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In 1982— 1981, the a c tiv ity  o f E uropean  b ison  B tsou bon asu s (L inn aeu s,
1758) w a s observed  co n tin u ou sly  from  d aw n  to dusk. It has been  foun d  
th a t th e  rhythm  of a c tiv ity  cons'Sts o f m any phases. T he feed in g , 
restin g , and  .w .-'k in g  a c tiv it ie s  o f group m em b ers are  h ig h ly  sy n -  
hron ized , im p ly in g  th a t th e  group is a h ig h ly  con so lid a ted  structura l  
u n it  o f  b iso n  p op u lations. E uropean  bison a llo ca te  (50.4% o f th e  d a y  for  
foragin g , 31.9% for restin g , and 7.7°/# for  m o v em en ts w ith o u t foragin g .
T he fo ra g in g  tim e  is used  for grazing  in  95,2%  on the a v era g e , b ro w sin g  
in  2.9J/o', a n d  bark in g  in Li)*/». Y ou ng c a lv e s  su ck  their  m o th ers sev era l  
tim es a day fo r  4.2+1.3 m in  in  th e  period  M ay-July . O lder ca lv e s  draw  
m ilk  s ig n ifica n tly  lon ger  from  A u g u st to O ctober, th a t is, 6 .7+3.4 m in  
on th e  average . W a llo w in g  was m ere  freq u en t in  ad u lts than  in  yo u n g  
a n im a ls, and  am ong a d u lts  m ore freq u en t in  co w s th an  in b u lls  in  
w h ic h  it  w a s in ten sified  during th e  ru ttin g  period .

¡M am m als R es. Inst., P o lish  A cad. S c i., 17-230 B ia ło w ie ż a  (KCR,
M K, JM W ) and  B ia ło w ieża  N a tio n a l P ark  (ZA K ), 17-230 B ia ło w ieża ,  
P olan d]

1. IN T R O D U C T IO N

European bison liso n  bonastis (Linnaeus, 1758) are free ranging in the 
Białowieża Forest, thus it was possible to study their ecology in  the 
natural habitat (Krasiński, 1978, 1978a). In 1976— 1981, the behavior of 
European bison was investigated in w inter periods, when these anim als 
are aggregated at sites with additional food supplied in w inter (Caboń- 
-Raczyńska et al., 1983).

In the period w ithout snow cover, European bison have good foraging 
conditions in  the Białowieża Forest. Due to this, from spring (that is, 
from snow m elting) to late  autum n (usually until the perm anent snow 
cover) bison live w ithout much disturbance from man and ra the r is ac
cordance w ith the ecology and biology of the species (Krasiński, 1978; 
Krasińska et al., 1986),

Scarce studies on the behavior of bison were carried out in enclosures 
of the Prague ZOO (Vajner, 1980), in Holland (Van Den Brink, 1980),
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and in the national park Bayerische W ald (Krischke, 1984). These animals 
were perm anently  supplied with food by m an and their groups were 
artificially  formed in enclosures. Only Koroćkina (1972) observed a free 
ranging herd in the Russian part of the Białowieża Forest.

The present study is focused on the rhy thm  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 natu ral organ
ization. This study corresponds to the problems concerning all processes 
of utilizing forest habitats by the European bison population in Biało
wieża, which are the subject of a separate paper (Krasińska et al., 198^).

2. M A T E R IA L  A N D  M ETHO D

O bservation s on th e  a c t iv ity  rh yth m  o f E uropean  b ison  groups a n d  th e  beh av ior  
o f  in d iv id u a l group m em b ers w ere  condu cted  in 1982— 84. A  to ta l o f 20 daily  
cy c les  o f ob serv a tio n s w ere  m a d e  from  d a w n  to  dusk . T w o o b serv ers w e re  w o rk in g  
co n cu rren tly  to increase th e  p rec is io n  of record s of in d iv id u a l b e h a v io r  in  the  
group, u s in g  7X 50  b in ocu lars. B ison  groups w e re  observed  in  d iffe re n t  m onth s  
from  A p ril to S eptem ber. T he  d u ra tio n  o f d iffe re n t  a c tiv ity  typ es o f  th e  group and  
in d iv id u a l a n im a ls w ere  noted . T he routes o f m o v em en ts  o f th e  group during  
fo ra g in g  and  during w a lk in g  w e re  draw n on m aps of fo rest co m p a rtm en ts to 
d eterm in e  d ista n ce  cov ered  by th e  group du rin g  th e  day. T h ree  b asic  form s of 
b e h a v io r  w ere  d istin g u ish ed : 1) feed in g , 2) restin g  (ly in g , and sta n d in g ), and  3) 
m o v em en ts w ith o u t feed in g  (w a lk in g ). In a d d ition , su ch  form s of in d iv id u a l 
b e h a v io r  w ere  record ed  as p lay ing , groom ing, se x u a l b ehavior, a g o n istic  behavior, 
m o th e r-ca lf-re la tio n sh ip , and vo ca lisa tio n . T he d u ra tio n  o f ca lf m ilk in g  w a s noted.

D iffer e n t form s of group a c tiv ity  are descr ib ed  in  15 -m in u te  in terv a ls . T he  
p ercen ta g e  o f in d iv id u a ls  in  p a rticu la r  a c tiv ity  p h ases w a s noted .

T he m ean du ration  o f th e  o b serv a tio n  cy cle  o f  groups w a s  892+60.1 m in . 
D escrip tion  o f in d iv id u a l b eh a v io r  o f  ad u lts w a s m a d e  in part d u rin g  th e  w h o le -d a y  
ob serv a tio n s, and  a lso  d u rin g  a  separate  program m e im p lem en ted  in 1978— 1984, 
w h en  2052 ob serv a tio n s o f m ix ed  groups and  1041 ob serv a tio n s of b u ll groups and  
s in g le  b u lls  w ere  m ade.

T he term in o logy  used here  for  b eh a v io r  d escr ip tio n  fo llo w s  th a t app lied  by  
S h u lt (1972) for  beh av ior  of th e  A m erican  bison .

3. RH YTH M  OF D A IL Y  A C T IV IT Y  O F M IX E D  G R O U P S

The duration of three m ain activity forms for European bison groups 
in the period w hen they use natu ral 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 activ ity  (Table 1).



T able 1
F orm s o f  th e  d a ily  a c t iv ity  o f m ix ed  groups o f bison .

F orm s of th e  d a ily  a c tiv ity  o f  m ix ed  g rou p s o f  b ison

D ate
G roup

size
T im e o f  

ob serv a tio n  
(m inutes)

F eed in g ,

m in

(m inutes) 

m ax %

R esting ,

m in

(m inutes) 

m a x  «/«

W alk ing , (m inutes)  

m in  m ax  %
D rin k in g

M ig ra 
tio n
dist.
(m)

12.04.1983 12 780 435 60 120 55.8 315 15 105 40.4 30 15 _ 3.9 9 000
17.04.1984 9 885 540 60 270 61.0 255 45 120 28.8 90 30 60 10.2 1 3 800
3.05.1984 9 915 645 15 150 70.5 150 15 60 16.4 120 15 60 13.1 1 8 500
5.05.1983 10 855 405 15 105 47.4 390 15 195 45.6 60 15 _ 7.0 — 10 000
6.05.1982 11 990 B10 15 285 81.3 180 15 90 18.2 — — — — 1 3 250

28.05.1982 28 930 435 15 165 46.8 240 15 120 25.8 235 15 90 27.4 2 12 500
25.06.1982 30 1035 600 45 210 58.0 150 15 90 14.5 285 15 180 27.5 1 16 000
28.06.1983 11 870 510 120 210 58.6 360 15 105 41.4 — — — — — 3 500

5.07.1984 27 855 465 45 195 54.4 375 60 180 43.8 15 — — 1.8 — 2 000
12.07.1984 40 900 435 90 180 48.3 390 15 255 43.3 75 30 45 8.4 1 6 000
13.07.1982 23 945 660 15 300 69.8 150 15 135 15.9 135 15 60 14.3 1 17 500
20.07.1982 10 960 585 15 315 60.9 300 45 180 31.3 75 15 60 7.8 1 14 500
24.07.1984 14 885 525 45 210 59.3 345 60 180 39.0 15 — — 1.7 — 3 500
27.07.1982 19 870 495 15 120 56.9 270 15 90 31.0 105 15 45 12.1 — 9 000

1.08.1984 30 870 480 45 165 55.2 375 45 195 43.1 15 _ _ 1.7 _ 6 000
18.08.1983 10 855 480 30 180 56.1 375 15 165 43.8 — — —. — — 2 300
24.08.1984 11 885 525 15 135 59.3 ' 345 15 135 39.0 15 — — 1.7 — 4 500
28.08.1984 24 870 645 75 210 74.1 225 45 90 25.9 — — — — 1 4 500
11.09.1984 16 810 600 90 255 74.1 150 60 90 18.5 60 15 30 7.4 — 5 000

A v era g e 892.9
±60.1

540.8
±101.7

60.4 281.0
±91.5

31.9 90.0
±83.1

7.7 7471.0
±4723.1
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The duration of resting is closely related to rum ination. But the latter 
was not recorded for individual bison because of the difficulty  in m easur
ing it. Resting (lying and standing) was also variable, ranging frcm 
14,5 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 tim e it was resting on a sandy 
opening (Fig. 1). The reason for this unusual behavior could have been 
extrem e w eather conditions (prolonged drought and heat).

