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In 1982—1981, the activity of Europenn bison Brson donasus (Linnaeus,
1758) was observed continuously from dawn to dusk. 1t has been found
that the rhythm of aclivity consists of muny phases. The feeding,
resting, and  w.lking activities of gicup membeis are highly syn-
hronized, implying that the group is a highly consclidaied structural
unit of bison populations. Europern bison allocate 60.4% of the day for
foraging, 31.9% for resting, und 7.7% for movements without foraging,
The foraging time is used for grazing in 95.2% on the average, browsing
in 2.8%, and barking in 1.9%. Yoang calves suck their mothers several
times a day for 4.2+1.3 min in the perind May-July. Older calves draw
milk significantly longer from August to October, that is, 6.7t3.4 min
on the average. Wallowing was mcre frequent in adults than in young
animals, and among adults more frequent in cows than in bulls in
which it was intensified during the rutting period.

{Mammals Res. Inst, Polish Acad. Sci., 17-230 Bialowieza (KCR,
MK, JMW) and Bialowieia National Park (ZAK), 17-230 Bialowieza,
Poland)]

1. INTRODUCTION

European bison Zison bonasus (Litnaeus, 1758) are free ranging in the
Biatowieza Forest, thus it was possible to study their ecology in the
naiural habitat (Krasingki, 1978, 1978a). In 1976—-198], the behavior of
European bison was investigated in winter periods, when these animals
are aggregated at sites with additional food supplied in winter (Cabon-
-Raczyrniska et al., 1983).

In the period without snow cover, European bison have good foraging
conditions in the Bialowieza Forest. Due 1o this, from spring (that is,
from snow melting) to late autumn (usually until the permanent snow
cover) bison live without much disturbance from man and rather is ac-
cordance with the ecology and biology of the species (Krasinski, 1978;
Krasinska et al., 1986),

Scarce studies on the behavior of bison were carried out in enclosures
of the Prague Z0O0 (Vajner, 1980), in [Tolland (Van Den Brink, 1980),
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and in the national park Bayerische Wald (Krischke, 1984). These animals
were permanently supplied with food by man and their groups were
artificially formed in enclosures. Only Korotkina (1972) observed a free
ranging herd in the Russian part of the Bialowieza Forest.

The present study is focused on the rhythm of activity of European
bison in mixed groups and their behavior in the natural habitat. The
observations are analysed from the point of view of both individual
behavior and the behavior of groups characterized by the natural organ-
ization. This study corresponds to the problems concerning all processes
of utilizing forest habitats by the European bison population in Bialo-
wieza, which are the subject of a separate paper (Krasinska et al., 198%.

2. MATERIAL AND METHOD

Observations on the activity rhythm of European bison groups and the behavior
of individual group members were conducted in 1982—84. A total of 20 daily
cycles of observations were made from dawn to dusk. Two observers were working
concurrently to increase the precision of records of individual behavior in the
group, using T7X50 binoculars. Bison groups were observed in different months
from April to September. The duration of different activity types of the group and
individual animals were noted. The routes of movements of the group during
foraging and during walking were drawn on maps of forest compartments to
determine distance covered by the group during the day. Three basic forms of
behavior were distinguished: 1) feeding, 2) resting (lying.and standing), and 3)
movements without feeding (walking). In addition, such forms of individual
behavior were recorded as playing, grooming, sexual behavior, agonistic behavior,
mother-calf-relationship, and vocalisation. The duration of calfi milking was noted.

Different forms of group activity are described in i5-minute intervals. The
percentage of individuals in particular activity phases was noted.

The mean duration of the observation cycle of groups was £92160.1 min:
Description of individual behavior of adults was made in part during the whole-day
observations, and also during a separate programme implemented in 19761984,
when 2052 cbhservations of mixed groups and 1041 observations of bull groups and
single bulls were made.

The terminoclogy used here for behavior description follows that applied by
Shult (1972) for behavior of the American bison.

3. RHYTHM OF DAILY ACTIVITY OF MIXED GROUFS

The duration of threc main activity forms for European bison groups
in the period when they use natural food is shown in Table 1. Over
this period, bison used 60.4% &f the time, on the average, for feeding,
31.9% for resting, and 7.7% for walking. The duration of feeding in
different days ranged from 46.8% to 81.6% of the daily activity (Table 1).



Table 1
Forms of the daily activity of mixed groups of bison.

Forms of the daily activity of mixed groups of bison )

Group Time of Feeding, (minutes) Resting, (minutes) Walking, {minutes) Migra-

Date size observation Drinking tion

(minutes) min max Y% min max % min max %o dist.

(m)
12.04.1983 i2 780 435 60 120 558 315 15 105 40.4 30 15 — 3.9 — 900y
17.04.1984 9 885 540 60 270 610 2556 45 120 288 90 30 60 10.2 1 3800
3.05.1984 ] 915 645 15 130 705 130 15 60 164 126 15 60 13.1 1 8 300
5.05.1983 10 833 405 15 105 474 390 15 195 45.6 60 15 — 7.0 — 10 006
6.05.1982 11 990 B10 15 285 818 180 15 90 182 —_ — — = 1 3250
28.05.1982 28 930 435 15 165 46,8 240 15 120 258 235 15 90 274 2 12 500
25.06.1982 3 1035 600 45 210 580 150 15 90 145 285 15 180 275 1 16 000
28.06.1983 11 870 310 120 219 586 360 15 105 414 —_ - = — _— 3560
5.07.1984 27 855 465 45 195 544 375 60 1B0 438 15 — — 1.8 — 2 000
12.07.1984 40 900 435 90 1830 48.3 3% 15 255 433 7 30 45 8.4 1 6 000
13.07.1982 23 945 660 15 300 (9.8 130 1% 135 159 135 15 60 143 1 17 500
20.07.1982 10 960 585 15 315 609 360 45 180 313 B 15 60 7.8 1 14 500
24.07.1984 14 885 526 45 210 593 345 60 180 39.0 15 — — 1.7 — 3500
27.067.1982 19 870 495 13 120 569 270 15 a0 310 105 15 45 121 — 9 000
1.08.1984 30 870 480 45 165 552 375 45 185 431 15 — — 1.7 — 6 000
18.08.1983 10 835 480 30 180 56,1 375 15 165 438 _ - = = — 2 300
24.08.1984 11 885 525 15 135 593 345 15 135 390 15 — — 1.7 — 4 500
28.08.1984 24 870 645 75 210 741 225 45 90 259 _ = = - 1 4 500
11.09.1984 16 810 600 80 255 741 150 60 90 185 60 15 30 7.4 — 5000
Average 8929 340.8 60.4 2B1.0 319 90.0 7.7 7471.0

160.1 1017 +91.5 +83.1

+4723.1
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The duration of resting is closely related to rumination. But the latter
was not recorded for individual bison because of the difficulty in measur-
ing it. Resting (lying and standing) was also variable, ranging frocm
145 to 45.6% of the daily activity time. In one case, excluded from the
tables, which took place on 6 June, 1979, a group of 48 individuals did
not forage from 7.00 to 18.00, and all this time it was resiling on a sandy
opening (Fig. 1). The reason for this unusual behavior could have been
extreme weather conditions (prolonged drought and heat).

_
/

ferding
resting
__| walking

Fig. 1. Activity rhythm of one mixed group. June 6, 197%, n=48,

QOur observations shows that walking occurs when bison move from
one feeding sife to another, go to watering places, or search for resting
sites. The time allocated for walking can account for up to 27% of the
total daily activity. During four daily observations, no movements without
feeding were observed,

The feeding activity of mixed groups is of a polyphase character: the
phase of feeding is interspersed with shorter or longer periods of resting
or walking. Feeding occurred at any time of the day. Most groups were
{feeding early in the morning and prior to sunset, but not clear cyclicity
was found (Fig. 2). However, when the results of 19 observations were
pooled (Fig. 3), four periods of feeding activity can be distinguished:
one after the sunrise, two peaks in the middle of the day, and the fourth
prior to sunset. Numerous obhservations of groups and individual animals
in different times of the year did not reveal other periods of fceding
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Fig. 2. Datly activity rhythms of all mixed groups observed in the period without

snow cover. Symbols as in Fig. 1.
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Fig. 3. Average daily activity rhythm of mixed groups in the period without
snow cover., Symbols as in Fig. 1.
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activity than these four. The low distinctiveness of the feeding cycles
during the day may be due to the fact that they depend on many
environmental and behavioral factors. These [actors involve variable
weather conditions, abundance ol nexious insects, food resources, or
casual disturbance by man. Our observations of a mixed group early in
the morning of the day following the day of the whole-day observation,
have shown that at night the group is resting. In 15 out of 19 complete
daily cycles, in the early morning the group was found close to the place:
of the evening resting on the preceding day (100—300 m).

