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The Thorax in European Bison and other Ruminants

[W i th  19 T a b le s  & 6 r i g s . ]

Exam ination of the s tru c tu ra l elem ents of the thorax w ere m ade, 
using the skeletons of 93 European bison of both sexes. In addition 10 
species of other rum inats, both dom esticated and free-living, w ere 
studied  (a to ta l of 107 individuals). M easurem ents w ere m ade of the 
ribs, s ternum  and also the thorax  as a whole. The angles of costal 
curves a reas of cross-sections of ribs and grow th coefficients of the 
values w ere defined. It w as shown th a t there are d ifferences in the 
structu re  of the thorax  between European bison and the o ther species 
of rum inants, and th a t the angles of the curves of s te rna l ribs are 
sm aller in the European bison than in other rum inants. In the la tte r  
the re  is a  relation  betw een the angle of curve of the ste rna l rib s and 
m ass of the an im al’s body. The m ost intensive increase in  the m ajority  
of dim ensions is observed in  European bison during the 1st year of 
life, a fte r  w hich it continues, but w ith  decreasing intensity , up to  the 
age of 12 years. Increase in the param eters exam ined during post­
em bryonal developm ent depends on the degree to  which grow th  had 
advanced during  em bryonic developm ent. The w eaker the developm ent 
of a given character during em bryonic developm ent, the m ore intensive 
its grow th during post-em bryonic life,

I. INTRODUCTION

Although studies on the skeleton of European bison are m ore advanced 
than  studies on soft parts of these animals, there  has h itherto  been no 
exhaustive elaboration of the skeletal fram ew ork of the thorax. 

The studies so far made on this subject have either been based on very 
scanty m aterial (B o j a n  u s, 1827; J a n i c k i ,  1938; J u s k o ,  1953) 
or even w hen m aterial was m ore representative, questions relating to 
the thorax  have been treated  as m erely incidental ( K o c h ,  1932, S o­
k o 1 o v, 1972). 

Among the  structu res included in  the skeletal fram ew ork of the  thorax 
in  the  European bison it is only the thoracic spine which has been
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described in any great detail (R o s k o s z, 1962; R o s k o s z  & E m ­
p e 1, 1963) and on this account the greatest emphasis has been laid on 
ribs and sternum , and the thorax  as a whole in the m orphological analysis 
contained in this study.

II. M ATERIAL AND METHODS

Studies w ere m ade m ainly on m acerated bones of European bison (wisent) 
form ing p a r t of the osteological collection of th e  European Bison A natom ical 
Research C entre of the V eterinary  Faculty  of W arsaw  A gricultural U niversity.

Exam ination w as m ade of a to tal of 93 individuals (56 m ales and 37 females) 
ranging from foeti im m ediately previous to  b irth  to anim als 22 years old. The 
m aterial exam ined, taking in to  consideration earlier studies ( E m p e l  & R o s -  
I cosz,  1963), w as divided in to  5 groups according to age (Table 1), w hich was 
defined on the  basis of the  E uropean Bison Pedigree Book ( Ż a b i ń s k i ,  1947— 
1965; Ż a b i ń s k i  & R a c z y ń s k i ,  1972).

L inear m easurem ents of both  ribs and sternum  w ere m ade by m eans of the 
m ethod, partly  m odified, given by D u e r s t  (1926). Only bones w hich did not 
exh ib it any pathological changes w ere taken for m easurem ents, for w hich a linear 
slide-ru ler and  surveying tape m easure w ere used. Each m easurem ent w as m ade 
twice and the average calculated. Ribs from  the left side w ere always used fo r the 
observations. M easurem ents m ade on ribs and sternum  are illustrated  in  figs. I, 2 
and 3.

The angles of the costal curves (a) w ere calculated by the m ethod of vertical 
projection of the various ribs on to  a plane. For this purpose the given rib  w as 
fixed firm ly in a vice screwed to the tab le  so th a t the m iddle of the shaft w as 
held in  the jaw s of the vice. The vertebral extrem ity  alw ays pointed to th e  left 
and s te rna l ex trem ity  to the right. The concave side of the costal curve was 
directed tow ards the  plane of the tab le top. A fter fixing the rib  in position point 
A was m arked  halfw ay along its curve, while point B was the tubercle of the rib, 
and th e  s te rna l extrem ity  point C (Fig. 4). These points w ere joined to form  an 
isosceles triang le w ith sides a, b, c. Side a at the sam e tim e form ed the chord of 
the arc . All th ree  sides of this illusory triang le w ere m easured in  such a way th a t 
the jaw s of the linear slide m easure w ere direct vertically  to  the  plane of the tab le 
and touched it. The value of the aux ilia ry  angle a t w as calculated using th e  m odified 
equation of C arno t’s cosines:

a*—bs—c*
COSC!] =  -------------------------

2 be
Knowing the value of cos at, the size of angle w as read from m athem atical 
tables. The angle a required  is the doubled angle a t.

A knowledge of angle a w as essential for calculating the length of the radius 
from  which the arc w as draw n on the basis of the following equation:

a
r =  ------------------

2 s i n -----2
T ’ie value of th e  n d iu s  of the costal curve m ade it possible to calculate tl* 
»efficien t of its cu rva tu re  ( F r i n a t ,  1964'
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List of m aterial studied .

Species Sex Age,
group N Age,

years
Avg. age 
in group, 

yrs.

W isent, Bison bonosus (L.) d d 0 5 0— 1 * 0
I 1) 1— 3 1.6

II 15 4— 7 5.6
III 13 8— 12 9.8
IV 12 > 1 2 16

? 9 0 3 0— 1 0
I 8 1— 3 2.5

II 6 4—  7 6.2
III 7 8—12 10.3
IV 13 > 1 2 17

Bison, Bison bison (L.) d  d 1 >  5
9 9 2 >  5

Cattle, Bos taurus  L. d d 1 >  5
9 9 13 >  5

W atussi ca ttle, B. taurus  W atussi d d 1 >  5

9 9 1 >  5
Sheep, Ouis artes L, d d 8 >  5

9 9 9 >  5
Goat, Capra Mr eus L, 9 9 3 >  5
Roe-deer, Capreolws capreolus L. d d 21 >  3

9 9 1 >  5
Red-deer, Cervus elaphus  (L.) . d d 16 >  5

99 8 >  5
Moose, Alces alces (L.) d d 6 >  5

d d 4 >  5
Rein deer, Rangi fer tarandus  (L.) d d 6 >  5

9 9 1 >  5
Fallow  deer, Dama dama  (L.) o' c? 2 >  5

9 9 3 >  5

* Age in  days.

The areas of the cross-section of the sternal ribs (I, V) and two representatives 
of the as te rn a l ribs (JX, XIII )  w ere also defined, trac ing  in each of them  the cross­
section area  below the tubercle (a), halfw ay along the shaft of the rib  (b) and a t 
the ste rna l ex trem ity  (c). For th is purpose each of the ribs m entioned w as su r­
rounded a t  the places given above w ith  strips of p lasticine about 0.5 cm thick and
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0.5 cm wide (Fig. 5). The plasticine w as removed by cu tting  th rough  the p lastic­
ine ring  w ith  a razor blade, then  joining the ring up again, ob ta in ing  in this way 
the shape and size of the cross-section of the rib a t a given place. These rings 
w ere nex t placed on photographic paper and contact photographs m ade, from 
which, using m illim etre trac ing-paper, the area of the cross-section of the rib w as 
calculated (w ith accuracy to 1 mm 2).

The grow th coefficients were defined for all the values exam ined in  the 
European bison. They are the  quotients of values in  the oldest and  youngest 
groups ( D a v l e t o v a ,  1960).

For com parative anatom ical purposes all the above exam inations w ere carried 
out on the  ribs and sternum  or the adu lt individuals available of th e  rela ted  species 
of Bovidae and Cervidae  (Table 1). A nim als over 5 years old w ere considered as 
ad u lt individuals.

The thorax  as a whole w as exam ined on the unfixed carcasses of 8 European 
bison, usually  a fte r anatom ical and  pathological dissection had been carried  out, 
Two kinds of m easurem ents w ere m ade in such cases: height and w idth. The first 
of these w as m easured halfw ay along the length of the shaft of d ifferent thoracic 
verteb rae vertically  to the  sternum , or (beginning from  the eigh th  vertebra) to 
a line form ing the extension of the sternum  to the rear. B readth  w as m easured 
halfw ay along each of the bony parts  of the ribs. The ratio  of leng th  of the  bony 
parts  of the ribs to length of the cartilaginous p a rt of the ribs was calculated for 
these 8 E uropean bison.

Use was m ade in this study of the arithm etical averages (x) for the various 
groups, and in the case of groups of more than 5 individuals (in rela tion  to  the 
m easurem ents of the four ribs chosen and the sternum ) standard  deviation  (s) and 
ceofficients of varia tions (u) w ere  given.

Fig. l. P laces in which rib s w ere m easured, a—b M axim um  length  (direct 
m easurem ent), c—d Length along curve, e—f B readth half-w ay  along shaft, 
b—d B readth of s te rna l end, g—h D iam eter of head of rib, i—j Thickness of shaft

half-w ay  along length.

Fig. 2. P laces in  which sternum  w as m easured (seen from  above), a—b M axim um  
length (direct m easurem ent), c—d M axim um  bread th  before final pair of ca rtila ­
ginous ribs, e—f M xim um  b read th  of m anubrium , g—h Breadth of m etasternum

halfw ay along its length.

Fig. 3. Places in  w hich ste rnum  was m easured (side-view), i—j M axim um  height 
of m anubrium  before II  p a ir  of cartilaginous ribs, k—1 H eight of m etasternum

half-w ay  along its length.

Fig. 4. D efining the angle of costal curve. A — H alf the length of sha lft of rib, 
B — T ubercle of the rib, C — S ternal end of rib, a, b, c —• sides of triangle, 
t', —  A uxilia ry  angle, a  — A ngle of costal curve, O — Middle of area , r  — Radius

of area.
Fig. 5. Places ringed with plasticene for calculating area of cross-section of rib. 

a  — n ea r tubercle, b — half the length of shaft, c — ste rna l end.
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As only a very small num ber of original papers dealing w ith  these elem ents of 
the ske le ta l system  in o ther rum inants w ere found in the  lite ra tu re  available, the 
au th o r had therefore of necessity to refer to textbooks by the following authors: 
I h i e  (1927), K o l d a  (1936), M a r t i n  (1938), E 11 e n b e r g e r (1943j, N i c ­
k e l  (1960), S i s s o n  (I960), V o k k k e n  (1961), K o c h  (1963).

L atin  nom enclature has been based on Nomina anatom ica veterinaria  (1968), 
and Polish nom enclature on the handbook by P o p l e w s k i  (1948) and the 
transla tion  of the  handbook by K l i m o w  (1960).

I l l  RESULTS

1. Costae

The European bison possesses 14 pairs of ribs, although in the study  
m ateria l only 13 pairs w ere found in »Pluszcz«, aged 10 years, and 
»Plato« aged 17 years. In »Plotkarz« aged 6, »Plesnianka«, aged 2, the 
final ribs are very short and there is no articulation with the final 
thoracic vertebra, but they fuse w ith it to form  a stable whole.

Of the rem aining rum inants it was only in the reindeer and Am erican 
bison th a t 14 parts of ribs w ere present, the o ther species exam ined, 
w hether domestic or wild anim als possessing only 13 pairs. Two excep­
tions w ere, however, observed here, 14 pairs occurring in one fem ale 
among 17 sheep examined, and in the only W atussi bull examined.

Os costale

Caput costae, which is flattened in an anterior-posterior direction, 
can be seen at the vertebral extrem ity of the rib  in the European bison. 
This fla ttenning  is distinct in the first pairs of ribs, up to and including 
ribs VI, b u t disappears in the following ribs. Facies articularis capitis 
costae, in the first three ribs is divided into two parts by a somewhat 
indistinct crista capitis costae. Sulcus capitis costae occurs in the o ther 
ribs on th is surface, and deepens very slightly in a direction tow ards 
the posterior p a rt of the ribs. Below the head there is a distinct collum  
costae. Cartilago epiphysialis occurs between the head and neck of th e  
rib in  European bison up to the age of 7, but this cartilage disappears 
earlier in the first ribs (at the age of 6 years). The neck of ihe r ib  
gradually  lengthens in a direction from the first to the final ribs. 
Tuberculum  costae, fairly prom inent and situated upw ards on the f irs t 
ribs, gradually  decreases towards the rear and shifts slightly to th e  
lateral surface. Fades articularis tuberculi costae changes from th e  
spherical shape on the first ribs to oval in the lower ribs. The a rticu la r 
surface on the tubercles of the first three ribs is flat, but g radually  
becomes concave in fu rther ribs up to rib VI I I , and fla ttens again from



Table 2 
M axim um  length of ribs.

Consecutive num bers of ribs

Species £
Age

group

N I I I III IV V VI VII VI I I I X X XI XII X I I I X I V

X s V X X X X s V X X X X s V X X X X s V X

W isent d d  0 5 103.2 4.6 4.4 117.8 135.0 149.0 164.0 13.0 7.9 177.8 186.2 194.4 198.0 11.1 5.6 194.4 185.6 168.0 148.4 9.3 6.3 113.4
I 11 204.8 7.9 3.8 237.9 269.2 301.2 336.3 41.8 12.4 367.2 396.4 412.4 424.4 61.7 14.5 412.9 403.2 368.4 341.0 37.4 10.1 274.6

II 15 272.6 2.8 1.0 315.6 354.4 393.4 4-35.1 12.3 2,8 474.1 508.1 523.3 531.1 21.9 4.1 526.9 508.9 479.3 445.0 23.7 5.3 373.5
III 13 291.8 7.5 2.5 340.3 380.5 420.6 465.8 22.6 4.8 497.0 528.1 547.5 555.5 24.7 4.4 541.3 532.1 486.9 449.0 33.4 7.1 374.1
IV 12 293.1 15.4 5.2 346.1 387.4 423.0 470.2 19.9 4'.2 508.2 538.4 551.8 552.4 20.5 3.7 549.5 529.0 499.9 467.4 31.8 6.8 375.7

9 9  o 3 84.6 7.1 8.3 103.0 116.3 129.3 142.3 10.5 7.4 151.0 159.6 171.0 177.0 5.3 2.9 170.7 162,7 158.0 137.7 4.9 3.5 110.7
i 8 193.2 19.8 10.2 219.9 248.0 278.9 308.2 30.6 8.0 332.9 356.8 371.4 376.8 42.0 11.1 368.1 342.4 335.6 309.4 28,5 9.2 257.2

i i 6 246.3 15.6 6.3 278.5 314.2 352.5 392.8 15.2 3.8 421.8 451.7 473.5 478.2 14.1 2.9 473.8 456.5 427.7 408.5 32,6 7.9 318.2
h i 7 259.0 6.8 2.6 301.0 341.7 372.0 408.4 3.7 9.0 446,3 470-4 487.8 498.2 19.4 3.8 495.7 479.8 458.7 425.0 13.4 3.1 323.8
IV 13 262.5 9.3 3.5 307.0 345.1 381.7 417.4 3.8 9.1 448.0 480.2 501.7 509,3 14.3 2.8 508.5 497.5 472.6 443.8 10.0 2.2 335.8

Bison d d I 242.0 — — 297.0 334.0 369.0 __ __ 451.0 482.0 510.0 513.0 _, _. 524.0 524.0 480.0 438.0 __ __ 340.0
9 ? 2 332.0 — — 284.5 318.5 362.5 396.0 — — 425.0 455.5 474.5 484.0 — — 481.0 462.5 434.5 396.5 _ _ 340J)

C attle d d 1 274.0 — — 342.0 — 415.0 449.0 — — 483.0 508.0 518.0 517.0 — — 509.0 513,0 492.0 446.0 ___ — —
99 13 222.7 13.3 5.9 270.1 305.5 336.5 367.1 23.2 6.3 409.0 429.2 449.2 450.6 23.3 5.1 444.2 439.1 413.7 363.7 24.6 9.3 —.

