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Mieczystaw WOLSAN

A Comparative Analysis of the Ribs of Ungulates for Archaeozoological Purposes
[With 14 figs.] j

Analiza poréwnawcza eber ssakéw kopytnych dla archeozoologow

Abstract. Ribs have been compared in respect of morphology in the following species
of the ungulates: Alces alces (L.), Bison bonasus (L.), Bos primigenius BoJ., Bos taurus L.,
Oapra hircus L., Oapreolus capreolus (1..), Uervus elaphus Li., Coelodonta antiquitatis (BLUM.),
_Dama dama (L), Hquus cabollus L., Mammuthus primigenius (BLum.), Ovis aries L., Rangifer
tarandus (1..), Rupicapra rupicapra (L.), and Sus scrofa L., and the intraspecific serial varia-
tion of these bones has been characterized, in order to make it possible for archaeozoologists
to identify the above-mentioned species on the basis of ribs and their fragments.
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; I. INTRODUCTION

The objective of work is to make it possible for archacozoologists to identi-
fy species of the ungulates on the basis of the morphology of ribs. In addition
to the interspecific comparative analyses of these bones presented here, their
intraspecific serial variation has also been characterized.

So far the morphology of ribs has been dealt with in a very general manner,
mostly in handbooks (e.g. ELLENBERGER & Bauwm, 1932; SissoN, 1945; Po-
PLEWSKI, 1948; Krimov, 1950; BARONE, 1976) or in publications on the ostco-
logy of a species (e.g. BOJANUS, 1827; BrANDT, 1877; FELIX, 1912; JANICKI,
1938; SZANIAWSKI, 1966). There are, however, no satisfactory methods which
could be used in determination of the specific membership of ribs, although
they constitute a considerable part of the skeleton and are frequently met
with in excavations. The causes are to be sought in the large number of moz-
phologically varying ribs in particular individuals and in the great intraspeci-
fie variation of these bones. Their fragmentary state in fogsil material is an
additional difficulty for the archaeozoologist. The author has therefore attem}-ptpd
to find a method which would make the identification of species possible also
on the basis of fragmentary ribs.

The species under study belong to those ungulates whose Temains are encoun-
tered in Huropean archaelogical excavations.

My sincere thanks go to Dr. Lucjan SycH (Institute of Systematic and Ex-
perimental Zoology, Polish Academy of Sciences, Cracow) who supervised this
study and who gave me invaluable advice and assistance throughout every
phase of it. '

For giving me access to the collections I am grateful to Assist Prof. Wanda
MALINOWSKA of the Department of Animal Anatomy, Academy of Agricnl-.
ture, Oracow, to Dr. Barbara Pryrycz of the H. Hoyer Department of Com-

parative Anatomy, Jagiellonian University, Cracow, to Dr. Janusz WoJTu-
SIAK of the Department of Systematic Zoology, Jagiellonian University, Cra-
eow, to Dr. Franciszek KoBrYKczUK of the Department of Animal Anatory,
Main School of Farming, Warsaw, and to Mr. Bogdan JAKUczZUN of the Tatra
Namonal Parlx
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II. MATERTAL AND METHODS

The following species were examined:

Alces alces (LINNAEUS, 1758) — elk . N=6
Bison bonasus (LANNAEUS, 1758) — Huropean bison N—=06
Bos tawrus TINNABUS, 1758 — cattle N=6
Capra hireus LINNARUS, 1758 — goat N=6
Capreolus capreolus (LINNABUS, 1758) — roe-deer N=6

Cervus elaphus TINNABUS, 1758 — red deer N=6
Coelodonta antiquitatis (BLUMBNBACH, 1807) — woolly rhinoceros N=2
Dama dama (LINNARUS, 1758) — fallow deer N=6
Houus caballus TINNARUS, 1758 — horse N=§
N=
N

Ovis aries LINNAEUS, 1758 — sheep 6
Rangifer tarandus (LINNARUS, 1758) — reindeer 6
Rupicapra rupicapre (LINNAEUS, 1758) — chamois N =6
Sus serofa TINNAEUS, 1758 — pig N—6

The ribs of the domesticated and wild forms of Sus serofa 1. arve similar; the
author had too scanty material at his disposal to be able to recognize the smal
differences found as sufficient to discriminate these forms. The observations
and discussion presented in the paper refer to the domestic form. Part 1V of
this paper, devoted to discussion, includes data on the ribs of the aurochs,
Bos primigenius BoJANUS, 1827, and mammoth, Mammuthus primigenius
(BrLuMENBACH, 1799), quoted from available literature.

Adult specimens were examined. The specimen of. Coelodonta antiquitatis
(BLum.) of an indeterminate sex, derived from Podbaba near Prague (Czecho-
slovakia) and stored in the Zoological Museum, Jagiellonian University, Cra-
cow, is an exception, which BORSUK-BIALYNICKA (1973) placed in the young-
-adult group. Some earlier authors (STAcH, 1930; BiEDA, 1969) claim that the
fomale of this species found at Starunia (Ukrainian SSR — USSR) in 1929,
one of the two specimens examined in this paper, being in the possession of
the Institute of Systematic and Experimental Zoology, Polish Academy of
Sciences, Cracow, was a young animal. However, some characters of the skull
(ossified nasal septum, erupted third molar) indicate its adult age.

On account of the sexual dimorphism of ribs (KocH, 1932; JANIOKT, 1938;
JUSKO, 1953; KoBRYN, 1973) attempts were made to include equal numbers
of females and males in the study material.

The author dealt only with the bony parts of ribs (ossa costalia).

The specimens examined come from“the collections of the Institute of Sy-
stematic and Experimental Zoology, Polish Academy of Sciences, Cracow,
the Department of Animal Anatomy, Academy of Agriculture, Cracow, the
-H. Hoyer Department of Comparative Anatomy and the Zoological Museum,
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Jagiellonian University, Cracow, the Department of Animal Anatomy, Main
School of Farming, Warsaw, the Tatra National Park and, in several cases,
immediately from dissections. :

Definitions of measurements

1. Length of os costale along its curvature — the shortest distance between
facies articularis capitis costae and the distal point of substantia compacta,
measured along margo antevior (Fig. la, 1—1).

Points A, B and C are placed successively at two-tenths, five-tenths and
nine-tenths of this length, measuring from the dorsal end towards the ventral
(Figs. 1a and 3).

2. Greatest diameter of caput costae — the greatest distance between the

Fig. 1. Measurements applied in this study (for explanation see Defs. 1-—8 in the text)
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point of facies articularis capitis costae anterior and the point of facies arti-
cularis capitis costae posterior (Fig. 1b, 2—2).

3. Diameter of tuberculum costae — the diameter of facies articularis tu-
berculi costae (Fig. le, 3—3).

4. Spread of the dorsal end of the rib — the greatest distance between the
proximal point of caput costae and the point of facies articularis tuberculi costae
(Fig. 1¢,4—1).

5. Length of collum costae — the shortest distance between faeles arti-
cularis capitis costae posterior and facies articularis tuberculi costae (Fig. 1c,
5—5).

6. Breadth of collum costae — the shortest distance between margo an-

facies articularis capitls costae
posterior-posterior articular

surface of the head of rib facies articularis

tuberculi costae
~articular surface
of the tubercle of
rib

crista capitis costae
- crest of the hesad of rib

facies articularis capitis
costae anterior-anterior
articular surface of
the head of rib

tuberculum costae - tubercle

of rib
collum costae - neck of rib ms costae —
) angle of rib

P
caput costae-head of rib
\

qid JO jjeys - aejsod sndiod

3u0q |B}SOD - 3[R}SOD SO

margo anterior — anterior margin

facies
externa - external
surface

margo posterior

G Wi
ws,‘f- SR
—posterior margin

substantia compacta il (00

- compact substance

facies interna - internal surface
substantia spongiosa - spongy substance

Iig. 2. Explanations of anatomical terms used
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terior and the edge that extends dorsally between caput costae and tubcreu-
lum costae (Fig. 1a, 6—G6).

7. Breadth of corpus costae — the distance bwtween margo anterior and
margo posterior (Fig. la, 7T—7).

8. Thickness of corpus costae — the distance between facies externs and
facies interna, measured along the straight line perpendicular to the line that
passes through margo anterior and margo posterior (Fig. la, 8—S8).

Some of the definitions of measurements are based on those in DURRST
(1930) and partly modificated. The remaining ones have been proposcil by
the author. The measurements were taken by means of a slide caliper and
a string was used to measure the length of os costale along its curvature.

The mean values of the measurements are given in tables and graphs. The
figures in brackets represent the numbers of specimens used to calculate the
given values, if they were smaller than the numbers given on p. 169. The sym-
bol “—” indicates that the measurement was not taken because the rib showed
pathological lesions, was damaged or lacking, and “abs.” is used if its build
was the cause of that.

The drawings were made from original specimens; in the case of Coelodonita
antiquitatis (BLuM.), on the basis of the skeleton from Starunia, in which the
ribs of pair 1IT are missing and the remaining ones are mostly damaged (their
restorations are given in the drawings). The drawings were made only for 4—5,
mostly homologous, ribs, for the serial variation of ribs and variation in shape
of a single rib are almost continuous, which permits the reader to conjecture
the appearance of the remaining ribs and their regions on the basis of the data
given in this paper. :

The Latin nomenclature is taken from STBELMASIAK (1979) (see Fig. 2).

ITT. RESULTS
In order to facilitate the use of the data presented in this paper, the obser-
vations and discussion are arranged according to the anatomic regions of the
rib (see the Contents).
1. Os costale
The basic differences in the morphology of os costale between Coelodonia
antiquitatis (BLuM.), Bquus caballus Li., Sus scrofa L. and the ruminants (exem-

plified by Bos taurus L.) are illustrated in Fig. 3.

1.1. Number of pairs of ribs

Alces alces (1..) ' 13
Bison bonasus (1..) 14



Equus
caballus L.

/

Bos

Sus scrofa L.

Coelodonta antiquitatis (Blum.)

Fig. 3. Left ribs arranged in a plane (x%); A, B, C — places in which transverse sections were petformed (see Def. 1).

