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The paper discusses population dynamics, sex and age structure , 
group composition and size, density and spatial s truc tu re  of a free- 
living population of European bison Bison bonasus ( L i n n a e u s ,  
1758) in the Białowieża P rim eval Forest. The study covers the period 
from  the s ta rt of free breeding in 1952 up to the end in 1973. From 
1968—1970 detailed studies w ere m ade on the population form ed by 
th a t tim e with a to tal of 2400 observations. The b irth  coefficient for 
the period from 1960—1973 averaged 18.5%. The high fecundity coef
ficien t (70%) during the initial period of the h erd ’s developm ent 
dropped (54%) during the final study years. Sex ratio  at b irth  did 
no t d iffer significantly from  1:1 w ith 316 (161 males, 155 females) 
calves born. M ortality  coefficient was low (3%). Significantly higher 
m orta lity  was observed afnong males than females. M axim um  m ortality  
was found in the group of calves up to one year old (23%). The area 
in which the European bison herd lived enlarged w ith increase in 
population num bers up to 1966, afte r which only density rose. H abitat 
p references influenced distribution of groups of bison during the sum 
m er period, the anim als most often w andering in m ixed deciduous 
forest (24% of encounters) and deciduous forest (18.5%), and least often 
in coniferous forests (2%). Feeding bison w ere often encountered in 
clearings, meadows and cultivated  fields (47% of all encounters). Mixed 
groups consisting of bison of both sexes in d ifferen t age classes and 
bull groups w ere distinguished. The composition of mixed groups altered  
depending on the season. During the ru tting  period (Aug.-Sept.) the 
m ajority  of the m ixed groups included adult bulls, and the num ber of 
these bulls in the group increased twofold. M ixed groups averaged 12 
(1—38) anim als, and bull groups averaged 2 (1—7). During the w inter 
period the bison form ed large aggregations around feeding places 
(m axim um  97 animals). Also discussed is a com parison of the study 
population of European bison w ith the  population living in the Biało
wieża P rim eval Forest in the 19th century  and w ith the A m erican 
bison, Bison bison.

[Białowieża Nat. P ark . 17-230 Białowieża, Poland].
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1. INTRODUCTION

At the beginning of the 20th century European bison were to be 
found only in two geographical d istan t regions, th a t is, 'the Białowieża 
Prim eval Forest and in the  Caucasus M ountains. The fact tha t lowland 
bison persisted under natural conditions longest in the Białowieża Forest 
was not due to the forests exceptional na tu ra l advantages, but to the 
special protection extended to this species. The complete elimination 
from the Forest, in the 18th century, of red deer, which form ed a game 
anim al far m ore difficult to obtain than bison illustrates this.

According to W r ó b l e w s k i  (1927) there were 727 bison in the 
Białowieża Prim eval Forest before the first W orld War, of which not 
a single anim al survived th a t period of hostilities. The data on which 
the last bison died in 'the Białowieża Prim eval Forest has been estab
lished as 1919 (S z a f e r, 1919; W r ó b l e w s k i ,  1927).

European bison were brougth to the Forest again from  a zoological 
garden in 1929, sińce when they  have been in process of restoration. The 
lengthy process was very  difficult during the initial phase and only 
reached a new level in quality  after free breeding took place.

Caucasian bison have not persisted in their pure form up to the  pre
sent day. Białowieża bison w ith  an adm ixture of Caucasian bison blood 
have been differentiated  in the line of Białowieża-Caucasian bison and 
are bred separately. The last bison of this line were taken from  reserves 
in the  Polish part of the Białowieża Forest in 1950 ( K r a s i ń s k i  
1968), and from  the Soviet p a rt of the Forest in 1968 ( K o r o ć k i n a ,  
1971). The whole of the Białowieża Prim eval Forest is now settled solely 
by Białowieża bison.

There were 343 (158 males, 185 females) European bison by 31 De
cem ber 1973 in Poland, living in four free-living centres (Białowieża 
Prim eval Forest, Bieszczady M ountains, Borecka Forest and Knyszyńska 
Forest). Of this num ber 253 (112, 141) lived in the Białowieża Forest, 
and this was the most num erous free population of European bison in 
Poland. In addition to the free herd a t Białowieża 23 (5, 18) animals 
were kept separately in enclosed reserves.
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Data in the European Bison Pedigree Book show that there were 
1553 European bison in the world at the end of 1973. It is particularly  
interesting that of this num ber, 652 anim als lived in free-living centre 
in Poland and the Soviet Union ( Ż a b i ń s k i ,  1976). In these coun
tries the num ber of bison living under conditions of freedom exceeded 
the num ber of bison bred in reserves. The developm ent of free-breeding 
shows tha t even under current habita t conditions this form of breeding 
is not only possible, but is also the most appropriate way to full restora
tion of this species.

The establishm ent of free-breeding herds has provided the means of 
obtaining details of many aspects of the life led by European bison in 
the Białowieża Prim eval Forest. P u c e k  (1967) emphasised the need 
to undertake studies on the natu ra l history of these anim als in the 
widest possible sense, since the lack of such studies formed a serious 
gap in the state of our knowledge of this species.

The purpose of this study was to ascertain population dynamics, sex 
and age structures, group composition and size, density and spatial 
struc tu re , and different aspects of natality  and m ortality  of the free 
population of bison in the Białowieża Prim eval Forest. Inform ation on 
these questions is not only of im portance in adding to  our knowledge, 
but also in  relation to the size and food supply and definition of the 
extent to which bison affect forests, should it prove necessary to work 
but methods for rational m anagem ent of European bison populations. 
Definition of optimum num bers, ways and extent of additional feeding 
or regulation of the num bers of this species are all connected w ith this 
concept.

It also seems very im portant to compare the natu ral history of Euro
pean and American bison, two species of the same genus, originating 
from a common ancestoral stock and living for thousands of years on 
two continents with differing habitat conditions. Studies on restoration 
of American bison were begun earlier than on European bison and the 
degree to which the natu ral history and behavior of this species has 
been exam ined is greater: M c H u g h  (1958, 1972), F u l l e r  (19F9, 
1960,1961), B a n f i e l d  & N o v a k o w s k i  (1960), E g e r t o n  (1962), 
S h a c k l e t o n  (1968), S h u l t  (1972) and M e a g h e r  (1973).

v

2. STUDY AREA

The Białowieża Prim eval Forest is situated  n ea r the eastern  frontier of Poland, 
and the area  it covers is defined by the following coordinates: 23°31'—24°2l' 
east longitude and 52°29—52°57 north  latitude. From  its geographical asipect 
this region belongs to E astern  Europe and lies in the belt of European lowlands.
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The w hale area  of the Forest is alm ost com pletely flat, th e re  being no im portant 
elavations, and average height above sea level is 165—170 m.

The w estern p a rt (580 km 2) lies w ithin Polish fron tiers, and  the easte rn  p art 
(670 km 2) in the Soviet Union. The total area  of the Białowieża P rim eval Forest 
is 1250 km 2. The wooded area is slightly sm aller (1100 km 2). D uring the last 300 
years the  forest area has decreased by about 45°/o (F a 1 i ń s k i, 1968).

The present study is concerned exclusively w ith the w estern p a rt of the  Forest 
and  the European bison living there. The nam e Białowieża P rim eval Forest or 
simply Forest has been used in this paper to define th a t p a rt of it lying w ithin 
Polish territo ry . The N ational P ark  is situated  in this part, occupying the central 
region of the Forest over an area of 4747 ha, in  which for over 50 years, tha t 
is, since 1921, no form  of either forestry  or hunting  m anagem ent has been carried 
out. N orm al forestry  m anagem ent takes place in the rem aining area, m easuring 
52,963 ha. Of this p a rt 49,906 ha (94.2%) is occupied by wooded land, the rem aining 
area consisting of fields, meadows, roads, w asteland etc.

The most im portan t com ponent of the Białowieża P rim eval Forest is formed 
by deciduous forest, w ith oak, hornbeam  and lim e trees, covering 26.6% of the 
to tal wooded area. Coniferous forest form s 39.0%, m ixed deciduous forest 20.6% 
and alder woods 13.8% ( P u c e k  et al., 1975). In  1968 tree  stands over 100 years 
old, fragm ents of ancient stands of the Forest, occupied 30% of the area, w hereas 
before the firs t W orld W ar they occupied about 80% of the Forest (W i ę c k o, 
1972).

The n a tu ra l food supply of European bison is supplem ented by special m ana
gem ent of certa in  areas in  the form  of w hat a re  know n as feeding glades, but 
the percentage form ed by such areas is sm all in com parison w ith  the wooded 
area, being only 0.5%.

The Białowieża P rim eval Forest is situated  in the  tem perate  clim ate zone. 
A verage precip itation  is 594 mm, average tem pera tu re  in the w arm est month, 
July, 17.6°C, and in  the coldest m onth, Jan u ary  —4.3°C (data for period 1949—1964). 
Snow cover persists on an average for 92 days, and its m axim um  depth for the 
period 1961—1971 varied  from  26 to 95 cm. The duration  of the growing season, 
according to phytophenological criterion, lasts 185 days a t Białowieża and is 30 
days shorter than in  the w est of Poland, and 15 days shorter than  in  C entral Po
land ( O l s z e w s k i  1968).

Two sm all rivers flow through the w estern  p a r t of the Forest, the N arew ka 
and Leśna, while in other sm aller stream s the w ater level is low during the 
sum m er, for instance in Lutow nia brook. The grea test concentration of European 
bison is found in the region of the m iddle reach of this sm all river. There are 
no  separate  bodies of w ater in  the w estern  p a r t of th e  F orest a p a rt from 
m arshy land w ith in  tree stands.

The anim als living in the Forest exert a considerable influence on the vege
tation there, and their excessive m ultiplication in certain  periods before the first 
W orld W ar disturbed the hom eostasis of local biocenoses. The period between 
W orld W ar I and II was distinguished not only by the absence of European 
bison as a n a tu ra l com ponent o f the local fauna, bu t also by the relatively  low 
num ber of ungulates.

A fter W orld W ar II  the num bers of deer th e re  began to increase. In 19*68 
num oers of red deer estim ated by means of tracks in the snow in both parts of 
the Forest (West and East) exceeded 4000, and roe deer num bered alm ost 3000, 
w hile the num ber of moose was estim ated as about 50, chiefly in the eastern  p art 
of the Forest ( M i ł k o w s k i  1969; R o m a n o v s k i  & K o i a n o v s k i ,  1971).
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In light of new  studies, the data based on tracks greatly  under-estim ated  the 
num bers of ungulates ( P u c e k  et al., 1975).

E uropean  bison in the Białowieża P rim eval Forest w ere form erly, and a re  at 
p resent, in a special position, since they are  under S ta te  protection. They are, 
how ever, only one of the com ponents of the ungula te com m unity and therefore 
the ir role in  the wooded ecosystems of the Forest m ust be exam ined from  many 
aspects.