%

F ig . 1. A c tiv ity  rh y th m  of one m ix ed  group. J u n e  6, 1979, n —48.

Our observations shows tha t walking occurs when bison move from 
one feeding site to another, go to w atering places, or search for resting 
sites. The tim e allocated for walking can account for up to 27% of the 
total daily activity. During four daily observations, no m ovem ents without 
feeding were observed.

The feeding activity of m ixed groups is of a polyphase character: the 
phase of feeding is interspersed w ith shorter or longer periods of resting 
or walking. Feeding occurred at any time of the day. Most groups were 
feeding early  in the m orning and prior to sunset, bu t 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 afte r the sunrise, two peaks in the m iddle of the day, and the fourth 
prior to sunset. Num erous observations of groups and individual anim als 
in d ifferent times of the year did not reveal other periods of feeding
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5 6 7 8 9 10 11 12 13 14 15 16 17 IS 19 20 h

Fig. 2. D a ily  a c tiv ity  rhythm s of a ll m ix ed  groups o b se rv e d  in th e  period  w ith o u t

sn o w  cover. S y m b o ls  as in  F ig. 1.

a-J 1 -  - 1 1 ' ^ - i o o
5 6 7 e 9 10 It 12 13 14 15 16 17 18 19 20 h

F ig. 3. A v era g e  d a ily  a c tiv ity  rh y th m  o f m ix ed  groups in th e  period  w ith o u t  
sn o w  cover. S y m b o ls  as in  F ig. 1.



A. April 12, 1964; n=12 в. May 3, 1984; n=15

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 h 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 h

С. June 2 8 , 1 9 8 3 ;  n = 11 D. Ju ly  5,1984; n = 27

•/. v.



F. August 24, 1984; n = 11 G. September 11, 1984; n=16

4 5 6 7 a 9 10 11 12 13 14 15 16 17 18 19 20 h

E. Ju ly  12,1984 ; n = 40

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 h

Fig. 4. T yp ica l e x a m p le s  o f  th e  d a ily  a c t iv ity  rh yth m  o f  
d iffe re n t m ix e d  groups o f th e  E uropean  b ison . D ates o f  

o b serv a tio n  and  group  s iz e  (n) are ind ica ted .
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activity  than  these four. The low distinctiveness of the feeding cycles 
during the day m ay be due to the fact tha t they  depend on many 
environm ental and behavioral factors. These factors involve variable 
w eather conditions, abundance of noxious insects, food resources, or 
casual disturbance by man. Our observations of a m ixed group early  in 
the m orning of the day following the day of the w hole-day observation, 
have shown th a t a t night the group is resting. In 15 out of 19 complete 
daily cycles, in the early  m orning 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 m inutes 
to 5 h 15'. The corresponding data for resting ranged from  15' to 4 h 15' 
(Table 1). The daily rhy thm  of activity largely varied w ithin a m onth 
and betw een months. For example, short 1-2-hour feeding periods were 
interspersed w ith equally short periods of resting in April, a t the be
ginning of the growing season (Fig. 4A). In May of 1984, feeding bouts 
were long, lasting 2— 3 hours, and they w ere interspersed w ith 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 
Septem ber of 1984 (Fig. 4G), there were two very  long feeding bouts 
(of 4 and 5 h) and two short walking bouts. The observed diversity of 
the duration of d ifferen t activity types implies that bison have no stable, 
regular rhy thm  of daily activity.

The length of the daily routes of m ixed groups in the Białowieża Forest 
is the sum of m ovem ents w ithout feeding (walking) and the distance 
covered during  foraging. It is highly variable, ranging from  2 km to 
17 km, the extrem e values being noted in Ju ly  (Table 1). It seems tha t 
the m obility of mixed groups is not related to their size, but a num ber 
of factors are involved here. The m ean distance covered by a m ixed 
group during the day was 7410 ±4723 m (Table 1).

For the group as a s truc tu ra l unit of the population, accordance in the 
activity of its m em bers and synchronization are im portant. All form s of 
group activity showed a high degree of accordance (Fig. 4A—G). In no 
case the activ ity  of group m em bers followed two different pathw ays, that 
is, in no case a part of anim als were resting and a part were feeding 
throughout the duration of a given activity type. Synchronization of 
group m em bers was typically achieved over 15-minute observation units, 
bu t often a m uch shorter time was needed (e.g. 5 minutes) for transition  
of all anim als from resting to feeding. It also happened that some ind i
viduals w ere delayed 45 m inutes when switching from  feeding to resting, 
but during th a t time they rem ained close to the resting group. The 
transition  from  one form  of activity to another does not seem  to be 
initiated by specific group members. Only the s ta rt 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 a fte r the resting 
period by driving away the cow lying in vicinity. This was a signal for 
the whole group to stand up and start feeding.

O ther forms of activity such as grooming, sucking the calves, playing, 
etc. are individual activities and take place a t d ifferen t times in various 
individuals. For example, grooming can be perform ed during feeding of 
the group or during resting, sometimes im m ediately a fte r or prior to 
resting. In no case all the group m em bers were grooming concurrently. 
Sucking also took place a t d ifferent times. Only in one out of 95 obser
vations four cows milked their calves concurrently.

T a b le  2

D u ration  of d iffe re n t  form s of th e  d a ily  a c t iv ity  o f  se lec ted  m em b ers of a  m ix ed
group (in m inutes).

In d iv id u a l sym b ols (num bers)

UR B A BA No. 19 BN N o. 10

A ge, yrs. 11 13 13 7 8 8
S e x F F F M M F
D ate M ay 9, J u n e 28, A u gust 18, A u gust 28, A u g u st 24, A u gu st 28,

1982 1983 1983 1984 1984 1984
A ctiv it ie s :
F eed in g m in. 726.5 564 490 415 260 535

% 74.0 64.8 57.3 47.7 34.4 61.5
F 0 5 6 11 7 9

R esting m in. 189 290 320 125 400 200
% 20.0 33.3 38.6 14.4 53.0 23.0
F 5 n 4 4 7

G room ing m in. 56 10 25 0 0 0
% 5 12 2.9 0 0 0
F 1 X A, 1 X B 1 X A IX  A, 1 X B 0 0 10

D rink in g m in. 5 0 0 10 0 0
% 0.5 0 0 1.1 0 1.1
F 1 0 0 1 0 I

W a llo w in g m in. 0 0 0 0 15 0
% 0 0 0 0 2 0
F 0 0 0 0 1 0

C a lf-co w  rel. m in. 3 0 15 0
% 0,5 0 1.2 0
F 1 0 2 0

S ex u a l m in. 0 0 0 320 80 125
b eh av ior % 0 0 0 36.8 10.6 14.4

F 0 0 0 C 5 9
E lim in a tiv e F U  1 U  1 U 1  D 1 0 0 0
beh av ior
T im e o f 100% 978 870 055 870 755 870
observation

A bb.: A  — rubb ing , B — w a llo w in g , C —  se x u a l b e h a v io r  in c lu d in g  4 X w a llo w in g , 
3 X p a w in g  th e  ground w ith  th e  fo re fee t, 4 X c h a sin g  oth er  b u lls , 3 X 
b rea k in g  bran ch es and rubb ing , U —  u r in a tio n , D  —  d e feca tio n , F  —  nu m ber  
o f  a c t iv ity  bouts per day.
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4. R H YTH M  OF IN D IV ID U A L  A C T IV IT Y

During the observations of the daily activity rhy thm  of m ixed groups, 
also the activity of six adults of the two sexes was recorded. These 
individual observations were used to compare individual behavior 
(Table 2) with the activ ity  rhy thm  of the group (Table 1). Two types of 
behavior can be distinguished here: 1) individuals changing their activity 
in accordance w ith the actiyity rhythm  of the group and 2) individuals 
following their own rhythm s, not in accordance w ith the group activity. 
The first group comparised two cows, one of which was observed twice. 
The second group consisted of a cow in  the ru tting  period and sexually 
active bulls.

In three cows representing the first type of group behavior some in
dividual activities were perform ed independent of the group behavior. 
For example, grooming look 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. U rina
tion in cows occurred 1—3 times a day and defecation once a day. Ho
wever, observations w ere started  some after the group finished its night 
resting after which they are likely to defecate, too.

The second type of behavior was dem onstrated by two bulls attending 
a cow in the ru tting  period and by a cow showing signs of ru tting , 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 w ith 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, a ttem pts to draw  off the cow from  the 
group). The following differences were observed in the duration of 
various behavior types betw een two bulls in the ru tting  period, members 
of a mixed group, and the rest of the group: feeding time shorter by 26 
and 27%, and resting time shorter by 12% than those of the group. The 
second bull was resting by 14% longer than the group, bu t 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 w ith another bull, who w anted to join group and was defeated, 
and in the second case such form s of ru tting  behavior w ere involved as 
wallowing (4 times per observation), chasing of other bulls from  the cow 
(4 times), pawing the ground with the fore feet (3 times), breaking 
branches (4 times), and attem pts to m ount a cow (3 times). The duration 
of sexual behavior in both sexes was variable and dependent on the 
ru tting  phase in the. cow and on the num ber of bulls in the m ixed group.