Drawings of the ribs of the species examined in this work arc also presented in publications of the following authors: Aloes alves (Li.): Pinarsii & Rosxosz (1059: Pls. IT and IFI) —
last posterior ribs: Bison bomasus (L.): JAxtokr (1938: Pl III) — I—XIV; Bos taurus L.: EILENBERGER & BAUM (1932: Tig. 74) — VII, S1s50N (1945: Figs. 127 and 128) — I and
VIII, PorLEWSKI (1948: Fig. 93) — VI, Kumvov (1950: Fig. 42) — a rib, NICKEL et al. (1954: Fig. 60) — XI, GiLL et al. (1957: Fig. 64) — a rib, DOBBERSTEIN & HOFFMANN (1961:- Fig.
45) — XI, Krysiax (1975: Fig. 34) — XI, BaroNE (1976: Pls. 212 and 213) — III and XI, LUTNIckr (1977: Pl. XXXIV) — two 1ibs; Cervus elaphus L.: Roskosz & PyTeL (1966 Pl.:
XIIT) — last posterior ribs; Coelodonta antiquitatis (BLUM.): LUBICZ-N1BZABITOWSKI (1914b:.Pl. LV) — I, GORDEEV & ZERNAKOV (1957: PL III) — I—XIX; Equus caballus L.: CHAU-:
VEAU (1890: Fig. 55) — V and IX, Hover (1927: Fig. 42) — VII, ELLEBERGER & Baum (1932: Figs. 75 and 91) — IV, SissoN (1945: Figs. 22—24 and 27) — I and VIII, POPLEWSKI
(1948: Fig. 92) — VI, Krimov (1950: Pig. 42) — a rib, NICKEL et al. (1954: Figs. 61 and 62) — III and XIII, Gir et al. (1957: Fig. 64) — a 1ib, DOBBERSTEIN & HOFFMANN (1961:
Figs. 48 and 49) — IIT and XIIT, Krysiak (1975: Fig. 34) — IIT and XIII, BaroNE (1976: Pls. 209 and 210) — IIT and XI, LuriNckr (1977: Pl XXXIV) — two ribs; Ovis aries L.:
ELLENBERGER & Baum (1932: Fig. 78) — VIII, LUTNICKI (1977: Pl. XXXIV) — a rib; Sus scrofa L.: ELLENBERGER & BauM (1932: Fig. 72) — VIII, Sisson (1945: Figs. 175 and 176)
— T and VIII, KuiMov (1950: Fig. 42) — a rib, NICKEL et al. (1954: Fig. 59) — XTI, Gur et al. (1957: Fig. 64) — a rib. DOBBERSTEIN & HOFFMANN (1961: Fig. 46) — XI, KrYSIAK
(1975: Fig. 34) — XTI, Lurnick: (1977: Pl. XXXITV) — a rib :

M. Wolsan '
Acta, Zoologica COracoviensia XXV /[6



Bos tawrus L. 13
Capra hircus L. ‘ 13
Capreolus capreolus (1..) 13
Cervus elaphus 1. 13
Coclodonla antiquitatis (Brum.) 17—18 *
Dama dama (1) 13
Bquus caballus 1. 18

Ovis aries L. 13
Langifer tarandus (1i.) 14
LBupicapra rupicapra 13

Sus serofa L. ‘ 14—16 (14 — N=4, 15 — N=1, 16 — N=1)

1.2. Length of os costale

(On the basis of measurements of the length of os costale along its curvature —
Def. 1)

It increases starting from rib T, which is the shortest, to the group of ribs
(last sternal and first asternal ribs) which are more or less equal in this res-
pect, and next decreases to the last posterior rib (Figs. 3 and 4; Table 1).

The following pairs of ribs reach the maximum length:

Alces alces (1u.) VIII or IX (VIII — N=1, IX — N=5)

Bison bonasus (1..) IX or X (IX — N=2, X — N=4)

Bos tawrus L. IX or X (IX — N=4, X — N=2)

Capra hircus L. VII, VIII or IX (VII — N=1, VIII — N=4,
IX — N=1)

Capreolus capreolus (L.) VIII or IX (VIII — N=1, IX — N=5)

Cervus elaphus 1. IX (N=6)

Coclodonta antiquitatis (BLum.) X (N=2)

Dama dama (L.) 1O (N =)

Bquus caballus L. . IX or X (IX — N=1, X — N=7)

* Neither of the examined specimens of Coelodonta antiquitatis (BLUM.) has a complete
set ol ribs. However, as regards the specimen from Starunia, it may be stated for certain on
the basis of the bones preserved that it had 18 pairs of ribs originally. It 18 much more diffi-
cult to determine the number of the pairs of these bones in the specimen from Podbaba. Box-
SUK-BIALYNICKA (1973) writes that it had probably 18 thoracic vertebrae (of which two are
not mounted) and 4 lumbar vertebrae. This indicates the occurrence of 18 pairs of ribs. Ne-
vertheless, in addition to the uncomplete skeleton mounted in the Zoological Museum, Jagiel-
lonian University, Cracow, there are also some bony elements of Coelodonta antiquitatis (BLoM.),
of which at least several ribs and a vertebra or two belonged, in my opinion, to this specimen. .
One of the vertebrae probably comes from the lumbar region of the vertebral column, which
would suggest that the specimen from Podbaba had 5 lumbar and 17 thoracic vertebrae
and then 17 pairs of ribs. That is not quite sure though, because both the detached vertebrae
and 1most of those mounted were damaged and partly restored, not always quite in accordance
with the original state. Moreover, the skeleton is mounted, which adds to the difficulties in
comparison. It can be stated beyond doubt only that primarily this specimen had not fewer
than 16 pairs of ribs and not more than 18.
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Fig. 4. Curves representing serial variation in the length of os costale along its curvature (Def.

1; see Table 1) — for details see p. 172
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Coelodonta antiquitatis (Blum.)

Equus caballus L.

Sus scrofa L.

Bos taurus L.
Fig. 5. Dorsal ends of left ribs in ventral view (natural size). | : : LR
i Drawings of the dorsal ends Ofv :'lllle rib: 10fw t]i; spelcies ::u)a,mined in this work are also presented in publications of the following authors: Coelodonta antiguitatis (Brum.): BRANDT
(1877: PL. VII) — two ribs; Fquus caballus L.: NICKEL et al. (1954: Figs. 55—57) — I, VII and XVII, DOBBERSTEIN & HOFFMANX:I (1961: Figs. 42—44) — II, VIT and XVII, KRYSIAK
(1975: Fig. 35) — IT, VII and XVII, BaroNt (1976: Pl 211) — I, V, IX, XV and XVIL, LurNickr (1977: Pl. XXXIV) — a rib
M. Wolsan .

Acta Zoologica Cracoviensia XXv/6 : . ‘ .



Coelodonta antiquitatis (Blum)

Equus caballus L.

Sus scrofa L.

Bos taurus L.

Rl

Vi ' IX

Fig. 6. Dorsal ends of left ribs in dorsal view (natural size) — see Fig. 5

Xl

XVI
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Ovis aries L. VIII or IX (VIII — N=2, IX — N=4)

Rangifer tarandus (L.) VI, IX or. X (VIII — N=1, IX — N=—A4,
X N-—1)

Rupicapra rupicapra (1..) VIIT or IX (VIII — N=1, IX — N=5)

Sus scrofa 1. VII or VIII (VII — N==1, VIIT — N==5)

1.3. Curvature of os costale (Fig. 3)

The degree of the bend in corpus costae increases from rib I, in which corpus
costae is almost straight, to the group of the ribs with the smallest curvature
radius, to decrease slightly in the last few posterior ribs.

In the first anterior ribs collum costae and corpus costae form an approxi-
mately right angle; it gradually becomes more obtuse in the following ribs,
approaching 180° in the last posterior ribs. This angle is generally less obtuse
in the artiodactyls under study than in the perissodactyls.

The perissodactyls examined have their ribs generally more bent than the
artiodactyls. The ribs of Coelodonta antiquitatis (BLUM.) are more bent than
those of Bquus caballus L., and in the artiodactyls the degree of bend generally
increases with decrease in the body size; in the smallest species it reaches si-
milar values to those in the perissodactyls. The anterior ribs of Sus serofa Li.
are particularly remarkably bent in the region of angulus costae.

2. Dorsal end of rib

The differences in the morphology of the dorsal end of the rib between
Coelodonta antiquitatis (BLuM.), Bquus caballus 1., Sus scrofa L. and Bos tauwrus
L. are illustrated in Figs. 5 and 6; some small differences are observed here in

the ruminants examined but, as regards determination of species, they are
of no major importance, owing to the comparatively great intraspecific va-
riation of this region of the rib.

2.1. Caput costae

The morphology of facies articularis capitis costae anterior and facies ar-
ticularis capitis costae posterior permits the discrimination of Coelodonta anti-
quitatis (BLUM.), Hquus caballus L., Sus scrofa L. and the ruminants (Figs. 5
and 6). ; :

In Sus scrofa L. the above-mentioned articular surfaces are separated from
cach other by crista capitis costae (in the case of the skeleton with 16 pairs
of ribs no facies articularis capitis costae anterior was found on the last poster-
ior pair of ribs). As regards Coelodonta antiquitatis (BLUM.), these surfaces were
observed to touch each other only on the ribs of pair V in the specimen from
Starunia (the ribs of pairs XVIII of this specimen lack facies articularis ca-
pitis costae posterior). In Hquus caballus L. they are frequently contiguous
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on the first anterior ribs (in one specimen this was also seen in pair XVIII).
The contact of the articular surfaces of caput costae on the anterior ribs
(occasionally also on the posterior ones) is a particularly frequent occurrence
in the ruminants (most frequent in Bos taurus L.). \

In Bquus caballus L. and Sus scrofa L. it comes to the junction of facies
articularis capitis costae posterior with facies articularis tuberculi costae on
the lagt posterior ribs (see Section 2.3).

In Fquus caballus L. the greatest diameter of caput costae (Def. 2) gene-
ally decreases from the first anterior ribs to the last posterior ones and in
Coclodonta antiquitatis (BLuM.) it grows to pair V and next decreases. In the
artiodactyls examined it increases distinetly on the last posterior ribs, whe-
reas on the preceding ones it either generally inereases (Owvis aries L. and Sus
serofa 1..) or decreases (remaining species) (Fig. 7; Table 2).

2.2. Tuberculum costae

The, prominence of tuberculum costae decreases gradually from the anterior
ribs to the posterior; it reaches a particularly great height on the anterior ribs
of Sus scrofa L. (Figs. 3 and 5).

The size of facies articularis tuberculi costae generally decreases from the
anterior ribs to the posterior (Figs. 5 and 6; Tables 3a and 3b). On the last
posterior ribs of Coelodonta antiquitatis (BLuM.), Hquus caballus L. and Sus
scrofa L. this articular surface is very elongate, in the case of the last two spe-
cies owing to the junction with facies articularis capitis costae posterior (see
Section 2.3.). In the ruminants examined tuberculum costae is often reduced
to 2 small. process void of any articular surface. No facies articularis tuberculi
costae was found on the following ribs:

Alees alces (1L.) XIIT (N=4)

Bison bonasus (L.) XIV (N=4)

Bos taurus L. XIII (N=6)

Capra hircus L. X (IN-2) XLL amd XTI (N6
Capreolus capreolus (L.) XI, XII and XIII (N=6)
Uervus elaphus 1. XIT (N=2) ahd XIII (N=6)
Dama dama (L) XII and XIIT (N=6)

Ovis aries L. XII (N=3) and XIIT (N=6)

Langifer tarandus (L.) XIV (N=1)
Rupicapra rupicaprae (L.) XIII (N=2)

In Coelodonta antiquitatis (Buus.), Hquus caballus L. and Sus serofa Ii.
the outline of facies articularis tuberculi costae is gubcircular on most ribs
and in the ruminants examined it resembles an ellipse (Figs. 5 and 6; Table 4).

This surface is flat or nearly flat on all the ribs of Coelodonta antiquitatis
(Brun), Equus caballus 1. and Sus serofa L.; in the ruminants examined
it iy concave (less so on the first anterior ribs than on the following ones) ex-
cept the last posterior ribs, on which it becomes flat (Figs. 3, 5 and 6).

12 e Acta Zoologica Crac. XXVI/1—7
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— C.antiquitalis
o from Starunic

C. antiquitatis
from Podbaba

B. bonasus
B.taurus

;.alces (7)

E.caballus - ©

D.dama
S. scrofa ,ﬁ _.?R.tarandus
0.aries
C.capreotus
omc.h.ircus
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Fig. 7. Curves representing serial variation in the greatest diameter of caput costac (ﬂu 2
; see Table 2) — for details see p. 172
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2.3. Collum costae

Its length increases starting from the first anterior ribs to the group of
ribs on which it reaches a maximum and next decreases (Figs. 6 and 8; Tables
5 and 6) so that eventually facies articularis capitis costae posterior becomes
united with facies articularis tuberculi costae on ribs XV—XVIII (XV —
N=1, XVI — N=4, XVII — N=7, XVIII — N=8) in Hquus caballus L.,
and on ribs XI—XVI (N=6) in Sus scrofa L. The contiguity of these surfaces
was found neither in the examined ruminants, in which collum costae is pazr-
ticularly conspicuous, nor in Coclodonta antiquitatis (BLUM.).

