
the critical period for the population and has some effect on its structure,
especially on the spatial structure. It also largely reduces the utilization
of natural food supply by bison in winter,

2. Period without snow cover, lasting from early spring to late autumn,
that is, generally covering the growing season. In this period bison form
structured herds and depend on natural food resgurces of the forest.
When the snow cover disappeared, winter aggregations of bison split
into smaller groups of two types: mixed groups and bull groups. The
mixed groups consist of adult cows, calves, young of the two sexes, and,
in scme periods, adult bulls. In 90% of these groups, the number of
individuals is up to 20. The groups of bulls, most frequently comprising
voung individuals 4—6 years old, consist of two individuals, on the ay-
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F:g. 1. Ranges of mixed groups of bison from two winter aggregations in western
part of the Bialowieza Forest. The study area is delimited by the thick line,
Triangles denote the sites of supplying additional food for bison in winter in
ferest compartments 390, 391 and 422, Closed circles denote site of supplying ad-
ditional food for bulls. Note some overlapping of ranges of the two winter aggre-
gations.
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erage. Adult bulls occurred singly in this period in about 50% of obser-
vations (Krasinski, 1978). Thus, only during the growing season the
conditions in the forest enhance the restoration of natural features of
the gregarious behavior of bison.

The earlier studies on the bison population in the Bialowieza Forest
concerned the structure and dynamics of the population (Krasinski, 1978),
reproduction (Krasinski & Raczynski, 1967), and behavior in winter
aggregations {Cabon-Raczynska et al., 1983).

Since 1976, a new stage of the study of bison has been realized, based
on direct observations of groups and marked individuals. These cbser-
vations are focused on the sizes of ranges occupied by mixed groups,
the way of utilizing different biotopes, changes in the size and composi-
tion of groups, habitat preferences, and utilization of food resources in
the forest. The present paper analyses the results of this study.

2. MATERIAL AND METHODS

The study was carried out in western part of the Bialowieza Primeval Forest,
on an area of about 7 thousand hectares (Fig. 1), mostly belonging to the Forest
Inspectorate Bialowieza, and in part (909 ha) to the Forest Inspectorate Hajnowka.
The study area comprised following forest types: mixed coniferous forest (MCF) —
38%, mixed deciduous forest {(MDF) -— 9.9%, fresh deciduous forest (FDF) —
16%, moist deciduous forest (MoDF) — 13%, ash-alderwood (Aa) — 10.2%, alder-
wood (A) — 4.9%, moist mixed coniferous ‘forest (MoMCF) — 0.1%, hoggy co-
niferous forest (BCF) — 0.3%, meadows — 0.5%, and special areas enriching food
supply for animals -—— 0.8%. Deciduous forests are formed by the oak (Quercus
robur), the linden (Tilie cordata), the maple (Acer platanocides) and the hornbeam
{Carpinus betulus). Coniferous forests are dominated by the spruce (Picea abies)
and the pine (Pinus silvestris).

The study was carried out in the period without snow cover, since the time
when bison stopped using winter feeding sites early in April until they returned
to these sites at the end of October. Observations focused on the bison originating
from one winter aggregation (in forest compartment 422), averaging 6¢ (55—%65
individuals), of which 25 individuals were either marked, or individually recognized
by their characteristic features. Direct observations of mixed groups were
conducted daily early in the morning and oceasionally in the evening. Each
encounter of a group or a single animal was a unit “observation”. The number
of animals and the composition of groups were noted, and the form of activity was
recorded (foraging, resting, moving without foraging). Each encounter was located
(forest compartment), the age-class of the tree stand was defermined (plantation,
thicket, stand more than 20 years old) along with the forest type, and the route
followed by bisen was described. The presence of an observer usually did not
disturb the behavior and activity of bison (except for the first moment of the
encounter), All pieces of information were stored on observation cards. The routes
were mapped on a grid with a square side of 1066 m {a verst), to the nearest
one-fourth of the forest compartment. In the cases when it was not possible to
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follow a group for successive days, its route was drawn from the tracks. The
range of the group was determined each month from monthly routes,

Over 5 years, 1181 observations of mixed groups were made. The sizes of their
home ranges, the rate of forest searching, and the changes in the composition and
size of the group were examined. The group was identified by the permanent
presence of the same marked individual. The group “Babula” was observed for
five years, group No. 10 for three successive years, group “Pocieszna” for two
yvears, whereas four other groups were observed for only one season. In each year,
two groups were observed concurrently, and in 1980 three groups. To analyse the
habitat preference in bisons, all field observations from 19771982 were used
(n=2052). In 1980—1982, a detailed analysis of habitat preference was made in
the following age classes of the stand: clearcuts and plantations up to ten years
old, thickets up to 20 years oid, and forest more than 20 years old. The total
number of such observations was 1209.

Relationships among group members were examined from the co-occurrence of
marked individuals in groups coming from the common winter aggregation. This
is represented in the form of diagrams (see Section 3.2.). At least 30 observations
of co-occurrence per year were considered as a threshold value for a strong
association among individual animals, The climatic data used in this paper come
from the meteorological station located in the BialowieZza Forest, in central part
of Bialowieza Glade.

3. CHANGES IN THE NUMBER OF INDIVIDUALS AND COMPOSITION OF
MIXED GROUPS, AND ASSOCIATION AMONG BISON

3.1, Compesifion and Size of the Mixed Groups

The composition and size of mixed groups varied over the period
without snow cover (Fig. 2, Tah. 1). The structure of the group was
stable after its formation in early spring (April-May). This stability was
ended at the onset of calving, that is, usually in mid-May. At that time,
adult bulls rarely occurred in mixed groups (see Figs. 2.1 and 2.2).
Encounter and fusion of different groups were also rare (6% of all the
ohservations). During the calving period, which usually extends from
mid-May to the end of June, frequent changes and rearrangements
cccurred in the composition of groups (Fig. 2). At that time, frequent
encounters of groups were noted (39% of fusions observed). Newborn
calves appeared. At the same time, the proportion of cows varied because
of their behavior during calving (some cows left the herd for calving,
other cows joined the herd with their calves). Changes concerned also
the number of individuals of other categories, which resulted in sudden
changes in the group size, -

In July, when the number of calvings drepped, there was a short but
distinct period of relative stability of groups prior to the rutting season
each year. First bulls joined the groups, which could take part in repro-
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Table 1

Composition of mixed groups of hison in 1977—1980.
(X — mean value, SD — standard deviation, CV — coefficient of

variation, O.R, — observed range)

Name or Young Cows Bulls Size of
number Year N!? Calves mixed
of group 2—3yrs —=4yrs =4 yrs groups?

Babula 1977 61 F 2.2 4.2 3.5 1.5 13.4

SD 1.7 3.4 3.2 1.2 6.6

Ccv 129.4 80.9 58.2 80.0 49.2

O.R. 0—17 1—19 1—13 0—5 3—44

Babula 1878 173 x 0.8 8.2 5.2 0.9 15.1

SD 0.8 4.2 2.1 1.0 6.0

Ccv 100.0 31.8 40.4 111.1 38.7
O.R. 0—3 1—18 2—10 0—4 3—25

Babula 1979 81 X 2.2 5.6 4.9 15 14.2
SD 2.0 3.7 2.3 11 7.1
cv 30.1 67.3 46.9 78.6 50.1

OR, 0—7 1—17 2—12 0—6 i-30

No. 10 1979 99 % 2.0 10.6 43 12 18.7
SD 2.0 44 2.2 11 44

Cv . 995 41,5 +4.9 91.7 23.5

OR. 0—-21 2—18 2—13  0-3 431

No. 10 1980 51 x 31 6.0 7.9 1.4 18.4
5D 1.9 3.8 2.5 1.3 7.2
cv 613 63.3 316 92.8 39.1
OR. 0—6 2—12  2—17 0—5 4--31
Pocieszna 1978 35 T 0.5 108 6.5 0.6 18.4
SD 0.9 5.4 3.0 1.1 8.3
cv 180.0 50.0 46.9 183.3 45.1
OQR. 0—2 4-—22 2—10 0—4 7—32
No. 2 1980 87 r 0.9 7.3 5.3 04 13.9
SD 1.2 3.0 2.4 0.7 52
cv 1333 41.7 46.1 175.0 37.4
O.R. 0—3 2—16  4—17 0—3 9—31 -
No. 17 1980 110 x 26 5.6 1.6 1.6 174
SD 21 2.9 2.7 1.8 1.5
cv 80.8 51.8 355 106.7 43.1
O.R. 0—6 i—12 317 0—4 630
Explanations: ! — number of observations ol a group per year; * —

only for the groups with known structure (to calculate the mean group
size cited in the text (17.4) all data were used and not only those
tabulated).
duction. Encounters and fusions of groups occurred less frequently than
in the calving period (11% of fusions observed).