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

5. B E H A V IO R

5.1. F eed in g  B eh av ior  in  D iffer e n t F orest H ab itats

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 certain distance from 
each other, typically several metres, and they move in  the direction of 
m ovem ent of the entire group. Calves at most several m onths old stay 
close to their m others, older forage in the middle of the group. The 
leadership during feeding is not always clear. In some cases the leading 
cow was at 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, w ithout 
noticeable leadership.

Three m ain types of the feeding of m ixed 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 m ain 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 ra ther regular but small 
com ponent of the diet. On the average, browsing accounted for 2.9% 
of the feeding time. Browse was taken in largest am ounts in  June and 
July , m ostly in deciduous forests and m ixed coniferous forests, account
ing then  for 13.8% of the feeding time. Thus the increased proportion 
of twigs in  the diet occurred at the vegetation peak, w hen they reached 
the highest nutritive value (Drożdż, 1979).

Barking was clearly seasonal. It accounted for a high proportion ot 
the feeding time (max, 20.7%) only in spring (April), w hen there were 
no fresh twigs yet and the am ount of herb layer was lim ited both quan
titatively  and qualitatively. At tha t time bison stayed near w inter clear- 
cuts and barked mostly trunks and branches of aspens (Populus tremula) 
cu t down. In the other periods of the growing season, barking occurred 
occasionally. Only single individuals w ere barking at th a t time, and the 
preferred  trees consisted of aspens, ashes (Fraxinus  excelsior), spruces 
(Picea abies), lindens (Tilia cordata), hornbeam s (Carpinus betulus), and 
occasionally hazels (Corylus avellana). During the whole study period, 
barking accounted for 1.9% of the feeding time, on the average. Only the



F eed in g  d u ra tio n  of m ix ed  groups o f  b ison  in d ifferen t fo rest  typ es. T he tim e  o f fe ed in g  is  ex p ressed  in  m in u tes  
a n d  in  p ercen ta g e  o f  t im e  (in ita lic s), *, d en o te s a  s in g le  b a rk in g  by a bu ll, n o t in c lu d ed  to  th e  to ta l su m  of

b a rk in g  tim e.

T ab le  3

D ate
G razing B ro w sin g

m in. M CF DF M DF A M CF D F M DF A

12.04.83 435 _ 225 _ 90
51.7 20.7

17.04.84 540 — 90 — 390
16.7 72.2

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 3.4 24.1
25.06.82 600 165 195 — 210 — 30 _ —

27.5 32.5 35.0 5.0
28.06.83 510 210 — 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
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 30 45

6.2 78.2 6.2 9.4
18.08.83 480 — 390 15 30 — 45 — —

81.2 3.2 6.2 9.4

M CF

B a rk in g  

D F  M DF A

30
6.9

90
20.7
60
11.1
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24.08.84

28.08.84

11.09.84

525

645

600

105
20.0

270
51.4 
630
97.5 
585
97.5

135
25.7

- ■ 15
2.3
15
2.5

■
»

15
2.9

T ota l, m in. 10275 3780 3915 1035 1050 90 150 45 15 15 30 —  150

A vg. 540.8 198.9 206.0 54.5 55.3 4.7 7.9 2.4 0.8 0.8 1.6 7.9
+ S D 101.6 224.0 204.2 99.4 97.6 14.2 13.6

■/o 100.0 36.8 38.1 10.1 10.2 0.9 1.5 0.5 0.1 0.1 0.2 1.5

T ota l, m in . 514.7
95.3

15.8
2.9

10.3
1.9

A b b rev ia tio n s: M CF —  M ix ed  co n ifero u s fo rest, D F  —  D ecid u o u s fo rest, M D F —  M ix ed  d ec id u o u s fo rest, A  —  A ld erw o o d
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T a b le  4

F eed in g  d u ra tio n  o f  m ix e d  groups o f b ison  from  d iffe r e n t  age  c la sse s a n d  in sta n d s o f v a r io u s fo rest  typ es. T he  
t im e  of fe ed in g  is ex p ressed  in  m in u tes and  in  p ercen ta g e  o f t im e  (in ita lic s).

D a te
F eed in g
a c tiv ity
(m in.)

M ixed co n ifero u s fo rest D ecid u ou s fo rest  
_  3

M ixed d ec id u o u s fo rest A ld e r -
w o o d s1 2 3 1 2 1 2 , 3

12.04.83 435 _ _ _ 225 15 15 _ _ _ 180
51.7 3.4 3.4 41A

17.04.84 540 — --- — 60 30 — — ---  --- 450
11.1 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

5.05.83 405 135 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 3.4 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 ---  --- —
52.9 47.1

5.07.84 465 465 — .— __ __ — — --- --- —
100

12.07.84 435 — — — 345 15 30 — --- --- 45
79.3 3.4 7.0 20.3

13.07.82 660 180 — — 330 90 __ * — -- --- 60
27.3 50.0 13.6 9,2

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 ---  --- —
91.4 8.6

27.07.84 495 105 — — — — — 390 --- --- —
21.2 78.8

1.08.83 4 B0 30 — — 165 15 195 30 ---  --- 45
6.2 34.5 3.1 40.6 6.2 9,4

18.08.84 480 — — — 405 30 — 15 --- --- 30
84.5 6.2 3.1 6.2
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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 43.4

T ota l 10 275 3 210 135 525 2 775 480 855 1 080 — —  1 215

A vg. 540.8 168.9 7.1 27.6 146.0 25.2 45.0 56.8 — —  63.9
± S D 101.6 197.0 16.8 61.5 134.9 35.4 98.5 103.4 — —  113.8

100 31.2 1.3 5.1 27.0 4.7 8.3 10.5 —  11.8

E x p l. 1 —  P o le -s iz e d  stan d and tim ber stand (over 20 y rs old), 2 — T h ick et, 1C— 20 y rs o ld , 3 —  C learcuts and
y o u n g  p la n ta tio n  up to 10 yrs old.
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m ean value for A pril was high (18.5%), and barking accounted for a high 
proportion of the food.

The active feeding of European bison involves a free m ovem ent of 
the group, the route and speed of which depend on the food requirem ents 
of the animals. In this way bison dem onstrate their hab ita t preferences 
in close relation to food preferences.

H abitat preferences in the Białowieża Forest w ere described earlier 
(Krasińska 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 m ovem ents of m ixed groups. A comparison of the du
ration of feeding and percentage indices of the total duration of feeding 
in different forest types and age classes of the stand is shown in Table 4. 
In the first period after leaving the feeding ricks in April, bison foraged 
exclusively in deciduous forests and alderwoods. In  these forest types 
the herb  layer vegetation started  growing the earliest (Falińska, 1973), 
and deciduous trees provided bark at that time (18.5% of the feeding 
tim e was allocated for barking). In  May and June, m ixed coniferous 
forests and, to a lower extent, deciduous forests were prefered habitats. 
A sim ilar situation was in July, bu t in A ugust and Septem ber bison 
clearly preferred  deciduous and m ixed forests (Table 4).

Independent of the forest type, bison utilized m ore tree stands older 
than 20 years for feeding. W hen age classes of all the forest types were 
compared, it has been found that 80.6% of the feeding tim e was in the
stands more than  20 years old, 13.4% in clearcuts, and young forest
plantations and 6.0% in thickets. In  the sum m er period (July, August), 
young plantations and thickets in the m ixed coniferous forest were not 
visited by bison. But young plantations in  deciduous forests in August
and Septem ber w ere used almost to the same ex ten t as old stands
(47.0%). This was due to the type of m anagem ent in deciduous forests, 
w here the selective cutting was applied (small clearcuts of 0.08—0,12 ha), 
and bison could alternatively  forage in the tim ber stand and in small 
clearings with fresh herb layer.

5.2. E lim in a tiv e  B eh av ior

Defecating bison of both sexes stop walking, rise the tail, and slightly 
crouch the hind legs. U rinating fem ales adopt a sim ilar posture. Urinating 
m ales stand up and rise the tail. Urination and defecation typically take 
place in anim als getting up after the rest (63% of the observations). 
During feeding defecation is less frequent, and only two anim als (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-m orning
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defecation after the night resting could have been missed because obser
vations were started  too late. Urination takes place 2— 3 tim es a day. 
Calves typically urinated immediately after sucking.

5.3. D rinking

The sources of drinking w ater for bison in the Białowieża Forest are 
natu ral running w aters (rivers, streams) and stagnant w ater in de
pressions of the ground, m arshy synclines, peat lands, artificial w atering 
places, gravel pits, and puddles. Bison used all these w ater sources.