3. MATERIAL AND METHODS

O bservations of European bison w ere carried  out since the  s ta rt of free- 
breeding, tha t is, since 13th Septem ber 1952. O bservations from  the in itial period 
of breeding (1952—1956) consisted m ostly of loose bits of inform ation and were 
concerned chiefly w ith the places in which these anim als w ere encountered. 
During the second period, from  1957—1960, particu lar atten tion  was paid to the 
question of reproduction  in the free herd  and the behaviour of a large group of 
19 (5, 14) bison released during this period from  reserves to freedom. System atic 
observations from 1961—1967 supplied data used to elucidate dynam ics and disper
sal of bison during this period.

Since May 1968 the introduction of “European bison observation  cards“ enabled 
observations to be m ade in a uniform  way. Each tim e a group of bison or a single 
bison was encountered the observer com pleted one card. Cards w ere also com
pleted w hen no bison were encountered in  the inspection area. These negative 
observations w ere of use in analyzing d ispersal of the herd, density, and biotope 
preferences.

A reas most frequently  penetrated  by the bison w ere divided into th ree obser
vational regions (Fig. 1), which w ere inspected in sum m er during the same period 
by a group of w orkers in the Białowieża N ational P ark  (6 w ardens and  the 
author). Use was also m ade of observations supplied by forestry  staff and  other 
persons. O ther parts  of the Białowieża P rim eval Forest, in which m ainly sm all 
bull groups lived, w ere not included in  the p lan  of system atic observations.

From  1966—1970 2400 observations w ere en tered  on cards, over 800 of which 
w ere m ade in summ er. These observations form ed a basis for ascertaining density, 
spatia l organization, biotope preference, and group size and composition. W hen 
w orking on the dynam ics of num bers m ateria l from  the s ta rt of free breeding up 
to the end of 1973 was taken into account, in o rder to obtain a more com plete 
picture.

All observations w ere analyzed separate ly  for two distinctly defined and 
greatly  differing periods. The first of these periods, term ed the sum m er period, 
lasted from  May to October, when the bison w andered freely through the forest. 
The second period, w inter, covered the period from  December to M arch. During 
this period the bison collect in groups in places w here supplem entary food is 
provided. A pril and May form ed a transitiona l period and, depending on atm o
spheric conditions, w ere included to a g rea ter or lesser degree to the two 
periods given above.

The date, tim e of d irect observation of bison and the place in which they lived, 
in the form  of the num ber of the forest sections into which the Forest is divided, 
w ere en tered  on the card. The average area of a section is 111 ha ( P u c e k  
et al., 1975). Each section is divided into 4 parts  (quarters), given capital le tte rs 
A, B, C, D. The num ber and the q u arte r of the section w ere recorded, thus more 
accurately lim iting the observation site to an  area of about 28 ha. The k ind of
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observation site was next defined according to the following categories: c learing  
and crop, m eadow  (cultivated or natural), cultivated fields and gam e area. W hen 
bison w ere encountered in wooded land the type of tree  stand was recorded, 
distinguishing betw een: coniferous forest, m ixed deciduous forest, deciduous f o 
rests and alder woods.

The num ber of bison was defined exactly, or approxim ately  if i t  proved 
im possible to count them  accurately.

Fig. 1. O bservation areas of E uropean bison in the Białowieża P rim eval F o rest 
from  1968—1970 during the sum m er period and supplem entary feeding sites durinig

the w inter period.
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The term  herd used in this paper applies to all bison occurring  in the Biało
wieża P rim eval Forest.

Bison occurred in  groups of two types. M ixed groups included bison of both 
sexes. The following classes w ere distinguished: adult cow bison over 4 years 
old, juveniles from  2—3 years old, calves and, periodically, adu lt bulls (over 
4 years old). It is easy to distinguish betw een sexes in adult bison on account 
of clearly  m arked sexual dimorphism. The basic criterion for allocating bison 
to one of the age classes w ithin a m ixed group was the size of the individuals, 
while size and shape of horns was an auxiliary  factor. Calves up to one year 
old have straigh t horns, w hereas in young anim al about 2 years old the horns 
begin to incline medially. In 3-year old anim als they are well form ed and sim ilar 
in shape to those in adult bison, but sm aller. The horns of adu lt bulls are large 
and  m assive, slightly bent tow ards th e  centre. Cow bison have th inner horns, 
strongly bent medially. Individuals of both sexes up to the age of 1 year were 
allocated to the calf class. When the groups broke up in  the early  spring of the
following year this group of calves was allocated to the 2—3 year old anim al
class. In the calf class the approxim ate tim e of b irth  can be defined on the 
basis o f the state of advance or com pletion of the juvenile moult.

The second type of groups consisted of bull groups (including single bulls) 
regard less of age. An attem pt was m ade to estim ate the age of bison in 
classes w ithin the bull group as follows: young bulls (4—5 years old), adults 
(6—10 years) and old bulls over 10 years old.

In studies on A m erican bison populations, M c H u g h  (1958, 1972) distinguished
groups of bulls and cows, F u l l e r  (1960) and S h a c k l e t o n  (19*68) used the 
term s “m ixed groups“ and “bull groups“, S h u 1 1 (1972) used the term s: groups 
of cows w ith calves, bull groups and solitary  bulls. She joined solitary  bulls to 
bull groups, analyzing, e.g. th e ir  size. S im ilar procedure has been used in the 
presen t study, including single individuals in analysis of m ixed groups and bull 
groups.

O bservations m ade during the w inter period w ere of a d ifferen t character, 
since it was then possible to cover the whole population of bison by observations 
at d ifferen t supplem entary feeding sites. The two chief such sites w ere inspected 
daily, and the rem ainder at least once a m onth.

D efinition of the num bers of bison, w ith particu la r atten tion  to young anim als, 
was m ade by the m ethod of estim ating total num bers. S tocktaking of bison was 
carried  out in Jan u ary  or F ebruary  depending on atm ospheric conditions, when 
all the bison had congregated on the d ifferen t supplem entary feeding sites. Losses 
w ere recorded curren tly  over the whole year.

4. DESCRIPTION OF THE BISON POPULATION IN THE BIAŁOW IEŻA
PRIM EVAL FOREST

Age and sex structure  of the bison population were considered in 
the following classes: adu lt bulls and cows (4 years old and older), 
juveniles from  2—3 years old and calves up to one year old. The 
division into the above classes is based on easy identification in the  open. 
During the period in which detailed exam ination was made of the 
structure of bison population, that is from 1968— 1970, the percentage 
formed by the different classes in the whole population altered  very
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little  (Fig. 2). If this question is traced in the th ree following years 
(1971— 1973) then it can be seen th a t sim ilar sex and age s tructu re  
is m aintained. This leads to the conclusion th a t the European bison 
population in the Białowieża Prim eval Forest is beginning to stabilize.

A large num ber of factors have contributed to form ation of this par
ticu lar structu re  of the bison population in  the Forest, one of which 
was introductions. During the whole period of free breeding of these 
anim als, 38 (14, 24) bison were released in the Forest. The sex ratio 
of introduced bison was thus approxim ately 1 : 2. From  1952— 1962 the 
free herd  was form ed of young anim als 1—3 years old, while the two

1970

Fig. 2. S tru c tu re  of bison population in 1968, 1969, 1970.
i

adult cows released together w ith the juveniles were the leaders of 
th e ir groups. In the following period (up to 1966) a group of 10 (3, 7) 
bison from  8— 17 years old were released from  the enclosed reserves. 
The story  of the form ation of this population has been described( p re
viously ( K r a s i ń s k i ,  1967). Since 1967 all in tervention in the bison 
herd  ceased w ith no new anim als released except for one male in 1972 
(Table 1).

In 1970 the num ber of bison in the free herd  which originated from  
reserves form ed only 9°/o of the en tire  herd, and in 1973 — 5.5%. D uring
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the n ex t few years, on account of natu ral m ortality, the Białowieża 
population will consist solely of individuals born in freedom. Sex ratio  
and b irth  is thé next factor which exerts an im portant influence on popu
lation structure . During the whole period of free breeding (1952— 1973) 
a total of 316 calves were born, 161 of which were bull calves, 155 
heifers. This ration does not significantly d iffer from the ratio of 1:1 
(P<0.05), but in different years considerable deviation was observed 
from  this ratio (Table 1).

Table 1

N um bers of the free herd of European bison in the Białowieża Prim eval Forest
from  1952—1973.

1 S tate  as
Year In troduction B irths D eaths C aptures on 31st Dec.

1952 2 (2,0)
» __ __ 2 (2, 0)

1953 3 (1,2) — — — 5 (3, 2)
1954 — — — — 5 (3, 2)
1955 1 (0,1) — — 2 (1, 1) 4 (2, 2)
1956 — — — 1 (1, 0) 3 (1, 2)
1957 3 (1,2) 1 (0, 1) — 1 (1, 0) 6 (1, 5)
1958 10 (4,6) 2 (2, 0) — — 18 (7, 11)
1959 5 (0,5) 6 (5, 1) 1 (0,1) — 28 (12, 16)
1960 1 (0,1) 6 (3, 3) 1 (1,0) — 34 (14, 20)
1961 — 11 (6, 5) 1 (1,0) — 44 (19, 25)
1962 5 (4,1) 8 (4, 4) — 1 (1, 0) 56 (26, 30)
1963 — 13 (7, 6) 1 (0,1) — 68 (33, 35)
1964 5 (3,2) 16 (10, 6) 1 (1,0) 1 (1, 0) 87 (44, 43)
1965 4 (0,4) 15 (9, 6) 4 (1,3) — 102 (52, 50)
1966 1 (0,1) 20 (6,14) 3 (2,1) 1 (1, 0) 119 (55, 64)
1967 — 28 (13,15) 6 (5,1) — 141 (63, 78)
1968 — 25 (17, 8) 9 (6,3) — 157 (74, 83)
1969 — 29 (15,14) 6 (3,3) — 180 (86, 94)
1970 — 28 (12,16) 11 (9,2) — 197 (89,108)
1971 — 29 (13,16) 8 (6,2) 7 (2, 5) 211 (94,117)
1972 1 (1,0) 37 (17,20) 5 (4,1) 8 (4, 4) 236 (104,132)
1973 — 42 (22,20) 10 (9,1) 15 (5,10) 253 (112,141)

38 1 (14,24) 316 (161,155) 67* (48,19) 34 1 (15,19)

1 T hree anim als caught and la te r  released w ere not taken  into consideration.
2 Jo in tly  w ith bison elim inated from  breeding.