The duration of a single feeding bout largely varied from 15 minutes
to 5 h 15". The corresponding data for resting ranged from 15" to 4 h 15’
(Table 1). The daily rhythm of activity largely varied within a month
and between months. For example, short 1-2-hour feeding periods were
interspersed with equally short periods of resting in April, at the be-
ginning of the growing season (Fig. 4A). In May of 1984, feeding bouts
were long, lasting 2——3 hours, and they were interspersed with short
resting and walking bouts. In June of 1983 (Fig. 4C) there were long,
3—4-hour feeding periods and shorter, 1—2-hour resting periods. In
September of 1984 (Fig. 4G), there were two very long feeding bouts
(of 4 and 5 h) and two short walking bouts. The observed diversily of
the duration of different activity types implies that bison have no stable,
regular rhythm ol daily activity.

The length of the daily routes of mixed groups in the Bialowieza Forest
is the sum of movements without feeding (walking) and the distance
covered during foraging. It is highly wvariable, ranging from 2 km to
17 km, the extreme values being noted in July (Table 1). It seems that
the mohility of mixed groups is not related to their size, but a number
of factors are involved here. The mean distance covered by a mixed
group during the day was 7410+ 4723 m (Table 1).

For the group as a structural unit of the population, accordance in the
activity of its members and synchronization are important. All forms of
group activily showed a high degree of accordance (Fig. 4A—G). In no
case the activity of group members followed two different pathways, that
is, in no case a part of animals were resting and a part were [ceding
throughout the duratlion of a given activity type. Synchronization of
group members was typically achieved over 15-minute observation units,
but often a much shorter time was needed (e.g. 5 minutes) for transition
of all animals from resting to feeding. It also happened that some indi-
viduals were delayed 45 minutes when switching from feeding to resting,
but during that time they remained close to the resling group. The
transition from one form of activity to another does not seem to be
initiated by specific group members. Only the start of walking is usually
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initiated by the leading cow. However, a case was clearly observed when
the leading cow actively initiated feeding of the group after the resting
period by driving away the cow lying in vicinity. This was a signal for
the whole group to stand up and starl feeding.

Other forms of activity such as grooming, sucking the calves, playing,
etc. are individual activities and take place at different times in various
individuals. For example, grooming can be performed during feeding of
the group or during resting, sometimes immediately after or prior to
resting. In no case all the group members were grooming concurrently.
Sucking also took place at different times. Only in one out of 93 obser-
vations four cows milked their calves concurrently.

Table 2

Duration of different forms of the daily activity of selected members of a mixed
group (in minutes).

Individual symbols (numbers)

UR BA BA No. 19 BN No. 10
Age, yrs. 11 13 13 7 8 H]
Sex F F F M M F
Date May 9, June 28, August 18, August 28, Aupust 24, August 28,
1942 1983 1983 1984 1934 1934
Activities:
Feeding min. 7265 564 400 415 260 baAs
/o 4.0 64.8 57.3 41.7 344 61.5
F ) 5 6 11 7 9
Resting min. 189 290 320 125 400 200
o 20.0 333 38.6 14.4 53.0 23.0
F A bt} k) 4 5 7
Grooming min. 56 10 25 0 0 0
%o 5 12 29 0 0 0
F 1A4AA,1XB 1A 1A 1XB 0 0 10
Drinking min. 5 0 0 10 0 0
% 0.5 0 4] 1.1l 0 1.1
F 1 0 0 1 0 1
Waullowing min. 0 o 0 0 15 0
"o 0 4 0 0 2 0
F [V} 0 0 0 1 0
Calf-cow rel. mitl. 3 0 15 0
/a 0.5 0 1.2 0
F 1 0 2 0
Sexual min. Q 0 0 320 80 125
behavior o 0 0 0 36.8 10.6 144
F 0 0 0 C 5 9
Eliminative F Ui Ul U1Dl1 0 0 0
behavior
Time of 100% 978 870 895 870 755 70

observation

Abb.: A — rubbing, B — wallowing, C — sexual behavior including 4 X wallowing,
3 X pawing the ground with the forefeet, 4 X chasing other bulls, 3 X
breaking branches and rubbing, U — urination, D — defecatiuvn, F — number
of activity bouts per day.
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4 RHYTHM OF INDIVIDUAL ACTIVITY

During the observations of the daily activity rhythm of mixed groups,
also the activity of six adults of the iwo sexes was recorded. These
individual observations were used to compare individual behavior
{Table 2) with the activily rhythm of the group (Table 1). Two types of
behavior can be distinguished here: 1) individuals changing their activity
in accordance with the activity rhythm of the group and 2) individuals
following their own rhythms, not in accordance with the group activity.
The first group comparised two cows, one of which was observed twice.
The second group consisted of a cow in the rutting period and sexually
active bulls.

In three cows representing the first type of group behavior some in-
dividual activities were performed independent of the group behavior.
For example, grooming lock from 1 to 5% of the day and was performed
during feeding and/or resting of the group. This behavior comprised
wallowing 1-—-3 times a day and rubbing 5 times, For milking and taking
care of the calves, cows allocated 0.5—1.2% of their daily activity. Urina-
tion in cows occurred 1—3 times a day and defecation once a day. Io-
wever, observations were started some after the greup finished its night
resting after which they are likely to defecate, too.

The second type of behavior was demonstrated by {wo bulls attending
2 cow in the rutling period and by a cow showing signs of rutting, one
day before mating. The feeding time of the cow was shorter by 20%
than the feeding time of the group (Tables 1 and 2), and she displayed
sexual activity with the accompanying bull for 14% of the time. In this
case, the time of sexual behavior of the cow depended on the behavior
of the bull (courting, licking, attempts to draw off the cow from the
group). The following differences were observed in the duration of
various behavior types between two bulls in the rutting period, members
of a mixed group, and the rest of the group: feeding time shorter by 26
and 27%, and resting time skorter by 12% than those of the group. The
second bull was resting by 14% longer than the group, but this was
related to a fight with another bull. Sexual behavior of the bulls took
10.6% and 38% of the day. In the first case, this time involved a 30-mi-
nute fight with another bull, who wanted to join group and was defeated,
and in the second case such forms of rutting behavior were involved as
wallowing (4 times per observation), chasing of other bulls from the cow
{4 times), pawirg the ground with the fore feet (3 times), breaking
branches (4 times), and attempts to mount a cow (3 times). The duration
of sexual behavior in both sexes was variable and dependent on the
rutting phase in the cow and on the number of bulls in the mixed group.

It was not possible to investigate the total cycles of the daily activity
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of calves because they were not marked, so it was difficult to identify
them, and also it was difficult to observe them in the forest.

5. BEHAVIOR

5.1. Feeding Behavior in Different Forest Habitats

Mixed group forage while moving through different types and age
classes of stands and through unforested habitats (e.g. meadows in
forests). Individuals feeding in the group keep a cerlain distance from
each other, typically several meires, and they move in the direction of
movement of the entire group. Calves at most several months old stay
close to their mothers, older forage in the middle of the group. The
leadership during feeding is not always clear. In some cases the leading
cow was al the head of the group. This happened, for example, when
bison crossed a path in the forest after finishing feeding. If they crossed
such a border while feeding, the group moved as a whole, without
noticeable leadership.

Three main types of the feeding of mixed groups can be described
quantatively: feeding on the herb layer (grazing), browsing, and barking.

Grazing averaged 95.2% of the feeding time (Table 3). During the
growing season, the herb layer was the main source of food, independent
of the forest type and season. In April, when herbaceous plants were
starting their growth, Anemone nemorosa flowers were the main com-
ponents of the herb layer.

Browsing of leaves and young twigs was a rather regular but small
component of the diet. On the average, browsing accounied for 2.9%
of the feeding time. Browse was taken in largesi amounts in June and
July, mostly in deciduous forests and mixed coniferous forests, account-
ing then for 11.8% of the feeding time. Thus the increased proportion
of twigs in the diet occurred at the vegetation peak, when they reached
the highest nutritive value (Drozdz, 1979).

