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ABSTRACT

- This is a study of the morphological-and functional aspects
of A. africanus thoracic and lumbar vertebrae ir comparison
with those of modern human_and'anthropoid ape vertebrae. The
purpose is to determine if any derived features in the
morpholdgy of homihids,'as aistinct from.primitiVE'fEatures
shared with non-hominids, were present :and if so  to what
stage of attainment of full erectness such features point.

The major results of this study are as follows: (i} There is
a difference in the configuration of the lumbar articular
facets between pongids, on the one hand, and modern human and
A, africanus, dn the other hand. This difference suggests
that similar stresgses operate in these regions in the two
hominid groups. (ii) Bony adaptation to a developed lumbar
lordosis is present in A. africanus. (iii) Major agreement
has been found in the relative dimensions of modern human and
A. africanus lumbar vertebrae, in contrast to those of pongid
vertebrae. This indicates probable correspondence in the
pattern of weight transmission to the pelvig in modern humans
and A. africanus. (iv) The decrease of inferior lumbar
vertebral body area starts at higher levels in Sts 14 (an A.
africanus partial gkeleton) than in modern’ man, suggesting a
longer curved lower lumbar region in A. africanus.

From these results it may be concluded that the trunk was
probably carried in a fully erect postﬁre 14 A. africanus,
The bony adaptétion thereto, hoWever, may not have been fully
developed as in modern man. It is proposed vhat, in Sts 14,
the last two lumbar vertebrae were carried at an angle
relative to each other and to the sacrum, in fontrast to the
abrupt change in direction between L5 and the sacrum in
modern man. o
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CHAPTER 1
Introduction

The first known Ausiralopithecus fossil, the now famous Taung
skull, was discovered in 1924,  Since this discovery, the
posture and locomotion of +these early Plio-Pleistocene
hominids have excited the attention of students of human
evolution.

The attainment of +the human 'upright posture and striding
gait, and their morphological and physiological adaptations,
are among the most striking characteristice that distinguish
‘man from the antthPOid apes. The biomechanics of modern
human uprighthess are functionally correlated with form and
proportion. Many of theze features 'affect the skeleton and
way be preserved in fossil bones from the body's weight-
bearing and locomotor apparatus.

Dart (1925}, from his "head-balancing index", inferred that
A. africanus had assumed “an attitude appeciably more erect
than that of modern anthropoids®. This means that the hands
were Dbeing freed £from their lbcomotor function and that
greater reliance was being placed upon the feet.. Thirteen
years later Broom (1938) announced the dimcovery of a fossil
distal femur of A. africanus at Sterkfontein. From the
- morphology of this distal femur he suggested that A.
africanus was probably a biped. '

Today, as more and more auétralopithecine pogtoranial fosgils
become available the overwhelming preponderance of research-
ers accépt that a bipedal form of locomotion was a funda-
mental part of the australopithecine behaviour (Broom and
Robinson 1947; Mednick 1955; Heiple and Lovejoy 1971;
Preuschoft 1571; Lovejoy and Heiple 1972; Robinson 1972;
Zihlman and Hunter 1972; Leutenegger 1972; McHenry 1978;




Steudel 1978; Latimer et al. 1987; Susman and Brain 1988;
Latimer apd Lovejoy 1989). Controversy has however developed
arcund the stage of evolutiqnary development of the australo~
pithecine bipedal “ability and their gait pattern. Since thé
upright bipedal posture is accompanied by major changes in
the pelvis and lower limbs the studies have concentrated on
these parts. Tobias (1982a) stated that uprightness of the
modern humsan body has +iwo aspects to it:  erectness of the
trunk {pogture) and the two-footed or bipedal stance aﬁd.gait
{locomotion). In most of the studies on the pelvis and lower
limbs only one aspect Of'upfightness,'the bipedal stance and
gait, is addressed. Only a. few authors comment on the
posture. ' '

Review of Relievant Literature.

The picture of +the australopithecine gait portrayed by
atﬁdigs on pogtcranial elements varies from one which is
rather distinct from the gait of modern humans (e.g. Oxnard
. 1975; Ashton 1981; Stern and Susman 1983; Abitbol 1987a) to
one in which the nature of australopithecine bipedality
~differed in no significant way from that of modern man (e.q.
Dart 1958; McHenry 1975; Lovejoy et al. 1973).

When we look at the posture of the australopithecines as
suggested by +the skull, Dart (1925), after the first find of
A. africanus at Taung, was able to infer that these creatures
had assumed a more erect posture than extant apes. He based
this on the values of a head-balancing index which expressed
the centre of mags of the head in relation to the position of
its occipital condyles. The index value in the fossil child
‘skull differed from those in young apes and had moved in a
human direction.

clark {1950) developed Dart's idea and proposged a condyler-
position index a®s an indication of the poise of the head and
by inference, of overall bodily posture. This index expres~
sed the length of the skull posterior to the point of maximum



6onvexiﬁy_of the condyles, as a percentage of the léngth an-
terior to this point. He found that the index value of an A.
africanus adult skull (Sts S'ErOm Sterkfontein) exceeded the
limits of variation in the anthropoid apes and concluded that
it was  reasonable to infer that the bodily poatufe of the.
australopithecines approximated that characteristic of Homo

sapiaens.

Ashton and Zuck&rman_(lQSll remeasured Sts 5 but their method
differed slightly from that of Clark (1950), in that they
 took the lowest point on the condyle as their landmark. They
found that the value for the index in the A. africanus skull
was within the upper'end of the range for Gorilla skalls and
well below that in modern human skulls. This led them to
doubt that the position of the condyles in A, africanus, by
itself, indicated an upright position.

Tobias {(1967) discugsed the studiess of Le Gros Clark {(1950)
and Ashton and Zuckerman (1951). He concluded that the head-
balancing index in A. boigei of Olduvai, which is intermedi~
ate between those of erect hominines and of obliquely guadru-
'pe&al or semi-erect pongids, suggests that the head was not
as well balanced in A. boisei as in modern man but was better
balanced than in pongids. '

Adamg and Moore (1975) reported that the condylar posgitional
index values of an A. africanus (Sts 5) and an A&. boisei
skull casts were intermediate betwéen extant great apes and
man. The condylar reference point they used is described as
an estimate of the centre of rotation rather than the con-
dyles used in the =tudies described previously. They also
measured the condylar angle, the values of which were within
the ranges of moderb man and ak ve those for the apes. This
angle is viewed as a good ' indicator of the inclination at
which the vertebral column approaches the'Frénkfurt hori~
zontal of the cranium. They concluded from the condylar
angle that Australopithecus had an upright posture but that



the conditions of head balance were intermediate between
those of extant great apes and man and that Australopithecus
was thug unlike any living members of the Hominoidea.

Conclusions from studies on-the.australcpithecine posteranial
skeletal elements are also eguivocal, Clark (1955) examined
features of the os coxae related to the mechanical regquire-
ments of_posture and gait. From the total nmorphological
'pattérn presented by these characters he inferred that the
auatralo@itheéines had acquired the erect pdsture and gait
digtinctive of later Hominidae. However, in some features in
which the australopithecine 65 coxae differ from thét of
modern man it is more primitive and this led him to conclude
that the erect posture in Australopithecus had not developed
to the degree of perfection found in modern man. Mednick
(1955) analyzed the inner form of modern human and Pan pelvic
bones by the splitline technigue. In comparigon with these
two groups, he found the lack of a well developed iliac
tubercle and pillar in the Australopithecus os coxae. From
this he inferred that their balance was not as good as that
of modern man and he came +to the same conclusion as Clark
{1955), namely: Australopithecus was still in process of
adapting to orthograde progression.

Preuschoft (1971) examined the shapes of the femur, tibia and
foot bones relative to the stresses upon then. From the
anteriorly tilted position of the distal tibial Jjoint surface
and the distribution of the bony substance in the tibia's
crosg-~gection, he inferred that the body's centre of gravity
wag displaced far to the rear in the upright posture.
Associated with the seemingly well developed arms, this led
him to suggest that a lumbar lordosis, an indication of the
fully devéloped erect posture, was present in the australo-
pithecihea. This is in agreement with the conclusion of
Lovedjoy et ai. {1973) in a biomechanical analysis of the
australopithecine ﬁelvic and femoral samples available at
that time. They stated that the total biomechanical pattern’
presented by  these elements iz as fully commensurate with



erect striding as is that of modern man. On the other hand,
Stern and Susman (1983) Buggested a '"bent—hip,'bent-knee
bipedality" for A. afarensis, in their extansive study of the
posteranial elements of AL 288-1. '

In  the vertebral column Robinson (1972) ¢Onfirmed the
presence of & lunmbar lordosis in 2. africanus by investi~
gations of the proportions of sts 14 fossgil vertebrae, He
concluded that A. africanus was habitually erectly bipedal.
Abitbol (1987a) measured the lumbosacral anglé (LSA) in degs,
non~human primates and modern humans from lateral radiographs
to determine the dorsal tilt of the sacrum. This angle is
constructed by two ‘lines; one 'is perpendicular to a line
tangential to the body of L3 and the othetr is perpendicular
to a line tangential to the bodies of 81 and S2. A line
drawn over the superior body surface of 81 divides the LSA
into a lumbar and a sacral _angle. He found tﬁat when the
lower limbs were flexed, these angles contribute egqually to
the LSA. In extension this angle is increased due to an
increase in the lumbar angle. An LSA of thirty degrees is
calculated in AL 288-1 from a sacral angle of fifteen degrees
cited by personal communication from J. Stern. Abitbol
{1987a) concluded  that the relatively small LSA confirms the
"primitive® nature of the pelvid girdle of A. afarensis and
suggested an "imperfect" erect posture and "primitive" form
of bipedal locomotion.

Pal and Routal {1986, 1987) showed that the lamina area and
the distance between the. posterior arch and the vertebral
body increase in the modern human lumbar vertebrae from above
downwarxds. These results suggest an increase in the load
transmitted through the laminae of the lower lumbar verte-
brae. They explain this increase by'ﬁhe presence of a lumbar
lordosis in modern man. In the present study mensuration of
the dimensions which reflect weight-bearing is extended to
anthropoid ape and A. africanus vertebrae.



Scope and Pufpdse_of Study

As. a result of the recent discovery of an A. africanus
partiél vertebral column, and since the evidence of the -
fossil vertebraé- has largely been neglected, the pfesent
study focuses on the thoracic and lumbar regions of the
vertebral column. It is a comparative study of modern human,
anthropoid ape and'australopithecine vertebrae. The purposeé-
of this study are td_throw Qomeﬂlight' on the'changés that
could have occurred in the thoracic and lumbar regions of the
vertebral ﬁolumn if man's fully extended stance and his erect
striding gait had devaioped from the flexed obligque position
anhd gait of the great apes; to determine ﬁhethér any derived
features in the morphology of hominid = vertebrae, as distinct
from primitive features shared in common with non-hominids,
were present in the australopithecines; and to ascertain
whether any such Ffeatures of the vertebral column were
already fully modern in form in the australopithecines, or at
an intermediate stage in the attainment of the modern human
pattern. | R | |
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Contents of Chapter
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1. Present Study
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A. The Modern Human Sexies
1. Present Study

The modern human material used in the present study comprises
Zulu skeletons from the Raymond Dart Collection of African
skeletons housed in the Department of Anatomy and Human Biol-
ogy at the.ﬁniversity of the Witwatersrand. This collection
is built up from mainly the skeletons of cadavers used in the
diss :ction halls. Since the cadaver paterial and, thus, the
skeletal material are derived from mainly hospital mources,
information 'aé to ‘the -et;nic group, nationality, tribal
group, sex, stated age and cause of death are known from the
hospital records. |

.\.‘.



1.1 Source Population

" The Zulu peaple.represent not only.South African Negroes, but

_also modern man in the present study. The “ulus have been

chosen because they congtitute the largest part of the South
African Negro population. According to the 1985 population
census, Zulus constitute 35,2% of the South African Negroes.,
This is 9,6% more’ than the second largeat group, the Sothos,
- who form 25 6% of the SOuth 2frican Negroes.

1.2 BAge and Sex Breakdown of the Series

The age of a patient given in the hospital records is not
necessarily correct, Mény of the South African Negroes are
preliterate and hence uncertain of their date of birth,
Further, if the patient is unable to give this information on
admiﬁsion to hospital, age is often estimated by hospital
staff,

Three age groups, representing two decades each, are used in
the present study. The first age group includes skeletons
gtated to be.between twenty and forty years, the second age
group between forty-one and sixty vears and the third age
group between sixty-one and eighty years.

TABLR 2.1

Distribution by Age and Sex of the Series of 120 fulu
Vertebral Colusss examined by Mon-metrical fechniques

bge in Males Pemales Males & Pemales
years | n % 1 % | 2 $

W-4052 I [ N5 | w7
r-stld mm tn w5 | 83
leb-se {20 25,00 {20 250 [ %0 254

80 160 i 106 120 10

1 = Humber of vertebral columns exawited.




Non-metrical observations are recorded in 120 Zulu vertebral
columns., Table 2.1 summarises the scx and stated age dis-
tribution of the vertebral eclumns oh which the'non-metrical
observations and the number of presacral vertebrae are
redorded,. 0f these skeletons 80 (66,7%) are male and 40
(33,3%) are female. B ' ' '

TEBLR 2.2

 Distribution by dge and Sex of the Series of 60 fule
Yertebral Coiuans erawived by Metrical Yechmiques

Age in | ~ Males | Pemales ﬁales plus Fexales

years ! Yl ] 1 %
W-40 (1 NI M0 KT
-0 |00 B3 %7 | B

-8 [0 B3 T BI|W 2%,

9,930 166 |60 140

& = Number of vertebral volumns examined.

8ixty wvertebral columns with seven cervical, twelve thoracic
and five lumbar vertebrae are examined by metrical techniques
(Table 2.2). Thirty of these skeletons are male and thirty
female. ' |

2. Comparative Modern Human Series

The studies from which data are used for comparison with the
Zulu data of the present study are listed in the next two
tables. Many data on variation in the number of presacral
vertebrae are available. Those used are listed chronologi-
cally in Table 2.3. The populations on which these studies
were performed are also mentioned. These studies provide
data on a total of 3582 vertebral columns in which the -
r ibers of_presadral vertebrae were studied. '
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TABLE 2.3

" the Stulies vhich fors the Comparative Modern Buman Series for
~ the Variation in the Mumher of Presacral Vertebrge

Beries : Author

French Yopinaed {1877)*

‘Germaz - | Steinbach (1BA%)*

British Pateraon (1892)*

Florentite _ Staderini (L8944

Italian . _Bianchi {1§%5)1

French ' Meel and Sencert {1902)
American Hegroes Bardeen {1904}

Buggian Molphi {1505}

Japanede Hasebe {1913}

Swiss Prey (1923}

Japanese Kishi {19284

Awer, Regroen and Lanier {1933}

Amer, Whites '

East Mrican Regroes Al)brook {i%55)

hwor, Megroes, hmer. Whites | Bornstein and Peterson {1946}
and Amerind S :
5.\, Begroes and San De Bear-Eaufman {1374}

* Cited by Bardeen (1904},

Table 2,4 lists the =studies on modern human vertebrae for
which comparative data are available on the non-metrical and
metrical observations recorded in the presen: study. These
- studies are again listed chrohologically for each character
or set of characters. '




TABLE 2.4
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The Stadies fron which Data are used for Comparisen with Nop-

eetrical and Metrical Observations of the Present study.

Authors

Foramen through the base
of the Lransverse process.

Curvature and orientation
of lumbar superior
articular facets,

Confiquration of lumbar
artienlar facete,

Absolute and relative
dineusions of the
vartebral bodp.

Dizensions of the
pediciee, transverse
processes and vertebral
arch in relation to the
inferior vertehral body
area, '

Observations _
Regional distribation of | Bardeen {1908) .
presacral vertebrae. Frey {1529}

De Beer-Rautnan {1974}

| Duight 1902}

Szawlouski (1902
Hanner-Seith {1905}

| Bogduk {1981}

Boers of al, (1984
Bogduk and Twomey {1987)

Fawcett (1612)

ahy {1878)
Hasehe {1913}
¥artin {1928}
Trotter {1929)
Lenter {1939}
Allbrook {1956)

~{ Davis {1955; 1861}

Pal and Routal (1986;1987)

B. The African and Asian Great Ape Series

1. Present Study

1.1 Sources

- The available pongid skeletons in South Africa are scattered
Most of these skeletons are
The Depart-
nent of Anatomy and Human Biology at the Witwatersrand Uni-

among universities and museums.
articulated and..are used for display purposes.
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vefsity houses the largest collection, consisting of nine

skeletons. Two of these skeletons are of very young individ-

uals. = Articulated skeletons were unsuitable for use in the

netrical part of this study since individual vertebrae are

measured.

Tablé 2.5 enumerates the African and Asian great ape skel-
etons available for examination. A total of twenty skeletons

were available for some of the non-metrical observations.

Three Gorilla, two Pan and two Pongo skeletons were not ar-
ticulated., Of these seven skeletons one Gorilla (Za 1.311)
and one Pongo (Za 1334) are juvenile, which leaves only five
adult vertebral columns available for metrical examination.
A third problem ig the variation in the number of presacral
vertebrae. One of the five unarticulated skeletons, a
Gorilla (Za 1312) does not present the modal number of pre-
sacral vertebrae for these species. '

Since the number of anthropeid apes available for metriqal
- study is inadequately small, special methods of treating the
samples are adopted to conpare the means of small samples.
. For the purpose of +this study, the value of the item in a
-sanple which consists of one item, is regarded as the mean of
the sample. Since no dispersion of data occurs in a sanple
which consists of one item ne standard deviation can be
calculated. For this reason the z-test, which does not use
the standard deviation of +the random sample, is designed to
compare the mean of a random sémple {which may consist of one
or more values) with the mean of a population, and is used to
determine whether the sample has  been drawn from the same
population or not (Allan, 1982). |

1.2 Age and Sex Breakdown of the Series

The ages at death of the great apes used in the present study
are unknown. Vertebral columns with the epiphyseal rings of
the vertebrae not fused are regarded as juvenile and are thus
excdluded from the metrical part of the study. '
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Only two known femalé skeletons, one Pan and one Pongo, are
available for the present study.

TABLE 25

ﬁ:e African and Asian Great Epe Vertebral Colms uged in
the Present Study

Catalogue number | Bex | Artieulated | P8V | Juvenile
Gorilla gorilla | _

12 1311 tale o | B e
g2 1312 Hale No 0 Yo
ta %5 Nale Ro p!] Ko
™ Male | les % Ho
™ 16137 Hale Yeg 2 No
5 37016 Hala Yeg b1} Yo
Pan troglodytes

23 94 Hale to !} o
ga 10711 " Male 1 24 Ho
™ 16731 Hale Yes 25 Ko
i- 15 Hale Yes | 2% Yes
g Female Yes U o
%3100 Female Va3 - Ko
5% 37008 Male Yes Bl Ko
Pongo pygmacus

Ba 1334 . Hale o Y] Yes
Is 0 | Ferale 3 ki Bo
™ 16732 Nale Yes 3] VYo
i- 15 Hale Yes 3| Yes
{13 fale Yeg A Ho
k1 rad Male Yes 23 Yo
M 33590 Hale Yes 3] Mo

§ 6 number.

32 = Departwent of Anatowy and Humsn Biology at the
Witwaterarand University.

T = Trangvaz) Museuw.

1 = Department of Anatomy at the University of Cape Yown.

0P = Zoology Pepartwent at the Yniversity of Pretoria,

+ = Boology Departwent at the Universily of the
Witwatersrand, :

3 = South African Maseus in Cape Town,

PEV = Fresacral Vertebrae,
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2. Comparative African and Asian Great Ape Series

Data from the literature are used for comparison with the
results of the present study and also to enlarge the éamples

from-ﬁhich'ccnclusions are drawn. The studies used are list-
" ed in Table 2.6 in dhrdnological'order'uhdér_the character or
- et vf characters a\failable' in each instance.-

OARLE 1.6

The Comparative African and Asian Great Ape
Series from the Literature,

Gbaervations Bathor

Humerical variation | Tedd (1922}
| Schultz {1930}
' Schultz {1940}
Sehuitz (1941}
Rendall {1944

detrical | neby 11878)

- Ca The Australopithecine Series
i. Present Study
1.1 Sources

Thirty-seven Plio~Pleistocene hominid vertebral elements were
available for this study from the sites of Swartkrans and
Sterkfontein. '

Swartkrans _ _
Four af the vertebral elemente come from Swartkrans cave
gsite, namely SK 854, SK 398la, SK 3981b and SK 853. Robinson
(1970, 1972) classified three of them, SK 854, SK 398la and
SK 3981b, as Australqpithecus robustus vertebrae. {SK 854
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is an axis and thus lies outgide the field of the present '
-Study.) He clasgified the fourth specimen, SK 853,-as_a
first lumbar vertebra of an immature individual of Homo

. erectus.

sterkfontein : _ _
The other 33 fossil vertebrae have been yielded by Member 4
of the Sterkfontein Formation-'anﬂ.emanatg from three indi-
viduals: The first is Sts 14, a partial vertebral column of
- fifteen reasonably complete presacral vertebrae. The second
individual is represented by Stw 8 which consists of four ar-
ticulated lumbar vertebrae in different grades of complet:
ness and Stw 41 which consipte of twoe articulated vertebra.
bodies of the same individual. The third individual is rep-
resented inter a;ia'by a newly recovered partial vertebral
colunn comprising fifteen vertebral elements. Sts 14 is
claggified as Australopithecus africanus by Robinson (1972)
and Tobias (1980). Stw 8 and Stw 41 are also A. africanus
vertebrae (Tobias, 19807, Morphological study of the newly
recovered partial gkeleton started recently and ho.conclu—
sions have been reached yet. Comparison of these new verte-
bral elements with the earlier discovered fomsil vertebrae
may lead the author to reach a conclusion as to the clasaifi—
cation of the newly recovered specimens.

1.2 Age ﬁnd_Sex Breakdown of the Series

Fused epiphyseal rings indicate an anatomically _méture
individual. .Among the fossil vertebrae described above only
SK 853 shows fluted and crenulated margins of the vertebral
body, which indicates that. the epiphyseal rings were not
fused at the time of death. Apart £rom this specimen the
rest of these vertebrae belong to anatomically .mature
individuals. o '
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A study on the pelvis of Sts 14 by Robinson (1972} provides
reasonable grounds for supposing that thesé skeletal elements
belonged to an adult female. The difference in the size of
the Sts 14 vertebrae and the fragmentary Sts 73 led - Robinson
{1972) to suggest that the greater robustness of Sts 73 was a
result of ite belonging to a male individual. Sts 73 corre-
gponds in size with Stw 8/41. Tobias (1980) points out and
illustrates the.great variation of vertebral:sizé between the
very small verteisrae of.the'presumptive.feméle Sts 14 and the

much larger vartebrae conmprising Stw B/41, - which he suggests

belonged to - a male individual. The resemblance in size be-
tween Stw B/41 and Stw 431 vertebrae suggests that the latter

" might. also have belonged to a male. The newly - recovered

partial skeleton from Sterkfontein, Stw 431, includes the
upper part of the sacrum and a partial og coxae, but they do
not articﬁlate to form a_parﬁial.-pelvia. A gtudy of the
gsacrum and a study on the innominate should provide strong
pointers to the sex of this individunal and will likely con-

 firm the identification of this partial skeleton as probably

a male,
2. Comparative Australopithecine Series

Australopithecus afarensis vertebrae have been'recoveréd £rom
the Hadar Formation in Ethiopia. The AL 2688-1 ("Lucy") par-
tial skeleton includes f£fifteen vertebral elements. This
specimen has been described in detail by Johanson et al.
{1982), The vertebral elements are listed and described
jindividually. Some of the vertebral fragments join to form a
total of ten vertebral elements, seven thoracic vertebrae,
two lumbar vertebrae and a sacrum. Johansoen and White (1979)

Cidentified AL”288-1 as a female on the baasis of +the diminu-

tive size of this partial skeleton. In a study on che pa-
thology in Afar australopithecines, Cook et al. (1983) sug-
gest that AL 288-1 (Lucy} was approaching middle age, com-
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parable to the close of the third decade of life or the be~
ginning of the fourth in modern humans. The fused ring
-epiphyses of the vertebrae, though with their margins still
distinet, are among the skeletal.age indicators used by these
aunthors.. |

The AL 333~locality has produced nine isolatﬁd vertebrae.
Johanson et al.. (1980) first reported these skeletal el-
ements. Cook et al. (1983), in a study on the pathology of
the Afar australopithecines, list the vertebral elements of
‘both AL 288 and AL 333. A short description a@cpmpanieS each
element listed, The AL 333 vertebral elements include both
small and large specimens. This size difference is in
keeping with the marked dimorphism noted by Johanson and
wWhite (1979) in other_parts of the 3. afarensis skeleton, and
with the marked difference in the size of A. africanus verte-.
bral elements yielded by Member 4 of the Sterkfontein forma-
tion. The AL 333'vertebra1 elements include anatoﬁically im~
mature specimens as indicéted by incomplete fusion or absence
of the riny epiphyses (Cook et al., 1983). Unfortunately
these specimens are not detailed in the table on the verte-
bral body dimensions in Al 333 specimens.
The descripfions of the A, afarensis vertebrae in the studies
of Johanson et al. (1982) and Cook et al. {(1983) are used for

comparigon in.the non-metyrical part of the present study.
' Both these studies also tabled the resulte of measurements
taken on the fossil vertebrae. These data are used for com-
parison in the metrical part of the present study.

The comparative A. afarensis verﬁgbral elements are listed in
Table 2.7. '
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NBEE 2.7
¥is 4, afirensis Vertehrae Recovered from the Hadar Forsation
in sthiopia -' -
Catalogue | Tdentification by Tdentification by
nuaber Johanaon e 21, {1982} | Cook et a/.(1383)
| |
- 152" B3 REYE
« tab ? 1o
- lac | il M1
- fad T 1
- lae 5 or T8 6
- 1af 1 1.
“lag (B "
[ ~1ai - |2 m o
« lam THIe2IT3/M Mor™
A 333
y-12 T
v- B {8l or L5 .
w1 C5/06/CT or T1/M2
5l 7/79/19
n I3
8l T2
3 ul
101 2
106 €5 or 06

£ A% in Cook et 2l,(1983)
$ ME in Cook ef 2/.11983)
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CHAPTER 23

METHODOLOGY AND TECHNIQUES

Contents of Chapter

A

A

1.

Non-Metrical Observations

1. Regional Distribution of Presacral Vertebrae

2. Foramina. through the Base of Lumbar Transverse
Processes ' '

3. Curvature and Orientation of Lumbar Superior Articu-
lar Facets

4. Configuration of the Lumbar Articular Facets

Metrical Technigques
1. Definitiona of Measurements

‘2. Definitions of Indices and Other Derived Metrical

Characters
Statistical Methods
1. Metrical
2. Non-metrical

Non-metrical Obeeivations -

Regional Diitribution of Presacral Vertebrae

. The numbers of vertebrae in the cervical, thoracic and lumbar

regions, and the total number of presacral vertebrae, are

determined and recorded in 120 Zulu and 20 anthropoid ape

vertebral columns. To exclude vertebral columns with nissing

vertebrae, the vertebrae of each column are articulated seri-

ally and the articulations between, and the general confor-

mation of, consecutive vertebrae are scrutinized. Where pre-
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sacral vertebral elemnents are fused and the number of clearly
" complete vertebrae are distinguishable, thiz number of seg-
ments is reccrded.

Ny Presacral vertebrae are defined as those between the cranium
and the sacrum. Problens of definition and categorisation
arise at the craniocervical and, especially, the lumbosacral
junctions.

At theICraniccervical jJunction, Bornstein and Peterson {1%66)
have regarded the asSimilation of an atlas as connoting the
. loss of a presacral ve.tebral element. In the present study,
an atlas which is assimilated to the occipital bone, whether
unilaterally or bilaterally, is nevertheless counted as a
présacral vertebra. This usage accords with thit of De Beer-~
Kaufman (1974) in her study on wvariation in the numbers of
presacral vertebrae in Southern Afriéan Negroes.

an apparently last Jumbar vertebra is regarded as sacral if
‘one or both transverse processea are enlarged and developed
g0 as to (i) form part of the sacro-iliac joint and (ii) take
part in the formation of a sacral foramen. In the absence of
the latter two criteria, simple fusion of the last lumbar and
first sacral vertehral bodiea is not regarded as complete
gsacralization and the last lumbar verte a is gtill classi-
fied as presacral. These criteria for a precacral and for a
sacralized last lumbar vertebra correspond with those used by
Lanier (1939, 19854), Schultz and ftraus (1945}, Bornstein and
Puterson (1966) and De Beer-Kaufman {19740,

There exists a lack of uniformity in the literature concern-
ing:the-characters'which determine the regional allocation of
a vertebra. Four different definitions of thoracic vertebrae
are used in.the literature. Bornstein and Peterson {1966)
~ count a veftebra as thoracic if it bears a costal facet for.
articulation with a movable rib, unilaterally or bilaterally,
and Af it articulateé with a vertebra which bears costal
facets. Following Schultz (1930, 1540, 1941), Schultz and
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Straus (1945) have regarded vertebrae at the regional junc-
tional areas with unilateral costal facets as transitional
and recorded them as half thoracie and half cervical or lum-
bar. De Beer-Kaufman (1974) regarded .the presence of uni-
lateral or bilateral cortal facets, on the vertebral body of
an apparently last cervical or first lumbar vertebra, as
insufficient evidence to classify a vertebra as thoracic.
Washburn and Buettner-~Jamusch (1952) suggest an alternative
method for dividihg the vertebrae, This uses the type af.
articular facets as ind:icators.

The well known groups of distinguishing characters of each
vertebral region are used in the present study to allocate a
vertebra to a specific region of the presacral spinal column.
The definitions used to allocate a transitional vertebra
which shows characters of two adjacent regions correspond

with those used by De Beer-Kaufman, (1974). Thus, an _ap-
parently last cervical or first lumbar vertebra which bears

uniiateral or bilateral costal facets on the vertebral body

is not classified as thoracic. Where comparative data from
Schultz's (1930, 1940, 1941) or Schultz's and Straus's (1945)
study are used in the present study, trangiticnal vertebrae

are counted as cervical or lumbar.
2. Foramina through the Base of Lumbar Transverse Procesggses

Robinson (1972) explains the presence of a foramen through
- the base of the left transverse process of L1 in the Sts 14
partial column as due +to the lack of complete fusion of the
costal and transverse process elements. The lumbar vertebrae
in the modern human and great ape samples are scrutinised and
the ;, .sence, form, size and position of such foramina, are
here Sr. . ' ”

The foramina are classified according to the three groups
identified by Manners-Smith (1909).
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1, Costotransverse foramen

This Foramen is situnated between the costal and the
transverse elements of the process and is thus
bounded medially by the pedicle, #iateriorly by the
costal element and :posteriorly by the transverse
element (Fig. 3.la). : '

2. Retrotransverse foramen

The foramen is situated close to the superior
articular proceés behind the root of the transverse
element. It is  bounded posteriorly by a bony bar
which passes from the accessory Lo the mamillary
process (Fig. 3.1b). | |

3. A foramen at the junction of the accessory process
and the inferior articular facet (Fig. 1.3c).

3. Curvature and Orientation of Lumbar Superior Articular
Facets '

Variation in the curvature and in the orientation of the
lunbar superior articular facets plays an impoftant role in
the biomechanics of the érticular facet joints. The shape of
the facetsz in the transverse plane, when viewed from supero-
anteriorly, is noted according fo the following categories:
Flat or planar, #lightly curved and mnarkedly curved. The
latter group iz subdivided into "C-shaped” and "J-shaped"
facets according to Bogduk and Twomey (1987). The incidence
of the different shapes is recorded at each lumbar level.

The orientation of a lumbar articular facet is defined as the
angle made by the average plane of the joint with respect to
the sagittal plane (Bogduk and Twomey, 1987). The average
plane of a flat articular facet is represented by a line
parallel to the facet while a line parallel to the chord of a
curved facet represented the average pléne 6£'a curﬁed fécet.
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Fig. 3.! Poramina i;hrcugh the Bage of Lurbar franaverse Processes; Costotransverse (A},
' Betrotransverse (B) and a forawen at the Junction of the hccessory and the
Inferior Articular Favet {cl. '
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The general tendencies of lumbar superior articular facet
orientation are recorded in the mnodern - human, pongid and
~australopithecine series.

4 Configuration of Lumbar Articular Facets

Fawcett (1932) states that in modern man the configuration of
the articular facets viewed from posterior is aspecific for
each lumbar vertebra and that, with the exception of the
first two, dindividuoal Ilumbar vertebrae can be identified
thereby. In the first.two_lumbar vertébfae the articular
procésges lie in the angles of a trapezium whose long axis is
vertical. In the third these procesées Yie in the anglés of
a rectangle whoge long sides are vertical and .n the fourth
the articular processes lie in a sguare figure. In the f£ifth

lumbar vertebra these processges lie in the - L - ~fa
.. rectangle whose long sides are horizontal; the « -
lar proceases are huwever fredquently Further a, .. . than the

upper ones (Fig. 3.2).

In the present Btudy these features are recorded and used teo
identify the modern human lumbar vertebrae and te articulate
them in sequence. Special attention is paid to coiumns with
gix lumbar vertebrae and the configuration of the articular
facets in these vertebrae is recorded. These features of the
African and Asian great ape and of the australopithecine
lumbar vertebrae are vrecorded and compared with those of
modern man.
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Fig, 3.2 The Confignration of the trticular Pavets Viewed from Posterier

 {after fﬁucett, 19121,
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B. Metrical Techniques
1. Definitions of Measurements

The technigques used in the present study to measure various
dimensionsg and angles of the thoracic and lumbar vertebrae
“are described here. In parentheses are abbreviated symbols
of the author's devising except for neasurements adopted as
gtandard from Martin (1928). The Martin {M)'numericai'desig—
~nation ig given with these méasurementa. The names of the
measurements as well as the abbreviated symbolg are used in
the text and tables. '

a1l linear measurements taken by a Vernier caliper are
recorded to the nearest tenth of a millimetre, while linear
measurements taken by a co-ordinating ecaliper (which is
calibrated in whole millimetres) are recorded to the nearest
millimetre. 1In the text and tables of the coméarative series
thege values are expressed in centimetres, gince Pal and
Routal I1§86, 1987), the only authores who used these measure-
ments {except for those of the pedicles), report their
results in centimetres. Linear measurements taken by a
spreading caliper calibrated in millimatres are expressed in
millimetres, while angular measurements are expressed in
degrees.

1.1 Anterior Vertical Height of the Vertebral Body (M1)

The anterior vertical height is measured by a spreading
caliper in the midsagittal plane, between the superibr and
inferior epiphyseal rings, on the anterior aspect of the
vartebral body (A in ?ig. 3.3). This measurement is adopted
as standard from Martin (1928) and 3is used by Aeby (1878),
‘Hasebe - (1913}, Lanier (1939), Allbrook (1956}, Ericksen
(1976) and Berry et al. (1987).

P . AR e e e
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The use of a spreading caliper eliminates difficulties which
could occur when lipping is present. In the present stﬁdy
gpinal columns which presént no lipping are arbitrarily
 chosen for the metrical part of this study, to cal~nlate the
inferior surface area accurately. |

1.2 Posterior Vertical Height of the Vertebral Body (M2)

The posterior vertical height is measured by a spreading
caliper in the midsagittal plane, between the superior and
the inferidr_epiphyseal.rings, on the posterior aspect of the
vertebral body (B in Fig. 3.3). This. measurement is adopted
ag standard from Martin (1928) and is used by Aeby (1878),
‘Basebe (1913), Lanier {1939), Alibrook (1956), Ericksen
(L976) and Berry et al. (1987). '

Wheres erosiong produced by the anterior interaal vertebral
venous plexus occur in the midsagittal plane, the caliper is
placed a few millimetres to the side least affected, parallel
with the midsagittal plane. 0f the authors who have used
this measurenent, only Lanier (1939) mentions these ero-
sions, but he does not propose how their effect on this
measurement may be avoided.

1.3 Inferior Surface Area of the Vertebral Body (ia)

The area of the inferior surface of each thoracic and lumbar
vertebral body is obtained by the paper graph method. The
outline of the inferior surface is traced on graph paper with
‘a hard penbil. The area im then calculated by c¢ounting the
nunber of sguare millimetres included. Half and larger than
half scquares included in the outlined area are counted as
whole onegs while squares smaller than half are disregarded.
The results are recorded in sguare centimetres for purposes
of comparison with the data of Pal and Routai {1986, 1987},
who have used the same method, and with the data of'Davis
(1961) who has used an architectural planlmeter to measure
the inferior surface area.



Fig. 3.3 Diagrans dewonsbrating measurements on (i) lateral, (i) supermr and iii) poetexiot
aspects of theracic and lumbar vertehrae
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In the australdpithecine series it is frequéntly.found that
part of the inferior surface area of a fossil vertebra is
broken away. in the light of the scantiness of fossil
vertebrae it is arbitrarily accepted that, in a vertebra
damaged on ~one side, the two sides would have been equal in
size. The midsagittal plane of such a vertebra is placed on
-a line of the graph paper and the preserved half is traced on
the paper. The calculated area of this half ' is then multi-
plied by two. The inferior areas of vertebrae calculated in
this manner are pointed out in the tables.

The inferior surface is preferred to the superior surface
because the former is more representative of compressive
force transmimgion at that level, as each vertebra bears the
waight of all that part of the body above it. In the great
apes care ie taken not to include the costal facet area of
thoracié vertebrae in the inferior vertebral body surface
area.

1.4 Least Pedicle Diameter (lped)

The 1least transverse diameter of each pedicle in each
thoracic and lumbar vertebra is measured. According to Davis
{1955), the diameter is read at the slenderest portion of the
pedicle (C in Fig. 3.3). A Vernier caliper is used. Davis
{1961}, Pal and Routal (1986, 1987}, Berry et al. (1987) and
Zindrick et al. (1987) all measured +this diameter. Zindrick
et al. (1987) used computerized tomographic (CT) scans and
roentgenograme as material. '

1.5 Greatest Pedicle Diameter (gped)

The greatest vertical diameter of each pedivle in each
thoracic and lumbar vertebra is measured, acccrding to Davis
{1955}, at the slenderest portion of the pedicle (D in Fig.
3.3). A Vernier caliper is used. Davis (1961), Pal and
Routal (1986, 1987}, Berry et al. {1987) and Zindrick et_gl,

» -
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(1987) all measured this diameter. = Zindrick et al. (1987)
- used computerized tomographic {CT) scans and roentgenograms
as material. ' :

1.6 Transverse Width of the Lamina (twl)

_This diameter (E in PFig 3.3), which is the minimum width, is
measured just above the inferior articular facetm, as
illustrated by Pal and Routal (1986). Care iz taken to
ensure that the termini of the diameter are in the same
horizontal plane. A Vernier caliper is used. |

1.7 Thickness of the Lamina (tlam)

The thickness of the lamina is measured in the sagittal plane
above the inferior articular facets on both sides of each
thoracic and lumbar vertebra. A Verniar caliper is used.
Pal and Routal (1987) measured thiz diameter.