U tilization of the herd  was in itiated in 1971 w ith  the capture of 
7 (2, 5) young bison, which were next transferred  to the Borecka Forest 
(3.3°/o of the whole herd). In 1972 8 (4, 4) bison were caught, which 
made 3.4% of the whole population, and in 1973 15 (5, 10) bison — 
5.9%. A total of 30 (11, 19) bison from the juvenile class were caught 
in these three years (Table 1).

An im portant factor affecting population structu re  and dynamics was 
m ortality, which is discussed in the section on population dynamics.

As( the resu lt of the effect of the above factors, a structu re  was
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created in the bison population which is illustrated  by the age pyram id 
draw n up for the final study year (1973), and which was due to the 
greater longevity of the females than  male bison.

During the first years of breeding introduction exerted  a decisive 
influence on population s truc tu re  (1952— 1959) and during the subse
quent period the basic factor was natu ra l reproduction. In la te r years 
utilization, begun in 1971, will play an increasingly greater role.

23
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1 IUi _
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<u ■ cn 8 < - 7
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Period of reproductive  
ac t iv i ty

[jlJfl L im ited  pa rt ic ipa t ion i 
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| | An ima ls  not tak ing
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141 99
Fig. 3. Age pyram id of bison population in the Białowieża P rim eval Forest according 

to head of bison on 31st December 1973.

Since the s tart of free breeding the bison have been supplied with 
supplem entary food in w in ter the Białowieża Prim eval Forest, in the 
shape of hay provided ad libitum . A lthough other wild ungulates are 
also given supplem entary food (red deer, wild boar, roe deer) it is only
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in the case of European bison th a t supplem entary  feeding so signifi
cantly  affects behaviour, social structure , density and even reproduction. 
The average length of the supplem entary feeding period in the case 
of bison from 1960— 1971 w as 163 days ( ±3 6  days). The length of 
this- period depended on the tim e at which the bison approach the 
feeding places and also the tim e a t which they leave them. Hay is 
stored in stacks and is potentially accessible to the bison as early as 
July. Up to 1968 when hay was stored in enclosed places, supplem entary 
feeding was started  as soon as the bison approached the established 
feeding places (Fig. 1). The length of the supplem entary feeding period 
also depends on w eather conditions, p rim arily  on the length of time for 
which the snow cover persists (Fig. 4). The longest period for which 
bison made use of hay was 181 days during the long and severe w inter 
of 1969/70. During this w inter the continuous snow cover also persisted

1967/68

1968/69

iNovember iDecember lOonuary [February [March" [April 1
J Persistent snow cover Supplementary food is given

Fig. 4. Effect of tim e for which snow cover lies and length of tim e for which 
bison m ake use of w inter supplem entary  feeding in  the Białowieża P rim eval

Forest from  1967—1971.

L

longest — for 131 days. M aximum depth  of snow cover was 95 cm, tha t 
is, more than  twice greater than in previous w inter periods. Bison 
made use of supplem entary food for the shortest time, i.e. only 145 
days, during the w inter period 1967/68, when the time for which con
tinuous snow cover persisted was 108 days, the m aximum  depth of 
snow being only 36 cm.

The greatest consumption of hay, w ithin lim its of 70—80°/o, takes 
place in December, January , February  and March. During this period 
hay forms alm ost 100°/o of 'the anim als’ diet. Decrease in  the  am ount 
of hay consumed can be observed in November and April, w hen the 
bisor^ fail to make regular use of the supplem entary  food. D uring 
a w inter w ith little  snow some of the bulls did not approach the feeding 
places for a long time, for instance in 1964 it was not until 8 March,
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a fte r  a heavy snowfall, th a t 3 bulls approached a feeding place for 
the firs t time. Food obtained from  under the snow now plays a m ini
m um  role, such activity being observed chiefly in bulls emerging from  
the forest into fields and cultivated meadows during the early  p a rt of 
w in ter (Photo 1, P late I).

5. POPULATION DYNAMICS

The indices describing dynamics of num bers w ere calculated on the 
basis of data for the period 1960— 1973. The initial period of breeding 
was om itted as insufficiently representative, on account of sm all num 
bers and unnatural struc tu re  of the herd.

In analyzing the reproduction potential of the free herd  of bison the 
indexes of reproduction elaborated for bison living in reserves were 
taken as a basis. The average age of a fem ale bison when calving for

Table 2
Coefficient of b irths (%) of calves — expresed as ratio  of num ber of 

calves born to population size (n) during period 1960—1973.

Y ear n No. of calves born Coeff. of births, %

1960 28 6 21.4
1961 34 11 32.3
1962 44 8 18.2
1963 56 13 23.2
1S64 68 16 23.5 1
1965 87 15 17.2
1966 102 20 19.6
1967 119 28 23.5
1968 141 25 17.7
1969 157 29 18.5
1970 180 28 15.5
1971 197 29 14.7
1972 211 37 17.5
1973 236 42 17.8
Total
1960—1973 307 18.5

the firs t tim e was its fourth  calendar year of life, the average being 
47.8 months. The reproduction potential of a fem ale bison from the time 
of reaching sexual m aturity  rem ains on an unchanging level (72°/o—85°/o) 
un til the tim e reproductive function ceases at the age of 20 years 
( K r a s i ń s k i  & R a c z y ń s k i  1967). In m aking caculations the 
possibility of tw in  pregnancy was not taken into consideration as these 
are extrem ely  rare  cases in the genus Bison.

5.1. Natality

Reproduction is the elem ent of population dynamics in bison by 
means of which increase takes place. Reproduction is presented as the
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expression of the participation of the whole or of certain  groups of the 
population in reproduction. The coefficient of births defined as the 
ratio  of the  num ber of calves born to total population size (according 
to the sta te  a t the beginning of the year) calculated for 1960—1973, was 
on an average 18.5°/o. The m axim um  coefficient was recorded in 1961 — 
32.3%, and the lowest in 1971 — 14.7%. As from  1968 the value of the 
coefficient is m aintained on a level below the average calculated for 
the whole period and  varied from  14.7% to 18.5% (Table 2). D uring 
this period a decrease in the rate  of population grow th was recorded. 
Since the basis for calculating the coefficient of births is formed by 
the whole population, it would be more useful to define the repro
duction potential on the basis of analysis of the coefficient of fecundity, 
w hich defines the num ber of progeny in relation to the num ber of 
fem ales in the period of reproduction. The fecundity coefficient from

Table 3

Coefficient of fecundity  (%) — expresed as a ratio  of the  num ber of 
calves born num ber of fem a’es capable of reproduction  (r) during

period 1967—1973 .

Year n No. of calves born Coeff. of fecundity, °/o

1958—66 * 138 97 53—89 (70.3)
1967 38 28 73.6
1968 42 25 59.5
1969 46 29 63.0
1970 59 28 47.4
1971 69 29 42.0
1972 71 37 52.1
1973 78 42 53.8
Total
1967—1973 218 54.1

* A fter K r a s i ń s k i  & R a c z y ń s k i ,  1967.

1958— 1966 is from  53%—89%, average 70.3% ( K r a s i ń s k i  & R a 
c z y ń s k i ,  1967). In the subsequent period from  1967— 1973 it fell 
from  an average level of 54.1%, w ith  variations from  73.6% in 1967, to 
a m inim al value in 1971 — 42.0% (Table 3). Thus not much more than  
56% of fem ales capable of reproduction produce young each year.

5.2. Mortality

M ortality  depends not only on the physiological length of the in d i
vidual’s life, bu t also on the effect of d ifferen t habitat, population and 
biocenotic factor which cause the ecological m ortality  of the population 
to be a variable value.
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The coefficient of m ortality  among bison in the free herd  — from
1959—1973 calculated as the ratio  of num ber of deaths to size of the 
whole population (according to  the state at the end of the year) was 3°/n. 
In all 62 (43, 19) bison died in the free herd. The coefficient chang
ed in different years from  the m inim al value of 0%  found in 1962 
to a m axim al value of 5.7% recorded in 1968 (Table 4). The greater 
m ortality  among males, 69.4%, than among fem ales m ust also be 
emphasized. This relation differs significantly from the ratio 1:1 
(P<0.01).

Losses in the bison population were traced in five age classes, while 
percentage of m ortality  was calculated in in tervals of one year of life.

Table 4

Coefficient of m orta lity  (%>); expresed as a ratio  of the  num ber 
of dead bison to population size (n) during period 1959—1973.

Year n No. of dead bison Coeff. of m ortality , %

1959 28 1 3.6
1960 34 1 2.9
1261 44 1 2.3
1962 56 0 0
1963 68 1 1.5
1964 87 1 1.1
1965 102 4 3.9
1966 119 3 2.5
1967 141 6 4.2
1968 157 9 5.7
1969 180 6 3.3
1970 197 11 5.6
1971 211 7 3.3
1972 236 3 1.3
1973 253 8 3.2
Total
1959—1973 62 1 3.0

1 Five (5,0) elim inated from  breeding were not taken  into 
consideration.

M axim um  m ortality was recorded in class I (calves up to 1 year) — 
22.6%. In the next classes this percentage decreased, and the lowest 
value of 2.1% and 2.6% was found in the two classes of oldest bison 
(Fig. 5). This type of m ortality  is characteristic of the m ajority  of na t
ural populations, for instance in  the natural population of Am erican 
bison in Wood Buffalo National P ark  in Canada the num ber of progeny 
(is reduced by almost half over the course of a year (up to the following 
spring) ( F u l l e r ,  1961). #

In analyzing m ortality  in different m onths a relatively  balanced dis
tribu tion  of deaths was found over the course of a whole year. M ax
im um  values were found in August, 11.3%, in Septem ber 14.4% (max-
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imum value) and in M arch 11.3% (Table 5). The increased percentage 
of deaths during the ru tting  period is connected w ith the increased 
aggressiveness of the bulls, while increased m ortality  in M arch, towards

Fig. 5. M ortality among bison depending on age during period 1959—1973. 
\

Table 5

M ortality am ong bison depending on the season 
from  1959—1973.

Month No. of dead bison %

January 5 8.1
F ebruary 4 6.4
M arch ' 7 11.3
A pril 5 8.1
May 4 M
June 2 3.2
Ju ly 5 8.1
August 7 11.3
Septem ber 9 14.5
October 4 6.4
November 5 8.1
December 5 8.1
Total 62 100 0

the end of the w inter period, is connected with deaths of the weaker 
animals.

Among causes of death m echanical in juries occupy first place, being 
for over 30% of all deaths, and over 20% of these are caused
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by the bison them selves. Contagious diseases w ere not observed in  the 
free herd x. '

5.3. Dynamics of Numbers

In analyzing dynamics of num bers the first period (1952—1957) was 
om itted when the population was in the phase of in itial growth and its 
num bers (2— 6 anim als) were below the value essential for initiating 
true growth. F u rth e r introductions and the s ta rt of reproduction in

Fig. 6. Dynamics of num bers of bison in the Bialowieza P rim eval Forest from
1952—1973.