Barking was clearly seasonal. It accounted for a high proportion of
the feeding time (max. 20.7%) only in spring (April), when there were
no fresh twigs yet and the amount of herb layer was limited both quan-
titatively and qualitatively. At that time bison stayed near winter clear-
cuts and barked mostly trunks and branches of aspens (Populus tremulea)
cut down. In the other periods of the growing season, barking occurred
occasionally. Only single individuals were barking at that time, and the
preferred trees consisted of aspens, ashes (Frarinus excelsior), spruces
(Picea abies), lindens (Tilia cordata), hornbeams (Carpinus betulus), and
occasionally hazels (Corylus avellana). During the whole study period,
harking accounted for 1.9% of the feeding time, on the average. Only the



Table 3

Feeding duration of mixed groups of bison in different forest types. The time of feeding is expressed in minutes

and in percentage of time (in italics), *, denotes a single barking by a bull, not included to the total sum of
barking time.
Grazing Browsing Barking
Date
min MCF DF MDF A MCF DF MDF A DF MDF A
12.04.83 435 — 225 — 50 30 — ¢
51.7 20.7 6.9 20.7
17.04.84 540 —_ 90 — 390 — -— 60
16.7 72.2 11.1
3.05.84 645 435 120 90 —
67.4 18.6 14.0
5.05.83 405 345 30 15 _ 15 — —_ —
85.2 7.4 3.7 3.7
6.05.82 810 810 — —_ —_
100
28.05.82 435 315 15 —_ 105
72.4 34 24.1
25.06.82 600 165 195 — 210 — 30 — —_
27.5 32.5 35.0 5.0
28.06.83 310 21¢ — 195 — 60 - 45 —_
41.2 38.2 11.8 8.8
5.07.84 465 465 _ — —_
100
12.07.84 435 — 345 — 45 -_ 30 — 15 =
79.3 10.3 6.9 3.4 h
13.07.82 660 180 405 —_ 60 — 15 —_ —_
27.3 61.4 9.1 2.2
20.07.82 585 135 240 120 75 15 —_— — —
23.1 41.0 20.5 12.8 2.6
24.07.84 525 480 — 45 —
91.4 8.6
27.07.82 495 105 —_ 390 —_
21.2 78.8
1.08.84 480 30 375 36 45
6.2 78.2 6.2 9.4
18.08.83 480 — 390 15 30 - 45 —_ —
512 2.2 6.2 9.4

9vE
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24.08.84 525 105 270 135 — 15 — —
20.¢ 514 257 2.9

28.08.84 643 — 630 — — — 15 —_ -—

97.5 2.3
11.09.84 600 — 585 —_ — — 15 — —

97.5 2.5
Total, min, 10275 3780 3915 1035 1050 90 150 45 15 15 30 150
Avg. 540.8 198.9 206.0 34.5 55.3 4.7 7.9 2.4 0.8 0.8 1.6 7.9
+SD 101.6 224.0 204.2 99.4 97.6 14.2 13.6
o 100.0 36.8 38.1 10.1 102 0.9 1.5 0.5 4.1 0.1 0.2 1.5
Total, min. 59154:?7 ;558 ;093

Abbreviations: MCF — Mixed coniferous forest, DF — Deciduous forest, MDF — Mixed deciduous forest, A — Alderwood

LYE



Table 4

Feeding duration of mixed groups of bison from different age classes and in stands of various forest types. The
time of feeding is expressed in minutes and in percentage of time (in italics).

Date E 5‘3?71125 Mixed coniferous forest Deciduous forest Mixed deciduous forest Alder-
(min.) 1 2 3 1 2 3 1 2 . 3 woods
12.04.83 435 — — —_ 225 15 15 — — — 180
517 3.4 3.4 41.4
17.04.84 540 — — _ 60 30 — —_ —_ — 450
111 5.6 83.3
3.05.84 645 375 45 15 90 30 — 90 —_ —_ —_
58.1 7.0 2.3 14.0 4.6 14.0 -
3.05.83 405 135 45 180 30 — — 15 _ — —_
33.3 11.1 44.4 7.4 ¢ 3.7
6.05.82 810 645 —_ 165 —_ — —_— — _ _ —
79.6 20.4
28.05.82 435 255 45 15 15 — - — — - 105
58.6 10.3 34 3.4 24.1
25.06.82 600 —_ — 150 195 30 — — — — 225
25.0 32.5 5.0 37.5
28.06.83 510 270 — — —_ —_ — 240 —_ —_ )
. 529 47.1
5.07.84 463 465 — _— —_ — — — — _ —
100
12.07.84 435 — _— —_ 345 15 30 - — — 45
79.3 3.4 7.0 10.3
13.07.82 660 180 — — 330 90 - ¢ — — — 60
27.3 50.0 13.6 9.1
20.07.82 585 150 — — 195 15 30 120 —_ —_ 75
25.6 33.3 2.6 5.2 20.5 12.8
24.07.84 525 480 —_— —_ —_ — — 45 — — —
914 8.6
27.07.84 495 105 — — — — — 390 — —_ _—
21.2 78.8
1.08.83 480 30 — — 163 15 195 30 — — 45
6.2 345 3.1 0.6 6.2 94
18.08.84 480 — — — 405 30 — 15 — — 30

84.5 6.2 3.1 6.2

8%¢



24.08.84 525 120 —_ — 270 — — 135

22.9 51.5 25.6
28.08.84 645 —_ — — 220 100 325 —
34.1 15.5 50.4
11.09.84 600 _ — — 230 110 . 260 —

38.3 18.3 4314

Total 10 275 3210 135 525 2775 480 855 1080 — — 1215
Avg. 540.8 168.9 7.1 276 146.0 25.2 45.0 56.8 — — 63.9
*5D 1016 197.0 16.8 81.5 134.9 35.4 98.5 103.4 — — 113.8
/s 100 31.2 1.3 5.1 27.0 4.7 8.3 10.5 — — 11.8

Expl. 1 — Pole-sized stand and timber stand (over 20 yrs old), 2 — Thicket, 10—20 ¥rs
young plantation up to 10 yrs old.

old, 3 —

Clearcuts and

6ve
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mean value for April was high (18.5%), and barking accounted for a high
proportion of the food.

The active feeding of European bison involves a free movement of
the group, the route and speed of which depend on the food requirements
of the animals. In this way bhison demonstrate their habitat preferences
in close relation to food preferences,

Ilabitat preferences in the Bialowieza Forest were described earlier
(Krasinska et al., 1987) on the basis of the frequency of observation of
mixed groups of bison. They can also be described on the basis of the
routes of feeding movements of mixed groups. A comparison of the du-
ration of feeding and percentage indices of the tolal duration of feeding
in different foresl lypes and age classes of the stand is shown in Table 4.
In the firsl period after leaving the feeding ricks in April, bison foraged
exclusively in deciduous forests and alderwoods. In these forest lypes
the herb layer vegelation started growing the earliest (Falinska, 1973},
and deciduous trees provided bark at that time (18.5% of the feeding
time was allocated for barking). In May and June, mixed coniferous
forests and, to a lower extent, deciduous forests were prefered habitats.
A similar situation was in July, but in August and September bison
clearly preferred deciduous and mixed forests (Table 4).

Independent of the forest type, bison utilized more tree slands older
than 20 years for feeding. When age classes of all the forest types were
compared, it has been found that 80.6% of the feeding time was in the
stands more than 20 years old, 13.4% in clearcuts, and young forest
plantations and 6.0% in thickets. In the summer period (July, August),
young plantations and thickets in the mixed coniferous forest were not
visited by bison. But young plantations in deciducus forests in August
and September were used almost to the same extent as old stands
(47.0%). This was due to the type of management in deciduous forests,
where the selective cutting was applied (small clearcuts of 0.08—0.12 ha),
and bison could alternatively forage in the timber stand and in small
clearings with fresh herb layer.

5.2, Eliminalive Behavior

Defecating bison of both sexes stop walking, rise the tail, and slighlly
crouch the hind legs. Urinating females adopt a similar posture. Urinating
males stand up and rise the tail. Urination and defecation typically take
place in animals getting up after the rest (63% of the observations).
During feeding defecation is less frequent, and only two animals (a male
and a female) urinated while walking. During resting and prior to resting
defecation is rare {14% of observations).

Most frequently, adults defecated once a day, but the early-morning



Activity and behavier of European bison 351

defecation after the night resting could have been missed because obser-
vations were started too late. Urination takes place 2—-3 times a day.
Calves typiecally urinated immediately after sucking.

5.3, Drinking

The sources of drinking water for bison in the Bialowieza Forest are
natural running walers (rivers, streams) and stagnant water in de-
pressions of the ground, marshy synclines, peatlands, artificial watering
places, gravel pits, and puddles. Bison used all these water sources.

Drinking and visits to watering places were not regular events in the
daily cycle of group activity. Oaly in 9 out of 20 days of observations
hison were drinking water, and in the remaining 11 days they did not
drink at all. An analysis of weather conditions in the period preceding
the days of observation shows thal periods without drinking usually
followed rainy periods of days. On hot days, for example, bison covered
larger distances to reach watering places, as it was the casz on May 3
and June 6 of 1979, On hot days, bison used watering places even twice.
During one observation bison came to a water body for the second time
in the evening, and drinking was combined with their entering the water.
European bison were more frequently drinking water in the afternoon
and evening, but on hot days they visited a drinking place at noon. Many
individual observations show that bisons visit watering places also before
noon. -

Groups typically use permanent water bodies or running waters. Only
solitary hulls used casually encountered puddles.