1.8. Maximum Distancé between Articular Facetsz (mfdi

This distance is measured between the lateral borders of the
articular facets, both auperior and inferior (F in Fig 3.3)
as shown by Pal and Routal (1986). Care is taken to ensure
that the termini of. the diameter are inr the mame horizontal
plane. A Vernier caliper is used. '

1.9 Midsagittal Distance between Articular Facets and the
Vertebral Body (Mdfb) '

This distance is measured by a co-ordinating caliper on the
superior and inferior aspects of the vertebral body. The
outer legs of the caliper are placed on the termini of the
maximum distance between the lateral borders of the articular
facets, while the third is extended ‘to the posterior surface
of the vertebral body (G in Fig 3.3}, Care is taken to en-



31 .

sure that the termini for the diameter are in the same
horizontal piane. Pal and Routal (1986) recorded this
distance, but gave no description of the method used to
obtain it. ' - |

1.10 Greatéﬁt Diameter of the Transverse Process (gtp)

The gfeatest_vertical-diameter of the transverse process, is
measufed at a point one-third of the distance from the
lateral aspect of the superior articular facet to the tip of
the transvérse process (H in EiQ, 3.3). The diameter is read
on each of the left and right transverse processes. In the
thevacic vertebrae the costal articular facet and most of the
muscic attachmeats lie lateral to'this point. In the lumbar
vertebrae the buttress for the articular process terminates
medial to this point and most of the muscular attachments lie
_1atera11y._ The dimensions at this point are thue those best
suited to mechanical analysis = (Davis, 1961). A Vernier
caliper is used to record these diameters.

In modern man the morphology of the transverse processes of
711 and T12 differs £rom that of the rest of the thoracic
region. This measurement does not reflect the sizes of these
processes in the same manner ag in the rest of the thoracic
region and is thus not recorded.

1.11 Least Diamater of the Transverse Process (ltp)

For the reasone mentioned above, the least sagittal diameters
(I in Fig. 3.3) of both 1left and right transverse processes
afe neasured at a point one-third of the distance the
lateral aspect of the superior articular procesg L0 .uew tip
of the transverse process as described by Davis (1961). A
Vernier caliper is uszed to record these diameters.
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in modern man the morpﬁqlogy of the trénsverse processes of
Tl and T12 differs from that of the rest of the thoracic
region. This measurement.doea_ﬁot reflect the sizes of these
- processes in the same:ménner ag in the rest of the thoracic’
region and is thus not recorded. '

1.12 Body-Pedicle Angle (bpa)

This angle is measured by Pal and Routal {1986,'1987) in some
presacrél vertebrae. In the present study the body—pediéle_
angle is measured with a proﬁractor on both sides of the
vertebral body. The base line of a protractor is placed
along the supero-inferior plane of the bbdy at the base of
the pedicle. A shortened reading arm of the protractor is
placed along the axis through the midpoint of the pedicle and
the angle is recorded in'&egrees (3 in Fig. 3.3). To stan—
. dardiae this measurement the inferior body surface is held
againet a straight'line.and the base of the protractor aiong
a line  perpendicular to the first liﬁe. The last lumbar
vertebra presents difficulties in that the inferior surface
of this vertebra is frequently wedged anteroposteriorly.
Therefore the superior articular surface of the last lumbar
vertebra is used to measure this angle.

The f£ifth lumbai-vertebra also presents a difficuity in that
the_transverse processes arisme from the pedicles. Care is
‘taken not to follow the slope of the transverse processes but
to record the actual angle of the pedicle in relation to the
vertebral body. |
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2. Definitions of Indices and Other Derived Metrical Charac~

ters

Traditionally the formulae for derived metrical characters
are as follows: ' o '

3%2 = module
axb = ‘area

a : _

b X 100 = index

In the light of this, the product represents an area. In the

-literature, Pal and Routal (1986, 1387) nuse the product of

two means to represent an area but they call it an index
o ' o . ¥ index

(axb = index). They also use the ratio Teaatred ren "

In order to facilitate o«ross referencing I have retained

these published usages of Pal and Routal (1986, 1987).

2.1 Vertical Vertebral Index

Posterior Vertical Height (M2) 100
. - X —
Anterior Vertical Height (ML) 1

A marked normal ‘lordosis is one of the most distinctive
features of the modern human vertebral column. The degree to
which the anterior wvertical height exceeds the posterior
vertical height in several successive rartebrae will ob-
viously be a factor in the formation of such a lordosis.
Turner (188¢), cited by Lanier {1939), studied the lumbar
curve of the spinal column in several races of man. He
devised this index, called the lumbar index, and proposed the
following categories for purposes of comparison:

x - 97,9 = Kurtorachic (anteriorly convex lumbar

' - column) ' '

98 - 101,9 = Orthorachic (straight lumbar column)
_102 - X = Koilorachic (anteriorly econcave lumbar

" column)
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In the same year Cunningham (1886), cited by Lanier (1939),
used this index in hie studiee on the lumbar curve in man and
apes. It was adopted as a standard by Martin (1928) who
called it the “AnteriOfposterio:er Wirbelkérper - Index". He
also mummarised the lumbar index values determined by various
investigators. 'Lanief (1939} and Rose (1875) are among the
authors who have used this index since. '

Trotter {1929) uses the same formula :and calculates the
indices for the separate presacral regions, She also
determines the mean indices for individual lumbar vertebrae
in American White and Negro malee. Following suit, the
writer has calculated the indices of the individual thoracic
ahd lumbar vertebrae in the present sgtudy to determine the
degree of wedging in these vertebrae. The indices for the
thoracic and the lumbar regions are also ‘caleulated and
compared according to Turner's (1886) categories. Since the
thoracic and lumbar vertebrae and both thoracic.and lumbar
regions are examined, the term "lumbar index” is not appro-
priute and the term "vertical vertebral index" is used here
instead.

2.2 thal Percentage Inferior Surface Area Increase

Inferior area of most caudal free vertebra -
Tnferior area of most cranial vertebra 100

Inferior area of most cranial vertebra ' 1

The total percentage increase in the inferior surface area is
calculate& according to this formula for Tl to L4} Tl to T12,
and Ll to L4. L4 im used as the most caudal vertebra in the
thoracolumbar and the lumbar series, since it is found that
inferior surface area increames down to L4 and then decreases
from L4 to L5 in modern man. '
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2.3 Average Percentage Inferjor BSurface Area Increaée
between Consecutive Vertebrae o
. Total percentage inferior surface area increase 100

Number of vertebrae involved . _ : 1

The total percentage inicrease iﬁ a_'réginn is divided by the
numbef-'of vertebrae _indlﬁded in that region to give the
average percentage increase of the inferior surface area
between consecutive vertebrae. Thias percentage increase is
calculated for the thoracolumbar, the thoracic and the lumbar
regions. | ' '

2.4 Mean Pedicle Index {(lped x gped)

~ The pe&icie index is the product of the greatest and the
least pedicle diameters of each pedicle. This iz determined
az an approximate indicator of the size of the pedicle on
both left and right sides. The mean of the index values for
the two sides is then calculated to give the mean pédicle
index for each vertebra. Davies (1961) and Pal and Routal
(1986, 1987) have used this index,

2.5 Pedicle Index/Inferior Surface Area Ratio

There iB a progressive increase in the size of the vertebral
bodies from the cervical to the pelvic end. Hence, to com-
pare the magnitudes of the pedicle indices at various levels,
their ratios to body area are calculated (Pal and Rdutal,'
1986, 1987). |
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2.6 Mean Lamina Index (twl x tlam)

Thig is the product of the transverse lamina width and the
mean lamina thickness of both sides. The index is determined
ag an indicator of the cross — sectional area of the lamina
which reflects the magnitude of the compressive force trans-
mitted through it. ' - '

2.7 Lanina Index/Inferior Surface Area Ratio

There is a progressive increase in the size of the vertebral
bodies from above downwards. Te compare the magnitudes of
the mean lamina index at various levels, their ratios to body
area are thus calculated (Pal and Routal, 1986, 1987).

2.8 Mean Arch Index {(mfd x mdfb)

The arch indéx, proposed by Pal and Routal (1986), is the
product of the maximum di ..nce between the articular facets
and the sagittal distance between these articular facetg and
the vertebral body. This index indicates approximately the
position of the articular facets in relation to the body.
The mean of the superior and inferior indicial values is then
calcnlated to give the mean arch index for each vertebra.

2.9 Arch Index/Inferior Area Ratio

The gize of the vertebral bodies increases progreéaively from
above downwards. To compare the magnitude of the approximate
articular facet positiong pogterior to the body at various
levelg, their ratios to the body area are calculated (Pal and
- Routal, 1986, 1987). '

2.10 Mean Trangverse Process Index {(gtp x itp)
The transverse process index is the product of the greatest

and the =smallest diameters of the Lransverse process. This
ig determined as an indicator of the transverse process size

O
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'on'both-left and right sides. The mean of the indices of the
two sides is then calculated to give the mean transverse pro-
cess index for each vertebra. Davis (1961) used this index.

2.11 Transverse Process Index/Inferior Body Area Ratio
To compare the transverse process index values at various
levels, their ratiog to the body area are calculated for each

vertebra.

2,12 Mean Pedicle-Body Angle

The mean of the pedicle-body éhglea of the two sides is

calculated to give the mean. pedicle-body angle for each
vertebra. '

C. Statistical Methods
1. Metrical Femtures

The following statistics have been computed from the data for
measurenents taken on male and on female thoracic and lumbar
vertebrae:

Ix

n

Mean (X)

Range = The difference between the uppermost and lowermost
obgerved values

o - _D(x - ¥)?
Standard deviation (8) = ¥ n = 1

Tegts of mignificance

Student's t-Test is used to determine whether or not a
gignificant difference exists between +the means of two
samples. The formula used is as follows:
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X -3
t = SED_

where
e

standard error of difference between sample means,

: _ {sxlzl 'iS )2
SED_ _ _ = s vl _Lnr

‘The number of degrees of freedom i+ obtained from the formula
(Nw -1) + (ny=1)

If the calculated t-value occurs with a probability less than
5%, it is accepted that there is probably a significant
difference between theée means. If the calculated t-value
occurs with a probability less than 1%, it ie accepted that
there is almost certainly a significant difference between

the means.

This test is used mainly to compare the means of the Zulu
" male (n=30) and Zulu female (n=30) samples..

Since the number of anthropoid apes available for metrical
studf is inadeguate, special methods of treating these
samples are adopted for comparison. For the purpose of this
study, in a sample which consists of one item, the value of
that item is regarded as the mean of the sample; Since no
dispersion of data occurg in a sample of one item, no
standard deviation can be calculated. For this reason the z-
test is used. This test is designed to compare the mean of a
random aamplé (which may congist of one or more values) with
the mean of a population, to determine whether the samples
have been drawn from the =ame pﬁpulation or not (Allan,
1982},

2 = \/‘...ng (;E - i;}
Su
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If the wvalue of 2z iz less than 1,96 it indicates that a
significant difference between the sample mean and that of
the population isg not proved. If the value of z is greater
than 1,96, there is probably a significant difference, while
a =z-value greater than 2,58 indicates an almost cértainly
significant differénce between the values of the means.

2. Non-Metrical Features

The weighted mean is used where several means which are based
on different _numbers_of observations were to be averaged,.to
impart relatively more importance to the gamples with larger
numbers of observations.

A weighted mean is defined by:

LW, ¥,

Yo IW,

The Chi-sguare test is used to test the significance of
intergroup and sex differences of the non-metrical featurese
The following formila is used:

a . (O - E)*
2 = p AQ - BI7
.x % B
Where O = Observe: freguency
E = Bxpected fregquency

‘The 1% level of significance (P<0,0l} is accepted as almosgt-
certainly significant. Yates' correction is appiied in the
caleulation of the chi-aquare test in all cases where the
 number of degrees of freedom is one, where the frequency in
any cell is less than five or where the sample number is
fewer than 30. '
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CBAPTER'4_

THE PRELIMINARY DESCRIPTION OF EARLY HOMIHID VERTEBRAE FROM
STERKFONTEIN AND SWARTKRANS.

A. 'Sterkfontein

1. Sts 14,- The skeletal elements of a partial skeleton
which were found in close association are grouped together as
Sts 14. These skeletal elemente include the proximal part of
a femur, ribs, an almost'complete pelvig and a partial verte-~
bral'column. The vertebrae represent the entire .1umbar
region and most of the ﬁhoracic region in sequence. The
descriptions of the B8ts 14 fossil vertebrae follow in
sequence, as determined by the author. |

. Robinson (1972)_'does not use the catalogue numbers in hie
discussion of the Sts 14 thoracic vertebrae and describes
only the last two thorawic vertebraes. He does mention that
the thi.d and ninth last thoracic vertebrae are represented
by vertebral bodies alone (op.cit., p 106). The sequence as
deternined by the author differs from +the Transvaal Museum
- catalogue sequence in that Sts 141 and Ste 14i change places.
The vertebrae of Sta 14 are described cranio-caudally.

ste l4p (Fig. 4.1) is a small thoracic vertebral bo&y with
the upper part of the left pedicle preserved. This helps to
orientate the vertebral body. It is identified as the ninth
from the last thoracic vertebra. The inferior epiphyseal
ring and‘a?small'portion of the superior gurface of this
vertebral body are missing. |

Ste 14n (Fig. 4.2) is a small fragile vertebra which follows
in sequence and is thus thé eighth last thoracic vertebra.
Three pieces have been ‘united tb' form this vertebra.' The
vertebral body has suffered slight abrasion on the anterior:
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‘Hg. 4,1  the Superior Aspect of Ste 143. Identifieg_i
as an . africapus Rinth Last Thoracic
Vertebra {Lifesize)

Pig. 4.2 The Superior Aspect of Sts ldn, Identified
- - as an A afcicanns Bighth Lagt Thoraeic
Vertebra \Lifegise)

_._._‘__
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and right side of the inferior surface. The left'pedicle.ia
absent and the sﬁpefibr ‘articular facets, as well as the
distél part of the spinous process, and right transvefse
process are broken away. Sﬁperiof and inferior costal facets
are present on the vertebral body. The left transverse
process bears a costal facet on the anterior aspect of thre
. digtal end: this facet faces upwards and laterally to the
process. ' -

Sts 14m (Fig. 4.3) is the next thoracic vertebra i.e. the
- seventh from the last thoracic vertebra. This vertebra is
well preserved although the _sﬁperolateral border of the
vertebral body is missing on the left side. The tip of the

spinous proceSB_ahd the right transverse process are broken

awWay. The vertebral body ~nd the left transverse process
bear costal racetg which res .mble those described  for Sts
14n. '

S8ts 14i (Fig. 4.4) is identified by the present author as the
- next thoracic vertebra i.e. the sixth last. It is an almost
complete thoracic vertebra, only the anterior part of the
superior'eniphyseal ring, the posteriof part of the inferior
epiphyseal ring, the tip of the right transverse process and
the tip of the spinous process being absent. Supérior and
inferior demifacets are present on both sides of the verte-
bral body, while the transverse process bears a distinct
costal facet which faces-anterolaterally.

Sts 14k (Fig. 4.5) is the next thoracic vertebra, i.e. the
fifth last. This vertebra is well preserved, save ohly that
part of the infeilor epiphyseal ring, wost of the right
trangverse process and most of the sgpinous process are
absent. Superior and inferior demifacets are ﬁreseht on the

~ vertebral body and the left transverse process has a costal .

facet, which faces upwards and lateralwards, on the anterior
aspect of the tlp of the process.
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Pig. 4.3 The Superior Aspect of Sty lig; Identified
' as an A, africanus Seventh Last Theracic-

Vertebra (Lifesize!

Fia. 44 The Superior Aspect of Sts l&f. Identified
38 an 4, africanus Sisth Last Thoracic

Vertebra {Lifesize)
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Sts 14! (Fig. 4.6) is a nearly complete thoracic vertebra on
which the catalogue number is not legibie. ~ From the_Trans-
vaal Museun datalbgue it ig evident that it must be Sts 141,
The author is of the opinion that this is the next vertebra
in sequence i.e. the fourth last thoracib,_and that it is
thus situated between Sts l4o and Sts lik. The posterior and
left parts of the superior epiphyseal ring are the only
missing partg of this vertebra. The vertebral bedy bears, on
..the  right side; superior and inferior demifacets. On the
"~ left side are a superior demifacet and a very small plece of
ar inferior costal facet. The transverse processes'hear
anterolaterally facing cosgtal fadets. ' '

Sts ldo {Fig. 4.7) is the larger of the two thoracic verte-
bral bodies and seems to follow on Sts 141, that is, it
represents the third last thoracic vertebra. If it is=
accepted that the inferior surface of the vertebral body is
larger than the superior surface, it is possible to determine
the superior and inferior surfaces of this vertebral bedy.
The anterior half of the inferior epiphyseal ring is missing.

Sts 14h (Fig. 4.8) is the next thoracic vertebra and is
identified here as the second laét. It is almost complete..
The superior and anterior aspects of the vertebral body are
damaged and the inferior epiphyseal ring is missing. While
the left transverse process is broken away lateral to its
bage, the right transverse process bears a costal facet on
the upper part of its dista] end. The costal facet for the
tubercle of the rib faces superv-anteriorly. Costal facets
for the heads of ribs are placed high on the pedicles and the
posteriur superolateral aspectz of ‘the vertebral body. A
whole facet is present on the left side while a superior
demifacet is present on the rigﬁt side, .

Sta 14g (Fig. 4.9) is an almost complete vertebra which shows
all the characteristics of a last thoracic wvertebra. The
vertebral body has suffered nild abrasion on the antericy
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Fig. 4.5 The Superior Aspect of Sts 14k, Identified
as an A, africanus Fifth last Thoracic

Vertehra (Lifesize)

Fig. 4.5  The Superior Aspect of Sts 14), Identified

a8 an 4. africanus Pourth Last Thuracic
Vertepra {Lifesizel
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'aspedt and the anterior parts of the superior and inferior
epiphyseal rings are missing., Both pedicles are complete
a 4 bear costal facets for the.héad of a rib. The articular
- facetz, transverse processc¢s, laminae and spinous process are
all well'preserved.

The superior articular facets are typically tloracic in shape
and orientation, while the inferior .akticular facets are
typically lﬁmbar'iﬁ-shape and orieﬁtatiun;__The costal facets
are placed partly on the pedicles and partly on the vertebral
body. =~ On the left side, the costal facet ie smaller and is
placed higher up on the pedicle than on the right side.
These facets face anterolaterally and inferiorly. The trans-
verse processes bear no costal facets and consist of three
tubercles each. The left transverse process consists of a
superior, an inferior and a small lateral process. Oon the
right is a lateral and an inferior tubercle with a mach
larger superior tubercle ‘medial t~ them. The spinous process
expands at the tip.

Sts 14f (Figs. 4.10 and 7.1) is the next vertebra. It
presents lumbar characteristice and is regarded by Robinson
{1972) and by the present author as a first lumbar vertebra,
even though it has an articular structure for a lumbar rib on
the left side. The inferior surface of the vertebral body is
almost complete except for slight abrasion on the right
anterolateral aspect. The superior epiphyseal ring has been
worn away and the right lateral side of the body has suffered
mild abrasion.  On the Jleft side the pedicle, superior
articular facet and transverse process are complete, Most of
the inferior articular facet is reconstructed while the
lamina is complete. On the right side the pedicle and
superior articular facet are complete. No transverse process
is preser~ on this side. Instead, a blunt projection bearing
an articular facet occurs on the pédicle, in accordsz ice with
the origin of the transverse process on the left side. The
oval articular - facet faces postero-inferiorly and iz convex
from posterbsuperiorly_ to anteyo~inferiorly. 'Behind this
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| Pig. 4.7 The Superior Aspect of 8ts 140, Identified
as an A, afrieanus Third Last thoracic
Vertebra (bifesize) |

Py, 4.8 The Superior Aspect of Sts 142, Idemtified
a3 ap 4, africanns Gevond Last Thordeie
Vertebrs (Lifesize) '
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articular facet-bearingi process, another small process
projects laterally f£from the pedicle. ' The lamina and right
inferior articular facet and most of the spinous process are
present. Reconstruction has completed the right lamina and
the spinous process. ' ' ' '

The articular facets are lumbar in shape and position.

Viewed from behind, the centroids of the £four articular

facets conmnect to form a rectangle. The transverse process

is angled mere posteriorly than in the rest of the lumiar

region and a small foramen runs vertically through the base
of the transverse process, just lateral to the pedicle.

Sts l4e fFig.'4sll) is the next 1ﬁmba: vertebra with the most
complete vertebral body thus far. It is classified as a
second lumbar vertebra. The vertebral body has suffered only

8light abrasion on the right superolateral margin. The

pedicles and the right superior articulayr facet are complete.
Only the +tip and a small portion at the root. of the right
transverse proness are absent, while part of the left
superior articular facet and a part of the root of the left
transverse procegs are missing. These migsing parts, as
well as the upper portion of the left lamina, the tip and
the upper portion of the spinous process,'most of the left
and a part of the right inferior articular facet have all
been reconstructed previcuily.

The mamillary processes of this vertebré are smaller than
those of the previous vertebra but =still distinct. Viewed
from behind the centroids of the four articular facets con-
nect to form a rectangle. The neural foramen is almost cir-
cular. ' '

Sts 1l4d (Pig. 4.12) is the next lumbar vertebra i.e. the
third. The vertebral body is complete save for mild abrasion
on the right =ide. The pedicles, superior and inferior
articular facets and the laminae are all complete. On the

[



49

Fig. 4,9 the Superior Aspect of Sts lig, Identified
' .as an A, africanys Last Thoracie
Vertebra [Lifesize)

Fig. 410 The Superior Aspect of Sts 1A, Tdeatified
as an 3, africanys Pirst Lusbar

Vertebra [Lifesize)
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~left projects a long upwarde curving transverse process,
while the right tranaverse process is broken away just
-lateral to its base. The spinous process is complete save
for its tip. ' o '

This vertebra presents the longeet transverse procesgs of the

lumbar region. The superioy and inferior surfaces of the

vertebral body are parallel and the lateral aepeets markedly
_concave. Viewed from behind, the centroids of the four ar-
ticular facets connect to form an almost perfect square.
Clearly distinct mamillary processes project posteriorly from
the superior articular facets and an accessSory pProcess is
present on the left transverse process, near its base.

Sta l4c (Fig. 4.13) is the next lumbar vertebra, and is
identified as a fourth lumbar. The left @mide of the verte-
‘bral body is preserved and both pedicles are complete. The
right transverse process is broken away lateral to its root, -
‘'while the left transverse procees is complete save for its
tip. The right superior articular facet, most of the left
supetior articular facet, the laminae, the root of the
spinous process, the right inferior articular facet and most
of the left inferior articular facet are preserved.  The
vertebra's missing parts have been reconstructed.

The left trangverse proeeee is long and ourves cranially
while the neural foramen is slmost circular. Viewed from
posgterior, the centroids of the four articular facets connect
to form an almost perfect square. These are all characteris-
tics associated with the second and thlrd laat 1umbar verte-
brae 1n modern man.

Sts 14b (Fig. 4.14) is the mecond last lumbar vertebra. This
vertebra has suffered extensive abragion on the right side.

on this side the vertebral body is weathered away increasing-
ly from superior to inferior, with the result that a large
.part'of the inferior surface is alsoc absent. Most of the
pedicle, the transverse process and the inferior érticular
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Pig. 4.1 The Superior Aspect of sts 14e, dentified
g an 4, africamus Second Lumbar
Vertebra {Lifesizel

Fig. 4,12 The Superior Aspect of Bts 14d, Identified
-ag an 4, africanus third Lusbar
Vertelira {Lifesire)
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facet have been reconstructed. The left side is complete’

' except for the distal part of the transverse process. The
ﬁpper portions of the laminae and the root of the gpinous
process are preserved. Distinct mamillary processes project
posteriorly from the superior articular facets.

Sts 14a (Fig. 4.15) is the last lumbar vertebra. The in-
ferior surface of the vertebral body iz complete except for a
small part on the right lateral border. Host of the superior

surface of the vertebral body has been reconstructed. The

right pedicle ig almost complete'but most of the left pedicle
is missing. but has been.reconstructed. The superior articu-
lar facets ;ah& the transverse processes are welllpreserved,
-while the rest of the vertebra (the laminae, inferibr articu-
lar facets and the spinous process) is missing and has been
- recongtructed. The s=hape and poaition' of “he inferior
articular faﬂets have been reconstrncted, with the superior
articular facets of the sacral piece (Sts l4g) ag guidelines.
These reconstructions have been made previously.

The inferior area of the wvertebral bodf is conspicuously
smaller than the muperior area. The pedicles are strong and
the transverse processes are mach more robust than in the
rest of the lumbar vertebrae, Near their bases, 2ach of the
transverse processes present® a prominent tubercle on the
inferior aspect which forms a substantial part of each pro-
cess. The inferior ~articular facets are, as in modern man,
situated further apart than the superior articular facets.

2. Ste 73 (Fig. 4.16) consists of an isolated, almost com-

plete, vertebral body and parts of both pedicles. The shape
of the vertebral body indicates that the vertebra may have
been a lower thoracic or an upper lumbar vertebra. The
lateral aspects of the body and pedicles are wnot preserved
well enough to claim the presence or absence of costal
facets with certainty. The right pedicle presents an ill-

defined shallow oval hallow which seems to be an artefact

resulting from a nmissing pieve of bone, rather than a costal

e At i e it . + ¢+« = ot P A———— . . . .. . T TR U
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Fig. 4.13 The Superior Aspect of Sts lde, Tdentified
as an A, afrivanus Fourst .- bar
Vertebra {Lifesize)

Pig, 4.14 The Superior Aspect of Sts 145, Ideatified
ag an A, africanus Fift' ~ “ar
“Vertebra {Lifesize)
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. facet. The.superior_ gsurface of the vertebral body is con-
plete except for a smail part of the 'posterior border which
is misging in the midline. On the posterior aspect the ver-
tebrél body has suffered slight abrasion in the'midsagittal
pléne, '_Part of the body is broken away on the left side
while the inferior surface has suffered mild abrasion
which hax exposed cancellcous bone. The pedicle on the right
‘side is almost complete while the left pedicle is ‘brdken
away inferiorly. The fragmentary Sts 72 does not appear
to belong to the Same'apinal column as. Sts 14  due to the
difference in size. The greater robustness of 8ts 73 led
Robinson (1972) to suggest that it might have belonged to.a
male individual.

.3. Stw 41 (Fig. 4.17) ie composed of two consecutive verte-
bral bodies articulated with each other. The vertebral
bodies are Well preserved. The superior vertebral body pre-
sents a costal facet high up on the right side. The facet
seems to be placed at the junction of the vertebral body and
the pedicle and to be slightly prdjecting; It faces superi-
orly and seems to be complete, although it is placed so high
on the vertebra that the head o©f the rib might have made
contact with +the vertebral body above. The presence of an
inferior demifacet is debatable since this part of the verte~
‘bra is damaged. -

Oon the basis of these characteriastics the superior vertebral
body is identified as one of the last three thoracic verte-
brae according to modern hominid features.

The preservi-l part of the inferior vertebral body does not
show costal facets, although one cannot exclude the possi-
bility that they might have been present but had been lost,
or that there might have been a facet on the missing pedicle.
These two articulating vertebral bodies are thus compatible
with having been either two of the last three thoracic
vertebrae, or the lagt thoracic and first lumbar vertebrae.
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_ Pig; 4,15 The Buperior Aspect of Sts 14a, Identified
as an A, africanes Siuth Lushar
“Yertebra (Lifesize)

fig, 4,16 The Superior Aspect of Sts T3, Tdentified
a8 av A, africanus Theracie
Vertebra (Lifesize} '
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4, Stw 8 (Fig. 4.17) is yielded by the Sterkfontein Lower
Breccia and consists of four articulated lumbar vertebral
_elements. The vertebral bodies are fossilized with breccia
between them to form a cdncavity anteriorly:  but this
feature is clearly.taphonomic and not'mothOlbgical. The size
and shape of the vertebral bodies of Stw 41 match those of
‘the highest vertebra of Stw 8. If c¢ne places the two partial
vertebral columns together they might easily be from the same
individual. | |

There is matching 'ﬂamage ahd matching discolouration of
the two elements (i.e. the lower of Stw 41 and the highest
of Stw 8), providing proof positive that they are not merely
compatible, but did belong to one individual (Tobias, 1982a).
The two articulating vertebral bodies of Stw 41 are identi-
fied above as either two of the last three thoracic or the
last thoracic and first lumbar vertebrae. The four articu-
lating lumbar vertebrae of Stw 8 are thus either L., 12, L3
and L4 or L2, L3, L4 and L5. The four vertebral elements are
lettered a, b, ¢ and & from superior to inferior.

Stw 8a has suffered.considerable damage. The vertebrél body
presents no costal facets and the inferior urticular facets
are lumbar in shape and orientation, It 1is concluded that
this specimen is a lumbar vertebra as stated by Tobias
{1973). The vertebral parts pregent are the vertebral body,
the inferior half of the right pedicle, the right inferior
articular facet, the inferior part of the right 1lamina, the
root of the spinous process and the medial half of the left
inferior articular facet. A small piece above the lateral
margin of +the right inferior articular facet has been recon-
structe&. ‘The veftebral, body has suffered abrasion on the
left  s=ide, while the superior third of the posterolateral
agpect is broken away on the right side.

Stw 8b is the most complete of the four vertebrae and is
identified as a smecond or third lumbar. Thi# vertebra also
has suffered mild abrasion on the left side. The lateral
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Fig. 417 The Bight Side of Stu /41, Identified
ag 4, africanus Theracic and Tumbar
Vertebrae {Iifesizel
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half of the pedicle, the transverse process, ~the left
superior articular facet and the inferior articular facet

- lateral to its root are broken away. The distal end of the

spinous process'also is missing} " The right side of the
vertebra is complete except for a small reconstructed part on
the superior aspect of the transverse procuss.

The vertebral body is complete and is deeper postariorly'than__
anteriorly. .The superior articular facet pfeaents a small,
indistinct mamillary process, but it is clearly separated
from the articular facet proper. The strong transverse
process projécts laterally but not upwards and there is no
accessory process present near the base. A triangular piece
of bone iz missing from the inferior articular face*, the
‘base of the triangle lying on the inferior border of the
facet and the apex along the midline of the facet.

Stﬁ'ac: Most of the vertebral body of the next vertebra is
well preserved and it is identified as a third or fourth
lunbar. Only part of the antero-inferior border of the
vertebral body has suffered mome abrasion. Most of the right
pedicle is reconstructed and the right superior articular
facet is fossilized in articulation with the inferior
articular facet of the previous vertebra.

Stw Bd is a partial vertebral body. The superior surface of
the vertebral body, which ig in_articulaﬁion with the in-
ferior murface of the previous vertebra, is conmplete. The
posterior part of the body is broken away, the plane of the
break sloping from posterosuperior to nearly antero-inferior.

5. Stw 431. A partial skeleton has recently been recovered
almost certainly from Member 4 of the Sterkfontein Formation,
~the layer which has Bo far vyielded only one hominid,
Australopithecus africanus. The partial skeleton includes
parts of thé axial and the appendicular skeletons. Of
the = axial skeleton we have a small piece of the cranium,
fifteen presacral vertebral elements and the upper part of
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em |’

Pigs 4.1 The Superior Aspect of Stv 455, Identified
a8 an 4. africasus Pourth Last Thoracic
Vertehra dbifesize}

Fig. 409 The Sperior Aspect of Stw 454z & b,
Tdeptified as an 4, africasus Third Last
thoracie Vertebra (Lifesize!
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the sacrum. BAmong the appendicular skeletal parts is a
‘partial right os coxae; the medial half is unfortunately
broken away. with the result that the sacrum and ilium cannot
be articulated. The following description .% the vertebral
elemente is in sequence cranio-caundally.

Stw 455 (Fig. 4.18) is a thoracic vertebral bedy. It bas
suffered'damage to the left superior aspect, resulting in the
absence of the left superior demifacet. A Qmall piece of the
" right pedicle root is presént. The vertebral body is typi=~
cally thoracic¢ in shape and bears demifacets for articulation
with the rib head.

Stw 454 2 and b (Fig. 4.19): This specimen is - composed of
two picceg which Jjoin in excellent apposition. The joint
between the two pieces passes poastero-inferior to the right
superior articular f£acet. The parts of this vertebra which
are absent are the left trénsverée procegs, most of the left
lamina and the left inferior articular facet.

The superior margin of the vertebral beody is lacking both on
the left and the right. On the right side the vertebral body
has suffered abrasion from below the superior costal facet,
ard the inferior costal facet is absent. The costal facets
on the vertebral body are demifacets. The right transverse
process bears a costal facet which faces laterally and su-
periorly. The spinous process is long and angled strongly
inferiorly. This specimen is the next vertebra in the se-
guence after Stw 455 and is probably the third last thoracic
vertebra. The features set out above are in accordance with
this identification. | |

Stw 453a and Stw 4530 seem to join at the inferomedial aspect
of the left pedicle. If,  as seems most likely, these two
specimens do indeed belong to the same vertebra, the author
would classify it as the second last thoracic vertebra.
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‘Fig. 4,20 The Superior Aspect of 5w 433a & b,
Identified as an 4. africenus Second
Last Thoracie Vertehra {Lifesiie}

Fig, .21 the Inferior Aspect of Stw 457a, Identified

38 an &, africanvs Last Thoracic
Vertebra {Lifesize}
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Stw 453a (Fig. 4.20) is_the.greatér part of a vertebral arch.
It consists of the spinous process, both inferior articular
 £acets, the laminae and both transverse processes. The tip
of the left transverse process and a small piece of the
‘posterior aspect of the right'transVerse process are missing.

 The s?inous process, which is complete, is short and expanded
a£ the tip. The angulation of_the spinous process is not as
inferiorly inclined ag in midthoracic vertebrae of modern
man. The inferior articular facets are thoracic in shapé and
orientation and the transverse processes are short. No clear
costal facet is present on the right transverse process which
is complete. On the basis of these charécteristics, thais
gpecimen is classified as the second last thoracic vertebra.

Stw 453b (Fig. 4.20) is a partial vertebral body with only
the left side 'complete. . The root of the left pedicle is
present. The left side of the vertebral body presents a
" large deﬁifacet on. the superior margin but no facet on: the
inferior margin. The demifacet is situwated partly on the
vertebral body and partly on the pedicle. Owing to the
absence of an inferior costal facet on the vertebral body,
this specimen conforms to the features of either the second
or third last thoracic vertebra.

Stw 457a (Pig. 4.21) is part of the next vertebral body. The
inferior surface of the body is almost compiete, only the

left inferior margin being absent.  Most of the superior
surface and the left side are broken away. The lateral parts

of the posterior aspect of the _vertebral' body are alsc
- wanting. ' '

No costal facets are present on the vertebral body but the
pedicles which might have borne costal facets are broken
- away. This partial vertebral bady is thus either the lust

thoracic or the first lumbar vertebra, 'judged oh the body
alone. : '
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Fig, 4,22 The Posterior Aspect of Sty 452, Identified
" ag an 4, africabus Last Thoracic :
Vertebra (Lifesize}

Pigs 4,23 The Inferior Aspect of Stw 458 and Btw 457h,
Identified as an 4. africanus Pirst Loabar
Vertebra {Lifesize}
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Stw 452 (Fig. 4.22) consists of a complete spinous process,

both inferior articular facets, the laminae and the right

transverse process, The transverse process iz formed by
three distinct tubercles; a superior, inferior and a very
small lateral ¢tubercle. The inferior articular facets are
transitional in shape and orientation, being more lumbar than
thoracic in shape, but  orientated more medially than the
-lumbar_infefior-articular facéts._ These atypical or inter%

mediate characteristics correspond with:_those of a last

thoracic vertebra.

Stw 458 (Fig. 4.23) is a well preserved vertebral body,
lumbar in ghape, with only a smail piece of the left inferior

margin missing. The roots of both pedicles are present. No

cogtal facets are present on this vertebral'ba&y which seems
to be the first lumbar vertebra judged on the vertebral body
glize. ' ' '

Stw. 457b  (Fig. 4.23) consigts of a complete spinous process,
both the inferior articular facets, the left lamina, the root
of the left superior articular facet and the lateral part of
the posterior base of the left pedicle. The spinous process
is lumbar in form, projects posteriorly and slopes slightly
inferiorly. Both inferior articular facets are Ilumbar in
shape énd orientation. Thig process seems to belong to Ll.

Stw 458 (Fig. 4.24) is the most complete vertebra of this
partial vertebral column. This specimen is the next lumbar
vertebra, that is the second, and only the spinous procésa
and the digtal parts of the transverse processes are missing.
The shape of the vertebral body is typically lumbar. The
articular facets are situated nearer to the midsagittal line
than in the lumbar vertebrae lower down in the column. The
orientation of the superior articular facets is more medial
and that of the inferior aftiﬁﬁlar facets wmore lateral.
Viewed from posteriorly the four centroids of the articular
facets join to form a rectangle. All these characteristics
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Fig, 4,2¢ The Superior Aspect of Sty 459, Tdentified
‘28 an 4. africanus Second Lumbar Vertebra
(Later erroncoualy warked as §tw 453 - [ifegize)

Pig, 4,25 The Superior Aspect of Btw 460, Identif.ed
as a4, africanus Third Lumbar
" Vertsbra {iifesize)
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are associated with the upper two or three lumbar vertebrae
of modern human 5pinal bolﬁmns and 'this-'specimen “has been
identified as 'the gecond lumbar wvertebra. Large, very dig~
tinct mamillary processes project posteriorly from the su-
perior articular facets. - o '

Stw 460 (Fig. 4.25) is the next lumbar vertebra i.e. tho
- third. It consists of the vertebral body., the right pedicle,
'the'right'supérior articular facet,.the.laminae, the inferior
articular.faéet and the spinous process. The missing parts
of thie vertebra are most of the left pedicle, -the left
transverse procees and - the left superior articular facet.
The right transverse prodess' ig broken away létera1 tu its
root and the tip of the spinous process is missing.

The vertebral body is typically lumbar in Bhape and the ver-
tebral canal almost circular. Although the left superior ar-
" ticular facet is miBsing, the right superior articular facet
bears a distinct mamillary process.

Stw 461 (Fig. 4.26) is part of the second last lumbar
vertebra, to which also Stw 462 belongs. This part consists
of the vertebral body, the root of the left pedicle, the
right' pedicle, right superior articular facet and the
transverse process. The latter process isg broken bbliquely
from  =superior +to inferior, lateral to the root of the
process. ' '

A crack runs through the vertebral body but no distortion of
the dimension has taken place. On the anterior aspect and
the anteyro~inferior margin, some bone is missing in the

¢rack. The superior surface of the vertebral bhody is com-

plete, while the postero-inferior part of the vertebral body
has suffered abrasion. A few short bony spurs occur on the
anterior aspect of  the vertebral body and lipping of the
inferolateral margins occur. : | :
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19, 4,26 The Superior Aspect of St 461 and Stu 462,
Tdentified ag an A, africasus fourth Lombar

Vertebra (Lifesize}

pig. 4.27 The Superior Aspect of Stw 46Ja & b
Ldentified as an 4. africanus Pifth usbar
Vertebra (Lifesize) '
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Stw 462 (Pig. 4.26) is another part of the second last lumbar
vertebra (L4) which consists of the complete spincus process
and the left inférior_'articular facet. The gpinous process
is broad and strong and it slopes Sliqhtly inferiorly. The
inferior articular .facet is complete and fits well with the
superior articular facet of Stw 463a and b.