D rinking and visits to w atering places were not regular events in the 
daily cycle of group activity. Only in 9 out of 20 days of observations 
bison were drinking w ater, and in the rem aining 11 days they did not 
drink at all. An analysis of w eather conditions in the period preceding 
the? days of observation shows that periods w ithout drinking usually 
followed rainy periods of days. On hot days, for example, bison covered 
larger distances to reach w atering places, as it was the case on May 3 
and June 6 of 1979. On hot days, bison used w atering places even twice. 
During one observation bison came to a w ater body for the second time 
in the evening, and drinking was combined with their entering the water. 
European bison were more frequently  drinking w ater in the afternoon 
and evening, but on hot days they visited a drinking place a t noon. Many 
individual observations show that bisons visit w atering places also before 
noon. ■

Groups typically use perm anent w ater bodies or running waters. Only 
solitary bulls used casually encountered puddles.

5,4. Itesting

A typical resting position is lying in the physiological position on s te r
num. Bison rare ly  lie on their sides w ith all legs stretched, or rest shortly  
while standing up. During a several-hour resting, bison stood up, stretched 
out their bodies, and then  w ere resting on the other side. F requently  
the change of position was preceded by wallowing.

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

The location of resting sites of mixed groups was not casual. Bison 
had their preferred resting sites, typically on small elevations, frequently
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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 
m ixed group (48 individuals) was resting on a sandy, insolated clearcut 
The herd  was lying there from  7,00 to 18.00 w ith a break at noon for 
going to a w atering place, A p a rt of anim als w ere lying on their sides 
w ith 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. W alk ing

This form  of behavior was observed during m ovem ents of groups hi 
search of new feeding places, m ovem ents to w atering sites or when 
fleeing. During walking in file, the cow leading the group headed the 
line, and the other group m em bers followed her a t 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.

W alking 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 pathw ays m ade by them 
selves and other animals. The utilization of existing anim al pathw ays was 
not casual. Two observed groups used for feeding m ovem ents or for 
walking the routes tha t 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 fact 
tha t directions of m ovem ents in the forest are practically  unlim ited, this 
provides an evidence for a clear preference for a distinct netw ork of 
pathw ays w ithin the home range of a group. In contrast to the mixed 
groups, single bulls frequen tly  used forest roads. Tracks of solitary bulls 
were seen m any tim es on stra ight lines separating forest com partm ents, 
on a distance of 1 km or longer,

5.6. G roup M erging B eh a v io r

Merging of m ixed groups occurred frequently  in the bison population 
(96 observations — see Krasińska et al., 1987). D ifferent groups could 
merge even two times on the same day, and then  break again w ith some 
exchange of individuals. Encounters typically occurred w ithout changes 
in the behavior of individual anim als (99% of the observations), if beyond 
the ru tting  period. In such cases, the dominance s tructu re  of the group
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did not change, and the rank of individual anim als was respected by the 
newcomers. Throughout the study period, there was only one obser
vation of the fight for social position in  the group betw een two cows. 
In the  other cases no direct conflicts were observed, and the rank  of 
the .dominant cow was presum ably dem onstrated by means of signals 
not readily  noticeable by an observer.

During the ru tting  period, however, m erging of groups was sometimes 
accompanied by interactions among bulls. For example, when two groups 
w ith older bulls were merging, a typical behavior of dom inants was 
observed. W hen the bulls approached each other, the one which was 
attacking started  walking round the other bull. The la tter did not 
respond to this contention even with a slightest movement. He was 
standing in place, w ith his head in the resting position, w ithout move
m ents or turning the head after the rival. A fter 10 m inutes of such 
behavior, the contested bull quietly left the group. As it was known 
from  the whole-day observation, this bull won a fight with another bull 
five hours earlier. Presum ably, the exhaustion after tha t fight accounted 
for his passive response in the following conflict. The bull who rem ained 
in the combined group sniffed all the newcoming cows. In other cases 
of m erging the groups with dom inant bulls, one or both of them  exhibited 
a dem ostrative behavior in the form of pawing the ground w ith the 
fore feet, wallowing, or breaking young trees. Most often the stronger 
bull does not respond to the contention, no fighting follows, and then 
the w eaker individual leaves the group after some time. But if the other 
bull did not adopt a submissive posture and showed signs of aggression, 
a fight was started. Typically, such situation occurred when the two 
bulls were in a sim ilar condition. Then fighting decided the dominance 
position of a bull and his participation in reproduction.

W hen ru tting  cows joined a group, the dom inant bull responded by 
approaching them  and sniffing in turn. Occasionally younger bulls from 
this group followed the dom inant bulls, approaching the cows to sniff 
them, and then all bulls resumed their form er activ ity  (feeding or re 
sting).

5.7. A g o n i s t i c  B eh a v io r

Cows, young anim als and calves rare ly  exhibited openly aggressive 
behavior. In 2052 observations there w ere only 11 cases w hen cows 
attacked other group m em bers (cows, young, calves). These attacks were 
ended by hitting the opponent with horns, typically in the rum p. Once 
a cow treated  in this way her calf, who insistently  w anted to suck her. 
A fight of two cows was observed on July, 11, 1980, some time after 
the mergence of two groups. The cow m arked 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 w ith her horns chased the aggressor 
about 20 m in direct contact. The chased cow resum ed her aggressive 
behavior several times, forcing cow No. 2 stop feeding and adopt a 
posture threatening w ith a new attack  ra th e r than retreating . A fter 15 
m inutes the two cows resumed feeding quietly  but keeping a larger 
distance from each other.

Aggression in the group, in the form  of attacks on subordinate group 
mem bers was intensified in stressing situations. The num ber of in te r
actions betw een anim als rose in the situation of th reat, for example, 
upon the approaching of a man, attem pts to encircle them, or repeated 
disturbances.

More frequently  observed were passive form s of aggression, w hen only 
the in tention of an  attack was dem onstrated, bu t there was no direct 
clash. Cows dem onstrated such an intention by  vertical m ovem ents of 
the head — shaking the head (threat posture) and this sufficed tha t a 
submissed cow or young individual re trea ted  to a safe distance.

The aggressive behavior of ru tting  bulls has a d ifferen t meaning. The 
tending bull drived away from  the ru tting  cow young 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, M o tller -ca lf R e la tio n sh ip

A detailed observation of this behavior in the Białowieża Forest was 
difficult because of the distance betw een the bison group and the obser
vers, and owing to the vegetation protecting bison from  view. The par
turition  has not been observed so far under natural conditions. On one 
occasion, a cow w ith new ly born, w et calf was observed after she joined 
the group. The m other was carefully  licking the calf, starting  w ith  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 w ith her head. More frequently  calves several 
days old were observed in the group. Typically, they  were lying while 
their m others w ere feeding with the group. O ne-m onth-old calves moved 
efficiently and usually foraged near their m others. Also during walking 
the youngest calves w ere near their m others and older ones in the 
middle of the group.
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Two detailed observations of the m other-calf relationship concern the 
sam e cow. In one year, the cow “Babula” left group w ith her sick 
calf (heavily limping) and w ith a tw o-year bull, and stayed aside for 
seven days, un til the calf recovered. In the other year, the calf of the 
same cow died for unknown reasons. She was seen in a small group 
(w ith two other cows one of which had a calf), extrem ely excited, and 
u ttering  a call characteristic of calling a calf when she was feeding. The 
group was staying in this place for th ree days, and on the th ird  days 
a dead calf was found, in the first stage of decomposition. On another 
occasion a cow was observed u ttering  calls serving for communication 
w ith the calf and staying outside the group for two days. Her older 
calf, a m arked one-year-old bull (she had no cu rren t year calf) joined 
another group in which he stayed for a longer time. A fter two days of 
searching, the cow retu rned  to the group.

T ab le  5

D u ration  of su ck lin g bouts (in  
sn ow

m in u tes)
cover.

in  the period  w ith o u t

M onth N o. obsv. A vg. SD M in —M ax

M ay 4 2.7 0.5 2 — 3
June 5 4.G 1.7 2 —  (i
J u ly 7 4.H O.il 3 — 5.3

Su btota l (M ay— July) l(i 4.2 1.3 2 — G
A u gust i; 5.7 1.0 4 — l,i
S ep tem b er 4 7.9 2.5 5.5— 10
O ctober . l i G.9 4.5 4 — 19

Su btota l
(A ugust— O ctober)

23 fi.7 3.4 4 — 19

Born in  p rev iou s year  
(A pril— O ctober)

17 3.7 1.0 1.5— G.5

Suckling began on the signal from  the cow or the calf. These were 
characteristic sounds known as grunting, frequently  u ttered  by m others 
with calves foraging in a group. Upon m other’s call, the calf came im 
m ediately and started  sucking, often striking the udder w ith the head. 
When sucking, young calves w ere standing at the sides of their m others, 
paralleling them, and vigorously sw itched their tails. W hen the m other 
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 Ju ly  w ere sucking in short bouts of 2—6 m in
utes, 4,2+ 1.3 min on the average, and presum ably were suckled several 
times a day. Older cu rren t-year calves in the period from  August to 
October were suckled longer, from  4 to 19 m inutes each time, 6.7 ± 3.4
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min on the average (Table 5). A three-m onth-old calf of the m arked 
leading cow was suckled two tim es a day. Differences in the duration 
of suckling betw een the youngest calves in sum m er and several-m onth- 
old calves in au tum n were statistically  significant at 0 ,O K p< 0 .005  
(Student t-test). Calves were also suckled in  their second year if tire 
cow had no new offspring. This was observed even un til October, but 
more often only in spring. The duration  of suckling in  this group varied 
from  1.5 to 6.5 min w ith an average of 3.7 ±1.9 min (Table 5). During 
one w hole-day observation a cow suckled such a calf one time. During 
suckling the cow stopped feeding and resting. W hen the cow avoided 
suckling, she was fleeing, pushed the calf away w ith her head, or even 
she gave it a gentle kick when it approached from  the back. These events 
typically occurred during the ru tting  period, w hen the cow stop m ilking 
and for some time looses in terest in the calf. At th a t time, the calf was 
also chased by the tending bull.

