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1. Introduction. 

In June 1939 our institute received a little he-go at, three months old, born without 
forelegs. On the Ie ft si de it had only a scapula, just as GRAU (18) described of a new­
bom horse. This bone terminated in a little knob, which can be explained as the synostosis 
of the scapula with a vestigial humerus [see MURRAY (43) and GRAU (18) in opposition 
to JENNY (27) J. On the right side the anima! possessed a very small and highly deformed 
little leg with a hoof, in the same way as has been described by GRAU (18) of a goat. 
Malformations of this kind are not uncommon at all; in our institute there are skeletons 
of new-born and young calves, goats and dogs withou,t forelegs. They have for example 
been described by PULO (17; dog), REGNAULT (50; dog), GRAU (18; horse, goat) , ]ENNY 
(27; sheep) and LESBRE (33) of man and all the domestic animals. Most of these animals 

we re very weU capable of living; REGNAULT (50) possessed a bipedal dog that was twelve 
years old. Unfortunately our little goat died at the age of one year owing to an accident. 
The first seven months of its life it passed lts days on the grass-field, moving forward by 
jumps on its hindlegs in a seml-upright posture. The body made an angle of near!y 45° 
with the ground and the hoofs of the hindlegs were placed much farther forward under 
the body than in a normal goat, in order to bring the supportlng surface under the centre 
of gravity. The manner of locomotion was quite similar to that of a jumping-hare or a 
kangaroo, both hindlegs leaving the grou<nd at the same time. During the winter the anima! 
lived in the stabIe. 

Almost every author who has described animals bom without forelegs, or animals 
whose forelegs had been amputated [see for example PULD (17; dog), COLTON (10; rat), 
KOWESICHNIKOWA und KOTIKOWA (32; cat), ]ACKSON (26; dog) J has restricted himselt 
to an investigation of the vestigial foreleg or a few characteristics of the hindIeg. In order 
to make a more intensive use of the material, tbe researches on my bipedal goat were 
connected with a biologic-anatomical investigation on tbe changes that have taken place 
in the locomotor-apparatus of mammals with a bipedal gait or an upright posture. So on 
the one si de it was possible to give a better explanation of some characteristics of the 
bipedal goat, on the other side tbe changes in the structure of this anima I served as a 
kind of proof of the explanation of the pbenomena common to several or all bipedal 
and upright mammaIs. 

On the whole these animals belong to three orders of mammals: the Marsupialia, 
Rodentia and Primates. If possible in each of this three orders I examined a skeleton of 
a representative of one of the following five types of locomotion (fig. 1): lst. A walking 
or running anima!. [Thylacinus cynocephalus (Harris) , Lepus europaeus Pal!.J. 2d. Au 
animal that walks on the branches of trees or that climbs with all four extremities 
[Trichosurus vulpecuia (Kerr), Phascolarctos cinereus (Goldf.), Sdut·us vulgaris L., 
Cebus apella L., Trachypithecus pyrrhus (Horsf.); for the kind of locomotion see 
MUYBRIDOE (44), BÖKER (5), SLIJPER (61)J. When c1imbing these animals now and 
then show an upright posture. 3d. A bipedal jumping animal [Dendrolagus inustus 
Müller u. Schlegel, Bettongia lesueuri grayi (Gould), Macropus gigantf'!us (Zimm.), 
Pedetes catter (Pal!.), Jaculus jaculus (L.); for the kind of locomotion see BÖKER (5), 
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SLIJPER (61), MUYBRlDGE (44), ~LFTMAN (14), HO':ELL (25), HATT (21): LULL (36)!. 
These animals mainly jump by sImultaneous propu'lslve strokes of both hmdlegs. Thelr 
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Fig. 1. 

Scbematic figures of tbe skeletons of the different types of mamma Is. described 
in this paper. a. Normal goat. b. Bipedal goat. c. Kangaroo (Macropus giganteus 
(Zimm.); bipedal jumping mammai). d. Jumping-mouse (Jacultls orientalis Erx!.; 
bipedal jumping mammai). e. Monkey (Cebus apella (L.);dimbing mammai). 
f. Orang utan (Pongo pygmaeus (Hoppius); hanging-climbing mammai). g. Man 

(Homo sapiens L.; bipedal walking mammal) . 