W atussi cattle d d 1 247.0 — .— 306.0 352.0 381.0 416.0 — — 458.0 485.0 510.0 511.0 — — 512.0 500.0 500.0 480,0 — — 432.0
99 1 212.0 —. — 258.0 300.0 343.0 387.0 — — 416.0 461.0 464.0 451.0 — —. 463.0 450.0 461.0 361.0 __ __ —

Sheep d d 8 105.0 21.0 20.0 123.0 133.5 159.5 175.0 19.0 10.8 184.5 191.5 195.5 200.0 24.0 12.0 200.5 191.5 184.0 168.5 28.3 16.8 —
99 9 90.0 9.4 10.4 119,6 139.0 153.7 162.0 12.6 7.8 174.0 382.6 '190.6 191.6 10.7 5.6 185.3 173.6 157.3 136.3 9.9 7.3 77.0

Goat 9 9 3 76.6 — .— 102.6 126.0 134.6 146.3 — — 158,3 159,3 164.3 170.5 .—i —. 159.3 144.6 131.3 111.0 — — —
R ed-deer d d 21 82.5 7.8 9.4 108.7 129.0 146.1 155.3 8.9 5.7 170.2 182.9 190.6 189.1 12.5 6.6 178.4 167.0 148.2 128.9 8.8 6.8 __

9 9 1 63.0 -ï- _ 85.0 97.0 108.0 112.0 — — 123.0 135.0 140.0 139.0 — —. 129.0 122.0 109.0 92.0 — — —
H oe-deer d d 16 185.0 38.0 9.7 232.6 266.3 294,6 298.5 16.5 5.5 338.0 364,3 376.3 376.6 26.9 7.1 361.3 340.0 308.6 266.0 18.2 6.8 __

99 8 160.5 14.0 8.7 203.0 232.0 258.0 276.5 19.6 7.1 293.5 315.5 323,0 321.0 29.4 9.2 309.0 291.5 265.0 225.0 17.9 8.0 __
Elk d d 6 228.0 20.0 8.8 283.1 340.0 348.3 371.3 23.1 6.2 387.0 409.3 429.6 427.6 33.4 7.8 410.6 386.3 352.0 303.7 24.6 8.1 ___

9 9 4 226.5 —■ — 281.5 318.5 342.5 365.5 — — 390.5 407,5 411.5 411.0 — — 392.0 369,0 334.5 282.5 ._. ._ __
Reindeer d d 6 125.0 11.0 8.8 159.0 208.5 234.0 254.5 19.5 7.7 278.5 297.0 302.0 311.0 17.6 5.6 311.5 297.0 274.5 245.5 13.5 5.5 195.5

9 9 1 123.0 —. — 158.0 187.0 212.0 236.0 — — 256.0 237.0 282.0 291.0 — — 288.0 271,0 247.0 213.0 — __ 176.0
F allow  deer dd* 2 104.5 — — 130.5 155.5 172.0 184.0 — — 194.5 208.5 217.5 218.0 — — 209.0 196.5 180.0 152.5 __ __ __

9 9 3 101.3 —■ — 133.3 155.3 169.6 184.6 — — 197.3 204.0 220.0 218,6 — — 213.3 204.0 194.3 160.3 — — —
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Length along costal curve (mm).

Table 3

Sex
Species 8

Age
group

N I II III I V V
X s V X X X X s V

W isent d V  0 5 97.6 8.8 9.0 115.4 138.8 155.2 176.6 13.4 7.6
I 11 198.9 20.5 10.3 235.7 274.4 314.0 359.9 49.7 13.8

II 15 263.7 10.4 3.9 310.1 359.6 406.4 460.1 28.0 6.1
III 13 269.8 9.4 3.4 333.5 383.6 435.9 492.8 19.4 3.9
IV 12 286.5 17.1 5.9 342.4 391.6 446.7 499.8 17.1 3.4

99  o 3 81.7 6.9 8.4 101.3 117.3 130.0 147.3 4.9 3.3
i 3 189.6 20.5 10.8 218.5 254.9 292.8 328.5 27.8 8.4

i i 6 241.2 11.2 4.6 274.5 321.8 36B.7 421.4 12.8 3.0
i n 7 259.7 4.8 1.8 300.2 349.2 392.6 449.6 20.2 8.0
IV 13 261.2 9.4 3.5 307.9 355.4 408.0 456.8 7.9 1.7

Bison d V 5 241.0 ___ ___ 296.0 350.0 402.0
9 9 2 227.0 — ---- 282.5 322.0 381.5 422.5 __ . . .

Cattle d d 1 249.0 — ---- 334.0 — 417.0 462.0 __
9 9 13 216.6 11.6 5.3 267.5 309.3 350.6 393.1 24.4 6.2

W atussi cattle d  d 1 240.0 — — 301.0 346.0 394.0 444.0
9 9 ) 210.0 — — 257.0 306.0 364.0 420.0 __ __

Sheep d d s 98.5 12.5 12.7 124.0 135.5 166.0 187.5 17.5 9.3
9 9 9 88.9 8.8 10.0 119.0 133.0 163.6 1^0.3 14.8 8.2

Goat 9 9 3 73.0 — — 103.3 126.0 144.3 174.0 _

R ed-deer ci ' d 21 80.0 7.4 9.2 109.0 135.0 156.4 171.0 8.7 5,09 9 1 63.0 — — 86.0 103.0 120.0 132.0 ___ ,__
R ed-deer d d 15 179.3 21.3 11.8 235.6 279.0 321.3 335.0 19.0 5.69 9 8 160.5 18.3 11.4 207.5 244.0 282.5 313.5 27.4 8.7
Elk d d 6 228.6 19.6 8.6 286.6 348.0 365.3 398.3 27.8 7.099 4 222.5 — — 277.5 324.6 355.8 389.2 __ ___

Reindeer d d f i 126.0 7.0 5.6 160.0 211.4 241.6 273.0 19.0 7.09 9 1 133.0 — — — 230.0 260.0 292.0 _  . ___

Fallow  deer d  d 2 101.5 — — 132.5 158.5 1S5.0 207.0 _ _ - -

9 9 3 101.0 — — 134.6 161.6 187.3 210.3 — -----

Consecutive num bers of ribs
VI VII VIII I X X XI XI I XI I I X l \

X X X X s V X X X X X X X

190.6 203,6 214.2 219.4 11.6 5.3 210.0 208.4 194.6 168.B 8.3 4.9 132,2379.9 423,9 447.8 460.9 63.6 13.6 468.9 448.6 420.2 374.9 43.2 11.5 307,3504.3 543.4 571.3 585.9 20.9 3.6 593.6 588.8 552.4 504.1 26.9 5.3 406.2532.8 572.0 598.8 621.8 36.0 5.8 622.8 608.4 574.4 530.3 32.8 6.1 409.1542.7 579.2 602.0 621.1 18.2 2.9 626.6 610.9 573.6 536.0 26.5 4.9 408.4
157.0 174.7 187.0 194.3 6.9 3.5 193.0 186.0 172.0 162.7 4.0 2.4 134.0358.2 385.0 4094 434.1 47.3 10.8 431.6 390.8 381.6 346.0 33.2 9.5 291.8456.2 495.8 523.5 532.8 18.8 3.5 533.2 516.2 488.5 446.2 19.2 4.3 344,8485.5 513.4 539.8 564,8 10.3 1.8 569.2 559.0 529.5 491.3 22.8 4.6 385.0492.2 530.0 558.2 575.9 14.9 2.6 574.9 570.4 535.8 498.0 15.2 3.0 380.0
495.0 530.0 569.0 561.0 — — 576.0 575.0 524.0 476.0 356.0471.0 508.5 537,0 542.5 •— — ' 540.0 520.5 490.0 445.0 . -  -- __ 383.0514.0 552.0 591.0 594.0 — -— 575.0 582.0 551.0 488.0 __ __
444.7 507.3 510.0 510.8 22.6 4.4 507.2 506.5 470.1 405,8 44.2 10.8 __
494.0 534.0 556.0 570.0 — — 566.0 575.0 584.0 560.0' 505.0453.0 529.0 539.0 502.0 — — 545.0 530.0 542.0 404.0 ___
184.5 217.0 224.5 228.0 21.9 9.6 230.5 221.5 214.0 191.5 17.6 9.2194.6 202,3 210.0 211.7 13.0 6.1 207.0 193.6 172.6 146.0 12.6 8.6 78.0181.5 184.2 186.3 185.0 — — 179.6 160.3 145.0 117.3
191.6 215.7 222.3 226.0 14.5 6.4 217.9 197.6 172.4 147.0 ' 9.6 6.5 ___
144.0 158.0 164.0 164.0 ,— — 156.0 142.0 125.0 100.0 __
385.3 417,6 440.0 445.3 31.0 6.9 426.0 402.4 356.6 293.0 23.6 8.0 __
339.6 362.8 378.4 384.0 38.0 9,9 370.3 348,6 311.2 257.5 20.9 8.1 „ _
419.5 445,3 474.6 475.0 37.6 7.9 456.6 431,3 389.4 330,4 28.4 8.6 __
421.0 444,0 455.7 459,5 ,— — 439.4 413.5 370.5 310.0 __
300.0 329.5 332.6 358.5 32.1 9.0 358.0 341.4 311.8 271.0 23.8 8.8 209.5
321.0 351.0 370.0 380.0 — — 380.0 360.0 330.0 290.0 230.0
222.0 242.0 252.5 258,0 ■— — 249.0 233.0 213.0 176,0 __ __
235,0 240.6 256.3 259.0 — — 250.4 237,6 228.6 182.0 _ —



B readth of ste rna l end of rib s (mm).

Table 4

Consecutive num bers of ribs
Species e

Age N 1 11 III I V V VI VII VII I TX X XI XI I XI I I XIV
group X s V X X X X s V X X X X s V X X X X s V X

W isent d d  0 5 8.0 0.3 3.6 7.8 8.4 9.0 8.4 1.5 2.2 8.6 9.4 9.0 8.0 1.1 13.7 7.2 6.8 6.8 7,0 1.0 14.2 6.6X 11 16.9 5.6 3.3 18.4 19.9 19.8 19.5 1.8 9.2 22,3 23.3 20.6 20.9 1.9 9.1 20.8 20,6 18.8 18.4 1.5 8,1 18.2II 15 28.6 1.5 5.2 26.5 27,2 29.1 32.0 2.1 6.5 34.6 37.3 35.7 37.2 1.7 4.5 34.0 28.7 29.1 30.3 2.0 6.6 26.0III 13 30.1 1.0 3.3 29.0 32.2 34.3 35.0 7.6 2.1 40.8 41.2 42.2 40.4 7.7 19.0 38.6 34.4 32.0 31.1 4.7 15.1 30.7IV 12 32.1 2.8 8.7 28.9 31.8 33.8 34.5 3.2 9.2 40.2 40.2 41.6 39.6 3.0 7.5 38.7 33.6 32.3 31.1 2.0 6.4 29.7
99  o 3 8.6 1.0 11.6 6.0 7.0 9.0 9.0 0.3 8.8 9.0 8.7 8.6 7.0 0.8 11.4 7.0 6.1 6,2 6.0 0.8 13.3 6.0i 8 15,1 1.4 9.2 16.8 18.2 18.2 18.1 1.4 7.7 20.5 20.5 19.0 19.4 1.4 7.2 19.1 19.0 17.6 16.8 1.0 5.9 16.0i i 6 24.3 2.4 9.8 24.0 24.5 25.3 28.0 1.4 5.0 28.0 29.3 29.5 29,2 2.2 7.5 28.2 26.3 23.7 23.8 1.7 7.1 23.4

n i 7 25.2 1.4 5.5 24.7 25.5 26.6 29.2 2.6 8.9 29.8 30.6 32.0 30.8 1,7 5.5 30.2 28.5 26.7 25.3 1,0 3.9 24.2IV 13 26.1 4.4 16.8 23.2 26.4 26.7 28.9 3.0 6.9 30.1 30.5 31.7 31.1 1.7 5.4 29.8 28,8 27.5 26.1 1.6 6.1 24.0
Bison d d 1 24.0 — — 21.0 22.0 24.0 23.0 ._. __ 25.0 28.0 29.0 26.0 __ 28.0 28.0 21.0 22.0 23.0
C attle

9 9 2 24.0 —• —• 21.5 21.0 23.5 24.5 — — 27.0 29.5 27.U 24.0 __ _ 23.5 20.0 19,5 21.0 __ 22.5d d 1 33.0 — — 32.0 .— 50.0 52.0 — — 55.0 55.0 56.0 50.0 _ _. 44.0 50.0 45,0 28.0
W atussi cattle

9 9 13 23.0 2.8 12.1 23.8 29.1 34.4 38.5 4.6 11,9 42.7 43.1 38.6 39,5 3.5 8.8 35.6 32.7 26,7 22.1 2.7 12.2d d 1 28.0 — — 28.0 38.0 35.0 44,0 — — 48.0 46.0 49.0 51.0 __ 47.0 43.0 45.0 40,0 32.0
Sheep

9 9 1 27.0 —■ —. 27.0 30.0 40.0 44,0 — —. 47.0 45.0 45.0 45.0 __ __ 45.0 43.0 35.0 34.0d d 8 12.5 1.7 13.6 14.5 13.0 13.4 14.5 1.9 13.1 13.0 14.8 15.4 14.5 2.0 13.8 11.5 9.2 10.3 8.0 1.0 12.5
Goat

9 9 9 11.0 1.7 15.4 10.7 11.6 11.7 11.3 1.7 15.0 12.0 11.3 11.0 9.3 1.0 10.8 7.0 6.3 5.6 5,6 0.9 16.1 5.09 9 3 9.7 — — 8.6 10.3 9.3 9.7 — __ 9.7 10.0 10.0 8.6 __ 6.7 6.0 5.7 5,0Roe-deer d d 21 9.0 0.6 6.6 10.3 12.8 12.9 12.0 1.3 10.8 11.7 12.4 9,5 6.0 0.5 8.3 7.1 7.0 7.0 7,0 1,0 14.2
R ed-deer

9 9 1 8.0 — — 10.0 8.0 9.0 9.0 — — 8.0 7.0 7.0 6.0 ___ 7,0 7,0 6.0 6.0cT d IB 20.0 2.4 12.0 17.3 20.0 21.3 22.1 2.6 11.7 23.0 23.0 20.4 16.0 1.2 7.5 14.3 13.3 12.6 12,3 1.0 8.1
Elk

9 9 8 15.5 1.9 12.2 15.1 17.5 18,7 19.5 2.3 11.8 20.0 21.4 19.5 14.5 1.8 12.4 12.2 10.5 11.0 13.5 1.8 13.3d V 6 21.3 2.4 11.3 21.3 24.3 23.6 24.3 2.5 10.3 23.0 23.0 20.6 15.6 1.6 10.2 15.7 12.6 15.2 14.0 2.0 14.3
Reindeer

9 9 4 20.2 — —. 20.5 22.5 22.0 22.5 .—i — 22.0 21.5 20.4 18.6 __ _ 15.0 11.5 14.4 13.2d d 6 15.0 1.9 12.7 13.4 17.6 17.9 16,5 1.9 11.5 16.5 17.3 13.1 12.0 1.7 14.2 11.2 9.5 9.5 11.0 1.5 13.6 10.0
Fallow  deer

9 9 1 13.0 — — 11.0 15.0 15.0 15.0 — —. 14.0 13.0 14.0 11.0 __ __ 9.0 9.0 8.0 8.0 9,0d1 d 2 12.5 — — 11.0 15.3 15.5 14.5 — —. 14.5 16.0 12.0 10.5 „_, __ 10.5 9.0 8.0 7.599 3 10.0 — — 10.3 12.3 11.6 13,9 — — 15.3 15.7 13.3 11.3 — --- 10.0 9.0 8.6 6.6 __ __ . .



Table S

B readth of sternal end of ribs (mm).