'Although Stw 461 and Stw 462 make no bony contact with each

other, articulation :of-thesE vertebral elements with the re~

spective parts of $tw 463a and b show that they belong to the :
same vertebra, naaely the  second last lumbar vertebra, in’

this case the fourth lumbar vertehra.

Stw 4632 and b (Pig. 4.27) fit together in exsllent appo-
sition by means of the left pedicle to form the left side of
the last lumbar vertebra (L5).  This gpecimen congists of the
partial vertebral body, the left pediclé, transverse process,

'superior and inferior articular facets and the left lamina.

~ The root of the spinous process and the posterior'part of the
 right lamina alsc are preserved to complete the left half of

the vertebral faramen. The right side of the vertebra is

broken away.
Stw 4632 and b are dlassified as the last lumbar vertebra (in
this case the fifth) on the basis of the following character-

istics:

1. Though broken, the wvertebral body gives the im-

pression that the area of the superior surface was

larger than the area of the inferior surface,

2, The inferior sﬁrface area of the vertebral body of
Sts 462 is too big to articulate with thk. first
sacral pisce, ' C :



69

. Pig. 4.28 The Superior Aspect of SE 3%8la, Identified

" &8 an A, robustue Last Thoracie
Vertebra !Lifesizel

Pig. 4,29 The Inferior Aspect of 5K 3%81b, Tdentified
| a¢ an A. robustus Tast Luobar
Vertebra {bifesize)
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3. The left side of the partial vertebral body of Stw
463 and the left inferior articular facet articulate
~well with the corresponding superior parts of the
first sacral piece. ' | ' '

4. The strong pedicle and the shape of the vertebral
foramen are also characteristic of a last lumbar

vertebra.

The features_bf the vertebrae of the 1987 partial vertebral
colunn correspond witih the  features of Sts 14 nentioned
earlier, except for the_sizé of these vertebrae which are
larger than those of Bts 14. (See 1.2. The Age and Sex
Breakdown of the Fossil Hominid Series in Chapter 2). Unlike
Ste 14, the new Sterkfontein skeleton posseaseé'five lumbar
vertebrae.

f. Stm 65 is a Sterkfontein fossil vertebrél element de~
scribed by Robinson (1972) which was not available for the
pregent Study.' It consists of the posterior surface of a
vertebral body and the bases of the pedicles. Robinson
(1972) reports that this specimen is too fragmentary for him
to be certain that it belongs to Australopithecus africanus
though he thought it likely. In view of the &size of the
specimen Robinsnn (1972) identifies Sts 65 as a vertebra from
low down in the spinal column.

B. Swartkrans

SK 398la {Fig. 4.28) is probably a last thoracic vertebra
because, firstly, it has superioyr articular facets which are .
typically thoracic and.inferiof articular facets which are
typically lumbar in shape and orientation. Secondly, the
vertebra bears complete costal facets for the capitula of the
ribs bilaterally. The costal facets are placed partly on the
pedicles and partly on the vertebral body, they are slightly:
“protuberant and face posteriorly and cau&ally. SK 398la iE a
well-preserved vertebra, only a small part of the inferior
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Fig. 4.30 The Superior Aspect of SE 854, Identified
a8 an A, robustos Axis (Lifesize)

Pigs 4.31 ‘the Superior Aspest of BE 853, Identified
as 2 f. erectys Lusbar Vertebra {Lifesize)
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. surface of the vertebrél body being broken away on the right
side.  The vertebral foramen is proportionately large which
gives rise'.to wide inferior notches. The homologue of the
nmamillary process iz well developed and resembles a small
transverse process. The accessory process is a small tuber~
cle well below the latter. A relatively long, complete spin-
oug process projects posteriorly approximately at a right
angle to the supero-inferior axis of the vertebra.

SK 3981b (Fig. 4.29) ig an incomplete last lumbar vertebra.
It consists of a vertebral body, both pediclea and most of
the left tranaverse process. The inferior surface of the
vertebral body is damaged on the left side and the right
pedicle has suffered slight abrasion on the medial aspect.
The vertebral body is deeper anteriorly than posteriorly and
the superior surface is larger than the inferior surface in
cross-gection.

The pedicles are strong and, on the left gide, give rige to a
large, strong transverse process which projects supero-
laterally. A small tubercle is gituated on the inferior
aspect of the transverse process near its base.

The fused epiphyseal rings of the two wertebrae described
above indicate that both were adult specin..r. They probably
beloﬁged to the same individual as the vertebrae were found
.'in the same block of breccia. Their relative sizes also

correspond.

SK 854 (Fig. 4.30) is an axis with the dens broken AWay. It
is distinctly hominid in general appearance, but does not
clogely resemble the modern human egquivalent which led
Robinson (1872} to classify it as an A. robustus vertebra.
Since the present study is confined to the thoracclumbar
region, this vertebra is not included in the metrical and
non-qetricél analysis but is mentioned here for the sake of
. completenegs.



73

SK 853 (Fig. 4.31) is the fourth vertebra from Swartkrans.

This has been identified as a well preserved lumbar vertebra
of an immature Homo erectus individual (Robinson, 1972}, a
view supported by the author. The epiphyseal rings of this
vertebra were not fused at the time of death én&_are misaing;
This leaves the margins of the vertebral body fluted and
crenulated. This vé#tebra is  almost complete, missing

only the tip_'of'the_#ighﬁ transverse process and a part:of '

the right superior articular facet. The spinous process is
broad from superior to inferior but not enlarged at the tip.
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- CHAPTER 5

VARIATION IN THE NUMBERS OF pngsaanL VERTEBRAE IN VARIOUS
HOMINOIDS -

COHtenté.ﬁijhapter-u

A. The Numbers of Presacral Vertebrae in Modern Human
' Series
1. Zulu Series .
2. Other ¥Modern Human Populations
3. Intergroup Comparisons of Presacral Vertebrae
4. Bexual Differences in Numbers of Presacral Ver-
tebrae ' '

B. The Numbers of Presacral Vertebrae in African and
“Asian Great Apes '
1. Present Study
2. Other African and Asian Great Ape Groups
3. Intergroup Conparisons of Presacral Vertebrae
4. Sexual Differences in Numbers of Presacral Ver-
tebrae

C. The Numbers of Presacral Vertebrae inr Australo-
 pithecinae

D. Discusgion of the Numbers of Presacral Vertebrae

E. Summaxy_and chaluaipn_
Introductian_
‘While this is a study of the thoracic and lumbar regions of
the vertebral colunn, the writer holds that an adequate study

of these regions requires tuat they be considered as part of
the entire spinal column, at least cranial to the sacrum.
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Acdordingly,- the:  numbers of presacral vertebrae were de-

termined. The term presacral vertebrae (PSV) is . used often
in the text and tables. ' '

Variation in the number of PSV has been the subject of much

study and speculatidﬁ in the past century. It appears that
ropinard in 1877 was the first to have ﬁakeh up a gtatistical
study of the fregquency of numerical variation in medern himan
' vertebrae (Bardeen, 1904), | - ' '

Variationsg in the number of PSV may be in the form of a plus-
variation or a'minua—variation.. The plué-variation indicates
an increase in the pumber of pregacral vertebrae (25 PSV)
over the modal number (24 PSV), while a minus—variatidn

indicates a reduction in the nunber of pregacral vertebrae

{23 PSV). The sum of the plus- and minus-~variates fofms the
total nunber of numerical variates 123 PSV plug 25 PSV). The
- regions of the spinal columh most affected by variations are
the thoracic and lﬁmbér regions. The cervical region im
fouhd' to be remarkably stable in primater (Todd, 1922;
Schultz, 1930). | | |

'The definitiong used to determine the regional allocation of
a vertebra are described in Chapter 3. A seemingly last lum-~
bar vertebra is counted as macral if one or both transverse
processes are énlarged and developed so as to form part of
the sacro-iliac joint and to contribute to the formation of a
sacral foramen. |
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a. Numberé of Presacral Vertebrae in Modern Human Series

1. Zulu Series

Ih Table 5.1 the numbers of PSV in malés and females of the
Zulu vertebral columns are compared.

TABER 5.1 | |
The Husbers of Presscral Vertebrae (pS¥) in_%alu Spinal
Coluans : '
psv Kalex Een&!es Males plus Females
v | a2 % | '
[ |7 esf 5 15] 10 10,0
% {6 ms| B wns|® 7,
B ofu 13,8 2 s0| 13 10,8
) 0 |

The decreased number of 23 PSV and the incereased number of 25
PSV are noted in 10,0% and 10,8% of the skeletons respect-
ively. The females, with an incidence of 1Z.5%, present a
higher frequency of 23 PSV than the males (8,8%). In won-
trast the males (13,8%) show a higher frequen&y of 25 PsvV
than the females (5%). Total variates (23 PS8V plus 25 PSV)
occur in 25 of the 120 skeletons (20,8%) in ﬁhis series, the
nale group presenting a higher percentage of total variates
(22,5%) than the female group (17,5%).

2. Other Modern Human Populations

: 2;1 Sources of Data

The SBouthern African Negro (S.A. Negro} data used for com-.
parison are those of De Beer-Kaufman (1974). Her series were
made up £rom four major tribal groups in Southern Africas
137 Naktal Nguni (Zulu and Swazi males and females), 12 Cape
. Nguni males and females, 143 Sotho males and females and 60
Shangaan males. ' '
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The San series of De Beer~Kaufman's (1974) study, 16 male and
12 female vertebral columns, were also used for comparison in
the present study.

The North American Negro (hmer.'Negro) series are compiled
from the data of Bardeen (1904) on 34 male and 20 female
columns, Bornstein and Peterson (1966) on 24B male and 269
- female columns and Lanier {1939) on 100 male vertebral
golunns.

Allbrook (1955) rsported on combined male and female East
African Negro vertebral columns only, but his data are in-
c¢luded in Table 5.7.

The Mongoloid data include those for Japanese male and female
vertebral columng (Hasebe, 1913; Nishi, 1928). These two
sources pfovide a total of 322 Japanese vertebral columns.
The other Mongoloid data are from 234 Eskimo plus Indian
vertebral columns (Bornstein and Peterson, 1966).

The Caucasoid data are compiled from works on North American
Whites and Bur-Asian Whites. The data on North American
Whites are taken from the works of Bormnstein and Peterson
(1966) on 263 males and 225 females, and of Lanier (1939) on
100 malex. The Eur-Asian data are from Steinbach (1889) on
83 German gkeletons, from Blanchi (1895) on 130 Italian
skeletorns (both cited by ﬁardeen, 1904) and from Adolphi
(1905) on B3 Russian vertebral columns. The data of Frey
{1829) on 150 Swiss vertebral columns are also included.
These authors reported the number of PSV in males and females
separately and the data are included in Tables 5.3 and 5.5.
The studies of Topinard (1877) on 350 French skeletons,
Paterson {1892} on 132 British skeletons, Staderini (1894) on
100 Floreﬁce skeletons and of Ancel and Sencert (1902) on 43
French skeletons, all cited by Bardeen (1904), reported on
-combined male and female vertebral colusms and are iieluded
in Table 5.7. '
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Studies'df' other workers were consulted but no other reports
ﬁere found which were suitable for comparison of P8V. a
total of 217 excavated Eskimo skeletons, 107 males 96 females
and 14 #ertebral_columns of unknown =ex, were -‘examined by
Stewart {1932). Az he revorted no case of 23 PSV his data
are not included ini the present study. He ascribed the lack
of skeletons presenting 23 PSV to the sorting process of
'exdavated material. During the sorting process skeletons
- with fewer than 24 PSV might have been considered incomplete
and thus not been included in his 'sample. Jonck (1959)
. reported on the number of thoracolumbar vertebrae but not of
PSV of S.A. Negroes |

The frequency of the specific variants (23 PSV, and 25 PSV)
and the frequency of total variates (23 PSV plus 25 PSV)
among the different pppulation groups are considered in the
following section. ' '

3. 1iIntergroup Comparisons ¢f Presacral Vertebrae

To compare the frequencies of specific variations (23 psv,
and 25 PSV) and total variation (23 PSV plus 25 PSV) in the
various population groups, the data in Tables 5.2, 5.3, 5.5
and 5.7 were analyséd. ‘When the actual number of skeletons
departing from the modal number of PSV was known, the chi-
square test was used. The 1% level of significance (P<0.01)
'is accepted as almost certainly significant for this test.
Yates's correction for continuity was applied to the chi-
square test when any cell frequency was less than five. The
z-test for percentage is used for values expressed as a
percentage, such asz the weighted mean. The same level of
gignificance (P<0.01) as for the chi-square test was accepted
as almost certainly significant.. Both these tests are fully
"described in Chapter 3. . | |
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3.1 Intragroup Comparisons among S.A. Negro Series

The 3Zulu series of the present study and the 5.A. Negro
series of De.Beer—Kaufman's {(1974) study are now compared
{Table 5.2). When one looks at the males ‘of the two samples
the Zulu malee present a higher freguency of 23 PSV (8,8%)
than the S5.A. Negro’males (4,9%), This difference proves not
significant (chi-square = 1,73; P<0,25). In De Beer-
Kaufman's S.A. Negro sample, Natal Nguni nmales (a subsample
which consists of Zulu and Swazi males) have the highest
frequency of 23 PSV (8,3%) and Shangaan males the lowest
(1,7%). The frequencies of 23 PSV in Zulu (8,8%) and Natal
Nguni (8,3%) males dorreapond. 'CompariSOn of the fregquencies
of 23 PS8V among the tribes showed no significant difference
(chi-sgquare = 3.51: P<0,50 with four degrees of freedom).

Conparigon of the frequencies of 25 PSV among the tribes also
showed no significant difference (chi-sgquare = 1,81; B<G,9
with four degrees of freedon). - This is expected from the
small range of 25 PSSV frequencies among the males of the
different tribes. The £Irequencies of this specific variant
range between 10,0% in Shangaan malem and 17,6% in Cape Nguni
males. There is a difference-of only 0,7% between the Zulu
and Natal Nguni males. '

The frequencies of total variates (23 PSV plus 25 P8V) range
from 11,7% in Shangaan males to 23,5% in Cape Nguni males.
Comparison of ﬁheae frequennies among the males of the tribes
showed no significant difference (chi-sguare = 4,11; P<0,50
with four degrees of freedom). '

In the female series 2Znlu females present the highest fre-
quency of 23 P8V (12,5%) and Sotho fémales the lowest (4,5%).
Statistical comparison among the females of the tribes shows
. no aignificant.'difference in the frequencies of 23 P8V (chi-
square = 1,37; P<0,75 with three dJegrees of freedom). The
‘same applies to the frequencies of 25 PsSV (chi—squdre = 1,42;
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P<0,75 with three degrees of freedom) and the'fréquencies of
'total variates {chi~sguare = 3,25; P<(,50 with three degrees
of freedom) . ' ' '

when the =serxes are considered together (Table 5.2) the Zulus
- present the highest freguency of 23 PSV (10,0%) and the Sotho
males plus females the lowest (3,5%). Comparison of the fre-
quenciea_of 23 P8V among the <tribes showed no significant
differences (chi-square = 4,79; P<0,25 with three degrees of
freedom). The difference between the frequencies of this
variant in the Zulu and De Beer-Kaufman's &.A. Negro males
plus females is not significant (chi-sguare = 1,71; P<0,25),

Comparison of the freﬁuencies‘of 25 pSV among the tribes also
showed no significant difference (chi-gquare = 2,08; P<0,757).
The Cape Nguni males plus females present the highest fre-
‘quency of:'25 PSV (13,9%). The same applies to the fre-
quencies of total variates; no significant. differences are
found among the tribes (chi-square = 5,39; P<0,25 with three
degrees of freedom) and the Cape Nguni males plus females
» résent the highest frequency of total variates.

De Beef-Kaufman {1974) found no significant intertribal dif-
ferences in .he freguencies of total variates for males or
females and the geries were therefore treated as a sample of
a single S.A. Negro population. This is in accordance with
the findings‘ of a craniological study by De Villiers (1968)
which showed no major intertribal differences in either
metrical ¢r non-metrical features of the skull. No differ~
enceg in the freguencies of the specific¢ variants or of total
variates’ are found between De Beer-Kaufman's S.A. Negro
sample and the present Zulu series for males, females and the
sexes congidered together. - The two samples are thus pooled
to form a combined S.A. HNegro sample.
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3.2 Intragroup Comparison among Subsets of Other Population. 
Groups '

Intragroup compa:isons revealed no significant differences in
‘the frequenciés of 23 P8V, 24 PSV or 25 PSV among the sub-
gets of each population group, for either sexes and for the
sexes combined. The data on the subsets of each major racial
constellation have ~thus been pooled, to provide combined un-
weighted and weighted mean values for each of the gfoups
{8.A., Negro, American Negro, Caucasoid and Mohgoloid) within
the categories_males, females and males plus females. |

3.3 Intergroup Comparisons among Males

Table 5.3 summarises the numbers of PSV in the males of
various population groups « The differences among the males

of the major racial constellations with respect to the fre-

gquency of 23 PSV were not significant (chi-sguare = 1,61;
P<0,90 with four degrees of freedom). This is expected when
one looks at the small range of frequencies of 23 PSV among
the males of the various population groups. The frequencies
of this specific variant range between 3,6% in the Mongoloid
sample and 5,7% in the S5.A. Negro sample and 6,2% in the San.
This low incidence of 23 PSV in the Mongoloid sample is based
iargely.upon.ﬁhe.low fregquency in the Eskimo plus Indian
~sample (2,9%). Comparison of the weighted means of S.A.
Negroes, American Negroee&, Mongoloidg and Caucasoids showed
that, as suggested by the chi-square test_among the major

population groups, no significant differences in the fre~

~ gquencies of 23 PSV were found among the males of these major
population groups. '

The differences in the frequehcies cf 25 PSV among the males
of different papulation groups were highly significant (chi-
sgquare = 28,65, P<0,001 with four 'degrees of freedom)-- If
one looks at the frequencies of 25 P8V in varioﬁs population
groups, the gxcéptionally high frequencies of 25% in San and
14,0% in S.A. Negro males stand out. In the Mongoloid- series
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t Cited by Bardeen {1904},

¥ ited by Bardeen ll%&l as 1895 and by Bornstein and Peteraoh {1965} ag 1894.
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the Eskimo plus Indiarn subhset presents a fregquency of 11,8%

to the 4,8% of the Japanese, _This difference proved probably .

significant (chi-sqaare = 5,91; P<0,025). The high frequency
‘of 25 PSV (11,8%) in the Eskimo plus Indiang also proved

. probably significantly . different from the frequencies in

American Negro and Caucasoid males. The 14,0% freguency of

25 PSV in S.A. Negro males also proved to be significantly
‘higher than the 5,5% in American Negro males, the 7,4% in
Mongoloid males and the 5,9% in Caucasoid males (Table 5.4).

The differences in the frequencies of 25 Psv between San
males and firstly Mongoloid _maies and secondly Caucasoid

males are probably significant (P<0,05), while the difference
between San and American Negro males is almost certainly sig-

nificant (P<0,01).

The differences in the frequencies of total variation (23 PSV
plus 25 PSV) were highly significant (chi-square = 26,31;

'P<0,001 with four degrees of freedom) among the males of the

different population groups. The frequencies of total varia-
tion range from 10,6% in Caucasoid males to 19,7% in S.A.
Negroid malea and 31,2% in San males. The difference in the
high frequency of total wvariates {23 PSSV plus 25 PSV) in
' S5.A. Negro males proved almost certainly significantly dif-
ferent from those in the American Negro males, the Caucaéoid
males and the Mongoloid males (Table 5.4). Comparison of the
weighted means corroborated these findings.
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TABLE 5.4

e

the chl—m'm Yalves for the Ihffeienues of the Freguencies
of the Bpecific Variant (2% P8V} and the Total Variates be-

tueen Hales of Fanons Population Grmms_,

Population groupa BV | 2PV
e x |n K

1v Subo Hegro vo

i a5 05 | 06 09
Amer, Regro | 15,80 0,000 | 12,03 0,001
Mongoloid 6,40 0,005 | 10,84 §,008
Cancasoid 19,00 0000 | 16,10 0,001 |
. San v
Aer. Hegro' 5,89 4,0 '4 e G050
Kongoloid 4,17 0,05 o §,025¢
Cancasvid 0,800 G,025* | 6,68 0,0

3, Awer. Hegro Vi

Hongaloid 1,46 4,50 0,02
Cantasoid 1 0,07 0

4. Hongoloid v.
- Cauvasoid 6,5 0,9 0,03 8,9

§ = Yates's correction for mll famples apphed.
'+ = Probably significant,
Tnderlived = Alwost certainly and bighly significant.

3.4 Intergroup Comparisons amohg Females

Table 5.5 summarises the numbers of PSV in the females of
various population groups. The differences in the fre-
quencies of 23_PSV among the females of the population groups
are probably sgignificant {(chi~square = 11,37, P<0,025 with
four degrees of freedom). This implies the probability of a
significant difference between gpeucific population groups.
Chi-square tests of the differences in the fregquencies of 23
PSV between Amerxican Negro females and Mongoloid ferales
(chi-square = 7,87; P<0,01) as well as Caucasoxd females
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The Rusbers of Presacral Vertebrae (PSV) in Semales of Various Populition Groups
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(chi-gquare = 8,48; P<LO, 005) proved to be 31qn1f1cant (Table
5.6}, This dlfference is produced. malnly by the high inci-
dence of 23 PSV in American Negro females (11,4%) and the low
incidenues in Mongoloid females {(4,1%) .and'Caucasoid females
(5,4%), When the weighted means are compared by the z-test
for percentages a significant difference in the frequency of
23 PSV is found between American Negro females and Mongo101d
females (z = 2,67; ®<0,01), The difference ‘between American
Negro and Caucasoid famales iz probably significant (z =
2,41; P<0,05). | |

TABLE 5.6

The Chi-sgnare Values of the Differences
in the Freeuencies of 23 Presacral
Vertebrae between Females of

Yariovs copulation Groups.

Popelation gruups. | 23 PS'J

10 sl.hl REEW V.

San o2 0,73
hier. Negro 0% 0,50
Mangoloid . S L I S |
Coucasoid N T
2. Sanv,.

Aner. Regro 0,027 0,9
Hongoloid §,002* 9,9
Caucagoid 0,040 0,9

3. hwer, Ilegro v |

Hongodoid L8 00 |
0,00

Cancasoid §.48 0,008
4 Yongaloid v.. o
Cancasoid _ 046 6,54

* = Yates's correction for small samples,
lmderlmed Aluost certainly and highly significant.
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Among the females of the various population groups, no sig-
nificant differences in the fregquencies of 25 PSV were found
(chi-square = 1,94; P<0,75 with four degrees of freedom).
The frequencies of 25 PSV in females range between 2,4% in
the American Negro series and 8;3% in the San. As suggested
by the chi~sguare test among the females of the population
groups, comparison amoﬁg the weighted means of the groups by
the 2z-test showed n¢ significant differences among the
females. ' '

The diiferences in the frequencies of total variates {23 PS5V
.plus 25 PSV) among the females of the population groups were
not significant (chi-gguare = 6,60; P<0,25 with four degrees
of freedom). The frequencies of total variates range from
8,3% in combined Caucasoid females to 16,7% in San female=s.
Due to the high incidence of 23 PS8V, the American Negro
females present_ the second highest frequency of total vari-
ation (13,;8%). As the chi~squa~- test for the freguencies of
total variates among the population groups suggested, no sig-
nificant differences among the population ¢groups were found.
When the weighted means of the population groups were com-
pared, a probably significant {P<0,05) difference in the fre-
quency of total variates was found only between American
Negro and Caucasoid females. '

3.5 Intergroup Comparisons among Combined Sex Samples

Table 5.7 summarises the number of PS8V in the combined sex
gamples of the various population groups. The differences in
the freguencieg of 23 PSV in males plus females among the
various populaticn groups were highly significant (chi-square
= 16,7; P<D,005 with fivé degrees of freedom}. The high fre-
quency of 23 PSV in American Negro males plus females (8,4%)
proved to be significantly different from that in Mongoloid

- and Caucasoid males plus females (Table 5.8). The difference

in the fre@uency of 23 PSV . between 5.A. Negroes and
Mongoloids and between American Negroes and East African
Negroeg proved to be probably significant. '



88

Among the .femélea.of the various population groups, no mig-
nificant differenceg in the fregquencies of 25 PSV were found
(chi-square = 1,94; P<0,75 with four degrees of freedom).
The frequencies of 25 PSV in females range between 2,4% in
the American Negro series and 8;3% in the San. As suggested
by the chi~square test among the females of ‘the population
groups, comparison among the weighted means of the groups by
the z-test showed no significant dJdifferences among the

females.

The differences in the freguencies of total variates (23 PsV
plus 25 PSV) among the females of the population groups were
not significant (chi-square = 6,60; P<0,25 with four degrees
of freedom). The frequencies of total variates range from
8,3% in combined Caucasoid females to 16,7% in San females.
Due to the high incidence of 23 PSSV, the American Negro
femaleslpresent the second highest frequency of total vari-
ation (13,8%). As the chi-square test for the frequencies of
total variates among the population groups suggested, no sig-
nificant differéences among the population groups' were found.
When the weighted means of the population groups were com=-
pafed, a probably significant (p<0,05) difference in the fre-
quency of tobal variates was found only between American
Negro and Caucasold females, '

3.5 Intergroup Comparisons among Combined Sex Samples

Table 5.7 summarises the number of PS8V in the combined sex

samples of the various population groups. The differences in
the frequencies of 23 PSV in males plus females among the
various population groups were highly significant {(chi-sguare

= 16,7; P<0,005 with five degrees of freedom). The high fre--

quency of 23 PSV in American Negro males plus females (8,4%)

proved to be significantly different from that in Mongoloid

and Caucascid males plus females (Table 5.8). The difference
in the freguency of 23 PS8V  between S.A. Negroes and
Mongoloids and between American Negtoes- and East African
Negroes proved to be probably significant.
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Yotal Japansse wmlwm w1 u 436 s0fn 93

Eskiso & Anerind | W sest T 3,0 1 .3,5 21 15,5 | Bornstain & Peterson {1966)
pooled Mongoloids | 536 | 499 9,7 |2 38 {3 65 (5 w3 |
Caucasoid: .. _. o '

hmer, HWhites 408 ) 438 98 4 4312 53150 10,2 | Bornmtein & Peterson {1966)
Prench /0P W o9 8 23(10 28]18 51| vopinard (18778

French B8 %[ 2313 he|4 8,3 { Anczl & Sencert (1902
Gernan B3| W 89003 3606 7209 10,8 ] steinbach (1885
British fa2 ] 18 e%d} Y 53] 7 53118 10,6 | Patersen (18922
 Florene 0] 89 80 7 70| 4 4811 11,0 | Staderini (1834
Italian I 15 8511 %2 3 LI|15 11,5 | Bianchi (185434

Rugniat BT 8|3 &Y 6] 6 2,21 adolphi L1905)
| swies e 15 90| 1 478 53015 10,0 | Erey d1329)

Pooled Covoaseids | 1589 | 107 80,8 |1 4610 45|z o1

b Cited by Bardeer [id),

#t Cited by Bardeen {1304} as 1695 and by Bornstein and Peterson {1966) as 1094,
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The differences among the frequencies of 25 PSV in the males
plus females of the population groups are highly significant
(chi~square = 52,19; P<0,001 with five degrees of freedom).
San present the highest frequency (17,9%) of 25 PSV and the
East African Negroes the second higheét {11,7%). American
Negroes present the loﬁeat_ frequency {3,7%). Comparison of
the means of the different population groups (Tahle 5.8) re-
vealed highly .significant differences in the frequencies of
25 PSV bhetween S.A. Negroes and, firgtly, BAmerican Negroes
{chi-square = 21,8; P{0,001), secondly Caucasoids (chi-square
= 21,193 P<0,001) and thirdly Mongoloids (chi-square = 6,77;
P<0,01). The frequencies-of 25 P8V in San were significantly
different £rom those in the American Negro, Caucasoid and
Japanese while the difference between San and Mongoloid males
plus females is probably significant {(chi-square = §5,29;
P<0,025), . The American Negroés differ highly significantly
from the East African Negroids {chi-square = P<0,001), and
from the Eskimo plus Indians. The latter two groups are also

significantly different from the Caucasoids.

The frequencies of total)l variates in the males plus females
amony the various population groups were found to differ in-
ter se hughly significantly (chi-sguare = 37,63 P<0,001 with
five degrees of freedor). The frequencies of total variates
range from 9,1% in the Cauncasoids to 25,0% in the San series.
Comparison of the means of the different population groups
revealed a highly significant difference in the freguencies
of total variates (Table 5.8) between S8.A. Negroes and,
firstly, American Negroes (chi-sguare = 6,76, P<0,01),

secondly, Mongoloids (chi-sguare = 12,52, P<¢0,001} and
thirdly Caucasoids (chi-square = 29,74; P<0,001), San differ
hicaly significantly from Caucasoids (chi-sguare = 8,17,

£140,00%) and probably significantly from American Negroes and
Mongoloids., . The difference between East African Negro and
Caucasoid males 'plus females prbves ta be aignificant {chi-
square = 7,26, P<0,01). The results of the z-test for per-
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centages on the weighed means of 8.A. Negroes, American
Negroes, Mongoloids and Caucasoids correspond to the results
of the chi-square test. '

TSR 5.0

The Chi-sguare Valoes of the Differences in the Prequencies of the Specific
Variznts and the Total Famtes betueen (!onbmd Bezes of YVarions Populatmn

Groups,

Popelation groups 23 PV 25 pSy 23 & 25 pSY
I B i M 1 K
1. 8.h. Hegro v, |
| 8an 0,09 ¢,9 L3 0% ) 02 4,50
[ fast ifncanlegro L 0,2 0.1 0,70 0,67 0,50
huer, Fegro L0 0,10 |21,80 o000 { 6% 0,01
| Mongeloid 4,47 0,08 ¢ &77 000 (12,52 Q.00
Caucanoid LW 000 {808 0,00 |9 0,00
2- fan v.
Kast African Negro 0200 0,75 | 0,87 05 | 14,79 0,5
ipar, Hegto g0t 0,9 12,92 0,008 4,02 0,08
Hongoleid 8,16% 0,75 529 0,025 ( 5% 0,025
Caucasoid 0,03% 0,90 10,92 0,004 817 4,008
3, Ragt African Hegro v.
Maer Negro 5,70 0,028 | 17,64 0000 | 1,19 9,50
Hongoloid 0,06 9,5 | 5,55 0,02} 3,39 oUW
Caucasoid 0,63 050 18,50 G001 | 7,26 (.01
4. Mmer, Negro v. |
Kongoloid 10,5 0,005 | 458 085 | 095 050
Cancasoid = fua 0] oeer 050 | &15 6,05
5. Mongoloid v.
Cancasoid | 069 0,50 | 339 610 | 06 050

§ = Yates's correction for small sanplea applied,
+ = Probably siguifinant.
Onderlined = Almost certainly and highly ugmfmant.

- T -
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4, Sexual DifferenCEB in Numbers of Presacral Ve;tebrae _

The numbers of PSV in.males_ {Table 5.3) and females (Table
5.5) are now compared. '

There ie a tendency to a greatér fregquency of 23 PSV in the
females than in the males of a population group. The differ-

ence in the frequency a£ 23' PSV is largest between American

Negro males (5,2%) and females (11,4%)., This difference is
highly significant (chi-square = 8,64; P<0,005) and is the
only significant difference between males and females with
respect to the frequency of 23 PSV (Table 5.9).

TABLR 5.9

the chi-aquare Yaloes for the Differences i the Frequencies of 23 P8V, 25 PSY and Yotal Variates {23

PSY plus 25 PSV) betvees the Males and Pewales of Yarions Popmlation Groups _
Population Groups 23 P8V 25 pav 23 BSV + 25 SV |

' 3 M b |- I K

“suly {Present Series) 042 |0, | L3 0,50 0,40 | 0,75
Batal Nguni {De Beer-Kaufwan, 1974) Loy | 0,80 1 0,54 ;0,50 [ 0,41 [ 0,05
Cape Bouni {De Beer-Raufman, 1974) G | 0,75 ¢ 2,208 1 0,25 | 0,02 [ 450
Sotho {De Beer-Kaufwan, 1974) 0,02¢ 10,9 { 6,215 | 0,025* | 3,22% | 0,10
5.3, Negro {De Beer-Faufmay, 1974} 1,40 0,25 $,98% [ 0,005 {3,517 | 0,10
Pacled S.h. Hegro : LT 08 12,08 | 0,001 3,86 | 0,057
San 0,208 ) 0,75 | 0,40% { 0,50 | O,1%% (0,75
Pooled Anerican Regro ' 8,64 10,005 3,88 | 0,05 [1,5 |02
Pooled Cancasoid 0,25 [0,35 | 5,27 | 0,025 [ 1,60 | 0,25
Pooled Kongoloid g1 )67 1 1,60 £0,25 067 [G,50
Japanese (Hasebe, 1913; Hishi, 1928} 620 E0.05 § 002 Fe90 0,23 | 0,08
Bekimo & Indian {Bornstein and Peterdon, 1966} | 0,11* | 0,75 3,37 | 0,10 3,19 {010

§ = Yates's correction for suall samples applied
+ = Probably significant

An increased presacral vertehrﬁl number of 25 PSVfiS'present
much more commonly in males than in females. The highest
frequency (25%) of 25 PSV is presented by San males. 1In the
Zulu series no significant wu.. .erenpce in the fregquencies of
23 PSV is present between sexes, This is in accordance with
the difference between Natal Nguni males and females of De
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Beer-Kaufman's (1874) study. Her S.A. Negro series sho? a
highly significant difference {chi~sgquare = 9,98; P<0,005}) in
the frequéncies of 25 P8V between sexes. Of her study's sub-
samples the difference between only Sotho males and females
is probably significant {chi-square = 6,21; P<0,025).

In the pooled S.A. Negro sample the difference between sexes

- is highly significant (chi-sguare. = 12,08; P<0,001). The
American Negro,..Caucasnid and Mongoloid males also outnumber
their females in the incidence of 25 PS8V, The differences
between Aﬁerican' Negro males and females {(chi-square 3,89;
P<0,05) and between Caucasoid males and females (chi-square =
5,27; P<0,025) are probably significant (Table 5.9).

Total variates ("3 PSV plus 25 PSU! occur more frequently in
males than in females of all population groups except
American Negroes. In the American Negro series the females
(13,8%) present a higher freguency of total variates than the
males (10,7%), due especially to the high freguency of 23 PSV
in the females. When the chi-square test was applied to the
data in Tables 5.3 and 5.5, it was found that the differences
in total wvariates betwzen males and females within each
population group were not significant (Table 5.9). The
difference between only the pooled 8S.A., Negro males and
females is probably significant (chi-~square = 3,86; P<0,05).

The differences between the sexes with réspect to the fre-
guencies of specific variants (23 PS8V v. 25 PSV) were highly
significant in the pooled B5.A. Negro (chi-square = 10,89;

P<0,001) and in American Negro {chi-square = 10,18; P<0,01)

samplesg and probably significant in the Caucasoid (chi-gsguare
= 4,06; P<0,05) sample (Table 5.10). This difference between
the sexes in the pooled S.A. Negro sample is in accordance
with the <finding of De Beer-Kaufman (1974) while Bornstein
and Peterzon {1966) repert the game result in their American
Negro sample. From Tables 5.3 and 5.5 it is evident that
these differences arise from different trends. In S.A.
Negroes the hiéh frequency of 25 PSV in the males gives rise
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to this difference while, in the American Negroes, it is
produced mainly by the high frequency of 23 PSV in the
females. The Caucasoid females present a low fregquency of 23

PSV. The shsence of significant differences in the fre- -

quencies of specifiec variants (23 PSV v. 25 PSV) between the
sexes of the other population groups (Table 5.10) is corrob-
orated by the absence of significant differences between the
sexes for ‘each of the specific varlants (23 P8SV; 25 PBV) an
its own (Table 5.9). |

YAELE 5140

The Chi-square Valves for the Differences bstwsen the Beres
ith respect to the Preguencies of Specific Humerical Vari
tions iv Premacral Vertebrae {23 PSV va 25 PsV)

Population group Chi-gquare | B¢
value

mh‘ WMumswﬁi 1,03 0,50
Ratal Wouni* {De Beer-Eaufwai, 19?41 2,11 0,75 i
Cape Houni® {De Beer-Ranfman, 1974) 1,9 0,15
Sotho® (De Beer-Kaufman, 1974} 2,76 LIS
5.2, Regro |De Beer-Faufwan; 1974} 8,14 9,005
Pooled 8.A. Hegro _ 19,89 g,001
San¢ _ g,02 0,91
imerican Negro 10,18 0,6l
Cancasoid 4,06 0,0+
Hongoloid ' R L 1,50
Japanese ' 0,01 0,90
Eskiea + Indian® Y ] 0,5

$= Yatesi eorrestion for small szmples applied.
+ = Probably significant.
Underbined = Highly significant.

When data for firstly all males and secondly all females of

all population groups are pooled, the degree of sexnal dif-
ference with respect to the numbers of PSV in Homo saplens

"can be derived from the -combined welghted means, These
results confirm that males tend to have an increased number
of PSV (9,8%, n = 1757) as compared with females (3,7%,'n =
1114). This difference between the sexes is highly signifi-
~cant {(z = 6,72; P<0,001). Conversely females (8,4%, n =
1114) have a greater tendency. towérds shortening of the
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vertebral column than males (4,95%, n = 1757). The differ-
ence between the sexes with respect to 23 PS8V im highly sig-
nificant (z = 3,52; B<O,001). |

Thus, there iz a tendency towards an increase in the number
of PSV in malegs and towards a dedrease in females, Thig as-
sogiation of sex with specific variations in the number of
.presacral vertebrae, ag demonstrated in this gtudy, hag been
‘suggested by Trotter (1929) and Danforth (1930) on the basis
of smail samples. Bornstein and Peterson {1966} and De Beer-
Kaufman (1974) report, on'large sanples, similar findings
which cqnfirﬁ this association. This led Bornstein and
Peterson (1966) to suggést that variation in presacral ver-
tebral number may be a sex dependent characterigtic, females
being more likely to have a shorter presacral column and
males a longer presacral column.

B. The Numbers of Presacral Vertebrae in African and Amian
Great Apes

1. Present Study

Problemg in the obtaining of great ape material in South
Africa are discussed in Chapter 3. For this part of the
study articulated material could be used and the findings are
reported in Table 5.11.

In these samall series, it seems that the wmodal numbexr in
Gorilla gorilla may be 24 PSV and that there is a tendency to
the reductioa of the thoracic vertebrae resulting in 23 PSV.
Among the seven Pan troglodytes specimens one has 235 PSV.
This iz the only individual in this ape series with 25 PSV.