The m other cared for the calf by licking it carefully. This frequently  
happened during suckling and after defecation, especially in  the first 
m onth of life. On one occasion licking was continued two tim es for five 
m inutes with a short break.

5.9. P la y in g  B eh a v io r

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 tim es per day, and not all young anim als in the group w ere in 
volved. Calves were playing most often when the group entered an open 
space, like a forest opening, clearcut, or forest road. Calves were ru n 
ning w ith rised tails, jum ping on hind legs, sometimes circling round. 
A several-day-old calf, who entered a young forest w ith its m other, was 
repeated ly  jum ping and tossing the rear. Young bulls sim ulated fights 
when playing, pushing each other w ith horns and jum ping on each other. 
Such a play could be continued up to half an hour. P laying was in itiated 
during feeding and during resting of the group. Tw o-three pairs of young 
bulls could be involved concurently.

5,10. G room ing A c tiv ity

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

Rubbing and licking belong to cosmetic activities, occurring w ith a 
sim ilar frequency in bison of different sexes and ages. These activities 
are individually  performed, although rubbing was observed in several 
group m em bers concurrently. For rubbing bison use the roots of wind 
fallen trees, bended trees, butts of trees etc. Sometimes they  scratch
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the skin with hoofs of hind limbs. These activités are typically perform 
ed prior to or after resting, or during resting (52% of observations 
jointly), and also during foraging of the group (48% of observations). 
Rubbing was described in detail for w inter observations (Caboh-Raczyh- 
ska et al., 1983). I t  can take from  1 to 25 m inutes several tim es a day. 
The m axim um  duration of grooming in a cow was 1 hour. Rubbing was 
most frequent in sum m er during invasions of noxious insects, and during 
m oulting in spring, w hen it facilitates the shedding of fragm ents of the 
coat.

Licking occurs in sim ilar 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 ru tting  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%. W allowing of bulls 
in ru t was accompanied by sexual behavior. 72.7% of the observations 
of wallowing in  bulls comes from the period from the end of Ju ly  to 
October. In groups comprising several adult bulls the frequency of w al
lowing increased, and the dom inant 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 o ther cows. 
The wallowing of cows and juveniles typically occurred when the group 
was resting. F requently  several individuals were wallowing concurrently, 
or sequentially w ithin 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. P rio r to 
wallowing, the bull pawed the ground with fore feet, showered him self 
w ith sand or earth , occasionally urinated  in this place, and then  was 
wallowing with his limbs stretched up. W allowing 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 sim ilar situation was noted, w hen 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. S ex u a l B eh a v io r

Sexual behavior was dem onstrated m ainly in the ru tting  period, that 
is, from  late Ju ly  to October (90% ol the observations). In  the pre-rutting 
period, «p roductive ly  active bulls (7— 11 years old) were rare ly  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) occasionally m ounted a cow or each other.

Since the th ird  ten-day period of July , reproductively active bulls 
joined m ixed groups. Sm aller groups m ade up of 10— 12 individuals 
included usually  one adu lt bull more than  6 years old and 1— 3 bulls
4—-6 years old which did not take part in reproduction.

In large groups there could be m ore than  one adu lt bull. This fact 
influenced the intensity  of sexual behavior of bulls in the ru tting  period.

Sexual s truc tu re  of the group in the ru tting  period precluded the 
reproduction of some bulls potentially capable of breeding, and they 
stayed for some time beyond the m ixed groups. F requen tly  they  followed 
the group, sniffing tracks of its members. They dem onstrated their 
excitm ent by approaching 2— 3-m high spruces, bending them, breaking, 
sometimes uprooting them  with their horns, rubbing them selves against 
broken branches, and also breaking hazel thickets w ith hoofs and horns. 
In places suitable for wallowing they were pawing the ground, urinating, 
and wallowing w ith 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 m ixed group avoided direct contacts with 
the dom inant bull. They interacted, however, among them selves by 
clashing with horns and pushing each other. They also dem onstrated 
their force and excitem ent by wallowing, pawing the ground, and m oun
ting each other. They w ere walking near the cow in ru t bu t a t a safe 
distance from the dom inant bull.

When a group is approached by a bull in condition sim ilar to that of 
the dom inant bull, they  may fight. In the ru tting  period, fights w ere 
observed in  only 11% of the cases of the sexual behavior of bulls in  the 
m ixed groups. The duration  of a fight usually  did not exceed 15 man, 
and together with the period preceding the direct aggression no more 
than half an hour.

Continuous observations made it possible to describe the behavior of 
cows in ru t and bulls prior to mating. In  the presence of a cow in ru t, 
the tending bull approached her and started  the so-called “courtsh ip”. 
The bull isolated the cow from  the group, keeping her a t the periphery  of 
the group and accompanying her perm anently, w ithout eating and resting
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much. Such a pair developed the tending bond. The same bull was 
attending the cow until they mated. Young bulls observed the tending 
bond, bu t being subordinate they did not participate in mating. They 
approached the cow during inattention m om ents or a short resting ol 
the tending bull. Subordinate bulls attem pted to m ount 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 subordinate males tried to approach the 
cow. Only three times during two successive days a ru tting  cow and a 
bull attending her were observed. During the first day, a series of be
haviors described by Krasiński and Raczyński (1967) was observed, which 
can be considered as courtship. On the second day, m ating was observed. 
Over 30 min the bull mounted the cow eight times and copulation oc- 
cured. This was combined with other sexual behavior and a series of 
“half-m ountings”.

In the ru tting  period, fights betw een 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 the 
m orning (5.00—9.50) no sexual behavior occurred in the group. A fter a 
resting period, the bull approached one of the cows and started  licking 
her, then he dem onstrated a typical sexual behavior: pawing the ground 
w ith fore feets, breaking branches, rubbing, loud grunting and snorting, 
lie  started  to courtship the cow and the pair moved to the edge of the 
group. At 12.15 another 8-year-old bull (marked No. 23), of the size 
of the tending bull, joined the group trotting, lie  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 other and in parallel, facing opposite directions 
w ith the heads at the height of the opponent’s rum p (Fig. 5A). This 
preparatory  posture before the fight lasted for about 10 m inutes, during 
which the two bulls several tim es changed their position so that they 
were facing each other and pushing shortly  w ith their horns. Each 
rising of the head by one bull was im m ediately followed by the frontal 
position of the other bull. In the next phase the bulls were standing in 
parallel w ith the heads at the shoulder of the opponent (Fig. 5B). For 
about 5 m inutes of this phase they  stroke several tim es the nape or the 
bead of the opponent w ith the horns or the head. Then the m ain phase 
of the fight extended for 15 m inutes. The bulls w ere facing each other 
all the time (Fig. 5C, D) and repeated ly  attacked each other, tha t is, 
they were holding their heads light together and strongly pushing the
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opponent w ith their whole bodies, also strik ing each other w ith horns. 
W hen pressing against each other, the bulls were hooking w ith their 
horns, then they released horns and stroke the opponent’s head with 
them  or w ith the forehead. The fighting bulls made violant tu rns round 
themselves, leaving conspicuous traces on the ground. The fight required 
a great effort and the anim als w ere getting tired. They were u ttering 
harsh calls while snorting and were changing the rate  of attacks. During 
fighting, one of the symptoms of excitm ent was a rapid switching of 
the tail. A strong smell was left by the anim als in the place of the
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fight. The defeated bull was standing for a while on the spot, and then 
left a t a slow pace. The tending bull lay dow n 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 w ith his 
horns, and then started  feeding. At 17.45, two groups marged. In the 
newcoming group the o ther bull was present. He was in condition sim ilar 
to tha t of the w inner. The new bull approached the w inner, shook his 
head several times, and circled him, bu t the  la tte r did not respond, 
standing motionless. Finally at 18.00 the previous w inner w ent away 
slowly, and the newcomer rem ained in the group.

The group did not react to the fight of bulls. Group m em bers were 
foraging or resting nearby  during the fight. The looser dem onstrated 
his defeat by going away from  the group and typically he was not 
pursued by the w inner. F requently  wounded anim als were observed 
after fighting, and sometimes these wounds resulted  in death.