Sex _____________  Consecutive num bers of ribs
Species &

Age N I 11 111 IV V VI VII VI I I I X X XI XII XI I I XIV
group X s V X X X X s V X X X X s V X X X X s V X

W isent d V  0 5 26.0 4.0 15.3 12.2 13.8 18.1 18.4 2.4 13.0 18.0 18.2 17.6 16.2 1.5 9.2 14.6 13.2 11.4 9.0 2.1 23.3 8.2
I 11 28.2 1.4 4.9 21.6 22.2 26.2 25.6 1.1 4.3 25.9 25.7 28.2 26.8 2.3 8.6 22.6 21.4 18.6 15.8 2.5 15.8 15.5

II 15 53.9 3.7 6.9 27.6 28.5 30.8 32.4 4.6 14,1 39.1 39..1 39.7 35.7 2,5 7.0 28.9 25.1 22.0 21.5 1.7 7.9 21.9
III 13 55.8 1.4 2.3 32.2 33.3 33.5 40.1 2.0 4.9 41.0 40.8 42.2 41.1 3.6 8.7 34.5 28.9 26.6 25.3 3.6 14.2 24.6
IV 12 59.7 4.1 6.8 32.5 33.1 34.1 40.0 2.6 6.0 40.1 40,8 41.7 38.8 3.6 9.2 35.5 27.2 25.5 24.5 3.3 13.4 24.7

9 9 0 3 23.0 1.4 6.0 12.0 14.1 15.4 17.0 1.6 9.4 15.2 15.3 15.6 17.0 1.6 9.4 13.5 10.4 9.2 8.0 0.8 10.0 8.0
i 3 26.1 1.6 6.1 18.9 20.5 23.9 23.8 1.0 4.2 24.0 24.2 25.2 23.5 2.2 9.3 20.5 19.4 17.1 14.4 1.2 8.3 14.0

i i 6 45.7 1.4 3.0 26.0 26,0 27.3 28.2 2.2 7.8 28.7 29.0 29.3 28.3 2.0 7.0 27.1 23.8 21.3 19.0 1.7 8.9 17.6
i n 7 46.3 3.2 6.9 26.0 26.5 27.6 29.0 1.0 3.4 29.5 31.0 32.4 31.3 2,4 7.6 30.7 25.2 23.3 22.3 1.7 7.6 20,0
IV 13 48.3 2.2 4.5 25.0 25.5 28.0 29.3 3.2 10.9 30.4 30.5 31.8 31.0 1.7 5.4 30.8 24.2 22.7 21.5 1.3 6.0 19.6

Bison d V 1 51.0 — — 30.0 25.0 29.0 30.0 _ .__. 30.0 33.0 32.0 22,0 ,__ __ 25.0 30.0 20.0 17.0 12.0
Cattle

9 9 2 49.5 — — 24.0 25.0 28,0 30.0 — — 28.5 32.5 36.0 29.5 _ ---- 24.5 20.5 18.5 15.0 __ __ 11.5
o V 1 69.0 — — 41.0 — 51,0 55.0 — —. 58.0 61.0 63.0 54.0 ,— ---- 38.0 48.0 30.0 32.0 __ __,

W atussi cattle
9 9 13 50.2 3.3 10.5 31.2 32.8 37.2 42.2 4.8 11,3 44.0 44.9 42.0 41.2 4.4 10.6 36.1 29.6 23.1 18,1 1.9 10.4 __
d1 d" 1 55.0 — -— 41.0 35.0 38.0 41.0 — — 44.0 48.0 56.0 39.0 — —. 53.0 32.0 38.0 32.0 28.0

Sheep
9 9 1 52.0 — — 29.0 30.0 36.0 40.0 — — 40.0 33.0 34.0 42.0 __. __ 26.0 27.0 25.0 17.0 . _ _
c/V 8 27.5 3.1 11.3 16.2 20.4 15.0 16.5 2.0 12.1 17.2 15.5 15.8 14.0 1.8 12.8 12.4 9.5 10.5 8.5 1.0 11.8 __

Goat
9 9 9 18.3 2.4 13.1 12.6 15.0 14.6 14.6 1.9 13.0 13.6 12.3 11.3 10.0 1.6 16.0 8.7 7.8 6.2 5,7 0.9 15.8 7.09 9 3 15.6 — — 11.0 11.6 12.4 11.3 — __ 12.2 11.0 8.7 7.7 __ ___ 8.6 6.0 5.7 5.3

Roe-deer dcT 2' 11.0 1.4 12,7 11.3 13.6 14.0 14.0 1.2 6.5 13.7 10.0 9.1 8.0 0.7 8.7 7.5 7,2 5.0 4.0 0.6 15.0 __
R ed-deer

9 9 i 13.0 ~ — 11.0 12.0 13.0 12.0 — —. 10.0 9.0 9.0 7.0 __ ___ 6.0 5.0 5.0 5.0 __
d V is 35.0 3.7 10.5 17.3 21.0 23.7 23.5 2.8 11.9 23.6 20.6 15.3 14.6 1.8 12.3 11,3 11.0 10.0 10.3 1.0 9.7 __

Elk
9 9 8 28.0 3.3 11.8 16.5 19.5 22.5 23.5 2.8 11.9 24.8 22.5 17.5 13.5 1.6 11.8 12.5 10.0 10.2 9.5 1.3 13.7
d  d 6 40.0 3.7 9.2 29.3 31.0 34.0 33.0 3.9 11.8 34.0 31.3 27.0 21.6 2.7 12.5 19.3 18.0 16.0 17.0 2.0 11.8 __

Reindeer
9 9 4 36.5 •— — 27.5 30.0 33.0 34.0 — — 34.0 30.0 24.5 24.0 __, __ 19.5 17.5 16.0 15.0 __cTd* 6 26.0 2.9 11.2 13.2 20.4 22.0 18.5 2.1 11.4 24.4 20.5 19,5 14.0 1.6 11.4 15.0 12.3 11.6 13.5 1.6 11.8 13.5

Fallow  deer
9 9 1 22.0 — — 14.0 18.0 20.0 19.0 — — 20.0 18.0 17.0 13.0 12.0 10.0 10.0 12.0 12.0d*d 2 19.5 — — 13.0 12.5 15.5 15.0 — — 14.0 11.5 11.0 8.0 __ __ 7.5 6.5 6.5 5.59 9 3 18.3 — — 13.3 16.3 15.3 16.0 — — 13.0 13.6 9.7 8.0 — --- 7.7 6.0 5.7 5.3 — — —



Table 6

Diameter of head of ribs (mm).

S ex  C onsecu tive n u m b e rs  of r ib s

S pecies &
Age

group
N I II III I V V VI VII VIII I X X X I X I I X I I I X I V

X s V X X X X s V X X X X s V X X X X s V X

W isent cfcT 0 5 7.0 1.4 20.0 8.2 8.8 8.2 8.0 2.'4 30.0 8.0 8.2 8.0 7.0 1.5 21.4 8.0 7.2 7.6 7.6 1.6 21.0 6.6
I 11 16.8 1.7 1.2 15.8 15.7 14.8 14.6 1.2 8.2 16.4 16.7 16.7 15.9 1.7 10.6 15.8 15.6 13.4 15.0 2.1 14.0 14.0

II 15 23.5 3.7 15.7 20.8 20.3 21.4 21.2 2.0 9.4 21.3 23.7 25.2 24.9 7.1 27.4 22.3 22.5 20.6 22.5 2.6 11.5 24.1
I I I 13 27.8 2.9 1.0 23.6 22.4 22.7 22.4 2.0 8.9 22.2 24.3 25.5 25.1 2.3 9.1 24.2 23.3 22.6 22.6 1.4 6.1 24.6
IV 12 27.9 3.3 11.8 23.0 22.8 21.7 22.2 3.0 13.5 21.7 22.8 24.9 26.1 1.4 5.3 23.8 25.0 23.7 23.0 1.0 4.3 25.6

$ 9 o 3 5.0 0.2 4.8 6.0 6.2 7.3 8.0 0.8 10.0 8.6 8.3 9.0 9.0 0.8 8.8 8.2 8.0 7.0 8.7 0.8 9.1 8.0
i 8 14.9 1.2 8.0 15.0 14.9 13.8 13.9 1.0 7.1 15.1 15.2 15.1 14.5 1.3 8.9 14.6 14.6 12.6 13.9 1.2 8.6 13.0

i i 6 18.7 2.4 12.8 17.2 16.8 1.6.5 15.8 1.4 8.8 16.5 16.8 17.0 17.2 2.2 12.7 16.7 16.5 15.5 15.0 1.0 6.6 14.4
h i 7 19.2 2.6 13.5 18.5 17.8 18.2 18.0 1.4 7.7 18.0 18.6 19.0 19.0 1.4 7.3 18.5 18.0 17.7 17.8 1.7 9.5 18.9
IV 13 19.7 2.8 14.2 18.6 18.4 18.7 18.6 1.7 9.1 18.0 18.4 19.3 19.6 1.0 5.1 18.7 17.9 17.5 17.7 1.9 10.7 19.5

Bison cfcf 1 16.0 ___ __ 18.0 17.0 20.0 __ __ __. 19.0 20.0 21.0 20.0 —. — 20.0 21.0 18.0 18.0 — — 19.0
¥ 9 2 18.0 —. — 17.0 18.0 19.0 19.0 — — 19.0 18.0 18.0 20.0 —• — 19.0 19.0 19.0 12.0 — — 16.0

C attle cfcf 1 22.0 — — 20.0 — 30.0 27.0 — — 30.0 31.0 30.0 31.0 —• — 28.0 29.0 25.0 28.0 — — —
9 9 13 18.4 2.0 10.8 16.4 17.6 17.6 17.3 2.8 16.1 18.8 20.1 20.1 20.2 2.6 12.8 19.3 18.8 19.6 19.6 3.9 19.8 5 —

W atu ssi ca ttle cfcf 1 23.0 — —. 19.0 21.0 22.0 23.0 — — 24.0 24.0 25.0 23.0 — — 24.0 23.0 22.0 23.0 — — 25.0
9 9 1 19.0 —. —. 18.0 17.0 22.0 20.0 — — 21.0 21.0 20.0 20.0 — — 19.0 20.0 21.0 21.0 — — —

Sheep c f cf 8 11.0 1.8 16.4 12.2 12.5 9.0 8.5 1.0 11.8 9.4 8.5 8.6 8.5 0.9 10.6 8.5 10.0 10.0 10.0 1.4 14.0 —
9 9 9 8.0 1.0 12.5 6.6 7.3 7.3 7.3 0.9 12.3 7.6 7.3 7.7 7.7 1.0 13.0 8.3 9.3 8.3 9.3 1.0 10.8 9.0

G oat 9 9 3 7.3 — — 7.0 5.7 6.3 6.5 — — 7.3 7.0 6.7 6.0 — —■ 6.7 8.3 7.3 8.0 — — —
R o e-d ee r c f c f 21 9.0 1.7 18.8 8.0 8.3 7.6 7.8 1.2 15.3 9.1 8.3 8.5 8.2 0.9 10.9 9.0 9.1 10.2 12.4 1.0 8.0 —

9 9 1 6.0 —. — 6.0 5.0 6.0 5.0 — — 5.0 5.0 5.0 6.0 —• •—• 7.0 7.0 8.0 9.0 — — -—
R ed -d ee r c f c f 16 17.6 2.4 13.6 15.6 15.0 14.6 13.5 1.4 10.4 15.3 16.3 15.0 14.0 1.0 7.1 14.6 15.0 14.3 17.0 2.4 14.1 —

9 9 8 14.0 2.0 14.3 13.2 12.0 12.5 12.5 1.7 13.6 12.5 12.6 13.0 12.0 1.4 11.7 12.0 12.5 12.5 15.0 2.0 13.3 —
E lk c f c f 6 22.3 1.9 8.5 19.3 20.0 17.0 16.3 1.9 11.6 17.6 17.3 18.3 18.3 2.0 10.9 17.3 16.0 16.7 17.3 2.1 12.1 —

9 9 4 20.2 —. — 18.0 17.4 15.5 15.8 — —. 16.5 18.0 18.0 19.2 —• — 16.5 15.0 16.5 17.0 — — —
R eindeer c f cf 6 13.0 1.8 13.8 11.2 10.5 10.8 11.5 1.4 12.2 12.0 12.5 12.5 11.5 1.8 15.6 11.0 11.5 11.5 12.0 1.8 15.0 11.5

9 9 1 10.0 — — 10.0 10.0 10.0 10.0 —■ — 11.0 11.0 10.0 10.0 — — 10.0 10.0 11.0 11.0 — — 12.0
F a llo w  deer cfcf 2 12.5 — — 8.0 9.0 8.0 9.0 — — 6.5 10.0 10.0 9.5 —• — 9.0 10.0 11.0 11.0 — — —

9 9 3 12.2 — — 10.6 9.6 9.6 9.8 — — 10.3 10.0 9.3 9.3 — — 9.3 10.3 10.1 11.0 — — —



Table 7
Thickness of shaft (halfw ay along its 1 Might) of ribs (mm).

Species
Sex

&

Age
group

N
Consecutive num bers of ribs

I II I I I V V VI VII VIII I X «> A' X I XI I XI I I XI V
X s V X s V X s V X X X X s V X X X X s V X

W isent d V  0 5 5.2 1.0 19.2 4.8 4,2 4,4 4.4 1.5 34.1 4.4 4.8 4.4 4.8 1.5 31.2 4.8 4.8 4.8 4.0 1.1 27.5 4.4I 11 10.8 1.0 9.2 7.8 7.7 6,9 7,7 1.4 18.2 7.7 9.1 8.6 8.8 1.8 20,4 7.7 7.9 6.9 7.3 2.4 32.7 7.2II 15 18.8 3.4 18.0 15.5 14,2 14,6 13.9 1.0 7.6 13.8 14.4 14,1 15.7 1.5 9.5 14.7 14.6 14.2 14.0 1.0 7.1 15.3
III 13 20.0 2.4 1.2 17.2 15.8 15.9 15.2 0,8 5.2 14.8 15.3 15,5 16.5 1.4 8.4 16.9 15.4 16.1 15.2 1.4 9.2 IS.5
IV 12 19.6 2.0 10.2 17.4 16.3 15,9 16.0 1.3 8.1 15.1 16.2 16.8 17.5 1.4 8.0 17.8 16.8 16.5 16.0 2.4 15.0 16,0

9 5 0 3 4.0 0.2 6.0 4.1 4.3 4,2 4.0 0.8 20.0 4.0 5.1 4.2 5.0 0.8 16.0 5.0 4.2 4.0 4.0 0.8 20.0 4.1
I 8 9.5 1.0 10.5 6.6 6.8 6.4 6.8 1.0 14.7 6.6 8.0 7.5 7.8 1.1 14.1 6.8 7.0 6.5 6.8 1.0 14.8 6.5

II 6 14.8 1.7 11.4 13.2 13.3 12.3 12.0 1.7 14.1 12.5 12.8 13.3 13.7 1.4 10.2 13.7 13.3 13.5 13.5 1.7 12.5 13,4
III 7 16.0 1.7 10.6 15.5 14.2 14.0 13.8 1.0 7.2 13.7 14.0 14.2 14.7 1.0 6.8 15.0 14,2 14.5 14.5 1.0 6.8 14.0
IV 13 15.4 1.6 10.3 15.3 14.8 13,9 13.8 1.4 11.0 13.8 14.0 14.3 15.1 0.9 5.9 15.4 14.8 14,3 14.2 0.8 5.6 13.6

Bison d d 1 12.0 — __ 10.0 8.0 9.0 1 0 .0 __ 11.0 10.0 12.0 11.0 __ 12.0 13.0 12.0 11.0 6.0

C attle
9 9 2 12.0 — ■— 9.5 7.5 9.0 9.0 — __ 10.5 11.0 11.5 11.0 --- _ 11.0 10.5 11.0 9.0 __ ‘__ 7.0
d d 1 16.0 -— — 14.0 — 15.0 1 2 .0 — __ 15.0 15.0 16.0 14.0 --- .—. 13.0 13.0 14.0 17.0 __ ■
99 13 10.0 1.2 12.0 7,3 7.0 6.7 7.9 1.0 12.6 8.0 9.4 10.0 9.4 1.0 10.6 8.8 8.2 10.1 7.2 0.4 5.5 _

W atussi cattle d d 1 16.0 — — 11.0 1 0 .0 11.0 11.0 .— — 12.0 12.0 13.0 14.0 __ __ _ 15,0 12.0 15.0 14.0 15,09 9 1 12.0 — — 11.0 10.0 9.0 1 2 ,0 — — 13.0 14.0 12,0 14.0 _ __ 10.0 13.0 10.0 9.0 __ __
Sheep d  d 8 6.5 0.7 10.8 4.5 5,5 5.0 5.5 0.5 9.1 6.0 6.0 6.0 5.5 0.7 12.7 6.0 6.0 6.0 6.5 0.9 13,8 __