1958 and 1959 enabled the population to en ter the grow th phase. In 
subsequent years the curve is exponential in character and increase in 
num bers takes place chiefly through natu ra l increase (Fig. 6). In the 
case of large m am m als this phase may thus occupy a long period, for

1 Detailed analysis of causes of death  w ill be published elsewhere.
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instance in reindeer (Rangifer tarandus) it is 40 years ( S c h e f f e r ,  
1951, cited from  S c h w e r d t f  e g e r  1968). The bison population, 
increased despite the fact tha t the reproduction indices are far 
below  their potential capacity. This is due to the low m orta lity  ra te  of 
the  whole population. The grow th phase m ay by fellowed by the pop
ulation*. establishing itself on a given level, or m ay be followed by 
a period of decrease. At present the  bison population in the  Białowieża 
P rim eval Forest (western and eastern parts jointly) has reached approx
im ately  half the num bers of the  na tu ra l population in the 19th century 
(Fig 7). W ithout hum an in tervention increase could continue, although 
certain  observations indicate tha t the population is tending to consoli-

Fig. 7. Dynamics of num bers of bison in the Białowieża P rim eval Forest from  
1890—1973 (data a fte r K a r c o v ,  1903; W r ó b l e w s k i ,  1927; K r ą s i ń s k i ,  

1968; K o r o ć k i n a ,  1969; European Bison P edigree Book).

date its num bers and to pass from  the grow th phase to the phase of 
relative equilibrium  via slower growth. In this connection it is prim a
rily through decrease in fecundity and increase in the average of the 
population (Table 3, Fig. 3).
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6. DENSITY

In order to calculate total density the area of the whole w estern part 
of the Forest was taken into consideration, that is, 57,710 ha, calculating

Fig. 8. D istribution of m ixed groups from  1968—1970 (M ay-November).

the index for the whole bison population. W hen calculating true density, 
however, only the area in which mixed groups and the m ajority  of 
bulls were present was taken into consideration. In calculation of this
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density those groups of bulls (about 20%  of the 'w hole  population) which 
lived distant from  the rem aining groups, i.e. on the northern  and south
ern  boundaries of the Forest, w ere om itted. These groups, each num 
bering from 2—6 bulls, appeared in  these 'boundary areas in 1963 and 
1964 and rem ained distant from  the m ain groups up to the end of these 
observations (1973).

During the  initial period of free breeding growth of the  bison popu
lation was accompanied by increase in their living area, thus density 
did not increase. This process was observed up to 1966. In that year 
the population reached a total 102 anim als ( K r a s i ń s k i ,  1967). From 
1967— 1970 the population did not continue to spread, despite the fact 
that at the end of 1970 the herd  had almost, doubled to 197 animals. 
Density of the bison therefore increased w ith population growth. A ver
age density of bison over the area of the whole Forest (total density) 
in 1966 was 1.7 animals/1000 ha, bu t in  1970, this had risen to 3.4 
animals/1000 ha. The area intensively occupied by mixed groups and 
bull groups was 13,200 ha and was situated  in the central part of the 
Forest. True density  was 12 bison per 1000 ha in 1970, and in this 
(region it is possible to find areas of increased concentration, particularly  
near the middle reaches of the River Łutow nia (Fig. 8).

During the w inter density abrup tly  rises as a result of d ifferent 
m ixed groups congregating in places where supplem entary food is laid 
out in w inter. In the  supplem entary feeding areas all the  females, 
juveniles and calves congregate w ithin an area of about 200 ha, and 
some of the bulls also live with these groups. Density is thus very 
high, in this case about 200 animals/1000 ha.

In the bull groups increase in concentration is far smaller, since 
from, 60 to 90% of adu lt bulls do not use these two chief feeding 
places but w ander over a great part of the Forest in w inter.

During the w inter period density increased together with population 
size.

7. SPATIAL STRUCTURE

The spatial s truc tu re  of m ixed groups differs from  th a t of bull 
m eval Forest is group-aggregational in character. This means that the 
way in which the bison live consists of form ations of groups of dif
feren t size, the distribution of these groups not being even but exhibiting 
certain  aggregations.

The spatial struc tu re  of m ixed groups w iffers from  that of bull 
groups and single bulls. D istribution of m ixed groups is more aggrega- 
tional, this applying both to places in which groups concentrate and to 
the total area occupied by m ixed groups (Fig. 8).
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Bull groups are  d istribu ted  more unevenly, and exhibit particu larly  
g rea ter dispersion over the whole area of the Forest (Fig. 9). The 
presence of bull groups was found in areas where m ixed groups are

not encountered, e.g. the  north-w est regions or north -east and south
west regions of the Forest.

Distinct seasonal changes in spatial struc tu re  can be observed between
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the sum m er and w inter periods. During the w inter the distribution of 
m ixed groups and bull groups can be defined as sim ilar to islands, 
usually lim ited to supplem entary feeding places. Congregation and com
bining of mixed groups during w inter into larger communities (up to 
the p resen t two) is most probably not only due to the  existence of 
these supplem entary feeding sites but also to the form ation of this 
behaviour p a tte rn  in bison. For instance the first attem pts, made from 
1967— 1968, and also subsequent attem pts, a t splitting the bison congre
gation during w inter in two m ixed communities, into sm aller units by 
laying out hay in 20 additional places, were unsuccessful.

Form ation by bulls of larger comm unities for the  w inter period is 
far less strongly expressed. For instance in 1968— 1971 bulls form ed 
5—9 separate groups characterized by low stability.

Wooded area
53.3%  

 A ______

Open area 
46.7%  

A___
2 5

£  5 -

3 4

Fig. 10. F requency of bison (mixed groups and bull groups) in d iffe ren t biotopes 
from 1968—1970. 1. coniferous forests; 2. m ixed deciduous forests; 3. a lder woods;
4. deciduous forests; 5. clearings; 6. meadows; 7. cu ltivated  fields; 8. other.

Biotope conditions exerted  a definite influence on the distribution of 
m ixed groups and bull groups in sum m er. However the observational 
methods used in this study do not perm it exact definition of the biotope 
preferences of European bison. Even so a large num ber of observations 
(n=831) obtained in an area of mosaic biotope types perm its a general 
definition of habitats preferred  by these animals.

In a comparison of the freguency w ith which bison are encountered

i
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in wooded and open areas (clearings, meadows, cultivated  fields etc.) 
53.3°/o of the encounters took place in wooded areas. Of these wooded 
biotopes, coniferous forests are the least penetrated  (2.1°/o of encounters) 
and next alderwoods (9°/o of encounters). Bison were most often encoun
tered in m ixed deciduous forest (23.7°/o) and deciduous forest (18.5%)) 
(Fig. 10).

Bison often feed in open areas such as forest glades, cultivated fields. 
Clearings and cultivated areas are allocated to this category regardless 
of the biotope type in which they occur, since in such cases this type 
plays more of a secondary role and preference applies to open space 
covered by young vegetation. Bison were encountered in clearings and 
crops in all m onths of the sum m er period (22.6°/o of all encounters). The 
next most visited w ere meadows (16.7%)) and cultivated  fields (6.4%). 
The rem aining 1.0% consisted of encounters impossible to allocate to 
any one of the categories m entioned (Fig. 10).

Bison wery frequently  feed on the meadows situated  high above the 
River Lutownia (Photo 2) and in the forest glade called Worobiowa. 
They make less use of unm own meadows of this type. Of the uncul
tivated meadows, wet and overgrown by sedge, w hether situated inside 
the forest or on the banks of the  Narewka, Hwozna and Lesna rivers, 
the bison now make no use whatsoever.

Differences in in tensity  of stay by m ixed groups and bull groups 
were found only in cultivated fields, where bulls w ere encountered in 
83.7% of all cases.

On account of the  great variety  of forest types over a relatively small 
area it was difficult to establish seasonal differences.

8. GROUP COMPOSITION

8.1. Summer Period

Mixed groups include bison of both sexes of d ifferen t ages in their 
composition (Photo 3). The composition of the group is not constant but 
is subject to seasonal changes. This can be seen w hen analyzing the 
percentage composition of mixed groups during the three-year study 
period (1968—1970) over the course of seven m onths from  May to 
November (Table 6). During the ru tting  season, th a t is, in August, 
Septem ber and even October, the num ber of m ixed groups including 
adu lt bulls (4 years old and older) in their composition increases. In 
August they form ed 79.8% of all m ixed groups, and this percentage 
rose to 86.8% in Septem ber. It decreased in October bu t was still high, 
i.e. 74.7%. By November, however, there was m arked reduction in the 
num ber of groups in which adult bulls w ere present to the level



Table 6

Composition of mixed groups from  1968—1970 (May — November). 
Avg. — average value; O. R. — observed range.

M onth n
Males Fem ales 2—3 yrs old Calves < 1 yr

Avg. °/o O.R. Avg. % O.R. Avg. °/o O.R. Avg. °/o O.R.

May 66 0.7 7.1 1—4 4.4 46.2 1—18 4.1 42.9 1—12 0.4 3.8 1—7
June 50 0.6 7.2 1—2 3.9 45.8 1—13 3.2 37.4 1—11 0.8 9.6 1—6
July 62 0.6 6.7 1—2 4.0 41.3 1—11 3.5 37.0 1—12 1.4 15.0 1—6
August 104 1.5 13.6 1—8 4.2 38.4 1—13 3.6 32.9 1—14 1.6 15.1 1—7
Septem ber 61 1.5 13.7 1—4 4.3 39.3 1—9 3.4 30.9 1—10 1.7 16.1 1—6
October 83 1.1 12.2 1—4 3.6 38.8 1—14 3.1 33.2 1—20 1.5 15.8 1—7
Novem ber 31 0.8 11.1 1—3 3.5 48.7 1—8 2.1 28.3 1—6 0.9 11.9 1—3

v

N5
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observed during the p re-ru tting  period, w hen these groups formed 
54.8°/o of all mixed groups (Fig. 11).

The participation of adult bulls in mixed groups also increased during 
the ru tting  period, the largest num ber of bulls in m ixed group being 
observed in August and Septem ber, when they form ed respectively 
13.6%) and 13.7%) of all components of the groups. M axim um  participa
tion of bulls was found in August 1968 — 16.1% (Table 6).

D uring the calving season, in  May, June and Ju ly  the participation 
of bulls in m ixed groups was alm ost half of w hat it had been during 
the ru tting  period. Bulls form ed on an average 7.1% (May) and 7.2% 
(June) of the rem aining components of a  m ixed group. The lowest

n = 66  50  62 104 61 83  31

Fig. 11. Presence of bulls (4 years old and older) in m ixed groups irom  1969—1970
(M ay-November).

percentage of bulls in  m ixed groups was observed in Ju ly , w hen the 
average figure was 6.7% (Table 6).