The modal number in Pan traglodytes seems to be 24 PSV. Ths
seven Pcengo pygmaeus vertebral columns all present 23 P8V -~
which iz a possible indication of the reduction of Lhe modal
nunber to 23 PSV in this Asian great ape species.
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MABIA 5.11

the Wusbers of Presacral Vertebrae (PSV) in African
and Asian Great dipes

Catalogee nuwber | Sex | DSV pattern | oSV
| Goriita goé.t']!a | _ |
2a i1 Cimle (o | )
i 132 Made |eTmans | 2!
W pale |CT3n |
g gale |CTRIM | U
™ 16737 Hale | CT T34 U
N6 e |oTMdI | M
Pat broglodytes |
3 94 o lwale fomiw | u
fa 1071 Male [eTTl4Ly | o
g - 159 Wle [GTTY3L | M
822 () Pemale | CT P34 | 4
I | Femle [T |
28 37008 ale |CITIILE | M
™ 16731 Male [OITAI | %
Pongo promaens |
%2 1334 © lmale formis | o®
| & 158 hle |lereilss | B
LR Pemale | €7 712 14 2
™ 16732 Male |eTM2m | B
w mle |omu | B
307 (W) Wle |7 | B
2 33590 o fmle [ermim | B
! %6 pumber

%a = Raywond Dart Collection at the Department of Anatomy
and Human Biology of the Enuerulty of the
Witwatersrand

™ = Transvaal Myseun

PP = 2oology Department at the llnmmt} of Prstoria

I = Anatomy Departwent ab the Univeraity of Cape Town

{W) = Boology Department at the llmmity of the
Hitwatersrand

M = Bouth African Huseuw
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2. _Other African and Asian Great Ape Groups

‘2.1 BSources of Data

" Although many studies have been made on the numerical vari-
ahility of the great ape vertebral column, only a few permit
gtatistical comparison of the rumbers of PSV and even fewer
permit statistical comparison between males and £females of
the great ape groups. |

Todd (1922) reports the number of thoracolumbar vertebrae in
45 Pan, 33 Gorilla and 50 Pongo vertebral columns. He states
that in mammals the number of cervical vertebrae generally is

seven.
"Hence, if we know'the total. of presacrals, we can
readily ascertain the number of vertebrae comprising
the thoracic and lumbat series together.’
{op.cit., p 263). ‘

The opposite reasoning ig used in the present study. If we

know the number of thoracclumbar vertébrae, vie can readily
ascertain the number of presacral vertebrae for the number
of cervical vertebrae generally is seven. The numbers of PSV
are thus calculated from Todd's (1922) data and used in the
present study. The sex of the vertebral columns is not
reported and it is taken that the data are for males and
- females together. '

Schultz (1930) also'reports the numbers of thoracolumbar ver-
tebrae in vertebral columns of all three great ape groups,
He states that no case with a deviation in the normal number
of seven cervical vertebrae was encountered. * It is thus
again possible to calculate the numbers of PSV in the 63 Fan,
86 Gorilla and 83 Pongo vertebral columns and to use
Schultz's (1930) data in the present study. These data are
not reported by sex and it is again txlen as male plus female
data. o
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Schultz (1940) reports the numbers of thoracolumbar vertebrae
in 78 Pan vertebral columns. He alsc mentions that each of
the vertebral columns has seven cervical vertebrae. It is
thus again possible to calculate the numbeéers of P8V in these
vertebral columns and to include these data in the present
study. According to the défihitions used by Schultz {(1940),
vertebrae presenting unilateral sacralization are:counted
half lumbaf and half sacral. In the present study such ver-
tebrae are counted ag .sécral with-thé result that in the 4%
columns, reported by Schultz (1940), with thirteen thoracic
and tkree and a half lumbar vertebrae the transitional ver-
tebra is reported as sacral in the present study. The sex of
the vertebral columns ig adain not mentioned and the data are
taken as for males plus females.

The 78 Pau vertebral columns reported in Schultz's (1940)
study may include sixteen of the 63 Pan vertebral columnsg
reported by Schultz in 1930. In view of the scantiness of
data on +the great apes, the results of both studies are in-
cluded in the present study.

Schultz (1941) reports the number of thoracic plus lumbar
vertebrae in 107 Pongo vertebral columns. In three of these
vertebral columns the seventh vertebra bears ribs that reach
the manubrium, in two cases bilaterally. The precise defini-
tions of the different types of vertebrae are not noted but
according to definitions of a previous gtudy (Schultz, 1930)
these vertebrae are probably counted as thoracic. Unfortuna-
tely the numbers of thoracolumbar vertebrae of these three
vertebral columns are not menticned; hence they cannot be ex-
cluded from the rest of the vertebral columns.,. It iz thus
not ppssible to calculate the numbers of PSV  in these ver-
tebral columns with certainty. The - data on 107 Pongo ver-
‘tebral cclumns are thus not used in the present study. In
another part of the Schultz (1941) study, the numbers of
thoracolumbar vertebrae in 24 male and 24 female Pongo ver-
tebral columns are mentioned. No comment as to the number of
cervical vertebrae accompanies these results, . but since only
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three vertebral columns out of a total of 107 vertebral
columnsg (2,8%) show deviation f£from the  normal number of
- Beven cervical vertebrae, the author is of opinion that the
number of cérvical vertebrae in the 48 wvertebral columnz were
almost certainly . seven. The numbers of P8V in these 48
vertebral columna are thus calculated and included in the
present study. These data are important for they are the
only data on males and females separately thus far.

It is not possible to include the extensive study by Randall
(1944) on Gorilla vertebral columns in this part of the
present study. . Although he states that =even cervical
~vertebrae were preasent in all the vertebral columns, he re-
ports the number of thoracic vertebraes and the number of lum-—
bar wvertehrae separately which make it impossible to cal~
culate the numbers of PSV in these vertebral columnz as was
done with the results of the previously mentioned studies.
This ig indeed unfortunate because all his data are recorded
according to szex. Randall's {1944) study is, however, used
fruitfully in the next chapter where the regional digtribu~-
tion of the P8V are discussed.

From the sources mentioned above the numbers of PSV in 186
Pan, 11% Gorilla and 181 Pahga vertebral c¢olumns are avail-
able for comparison. The resu!ts of the preaent.atudy and
the data available £from the literature are summariged in
Table 5.12. Only the 24 male and 24 female Pongo vertebral
columns reported by Schultz {1941) permit comparison between
‘males and Females. -

With an incidence of 71,5% it im evident that the modal num-
ber of PSV in the pooled Pan (males plus females) seriesr is
24, The sets of data on Pah are contrasting in the sénse
that Schultz (1930; 1940) reports a high incidence of 24 PSV
(74,6% and 76,0% respectively) indicating a fairly stable
_cohdition; while the incidence of 57,8% reported by Todd
(1922) reflectz a much more unstable condition. The differ-
ence between their results lies in the high frequency of
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25 P8V (17,8%) reported by Todd (1922), while Schultz (1930)
reports an incidence of 4,8% and Schultz (1940) reports no
incidence of 25.PSV;_ The Pan specimen housed in the Trans-
vaal Museum in Pretoria, one out of seven Pan colunns exam-
ined by the author, presents 25 PSV. The frequency of 25 PSV
in the pooled Pan series is 6,2%. '

Both Todd (1922) and Schultz (1930; 1940) report a high ten-
dency to reduction of the number of PSV in the chimpanzee.
The minus-variations, 23 PSV snd 22 PSV, occur in 21,2% and
1% of the pooled vertebral cclumns respectively. None of the
seven vertebral columns examined by thé author presents fewer
than 24 PSBV. ' '

The difference .between the £frequencies of 23 PSV and 25 PSV
(23 PSV v. 25 PSV) in the pocled Pan series is highly sig-
nificant (chi-sgquare = 17,15; P<0,001). This significantly
higher incidence of 23 PSV shows a definite tendenc¢y towards
shortening of the vertebral column in the pooled Pan (males
- plus females) series.

In the Gorilla series the modal number of PSV ig also 24 but
the relatively Jlow incidence of 57,6% indicates a greater
tendency towards variation. Only one vertebral column (0,8%)
with 25 PSV ig recorded. The frequency of 23 PS8V in the
pooled Gorilla series is 39,2%, while 22 P8V occurs in 2,4%
of the wvertebral columns. Although only six Gorilla verte-
bral columns have been examined by the author, their vari-
ability in the number of P8V did not differ from that of the
rest of the Gorilla wvertebral columns summarised in Table
5.12, e

The differencev between the frequencies of 25 PSV and 23 PSV
in the_popled Gorilla series is highly significant (chi-
square = 55,23; PK0,00Ll). This significantly higher fre-
quency of 23 PSV indicates an even more striking tendency
towards shortening (i.e. affecting 41,6%) than is anparent in
‘Pan {(22,2% affected). |
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YaBLE 5,12

The Hushers of Presacral Vertebrae in a Cowpavative African and Asian Great Ape Series

Grest: Ape | n | Sex | 22 PSY 23 P8y 2 psv 25 ¥V | Reference
faxon B Yyl Yl Yool L]
Pan B0l 1 22110 2,20 26 51,81 8 17,8 Yodd {1922)
- | 8 [Me3 1 L6t 12 19,01 47 6L 3 48 | Schultz (1930)
Wimwe| - [ 1& 240} 5 0] - ~ | Scheltz {1940)
IRE - . “ - 4 66,7 1 33,3 Present Study
1|E .« . - - 2 W0 | - -~ [ Present Study

9w 2 L0 4 w218 M1 62

Gorilla | W wr| 2 6118 w415 se5) - - [ vad e
B {we| 1 12| 3 5|50 s8] 1 14,2 schuta (1930
gl - - 2 B3| & 667 - - | Present Study

IR

PR

Pongo S0 i} 3 6,0 B 168 - - | Todd {1922)
B3 {iep |12 14,5 61 759 8 %60 - = | Scheltz {1930)
@i ¢ 167 10 B0 2 8,31 - < | Schultz {1941}
Ui § 16,7 17 83 3 12,5 -« | schultz {1941
6fH - - o 00 - < | = = { Present Study
1iP - - 1 100 - = t =~ = { Present Study

188 {WeR [ 23 12,2 [ 144 266 2 1,2} - -

In the pooled Pongo series {males plus females), 76,6% of the
vertebral columns present 23 PSV; i.e. the modal number of
PSV ims 23, This high f£reguency of the modal number indi-
‘cates a fairly stable condition with a Jlow tendency to

variation. No vertebral columﬁ with 25 PS8V is recorded. The

freguency of 24 P8V is 11,2%, while 22 PS8V occurs in 12,2% of
the pooled Pongo vertebral colunns. The difference between
the frequencies of 22 PSV and 24 PS8V is not significant (chi-
‘sguar. = 0,03; PLO,75), whish shows a symmetrical distribu-
tion of the tendency to variation. No deviation from the
modal number of 23 ' PSV occurs in the seven Pongo vertebral
columns examined by the author.
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3. Intergroup Comparisons of the Presmacral Vertebrae

When the African great apes are compared the freguencies of
24 PSV are the highest. The modal number of PSV is 24 in
both Pan and Gorilla vertebral columns. The frequency of 24
PSV is however much higher in the pooled Pan vertebral
columns {71,5%) than in the pooled Gorilla vertebral columns
{57,6%). This difference between the frequencies of 24 DSV
“in the African great ape'vgrtebral3columns is significant
(chi~-scauare = 5,83; P<0,25), which indicates a more stable
‘condition in Pan vertebral columns. ' |

The ten&ency to the plus-variation'is lower than the tendency
to the minus-variation in both Pan and Gorilla vertebral
columns, The pooled Pan vertebrél columns (n = 193}, how-
ever, present a higher frequency of 25 P8V (6,2%) than the
pooled Gorilla vertebral columns (n = 125) in which only one
vertebral column (0,8%) has 25 P8V. The difference between
‘the frequencies of 25 PSV in the African great apes is prob-
ably significant (chi-scuare = 4,27; P<0,05). |

The minus~-variations, 23 PSV.and 22 PS8V, occur more frequent-
ly in the pooled Gorilla vertebral columns than in the pooled
Pan vertebral columns. The frequency of 23 pSV in Gorilla
vertebral columns, 39,2%, and the frequency of 23 PSV in Pan
vertebral columns, 21,2%, are highly significancly different
{chi~square = 11,19; pP<0,001). ‘he difference in the fre-
quencies of 22 PSV between the African great ape vertebral

columng is not significant (chi-sqv;re = 0,24; P<0,75).

Variation in the numbers of PSV in both Pan and Gorilla ver-
tebral columns show a greater tendency towards shortening of
the vertebral column than towards lengthening. The tendency
towards shortening of the vertebral column is highly signifi-
cantly gréater in Gorilla vertebral columns than in Pan ver-—
tebral columns. A tendency towards lengthening of the verte-

+
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bral column is very  small in both genera, but is probably

significantly greater in Pan vertebral columne than in

. @orilla vertebral columns. -

The most important difference between the African and Asian
great ape vertebral columns is that the modal number of PSV
iz 23 in Ponge and 24 iﬂ Pan and Gorilla vertebral columns.
* The high incidence (76,6%) of the modal number of P8V in
. Pongo vertebral columns aeems to indicate a more stabhle
condition in the numbers of PBV in Ponge than in Pan and
Gorilla vertebral «olumns.  The chi-square test, however,

‘shows no significant difference (chi-square = 1,03; P<0,50)

between the frequencies of the modal numbers of PSV in Pongo
and Pan vertebral columns.. The difference between the
frequencies of the modal number of PSV in = Pongo and
Gorilla vertebral solumns is highly significant (chi-square =
11,80; P<0D,00%). | |

The tendency to the plus-variation is greater in the Pongo
vertebral columns (11,2%) than in either Pan (6,2%) or
Gorilla (0.8%) vertebral columng. The difference in the fre-~
guencies of the plus-variation between Pongo and Pan ver-
tebral columns is not significant  ({(chi~-saguare = 2,386;
P<0,25). The difference in the frequencies of the plus-
variation between Pongo and Gorilla vertebral columne is,
however, highly significant (chi?aquare = 10,82; P<0Q,005).

In comparison with the African great ape vertebral columns,
Pongo vertebral columns present a lower tendency towards the
reduction of the modal number of PSV (minus~variation). The
.frequencies of the minug-variation in Pongo and in Pan verte-
bral columns are probably significantly different {chi-
équare = h,65; P<0,025). The difference between the fre-
" gquency of the minus~variation in the Prongo (12,2%) and the
- frequency of 23 PSV in Gorilla vertebral columns (39,2%) is
highly significant (chi-aguare = 29,32; P<0,001).
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Comparison of the numbers of_PSV in African and Asian great

ape vertebral columms shows firstly that the modal number of -

P8V is 23 in Pongoe and 24 in Pan and Gorilla vertebral
columns;' Sécondly the frequencies of the modal numbey, the
plus-variation and the minua-variation are highly signifi-
cantly different between the Ponge and the Gorilla vertebral
columns. This highly significant difference may be owing to
the unstable condition in tihie numnbers of P8V in . Gorilla ver-
tebral columns asgociated with a high tendency towards reduc-
tion of the number of PSV in the vertebral columns. *Thirdly,
the frequenciés of the wodal number of PSV and the plus-
variation between Pongo and Pan vertebral =7olumns are not
significantly different. while the difference in the fre-
quencies of the minus-variation betwes Ponge - and Pan ver-
tebral columns is probably significant. “heme results may be
ascribed to the high freguencies of the modal number of PSV
in both great ape groups which indicates_a_fairly stable con-
dition. The difference between Pongo and Pan vertebral
columns lies in -the fact that the modal number of P8V ia dif-
ferert and that Pan vertebral columns present a probably sig-
nificantly higher tendency towards red» s of the modal
number of PSV while the tendency towar ariation ie dis-
tributed equally between plv--variation and minus~variation
in the Pongo vertebral columns.

4. Sexual Differences ih Numbers of Presacral Vertebrae

The only data which permit compafison between males and fe-

males are the 24 male and 24 female Pongo vertebral columns

reported by 3chultz (1941):  The male and female vertebral
columns present an egual tendency towards reduction of the
‘modal number of PSV. The frequency of the modal number of
PSV is higher in the males (75,0%) than in the females
{70,8%). This difference ig however, ca-r» 1 by the fact that

the females present three wvertebral columns with 24 PSV to.

the two male vertebral columns with 24 psv.



s acrrd b cmm et ceee B Tarmabe wrA- s lnm b == A s Remne T T

105

Only one Pan and one Ponge female are included in the present
study. From these data a difference in the number of PSV be-
tween males and_fem&les of African and Asian great apes can
not be derived although there may be such a difference.

€. The Numbers of Presacral Vertebrae in Australopithecinae

There are as vet no complete vertebral columns among the many
- Bustralopithecus fossils discovered. The partial vertebral
column of Sts 14 from Member 4 of the Sterkfontein Formation,
which-presents' the lower fifteen presacral ﬁertebrae, is the
most complete_discovered yet.

Sts 14 partial vertebral column appears tc repregent the en-
tire lumbar region.and_ most of +the thoracic region in se~
quence. - Robinson {1972) classifies these vertebrae as six
lumbar and nine thoracic vertebrae. The author supports
Robinson's {1972) classification a8 is explained in Chapter 6
of the present study where the regional distribution of the
presacral vertebrae is discussed. '

The newly recovered Sterkfontein partial vertebral column
(8tw 431} appears to represent the entire lumbar region of
 five vertebrae and the last four thoracic vertebrae of the
same individual. Since the upper part of the thoracic region
and at least the last cervical vertebra are hot preserved in
either of the partial skeletons, it ig not possible to number
the existing thoracic vertebrae with certainty.

The rest of the Ausiralopithecus africanus fossil vertebrae

- are either single vertebrae (Sts 73, 8ts 65) or parts of a

vertebral column (Stw 8 + Stw 41) and thus not informative as
to the number of presacral vertebrae. The same applies to
the three individual Australopithecus robustus vertebrae (SK
3981a; SK 3981b; SK 853) £rom Swartkrans, each representing a
different vertebral region.
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It is also not possible to derive the segmehtation or the
number of presacral vertebrae of Australopithecus afarensis
from the vertebrae yielded by the Hadar formation in
Ethiopia, for they are either isolated vertebrae of different
individuals, or from the same.partial'column but do not fol-
low in sequence. The nine isolated vertebrae of different
individuals are yielded by the AL-333 locality of the Hadar
formation (Cook et al«, 1983). The partial vertebral column
AL-288 (Lucy), £rom the same formation, presents ten verte-
brae but they do not follow in seguence (Johanson, et al.,
1982). - '

Theréfis thus as yet no evidence as to what number of total
presacral vertebrae occurred in Australqpithecus.

D. Discussion of the Numbers of Presacral Vertebrae

Moét of the contributious, at the turn of the century, to the
subject of the variations in the number of PSV in Man re-
solved themselves into a discussion of mainly two groups of
‘hypotheses. The .firat_ group sought to explain numerical
variation in human wvertebrae as phylogenetic shortening or
lengthening, while the second group saw these variations as
expressioné of inherent variability.

The two names usually associated with the first group of
‘hypotheses are those of Rosenberg {1876) and Welcker (1878).
Rosenberg (1876) contended that the ?ertehral column had un-
dergone the phylogenetic and ontogenetic shortening by
cranial movement of the pelvis. Simultaneously, the thorax
had shortened by the loss of ribs. 1In contrast to this view,
where the movement of the pelvis plays an important role,
Welcker (1878) empbasized the importance of the ‘*vertebra
fulecralis' {ithe vertebra which cbntributea most  largely to
the auricular surface of the sacrum) as a fixed point.
Variations in the number of PSV occur by intercalation or ex-
calation of parts cranial to this point, '

w
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Paterson (1892), a supporter of the second hypothesis, dis-~
 carded Welcker's {1878) theory and argued that the hypothesis
~of inherent variability fully explains the cases of in-
dividual variation. In contrast to Rosenberg (1876), Bardeen
(1904) showed that the supposed vestigial ribs probably do
not exist in the human embryo and that ontogenetically the
pelvis moves caudally instead of cranially. He concluded:

"Regionél variation in the vertebral column is an
inherited condition which makes itself manifest
early in embryonic development®. {op.cit., p 513)

This view is corroborated by the family and twin studies of
Kithn (1932, 1936) in which he showed that variability in ver-
tebral number is an inherited trait. He noted aleo differ-
ences in vertebral number in different human races which he
attributed to variations in gene frequency. )

Studies of hereditary variation in the axial skeleton of the
rabbit by Sawin (1937) argued against the possibility of a
gingle mendelian gene with only dominant and recessive al-
leles, In a Jlater study, Sawin and Trask (1965) provided
evidence that, by the transfer of a BpECific gene to a dif-
ferent gehome, the tendency to shift the thoracolumbar and
lunbosacral vertebral  junctions cephalad can be enhanced or
inhibited. Sawin, Gow and Muehlke (1967} showed that in the
rabbit geveral minor modifying genes with one major gene, in-
fluence the wvariations in the vertebral junction areas.

Danforth (1930, on modern humans) and Bawin (1937, on rab-
bits) suggested that one of the factors influeneing the ex-
pression of numerical variation is associated with sex.
Bornstein and Peterson (1966) presented evidence that race
and sex must be considered to influence the expression of the
genes for numerical wvariation in man. They found their
American Negro group to differ from the Caucasoid and Mon-
goloid groups' with respect to the distribution of specific
vertebral variants. This led to the hypothesis:
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"The total incidence of variation in the number of
. presacral vertebrae appears to be a specific charac~

teristic of any particular population group

studied,"” (op.cit., p 145)

In the present study the fregquency of total variation in S.A.
Negro {males 'Qlus_females)_differs almogt certainly signifi-

cantly from American Negroes, Caucasoids and Mongoloids, but

not from San or East African Negroids. This tends to confirm
that total variation in the number of DPSV in males plus
females appears to be a specific characteristic of each major
racial group. ﬁith regpect to the gpecifie¢ wvariant, 23 pPsv,
the American Negroee differ highly significantly from Mon-
goloids and Caucasoids. This difference is based mainly on

the high frequency of 23 PSV and the low frequency of 25 PsSV

in American Negroés. The low frequency of 25 PSV in american
Negroids may be compared with the low fregquency of‘25 PSY in
Caucasoids, in which respect these two groups differ highly
gignificantly from the 8S.A. HNegroes, San and East African
Negroes. If the numerical variations are genetically deter-
mined, a possible explanation for +he Bimiiarity of the
Caucasoid and American Negroids may lie in the genetic com-
position of BAmerican Negroids. Glass and Li (1953), using
data on Rh, fregquency, estimate that the amount of Caucasoid
admixture in North American Negroids is 30,57%.- A revision
of this (Glass, 1955} estimates  admixture +to be 21,6%.
8i- .larly Roberts {1955), who uses five discriminating
characters,; estimates the amount of admixture to be 20%.
Reed (1969) reviews evidence and estimates the amount of ad-
nixture to be 21,95%, using Fy* freguencies. Such a large
degree of hybridisation may acecount for the low incidence of
25 PSV in American Negroids, in contrast with the higher
incidence in African Negroids.

The results of the present stundy agree wiﬁh De Beer-Kaufman's
(1974) results. She suggested that racial differences in
presacral vertebral variation may be more readily recognised
when males and females are considered separately, for sexual
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differences may mask racial differences. In the present
study this was found partly true, for the difference in total
variates in the male category revealed racial differences
{Table 5.4) more'readily than in the male plus female cat-
egory (Table 5.8). When data for the male plus female cat-
egory and for the female category were compared, the males
plus females proved to show racial differences more readily.
. Fof each of the specific variants, 23 PSV and 25 PSv, the -
_daté for males plus females (Table 5.8) also more readily
show racial differences than does either the male category
(Table 5.4) or the female category (Table 5.6}.

Bornstein and Peterson (1966) hypothesized further that
within each group the fregquency of the trend towards
lengthening (25 PSV}) of the column appears to be a charac-
teristic associated more with sex than with race.  They were
led to this conclusion by the fact that a higher incidence of
23 PS8V in females and of.25 PSV in rales have been reported
by several invesgtigators ,(Bardeen, 1904; Danforth, 1930;
Trotter, 1928}, and by simnilar findings in their own study.
The £indings of De Beer~Kaufman (1974} and of the present
study support the higher incidence of 23 PSV  in females and
of 25 PSV in males.

The high frequency of total variation in both males and
females found in the present study supports the finding of De
‘Beer-Kaufman (1974). She reported an extremely high inci-
dence of vertebral variants in the Nguni and Sotho tribal
groups in c¢ontrast to the Shangaan. .The.San series was the
only group to exceed this high frequency of variation.

It has been suggested that the number of PSV may be a geneti-
cally determined variant influenced by race and gex. The
following discussion on the relationship of the different
population groups is based on this supposition. |
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No significant difference in the freguencies of numerical
variation was found between the Zulu =sample of the present
study and an; vf De Beer-Kaufman's (1974) sub iamples {(tribal
groups). This has led the author to pool the tribal samples
to form a S.A. Negro series. When the combined sexes of the
S.A. Negro sample and of Allbrook‘s {(1955) sample of East
Africans are compared, no significant differences in the fre-
gquencies of total variates or specific variants are found.
Tobias (1972) listed sub-Saharan African genotypes and showed
the genetic unity of sub-Saharan negriform peoples. (This
means that the suh-Sahéran' Negroes belong to the same major
gene constellation or geographical race.) The abszence of
differences in - numerical variation betweéh S.A. Negroes and
East African Negroes thus supports the view that the number
of PSV may be a genetigally determined variant.

No significant differences in the freguencieg of numerical
variation were found betw:en San and S.A. Negroes when the
sexes were considered apart or combined. The same is true
for San and East African Heireo nales plug females., Tobias
(1972) has reviewed genetic studies and has shouu the general
sub-Saharan African affinities of the Khoisan, in spite c®
the numerous wmorphological characte;stics in which San dif-
fer appreciably from Southern African Negroes. He has postu-
lated that early proto~-negriform Africang split into two
nmajor branches, the Khoisans and the Negroea, from a bagi~
cally Rhoigan-like ancestral genome. This split wag followed
by a fairly lengthy period of geographical isclation, with
the Khoisans mainly in eastern and southern Africa and the
Negroes in tropical Africa. During this period of isclation
certain genetic divergences arose in both populations, but
not so striking as to obliterate their basically similar
genetic makeup, ‘Later there occurred ~expansion of the
Negroeg and hybridization between them and the San.

The absence from African. peoples of significant differences
in numerical variations of the vertebral column is due mainly
to the agreement of San, S.A. Negroes and East African

Ca
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Negroes in having high £frequencies of an increase of PSV,
The findings of this presumed genetic trait tend to support
the evidenve that Khoisans and Southern African Negroes
sprang from the same ancestral proto-negrifonr stock.

The exceptionally high frequency of an indreased number of
PSY (17,9% in the sexes combined, 25% in the males and 8,3%
in the females) in De Beer-Kaufman's (1974) small Ban sanple
provides slight further evidence of the trend noted by Tobias
(1966) that the San tend to show extreme values for a number
of genetic markerz and soms somatic traits. BSuch extreme
values might be explained by Tobias's (1972) postulate that
the recent Khoisan have departed relatively.little from the
inferred ancestral genotype, here characterised by a tendency
towards an increased number of presacral vertebrae.

Tobiag (1972} noted further that during later regional expan-
gion some of the Négroes encountered Khoisan populations and
hybridiged with them.

"There ig little doubt £from skeletal, serological,
anthropometric and anthroposcopic evidence that
hybridization occurred in varying degrees between
southern African Negroes and Khoisans".

(op.cit., p 128).

On the basis ¢f  the freguency of the serum protein allele
Gm*-*>2, which attains a high wvalue in Khoisan, Jenkins,
Zoutendyk and Steinberg (1970} estimate the amount of San
admixture in Southern African populations as 60% admixture
in Xhosa (Cape Nguni), 45% in Zulu (Natal Nguni), 29% in
Sotho and 15% in Shangana-Tsonga. This is supported by the
exceptionally high frequency df 25 PSV in San and in the Cape
Nguni sample. De Beer-Kaufman (1974) reports that the analy-
sis of precodeygeal vertebral variation supports the evidence
of a relatively c¢loser relationship between San and Cape _
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Nguni than between San and Sotho, San and Natal Nguni or San
and Shangaan. De Villiers {1975) shows the same relationship
through ‘cranial wmetrical traits, blood groups and serum
factors. N ' '

The relationship among African Negroes, American Negroes and
Caucasoida is discussed earlier. Hybridisation, to the ex-
tent of approximately 21% Caucasoid admixture, may account
for the low incidence of 25 PSV in American Negroes (which is
in accordance with the low incidence of 25 PSV in Cau-
casoide), in contrast with the high incidence of 25 PSV in

- African Negroes.

Comparison of the numbers of PSV in the giant anthropoids
reveals a closer relationship between the African great apes,
for both Pan and @Gorilla vertebral c¢olumns present a modal
number of 24 PS8V, in contrast with the modal numbey of 23 PSV
_in Pongo vertebral columns. The frequencies of variations in
the number of PSV show that the African great apes have a
higher tendency to 23 PSV {minus-variation} than to 25 psv
{plus-variation), though Pan has a definitely stronger ten-

dency to 25 PSV than does Gorilla (Table 5.12). In Pongo

there is no significant.difference between the freguendies of
the plus~variation and the minus-variation.

When we compare man with the African and Azian great. apes we
see that the modal number in man, Gorilla and Pan is 24 PSV.
Gorilla and Pan, however, show a much higher +tendency to
departureé from the mode than does man. Gorilla presents the
highest frequency of variation. In cont;ast with man who
shows a higher tendency to 25 PSV than to 23 PSV, both
African great apes have a higher tendency to 23 PSV +than to
25 PSV. Pan however has a definitely stronger tendency to 25
PS8V than does Gorilla. From this.evidence of the variations
in the—humbera of PSV, the difference in the modal number be-
tween Pongo and the African great apes plus man suggests that
ti African great apes are more closely related to man than
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Pongo is related to man. The higher frequency of 25 PSV in
Pan than in Gorilla suggests that Pan in its spinal column is
phylogenetically nearer to man than is Gorilla.

Andrews .and Cronin (1982) use the morphology of the lower
face to show that many of the characters shared by man, c¢him-
panzee, - gorilla and gibbons are ndt present in the orang-
- utan. They indicate that man and the African apes share the
'derived condition. They also review molecular data and con-
clude:

"The conclusion, -ﬁherefore, is that, in so far as
the molecular evidence reveals phylogenetic reia—
tionships, the orang-utan is removed £from unigue .
aggociation with the African apes and is the sister
group to the clade comprising the African apes and
man" (op.cit., p 542),

Goodman et al. (1983), by uging &- and PB-haemoglobin amino
acid seguencee with other known haemoglobin sequences in
phylogenetically reconstructions present evidence which
cladistically joins Pan and Gorilla to Homo in Homininae
rather than to Ponge in Ponginae. Evidence from the amino
acid sequence data hints élso at the possibility that Pan is
more closely related to Home than to Gorilla.

Todd (1922), who studied the number of thoracolumbar ver-
tebrae in the Primates, concluded that the number of
thoracolumbar vertebrae bears an interesting relationship to
the degree of specialization of +{1he genus, Phylogeneﬁic
shortening of the vertebral column by evolutionary migration
of the pelvis in a cephalic direction has gone distinctly
further in the giant anthropoids than in Man. Pongo has gone
furthest in this dispensation and so has become most special-
ised in this respect. '
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The study of the numbers of PSV shows thus. that variations in
the numbers of PSV in modern humang are influenced by raée
and sex. The frequencies of variations may be accepted as
additional évi&ence indicatihg the relationships among diffe-
rent races. The frequencies of wvariation show also a ten-
dency towards lengthening in male vertebral columns and a
tendency . towards shortening of the wvertebral e¢olumn in
fémales. In the great ape sQriea the modal nuwbers show that
Pan and quilla may be more clogely assbciated. It shows
also a closer association between man and the African great
apes than between man and Pongo. The greater tendencf.
towards lengthening of the vertebral column in Pan than in.
Gorilla vertebral columng is in keeping with a closer aéf
_sociation between Pan and Homo than between Gorilla and Homo.

E. Summary and Conclnsions

1. :The variation in the number of PSV in the Zulu sample of
the present study rorresponds with the results of
earlier studies on S.A. Negro vertebral columns. No
significant difference was found in the frequencies of
specific numerical variants or of total variates between
the 2Zulu sample and De Beer-Kaufman's (1974) subsamples
or tribal groups in the categories males, females and
males plus females. The data for the tribal groups have
thus been pocled to form 4a representative S.A. Negro
sample. ' ' '

2. The resgilts of the present study on the frequencies of
the specific variants (23 PSV; 25 PSV) f. ‘het support.
‘the evidence that the variation in the number of pre-
sacral vertebrae appears to be a specific characteristic
of each major racial group.

3. Within each group the frecuency of the tendency towards
lengthening or shortening of the vertebral column is as-
sociated more with sex than with race. The tendency
towards an increase in the number of presacral vertehrae
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in males and towards a decrease in females found in this
study accords with findings in previous studies. When
the population groups are pooled to form a sample of
Hbmo sapiens the 'différence between the sexes with
respect to the specific variants proved highly signifi-
cant. '

The author's data.support the suggestion that the number

- of presacral vertebrae may be a genetically determined

variant influenced by race and sex. Based on this sup-
position the number of presacral vertebrae provides fur-
ther support for the inferred genetic relationships of

the sub-Saharan African Negroes, that between San and

sub-Saharan African Negroes, the specific relationship
between San and Southern African Negroes and that
between African and American Negroes with specific
reference to Caucasoid admixture in the latter.

Comparison of the numbers of PSV in the African great

apes shows that the modal number is 24 PSV in both Pan

and Gorilla vertebral columns. The significant differ-
ence betweén the fregquencies of 24 PSV indicates a lower
tendency to variation in Pan vertebral columns than in
Gorilla vertebral columns.  Variations in the numbers of
PSV in both Pan and Gorilla vertebral columns show a
greater tendency towards shortening of the vertebral
column than towards " lengthening, though Pan has a
definitely stronger tendency towards 25 P8V (i.e.
langthening) than does Gorilla. o

When the numbers of PSV in African and Asian great ape

vertebral columns are compared, the outstanding differ-
ence is the modal number. Pongo vertebral columns
present a modal number of 23 PS8V, in contragt with the
modal number of 24 PSV in Pan and Gorilla {and in human)

vertebral'columns. Pongo vertebral columng also present
an almost. equal' {no significant difference) tendency
towards lengthening and shortening of the IVertebrai_
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calumn about the mode of 23 PSV, whe#eas both Pan and

- Gorilla vertebral columns show a significantly greater
_ ten&ehcy towards shortening of the vertebral column. '

comparison of the nuﬁbers of PSSV in the African and .
Azian great apes and man show a difference in the modal

.nunber of PSV_bEtWeen Ponge {23 p8V) and Homo, Pan and

Gorilla (24 PSV), which suggests a closer relationship

‘between man and the African great apes than between man

and Pongo. . Gorilla and Pan, however, =show a higher
tendency to departures from the mode than man. In the
frequencies of variations man shows a higher tendency to
25 P8V than to 23 PSV. In contrast both the African

~great apes have a higher tendency to 23 PSV than to 25

Pav, Pan, however, hasla definitely stronger tendency
to 25 PSV than Gorilla which might be an indication of a

. posgition phyloaﬂ"etlcally nearer te man than that of
- Gorilla.

The numbers of PSV bear an interesting relationship to
the degree of specializatibn of the genus. Phylogenetic

shortening of the vertebral oolumn by evolutionary
migration of the pelvis in a cephalic‘dixection hag gone

distinctly further in +the Asian great apes than in
African great apes and in man. Pongo has gone furthest
and so become most specialised in this respect.

The modal numbers of PSSV and the variations in the

‘pumber of PBV in man and the giant anthorpo;ds support

the current opinion on the branchlng seguence or
cladistic relationships of the living apes and man as
shown by morphological and molecular studiea. The

‘evolution of hominoids invoived first the divergence of

the gibbons, followed by the orang-utans, followed by a
split batween hominids, chimpanzees and gorillas.
Evidence as to the order of the last dlvergence is at

_present equivocal .
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The higher frequéncy of 25 PSV in Pan than in Gorilla

vertebral columns supports evidence from the amino acid

sequence data whlch hinta at the posslblllty that Pan is
more closely related to Homo than to Gorilla.
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Introduction

The total numbers of presacral vertebrae (PSV), as discuszed
in the previous chapter, give no necessary' indication of
variation in the regional distribution of presacral verte-
brae. The absolute numbers of vertebrae, and che numerical
variability in the cervical, thoracic and lumbar regions of
the vertebral column are recordéd in a modern human sample
(120 Zulu  vertebral columns) and in an Africar and Asian
great ape sample of 20 available vertebral columns, and the
numbers of vertcbrae in the fossil partial vertebral columns
are then appraised in the light of these results.

Criteria conecerning the characteristic features which
determine the regional allocation of a vertebra are described
in Chapter 3. An apparently last cervical or first lumbar
vertebra with ccstal'fa&ets, unilateral or bilateral, is not
classified as thoracic.. A seemingly last lumbar vertehra is
counted as sacral if one or both transverse processges are
enlarged and developed sc as to form part of the sacro-iliac
joint and to contribute to the formation of a sacral foramen.

Yates's ¢orrection 18 ap_p’lieél in the calculation of chi-
square in all cases where the number of degrees of freedom is
one, where the freguency in any cell is less than five and if
the sample numbers are fewer than 30. '

A. The Numbers of Thoracic and Lumbar Vertehrae in Modern
Human Series ' '

1" Zulu Series

No variation in the nuﬁbers of cervical vertebrae is f.sund in
the 120 Zulu vertebral columnsg examined. The regional dis-
tributionjof presacral vertebrae (PSV) may be classified into
seven regional patterns (Table 6.1). Vertebral columns of
combined sex with the modal number of 24 PSV present three
 patterns of - regional distribution: the‘-typicél regional
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formula €7, T12, L5 observed in 77,50% of the vertebral
columns; €7, Tll, L6 observed in one column (0,83%); and C7,
i, L4_£cund in one column (0,83%).

TABEE 6.]

Yhe Regiona) Distribution of Presacral Vertebrae in fulu Spinal Colvmng

Potal

{pSY | Regional . _ﬂaiex Females |
1 Pattern I n $fa %
AR TRV I S N T I N
B |aMIE 4 5003 L5p 7 5
# JUT| 8 LA 4 0] b m
W JOMIIELE BB RSB T
d fomH|1 L350 U I T %

% |ewasels . w00| 2 50 10 83
% lomslis asle o 0| 3 s

total C 80 w0 40 w0 Jwe w0

Twa .patterns of regional distribution are noted among the

twelve vertehral columns with 23 P5V. Seven (5,83%) of these
columns have the regional formula €7, T12, L4, while the
formala €7, Tll, LS is observed in five (4,17%).

The thirteen vertebral columns with 25 PSV ghow two patterns
of regional distribution: ten {8,33%) with the formula C7,
12, L6, and three (2,50%) with £7, T13, L5.

In the male vertebral columns (n = 80), the regional formula
with the second highest freguency (10,00%) is €7, T12, L6 (25
PSV). Q7, T12, L4 occurs in four (5%) of the male columns

-while there is an egual distribution (3,75%) of the regional -

formulae €7, T1l, L5 (23 PSV) and €7, T13, L5 (25 PSV). From
these results it seems as if a small tendency to increase the
number of P8V and of lumbar vertebrae marks the male verte-
" bral columns. | |
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" The female vertebral columns (n = 40) present only four

different patterns of regional distribution and the frequency
of the modal formula, €7, T12, L5, is higher in the female
columns (82,5%) than in the male columns (75,0%)}. - The
regional formula with the second highést frequency (7,5%) is

c?7, T12, L4 (23 P8V}, while there is an equal distribution

{5,0%) of the regional formulae ¢7, T11, L5 (23 PSV) and C7,

T12, L6 (25 PSV). From these results it seems as if there is
a tendency to reduction of the number of PSV and of the

thoracie or lumbar vertebrae in the female vertebral columns.