99 9 5.0 0.8 16.0 4.0 3.3 3,6 4.3 0.7 16.3 4.0 4.0 4.3 4.0 0.8 20.0 4.3 4.3 4.0 4.0 0.8 20.0 3.0
Goat 9 9 3 4.3 — — 3.3 3.3 3.7 3.7 — — 3.3 3.3 3.6 3.0 __ __ 3.3 3.0 3.3 3.0
Roe-deer d  d 21 5.0 0.4 8.0 3.7 3.4 3,6 3.2 0.4 12.5 4.0 4.1 4.3 4.8 0.5 10.4 4.2 4.0 3.4 3.1 0.3 9.6 __

9 9 1 4.0 — — 2.0 2.0 2.0 3.0 — — 3.0 3.0 3.0 2.0 __ __ 2.0 2.0 2.0 3.0 __
Red-deer d d 16 10.0 1.0 10.0 8.0 8.7 8.7 8.5 0.6 7.0 8.7 8.7 7.7 8.7 0.5 5.7 7.3 7.6 7.3 7.0 0.3 4.2 __

9 9 8 6.5 0.9 13.8 5.0 5.5 5.4 6.0 0.8 12.3 7.2 7.0 6.0 5.5 0.8 14.5 5.5 5.0 5.0 5.0 0.4 8.0
Elk d d 6 9.7 — — 7.0 7.0 7.0 7.3 — — 8.3 8.3 9.3 9.0 __ __ 7.7 8.3 7.3 7.09 9 4 9.C — — 7.0 6.5 6.5 7.5 — — 8.5 8.5 8.0 8.5 .. __ 7.5 7.5 7,0 6.0 __ __ __
Reindeer d d 6 7.0 0.7 10.0 5.0 5.6 4.5 5.0 0.6 12.0 6.2 6.0 6.0 5.5 0.9 16.4 5.0 5.0 5.2 4.0 0.6 15.0 3.59 9 1 6.0 — -— 4.0 4.0 4.0 4.0 — — 5.0 5.0 5,0 5.0 _ ,_ 5.0 5.0 6.0 4,0 ___ __ 4.0
Fallow  deer d d 2 6.0 — — 4.0 4.5 4.5 4.5 — — 65 5.0 5.5 4.5 __ _. 4.0 4.0 3.5 4.5 __ —

99 3 5.3 ■— ■—■ 4.3 4,3 4.7 5.3 — — 5.3 5.7 5.3 4.7 — — 5.0 4.0 4.0 4.7 — — —



Table 8
Angles of costal curves (degree).

Sex Consesutive num bers of ribs
Species &

Age
group

N I II I I I IV V VI VII VII I I X X XI XI I XI I I X I V

X s V X X X X s V X X X X s V X X X X S V X

Wisent d d  0 5 15.2 1.2 7.8 19.2 21.4 28.2 33.6 1.6 4.7 40.0 44.8 50,1 63.2 1.4 2.2 66.2 69.8 74.4 83.6 1.7 2.0 86.2
I 11 21.1 3.9 18.4 25.0 28.5 36.4 45.6 4.5 9.9 51.4 54.9 61,0 67.1 3.8 5.7 75.8 84.0 84.6 86.2 3.4 3.9 92.6

II 15 23.4 5.7 24.3 27.3 36.9 45.8 51.4 5.0 9.7 55.8 65.1 68.9 77.3 5.4 6.9 84.9 92.7 94.0 92.9 5.2 5.5 91.2
III 13 24.1 4.9 20.3 30.5 39.4 50.8 53.6 4.6 8.5 58.0 64.0 70.1 80.2 6.0 7.4 86.3 90.0 93.0 91.4 6.6 7.2 89.4
IV 12 23.6 3.7 15.6 32.8 42.4 52.8 56.3 2.0 3.5 59.4 66.0 74.4 84.8 8.2 9.7 90.5 94.3 95.5 94.8 6.0 6.3 86.99 9 o 3 14.7 1.0 7.1 18.0 23.0 27.0 29.9 1.0 3.3 35.3 38.0 48.7 55.3 3.8 6.8 61.0 68.3 72.7 80.0 1.6 2.0 84.3

I 8 20.5 3.6 17.5 24.0 35.2 45.8 50.5 3.2 6.3 54.8 61,5 67.7 73.3 6.2 8.4 75,3 77.8 84,2 86.7 11.0 12.6 83.7
i i 6 23.3 5.2 22.3 29.0 37.7 48.0 52.7 6.1 11.5 57.8 64.2 72.2 79.0 4.1 5.1 85.8 88.2 88.2 89.0 2.2 2.5 93.5

h i 7 21.0 2.6 12.3 28.0 35.6 51.0 57.1 6.3 11.0 62.5 67.0 72.4 82.1 6.3 7.6 88.8 92.9 92.1 94.2 5.4 5.9 91.0
IV 13 24.8 3,3 13.3 32.6 46.4 57.4 60.9 5.8 9.5 63.8 66.8 72,5 80.8 5.4 0.6 85.2 88.0 88.0 90.0 5.9 6.7 86.1

Bison d d 1 19.0 — — 35.0 48.0 60.1 72.4 — — 76.3 84.0 112.0 115.0 — — 109.0 104.0 112.0 107.0 85.09 9 2 26.5 — — 33.0 40.5 51.5 57.5 — — 62.0 65.5 74.0 75.0 — — 80.0 80.5 80.0 98.0 ___ __ 56.5
C attle d d 1 24.0 — — 26.0 — 52.0 62.0 — — 73.0 86.0 88.0 91.0 — — 98.0 94.0 93.0 84.0 ____ _ _

9 9 13 22.0 2.8 12.7 26.5 39.4 50.1 59.0 5.3 8.9 67.8 76.0 82.4 90.0 6.4 7.1 90.2 95.6 92.3 87.0 2.6 2.9
W atussi cattle d d 1 25.0 — — 33.0 44.0 56.0 64.0 — — 74.0 84.0 91.0 97.0 — — 98.0 100.0 100.0 97.0 94.09 9 1 27.0 — — 38.0 58.0 66.0 76.0 — — 86.0 98.0 104.0 106.0 — — 108.0 118.0 118.0 __ ____

Sheep d'd" 8 37.0 4.0 10.8 37.0 37.6 44.8 66.0 5.7 8.6 74.5 80.1 84.4 90.0 6.0 6.7 96.2 98.6 99.0 96.0 7.1 7.4 ___ *

9 9 9 29.0 3.1 10.7 32.8 48.2 55.2 66.0 6.4 9.7 70.6 77.0 77.9 77.0 5.9 7.7 77.0 82.0 87.0 87.0 5.6 6.4 38.0
G oat 9 9 3 36.3 — — 40.0 45.6 54.8 .64.3 — -— 77.1 80.6 84.0 89.5 — — 88.9 91.0 92.4 85.3 - -

Roe-deer d'd1 21 31.0 3.4 10.9 39.4 48.2 58.8 83.0 5.6 6.7 88.7 95.5 102.2 104.0 5.4 5.1 107.3 110.5 112.8 105.2 7.8 7.4 ____

& 9 9 1 34.0 — ■ — 40.0 66.0 92.0 97.0 — 97.0 96.0 96.0 96.0 — ____ 98.0 106.0 116.0 98.0 _ _ ____ ____

Red-deer d d 16 24.0 1.6 6.6 34.6 49.2 67.5 73.0 3.4 4.6 83.4 86.3 95.4 101.0 6.6 6.5 106.7 109.0 100.5 96.0 5.8 6.0 -------

9 9 8 24.0 2.0 8.3 26.6 51.9 71.8 82.0 6.1 7.4 90.2 94.3 100.5 105.0 8.2 7.8 108.5 109.3 106.2 102.0 7.6 7.4 .___

Elk d d 6 18.0 2.3 12.8 19.4 34.7 42.2 57.0 4.2 7.4 60,4 69.7 75.2 76.0 4.6 6.0 78.0 84.3 86.5 84.6 5.9 7.0 ------

9 9 4 28.0 — — 28.0 42.0 47.3 68.1 — — 69.0 75.2 81.5 86.8 — __ 88.5 86.3 87.1 92.0 __ ____ ----- r

Reindeer d d 6 23.0 3.0 13.0 37.4 41.8 52.7 62.0 6.0 9.7 71.4 79.5 81.3 94.2 7.1 7.6 94.2 93.1 90.3 73.0 6,0 8.2 60,0
9 9 1 28.0 — — 33.0 35.0 53.0 64.0 — ____ 76.0 80.0 88.0 86.0 ____ __ 88.0 88.0 86.0 70.0 — — 61.0

Fallow  deer d d 2 33.5 — — 38.6 48.5 60.0 74.5 — — 89.5 91.0 102.0 102.5 ____ ____ 113.5 114.0 115.5 107.0 — — —

9 9 3 27.6 — — 27.4 41.9 62.6 76.8 — — 85.6 87.9 95.4 98.4 — — 101.0 105.6 106.0 104.2 — — —
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rib  I X  onwards. The tubercle on rib  X I V  has no a rticu la r surface.
A ngulus costae, fain t in the firs t ribs and distinct in  subsequent ribs, 

can be seen below the tubercle on the  ex te rnal surface of the shaft of 
th e  rib.

The shaft of rib  I  is sim ilar in shape a la te ra lly  flattened oval, 
and  becomes increasingly fla t in fu rthe i ribs. The posterior m argin of 
the  shaft is alw ays sharper than  the an terior. Sulcus muscularis occurs 
on the ex ternal surface of the  shaft, and is indistinct in the first two 
ribs, then  in the  following ribs up to r ib  IX  gradually  deepens and 
widens, to become shallow er and narrow er again in  subsequent ribs. 
This sulcus is alw ays deeper near the tubercle  in  all the ribs.

The sternal ex trem ity  of ribs I  is decidedly wide and sim ilar in shape 
to  a laterally  fla ttened  oval. This fla tten ing  does not occur in the other 
ribs and the sternal ex trem ity  is of a distinct capital shape.

This part of the  rib  has a slightly concave surface which connects 
w ith  the corresponding cartilaginous p a rt of the rib, in  the  form  of an 
articulation, w ith  a fairly thick and tau t joint capsule. In the oldest 
European bison (over 15 years old) the bony part of the rib joins the 
cartilaginous p a rt by m eans of synchondrosis.

An exception to th is ru le  is form ed by rib  I, in which even in the 
youngest individuals no traces of d iarthrosis w ere observed betw een 
the cartilaginous and bony parts of the  rib. A cartilaginous rib  was in 
fact observed only in European bison up to the age of 8 (males) or 10 
(females), a fte r w hich tim e it com pletely ossifies, and thus form s a stable 
connection w ith the original bony part of the rib  and together w ith  it, 
one indivisible whole.

Carti lago costalis

Cartilago costalis of the initial pairs of ribs for an extension of the 
bony part of the ribs, and in a posterior direction connects w ith the bony 
parts of the ribs at an increasingly acute angle. In both sexes up to the 
age of 12 the  connection betw een the cartilaginous part of the rib  and 
the sternum  takes the form  of diarthrosis, to become a synarthrosis in 
older animals. This does not apply to rib  I, in which at the age of 2 the 
connection betw een its cartilaginous part and the sternum  takes the 
form  of a synchondrosis, or even (some of the older males) synostosis.

Among the  14 pairs of ribs usually occurring in the European bison, 
the  first 8, are costae verae, and the  rem aining 6 costae spuriae. The car­
tilaginous parts of the la tte r  form  arcus costalis. I t  was only in the  15-year 
old »Puls« th a t we found 9 pairs of costae verae and 5 pairs of costae 
spuriae.
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In the American bison and reindeer there are  8 pairs of costae verae 
and 6 pairs of costae spuriae. Among the 13 pairs of ribs in the other 
rum inants 8 are true ribs and 5 false ribs.

Rib I is always the shortest in the European bison, length increasing 
in the following consecutive ribs to reach m aximum  length in rib IX  
(Table 2). As from  rib  X this m easurem ent gradually decreases. Ribs are 
decidedly longer in males.

In the other species (Table 2) m axim um  length is attained by rib VIII  
or I X  (domestic cattle, goats, red-deer. fallow-deer) I X  or X  (sheep, 
Am erican bison, reindeer) or rib VIII  (roe-deer, elk).

Length m easured along the pericentral curve of the rib, like the 
previous m easurem ent, is alw ays greater in males, bu t the m axim um  
value shifts in this case to rib X  (Table 3). A n exception to this in form ed 
by group 0 of males and groups 0 and I of females, when this dimension 
is greatest in the case of rib IX.  As in the case of the previous dimension, 
rib I is characterized by the  lowest values.

Among the other rum inants examined (Table 3) the longest along the 
curve is either rib I X  or X  (sheep, Am erican bison), rib  VIII  or I X  
(Watussi cattle) or rib VIII  (remaining species).

The w idth of the shaft of the rib (Table 4) a tta ins higher values in 
m ales than in fem ales in alm ost all the European bison (except group 0). 
In groups 0 the results of m easurem ents in  both sexes are sim ilar and 
there is even (rib I, V,  VJ) a certain  predom ination in this respect in 
females.

The shaft of rib I  in the European bison is fairly  narrow  (Table 4), 
bu t becomes wider in the subsequent ribs up to VII  or VIII,  to narrow  
again in following ribs.

In American bison, domestic cattle and goats the w idest shaft is 
found in rib  VII  or VIII,  in fallow deer, roe-deer and red-deer — rib  VII,  
in the  elk — V and in the reindeer — IV  (Table 4). All the ribs belonging 
to adu lt individuals of domestic and W atussi cattle are w ider than  the 
corresponding ribs in adult European bison.

Both in European bison and the other species it is alw ays rib I which 
is decidedly the w idest a t its sternal extrem ity  (Table 5) and the values 
of this dimension are greater in males. The w idth of the sternal extrem ity  
of rib II m arkedly decreases, bu t increases again in subsequent ribs.

The diam eter of the head of rib  I is sm aller than  th a t of rib  II only in 
the youngest European bison of both sexes (Table 6), the reverse being 
the case in the o ther groups. In the following successive ribs of group 0 
and /  for males, and in all fem ales it exhibits no great change, while 
in the other male European bison only small fluctuations are visible 
from  rib II to V"/. This dimension distinctly  increases in ribs VII  to I X
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in males, but re tu rn s  to the previous dimension in the other ribs. 
Comparison of the d iam eter of the costal head in the European bison 
and I for males, and in all females, it exhibits no great change, while

The thickness of the shaft in the youngest European bison is alm ost 
uniform in relation to all the ribs (Table 7). Rib I is decidedly the 
thickest in both sexes, its predom inance over the o ther ribs being very 
distinct in males, and less distinct in  fem ales. As is the case w ith  
European bison, the thickest shaft is that of rib I in all the other species 
examined (Table 7). It m ust also be emphasised that the thickness of 
the various ribs in the European bison is greater than  this dimension 
in other rum inants.

The angles of the curves in the European bison are sm all in  the true  
ribs, but gradually  increase caudad until rib XI I  is reached (Table 8). 
A very slight decrease in the values of these angles in  relation to the 
preceding ribs can be observed in the last two ribs (group II, III, IV of 
m ales and I, III and IV of females). The two last ribs are  characterized 
by m axim um  individual variation in respect of length and also degree 
of curvature. No exact sex differences can be established in European 
bison on the basis of values of angles of the costal curves. The true  ribs 
in rum inants w ith small body mass, such as sheep, goats, roe-deer or 
fallow-deer, are more curved than  in red-deer, elk, reindeer, domestic 
cattle, W atussi cattle, Am erican or European bison (Table 8).

False ribs are less curved in the European bison in domestic cattle, 
W atussi cattle, Am erican bison, red-deer, roe-deer and fallow -deer 
(Table 8). The degree of their curvature  is sim ilar to th a t in sheep, goat, 
elk and reindeer.

The length of the radius defining the rib is changin reverse to the 
value of the angle of curve. Both in the European bison and the other 
species, the curved the rib, the longer its radius (Table 9). Thus rad ii are 
longer in tru e  than  in false ribs.