5.4, Resting

A typical resting position is lying in the physiological position on ster-
num. Bison rarely lie on their sides with all legs stretched, or rest shortly
while standing up. During a several-hour resting, biscn stood up, stretched
out their bodies, and then were resting on the other side. Frequently
the change of position was preceded by wallowing.

In the resting mixed groups, small calves were lying near their moihers,
and older calves frequently formed a separate group. Individual members
were lying at a distance of several metres from each other. Resting bison
never form a compact group in which the animals can touch their neigh-
bours. Group resting is a well synchronized form of activity of group
members. The transition from aclivity to resting was slower than vice
versa.

The location of resting sites of mnixed groups was not casual. Bison
had their preferred resting sites, typically on small elevalions, [reqguently
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located on forest ways and openings, thus in places not always completely
peaceful.

In the periods of a high activity of parasitic insect, bison selected places
where these insects were less abundant: dense spruce thickets without
understorey, or open clearcuts. On a hot day of June, 1979, a large
mixed group (48 individuals) was resting on a sandy, insolated clearcut
The herd was lying there from 7.00 to 18.00 with a break at noon for
going to a watering place. A part of animals were lying on their sides
with stretched legs, breathing hard. The open, insolated area protected
them from noxious gnats.

In other cases bison rested in places where they finished feeding, after
a short period of searching for a resting site.

5.5. Walking

This form of behavior was observed during movements of groups iu
search of new feeding places, movements 1o watering sites or when
fleeing. During walking in file, the cow leading the group headed the
line, and the other group members followed her at short distances one
after another. Young and older calves typically were in the middle of
the line, and an old bull, if present in the group, ended the line,

Walking bison did not use the existing web of forest roads, but they
moved through the forest avoiding openings and clearcuts. But several-
year observations have shown that bison. use pathways made by them-
selves and other animals. The utilization of existing animal pathways was
not casual. Two observed groups used for feeding movements or for
walking the routes that can be considered as typical in recurring spatial
systems. Based on 419 observations, it has been found that these typical
routes were selected in 55.1% of the cases. Taking into account the faet
that directions of movements in the forest are practically unlimited, this
provides an evidence for a clear preference for a distinct network of
pathways within the home range of a group. In cuntrast to the mixed
groups, single bulls frequently used forest roads. Tracks of solitary bulls
were seen many times on straight lines separating forest compartments,
on a distance of 1 km or longer,

5.6. Group Merging Bechavior

Merging of mixed groups occurred frequently in the bison population
(96 observations — see Krasinska et al.,, 1987). Different groups could
merge even two times on the same day, and then break again with some
exchange of individuals. Encounters typically occurred without changes
in the behavior of individual animals (99% of the ohservations), if heyond
the rutting period. In such cases, the dominance structure of the group
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did not change, and the rank of individual animals was respected by the
newcomers. Throughout the study period, there was only one obser-
vation of the fight for social position in the group between two cows.
In the other cases no direct conflicts were observed, and the rank of
the «lominant cow was presumably demonstrated by means of signals
not readily noticeable by an observer.

During the rutting period, however, merging of groups was sometimes
accompanied by interactions among bulls. For example, when two groups
with older bulls were merging, a typical behavior of dominants was
observed. When the bulls approached each other, the one which was
attacking started walking round the other bull. The latter did not
respond to this contention even with a slightest movemeni. He was
slanding in place, with his head in the resting position, without move-
menis or turning the head after the rival. After 10 minutes of such
behavior, the contested bull guietly left the group. As it was known
from the whole-day observation, this bull won a fight with another bull
five hours earlier. Presumably, the exhaustion after that fight accounted
for his passive response in the following conflict. The bull who remained
in the combined group sniffed all the newcoming cows. In other cases
of merging the groups with dominant bulls, one or both of them exhibited
a demosirative behavior in the form of pawing the ground with the
fore feet, wallowing, or breaking young trees. Most often the stronger
bull does not respond to the contention, no [lighting follows, and then
the weaker individual leaves the group after some i{ime, But if the other
bull did not adopt a submissive posture and showed signs of aggression,
a fight was started. Typically, such situation cccurred when the two
hulls were in a similar condilion. Then fighting decided the dominance
position of a bull and his participation in reproduction.

When rutting cows joined a group, the dominant hull responded by
approaching them and sniffing in turn. Occasionally younger bulls from
this group followed the dominant bulls, approaching the cows to sniff
them, and then all bulls resumed their former activity (feeding or re-
sting).

5.7. Agonistic Behavior

Cows, young animals and calves rarely exhibited openly aggressive
behavior. In 2052 observations there were only 11 cases when cows
attacked other group members (cows, young, calves). These attacks were
ended by hitting the opponent with horns, typically in the rump. Once
a cow treated in this way her calf, who insisiently wanted to suck her.
A fight of two cows was observed on July, 11, 1980, some time after
the mergence of two groups. The cow marked at an age of five years
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{No. 2) was attacked during feeding by a bigger cow, who approached
her and shaked her head several times. The provoked cow No. 2 stopped
feeding and by a sudden attack with her horns chased the aggressor
about 20 m in direct contact. The chased cow resumed her aggressive
behavior several times, forcing cow No. 2 stop feeding and adopl a
posture threatening with a new attack rather than retreating. After 15
minutes the iwo cows resumed feeding guielly bul keeping a larger
distance from each other,

Aggression in the group, in the form of attacks on subordinate group
members was intensified in stressing situations. The number of inter-
actions between animals rose in the situation of threat, for example,
upon the approaching of a man, attemptls to encircle them, or repeated
disturbances.

More frequently observed were passive lorms of aggression, when only
the intention of an attack was demonstrated, but there was no direct
clash. Cows demonstrated such an intention by vertical movements of
the head — shaking the head (threat posture) and this sufficed that a
submissed cow or young individual retreated to a safe distance.

The aggressive behavior of rutting bulls has a different meaning. The
tending bull drived away from the rutting cow youing bulls, which stop
at a safe distance from the pair. Bulls 4—5 years old showed at that
time an active response which was not a fight but hostling. The aggres-
sive behavior of a tending bull against a calf occurred in the form of
chasing him from the mother.

5.8, Mother-calf Relationship

A detailed observation of this behavior in the Bialowieza Forest was
difficult because of the distance belween the bison group and the obser-
vers, and owing to the vegetation proteciing bison from view. The par-
turition has not been ohserved so far under natural conditions. On one
occasion, a cow with newly born, wet calf was observed after she joined
the group. The mother was carefully licking the calf, starting with head,
through the thorax, to the back parts of the body, while the calf was
standing up or walking slowly., The cow encouraged the calf to follow
the group by pushing it with her head. More frequently calves several
days old were observed in the group. Typically, they were lying while
their mothers were feeding with the group. One-month-old calves moved
efficiently and usually foraged near their mothers. Also during walking
the youngest calves were near their mothers and clder ones in the
middie of {hec group.
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Two detailed observations of the mother-calf relationship concern the
same cow. In one year, the cow “Babula” left group with her sick
calf (heavily limping) and with a two-year bull, and stayed aside for
seven days, until the calf recovered. In the other year, the cali of the
same cow died for unknown reasons. She was seen in a small group
(with lwo olher cows one of which had a calf), extrenely excited, and
uttering a call characteristic of calling a calf when she was feeding. The
group was staying in this place for three days, and on the third days
a dead calf was found, in the first stage of decomposition. On another
occasion a cow was observed uttering calls serving for communication
with the calf and staying ocutside the group for iwo days. Her older
calf, a marked one-year-old bull (she had no current year calf) joined
another group in which he stayed for a longer time. After two days of
searching, the cow returned to the group.

Table 5

Duration of suckling bouts (in minutes) in the period without
Snow cover.