The serial variation of the breadth of collum costae (Def. 6) is illustrated in
Fig. 9 on the basis of the values given in Table 7.

3. Corpus costae

The basic differences in the morphology of corpus costae between Coelo-
donte antiquitatis (BLUM.), Hquus caballus L., Sus scrofa 1. and the ruminants
(exemplified by Bos taurus 1.) are shown in Fig. 3.

3.1. Trangverse section through corpus costae (Fig. 10)

Its morphology permits the discrimination of all the species under study.
In determining the specific membership of a fragment and the serial number
of a rib, the investigator should give attention mainly to the relation of the
corpus costae to the thickness, the shape of facies externa and facies interna,
the sharpness of margo anterior and margo posterior and the size of section,
and in determining the region of corpus costae, additionally to the structure
of substantia spongiosa, which is distinetly different in the A, B and C regions,
and the relation of substantia compacta to substantia spongiosa.

3.2. Breadth of corpus costae (Def. T)
3.2.1. Breadth of corpus costae at points A, B and O (Figs. 11 A—C; Table 8)

Alces alces (1i.)
At A rib VI is the broadest and XIII the narrowest.
At B rib III or V is the broadest and XI or XII the narrowest.
At ¢ rib I is the broadest and XI the narrowest. 2

Bison bonasus (Li.)

At A vib V or VI is the broadest and XI or XIV the narrowest.
At B rib VII or VIII is the broadest and XII, XIII or XIV the narrowest.
At G rib I is the broadest and XIII or XIV the narrowest.
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Tig. 8. Curves representing serial variation in the spread of the dorsal end of the rib (Def. 4;
gee Table 5) — for details see p. 172
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Bos taurus L.
At A rib VI, VII or VIII (most frequently VIII) is the broadest and XIII the
narrowest. '
At B rib VII or VIII is the broadest and XIIII the narrowest.

At C rib I, VI or VII (most frequently I) is the broadest and XIII the narro-
west.

Capra hircus L. :
At A vib I, V, VI or VII (most frequently VI) is the broadest and XI, XII
or XIIT the narrowest.
At B rib I, III, TV or, most frequently, VII is the broadest and XIII the nar-
rowest.
At O vib I is the broadest and X, XI, XII or XIII the narrowest.

Capreolus capreolus (L.)

At A rib IIT, IV, V or VI (most frequently V) is the broadest and XI, XII
or XTII the nduowcqt

At B rib III, IV or V is the broadest and X or XIII the narrowest.

At € rib I or V is the broadest and XII or XIII the narrowest.

Cervus elaphus 1.

At A rib IV, V or VI is the broadest and XII or XIII the narrowest.
At B rib IV, VI or VII is the broadest and XII or XIIT the narrowest.
At O rib VI is the broadest and XI the narrowest.

|
Ooelodonta antiquitatis (BLum.)

At A vib IV (in the specimen from Starunia) or V (in the one from Podbaba)
18 the broadest and the last posterior are the narrowest.

At B rib V is the broadest and the last posterior are the narrowest.

At O rib I (in the specimen from Podbaba) or VI (in the one from Starunia)
18 the broadest and the last posterior are the narrowest.

Dama dama (L.)

At A rib VI is the broadest and XII the narrowest.
At B rib VII is the broadest and XIII the narrowest.
At C rib I is the broadest and XII the narrowest.

Bquus caballus 1.

At A vib V or, more frequently, VI is the broadest and XIV, XV, XVI or XVII
(mogt fmquentlv XVI) the narrowest.

At B rib VI is the broadest and XIV, XV or XVIII (most frequently XIV)
the narrowest.

At € rib I or VI is the broadest and XVIIT the narrowest.
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- Owis aries L.
At A rib VII is the broadest and XIII the narrowest.

At B rib VII is the broadest and XIIT the narrowest.
At O rib I is the broadest and XI the narrowest.

Rangifer tarandus (1.)

At A rib V or VI is the broadest and XIII the narrowest. v
At B rib I or, more frequently, III is the broadest and XTI or XII the narro-

west. . :
At € rib I, V, VI or VII is the broadest and XI or XTI the narrowest.

Rupicapra rupicapra (L.)

At A rib III, IV or VI (most frequently IIT) is the broadest and X, XI, XIT
or XIIT (most frequently XI) the narrowest.
At B rib VI or, more rarely, VII is the broadest and XI, XII or XIII the nar-

rowest. - :
At C rib I is the broadest and XII or XIII the narrowest.

Sus scrofa L.

At A 1ib III, IV or V (most frequently III) is the broadest and the last pos-

_terior the narrowest.
At B rib III or, more rarely, IV is the broadest and one of the last posterior

ribs (XI—XVI) the narrowest.
At C rib I is the broadest and the last posterior the narrowest.

3.2.2. Greatest breadth of corpus costae (Fig. 12; Table 9)

Alees alces (L..)

It decreases from rib I (in OY) to II (in CY), next increases to IV, V or
VI (in BY) to decreases in the following ribs and increase again in XIIT (in
BO). ;

It reaches a maximum in rib I and a minimum in XIT (in CY).

Bison bonasus (L)

It decreases from rib I (in OY) to II or III (in CY), next increases to VILI
(in BC) and again decreases to rise in XIII (in AB) and come down in XIV
(in AB). : i

It reaches a maximum mostly in rib I and a minimum in IT or XIV.

Bos tauwrus L.

It decreases from rib I (in CY) to II or III (in CY), next increasey to VI
or VII (in BO) and decreases again up to XIII (in AC).
It reaches a maximum in rib I, VI or VII and a minimum in XTIT.
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Capra hircus L.

It decreases from rib I (in CY) to II (in CY), incerases to IV or V (in BY),
next comes down to VI (in " BC) and again increases in VII (Jn BOC) to decrease
i the following ribs up to XIII (in BY).

It reaches a maximum in rib I and a minimum in XIII.

Capreolus capreolus (1..)

It decreases from rib I (in CY) to II (in BC), increases to IV or V (in BC)
and decreases again to rise in XIIT (in AB).

It reaches a maximum in rib I or, more frequently, IV or V and a mini-
mum in XII (in B region).

Cervus elaphus L.

It decreases from rib I (in CY) to II (in BY), next increases 4o V, VI or
VII (in BO) and decreases in the following ribs to X or XTI (in- BC) to grow
again to XIII (in BO). ,

It reaches a maximum in rib I, V, VI or VII and a minumum in X or XI.

Coclodonta antiquitatis (BLUM.)

In the Starunia specimen: it increases from rib I (in CY) to VI (in OY)
and next generally decreases up to XVIIL (in XA), in which it reaches a mi-
nimum.

In the Podbaba specimen: it decreases from rib I (in CY), in which it rea-
ches a maximum, to III (in XA), next increases to VI (in CY) and again de-
creases up to the last rib preserved, i.e. XVI (in AB), in which it has a mi-
nimum.

Dama dama (L.)

It decreases from rib I (in OY) to JI (in BC), increases in the following
ribs to VI (in BC), where it reaches a maximum, and decreases up to XIIL
(in XA), in which it has a minimum.

Bquus caballus L.

It decreases from rib I (in CY) to III (in BOC), increases to VI (in BO), next
decreases to XV or XVI (in BC) to grow to XVIII (in XB).
It reaches a maximum in rib I or VI and a minimum in XV or XVI.

Ovis aries L.

It decreases from rib I (in CY) to II (in BO), next increases, mostly to VII
(in BO), and decreases in the following ribs to increase again in XIT (in BO)
and decrease in XIII (in BC). :

In reaches a-maximum in rib I and a minimum in XIIT.
13* :
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Rangifer tarandus (L.)

It decreases from rib I (in CY) to II (in CY) and increases to IV, V or VI
(in B@); it decreases in the following ribs to XTI or XII (in BY), increases to
XIII (in CY) to decrease again in XTIV (in B(C). :

It reaches a maximum in rib I, IV, V or VI and a minimum in XI or XII.

Rupicapra rupicapre (L.)

It decreases from rib I (in CY) to II (in BC), next for the mogt part increa-
ses to III (in BO), starting from which it comes down to increase in VI (in
BO); it decreases again mostly to XI (in XC) and then begins to rise to XIIT
(in XA).

It reaches a maximum in rib I and a minimum in XI.

Sus scrofa L.

It decreases from rib I (in CY) to II (in AC), next increases to III or IV
(in BC) to decrease in the following ribs, generally, up to the last posterior
one (mostly in AB). ‘

It reaches a maximum in rib I, IIT or IV and a minimum in the last pos-
terior one. '

3.2.3. Smallest breadth of corpus costae (Fig. 12; Table 9)

Alces alces (1..)

It decreases from rib I (in XA) to IT (in XA) and increases to IV or, more
rerely, V (in XA) to decrease in the following ribs up to XIII (XA).
It reaches a minimum in rib. XIIT and a maximum in IV or V.

Bison bonasus (1..)

It increases from rib I (in XA) to V, VI or VII (in A region) and next de-
creases to reach a minimum in XIV (in CY).

Bos tauwrus L.

It inereases from rib I (in XA) to III (in XA), next decreases to V (in A
region) and increases again to VI or VII (in XA) to decrease in the following
ribs, mostly, up to XIII (in XA).

It reaches a minimum mogstly in rib XIIT and a maximum in ITI, VI or,
most frequently, VII.

Capra hircus L.

It decreases from rib I (in XA) mostly to IT or III (in XA) and increases
to V or VI (in XA) to decrease up to XIII (in B region).
It reaches a minimum in rib XIIT and a maximum in VI or VL
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Capreolus capreolus (1L..)

It increases from rib I (in A region) to IV or V (in A region) and next de-
creases, reaching a minimum mostly in XIIT (in CY).

Cervus elaphus L.

It mostly increases from rib I (in XA) to IV, V or VI (in XA), decreases
in the following ribs, mostly to XI (in C region) and next increases to XIII
(in XB).

It reaches a minimum mostly in rib XTI and a maximum in IV, V or VI.

Coelodonta antiquitatis (BLuM.)

It increases from 1ib I (in XA) to IV (in XA) in the Starunia specimen or
V (in BC) in that from Podbaba and next it generally decreases to reach a mi-
nimum in the last posterior ribs (in CY).

Dama dame (1..)

It increases from rib I (in A region) to IV, V or VI (in XA) to decrease
next up to XIII (in CY), where it has a minimum.

Llguus caballus 1.

It decreases from rib I (in A region) to IT (in XA), next increases to V or
VI (in XA) and decreases in the following ribs to increase in XVII (in XC)
and decrease again in XVIIT (in CY).

It reaches a minimum in rib XVIII and a maximum in V or VL.

Ovis aries 1i.

It increase from rib I (in XA) mostly to VI (in XA), next decreases in
the following ribs and increases again in XII (in O region) to decrease in XIIT
(mostly in B region).

It reaches a minimum in rib XIIT and a maximum mostly in VI,

Rangifer tarandus (L.)

It decreases from rib I (in XA) to IT (in A region), increases to IFI, IV,
 V or, most frequently, VI (in XA), next decreases, mostly to XII (in AB),
o increase again to XIV (in A or B region or in CY).

It reaches a minimum mostly in rib XII and a maximum in IIT, IV, V or
. NI

Rupicapra rupicapra (L.)

