
Ann. Zool. Fennici 45: 341–346 ISSN 0003-455X (print), ISSN 1797-2450 (online)
Helsinki 27 August 2008 © Finnish Zoological and Botanical Publishing Board 2008

Polarization of skull shapes in adult Lowland European 
bison, Bison bonasus bonasus

Franciszek Kobry czuk1,*, Małgorzata Krasi ska2 & Tomasz Szara1,**

1) Department of Morphological Sciences, Faculty of Veterinary Medicine, Warsaw University of Life 
Sciences, Nowoursynowska 159, PL-02-776 Warsaw, Poland (e-mails: *franciszekkobrynczuk@
aster.pl, **tomasz_szara@sggw.pl)

2) Mammal Research Institute, Polish Academy of Sciences, PL-17-230 Białowie a, Poland (e-
mail: mkrasin@bison.zbs.bialowieza.pl)

Received 16 Mar. 2007, revised version received 3 Feb. 2008, accepted 29 Jan. 2008

Kobry czuk, F., Krasi ska, M. & Szara, T. 2008: Polarization of skull shapes in adult Lowland 
European bison, Bison bonasus bonasus. — Ann. Zool. Fennici 45: 341–346.

The material consisted of 300 skulls (150 male and 150 female) of adult European 
bison from the Lowland line aged 5 to 27 years. The specimens belong to the museum 
collection of the Mammal Research Institute of the Polish Academy of Sciences in 

taken. The results were standardized separately for males and females. The sum of 
three normalized parameters describing each skull was treated as its standardised 

males a remarkable polarization of skull shapes was observed. In one set of the male 
specimens the type of a long skull with a broad forehead and narrow face was pre-

Such a polarization was not found in adult females: the type of a long skull with a 
narrow forehead and narrow face dominated (28% of the examined material); the 
remaining variants were evenly distributed.

Introduction

have comprised classical morphological descrip-
-

ric differences between males and females (Koch 

the shape and size of bison skulls of the Low-
land and Lowland-Caucasian lines. Makowiecka 

Lowland-Caucasian) on the grounds of skull 

the presence of parental traits in skull shapes and 
body form in hybrids of bison and cattle.

To date differences in skulls of adult bison of 
the same sex have not been investigated. Usu-

elements of the axial skeleton. The aim of this 
work was to examine whether the contemporary 
population of bison living in the constant habitat 

-
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Material and methods

and 150 female) of adult European bison from 
the Lowland line aged 5 to 27 years. The speci-
mens belong to the museum collection of the 
Mammal Research Institute of the Polish Acad-

et al -
ing skull measurements were taken: basal length 

-

and splanchnocranium breadth–face breadth 
-

sions were standardised separately for males and 
-

skull was treated as its standardised value (S). 
-
-

vidual skulls by subtracting 1/3 of the standard-
ised value (S) from each normalized parameter. 

-

of six three-sign combinations or variants: the 

foreheads and broad or narrow faces.
The characteristics of particular variants 

(skull types) are as follows:

and narrow face.
-

head and narrow face.
-

head and broad face.
-

head and broad face.

and narrow face.
-

head and broad face.

We calculated the distances between all pos-

(1985). The shortest distances were selected and 
-

The standardized size of male skulls (S)

-

In the female material the standardised size 

Here also we created four size categories. Skulls 

2).
The standardised size was calculated as a 

derivative of parameters separately for males 
and females.

Pearson’s linear correlation between the 
standardised size of skulls (S) and the age of 
individual skulls (A) was calculated separately 

-
pendent variable.

Results
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I

IV

Table 1. Classification of skulls on the basis of age and 
standardised size.

Age (years) Number of skulls Total

small medium- large very
sized  large

Males
05 7 12 1 2 22
06 8 9 2 19
07 1 8 5 1 15
08 4 10  14
09 4 3 2 9
10 1 3 2 6
11 2 2 3 7
12 6 4 3 13
13 1 4 3 8
14 3 4 7 14
15 1 2 3 1 7
16 2 5 1 8
17   2  2
18 1 2  3
19   1  1
20    1 1
22   1  1
Total males 9 54 59 28 150
Females
05 9 8   17
06 5 3 1 1 10
07 6  3  9
08   4 1 5
09 3 3  6
10 2 5 2 9
11 5 2 1 8
12 1 2 3 2 8
13 3 4  7
14 3 2 1 6
15 2 2   4
16 1 10  11
17 2 4  6
18   4 1 5
19 1 5  6
20 3 6 1 10
21 2 2 2 6
22 2 1 1 4
23   2  2
24 2 4 1 7
25 1   2 3
27    1 1
Total females 24 44 65 17 150

Fig. 1. Classification dendrite for skulls of males of vari-
ant I (1, 2, 3, 4, 5, 6) and variant IV (7, 8, 9, 10, 11, 12). 

increase in skull mass at a more advanced age is 
smaller in females than in males.