When the numbers of vertebrae in the thorécic_ and lumbar
regions are considered -=separately, the numbers of thoracic
vertebrae in the Zulu vertebral columns (Table 6.2) range
between elEveh and thirteen, with twelve the modal number in
both male and female columns. When the sgsexeg are considered
together, two more cases of eleven than of thirteen tho:acic

vertebrae are presented. The male vertebral columns show a

greater tendency +to thirteen thoracic vertebrae than do the
femnale columns.

TABLE 6.2

The Xumbers of Thoracic Vertebrae in nly Spina) Colusng

s 1 1w 13
1 3 1 t in )

Wales | S0f4 50| 12 0,014 5.0
vemales | 40 |2 50|38 95010 0,0

Imota) 12006 5010 s7i4 33

Of the sixz vertebral columns {four mile and two female) with
eleven thoracic vertebrae, five have 23 PSV while the gixth

column, which belongs to a male skeleton, has 24 PSV. Three

of the four male columns with thirteen thoracic vertebrae
‘present 25 PSV and the remaining column 24 PSV.

R e L i et o i iy e e S g
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The nunbers of lumbar vertebrae in the Zulu vertebral columns

'_{Table 6.3) range between four and six, with five the modal

number. The fregquency of the mwodal number is 84,17% in the
sexes combined. The females show a-slightiy higher_frequengy
(87,5%) of the modal number than the males (82,5), which
again suggeéts a lower tehdency to ~ %ation in the female

‘colunns. In the frequencies of variants from the modal

number, male columns have a higher tendency to an increased

_number, and female columna to a_decreaséd number, of lumbar o
_vertebrae. The differences between the frequencies of four
~and six lumbar vertebrae prove not significant in the male

{chi-sgquare = 0,70; P(D,Sﬂ), female (chi-square = 0,21;
P<0,75) and male-plus-female (chi-sgquare = 0,06; P<0,90)
series. o -

TABEE 6.3

the Nuxbers of Lubar Vertebrae in Suln Spinal Columms

ﬁ 4 . 5§ . 3
(s % | t i 4

malea | 80 5 62566 8,509 1%
pemales | 40 |3 7,50 |3 g0 2 .00

votal 120 |8 6,6 |11 817|191

In the Zulu sample, the iumbar vertebrae present a greater
tendency to variation than the thoracic in all three catego-
ries: males, females and the gexes considered together. The

j-chi-sQuare tesce, however, show no sgignificant differences
between the frequencies of variation in the thoracic and

lumbar regiong in all three categories.
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2, Other Modern Human Populations
2.1 Bourceg of Data

In Chapter 4 on variationé.in the numbers of PS8V in various

‘population groups, the results of authors on series drawn

from the same population group, which show no significant
differences inter se, are pooled. 'Reéults from' the mame
gtudies  are ‘considered here, provided firstly the regional
distribution of PSV is available and, secondly, the criteria
used to allocate a vertebra to a specific region agree with
those used in the present study. ;

Comparative S.A. Negro data are provided by the study of De
Beer-Kaufman {(1974). She reports the regionsl distribution
of PS8V in 305_ male and 157 female vertebral columns. She

‘notes also the regionél distribution of PSV in 28 San
-vertebral columns (16 male and 12 female) which data are also
"included in the ‘present study.

Data on American Negro males and females are noted by Bardeen

. (1904) in 34 male and in 20 female vertebral columns.

The data on regional distribution of PSV in Caucasoids are
taken from the studies of Steinbach 1189) on 83 German
vertebral columns, Bianchi (1894} on 130 <Ttalian vertebral
colunng, both <cited by Bardeen (1904), and of Frey (1929) on
150 Swiss vertebral columns. Together these studies provide
data on 363 Caucagoid vertebral columns, 200 male and 163
female. . |

' The results of Bornstein and Peterson (1966) on 248 male and

269 female vertebral columns of American Negroes and on 488
Amefican White vertebral columns (263 males and 225 females)
are not suitable fcr 'coﬁparison with those of the present
gtudy, since different definitions are used to allocate a
vertebra to the thoracic region. In contrast to the present
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'study; they count cervical and lunmbar vertebrae'which bear
costal facets as thoracic vertebrae . {See Chapter 3}, The
same holds for their data on 234'Mbngoloid vertgbral columns.

" The dafa' used for comparigon with the results of the present

Btudy_arg_listed,in Tables 6.4, 6.5, 6.6, 6.7, 6.8 and 6,9.

3. Intergroup Comparizons of the Numbers of Thoracic Verte-
brae. ' '

3.1 Intergroup Comparisons among Malee

-In the males of each population group, twelve im the modal
number and no significant difference between the fregquencies
of eleven and thirteen thoracic vertebrae iz found.

Comparisons among the males of .various populaticn groups
(Table 6.4) reveal firstly no significant differences among
the populations in the freguencies of eleven, twelvefan&

thirteen thoracic vertebrae (chi—square = 1,39: P<0,975 with .

six degrees of freedem). Secondly, the tendencies to vari-
ation and thirdly, the frequency of eleven thoracic vertebrae

versus that of thirteen thoracic vertebrae show ho signifi-

cant differences among the population groupsz (P<0,75; with
three degrees of freedon).
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ThBLE ﬁ.l

the the Humbers of Thoracm Vertebrae in the Males I Various Bopulation Gromps

popzlation 2 i 12 13 bemn 1| Beferences
grodp 1t t ]t 4 | % ' ' '

| Beks 'Heg' ro! :
Juln g0 4 5000 72 90,00 4 5,00} 12,80 | Present Sindy
' s {11 3,614 2 9_2,13 _'13 L2 _12,01 De Beer-Kaufwan {1974)

Ponled 5 (15 3,9 {383 01,68 (17 442 (12,0

Amer, Hegror | 3 2 588 31 91,08 | 1 2,94 } 11,97 | Bardeen {1904)

fan: ®“yj- -1 15 9,7 [ 1 6,25 |12,06 | be Beer<Kaufman {1974}
Caugasoid:

German &1 - < b B3 6,351 12,06 1 Steinbach {1888
Ttailian 66 | 2 303 58 %687 - - | 1LW Bianchi® {1934}

Suiss N4 45 B 93;43 2 211711, Prey {1029}

Pooled 200 | 6 3,00 189 94-,55 5 2,50 | 12,00

otal: S50 e (s wE B 30| 1m

* Cited by Bardesn {1904}
$ Italian columns from the province Siena reported by Biauchi {18%4) erroneousiy clteﬁ by Bardeen {1904)
a8 Scienese nkelebons and as Proe a 1895 atudy.

3.2 1Intergroup Comparisons among Females

The numbers of thoracic vertebrae in female vertebral columns
{Table 6.5) show no significant differences 'among population
groups'in- regpect of the frequencies of eleven, twelve and
thirteen thoracic¢ vertebrae {(chi-aguare = 7,90; P<0,25 with
six degrees  of freedom), the frequencies of variants (chi-~
square = 3.17; P<0,5 with three degrees of freedom) and the
frecquency of eleven thoracic vertebrae (chi-square = 2,77;
P<0,50 with three degrees of freedom}.
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| BABEE 65

She Buabers of Shoracic Yertebrae in Females of Varions Population Groups

dopulatlon | 1§ 1 | 12 | 13 |Meas | Beference

Groyp . | 1 % r 3 [ .
e _ 012 5.00{ 3% 9500 - - | 9 | Pregent Bt.ndy

15719 12,0013 8,260 1 8,66 { 11,83 | be Deer-Koufwan (1974}

molel | 197 [2t w6 (05 wm| L o8| e

mer Mearo: | 20| 1 5000 18- 90,00 [ 1 500 12,00 | Bardeen (1908)

same | R2[1 &8t 867 - - | 11,92 | De Beer-Kaufwan [19M)
Caucagoid: - |

Geraan Bl - - | B W80 [ - - 12,00 | Steinbach® {1809}
Italian Wiy 48F 6 Bul - - | 1,9 | bianchi® (1834}

Suieg By o6 w34 52 866 - - | 11,9 | Prey (1928)

Pooled - |63 9 552 [iB4  SLeBY - - | 1%

Total: 192 (32 g6 (0 w2 ons) 1,9

* Cited by Bavdeen {19041
$ Italian colusns from the province Siena reported by Bianthi 11894} erronetuly cited by Bardeen {1904}
as Scienege skeletons and ag from a 1945 otudy

Twelve is the modal number of thoracic vertebrae in female
vertebral columns. When one looks at the &eviations from the
modal number, a greater tendéncy to eleven thoracic vertebrae
_ than to thirteen is noted. The S.A. Negro female columns
present a highly significantly greater freguency of eleven
than thirteen thoracie vertebrae (rai-~sgquare = 15,60;
' P0,005). The same difference ie probably significant in
the Caucasoid female vertebral columns (chi-square = 5,60;
P<0,025). ° The mean numbers of thoracic vertebrae range
between: 11,990 4in S.A. Negro female vertebral columns and
12,00 in American Negro female vertebral columna.
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3.3 Intergroup Comparisons among Combined Sex Samples

When  the sexes are considered together (Table 6.6), the
numbers of thoracic vertebrae show no significant differences
aﬁong population gxoups in comparisons of firstly the
frequencieé of eleven, twelve and thirteen vertebrae {chi-
square’ = 3,84; ©P<0,75 with six degrees of freedom) and
'secondly the frequency of eleven versus that of thirtéen
thoracic vertebrae {chi-gquare = 0,25; P<0,975 with thres
degrees of freedom). The differences in the freguenvies of
variation from the modall nunber of thoracic vertebrae among
population groups prove to be not significant (chi~aquare =
3,93; PLO,50 with three degrees of freedon).

ﬂﬂﬂ (%]

The Husbers of Hhoracic Vertebrae in the Conbized Sexes of Various Population Groups

| Population n | 1 3,2. 13 | Mean Reference

roup ) $ i % b §
8.4, Nogro: : | :
Bole 101 6 500 IO 8L,67] 4 3,33 | 11,9 | Present Study

462136 649 418 S04 | M4 3,03 { 1L,9? | De Beer-Kaufwan (1974}

beoled | S2{36 6000 s seml 1 3019

Aner, Hegro: B 3 5,55_ WM 2 370|119 | Bardeen {1904)

san: Wl a3{ B 6] 1 3571280 | be Beer-tantaan (1974
Catcasoid:

Gernn | W) - - | 80 %3] 3 360 12M | steishack (1869)
Italian el s 3850 18 WISl - - 1086 | Bisnohisiiew)
Bwiss 150 {10 667 B8 00| 2 1,33 14,95 | Erey (1920)

poled | (15 AI{ M M| 5 L3 |18

fotal: {1027 )5 536| a6 a1 2% 28 |1

v thteﬂ h} Bardeen 11904) :
§ Italian eolums frow the province Siena reported by Bianchi. (19%) erroneously cited by Bardeen (1904)
as Seienese skeletons and as from a 1895 study
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 The variant, eleven thoracic vertebrae, occurs more fre-
quently than does thirteen thoracic vertebrae in the female
-eolumns of all populét_ion groups compared except the San.
The fregquencies of eleven thoracic vertebrae are, however,
not Bignificantly different among the population groups.
"Within the populaiion groﬁps, the frequency of eleven
thoracic vertebrae proves to be probably eignificantly
greater than the frequency of thirteen thoracic vertebrae in
' S.A. Negro (chi-sgquare = 4,97; P(U,Usi.vértebral columns., No .
- significant difference is found in American Negro and
Caucasoid columns while uqual frequencieg are presented by
the San vertebral columns.

4. Intergroup Comparisons of the Numbers of Lunbar Vertebrae
4.1 Intergroup Comparisons among Males

‘The numbers of lumbar vertebrae in male vertebral columng
(Table 6.7) show no significant = differences in ﬁhe fre-
quencles of variation among +the population groups {chi-
square = 4,08; P<0,50 with three degrees of freedom).

The - differences in  the frequencies of four, five and six
lunmbar vertebrae prove not significant (chi-aguare = 5,06;
P<0,75 with sir degrees of freedom) among the males of
various ?opulation groups. Although the freguency of six
lumbar wvertebra+ is much higher in San males than in the
males of the remaining population groups, no significant
difference in the frequencies of six lumbar vertebrae is
found among the population groups (chl—square = 4,88; p<G,25
with three degrees of freedonm).
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TABLR 6.7

Yhe Husbers uf Tushar Vertebrae in Hales of Various Popnlation Groups

population | n | 4 5 6§ | Mean | Reference
Group : ] ' n LI S SR
gnlo B0 | 5 6,25 66 82,50 9 11,251 5,05 | Present Study

W5 {1 3,9 | % 83,60] B 1246 ] 509 | e Beer-taukmsn (1974}

doled | WS\ M 40N BB 4 RN 56

Meerodegror | M|t 2,90 3t S [ 2 588 5,03 | Bardeen (1904}

B 61 65] 12 B[ 3 15| 513 | e Beor-tanfuan (19U)
Caueasoid: _ N : _

Geradn Wl2 41|43 03| 3 625 | 502 | Steisback® (1989)
Italim 05 833) 52 8661] 3 5,00| 48 | Biswchi® (1090}

Buise 2) 2 0| 8 WA T TEL| 479 | Brey 1529

dooled (N[ 9 45 [ W0} 1 65| 50

Totals 652 L[S 85,35 [ 6 162 [ 5,06

*Cited by Bacdeen (1904}

The freguency of six lumbar vertebrae compared with the fre-
guency of four Jlumbar vertebrae in each population_group
shows a highly significantly greater freguency of six lumbar

vertebrae in S.A. Negro males. No significant differences

between the frequencies of four and six lumbar vertebrae are
found in the American Negro, San and Caucasoid male vertebral
columns. '

The differences in the freguencies of four versuz those of
six lumbar vertebrae are not significant among the population

‘groupg (chi-sgquare = 1,35; P<D,75 with three degrees of

freedom) .
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4.2 Intergroup Comparisons among the Females

The numbers of lumbar vertebrae in female vertebral columns
of various population groups are summarised in Table 6.8.

‘The modal number of lumbar vertebrae is five in all popu-

lation groups compared. The tendency to variation from this
mode proved' to be not significantly different among females
of various population groups (chi-square = 5,72; P<0,25 with
three degrees of Freedom) ., No aignificant differences (chi-
square = 5,47; P< 0,50 with six degrees of freedom) in the
frequencies of four, five and six lumbar vertebrae are found
among the female columns of various population groupas.

TABLE 6.8

Yhe Euabers of Gasbar Vertebrae in Females of Various Population Groups

Population n ] 5 . 6 Kean Referente
Grouwp b } B % B 4 '

Sul._Hegrot - _
. leln Wl 3 1] B 85| 2 500 45 | Present Stedy

W73 LA 09 10,48 | 5,88 | De Bear-Xanfwan (1974

Posled 197 6 3050173 eTB2 |18 9,44} 5,06

Maer, Megro: | 26| 1 5,00 | 18 90,00 F % 5,00 | 5,00 | Bavdeen {1904}

 gan! 221 83| 9 00| 2 1667 508 | be Beer-Ranfnan (197)
Lancasoid: o 1

Germn | B 1. 8| W M| - -} 43| Steiskach® (108
talim | |2 66| 6 QM| - - | 69 | sachi’ (894

Suig {1 nm| 2 eee] 5 a2 50 | ey 109

Pooled Wi 4 245154 sl s am| s

total: m | 6w wit|s 66| su

* cited by Bardeen (1004}
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Excépt for the American Negro female columns which show an
equal tendenﬁy to four and six lumbar vertebrae, the S.A.
Negro, San and Cancasoid female vertebral columns all show a
greater tendency to six lumbar vertebrae than to four lumbar
vertebrae. The differences in the relative frequencies of
- four and six lumbar vertebrae are not significant {chi-square
= 1,33; B¢ 0,75 with three degrees of freedom) among popula*'
tion groups. S.A. Negro females show a probably signifi-
cantly (chi~square = 4,44; P<0,05) greater freguency of six
lumbar vertebrae than of four.

4.3 Intergroup Comparisons among Combined Sex Samples

The modal number of - lumbar vertebrae is five in all popui-
lation groups compared (Table 6.9). The difference in the
frequencies of four, five énd - mix lumbar. vertebrae is
probably significant (chi-square = 12,72; P<0,05 with six
degrees of freedom) among the population groups.

In accordance with this result, the differences in the
frequencies of wvariation from the modal number are highly
significaat (chi-square = 12,85; P<0,005 with three degrees
of freedom) among the popniation groups. Theaé differences
may be owing to the almost «certainly significant differences
among the population groups'in the frequencies of six lumbar
vertebrae {(chi-sguare = 12,12; P<0,0%f with three degrees of
freedom). The high freguency of #ix lumbar ﬁertebrae in S.A.
~ Negro vertebral columns is strongly significantly (chi-square
= 9,27; P<0,005) higher than in Caucasoid vertebral columns.
San vertebral colwwms present a probably significant (chi-
square = 3,85; P<0,05) higher frequency of =six lumbar
vertebrae than Cauncascid columns. i '

The differences between the relative frequenciez of four and
six Jumbar vertebrae are highly significant in S8.A. Negro

{chi-square = 19,67; P<0,005) vertebral columns. A compari-
son of these differences (four lumbar versus six_’lumbar

-
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vertebrae) among population groups shows no significant
differences (chi-square = 2,10; P<0,75 with three degrees of
freedom) .

TABLE 6.9

. The Numbers of Insbar Vertebrae i Eanbzned Setes of Varions Population Groups

i?opalaﬁﬁn-' 1 l 5 & Meay | Reference

Group I8 - %o L B
8., Regros | _
fulu 2 1 8 o606 101 84,1711 917 5,83 | Present study

a5 4| B8 8,06 5 1,69 | 5,08 | De Beer-Raufwan (1974
Dooled | S8 | 2 5% | 44 848 |65 10| 50 |

Mer Begrot | 8 12 3,70 49 9| 3 556 ) 5,00 | Bardeen (1954}

) | 2 1) 2t 95,81 5 12,8 510 | De Beer-Tautaan (197)
Cavcasoid: | | . |
Germa 8| 3 6| M wn| 3 360 50 | steinbach (1089)
falim {18 [ 7 B3 L0 93| 3 2,3 49 | Bianchi® {1694)
Seiss 1| 3 2,00 | 135 90,0012 8,00 586 | Prey {1929)

Pooled %[ 13 35| W {1 4% 50 |

Total: 127 F M0 3,890 856 87,24 {91 8,861 5,08

" Cited by Bardeen {1504}

5. séxual Dif_ferences in the Numbers o_f Thoracic and Lumbar
Vertebrae ' '

There is a greater tendency to eleven than to thirteen
thoracic vertebrae in females of various populations with San
females the only exception. They preaeht an egual tendency
to eleven and thirteen thoracic vertebrae. The male columns.
present an almost egqual tendency to eleven and thirteen
thoracic vertebrae. American Negro males show a higher
o frequency of eleven thoracic: vertebrae, while no San male
columns with eleven thoracic vertebrae are reported. '
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The freguencies of eleven thoracic vertebrae are higher in
female vertebral columns than in male vertebral columns.
Compatrison of the diff_erences in the frequenciee of eleven
- thoracic vertebrae betwe>. males (Table 6.4) and females
(Table.E,S)_ of each population group reveals a highly sig-
nifiéant differencé'(chi~aquare = 8,07; P(ﬂ,OGS).betﬁeen 8.A.
Negro males and females. No significant differences in the
frequencies of eleven thoracic vertebrae are found between
the sexes of the remaining population groups.

The fregquencies of thirteen thoracie vertebrae are higher in
S.A., Negro, San and Caucasoid male series than in female
vertebral columns. American Negro females present a higher
freguency of thirteen thoracic vertebrae than American Negro
males. = This difference between American Negro male and
female vertebral columns is highly'significant {chi~-square =
12,22; P<D,005)Q S.A. Negro males present a probably Sig:
nificantly (chi-square = 4,30; P<0,05) higher f£frequency of
thirteen thorazic vertebrae than 8.A. Negro females,

There are no significant sex differences in the incidence of
variations in the numbers of lumbar vertebrae (Table=z 6.7 and
6.8). The tendency to variation, the absolute frequency of
four lumbar vertebrae, the absolute frequency of =zix lumbar
vertebrae and the relative frequencies of four and six lumbar
vertebrae between the males and females of each population
group are determined.

" The pooling of data for all males of all population groups,
and similarly for all females enables the degree of sexual
dimdrﬁhism in respect of the numberg of thoracic vertebrae
and of the numbers of lumbar vertebrae in Homo sapiens to be
derived from the means. Comparison of the means of the
numbers of thoracic vertebrae between the sexes confirms that
the fregquency of thirteen thoracic vertebrae is significantly
higher (chi-square = 8,82; P<0,005) in males (3,78%) than in
females (0,51%), while the f£frequency of eleven thoracic
vertebrae is significantly higher (chi-asquare = 8,15
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P(U;DOB) in fenmales (8,16%) than in males (3,62%). Compari-

son of the means of the numbers of lumbar vertebrae between
the sexes reveals no significant differences in the frequen-
cies of four and =ix lumbar vertebrae, while a probably
significant (chi-square = 4,49; P<0,05) difference in the
frequencies of L5 occurs between the sexes. From these

results it geems as  if the tendency to lengthening of the

vertebral column in males and of shortening in females, as

shown in Chapter 5,'affects-the thoracic region more than the

lumbar region.

B. The Nunmbers of Thoracic and Lumbar Vertebrae in African
and Asian Great Apes ' '

1. Pfesent'study

The African and Asian great ape verlebral columns used in

this part of the present study (Table ‘6.10) are £from the
osteological collections housed in the following dinsti-
tutiong, with the catalogue classification used by some:

1. Department of Anatomy and Homan Biology at the Witwatersrand University -ia
3. Departwent of Anatowy at the Dniversity of Cape Town -2

1. Department Of.ZOOIUQI at the Witwatersrand niversity

§.  Departwent of Zoology ab the University of Pretoria

5. The Transvaal Museum in Pretoria - ™

6, The South African Museup iu Capé Town - 2¥

In six male Gorilla gorilla skeletons  three different
patterns of regional distribution are observed. One column
presents the regional formula C7, T14, L3; one column has tb-
regional formula C7, T12, L4 and four columns the formula 7,

Ti3, L4. The seven Pan troglodytes vertebral columns consist

of five wmale and two female columns. Two different patterns
of regional distribution of PS8V are observed: six columns,
which include the two female columns, present the formula €7,
T13, L4 and one column shows the formula C7. T14, L4.
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TMHIE 6.10

_ Th Regiona) Bistribution of Presacral lbttebra
in Mriean apd ism Great Apes
sﬁecies and | 8ex | Regiomal | PSV |
catalogue mumber pattern
Gorilla garffia
il | male jonin| B
fa 1312 Wale |€1TI204 ) 23
32 95 | Male (ETTI3LE] A
pi: ' Hale |CTTL3L4) M
TE 16737 Male [CTVIIL4 Y 24 |
2 37016 Male |CTT4I3{ M.
Par troglodytes
fa 1071 - Male §CTHMILE]| N
%a 94 Male [C7TR3L4 [ U
% - 159 Bale [OTMIL4| M
o 30 Female | CTTIILE | M
i 3008 CMale JCTTI3IA | 2
§20% Female | CTMILA | 24
™ 16731 Male | 71144 | 25
Pongo promaens
Ta. 1334 Male |C7MIES | 23
13- 158 fale |CTRLIS | N
- Female | €7 PI2 L4 § 23
™ 16732 Male | CTRM2L4) N3
[ | Male FCTTIZL4] 23
300 Hale [CTTI2I4 | 23
: 339 ) Made [OTT3L| 23

* Ho catalogue number

¥ In fhe Department of Joology of the Witwaterarand
Iniversity

'Inﬂekmﬂnﬁofhdqydthﬂmwmﬁyd?mhna

‘The seven Pongo pygunasus vertebral cqlumns are drawn from six
males and one female. Though no deviation in the modal
number of 23 P8V is observed, three different patterns of
' regional distribution are recorded. One female and three
male columns present the regional formula €7, T12, L4, two
colunns show the formula €7, Tll L5 and one column has the
formula C7, T13, L3.
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TABLE .11

!he'iulbers_qg_gygraeic Vertebrae in African and Asign Great Apes

Gents and N T YRR R AR P
Species S TR 2 t (3 % (o % _
Garilla gu}ijfa 61- - |1 1674 671 167] 10
| Pon troglodptes [ 1) - - - |6 8521 131 131
poago promaens | 702 6 (4 it maf- -] 1

Tables - 6.11 and 6.12 list the numbers of thoracic and of
lumbar vertebrae respectively in the 20 great ape skeletons
studied.  Though the number of vertebral columas in each
group is too small to allow one to draw any secure conclu-
sions on .variations in the numberr of thoracic and of lumbar
vertebrae, the mean number of vertebrae in each region may be
confirmed by iarger samples.

TABLE 6,12

" the Husbers of lusbar Vertshrae in African and Asian Great gms

Genns and 1 3 | '] ) 5 ' Mean
Bpecies r $in % |n %

Gorilla gorilla 61 16.7 3Oo833)- - | 38
Pan troglodytes |14 - - 11 14 - - 40

Pongo ppgmsens |7 |1 @314 E1l2 e &1

2. oOther African and Azian Great Apes
2.1 Sources of Data

. The numbers fof thoracie and the numbers of lunbar vertekrae
in African and Asian great apes are reported by various
authors but only Randall (1944) reports on the sexes sep~
arately in his study on Gorilla vertebral colﬁmns. In all
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the studies from which data are used for comparison the
authors noted vertebrae with a unilateral rib as half
rhoracic and half cervical or half. lumbar, as the case may
be. Lumbar vertebrae which present wunilateral sacralization
are recorded as half lumbar and half sacral. In the present
study, a typical last cervical or first lumbar vertebra which
bears comtal facets unilaterally or bilaterally is not
classified as thoracic. The thoracic vertebrae noted as half
in the comparative gtudies are thus not recorded as a
thoracie vertebra in the present study. A vertebra with
unilateral sacralization is counted as macral in the present
study. ZLast lumbar vertebrae noted as half in comparative
studies due to unilateral sacralization are thus not recorded
as lumbar in the present study.

The studies from which comparative data on the numbers of
thoracic (Table 6.13) and of lambar (Table 6.14) vertebrae
are used, are listed below: '

1. Fick (1933) cited by Schultz (1%41) on the number
of thoraecic  vertebrae in 35 Pongoe vertebral
columns.

2. Randall (1944) on the pumbers of thoracic vertebrae
in 109 nale and 62 female and the nunberx of lumbar
vertebrae in 112 male and 63 fenmale Gorilla verte-
bral columns.

3.  Schultz and Straus (1945) on 93 Pan, 58 Gorilla and
121 Ponge vertebral columns.

As the study of Schultz and Straus (1945) is based on
material included in several previous reports (Schultz, 1930,
1940, 1941), the data cited in these earlier studies of
. 8chultz are thus not listed separately here.
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Abitbol (1987b)  gives regional vertebral numbers of all

spinal regiong in 29 Pongo, 14 Pan and 39 Gorilla vertebral -

columns. He does however not report on the criteria used for
the definition of a thoracic vertebra and the criteria used
for the definition of sacralization differ from those used in
the present study. The classical criteria for sacralization
:used in the present study are enlargemeht and fusion of one
or both tranasverse processes of a seemingly last lumbar
vertebra to take part in the sacro-iliac joint and in the
formation of a sacral foramen. - Opposed to this Abitbol
(1987b) recorded four stages of sacralization. The first
three stages include vertebrae of which (i) a transverse
procegs articulates with the most medial part of the iliac
crest, (ii) a transverse process is enlarged to form an
igolated "gacral wing" that articulates separately with the
ilium and (iii) the vertebral body is fused with that of §l.
While these vertebrae are counted as sacral in his study,
they are récorded as lumbar in the present study. Data from
Abitbol (1987b) are thus not included for comparison.

3., Intergroup Comparison of the Numbers of Thoracic Verte-
brae '

From the results of the present study and the gources listed
above, the numbers of thoracic vertehrae in 100 Pan, 235
Gorilla and 163 Pongo vertebral columns are available for
comparison. These data are lisgted in Table 6.13.

With an incidence of 83% it is evidant that the modal number
of thoracic vertebrae in the pooled Pan (male plus female)
vertebral columns is thirteED. Twelve thoracic vertebrae, -
the minus-variant, occour in 1% of the vertebral columng in
contrast to 16% with the plus~-variant, namely fourteen
thoracie¢ vertebrae. The relative frequencies of twelve and
fourteen thoracic vertebrae in Pan vertebral éclumns prove to
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be highly significant (chi-square = 10,86; P<0,005). This
significant difference suggests a s:n.gm.f:.cantly greater
tendency to an increase in the number of thoracic vertebrae
than to a decrease. The mean number of thoracic vertebrae
presented by the Pan columns is 13,2,

YABGR 6.13

the Ilg_béru of Thoracic ?ertehrae in Afriean and Asian Great Apes

Reference Bex B 11 - 12 o 13 14 | #ean
. o i H b Ve $ 1 n H
1. Pag troglodytes: | -
gehultz & Btraus 11045} [ Mo | 8] | 1 nolm omals o oweln
Present study W] s o800 1 200132
Pl w0 | g
Hep |00 1 L0 8 B 160132
%+ Gorilla gorilia:
Randall (1984) W ¢ 13l e w5l 920
P8 5 b0 8 85 4 65|10
Behults & Bbraws {1455 | w+ P | 5B § 13,0 4 83,0 2 40| 12,9
Present study N ﬁ_ _ 1wy 4 66 1 1871128
R PIrT 2 o4l o4l 72110
_ 3. Pongo pygmusi _
Fiok (1933} fwepl 3] 2 a6l 2% mals 1 1,1
Schultz & Strana (19450 [WoR I3t {2 20| 92 %0 5 40 1,8
Present, Study o6t 2 331 3 sel 1 167 1,8
Pl 1100, 12,0
n+pfiafa ol wslu ol 1,9

In the pooled Gorilla series {males plus females) the modal
number of thoracic vertebrae is thirteen (83,4%). The mean
number of thoracic vertebrae is thirteen, the J.ncldencas of
twelve and of fourtesn thoracic vertebrae be:l.ng not s:.gn:c.f:.—-
cantly different (chi-square = 0,25; P<0,75).
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' The pooled Pongo series (male plus female} presents a mode of
twelve thoracic vertehfae, thisg number occurring in 74,8% of
the columns. Variations from the modal number of thoracic
vertebrae show a greater tendency to reduction (17;8%) than
to an increase (7,4%) in the number of thoracic vertebrae.
This difference between the £frequencies of eleven and
thirteen thoracic vertebrae in Pongo vertebral columns proves
probably gignificant {(chi-square = 6,28; P<0,025). No Pongo
vertebral column with fourteen thoracic vertebrae has yet .
been recorded according to the data available to the author.
The mean number of thbraeic vertebrae in Pongc vertebral
columns is 11,9.

When the numbers of thoracic vertebrae in African and Asian
great ape vertebral columns are compared, the most important
difference is in the modal number. The modal number of
 thoracic vertebrae is thirteen in the African great apes,Pan
and Gorilla, but twelve in the Asian ape Pdngo. The differ-
ences among the fregquencies of the modal numbers of thoracic
vertebrae are highly significant (dhi-équare = 14,64; P<{,005
with two degrees of freedom). This significant difference
results from the relatively lower £frequency of the modal
npumber of thoracic vertebrae in Pongo (74,8%) than in Pan
{83,0%).and in Gorilla (83,4%) vertebral columns.

Pan vertebral columns present a high frequency (16,0%) of the
pius—variant in contrast with 7,2% in Gorilla and 7,4% in '
Pongo vertebral columns. These differences in the frequen-
cieg of the plus~variant prove probably significant among the
great ape groups (chi-sguare = 7,38; <0,025 with two degrees
of freedom). The high freguency {(16,0%) of the plus~variant
in Pan vertebral columns is probably significantly greater -
(chi-square = 4,267 ¥<0,05) than the frequency ip Goriila.
columns (7,2%). The differences between Pongo and Gorilla,
and between Pongo and Pan vertebral colunms are not ei mifi-
cant, ' '
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The frequencies of the minus-variapt show a highly signifi-
cant difference (chi-sgquare = 1?,38; P<0,005'with two degrees
of freedom) among the great ape groups. The low ffequency in

Pan columns {1,0%) differs prohably significan£1y (chi-square'
= 5,28; P<0,005) from the frequency in Gorilla columns
(9,4%). The high frequency in Pongo columng {17,8%) differs
highly significantly (chi-square = 14,13; P<0,005) from the
frequency in Pan columns (1%) and probably significantly
.(chi—square - '4,71: P<0,05) fr¢ the frequency in Gerilla
columns (9;4%)5 ' ' :

Intergroup comparisons of African and Asian great apes show
thus a modal number of thirteen thoracic vertebrae in African
great apes and of twelve thoracic vertebrae in Pongo. The
comparison also reveals the greater tendency to an increased
number of thoracic vertebrae in Pan, the almost equal
dig ribution of + and - variantg in Gorilla and the greater
tendency to a decreased number of thoracic vertebrae in Pongo
columns .

4. Intergroup Comparisong of the Numbers of Lumbar Vertebrae

The clasgification of the lumbar vertebrae repofted as half
lumbar is problematic since not only the pregence of lumbar
ribs but also unilateral sacralization of the last lumbar
vertebra must be taken into account. Schultz and Strau=
(1945) report three half thoracic and six half lumbar verte-
brae in 93 Pan vertebral columns. Three vertebrae are thus
recorded as half thoracic and half lumbar and are reported as
lumbar in the present gtudy. The remaixing three are re-
ported sacral in'the_ present study for it is assumed that
these vertebrae are recorded half lumbar and half sacral.
all the data on transitional vertebrae are treated as this

example shows. | ' '

Mo transitional vertebra is reported amony the nunbers »f
‘thoracig vertebrae in 35 Pongo columns noted by Fick 1933
(cited by Schultz, 1941}. among the numbers of lumbar verte-~
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brae in 37 Pongo columns two transitional vertebrae are
" reported. Since it is unknown if these vertebrae bear
_unilateral ribs or are unilaterally sacralised, it is not
possible to calculate the exact number of lumbar vertebrae
according to the criteria wused in the present study. - These
data are thus not included in the present stuﬁy. '

Four lumbar vertebrae, with  an incidence of 62,0%, are the
moda) number in Pan vertebral columns. (Table 6.14)a: Vari-

ations from the modal number of lumbar vertebrae show a great.
tendency to a decrease in the number of lumbar vertebrae.
The frequency of three lumbar vertebrae is 38,0%. The
average number of lumbar vertebrae in Pan vertebral columnsg

is thus only 3,6. |

With an incidence of 69,9%, four lumbar vertebrae provide the
modal number also in Gorilla vertebral columns (Table 6.14).
Randall (1944) records one vertebral column (0,4%} with two
lumbar vertebrae while the frequency of three lumbay verte-
‘brae in Gorilla vertebral columns i 29,7%. With no instance
of five lumbar vertebrae, there is thum a definite tendency
to a decreased number of lumbar vertebrae in Gorilla verte-
bral columns which is reflected also in the average number of
- 3,7 lumbar verteYyrae.

The frequency of the modal four lumbar vertebrae in Pongo
vertebral columns is 81,1% (Table 6.14). Though the tendencuy
to the plus-variant is higher than the tendency to the minus-—
variant, the difference betwveen the respective freguencies of
three and five lumbar vertebrae is not significant (chi-
- sgunare = D,?4;'P<0.50),
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YABLE 6.14

The Rumbers of Lushar Vertebrae in African and Asian Great Apes

Reference Bex | 2 3 R 5 1 Mean
S | p 4l %[0 O T
1. Pan troglodytes: _
Sohults & Steaa (1945} { W+ ¥ | 93 BOALO| 55 59,0 3,5
Present Study b5 5 10,0 4,0
' F 2 2 10,0 4,0
er | 100) {3 30| 8 620 Y
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¥ 63 21 321 & 66,8 I
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| gerlas |t o4 |1 m2]e 0 ey X
1 3. Pongo pyomacus:
Schults & Straus {1945) | 8 + ¥ | 120 8 70| %0 EZ,B i3 .0 0
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P 1] ' 11,0 4,0
Mg} 12} T % U I 1 % I O Y ;0

Intergroup comparison reveals no sighificant differences in
the frequendieg «f three (chi-sguare = 1,53; P<0,25), or four
(chi-square = 1,34; P<0,25) lumbar vertebrae in African great
apes. No case of an increased number of five lumbar verte-
brae is recorded in either group. Pan and Gorilla vertebral
columns present thus a modal number of four lumbayr vertebrae
and both groups show a great tendency to a reduction in the
number of lumbar vertebrae. '

When the African and asian great apes are compared four
lumbar vertehrae are found +to. be the modal number in all
‘three groups. The chi~sguare test reveals a significant
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difference (chi~sguare = 10,41; P<0,01 with two degrees of
freedom) in the frequenciez of four lumbar vertebrae among
the great apes. The high frequency of four lumbar vertebrae
_ in Pongo vertébral.cqlumns (81,1%) is highly significantly
{chi-s¢uare = 8,45; P<0,005) greater than the freguency in
Pan vertebral columns (62,0%) and probably significantly
higher (chi-sgquare = 4,30; P<0,05) than in Gorilla vertebral
columns (69,9%). The higher frequency of four lumbar verte-
brae in Pongo'Vertebral columns indicates thus a definitely
‘lower tendency to variation in the number of lumbar vertebrae
in Pongo than in the African great apes.

The fregquencies of three lumbar vertebrae are significantly
highe: in Pan (chi-square = 28,91; P<0,005) and in Gorilla
(chi~sgquare = 20,63; P<0,005) vertebral columns than in Pongo
vertebral columns. These resgults indicate a significantly
_greater tendency to reduction in.fhe number of lumbar verte-
brae in the African great apesgs than in Pongo. On the other
“hand, Pongo shows a greater tendency to an increase in the
nuwmber of lumbar vertebr.a than the African great apes. The
frequency of five lumbar vertebrae in Pongo vertebral columns
is 11,8%.

5. Sexual Differences in the Numberz of Thoracic and of
Lumbar Vertebrae

Apart from the author's scanty data, only the data from
Randall (1944) on the numbers of thoracic and of lumbar
vertebrae in:Garilla_hllow comparison of the sexes. The chi-
Bquare tests on the differences in the frequencier of twelve,
_ thirteen and fourteen thoracic vertebrae and on the differ-
ences in the frequencies of three  and four lumbar vertebrae
show no significant differences between Gorilla males and
females (Table 6.15). |
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TABER .15

the Chi-square Values of the Differences
in the Frequencies of Thoracie and
Lumbar Vertebrae in Gorilis Males

and Pemales '

 Wumher of | Chi-aquare | B
| vectebrae | value

12 thoracic | 0,183 - | 0,75 |
13 thoricic | 0,008 | 0,9
14 Yhoracie | 0,000 | 0,9

1umbae | 0,089 {90,9
4 Tmbar 0,03 | 0,9

C. The Numbers of Thoracic and Immbar Vertebrae in Australo-
pichecinae '

The Australo?ithecus fossil vertebrae available for study are
described in Chapter 2. Among these specimens only the two
partial vertebral columns, Sts 14, and Stw 431, may throw
some light on the regional distribution of presacral verte-
brae in Australopithecinae. The partial vertebral columns
have been recovered from Member 4 of the Sterkfontein
Pormation. This layer has so far yielded only one generally
accepted taxon of hominid, Australopithecus africanus.

