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I. INTRODUCTION

The spinous processes, processus spinales of the first thoracie vertebrae of
the European bison form a stroma for the withers and are distinguished by
a considerable height in comparison with other Bovinae. Koch (1932) con-
siders that the height of the spinous processes of the first thoracic vertebrae de-
pends on the weight of the skull. Poplewski (1949) tries to explain this state
of things, ascribing the existence of strongly developed withers in the bison
to a considerable weight of the head of this species.

When comparing the skulls and thoracic vertebrae of different Bowinae
collected in the Museum of the Department of Animal Anatomy .of the
Central College of Agriculture in Warsaw, we came to the conclusion that
the size of the head, and also its weight, is not the only factor influencing
the height of the spinous processes of thoracic vertebrae. A variety of the
African zebu, the Watussi cattle, characterized by their powerful processus
cornus greatly influencing the weight of the head, have relatively low
spinous processes of the first thoracic vertebrae

‘We present in this work some measurements which characterize the size
of skulls and the highest spinous processes of the thoracic region of Euro-
pean bisons of both sexes, comparing them with the same values for a male
and a female of Watussi cattle. We also endeavour to detect the cause of
the special development of spinous processes in the area of the withers in
the European bison.
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Disposing only of bone material we could not determine the weight of
complete heads. We assume however that the size of the skull and its
weight, when using the same maceration methods, can give a certain notion
as to the size of the entire head and its weight.

In the case of the thoracic region of the vertebral column of the European
bison, according to data from literature — Koch (1932), Janicki (1938),
Jus§ko (1953) — the highest spinous process is that of the second thoracic
vertebra; our own observations state that the highest spinous process is that
of the second or, much less frequently, of the third thoracic vertebra. In our
measurements we only took in consideration the height of the highest

1I. MATERIAL AND METHOD

Investigations were carried out on 30 skeletons of European bison of
different age, 18 females and 12 males, and on 2 skeletons (a male and
a female) of Watussi cattle. The age of the European bisons was determined
after the ,Pedigree Books of the European bison”. The approximate age of
the Watussi cattle is based on data from the Zoological Garden in Warsaw.

The following measurements were carried out, in accordance with the
work of Duerst (1926):

. Length of profile, Opisthokranion — Prosthion.

. Smallest frontal breadth, Frontostenion — Frontostenion.
Greatest breadth of the cranium, measured on processus cornus.
Circumference of the base of processus cornus.

. Height of the largest spinous process of the thoracic region.

. Weight of skull.

DWW

III. ANALYSIS OF RESULTS .

Table 2 contains the measurements of skulls mentioned above
which can provide a certain notion as to their size both in
Watussi cattle and in the investigated European bisons. For the
latter ones only extreme results for animals above 5 years of age
were given. Detailed measurement data for all investigated Euro-
pean bisons, their names and age can be found in Table 1.

As results from the analysis of Table 2, the skulls of Watussi
cattle are similar in length to the longest skulls of investigated
European bisons. The smallest frontal breadth of a Watussi male
approaches the lowest values of this measurement in the European
bison; it is slightly lower for the female Watussi than the smallest
measurement of European bison. Measurements illustrating the
size of the processus cornus of Watussi cattle are considerably
superior to those of the European bison. The greatest breadth
of the skull, measured on the processus cornus is about twice
greater for the Watussi male, and about three times greater for
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Table 1.

Osteological measurements and weight of skulls of European bison.
(Measurements in mm, weight in kg.).
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1) Exactly 13 months.

the Watussi female in comparison with the European bison. Simi-
larly, the circumference of the base of processus cornus is consi-
derably greater in Watussi cattle.
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Table 2.
Comparison of osteological measurements of European bison and Watussi
cattle.
Bisons, Watussi, Bisons, Watussi,
Measuremets in mm. & & 99 [}
5-18 years |} ca 9 yrs| 5-18 yrs ca 8 yrs
Profile length 509 - 558 540 473 - 512 507
Smallest frontal breadth 236 - 270 245 201 - 227 179
Greatest breadth on processus coraus 572 - 697 1230 424 - 352 1300
Circumference of the base of pr. cornus 196 = 261 Jg0 148 = 190 285
Height of the highest pr. spinalis 373 - 475 19 J10.- 287 274
Weight of skull in kg. 3.60-5.90 9.50 2.00-2.90 7.10
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Fig. 1. Correlation between the profile length of the skull and the height
of the largest spinous process in European bison.