The second component of which the percentage in m ixed groups 
varies in different m onths of the year is form ed by calves. It is obvious 
that m ixed groups should increase by the num ber of new born calves in 
group, but rising in June to 9.6% and subsequently rem aining on a si
m ilar level during the period from  August to October, form ing 15% 
of the group (Fig. 12).
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In the  class of females 4 years old and older and juveniles from
2—3 years old no distinct seasonal fluctuations are  observed. Adult 
cows form  38.4% — 48.7% of an average m ixed group, while the parti
cipation of juveniles varies w ithin lim its of 28.3%— 42.9% (Table 6).

W hen the structure  of m ixed groups was analyzed over the  three- 
year period it was found tha t the  num ber of bulls in an average m ixed 
group was 0.6 anim als during the calving period, rising to 1.5 anim als 
during the ru tting  season. The num ber of cows varied from 3.5 to 4.4 
anim als, juveniles from 2.1 to 4.1 anim als and calves from  0.4— 1.7 
anim als (Table 6).

Fig. 12. Presence of calves in m ixed groups from  1968—1970 (May-November).

The greatest num ber of cows in one m ixed group was found in May 
1970, when they num bered 18, juveniles in  October 1970 — 20 and 
m axim um  num ber of calves — 7 anim als, frequen tly  observed in dif
feren t months.

In the m ajority  of cases (60.6%) only one adult bull is encountered 
ii> groups, two individuals were found in 27%, th ree  in 8.2%, and 
four in 3.6%. A total of 6 and 8 bulls was found in a group tw ice only 
(Fig. 13). D uring the ru tting  period the percentage of groups containing 
more than one bull increases, and in Septem ber groups containing 
a single bull form ed only 43.4% of the groups (Fig. 14).
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Ind iv idua ls
Fig. 13. Num ber of adu lt bulls in m ixed groups from  1968—1970 (May-November).

Groups consisting of juveniles only were not, however, encountered, 
and  in larger groups in which juveniles predom inated there were usually 
several adult females which led the group.

During the ru tting  period typical groups, of medium  or large size and 
full composition, predom inate. The presence of calves contributes to the 
greater stability  of these groups during this period, since the calves

Ind ividua ls

Fig. 14. Num ber of adu lt bulls in m ixed groups from  1968—'1970 depending on
the season.
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keep together, causing the groups to be more compact, and in addition 
when two groups combine the calves by keeping together make it dif
ficult for the groups to split up again.

Bull groups most often consist of young individuals 4—6 years old, 
year. Such groups are also encountered during the ru tting  season which 
shows th a t not all adult bulls join m ixed groups during this period. 
On the o ther hand mixed groups which include adult bulls were encoun
tered a t all seasons of the year.

Bull groups most often consist of young individuals 4—6 years old,
3-year old individuals being less often included in their composition. 
Two-year old bulls were never encountered in them. Young bulls usually 
combine in groups consisting of 2— 7 animals, while adu lt and old bulls 
most often lead a solitary life or, although this is rare ly  observed, in 
pairs.

8.2. Winter Period

During the  w in ter period bison congregate in places where there 
is a constant supply of supplem entary  food, and they then form large 
aggregations as the result of a large num ber of groups uniting. This 
is connected w ith  food laid out in established places.

The composition of such com m unities during the w inter was exactly 
determ ined in February  1970. In the first com m unity of bison (forest 
section 390 and 391) it was chiefly cows which had congregated, form 
ing 45.9°/o of the group, juveniles — 31.1% and calves 18.9%, while 
the num ber of bulls was small — 4.1%. A small group of bison living 
at that tim e in forest section 306 did not join the first aggregation, 
possibly on account of the deep snow (95 cm). Calves form ed a consi
derable percentage (25.7%) of this group and also juveniles — 34.3%, 
whereas cows form ed only 31.4%.

In the th ird  large aggregation (forest section 422) the high percentage 
of bulls, not typical of m ixed aggregations — 19.1%, is rem arkable, 
while cows form ed 35.7%, juveniles — 30.9% and calves 14.3%. The 
story of the form ation of this group is interesting. When the feeding 
rack was pu t up in forest section 422 (in 1958) bulls only congregated 
there during the w inter period. In 1963 they were joined there by the 
first cows, including the cow “Pocieszna“ released from the reserve. This 
cow and its calves (distinguished by the lighter colour of the ends of 
the horns) came to the feeding place every year. This is also evidence 
of the influence of fam ily links on the composition of w inter aggrega
tions. In subsea uent years the percentage of cows and juveniles increas
ed in this group and the largest and strongest bulls were then  observed
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to move to other w inter feeding places. Some of the bulls, however, 
rem ained and were thus responsible for the non-typical s tructu re  of 
this aggregation.

The tendency for adu lt bulls to rem ain separate from  mixed groups 
was thus observed at the s ta rt of free breeding and was m aintained in 
later years. During the w inter stocktaking made in February  1968— 1970 
it was found that from  55.5% to 89.4% of the adu lt bulls lived outside 
the m ixed aggregations (Table 7).

Table 7

A ggregation of bulls from  1968—1971 (w inter period).

Time a t which stock
taking was carried  out

Adult bulls living ou t
side m ixed aggregations

N um ber of individuals 
in groups

N um ber of 
groups

n %
F ebruary  1968 20 55.5 1—8 5
F ebruary  1969 34 82.9 1—15 8
F ebruary  1970 26 60.5 1—7 9
F ebruary  1971 42 89.4 1—8 9

9. GROUP SIZE 

9.1. Summer Period

Analysis of the size of groups of bison was made for a period of 
8 years (1963—1970) on the basis of 1272 observations of mixed groups 
and 523 observations of bull groups (Table 8, 9). The period up to 
1962 was om itted as being insufficiently representative on account of 
jthe low population num bers, while data from  1968, 1969 and 1970 were 
analyzed in greater detail.

When calculating the average size of the groups, cases in which herd 
size was approxim ately determ ined w ere also taken into consideration. 
Although the observer was not then  exactly able to ascertain the num 
bers in the group, he determ ined a certain order of size. This applied 
alm ost exclusively to m ixed groups num bering over 20 animals. If 
these data had been om itted it would have reduced calculated average 
group size. The densely wooded area and activity of the bison made 
it difficult to carry out an exact count of bison in such cases.

Average size of m ixed groups for the whole period analyzed (1963— 
—1970) was 11.9 animals. In the case of mixed groups dispersion of 
the sample was high (SD — 7.0). Despite the fact tha t over the course 
of 8 years the population increased by 3.7 fold no connection was 
observed between variations in group size and increase in population 
num bers. The lowest average value during the period referred  to was
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recorded in 1968 — 9.9, and highest in 1967 — 13.8 anim als (Table 8).
The size of m ixed groups from  1963— 1970 varied w ithin lim its of 

1—40 animals. Considerable stability  of m axim um  num bers was found 
on a level of about 40 animals. The most num erous groups consisted 
of 38 individuals (exactly counted) and  was recorded several times, for 
the first time in 1965.

W hen the size of mixed, groups in d ifferent m onths from  M ay to

Table 8

Size of mixed group from  1963—1970 (May — November).
O.R. — observed range; Avg. — average; S D — standard  deviation.

M onths n O.R. Avg. SD n O.R. Avg. SD n O.R. Avg. SD

1963 1964 1965
May 14 3—26 12.7 ±4.9 9 2—25 11.4 ±6.6 41 2—32 13.3 ±8.8
Ju n e 8 6—20 13.2 ±5.1 14 3—20 9.8 ±4.6 30 2—27 8.5 ±5.4
Ju ly 11 9—20 15.8 ±4.4 15 6—20 10.0 ±5.2 22 4—22 10.7 ±5.3
A ugust 9 8—20 12.1 ±3.7 10 4—25 12.2 ±8.2 46 2—27 13.8 ±6.9
Septem ber 16 5—15 10.7 ±4.2 9 5—15 8.8 ±3.6 47 3—38 16.4 ±6.8
October 16 3—15 7.7 ±3.4 9 3—11 7.5 ±3.1 31 3—20 15.1 ±4.7
Novem ber
Total 74 3—26 11.7 ±5.3 66 2—25 10.0 ±5.4 217 2—38 13.4 ±6.9

1966 1967 1968
May 29 4—20 9.5 ±4.5 48 2—24 13.8 ±6.0 28 1—30 10.5 ±7.2
June 30 2—30 13.2 ±6.9 29 5—26 14.5 ±5.0 28 2—23 7.9 ±5.6
Ju ly 21 5—20 12.7 ±4.6 33 4—30 16.4 ±6.6 21 1—16 8.4 ±4.2
August 32 3—25 13.2 ±6.4 22 6—32 14.8 ±8.6 37 3—38 12.9 ±8.9 '
Septem ber 26 2—30 14.2 ±8.1 21 3—27 12.2 ±6.6 25 1—30 13.2 ±3.6
October 35 3—16 7.9 ±3.7 34 2—34 13.5 ±7.4 40 1—33 8.3 ±6.8
Novem ber — — — — 33 1—23 11.2 ±6.8 18 2—17 6.6 ±3.4
Total 173 2—30 11.3 4 6.5 220 1—34 13.8 ±6.8 197 1—38 9.9 ±6.9

1969 1970 1963--1970
May 38 1—40 11.4 ±9.0 14 3—30 14.9 ±10.1 221 1—40 12.1 ±7.5
June 14 6—35 12.4 ±7.4 14 1—30 11.7 ±9.3 167 1—35 11.2 ±6.5
Ju ly 31 2—27 12.3 ±8.1 27 2—25 12.9 ±7.1 181 1—30 12 6 ±6.5
August 36 3—40 9.0 ±7.1 43 2—29 12.9 ±6.8 235 2—40 12.7 ±6.9
Septem ber 20 2—19 8.8 ±5.6 23 3—25 11.4 ±5.4 187 1—38 12.9 ±6.9
October 24 1—24 8.7 ±6.2 24 4—40 14.2 ±10.7 213 1—40 10.6 ±7.1
N ovem ber 10 2—22 13.3 ±6.2 7 3—12 5.3 ±2.7 68 1—23 9.7 ±6.2
Total 173 1—40 10.4 ±7.6 152 1—40 12.6 ±8.0 1272 1 -4 0 11.9 ±7.0

November for the period 1963— 1970 is compared it can be seen that 
average sizes of groups in spring (May, June), do not differ significantly 
from each other (P>0.05), like the situation in autum n, tha t is, in 
October and November (P>0.05). The greatest average group sizes for 
the whole of the study period were recorded during the ru tting  season, 
that is, in August and Septem ber (12.7— 12.9). No significant differences 
(P>0.05) were found betw een the average values of groups of bison
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Fig. 15. A verage size of m ixed groups from  1968—1970 (May-November).

during these months, but they a re  significantly higher than  in June 
(0.02<P<C0.05) and in October and November (P<0.002). The lack of 
any significant difference in the average size of groups during the 
ru tting  period in comparison w ith May (P>0.05) can be explained by 
m ixed groups not having form ed after the long w inter period, as they 
did for instance in May 1970 (¿=14.9). Analysis of average values from 
d ifferen t years also confirm s that the  largest groups (except for Ju ly  
1973 and October 1969) are  encountered during the ru tting  m onths 
(August and September). The greatest average group size during the 
whole period occurred in Septem ber 1965 — 16.4 (Table 8).