5.12, O ther T yp es of B e lw v io r

5.12.1. V o ca liza tio n

Vocalization as a form of comm unication betw een individual animals 
or w ithin a group seems to be ra the r lim ited in bison. Cows u tte r the 
g runt while feeding, when small calves are resting nearby, and these 
are probably contact calls. They respond to their m others in a similar 
way, and it m ay be suggested tha t these calls are individually dif
ferentiated. Using a sim ilar grunt, the cow calls upon her calf to feed 
it, causing a quick response of the calf. For hum an ear these sounds are 
indistinguishable. Bulls in ru t u tte r  a characteristic th rea t grunt. They 
also u tte r other sounds like puffing and snorting. Sounds u ttered  by 
bison are not loud, and usually the sounds of a moving or foraging group 
can be heard first, and then  the sounds u ttered  by anim als indicative 
of the presence of cows with calves or an excited bull.

5.12.2. L eadersh ip

A leading cow is a perm anent 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 m arkedly differ in tem peram ent.
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Some of the leading cows of the m ixed groups under study were 
gentle, tolerant of the observers (“Babula”) and some were alert, often 
attacking the approaching observers (“Pocieszna”). The la tte r dem onstra
ted aggression in the years when, she had a calf and also in the years 
when only calves of o ther cows were present in the group.

The observations carried  out so far do not provide a complete answ er 
to the question how perm anent the position of a leader is. It has been 
found, however, that some cows led groups for m any successive years. In 
one case the cow “B abula” lost the leading position for two years at an 
age of 21 years, when she was barren. But as soon as she gave birth 
to her last calf in 1983, she restored the leadership. In 1982 and 1984, 
when she had no calves, she was staying outside the group for long 
periods, walking alone and not joining other groups. She solitary 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 m any times that if the cow “Ba
bula” was present in one of the m erging groups, she always became 
the leader of the whole new group. It seems tha t the rank  of the feader 
is related  to age, predisposing one of the cows to this position. The 
attitude  of the leader tow ards an observer influenced the rest of the 
group. A quite responce of the leader accounted for resum ing the in te r
rupted  activity by the group after the first-m om ent fleeing. Nervous 
response of the leader “Pocieszna” spread to the rest of the group, and 
m ost often the anim als fled from  the observer.

5.12.3. R esp onse  to  M an

Bison herds usually flee from an approaching man. The reaction of 
bison largely depends on the circum stances of an encounter, the response 
of the leader, and the degree of restless of the animals. The leading 
cow apparently  influences the response of the group. An example can 
be here the cow “B abula” and her quiet response to encounters with 
man. When the anim als are harassed by insects, they are more inclined 
to flee from a man. The long-term  observations of some groups m arkedly 
lowered the threshold of the response. The escape distance was reduced, 
and after several m inutes the observers could stay  near the group and 
the animals were continuing their normal activity.

The group of bison usually  dem onstrates aggression to m an w hen they 
feel threatened. W hen a man is approaching a group with calves, ag
gression is exhibited by cows rearing calves, and especially by the leading 
cow. Presum ably the presence of calves reduces the possibility of
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escaping ior the whole group, and additionally stim ulates the response 
of cows.

Bulls in ru t dem onstrate to m an reactions typical of sexual excitm ent. 
Thus, they express their fear by shaking the heads, turning up the ground 
w ith hoofs, sw itching the tail, and th rea t grunting. During the eight-year 
period of the study  we w ere forced to ru n  aw ay from  attacking bulls 
on several occasions. Also some of the inhabitants of this region were 
attacked by solitary  bulls in rut.

5.12.4. E scape

Scared bison s ta r t  galloping and are runn ing  aw ay fast on a short 
distance of about 100— 150 m. Then they stop and usually form a tight 
group. Groups w ith a high proportion of juveniles are more shy. Bison 
rare ly  run  away w hen an observer is approaching them  cautiously in an 
open area, bu t they always escape when they are threatened  from  two 
sides. They do not ru n  away from passing cars, tractors, or tra ins to 
which they  got used. But a helicopter caused a panic escape of the 
group.

5.12.5. R esp onse  to T h u n d er-sto rm

Two times bison were observed during a thunder-storm  w ith a strong 
wind and a shower. They form ed a tigh t group and individual anim als 
were standing in  the direction towards which the wind was blowing. 
A fter the storm  they lay down to have a rest. M oderate rainfall does 
not in te rrup t foraging or resting of the group.

6. D ISC U SS IO N

6.1. A c tiv ity  P atterns

The activity patterns of European bison described in this paper seem 
to be characteristic of groups living under natural conditions. P resum ably 
they  are sim ilar to the patterns exhibited by bison living in the Biało
wieża 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 m ethods used by Karcov (1903) and W róblewski (1927) do not satisfy 
the recent requirem ents concerning investigations into this problem. 
W róblewski (1927) stressed tha t before W orld W ar I, food resources were 
inadequate for supporting the bison living there. At that time the Bia
łowieża Forest was a representative hunting area, and it was not exploited
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for timber. The tree stand was thus dom inated by old trees. A sim ilar 
situation occurs at present in the eastern part of the forest, which is 
in the Soviet Union. According to Koroćkina (1972), free-living bison 
in the eastern part of the Białowieża Forest allocate much more time 
for feeding than  the study bison. In spring and autum n, bison were 
feeding for a maximum of 96% of their active time (80% on the average), 
and in m id-sum m er 70% on the average (Koroćkina, 1972). According 
to Okolów (1970), eastern part of the Białowieża Forest is dom inated by 
poorer forest sites. Presum ably, 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.

A B

Fig. 6. C om parison  of th e  d a ily  a c t iv ity  o f b ison  (in p ercen ta g e  o f  tim e) du rin g  
th e  period w ith o u t sn o w  co v er  (A) and  in  w in te r  (B) (w in ter  t im e  a fter  C aboń- 

' -R aczyń sk a  ct at., 1983).

As in the Białowieża Forest additional food is supplied for bison in 
w inter, the time allocated for feeding is reduced to 30% of the total 
activity of these anim als (Caboń-Raczyńska et  al., 1983), while an op
posite situation exists in the period w ithout snow cover (Fig. 6). This 
is sim ilar to the situation in enclosure, w here food is supplied in  excess 
(Vejner, 1980).

The proportion of daily activity allocated to feeding varies according 
to weather, among other things. Hot w eather can account for prolonga
tion of resting at the expense of feeding. Sim ilar observations were made 
by Koroćkina. (1972) for European bison and by H errig  and Haugen 
(1976) for Am erican bison. .

The rhythm  of the daily activity of bison is polyphase, thus typical of 
rum inants, in which feeding phases a lternate  w ith resting phases, used
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m ostly for chewing. Such an activity rhy thm  was also observed in bison 
living in large enclosures (Van den Brink, 1980).

The sequence and duration of d ifferent 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 sim ilar situation 
was observed in roe deer (Cederlund, 1981) and in red deer (Georgi,
1980). But in Am erican bison, the phases of daily activ ity  are ra ther 
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 Am erican bison.

The main forms of behavior are highly synchronized in m ixed groups, 
indicating that groups are functioning as s truc tu ra l units of the bison 
population. Common feeding in groups enables bison to forage while 
moving (Krasinska et at., 1987). A sim ilar synchronization in foraging 
behavior was described by Shult (1972) in Am erican bison Bison bison 
(Linnaeus, 1758). The whole group started  feeding or resting concurrently 
w ithin 15— 10 minutes. In w inter aggregations of bison at feeding places 
the only highly synchronized activity was walking to a w atering places 
(Caboh-Raczynska et al., 1983). The other forms activity were of a more 
individual character.

6.2. B eh a v io ra l P attern s

6.2.1. F eed in g  B eh a v io r

The diet of European bison consists of three m ain components: vege
tation of the herb layer (grazing), twigs and leaves (browsing) and bark 
of trees (barking). There is a general agreem ent that vegetation of the 
herb layer predom inates in the diet (Wroblewski, 1927; Borowski & 
Kossak, 1972; Korockina, 1972). In his classification of rum inants, which 
is based on a comparative analysis of the morphology of the alim entary 
tract, Hofmann (1978) included bison, together w ith the Am erican bison, 
w ater buffalo (Bubaius bubalis) and cattle, to a specialized group of 
herbivores digesting grassy and fibrous food taken in large amounts 
with little selection. Such an approach is confirmed by a sm all feeding 
specialization of bison (Borowski & Kossak, 1972; Korockina, 1972).

There are some discrepancies in the estim ates of proportions of dif
ferent components in the diet, Borowski & Kossak (1972) have found 
th a t browsing accounts for 33% of the diet biomass in the growing 
season and grazing for the rem aining 67%. In the present study we 
m easured the proportions of time spent browsing and grazing. The 
respective proportions w ere 4.8% and 95.2%. Browsing was observed
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m ainly in June and Ju ly , i.e. the period of the highest nu tritive  value 
of twigs and leaves (Drożdż, 1979). In  the period w ithout snow cover, 
barking was clearly  seasonal, and occurred m ostly in April, when the 
herb layer was not developed yet. B ut bison were barking trees through
out winter, most frequently  w hen going to w atering places (Cabon- 
-Raczyńska et al., 1983), Com parative data for Am erican bison (McHugh, 
1958) show that browsing is even less im portant in the prairie, and bar
king is intensified in w inter.