It increases from rib I (in XA) to I1II or IV (in A region) and next decreases
to reach a minimum in XIII (in CY).
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s

Table 10

Is see p. 172.

al

see Figs. 13 A—(C) — for det.
cal values of the thickness of corpus costae taken halfway along

>

"1

n mm (Defs. 1 and 8

i

Table 7) present the numer

£

¢

the thicknesses of corpus costae, both in the middle of its length and at the ventral end, for the

te A, B and

gives

n bonasus (L.).

Table 44)

LSO

t B

Bogsaxus (1827) and KoBryX (1973
ecimens o

The thickness of corpus costae at pbin
bs of 3 sp

Tl

its length, for ribs I and IX of Bison bonasus (L.) and for the ribs of the specimens mentioned in the foot-note on p. 218, respectivel

whereas JANICKI (1938

=] mom OOII\ mom QN0 IHING CO LI NN QO OOlf\ u'\Lf\O u‘\OO OOO u‘\u'\ln mmm OOU\
Eg q‘)u‘v Eind DV SV — 0 NSO o —ovin -—mm om\.o ADEB PO DT DeF Doy
z - - - = —
A2
©
«Q
o
8!—]
%g NOIN OO 00O VG W PWIN NS SN K nno ooo Soun
O A mmm A u\r'\c'\ u\rf\r'\ \Qmm Wt VMmN lr\m'\: AR o Aa B <H'\r-
ol
2o
=t
AR
=
3
ﬁ;»—?
‘:—: b i')OO m\mtn OOm SN0 OO0 mmu'\ QOO o1 INOI OOu‘\ mOO OmO Qo
1 O g, elizeizan i ey oy R v g .
gos BWUE AFA BN B FF o DI F O F Diam A A GING B O S
o
o o
1o ¥
b1
4
=]
m, moo man Ou’\u\ OINO OV NOIN KON lf\OLﬂ mom mou\ Ocm OLr\O Qoo
- @ lerre TG e s L Bt SN i . e e
&0 00 BN B EE T At o CUAM DM B GIAM B IAM Bine O o
o
£ <
@
=
3
3 ! Oou\ OOU\ ooo NINO 0o tynn QN INO O O omo NoIn INOCO 00d mOO u\u\m moo mmo DD
- Se<d @ mom A0 IOy -n'\<eo N~ AN AN :'\rm Qb At~ e b \—1-\3 omm AA ocnm -
e B - e e e e e -
)
—
= i
@ OO OO0 AIO WNinIn COWK NG OO o B SINO O CO OO O
{Fiasm GO IAFA BFM DTN GRS SRS B G Bt S < Fe S
(=9:]
o
<
—~
gd i
3.0 umo mOO OOU’\ 000 OO0 ()ulr\ NOC IO NN DO OOC oI Ou’\‘
P AT SRR O (e R ST o T b e S
gMa [ Bala G0 VIS EDN MOM WO FOE SO S QAND O DD it N
.;:;vrg TN res e @ e AN -0~ N N e e e e e
I3 /53
O npy
D 4 £ OOO OL{\L{\ OO OO OO0 OO OOL’\ 00O OO CoQ OO OOO OII\C QU\W\.
O o S 1 R G o e T e e e i S el e T ale o T W Uil A7 N T T
o HH| D@ Sma Q== OO NOYes =00 u.hu— O =0y OO0 O~ oy ADY Grvon b»mr’\
S| Ced aae aley AN AN Ny VO NN NNl AU e U e -
A
2o
<
o
i
)
?—g QININ CInn INO O OO O ININ OOO ono L(\Oln QO LY L{\L’ N o h’\Oh’\
| B T D O D T DI (s el [ e el ety e e
m% QW= CW T ~-In Ot~ Ot~y wa:z\o (S 1tla} &A\m Loat s i ot oS r~- t~vo <+ l\x.om
(3 - -
~
[
—
e
= N3
Lol
gg mu\m OOO cm\n ()Qu\ mom Ol'\m u\L!\u'\ OO0 IO OO OINO u\OO
2] A Fan Fad TAA BAN BRa B e <ty <+l Fa o e
2.0
o o
€5 5
2
<
©
=) .
‘t? oo mmm omo moO QNN O moo Qi u’\lr\u mmCJ N0 ININO u\u’\O
1o st Al R o s R
o B FAm SR S AT Bk Bd@ B Faa T AMA AAN A
8
S B
ot
<
(=} .
mgs’ ooo ooo OLmn u’\mo NING SIn O IO VTN (NND INING 0O IO N
‘i S Tas Ko e L o e o T o TR S, e Dt i o .
pgn mr\lm ‘—Or'\ v—mO f'\O\D MAOD =00 OO OANA N0 NO@ —OV0 =0y (e
8 e e S A R O o R o - —
(3]
+
—~
::H
—
o IO Oy OO ININO O INOO NN OO OIIN NG S GO0 NG nwoo
:_n.g Bt BING VO I BHs ey OHA oM vidal DIna GRS LIS IO
mg TN re @m0 T e e (e T e Tt e sy e e e i
o
a
o~
= .
gv OOQ anO OOL{\ 000 IO oLntn OQ\I‘\ OIr\O ownmn S on ._'\O Ou'\l.r\ Ou\l!\
o sideRia e e e R R A Py
i v—O(‘J O\FO mt»oo mbw D~ — O V'U‘w Nﬂ)m T O~ COw 003\.0 OKNKI\ "l‘#‘
-{ © e - = - -
o
~
o
3
o A0 4MD <4MO 4MO 4MO «<MO <MD <LAD MO GAD AMD <MD <MD <MD MO <M MO
o
% oE a =}
wni)a H i~ =
g H Lt = g H = P4 = H = L
Lo H (=] H =3 =4 - il = b d bl P4




202

25
20 -
'\
Ny C.antiquitatis
e from Starunia
®”
15 -
] oo S \C.antiquitatis
B. bonasus from Podbaba

tamndus
\\D dama .
~C. hircus
C.capreolus R.rupicapra
i 1 T ] i i T T T If 1 T T [ I I 1

i
ol NV v v VI X X XX X XV XV XV XVl Rib No.

- Fig. 13B. Curves representing serial variation in the thickness of corpus costae at point B
(Defs. 1 and 8; see Table 10) — for details see p. 172
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Fig. 13C. Curves representing serial variation in the thickness of corpus costae at point C
(Defs. 1 and 8; see Table 10) — for details see p. 172
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Sus scrofa L.

It mostly decreases from rib I (in XA) to II (in CY), increases to IV, V
or VI (in CY) and next generally decreases up to the last posterior rib (in
XA).

It reaches a minimum in the last posterior rib and a maximum mostly in
VI.

3.3. Thickness of corpus costae (Def. 8)

'3.3.1. Thickness of eorpus costae at points A, B and O (Figs. 13 A—C; Table 10)

Alces alces (L.)

At A rib VIII or XIII is the thickest and III or IV the thinnest.
At B rib I or VII is the thickest and II, IIT or IV the ‘rhmnost
At C rib I is the thickest and XIII the thinnest.

Bison bonasus (1..)

At A rib VII or, more rarely, VIII is the thickest and XIV the thinnest.
At B xib I is the thickest and VI or XIV the thinnest.
At C rib I is the thickest and XIV the thinnest.

Bos tawrus L.

At A rib VI or, more frequently, VII is the thickest and II, ITI, XTI, XII or
XIII (most frequen‘rly IT) the thinnest.

At B rib I, VII or VIII is the thickest and III, IV, XI, XTI or XIIT (most
frequently IV) the thinnest.

At C rib I is the thickest and XTI, XII or, most frequently, XIII the thinnest.

Capra hircus L.

At A rib VII or VIII is the thickest and XI, XII or XIII the thinnest.
At B rib I is the thickest and mostly X or XII the thinnest.
At C rib I is the thickest and the last posterior are the thinnest.

Capreolus capreolus (1..)

At A rib 'V, VI or VII (most frequently VI) is the thickest and XIII the thin-
nest. ' :
At B rib I is the thickest and IIT, XIT or, most rarely, XIII the thinnest.
At C rib I is the thickest and mostly 1I, XII or XIII the thinnest.

-

Cervus elaphus L.
At"A rib VII is the thickest and mostly III the thinnest.
At B rib I is the thickest and II, III, IV or XIII the thinnest.
At C rib I is the thickest and II, TII, XII or XIII the thinnest.



Coelodonta antiquitatis (BLUM.)

At A rib VIII (in the specimen from Starunia) or IX (in the one from Podbaba)
is the thickest and XV the thinnest.

At B rib VI (in the specimen from Starunia) or VIII and IX (in the specimen
from Podbaba) are the thickest and I (in the one from Podbaba) or XVIII
(in that from Starunia) the thinnest.

At € rib I (in the specimen from Starunia) or V (in the specimen from Pod-
baba) is the thickest and XVI (in the one from Podbaba) or XVIII (in that
from Starunia) the thinnest.

Dama dama (1..)

At A rib VII is the thickest and XIII the thinnest.
At B rib I, VI or VII is the thickest and II, XI or XII the thinnest.
At O rib I, VI or VII is the thickest and XIIT the thinnest.

Hquus caballus T..

At Arib V or, more frequently, VI is the thickest and I, XVI or, most frequently
XVIII the ‘rhmnmt

At B rib V, VI or VII (most f1(qucnt1v V) is the thickest and XVIII tho thin-
nest.

At O rib I is the thickest and XVIII the thinnest.

_ Owvis aries L.
At A rib VI or VII is the thickest and XI, XII or XIII the thinnest.
At B mostly rib I or XII is the thickest and mostly IT or XIII the thlnnest
At O rib I is the thickest and XIIT the thinnest.

Rangifer tarandus (L.)
At A rib VII or, more rarely, VIII is the thickest and II or, more frequently,
XIV the thlnnebt
At B rib I or, more frequently, VII is the thickest and II or more frequently,

XTIV the thinnest.
At € rib I is the thickest and XIV the thinnest.

Rupicapra rupicapra (L)

At A rib VII or, more ravely, VIII is the thickest and XIII the thinnest.
At B 1ib I is the thlck(,% and XI, XII or XIIT (most f1equently XII) the thin-
nest.

At C rib I, V or VI is the thickest and XII and XIII are the thinnest.

Sus scrofa Li.
At A rib V, VI or IX (most frequently VI) is the thickest and II the thinnest.
At B rib VI or VII is the thickest and II or, more rarely, IIL the thinnest.
At € rib I is the thickest and IT, penultimate or, most frequently, last poster-
for rib iz the thinnest.
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3.3.2. Greatest thickness of corpus costae (Fig. 14; Table 11)

Alces alces (1..)
It decreases from rib I (in CY) to ILL (in CY), next increases to V or VI
(in CY) and again decreases to increase in XIIT (in A region).
It reaches maximum in rib I and a minimum in XII (in XA).

Bison bonasus (1..)

Tt decreases from rib I (in CY) to II or III (in CY), next increases and de-
creases alternately to VI or VII (in CY) and generally decreases up to XIV
(in XA).

It reaches a maximum in rib I and a minimum in XIV

: Bos tauwrus L.

It decreases from rib I (in CY) to II, TII (most rarely) or IV (in CY), next
increases to VI, VII or, most rarely, VIII (in XA or CY) to decrease to X or,
more frequently, XI (in XA); it mostly increases again and then comes down
in XIII (in XA). : .

It reaches a maximum in rib I or, more rarely, VI, VII or VIII and a mi-.
nimum in X, XI or XIII (most rarvely in X).