In order better to illustrate  num bers of mixed groups they have been 
arranged in 8 size groups. M aximum frequency was found for groups 
up to 10 animals, whereas their frequency decreases as group size 
increases (Fig. 15).

Bull groups are less num erous than mixed groups. The average value 
for the period 1963—1970 was 2.0 (1.7— 2.7) but the sample is far more

T able 9

Size of bull groups from
period).

1963—1970 (sum m er

Year n O.R. Avg. SD

1963 25 1—5 2.4 +0.9
1964 27 1—6 2.7 ±1.3
1970 48 1—6 2.6 ±1.1
1969 41 1—5 1.7 ±1.1
1965 93 1—6 1.7 ±1.0
1966 100 1—7 1.9 ±1.3
1967 129 1—7 2.0 ±1.2
1968 60 1—4 1.7 ±0.8
1963—1970 523 1—7 2.0 ±1.2
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Ind iv idua ls

Fig. 16. Average size of bull groups from  1968—1970 (M ay-November).

Months V VI VII VIII IX X XI

Fig. 17, A verage size gf bull groups from  1968—1970 depending on the  season.



34 Z. Krasiński

balanced (SD — 1.2). As in the case of mixed groups no increase in 
group size is found in proportion to increase in population num bers. 
The m axim um  value found in 1964 was on an average 2.7 individuals 
in a group. Num bers in bull groups also varied w ith in  narrow  lim its 
of 1—7 anim als (Table 9).

During the period from  1968— 1970 m axim um  freouency of single 
bulls was observed — 48.4°/o (45.0—52.0%). Pairs of bulls form ed 24.8% 
(18.0—29.0), three bulls in a group — 17.5% (15.5— 19.4%) of the total 
num ber of cases (Fig. 16). Thus groups containing in their composition 
1— 3 bulls form ed 90.7% of all the groups. A m axim um  num ber of 
7 individuals was found in one group. As group size increases their 
frequency decreases (Fig. 16).

The size of bull groups depends on the season. In ru tting  m onths 
sm aller groups are m ore often observed, contrary  to w hat is found for 
mixed groups, this being connected with increase in frequency of single 
bulls. The highest percentage of single bulls over the course of three 
years (1968—1970) was found in Septem ber — 71% of the total num ber 
of cases (Fig. 17). The increased frequency of single bulls during the 
ru tting  season can be explained by bull groups splitting up in order 
that some of the adult males m ay join mixed groups. Increase in the 
num bers of bull groups found in November is connected w ith  bulls 
joining larger aggregations for the w inter period (Fig. 17).

A connection was also found betw een size of bull groups and the 
age of males. Adult or old individuals were most often solitaries, while 
young 4—5 year old bulls were usually encountered in larger groups.

9.2. Winter Period

As from  the s ta r t of free  breeding m ixed groups were observed 
to combine into large aggregations in w in ter on the supplem entary 
feed ng sites. In the  in itial period of breeding the bison w ere supplied 
w ith food in two hay racks situated  a t a distance of 1 km from  each 
other in forest sections 390 and 391 (Fig. 1). The bison congregating 
in this area form ed one aggregation, the frequen tly  observed division 
of this aggregation into two parts being shortlived and of a transitional 
character. The num bers of this aggregation increased from  year to 
year, reaching a m axim um  value of 97 anim als in February  1968 (Fig. 18). 
Thus the num bers of this aggregation increased w ith grow th of the 
bison population.

The second aggregation of bison was form ed in forest section 422 at 
a distance of about 4 km from  the preceding one. The specific character 
of this aggregation consisted in the fact th a t up to 1962 bulls only
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congregated there, being la te r joined by cows, but up to 1969 bulls 
formed the m ajority  of this aggregation, which did not combine w ith 
the other aggregation. The size of this aggregation also increased w ith 
population growth, reaching the num ber of 60 anim als in F rebruary  
1971 (Fig. 18). As from the w inter period of 1963/4 certain  of the

Fig. 18. Size of aggregations of bison during the w inter period (Frebruary) from
1955—1971. '

bison did not approach the two aggregations referred  to above, rem ain
ing near different hay racks. These were bulls only. An additional 
th ird  aggregation form ed in forest section 306 only during the period 
1969/70.
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The tendency of bulls to join larger aggregations for the w inter 
period is far less distinct than in the other individuals in the popula
tion. Only some of the adult bulls (10—50%) lived in m ixed groups 
during this period. The rem aining individuals (50—90%) form  from  
5— 9 separate aggregations during the w inter period, but these groups 
are distinguished by a low degree of stability. The size of these groups 
varied from  1— 15 animals. The maximum  num ber of 15 bulls in one 
group was found in February  1969, being twice as large as the m aximum  
size of bull groups found during the sum m er period.

10. DISCUSSION

Indices defining population dynamics provide basic data on the  state 
and prognoses of the developm ent of a population. In  the case of 
large mammals such as bison, indices calculated for long-term  cycles 
are reliable for defining population dynamics, and it is therefore essen
tial to trace population dynamics from the historical aspect, especially 
as there are  published data on the num bers of the natu ral population 
of European bison living in the Białowieża Prim eval Forest during the 
19th century from  1809 to 1902 (K a r c o v, 1903) and from then until 
1919 ( W r ó b l e w s k i ,  1927). These statistics were based on an esti
m ate of num bers made by tracking the animals, and therefore most
certain ly  are burdened by the error involved in the tracking m ethod 
( P u c e k  at al., 1975). These data, however, form valuable and unique 
com parative m aterial.

In analyzing dynamics of the num ber of bison living in the whole
area of the Białowieża Prim eval Forest in the 19th century  a long
phase of development, lasting 45 years, can be observed in the curve 
of population growth. Population num bers rose unin terrup ted ly  from 
1809, w hen there were 350 bison, until 1857, when num bers reached 
a peak — 1898 animals. In subsequent years the num bers of bison de
creased, expressed in decline in the growth curve, followed by a period 
of relative stabilization w ith fluctuations w ithin lim its of 400— 750 ani
mals (K a r c o v, 1903; W r ó b l e w s k i ,  1927).

Dynamics of the num bers of bison must, however, be considered in 
relation to the whole comm unity of ungulates living in the Forest at 
that time. V ariations in num bers of ungulates in the Białowieża P ri
m eval Forest from  1890— 1920 were reflected in in tra - and in terpopula
tion relations. The ab rup t increase in the num bers of red  deer, roe 
deer and fallow deer during the final phase of this period is rem arkable 
(Fig. 19). Red deer in the Forest were completely exterm inated in the 
18th century, and were not brought there again until 1864. The fallow
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deer, an alien species to the fauna of the Forest, was introduced a t 
the same time. In  1907 the num bers of red  deer were more than 5000, 
and fallow deer 1200. An even more abrup t rise in num bers is observed 
in the case of red deer, their m axim um  num bers being recorded in 
1905 — 6000 anim als (Fig. 19). Variations in num ber of moose were sim ilar 
to those of European bison up to 1900, but from  th a t time on there  
was a continuous drop in its num bers. W r ó b l e w s k i  (1927) con
siderad that the excessive density of deer brought about deterioration 
in the bison’s food conditions and consequently stagnation in develop
m ent of the bison population.

Fig. 19. Dynamics of num bers of bison in re la tion  to varia tions in the num bers 
of ungulates in the Białowieża P rim eval Forest from  1890—1919 (data a fte r 

K a r c o v ,  1903; W r ó b l e w s k i ,  1927; W i ę c k o, 1972).

Hostilities during W orld W ar I led to a sudden decrease in the 
num bers of ungulates in  the Białowieża Prim eval Forest. In 1919, w hen 
the last bison died, the history of the natu ra l population of European 
bison in the Forest also ended.

Observations of the contem porary population of Białowieża bison 
cover a far shorter period and as yet relate  only to its developm ent 
phase. The growth of this population is of an exponential character.
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The reduction in herd  increase from  1968—73 caused a decrease in 
population grow th ra te  but did not inhibit its developm ent. The level 
of herd increase (average 18.5%) is higher than tha t which characterized 
the bison population living in the Białowieża Prim eval Forest in the 
second half of the 19th century. For example it m ay be stated  that 
increase in num bers of bison for a 20 year period (1873—1892) calcu
lated on the basis of B u c h n e r ’ s data (1900) gave an average figure 
o£| 10.3%. Reduction in recent years of the rate  of increase in the 
restored herd  coincides w ith the period when the s tructu re  of this 
herd was becoming closer to a na tu ra l one. Thus the high fecundity of 
the first period was typical of a population in grow th phase.

Density and spatial struc tu re  are im portant elem ents of population 
stru c tu re  and one essential to determ ine in order to ensure rational 
m anagem ent of the bison population, since these factors influence the 
proper use of the habitat by these animals.

The given biotope preferences of bison affect their spatial structure  
and density. Using data from sample areas B o r o w s k i  & K o s s a k  
(1972) found that bison most decidedly prefer biotopes of m ixed deci
duous forest and deciduous forest. The author obtained sim ilar results. 
It must, however, be rem em bered that in the case of bison the im por
tan t role of feeding occurs in meadows and areas form ed by tree  
felling such as clearings and cultivated crops (Fig. 10). Meadows are 
of even greater im portance as a food source for Am erican bison living 
in the wooded area of Elk Island National P ark  ( S h a c k l e t o n ,  
1968), or Wind Cave National Park , where 71.7% of bull bison made 
use of meadows but only 19.2% of wooded areas (S h u 11, 1972). In 
Wood Buffalo National Park  also the greatest concentration of bison 
was observed in meadows ( F u l l e r ,  1961). These data indicate that 
habitat preferences form one of the factor's concentrating anim als in 
ithe case of both European and Am erican bison in certain  regions.

The home range of bull bison was greater in both the w estern  and 
also eastern part of the Forest than that of mixed groups, both during 
the first period of free breeding ( K r a s i ń s k i ,  1967; K o r o ć k i n a ,  
1971), and also in subsequent years. Adult and usually  solitary  bulls 
visit not only cultivated fields near hum an settlem ents, but m ay even 
w ander into the middle of villages (Photo 4). Density and also spatial 
structure were considered only for the sum m er period, since in w inter 
these elem ents are d istributed as the resu lt of supplem entary feeding, 
when density rises artificially, by even ten times as much. S im ilarly in 
the Caucasus Mts the density of the hybrids living there, in which 
there is a high percentage of bison blood, is 3—4 anim als per 1000 ha
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in  summ er, but in w inter m ay increase up to 40—50 anim als per 1000 
ha ( K a l u g i n ,  1968, 1969).