Coefficients of curvatu re  of the ribs are small in the  initial ribs, and 
increase successively caudad (Table 10). It can be seen from  the table 
given th a t these coefficients are in reverse proportion to age. Coefficients 
of curvature  are g reater in fem ales in the corresponding groups of males 
and females.

Coefficient of curvatu re  of true ribs in sheep, goats, roe-deer and 
fallow-deer are correspondingly higher than  in the other rum inan ts w ith  
greater body mass (Table 10), Coefficients of curvatu re  for false ribs 
in Am erican bison, domestic and W atussi cattle and elk are sim ilar to 
the corresponding values for European bison.

The chord of the rib  in European bison of both sexes gradually  increases 
from  rib  I to rib VIII  or IX,  a fter w ith its value decreases up to the



Table 9
Length of radius of costal curves (mm).

Species Sex 
Age group

Consecutive num bers of ribs

N
I I I I I I I V V VI VII VI I I I X X XI  XI I XI I I XIV

W isent cTcT 0 5 419.5 375.8 359.0 312.: 283.8 261.7 247,6 231.3 187.1 175.8 157.8 136.3 109.2 85.4
1 11 613.3 592.6 584.6 514.8 459.6 442.3 441.6 419.4 395.5 341.0 307.4 276.4 247.2 199,8

II 15 744.2 728.8 597.1 536,1 526.9 526.0 488.6 475.6 435.5 396.3 355.1 331.9 304.5 258.9
III 13 757.6 700.9 603.1 543 8 534.8 518.9 518.6 493.2 439.7 408.4 379.6 346.0 323.4 272.3
IV 12 777.7 657,1 569.5 536.1 526.4 511.4 509.4 468.4 423.1 391.5 369.7 343.4 315.0 272.0

9 9 o 3 388.0 361.2 312.2 294.(J 292.4 264.1 261.1 219.0 196.5 173.4 147.8 130.8 108.1 82,2
i 8 623.2 596,4 470,9 406,; 403.8 396.7 389.2 370.5 343.3 325.8 296.8 260,9 227.9 212.2

i i 6 658.2 597.0 518.8 462.0 456.1 454.9 443.3 412.6 382.2 352.8 308.3 284.4 234.6 228.6
in 7 655.4 662.0 598.0 456. ( 450.0 448.8 439.9 424.6 386.3 358.2 335.0 317,5 294.5 225,5
IV 13 667.6 589.0 568.5 456 ii 449.2 437.4 435.0 423,4 402.9 367.4 360.8 340.8 315.8 241.6

Bison d d 1 915.1 571.9 474.5 430.0 382.7 393.0 385.5 322.0 317.1 329.8 306.4 278.6 281.7 271.6
9 9 2 591.1 558.0 515.3 450.P 444.7 445.1 440.6 421.6 415.5 389.7 387.7 354.3 274.9 348.7

Cattle d d 1 715.4 820.0 — 496 1 454.3 449.0 379.7 375.7 359.5 332.5 346.5 329,4 315.3 __
99 13 643.3 650.6 489.2 426 5 397.8 388.3 367.7 350.1 324.2 318.3 302.5 283,4 258.4 —

W atussi cattle d d 1 644.6 595.0 511.2 441.!» 423.6 403.7 385.5 368.7 343.1 339.2 326.3 324.4 321.0 296.0
99 1 509.8 442.2 337.2 335.1 329.7 318,9 314.0 302.0 291.7 280.5 260.7 270.6 .—. —

Sheep d d 8 175.7 204.0 221.3 223.6 168.4 159.5 154,4 151.3 142.8 135.9 126,5 120.6 111.3 —
99 9 192.8 224.2 177.4 175.0 357.5 156.0 153.8 152.6 150.4 146.6 130.5 111.3 99.0 119.7

Goat 99 3 137.5 155.4 166.3 154.8 140.0 126.1 127.0 124.0 120.5 132,2 100.9 91.2 81.1 —
Roe-deer d  d 21 166.5 169.2 167.1 155.7 125.4 125.2 122.8 121.4 119.9 110.0 103.1 91.6 82.5 —

9 9 1 112,8 128.6 95.4 78.5 77.4 82.7 91.5 94.1 93.5 88.1 78.8 65.4 61.0 —
Red-deer d d 16 488.9 420.6 337.1 279.tJ 262.6 264.5 269.9 257.9 244.0 224.3 205,9 197.5 171,7 —

9 9 8 419.6 475,5 282.8 232.9 219.4 213.9 220.1 213.7 203.2 190.6 178.4 163.4 140.5 —
Elk d d 6 797.6 919.6 579.6 505.0 400.2 397.3 357.5 356.0 374.5 324.3 285.9 256.0 225.9 —

9 9 4 512.6 616.9 464.5 445.3 337.0 353.9 340,8 317.6 301.3 281.0 269,0 239.6 194.7 —
Reindeer d d 6 364.3 295.6 313.3 273,'; 259.0 245.9 238.5 237.0 213.5 208.5 204.3 192,5 200.0 185.6

9 9 1 276.9 295.7 327.5 248.7 233.1 212.7 236.2 207.2 217.0 208.7 194.3 177,4 177.8 161.5
Fallow  deer d d 2 198.0 217.5 196.7 177.5 358.2 149.6 142.3 140.2 139.6 124.1 116.5 106.1 93,6 —

9 9 3 237.7 301.1 230.7 173.3 156,7 154.8 154.7 150.7 144.1 138.8 128.1 122.2 99.0 ----
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Table 10
Coefficients of cu rva tu re  of ribs.

Species Sex & Age 
group N

Consecutive num bers of ribs
I n III I V V VI VII VII I I X X XI XI I XI I I X I V

Wisenit d d  0 5 24 27 28 32 35 38 40 43 53 57 63 73 92 117
I 13 16 17 17 19 22 23 23 24 25 29 32 36 40 50

II 15 13 14 17 19 19 20 21 23 25 25 28 30 33 37
III 13 13 14 16 18 19 19 19 20 23 24 26 29 31 37
IV 12 13 15 18 19 19 20 20 21 24 26 27 29 32 37

9 9  o 3 26 28 32 34 36 38 46 51 58 58 68 76 92 122
I 8 16 18 21 25 25 25 26 29 29 31 34 38 44 47

i i 6 15 17 19 22 22 22 22 24 26 33 33 35 42 44
m 7 15 15 17 22 22 22 23 24 26 28 30 31 34 44
IV 13 15 17 21 22 22 23 23 24 27 27 28 29 32 41

Bison cf cf I 11 17 21 23 26 25 26 31 32 30 33 36 35 379 9 2 17 18 19 22 22 22 23 24 24 25 26 28 36 28
Cattle d d 1 14 12 — 20 22 22 26 27 28 30 29 30 32 __

99 13 16 15 20 23 25 26 27 28 31 31 33 35 39 __
W atussi ca ttle d d 1 16 17 20 23 24 25 26 27 29 29 30 30 31 349 9 1 19 22 29 30 30 31 32 33 34 35 38 73 __ __
Sheep d d 8 57 49 45 44 59 62 64 66 70 73 79 82 89 .__

99 9 53 44 56 57 63 64 65 65 66 68 77 90 101 83
Goat 9 9 3 72 64 60 64 71 79 79 80 82 89 99 101 123 ._.
Roe-deer d d 21 60 59 59 64 79 79 81 82 83 90 96 101 121 ,__

9 9 1 88 77 104 127 129 120 109 106 106 113 126 152 163 __
Roe-deer d d 16 20 23 29 35 38 37 37 38 40 44 48 50 58 __

9 9 8 24 21 35 42 45 46 45 46 49 52 56 61 71 __
Elk d d € 12 10 17 19 24 25 27 28 28 31 35 39 44 __„

9 9 4 19 16 19 22 30 28 29 31 33 36 37 42 51 __
Reindeer d d 6 27 34 31 36 39 41 42 42 47 48 49 52 50 54

9 9 1 36 34 30 40 43 47 46 48 46 47 51 56 56 61
Fallow  deer cf d 2 50 46 51 56 63 67 70 71 72 80 86 94 106 ,__.

9 9 3 42 33 43 57 63 64 65 66 69 72 78 81 101 — 323
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final rib  (Table 11). The situation is the same in the case of sheep and 
goats, in which length of the chord increases up to rib VIII  or I X  
(Table 11). In domestic cattle  and W atussi cattle, roe-deer, red-deer and 
fallow-deer, the chord of rib VIII  is the longest, in  the elk VII  or VIII,  
in the reindeer rib I X  and in A m erican bison I X  or X.

The area of the tranvers section of ribs in both European bison and the 
other rum inants differs for d ifféren ts  ribs (Table 12). It also depends on 
the place in the rib in which it w as defined, and this area is usually  
g reater in  true ribs in all the m am m als examined. The area of the 
cross-section of ribs is one of the characters in which sex differences 
are m ost clearly evident.

In all the European bison the bony part on the rib  is longer than  the 
cartilaginous part. In the case of rib  I the ratio  of length of the bony 
part to the cartilaginous part is m ost favourable for the form er (Table 13), 
but this ratio changes take place w ith increasing age.

In adult fem ale domestic cattle  the cartilaginous p a rt lengthens w ith 
each succeeding rib (Table 13). Rib /  in cattle has a relatively  longer 
cartilaginous part than the corresponding rib in European bison.

2. Sternum.

The sternum  in European bison consists of 7 parts, sternebrae, 1 of 
which forms m anubrium  s terni, 5 form  corpus sterni and 1 — processus 
xiphoideus.

M anubrium sterni in European bison is m arkedly flattened laterally  
and differs decidedly in th is respect from  m anubrium  sterni in domestic 
cattle, in which the flattening is dorso-ventral. Owing to the lateral 
flattening crista sterni is form ed on the ventral surface of m am ibrium  
sterni in European bison. The an terio r part of the m anubrium  ends in 
a distinct thickening, possessing articu lar surfaces serving for connection 
w ith the cartilages of the first pair of ribs. M anubrium sterni is connected 
w ith  its shaft by means of an articulation.

The first two parts of the shaft are still flattened laterally , like the 
m anubrium, while the others are flattened dorso-ventrally. The various 
parts composing the shaft are connected by synchondroses. In  very  old 
European bison (over 15 years old) these connections are replaced by 
synostoses. Ossification of these synchondroses alw ays takes place in 
posterior-anterior direction, and thus the synchondrosis connection the 
final 'part of the shaft w ith processus xiphoideus is the firs t to ossify.

In the place w here the various p a rt of the shaft are connected incisurae 
costales occur on both the la te ra l m argins and serve to connect w ith 
the corresponding pairs of cartilaginous ribs. Incisurae for the second



Table 11 

Length of chord of ribs.

Species

W isent

Sex

Bison

Cattle

W atussi cattle

Sheep

Goat
Red-deer

Roe-deer

Elk

Reindeer 

Fallow  deer

e
Age

group

N I I I 111 IV V VI VII VIII I X X X / XI I XI I I X I V
X s V X X X s V X X X X s V X X X X s V X

0 5 109.5 9.5 8.6 124,0 137.0 151.0 16.0 9.6 179.0 189.5 196.5 195.5 10.5 5.3 191.5 181.0 166.0 145.5 3.5 3.0 116.5
I

11
III
IV

11 223,5 27.4 12.2 256.5 289.5 321.0 41.0 11.5 382.5 410,8 425.7 436.6 52.1 11.9 416.8 411,4 373.5 338.2 26.4 7.8 289.8
IS 296.8 9.9 3,7 340.2 375.6 413.2 20.3 4.4 494,0 525.0 541.0 542.2 24,8 4.5 535,5 512.4 485.5 441.8 24.4 5.5 369.4
13 315.0 15.7 4.9 362,8 405.9 443,9 23.3 4.7 518.6 550.0 565.8 567.2 25.5 4.4 557,0 536.9 502.0 461.4 30.4 6.5 382.8
12 314.5 16,8 5.3 369.6 411.3 449.3 19.9 4.0 530.8 557.0 566.0 562.6 16,6 2.9 555.3 536.5 507.7 463.3 18.8 4.0 373.3

0 3 99.0 1.0 1.0 113.0 124.5 136.5 1.0 0.6 158.5 172.0 180.5 182.5 2.4 1.3 176.0 166.0 155.0 139.0 3.0 2.1 114.5I
II

III
IV

8 220.0 18.0 8.1 248.0 283.2 313.0 23.1 6.7 346.3 397.0 410.8 410.0 34.3 8.3 398.2 372.3 349.2 312.8 27.5 8.7 282.06 266.2 12.0 4.5 296.0 335.0 370.0 14.9 3.6 440.0 469.8 485.0 486.3 15.5 3,1 478.3 461,0 432,2 395,2 14.7 3.7 330.6
7 282.3 8.8 3.1 320.3 363.0 393.0 5.4 1.3 465.8 485.6 501.2 507.0 5.9 1.2 500.7 484.7 459.5 420.2 14.2 3.3 330.0

13 285.2 9,5 3.3 328.0 368.6 404.3 23.6 5.3 471.7 499.6 516.2 519.8 11.1 2.1 515.1 501.3 473,4 434.9 18.3 4.2 329,6

d d  
9 9 
d d  
9 9 
d d  
9 9  
d d  
9 9 
9 9 
d d  
9 9 
d d  
9 9 
d d  
9 9 
d d  
9 9 
d d  
9 9

1 302.0 — — 344.0 386.0 430.0 _ _ 484.0 516.0 534.0 535.0 __ __ 537.0 483.0 462.0 453.0 __ __ 367.0
2
1

13
1
1

266.0 —■ — 317.0 352.5 388.0 — — 458.5 473.5 507.5 506.0 --- -- 501.0 498.5 455.5 415.0 -- — 327.5
297,0
245.5 20.7 8.4

369,0
292.8 326.6

435.0
360.5 31.4 8.0

501.0
428.7

518.0
452.8

522.0
459.5

513.0
458.5 39.9 8.7

502.0
450.2

507.0
446.1

478.0
407.7

422.0
355.8 30.8 8.6

—

279.0
288.0 —

338.0
298.0

383.0
327.0

415.0
365.0

—■ — 486.0
435.0

516.0
474.0

526.0
476.0

514.0
466.0

— — 512.0
454.0

500.0
447.0

497.0
464.0

481.0 — — 433.0

8 111.5 9.4 8.4 129.5 140.5 167.5 16.7 9.1 192.0 198.5 202.5 202.0 18.4 9.1 202.0 191.0 183.5 165.5 14.8 8.9 —
9 96.6 7.9 8.2 123.6 144.3 161.6 16.2 9.4 179.0 187.3 190.0 191.6 18.0 9.4 182.6 171.3 153.3 136.3 10.1 7.4 78.0
3 85.0 — — 106.3 127.3 140.6 __ _ 157.0 163.3 166.0 169.0 __ _ 156.0 144.0 131.3 109.6 — — —

21
1

89.0 7.4 8.3 113.6 136.2 151.9 18.4 11.4 174.3 185.0 191.6 1E9.0 13.2 6.9 177,0 169.5 152.2 131.0 4.7 3.5 —
66.7 — • — 88.2 104.0 113.6 -_ — 124.5 136.0 140.7 139.1 _ 133.2 126.0 111.0 92.3 — — —

16 203.3 18.4 9.0 246,0 279.6 308.0 28.7 9.1 350.6 371.6 380.3 376.6 36.4 9.6 358.3 335.3 302.6 255.3 23,6 9.2 —
8 174.5 15.6 8.9 214.0 243.5 270.2 25.4 8.8 302.6 322.0 327.5 322.5 28.1 8.7 308.5 290.4 261.0 218.5 17.8 8.1 —
6 249.5 20.9 8.4 303,5 339.0 362.0 ; 35.3 9.2 397.3 405,0 433.5 428.0 38.7 9.0 408.2 382.7 349,3 302.4 28.1 9.3 —
4 248.0 — — 298.5 333.0 355.5 __ _ 401.0 415.0 412.5 411,0 ._. — 390.5 367.0 330.0 284.0 — — —
6 145.3 13.0 8.9 187.6 219.5 244.0 23.9 9.0 285.7 303.5 307.9 312.4 27.2 8.7 305.0 296.5 272,3 238.0 20.3 8.5 185.6
1 134.0 — — 168.0 197.0 222.0 __ __ 262.0 278.0 288.0 296.0 __ — 290.0 270.0 242.0 204.0 — — 164.0
2 112.5 — — 141.5 160.0 177.5 _ __ 199.5 213.5 218.0 217.0 _ — 207.0 195.5 179.0 150.5 — _
3 111.2 — — 140,6 161.6 178.3 — — 209.3 213.0 222.3 217.6 — — 214.3 203.3 195.3 156.0 — — —



Table 12 
A rea of cross-section of ribs.