Capra hircus L.

It decreases from rib I (in XA) to IT (in XA), increases to V (in. CY) and
next either generally decreases to XIII (in XA) or to XI or XII (in XB) to
increase again to XIII.

It reaches a maximum in rib V and a minimum in XI, XII or XIIL.

Capreolus capreolus (1..)

It decreases from rib I (in CY) to II (in XA), next increases to III or IV
(in. CY) and decreases to V (in A region), starting from which it increases
to VI, VII or, most rarely, VIIL (in XB) and decreases again up to XIII (in
A region). v

It reaches a maximum in rib I and a minimum in XIII. \

Cervus elaphus L.

It decreases from rib I (in CY) to II or III (in CY), next increases to VI
or VII (in XA) and decreases up to XIII (in XA). .
It reaches a maximum in rib I and a minimum in XIII.

Coelodonta antiquitotis (BLUM.)

1t decreases from rib I (in CY) to II (in BY) and increases in the following
ribs to decrease in VI (in CY) and increase in VII (in CY); next it generally
decreases, in the specimen from Podbaba, to the last preserved il e, XV
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(in XB) and, in that from Starunia, to XVI and XVII (in CY) to increase in
XVIII (in region).

It reaches a maximum in V (in CY) and a minimum in XVI (in the speci-
men from Podbaba) or XVI and XVII (in the one from Starunia).

Dama dama (L.)

It decreases from rib I (in XA) to IIT (in‘ XA), increases in the following
tibg to VII (in A region) and decreases again up to XIT or XIII (in XA).
It reaches a maximum in rib VII and a minimum in XIT or XTII.

Bquus caballus L.

It decreases from rib I (in. 0Y) to II or III (in XA or CY), increases to 1V,
V, VI, VII or, most frequently, VII (in XA or, in the case of IV and V, also
in 0Y), next decreases, mostly to XV (in XB), and behaves in a various manner
In the last three posterior ribs.

It reaches a maximum in rib I, IV, V, VII or VIII (most frequently in
I or VIII) and a minimum in XV, XVI, XVII or XVIII (in XB) (most fre-
quently in XVI or XVIII).

Ovis aries L.
It decreases from rib I (in XA) to II (in XA), next increases and decreases
alternately to VII (in XA) and decreases in the following ribs to increase again

In XIT (in XA) and decrease in XIIT (mostly in A region).
It reaches a maximum in rib I or VII and a minimum in XIII.

Bangifer tarandus (L.)

It decreases from rib I (in CY) to II (in XA), next increases to VII or VIII
(in XA) to decrease up to XIV (in XB).
It reaches a maximum in rib I and a minimum in XIV.

Rupicapra rupicapra (1)

It decreases from rib I (in XA or CY) to II or IIT (mostly in XA), increases
to V, VI, VII or VIII (mostly in XA) and next decreases usually up to XIII
(in XA).

It reaches a maximum in vib I, V, VI or VII and a minimum in XII or,
more frequently, XIII.

Sus scrofa Li.

It mostly decreases from rib I (in CY) to II (in XA or CY), increases to
V or, more rarely, VI (in AB or OY), next decreases in the following rib (in
AB or (Y) and increases in the next one (in XA or CY) generally to decrease
up to the last posterior rib (mostly in A region).

It reaches a maximum mostly in rib I and a minimum in the last posterior.
1t — Acta Zoologica Crac. XXVI/1-—7



3.3.3. Smallest thickness of corpus costae (Fig. 14; Table 11)
Alces alces (L.) |

It decreases from rib I (in B region) to II (in BC), next frequently increa-

ses to IIT (in B region) and decreases in LV (in BC) to rise again to VII (in

B or C region) and decrease up to XIII (in C region).
It reaches a minimum in rib XIII and a maximum in I.

Bison bonasus (L.)

It decreases from rib I (in AB) mostly to 1V (in BC), next increases to VII
(in BC) and decreases and inereases, generally alternately, up to XIV (in C
region).

It reaches a minimum in rib XIV and a maximum in I.

Bos taurus L. :
It decreases from rib I (in B region) to III or IV (in BC), next increases to
V (in BC) and in the following ribs decreases and increases, generally alterna-
tely, up to XIII (in CY).
It reaches a minimum in rib XIIT and a maximum in I.

Capra hircus L.

It decreagses from rib I (in AB or in C region) to III or IV (in O regiony,
next increases to V (in C region) and decreases up to the last posterior ribs
(in OC region):

It reaches a minimum in the last posterior ribs (X——XIII) and a maxinum
m I

Capreolus capreolus (1L.)

It decreases from rib I (in AB) to II (in C region), next increases mostly
to V or VI (in O region) to decrease and increase, generally alternately, to IX,
X or XI (in C region) and decrease to XIII (in C region).

It reaches a minimum mostly in ribs XII and XIII and a maximum in I.

Cervus elaphus L.

It decreases from rib I (in. AB or in O region) to 1I (in Cregion), next inereages
to V or, more frequently, VI (in C region), decreages to VII (in CY), again
increases in VIII (in CY) generally to decrease in the following ribs up to XIII
(in CY).

It reaches a minimum in rib II or, more frequently, XI]I and a maximum
ik I

Coelodonta antiquitatis (BLUM.)

In the Starunia specimen: it increases from rib I (in BC) to IV (in C region),
next decreases and increases, generally alternately, up to XVIII (in CY).
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It reaches a minimum in ribs XVI and XVIII and a maximum in VII (in C
region) and IX (in XA).

In the Podbaba specimen: it decreases from 1ib I (in B 1001011) to II (in
BC), next increases to IV and V (in A region) and decreases again to VII (in
A region); starting from this rib, it increases to X (in XA) to decrease next
up to the last posterior ribs (in CY). It reaches a minimum in ribs XV and
XVI and a maximum in X.

Dama dama (1.)

It decreases from rib I (in C region) to II or 11T (in C region), next increases
t0 VI (in C region) and comes down up to XIII (in CY).
It reaches a minimum in XIIT nad a maximum in I or VI.

Bquus caballus L.

1t decreases from rib I (in AB) to II or, more frequently, III (in BC), in-
. @reases to 'V or VI (in BC) and further decreases and increases, generally al-
ternately, mostly to X1V (ibO region) and usually decreases to XVIII (in
0Y). - ;

It reaches a minimum in rib XVIIT and a maximum mostly in I.

Ovis aries L.

It generally decreases from rib I (in C region) to XII or XIII (in C region).

Rangifer tarandus (1i.)

It decreases from rib I (in AB) to IT, 11T or IV (most frequently IT) (in BO),
next increases to V or VI (in BC) and genomlly decreages up to XIV (in C 1e-
gion).

It reaches a minimum in rib XIV and a maximum in: I.

Rupicapra rupicapre (L.)

It decreases from rib I (in C region) to II or I1T (in C region), next increases,
mostly to VI (in C region), to decrease up to XIII (in CY).
It reaches a minimum in rib XIII and a maximum in I or VI

Sus serofa L.

It decreases from rib I (in AB) to 1I, III or IV (in BC), increases to VI or
VII (in B0O) and next generally d(-c eases up to the last posterior ribs (in €
region).

It reaches a minimum in the last but one or, more frequently, last posterior

b and a maximum in I, VI or VII (most fr equently in I).
14x
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IV. DISCUSSION

1. Os costale

1.1. Number of pairs of ribs

Alces alces (1..)

It has typically 13 pairs of ribs, which is indicated by the author’s own
observations and those presented by GESSNER (1922), PILARSKI & ROSKOSZ
(1959) and KoBRYN (1973). Occasionally these are 14 pairs (PILARSKI & Ros-
K08z, 1959). :

Bison bonasus (L.)

It has typieally 14 pairs of ribs, which is indicated by the author’s own
observations and those presented by BogAnus (1827), Frower (1885), MuR-
TENS (1906), KocH (1932), JANICGKI (1938), ALLEN (cited by Momr, 1952),
MoHRr (1952), JUSKo (1953), Roskosz (1962) and KoBrYXN (1973). Oceasionally
there are 13 pairs (BoJANUS, 1827; JANICKI, 1%38; Rosxosz, 1962; KoBRYX,
1973). :

Bos primigenius BoJ.
It has typically 13 pairs. of ribs (BoJANUS, 1827; FLowER, 1885; MERTENS,
1906). :

Bos tauwrus 1.

It has typicall&r 13 pairs of ribs, which is indicated by the author’s own
observations and those presented by BoJANus (1827), Frowrr (1885), CHAU-
VEAU (1890), LEISERING et al. (1890), SUSSDORF (1895), NUSBAUM (1903),
MERTENS (1906), HovER (1927), ELLENBERGER & BAUM (1932), S1ssoN (1945),
Krivov (1950), NICKEL et al. (1954), KOBRYX (1973), KRYSIAK (1975), BARONE
(1976), LyTNICKI (1977) and others. Occasionally there are 14 pairs of ribs
(S188s0N, 1945). In this case the 14th pair is represented by a rib on one side
of body or one rib on either side (BARONE, 1976).

Capra hircus 1.

It has typically 13 pairs of ribg, which is indicated by the author’s own
observations and those presented by Frower (1885), CumAuveAu (1890), Lipi-
 SERING et al. (1890), Sussporr (1895), HoYER (1927), BLLENBERGER & BAUM

(1932), N1ckBL et al. (1954), KoBRYN (1973), KRYSIAK (1975) and others.

Capreolus capreolus (L.)

It has typically 13 pairs of ribs, which is indicated by the author’s own
observations and those presented by PinArskr & Roskosz (1959) and Ko-
BRYN (1973). :



Oervus elaphus L.

It has typically 13 pairs of ribs, which is indicated by the author’s own
Observations and those presented by FLOWER (1885), PILARSKI & ROSKOSZ
(1959), Roskosz & PyYTEL (1966), SZANIAWSKI (1966) and KoBrYX (1973). Oc-
Casionally, a rib of the 14th pair occurs on one or both sides of body (Ros- -
K087z & PyreL, 1966). '

Coelodonta  antiquitatis (BLUM.)

The specimen found at Starunia in 1929 had 18 pairs of ribs and that from
Podbaha probably 17. BRANDT (1877) writes that there are 18 pairs of ribs
i the skeleton from Munich and the data included in. GORDEEY & ZERNA-
KOV’S (1957) work show that the gpecimen from Fuljadrdi has 19.

Thus, this species most probably had typically 18 pairs of ribs.

Dama. dema (L.)

It has typically 13 pairs of ribs, which is indicated by the author’s own
Observations and those presented by FLOWER (1885), PILARSKI & ROSKOSZ (1959)
and KosryX (1973). (

HEauus caballus 1.

It has typically 18 pairs of ribs, which is indicated by the author’s own
Observations and those presented by NuHN (1878), FLOWER (1885), CHAUVEAT
(1890), LEISERING et al. (1890), SUSSDORF (1895), NusBAUM (1903), HOYER
(1927), BLIENBERGER & BAUM (1932), SISSON (1945), AVTOKRATOV (1949),
Krivoy (1950), NICKEL et al. (1954), GILL et al. (1957), KRYSIAK (1975), Ba-
RONE (1976), LUTNIOKI (1977) and others. Occasionally there are 19 pairs of
Iibs (FLOWER, 1885; LEISERING et al., 1890; NusBAUM, 1903; Hovir, 1927;
AVIOKRATOV, 1949; GILL et al., 1957; according to SIssoN, 1945, the 19th pair
May have a rib on cither side of body or only one on one side or 17 pairs (LEr-.
SERING et al., 1890; AVIOKRATOV, 1949; GIIL et al., 1957).