body makes an angle of nearly 45° with the horizontal plane. but is kept in balance on 
the hindlegs by the very long and heavy tai!. At rest the tail serves as an adventitious 
support for the body-weight. 4th. A hanging~climbing anima!. This type is only known 
of the Primates [I examined Ateleus paniscus (L.), Hylobates lar leuciscus Geoffr., Pongo 
pygmaeus (Hoppius); for the kind of locomotion see BÖKER (5), SLIJPER (61). 
PRIEMEL (49) J. These animals chiefly c1imb witb their extremely elongated forelegs. 
When climbing their posture is nearly üpright, they have no tail. but tbe body IS kept 
in balance by the support of tbe forelegs. 5th. Man, the ortly real bipedal walker among 
the mammais. His posture is perfectly upright. there is no tail. but the body is k~pt in 
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balance on the hindlegs by the remarkable S~shaped vertebral column with a Iittle aid of 
some muscles. The body-weight is supported entirely by the hindlegs; they move thé 
body forward by alternating propulsive strokes. 6th. In connection with the upright pOstllre 
of their body also some bats were included in the investigation. 

Compared with the above-mentioned mammals the posture of the bipedal goat Was a 
very unfavourable one. The body had to maintain a semi-upright postllre without the aid 
of the cOllnterweight of a tail or the support of forelegs. Moreover the total weight of 
the body was carried by the hindlegs alone, which were not stretched as in man bll't 
showed the same angles between the different parts as in most quadrupedal mammaIs. It 
was a priori to be expected, that these extremely unfavourable circumstances would cause 
same changes in the skeleton and the musculatU're. For the purpose of comparison I used 
a little female goat of nearly the same age. This control-animal was in a much better 
physical condition than the bipedal one. lts horns were already developed and it had five 
grinding teeth in stead of four. The chief measurements of the skulls were at a ratio of 
84 to 100. All measurements of the control-animal therefore were converted into a ratio 
of 100: 84. In table 1 is shown the difference of the dimensions of the skeleton between 
the two goats, calculated in % of the converted dimensions of the control-anima!. Differences 

less than 6 % were always neglected. 
In this paper special attention will be paid to the skeleton and musculature of the hind­

leg, the pelvis and the thorax. The changes that took place in the vertebral column and 
its musculature will be described in a special paper, devoted to the comparative anatomy 

of the body-axis of mammals. 
At the end of this introd1Jction I would like to express my most heartfelt thanks to 

Prof. Dr. CHR. P. RAVEN (Utrecht), Prof. Dr. H. BOSCHMA (Leiden) and Dr. G. C. A. 
JUNGE (Leiden), for the kind and obliging way in which they placed the material of their 
collections at my disposa!. Grateful acknowledgement is also made to Dr. L. D. 
BRONGERSMA (Leiden) for the re vis ion of the nomenclature and to Mr. W. WIJ:GA 

(Utrecht) for the correction of the manuscript. 

Ir. Hindieg. 

Neither the length of the whole leg, nor the proportional length of its separate bones, 

'--.. 
TAllLE 1 

DIFFERENce; OF TIlE DUIENSIONS OF TIlE SKELETON BETWEe;N THE BIPEDAL AND A NORMAL GOAT 

+6 (-6) rueans I that the dimension in the bipedal gaat is 6% greater (lesser ) than 
of the control-animal, calculated in {o of tbs converted dimensions (100:84 ) that 

of this control-animal. 

IlINDLEG PELVIS 

ro l'ellgth of: Thickness of: 
rop Dimensiol1s of Pelvis +12 W'H Ilium 

'" .G .g joint-surfaces Iliruu + 9 +41 +22 +' 
bO 0" Ischium +23 Acetabulum 
" .~ Pubis - 5 ID .cl," Proximal Distel +36· +36 
H E< 0 Symphysis +27 Ischiu.m For.obturatum + 1 +21 .54 Femur + 5 + 9 +32 +26 +21 +12 Distance betw. Pubis Tibia +11 +20 +26 +21 +20 +31 right and left: .16 .82 

Tuber calcanei .19 • 16 T.uber coxae + 5 
AstragaluB +13 +19 +28 +18 +29 0 ~uber ischii .16 Dimensions of 
Metatarsus • 7 + 6 + 9 .18 +16 +28 Acetabultun -38 j oint-surface 
'st Phalanx +26 0 +18 +21 .18 .18 Breadth of: of acetabulum 
2d Phalanx' + 6 + 5 +17 + 8 Ala ili.1 + 3 +29 +24 
Pat elIa +11 + 7 +22 +11 Sacrum at 11io-
Collum femoris +20 sncrel joint +13 

THORAX 
The bipedal goat posseBsed 12 ribs,viz.: 7 true and 5 false ribs. The control-animal 
had 13 ribs,viz.: 7 true end 6 false. Both animals had 12 bicipital ribs. 