The Stg 14 vertebrae are clasgified as six lumbar and nine
thoracic vertebrae. The first lumbar vertebra shows a
‘riblike articular ‘structure on the right side., When this
vertebra is scrutinised clomely a convex articular facet on a
short process projeccing f£from the pedicle, instead of the
normal shallow depression that receives the complete head of
the last rib, iz found. The form of the facet for the tuber-
culun of the rib is rudimentary and it is positioned almost
directly behind the costal facet for the head of the rib. A
lumbar rib most probabiy articulated at the right side of
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this vertebra while a transverse process is present on the
Ieft'si&e. Thig is thus a thoracolumbar transgitional verte-
bra -but is, according to the oriteria used in the present
study, noted as a lumbar vertebra {(Fig. 7.1). '

The secondfsterkfontein partial vertebral column presents, in
the author's opinion, five lumbar and the lower four thoracic
vertebrae as dgscribed in Chapter 4.

The fact that one out of two partial vertebral ~olumns
present six lumbar vertebrae suggests that a large percentage
of the A, africanus population might have had six lumbar
‘vertebrae. On the other hand, Sts 14 presents the lower nine
thoracic vertebrae'and the newly recovered partial vertebral
column the lower four thoracic vertebrae. Since the upper
part of the thoracic region and at least the last cervical
vertebra are not preserved in either of the partial vertébral'
columns, it is not possible to determine the number of
thoracic vertgbfae in these two specimens of A. africanus.

The most complete early hominid (Home erectus) skeleton ever
found was discovered in 1984 at Nariokotome ITI, west Lake
Turkana, Kenya. The skeletal parts include vertebral
elements; a last cervical vertebra, eight thoracic and five
Junmbar vertebrae (Brown et ai., 1985}.

D. Discusgsion

In 120 Zulu (male and female) vertebral columnz Beven
patterns of regional distribution of presacral.vertebrae
(PSV} are observed. Vertebral columns with 24 PSV present
three regional formulae, while two patterns each are noted
among columns with 23 PSV and with 25 PsV.

The male vertebral columns also preseht seven patterns while
the female columns show four patterns of regional distribu-
- tion with the modal formula C7, 7T12, L5 in both groups.
Bornstein and Peterson (1966) report fourteen patterns of
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:egional distribution of PSV in a total of 1 239 modern human
vertebral columns. Thase ;fourteén pattérns include two
regional patterns with assimilation of the atlas. No case of
assimilation of an atlas is encountered in the present study.

The reszultyg on the regional distribution of presacral verte-
 prae suggeat that the tendency to an increased number of PSV
in modern human males, noted in the previous chapter, marks
" the lumbar region. In .modern human female columns the
tendencey to  a decféééed number of DSV, reported in the
previous chapter, seems to mark'both regions.

The differences in the frequencies of th. specific thoracic
variants among the males, among the females and among the
combined séxes of varioug population groups prove to he not
significant. The frequencies of the specific variants show a
tendency to a decreased number of thoracic vertebrae in the
females of various population groups, while the males present
almost equal frequemcies of eleven and thirteen thoracic
vertebrae. Within each population group, the tendency to
eleven thoracic vertebrae is significantly greater than the
tendency to thirteen in S.A, Negro female vertebral columns
and probably significantly greater in Caucasoid female
columns. When the sexes are combined, this dJdifference (Tll
v. T13} is probably significant in S.a. Negro vertebral
colunns.

Both males and females present a definitely greater tendency
to six lumbar vertebrae than to Zour. The relative differ-
ence between four and six lumbar vertebrae is however sig-
nificant only in 8.A. Negro males, females and the sexes
combined.

The chi-square tests on the frequencies of the numpers of
lumbay vertebrae among the maleg and among the females of
various population groups show no significant dJdifferences in
{1) the fraquencies of four,_ five and si# lunkar vertebrae,
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(ii) fregquencies of total wvariation and (iii} the relative
frequencies of four and six lumbar vertebrae. However, when
the sexes are combined, a probably significant difference in
the frequendies of four, five . d 'six Jlumbar vertebrae is
found among the papulation_ groups. A highly significant
difference in the tendency to variation is also found among
the males-ylds-femqles of the various pbpuiation grcﬁPSa
These differences may be the result of the significant
difference i the fregquencies of six lumbar vertebrae among
the populatioh groups. The freguency of six lumbar vertebrae
in Caucasoid vertebral columns is gsignificantly smaller than
the frequéncy in $.A. Nedvo columns and probahly gignifi-
cantly smaller than in San vertebral Qolumns.

‘The differences between the s=sexes with respect to the

Erequencies of thoracic vertebrae shcw a highly significantly
greater frequency of eleven thoricic vertebrae in 8.A. Negro
females than in males. The male columns, on the other hand,
- present probably significantly higher frequencies of thirteen
thoracic vertebrae than S.A. Negro female columns. American
Negro female columns show a definitely higher incidence of
thirteen thoracic vertebrae than the male columns. The
differences between the mexes with respect to the frequencies
"of firstly total wvariation, secondly the plus-variant and
thirdly the minus-variant in the numbers of lumbar vzrtebrae
prove not significant in any of the population groups.

The numbers of thoracic vertebrae in African great apes range
between twelve and fourteen with thirteen the modal number.
Intragroup comparison of the frequencies of the specific
variants shows a definite tendency towards lengthening of the
thoracic region in Pan vertebral columns. Gorilla vertehral
columns have an almost equal distribution of the plus- and
minug~-variants. The numbers of thoracic vertebrae in Pongo
vertebral columne range between eleven and thirteen thbracic
vertebrae with twelve the modal number.' The fregquency of
eleven thoracic vertebrae is significantly greater than the
freguency of thirteen thoracic vertebrae. '
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Among the hominoids twelve thoracic vertebrae form the modal
nunber in man and Pengo, while thirteen thoracic vertebrae is
the rule in African great apes. The frequencies of the modal
numb.rs of thoracic vertebraz is 92,1% in man, 83,4% in
Gorilla, 83,0% in Pén and 74,8% ‘in Pongo. The percentage
frequencies of the variations within the series of hominoids
may be considered to express the relative sta'ility of each
group. Man on this basis ig the most stable form in regard
to variations in the numbers of thoracic vertebrae.

If the relative distribution of_variants in the number of
‘thoracic vertebrae shows the direction of phylogeretic
trends, Pan {with a modal number of thirteen thoracic
vertebrae) presents a stronger tendency to an increase in the
number of thoracic vertebrae. Gorilla, also with a modal
number of thirteen thoracic vertebrae, shows an almost equal
distribution of plus- and minus-variants. Man and Pongo,
with a modal number of twelve thoracic vertebrae, present a
greater _tendendy to a decrease in the number of thoracic

vertebrae.

On the basis of data on the numbers of thoracic vertebrae in
various primates, including platyrrhine and catarrhine
monkeys and higher primates, Schultz (1930) suggests that at
least fourteen or fifteen thoracic vertebrae may represent
the primitive condition. In that event, the occurrénce of
only eleven thoracic vertebrae may be viewed as a marked
specialization or derived feature.

The upper part of the_thcracid region and at least the last
cervical vertebra are not preserved in either of the A.
africanus partial vertebral'columns, Sts 14 and Stw 431. It
igs thus not yet possible to determine the number of thoracic
vertebrae in this taxon. In this chapter it is geen that the
average number of thoracic vertebrae is 11,97 in man, .1,9 in
Pongo, 13,0 in Gorilla and 13,2 in Pan vertebral columns.
The modal number of thoracic vertebrae in Australqplthecus is
thus likely to have been either twulve or thirteen.
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Tae numbers of lumbar vertebrae in African great apes range
between three and.five and in Asian great apes between two
and four, with four the modal number. Intragroup comparisons
of the fregquenciesg of the specific variants show a strong
tendency to shortening of the lumbar region in the African
‘great apas studied. Pongo preseﬁts a greater, though not
significantly so, incidence of five +than of three lumbar
wvartebrae.

Comparison of the numbers of 1lumbar vertehrae among the
extant hominoids shows a modal number of four lumbar verte-
brae in the anthropoid apes and of five in modern man. The
relatively higher incidence of the modal number of lumbar
vertebrae in modern man points to relatively greater stabil=-
ity in modern man in regard to the numbers of lumbar verte-
brae.

The apparent direction of the phylogenetic trend, as suggest-
ed by the numbers of lumbar vertebrae, is towards.shortening
of the lumbar region in all extant hominoids. Schultz and
Straus (1945) in a study on the numbers of vertebrae in
various primates, state:

"The great apes, or Ponginae, are the only primates
showing the extreme individual reductions to only
three lumbar vertebrae" (op.cit. p 610).

The lowest average number of lumbar vertebrae (3,6) occurs in
the Pan series. In Gorilla, in Pongo and in modern man the
average numbers of lumbar vertebrae are 3,7, 4,0 and 5,05
regpectively. Schultz (1930) concluded that these extreme
reductions in the numbers of lumbar vertebrae in the
anthropoid apes are marked specializations. It may be
inferred that specialization, in the form of reduction of the
numbers of lumbar vertebrae, has gone distinetly further in
African and Agian great apes thén.in man., Schultz and Sﬁraua
(1945) ‘guggest that the common ancestor of all primates
possibly possessed'seven cervical, thirteen thoracic and six
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lumbar vertébrae. The long lumbar region may be judged as
the primitive dchdition in primates for the more simply
designed primates, which are judged to have retained primi-
tive features, present long lumbar regions (Clark, 1962), A
character state £from which transformation starts is called
the plesiomorphous state {(Hennig, 1966). The loss of one or
more lumbar vertebrae, suggested by Schultz (1930) to be a
specialization, presentez  a derived or apomorphous character
state. Among the recent hominoids surveyed here, six lumbar
vertebrae occur only in modern man. The presence of six
lumbar vertebrae in one of the two A. africanus partial
vertebral'@olumhs may suggest a relatively high frequency of
this number of lumbar vertebrae in the A. africanus popula-
tion. It suggests also that, in the number of elenents, the
lumbar spine of A. africanus iz even less gpecialized than
the minimally specialized lumbar spine of modern man. The
longer lumbar region in A. africanus and modern man presents
the plesiomorphous "primitive" extreme, while the shortened
lumbar region in  Pan presents a strongly apomorphous
"derived" extreme. '

From a phylogenetic point of view, the more prinitive or
plesiomorphic trends in A. africanus and in modern humans
tend to link these +two groups closer togetber than to the
anthrdpoid apes, The apomorphie¢ trend te shortening seems to
link the African apes, the Goriila and Pan, closer together.

E, Suommary and Conclusions

1. In 120 Zulu (male and female) vertebral columns the
‘vregional distribution of PSV falls into seven patterns.
The modal regional formula is €7, T1?, L5 and the
regional formula with the second highest frequency is c?,
T12, L6. When the sexes are considered separately the
male vertebral columns present the same trends ag the
sexes combined, ‘The female vertebral columng, however,
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present only four patterns of regional distribution of
PSV. The typical regional formula is C7,_T12, L5 and the
regional formula with the second highest frequency is C7,
T12, L4, |

No variation in the number of c¢ervical vertebrae ig
observed in 120 Zuln vertebral columns.

The numbers of thoracic wvertebrae in modern man range

between eleven and ‘thirteen thoracic vertebrae with
twelve the modal number, The differences in the fre-
quencies of the specific variants among the males, among
the females and amqng the combined sexes of various
population groups prove to be not sgignificant.  Female

‘columns present a greater tendency towards shortening,

while male columns tend towards lengthening of the
thoracic region. :

Both male and female columns of all modern human popula-
tion groups present a greater tendency towards lengthen-
ing of the lumbar region. The differences  in the
frequencieas of 8ix lumbar vertebrae prove significant
among the various population groups. The low freguency
of six lumbar vertebrae in Caucasoid columns is signifi-
cantly smaller than the freguency in S.A. Negro columns

“and probably significantly smaller than the  frequency in

San vertebral columns.

In Pan and in Gorilla the numbeirs of .horacic vertebrae
range between twelve and fourteen-with thirteen the_moﬂal
nunber. Pan presents a tenfency to an increase in the .
number of thorscic vertebrae to fourteen while Gorilla
shows an almost ~gual distribution of the plus- and
minus-variants. In Pongo and in. modern man the numbers
of thoracie vertebrae range hetween eleven and thirteen
with twelve the modal number. Pongo and modern man show
a  tendency %to a decreased number (eleven) of thoracic

vertebrae.
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The number of thoracic vertebrae in A. africanus is
urknown, since the thoracic regions of the recovered two
partial vertebral c¢olumns are not complete. In this
chapter it is seen that the ‘average numbers of thoracic

vertebrae in extant hominoids are: 13,2 in Pan, 13,0 in

Gorilla, 11,97 in man and 11,9 in Ponge vertebral
columns. The average number of thoracic vertebrae in 3.

- africanus vertebral columne iz thus likely to have been

either twelve or thirteen.

'In modern human vertebral columns the numbers of lumbar

vertebrae range between three and siicr with £five the
modal number. In African and Asian great apes, the
numbers of lumbar vertebrae range between two and five
with four the modal number. Man is the most stable of
extant hominoids surveyed, in respect of the variations
in the numbers of lumbar vertebrae.

The relative Irequencies of departures from the modal
number suggest the direction of phylogenetic trends. The
African great apes show a definite tendency tpwards fewer
lupbar vertebrae. Pongo shows a similar but lesser
tendency, and it manifeats a higher fraguency of five
lumbar vertebrae than the African great apes studied.
Modern man presents a tendency to an increased number of
six lumbar vertebrae. The direction of phylogenetic
change, as suggested by the numoers of vertebrae, is

‘towards = shortening of the lumbar region in existing

hominoids. This reduction in the number of lumbar
vertebrae has gone distinetly further in the great apes
than in man.

The six lumbar vertebrae observed in - one of the two A.
africanus partial vertebral columns fall within the range
of numbers of lumbar vertebrae in man only. If these two

vertebral columne are typical of 4. africanus, or, at

least, reflect a high freguency of six lumbar vertebrae
in the species, it would follow that the postulated
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tendency towards .a reduction in the iumbar vertebrae in

honinoids has occurred to & lesser degree in A. africanus

than in the extant hominoids.

o ———————— et
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CHAPTEB-?_

NON-METRICAL OBSERVATIONS ON HOMINOID THORACIC AND LUMBAR
VERTEBRAE
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A., Foramina through the Base of Lumbar Transverse Processes
l. Results
2. ‘Discussgion

B.' The Curvature and Orientation of the 'Lumhar Superior
Articular Facets
1. Results
2. Discussion

C. The Configuration of the Lumbar Articular Facets
1. Results
2. Discus=ion

D. Summary and Conclusions

A. Foramina through the Base of Lumbar Transverse Processes

A foramen through the base of the transverse procdess of a
modern human last lumbar vertebra was first desaribed by
Szawlowski (1902). Following this description Dwight (1902)
reported another such case. ‘Manners-Smith {1909), in a study
on the variability of the buman last lumbar vertebra,
identified three types of foramina through the transverse

processes, according to the position of the foramen. The
first type of foramen is called costotransverse . and runs
vertically through the medial part of the transverse process.
_ The second type is the retrotranasverse foramen which is situ-
ated at the baser of the transverse and superior articular
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facets. It is bound posteriorly by a bony bar which passes
from the mamillary'to the accessory process. This bar is not
always complete and an open groove ig then seen. The third
type is a foramen through the transverse process'at'the
junction of the accessory and inferior articular processes
(Fig. 3.1). '

1. Results
1.1 Modern Buman Series

when Manners-Smith's (1909) classification i1, used, a total
of 31 costotransverse foramina are recorded in the modern
human (Zulu) series of the present study. "hese foramina are
noted in one or more of the upper four lumb:r vertebrae., No
costotrangverse foramen has been observed on a last lumbar
"wertebra. Among 40 female spinai columns four individuaals
with eleven affected vertebrae are found. Nine of these
vertebrae present bilateral costotransverse foramina {(Table
7.1). Seven male individuals out of 80, with nine affected
vertebrae, are noted. Only two of these * . . ebrae show bi-~
lateral costotransversze foramina while sir . .gent the fora-
men on the right side. The highr~st incidence of costotrans-
verse foramina ,occurs at the level of Ll in both males and
females.

YABLE 7.1

The Costotransverse Foramina in ¥aje and Pemale Julu Lumbar Vertebrae

Vertebra R Kale - i Female

Abgent | Present Dnilateral Presett | » | Absent | Present Dnilateral Present | n
| left | Right | Bilateral | | weft | Right | bilatena]
11 % | s | 2 2 (e % | 1 3|4
12 nol o1 1 ¢ || ¥ 1 1 |4
13 | 2 0 s | W | o 0 : | &
14 o 1 O VI I O T 1 |u
15 ol oo 0 vofm | w0 | 0 0 0 {u
1 6 2 ) ) 9
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Far fewer retrotransverse foramina are recorded. Iﬁ 120 Zulu
Bpinal coluﬁns six'indiﬁiduals with seven affected vertebrae
are noted. Four out of 40 female individuals present two
vertebrae with bilateral retrotransverse foramina, two verte-
brae with foramina on the left and one with a foramen on the
right side {Table 7.2). In 80 male columns only two retro-
transvarsge foranina in two vertebrae of'different individuals

are noted. The highest incidence of retrotransverse fora-

‘mina occurs at the level of L5, hn open groove is found in
seven instances, five in male and two in female Zulu columns,

PABLE 7.2

The Iletr.etra_g_sve_rse Foramina in Male and Fesale Sulu fusbar Vertebrae

Vertebra 3 Kale Pemale
- | hbsent | Present Hnilatera1 Pregent n | Absent | Present DOnilateral | Present | n
Reft | Right | silatenal Uleft | Bight | Bilateral

1t 0| o0 | 0 IR 0 b | M

L1 Bo 0 0 0 8 4 0 i b L}

I3 80 ] 0 0 80 40 ] { ] 4

I4 ] 0 0 b B 3 0 I i i

7] i 1 1 0 i x 2 0 1 H
| w6 bi! -1 1 0 80

| i ) b 2 1 2

No foramen through the transverse process between the
accessory process and the inferior articular facet is
recorded in the modern human series of the present study.

Comparative series: Manners-Smith {(1909) studied the vari-
ability of the last lumbar vertebra in an unknown number of
mogtly Egyptian vertebral columns, He reported costotrans-
verse foramina in two adult vertebrae and in two spines of
young people.  He found retrotransverse foramina in 14
sPecimensf hilataral'in four, on the right in six énd on the
left side in four gpecimens. In five gpecimens a groove

instead'of a foramen is noted, One foramen formed by the

" Junction of  the acbegsory with the inferior articular pro-~
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cesses is also reported. Beers et al. (1984) report three
. costotransverse and oné retrotransverse foramen in L5 seen
during routine computed tbmography {cT) of the lower lumbar
spine in an unknown humber of patiénts with backache and
- geiatica. ' '

1.2 African and Asian Great Ape Series

In the African and Asian great ape series of the present
study, no foramen through the base of a lumbar transverse

. process is recorded. Two interesting features are however

observed. One Gorilla column presents deep grooves between
the costal and transverse elements of the L1 transverse

processes, One Pan 11 vertebra presents no transverse pro-
cess on the right =ide;’ only the accessory process is
present. on the left side the accessory process is also.

present, but from the pedicle projects a small rib-like
structure. | '

1.3 Australopithecine Series

L1 of Sts 14 preaehts a very small costotrangverse foramenh on

the left side ({(PFig. 7.1). It rung vertically through the
base of the transverse process, just lateral to the pedicle.
On the right side no transverse process is present. Instead
a blunt process, with a convex facet on top projects from the
pedicle., This process is acconmpanied by a smaller process
gituated a little further back. The digtance between these
projections is somewhat larger than the diameter of the fora-
men on the left side which seems to represent part of the
gpace that_exists on_the right gide. '

by
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Figs 71 U1 of Sts 14 with a very snall costotransverse foralaﬁ through the base of
the left tratgverse process {a) and a wagnification of the foramen {b).
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2 Discussion

2.1 Costntransverse Foramina

To explain = the formatibn_ of the c¢ostotransverse foramina a

brief review of the developnent of the transverse processes
is necessary. Warwick and Williams (1980) stated that in the
second atage of development of the vertebral'cqlumn,_dorsal
extensions of the sclerotomes form the primitive neural arch
and, later, its processes. The ventrolaﬁerai extensions of
the sclerotomes foreshadow. the vcostal elements. In the
thoracic region the costal elements develop distally to form
the ribs, while the transveérse elementsg form the transverse
processes. In the cerviecal and Ilumbar regions, the costal
elements do not develop to form separate ribs, but constitute
part of the transverse processes. The costal element of a
cervical transverse'procesa, which corresponds to the head
and neck of a rib, forms the part ventrolateral to the

foramen of the transverse process, while the transverse

element limits the foramen posteriorly, {The vertebral
arteries run through the foramina of the wwper six verte-
brae.) In the lumbar region the costal elements giva rise to
the largest part of the transverse processes, while a smaller
medial and posterior part, which includes the accessory
procenrs, ariseg from the transverse process element.

The cot . transverse foramina through the medial part of the

transverse process root are gituated between the costal and

trangverse elements. These foramina are probably instances
of incomplete fusion of the costal and transverse elements.
Manners~S8mith (1909) states:

"There is little doubt that this foramen is truly

costo-transverse, is homologous with the cervical:

foramen and like it is vascular. It im probably for
an enlarged retro-costal ahastomdais'...“
(UP.Citi, p 148) [ ]
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From the results of the present study it is evident that

costotransverse foramina, or variations in the fusion of the
costal and transverse elements, occur most frequently at the
level of Ll. 0f the costotransverse foramina noted in the
modern human series 43,3% occur at Ll. In Sts 14, the small
coatotranéverse foramen is also present at the level of Ll.

_ In the Pan column (Za 1071), with a small rib-like structure
projecting from the left pedicle df_ Llr_it geems as if_the
costal and transverge elements had not fused, the costal
¢lement forming instead a small rib-like structure which is
fused with the pedicle. '

2.2 Retrotransverse Foramina

The retrotransverse foramina at the bases of the transverse
and superior articular processes are probably formed through
the ossification of the mamillo-accessory ligaments described
by Bogduk (1981). These ligaments bridge between the
namillary and accessory processes of each lumbar vertebra to
gonvert the notch between them into a foramen or short canal.
Bogduk (1981) finds these foramina to be better developed and
more typical in form at upper lumbar levels. Ossification of
these ligaments is however . confined to the lower lumbar

vertebrae and it occurs most frequently at L3. Manners-

Smith (1909) proposes the transmission of small vessels which
form - a retrotrangverse anastomosiaa Bogduk (1981), in a
geries of diassections, findz that the retrotransverse fora-
mina transmit +the medial branch of the dorsal ramus of the
spinal nerve, exiting at the intervertebral space immediately

o+

B. The Curvature and Orientation of the Lumbar Supéripr
Articular Facets '

Variations in the shape and in the orientation of the lumbar
articular facets, when viewed from above, play an important
r6le in the biomechanics of the articular facet joints. The
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_ norma1 function of these Jjointsg is to stabilize the motion
segment (two consecutive vertebrae with an intervening disc)
and to control it movements.

‘1 Results

1.1 Modern Human Series

In the modern human (Zulu) series wide variation in the
curvature and orientation of the articular surfaces of the

guperior articular fecets is found. The curvature of these -

facets ranges from flat to markedly concave and is recorded
in the categories; flat, slightly curved and markedly curved.
Marked curvatures are classified according to the categories

used by Bogduk and Twowmey (1987) into subdivisions: K

'ahage&“ or "C-shaped" when viewed from wsuperior and anterior
{rable 7.3). ' ' ' '

The incidence of marked C-shaped superiur articular facets is
the highest in both male and .emale Zulu vertebral columns
with five lumbar vertebrae. In the eight male ¢. lamns with
six lumbar vertebrae, the J-shaped curve occurs in five
(62,5%) of the columns at Ll. From %2 to L6 the C-ghaped
curvature is the tommonest. '

The orientation of the superior articular facets in modern
human subjects is found to vary from the coronal to the

sagittal piane. The modal pattern of orientation svems to be

inwafds_at Ll, sloping more from above downwards. At the
level of the last lumbar vertebra the facets face porteriorly
as much as medially.

LA s e L e s .

R
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TABLE 7.3

the Carvature of Iusbar Superior Artieular Facets of Male and Female Zuln Spines

- Yertebra { . Males {n=66) . | Pemales (=35} -
Plat | Curved Plat | Curyed
Blightly {  Markedly | slightly | Markedly
(-ghaped _J—ahapgd _ | c-ahaped J-siapéd '

Tasn Jwon] so0 | oanoo | 200 ] 8,00 400 | atm0 | 480
o s ] e | 40 | 30 {286 e | B2 | e

men L on00| w0 | 00 | oo | 20| 68 | w0 | 2,0
$ 1061 | 1535 | 4342 | a8 ] sml o | osnhmo | 20,00

dra | o200 | 00 | o200 | a0 | a0l 400 o 200 | 800
v L s o | o1 | e |oesr| e | owa | onk

IR} oo |os00 | 3200 o200 | o200 200 | 2,00 | 10,00
¢ | 606 ) 16 [ A8 | 3,8 SILY ST [ 6000 | 28

154 n 5,00 w00 | 36,00 0,00 | 5,001 8,00 | 28,00 2,00
s 909 | 31,82 | 4545 | Ihet |29 ] 286 | sl | sl

1.2 African and Asian Great Ape Series

In comparison with the modern human series, the general
pattern of orientation of the superior articular facets is
reversed in the pongid series., The facets face progresgively

more medial from the first to the last lumbar vertebra. - The

concavity of the ape facets is conspicuously less than that
of modern human facets, those of the Pan vertebral columns
ghowing the greatest curvatures (Table 7.4).
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The Curvatare of Pongid Lunh_a_; '
Superior Articulsr Facets
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P = Flat or, plansr facets

8= Slightly curved facets
= "J-ghaped" sorvature

¢ = "C-ghaped® ourvature

1.3 Baustralopithecine Series

The concavity of the lumbar superior articular facets is
fairly shallow in both Sts 14 and Stw 431 (Table 7.5). These
facets are orientated more medially in the superior lumbar
vertebrae and progreséively laterally downwards. In the last
lumbar vertebrze the superior articular facets face more
backwards than medially. Thes same tendency is noted in the
modern human columns, while Ehe pongid columns present
superior articular facets that ~ face progressively ﬁore
medially from Ll to L4. '
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TABIR 7.5

the Curvature of A, africanns Lumbar
- Buperior Articular Pacels

cohmn |3l ]52 |53 | 14|55 |06

statd Lo v |5 lets |s
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¥ = Plat or plasar facets
8 = 8lightly curved facets
d = “J-ghaped* curvature
€ = “C-ghaped’ curvature
t = Left side only

§ = Bight side only

2. Discussion

The normal function of articular facet joints is to prevent
forward displacement of the vertebra above and to control its
rotary movements. These functiong are influenced by both the
curvature and the orientation of the articular facets. The
biomechanics of the superior articular facets are explained
by Bogduk and Twomey {1987). | |

Flat or planar superior articular facets which face inwards .
afford no resistance to forward displacement of the vertebra
above. The inferior articular facets of the vertebra above
are able to slide past the superior facets of the vertebra
immediat&ly below. These joint= on the-oﬁher hand strongly
resist rotation (Fig. 7.2a). ' '

In a joint with planar superior articular facets which are
orientated obiqﬁely, the facets face backwards and medially.
Thege facets are able to prevent forward displacement due to
their partly posterior orientation. The partly medial orien~

]
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i'ig.' 7.1 The Hechanics of Flat Luubar Articuiar Pacets Orientated Hediaily (A), Obliguely (Bl
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tation resists rotation saince the inferior facets of the
preceding vertebra will impact against the superior articular
faces of the suéceeding vertebra during rotation (Fig. 7.2b).

In joints with flat superior articular facets which face
béckwards, maximum resistance to forward displacement occurs,
since the entire articular surface directly opposes forward
movement. These facets = do not resist rotation effectively,
During rgtationzthE'inferior'articular facets of the vertebra
above impact against the superior articular facets of the
_vertebra below at an angle and -are able to glahce off the
superior facets (Fig. 7.2c). '

In joints with curved articular facets, the anteromedial
parts.resist forward displacement of the preceding vertebra.
The C-shaped curvatufe thus provides better resistance than
the J-shaped curve with 'a smaller anteromedial part. Rota-
tion is well resisted by curved articular facets since almost
the entire articulaf surface is brought into corntact by this

movement (Fig. 7.3). ' '

The results of the present study show that the modal pattern
of orientation of the superior Ilumbar articular facets
changes from inwards at L1 to an oblique lie at L5, The C-
shaped curvature occurs most frequently, but it becomes lass
marked at Lb5. The resistance to forward displagement'thus
becomes better as we go down the lumbar region, for the more
- backward orientation of the Jlower lumbar superior facets
~increases their ability to resist anterior shear forces and
thug forward diéplacement-of the vertebra above.

The more frequeﬁt occurrance of curved superior articular
facets in the modern human series probably indicates the
possibility and also effective control, of rotation. The
more lateral orientation of the superior articular facets
_lower down in the lumbar region seemsg to permit more rotation
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© Fige 7.3 The Bechanics of Curved Lusbar Artiular Facets; C-shaped (A} and J_-shaped {8l
J £ l'inta_tion. .

f = Yotward Displacenent
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than the more inwardly orientated superior articular facets-
of the superior lumbar region. This agrees with the findings
of Gonon and Dimnet (1982), cited by Rénési and Lesur (1985).

The former workers find that the articular facets of the
lower lumbar vertebrae secm mainly to underge movements of
“rotation, with an instantaneous centre of rotation at the
periphery of the intervertebral disc, '

In the pongid series the facets are in generallless curved
than in the modern human series. Greater resistance to
rotation is thus to be expected. The superior articular.
facets of the pongids face more medially from the first to
the last lumbar vertebra. It seems thus as if the resistance
to forward displacement through anterior shear forces
decreases from above downwards in the pongid lumbar'region.
In the Gorilla columns, in which the superior articular
facets of 1.4 are flat and face inwards, liittle ;esistancé to
‘anterior displacement is to be expected. The slightly C-
shaped ‘and J-gshaped last lumbar superior articular facets of
the Pongo columns would probably provide more resistance to
anterior digplacement and the more marked C-shaped facets of
the Pan columns the most resistance.  The seemingly lesser
need for resistance against anterior displacement of the last
lumbar vertebrae in the pongid columns may be explained by
the absence of a lumbar lordosig and the fact that the lumbar
vertebrae are embraced closely by the long ilia. 'In pongids
the strong iliolumbar ligaments comprise an upper horizontal
" ligament between the third lumbar transverse process and the
iliuwm, and a lower fan-shaped ligament from the fourth lumbar
transverse process to the ilium. The fibres of these two
com§0nents are continuous and the lower part is continuous
with the anterior sacro~iliac ligament. The.last two pongid
lumbar vertebrae are thus firmly attached to the ilia which
wourlid seem to lessen the tendency to forward displacement.

rm a2 s bbb T R LR e A - 17+ e IR e B v e o e e e e - = e e I -
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The curvature and orientation of the A. africanus superior
articular'faceta closely:resémble' those of the modern human
"colﬁmns. These features may indicate an increased ability to
resist anterior shear forces and the forward displacgﬁent of
the lower lumbar vertebrae, which characteristice accompany
the lordotic curvature in modern man.. Theif presence in the

early hominid@ thus suggests that a lumbar lordosis was -
present in A. africanus. This is the first time vertebral

featﬁreg_other than the vertebral body height is thought to
point at a lumbar Jlordosis in A, africanus. (The probable

presence of a lumbar lordosis in A. africanus is again dig-

cussed in ﬂhapter 8§}, The more outward orientation of the
superior articular facets in the lower lumbar vertebrae of a.
africanus may permit more rotation than the more inwardly
orientated articular facets in the upper lumbar region.

¢. The Configuration of the Lumbar Articuiar Pacets

Fawcett (1932) points out that the configuration of the

articular facets when viewed £rom behind can be used to
serially recognise the individual modern human lumbar verte-
bhrae. Se¢en ffom behind, the four artidular facets form the
angles of a four-sided figure. In Ll and L2 the figure iz a

trapezium with the base narrower than the top, while:in L3 it

makes a rectangle with long vertical sides. The figure in L4
is practically a square, while in L5 there is a rectangle

elongated laterally (Fig. 3.2).

Are those configurations of the articular facets exclusively
a modern human chafacteristic? Do variétions in this pattern
cccur in modern H., sapiens én&, if so, how freguently and at
which levels? What is the pattern presented by_afticular

facets in pongid and australopithecine 'vertehrae? In an

attempt to answer these questions, the coafiguration of the

articular facets in these other hominoids has been comparéd

n
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with those described by Pawcatt (1932) in modern human lumbar
regiqns; Since Sts 14 presents six lumbar vertebrae, special
attention has here been paid to modern human columns with six
lumbar vertebrae. | |

1. Results

1.1 Modern Human Series

In the seven Zulﬁ male columns with four lumbar vertebrae.
each, variationg in the articunlar facvet configuration of the

last three vertebrae are found in two columns only (Table
7.6). In these two columns the facet configuration pattern

ig the same as Fawcett's modal pattern for the first four

vertebrae of a column with five lumbar vertebrae. Variation
occurs in four dolumns at Li, with a rectangle being formed
by the facets in three of these-éases and a trapezium with
the top narrower than base in the fourth case. In the
remaining vertebral column the facét configuration pattern is

" the same as Fawcett's modal pattern for the last four verte-

brae of a column with five lumbar vertebrae.

The eight Zulu male columnz with six lumbar vertebrae each
present six different patterns (Table 7.6). The last three
vertebrae are again the least subject to variation. Orly two
columns present a sguare configuration at the third last
vertebra.whereaa the'remainihg' columns show Fawcett's modal
pattern. At the L1 level only one c¢olumn shows a variation
in the form of a rectanglé. At L2 three columns each present
a trapezium, while five show a rectangle and at L3 two
columng have a trapezium and six columns a rectangle.
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TABLE 7.6

The Configuration of the Articular Facets of the gulu Male
umbar Vertebrae '
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The male Zulu columns with 23 PSV and those with 25 PSV which
have five lumbar vertebrae show no departures from Fawcett's
mode in the configuration of the articular facets, In the 66
columng with f£ive lumbar vertebrae each, eight variants in
'the modal configuration of the articular facets are found in
17 coiumns (25,8%). These variations are listed in Table
7.6. In the variant which occurs the most freguently (in six
columns) L2 presents also a rectangle, while the second com-
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monest variation {four spines) shows rectangles in the first
three lumbar veritebrae. The articular facet configurations
of the lagi two Ilumbar vertebrae are the most stable, a

larger .%3th between the inferior articular facets than
between the superior articular facets being seen in a few
columns. In one column L5 presents a trapezium with the base

_narrbwer than the top.

 The three female Zulu colunne with four lumbar vertebrae each
present a single pattern of facet configuration (Table 7.7).
This pattern-corresponds with that of the last four lumbar
- vertebrae in a wcolumn with £ive lumbar vertebrae ﬁhich
present the modal pattern. . In the 35 columns with five
" lumbar vertehrée_ each, four variants occur in ten columns
(28,6%). B&As in the male columns, the variant which occurs
the most frequéntly {in five columns) is a rectangle at L2,
while the second commonest variation (in three columns} shows
rectangles in the first three lumbar vertebraz. The two
columns with six lumbar vertebrae each show an additional
| redténgle or trapezium among the first three lumbar verte-
brae. In the female columns, the articnlar facet configur-
ations of the last two lumbar vertebrae are, as in the male
columns, the most stable. S
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1.2 African and Asian Great Ape Series

In the African and Asian great ape series all three Gorilla
columng present a different articular facet configuration at
each lumbay level (Table 7.8). The two Pan columns differ at
L1l where both show a trapezium, but the base is narrower in
the one and broader in the other than the top. The two Pongo
columns differ at L3: one presents a trapezium with a
narrower base than top, while the other shows a rectanglé
with long vertical gides. Each of the Beven ape columng thus
presents a different pattern of articular facet configur-
ation. In four of the columns Ll shows a trapezium which is
narrower at the base than at the top, while three columns
present a trapezium with the base broader than the top at the
same level. At L2 three rectangles with long vertical sides,

three trapezia with a narrower base and a trapezium with a-

broader baae_than top, are recorded. At L3 four colunmng show
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a trapezium with a narrower base than top and three columns
show a rectangle with long vertical sides. In six columns
the last lumbar vertebra (L4) shows a trapezium, with the
inferior articular facets nearer to each other than the
supefiof ones, while the seventh <column, a juvenile male
Gorilla colunn, shows a trapezium which is broader at the
base than 2t the top. ' '

FABEB 7.8

The Confignration of the Artienlar Bacets of
African and Asian Great Ape Luwbar Vertebrae

1.3 Australopithecine Series

The articular 'f.acet configuration of Ll of 8tz 14 shows a
trapezium with a slightly narrorer base  than top. L2 pre-
sents the =ame kind of trapezium, while L3 shows a rectangle
with its long sides vertical. At L4 there occurs a trapezium

| with the base slightly narrower than the tpp.' L5 presents a

it = e P e

sguare. The laminae and inferior articunlar facets of L6 are
reconstructed with the superior _'artiéular facets of the

sacral piece as guideline. According to this reconstruction,.

B e T L T T U
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the articunlar facets form a rectangle with its long sides
horizontal, when viewed from behind. In the AL 288-1 (4.
afarensis, female) lumbar vertebra, classified by Johanson et -
al. (1982) as L3, *ihe articular facets form a square when
viewed from behind. '

In Stw 431 only the left superior and inferior articular
facets of the last lumbar vertebra (L5) are preserved. These
facets are in line supero-inferiorly. The left superior
articular facet of L4 is wissing but the remaining facets
form a rectangle, with its long sides vertical, when viewed
from behind. The same configuration is found in L3, while L2
presents only inferior articular facets. Stw 8b presents

superior and inferior articular facets on the right only.
The facets of this vertebra gseem to have formed also a
rectangle with itz long sides vertical. ' '

2 Discussion

The most conspicuous difference seen in a comparison of the
modern human and the pongid results is the difference in the
configuration of the last lumbar articular facets. Though no
modal pattern could be established from the few anthropoid
ape columns studied, tne last lumbar vértébra presents a
trapezium with narrower base than top in six of the seven ape
coelumns, This figure contrasts sharply with the rectangle
with its long sides horizontal founl in 119 of the 120 modern
human columns. Whereas the inferiuvr articular facets of a
nodern human last lumbar vertebra are placed ag widely apart
as the superior articular facets, or even slightly further
apart, thnse of the anti.ropoid apeé tend to be placeﬁ nearer
to eac® .her than are the superior articular facets.

The pattern presented by Sts 14 differs from the patterns
presented by each of the six modern human vertebral columns
with =six lumhar vertebrae (Table 7.6). The configurations of
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the last +two Sts 14 lumbar vertebrae correspond with that of
the last two lumbar vertebra in all six modern human columns
with gix lumbar vertrhrae.