The rutting season (August-September) was characterized by a large
variability in the size and compesition of groups. The number of bulls,
which were very mobile at that time, was variable. Also the fusion of
groups was intensified (36% of observations of the fusions) as a result
of their concentration in specific habitats (see Section 6).

The period of autumn stability coincided with the termination of the
rut, usually at the end of September and in October (Figs. 2.6—2.8).
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Like ia spring, fusions of groups were rare (8% of the fusions). This
period was terminated ‘when the bison approached feeding sites and
large winter aggregations were being formed.

[f we compare the average structure of a group over the season
without snow cover (Table 1), we will see a large variability. The group
“Babula”, which was followed for three successive years, differed in its
composition. The proportion of calves in this group was significantly
higher in 1977 than in 1978 (p<{0.001), whereas no difference occurred
between the two following years. The proportion of the young showed
a significant differences in three years (1977 and 1978: ‘p<0.001, 1977
and 1979: 0.05<<p<(0.02; Student t-test). The proportion of bulls was
significantly higher in 1978 than in the two other years (0.01<p<C0.005).
Only the number of cows was similar in this group for three years
{Table 1).

In group No. 10, which was observed for two years, the proportion
of calves differed significantly (0.005<Cp<70.002), and even more so for
the young and cows (p<C0.001). But the proportion of bulls in this group
was similar in the two years,

The differences between groups in the same season were significant
also. In 1978, groups “Pocieszna” and “Babula” were observed, and dif-
ferences occurred in the proportion of calves (0.05<{p<C0.02), and the
young and cows (0.005<Cp<(0.002), only the proportion of bulls being
similar in these two groups. In 1979, a highly significant difference
(p<<0.001) was observed between groups No. 10 and “Babula” in the
proportion of the young, whereas the proportions of the other compo-
_nents were similar. In 1980, three groups were observed (No. 10, 2, and
17), and no differences were found in the composition of groups No.
10 and 17, whereas in group No. 2 the proportions of calves, cows, and
bulls were much lower (p<({0.001), and the proportion of the young was
much higher than in the other groups (0.05<p<C0.02 in comparison with
group No. 10, and 0.01<<p<{0.005 in comparison with group No. 17)
(Table 1).

A comparison of the structure of eight groups for several years re-
vealed the highest variation in the proportion of calves (CV=61.3—180.0)
and bulls (CV=80—183.3), then the young (CV=415—80.9). The pro-
pertion of cows also largely varied but within a smaller range (CV=
=135.5—58.2).

Changes in the composition of groups were coupled with changes in
the group size. The latter are expressed as the time of duration of a
group in unchanged composition (Table 2). The longest duration of a
mixed group was observed in early spring, over the period April-May,
when the mean time of group duration was 16.7 (3—32) days, and it
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Fig. 2. Number of individuals (A) and composition (B) of mixed groups of bison.

Group composition is expressed as percentage of the following categories of sex

and age: (1) cows more than 4 years old, (2) bulls more than 4 years old, (3} young
bisons 2—3 years old, (4) current-years calves. Continued on pp. 156—157.
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Table 2

Stability of the size of mixed groups of bison in the period without

snow cover. Mean values for 8 groups in 1977—1980,

Number of Time (min—max) Mean time

Season - individuals of group stability of group
in group (days) stability

(days)yESD
April—May 6—27 3—32 16.7£10.3
June—July 6—49 2—11 5.0+ 3.0
August—October 3—30 2—-64 8.0x12.5

was much longer than in the period of calving (p<<0.001) and rut (0.02<<
p<<0.01). No correlation was found between the size of a group and
its duration in unchanged composition.

For groups identified on the basis of the same marked individual, no
significant difference in the mean group size were found over several
years. But if we compare different groups in the same season, then in
1978 the size of group “Pocieszna” significantly differed from the size
of group “Babula” (0.05<p<(0.02). In 1979 also the group “Babula” and

50

1976 1978

Fig. 3. Number of individuals (A} and composition (B) of the winter aggregation

in forest compartment 422. For explanations see Fig. 2.
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group No. 10 significantly differed in size (p<<0.001). In 1980, group
No. 2 was significantly smaller than the other groups, which did not
differ from each other (Table 1).

Thus, in the period without snow cover the size and struciure of the
group showed large variation (C'V =23.5—50), whereas in winter variation
in aggregation size was insignificant (Fig. 3). No pattern of changes in
the group size and structure was discerned, except for the seasonal ap-
pearance of newborn calves and bulls during the rut season.

A mean four-year group size was 17.4 (3—49) individuals. The largest
groups were observed in June (X=19.7). They were also most variable.
The smallest variation was noted in July (§D=35), which is consistent
with the earlier described relative stability of groups (Fig. 4).

N

204 |.
40~ + Max.
30
»50
20+
Avg.
104
-5D
<
" Min
0
I Apr. I Moy I Juna I July l Aug. I Sept. ] Oct.

Fig. 4. Mean number of individuals {N) in a mixed group in 18771880,

3.2. Co-occurrence of Individuals in Groups

The co-occurrence of marked individuals in groups was observed
during four successive years. In this period they changed age classes.
In 1978, a total of 14 individuals were identified (11 were marked, 3 with
individual features). They accounted for 25% of the winter aggregation
size. The analysis of data (Fig. 5) shows the following directions of
changes: In the first year of observations, nine individuals were frequent-
ly observed together (see Section 2, methods) — 4 cows, 3 heifers two
years old, and 2 bulls two years old (Fig. 5.1). In the following year
(1979), seven individuals frequently co-occurred, and they included only
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five individuals from the preceding year (Fig. 5.2}. In 1881 none of
the primarily co-occurring individuals was in the group of frequently
co-occurring animals. This imples that changes in association among
individual animals can depend on:

1) Disappearance of the mother-calf relationships at an age of 2—3

[]
Li.
. 1]
il
I
t.




Habitat utilization by European bison 161

3.1980

diw |12l 0joefotojololofojofo;c|O|D
dad |60 e|o|oflojciojOq0 0
dad [B|s|s(5|6|5[3fl0|6|0]|0
Ped |Pol3 (712|013 |5 [3]|0]7!1}1
Cad. [13[3 13|03 |6 2|7 |14
gad. | 2|13]4 ' 7|6 |4 |2110]1
dod. | 8|18 15?15 16|7(9]0
gac [9]9 |6 3[12]3]2 (]
dad | 11{22(20' 21|13 |4
? ad. Ba:31__2£2_9 18 |
Qad. |4 [51|56[38 D|:||:||:| []
. ad URI58 45 I'ﬂI][]]];__.D a1
vod [10/se| |REEMIDM |01 {H](]
eod (3] HINMEIR LM [0

3[10UR/ 4 Bal1!19|8]2|13|Po|5]|6[12

4.1981

deaf12[ 00l o olo_j_p___aﬂo'o,'o_lu oo
ded|6]0 0loj00 0|0 ,g,g“,,ll,o{" 0
o'aa11500010001030
Jod | B syio—nu_st 1]2]ololo
dad |B}5(2 3|5 111]|a|2 2
9o [Po 7|7 f.llp‘}zl!{"aﬂz L ’
o0 [4]10°7 9 56,0 2] | | T_‘
?ud.Ba20:7T4i6!5 0 JI,A,
oad. [9]68 11174 |
fad [10[15/7 173 ol
Yod JUR18 |21 (15 i .
god 13|15 16| {[] :|:|%I 1o
2ad. 1 212« (O ID1 ; [ 1
v (3 OO0, WO | |

312[13UR10/91Bal 4|Poj 5] 8] 1]6[12

Fig. 5. Co-occurrence of marked individuals. Figures in the left part of the diagram

denote the frequency of co-occurrence. The right part represents the same in

graphical form, using & seven-degree scale of co-occurrence. Other symbols are

as follows: juvy — young 2—3 years old; ad — adult animals, older than 4 years;

cal — calves up to one year old; Ba — “Babula”, adult female name; Po —

“Pocieszna”, adult female name; UR — adult female; other numerals are identifica-
tion number of individual animals.
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years. For example, cow 10, the daughter of “Babula”, at an age of feur
years was occasionally in the mother group. Bull 12, the son of "Po-
cieszna", already in the second year of life occurred in another group
than his mother, which is a rare event, and at an age of two years he
lost the contact with his mother group.