Month No. chsv. Avg, SD Min—DMax
May 4 2.7 0.5 2 — 3
June 5 4.6 1.7 2 [
July ki 4.8 0.8 3 —- 5.3
Subtotal (May—July) 16 4.2 1.3 2 —6
August ] 5.7 1.6 4 — 8
September 4 7.9 2.5 5.5--18
October - 11 G4 4.5 1 —19
Subtotal 23 6.7 3.4 4 —1n
{August—October)
Born in previous year 17 3.7 1.9 1.5— G.3

{April—October)
[ 3

Suckling began on the signal from the cow or the calf. These were
characteristic sounds known as grunting, frequently ultered by maothers
with calves foraging in a group. Upon mother's call, the calf came im-
mediately and started sucking, often siriking the udder with the head.
When sucking; young calves were standing at the sides of their mothers,
paralleling them, and vigorously switched their tails. When the mother
tried to walk, the calf was heading her off, and when she stopped, it
resumed sucking on the other side or from the back. Older calves, born
the period from May to July were sucking in short bouts of 2—6 min-
utes, 421 1.3 min on the average, and presumably were suckled several
times a day. Older current-year calves in the period from August to
Cclober were suckled longer, from 4 to 19 minules each time, 6.7+ 3.4
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min on the average (Table 5). A three-month-old calf of the marked
leading cow was suckled two times a day. Differences in the duration
of suckling between the youngest calves in summer and several-month-
old calves in autumn were statistically significant at 0.01<p<C0.005
(Student t-test). Calves were also suckled in their second year if the
cow had no new offspring. This was observed even until October, but
more often only in spring. The duration of suckling in this group varied
from 1.5 to 6.5 min with an average of 3.7% 1.9 min (Table 5). During
one whole-day observation a cow suckled such a calf one time. During
suckling the cow stopped feeding and resting. When the cow avoided
suckling, she was fleeing, pushed the calf away with her head, or even
she gave it a gentle kick when it approached from the back. These events
typically occurred during the rutting period, when the cow stop milking
and for some time looses interest in the calf. At that time, the calf was
also chased by the tending bull,

The mother cared for the calf by licking it carefully. This frequently
happened during suckling and after defecation, especially in the first
month of life. On one occasion licking was continued two times for five
minutes with a short break.

5.9. Playing Behavior

Playing behavior was typically observed in calves and juveniles, rarely
in adults. In the observed bison groups, playing of the young was noted
1—2 times per day, and not all young animals in the group were in-
volved. Calves were playing most often when the group entered an open
space, like a forest opening, clearcul, or forest road, Calves were run-
ning with rised tails, jumping on hind legs, sometimes circling round.
A several-day-old calf, who entered a young forest with its mother, was
repeatedly jumping and tossing the rear. Young bulls simulated fights
when playing, pushing each other with horns and jumping on each other.
Such a play could be continued up to half an hour. Playing was initiated
during feeding and during resting of the group. Two-three pairs of young
bulls could be involved concurently.

5,10, Grooming Aectivity

This group of behaviors comprises rubbing, licking, tail switching, and
wallowing.

Rubbing and licking belong to cosmetic activities, occurring with a
similar frequency in bison of different sexes and ages. These activities
are individually performed, although rubbing was observed in several
group members concurrently, For rubbing bison use the roots of wind
fallen trees, bended trees, huits of trees etc. Sometimes they scratch
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the skin with hoofs of hind limbs. These activites are typically perform-
cd prior to or after resting, or during resling (52% of observations
jointly), and also during foraging of the group (48% of observations).
Rubbing was described in detail for winter observations (Cabon-Raczyn-
ska et al,, 1983). It can take from | to 25 minutes several times a day.
The maximum duration of grooming in a cow was 1 hour. Rubbing was
most frequent in summer during invasions of noxious insects, and during
moulting in spring, when it facilitates the shedding of fragments of the
coat.

Licking occurs in similar circumstances as rubbing, Bison can lick their
bodies when lying on the ground and resting, but after a while they
were standing up and continued licking and rubbing in the standing
posture.

Tail switching. Keeping the insects away by switching the tail is com-
mon in grazing animals. In other cases, movements of the tail are re-
flexive, like in calves during suckling, or they are components of ag-
gressive behavior, like in excited bulls during the rutting period.

Wallowing. It was rarely observed in calves (2.8% of the observations)
and juveniles (14.6%). For adult bulls, wallowing accounted for 26.1%
of the observations and for adult cows for 56.5%. Wallowing of bulls
in rut was accompanied by sexual behavior. 72.7% of the observations
of wallowing in bulls comes from the period from the end of July to
Octaber. In groups comprising several adult bulls the frequency of wal-
lowing increased, and the dominant bull exhibited this activity most
often. The wallowing activity of subordinate bulls was increasing in the
presence of a cow in rut.

The leading cow was wallowing more frequently than the other cows.
The wallowing of cows and juveniles typically occurred when the group
was resting. Frequently several individuals were wallowing concurrently,
or sequeniially within some time. The preferred wallowing sites in-
cluded sandy hills, gravelled or sandy ways and roadsides, bare ground
on clearcuts or in gravel pits. These are the so-called wallows. Prior to
wallowing, the bull pawed the ground with fore feet, showered himself
with sand or earth, occasionally urinated in this place, and then was
wallowing with his limnbs stretched up. Wallowing does not involve turing
over the back, thus the bison has to stand up and lie down again in
order to wallow on the other side.

In 6 cases out of 253 observations of wallowing, this behavior was
synchronized for most of the adult group members. Two times {(on 1
May, 1978 and 23 May, 1978) a similar situation was noted, when cows
descended in turn a sandy pit on a clearcut, and were wallowing on the
sandy slope of the pit.
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5.11. Sexual Behavior

Sexual behavior was demonstraied mainly in the rutting period, that
is, Irom late July to October (90% of the observations). In the pre-rutting
period, reproductlively active bulls (7—11 years old) were rarely present
in a group. In the period from April to about 20 July, only 10% of the
total observations of sexual behavior of bulls was noted. It was limited
to sniffing external sexual organs of cows and to adopting the lip posture.
Young bulls (3—4 years old) cccasionally mounted a cow or each other,

Since the third ten-day period of July, reproductively active bulls
joined mixed groups. Smaller groups made up of 10—12 individuals
included usually one adult buil more than 6 years old and 1—3 hulls
4—86 years old which did not take part in reproduction.

In large groups there could be more than one adult bull. This fact
influenced the intensity of sexual behavior of bulls in the rutting period.

Sexual structure of the group in the rutting period precluded the
reproduction of some bulls potentially capable of breeding, and they
stayed for some time beyond the mixed groups. Frequently they followed
the group, sniffing tracks of its members. They demonsirated their
excitment by approaching 2—3-m high spruces, bending them, breaking,
sometimes uprooting them with their horns, rubbing themselves against
broken branches, and also breaking hazel thickets with hoofs and horns.
In places suitable for wallowing they were pawing the ground, urinating,
and wallowing with violent spreading of the legs. A bull was observed
wallowing on fresh tracks of the group left on a forest way.

Young bulls present in the mixed group avoided direct contacts with
the dominant bhull. They interacled, however, among themselves by
clashing with horns and pushing each other. They also demonstrated
their force and excitement by wallowing, pawing the ground, and moun-
ting each other. They were walking near the cow in rut but at a safe
distance {rom the dominant bull.

When a group is approached by a bull in condition similar to that of
the dominant hull, they may fight. In the rutting period, fights were
observed in only 11% of the cases of the sexual behavior of bulls in the
mixed groups. The duration of a fight usually did not exceed 15 min,
and together with the period preceding the direct aggression no more
than half an hour.

Continuous ohservations made it possible to describe the behavior of
cows in rut and bulls prior to mating. In the presence of a cow in rut,
the tending bull approached her and started the so-called “courtship”.
The bull isolated the cow from the group, keeping her at the periphery of
the group and accompanying lhier permanently, without eating and resting
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much. Such a pair developed the tending bond. The same bhull was
attending the cow until they mated, Young bulls observed the tending
bond, but being subordinate they did nct participate in mating., They
approached the cow during inattention moments or a short resting of
the tending bull. Subordinate bulls attempted to mount the cow when
the tending bull was breaking shrubs or wallowing. Typically, the domi-
nant bull was controlling the situation, and responded with shaking
his head and grunting when subordinaie males tried fo approach the
cow. Only three times during twoe successive days a rutting cow and a
Lull attending her were observed. During the first day, a series of be-
haviors described by Krasinski and Raczynski (1967) was observed, which
can be ceonsidered as courtship. On the second day, mating was ohserved,
Over 30 min the bull mounted the cow eight times and copulation oc-
cured. This was combined with other sexual behavior and a series ol
“half-mountings".

In the rutting period, fights between two bulls were observed. A total
of seven fights were observed. One of them is described below to give
an example.