Length of sternum with (without ) proc. xiphoideus: -4 (-9) 
Breadth in the middle of sternebl'ae: let +103; 2d +38; 3d .29; 4th +32; 5th +38 

showed a marked difference from that of the control-animal (tabIe 1, fig. 2). Only the 
flrst phalanx was a little bit elongated. This may cause no surprise, since in running 
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mammaIs, to which the goat belongs, the proportional dimensions of the hindlegs and 
their different parts are nearly the same as in bipedal jumping mammals (tabIe 2). 

TABLE 2 

PROFORTI ONAI DIM3NSIONS OF THE HINDLEG IN MAMMAIS 

Length of bone in % 
of total length of 

hindI eg 
.~ 

~ 

Specles " 
§ 
0 

~ " c-l 
ro " al 
H bO 0 

~ al § 
~ " ~ +' H ,., ro " c-l " P H t; ," ~ ID ,~ " '" '" '" (" " P< (-, 

f-------. 
(Harrie) 36 38 6 11 19 Thylacinue cynocephalus 

Epimys norvegicus Erxl. 31 37 4 13 15 6 
Lepus suropaeua Pall. 30 37 5 14 4 7 
eanis familiaris L. 33 33 8 13 13 7 
Average of walking mammals 32 36 6 12 13 ~ 
~anu" L. (dom.) 27 27 7 23 16 8 
Giraf!e. camelopardalis (L.) 19 21 4 40 16 5 

OAPRA HIROUS L. CONTROL 30 33 4 19 14 5 

OAPRA HIROUS L. BIPEIIAL 30 34 4 19 13 6 

Average of running mamma,ls 25 27 5 27 15 6 

Phascolarctos cinereua (Gold!. ) 40 30 7 7 16 
UrSUB arctos L. 36 29 4 10 11 5 
Hippopotamus amphibius L. 42 26 10 10 14 13 
Rhinoceros sondaicus Deem. 41 27 10 11 11 10 
Elephas maximus 1" 53 29 6 6 6 6 
~~!~~L mrunma_ls ___ 42 28 7 9 12 8 

Didelphis marsupialie L. 35 37 8 8 12 
Trichosurus vulpecula (Kerr,) ·34. 34 7 7 18 
Sciurus vulgariB 1. 30 38 7 7 18 4 
Anomalurus beecrofti Fraser 35 35 5 9 16 3 
Trachypi thecus pyrrhus (Horsf.) 37 35 5 10 13 3 

~'r,rerage of climbing mammals 34 36 6 8 15 3 
Dendrolagus inustlls Mtill.u.Schleg 33 36 6 11 14 6 
Bettongta lesueuri grayi Gould. 26 36 4 16 18 7 
Macropus giganteus Zimm. 26 41 4 15 14 
Pedet.s caffer (Pall.) 25 36 6 15 18 5 
Jaculuo .iaculuo (1.) 23 35 3 25 14 4 
Av. of bipedal jumping m~als 27 37 5 16 16 5 
Ateleus paniscuB (L. ) 35 33 "I 11 14 5 
Hylobates lar leuciscufI Geoffr. 40 33 5 11 12 4 
Pongo pygmaeus (HoppiUS ) 33 30 8 13 16 6 
Av. of hanging-climbing mammale 36 32 7 11 14 5 -.--_._-_. 
Homo sapiena J,. 44 38 4 8 6 5 

The factors, determining the 
proportional length of the 
femur ad tibia have been dis­
cussed by several authors. 
REGNAULT (50) and FULO 
(17) found, that in dogs whose 
forelegs were amputated the 

femur proportionally was 
shortened and the tibia elong­
ated. The differences between 
these dogs and thc con trol­
dogs, however, remained with­
in thc bounds of variability of 
the species, so that not too 
much value may be attached 
to thcir conclusions. On the 
contrary COLTON (10) found, 
that in bipedal rats the femur 
was elongated and that it 

showed the same length-ratio 
as in man. His explanation, 
however, that this phenomenon 
might be caused by the fact 
that both man and rat are 
plantigrade, the dogs on the 
contrary digitigrade walkers, is 
not in accordance with thc fact 
that the amputated dogs of 
FULO just became plan tig rade. 