2} Gain or loss of leadership in the group. The loss of leadership may
be a result, among other things, of the aging of a cow, as it was the
case of “Babula”, known to be the leader for many years. Since an age
of 21 years this cow did not give birth for two successive years (1981
and 1982), At that time she lived mostly alone on a small home range.
But at an age of 23 years she gave birth to a calf and raised it. At that
time she was again observed in mixed groups but her leadership was no
more clear cut. In 1981, adult cows 2, 10, and UR became leaders in
different groups. .

3) The effect of age on the presence of bulls in mixed groups Over
the whole growing season, 2-—3-year-old bulls were -encountered in
mixed groups in about 97% of the observations. The proportion of bulls
more than 4 years old decreased in mixed groups and increased in the
groups of bulls in the non-rutting period.

3.3. Group as a Struectural Unit in Bison Population

The preceding sections analysed factors determining changes in the
composition of mixed groups, which were related to seasonal changes
in the biology of the species (calving and rutting perieds) and to struc-
tural changes in the population {maturation, changes in social rank of
individual animals). Despite these changes, the group remained a per-
manent structural unit of the bison population.

Taking group No. 10 as an example, the proportion of marked indi-
viduals was analysed in three successive years (Fig. 6). It has been found
that the most stable components of the group were adult cows (2, 3, 4,
9, 10, 13, UR, Pocieszna, Babula), who occurred in this group in suc-
cessive years, though in variable combinations. This implies that the an-
nual restoration of groups after the peried of winter aggregation is not
a process in which individuals join each other at random. Some persist-
‘ent associations are likely to be involved here, with adult cows being
the core of the developing group. Two adult bulls (1 and 5) were less
often present in the group. Bull 5 more frequently in 1979, whereas
bull 1 in 1980, Two young bulls (6 and 12) also rarely appeared in the
group only in the first two years, and as adults, in 1980, also rarely.
Amoug heifers, 9 and 13 occurred more frequently in the group in the
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second year of observation, and heifer 3 appeared more frequently in
the first year and in the third year (already as adult). As already noted,
statistically significant differences occurred in the structure of group
No. 10, concerning the proportions of calves, young, and cows in suc-
cessive years (Table 1).

In the period without snow cover, frequent changes were observed in
groups. They included exchange of individuals during encounters of
2—3 groups foraging in the same area. On such occasions, one common
group, formed temporarily, can be maintained for 1—3 days (47, 49
individuals, see Figs. 3.2 and 3.6). Then such a group splits into 2—3
smaller groups diffeting in their composition from the original groups.

e
1084

B ore I 1979 BN 1980

Fig. 8. Frequency of occurrence (as percentage of all observations N=275) of marked
individuals in group No, 10 in 1978—1980. The animals are arranged according
to their frequency of occurrence in this group in 1978.

During four years of continuous observations of groups (n=1181) 95
encounters were recorded. Their number could even be higher as 2—3
groups foraging in one forest compartment (ca 100 ha) were frequently
noted.

Another occasion for an exchange of individuals oceurs when a cow
with a calf join an “alien” group. In the rutting period, adult bulls joia
groups, accounting for changes in their composition. During spontaneous
mixing of groups and exchange of their members no aggression against
newcomers was observed.

To sum up, we can state that mixed groups, in addition to groups cf
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bulls not analysed in this paper, are the natural form of the occurrence
of bison populations in the period without snow cover. The group is
characterized by its size and structure. Both these parameters largely
vary, depending among other things on the rhythm of seasonal biologi-
cal processes {calving and rutting periods) and other factors such as the
overlap of home ranges, frequent encounters of groups, and exchange of
group members. The least persistent associations exist among the young.
They are maintained at most for one season. Young bulls most frequently
change groups. Groups are restored year after year, usually arcund
adult cows aggregated at the leader cow.

4. SEASONAL CHANGES IN HOME RANGES OF MIXED GROUPS

The mixed groups originating from one winter aggregation under study
occupied an area of about 6180 ha (Fig. 1). Home ranges of individual
mixed groups largely overlapped, as the mean area searched by a single
group in the peried without snow cover was 4700% 720 ha (4600—5600
ha). A mean monthly home range of a group was 2100+ 886 ha. The size
of a searched area varied from season to season. In April, at the begin-
ning of the growing season, and at the end of October, group home
ranges had smallest sizes {Table 3). The largest mean home ranges were
established in May (2802 ha), and the difference was statistically sig-
nificant as compared with the other months (0.05<p<C0.02). The home
ranges occupied in other months from April toe October did not show
statistically significant differences in their sizes. Home ranges of indi-
vidual groups showed some differences in each month, resulting in a
rather high CV of the mean group home range (24.5—63.4).

This observed variation in the group home range was confirmed by
the data on searching distance measured by average daily routes (Table
3). The average daily route covered by group over the period without
snow cover for 4 study years was 2034 mt 1476, The lowest value was
noted in August, 1977, when the group moved only 140 m a day, and
the highest one in May, 1980, amounting to 11,750 m, Mean values varied
in different months, but significant differences occurred only in May,
when the mean value was 2438 m a day (0.002<p<Z0.001, except for
June; Tab. 3). Penetration distances of different groups were variable,
the average monthly CV reaching 60.3—79.9 (Table 3). Presumably move-
ments of groups change with phenclogical cycles in vegetation growth.
Monthly series provide only an approximate picture of changes in the
intensity of movements (see similar values of the range of movements
in May and June, Table 3).
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Seasonal variation in the range of movementis of mixed groups is
shown in Figure 7. In April, these groups remained in a small area, close
to the feeding site, and their home ranges largely overlaped (Fig. 7.1).
Individual differences in the size of home ranges of particular groups
were observed. In May, as already noted, the groups searched larger
areas, and the size of group home range was least variable (CV =245,
Table 3). In May groups were also widely dispersed. They moved almost
over the whole study area at that time (Figs. 7.2 and 7.3). For example,
in May 1978 two groups started their penetration in distant, isolated
parts of forest but in the end of May they were foraging on common area
and their ranges overlapped (Fig. 8). In May, 1980, four groups were
observed concurrently, They also first searched distinct parts of the
forest, and only in the third ten-day period of May their home ranges
overlapped.

Table 3

Mean monthly home ranges (in ha) and mean daily movements of mixed
groups (in m).

No. of No. of Home range, ha Daily routes, m
Month groups observa-
observed tions x SD Ccv x SD Ccv
April 6 71 1460 825 63.4 1673 1336 79.9
May 9 156 2802 687 245 2438 1921 78.8
June 10 150 1881 761 40.4 2268 1469 648
July 4 46 2045 542 26.5 1933 1385 71.2
August 8 137 2101 554 26.4 2000 1250 §2.5
September 3] 120 1742 965 55.4 1603 967 60.3
October 4 53 1363 668 490 1725 1189 689

In June, the groups moved toward the central part of the study area,
and the size of their home ranges declined. There were individual dif-
ferences in home range size among different groups in June of the same
year and also from year to year ({CV=404), and home ranges largely
overlapped (Fig. 7.4).

In July groups remained approximately in the same area as in June,
and their home ranges largely overlapped.

In Augusts of all the study years, the groups concentrated in northern
part of the study area, and their home ranges overlapped almost totally,
for example, in August of 1979, when two groups were observed con-
currently (Fig. 7.6) or in August of 1980, when four groups were obser-
ved. The sizes of home ranges of different groups in August were similar
within year and different between years.

In September, like in August, the mixed groups concentrated in north-
ern part of the study area. The size of September home ranges largely

varied from year to year (CV=055.4), and they largely overlapped (Figs.
7.8 and 7.9).



Fig. 7. Spatial distribution of mixed groups in the study
area in different months. From one to four groups were
observed in the same compartments, thus, one-fourth of
forest compartment area corresponds to the presence of one
group in a given compartment, The number of observations
of a group in the same compartment ranged from 1 to 10.
The maps are selected from the complete set of records
and the months with a large number of observation are
presenfed. If there were differences among the same months
in different years, all these maps are shown, and if not,
one map with the highest number of observations is shown,
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It follows from this that the size of group home ranges and the range
of group movements vary in different periods of the growing season and
from year to year, this being most probably related to variation in the
habitat quality in terms of food, which depends on variable climatic
factors.

Movements of bison groups are mostly related with foraging activity,
except for specific cases such as movements of bulls in the rutting period.
Examples of foraging movements of mixed groups are shown in Fi-
gure 8. The routes of movements indicate a rotative character of habitat
utilization. The utilization of small preferred patches of the forest, cover-
ing 100—200 ha, takes at most 7—I10 days. Groups returned to the
same grazing sites after several to a dozen or so days. The mean time

-
.