On 21 August, 1984, a group of 11 individual was observed, comprising
5 cows, one young heifer, one bull 8 years old, and four calves. In ihe
morning (5.00—9.50) no sexual hehavior occurred in the group. Aflter a
resting period, the bull approached one of the cows and started licking
her, then he demonstrated a typical sexual behavior: pawing the ground
with fore feets, breaking branches, rubbing, loud grunting and snorting.
e started to courtship the cow and the pair moved lo the edge of the
group. At 1215 another 8-year-old bull (marked No. 23), of the size
of the tending bull, joined the group trotling, le approached one of
the cows, and, after sniffing her, displayed the lip curl posture, then
approached the tending bull and circled him. Then, the two rivals were
standing close to each olher and in parallel, facing opposile directions
with the heads at the height of the opponent’s rump (Fig. 5A). This
preparatory poslure hefore the fight lasted for aboul 10 minutes, during
which the two bulls several times changed their position so thal they
were facing each other and pushing shortly with their horns. Each
rising of the head by one bull was immediately followed by the frontal
position of the other bull. In the next phase the bulls were standing in
parallel with the heads at the shoulder of the opponent {Fig. 5B). For
about 5 minutes of this phase they stroke several times the nape or the
head of the opponent with the horns or the head. Then the main phase
of the fight extended for 15 minutes. The bulls were facing each other
all the time (Fig. 5C, D) and repeatedly attacked each other, that is,
they were holding their heads tight together and strongly pushing the
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opponent with their whole bodies, also striking each other with horns.
When pressing against each other, the bulls were hooking with their
horns, then they released horns and stroke the opponent’s head with
them or with the [orehead. The fighting bulls made violant turns round
themselves, leaving conspicuous traces on the ground. The fight required
a great effort and the animals were getting tired. They were uttering
harsh calls while snorting and were changing the rate of attacks. During
fighting, one of the symptoms of excitment was a rapid swiiching of
the tail. A strong smell was left by the animals in the place of the

A
B [
C

D Il

Fig. 5. Scheme of postures adopted by bulls figthing in the breeding period.
1 — initial phase, II — true fight.
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fight. The defeated bull was standing for a while on the spot, and then
left at a slow pace. The tending bull lay down in shrubs at 13.45, and
two hours later he came back to the cows and lay down again. After
an hour, he got up, overturned a small spruce and uprooted it with his
horns, and then started feeding. At 17.45, two groups marged. In the
newcoming group the other bull was present. He was in condition similar
to that of the winner. The new bull approached the winner, shook his
head several times, and circled him, but the latter did not respond,
standing motionless. Finally at 18.00 the previous winner went away
slowly, and the newcomer remained in the group.

The group did not react to the fight of -bulls. Group members were
foraging or resting nearby during the fight. The looser demonstrated
his defeat by going away from the group and typically he was not
pursued by the winner. Frequently wounded animals were ohserved
alter fighting, and sometimes these wounds resulfed in death,

5.12, Other Types of Beliavior

5.12.1. Vocalization

Vocalization as a form of communication between individual animals
or within a group seems to be rather limited in hison. Cows utter the
grunt while feeding, when small calves are resling nearby, and these
are probably contact calls. They respond to their mothers in a similar
way, and it may be suggested that these calls are individually dif-
ferentiated. Using a similar grunt, the cow calls upon her calf to feed
it, causing a quick response of the calf. For human ear these sounds are
indistinguishable. Bulls in rut utier a characteristic threat grunt. They
also utter other sounds like puffing and snorting. Sounds uttered by
bison are not loud, and usually the sounds of a moving or foraging group
can be heard first, and then the sounds uttered by animals indicative
of the presence of cows with calves or an excited bull.

5.12.2. Leadership

A leading cow is a permanent component of the organization of mixed
groups of European bison. Under natural conditions it is not always
easy to notice her presence in the group, and the same is true of the
hierarchical relationships in the group. Typically this is an older cow
rearing a calf. Leading cows can markedly differ in temperament,
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Some of the leading cows of the mixed groups under study were
gentle, tolerant of the observers (“Babula”) and some were aleri, often
attacking the approaching observers (“Pocieszna”). The latier demonstra-
ted aggression in the vears when she had a calf and also in the years
when only calves of other cows were present in the group.

The observations carried out so far do not provide a complete answer
to the question how permanent the position of a leader is. It has been
found, however, that some cows led groups for many successive years. In
one case the cow “Babula” lost the leading position for two years at an
age of 21 years, when she was barren. But as soon as she gave hirth
to her last calf in 1983, she restored the leadership. In 1982 and 1984,
when she had no calves, she was slaying oulside the group for long
periads, walking alone and not joining other groups. She sclitary died
at a distance of about 15 km from the home range of the group.

The leader of the group can be exchanged. This can happen when
groups are merging. It was observed many times that if the cow “Ba-
bula” was present in one of the merging groups, she always became
the leader of the whole new group. It seems that the rank of the leader
is related to age, predisposing one of the cows fo this position. The
attitude of the leader towards an observer influenced the rest of the
group. A quite responce of the leader accounied for resuming the inter-
rupted activity by the group after the first-moment fleeing. Nervous
response of the leader “Pocieszna” spread to the rest of the group, and
most often the animals fled from the observer.

5.12.3. Response to Man

Bison herds usually flee from an approaching man. The reaction ol
hison largely depends on the circumstances of an encounter, the response
of the leader, and the degree of restless of ihe animals. The leading
cow apparently influences the response of the group. An example can
be here the cow “Babula” and her quiet response to encounlers with
man. When the animals are harassed by insects, they are more inclined
to flee from a man. The long-term observations of some groups markedly
lowered the threshold of the response. The escape distance was reduced,
and after several minutes the observers could stay near the group and
the animals were continuing their normal activity.

The group of bison usually demonstrates aggression {0 man when they
feel threatened. When a man is approaching a group with calves, ag-
gression is exhibited by cows rearing calves, and especially by the leading
cow. Presumably the presence of calves reduces the possibility of
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escaping for the whole group, and addilionally stimulates the response
of cows.

Bulls in rut demonstrate to man reactions typical of sexual excitment.
Thus, they express their fear by shaking the heads, turning up the ground
with hoofs, switching the tail, and threat grunting. During the eight-year
period of the study we were forced to run away from attacking bulls
on several occasions. Also some of the inhabitants of this region were
attacked by solitary bulls in rut.

5.12.4. Escape

Scared bison start galloping and are running away fast an a short
distance of about 100—150 m. Then they slop and usually form a tight
group, Groups with a high proportion of juveniles are more shy. Bison
rarely run away when an observer is approaching them cauliously in an
open area, but they always escape when they are threatened from iwo
sides. They do nol run away from passing cars, iractors, or trains to
which they got used. But a helicopter caused a panic escape of the
group.

5.12.5. Response to Thunder-storim

Two times bison were observed during a thunder-storm with a strong
wind and a shower. They formed a tight group and individual animals
were standing in the direction towards which the wind was blowing.
After the storm they lay down to have a rest. Moderate rainfall does
not interrupt foraging or resting of the group.

6. DISCUSSION

6.1, Activity Palterns

The activity patierns of European hison described in this paper seem
to be characteristic of groups living under natural conditions. Presumably
they are similar to the patterns exhibited by bison living in the Bialo-
wieza Forest in the past century, before the extinction of the original
stock. It is difficult, however, to provide a direct evidence of this because
the methods used by Karcov (1903) and Wroéblewski (1927) do not satisfy
the recent requirements concerning investigations into this problem.
Wrdoblewski (1927) stressed that hefore World War I, food resources were
inadequate for supporting the bison living there, Al that time the Bia-
towieza Forest was a representative hunting area, and it was not exploited
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for timber. The tree stand was thus dominated by old trees. A similar
situation occurs at present in the eastern part of the forest, which is
in the Soviel Union. According to Korotkina (1972), free-living bison
in the eastern part of the Bialowieia Forest allocate much more time
for feeding than the study bison. In spring and autumn, bison were
feeding for a maximum of 96% of their active time (80% on the average),
and in mid-summer 70% on the average (Korockina, 1972). According
le Okolow (1970), eastern part of the Bialowieza Forest is dominated by
poorer forest sites. Presumably, the reduction of food resources in these
habitats is also due to a lower proportion of young plantations and
thickets as compared with that in the Polish part of the forest,

Fig. 6. Comparison of the daily activity of bison (in percentage of time) during
the period without snow cover (A) and in winter (B) (winter time after Cabon-
‘ -Raczynska et al., 1983).

As in the Bialowieza Forest additional food is supplied for bison in
winter, the time allocated for feeding is reduced to 30% of the total
activity of these animals (Cabon-Raczynska et el., 1983), while an op-
posite situation exists in the period without snow cover (Fig. 6). This
is similar to the situation in enclosure, where food is supplied in excess
(Vejner, 1980).

The proportion of daily activity allocated to feeding varies according
to weather, among other things. Hot weather can account for prolonga-
tion of resting at the expense of feeding. Similar observations were made
by Korotkina (1972) for European bison and by Herrig and Haugen
(1976) for American hison, .