Sex Rib I Rib V  Rib I X  Rib XI I I

Species £
Age

group

N a b c a b c a b c a b c

X s V X s V X s V X s V X s V X s V X s V X £1 V X s V x  __ s V X s V X s V

W isent cf d  0 5 30,6 1,7 5.3 37.2 3.3 8.8 38.8 6.3 16.2 29.8 3.9 13.0 32.4 4.0 12.3 103.6 6.3 6.1 34.8 3.5 10.0 25.0 3.5 14.0 44.0 7.2 16.3 21.6 3.3 15.2 23.8 1.0 4.2 16.2 1.7 10.4
I 11 118.4 30.6 25.8 144.9 29.4 20.2 312.6 77.0 24.6 122.9 27.4 22.2 131,9 17.2 13.0 242.2 42.0 17.3 117.4 24.0 13.5 154.1 28.1 18.2 163.2 25.1 15.3 98.4 20.6 20.9 117.9 23.4 19.8 85.6 10.1 11.7

II 15 282.9 41.4 14.6 368.3 34.6 9.3 737.9 128.9 17.4 269.0 25.4 9.4 282.5 30.7 10.8 418.1 26.9 6,4 259.7 24.7 9.5 346.9 47.7 13.7 404.4 38.8 9.5 235.7 25.1 10.6 284.4 26.2 9.2 150.9 19.6 12.9
III 13 344.8 43.8 12.7 438.7 35.9 8.1 1016.4 132.1 12.9 319.1 27.9 8.7 321.2 32.5 10.1 492.0 38.4 7.8 294,9 26.4 8.9 389.5 39.0 10.0 423.9 37.2 8.8 271.3 26.5 9.6 313.8 29.7 9.4 182.7 19.9 10.8
IV 12 351.7 40.8 11.6 499.7 45.2 9.0 1126.8 121.3 10.7 327.2 30.4 9.2 328.1 32.5 9.9 558.8 50.9 9.1 301.7 31.3 10.3 457.0 46.1 10.0 394.2 36.7 9.3 278.3 28.2 10.1 344.9 37.1 10.7 160.6 18.9 11.7

9 9 o 3 21.0 3.6 17.1 22,7 2.2 9.6 70.0 5.3 7.5 17.7 2,4 13,5 18.7 2.2 11.7 44.0 3.2 7.2 18.3 2.5 13.6 24.3 3.7 15,2 70.3 11.6 16.5 16.0 1.3 8.1 13.0 2.8 21.5 15.3 2.2 14.3
I 8 117.2 23,0 19.6 391.9 31.5 19.4 311.6 39.7 12.7 114.8 15.5 13.5 136.6 13.9 10.1 199.9 23.8 11.9 130.0 20.0 15.3 148.5 17.9 12.0 145.2 19.4 13.3 101.5 14.6 14.3 129.5 16.3 12.5 69.9 9.1 13.0

II 6 171.2 25.9 15.1 233.5 29.3 12.5 514.7 54.8 10.6 181.3 20.7 11.4 187.8 11.3 6.0 288.7 24.9 8.6 174.3 27.0 15.4 232.6 19.9 8.5 229.3 24.7 10.7 149.2 17.3 11.7 187.5 22.6 12.0 87.8 10.2 11.6
i n 7 195.9 17.2 8.7 249.9 23.2 9.2 532.0 54.1 10.1 212.1 22.4 10.5 223.0 28.0 15.2 311.5 27.5 8.8 211.1 26.4 12.5 307.1 28.5 9.2 276.4 29.1 10.5 139.7 21.2 11.1 250.7 29.3 11.6 119.8 24.6 18.0
IV 13 205.3 8.5 4.1 292,3 22.7 7.7 577.4 50.1 8.6 223.7 14.8 6.6 223.9 17.6 7.8 364.9 31.5 8.6 215.5 17.3 8.0 300.6 26.1 8.6 257.0 20.2 7.8 199.0 24.3 12.2 262.4 23.1 8.8 107.6 8.3 7.7

Bison d d 1 139.0 _ __ 197.0 ,— __ 114.0 — — 187.0 .— — 242.0 _ 121.0 __, _ 198.0 _ —— 236.0 _ _ 572,0 _ 190.0 198.0 238.09 9 2 180.5 — — 210.0 — — 185.3 — — 121.0 — — 162.0 — — 61.5 — — 1T8.5 — —. 240.0 __ __ 387.5 — ,_ 190.0 _ __ 185,0 _. 232.5 __ _
Cattle d d 1 409.0 — -— 582,0 -— — 640.0 — — 319.0 — — 295.0 —■ — 192.0 — — 362.0 __ — 369.0 ,— — 920.0 — .— 433.0 __ ___ 591.0 __ 519.0 — .—

9 9 13 226,4 18.1 8.0 303.8 26.4 8.7 334.2 24.2 7.2 168.4 14.9 8.8 154.6 14.7 9.5 85.0 7,0 8.2 198.0 27.0 13.6 217.4 23.4 10.7 452.1 41 3 9.1 219.0 23.1 10.5 252.0 22.0 8.7 335.3 29.7 8.8
W atussi ca ttle d" c? 1 274.0 — — 258.0 — — 229.0 — — 341.0 — — 453.0 — — 519.0 — — 274.0 — .—. 253.0 — .— 949.0 — __ 297.0 __ __ 404.0 ___ ___ 499.0 __ __

9 9 1 249.0 — — 446.0 — — 344.0 — — 126.0 — — 127.0 — .— 122.0 — — 193.0 — — 253.0 — __ 626.0 _ __ 224.0 — _ 417.0 — 464.0 __ ___
Sheep d d 8 53.2 5.0 9.4 69.0 5,4 7.8 49.6 3.7 7.6 40.0 3.5 8.8 44,1 4.0 9.1 25.6 2.4 9.6 69.0 5.7 8.3 66.2 6.4 9.7 146.1 13.7 9.4 43.4 4.1 9.5 42.1 3.9 9.3 84.0 7.3 11.5

Goat
99 9 30.1 4.1 11.4 25.6 2.1 8.4 16.5 2.0 12.5 15.3 1.7 11.3 17.3 2.0 11.8 6.0 0.9 15.0 30.0 4.1 13.7 33.2 3.6 10.9 46.0 3.9 8.5 28.0 3.2 11.4 32.1 2.9 9.1 44.2 3.6 8.29 9 3 15.6 -— ■— 16.5 •— — 8.6 — —■ 13.0 — — 10.7 — — 6.6 — — 34.9 — — 34.1 — — 60.0 ,— _̂ 27.7 _ __ 33,6 _ _ _ _ 27.4

Roe-deer d d 21 23.7 1.8 7.8 27.4 2.4 8.8 11.2 1.0 9.0 19.0 1.9 10.0 24.2 1.9 7.9 6.1 0.7 11.6 29.3 3.0 10.3 36.6 2.9 8,0 37.2 3.9 10.5 33.0 2.4 7.2 45.5 3.0 6.6 37.6 4.3 11.59 9 1 8.0 — —■ 10.0 — 9.0 — — 11.0 — — 11.0 — — 7.0 — .— 29.0 .— — 17,0 — — 37.0 — — 12.0 ■ __ 19.0 __ _ 23.0 __
R ed-deer d d 16 94.5 6.7 7.1 93.7 7.5 8.0 52.1 3.0 5.7 80.3 5.1 6.3 68.8 4.0 5.8 25.2 2.0 8.0 150.2 12.1 8.0 138.7 13.0 9.4 238.4 18.0 7.5 132.8 8.7 6.5 137.0 9.4 6,8 124.2 7.1 5.799 8 48.2 3.9 8.1 52.5 4.7 9.0 26.4 3.0 11.5 40.4 4.2 10.5 33.0 3.5 10.6 12.4 1.3 10.8 74.C 7.2 9.7 58.1 4.7 8.1 100.0 9.1 9.1 88.8 7.9 9.0 88.4 7.1 8.1 88.3 7.4 8.4
Elk d d 6 112.4 10.2 8.4 94.2 7.5 8.0 123.0 9.6 7.8 86.3 6.7 7.8 78.6 6.9 8.8 77.0 5.0 6.5 186.1 16.5 8.6 185.4 16.0 8.6 309.5 27.4 8.9 135.4 10.3 7.6 111.0 8.7 7.8 161.4 14.1 8.89 9 4 105.2 — — 121,7 — — 74.0 — — 66.5 — — 66.3 — — 46.0 — — 133.5 — — 132,2 ,_ __ 204.0 _ — 120.2 .__ __ 134.7 ___ __ 163.3
Reindeer d d 6 51.7 4.1 8.0 52.0 4.0 7.7 40.7 4,0 10.0 56.6 4.7 8.4 41.0 3.5 8.5 24.8 3.0 12.5 78.3 6.1 7.8 74.2 5.8 7.8 118.4 9.3 7.9 68.0 5.2 7.6 70.1 5.0 7.1 84.6 6.3 7.599 1 53.0 — ■ — 39.0 — — 46.0 — — 44.0 — — 28.0 — - — 31.0 — — 57.0 — — 50,0 — — 97.0 __ __ 58.0 ___ ,_. 52.0 __, (__ 76.0
Fallow  deer d d 2 29.0 — — 34.5 — — 15.0 — — 28.5 — — 27.0 — — 6.0 — — 44.5 — — 50.5 __ __ 70.0 __ ,__ 49,5 __ ,__. 51.0 .__ ___ 30.0 ___ __

9 9 3 29.3 — — 33.1 — — 12.7 ■ — 19.0 — — 18.6 ■— — 4.0 —' — 37.8 ; — — 36.2 — — 45.9 ■— — 35.7 — 51.9 — — 32.0 — —



Table 14 

Dim ensions of sternum ,,

Sex M axim um  M axim um  B readth  of B readth of H eight of H eight of
Length bread th  m anubrium  m etastem um  m anubrium  m etasternum

Age
group X s V X s V X s V X s V X s V X 5 V

W isent d d  0 5 188.2 10.4 5.5 43.0 2.0 4,6 18.4 1,6 8.6 11.6 1.4 12.0 28.0 1.6 5.7 6.0 1.0 16.6
I 11 392.9 10.5 2.7 66.9 11.8 17.6 35.2 6.0 17.0 38.7 9.0 23.2 51.1 4.1 8.0 10.7 1,7 15.8

II 15 509.4 28.2 5.5 102.4 11.6 11.3 49,7 13.7 27.5 48.3 9.8 20.2 64.5 11.2 17.3 13.9 2.2 15.8
III 13 543.2 33.4 6.1 111.8 9.7 8.6 55.8 4.5 8.0 52.7 10.7 20.3 74.2 10.9 14.6 16.9 2.4 14.2
IV 12 558.8 44.3 7.9 116.3 7.9 6.7 57.7 5.7 9.8 54.5 8.4 15.4 77.3 10.5 13.5 19.2 3.6 18.7

9 9  o 3 175.0 10.1 5.7 37.0 3.0 8.1 10.0 0.6 6.0 9.0 0.5 5,5 17.0 1.4 8.2 3.3 0.4 12.1
I 8 385.3 28.7 7.4 62.0 7.6 12.2 30.0 3.0 10.0 38.1 2.0 5,2 46.5 6.5 13.9 9.0 1.2 13.3

II 6 446.3 20.8 4.7 98.7 11.0 11,1 40.8 3.5 8.5 42.7 8.2 19,2 55,3 7.2 13.0 11.2 1.4 12.5
H i 7 478.6 30.5 6.3 99.2 10.3 10.4 42.5 3.0 7.0 44.0 2.8 6,3 59.8 3.3 5.5 11.8 2.0 16.9
IV 13 481.0 36.4 7.5 99.5 7.3 7.4 42,7 3,3 7.7 44.5 6.2 13.9 60.9 4.8 7.8 11.8 1.4 11.8

Bison d d 1 468.0 __ __ 78.0 — __ 38,0 _ _ 26.0 _ _ 66.0 _ , , 14.0 _ ___
99 2 407,5 — — 69.0 — — 37.0 __ __ 19.5 _ _ 58.0 .—, — 13.0 __ __

Cattle d d 1 567.0 — — 105.0 — — 74,0 __ __ 48.0 __ __ 87.0 __ --- 19.0 __ ---
9 9 13 420,3 24.4 5.8 86.4 12.8 14.8 49.8 7.2 14.4 35.4 3.9 11.0 55,3 6.1 11.0 10,8 1.3 12.0

W atussi cattle d d 1 516,0 — — 112.0 — — 56.0 — _, 70.0 — __ 72.0 __ __ 20.0 — ._
99 1 409,0 — — 78.0 — — 50.0 __ __ 44.0 — __ 57.0 _— — 17.0 — —

Sheep d d 8 224,7 23.1 10.3 41.5 4.0 9.6 24.0 2.6 10,8 15.5 1.7 11.0 16.0 1.8 11,2 8.5 0.9 10.6
99 9 204.3 22.9 11.2 34.0 3.9 11.5 13.0 2.0 15.4 12.5 1.6 13.3 15.7 1.9 12.2 6.5 0.9 13.8

Goat 9 9 3 201,9 — — 29.6 — — 14.3 — — 11.6 — — 12.6 — — 5.3 — ,—
Roe-deer d d 21 258.7 24.7 9.5 38.4 4.0 10,4 15.2 2.1 14.0 10.0 1.0 10.0 15.6 1.8 11.5 5.1 0.8 15.4

9 9 1 201.0 — — 28.0 — — 11.0 — — 8.0 — — 11.0 — 3.0 — —
Red-deer d d 16 424.0 31.2 7.3 68.6 6.9 10.0 33.3 2.6 11.4 27.3 2.9 10.6 33.3 3.8 11.4 8.0 0.5 6.2

99 8 392.2 21.0 5.4 65.0 6.0 9.2 27.0 2.0 7.4 22.0 2,9 13.2 24.5 2.7 11.0 5.5 0.7 12.7
Elk d d 6 459.0 32.0 7.0 86.3 13.2 15.3 39.0 4.0 10.2 40.0 2.2 5.5 49.6 5.9 11.9 8.3 0.9 10.8

99 4 439.6 — — 73.8 „ — 38.0 — — 36.0 — — 39.5 — — 8.0 — —
Reindeer d d 6 348.4 32.0 0.2 60.5 7.2 11.1 30.0 4.0 13.3 17.5 2.1 12.0 22.5 2.0 11.2 7.0 1.0 14.3

9 9 1 309.0 — — 58.0 __ — 24.0 __ — 12.0 — — 20.0 — 8.0 — .—
Fallow  deer d d 2 292.0 — — 42.5 — — 21.5 — _ . 18.5 — 18.0 __. —. 5.5 — —

99 3 288.6 — — 37.3 — 17.6 — — 19.3 — — 19.0- — — 6.3 —



Table 13

Ratio of length of bony p art to cartilaginous p art of ribs in European 
bison and domestic cows.

Name Sex Age Consecutive num bers of ribs
years I II I II /V V V/ VII VII I I X X XI XI I XI I I X I V

F lag tu r d d I 4.7 3.2 3.4 3.2 2.8 2.8 2.7 2.4 2,0 1.8 1.7 1.5 1.4 1.2
Zor 2 5.1 3.4 3.7 3.3 3.0 3.0 3.1 2.5 2.8 2.5 2.2 1.0 1.8 1.2
Anon.* 12 9.7 4.2 3.4 3.8 3.9 3.3 3.1 2.9 1.9 2.1 1.9 1.7 1.9 I ń
Anon.* 12 13.3 3.9 4.1 3.8 4.0 4.1 3.6 2.9 2.8 2.4 2.0 1.8 1.9 1.3
Puls 14 13.9 4.8 3.9 3.9 4.1 4.3 3.7 3.3 2.9 2.8 2.8 1.9 1.9 1.5
Polga 9 9 3 5.3 3.3 3.7 3.3 3.0 2.8 2.7 2.4 2.6 2.4 2.3 1.7 1.6 1.4
Puszkotka 8 7.2 3,4 3.8 3.6 3.3 3.0 2.9 2.6 2.7 2.5 2.5 1.9 1.7 1.5
Podwika 22 11.4 3.6 4.1 4.4 4.8 4.5 4.2 3.3 2.2 2.6 2.4 2.2 2.1 1.5
C attle 9 9 5 16.3 3.7 4.0 4.1 4.0 3.2 2.8 2.0 1.9 1.6 1.6 1.6 1.6 ---

’  Animals coming from  free-liv ing herd  in Białowieża Forest.
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Table 15
G row th coefficients of ribs in European bison.