367

31 ra]l'gum:h

GLADE
_____ . \
; 475
=

P T
I

Fig. 8. Routes of movements of two mixed groups, “Babula” and “Pocieszna™ in
May of 1978.
Symbols: filled triangle — beginning of the route, asterisk — end of the route,
arrow — direction of movement, continuous line — route of the group “Babula”,
broken line — route of the group “Pocieszna”, thick line — common route of the
two groups. Figures denote days of the month.
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of the return of a group to the same site was 6.6 days, ranging from 2
to 28 days. The most frequent returns were noted in July (4.4 days),
then in May and June (5.7 and 5.4 days, respectively), and least frequent
ia April, August, and September (7.2, 7.7, and 11.3 days, respectively).

Figure 10 shows a comparison of home ranges of a group with the
same leading cow in corresponding months of different years. Fer
exampie, group “Babula” moved in Junes of the four study years over
similar parts of the forest, located in the centre of the study area. In
1979 and 1980, the home range of this group was larger than in the other
years. In Augusts of the four study years the same group moved in
northern part of the study area, and its home range was larger in 1979
and 1980 than in 1977 and 1978. Groups with another marked cow (No.
10} in Augusts of the four successive years returned to the northern part
of the study area, and the home range was larger only in 1981. For
several years in September, groups led by the same marked cow also
moved in a similarly located part of the forest. In 1979, the home range
was clearly larger than in other years and it also included the central
part of the study area. These examples show that in the same seasons
of successive years, home ranges overlapped, and the area of the overlap
accounted for about 50% of the searched area. Differences in the size of
home ranges in the same seasons were most probably related to the
available food supply.

5. HABITAT PREFERENCE

5.1, Utilization of Forest Habitats by Bison

The area occupied by the mixed groups of bison under study represen-
ted a mosaic of forest biotopes. Figure 11 shows a distribution of basic
forest types accounting for at least 50% of forest compartments. This
claskification takes into account first of all the habitats preferred by
bison, and the whole forest compartments are characterized on the basis
of the dominance of the following forest types: deciduous forest {DF}
(fresh deciduous forest (FDF) and moist mixed deciduous forest (MoMDF)
together), mixed coniferous forest (MCF), mixed deciduous forest (MDF),
alderwoods (Al) (ash-alderwood (Aa) and alderwood (A)). Other forest
types, in which bison were occasionally encountered, or they only moved
through these forests, are neglected. Such biotopes not visited by bisons
include fresh coniferous forest (FCF), moist mixed coniferous forest
(MoMCF), and boggy coniferous forest (BCF), The proportion of these
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biotopes in the study area was small. The most extensive forest types
were the mixed coniferous forest and deciduous forest (see Section 2,
Material and methods).

Habitat preference in bison was measured by the frequency of obser-
vation of mixed groups in particular forest types (Table 4). In all the
study years, the frequency of bison observation in FDF was similar.
One-third of all observations took place there (31.2—37.2). The fresh
deciduous and moist deciduous forests were considered fogether because
of their similarity in terms of the vegetation and the common time of
utilization of these forest types by bison. It turned out that DF dominated
among the forest habitats utilized by bison. The next forest type with

Table 4

Frequency of observation (%) of mixed groups in different forest types
of Bialowieia Forest. Abbreviations: MCF — Mixed coniferous forest, FDF —
fresh deciduous forest, MDF — mixed deciduous forest, MoDF — muoist
deciduous forest, Aa — ash alderwood, A — aldarwood, Me — meadows,
FCF — fresh coniferous forest, MoMCF — moist mixed coniferous forest.

Years N MCF FDF MDF MoDF Aa A Me FCF MoMCF
1977 145 40.7 372 83 5.5 3.4 2.7 0.8 0.7 0.7
1978 244 414 31.6 12.3 111 2.0 0.8 — 0.8 —
1979 166 33.7 319 14.4 15.1 3.0 0.6 — 1.3 —
1980 219 411 34.2 8.7 9.6 4.5 0.5 —_ 14 —
1981 249 42.6 33.3 9.6 8.0 4.5 0.8 — 1.2 —
1982 186 40.9 31.2 16.7 5.4 3.8 1.6 — 0.4 —
Avg. 1209 404 30 11.6 9.2 3.6 1.0 0.1 1.0 0.1

a similar preference was MCF. The percentage index of the presence
of bison in MCF showed little year-to-year variation (33.7--42.6). Both
these biotopes (DF and MCF) accounted for more than 80% of the area
utilized by bison. Among the other habitats only the mixed deciduous
forest was used in quite a large percentage (8—17). As this forest covered
a small proportion of the study area, this indicates that it was highly
preferred. The observations of bisons in the other forest types, except
in alderwoods, usually did not exceed 1% of all the observations, so
they are of little importance for bison living under natural conditions.

The distribution of bisen was closely related to the spatial distribution
of the preferred forest types within the home range of a group. The
spatial distribution of all observations of bisons in the study period
(Fig. 12) was similar to the distribution of DF and MCF (see Fig. 11).
As it was expected that the frequency of observation of bisons in dif-
ferent forest compartments reflected their habitat preference, the re-
lationship between the number of group observation and the proportion
of forests types in forest compartments was examined (Table 5). It has
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been found that the frequency of observation clearly increased with
increasing proportions of two forest types, DF and MCF, which were
especially preferred by bison. In the group of forest compartments com-
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Table 5

Relationship between the number of observations of mixed groups of bison (n) in different forest types and the percentage

area of these forests in different compartments of the BialowieZa forest.

Frequency of observations of mixed groups per forest compartment in a given forest type

P ¢ ) —Mixed coniferous forest Deciduous forest Mixed deciduous forest
ercen _—
of forest n No. T SD min—max n No. ¥ SD min—max n No. T SD min--max
type area compart- compart- compart-
ments ments ments

1— 25 24 8 3.0 58 0—17 57 12 4.7 76 0— 27 112 25 4.5 9.1 0—36
26— 50 67 8 8.4 6.1 1—15 107 9 119 106 4— 36 61 7 87 114 1--34
51— 70 99 8 110 102 1—33 299 12 249 180  3— 53 0 2
T1—100 716 18 398 32.1 1—91 386 9 44.0 53.8 1—160 4 1 4

6L
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prising more than 70% MCF, the high frequency of observation in one
of them was significantly higher (0.02<p<C0.01) than in the other com-
partments. In the case of DF, a similar trend and high differences in
absolute values were observed, but these differences were not statistically
significant, This resulted from an uneven searching of compartments
with the proportion of DF higher than 70% (from 1 to 160 observations
in one compartment), which accounted for a high SD of the highest
mean frequency of cbservation (Table 5, xr=44, §D=53.8). The proportion
of the mixed deciduous forest was lower in the study compartments.
Nonetheless, in some periods of the year they were frequent sites of
bison obhservation, providing an evidence that they may be an important
factor determining foraging movements of these animals.

5.2, Utilization of Stands of Different Ages by European Bison

The area utilized by the bison herds under study was located in the
part of the Bialowieza forest exploited for timber for a long time. As a
result, forest stands differed in their age, and also clearcuts and young
plantations were present.

Table 6

Frequency of the observation of bison in tree stands of
different age classes.
Explanations: 1 — clearcuts, young plantations up to 10 yrs
and meadows in forests of similar character and with similar
food supply, considered together; 2 — Thickets 10—20 yrs
old; 3 — Pole-size and timber stands.

Forest types 1 2 3
Fresh deciduous foresi 27.5 5.0 67.5
Moist deciduous forest 29.7 1.8 68.5
Ash alderwood - 14.0 —_ 86.0
Alderwood . 15.4 — 84.6
Mixed deciduocus forest 129 3.5 836
Mixed coniferous forest 215 7.8 70.7

Bison showed preference for older age classes. No matter what the
forest type was, bison were most frequently observed (67-—86%) in pole-
size and timber stands, that is, in forests over 20 years old (Table 6).
A high frequency of observation (more than 20%) also occurred in clear-
cuts and young plantations of deciduous and mixed coniferous forests.
But in thickets, bison were rarely noted (Table 6). Plantations in DF were
most frequently searched in early spring — almost twice as frequently
as in summer, In autumn, the frequency of visits to open areas in DF
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Fig. 13. Seasonal changes in habitat preference by mixed groups of bison in dif-
ferent forest types.

1 — mixed coniferous forest, 2 — moist mixed coniferous forest, 3 — fresh conif-

erous forest, 4 — fresh deciduous forest, 5 — moist deciduous forest, 6 — ash

alderwood, 7 — alderwood, 8 — mixed deciduous forest, 9 — meadows in the forest.