The rhythm of the daily activity of bison is polyphase, thus typical o
ruminants, in which feeding phases alternate with resting phases, used
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moslly for chewing. Such an activity rhythm was also observed in bison
living in large enclosures (Van den Brink, 1980).

The sequence and duration of different phases of the daily activity
can vary, except for the first and the last feeding phases taking place
at dawn and 1-—2 hours before dusk, respectively. A similar situation
was observed in roe deer (Cederlund, 1981) and in red deer (Georgi,
1980). But in American bison, the phases of daily activity are rather
stable for mixed groups and more variable for bulls (Shult, 1972). Timing
of the first and the last feeding during the day is the same in the
European and American bison.

The main forms of behavior are highly synchronized in mixed groups,
indicaling that groups are functioning as structural units of the hison
population. Common feeding in groups enables bison io forage while
moving (Krasinska et al., 1987). A similar synchronization in foraging
behavior was described by Shult (1972) in American bison Bison bison
{Linnaeus, 1758). The whole group slarted feeding or resting concurrently
within 15—10 minutes. In winter aggregations of bison at feeding places
the only highly synchronized activity was walking to a watering places
(Cabon-Raczynska et al., 1983). The other forms activity were of a more
individual character.

6.2. Behavioral Patterns
6.2.1. Feeding Behavior

The diet of European bison consists of three main components: vege-
tation of the herb layer (grazing), twigs and leaves (browsing) and bark
of trees (barking). There is a general agreement that vegetation of the
herb layer predominates in the diet (Wréblewski, 1927; Borowski &
Kossak, 1972; Koro¢king, 1972). In his classification of ruminants, which
is based on a comparative analysis of the morphology of the alimentary
tract, Hofmann (1978) included bison, together with the American bison,
water buffalo (Bubalus bubalis) and cattle, to a specialized group of
herbivores digesting grassy and fibrous food taken in large amounts
with little selection. Such an appreoach is confirmed by a small feeding
specialization of bison {Borowski & Kossak, 1972; Korockina, 1972).

There are some discrepancies in the estimates of proportions of dif-
ferent components in the diet. Borowski & Kossak (1972) have found
that browsing accounts for 33% of the diet biomass in the growing
season and grazing for the remaining 67%. In the present study we
measured the preportions ol lime spent browsing and grazing., The
respective proportions were 4.8% and 95.2%. Browsing was observed
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mainly in June and July, i.e. the period ol the highest nutritive value
of twigs and leaves (Drozdz, 1979). In the peried without snow cover,
barking was clearly seasonal, and occurred mostly in April, when the
herb layer was not developed yet. But bison were barking trees through-
out winter, most frequently when going to watering places (Cabori-
-Raczynska et al., 1983). Comparzalive data for American bison (McHugh,
1958) show that browsing is even less important in the prairie, and bar-
king is intensified in winter.

Continucus cbservations of the activily of bison confirmed the earlier
conclusion of Krasinska et al. (198%), obtained by the method of frequency
of encounters, that bison prefer more than 20-year-old stands. These
results differ from these of Borowski & Kossak (1972) ohtained by the
method of recording feeding permanent sample plots in the Bialowieza
Forest. These authors observed the predominance of thickets and young
plantations as feeding sites of bison. Probably their method of counting
traces of feeding on sampling plots yielded liitle representative results
for the intensity of feeding in different habilat types. The proporiions
of different age classes of the stands have not noticeably changed since
then to the time of the present study.

The present type of management of the Biatowieza Forest (selective
cutting: small clearcuts of 0.08—0.12 ha) is suitable for hison with
respect to their feeding habits. Also Falinski & Falinska (1986) indicate
that bison largely use different forest habitats when foed supply in
them is increasing, including clearcuts and young plantations. It should
be emphasized, however, that bison are associated with forests, prefering
dense stands, and especially timber stands, for feeding. They spend in
such habitats up to 80% of the feeding time, taking mostly herbaceous
plants (about 70% of the food biomass according to Borowski & Kossak,
1972).

6.2.2. Other Types of Behavior

Many forms of the hehavior of European bison, such as drinking,
eliminative behavior, grooming, playing, or agonistic and sexual be-
haviors shows much similarity to the respective forms of the behavior
of American bison (McHugh, 1958; Fuller, 1960; Egerton, 1962; Shackleton,
1968; Fischer, 1976; llerrig & Haugen, 1976, Shult, 1972, Lott, 1981).
When investigated in detail, they show some differences, but they can
be explained by the fact that these animals live in different habitat
types, It is especially the case of the bison inhabiting prairies.

In European bison occurring in mixed groups no regular visits to
watering places were, observed, which occur in American bison. Fuller
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(1960) and Shult (1972) have found that mixed herds of American bison
visited watering places at least once a day. American bison bulls from
one populations visited watering places regularly (McHugh, 1958; Herring
& Haugen, 1970), and from other populations irregularly (Fischer, 1976).
These differences can result from differences in the water content
between plants growing in prairies and forests. In open areas of prairies
evaporation is greafer than in forests, where relative air humidity is
high, rainfall is high, rainfall water is present on the floor for a long
time, and also dew on mid-forest openings can persist even by noon,
especially in the second half of summer. Thus, feeding animals take
water in both these forms, and this should largely cover their needs.
A frequent water intake by hison on hol days and lack of visits to
watering places on rainy days provide evidence for this explanation. In
winter, when bison are living on dry focd (hay) they visit watering
places regularly every day, and also take water in the form of snow
(Cabon-Raczynska et al., 1983).

Wallowing, which is a component of the grooming behavior, is very
similar in European and American bison. Individual differences occur
in the frequency of wallowing, Shult (1972) chserved that American bison
bulls were wallowing more often thaa cows, juveniles and calves. In
our observations the frequency of wallowing in bulls of European hison
increased in the rutting pericd. This was not observed in American
bison {Reinhardt, 1985),

European bison do not utter sounds comparable to roaring of bulls
of American bison in the maling period, as described by Shult (1972)
Herring & Haugen (1976) or Lott (1981). In this period, bulls of European
bison utfer threat grunt, which is nol loud, and was not noted in
American bison more than 5 years old (Shult, 1972).

Small differences between ELiropean and American bison were found
with respect to the age of breeding bulls. Experimenis made in enclos-
ures showed that bulls of the Luropean bison reach sexual maturity
early (Krasidski & Raczynski, 1967), but free-living bulls start repro-
duction at an age of 7—8 years. Among 15 marked bulls, the effective
participation in mating was recorded for individuals 7 years old. Egerton
(1962) and Shult (1972) have found that bulls of American bison do not
form tending bonds up to an age of 5 years. According to Lott (1981),
bulls start mating when 6 years old, thus one year younger than
European bison, .

There are differences in the behavior of cows in rut between European
and American bison. Rutting cows of the American bison demonstrate
their excitment by a high mobility, running among the group members,
and stimulating the bull (Lott, 1981). This is not the case of the cows of
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European bison, no matter whether enclosed of free living (Krasinski
& Raczynski, 1967). The indicator of their physiological condition is the
reaction of bulls, so-called accompaning. Lott (1981) suggestis that in
large groups of the American bison, comprising 100-—200 individuals in
the rutting season, the behavier of cows in rutl stimulates competition
among mature bulls. Presumably in much smaller groups of European
bigon there is no need for such a stimulation.

Females of the American bison can often be hur{ with hoofs of the
bulls during mating (Lott, 1981). Such facts have not been noted in
cows of the European bison.

6.3. Social Relationships

The dominance structure of bison was analyzed in detail only for
animals living in zoological gardens (Vajner, 1980) or in enclosures {Van
den Brink, 1980; Krischke, 1983). These analyses concerned artilicial
groups made up of one adult bull, several cows, and their offspring. Such
groups were dominated by the bull, this being the case also in Bialowieza
enclosures.

In the wild, bison typically live in mixed groups representing basic
struectural units of the population. In the breeding season these groups
are joined by one or several bulls more than 6 years old. In the pre-
rutting season, young 4—5-year-old bulls usually stay in mixed groups,
whereas more than 6-year-old bulls form bull groups or are solitary
(Krasinski, 1978).

Hierarchical structure of mixed groups is relatively stable. Interactions
among cows were rarely observed, and most of them did not fight at
all; they only displayed signals confirming the existing hierarchy. Over
the study period only one fight was observed between cows, which could
be related to their social rank in the group. During encounters of two
groups and their temporary merging, no aggressive behavior was observ-
ed which could be indicative of attempts at forming a new dominance
structure. It seems that in mixed groups the age of their members is
the main factor determining the dominance position of cows, like it
is the case in American hison (Rutberg, 1983). In few cases when the
leading cows were known (“Babula” and “Pocjeszna”), these were the
oldest cows. Probably this is the same situation as that described by
Lott {1981) for American bison, where competition in the group ol cows
is unjustified with respeet to fitness benefits.