No tendencies to m igration into areas beyond the Forest proper have 
yet Jaeen observed in the bison population living in the w estern part 
of the Białowieża P rim eval Forest, but in the eastern part 
of the Forest, although the num bers of bison there are three times 
sm aller than  in  the w estern part, bulls have been found to m igrate. 
Adult males m igrated northw ards from  the boundary of the Forest 
to distances of 70—180 km, and in one case even 350 km (K o r o ć- 
k i n a ,  1973). This may be due to the insufficient food supply in poor 
biotopes and also to the high density of other ungulates ( K o r o C k i n a ,  
1973). A uto-regulation of density by m igration from  overcrowded areas 
was found in moose by T o m e k  (1973).

Both representatives of the genus Bison — the European and the 
American bison, form  groups of sim ilar type. Observation made over 
a three-year period on group composition of bison has made it possible 
to determ ine typical groups for the given season. In sum m er (from 
May to November) m ixed groups, bull groups and single individuals 
occurred. The composition of the  groups was not alw ays complete and 
was typical of the given season.

W hen analyzing mixed groups during the sum m er period the high 
percentage of groups (about 50°/o) in which adult bulls were observed 
outside the ru tting  season is rem arkable. The presence of bulls in 
groups outside the ru tting  season has also been observed by W r ó 
b l e w s k i  (1927). The fact that some of these bulls are young indi
viduals from  4—5 years old which, in J a c z e w s k i ’ s opinion (1958), 
do not as yet take part in reproduction, undoubtedly contributes to 
this phenomenon. The case is sim ilar in respect to wild herds of Ame
rican bison, when bulls under 5 years old do not yet take place in 
reproduction (E g e r  t  o n, 1962). As in the case of European bison, 
three-year old and older bulls were found in m ixed groups of Ame
rican bison throughout the whole sum m er period ( S h a c k l e t o n ,  
1968). Increase in the num ber of bulls in groups during the ru tting  
period was also observed there, but even during this period groups 
without adult bulls were found. M e a g h e r  (1973) also found that 
there  were adult Am erican bison bulls in m ixed groups a t all seasons 
of the year.

The observations presented above lead to the conclusion that in the 
genus Bison  separation of the sexes is not observed outside the ru tting  
season. In the m ajority  of wild rum inants, e.g. red deer, separation of 
the sexes is very  strict apart from  the ru tting  season and adult stags
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join groups of hinds for a short tim e only, and only during the ru tting  
season ( D z i ę g i e l e w s k i ,  1970).

D uring the w inter period, particu larly  among mixed groups, large 
aggregations form  which take the character of a loose gathering without 
any great cohesion. Final dispersion and form ation of true groups takes 
¡place in spring, usually in the second half of April.

The au tho r’s observations show that fam ily links exert an im portant 
influence on form ation and shaping of d ifferen t groups. W r ó b l e w s k i  
(1927) defines even the bison herd  as a fam ily group. In the case of 
Am erican bison the bulls present in m ixed groups neither dom inate 
nor lead the groups even during the ru tting  period ( M c H u g h ,  1958; 
S h u 1 1, 1972; M e a g h e r ,  1973). Bulls in mixed groups of European 
bison behave in the same way ( K r a s i ń s k i ,  1967).

Groups of European bison bulls both during the w inter and sum m er 
period exhibit less cohesion than  mixed groups, that is, they frequently  
disperse, while their composition and size alters. Sim ilarly in American 
bison in tegration of bull groups is not as clearly expressed as in groups 
of cows, which exhibit g reater “active solidarity“ (S h u 1 1, 1972).

In free-living population of European and American bison the role 
of bull groups and single bulls, which are encountered during the ru t
ting period independently of mixed groups, is not as yet sufficiently 
documented. M c H u g h  (1972) considers that during the ru t bulls 
iwander from  group to group and thus exchange of bulls takes place. 
E g e r  t o n  (1962) considers that 'bulls freely  entering groups and leav
ing them  cause increase in in tensity  of ru tting  behaviour.

Earlier authors were of the opinion that both in European (B o j a n u s, 
1827) and Am erican bison ( S e t o n ,  1929; S o p e r ,  1941; G a r r e t 
s o n, 1938 — cited from F u l l e r ,  1960) it was only old males which 
became solitaries, but K a r c o v  as early  as 1903 emphasized that the 
tendency of bull bison to solitude cannot be a ttribu ted  only to old 
age and weakness of bulls, since bulls in their full vigour often become 
solitaries. In the American bison population in Wood Buffalo National 
Park  the decided m ajority  in the bull group, i.e. 77°/o, were solitaries. 
The age structu re  of these solitaries was estim ated as follows: bulls 7 
years old and older form ed 34°/o, subadult bulls — 65°/o, while only 
1% were 2— 3 year old bulls ( F u l l e r ,  1960). In W ind Cave National 
P ark  solitaries form ed 58.0°/o of all bulls observed (S h u 1 1, 1972).

The tendency of bulls to lead a solitary way of life outside the group 
is thus a p roperty  of males of the genus Bison observed in both Euro
pean and Am erican bison.

More detailed inform ation on hierarchy among bulls in the Białowieża 
Prim eval Forest was supplied by observations from the first period of
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free breeding, when both the names and the age of the various bulls 
were known. Up to the age of 11 “Polel“ m aintained him self a t the 
top of the  group hierarchy, but when 12 years old was obliged to give 
way to the 6-year old “Poranek“ and ‘Polas“. This fact resulted  in “Pole!“ 
not joining any mixed group the next year, and from  that tim e onwards 
rem aining a solitary. This confirmed later observations th a t bulls over 
10 years old give place to younger bulls and their participation in 
reproduction is negligible.

The European bison is a gregarious animal, and this fact has been 
emphasized by every author who has had the opportunity  of observing 
these anim als living under natu ral conditions (B r i n c k e n, 1826; 
K a r c o v, 1903; W r ó b l e w s k i ,  1927). Forest conditions are not 
favourable to the form ation of large groups and therefore the size of 
groups of bison, typical inhabitants of wooded land, is not very  large. 
B h a c k l e t o n  (1968) has draw n attention to the connection between 
habita t conditions and size of groups of bison. Am erican bison inhabiting 
the wooded areas of Elk Island National P ark  (Alberta) most often 
formed m ixed groups composed of 5— 20 animals, w hereas bison in the 
prairie  area of the National Bison Range (Montana) occurred in groups 
of 100— 150 animals. The bison population living in a forest habitat 
in Wind Cave National Park  also failed to form large groups (S h u 1 1, 
’1972).

The first period of free breeding supplied interesting inform ation on 
the way in which groups are formed. Up to 1958 all bison except bulls 
formed one group. When herd  num bers rose to 18 in th a t year a ten
dency was observed to split into two as yet unstable groups. In 1961 
the herd  reached 44 in num ber, and then two typical mixed groups 
form ed num bering from 13 to 16 individuals. Bulls lived a solitary life 
throughout the whole time apart from  the ru tting  season. Group for
mation of this kind was typical of the bison population in the Białowieża 
Prim eval Forest.

The observations made from 1968— 1970 show that small and medium 
m ixed groups predom inate in the bison population in sum m er. About 
90% of all m ixed groups was form ed by groups not exceeding 20 indi
viduals.

The size of bison groups in the Białowieża Prim eval Forest during' 
the 19th century  was also far from  large and according to B o  j a n u s  
(1827) was from  10—40 animals, K u l a g i n  (1919) — from  5 to 13 
animals and W r ó b l e w s k i  (1927) defined their size as 7— 18 animals. 
All these authors noted, however, tha t in certain periods group num bers 
may rise to 50 and over. K a r c o v  (1903) stated that during t^e  sum 
mer period the largest groups reached num bers of 15— 18 anim als. He
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also gave the valuable inform ation that during the w inter period the 
sm aller groups combined near the feeding places into larger aggrega
tions, as is the case a t present. A tendency to form  large aggregations 
during the w inter period was therefore found in European bison as 
early as the 19th century, but it m ust be rem em bered that even then 
these anim als were given supplem entary  food in w inter. It is difficult 
to arrive at an unquivocal decision as to w hether this phenomenon is 
of an original character and is a characteristic of the species, or a se
condary phenomenon form ed as the result of supplem entary feeding 
over a long period of years, since there is no inform ation on the be
haviour of completely wild bison. Contem porary observations show that 
form ation of large aggregations in w inter cannot be explained solely 
by the presence of perm anent feeding places or by supplem entary feed
ing as a whole.

The average group size in the sum m er period has not increased to
gether w ith increase in num bers of the bison population in the Biało
wieża Prim eval Forest, w hereas size of aggregations during the w inter 
period has risen w ith increase in population num bers.

Supplem entary feeding in w in ter is the  factor which exerts the 
strongest anthropogenic pressure on the bison population in the Biało
wieża Prim eval Forest. Inform ation on the last na tu ra l herd in the 
19th century also relates to a population receiving supplem entary feeding 
during the w inter. It is difficult to envisage how the restored popu
lation would have developed if w in ter supplem entary feeding had not 
been practised from  the sta rt, or if it had been in terrupted , for instance 
when supplem entary w inter feeding ceased it did not cause increase in 
m ortality  in w inter among the bison population in the Yellowstone 
National P ark  ( M e a g h e r ,  1973). This cannot, however, be considered 
as grounds for taking a sim ilar decision in respect of the Białowieża 
Prim eval Forest, on account of the  d ifferent na tu ra l and economic con
ditions there.

The purpose of supplem entary  feeding is in ter alia to reduce the 
degree to which European bison unfavourably affect tree stands. Lack 
of supplem entary food in w inter, or even its tem porary suspension, 
would cause an abrupt increase in damage done to tree  stands (B o- 
r o w s k i ,  1971). By means of supplying supplem entary food it is possi
ble to lim it the amount of damage done as the resu lt of the am ount of 
food requirem ents, although it is difficult to elim inate barking of trees 
altogether, if this takes place as the resu lt of deficiencies in quality  
of food, of certain micro-elem ents, vitam ins etc.

Some comparisons have been made above between the European bison 
population living in the Białowieża Prim eval Forest and some of the
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A m erican bison populations living in Canada and the United States. Only 
the large bison population num bering about 15,000 anim als living in 
Wood Buffalo National Park  in Canada can be considered as a fully 
natural population, in that it d iffers from  the rem ainder in respect o£ 
num bers, area occupied and habita t conditions. Increase in this popu
lation is 9—10°/o annually, bu t the high natu ral m ortality, chiefly 
among calves, results in increase being adequate in relation to losses 
and the population m aintaining itself in a state of balance ( F u l l e r ,  
1961).