Three age classes of stand were distinguished: clearcuts and young plantations
up to 10 years old, thickets 10—20 years, and pole-size and timber stands.

increased again (Fig. 13). Plantations in MCF were most frequently
visited from spring to June. The visits to more than 20-year-old parts
of DF increased from July to October, while in the case of MCF they
were most frequent from May to July (Fig. 13). Also the type of the
forest in the phases of clearcuts or young plantations reveals the habitat
preference of bison. More than half of the observations of mixed groups
was in DF and the second position (ca. 40%) was occupied by MCF
(Fig. 14).

No relationship was found between the frequency of observation in
forest compartments and the proportion of surface area occupied by
clearcuts and young plantations up to ten years old (Table 7). But several
compartments most preferred by bison (424, 396, 471, and 472; Fig. 12)
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Table 7

Fregquency of visits to differenm?k:ompartments of the Bialowieza Forest
by mixed groups of bison in relation to the proportion of young
plantations in these compartments.

Number of observations per

Percent of No. Percent
plantations compart- of all compariment
upto10yrs. ments observations Avg. sSD min—max
0 15 19.7 26.5 43.7 1—115
0.1— 3.0 17 18.9 225 22.6 1— 78
3.1— 6.0 & 4.5 15.0 148 3— 47
61— 9.0 8 8.8 22.2 16.6 3— 55
9.1—12.0 5 14.0 56.4 324 1— 77
121—15.0 7 52 14.9 9.1 i— 131
15.1—33.4 14 28.9 41.7 47.2 5—-161
/s
60 A
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P77] Decidous forest
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Fig. 14. Frequency of observation of mixed groups of bison in different forest
types in areas covered with stands older than 10 years (A) and in an open area
comprising meadows, clearcuts and plantations up to 10 years old (B).

72%s observations took place in pole-size and timber stands, 5% in thickets, and
23% in open area (meadows, clearcuts and plantations up to 10 yrs. old).
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had a high percentage of young plantations, which is not seen when the
mean frequency of visits -is considered. This class of forest habitats is
not attractive tfo bison in summer. The frequency of observation of bison
in these habitats presumably depends on the configuration of clearings
and timber stands in the preferred forest habitats.

5.3. Seasonal Changes in the Utilization of Biotopes

The utilization of different forest types by bison changed from season
to season (Figs. 15 and 16). Based on several-year observations, three
periods differing in the frequency of visits to different forest types by
bison were distinguished: 1) spring period, covering April and May,
2) summer period, in June and July, and 3) autumn period, covering
the second half of summer (August and September} and autumn through
October.

Since the time of snow melting, usually in the second half of April,
bison left the places where they were permanently supplied with food
and they started living on natural food, first on bark and browse, and
at the end of April also on the herb-layer vegetation, with hay in addi-
tion at the beginning. The most preferred food in this period is bark and
browse of cut down aspens (Populus tremula). Bison clearly prefer DF
(Fig. 16). In early spring, they still most frequently visited forest com-
pariment 424, characterized by the highest proportion of FDF in the
study area. In May, bison evenly dispersed over their range (Fig. 15.1).
At that time they visited the highest number of different forest types,
that is, 7 (Table 8), this being related to a small food supply at that
time of the year and to differences in the onset of vegetation growth
in different habitats. In spring, mixed groups were dispersed, foraged
in areas located far apart (Fig. 7), and they rarely joined each other
(23.2% of all cases). Firstly they were feeding in DF (51.3%), later also
in MCF (41.8%).

In the summer period, biscn mostly stayed in MCF (71.1%). The
frequency of visits to DF declined (22.5%). MDF was rarely visited, like
in spring (Fig. 16). Groups of bison were concentrated on smaller areas
(Fig. 15.2), and they repeatedly searched the same territories (Fig. 7},
and the groups frequently merged (32.6%).

Starting from August until autumn, visits to DF increased again
(58%), also to MDF (15%), whereas the number of visits to MCF de-
creased (Figs. 15, 16). In August and September, groups were concen-
trated in the northern part cof the study area. Their home ranges
frequently overlapped there (Fig. 7) and groups often merged (44.2%).
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The most balanced utilization of the three forest types (DF, MCF, MDF)
occurred in mid-summer (July, August). The other biotopes, except for
alderwcods, did not play an importast role in the foraging of bison
(Fig. 16).

B _,/—‘.E”/ e

ol PSS .
JLN
- - Oclaber
September

- Auguat

Fig. 16. Seasonal changes in habitat preference of mixed groups of bison in the
Bialowieza Forest,

(1) — deciduocus forest (fresh and moist), (2) — alderwoods, (3) — mixed deciduous
forest, (4} — mizxed coniferous forest, (5} — fresh coniferous forest, (§) — moist
mixed coniferous forest, (7) — meadows.

5.4. Annual Variation in the Utilization of the Habitat

In addition to seasonal changes in the utilization of the forest, also
year-to-year changes in the intensity of this process were observed. The
home range size of bison groups showed especially large differences
for the years largely differing in weather conditions. The weather was
wet in 1978, enhancing the growth of vegetation, whereas 1979 was dry
for most of the growing season, accounting for a decline in foed supply,
mostly grasses and forbs, in different forest types. In June 1978, with
frequent rainfalls at an average air temperature of 15.8° C, and insola-
tion of 7.3 h, the group “Pocieszna” remained within a small home range,
foraging mostly in MCF and MDF. But in June 1979, the year in which



Table 8

Habitat preference in mixed groups of bison in the seasons without snow cover in different years,
expressed as percentage frequency of observations. For explanations see Table 4.

April May

Year

FDF MoDF A Aa MDF MCF MoMCF FCF FDF MoDF A Aa MDF MCF MoMCF FCF
1977 50 13 13 10 — 7 7 — 14 —_ 2 — 24 60 —_ —
1978 46 33 — 7 7 7 — — 16 7 4 4 18 48 — 2
1979 35 47 — 18 — —_ — — 16 19 3 5 14 a8 — 5
1980 47 13 — 9 — 25 — — 40 14 2 5 7 26 — 5
1981 63 21 — 10 8 — — _— 24 10 — 2 2 56 — 6
1982 68 11 — 10 7 4 —_ — 6 — — 6§ 8 82 — —
Avg. 52 23 2 11 4 7 1 — 20 2 2 4 12 51 — 2

June July

Year

FDF MoDF A Aa MDF MCF FCF Me FDF MoDF A Aa MDF MCF MoMCF FPCF
1977 4 —_ - - 8 80 4 4 17 —_ _ — 4 79 — —
1978 6 —_ — = — 91 3 — 24 — —_ — 16 60 —_ _
1979 17 —_ - — 22 61 — —_ 25 — — — 25 50 —_ —
1980 10 g8 — 3 5 71 3 — 39 1 — — 14 36 —_ —_
1981 17 B — 6 11 58 — — 30 2 _ = 10 58 — —
1982 — 4 — — 4 91 — 22 7 — 4 15 48 — 4
Avg, ] 3 — 2 ] 75 1 26 3 — 1 14 55 — 1

881




August September

Year

FDF MoDF A Az MDF MCF MoMCF FCF FDF MoDF A Aa MDF MCF MoMCF FCF
1977 56 —_ - — 19 25 — —_ 35 24 — 12 — 29 — —_
1978 45 3 — 3 23 26 — — 69 17 —_—— 14 — — —
1979 40 20 — — 13 27 —_ — 44 20 —_—— 20 16 — —
1980 21 —_ - - 8 n — — a7 5 — 10 14 34 — -
1981 32 5 2 5 15 38 —_ 2 39 8 —_ - 12 41 — —
1982 24 10 — — 33 33 _— — 42 4 8 4 34 8 — —_
Avg, 36 6 1 1 18 37 —_ 1 45 13 1 4 16 21 — -—

October
Year

FDF MoDF A Aa MDF MCF MoMCF FCF

1977 az2 4 4 4 4 4 — —
1978 16 18 — — 9 57 — —
1979 46 -_ = - 4 46 _— 4
1980 46 17 — 4 8 25 — —
1981 28 3 3 7 1 48 — —_
1982 37 — 4 — 17 22 — —
Avg. 46 7 2 2 9 33 — 1

681
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hot and dry weather extended from May to the end of June (mean air
temperature of 20° C, mean insolation 10.5 h), the group led by the
same cow as in the preceding year {irstly stayed in the same areas but
then moved to an area dcminated by DF, largely increasing its home
range (Fig. 17). Similar differences occurred in September of these two
years. In September of 1978, group “Babula” generally occupied four
forest compartments during rainy weather, whereas in 1979 it was on
a long move, extending many times its preceding-year home range (see
Figs. 9.2 and 18). In September of 1979, the sum of precipitation was
lower at a higher air temperature and insclation, as compared with
September of 1978. The seasonal differences in habitat preference by
bison in successive study years are illustrated in Table 8. For exampie,
in June typically the mixed coniferous forest is preferred (about 80—90%
of all observations), but in the dry season of 1979, this habitat was
utilized only in about 60%, and in 1981, which  was also dry, in 58%. At
the same time, the utilization of MDF and DF increased. In the wet
Septemper of 1979, no bison visited MCF; they foraged in DF and MDF,
where the same pastures were utilized on alternate occasions.