Consecutive num bers of ribs
ivitraaui em eu i

I II III IV V V/ VII VIII I X X XI XI I XI I I XIV

M axim um  length d d 2.8 2.9 2.9 2.8 2.9 2.9 2.9 2.8 2.8 2.8 2.8 3.0 3.2 3.3
9 9 3.1 3.0 3.0 3.0 2.0 3.0 3.0 2.9 2.9 3.0 3.1 3.0 3.2 3.0

Length along curve d d 2.9 3.0 2.B 2.9 2.8 2.8 2.8 2.8 2.8 3.0 2.9 3.0 3.0 3.1
99 3.2 3.0 3.0 3.1 3.1 3.1 3.0 3.0 3.0 3.0 3.0 3.1 3.1 3.1

B readth  of shaft halfw ay d d 4.0 3.9 3.8 3.8 4.1 4.2 4.3 4.6 5.0 5.4 4.9 4.8 4.4 4.5
along length 99 3.0 3.7 3.8 3.0 3.2 3.3 3.4 4.0 4.4 4.2 4.8 4.6 4.4 4.0

Breadth of sternal end d d 2.3 2.7 2.4 1.9 2.2 2.2 2.2 2.4 2.4 2.4 2.1 2.2 2.7 3.0
9 9 2.1 2.1 1.8 1.9 1.7 2.0 2.0 2.1 1.8 2.4 2.4 2.5 2.7 2.4

D iam eter of head of rib d d 3.9 2.8 2.6 2.6 2.6 2.8 2.7 2.8 3.1 3.1 3.0 3.5 3.1 3.0
9 9 3.9 3.1 3.1 2.7 2.3 2.2 2.3 2,2 2.2 2.3 2.2 2.5 2.0 2.4

Thickness of shaft halfw ay d d 3.8 3.6 3.9 3.6 3.6 3.4 3.4 3.8 3.6 3.7 3.5 3.4 4.0 3.6
along length 9 9 3.8 3.8 3.7 3.5 3.4 3.4 3.4 3.6 3.0 3.1 3.7 3.6 3.6 3.4

Angle of curve d d 1.6 1.7 2.0 1.9 1.7 1.5 1.5 1.5 1.3 1.4 1.3 1.3 1.1 1.0
99 1.7 1.8 2.0 2.1 2.0 1.8 1.8 1.5 1.5 1.4 1.3 1.2 1.1 1.0

Length of radius of curve d d 1.9 1.8 1.6 1.7 1.8 2.0 2.0 2.0 2.3 2.2 2.3 2.5 2.9 3.2
9 9 1.7 1.6 1.5 1.6 1.5 1.6 1.7 1.9 2.0 2.1 2.4 2.0 2.9 2.9

Length of chord d d 2.9 3.0 3.0 3.0 3.0 3.0 2.9 2.9 2.9 2.9 3.0 3.0 3.2 3.2
9 9 2.9 2.9 3.0 3.0 2.9 3.0 2.9 2.9 2,8 2.9 3.0 3.0 3.1 2.9
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pair of ribs are situated near w here the m anubrium  joins the shaft. The 
V II  and VIII  pairs of ribs, however, have one common and appropriately 
w ider incisura situated on the boundary line betw een shaft and processus 
xiphoideus.

The m etasternum  forms the final, fla ttest part of the sternum  and nar­
rows caudad. It ends in a xiphoid cartilage widening caudad, which does 
not exhibit a tendency to ossification in even the oldest European bison.

The m ajority  of the sternal m easurem ents in the European bison have 
higher values than the corresponding m easurem ents in other large rum i­
nants (Table 14).

G row th coefficients for the m ajority  of the rib m easurem ents are 
sim ilar in European bison of both sexes (Table 15), although these 
coefficients for w idth of shaft, w idth of the  sternal ex trem ity  and 
diam eter of the head of the rib  are slightly higher in males. The reverse 
situation applies, however, in  the case of m axim um  length and length 
m easured along the curve of the rib.

Table 16

G row th coefficients of sternum  in Europen bison.

M easurem ent Males Fem ales

M aximum length 3.0 2.8
M axim um  breadth 2.7 2,7
Bredth of m anubrium 3.1 4.3
Breadth of m etasternum 4.7 4.9
Hight of m anubrium 2.8 3.6
I-Iight of m etasternum 3.2 3.6

G row th coefficients for sternal m easurem ents are slightly higher in 
fem ale European bison in the m ajority  of cases (Table 16).

3. Thoraa:

The thorax  in  the European bison is sim ilar in shape to a cone w ith 
the apex directed forw ards. It gradually widens caudad im m ediately 
a fte r the place of a ttachm ent of the scapulae.

Apertura thoracis cranialis seen from  the front is similar in shape 
to an isosceles triangle with the apex directed downwards. The base of 
this triangle is formed by the ven tra l surface of thoracic vertebra in  I, 
the  sides are form ed by the first pair of ribs, and the apex is m anubrium  
sterni. The height of the apertu re  increases w ith age (Table 17).

The height of the thorax  gradually  increases caudad up to the level 
of the final thoracic vertebra, and is always g reater in males.



Table 17
Dimensions of thorax  in European bison (mm).

Consecutive num bers of thoracic verteb rae
years I II III IV V VI VI I VI I I I X X X I X I I XI I I XI V

Plagtur d d 1 155 228 249
Height

269 299 318 242 360 392 395 398 392 381 378Zcc- d d 2 179 238 254 300 331 369 400 432 431 449 467 473 496 512
Anon,* d d 12 225 267 351 388 430 454 496 510 552 602 620 625 631 643
Anon. d  cT 12 227 251 262 389 416 459 490 500 543 583 613 607 622 629
P uls d d 15 221 350 384 392 420 454 492 503 528 571 592 603 620 635
Polga 99 3 185 256 335 352 365 392 398 412 426 446 451 457 456 455
Pusxkotka 9 9 8 235 321 358 390 430 462 512 556 509 531 550 535 545 576
Podw ika 9 9 22 230 282 330 341 408 421 442 511 525 513 476 491 496 500

P lag tu r d d 1 68 90 106
B readth

140 169 190 225 255 292 320 340 349 355 320
Zar d d 2 f'4 87 111 115 170 206 256 293 321 356 359 367 378 388
Anon. d d 12 100 126 163 198 259 314 358 392 440 516 566 583 587 587
Anon. d d 12 97 118 169 168 249 307 342 399 451 509 560 598 587 582
Plus d d 15 95 125 170 205 255 290 340 400 460 505 576 597 594 590
Polga 99 3 80 106 157 184 237 275 318 342 375 385 370 360 345 343
Puszkotka 99 8 105 124 179 226 261 290 325 336 367 426 445 455 450 451
Podwika 9 9 22 82 118 156 210 257 300 339 394 450 475 542 512 500 450

* Anim als from  free-liv ing  herd.
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Table 18
R atio of height to  bread th  of thorax  in European bison and domestic cows.

Nam e Sex Age, Consecutive num bers of thoracic verteb rae
years I II I I I r v V VI VI I VII I I X X XI XI I XI I I X I V

Plagtur d V 1 2.3 2.5 2.4 1.9 1.8 1.7 1.5 1.4 1.3 1.2 1.2 1.1 1.1 1.2
Zor d V 2 2.8 2.7 2.3 2.6 2.0 1.8 1.6 1.5 1.3 1.3 1.3 1.3 1.3 1.3
Anon.* d V 12 2.2 2.1 2.2 2.0 1.7 1.4 1.4 1.3 1.2 1.2 1.1 1.1 1.1 1.1
Anon. cTcf 12 2.3 2.1 2.1 2.0 1.7 1.5 1.4 1.2 1.2 1.1 1.1 1.0 1.1 1.1
Puls d d 1 15 2.3 2.8 2.3 1.9 1.6 1.6 1.4 1.3 1.2 1.1 1.0 1.0 1.0 1.1
Polga 9 ? 3 2,3 2.4 2.1 1.9 1.5 1.4 1.2 1.2 1.1 1.2 1.2 1.3 1.3 1.3
Puszkotka 99 8 2.2 2.6 2.0 1.7 1.6 1.6 1.6 1.6 1.4 1.2 1.2 1.2 1.2 1.3
Podw ika 99 22 2.8 2.4 2.2 1.7 1.6 1.4 1.3 1.3 1.2 1.1 0.9 1.0 1.0 1.1
Cattle 9 9 5 2.6 2.4 1.6 1.6 1.3 1.2 1.2 1.1 1.0 1.1 1.2 1.2 1.2 —

* A nim als from  free-liv ing  herd.

w
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The breadth of the apertu re  in both males and females reveals indi­
vidual variation {Table 17). A t the height of the  other ribs the w idth 
of the thorax  increases caudad. This increase takes place in the males 
examined up to rib XII I  or XI V,  but in fem ales up to rib  XI  or XII.

The thorax  in males in com parable age classes is w ider than  in  females. 
The ratio of height to w idth of the thorax  decreases in a direction from 
front to back (Table 18).

Apertura thoracis caudalis, bounded by the last thoracis vertebra, 
the last pair of ribs, the costal arch and the xiphoid procces of the 
sternum , seen from the rear, is sim ilar to a latera ly  flattened oval in 
European bison.

IV. DISCUSSION

The typical num ber of ribs for European bison (wisent) m ust be 
considered as 14, since the num ber occurs in the m ajority  of the in ­
dividuals exam ined (95.7%) and this statem ent is borne out by the 
observations made by B o  j a n u s  (1827), K o c h  (1932), J a n i c k i  
(1938), J u s k o  (1953) and R o s k o s z  (1962). In a few cases only 
] 3 pairs of ribs were observed (4.3%). B o j a n u s (1827) and J a n i c k i  
(1938) found sim ilar relations in female European bison.

The relations found in »Plotkarz« and »Plesnianka« m ust be considered 
as lum balisation of the final thoracic vertebra and the final pair of ribs 
connected w ith it. The situation found in one of all the sheep exam ined 
and in  the only m ale individual of W atussi cattle examined m ust be 
classified as thoracalisation of the first lum bar vertebra.

P i l a r s k i  & R o s k o s z  (1957) and R o s k o s z  (1962) have draw n 
attention to the possibility of vertebra reciprocally becoming similar to 
each other in  neighbouring parts of the spine in the European bison, and 
the consequent shifts in num bers of given vertebrae. Similar shifts have 
also been observed in o ther rum inants, for instance A l l e n  (cited after 
R o s k o s z ,  I.e.) found 14 thoracic and 5 lum bar vertebrae in the  Am e­
rican bison, and sim ultaneously referred  to the possibility of occurrence 
of both cervical and lum bar ribs. V o k k e n  (1961) draws a tten tion  to 
the fact tha t in  domestic cattle (in 1.6% of cases) and sheep (in as many 
as 3.5% of cases) deviation can be observed from the norm al num ber 
of 13 pairs of ribs. P i l a r s k i  & R o s k o s z  (1959) observed thora- 
calisation, lum balisation and sacralisation in the elk. These same authors 
observed unilateral m etam orphosis of the arched rib into the  floating 
rib in one individual of this species. S z a n i a w s k i  (1966) and R o s ­
k o s z  & P y t e l  (1966) refer to sim ilar shifts in the red-deer.
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Q uantitative changes connected with occurrence of cervical ribs or 
with vertebrae becoming sim ilar in  neighbouring parts of the vertebral 
colum n were also observed in other species of anim als such as: the 
horse ( M o b i l i o ,  1910; D r a h n ,  1926; F a v i 11 i, 1928; Z i e t z- 
s c h m a n n ,  1943; K r y s i a k ,  1950), domestic cattle  ( D r a h n ,  I.e.; 
C l o e t e ,  1941), the  dog ( F i e b i g e r ,  1917; I v a n о f f, 1934. 1935), 
the donkey ( B a r  p i ,  1909; C u r s o n  & N e i t z ,  1927). It may there­
fore be concluded that quantitative deviations in this respect do not 
constitute a ra re  phenomenon.

Our observations of the division into true and false ribs in the European 
bison provide confirm ation of the opinions given by В о j a n u s (1827) 
and K o c h  (1932). In one case (»Puls«) we found 9 pairs of true and 5 
pairs of false ribs, which m ust be regarded as an exceptional case, 
although in J a n i c k i ’s (1938) opinion the European bison has 9 true 
and 5 false ribs. This la tte r author analysed only 3 skeletons of this 
species and therefore his m aterial was not adequately representative. 
It m ust also be added here that the qualification itself of a rib for one 
of these two groups, depending on the w ay they are connected w ith 
the sternum , may prove very difficult in m any cases.

In situation in which there w ere 13 pairs of ribs the num ber of false 
ribs was alw ays reduced to 5, bu t the  num ber of true ribs, i.e. 8, remained 
unchanged.

Division into true and false ribs is analogical in  this respect in all the 
other species examined possessing 13 pairs of ribs. This confirms the 
data contained in textbooks by such authors as: K o l d a  (1936), M a r ­
t i n  (1938), E l l e n b e r g e r  (1943), N i c k e l  (1960) and V o k k e n  
(1961).

O l b r y c h t  (1934), on the other hand, in his studies on ossification 
of the sternum  in domestic cattle  found in as many as 20.4% of cases 
no trace of the insertion of the eighth pair of ribs, which would in­
directly  point to the presence of 7 pairs only of sternal ribs.

Rib I is alw ays shortest in the European bison. This fact was recorded 
by B o j a n u s  (1827) and confirmed by other researchers ( K o c h ,  1932; 
J a n i с к i, 1938; J  u s к о, 1953), There are, however, certain  differences 
of opinion as to the longest rib. In our m ateria l rib IX  is always the 
longest in European bison of both sexes. This agrees w ith the observa­
tion made by B o j a n u s  (1827) and J u s k o  (1953), w hereas J a n i e -  
k i  (1938) considers rib  IX  as the longest in an adu lt m ale and female, 
and rib  VI I I  in a young male. K o c h  (1932) states the  rib I X  or X  
is the longest in the European bison.

Increase in the  dimensions of the ribs and sternum  connected w ith age 
continues in European bison almost up to the end of their lives, although



332 H. Kobryfi

it is m ost intensive during the firs t year of life, and its dynamics 
d istinctly  decrease in la te r years. M arked increase is still observed in the 
m ajority  of the dimensions in  group III (up to 12 years old). In  older 
European bison the increases observed w ere either small or else, in 
some cases, they w ere even observed to decrease in relation to the 
preceding group.

K o c h  (1934/1935) states th a t grow th in  the European bison in all parts 
of the  body, m ost intensive during the first year of life, is completed 
at the end of the 7th year. F u rtherm ore this au thor states that there is 
only very  slight grow th in fem ales over the age of 3 years, although in 
m ales growth continues to be fa irly  intensive betw een the 4th and 6th 
year of life. It can be seen from  this that the results of our studies only 
partly  confirm the observations of the au thor in question.

The shaft of ribs VII  or VI I I  is broadest in European bison (apart 
from  foeti and new born animals). J a n i c k i  (1938) reached sim ilar con­
clusions, bu K o c h  (1932) considers rib VII  as the widest.

The rib which attains the highest values in  respect of the sternal 
ex trem ity  dimension in both European bison and the other species 
compared is alw ays rib I. This is due to the fact tha t among the true  
ribs it is this rib which plays a special part. Being the rib stituated  
most vertically  it bears a considerable part of the weight of the beam -like 
struc tu re  of the thoracic part of the vertebral column. Its role may be 
com pared to a column which on the one side supports the  verteb ra l 
colum n and on the other is supported on the sternum , connecting in 
a practically immovable m anner w ith its m anubrium . This kind of 
function cannot fail to influence the shape of this rib. Its sternal end 
m ust be suitably  developed to be able to form  a sufficiently stu rdy  base 
for this type of column.