Continuous observations of the activity  of bison confirmed the earlier 
conclusion of Krasińska et al. (198$), obtained by the m ethod of frequency 
of encounters, that bison prefer m ore than 20-year-old stands. These 
results differ from those of Borowski & Kossak (1972) obtained by the 
method of recording feeding perm anent sample plots in the Białowieża 
Forest. These authors observed the predom inance of thickets and young 
plantations as feeding sites of bison. Probably their m ethod of counting 
traces of feeding on sampling plots yielded little  representative results 
for the in tensity  of feeding in different habitat types. The proportions 
of d ifferent age classes of the stands have not noticeably changed since 
then to the time of the present study.

The present type of m anagem ent of the Białowieża Forest (selective 
cutting: small clearcuts of 0.08—0.12 ha) is suitable for bison with 
respect to their feeding habits. Also Faliński & Falińska (1986) indicate 
that bison largely use d ifferent forest habitats w hen food supply in 
them  is increasing, including clearcuts and young plantations. It should 
be emphasized, however, that bison are associated w ith  forests, prefering 
dense stands, and especially tim ber stands, for feeding. They spend in 
such habitats up to 80% of the feeding time, taking m ostly herbaceous 
plants (about 70% of the food biomass according to Borowski & Kossak, 
1972).

6.2,2. O ther T y p es of B eh a v io r

Many form s of the behavior of European bison, such as drinking, 
elim inative behavior, grooming, playing, or agonistic and sexual be
haviors shows much sim ilarity  to the respective form s of the behavior 
of Am erican bison (McHugh, 1958; Fuller, 1960; Egerton, 1962; Shackleton, 
1968; Fischer, 1976; Ilerrig  & Haugen, 1976; Shult, 1972; Lott, 1981). 
When investigated in detail, they  show some differences, bu t they can 
be explained by the fact tha t these anim als live in d ifferen t habitat 
types. It is especially the case of the bison inhabiting prairies.

In European bison occurring in mixed groups no regu lar visits to 
w atering places were, observed, which occur in Am erican bison. Fuller
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(1960) and Shult (1972) have found that m ixed herds of Am erican bison 
visited w atering places at least once a day. Am erican bison bulls from 
one populations visited w atering places regularly  (McHugh, 1958; H erring 
& Haugen, 1970), and from other populations irregularly  (Fischer, 1976). 
These differences can result from differences in the w ater content 
between plants growing in prairies and forests. In open areas of prairies 
evaporation is g reater than in  forests, w here relative air hum idity  is 
high, rainfall is high, rainfall w ater is present on the floor for a long 
time, and also dew on m id-forest openings can persist even by noon, 
especially in the second half of summ er. Thus, feeding anim als take 
w ater in both these forms, and this should largely cover their needs. 
A frequent w ater in take by bison on hot days and lack of visits to 
watering places on rainy days provide evidence for this explanation. In 
w inter, when bison are living on dry food (hay) they visit w atering 
places regularly  every day, and also take w ater in the form of snow 
(Caboń-Raczyńska et al., 1983).

Wallowing, which is a component of the grooming behavior, is very 
sim ilar in European and Am erican bison. Individual differences occur 
in the frequency of wallowing. Shult (1972) observed tha t Am erican bison 
bulls were wallowing more often than cows, juveniles and calves. In 
our observations the frequency of wallowing in bulls of European bison 
increased in the ru tting  period. This was not observed in American 
bison (Reinhardt, 1985).

European bison do not u tte r sounds com parable to roaring of bulls 
of Am erican bison in the m ating period, as described by Shult (1972) 
Herring & Haugen (1976) or Lott (1981). In this period, bulls of European 
bison u tte r th rea t grunt, which is not loud, and was not noted in 
Am erican bison more than 5 years old (Shult, 1972).

Small differences betw een European and American bison were found 
with respect to the age of breeding bulls. Experim ents made in enclos
ures showed that bulls of the European bison reach sexual m aturity  
early  (Krasiński & Raczyński, 1967), but free-living bulls s ta rt repro
duction at an age of 7—8 years. Among 15 m arked bulls, the effective 
participation in m ating was recorded for individuals 7 years old. Egerton 
(1962) and Shult (1972) have found tha t bulls of Am erican bison do not 
form  tending bonds up to an age of 5 years. According to Lott (1981), 
bulls s ta rt m ating when 6 years old, thus one year younger than 
European bison.

There are differences in the behavior of cows in ru t betw een European 
and Am erican bison. Rutting cows of the Am erican bison dem onstrate 
their excitm ent by a high mobility, running among the group members, 
and stim ulating the bull (Lott, 1981). This is not the case of the cows of
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European bison, no m atter w hether enclosed of free living (Krasiński 
& Raczyński, 1967). The indicator of their physiological condition is the 
reaction of bulls, so-called accompaning. Lott (1981) suggests that in 
large groups of the Am erican bison, comprising 100—200 individuals in 
the ru tting  season, the behavior of cows in ru t stim ulates competition 
among m ature bulls. Presum ably  in much sm aller groups of European 
bison there is no need for such a stim ulation.

Fem ales of the Am erican bison can often be hu rt w ith hoofs of the 
bulls during m ating (Lott, 1981). Such facts have not been noted in 
cows of the European bison.

6.3. S oc ia l R ela tio n sh ip s

The dominance s tructu re  of bison was analyzed in  detail only for 
anim als living in zoological gardens (Vajner, 1980) or in  enclosures (Van 
den Brink, 1980; Krischke, 1983). These analyses concerned artificial 
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  Białowieża 
enclosures.

In  the wild, bison typically live in m ixed groups representing basic 
struc tu ra l units of the population. In the breeding season these groups 
are joined by one or several bulls more than  6 years old. In the p re
ru tting  season, young 4— 5-year-old bulls usually stay  in m ixed groups, 
w hereas more than  6-year-old bulls form  bull groups or are solitary 
(Krasiński, 1978).

H ierarchical s tructu re  of mixed groups is relatively stable. Interactions 
among cows were rare ly  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 betw een cows, which could 
be related to their social rank  in the group. During encounters of two 
groups and their tem porary merging, no aggressive behavior was observ
ed which could be indicative of attem pts at form ing a new dominance 
structure. It seems th a t in  m ixed groups the age of their m em bers is 
the m ain factor determ ining the dominance position of cows, like it 
is the case in Am erican bison (Rutberg, 1983). In few cases when the 
leading cows were know n (“Babula” and “Pocieszna”), these were the 
oldest cows. Probably this is the same situation as that described by 
Lott (1981) for Am erican bison, w here com petition in the group of cows 
is unjustified w ith respect to fitness benefits.

Sexually m ature young bulls aged 4—6 years are not dom inants in 
m ixed groups for m ost of the season w ithout snow cover. Sim ilarly, 
the reproducing bulls (more than  6 years old), which tem porarily  stay 
in m h e d  groups during the breeding season, do not d isturb the domi-
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nance structu re  of the group, and their presence in the group concerns 
only their reproductive function. They have a higher social rank, how
ever, than the young bulls. Their interactions w ith the o ther m em bers 
of the group are usually  passive.

In mixed groups there occur an exchange of bulls both young and 
older, participating in reproduction. The exchange of the la tte r can be 
preceded by fighting. The arrival of one or several bulls to the group 
need not be coupled w ith leaving the group by the form er dominant, 
but it accounts for developm ent of a new dominance structu re  among 
bulls. Such a social organization of a group w ith a natural age and sex 
structu re  ensures th a t the cows in oestrus have been im pregnanted. 
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 Am erican bison. These differences are due to the facts that 
the ru tting  period is extended up to two m onths in the European bison 
(2—3 weeks in the Am erican bison, Lott 1981), and the structu re  and 
size of groups during the breeding season are d ifferent for the American 
and European bison. In the European bison, com petition among bulls 
is extended for a longer period during which an exchange of m ature 
bulls can occur. This does not change, however, the general rules of 
the reproductive strategy 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 free-living 
group of bison, unlike in those in enclosures or zoological gardens, the 
sexual selection governed by the biological and ecological rules occurs.