In Table 2 weight data of the skulls are

also presented.

It appears clearly that the skull of the Watussi male is nearly
twice as heavy as the heaviest skull of the European bison, the
skull of the female being 2.5 times heavier in comparison with

the heaviest skull of the European bison female.
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The table mentioned above contains for comparison, measurements
of the height of the highest spinous processes of the thoracic verte-
brae. It appears that this measurement in investigated specimens of
Watussi cattle is much lower when compared with the European
bison, even in individuals with relatively low spinous processes,
both males and females.

It can be inferred from Fig. 1, that among European bi-
sons the size of the head has a certain influence on the height of
spinous processes.

IV. DISCUSSION

The above analysis proves that the considerable height of the
spinous processes of thoracic vertebrae is not induced by a special-
ly large head of the animal. Watussi cattle have a decidedly grea-
ter head than the European bison, but their spinous processes
are considerably lower in comparison (phot. 1—5, Plate VI & VII).
In the limits of one single species and in identical biomechanical
conditions the size of the head influences undoubtedly the forma-
tion of spinous processes; this can be proved by observation of
the European bisons (Fig. 1).

The increase of spinous processes, independently of the above,
is also connected with other factors. Krysiak (1951) in his work
on the nuchal ligament of the European bison analysed static and
mechanical factors of the region which is of interest for us. He
proved that the nuchal ligament is not a direct factor inducing
the growth of spinous processes. The funicular part of the nuchal
ligament of the European bison is not attached to the apex of
these processes but is disposed on the sides of the spinous comb.
The summits of the spinous processes of the first thoracic vertebrae
exceed the upper borders of the tapes of the nuchal ligament. The
spinous processes are, as it appears, too high for the needs of the
nuchal ligament. Kr ysiak in the above mentioned work indicates
also that the direct cause of such a strong development of these
processes are the muscles of the epaxial system.

We found interesting data concerning muscles of the region of
the withers in the work of Swiezynski (1961). Muscles having
insertions on the spinous processes of the withers are especially
well developed in the European bison. This concerns above all the
splenius, musculus splenius, bearing the head and straightening
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the neck; the musculus spinalis dorsi; the musculus spinalis cervicis
and the powerful extrinsic muscle of the pectoral limb of the
European bison — musculus rhomboideus.

As results from the above, the growth of spinous processes is
influenced not only by the muscles that lift the head and straighten
the neck but also by spinal muscles and those of the trunk and
extremities. We must therefore seek more universal factors in-
fluencing the spinous processes by analysing the functions of the
muscles mentioned above.

A characteristic of the European bison is a special posture of the
head. The European bison, when standing at rest and even when
moving, carries its head relatively low, below the line of the back.
However, they feed willingly on branches of shrubs and on the bark
of trees at a height (a fact interesting to note) which forces them
to lift their head frequently. This necessitates clearly strongly
developed muscles which lift the head.

High spinous processes, on which these muscles can obtain an
insertion, magnify the angle formed by tendon and bone which
causes a greater functional effect provoked by a smaller effort.
As to Watussi cattle, similarly as for our domestic cattle, the line
of the back passes onto the line of the neck quite straightly.

The length of the neck may also have a certain influence on the
development of the epaxial muscles of the neck (Krysiak, 1951).
In the species compared by us this factor is of no importance as
the length of the neck, measured on the body of the vertebrae, is
similar for the European bison and the Watussi cattle.