As is shown by thc data col­
lected in table 2, in bipedal 
jumping mammals on the whcile 
the femur has been shortened, 

the tibia a little elongated and the metatarsus very much elongated [see also HOWELL 
(25), SCHUMANN (59), LYON (37) and MÜLLER (41)]. In heavy quadrupedal mammals 
(especially in heavy Ungulates) as weIl as in hanging~c1imbing .Primates and man, the 
femur is elongated and the tibia and metalarsus are shortened [see also BÖKER (5), 
GREOOl,y (19) and others]. In both types of mamma Is the weight supported by the 
hindlegs is increased. In adaptation to this increase of weight in heavy quadrupedal mam­
mals, in man and (to alesser degree. however) in anthropoid apes, thc femur has a more 
or less vertical position, While in bipedal jumping mammals its position is oblique or even 
nearly horizontal [Maccoplls; see ELFTMAN (14)] . 

H the weight supported by the hindlegs is increased, then the femur is shorlened if it has 
an oblique position, while it is elongated if its position is more or less verticaL This is easy 
to understand, because in a vertical position of the femur the distance between tuber 
ischii and k!1(~e-joint (Iength of the hamstring-muscIes) is much shorter than in a horizontal 
position. The shortening of the fibers of the hamstring-muscles therefore must be com­
pensated by the increase in length of the femur. On the other hand in mammals with a 
morc or less horizontal femur this cannot be elongated, since in that case the transmission 
of power would be too unfavourable [sec also AICHEL (1) J. So the diffcrences between 
the bipedal dogs and rats could perhaps be explained by thc fact, that in dogs the femuT 

is as long as the tibia, while in rats it is shorter. It is also possible, that the posit'~n of 
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the femur in the dogs differed from that in the rats. Unfortunately the publications of 
FULD and COLTON do not give exact information on th is point. ~ 

The elongation of the first phalanx in the bipedal go at (tabIe 1) may be connected 
with the fact that the feet had to be placed much more forward, in order to bring the 
supporting surface under the centre of gravity. As is shown in fig. 2 the more horizontal 
position of the metatarsus and the toes, required by the above~mentioned forward motion 
of the supporting surface, caused a change in the direction of the calcaneus and especially 
of the tuber calcanei. For in digitigrade and unguligrade mammals the direction of the 
tuber calcanei is always nearly parallel to th at of the femur. This position guarantees 
the most favourable effect for the contraction of the m. gastrocnemius and f1exor digitalis 
sublimis. In the normal goat there is an angle between the tuber calcanei and the metatarsus 
(fig. 2a). In the bipedal goat the position of the tuber calcanei with regard to that of the 

a 
c:V 

b 

Fig. 2. 

Left hindleg of the norm al (a) and the 
bipedal (b) goat. 

femur was nearly the same as in the control~animal. In connection with the altered position 
of the metatarsus, however, the tuber calcanci showed the same direction as this bonc 
(fig. 2b). In consequcncc the angle bctween tubcr ealcanei and tibia was so mu'eh smaller 
than in the control~animal that the tarsal joint could not be completely stretched. The 
elongation of the tubcr ealcanei lengthened the lever of the tarsal joint. 

Neither an enlargement of the trochantcr maior [RUOOLF (52)] or a limitation of the 
movements in the joints to one single plane, nor a reduction of the fibula [SCHAPIRO (55), 
SCHUMANN (59), LYON (37), HOWELL (25)] or of the number of toes could be expected 
in our goat, since these characters are already common to running and bipedal jumping 

mammals [SLIJPER (61)]. 
The very marked increase in thickness of all the· bones of the hindleg and especially 

the increase of their proximal and distal ends and their joint~surfaces, without doubt have 
been caused by the increase of the weight supported by this leg. This is in perfect 
aceordance with the considerations of W'EIDENRrJlcH (66) and the experiments ol 
WERMEL (68) and SnEVE (62), but it does not quite agree with the data given by 
FULO (17) and COLTON (10). In the dogs of FULD the bones of the hindleg were not 
thickened, but only the quantity of bone had been augmented. The joint~surface of the 
distal epiphysis of the tibia of the dog of FULO was diminished, but in the rats of COLTON 
it had been increased. In the dogs the acetabular joint~surface too was diminished, while 
in the goat it has been increased, just as RUOOLF (52) has shown for the kangaroo. The 
elöngation of the collum femoris is an adaptation to the narrowing of the pelvis at the 