This m ust also be the explanation of the fact th a t rib /, which is 
practically immovable, connects w ith the costal cartilage by m eans of 
synchondrosis and not by m eans of diarthrosis, which is the case with 
the o ther ribs in European bison up to the  age of 15. In order to m ake 
the alm ost vertical position of rib  I even m ore stable its cartilaginous 
p a rt in 8-year old males or lOyear old fem ales changes into a bony 
structure.

The m ajority  of researchers draw  attention to the  d ifferent degree of 
the arch-shaped curve of the various ribs and the consequent shape of 
the  thorax in the European bison (B o j a n u s, 1827; W r o b l e w s k i ,  
1927; K o c h ,  1932; J a n i c k i ,  1938).

No objective data w ere found in the  litera tu re  available on the  Euro­
pean bison or other m am m als dealing w ith the degree of this curve. 
Some researchers ( J a n i c k i ,  I.e.; S z a n i a w s k i ,  1966) in the oste­
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om etry of ribs, using the diagram  of m easurem ents suggested by 
D u e r  s t  (1926), in addition along the curve. The values of th is second 
m easurem ent obviously alw ays exceed sim ilar values obtained by the 
first m easurem ent. It was only possible to arrive indirectly and approxi­
m ately a t the degree of this curve on this basis.

The m ethod used in our studies on the curve of ribs is ressonably 
simple and at the same tim e sufficiently accurate. It m ay be m entioned 
in passing th a t it was also used for calculating the degree of convexity 
or concavity of the articu lar surface in  arthrological studies now being 
carried out on the European bison. The behaviour of the  angles of 
curves in the d ifferen t ribs is one of the convincing proofs of the  in­
terrelation  betw een the shape of a given s tructu re  and the  function it 
carries out.

T rue ribs, which lim it the anterior and m ost flattened p a rt of the 
thorax, are  far less mobile than the false ribs. They form  as it w ere 
columns of which the beam-like structu re  of the thoracic part of the 
vertebral colum n is supported. A t the same lim e they serve as the  place 
of insertion for the strongly developed muscles of the shoulder girdle, 
such as m usculus serratus ventralis and musculus pectoralis profundus 
( S w i e z y n s k i ,  1962). In this w ay they create a situation in which the 
corpus is, as it were, suspended by m eans of these muscles betw een the 
two thoracic limbs. The necessity for carrying out the functions referred  
to above resu lt in the true  ribs being situated almost vertically  in relation 
to the spine, and the degree to which they move during respiration is 
slight, and therefore the term  proposed by K r y s i a k  (1950) for this 
group of ribs »supporting ribs« or »bearing ribs« is very  apt, since it 
conveys the significance of their function.

The function of the initial pairs of ribs fully justifies the behaviour 
of the angles of their curves, and is in this particular group of ribs 
tha t they come closest to straight lines.

Comparison of these angles in the European bison and other rum inants 
shows th a t the  degree of curvatu re  of true  ribs depends on the size of 
the anim als, and therefore on their mass which these ribs m ust carry. 
Thus in European bison the »bearing« or true  ribs are less curved than 
in  all the  o ther rum inants examined. This is conditioned by the greater 
mass of this animal (the average weight of an adult m ale is 683.2 kg, 
P  y  t e 1, 1969), and also the strongly developed »hump« in this region, 
form ed from  the spinous processes of the thoracic vertebrae and corres­
ponding m uscles — R o s k o s z  & E m  p e l  (1961), w hereas the average 
weight of an adult red-deer is approxim ately 140 kg (M y s t k o w s k a, 
1966; D z i ^ c i o l o w s k i ,  1970).

A c ta  t h e r l o l .  22
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The false ribs play a com pletely d ifferents part, and are situated 
diagonally to the verteb ra l column, and are very flexibly connected 
w ith  it. A nother factor which additionally facilitates their m ovem ents 
is the  connection of the final pair of ribs w ith  the spine by the head 
only. S im ilarly  the relatively  longer cartilages of these ribs, form ing 
the costal arch, ensure a m ore flexible connection w ith the sternum .

The false ribs also serve as places of insertions of the corresponding 
muscles ( S w i e z y n s k i ,  1962), but their chief role is evident in their 
participation in resp iratory  m ovem ents, and it is on account of this 
im portan t function th a t the  false ribs have been term ed »respiratory« 
( K r y s i a k ,  1950). The functions referred  to and the necessity for en­
suring the largest possible capacity of the thoracic cavity result in these 
ribs being curved to a g reater degree than  the ones preceding them  their 
behaviour is the chief factor determ ining the considerable breadth  of 
the thorax  in the European bison.

Analysis of the area of cross-sections of ribs once again provides 
evidence, in  both the European bison and the other species, tha t the 
behaviour of the d ifferent kinds of ribs depends on the function which 
they  are  called upon to perform . The area of the cross-section, like the 
shape, determ ines their capacity for taking strain. It is not therefore 
suprising th a t this area, irrespective of the place for which it is de­
fined, is as a rule g reater in the true  ribs, w hereas it is considerably 
reduced in the false ribs.

The ratio  of length of they bony part of the rib  to the cartilaginous 
part is the exponent of the degree of elasticity of the thorax. Tt~e more 
cartilaginous elem ents there  are, the greater the elasticity of the thorax 
and accordingly in the first pairs of ribs the ratio of length of the bony 
p a rt to the  cartilaginous part is m ore favourable to the  form er. The 
following ribs, on account of the  function they perform , have relatively 
longer cartilaginous parts, and they also, joined in the costal arch, 
ensure the most favourable connection, from  the biomechanical point 
of view, w ith  the sternum .

The cartilaginous parts of the rib should be treated  as the residue of 
the cartilaginous stage in the developm ent of the skeleton which (except 
for rib  I) persists throughout the anim al’s whole life, although w ith 
m ore advanced age the cartilaginous parts of the ribs become increasingly 
shorter. There is in fact a general tendency for the cartilaginous elem ents 
slowly to recede w ith age and to  be replaced by bony elements, and 
therefore cartilago epiphysialis undergoes liquidation and cartilago arti- 
cularis becomes far more slender, as is the case w ith  the cartilaginous 
parts of the ribs. These changes, however, do not fail to exert an in­
fluence of the  mechanics of the thorax.
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Our observations showing that the sternum  in the European bison 
consists of 7 segments, agree w ith  the observations m ade by J a n i c k i  
(1938). An analogical situation occurs in the other rum inan ts examined, 
proving confirm ation of the studies by A k a j e v s k i j  (1939) and S z a ­
n i a w s k i  (1966) and of the  data contained in textbooks by such authors 
as: K o l d a  (1936), M a r t i n  (1939), E l l e n b e r g e r  (1943), K o c h  
(I960) and Vo k k e n (1961).

O 1 b r  y c h t  (1934) showed th a t m anubrium  sterni has tw o centres of 
ossification during the embryonic developm ent of domestic cattle, and 
there consists of two parts, proof of which is the location of articulus  
intersternalis on the line connecting the second pair of ribs. The above 
author considers th a t line forms the most posterior boundary of the 
second intercostal part. In the light of the foregoing, 8 segm ents should 
be distinguished in the sternum  in  domestic cattle. As, however, in 
postem bryonal life the appearance of the m anubrium  does not betray  
the slightest traces of having consisted of two parts, regarding it as 
a single form ation and consequently distinguishing 7 segm ents in the 
sternum  of this species cannot be considered an error.

Attention has been draw n by J a n i c k i  (1938) to the lateral f la t­
tening of m anubrium  sterni characteristic of the European bison, and 
our observations have fully confirmed the above finding. It is only 
necessary to add tha t due to this flattening, the appearance of m anubrium  
sterni is significantly different in European bison from  the corresponding 
form ation in domestic cattle and the o ther rum inants. M anubrium  sterni 
is connected w ith  its shaft by an articulation in both European bison 
and the other species we examined. O l b r y c h t  1934) observed the 
rudim ents of this articulation in domestic cattle during em bryonic de­
velopm ent in foeti only 11— 12 weeks old. Connection of the various 
segments of the  m esosternum  by synchondroses in  the  European bison, 
in which ossification takes place in a direction progressing from  the 
m ost caudad segments when the  animal is over 15 years old, provides 
confirm ation of O 1 b r  y  c h t ’s (I.e.) observations on ossification proces­
ses of the sternum  in domestic cattle.

The dimensions of the sternum  in both European bison and the other 
species point clearly to sex differences. M o h r  (1952), in  considering 
differences betw een the European and Am erican bison, states th a t the 
sternum  is shorter in the  la tte r than  in the form er, and this is con­
firm ed by our studies. The breadth  of the sternum  in dom estic and 
W atussi cattle is sm aller than  the average m easurem ent for adult 
European bison. The sternum  is far narrow er in Am erican bison than  in 
adu lt European bison. The absolute dimensions of m anubrium  sterni in 
adu lt European bison are narrow er than in domestic and W atussi cattle.
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M anubrium  sterni is decidedly broader in European bison than  this part 
of the sternum  in Am erican bison. The breadth  of the m etasternum  in 
adult European bison is far g reater than the corresponding m easurem ent 
in Am erican bison and domestic cattle, but sm aller than in W atussi cattle. 
The average values for height of m anubrium  sterni in adult European 
bison are far greater than  those in Am erican bison, domestic cows and 
representatives of W atussi cattle. The height of the m etasternum  is the 
least characteristic dimension of European bison, and the values obtained 
for domestic cattle, Am erican bison and W atussi cattle come w ithin the 
lim its of extrem e values for this m easurem ent in adult European bison. 
Among all the rum inants exam ined the m esosternum  is relatively the 
broadest in European bison. A relatively  narrow  shaft occurs in roe-deer, 
red-deer and fallow-deer (Table 19).

Table 19

Ratio of ste rna l length to its m axim um  bread th  in adu lt 
European bison and o ther rum inants.

Species Males Fem ales

W isent 4.8 4.8
Bison 6.0 5.9
C attle 5.4 4.9
W atussi cattle 4.6 5.2
Sheep 5.4 6.0
Goat — 6.8
Roe-deer 6.7 7.2
Red-deer 6.2 6.0
Elk 5.4 6.3
Reindeer 5.7 5.3
Fallow  deer 6.9 7.1

Increase of the  characters exam ined of ribs and sternum  in European 
bison during postnatal life depends on the degree to which their growth 
progressed during embryonic life. If we take the  dimensions of the ribs 
and sternum  in the group of oldest European bison as 100%, we can 
calculate w hat percentage of this value is form ed by these dimensions in 
group 0. Such calculation indicates w hat part of growth of the given 
character occurs during em bryonic and postembryonic development. 
On th is principle the d ifferen t characters of the ribs and sternum  were 
arranged in order of least advanced to most advanced during embryonic 
developm ent and presented in the  form  of diagram s (Fig. 6). It can be 
seen from  these diagram s th a t the lower the values attained by the given 
dimension during embryonic life, the greater its growth during postem ­
bryonic life. It is also clear that the characters of the ribs and sternum  
in the  European bison arranged in th is order are interchanged. The
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sequence of these characters in males and fem ales coincides in four 
cases only (breadth of the m etasternum , height of the  m etasternum , 
breadth  of the sternal ex trem ity  of the ribs and sternum  has in a certain  
sense its own predeterm ined line of development.

The thorax in the European bison, in respect of both height and 
breadth, increases caudad. The anterior heigh of the thorax  defined by 
B o  j a n u s  (1827) as 10 inches and 3 lines (246 mm) is g reater than
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Fig. 6. Increase in  dim ensions of ribs and sternum  in  the E uropean bison during 
em bryonic (I) and postem bryonic (II) development.

1. B readth of m etasternum , 2. B readth of shaft of rib, 3. Thickness of shaft of rib,
4. D iam eter of head of rib, 5. H eight of m etasternum , 6. B read th  of m anubrium  
sterni, 7. M axim um  length  of sternum , 8. L ength along costal curve, 9, M axim um  
length of rib, 10. H eight of m anubrium  sterni, 11, B readth  of sternum  before 
final p a ir  of cartilaginous ribs, 12. B readth  of sternal end of rib , 13. Angles of

costal curves,

th a t which we obtained for the anterior aperture  of the thorax. This 
predom inance is due to the different m ethod used m aking the m easure­
m ent. The posterior height of the thorax defined by the  above au thor as
1 foot, 11 inches and 6 lines (544 mm) is not a record value, even if 
allowance is made for the different m ethod of m easurem ent. None of 
the authors studying the European bison, apart from  W r ó b l e w s k i  
(1927), gives the breadth  of the thorax, and W róblewski gives »width of
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w ithers« as 52,5 cm. It m ust be assumed that he made this m easurem ent 
on the skin of a carcass. In our case higher values w ere obtained when 
w e m easured breadth  of the  thorax from the pericentral surface of the 
bony parts of the ribs.

Comparison of absolute figures expressing the ration of thorax  height 
to its breadth  in European bison and domestic cows shows th a t the 
thorax  in the la tte r is proportionately broader, particu larly  in its m iddle 
and posterior part, w hereas in the  European bison it is appropriately 
h igher but proportionately narrow er.

It m ust also be emphasised tha t distinct characters of sex dimorphism  
w ere encountered in the m ajority  of the param eters for European bison 
and the  other rum inants. As the posterior apertu re  of the thorax  is 
sim ultaneosly the posterior lim it of the epigastrium  it was anticipated 
th a t sex differences would be encountered in  its formation. A ttention 
has already  been draw n ( W r ó b l e w s k i ,  I.e.; S w i e ż y ń s k i ,  1962) to 
the  fact th a t gestation in European bison is not m anifested by a lowering 
of the floor of the abdominal cavity such as occurs in, e.g. the domestic 
cow.

O ur observations did not confirm  the assum ption tha t the posterior 
apertu re  of the thorax has a different appearance in  m ales and females. 
I t  is possible th a t it is a question here of increase in the degree of 
convexity of the diaphragm  tow ards the  in terior of the thoracic cavity 
in  pregnan t females, which perm its of accomodating the contents of the 
abdom inal cavity w ithout increasing its circumference. The pow erful 
developm ent of the deep fascia of the abdomen in  European bison 
( S w i e ż y ń s k i ,  I.e.) is not w ithout significance here, as it  is con­
sequently  able to take the stra in  of the increased contents of the  abdo­
m inal cavity during gestation. F u rth e r studies should provide m ore in­
form ation on this problem, of which m ention only is made in the present 
study.
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H enryk KOBRYN

KLATKA PIERSIOW A ŻUBRA I INNYCH PRZEŻUWACZY 

Streszczenie

Badania elem entów  struk tu ralnych  k latk i piersiowej przeprow adzono na kośćcach 
93 żubrów obu płci. P rzebadano także 10 gatunków innych przeżuwaczy zarówno 
udomowionych jak  i wolnożyjących (łącznie 107 osobników). W ykonano pomiary 
żeber, m ostka a także k la tk i piersiowej w całości. Określono także kąty krzywizn 
żebrowych, powierzchnie przekrojów  poprzecznych żeber oraz w spółczynniki wzrostu 
uzyskanych wartości. W ykazano różnice w  budowie k latk i piersiow ej żubra i po­
zostałych gatunków. Udowodniono, że kąty krzywizn żeber praw dziwych żubra są 
m niejsze w porów naniu z pozostałymi przeżuwaczami. Wśród innych przeżuwaczy 
istn ieje  zależność kąta  krzywizny żeber praw dziw ych od m asy ciała zwierzęcia. 
N ajbardziej intensyw ny wzrost większości w ym iarów  obserw ow ano u żubrów do 
1 roku życia. W zrost ten  ze zm niejszającym  się natężeniem  trw a do la t 12. Wzrost 
badanych param etrów  w  rozwoju pozapłodowym zależy od stopnia jego zaaw anso­
w ania w rozwoju płodowym. Im w  rozwoju płodowym dana cecha jest słabiej 
rozw inięta tym  jej w zrost w życiu pozapłodowym odbywa się bardziej intensywnie.

Accepted, March 29, 1973

In stitu te  of Physiology,
A gricultural Academy,
Grochowska 272, 03-849 W arszawa, Poland.