Sexually mature young bulls aged 4--6 years are nol dominants in
mixed groups for most of the season without snow cover. Similarly,
the reproducing bulls (more than 6 years old), which temporarily stay
in mived groups during the breeding season, do not disturb the domi-
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nance siructure of the group, and their presence in the group concerns
cnly their reproductive function. They have a higher social rank, how-
ever, than the young bulls, Their interactions with the other members
of the group are usually passive.

In mixed groups there occur an exchange of bulls both young and
clder, participating in reproduction. The exchange of the latter can be
preceded by fighting. The arrival of one or several bulls to the group
nced not be coupled with leaving the group by the former dominant,
but it accounts for development of a new dominance structure among
bulls. Such a social organization of a group with a natural age and sex
structure ensures that the cows in oestrus have been impregnanted.
The competitive mechanisms in bulls in the European bison during the
breeding season are thus different from those described by Lott (1979,
1981) for the American bison. These differences are due to the facts that
the rutting period is extended up to two months in the European bison
(2—3 weeks in the American bison, Lott 1981), and the structure and
size of groups during the breeding season are different for the American
and European bison. In the European hison, competition among bulls
is extended for a longer period during which an exchange of mature
bulls can occur. This does nol change, however, the general rules of
the reproductive sirategy of bulls, probably promoting bulls of a high
social rank as successful breeders, like it is the case of the American
bison. These facts shown that during the breeding season in [ree-living
group of bhison, unlike in those in enclosures or zoological gardens, the
sexual selection governed by the biological and ecological rules cccurs.

The results of our comparison of the behavior of the European bison
and American plains bison incline us to support the view of Bohlken
{1967) that these two forms are closely related. Also recent craniomelric
analysis of the contemporary forms of the genus Bison (Zyll de Jong
(1986)), showed {hat the European hison and American hison are con-
specifie, and more, that differences between B, b, bison and ~. b. bonasus
are smaller than between either of them and B. . athabascae Rhoads,
1898.
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RYTM DZIENNEJ AKTYWNOSCI 1 BEHAWICR ZUBROW
W PUSZCZY BIALOWIESKIEJ W OKRESIE BEZ POKRYWY SNIEZNEJ

Streszczenie

Prowadzac obserwacje ciggle od $witu do zmroku w ciggu trzech sezondw
(1982—10984) bez pokrywy Snieznej zbadano rytm dziennej aktvwnodci zubréw w
grupach mieszanych oraz roine przejawy zachowan grupowych i indywidualnych,

Zubry przeznaczajg na zerowanie srednio 60,4°/y czasu dnia, na odpoczynek
31,9% i na przemieszezanie bez zerowania 7,7% (Tabela 1). Rytm dviennej aktyw-
nofei zZubrdw ma charakter wielofazowy — fazy zerowania trwajgce 15°—5HIY
przeplatane sy odpoczynkiem (15—4H15) lub ruchem (Ryc. 2 i 3). Sposrod czyn-
nos$ci wykonywanych w rytmie indywidualnym kosmetyvka zajmuje od 1—5%, kar-
mienie i pielegnacja cielecié 0,5—-1,2%p czasu dnia. Czas przeznaczony na zerowainie
i odpoczynek u zwierzat tworzycych pare podezas rui jest obnizony u krowy o
20%, a u byka 28,5% na rzecz zachowania seksualnego (Tabela 2). Czas zachowania
seksualnego bykow wydluza sie w zaleinosci od fazy oestrus u samicy i liczby
bykow ohecnych w grupie mieszanej.

Zubry w grupach mieszanvch przemieszczajg sie w srodowisku lesnvim poprzez
rozne typy lasu, zreby, uprawy, mlodniki, lgki srodlesne. Zerowanie na runie zaj-
muje zubrom 95,2% czasu przeznaczonego na zerowanie (Tabela 3), W czasie trwa-
nia sezonu wegetacyjnego niezaleznie od typu siedliska lesnego runo przedstawia
gtowne zasoby zerowe zubrow, Zgryzanie lisci i mlodych pedéw stanowi do$é re-
gularny, ale niewielki skladnik zeru, zajmujac 2,9%% czasu przeznaczonego na ze-
rowanie. Najmniej czasu przeznaczaja zubry na spalowanie (1,9%), przy czym ma
ono wyrazny charakter. Jest szczegdlnie intensvwne jedvnie wezesng wiosng (Ta-
bela 4).

Niezaleznie od typu siedliskowego lasu iubry wiekszg credé czasu dnia spedzaja
zerujac w drzewostanach starszych niz 20 lat (80,6% czasu zerowania), a na zre-
bach i uprawach 13,4% i w mtodnikach 6%.

Przewodniczka w grupie mieszanej jest krowa, na ogdl starsza, prowadzaca
ciele. Znane sg krowy hedace przewodniczkami przez kilka lat.
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Opisano zachowanie sig zubréw podczas pobierania pokarmu, wydalania, picia
waody, zabaw, odpoczynku i przemieszczania sig.

Czesto obserwowano czasowe laczenie sie kilku grup mieszanych, co w okresie
pozarujowym na ogdl zachodzi bez reakeji. W okresie godowym w takiej sytuacji
interakeje dotycza najczeéciej bykdéw i1 prowadzg do wytworzenia wirdéd nich
struktury dominacyjnej. Agresywne zachowanie wirdd cielat, mlodziezy i krow jest
rzadkie. Obserwowane jest u byka towarzyszgeego krowie w rui w stosunku do
innych bykow.

Najsilniejszy zwigzek ratki z cieleciem wystepuje w pierwszym miesigcu Zycia.
Jednorazowy czas ssania u mlodych cielat w okresie maj—lipiec wynosi $rednio
4,2%1,3 min, a karmienie odbywa sie kilka razy dziennie, natomiast w okresie
sierpien—pazdziernik czas tej czynnosci jest istotnie dluzszy — §6,7£3,4 min, ale
odbywa sie ono na ogét juz tylko 2 razy dziennie (Tabela 5).

Zachowanie czyszezace u zubréw przebiega jako ocieranie sig, wylizywanie,
bicie ogonem i tarzanie. Tarzanie obserwowane jest czedciej u sztuk dorostych
(82,6% obserwacii) niz u mlodziezy (14,6%) i cielat (2,82). W grupie dorostych,
krowy tarzaja sie czelciej {56,5% obserwacji) niz byki (26,1%). U bykoéw ta forma
zachowania nasila sie w sezonie godowym 72,7% tej aktywnosci u bykow).

Zubrzyce znajdujace sie w rui nie demonstrujg tego w sposob widoczny swoim
zachowaniem. Natomiast objawy zachowania seksualnego samcoéw w sezonie go-
dowym wyraznie nasilaja sie. Byki wtedy czesto lamig mlode 3Swierki, wyrywajac
ich korzenie rogami, lamig galezie o ktére czochraja glowe, rozgrzebuja podloze
le$ne przenimi kohczynami i tarzaja sie. Krowie znajdujgcej sie w rui przez
okres 1—2 dni towarzyszy byk. Ulworzona para znajduje sie na skraju grupy a byk
wykazuje roznorodne objawy asystowania, kofczyce sie pokryciem krowy. Gdy
w tym okresie do grupy dolgcza inny, dorosly byk, ktéry moze zagrozi¢ pozycji
dominanta, moze dojs¢ do walki, ktéra trwa okol 15 minut,

Wysoka synchronizacja gléwnych form =zachowania czlonkéw grupy mieszanej
w okresie bez pokrywy $nieznej jest wysoka i swiadezy o konsolidacji grupy —
podstawowej jednostki strukturalnej populacji. Wspolne zerowanie Ww grupie
umozliwia realizacje strategii pokarmowej zubrow, polegajaca na aktywnym Ze-
rowaniu w ruchu., Nie obserwowano tego podczas zimy kiedy zubry korzystaja
z pokarmu podawanego przez czlowieka przy brogach.

Stwierdzono istnienie generalnego podobienistwa zachowania zZubrdw i bizendw,
Bytowanie w odmiennych warunkach jrodowiskowych wplywa na rdéinice w struk-
turze socjalnej i wielko$ei ugrupowan. Dotyeza one na przykilad braku u zubrow
regularnosci odwiedzania wodopojow oraz poOiniejszego uczestniczenia bykow w
rozrodzie. U krow Zubra brak wyraznego demonstrowania stanu rui co ma miejsce
v bizona. Stala strukiura socjalna kréw i zmienna u bykdéw ma charakter przy-
stosowawcezy 1 sprzyja bezpieczenstwu stada oraz realizowaniu swobaodnego doboru
plciowego.