acetabulum (see chapter lIl, sub 7). 
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The preservation of the muscles did not permit me to compare their weight with that 
of the control~animal. In genera!, however, it can be said that the greater part of the 
mu'Scles in the bipeda! goat were better deve!oped than in the quadrupedal one, with the 
exception of the psoas~musculature, which showed a minor development. On the whole 
th is observation agrees with the data given by FULO (17) for a bipedal dog, KOWESCH~ 
NIKOWA und KOTlI\:OWA (32) for a bipedal cat and by ALEZAI'S (2), SCHAPIRO (55), 
ELFTMAN (14) and HOWELL (25) for bipedal jumping mammals. The psoas~musculature 

wil! be dealt with in chapter lIL 

lIl. Pelvis. 

1. General remarks. On the whole we may consider the structure of the pelvis as a 
compromise between the demands made by statical and mechanical forces, by the organs 
of the pelvic cavity, which have to take up a certain spa ce and by the insertions of the 
muscles. An investigation into the differences in the structure of the pelvis thu's must take 
into account these four demands and may not be restricted to one or two of them as 
ELFTMAN (14), BYKOV and KOTIKOWA (9) and many investigators of human anatomy 
have done [Eor a del:ailed discussion of the literature see AR'fENS KAPPERS (3)]. 

As the pelvis is not a simp!e perpendicular pillar of the body~axis, the statical force 
(that is the gravitation) may be resolved into several different components [see for 
example MI}SBERG (45)]. The most important of these components are: lst. A force 
going from the ilio~sacral joint through the ilium to the acetabular joint, where it is com~ 
pensated by the counter--pressure of the sU'Pporting leg. Direction, length and thickness of 
the ilium, as weil as the thickness of the acetabulum anc! the surface of the acetabular 
joint may be influenced by th is force. 2d. A force that tries to rotate the right and left 
halves of the pelvis in all upwarc! and outwarel direction. In future this force will be 
called the exorotation. In the first place, th is exorotation is caused by the fact, that the 
point where the femoral head supports the acetabu'lum lies late rally to the ilio~sacral joint. 
In the second place it is caused by the rotation of the vertebral column round the trans~ 
verse axis of the ilio~sacra! joint. This rotation is caused by the weight of the body: the 
lumbar vertebral colul1m tri es to move elownward, the sacrum tries to move upward. This 
bone transfers the upward force to the ischium by the broad ligaments and the lig. sacro~ 
(caudo~) tuberosum. So it caU'ses the exorotation of the ischium. The exorotation is com~ 
pensated by the pubis and the symphysis pelviS. If the symphysis has been sawn through, 
the halves of the pelvis turn aside [FENEIS (15) J. The size of the exorotation~force 

depends on the position of the acetabulum, the divergence of the ischia and the size of 
the body~weight that rests upon the hindlegs. 

In man these factors woulc! be augmented by an outward directed component of the 
body~weight in the ilio~sacral joint. The existence of this component woulc! depend on 
thefact, th at at the iIio~sacral joint the caudal border of the ala sacralis is narrower than 
the cranial one. In conseqtrence of this fa ct the sacrum would act as a kind of coping~ 

stone in an arched roof [MEYER (39), BRAUS (6)]. Recently LÜHKEN (35), however, 
has shown, that this component does not cause an outward directed force at the symphysis 
pelvis but on the contrary an inward directed one. But his conclusion, that the symphysis 
in man has to re sist pressure in stead of tension cannol: be right, as FEN[~IIS (15) has 
shown, th at tension is prevalent in the symphysis of man. Moreover LiiHKEN has neqlected 
the other exorotating forces. It is possible, however, that the symphysis of man bas to 
resist less tension~force, than that of other mammals especially of other Primates. The 
fact, that man has a fibro~cartilagineous symphysis ins te ad of a bony one, as weil as the 
comparatively low symphyseal index (see tab!e 3), might be an indication of this opinion. 
The theory of the coping~stone does not hold with regard to otber mammaIs, because their 
sacrum does not rest upon the pelvis but is hung from the ala ilii [BRUHNKE (8)]. 