Most of the seasonal differences in home range size, rate of habitat
utilization, and habitat preference we related to the effect of climatic
conditions in any given year, or part of the growing season, on vegeta-
tion of the herb layer, the basic component of the diet of bison. Food
deficiency or reduced food quality, for example, as a result of grass
aging or poor regeneration during drought, lead to changes in movements
of bison in the forest habitats, changes in home ranges of groups and
in the total foraging activity of bison. Food conditions in the forest
have a complex effect on the habitat utilization by bison, This is reflected
by both the intensity of penetration and the habitat preference, and
determines the way of utilization of this forest complex as a whole.

6. DISCUSSION

6.1. Variation in the Size and Composition of Mixed Groups

The early literature suggested that family groups formed the core of
the group structure of European bison populations (Karcov, 1903; Wro-
blewski, 1927). The same was suggested for the American bison (Soper,
1941; McHugh, 1958). Krasinski (1978) has shown that the size and com-
position of the European bison mixed groups can vary. Also the groups
formed in the first years of the free bison breeding in the Bialowieza
Forest were not stable, although they consisted of the animals originating
from enclosure reserves {Scibor, 1959; Krasinski, 1983). Recently, also
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Lott and Minta (1983), who observed marked American bison in a pop-
ulation living on the Santa Catalina Island, have found that the composi-
tion of mixed groups is partly random, and persisient associations con-
cern only temporal mother-calf relationships. Also Van Vuren (1983),
who observed the American bison population in the Henry Mountains,
has found that the social structure is flexible, group composition changes
frequently, typically during encounters of different groups. He has found
no evidence for the occurrence of clans or basic units in the social struc-
ture of the American bison. Except for cow-calf and cow-yearling pairs,
no association among bison existed longer than 21 days.

The present study of mixed groups, identified by the presence of
marked individuals, confirmed the earlier observations of variation in
the composition of these groups. In successive years, the same leading
cow attracted different individuals, with only a low proportion of the
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same individuals, mostly cows. Changes in groups occur during the for-
mation of a group in early spring and also throughout the growing season.
These changes depend on behavioural factors (rut, calving) and on other
factors (occcupying common areas and frequent encounters of groups,
exchange of individuals between groups). It turned out that the most
persistent element of the group were adult cows, and the most labile
element were adult bulls. The latter fact is important to the population
7as it ensures a free flow of genes.

The result of the present study suggest, that in the period without
snow cover the social structure of the bison population is still based on
some relationships existing in the two large winter aggregations (390 and
422 compartments (Fig. 1). All the marked bison originate from one
winter aggregation (422). Over tihe six-year study pericd only young
marked bulls remained for longer periods in the second winter aggrega-
tion (390) (10 different individuals in successive years), and on one oc-
casion a marked cow 11 was recorded there. ’

In early spring, large aggregations split into smaller mixed groups
dispersing throughout the forest. At that time the groups originating
from different winter aggregations maintain separate home ranges, over-
lapping only in the central part of study area (Fig. 1). In ocur view, in
the period from spring to autumn, individuals originating from the two
winter aggregations rarely exchange themselves. Over the six-year study
period, this happened only ten times, when marked cows temporarily
stayed beyond their basic summer home range. Young marked bulls,
however, were observed, although rarely, on the areas occupied by bison
from the other winter aggregation, but they were in both mixed groups
and bull groups. These facts show that the formation of winter aggrega-
tions is an important factor influencing the stability of the spatial struc-
ture of mixed groups of bison. This is also indicated by the occurrence
of distinct aggregation in the Polish and Russian parts of the forest. It
seems, however, that relatedness has an effect on the development of
winter aggregations. For example, two related cows, Babula and 10,
occurred in the same winter aggregation in successive years. Also the
offspring of the cow Pocieszna, which were easy to identify because of
their light horn tips, occurred at the same feeding site. Cn the other
hand, the winter aggregation under study was formed gradually with
increasing number of individuals in the population, and in the place
which during the first years (1958—1963) was occupied by winter aggre-
gations of bulls (Krasingki, 1978).

Like the composition, also the size of mixed groups varied in the
period from spring to autumn. The mean annual size of a mixed group
was 17.4 individuals. Krasinski (1978), who studied earlier the whole
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Bialowieza population, recorded a lower mean group size of 12.0 in-
dividuals, with 90% of observations of groups smaller than 20 individuals.
Shackleton (1968) observed similar group sizes of the American bison
living in forests of the Elk Island National Park. The mean group size
of the American bison on the Santa Catalina Island was also small {13
individuals) and clearly increased in the rutting season (Lott & Minta,
1983), like in Bialowieza. In the present study, large groups were rarely
encountered (11% of the observations), and they were formed as a result
of junction of two or more small mixed groups. A group up to 20 in-
dividuals probably represents an optimum size in the case of both
European and American bison living in forests. From the point of view
of the utilization of resources, a small group of large herbivorous animals
should cause smaller changes as a result of foraging. Due to this the
rotative use of pastures within home ranges of the groups is facilitated.
Variation in the composition and size of groups was also observed in
other ungulates, for example, in the red deer (Dzieciolowski, in litt.).
Also in roe deer herds, like in bison, there exist a permanent set of
individuals attracting other individuals (Bresinski, 1983).

6.2. Home Ranges of Mixed Groups

The study carried out by Krasinski (1978) implies that until 1973, the
European bison population had not occupied the whole area of the
Polish part of the Bialowieza Forest in the period without snow cover.
In the following years, the area occupied by bison did not markedly
change, being 13,200 ha (Fig. 1). Only adult bulls (single or in small
groups) dispersed beyond the basic area utilized by mixed groups and
bulls. Some of them reached remote parts of the forest and they were
not in touch with the rest of the population for long periods (Krasinski,
1978). A single mixed groups occupies an area of about 5,000 ha, and all
groups originating from the winter aggregation in forest compartment
422 remain within an area of 6480 ha. Mixed groups of the European
bison are not territorial, unlike groups of the water bufallo Bubalus
bubeius (Tulloch, 1978). Also herds of American bison have no permanent
territories (Lott & Minta, 1983). These authors determined home ranges
of three adult cows frcm the American hison peopulation on the Santa
Catalina Island. They were 69.3, 58.6 and 39.0 km® Similarly, the sum-
mer hceme range of cows frecm the American bison peopulation in the
Heary Mountains was 52 km? on the average (Van Vuren, 1983). Pre-
sumably, these values correspond also to hcme ranges of groups. These
data are higher than for the European bison in the Bialowieza Forest,
where the largest home range of a mixed group recorded in May of
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1978 was 38.6 km® and the lowest home ranges, recorded in April and
September, were only 57 km® The mean home range of a mixed group
over the season was 47 km® It is possible that larger home ranges of
American bison are related to seasonal migrations of these animals. In
the large population of the American bison living in the Wood Buffalo
National Park, seasonal migrations of animals were related to their
movement to qualitatively different refuges (Tempany & Cooper, 1976).
In the Bialowieza forest, the European bison do not show tendencies to
seasonal migrations, and the movements of groups can be characterized
as foraging movements over the mosaic of forest habitats. The size and
distribution of home ranges of mixed groups of bison in the Bialowieza
Forest vary from season to season and they depend on the available
food supply. In corresponding seasons of different years, the location of
home ranges may be similar, whereas their sizes may vary depending
on weather conditions, which, in turn, determine plant cover.