The results of our comparison of the behavior of the European bison 
and Am erican plains bison incline us to support the view of Bohlken 
(1967) tha t these two forms are closely related. Also recent craniom etric 
analysis of the contem porary forms of the genus Bison (Zyll de Jong 
(1986)), showed that the European bison and Am erican bison are con- 
specific, and more, tha t differences betw een B. b. bison and b. bcmasus 
are sm aller than between either of them  and B. h. athabascae Rhoads, 
1898.
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RYTM  D Z IE N N E J A K T Y W N O ŚC I I B E H A W IO R  ŻU BR Ó W  
W  P U SZ C Z Y  B IA Ł O W IE SK IE J W O K R ESIE B E Z  PO K R Y W Y  ŚN IE Ż N E J

S treszczen ie

P ro w a d zą c  o b serw a cje  c ią g łe  od św itu  do zm roku w  c iągu  trzech  sezon ów  
(1982— 1984) bez p o k ry w y  śn ieżn e j zbadano ry tm  d z ien n ej a k ty w n o śc i żubrów  w  
grupach m iesza n y ch  oraz różn e p rzeja w y  za ch ow ań  g ru p ow ych  i in d y w id u a ln y ch ,

Ż ub ry  p rzezn aczają  na ż er o w a n ie  śred n io  60,4"/^ czasu  dn ia , na odp oczynek  
31,9%  i  na p rzem ieszcza n ie  bez żero w a n ia  7,7% (T abela  I). R ytm  d z ien n ej a k ty w 
n o śc i żu b rów  m a ch a ra k ter  w ie lo fa z o w y  —  fazy  żer o w a n ia  trw a ją ce  15'— 5H15’ 
p rzep la ta n e  są o d p oczyn k iem  (15’— 4H15') lub ru ch em  (Ryc. 2 i 3). Spośród c zy n 
ności w y k o n y w a n y ch  w  ry tm ie  in d y w id u a ln y m  k o sm ety k a  za jm u je  od 1— 5%, kar
m ie n ie  i p ie lęg n a cja  c ie lę c ia  0,5— 1,2% czasu dn ia . C zas p rzezn aczon y  na żerow an ie  
i o d p oczyn ek  u zw ierzą t tw o rzą cy ch  parę podczas rui je st ob n iżon y  u k row y  o 
20%, a  u byk a  26,5% na rzecz za ch o w a n ia  sek su a ln eg o  (T abela 2). C zas zach o w a n ia  
sek su a ln eg o  b yk ów  w y d łu ża  s ię  w  za leżn ośc i od fa zy  oestru s u sa m icy  i liczby  
b y k ó w  obecnych  w  g ru p ie  m iesza n ej,

Ż ubry w  grupach m iesza n y ch  p rzem ieszcza ją  s ię  w  śro d o w isk u  leśn y m  poprzez  
różne typ y  lasu , zręby, u p raw y, m ło d n ik i, łąki śró d leśn e . Ż ero w a n ie  na run ie  z a j
m u je  żubrom  95,2% czasu  p rzezn aczon ego  na ż ero w a n ie  (T abela  3). W cza s ie  trw a 
n ia  sezon u  w eg eta cy jn eg o  n ie za le żn ie  od typu  sie d lisk a  leśn eg o  runo p rzed sta w ia  
g łó w n e  zasoby  żero w e  żubrów . Z gry za n ie  liśc i i m łod ych  p ęd ó w  sta n o w i dość  r e 
g u larny , a le  n ie w ie lk i sk ła d n ik  żeru, za jm u ją c  2,9% czasu  przezn aczon ego  na ż e 
ro w an ie . N a jm n ie j czasu  p rzezn aczają  żubry  na sp a ło w a n ie  (1,9% ), przy czym  m a  
ono w yra źn y  charakter. J est szczeg ó ln ie  in te n sy w n e  je d y n ie  w czesn ą  w io sn ą  (T a
b ela  4).

N ie za leż n ie  od typu s ie d lisk o w eg o  lasu  żubry w ięk szą  część  czasu  dn ia  sp ęd zają  
żeru ją c  w  d rzew o sta n a ch  starszych  n iż  20 la t (80,6% cza su  żero w a n ia ), a na z rę 
bach i up raw ach  13,4% i w  m ło d n ik a ch  6%.

P rzew o d n iczk ą  w  g ru p ie  m iesza n ej je st  krow a , n a  ogól starsza , p row ad ząca  
c ie lę . Z nan e są  krow y  b ęd ą ce  p rzew o d n iczk a m i przez  k ilk a  lat.



372 C a b oń -R aczyń sk a  K. et  al.

O pisan o  za ch o w a n ie  s ię  żubrów  p o d cza s p ob ieran ia  pokarm u, w y d a la n ia , p icia  
w od y, zab aw , od p oczyn k u  i  p rzem ieszcza n ia  się.

C zęsto  o b serw o w a n o  cza so w e  łą cz en ie  s ię  k ilk u  grup  m iesza n y ch , co w  okresie  I 
p o zaru jow ym  na ogół zach od zi b ez  reak cji. W  o k resie  g o d o w y m  w  ta k ie j sy tu acji  
in tera k cje  dotyczą  n a jczęśc ie j  b y k ó w  i p ro w a d zą  do w y tw o rz en ia  w śró d  nich  
stru k tu ry  d om in a cy jn ej. A g r esy w n e  z a ch o w a n ie  w śró d  c ie lą t, m ło d z ieży  i k rów  jest  
rzad k ie. O b serw o w a n e  je s t  u  byka to w a rzy szą ceg o  k ro w ie  w  rui w  stosu n k u  do 
innych  b yk ów .

N a js iln ie jsz y  zw ią zek  m atk i z c ie lęc ie m  w y stęp u je  w  p ierw szy m  m ies ią cu  życia. 
J ed n o ra zo w y  czas ssa n ia  u m łod ych  c ie lą t  w  o k resie  m aj— lip ie c  w y n o si średnio  
4,2+1,3 m in ., a k a rm ien ie  od b y w a  się  k ilk a  razy  d z ien n ie , n a to m ia st w  o k resie  
s ierp ień — p a źd z iern ik  czas tej czyn n ośc i je s t  is to tn ie  d łu ższy  —  6,7+3,4 m in., a le  
od b y w a  s ię  on o  na ogól ju ż  ty lk o  2 razy d z ien n ie  (T abela  5).

Z a ch o w a n ie  czy szczą ce  u żu b rów  p rzeb ieg a  ja k o  o c iera n ie  się , w y lizy w a n ie ,  
b ic ie  ogo n em  i tarzan ie . T a rza n ie  o b ser w o w a n e  je s t  czę śc ie j u sztu k  dorosłych  
(82,6°/o o b serw a cji) n iż  u  m ło d z ieży  (14,6°/») i c ie lą t  (2,82). W  g ru p ie  d orosłych , 
k ro w y  ta rza ją  s ię  częśc ie j (56,5°/» o b serw a cji) n iż  byk i (26,1°/»). U b y k ó w  ta  form a  
za ch o w a n ia  n a s ila  s ię  w  se z o n ie  g o d o w y m  72,7*/» te j a k ty w n o śc i u byk ów ).

Z ubrzyce zn a jd u ją ce  s ię  w  ru i n ie  d em on stru ją  tego  w  sposób  w id o c z n y  sw o im  
zach ow an iem . N a to m ia st o b ja w y  za ch o w a n ia  se k su a ln e g o  sa m có w  w  sezo n ie  go 
d ow ym  w y r a źn ie  n a s ila ją  się . B y k i w te d y  często  ła m ią  m ło d e  św ierk i, w y ry w a ją c  
ich k orzen ie  rogam i, la m ią  g a łęz ie  o k tóre  czoch rają  g ło w ę , rozgrzebu ją  pod łoże  
le śn e  p rzen im i k o ń czy n a m i i tarzają  się . K ro w ie  zn a jd u ją cej s ię  w  ru i przez  
okres 1—2 dni to w a rzy szy  b y k .'U tw o rzo n a  para zn a jd u je  s ię  na sk raju  grupy a byle 
w y k a zu je  różn orod ne o b ja w y  a sy sto w a n ia , k oń czące  s ię  p ok ry c iem  krow y. G dy  
w  tym  o k resie  do grupy do łącza  in n y , d orosły  byk , który  m o że  za g ro z ić  p o zycji 
dom inan ta , m oże  d o jść  do w a lk i, która trw a  okoł 15 m inut.

W ysoka sy n ch ro n iza cja  g łó w n y ch  form  za ch o w a n ia  cz ło n k ó w  grupy m ieszan ej  
w  o k resie  bez p o k ry w y  śn ieżn ej je st  w y so k a  i św ia d cz y  o k o n so lid a c ji grupy —  
p o d sta w o w ej jed n o stk i stru k tu ra ln ej p op u lacji. W sp ó ln e  ż er o w a n ie  w  g ru p ie  
u m o ż liw ia  r ea liza c ję  stra teg ii p o k arm ow ej żubrów , p o leg a ją cą  n a  a k ty w n y m  ż e 
ro w a n iu  w  ruchu. N ie  o b serw o w a n o  tego  p od czas z im y  k ied y  żu b ry  korzysta ją  
z pok arm u p o d a w a n eg o  przez  cz ło w iek a  przy  brogach.

S tw ierd zo n o  is tn ie n ie  g en era ln eg o  p o d o b ień stw a  za ch o w a n ia  żu b ró w  i b izonów . 
B y to w a n ie  w  o d m ien n y ch  w a ru n k a ch  śro d o w isk o w y ch  w p ły w a  n a  ró żn ice  w  stru k 
turze  soc ja ln ej i w ie lk o śc i ugrup ow ań . D otyczą  on e  n a  przyk ład  braku u żubrów  
regu larności o d w ied za n ia  w o d o p o jó w  oraz p ó źn ie jszeg o  u czestn iczen ia  b yk ów  w  
rozrodzie. U  krów  żubra  brak w y ra źn eg o  d em o n stro w a n ia  stan u  rui co m a m iejsce  
u bizona. S ta ła  stru k tu ra  so cja ln a  krów  i zm ien n a  u b y k ó w  m a ch arak ter  p rzy 
sto so w a w czy  i sp rzy ja  b ezp ieczeń stw u  stad a  oraz r ea lizo w a n iu  sw o b o d n eg o  doboru  
p łc iow ego .