The bison population in Yellowstone National Park, num bering over 
500 individuals, would appear to be most sim ilar to the bison population 
in the Białowieża Prim eval Forest, on account of living conditions and 
sim ilarity of structure. The low percentage of calves — ll°/o ( M e a g h e r ,  
1973) in this population is rem arkable, and is like the case with Euro
pean bison, where calves form ed 15°/o of the population.

The comparisons of ecological properties of European and American 
bison made in this paper point to far-reaching sim ilarities and may 
form  support for B o h l k e n ’ s taxonomic proposal (1967) to unite 
European and Am erican bison into one species, w ith four subspecies.

The present paper initiated studies undertaken  not long ago on the 
ecology of the European bison. These studies need supplem enting, p ri
m arily in respect to questions of social organization and behaviour. 
Sim ilar studies in other populations, for instance those living under 
d ifferent conditions in the  Bieszczady M ountains, would also be necessary 
and useful.
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Zbigniew KRASIŃSKI

DYNAMIKA I STRUKTURA POPU LACJI ŻUBRÓW 
W PUSZCZY BIAŁOW IESKIEJ

Streszczenie

P raca om awia dynam ikę populacji, s tru k tu rę  płciową i wiekową, skład i w iel
kość grup, zagęszczenie, s tru k tu rę  przestrzenną wolnej populacji żubrów w Pusz
czy Białowieskiej.

W 1973 w zachodniej części Puszczy Białowieskiej (PRL) stado żubrów osiągnęło 
liczebność 253 (112, 141) sztuk (Tabela 1) i łącznie z drugim  wolnym stadem  we 
wschodniej części Puszczy Białowieskiej (BSRR) osiągnęło liczebność 335 żubróv .
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Była to zaledwie połowa stanu  n a tu ra ln e j populacji żubrów  żyjącej w Puszczy 
pod koniec X IX  wieku (Ryc. 7).

W pracy w ykorzystano m ateriały  od początku hodowli wolnej, to jest od 1952 
roku do końca 1973 roku. Szczegółową analizą objęto la ta  1968—1970, kiedy to 
wprowadzono jednolity system  obserwacji. W okresie tym  przeprow adzono 2400 
obserw acji w dwóch wyraźnie różniących się i oddzielnie opracowanych okresach, 
nazwanych umownie letnim  (m aj—listopad) i zimowym (grudzień—kwiecień).

W zimie żubry były dokarm iane sianem przez średnio 163 dni co niew ątpliw ie 
zakłócało na tu ra lną  s tru k tu rę  i organizację populacji w tym okresie.

Żubry tworzą ugrupow ania dwóch typów: (1) grupy m ieszane zaw ierające w swym 
składzie zwierzęta obu płci, w różnych klasach wiekowych, oraz (2) grupy byków.

W okresie 1968—1973 s tru k tu ra  populacji żubrów charakteryzow ała się znaczną 
stabilnością, krowy dorosłe (4 letnie i starsze) stanow iły od 30,6% do 36,5%, byki 
dorosłe (4 letnie i starsze) stanow iły od 23,9% do 26,1%, młodzież 2—3 le tn ia  od 
25,4% do 27,4% i cielęta od 14.2% do 16,1% populacji (Ryc. 2).

F akt ten wskazuje, że populacja żubrów  w  Puszczy B iałowieskiej zm ierza do 
w ykształcenia s truk tu ry  będącej jej na tu ra ln ą  właściwością. S tru k tu rę  populacji 
w  ostatnim  badanym  roku (1973) obrazuje piram ida wieku (Ryc. 3).

W okresie 1960—1973 współczynnik urodzeń wynosił średnio 18,5% (Tabela 2). 
W spółczynnik płodności w la tach  1958—1966 rów nał się średnio 70,3% po czym 
(1967—1973) uległ obniżeniu do 54,1% (Tabela 3).

S tosunek płci przy urodzeniu nie odbiegał isto tn ie od proporcji 1:1 przy 316 
(161, 155) urodzonych cielętach (Tabela 1). W spółczynnik śm iertelności w la tach  
1959—1973 wynosił średnio 3% (Tabela 4). Obserwowano isto tn ie większą śm ier
telność samców (69,4% całej śm iertelności) w porów naniu z samicami. Najwyższą 
śm iertelność notowano w grupie cieląt do jednego roku — 22,6%, najniższą w n a j
starszej klasie wieku — 2,1% (Ryc. 5).

Po fazie początkowego wzrostu, krzyw a dynam iki liczebności p rzybrała typ 
wykładniczy z zaznaczoną w ostatnich la tach tendencją do przechodzenia w fazę 
w zrostu zwolnionego (Ryc. 6).

A reał bytow ania powiększał się w raz ze w zrostem  populacji żubrów  do 1966 
roku. W następnych la tach  ze w zrostem  liczebności w zrastało zarówno zagęszczenie 
globalne (3,4 sztuki na 1000 ha), jak  i zagęszczenie rzeczyw iste (12 sztuk na 
1000 ha).

Rozmieszczenie w  przestrzeni grup mieszanych jest bardziej skupiskowe (Ryc. 8) 
niż grup byków, k tóre w ykazują większą dyspersję na całym obszarze Puszczy 
(Ryc. 9).

Na rozmieszczenie grup żubrów  w okresie letnim  w yw ierają w pływ  preferencje 
siedliskowe. Najczęściej spotyka się żubry w  lesie m ieszanym (23,7% ogółu spo t
kań) i w lesie liściastym  (18,5%), najm niej penetrow ane są bory, na k tóre p rzy
padało 2,1% ogółu spotkań oraz olsy (9%). Żubry często żerują na terenie o tw ar
t y m — zrębach, łąkach, polach upraw nych (46,7% ogółu spotkań) (Ryc. 10).

Skład grup mieszanych ulega zmianom w  różnych sezonach roku. W okresie 
ru i w zrastała ilość grup zaw ierających w swym składzie dorosłe byki. Stanow ią 
one wtedy 74,7%—86,8% wszystkich grup m ieszanych, podczas gdy w okresie przed- 
rujow ym  — tylko 54,8% (Ryc. 11). W okresie ru i w zrasta dw ukrotnie ilość dorosłych 
byków w grupach m ieszanych (Tabela 6). Udział cieląt w grupie w zrasta od m aja 
(4%) do lipca a następnie u trzym uje się na podobnym poziomie (ponad 15% grupy) 
(Ryc. 12). Ponad 60% byków, średnio, w ciągu całego sezonu letniego w ystępuje 
w  grupie m ieszanej pojedynczo (Ryc. 13). W okresie rujow ym  (sierpień, wrzesień)
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w zrasta procentow y udział dorosłych byków w grupach m ieszanych (Ryc. 14). 
W tym okresie obserw uje się wzrost frekw encji byków — sam otników  (Fyc. 17), co 
pasuw a wniosek o współzależności tych faktów . W okresie zimowym tworzą się 
duże ugrupow ania pow stające z połączenia się wielu grup mieszanych. W najw ięk
szym ugrupow aniu począwszy od 1968 roku, gromadziło się około 100 żubrów. 
W ielkość ugrupow ań mieszanych w okresie zimowym rosła system atycznie, wraz 
ze wzrostem  liczebności populacji (Ryc. 18). W okresie tym  od 55,5% do 89,4% 
dorosłych byków przebywało poza ugrupow aniam i mieszanym i tworząc 5—9 od
dzielnych ugrupow ań (Tabela 7).

Ś rednia wielkość grupy mieszanej w  okresie letnim  w  latach 1963—1970 wynosiła 
11,9 sztuk. Nie obserwowano powiększania się wielkości grup ze wzrostem popu
lacji (Tabela 8). Stw ierdzono najwyższą frekw encję grup liczących do 10 osobników 
(28,8%—33,5%), Ryc. 15. Średnie wielkości g rup  żubrów  w okresie rujow ym  (sier
pień, wrzesień) były istotnie wyższe niż w czerwcu (0,02<P<0,05) i październiku— 
—listopadzie (P<0,02). G rupy byków w okresie letnim  (1963—1970) liczyły od 1—7 
sztuk, średnio 2,0 sztuki (Tabela 9). Około 50% byków chodziło pojedynczo, grupy 
składające się z 1—3 byków stanow iły około 90% ogółu g rup  byków (Ryc. 16).

Stw ierdzono stosunkowo w yrów nany rozkład upadków  śm iertelnych w ciągu 
całego roku (Tabela 5), co świadczy, iż zima nie stanow i dla żubrów krytycznego 
okresu. Z przyczyn śm iertelności najwyższy procent upadków  stanowiły urazy m e
chaniczne — 32,8%, przy czym 20,9% zostało spowodowane przez same żubry, 
a 11,9% przypadków  stanow iły urazy pow stałe na  innym  tle.

W dyskusji przeprow adzono porównanie uzyskanych wyników z danym i na tem at 
ekologii ostatn iej n a tu ra ln e j populacji żubrów jaka bytow ała w Puszczy Biało
wieskiej przed I w ojną światową. Stw ierdzno, że obecnie obserw uje się wyższy 
poziom przyrostu stada od notowanego w tam tej populacji. W obu okresach w iel
kość grup była podobna. O bserwowano też tendencję do tw orzenia dużych ug ru 
powań o okresie zimowym w pobliżu miejsc dokarm iania.

Dla prawidłowego kierow ania dalszą resty tucją  żubra konieczne jest uw zględ
nienie liczebności innych kom ponentów  zespołu kopytnych Puszczy Białowieskiej. 
W ynika to z losu kopytnych, bytujących w Puszczy w XIX wieku (Ryc. 19).

In teresu jące okazały się porów nania niektórych aspektów  ekologii żubra z bi
zonem. Stw ierdzone duże ekologiczne podobieństw a mogą być poparciem  dla tezy 
Bohlkena (19(67) o połączeniu żubra i bizona w jeden gatunek z czterem a pod- 
gatunkam i.

Uzyskane w tych badaniach w yniki powinny być pomocne w opracowaniu 
metod racjonalnego gospodarow ania wolną populacją żubra w Puszczy Biało
wieskiej.
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EXPLANATION OF PLATES I—II 

P la te  I.
Photo 1. A dult bull feeding in a m eadow inside wooded land during the earlyy 
w inter. O btaining food from  under snow plays only a m inim al role in the feedingg

habits of bison.
Photo 2. M ixed group feeding in a meadow by the R iver Lutow nia.

P la te  II.
Photo 3. Mixed group during the autum n period.

Photo 4. A dult bull, which had lived in fields in the au tum n of 1974, moved too 
the centre of Białowieża near the G reek Orthodox church a t the beginning off

Jan u ary  1975.
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