Spinous processes connected with each other by muscles and
ligaments form a construction increasing the endurance of the
vertebral column. The spine itself in the European bison is strongly
curved towards the dorsum, which also strengthens its endurance.
The high spinous processes and the characteristic bend of the
thoracic region of the vertebral column are undoubtedly in relation
to the considerable weight of the body of the European bison and
the strongly developed anterior part of the animal.

The powerfully developed extrinsic muscles of the pectoral limb
might well be explained by the specific gait of the European bison.
Before bringing its weight to bear upon its foreleg, the European
bison executes as if a ,probatory weighting”, during which the
entire weight of the anterior part of the animal is sustained by the
limb of the opposite side.
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Finally, attention should be directed to the fact, that the Europe-
an bison, in spite of the great bulk of its body, is a very active
animal, and leaps over an obstacle 2 m high, with no preparatory
running, have been noted. This great efficiency of movement of
the European bison increases still more the claim upon the muscu-
lar system and also, as a result, upon the skeletal system.

V. SUMMARY

The authors disposed of 30 skeletons of European bison (18 fema-
les and 12 males) and of 2 skeletons of Watussi cattle (a male and
a female). The animals were of a different age and came from
Polish National Reservations or from the Warsaw Zoo. Skulls and
spinous processes of the highest thoracic vertebrae were investi-
gated and subsequently measured. The skulls were also weighed
(Tables 1—2, Fig. 1).

Our investigations permitted to state that the very considerable
height of spinous processes in the region of the withers is not caused
by a specially large head in the European bison. Watussi cattle
have considerably greater heads and their spinous processes are
nevertheless much lower when compared with European bisons.

The authors consider that the powerful muscles of the region
of the withers (m. splenius, m. spinalis dorsi, m. spinalis cervicis,
m. rhomboideus) are decisive factors concerning the considerable
growth of spinous processes. These muscles are connected with the
characteristic pose of the head, the manner of feeding, the great
weight of the body and the strongly developed anterior part of the
European bison. The specific gait and great activity of this animal
is not without importance.

Department of Animal Anatomy
of the Central College of Agriculture,
Warsaw, Grochowska 272.
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EXPLANATION OF PLATES
Plate VI.

Phot. 1. Skulls: a) European bison, d', ,Puk”, 17 years; b) Watussi cattle,
d, about 9 years.

Phot. 2. Skulls: a) European bison, @, ,Pura”, 11 years; b) Watussi cattle,
?, about 8 years old.

Plate VII.

Phot. 3. Thoracic vertebrae: a) European bison, d', ,Puk”; b) Watussi
cattle, d'.

Phot. 4. Thoracic vertebrae: a) European bison, ¢, ,Pura”; b) Watussi
cattle, 9.

Phot. 5. Highest thoracic vertebrae, from the left: Watussi female, about
8 years, European bison female, 11 years, Watussi, male, about
9 years, European bison, male, 17 years old.

STRESZCZENIE

Autorzy dysponowali 30 kosécami zubra (18 samic i 12samc6w) oraz 2 kosc-
cami bydla watussi (samiec i samica). Zwierzeta te byly roznego wieku i po-
chodzily z polskich rezerwatéow oraz ogrodu zoologicznego w Warszawie,
Obserwacjom, a nastepnie pomiarom poddano czaszki i wyrostki kolezyste
najwyzszych kregéw piersiowych. Czaszki byly takze wazone. (Tabele 1—2,
rye. 1).

Przeprowadzone badania wlasne pozwolily wustali¢, ze ogromna wysokosé
wyrostkow kolczystych okolicy klebu karkowego zubra nie jest uwarunko-
wana jakg$é szezegélnie duzg glowa tego zwierzecia. Bydlo watussi posiada
znacznie wiekszg glowe, a jednak wyrostki kolczyste sg o wiele nizsze w po-
réwnaniu z zubrami (Fot. 1—5, Tablice VI i VII).

Autorzy uwazaja, ze potezne miesnie okolicy kiebu (m. spelenius,m. spinalis
dorsi, m. spinalis cervicis, m. rhomboideus) decyduja przede wszystkim o du-