Mammuthus primigenius (BLUM.)

The specimen found at the mouth of the River Lena in 1799, called Adams’s
Mammoth, had 19 pairs of ribs (FELIX, 1912; PFIZENMAYER, 1926). As can
be Seen from the data contained in the works of the below-mentioned wri-
ters, the specimen from Borna (FELIX, 1912), the specimen found at Starunia
I 1907 (Lusrcz-NIEzABITOWSKI, 1911, 1914a), the one from “Pfinnerhall”
(Tomprrr, 1957) and that found at the sources of the River Atrikanova (Cop-
PENS, 1958) had 19 pairs of ribs originally; too. PFIZENMAYER (1926) writes
that the specimen found on the River Berezovka had 18 pairs, but Furix
(1912) claims that there were also two fragments, most probably derived from
the 19th pair. According to FELIX (1912), the skeleton from Brussels contained
20 pairs of ribs. :

The foregoing suggests that this species had typically 19 pairs of ribs.
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Ovis aries L. ;

It has typically 13 pairs of ribs, which is indicated by the author’s own
observations and those presented by FLOWER (1885), CHAUVEAU (1890), LEL-
SERING et al. (1890), SUSSDORF (1895), HOYER (1927), ELLENBERGER & BAUM
(1932), S1ssoN (1945), N1cKEL et al. 1954, KoBRYN (1973), KRYSIAK (1975),
BARONE (1976) and others. Occasionally there are 14 pairs (KoBRYN, 1973),
with the 14th pair having ribs on both sides of body or only one rib on one
side (SISSoN, 1945).

Rangifer tarandus (1..) .

It has typically 14 pairs of ribs, which is indicated by the author’s own
observations and those presented by FLowkr (1885) and KoBrYX (1973).

Rupicapra rupicapra (1i.)
It has typically 13 pairs of ribs, which is indicated by the author’s own
observations.
Sus serofa L.

In the skeletons examined by the author there were 14—16 pairs of ribs
(most frequently 14). It seerns to have typically 14 pairs, which number is
also given by FLOWER (1885), CHAUVEAU (1890), LEISERING et al. (1890), SUS-
SDORF (1895), StockLr (1922), HOYER (1927), ELLENBERGER & BAUM (1932),
SISSON (1945), AVIOKRATOV (1949), Krimov (1950), NIoKEL et al. (1954), KrY-
STAK. (1975), BARONE (1976), LUTNICKI (1977) and others, although the occur-
rence of 15 pairs is frequent (LEISERING et al., 1890; SUSSDORF, 1895; S10C-
Kr1, 1922; Hover, 1927; ELLENBERGER & BAUM, 1932; SISSoN, 1945; AvTo-
KRATOV, 1949; Krimov, 1950; NICKEL et al., 1954; KRYSIAK, 1975; BARONE,
1976). Considerably more ravely there are 13 (ELLENBERGER & BAUM, 1932;
AVTOKRATOV, 1949; Krmiov, 1970), 16 (LEISERING et al., 1890; SUSSDORF,
1895; StockLr, 1922; HovER, 1927; ELLENBERGER & BAUM, 1932; AVTOKRA-
70V, 1949; Kummov, 1950) or 17 pairs (LEISERING et al., 1890; SUSSDORF, 1895;
HoYER, 1927; Krimov, 1950). In SHAW’S opinion (cited by ELLENBERGER &
BAuM, 1932), higher numbers of ribs occur in the biggest, heavy-boned strains
and the smaller ones in the smaller, medium- and small-boned strains and
types.

1.2. Length of os costale

This length was determined by earlier investigators on the basis of various
measurements. In the present study it has been obtained from the measure-
ment taken along margo anterior (Def. 1).

Alces alces (L)

The results of the present study indicate that the ribs of pair VIIL or,
more frequently, IX are the longest. KoBrYX (1973) writes that rib VIIL is
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the longest, although Table 3 of his work suggests rather IX. The ribs of pair
X1V, observed by PILArsKL & RoSKOSZ (1959), reach hardly a half of the length
of pair XIII. :

The ribs of pair I are the shortest. This is indicated by the author’s own
Observations and those of KoBrYX (1973).

Bison bonasus (1L.)

The aunthor’s own observations and those published by KoBRYN (1973)
indicate that the ribs of pair IX or, more frequently, X are the longest. Kocu
(1932), too, mentions pair IX or X. Jusko (1953) writes that IX, although,
a8 can be seen from Table IX in her work, it is also X. JANICKI (1938) claims
that rib VIII (in a young male) or IX (in two adults of either sex) is the lon-
gest-and BoJsaNus (1827) names rib IX. :

The observations presented in this paper and those of JANICKI (1938),
ArreN (cited by Moug, 1952), JUSKO (1953) and KoBrYX (1973) indicate that
the ribs of pair I are the shortest. Only in the case of a young male JANIOKI
(1938) mentions pair XIV.

‘ Bos primigenius BoJ.

BoJaNus (1827) writes that its rib XIII reaches a length of 1.5 f. or 432 mm
(Bozanus, 1965).

As can be seen from the drawing of the skeleton ef the specimen in the

~Jena Museum, published by BoJaNus (1827: Pl. XXIV), the ribs of pair I .
are the shortest. .

Bos tauwrus L.

The results of the present study indicate that the ribs of pair IX or, more
tarely, X are the longest. KoBRYN (1973) writes that rib VIII is the longest,
although Table 3 of his work suggests rather IX. Other authors specify the
following ribs as the longest: BARONE (1976) — VIII or IX, SUSSDORF (1895)
and Hover (1927) — IX, LEISERING et al. (1890), ELLENBERGER & BAUM
(1932) and Krimov (1950) — VII—IX, and NickeL et al. (1954) and Kry-
SIAK (1975) — VII—X.

The ribs of pair I are the shortest. This is indicated by the author’s own
~ Observations and those of LEISERING et al. (1890), ELLENBERGER & BAUM

(1932), KosryX (1973) and BARONE (1976).

Capra hircus L.

The results of the present study indicate that the ribs of pair VII, VIII
Or IX (most frequently VIIT) are the longest. KoBRYN (1973) mentions rib
VIIT, Sussporr (1895) — IX, and NIOKEL et al. (1954) and KRYSIAK (1975)
*ihy VII—X as the longest.

The ribs of pair I are the shortest. This is indicated by the author’s own
Observations and those of KoBRYN (1973).



Capreolus capreolus (L.)

The results of the present study indicate that the ribs of pair VIII or, more
frequently, IX are the longest. KoBRYN (1973) writes that rib VIII is the lon-
gest, although Table 3 of his work shows that it is more frequently rib IX.

The ribs of pair I are the shortest. This is indicated by the author’s own
observations and those of KoBRYN (1973).

Oervus elaphus L.

The results of the present study indicate that the ribs of pair IX are the
Jongest. According to SZANIAWSKI (1966), it is rib VIII or IX. KoBRYXN (1973)
writes that rib VIII is the longest, although Table 3 of his work suggests
rather IX. ;

The ribs of pair I are the shortest. This is indicated by the author’s ‘own
observations and those of SZANIAWSKI (1966) and KoBRYN (1973).

Coelodonta antiquitatis (BLUM.)

Both in the Starunia specimen found in 1929 and in the skeleton from Pod-
baba the ribs of pair X are the longest and I the shortest.
 According to LUBIOZ-NIEZABITOWSEI (1914Db), the length of rib I of the
specimen found at Starunia in 1907 is 380 mm (for comparison: it is 315 mm
in the specimen from Starunia from 1929 and 305 mm in the skeleton from
Podbaba). This measurement for the rib (one of the last posterior ribs) found
" in the River Prosna, taken on the convex side, is 530 mm (LUBICZ-NInZA-
BITOWSKI, 1926).

Dama dama (L.)

The results of the present study indicate that the 1ibs of pair IX are the
longest. KoBRYK (1973) writes that rib VIII is the longest, although Table 3
of his work suggests rather IX.

The ribs of pair I ave the shortest. This is indicated by the author’s own
observations and those of KoBRYN (1973).

Haquus caballus L.

The results of the present study indicate that the ribs of pair IX or, more
frequently, X are the longest. BARONE (1976) gives rib IX, HoYER (1927) —
X, LEISERING et al. (1890), ELLENBERGER & BAUM (1932), SissoN (1945) and
Krmov (1950) — X or XI, and SUsSSDORF (1895), NIcKEL et al. (1954) and
KRYSIAK (1975) — XL

The ribs of pair I are the shortest. This is indicated by the author’s own
observations and those of LEISERING et al. (1890), Hover ((1927), BEILEN-
BERG & BAuM (1932), Kimmov (1950) and BARONE (1976).

Mammuthus primigenius (BLUM.)

According to SALENSKY (sited by FELIx, 1912), the length of rib I of the
specimen found on the River Berezovka is 50.2 ¢m and in the specimen from
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Borna 55.5 em (Ferix, 1912). This measurement for rib II of the specimen
- from the River Berezovka is 54.4 cm (SALENSKY, cited by Frrix, 1912) and
in the specimen from Borna about 58 cm (FELIX, 1912). TOEPFER (1957) gi-
ves 44 cm for a juvenile. As regards the specimen from Borna, FELIX (1912)
gives the following values of the lengths of the ribs: IV, measured along the
external curvature — 81 ¢m, measured along the internal curvature — 69 cm,
V — about 82 em, VI, measured along margo anterior — 91 ¢m, VII — 101 cm,
VIII — 112 em, IX — 107 em, X — 105 cm, presumably XIV — 71 cm,
XV — above 65 cm, XVI, measured along the internal curvature — above
60 cm, XVIII — above 40 ¢m and XIX — 35.5 cm.

Thus, in the specimen from Borna the ribs of pair VIII are the longest
and XIX the shortest.

Ovis ories L.

The results of the present study indicate that the ribs of pair VIII or, more
frequently, IX are the longest. SUSSDORF (1895) gives rib IX, KoBRYX (1973) —
IX or X, and NICKEL et al. (1954) and KRYSIAK (1975) ribs VII—X.

The ribs of pair I are the shortest. This is indicated by the author’s own
observations and those of KoBRYN (1973).

Rangifer tarandus (L.)

The results of the present study indicate that the ribs of pair VIII, IX
or X (most frequently IX) are the longest. KoBryX (1973) writes that rib
VIII is the longest, although Table 3 of his work suggests rather IX or X.

The ribs of pair I are the shortest. This is indicated by the author’s own
observations and those of KoBRYN (1973).

Rupicapra rupicapre (1.)

The results of the present study indicate that the ribs of pair VIII or, more
frequently, IX are the longest and I the shortest.

Sus scrofa L.

The results of the present study indicate that the ribs of pair VII or, more
frequently, VIII are the longest. According to SUSSDORF (1895), it is rib VII
and, to NICKEL et al. (1954), VI or VIIIL. SissoN (1945) and BARONE (1976)
claim that ribs VI—VII reach the greatest length and, according to LEISE-
RING et al. (1890), ELLENBERGER & BAUM (1932) and Krimov (1950), VI—VIIL.

The ribs of pair I are the shortest. This is indicated by the author’s own
observations.