The smallest skulls in both sexes come 
mostly from individuals betwen 5 and 8 years of 
age. The very large skulls had a dispersed distri-
bution; they did not come from 17–19-year-old 

-

females had a very large skull was surprising 
(Table 1).
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r
r p

S) and 
age (A) are S = 0.2A S A – 2.01 

R = 0.2) was higher than 
that in females (R
the former the increase in skull mass with time is 

2). These are long skulls with broad foreheads 
-

-

foreheads and narrow (variant II) or broad (vari-

n
2).

The opposite cranial type i.e. variant IV 

skulls. They are short with narrow foreheads and 

n = 73) were typi-

Analyzing the results for male skulls of vari-

small differences between skulls within a given 
-

ences between the two variants. This indicates a 
dichotomy of skull shapes.

-

Table 2. Classification of skulls on the basis of variant 
and standardised size.

Variant Number of skulls Total

small medium- large very
sized  large

Males
I 2 14 20 4 40
II 1 4 6 4 15
III 1 9 10 2 22
IV 12 14 10 36
V 4 6 1 4 15
VI 1 9 8 4 22
Total males 9 54 59 28 150
Females
I 2 8 11 3 24
II 3 13 21 5 42
III 2 6 8 4 20
IV 7 6 9 1 23
V 5 7 10 1 23
VI 5 4 6 3 18
Total females 24 44 65 17 150
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Fig. 2. Correlation between the age of males (A) and 
the standardised size of skulls (S).

Fig. 3. Correlation between the age of females (A) and 
the standardised size of skulls (S).
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skulls) to constitute the opposite set.

Discussion

-
zation in skull shapes in adult males of the 

the cranial length (BP) is 3.27% while in females 
it is 2.81%. The standard deviation of the fore-
head breadth (EctEct) in males is 5.79% and in 

that it is the variability in face breadth in both 

sexes that results in two dominant variants in 
males and only one in females.

by greater individual variability in some cranial 

et al. (2008).
Values deviating the most from 0 in plus and 

in minus are the cranial basal length (BP) and 

EctEct deviates from 0 to a lesser degree. The 
basal length (BP) is the sum of the splanchnoc-
ranium (StP) and neurocranium (BSt) lenghts. 
Greater variability is typical in the former. If we 

-
clude that plasticity of the skull is mainly due 
to changes in the splanchnocranium. Since the 

Fig. 4. Skull of a typical male of variant I.
Fig. 5. Skull of a typical male of variant IV.

Table 3. Perkal’s coefficients of male skulls representing variant I (1, 2, 3, 4, 5, 6) and variant IV (7, 8, 9, 10, 11, 12). 
Meaurements of skull: BP = Basion–Prosthion, EctEct = Ectorbitale–Ectorbitale, SmSm = Supramolare–Supramo-
lare.

Variant I Variant IV

Skull no. Age Animal BP EctEct SmSm Skull no. Age Animal BP EctEct SmSm
breeding      breeding
number      number

1 5 150474 +84 +18 –102 7 5 155748 –43 –2 +45
2 5 152347 +76 +12 –64 8 5 160871 –31 –56 +87
3 5 168711 +82 +38 –120 9 12 164029 –56 –36 +92
4 12 163678 +75 +20 –95 10 14 158542 –74 –1 +75
5 12 156631 +64 +74 –138 11 14 162468 –53 –11 +64
6 18 168708 +60 +49 –109 12 16 163969 –32 –22 +54
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splanchnocranium length is correlated with total 

-
vice versa

(SmSm) is limited by rows of premolar and 
molar teeth on both sides.

The process of dental development depends 

-
ences in the structure of the splanchnocranium is 
possibly of genetic origin.
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