Pal and Rontal (1986, 1987) find that the articular facets of
the last lumbar vertebra carry about 23% of the vertical
load. The articular faceis are placed far apart to withstand
this :E_orcé.. From the results of this part of the study it is
evident that the mede of weight transmission to the pelvis
very probably differs between our modern human population and
the anthropoid apes.  The australopithecine and modern human
la=st lumbar vertebrae, however, present the same articular
fécet configuration. This' suggestes that the posterior
articnlar facets of the A, africanus last lumbar vertebra
carried a major proportion of the vertical load, as in modern
man, whereas those of the pongid columns seem to transmit
less weight thanﬁthe prece&ing vertebrae. In others words,
on the evidence from our small pongid and australopithecine
gsamples it seems that the mode of total transmission to the
pelvisg in A. africanus was unlike that in apes and 1like that
in modern man. (Weight transmission to the pelvis is
discussed again in Chapter 9.)

D. Summary and Conclusions
Foramina through the Base of Lumbar Transverse Processes

l. A total of 31 costotransverse foramina are recorded in
the modern human (Zulu) seriezs of 120 vertebral columns.
Among 4D female columns four individuale with eleven
affected vertehraé are fbund. Nine of these vertebrae
present bilateral costotransverse foramina. Seven male
_individﬁals out of 80 with nine affected vertebrae are
noted. Two of these vertebrae show bilateral costotrans=-
verse foramina while aix present the foramen on the right
side. The incidence of these foramina, which are prob-
ably instances of incomplete fusion of the costal and
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transverse elements, is the highest at Ll in modern human
columng. L1 of Sts 14 shows a costotransverse foramen on
the left side.

- The rib-like structure fused with the right pedicle of Ll

in a Pan vertebral column is probably the result of no

- fusion betﬁeen the costal and transverse elements.

Seven retrotransverse foramina are noted in six individ-
uvals of the modern human series. Four of the 40 female:

individuals present two vertebrae with Bilateral retro-
transverse foramina, two vertebrae with foramina on the
‘left and one with a foramen on the vright side. In 80

male columns only two retrotranaverse foramina in two
vertebrae of different individuals are noted. These
foramina are probably formed through the ossification of
the mamillo~accessory ligaments and they transmit the
medial branch of the dorsal ramus of the spinal nerve,

" emerging through the intervertebral space immediately

above.

Curvature and Orientation of the TLumbar Superior

Articular Facets

1.

The results of the present study show that the curvature
of the superior articular facets of modern human lumbar
vartebrae range from flat or planar to markedly concave.
The modal pattérn of orientation of these facets seens to
be inwards at L1, sloping downwards. At L5 the facets

- face as much posterior as medial.

The curvatute of the pongid superior articular facets is
less than that in modern human rertebrae, The Gorilla
colunns show £lat superior articular facets, while the
Pan columns ?resent the most curved facets. in com=-
parison with the modern human series, the general pattern
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of superior articular facet orientation is reversed in
the pongid series. The facets face progressively more
medially from the first to the last lumbar vertebra.

. The concavity of the A. africanus lumbar superior articu-

lar facets is fairiy shallow. The orientation of the
superior articular facets corrésponds with that of the
moderyn human vertebral columns. '

From the biomechanics of the superior articular facets,
it is evident that the extent of rotation is governed by

- the -éurvature of the facets. The orientation on the

other hand plays an importaﬁt ré6le in the resistance to
anterior shear forces., The morc backwardly scientated
articular facets of LB in the modern human columns are

thus more _effeetive in the resistance co the 4. »
d;splacement of the lower lumbar vertehrae . .
oblique position «f thegse vertebrae in the [ .« wx lor-

dosis. 'The presence of the same tendenulies of these
features in the A. africanu- superior articnlar facets as
in modern man, suggests that these vertebrae suffered the
same stresses as do modern human vertebrae, it a lumbar
lordosis. The correspondence in modern human and A.
africanus superior lumbar articular facet curvature and
orientation, in contrast with thoze of the pongid
colunns, thus suggegts the presence of a lumbar lordosis
in A. africanus. o

Configuration of the Lumbar Articular Facets.

Variants of the modal pattern of articular facet con-
figuration when viewed from behind, as described by
Pawcett (1932), are found in 25,8% of the male and 25,6%
of the female Zulu columns. The last two lumbar verte=
brae present the most stable condition,
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In the pongid series each éolumh:_presents' a different

pattern. = A trapezium with its base_narrower than its

. upper margin - is, however, found in the ~last lumbar - -

vertebra in six of the seven pongid columns examined.

The last two lumbar vertebrae of the A. africanus partial

" columns present the same configuration figures as the
- modal modern human configuration in these vertebrae. -

A comparison of the three series shows that the modern.

human and australopithecine last lumbar vertebrae present

a rectangle with its long sides horizontal. The pongid

columns at this level present a trapezium with its base

narrower than its top. in'mo&ern.man-the'facets are -
‘probably placed further apart to carry a larger part of

the vertical load. The same seems to be true for the 2.
africanus columns, while the reverse seems to obtain in
the pongid columns. '
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 CHAPTER 8

THE ABSOLUTE AND RELATIVE HEIGHTS = OF THORACIC AND LUMBAR
'VERTEBRAL BODIES IN VARIOUS HOMINOIDS

When one locks at an articiilated wmodern human vertebral
column two features are'conspidudué. These features are the
presence of curvatures in the vertebral column and the in-
creasing size of the wvertebrae craniocandally. The ogour~
rence of these featurer in extant aﬁd ancient honinoids, as
'well ag their funetional applications, are examined and dis-
cussed in the next two chapters. '

Contents of Chapter

A. The Anterior Vertical Height
1. Modern Human Series
2. African and Asian Great Ape Series
3. Australopithecine Beries
4. Intergroup Comparisons

B. The Posterior Vertical Height
1. Modern Human Series
2, African and Asian Great Ape Serieé
3. Australopithecine Series
4. Intergroup Comparisons

C. The Vertical Vertebral Index
1. Modern Human Series
2. African and Asian Great Ape Series
3. Australopithecine Series
4. 1Intergroup Conmparisons

D. Discussion

E. Summary and Conclusiong
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Introduction

‘The _#ertidal heights : of'the thoracolumbar vertebral bodies

are expressed by means of two measurements and ar index
~derived from them. The measurementS-a:g the anterjior verti-
cal height (M1) and the postefior vertical height (M2) of the
vertebral bodies, measured in the midsagittal plane with a
spreading caliper. The 1ndex derived from these meaaurements
is the vertical vertebral index (B 1100) .

A. The Anterior Vertical Height (M1)
1. Modern Human Series

1.1 Present Study

The mean anterior vertical heights of %ulu male vertebral

bodies increase from the first thoracic vertebra to the last
lumbar vertebra_(?ig. 8.1), save that a slight &ec:éase in
anterior vertiecal height'appears from the third to the fifth
thoracic vertebrae, while the third and fourth lumbar verte-
brae present the same mean values.

The meant of the anterior vertical heights of Zulu female
thoracic and lumbar vertebral bodies (Table 6.1) increase
from  T1_ to L3 (Fig. B8.1). From L3 to L5 a negligible
decrease of 0,6mm occurg in the mean values.

o
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TABLE 8.1

the Anterior Vertical Heights of 3uln Thoracie and Lombar -
Vertebta_'l Bodies {mm) . _

Vertebra Niles Pémales
. Observed .| Observed
Mean ¥ SE Bange | Mean & SR Range
Eel 14,840,23 | 13~-18 |13,5£0,16{12-16
v 16,28 4,20 |15-20 |49t 0,22000-10
1 16,2 0,4 13-4 [15,3¢0,16 (14 -17
b | W20t -20 | 15,3017 (183-17
5 16,040,330 9-20 j15,4¢0,19 | 14-17 -
6 16,6 40,22 (1520 [15720,20 [ H4-18
1 320,08 {1619 | 16,2 40,20 ) 14 - 18
o 1,8 68,27 [13-21 {16,720,07{15-1%
Y 18,82 0,9{15-29 | 1,720,20{16-20
10 Wl 0,4 (12-24 120,820,09[127-20
T N300 18- [0 |17-2
112 02034 )15 -2 (20,6020 18~123
Tl S0 221 F R0,
[2 23,9¢0,28 1 20-27 [ M010,20]22-26
3 WA 03 | 20-W | W50, 222
4 USLO0I19-20 | U020, (00
5 $St0MP2A-29 (B3Ir0NIA-1

Sex di iferences: The mnean anterior vertical heights of all
‘thoracic and lumbar vertebral bodies, apart from those of L2
and L3, are greater in Zulu male than in Zulu female verte-

bral columns (Fig; 8.1). The Student's t-Test shows (Table

8.2) that the differences between the mean anterior vertical
heights of male and female vertebral bodies are highly sig-
nificant (P<0,001} at all thoracic levels, except for T4 and
T5,.,  The difference betweénlmean anterior vertical heights of
male and female fourth thoracic vertebrae is probably
gignificant, while no signiiicant gexual difference ig found
between those of the fifth thoracic vertebrae. In the lumbar
region, the differences between mean anterior vertical
heights of the sexes are almost certainly.significantfonly at
the level of LS. | ' o

A e e e oy e e
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TABLE 8.2

t-Valnes of Sex Differences in the Anterior Vertical
feights of fulu Mioracic and Lusbar Vertebral Bodies

Vertebra [ Difference of means | t-value ¥
. Hale - Pemale _
bl 0,93 3,367 | LML
7 1,3 4,484 1 0,001
M 0,97 3,356 | 0,001
T4 6,1 2,382 {90,02*
1] o,60 1,%9 | 0,10
% 1,4 - 3,550 | 0,008
by 1,07 - 3,853 10,003
b I,10 3,39% | 0,001
4 1,1 3,191 | 00
il 1,40 1,909 | 4,008
T 1,06 6,923 10,0001
T12 1,40 3,525 ) 0,001
13 wn 1,467 | 4,1
L2 «),10 : 0,24 0,7
A] 0,07 0,160 0,4
¢] | 0,53 1,161 | 0,28
I 1,0 2,458 | 0,00

Underlined = Almost certainly and highly significant
+ = Probably significant

1.2 Conmparative Series

Aeby (1878) gives values for the means of anterior vertical
heighte for 20 European spinal columns {(males-plus- females).
The results of his study are not used here. Hasebe (1913)
gives the mean values for 20 Japanese male and 10 Japanese
female vertebral colﬁmns and Lanier (1939) reports no gig-~
nificant difference bhetween any two corresponding vertebrae
from his American White (n = 96) and American Negro (n = 88)
series. Allbrook (1956) cites the mean lumbar vertebral bbdy
height in 51 male and 21 female East African vertebral
columns. Pig. 8.2 presents graphically the data from these
studieé on male vertebral columns and from the present study.
The mean anterior vertical heights are the lowest in the S.A.
Negro males (present study). Hasebe (1913) observed that the
L4 was frequently of lower anterior vertical height than L3,
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sometimes equal, but rarely sas it higher. This observation
is supported by the results of L&niek (1939 and of the
present study. In +the S.A. and American Negroes a slight'
decrease occurs from T3 +to T5, which however is not parﬁl—'
“. leled in'the_Caucasdid and Mongoloid CGlumns.(Fig.'a.Zl-

The mean anterior vertical heights_oﬁ female thoracic and
: iumbar veftebfal bodies afe'presente& in Fig. 8.3, The ver-
tebral bodies of S.A. Negro females are lower than those of
Japanese fenmales and;' in the lumbar vertebrae, of East
African females. In  contrast with the male vertebral
columns, the last lumbar vertebrae of the female §.A, Negrn
and J. 'anese vertebral columns are slightly lower than L4;
but in Allbroock's (1956) small series of East African
females, the heighta decrease from L3 to L4 followed by a
slight increase at L5. . '

2. African and Asian Great Ape Seriea_
2.1 Present Study

Only one Pan male vertebral column (Za 1071) was available
 for metrical analysis. The anterior vertical heighﬁs of thig
specimen's thoracic and lumbar vertebrsl bodies are listed in
Table 8.3 and presented graphicaliy in Fig. 8.4. With some
exceptions, thcré'is an inoreagse in the mean anterior verti~-
cal heights from the first thoracic to the last lumbar verte-
bra. A sharp increase occurs from T9 to L2. The anterior
vertical heights of L2 and L3 are the same, followed by an
increase in the last lumbar vertebra which, in this o~ is

L4.
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TABLE 8.3

The lntenor Vertical Beights of Gmﬁa and Pan Male thoram -
and Luabar Vertebral Bodies {u}

Fertebra P _ Gorilla :
2 10N 3 95 fa 1312 Aehy {1478}

Il SR 1 18 17 ll
T2 13 17 18 16
3 13 13 14 11
14 13 18 W%
%5 14 1w 4§ 0 i6
by i 17 5 15
" 13 1t - 28 T}

- T 13 i7 20 : 16
19 13 Y n | 15
b i4 18 bx| 14
1 15 18 PA] 1
12 16 il n 1B
| % g 18
Bl N | B n| o u
2 ] ¥ Oy U 1
I3 A i B i
Mo u | 30 3 23

| 15 - B

The mean anterior vertical heights of the thoracic and lumbar
ve;tebral bodies in two Gorilla gorilla vertebral columns are
recorded in Table 8.3. The mean anterior wvertical heigkts of
the vertebral bodies increase from Tl to T4, £from where they
decrease to T6 and increase again from T8 or T9 to L2. The
anterior vertical heights decrease from L2 to L3 in Za 1312
but remain equal in Za 95. In both Gorilla specimens, an
increase occurs again at L4 (Fig. 8.4).

The only disarticulated Ponge vertebral column available for

study had suffered damage to the epiphyseal rings. As a.

result these measurements are not suitable for comparison.
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2.2 Comparative Series

The only study which reports on the anterior vertical verte-

bral body heights_knowh to the author im that of Aeby (1878}
who reports results in a single male ®Gorilla vertebral
‘calumn. The specimen he repoxts' on pOBSESSeditWEntYffive
presacral vertebrae. These data are iisted in Table 8.3 and
presénted graphically in Pig. 8.4. . '

3 Australopithecine Series

The anterior vertical heights of A. africanus and A. robustus
vertebral bodies recorded by the author are listed in Table
- 8.4, In addition, the results of Cook et al. (1983) on A,
afarensis vertebrae are included. ' '

Sts 14 vertebral bodies, which belong to a female partial
skeleton (Robinson, 1972}, present smaller anterior vertical
heighte than the corresponding verteb al bodies of the other
A. africanus vertebrae (Fig. 8.5). This difference in the
heights of the A. africanus vertebrae is further evidence of
the high variability and presumed sexual dimorphism among the
vertebral columns of this taxon as pointed out by Tobias
(1980). ©On this basis Stw 8/41 and Stw 431 most probably
bélnnged to males. The anterior vertical height of Sts 73,
an isolsated lower thoracic or upper lumbar vertebral body, is
at 19%9mm intermediate between Sts 14 and Stw 8/41.

The anterior vertical height of SK 398la, an A. robustus last
thoracic vertebrae, is like sts 73 nidway between 'Sts 14 and
Stw 8/41. The anterior vertical height of SK 3981b, a last
lumbar vertebra, is however close to the corresponding values
of the A. africanus male vertebrae. '



190

TABLE 8.4

'The_lnterior Vertical Beights of iustralupithécine Thoracic aud Lombar Vertebral Bodiss {am}

4 africanus ' A. robuytus A, afarennis
Bte 14 | 8tw 431 | Stw 8741 | sbs 73 { SB 39812 ¢ &% 39816 | AL-288 _ 3133
: Bl [SIPX2 )
| Thoracie:
¥ : - 11¢
Oth lagt § 12 :
Bth last | 12 :
Tth last | 12 12
fth tast | 13 : _ b 12
S5th last | 13 13 17
4th last 13 ? :
ded laet | 13 16 : 13 13
Ind last - n it
last i7 - ne 19+ 19
Tiumbar ;
Lt v ¥l m 1%% :
Y 1% bk H : 13 : Yl
I 20 n b :
Lé 19 23 A
15 13 n -
1 14 - e
- " Stw 4l = last two thoracic or last thoravic and first lmibar vertehrae
¥ 8t8 73 = last thoracic or first lumbar vertebra
b 58 3981b = last lumbar vertebra, uwot known if it ie L5 or L6
€ A1 333-81 =

T2 baged on reference to modern buman samples (Cook ef ai.,1983)

The anterior vertical heights »f the AL 288 and corresgponding
vertebral bédies from the AL 333 locality also reveal dimor-
phism, the matching values for AL 288 and AL 333~X12 being
smaller and for AL 333-51 much larger. Johanson and White
- (1979) used such dimorphism in both mandible and postcranial
features to identify AL 288 as a female partial skele-
‘ton. Comparison of corresponding vertébrae of Sts 14, an A,
africanus female, and AL 288, an A. afarensis feméle,
reveal almost identical values in the . anterior vertical
heights of corresponding vertebral bodies. ' '
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T Intnrgrouﬁ Comparisonsg

- The biggest diffgrence_between  matching values for apes and
modern man, is in the upper thoracic region. In modern man,
~ the mean anterior vertical heights increase from Tl to T2 or
73, From this level the values stay almost egual to T5 (Fig.
8.1). 1In the Gorilla columns a sharp increase occurs from Tl
to T4 followed by a decrease to T6.

In the lower thoracic and upper lumbar regions 'thé mean
values in modern man increase from T6 to L3. In Sts 14 and
the ape'colnmna a plateau, spanning different segments in
each column, occurs in the mid-thoracic region, before an
ingrease ocours down to L2 in the apes or L3 in Sts 14.

At the last lumbar vertebra the mean anterior vertical height

is increased in thé ape columns, lower in Stw 8/41 and Stw

431, equal to that of the previous vertebra in St 14, in-
creaged slightly in Zulu males ar . uccreased slightly in Zuln
females.

In the thoracie region, Sts 14 is remarkably ape-like. On
the other hand, in the lumbar region, the australopithecine

partial columns, correspond with the spinal ¢olumns of Zulu

females in reepect of the sequence of anterior vertical

B. The Posterior Vesticai Heighit (M2)

1. Modern Human Series

1.1 Present Study

The mean posterior vertical heights (Table 8.5) of Zulu male

vertebral bodies increame from T1 to L1 (FiQ;.B,G). The
first two lumbar vertebrae present the same mean posterior



katerior Vertical Height fas )

fon }

. Hean Posterior Vertica] feight

i92

——5s14 -~ Biw 431_ — Btw 8/41

24 -
22 |-
20+

16 B . ?
14 " '
1 1 | I | i

10 } :1 + : } } F } Y T . i

T4 T5 T6 T7 T8 T9 TIOTH TI2 1 L2 L3 L4 LS L6

_ _  Vertebrae _
Pig. 8,5 The Aoterior Vertical Heiﬁhts in Individual Sets of A, afrfcamus Thoratic and
Lunhar Vertebral Budies.- ' '

+

——Maloeg -2- Fomalos

12 ! 1 | | i I | | L1 [ S T |

L )
) . N L ] i i 4
T T2 73 T 75 16 77 T8 79 TIOTH TI2 L1 (2 13 14 L

Vartebrae

Fig, _3.6 The Mean Posterior Vertical Meights of fuly Thoratie and Lusbar Vertebral Bodies.

e s g A



193

vertical heights, followed by a_decreasé frdm L2 to L5. The
first two lumbar vertebrae thus show. the highest nean pos-
terior vertical heights. '

THBLE 8.5

The #san Posterior Vertical Reights of the Yhoracic and Lumbar Buabar
Yertebral Bodieg in the fulu Series (mm)

'Ve:tebfa | Mides ' Fesales

Observed . Obaerved
Bgan ® SR | Range | Mean ¢ 5B | Ranmge

Pl 15,5¢1,00 | 14-18 [ 14,020,150 12- 15'
7 16,240,204 -10 [ 14,820,19 1216
T3 16,780,25 f14-20 | 15,44 0,14 | L4-17
] iebd 20 1598005 1015-10
b} 11462026 515-21 116,506,061 15-18
b 1,1¢026[16-22 |12,080,13(15-18
27 Wre0,20 [17-22 [ 1068 0,14 [126-19
By 192802041721 | 18,08 0,15116-19
% 19,760,284 P 1022 [10,420,22]04-20
pul] w9028 | 19-23 | 15,640,080 |18-02
M 250,30 [20-25 218010 192
{ £12 W10 UN-28 R4 |U-B
il BhrMNIR-1 W01 22-28
T2 B0 H |- (M4t IN-1
A 25,2t0,28 (23-20 | 240,251 2-28
i 2¢038 |- B85 120-27
L5 2,0¢0,33 | 18-85 [ 0,5:0,35|11-2%

in the females, on the other hand, the mean values of the
posterior wertical heights of the thoracic and lumbar
vertebral bodies (Table 8.5) " increase from Ll to L2 (Fig.
8.6), A decrease in +the mean posterior vertical heights
follows from L2 to IL5. The second lumbar vertebra of Zulu
female vertebral columns thus presents the highest mean
poéterior vertical height. These results are at variance
with those for mean anterior vertical heights (cf. Figs. 8.1
and 8.6). i

Sex differences:  Zulu male thoracic and lumbar vertebral
bodies show higher mean posterior vertical heights than Zulu
female vertebial bodies. The Student's t-Test (Table 8.6)
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ghows highly signiﬁicant'differences between the sexes in the
means of the posterior vertical heights of all the thoracic
and the first two lumbar vertebrae. At the level of L3, the
difference in the mean posterior vertical heights between the
sexes is almost certainly significant (P<0,01), while no
significant differences occur between the mexes at the last
two lumbar levels. The mean posterior vertical heights of
the thoracic and lumbar vertehral bodies are thue signifi-
cantly greater in males than in females, éxcept in the last
two lumbar vertebrae. '

TABLS 8.6

t-Values for Ser Differences in Posterior Vertical Beioht of
the fnlu thoracic and Lowbar Vertebral Bodies

Vertebra | Difference of means | t-Value <4
Male - Female

1l 1,5¢ 6,110 { 0,000L
12 LR 5,000 | 10,0001
i 1,38 4,590 | 00008
b | 1,11 4,156 | 0,000
by ] 0,87 2,882 {0,008
T 1,0 3,158 | 0,008
n L1 4,480 | 0.0001
] LA 4,616 | 0,000
by L3 4,17 10,0001

Mo LY 4,182 | 0,000
™l 1.4 440 | 6,000
m 1M 4,180 | 0.0001
1] 1,3 3,54 { 0,0008
L 0,93 2,865 | 0,005
] 0,9 L4587 | 0,01

| 4 6,57 1,330 | 0,188%

| 8 0,50 1,817 70,3042

" fnderlived = higyuly significant and significant differences

1.2 Comparative Series

Hagebe (1913) keported the posterior vertical heights of
Japanese vertebral bodies. He measured the vertebral bodies
of 20 male and 10 female vertebral columns. Lanier (1939)
" has recorded the posterior vertical vertebral body heights in
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~ 88 American Negro male and 96 American White male vertebral
columns. He has compared his results with those of Hasebe

41913). These studies report. on the presacral vertebrae with

the exception of the first two cervical vertebrae. Allbrook
(1956) has - recorded the posterior vertical heights of Bast
African lumbar vertebrae (51 male and 21 female columns).
Fig. 8.7 {males) and Fig. 8.8 (females) present the mean
posterior vertical heights of thoracic and lumbar vertebral
bodies in Qpinal columns of some of these populations.

The results of the pfesent study'are in accordande with those
of the studies mentioned earlier. In both male and female
groups, the mean posterior vertiéal heights of Zulu thoracic
and lumbar vertebral bodies are the lowegst of the modern
human groups. American White males (Lanier, 1939} present
the highest posterior vertical heights of five groups of male
vertebral ocolumns, while East African Negro females (All-
'brook, 1956) present the highest posterior vertical helghts
of three groups of female vertebral columns.

Berry et al. {1987) report the mean posterior vertical
heights of Caucasoid male-plus-female vertebral columns.
Since they do not report the sexes separately, their results
are not included in this part of the present study.

2, African ind Asian Great Ape Series
2.1 Present Study

The posterieor vertical heights of <the thoracic and lumbar
vertebral bodies in the single Pan troglodytes male specimen
gstudied (Za 1071) are listed in Table 8.7 and presented
graphically in Fig. 8.9. The thoracic vertebral bodies show
- a gradual increase in the posterior wvertical height £from T1
to T10. From this level +he posterior vertical heighte
increase more sharply' to the second last lumbar vertebra
followed by a smail decreasé to the last_lumbar ve:tehra,
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TABLE 8.7

the Posterior Vertical Beights of Individua) fan and
Gorilla Thoracic and Lumbar Vertebral Bodies {wa)

Vertebra | Pa Lortlla
¢ B2 1071 | Ba 95 [ Za 1312 | Aeby {1878}
1w 14 11 U | 1
7 i ) 18 19 7 14
b 15 18 20 13
o] 15 18 .0 18
™ R T A 1 0 18
6 15 | 19 o 14
v - 16 1] | 17
i 16 15 i 15
™ 16 19 20 15
M I F 1 - 'x) 17
M1 i1 i % 18
“H2 19 | B n pl}
T3 2t % L
1l 2 29 i i
%] H ki 35 2
| &3 ' % - ¥ 24
1] i3 - % 2
1“5 -

The posterior vertical heights of the vertebral bodies in two
Gorilla gorilla male vertebral columng are recorded (Table
8.7, Fig. 8.9). The posterior aspects of the last two lumbar
vertebral bodies of 2Za 95 were damaged during the processes
of articulation and disarticulation and it is not possible to
meésure these vertebrae accurately.

Both Gorilla vertebral columns, though spanning different
numbers of segments at different levels, present a plateau in
mogt of the thoracic region (between T2 and T9 or T10) and in
this respect differ strikingly f£rom those of modern human
subjects (¢.f. Pigs., 8.8 and 8,9). The mean posterior verti-
cal heights of the Gorilla'vertebral bodies increase sharply
from TS or T10 to the second last lumbar vertebra (Fig. 8.9).
The last two lumbar vertebrae of Za 1312 pfesent the same
'posterior vertical heights. '
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The disarticulated Pongo vertebral column available for study
suffered damage to its'epiphyseal.rings due te +the clay used
for articulation. - The posterior vertical height could thus
not be measured. | .

2.2 Cbmparative Series

The study of Aeby (1878) repofted Ion the poéte:ibr vertical
heights of vertebral bodies in one Gorilla male vertebral

| column., This specimen possessed 25 presacrél vertebrae. The

data from Aeby (1878) are also included in Fig 8.9. |

3. Australopithecine Series

The posterior vertical heights of A. africanus and Aa.
reobustus vertebral bodies, recorded by the author, are listed
in Table 8.8. In addition, the results of Cook et ai. (1983)
on A. afarensis vertebrae are included. '

Sts 14 vertebral bodies have smaller posterior vertical
heights than the corresponding vertebral bodies ¢of the other
. A. africanus specimens (Fig. 8.10). The size difference in
this dimension of the A. africanus vertebrae is further
evidence of the dimorphic features of the. vertebrae which
have led Tobias (1980) to identify Stw 8/41 as a probable
male, in contrast with Sts 14 which is female ' {(Robinson,
1972). The similar sizes of Stw 8/41 and Stw 431 suggest
that these vertebrae belonged fo male individuals.

The posterior vertical heights of the A. robustus vertebral
bodies fall within the sample range of A. africanus vertebral
bodies. Corresponding vertebrae of Sts 14, - an A. africanus
female, and AL 288, an &. afarensis female (Johanson and
White, 1979), show few differences in the pbéteriox vertical -
heights of the vertebral bodies.
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 THBLE 8.

fhe Posterior Vertical Heights of Australopithecize !horacie_ggﬂ_ﬁu;baé—?e:tebral Bodies (mm)

Vertehra A, afrieams . As robustus A, afarensis
Gts 14 § Sie 431 | Stw 8740 | Bts 73 ) BK 398la | SE 3981k | AR-26 NI
- F : - ' 8 SL[y12|73
Thoracic:
by ' 12¢
Sth last 12 | ' _
Bth-last 13 ' Bt
th last 13 13 -
| 6th last i ' H
P 6thlast | # | ' ' 14
ith last 15 |
3rd Jast- [ 15 1 ' 15
2nd last 18 17
lagt 19 - F¥y 20¢ 19 -
| anbar:
i 9 | 2 % | e i -
2 20 24 ] ' 22
L3 - b1 3 B X
4 1 g} i
I5 11 b : -
W 16 - 130
* Btw 4l = [ast two thoracie or last thoracic and first luwbar vertebrae
tsta ld = lagt thoracic or first lumbar vertehirae
® gk 38lb = last lumbar vertebra, not known if it is a fifth or a sixth lumhar vertebra
€ AL 333 - 81 = fthe aseond thoracis vertebra based on reference to modern huran sanples

{Cook et al., 1983)

4. Intergroup Comparisong

The seguence of mean posterior vertical heights of the great
" ape vertebrae is remarkably different from the modern human
pattern in the thoracic and lower lumbar regions. The mean
. values increase from T1 to L1 or L2 in the modern human
columns. In the'ape columng plateaux occur between Tl and T9
or T10, spanning different numbers of ‘segments in each
column. The ihcrease_in posterior vertical height in the Sts
14 thoracic vertebrae corresponds with the pattern in the
modern human tolumns. '
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In the 10&Er lumbar region, both modern man &nd the australo-
pithecine vertebrae present a decided decrease in posterior
vertical height, In the ape colvmns the values increase down
to L3 reaching a plateau or showing a slight drop in the last
IUmbar vertebrae.

C. The Vertical Vertebral Tndex (x 1)
The special vertical vertebral index, |

the posterior vertical height | 100
the anterior vertical height !

is deéigned'to express-the:amount of postero-anterior wedging
of individual vertebral bodies, as an indication of the bony
adaptation of the individunal vertebrae to the curvatures of
the spinal column.

The general wvertical vertebral 1ndex,

I the posterigr vertical heights of the region 100
I the anterior vertical heights of Che regivn '

indicatés the amount of baony adaptation of the combined
vertebrae in a region to the curvature of that region. For
the purposes of comparison of general index values, Turner
{1886, cited by Lanier, 1939} proposed three categories:

x ~ 97;9 = Kurtorachic (anteriorly convex)
98 -~ 101,9 = Orthorachic (straight)
102 - x = Koilorachic {(anteriorly concave)

1. Modern Human Series
1.1 Present Study
The means of the vertical indices of individnal Zulu male and

female thoracic and lumbar vertebrae (special vertical inde:)
are listed in Table 8.9.
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In the Zulu male columns, the index values of T. and of those
between T3 and L3, all of which are greater than 100, indi-
- cate a larger posterior than anterior vertical height i.e.
these vertebrae taper anteriorly. At T2 and L4 the anterior
and posterior wvertical heights are virtually equal, while L5
is appreciably posteriorly wedge-shaped.

. The general index value of the thoracic region is 105,88%.
According to Turner's categories this index value which is
. greater than 102% indicates good bony adaptation to the
anterior concavity of the thoracic region. The general index
value of the lumbar region is 100,77% : this value connctes
an orthorachic curve. This indicates only noderate bony
"adaptation of the lumbar part of the spinal column to its
anteriorly concave curve, In this instance we must assune
that the intervertebral discs make a substantial contribution
to the lumbar curve of Zulu male columna, or that there is a
poorly developed lumbar curve.

In the Zulu female columns, the sp#cial index values of the
individual vertebrae indicate that the anterior and posterior
vertical heights are wvirtually egqual in the first three
thoracic vertebrae and in L3 and L4 . Between T3 and L2 the
vertebral bodies are anteriorly wedge shaped, while L5 is
posteriorly wedge shaped. '

The general index values for the regions in Zulu female
columns are 105,47% and 99,10% for the thoracic and lumbar
regiong raspeotively. According to Turner's categories, the
general +thoracic index value £falls into the kurtorachic
category and indicates good honf adaptation to the anteriorly
concave thoracic curve. In the lumbar region the general
index value falls into the orthorachic or straight category
and indicates good bony adaptation t¢ the anteriorly convex
lumbar curve. | '
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T B |
fhe Mean Values of the Bpecial Vertical Vertebral Indes of Thoracic and lusbar Vertebral Bodies

in 3nju Maizs and Remales {%)

- | Vertebra | - - Hales - Pemales
- Observed : Ohserved
Mean | 8D [ 488 Range " Kean 80 {488 Range
91 104,52 1 5.67 { 1,05 ) 93,33 - 115,36 | 100,64 | 5,13 ] 0,95 { 87,50 - 107,69
& 102,89 | 9,78 | 1,82 { 988,24 - 130,77 | 100,61 | 5,33 { 0,99 | 87,50 - 107,14
| 106,54 | 6,90 | 1,28 | 9444 - 120,00 | 104,15 | 5,85 [ 1,09 | 93,75 - 115,38
15 109,92 | 14,20 ) 2,64 | 94,44 - 170,70 | 107,86 | 6,74°) 1,25 | 94,12 - 121,43
16 108,08 | 6,82 | 1,04 { 94,12 - 120,00 ; 108,69 | 7,27 [ 1,35} 93,75 - 121,43
M 100,82 | 5,17 | 0,96 | 100,00 - 118,75 [ 108,85 | 7,43 | 1,39 | 94,44 - 128,57
e 16,77 | 6,65 | 1,23 | 94,74 - 126,67 | 103,83 | 7,86 | 1,46 | 77,70 ~ 114,75
20 104,54 | 14,62 { 2,72 | 90,48 - 158,33 | 104,50 [ 6,85 § 1,22 [ 90,00 - 123,53
il 101,93 | 6,74 ) 1,62 | 87,50 - 114,29 | 109,37 | 6,41 | 1,19 | 100,00 - 129,41 |
M2 | 103,90 1 7,50 | 1,39 | 100,00 - 140,00 | 108,92 | 6,74 | 1,25 | 100,00 - 131,58
] 110,04 | 16,34 1 3,41 | 88,00 - 200,00 | 106,27 | 5,47 ( L,01 } 95,83 - 1L,
12 166,43 | 7,07 [ 1,31 | 92,00 - 116,18 | 101,86 | 3,92 | 0,73 ] 95,65 ~ 109,09
L3 102,90 | 6,99 | 1.30 ) 9,80 - 117,39 | 9,17 ) 5,44 | 100 | 86,46 - 112,00
I4 99,00 { 6,90 | 1,26 | 89,29 - 116,67 | 98,81 ] 6,54 | §,21 | 87,50 ~ 113,64
L5 87,92 § 6,88 | 1,26 | 74,07 - 106,00 | 90,43 { 16,58 § 1,97 | 73,91 - 125,10
Sexual differences: The means of the special vertical

vertebral indices show highly significant (p<0,005) differ-
ences betﬁeen the sexes at the levels of T1, Til and L2,
(Table 8.10). The mean index values of T1 and ‘12 are
significantly higher in males than in £emales. This indi-~
. cates that the male vertebrae are significantly more an-
teriorly wedged at these levels than the corresponding female
vertebrae. - The mean index value of T11 i®, on the other
hand, highly eignificantly greater in the females than in the
males. These vertebrae are thus highly significantly more
anteriorly wedged in fenales +than aia males, 2t L3 the
difference between the index values of the mexes is probably
significant (Table 8.10}, the male index values being higher.
rhe mean general index values show no significant differences
between  the sexeé in either the thoracic or the lumbar
regions. '
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- TABLE 8,10

f-Values for gex Differencss in the Vertical
Vertebral Index of ulu Thoravic and Lumbar
Fe_r_tebral Buﬁie_s _ :

| Jertebra | Difference in indes | t-values

- | #ale - Pemale S

mo o 3,8 1 wn
] _ ~f,65 -0,24
b R 1,12
B 2.3 : 1,45
16 0,6} 0,15
1 - o-0,0 - 0,12
% 1,5 0,84
pi! 0,94 0,50
10 b4 0,15
M1 : "7:“ —..L1§

M2 0,9 8.5 .
Ll 3,87 1.1
i? 45 1.
Bl k] Liu
I4 1 8,16
IS -1,51 =108
Thoracie | 0,4t 0,49
Lunbar 1,67 1,57

1.2, Comparative Series

Hasebé (1913) lists the mean index values for individual
lumbar vertebrae in various populations, data for which were
drawn from - the literature. Only his results on 20 Japanese
males and 10 Japanese females are us.l in the present study,
for in the remaining data, either the sample size is less
than 10 or the sexes ave considered together or'both.
Trotter (1929) and Lanier (1939) report on the mean index .
values of individual lumbar vertebrae of American White and
American Negro vertebral columns. These comparative data are
listed in Table 8.11.
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TABIE 9,11

The Mean Special Vertical Vertebral Inder Valuey of hubat Vertshra in
Various Populatios Groups (%) _ '

author bopulation | o Lunbar Vertebrae

1 u B[R] B | M}
Hales | |
| Present study | Suln 303 110,1 | 1064 | £02,9 } 99,1 | 87,9

Yrotter {1929} | Awer. Negro | 52 | 106,6 | 104,2 | 95,6 | 95,5 | 85,6
Lanier {1939} | Amer. Negro | 89 | 106,7 | 143,2 { 97,8 | 94,2 | 85,6
Trotter {1923} | Amer. White | 52 | 107,6 { 103,8 | 99,2 | 84,1 | 84,1
Lanier {1939) | Awer, white | 96 { 108,1 | 103,3 [ 99,0 { 95,2 | 83,6
Hasebe {1913} -| Japanese 20§ 12,0 | 107,7 ) 1004 } 94,8 | B4,0

Pemales:

Present Stady | Juln 30 | 106,3 ) 100,% | 99,2 | 98,8 { 90,4
trotter (1923} | Amer, Hegro | 23 { 13,0 99,1 | 958 91,8 | 85,7
Trotter {1929). | Amer. White { 12 | 1044 | 102,8 | 100,% | 96,1 | 87,8
Hasebe {1913} | Japanese 10 ) 107,01 | 162,4 ) ST | 9L,4 | B4yt

Ll and L2 are anteriorly wedged in the male columns of all
four population groups (Table #.11). The Zulu males present
anteriorly wedged vertebrae at 'L3, while Lanier's (1939)
American Negro series show posteriorly wedged vertebrac at
this level. Trotter's American Negro sample has approxi-
mately equal anterior and posterior vertical heights. At L4,
the Zulu male columnsg present vertebrae with approximately
equal anterior and posterior vevtical heights, while the
comparative samples present posteriorly wedged vertebrae. L5
is markedly postariorly wedged in all four population groups.

In the female volumng anteriorly wedged vertebrae occour at L1
in all four population groups (Table 8;11). At L2, the Zulu
and 3meridan Negro series show vertebrae with apprnxiﬁately
equal anterior and posterior vertical heights, while the
Japanese and American White sgeries show somewhat anteriorly
ﬁe&ged vertebrae,. L3 and L4 show no wedging in the Zulu and
American White female columns, while the Japanese and Ameri-
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can Negro colunng present poateriorly wedged vertebrae. L5
is approximately posteriorly wedged in all four population
groups. '

The study of Trotter (1929) is the only one known to the
author which reports on the vertical vertebral indices of all
three presacral regions. On the other hand, various authors
report on the index of the lumbar regions alone. Hasebe
(1913) lists the results of various authors, but for reasons
mentioned earlier only the data of his own study are here
used for comparison. Martin (1928) and Lanier (1939) also
list some of the indices included in Hamebe's (1913) study.
Lanier (1939) calculates the lumbar vertical index in 88
American Negro males and 96 American White males. He com-
pares his vresults with those of Trotter (1929) on American
Negro and White males and caleulates an average c¢f their
results; The mean general vertical vertebral index values of
the thoracic and lumbar regions in various populations are
listed in Table 8.12.