1.3. Curvature of os costale

The course of variation in the degree of bend in corpus costac observed :
in the present investigation agrees with the data given, among other authors,
by SusSDORF (1895), ELLENBERGER & BAUM (1932), S1ss0oN (1945), NICKEL et.
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al. (1954) and KRYSIAK (1975) for Equus caballus L., ELLENBERGER & BAUM
(1932) and BARONE (1976) for Sus scrofe L., and KoBrRYX (1973) * for the ru-
minants under the study except Rupicapra rupicapra (L.). From data of
Frroix (1912) and TOEPFER (1957) it results that the eurvature of corpus-cos-
tae changes in a similar manner in Mammuthus primigenius (BLum.). On the
basis of the drawing of the skeleton of the specimen of Bos primigenius BoJ.
presented by BosANus (1827: Pl. XXIV) it may be stated that the same va-
riation occurred also in that species. ,

The serial variation of the angle between collum costae and corpus costae,
described in the third part (Results), corresponds, as regards Bos taurus L.,
to the data given by BARONE (1976). The statement that this angle is less ob-
tuse in the artiodactyls examined than in the perissodactyls agrees with the
observations published by S1ssoN (1945) on Bos taurus L. and Equus caballus L.

According to the author, the ribs are more strongly bent in the perisso-
dactyls examined than in the artiodactyls. This agrees with the data presen-
ted by HovEr (1927), ELLENBERGER & BAUM (1932) and Sisson (1945) for
Bquus caballus L. and Bos taurus L. The relationship found between the angle
of curvature and the bodj’ mass of the animal in the artiodactyls is decribed
by KoBRYN (1973) for the sternal ribs of the ruminants under the present
study except Rupicapra rupicapra (L.). LEISERING et al. (1890), ELLENBERGER &
BaumM (1932), NICKEL et al. (1954) and KRYSIAK (1975) write that the bend
in the ribs is greater in Capra hircus L. and Owis aries L than in Bos teurus L.
S1s80N (1945) confirms that for Ovis aries L. and Bos taurus L. SISSoN (1945)
and BARONE (1976) paid attention to the particularly marked bend in ths re-
gion of angulus costae in the anterior ribs of Sus scrofa L. observed also by
the author of the present study.

2. Dorsal end of rib

2.1. Caput costae

The author’s own observations and those of NICKEL et al. (1954) and Kry-
SIAK (1975) indicate that crista capitis costae separates facies articularis capi-
tis costae anterior from facies articularis capitis costae posterior on all the
ribs of Sus serofa L. The above-mentioned investigators think that facies ar-
ticularis capitis costae anterior is lacking on the last three posterior ribs, which
situation the author found only on the ribs of pair XVI of one specimen. The

* This author gives the numerical values of the angle of the rib curvature (in Table 8),
the length of the curvature radius (in Table 9) and the coefficient of the rib curvature (in Table
10) for the ribs of 10 specimens of Alces alces (L.), 93 specimens of Bison bonasus (L.), 14 spe-
cimens of Bos taurus L., 3 specimens of Oapra hircus L., 22 specimens of Oapreolus capreolus-
{L.), 24 specimens of Uervus elaphus L., 5 specimens of Dama dama (L.), 17 specimens of Ovis
artes L. and 7 specimens of Rangifer tarandus (L.).
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existence of two detached articular surfaces on caput costae was also obser-
ved in  Mammuthus primigenins (BLUM.) (LUBICZ-NIEZABITOWSKI, 1914a;
TopprER, 1957). According to the author, the junction of these surfaces is
very frequent in the ruminants (it is most frequent in Bos taurus L.). SZANIA-
WSKI (1966) observed it on the ribs of pair I in Cervus elaphus L. and JANICKI’S
. (1938) paper shows that this phenomenon occurs also on the first anterior ribs
of Bison bonasus (L.), in which, according to KoBRYX (1973), crista capitis
costae is indistinet in the first three anterior ribs. Only NICKEL et al. (1954)
write that in Bos taurus L., Capra hircus L. and Owvis aries 1. caput costae
“hag o distinet erista capitis costae in all ribs.

The diameter of caput costae of rib I in the Starunia specimen of Coelo-
donta antiquitatis (Brum.) from 1907 is 3 em (LuBIcz-NIEZABITOWSKI, 1914Db).
In the specimen of Mammuthus primigenius (BLUM.) from “Pfinnerhall” this
measurement is 6 cm for rib I and 5.5 em for IT (TorprEr, 1957), and in the
specimen from Starunia 7 em for presumable XTI or XIT and 6 cm for ribs XTV—
XIX (LuBicz-NIEZABITOWSKI, 1914a).

2.2. Tuberculum costae

The serial variation of the prominence of tuberculum costae described
in the part on the results obtained was also observed by KoBrYX (1973) in
Bison bonasus (L.). BARONE (1976) turns an attention on to a particularly
considerable height of tuberculum costae in the anterior ribs of Sus serofa L.,
the fact which has been observed by the present author.

According to LUBICZ-NIBZABITOWSKI (1914b), the greatest diameter of fa-
cies articularis tuberculi costae for rib I of the specimen of Coelodonta anti-
quitatis (BLum.) found at Starunia in 1907 is 30 mm and the smallest 20 mm
(for comparison: in the Podbaba specimen 30.5 mm and 23 mm, respectively).
These values for rib I of the specimen of Mammuthus primigenius (BLUM.)
from “Pfannerhall” are 57 mm and 43 mm, respectively (TOEPFER, 1957).

The lack of facies articularis tuberculi costae, often observed by the author
in the last posterior ribs of the ruminants, was also found by PILARSKI & Ros-
K08z (1959) on ribs XII and XTII of Alces alces (L.); KoBRYN (1973) observed
it on rib XIV of Bison bonasus (L.) (the specimens of this species examined
by Janickr, 1938, had facies articularis tuberculi costae even on the last pos-
terior rib), SissoN (1945) and BARONE (1976) on the last posterior ribs an
NickeL et al. (1954) on rib XIII of Bos taurus L., SZANIAWSKI (1966) on rib
XIIT of Cervus elaphus L., and LEISERING et al. (1890) and ELLENBERGER &
Bavm (1932) on rib XIII of Capra hircus L. and Ovis aries L.

The ellipticity of facies articularis tuberculi costae found in most ribs of .
the ruminants under study was also observed by KoBRYX (1973) in Bison
bonasus (L.). s

The course of variation obscrved ‘in the conecavity of facies articularis tu-



220

berculi costae in the ruminants examined was also described by KoBRYXK (1973)
for Bison bonasus (L.) and by SISSoN (1945) and BARONE (1976) for Bos tawrus 1.

2.3. Collum costae

The union of facies articularis capitis costae posterior with facies articu-
larig tuberculi costae occurred on ribs XV—XVIII in the examined specimens
-of Hquus ‘caballus L. (most frequently on XVIII and XVIII). It was observed
by LEISERING et al. (1890), SUSSDORF (1895), KriMov (1950) and BARONE
(1976) on the last two posterior ribs, by HOYER (1927) and SissoN (1945) on
the last two or three, and by ELLENBERGER & BAUM (1932), NICKEL et al.
(1954) and KRYSIAK (1975) on the last three posterior ribs of the this species.
As regards Sus scrofa L., the author observed the union of these articular sur-
faces on ribs XI—XVI. NICKEL et al. (1954) and KRYSIAK (1975) claim that
it takes place on the last three posterior ribs, LEISERING et al. (1890) recorded
it from the last three or four posterior ribs, BARONE (1976) from four or five
and S1SSoNs (1945) from five or six. LUBICZ-NIEZABITOWSKI (1926) writes that
on one of the last posterior ribs of Coelodonta antiquitatis (BLum.) from the
River Prosna facies articularis capitis costae posterior is joined with facies
articularis tuberculi costae (the greatest diameter of these surfaces is 43 mm,
the shortest 26 mm). No such junctions were observed in the examined speei-
mens of this species (the ribs of pair XVIIT of the Starunia specimen have no
facies articularis capitis costae posterior and the last pair of ribs of the Pod-
baba specimen has been lost). Collum-costae is particularly conspicuous in
the ribg of the ruminants under study and it never comes to the union of the
above-mentioned surfaces. The same was indicated by the observations publish-
ed by JANICKI (1938) and KoBRYN (1973) for Bison bonasus (L.), LEISERING
et al. (1890), ELLENBERGER & BAUM (1932), NICKEL et al. (1954), KRYSIAK
(1975) and BARONE (1976) for Bos taurus L., SZANIAWSKI (1966) for Cervus
elaphus L., and NICKEL et al. (1954) and KRYSIAK (1975) for Capre hircus L.
and Ovis aries L. HOYER (1927) and SISSON (1945) think that collum cosbae
is more distinet in Bos fauwrus L. than in Fquus caballus L.

According to LUBICZ-NIEZABITOWSEI (1914Db), the spread of the dorsal end
of rib I in the specimen of Coelodonta antiquitatis (Brum.) from Starunia from
1907 is 110 mm and the length of collum costae 30 mm (for comparison: in
the skeleton from Podbaba 61 mm and 10 mm, respectively). The spread of
the dorsal end of rib I in the specimen of Mammuthus primigenius (BLUM.)
from Borna is 10.8 ecm (FELIX, 1912), whereas in the one from “Pfinnerhail”
it is 12.6 cm and in rib IT 10 ¢cm (TOEPFER, 1957).

According to LUBICZ-NIEZABITOWSKI (1914Db), the breadth of collum costae
for rib I of the Starunia specimen of Coelodonta antiquitatis (BLum ) found in .
1907 is 17 mm (for comparison: in the skeleton from Podbaba it is 17.5 mm).
This measurement for ribs XIV—XIX in the specimen of Mammuthus pvi-
migensus (BLuM.) from Starunia is 40 mm (LuBICz-NIEZABITOWSKI, 1914a).
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3. Corpus costae

3.1. Transverse section through corpus costae

Most of the authors quoted describe the morphology of corpus costae in
various species, but they do that in a very general manner, insufficient for
determining the species. PoPLEWSKI (1948), FrucHkop (1958) and LuUTNI-
CKI (1977) emphasize the role of transverse sections in discrimination of the
species. _ :

MERTENS (1906) states that the ribs of Bos primigenius BoJ. are broad and
flat in transverse sections and, according to Bosanus (1827), they are broader
than those of Bos tawrus L. LBz -NIEZABITOWSKL (1914a) writes that in
shape the transverse section through the dorsal part of corpus costae in Mam-
muthus primigenius (BLUM.) more or less resembles a rhomboid with a long
outer side. FELIx (1912) reports that facies externa of rib I of the specimen
from Borna is lightly convex and its facies interna is neatrly flat (only in the
ventral part it is somewhat concave).

3.2. Breadth of corpus costae
; ; &
Alces alces (1..)

According to the author, the broadest ribs are those of pa‘r I (at B — III
or V). KoBry®X’s (1973: Tables 4 and 5) observations show that rib I is the
broadest but, basing himself only on the measurements taken halfway along
corpus costae, he writes that it is rib V, although his Table 4 suggests also rib
111 g

Bison bonasus (1..)
According to the author, the broadest ribs are those of pair I (at B — VII-
or VIII). Kocm (1932) writes that rib VII is the broadest (although Table 22
presented in his work indicates also rib I) and JANtoxr (1938) — VII or VIII,
although the data given in his Table 44 suggest rib I. KoBRYX’S (1973: Tables
4 and b) observations show that it is rib I but, basing himself only on the mea-
surements taken halfway along corpus costae, he writes that VII or VILL

Bos taurus L.

According to the author, the broadest ribs are those of pair I, VI or VII
(at B — VII or VIII). KoBrYX's (1973: Tables 4 and 3) observations show
that rib I is the broadest but, basing himself only on the measurements taken
halfway along corpus costae, he writes that it is rib VII or VIII. LEISERING
et al. (1890), Hover (1927) and ELLENBERGER & BAUM (1932) mention rib
VI and BARONE (1976) — VIII or IX. NICKEL et al. (1954) claim that ribs
VI—VIII reach the greatest breadth.
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Capra hircus L.