6.3. Food Preference and the Pattern of Habitat Utilization

European bison, like most large ruminants, are not highly selective
in their diet. Using the Jarman (1974) classification of foraging types,
they can be included to types D or E, characteristic of the wildebeest,
Cannochaetes taurinus (Burchell, 1923), buffalo, Syncerus caffer Spar-
mann, 1777, or eland, Taurotragus oryx (Pallas, 1766). These two types
of feeding are similar to those proposed for wild ruminants by Hofmann
(1978), who distinguished grassfeeders living on grass and fibre (Gras-
-Rauhfutterfresser), which are represented by mouflons, Ovis musimon
(Pallas, 1766), sheep, Ovis aries Linnaeus, 1758, cattle, Bos taurus dom.
Linnaeus, 1758, and, to a lower extent, European and American bison,
wildebeest and buffalo, and animal living on a mixed diet, which are re-
presented by red deer, Cervus elaphus Linnaeus, 1758, fallow deer, Dama
dama (Linnaeus, 1758) and in part, chamois, Rupicapra rupicapre {Lin-
naeus, 1758). In these types of feeding, sites where most of the preferred
plants of the herb layer densely cover large patchey are selected rather
than individual plant species of their edible parts. In this way, energy
requirements of an organism can be met relatively fast. Even in roe deer,
Capreolus cepreolus (Linnaeus, 1758), which is considered a highly selec-
tive herbivore (Hofmann, 1978), diet is flexible, depending on the actual
food supply (Kossak, 1983). The European bison are also flexible grazers
as indicated by the composition of their diversified diet. In the Russian
part of the Bialowieza Forest, the diet on European bison consists of
376 plant species (Korockina, 1972). According to Borowski & Kossak
{1972), bison consume 137 plant species (grasses were not identified),
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including aboveground parts of herbaceous plants, browse of trees and
shrubs, and bark. In the growing season, the diet of European bison is
dominated by herbaceous plants accounting for 67% of the diet, and the
remaining 33% consist of trees and shrubs {Borowski & Kossak, 1872).
In summer, the daily Iood consumption is 8.4 kg for calves less than one
year old, 19.4—28 kg for the young 2—3 years old, and 22.7 and 32.2 kg
fresh weight for cows and bulls 4—5 years old, respectively (Gebczynska
& Krasinska, 1972). These high food requirements in bison are the main
factor determining their movements in the forest complex. As herbaceous
plants are the basic component of the bison diet, seasonal changes in the
available food supply in the forest floor should play an important regu-
latory role in the foraging activity of these animals. This is particularly
clear cut during the development of the herb layer in spring. Browsing
and bark contributes more to the diet in early spring, after the bison
leave the sites with artificial food supply. Mainly in this period bison
make damages to young deciduous stands because of barking. Owing
to phenological differences in the phases of plant growth and develop-
ment among different forest types in the Bialowieza Forest (Falinska
1973), seasonal changes in the habitat preference by bison are obsgerved.

Deciduous forests {fresh and moist) and mixed deciduous forests are
habitat types in which bison forage throughout the growing season. The
more intense searching of deciducus forests in early spring can be
explained by the earliest development of the herb layer in this part of
the forest (Falinska, 1973). At that time Anemone nemorosa grow abun-
dantly and form the basic item of the bison diet. The herb layer of
deciduous forests contains the largest number of species readily con-
sumed by bison (according to the classification by Borowski & Kossak,
1972). Among the plant with a long vegetation period, extending from
spring to autumn (Falinska, 1973), four species (Aegopodium podagraria,
Stachys silvatica, Ranunculus lanuginosus, and Urtice dioica) are prefer-
red by bison. At the flowering peak of the herb layer, in April and May,
the number of species readily eaten by bison is the highest in these forest
types, and this corresponds to the highest preference of these habitats.
The frequency of visits to deciduous forests increases by the third ten-
-day period of May and throughout June. On the turn of June, in
deciducus forest two plants readily eaten by Dbison flower:
Aegopodium podagraria and Stachys silvatice, and on the turn of July,
when the number of visits to deciduous and mixed forests increases
again, nettles, Urtice dicice, flower there in masses and they are readily
grazed by bison. Thus, deciduous forests are visited throughout the
grewing season because they contain plants with both short and long,
exteading by the late autumn, vegetation period. The increase in the



Habitat utilization by European bison 197

iatensity of searching of deciducus forests in autumn can be explained
by the fact that in August and September they comprise some rhizome
plants, which regrow in the juvenile form (e.g. Galeobdolon luteum and
Oxalis acetoselle), and can supplement the diet of bison in that period,
The composition of the herb layer of deciduous forests in autumn is
similar to that in spring, only the species composition being simplified
(Falinska, pers. comm.}).

The mixed forest, covering a small proportion of the study area, is
visited by bison throughout the growing period. Places are known in
the Bialowieza Forest, where bison come especially to this habitat.

Another habitat frequently visited by bisons is the mixed coniferous
forest. In spring, bisons come to this habitat a little later than to the
deciduous forest because plant growth begins a little later there (Falin-
ska, 1973). The first phase of flowering of herbaceous plants in MCF
coincides with the flowering phase in DF. Bison most prefer this forest
type in June and July, thus at the flowering peak of herbaceous plants
(Falinska, 1973). In July, Caleamagrostis arundinacea which is one of the
four mest preferred plants in the diet of bison (Borowsk:i & Kossak,
1972) is flowering there. Most herbaceous plants, which in this habitat
flower in early spring, are eaten by bison also later, at the peak of the
[lowering in June and July.

The species composition of the herb layer and its phenological phases
in the mixed coniferous forest has a transitional character between conif-
erous and deciduous forests (Falinska, 1973). A high similarity to de-
ciduous forests, particularly in early spring, accounts for an allernate
utilization of these two habitats by bison. If in any given year the herb
layer of DF is poor, bison move to MCF. In the years with a shortened
growing season, no difference oceurs in visiting these hahitats.

Forest types preference in bison was earlier investigated by Borowski
& Kossak (1972) and also Krasinski (1978), though this was not the main
subject of the latter author. In the present study, bison equally used
DF and MCF in the period without snow cover but the preference for
these forest types changed seasonally. They clearly preferred tree stands
more than 10 years old. In cpen areas (clearcuts, young plantations up
to 10 years, and meadows) they were less frequently encountered (20%
of observations). But this was not always the case. At the end of the
1960s, bison clearly preferred habitats rich in food plants, thus fresh,
mixed and moist deciduous forests {Borowski & Kossak, 1972; Krasinski,
1978). Also recently, bison less frequently visit open areas than in the
1960s, This can be related to changes in forest management (no clearcuts)
and cessasion of mowing mid-forest meadows, which resulted in aban-
doning by bison the sites strongly preferred until 1873,
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In earlier studies, mixed groups of bison rarely preferred the southern
part of the population range, where groups of bulls were concentrated
(Krasinski, 1978). Mixed groups most frequently visited then northern
and central parts of the range with a clear predominance of deciduous
forests (fresh, moist and mixed). When in the early 1970s, the second
winter aggregation was ultimately formed, the population split into two
parts in the period without snow cover (Fig. 1), the groups we studied,
remained in central and southern parts of the forest, and more frequently
than in earlier years stayed in MCF. In these areas the proportion of
MCF is highest. It can be suggested that bison adjusted their feeding
habits ta the currently existing food supply.

The preference of bison for stands of different age classes turned out
to be similar to that shown by red deer in the Bialowieza Forest. The
highest densities of red deer have been recorded in pole-size and timber
stands, whereas roe deer preferred younger stands {Pucek et al., 1973).
Young plantations had a positive effect on the density of Cervidae until
their mean proportion reached 9.1—12% of forest ccmpartment area
(Pucek et al.,, 1975). No relationship was found, however, between the
frequency of bison observations and the proportion of plantations in
forest compartments.

The highest frequency of bison visits was noted in forest compartments
dominated by DF and MCF. The latter was visited by bison at an in-
creasing frequency frem mid-May to the end of July. But especially
attractive habitats were deciducus forests, rich in plant species grazed
by bison, DF in lowland complexes inhabited by free-living herds of
bison is an important limiting factor in the areas suitable for bison in-
troductlion. In DF of the Bialowieza Forest, foad is available to bison
throughout the growing season. This forest is utilized by selective
cutting (with a cutting area not exceeding 0.08—0.12 ha), that increases
the mosaic of age classes in these stands. The mosaic of habitats and
diversity of age classes in them increase the proportion of ecotones in
contemporary forests, and according to Dzieciolowski (in litt.) enhance
the explosion of ungulate population in forests of Europe.

The fact that herbivores move from one forest type to another during
the year, following their increasing food supply, was noted by Falinski
& Falinska (1986). They also emphasize that bison in the Bialowieza
Forest are highly dispersed in small groups so that they do not disturb
the structure and dynamics of forest ecosystem as a whole. Movements
of bison within their range are mostly determined by their foraging
activity, and they ensure an optimum utilization of food supply, that
is, they do not overgraze forest habitats and allow the regeneration of
the herb layer. Bison never use the whole vegetation, they forage in
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the biotopes where herbaceous plants are at the peak of their growth,
aad after several or a dozen or so days they return to the same place.
Their returns in the same seasons of successive years to the same {rag-
ments of their home raages can be related to the seasonal phase of
their food plants, combined with a good memory and knowledge of the
kabilat by bison.