The mechanical forces. caused by the locomotion of the anima! are the same as the 
above~described statical ones. Additional forces are the rcciprocal shifting of the two 
halves of the pelvis in mammals that walk by alternating strokes of their hindl~s. as 
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weIl as the rotation of the pelvis in a dors al direction caused by the shock when the foot 
is planted on the groU'nd. The first force is compensated by the symphysis, the second b ~ 
the ligaments of the ilio-sacral joint, the tension of thc m. rectus abdominis [STRASSE~ 
(63) J and the tension of the m. psoas minor. The capacity of the pelvi3 is influenced by 
the bulk of the different organ8, the size of the faeces, but especially by the dimensions 
of the foetus at birth [ELFTMAN (14) J. This is illustrated by the different dimensions of 
male and female pelves [SCHMALTZ (56), BRAUS (6) 1 and by the fact that some sexual 
hormones are able to alter tbe structure of the pelvis [Run! (54), HI'SAW (24), HAWRE, 
MEYER and MARTIN (23) J. Under the insertions of muscles that influence the structul'e 
of the pelvis, special attention must be paid to the m. gltJ'taeus medius (length and width 
of ala ilii) , the hamstring-muscles (length of ischium) and the adductor muscles (1ength 
of symphysis). 

2. Thiclmess of bones, As already bas been shown for the hindIeg, it is not SUl'­

prising at all that the increase of the weight supported by the pelvis has caused a con­
siderable thickening of all bones, but especially of the acetabulum and pubis. The 
acetabular joint-surface too is enlarged to a very marked degree (fig. 3, table 1). 

3. Position of the pelvis, Since the sacral vertebra principally transmits the pOwer 
from the lumbar vertebral column to the pelvis and reciprocally, the angu]us i1io~lumba1is 
has proved to be a safer indication of the different forces acting on the pelvis than the 
angulus i1io~sacralis, which has been determined by MIl'SBERG (45), NAUCK (46) and 
others. The angulus ilio~lumba1is is the angle between the ilium and the axis of the lumbar 
vertebral column that is produced in a caudal direction. The angulus sacro~lumba1is is the 
angle between this caudally prodU'ced axis and the axis of the sacrum. In quadrupedal 

Fig. 3. 

Lateral view on the pelvis of the normal (a) 
and the bipedal (b) goat. 

mammals a more Ol' less vertical position of the ilium is the most favourable to support 
the body~weight, while a more or less horizontal position is the most favourablc for the 
transmission of the locomotor-power hom the hindleg to the vertebral column. In con~ 
sequence the heavy quadrupedal mammals show a comparatively wide ilio-lumbar angle, 
while it is comparativcly narrow in smaller or lighter mammaIs, especially in those species 
th at have a more or less jumping locomotion (Leporidae, Pelidac; see tab Ic 3). 

The direction of the vertebral column in upright going and bipedal mammals makes it 
possible to combine a nearly vertical ilium with a very narrow ilio-lumbar angle [sec 
table 3, espccially the Primates; see also NAUCK (46), PI\IEMEL (49) J. In the normal 
goat there is an ilio~lumbar angle of 23 0. In the bipedal one this angle had been reduced 
to 0° (fig. 3). Thc angle between the ilium and the horizontal pla~e amounted from 25° 
to about 65 à 75°. 

4. Position of thc sacrum, In literaturc one can find several different explanations 
for the position of the sacrum and especially for its position in man, which is eharacterized 
by the possession of the remarkable promunturium. Several authors try to explain the 
nearly right angle between the lumbar and sacral vertebrae in man by the tension of the 
dorsal back~mu'sculature or its demands for insertion [LE DAMANY (12) J. Other in~ 

vestigators on the eontrary believe, that it is the de mand of space in the pelvie cavity 
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that determines the position of the sacrum. Recently BLUME (4) has shown, that the 
development of the promunturium is in no way connected with statical or mechanical 
forces. From the data given in table 3 it is evident now, that the width of the angulus 
lumbo~sacralis (see sub 3) eompletely depends on the other factors determining the 
capacity of the pelvic cavity. So it can be seen that a wide lumbo-saeral angle oecurs in 
those mammals th at have a long sacrum and a narrow ilio-lumbar angle [compare for 
example Ursus arctos L. (6 sacra! vertebrae) with Panthera leo (L.) (2 sacral vertebrae, 
same ilio~lumbar angle) or Bos taul'tls L. (ilio~lumbar angle of 30°) with Rhinoceros 
sondaicus Desm. (70°) J. The possession of a promunturium is not limited to man, but it 
occurs in several different quadrupedal mammals (Sus, Dicotyles, H aplomys, Ursus). 
Among the biped~ll mammals a widening of the lumbo~sacral angle only oecurs in the 
Macropoclidae. For in the other species there was no marked change of the ilio~lumbar 
angle or the number of sacral vertebrae. The inerease of the number of these vertebrae 
in Primates certainly has been the chief factor that caU'sed the widening of the lumbo~ 