According to the author, the broadest ribs are those of pair I (at B —1I,
II1, IV or, most frequently, VII). KoBRYN'S (1973: Tables 4 and 5) obser-
rations show that rib I is the broadest but, basing himself only on the 1oea-
surements taken halfway along corpus costae, he writes that it is rib VII or
VIII, although his Table 4 suggests rather III. NICKEL et al. (1954) think
that ribs VI—VIII reach the greatest breadth.

Capreolus capreolus (L.)

According to the author, the broadest ribs are those of pair I or, more fre-
quently, IV or V (at B — III, IV or V). KoBrYN’S (1973: Tables 4 and 5)
observations show that rib I, IV or V is the broadest but, basing himself only
on the measurements taken halfway along corpus costae, he writes that it
is rib VII, although his Table 4 suggests rather IT or IV.

Cervus elaphus L.

According to the author, the broadest ribs are those of pair I, V, VI or
VII (at B — IV, VI or VII). KoBrYN’S (1973: Tables 4 and 5) observations
show that rib I is the broadest but, basing himself only on the measurements
taken half@ay along corpus costae, he writes that it is rib VII, although his
Table 4 suggests also VI. SZANIAWSKI (1966) writes that ribs VII—VII reach
the greatest breadth.

Coelodonta antiquitatis (BLUM.)

In the Starunia specimen from 1929 the ribs of pair VI are the broadest and
in the skeleton from Podbaba — I (at B — V in both cases).

LUBIOZ-NIEZABITOWSKI (1914b) writes that in the Starunia specimen from
1907 the breadth of rib I measured halfway along the rib is 40 mm and close
to the ventral end 65 mm (for comparison: as regards the specimen found at
the same locality in 1929, these measurements, are respectively, 36 mm and
44.5 mm, and in the skeleton from Podbaba, 36 and 54 mm. The breadth of
one of the last posterior ribs (found in the River Prosna) measured in the rmid-
dle of its length is 46 mm (LUBICZ-NIRZABITOWSKI, 1926).

Dama dama (L.)

According to the author, the broadest ribs are those of pair VI (at B — VII).
KoBRYN’S (1973: Tables 4 and 5) observations show that rib I is the broadest
but, basing himself only on the measurements taken halfway along corpus
costae, he writes that it is rib VIIL.

HBquus caballus 1.

The author’s own observations show that the ribs of pair I or VI are the
broadest (at B — VI). LEISERING et al. (1890), HOYER (1927), BELLENBRERGER &
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BAuwm (1932), Sisson (1945), Krmmov (1950) and NICKEL et al. (1954) give
rib VI as the broadest and Sussporr (1895) — VI or VII.

Mammuthus primigenius (BLUM.)

Jorpus costae of rib I in the specimen from: Borna reaches its greatest
breadth, which is 9.9 em, at a distance of about 8 em from the ventral end (FELIX,
1912), in the skeleton from “Pfinnerhall” the greatest breadth is 14.2 em at
the ventral end (TOEPFER, 1957) and in the specimen found on the River Bere-
zovka 8.5 cm (SALENSKY, cited by FrLix, 1912). As regards rib II, the grea-
test breadth is 6.2 em in the dorsal part of corpus costae in the specimen from
Borna (FerLIx, 1912), 7.6 em at the ventral end the skeleton from “Pfinner-
hall” (5.5 em in a juvenile) (TOEPFER, 1957) and 8.7 ¢m in the specimen found
on the River Berezovka (SALENSKY, cited by Frrix, 1912). For the specimen
from Borna FELIX (1912) gives the following values of the breadth of corpus
costae: rib IV (the greatest breadth) — 6 em, V (in the dorsal part, where it ‘
Is particularly broad) — 8.3 em, VI (in the dorsal part) — 7.7. em and (close:
to the ventral end) — 5.4 e¢m, VII (in the dorsal part) — 6.8 ¢m and (at the
ventral end) — 4.6 cm, VILI (in the dorsal part) — 4.8 ecm and (at the ven-
tral end) — 3.5 em, X (in the dorsal part) — 5.2 cm 2nd (at the ventral end) —
3.6 cm, XV — 5.3 ¢em, XVI (in the dorsal part) — 4.8 em and (in the ventral
part) — 4.1 em and XVIII (halfway along the vib) — 3.7 em.

Thus, the ribs of pair I are the broadest in the specimen from Borna.

Ovis aries 1.

According to the author, the broadest ribs are those of pair I (at B — VII).
KoBryYX’s (1973: Tables 4 and 5) observations show that rib I is the broadest

(measured halfway along corpus costae — VI or VIII). NIOKEL et al. (1954) _
think that ribs VI—VIII reach the greatest breadth.
» Rangifer tarandus (L.)

According to the author, the broadest ribs are those of pair I, IV, V or VI
(at B — I or, more frequently, III). KoBRYX’S (1973: Tables 4 and 5) obser-
vations show that rib 1 is the broadest but, basing himself only on the mea-
surements taken halfway along corpus costae, he writes that it is rib IV, al-
though his Table 4 suggests also IIT or V.

Rupicapra rupicapra (L.)

The author’s own observations show that the ribs of pair I are the broadest

(at B — VI or, more rarely, VII). :
: Sus serofa L.

The author’s own observations show that the ribs of pair I, I1I or IV are
the broadest (at B — III or, more rarvely, 1IV). NICKEL et al. (1954) and Kry-
STAK. (1975) ascribe the greatest breadth to ribs II—IV and LEISERING et al.
(1890), ELLENBERGER & BAUM (1932) and SissonN (1945) to ITI—IV.

v
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3.3. Thickness of corpus costae

Alces alces (L.) :
According to the author, the thickest ribs are those of pair I (at B—1I

or VII). On the basis of the measurements taken halfway along corpus costae
KoBrYX (1973) mentions rib L.

Bison bonasus (L.)

According to the author, the thickest ribs are those of pair I (at B — also
1). This agrees with JAM@K.I’S (1938: Table 44) observations. Basing himself
on the measurements taken halfway. along corpus costae, KOBRYN (1973) wri-
tes that rib I is the thickest, although Table 7 of his work shows that also X
(more rarely).

Bos tauwrus L.

According to the author, the thickest ribs are those of pair I or, more rar ely,

VI, VII or VIII (at B — I, VII or VIII). Basing himself on the mea%mcmeni.s
t‘lkcn halfway along corpus costae, KOBRYN (1973) writes that rib I is the
thickest, although Table 7 of his work shows that rather XII or XTIl G

Capra hircus L. .

According to the anthor, the thickest ribs are those of pair V (at B — I).
On the basis of the measurements taken halfway along corpus costae KOBRYN
(1973) mentions rib I.

Capreolus capreolus (1i.)

According to the author, the thickest ribs are those of pair I (at B — also
I). The same ribs are mentioned by KoBryX (1973) on the basis of the mea-
surements taken halfway along corpus costae.

Cervus elaphus L.

According to the author, the thickest ribs are those of pair I (at B — also I).
Baging himself on the measurements taken halfway along corpus costae, Ko-
BRYN (1973) writes that rib I is the thickest, although Table 7 of his work
shows that also VI

Coelodonta antiquitatis (BLUM.)

In the specimens examined the ribs of pair V ave the thickest (at B =
in the Starunia specimen or VIII and IX in the Podbaba skeleton).

LUBICZ-NIEZABITOWSKL (1914b) writes that in the Starunia specimen from
1907 the thickness of rib I in the middle of its length and close to the ventral
end is 20 mm in both cases (for comparison: as regards the specimen found at
the same locality in 1929, these measurements are, respectively, 18 mm and
28 mm, and in the skeleton from Podbaba, 12.5 mm and 22 mm). The thickness
of one of the last posterior ribs from the River Prosna, measured halfway
along the rib, is 15 mm (LuBICz-NIEZABITOWSKI, 1926).
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Dama dama (L.)

According to the author, the thickest ribs are those of pair VII (at B —
I, VI or VII). Basing himself on the measurements taken halfway along cor-
pus costae, KoBrRYX (1973) writes that rib I is the thickest, although Table 7
of his work shows that also VIIL.

Hquus caballus L.

The author’s own observations indicate that the ribs of pair I, IV, V, VI,
VII or VIII (most frequently I or VIII) are the thickest (at B — V or, more
rarely, VI or VII). Hoyer (1927) and BARONE (1976) emphasize the conside-
rable thickness of rib I.

Mammuthus primigenius (BLUM.)

In the specimen from “Plinnerhall” the thickness of rib II at the ventral
end of corpus costae is 33 mm (TOEPFER, 1957). Frrix (1912) writes that in
the specimen from Borna this measurement for rib XV, taken in the middle
of its length, is 32 mm and at the ventral end 34.5 mm. The greatest thickness
of ¥ib XIX of this speeimen is 24 mm in the dorsal part (FELIX, 1912). :

Ovis aries L.

According to the author, the thickest ribs are those of pair I or VII (at
B — 1 or XII). Basing himself on the measurements taken halfway along
corpus costae, KOBRYN (1973) writes that rib I is the thickest, although Table 7
of his work shows also XIII,

Rangifer tarandus (L.)
According to the author, the thickest ribs are those of pair I (at B — I or,
more frequently, VII). Basing himself on the measurements taken halfway

along corpus costae, KoBRYN (1973) writes that rib I is the thickest, although
Table 7 of his work shows also XII.

Rupicapra rupicapre (L.)

The author’s own observations indicate that the ribs of pair I, V, VI, or
VII are the thickest (at B — I).

Sus scrofa L.

The author’s own observations indicate that mostly the ribs of pair I are
the thickest (at B — VI or VII). NICKEL et al. (1954), KRYSIAK (1975) and
BARONE (1976) emphasize the marked thickness of rib I.
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STRESZCZENIE

Poréwnano morfologie zeber 15 gatunkow ssakow kopytnych (Ungulata),
sposréd ktorych trzynascie opracowano na podstawie wlasnych obserwacji
a dwa — na podstawie danych z literatury. Scharakteryzowano réwniez zmien-
no$é¢ serialng tyeh kosei w obrebie gatunku. Badane gatunki naleza do tych
sposréd ssakéw kopytnych, ktoryeh szezatki spotykane sg w europejskich wy-
kopaliskach archeologicznych. Celem pracy bylo umozliwienie rozpoznawania
tych gatunkéw na podstawie morfologii zeber 1 ich fragmentéw.

Obserwacje i cze$é dyskusyjna pracy uporzadkowane zostaly wedlug oko-
lic anatomicznych zebra. W pierwszej czesel (1. Os costale) autor omowit zmien-
nog¢ liezby par zeber (1.1.), oraz dlugosé¢ (1.2.) i krzywizne (1.3.) zebra kos-
tnego. Oze$é druga (2. Koniec dorsalny zebra) zawiera poréwnania glowki
(2.1.), guzka (2.2.) i szyjki zebra (2.3.). W czefei trzeciej (3. Corpus costae)
scharakteryzowano przekroje poprzeczne trzonu zebra (3.1.), oraz jego sze-
rokosé (3.2.) i grubosé (3.3.).

Cechy dorsalnej okolicy zebra (rye. 5 i 6) pozwalajy rozréznié podrzedy
ssakéw kopytnych, natomiast na podstawie trzonu /ohm (przekroje poprzeczne,
rye. 10) mozna rozpoznawad gatunki.

Redaktor pracy: doc. dr L. Sych