6.4. Fluctuations in Food Supply Versus Habitat Utilization by European Bison

Several-year observations revealed differences in habitat preference
in bisen, which can be explained by changes in food supply related to
changes in climatic conditions. These changes differentially affect various
forest types, including plant phenclogy and food resources for bison. It
should be noted here that hison as consumers of grasses and forbs of
the forest floor are more susceptible to changes in natural food supply
than other large herbivores. For example, and increase in the frequency
¢f visits to the mixed conifercus forest in April 1980, when the herb
layer was poor because of the delayed spring (information of the Bia-
lowieza Geobotanical Station, University of Warsaw), probably can be
explained by insufficient food supply in the deciduous forest, in which
bison forage first in the early spring. In June of 1978 and 1979, which
markedly differed in climatic conditions, shifts in habitat preference
were observed. The withering of the herb layer in MCF in September of
1979 and 1982 as a result of drought accounted for a larger than in
cther years decrease in visiting these forest types by bison. In the years
cf changed phenology of tke herb layer in preferred hiotopes in parti-
cular seasons, bison compensated for focd deficiency by changing the
seasonal pattern of habhitat utilization and extending searching range.

To sum up, we can state that the strategy of forest utilization by bison
is based on interactions of the group size and structure, preference of
fore§t habitats, and rotatory use of the same patches that prevent an
cvergrazing. The bison population in the Bialowieza Forest is perfectly
adapted to the present habitat conditions in it. Territorial stability of
mixed groups in successive years provides evidence that the stability of
food resources, access to water sources, and movements within home
ranges ensure adequate food supply throughout the growing season
without need for a further expansion of the population. Bigger migrations
of bulls in western part of the forest can be explained as a result of
aggression of other bulls rather than searching for food. Sccial and spa-
tial structure of the population and also the strategy of habitat utilization
are such that bison can satisfy their requirements and, at the same time,
biocenotic resources are stable,
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STRATEGIA UZYTKOWANIA SRODOWISKA PRZEZ ZUBRY
W PUSZCZY BIALOWIESKIEJ

Streszczenie

W pracy zbadano zmiennos¢ struktury liczebnej i socjalnej grup mieszanych
zZubrow w Puszczy Bialowieskiej oraz arealy zajmowane przez te grupy, wybitr-
czost biotopowg oraz sposob wykorzystania zasobdw pokarmowych siedlisk leinych.
Badaniami objeto grupy mieszane fubréw, posiadajgce w swym skladzie osobniki
znakowane lub rozpoznawane po cechach charakterystycznych, pochodzgce z jed-
nego ugrupowania zimowego, bytujgcego w oddziale 422 (Ryc. 1).

Grupy mieszane, obok nie omawianych w niniejszej pracy prup bykow, sg na-
turalng formg egzystencji zubréw w sezonie bez pokrywy $Snieinej. Liczebnosé
i struktura grup ulega czestym zmianom (Tabela 1, Ryc. 2). Zmiany te sg uwa-
runkowane rytmem waznych proceséw zyciowych (ruja, sezon wycislen oraz in-
nymi czynnikami jak nakrywanie sie arealdw, czeste spotkania grup i wymiana
osobnikéw) i dotycza osobnikow wszystkich klas wiekowo-plciowych. Najmniej
trwate s zwigzki milodziezy, a najbardziej trwalym elementem grupy sa dorosle
krowy (Ryc. 3). Grupy liczace do 20 osobnikdow, spotykane s najczesciej a zatem
jest to optymalna wielkod¢ stad w warunkach Srodowiska lesnego.

Na strukture przestrzenng grup mieszanych w okresie od kwietnia do paZdzier-
nika wywierajgq wplyw zwigzki powstale w dwoch duzych ugrupowaniach zimo-
wych., Grupy powstale z réznych ugrupowan okupujg oddzielne, wzglednie stale
arealy (Ryc. 1). Badane przez nas grupy mieszane, pochodzace z jednego zimowego
ugrupowania (oddz. 422) od kwietnia do pazdziernika zajmujg terytorium 6480 ha.
Arealy poszczegdlnych grup sg mniejsze, zachodzy na siebie, srednio wynosza
4700 haX720.2. Wielkos$¢ arealu grupy ulega zmianom sezonowym, najmniejsza jest
w kwietniu, najwigksza w maju (2802 ha, Tabela 3), kiedy to réini sie istotnie
od wielkoscl arealéw w pozostalych miesigcach. Sredni miesieczny areal grupy mie-
szanej wynosi 2100 ha¥885.7 W réinych sezonach zmianom ulega réwniez tempo




202 Krasinska M. et al.

penetracji terenu (Tabela 3). Grupa mieszana przebywa $rednio na dobeg 2034 mt
+1415.8, najdluisze dystanse notuje sie w maju {($r. 2438 m).

W kolejnych latach w tym samym sezonie zubry penetrujg staly fragment
puszczy (Ryc. 10), chociaz wielkosé arealu grupy bywa réina w zaleznosci od za-
sobnodci bazy zerowej. Arealy roinych grup nachodza na siebie (Ryc. 7), dochodzi
do czestych spotkan grup i wymiany osobnikdw,

Wedrowki zubrow w okresie bez pokrywy $nieinej, poza okresem aktywnosci
seksualnej bykéw zwigzane sa glownie z Zerowaniem. Zubry wykorzystujg baze
7erowa siedlisk stosujge jakby ,naprzemienny wypas”, przechodzac do sasiednich
siedlisk aby powrécié w poprzednie miejsce po kilku do kilkunastu dniach, Sredni
czas powrotu grupy w to samo miejsce wynosi 6.6 dnia. Powoduje to uniknigcie
nadmiernego zuzycia srodowiska i umozliwia regeneracje roslinnosci runa (Ryc. 8, 9).

Podczas sezonu wegetacyjnego zubry w sposdb zréznicowany wykorzystujag mo-
zaike siedlisk lesnych puszezy (Tabela 4). Najbardziej wykorzystane sg lasy liscia-
ste (Lsw i Lw) oraz bor mieszany swiezy (80% frekwencji spotkan) — Ryec. 13, 11
Wykorzystanie biotopéw zmienia sie sezonowo. Na wiosne preferowane sa lasy
liciaste, w ciggu lata bory mieszane SwieZe a jesieniay ponownie wzrasta udzial
laséw lisciastych i mieszanych {Ryec. 15, 16), Las mieszany jest wysoce preferowa-
ny mimo skapego udzialu tego siedliska na terenie badan, Zubry spotykano naj-
czesciej zZerujace na runie lasu w wieku powyze] 20 lat {77/ spotkan), rzadziej
na zrebach i uprawach do 10 lat (23%) (Tabela 6, Ryc. 14). Zubry intensywniej
peneiruja tereny, gdzie preferowany biotop wystepuje w wysokim udziale (Ta-
bela 5). Nie stwierdzono natomiast zaleinosci miedzy frekwencjg spotkan zubrow
w danym oddziale a powierzchnig zrebow i upraw (Tabela 0.

Optymalne wykorzystanie zasobdw zZerowych lasu jest mozliwe dzieki znacznej
plastycznosci pokarmowej zubréow. W latach o zaburzonej fenologii rezwoju runa
w preferowanych biotopach, zwierzeta rekompensuja niedobory pokarmowe zmie-
niajac sezonowos¢ wykorzystania siedlisk i rozszerzajac areal penetracji.

Populacja Zubréw w Puszezy Bialowieskiej doskonale przystosowala sie do jej
obecnych warunkéw sSrodowiskowych. Staloi¢ terytoridw grup mieszanych w kolej-
nych latach dowodzi, Ze stabilnoi¢ zasobéw pokarmowych, dostepnosé irédel wody
i wedrowki w obrebie arealu stwarzaja moiliwosé zaspokojenia potrzeb pokar-
mowych w ciggu calego sezonu wegetacyjnego, bez potrzeby dalszego rozprzestrze-
niania sie populacji utrzymujgcej sie na stalym poziomie liczebnosci. Taki
sposdb uzytkowania srodowiska zapewnia populacjl wlasciwe wykorzystanie bazy
zerowej, zabezpieczajac jednoczednie stabilno$é zasobéw pokarmowych biocenozy.

Pordéwnano sezonowe zmiany preferencji biotopowej Zubrow ze szezytami kwitnie-
nia roslin runa w preferowanych siedliskach i stwierdzono, 2e wzrostowi prefe-
rencji danego siedliska lasu odpowiada szezyt kwitnienia rodlin runa, ktére sa
woweczas szezegdlnie chetnie jedzone przez zubry.