sacral angle. 
The above-mentioned opinion is fully borne out by the fact, that in the bipedal goat 

the ilio~lumbar angle decreased by 23° while the lumbo-sacral angle increased by 16° 

(see also tabJe 1 and fig. 3). 

TABJ,ll 3. POSITION !ND PROPORTIONAL DIM"NSIONS 0]' 'rHE PELVIS IN MAMMAJ,S. 
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~ '" m ., " " 0 0 m 
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Thylacinus cynocephalus (Harris)6 6 12 10 12 
IJepu8 europaeus Pall. 8 8 16 '2 8 
Panthera leo (L.) 7 8 15 11 12 
Canie familiaris L. 7 7 14 9 7 
Ursus arctos 1. 
Sus scrofa L. ( .doru.) 6 9 17 11 9 
Ave-:..'age of walking mammals 7 8 15 11 10 

~- HIRCUS f' CONTROL 4 14 18 11 8 

CAP!lA HIRCUS L. BIPEDAL 4 13 17 14 10 

Lama glama (r,. ) 3 8 11 7 7 
Equus caballus L. (dom. ) 2 11 13 10 10 
BOB taurus L. (dom. ) 3 11 14 12 12 
Giraffa carnelopardal:i..s (L, ) 2 9 11 6 8 
~Be o,f runulng mmnmals 3 11 14 9 9 
Hippopotamus amphibiuB L. 4 14 i8 16 12 
Rhinoceros EJOndaicus Deam. 
Elephas maximus L. 

l4yerag e of heavy mammals 4 14 18 16 12 

Trichosu.rus vulpeeula (Kerr) 0 12 22 12 12 
Phaocol arct os ciuereUB (Goldt. ) 3 7 20 8 7 
Sciurus vulgaris L. 0 13 23 14 12 
Trachypithecus pyrrhuB (Hors!. ) 2 10 22 9 12 
~'age of climbing manunals 1 11 22 11 11 

Dendrolagus inustus Müll.u.Schl14 9 23 15 9 
Bettongia lesueuri ~raYi Gould 4 10 24 21 14 
Macropus giganteus Zimm.) 4 8 22 16 16 
Pedetes caf·'er (Pall.) 17 13 30 19 8 
Jaculus jaculus (1.) 5 11 26 20 1'7 
Av.of bipedal jumping mammals 5 10 25 18 13 
Ateleus paniscus (L. ) 1 24 35 14 13 
Hylobates lar leuciscus Geoffr.11 22 33 9 12 
Pongo pygrnaeus (Hoppius ) 15 23 38 19 15 
~anging.-climbtng malnmals 12 23 35 14 13 

Homo saptens L. 9 12 21 16 e 

1) C. 2 S. = caudal of the 2d sacral vertebra. 
~) See sub 3. 
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0.2S. 2 28 0 117 
0.28. 2 8 20 105 
c.23. 2 15 15 130 
c. 38. J 18 35 135 

5S. 6 12 56 140 
0.3S. 3 15 50 105 

15 29 122 

0·43. 4 23 36 140 

0.43. 4 0 52 130 

28. 4 53 10 135 
38. 5 33 20 90 
3S. 5 30 36 100 
2S. 4 70 0 85 

42 18 110 

28. 3 75 0 90 
2S-. 4 70 0 90 
28. 3 75 0 90 

73 0 90 

c.28. 2 22 0 135 
c.38. 3 30 0 112 
0.2S. 2 0 20 150 
c.23. 2 10 20 100 

15 10 124 

c.2S. 2 36 0 130 
0.2S. 2 22 0 130 
0.2S. 2 22 18 130 
o.)S. 3 0 20 115 
0.3S. 3 0 20 150 

16 12 131 

0.3S. 3 5 23 112 
0.4S. 4 22 16 90 

33. 3 5 35 120 
11 25 ~~ 

lS. 5 5 85 BO 
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(To be continûecl.) 