YABLE 8.12

The Mean Genera) Vertical Vertebral Indices of the Thoracic and Lumbar
Regions ip Various Populations (%)

Luthof Population | » Vertical Vertebral Inder
i|F Riles Females

tharacic:

Present Study | Zuly 30} 3 105, % 15,5

Trotter {1929} | Amer, Hegro { 52 | 23 10,9 104,3

Trotter {1329] | Amer. ¥hite 52 [ 12 106,2 102,9

Jambaz:

Present Stady | fulu W 3] 08 99,1

Protter (1929} | Auer. Megro | 52 | 23 .9 | 85,0

Lanier (193%) | Amer. Wegro { 88 | - 97,5 -

Trotter {1329} | Amer. White | 52 [ i2 9,5 ° 9%,1

Lanier {1939} | Mmer. White | 96 | - 4,6 -

‘| Basebe (1913} [ Japanese 10 9,0 9,4 X
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all three populations, Zulu, American Negro and American
Whites, show good bony adaptation to the anterior concavity
of the thoracic region. In the lumbar region, Zulu and
~Japanesge males fall within Turner's (1886) orthorachic
category and show less bphy-”adaptation to the anterioriy
- convex lumbar region than the American Negrb and American
Whlte males. The Zulu and American White females also fall
within the orthorachic category Whlle the Japanese and
American Negro females fall within the kqllorachlu category
which connotes gdod bony adaptation to the anteriorly convex
lumbar curvature. '

2. African and Asian Great Ape Series

2.1 Present Study

The Bpecial. vertical vertebral index values of one Pan and
two Gorilla vertebral columns are listed in Table 8.13. The
index values of Za 1071, a Pan male, and 2a 1312, a Gorilla
male, between "1 and L3 show a larger posterior thar anterior
vertical height, the only esxception being T9 of Za 1312 which
is posteriorly wedged. This indicates anteriorly wedge
shaped vertebrae and thus bony adaptation to a continuous
thoracolumbar anterior concavity. The last iumbar vertebrae
of these wolumns present egual anterior and posterior verti-
cal heighta. The posterior vertical heights of the last two
lunbar vertebrae of Za 95 are unknown, 2all of the remaining
vertebrae of this column are anteriorly wedge-shaped.

The values of +the general vertical index arxe 115,5% and
. 108,9% for the Pan thoracic and lumbar regions respectively.
In the Gorilla columns, these values are 102,8% and 107,6%
for the thoracic regions of 2Za 1312 and Za 95 respectively,
while the value for the lumbar regicn of Za 1312 is 102,2%.
Good bony adaptation to a continuous anterior concavity in
both the thoracic and '1umbar_ regions of the Pan and the
Gorilla columns is thus evident. |
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MESL

!gg Special Vertical Vertebral Indices of
Pan_and forills Yhoracic and Lusbar Veriebral

Bodies (3}
Vertebra { Pas orilla
. Za 1071 | 2 95 | 2a 1312 | Beby {1878)
i 16,7 {113,371 11,8 | 143
1 107,7 | 105,9 | 1056 18,8
M 115,4 | 100,84 | 105,3 111,8
1 W54 § 9,71 04,0 12,5 -
| 15 15,4 [ 105,6 | 100,0 12,5
16 167,1 | H1,8} 153 120,0
by 13,0 | LL,E | W0 | 124
" 14,3 | 111,81 100,0 160,9
o A I 95,2 100,90
"o 14,3 | 105,6 | 100,0 | 1214
Tl 13,3 [110,5 1 104,0 128,6
bal; 18,8 {10951 1004 133,3
T13 . 1‘517 1“3;3 - 133:3
in 15,0 | 103,61 1031 142,1
Il 4% [ 103,4 | 1029 131,8
13 118,2 - 12,9 120,8
4 106,0 - 100,0 103,%
15 : | -

The vertical vertebral indices of rongo thoracic and lumbar
vertebral bodies have not ween calculated, for it was not
possible to record the anterior and +the posterior vertical
heights of the vertebral bodies in the specimen available,
due to the loss of the epiphyseal rings. |

2.2 'Comparative Seriesn

- The special vertical vertebral index values of one Gorilla
male vertebral column calculated from Aeby's (1878) data are
listed in Table 8.13. The index values show anteriorly
wedged vertebra from T1 to L4. (The . aterior vertical height
of L5 of this spacimen with fiv .sumbar vertebrae is un-

known.)  This corroborates the results under 2.1 which

indicate bony adaptation to a contiuous thoracolumbar
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anterior concavity.  The general vertical indez value is
117,5% for the thoracic vregion, while the value for the
Jumbar region iz unfortunately unknown.

3. Australopithecine Beries

In Sts 14 the anterior and the posterior vertical heights of

the eighth and niunth last_thoraCic. and the third and fourth
lumbar vertebrae are the same, which yields index values of

'100% (Table 8.14). The vertebrae are anteriorly wedged

between the seventh last thoracic vertebra and L, save that
the index values are unknown for L1 and the second last
thoraciec vertebra. L3 and L4 have individual values of 100%,

| while L5 and L6 are poateriorly wedged, which indicates

moderate to gbod bony adaptation to a lordotic lumbar curve.
The general index value for the lumbar region of S5ts 14,
between L2 and Lé (the anterior vertical height of L1 being
unknown), is 95,8%. This value falls within Turner's (1886)
kurtorachic category.  The lumbar region of Sts 14 thus
expresses good bony adaptation to an anteriorly convex lumbar

region.

The second and third last thoracic and the first three lumbar
vertebrae of Stw 431 are anteriorly wedge shaped. = The last
two lumbiar vertebrae are poéteriorly ﬁedge shaped. For the
lumbar region as a whole the index value is 100% which place

it in the corthorachic category. The bony adaptation to a

lumbar curve appears to be less marked in Stw 431 thap in Sts
14 and the contribution made by the intervertebral discs

should have been larger in this mnale individual if the

individually wedge shaped lower lumbar vertebrae are borne in
mind, or a prorly developed lumbar curve occurred. This
corresponds with the results in modern human males.

. s s s i it
TR B X B
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TABLE 8,14

- The Special Vertica] Vertebral Indices of Australopithecine Phoratic and Lunbar Vertebral Bodies (%)

Yertebra | R afrfaann:!s" A. robustus 4, afarensis
: Bt 14 | Stw 431 | Stw 8741 | Sts 73 | 5% 3961a | 8% 3981b { AL 268 AL 333
- Col w2 n
voorsei: | _ : R LAN

| 9th laat | %7
‘| 8th ast | 100,6

The vertical vertebral index value of the second laét lumbar
vertebra in Stw 8/41, which is either L4 or L5, is 95,2%.
The index value of +this vertebra indicates a posteriorly
wedged 'body. '

In 8ts 14 and AL 288, the special vertical vertebral index
values of 'corresponding' thoracic vertebral bodies are the
same in three instances. The wvalues of this index for
AL 333-73 {96,0%), an A. afarensis lumbar vertebra, and
~for SK 3981b (90,5%), an A. robustus lumbar vertebra, show
pos-te_'riorly wadged vertebrae which indicates g.obd i:ony
adaptation to a possibly 'anteriorly convex lumbar curve in
these australopithecines. - Thus in all australopithecine
.spinai columns for which the relevant veftebrae are avail~

- Tth last {1083 | : 108,3

.| Btk last | 100,0 116,?
Sth last © 107,7 _ © 1077
th last : _ a - | '
3rd last | 1154 106,3 115,4 1154
and )ast " 105,9 | 16e,0 121,4
last i, - 64,8 195,31 ' -

| Lumbar:
Il - 104,5 | 113,0 105,3 -
B2 105,13 1843 | N2 ' 115,48 :
13 100,19 104,5 . 10,7 ' 96,0
i fo0,¢ 95,7 95,2 _ '
15 89,5 4,9 1
Lb 84,2 -
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able, the lower two or perhaps even three lumbar vertebrae
- differ from those of the apes and resemble those of modern

man in showing posteriorly-wedged vertebral bodies, that is-

bony adaptation'tn a presumed lumbar lordotic cﬁrve.
4. Intergroup Comparisons .

The special vertical index of Zulu male and Zulu female
_ vertebrae indicates anteriorly wedged thoracic vertebrae,
B save that T2 in the male columns is posteriorly wedged. The
thoracic vertebrae of Za'1071, a Pan m2le vertebral column,
are anteriorly wedged. Ih the Gorilla male columns, Za 95
shows an exception at T4 which is posteriorly wedged and Za
1312 shows a posteriorly wedged vertebra at T2 and vertebrae
with equal anterior and posterior vertical heights at T4, T5,
'T7, T8 and T10. The general vertical = index values of the
thoracic regions (Table 8.15) indicate good bony adaptation
to the anteriorly concave thoracic regiong in both modern man
and, despite the exceptional vertebrae, the African great

- apes.

The special vertical index values for mddern human-lumbar
vertebrae indicate anteriorly wedged vertebrae at Ll {Table
8.11). The vertebrae are either anterio.ly wedged or
'straight at L2, L3 is anteriorly wmdge&. gtraight or pos-
teriorly wedged. At L4 the vertebrae are either straight or
posteriorly wedge-shaped. L5 is posteriorly wedged in all
population groups. The lumbar wvertebrae of Za 1071 (Pan
"male}) and Za 1312 (Gorilla male) are anteriorly wedgewshaped
between L1 and L3 while L4 is straight. The last two lumbar
vertebrae of Sts 14 (L5 and L6} and of Stw 431 (14 and L5)
and the second last (L4 or L5) of Stw 8/41 are posteriorly
wedge-shaped. The last lumbar vertebra of A. robustus, SK
3981b, is also posteriorly wedged ghape. Unfortunately no A.
afarensis last lumbatr vertebra is recovered yet. |
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TABLE §.15

General Vertical Index Yalues of Hodern Human, Anthropoid Ape and 4. africapas
Thoracig and Lumbat Vertebrae (%) '

Series General Vertical Inder _
E : Thoracic - - Tumbar
Males | Females | Males | Female

N ﬁuﬂern hogan.

fule [present study) . 1,y 15,5 | 00,8 | 9,1
Aeer, Regro {Trotter, 19200 | 105,7 y 104,3 | 91,8 | 95,0

Amer. Regro {Lanter, 1938 - - 1) -
deer. Whites (Trotter, 1028} ) 106,2 ) 102,% [ 97,5 | %2
Brer, Whites (Lanier, 1939} - . 97,5 -
Japanege {Hasebe, 1913) - - 49,8 96,4

2. Bnthropoid apes
28 1071 {Pap) 115,5 - 108,9 -

Ea 1312 (Gordlla} 102,8 - w2 | -

fa 95 (Gorillal -] 6 -
3. A afrivanes

Sta 14 “« ] .

- 9535‘
v 431 - - WLy -

* Botween L2 and Bé.

The general vertical index values of the lumbar regions
(Table 8.15) show orthorachic lumbar regions in Zulu males
and females, American Negro males, Amarican White females and
Japanese males. In these groups the contribution to the

lumbar curvature made by the intervertebral disce mnrst be

great. The remaining modern human groups {(Table 8.10) show
kurtorachic lumbar regions which indicate good bony adapta-
tion to an anteriorly convex lumbar curve., On the other hand
Za 95 and Za 1312, a Pan and a Gorilla male veriebral column,
show koilorachic lumbar ragions which indicate good bony
adaptation to an anteriorly concave lumbar curve. Sts 14
shows, between L2 and L6, a Kkurtorachic and Stw 431 an
orthorachic lumbar region. Good bony adaptation to an an-
teriorly convex lumbar region is thus found in Sts 14, while
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the bony adaptation to an anteriorly convex';umbar :egion is
podrly developed in Stw 431; . The resultsl for A. africanus
correspond thus with the f£findings for the modern human
. series. The relevant A. afarensis and A, robustus vertebrae
are not available to calculate the general vertical index
value of the lumbar regiomn.

D. Discussion

One of the distinctive features of the modern human vertebral
column ig the presence of a marked normal lordosis —'an an-
teriorly conVex.curve in the lumbar vregion, This curvature
has been measured in various ways and expressed by various
indices during the past century. Most recently A&Abitbol
(1987a) measured the lumbogsacral angle on radiographs in a
comparative series of modern human and non-~human vertebral
columns.

The degree to which the anterior vertical height of a verte-
bral body exceeds its posterior vertical height shows the
degree of posterior wedging of the vertebral body and thus
the degree of bony adaptation of the vertebral bodies to a
lordosis in the region as a whole. Lanier {1939) has calcu-
lated the difference between the anterior and the posterior
vertical heights of each iumbar vertebra in American White
and Negro males, while Aallbrook (1956) has calculated the
difference between the posterior and the anterior vertical
heights of each lumbar vertebral body in East African verte-
“bral columns., The ,special wvertical index, used in the
present study, expresses the relation between the posterior
and the anterior vertical heights of a vertebra as a per-
centage. The general vertical index espresses: the same
relationship, but for the region as a whole. This index was
devised by Turner {1886 cited by Lanier 1939). For purposes
of comparison Turner (1886) grouped the individual values of
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. the general index into three categories mention2d, above.
The results obtained by some of the many authors who used
this indcx are included in the modern human comparative study
in this chapter.

In the present stﬁdy, the genéral vertical index vaiuea of
the  thoracie regions indicate good bony adaptation to the
anterior concave thoracic regions in botk modern man and the
African great apes. The general index Vélues-of the lumbar
regions show good bony adaptation to an anteriorly convex
lumbar curve in modern human female c¢olumns of various
population groups and in Sts 14 (between L2 and L6), an A.
africanus female partial colunn. The index valies of the
. modern human male rolumns show Kkurtorachic to orthoracic
lumbar regions which indicate maderate to good bony adapta-
tion to an anterioriy convex curvature. Siw 431, an A
afric&hus male, also shows an orthorachic region. On the
other hand, the lumb: regions of a:Gorilla and a Pan verte-
bral column show good bony adaptation to an anteriorly
concave curvature. -

The results of the present stuéy on the general vertical
vertebral index of modern man and the African great apew
agree with those of Abitbol. (19872) on the lumbosacral angle,
though the degree of lumbar curvature measured in the present
study suggested smaller lumbar angles. The difference lies
in the fact that the vertical vertebral index expresses the
degree of wedging of a vertebral body or the curvature of a
region as a whole, as presented by the vertebral body di~-
mensiong alone. It does not +take the intervertebral discs,
which maj inorease the lumbar curve, into account as the
neasurement of the lumbosacral angle on. a radiograph does.
The advantage of the vertical vertebral index is that it

enables one to compare foassil vertebral quiés, of which the

intervertebral disc thickness and shape are unknown, with the
vertebral bodies of extant hominoids.
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A last A. robustus Ilumbar vertebral body (SK 3981b) and a

third A. afarensis vertebrai' body {AL 333-73) are both pos-
teriorly wedged which 1ndlcates that they probably took part
in the formation of an anterlorly convex lumbar c. ~ve.

The bony adaptation to a fully developed lordosig in the A,
-afric&nué'"partial vertebral columns, and +the indications =

thereof in individunal A. robustus and A. afarensis lumbar
vertebral bodies, suggest that the trunk was carried fully
erect and that the legs were probably extended in the
australopithecines. ' ' o

This conclusion on the australopithecine lumbar lordogis is
in accordance with those of Robinson (1972} on the vertebrae
of A, africanus and 4. robustus. From his comparative study
on the pelvis Robinsun (1972} concluded tha£ the ndture of
the similarities between the pelves of these fossil species

and modern man suggests strongly that they were both capable

of erect, bipedal locomotion, The differences in the pelves
led him to suggest further that A. africanus was adapted to
move efficiently and speedily while A. robustus showed a more
* power-orientated Jlocomotor system, pbssihly for climbing
trees in addition to bipedal locomotion on the ground. On
the other hand, Lovejoy et al. (1973), from australopithecine
pelves, could £ind no evidence for locomotor differences
between the two forms.

The conclusion of the present study on the australopithecine
lumbar lordosis differs from that of Abitbol (1987a) for Aa.

afarensis. He cites a personal communication by 8tern, who

calculates the lumbosacral angle in AL 288, as thirty de-
grees. Abitbol (1987a) concludes that = this relatively small

angle confirms the primitive nature of the pelvic girdle of

A. afarensis and suggests a manner of bipedalism that differ-
ed from that of modern humans, but he does not speak of the

posture of A, afarensis. Unfortunately no AL 288 lumbar ver--

tical vertebral indices are available, but the AL 288 thora-

cic vertebral index values are mostly identical to. those of

e ——— s
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Sts 14. The vertical vertebral index of AL 333-73, an A,
afarensis malz third lumbar vertebra, is posteriorly wedged
{96, 0%}, which indicates that 1t mlght have taken par\ in the
formatlon of an anteriorly convex lumbar curve. |

The results of some of the gstudiea on the adaptations of the
- australopithecine ilium and pelvis are in keeping with the
'findings of the present study on the lumbar vertebrae (first
group), while some support the findings of Abitbol's (1587a)
study (second group), and a third group are _hot in accord
with the results of either study. The authors in the first
group concludeﬂ from the pelvic adaptations that Australo-
pithecus was capable of efficient; erect, bipedal locomotion
which c¢ responded with the Jlocomotion of nodern man (e.g.
Broom ¢ = [Lobinson 1947; Dart 1958; Leutenegger 1972;
Robinson 1972; Lovejoy et al. 1973; McHenry 1975; Steudel
1978)., Mednick (1955) and Zihlman and Hunter (1973} believe
that the australopithecines walked erect and bipedally but
that these early hominids lacked certain modifications for
efficient bipedal locomotion. Australopithecus night have
represented an intermediate stage. In the second group,
which supportg Abitbol's (1987a) study; Stern and Susman
(1983) conclude from the 4. afarensis pelvis:

"The most compelling reasons for suggesting a bent~
hip, bent-knee bipedality for the Hadar hominid are
provided by the orientation of the jliac blade and
the diminutive size -of the anterior horn of the
acetabular surface.” (op.cit. p 312)

The third group, Oxnard (1975) and Ashton (1981), conclude
that the australgpithecinés_ are unigque, in that Australo-
 pithecws and modern man differ in dimensions relating to
lo¢bmotor-function just as much as each differs from the
' apeé. Ashton (1981) atresses that Australqutbecus is not
intermediate between man and apes.
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Summary and Conclusions

.The results of the present gtudy show that the patterns'

of increase and decrease in the mean anterior and in the
mean posterior vertical heights of male and female Zulu
vertebral bodies are in accord with those of various
authors on varioug human ' population groups. Intergroup

- comparisons of the anterior vertical heights_ of corre~

sponding modern human, -anthropoid ape and A, africanus
vertebral bodies show that Sts 14 is remarkably ape-like

in the thoracic region. Comparisons of the posterior

vertical heights show that Sts 14 is typically human in

‘the thoracdic region. In the lumbar region the anterior
‘and the posterior vertical heights of both Sts 14 and Stw

431 show correspondence with the Zulu female lumbar
region. ' ' '

The general vertical vertebral index values of the

thoracic region indicate good bony adaptation to the
anteriorly concave thoracic regions in beth modern human
and African great ape columns.

The general vertical vertebral index values of female
lumbar regions indicate good bony adaptation to an
anteriorly convex lumbar curve in modern man and A.

africanus {Sts 14). The modern human male lumbar regions

of various populations show moderate bto good bony

‘adaptation to a lordosis. 'Moderate bony adaptation to an

anteriorly convex lumbar region is expressed also byIStw

431, an A. africanus male partial column. In contrast

the Gorilla and the Pan columns present good hony
adaptation to an antériorly concave lumbar region.,

. The gpecial vertical vertebral index values of a last

A. robystus lumbar vertebra, SK 3981b, and a third
A. afarengig lumbar vertebra, AL 333-73, indicate pos-

_teriorly wedged vertebrae, as in Aa. africanus.

SR P
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The bdny adaptatioh to a developed lumbar lordosgis in the

A, africanus partial vertebral columns and the posterior-
ly wedged individual lumbar vertebrae of A. robustus and
A. afarensig, which indicate that they might have taken

~ part in the formation of an anteriorly convex lumbar

region, lead the author to conclude that the australo~
pithecines probably carried'the trunk erect. Because of.
the close association between extended legs and the
formation of the lumbar lordosis, it is further conéluded
that the australopithecines used extended legs. Thus our
results suggest a mode of bipedalism in these early
hominids that corfespnnds with that of modern humans.

The conclusion of the preasent study agreea'with that of

Robinson (1972) for A. éfricanus. but differs from that
of Abitbol (1987a) for A, afarensis. The various studies
on the adaptations_ of the Austraiopitbecus"ilium and
pelvis are egquivocal. Some agree with the conclusions of
the present study, some support Abitbol'a.(IQBTa).conqlu-
giong, ﬁhile others do not support the regsults of either

of the studies. |
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CHAPTER 8

THE ABSOLUTE AND RELATIVE DIMENSIONS OF THE INFERIOR VERTE-
BRAL BODY AREA AND THE POSTERIOR ARCH DIMENSIONS OF THORACIC
* AND LUMBAR VERTEBRAE IN VARIOUS HOMINOIDS

Contents of Chapter

A. Thg Inferior Vertebral Body Area

1. Modern Human Series

2. African and Asian Great A?e Series
3.  Australopithecine Series a
4. ‘Intergroup Comparisons

'B. The Lamina Size

L. Modern Human Series
S 2. African and Asian Great Ape Series
3. Anstralopithecine Series

4. Intergroup Comparisons

C. The Pedicle Size

1 Modern Human Series

2, African and Asian Great Ape Series
3. = Anstralopithecine Series

4, Intergroup Comparisong

D. The Arch Index

1. Modern Human Series
2. African and Asian Great Ape Series
3.  Australopithecine Series

4.  Intergroup Comparisons
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E. The Transverse Process Size

1. Modern Human Series
'2,]1.'African.and Asian Great Ape Series
3. Australopithecine Series
4. Intergroup Comparisons

F. The Body-Pedicle Angle

1.  Modern Human Series _

2,  African and Asian Great Ape Series
3, Australopithecine Series

4. Intergroup Comparisons

G. Discussion

H. Summary and Conclusions

Introduction

In upright man the size of the vertebral bodies increases
from the axis to the lumbosacral Joint. This iz expected
since the compressive force increases from the head to the
pélvis as each vertebra bears the weight of all of the body

above it, For many vyears, as indicated in textbooks of
anatomy and published investigations (Davis, 1961; Rosch and =

Burke, 1964; Taylor and OTwomey, 1984, and Gracovetsky and
Farfan, 1986), it has been believed that the vertebral bodies
-and the intervertebral discs sustain all the vertebral
compressive force. | ' '

Following Davis's (1961) study, new concepts on 8pinal
stability and Weight-baaring ih modern human vertebral
columng have been introduced. He shows that the pedicleg and
transverse processes of the f£ifth lumbar vertebra are in-
' yolved in the transmission of forces to the pelvis. Denis
(1983) and Louis (1985) proposeé that the articular facets are
involved in weight-bearing, while Pal and Routal (1986, 1987)
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develop an hypothesis according to which weight is trans-
mitted also through the neural arch. The purpose of the
7inves£igations reported here is to determine whether the.
dimensions of African and Asian great ape and australo-
'pithecine'VeEtebrae reflect the same mode of weight-bearing
as in modern humans.

Comparative data on modern human vertebral bodies are from
the studies of Pal and Routal (1986, 1987). No comparative

data on African or Asian great apes or on australopithecine
ﬁertebrae are known to the author. 1In comparative graphs the
last thoracic vertebrae of Australopithecus africanus partial
verteﬁral columns are présented as T12 purely for the sake of

convenience,

3; The Inférior've?tebral-ﬂody Area
1. Modefn Humaﬁ Series

‘1.1 Zulu Series

Table 8.1 1lists the mean inferior surface area of male and
female Zulu vertebral bodies. The mean inferior areas of
male thoracic and lumbar vertebral bodies increase to 3,4
fold from T1 to L4 (Fig. 9.1). From L4 to L5 the mean area
decreases by 1,4cm®. The mean inferior areas of the Zulu
female thoracic and lumbar vertebral bodies increase to 3,3
fold from Tl to L4. The decline of the female means between
L4 and L5 is 0,8cm?.
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B 9.1

" The Hegg'lnferiur Area of fuln Thoracie
and Lumbar Vertebral Bodies {cw®)

Vertebra Hales Fezales
ean ¢ 8D Mean § 8D
- 20071 310,88
7 EAEEE NEERER N
™ §,6 £ 0,507 4,12 0,50
| T4 L0800 43¢ 0,0
4] 5440501 4,610,48
76 2080 | 51t190,67
R 6,020,751 560,62
"% 748,91 6,0¢240,69
19 T8¢ 0,99 6,7¢10,78
rib g1t 130,80
Til 94 +1,16¢ 8,2¢10,9
12 10,3¢1,181 8,7¢0,92
Il 81,50 9,8¢0,86
L2 12,5 ¢ 1,56 | 10,4 ¢ 1,02
L3 13,7+ 145 [ 13,54 1,41
T4 14,3¢1,58 112,3¢1,0
I5 12,9 41,67 { 11,5+ 1,28
n=ld

Sex differences: The mean inferior area of all thoracic and
lumbar vertebral bodies are greater in Zulu male than in Zulu
female vertebral columns (Fig. 9.1). The Student's t-Test
shows that these differences are highly slgnlflcant (P<0, 0005
and P(O 005) (Table 9.2).
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TABLE 9,2

t-Values of Se:_niffe;encés in the
. Inferior Areas of fuin Thoracie
and Lowbar Vertehral Bodies

Vertebra | t-Value ]
1 S 4,460 | 00005
9 4,534 10,0005
] -t 3,834 | 0,0005
1 6,676 | 0,0005 }
™ 5,322 | 0,0005
% 14981 | 0,008
M b,754 | 1,0005
i 6,622 | 0,0005
b 5,215 | 0,0005
110 5,604 | 40,0005
ML ) 5,747 | 0,0005
T2 5,657 | 14,0005
Ii 6,336 | &,0005
B2 6,17t | 0,0005
Bl 5,938 | 06,0005
A 5,238 | 0,0005
S 3,38 | 0,005

1.2 Comparative Human Series

Davig (1961) gives values_ for the mean inferior vertebral
body'areas'of L3,'L4 and L5 in 35 male and 24 female West
African columns. Pal and Routal {1986, 1987) report the mean
values of certain thoracic and lumbar vertebral bodies of 44
adult male colﬁmns in the coilection of the Governnment Medi-
cal College, Surat. Though the population group of these
skeletons is not mentioned'it is taken that they are Indian.
. Table 9.3 lists and Fig. 9.2 presents graphically the data
from these .Etudiea and from the present Etudy on male verte-
bral columns.
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TABLE 9.3

fhe Inferinr Verlshral Body Areas of Fhoracic and Lumbar Yertebral
Bodies in Varions Modern fuman Male Vertebral Columns,
Mean Value ¢ 8D {c»?)

| Vartebrae | Present Study | Pal & Routal | Davis (1961} .

_ (1986, 1987
3ulu sales | Indian males’ | West Africam males
{n = W) {n= 441 {n = 35}

™ 424 10,0 b3t , 53

1 30,0 4,9 20,7

in 4,6 £ 0,01

74 511 0,60

¢ S04 10,50 53 ¢ 0,45

% 5,4 ¢ 0,51

M 6.8 ¢10,75

1) - 14 80,93 T.3¢1,9

) 7,9¢0,9 71,9¢ 2,16

il 8,7+ 1,11

T 9,0 ¢1,16 8.6t 1,10

12 10,3 ¢ 4,18 10,2 £ 1,5

It 1,0 ¢ 1,54 f11,5% 2,16

L2 12,4 1,49 _

I3 1L (13,82 2,2 13,4 1,1

L4 14,2 ¢ 1,97 14,24 1,26 14,0 ¢ §,2

I8 12,5 ¢ 1,87 14,1+ 2,17 12,813

The results of the present study agree with those of Davis's
{1961) study. No siqnificant differences is found between
the Zulu and the West African values of corresponding verte-
brae. In both the Zulu seriee and Pal and Routal's (1986,
1987) Indian series, the mean inferior vertebral body areas
‘increase from Tl to L4. The decrease in the values from L4
to L5 in the latter series is not nearly as large as in
either the Zulu or the West African vertebral columns. The
differenée between the mean inferior areas of L5 in Indian
ti4,lcm2) and in Zulu (12,9%m?) males is highly gignificant
(t = 3,390; P<0,005). The mean inferior surface area of T2
'is highly significantly smaller (t = 2,859; P<0,005) and that
of T1l highly significantly greater (t = 3,963; DP<0,0005) in
Zulu than in Indian male vertebral columns. For all other
vertebrae that‘méy be 'cOmpared,. the Zulu and Indian mean
values are very similar or identical.

- o

g
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- The mean inferior surface areas of female thoracic and lumbar
vertebral.bodieS' are presented in Fig. 9.3. The values of
the last +three Jlumbar vertebrae show the same tendeney in
Zulu as in West African females. No significant difference is
found between the values of COrrespondihg_VEr‘*Hrae.

1.3_ Total and Average Percentage Increase

We have seen that the mean values of the inferior areas of
the vertebral bodies increase from TL1 to L4 in both male and
" female vertebral columns. The total percentage increase
between Tl and L4, between TL and T12, and between L1 and L4
are caleulated for each vertebral column by the following
formula: | '

_ - Inferior ares most caudal vertebra-
"Yotal percentage increase = Inferior arez most ¢ranial vertebra ‘ 100
Infericr area moat cramial vertebra = |

The mean total percentage increase is then calculated for
each population and gender subset.

The average percentage increase in inferior surface area
between consecutive vertebral bodies in the thoracic and

‘lumbar regions is also calculated for each column by the

following formula devised by the author.

Average peruentage increase = Yotal percentage increase
Humber of vertebra involved

For each population and gender subset, the mean of all the
average percentage increases is recorded. The mean inferior
area of L5 is smaller than that of 5.4 in both sexes. The

percentage decrease between these vertebrae is calculated for

each individual and the mean percentage decrease for each

series is recorded.

- Inferior arez 14~
Percentage decrease hetueen T4 and E5 = Inferior area 1§ 100 -

Inferior area Id ! 1

R LTI T T
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The results of these calculations in the Zulu series are

listed in Table 9.4.

YRR 9.4
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the Mean Total and Mean Average Percentage Inferior Vertebral Body
Area Increase ib Zulu Spimal Columns

Haleg

| Bean & 5D

Yemales
ﬂnntw

¥l to 14

| Total pereentage increase
Mverage percentage inerease

242,63 + 31,13
15,18 ¢ 1,99

238,50 ¢ 36,43
14,51 ¢ 2,28

1l te 12

Total percenfage inotease _
Average percentage increase ( 12,2

|11 to 14

Yotal percentage increase
hverage percentage increase

T to 15

Percentage decrease 1,53 ¢ 10,09 | 1,25¢ 9,46

The results show a higher mean total pefeentage ircrease in

in the thoracolumbar
than female..
increase_between consecutive vertebrae of these regions shows
the mame tendency. On the other hand female lumbar vertebral
boedies (L1 to L4) rresent a higher mean total percentage and

inferior vertebral. and

thoracic regions of Zulu males

body area
The average

mean average per cage increase in inferior area than male
lumbar vertebra’ The
between L4 and L5 ig higher in males
like the differences

increasge

decreage in inferior area
than in females.  This
in the mean average per-
of the

formula given in

og* éBc

difference,
between congecutive

regions, The
Chapter 3 to test the significance of difference between

centage ‘vertebrae

proves not aignificant.

percentages is used.
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2. African and Asian Great ApeISeries'

2.1 Present-Study

The inferior ‘surface area of the African and Asian great ape

thoracic and lumbar vertebral bodies are listed in Table 9.5
- and represented graphically in Figs. 9.4, 9.5 and 9.6.

In the Gorilla columns an increage in the inferior area of
the vertebral bodies occurs from Ti to L3 {with the exception
of T4) 'and then decrease to L4. The last two lumbar verte-
brae'of %a 95, a Gorilla male vertebral column with 24 P8V,
are damaged at the posterior surface from pre#ious mounting
of the skeleton. The Pongo female and both Pan male vérte-
bral columns show an increase in the inferior vertebral body
area from'Tl_to_LS with a decrease to L4.

TABLE 9.5

1]

the Inferior Vertebral Body Areas of Individval African and
dsian Great dpes {on?} ' '

Vertebra | 3a 1312 | 2295 |Za 0l | %0 94 )% 3
Gorilla | Gorills | Pap Pan | Ponge
Nale #ale | Male Hale | Pemale

v/ 1,88 4,90 3% 5,10 | 3,48
) 00 | 524 | 4,60 (240 | 3%
™ 1,84 4,60 §,70 14,80 | 3,80
bt LR 5,60 | 4,36 2,80 | 412
% b,12 570 [ 43 {28 | 452
1 9,88 6,4 4,80 (3,08 | 4%
™ 18,44 6% ) 4% (3,H | 5,16
M | 1,88 1,12 5,68 13,52 { 5,48

ol 1,% | 872 ] 58 {40 | 50
T 5,8 | 872 |64 [ ] 62
W2 | 1% (w32 | 73 [5,20 | 7,08

ny 12,04 4,08 5,5

il 19,3 | 12,36 | 8,80 (612 | %
2. [, | 13,60 | 10,3F | 640 | 8,7
L3 23,80 to 00 6T | 90

14 W x 110,20 (560 | 7,56
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2.2 Total and Average Percentage Increase

Tahle 9.6 lists the wvalues for total and average percentage
increage in the inferior area of African and Asian great ape
vertebral bodies. Prominent is the low total percentage
increasé_in the inferior area of the lumbar region {L1 to L3)
of 2a 94, a Pan calﬁmn._ This low percentage increase is re-
flected also in the ioW'average_ percentage iﬁcrease between
consecutive lumbar vertebrae of this specimen. On the other
" hand Za 1071 - the other Pan vertebral column .- shows a very
smali decline in inferior vertebral Body area between the
last two lumbar vertebrae. Eurther analysis of these rela-
tionships in pongids will have to await larger samples
becoming available to the author. '

TABER 9.6

The Total and Average Percentage Inferior Vertebral Body Area
- Increase o Individual Mrican and Meian Great Ape Colums

Percentage | “5a 95 { %a 1312 [ 2a 1071 ! Ba %4 | 3a 93
iverease | Gorilla | Gorilla | Pan Pan fongy
Hale Hale Nale Kale | Pemale

¥ -}

Total 25,9 | 261,84 | 250,00 | 201,33
Merage 16,40 | 16,40 ] 15,63 | B2

1 - i
Total 173,60 | 158,14 | 165,79 | 189,58 | 136,00

| Average 13,36 13,18 140 14,58 11,33
-1 |
Total _ 22,93 35,00 9,80 1 23,5
! M’El‘ag’e : ?;64 a; 33 ) 3;21 7,33
Parcéntage ' o
| decrease

——.

3o A8 | 78 | 20,00 | 19,58

% The last two lumbar vertebrae are dasaged.
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3. Australopithecine Series
3.1 Present Study

In Sta 14, an A. africanus fema1e partial vertebral column,
the ocutstanding feature is the decrease in inferior surface

area of the last three (I.4 to L6) lumbar fertebral'bodies
(Table 9.7, Fig. 9,7). Unfortunately less than half of the
last two lumbar vertebral bodies (L4 and L5) of the male A.
africanus partial column are preserved, In both partial
columns an increase occurs from the last thoracic to L3.

TABLE 8.1

the Taferior Surfice Area in Individua) Bets of 2. africapus
and A, robostus Thoracic and Lusbar Vertebrae lca?)

A, afriamg 4, robustys

sts 14 | Sta 431 B 39012 | BK 39Lb
Yhoratie:
$th last .
Bth last

b last | L4
§th dast | 2,32
5th Jast | 1,7M2
#th Jast | 2,88 5,08

Ird last

2od Jast. - -

laﬂt 3|3ﬁ 5,‘30' . ?;55'

Lusbar: |

31 | 3,02 6,88

12 3,8 T.04

I3 4,80 1.4

Il‘_" 4:54 - ]

IIS' 1|53 - . 10[‘0‘ .

1] 1,28

t Only balf of the vertebral hody.is_preaerved.
5K 3901b = lasl dumbar vertebira, aot knoun if it iy a
Eifth or a sixth lumbar vertebra, -
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The inferior vertebral body surface areas of SK 398la and b,
respectively a last thoracic and a last lumbar vertebra of A.
robustus, are iarger_ than those of the a. africanis homo-
logues. The inferior area of L6 in Sts 14 is 0,08 cm® (2,4%)
smaller than that_ of its last thoracic vertebra, while SK
3981b, a last lumbar, is 2,72 ¢m® (7,38%) larger than SK
398la, a last thoracic vertebra. It seens thus as if the A.
robustus individual was more robust than the 2. africanus
individual, and that more weight ie therefore carried by the
lower lumbar vertebrae of this 2. ;obustus columnn.

3.2 Totai and Average Percentage Increase

In Sts 14, the total percentage increase of the inferior area
between L1 and L3 is 22,45%. The average percentage increase
between consecutive vertebrae is 7,48% per vertebra. From L3
a decraase of 46,34% occurs to L6. This presents an average
percentage decrease of 11,59% between consecutive vertebrae.,
The total percentage increase between L1 and L3 of the
partial colﬁmn Btw 431 is only 8,72%, which presents an aver-
age percantage increase of 2,91% between consecutive verte-
brae. Ii. must be remembered that the inferior area values of
L4 and L5 of this partial vertebral column are unknown. -

4. Intergroup Comparisons

The inferior body area of the Zulu and the African great ape
male vertebral bodies increase gradually from Tl to the
gsecond last lumbar vertebra and decrease then to the last
lumbar vertebra. Pigs. 9.8 and 9.9 present this comparison
graphicaliy. In Pigure 9.8 2Za 1071 is used since it is the
largest of the two Pan vertébral columns and Za 1312 is. pre-
ferred since it is complete, though it possesses only 23
‘presacral vertebrae. |

The Zulu and Pongé female vertebral columns also =show a
gradual increase in inferior body area downward to the second
last lumbar wvertebra. The inferior body area of the last
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lumbar vertebra is smaller than that of the preceding verte-
bra in both groups. Sts 14 présehts a gradual increase in
inferior body area in the pﬁesarved vertebrae to L3. This
increase is followed by a decrease in the last three lumbar
‘vertebrase, '

Congpicuous results among the total and average percentage
increases in inferior vertebral quy-aréa are firet, the low
total percentage increase in the lumbar region (Ll to L3) of
Za 94, a Pan male vertebral column (Table 9.6). This alse

resulte in a low average pérCentage increase between consecu-
tive vertebrae. Secondly, Za 1071 (a Pan male vertebral
column) presents a low percentage decrease (7,84%) to the .
last lumbar vertebra in comparison with the rest of the greét
ape sample in which the percentage decrease range between
19,53% and 21,18%. This low percentage decrease falls within
the modern human range. 'The_ decrease between L4 and L5 is
11,83% in the Zulu males and 7,25% in the Zulu female=., The
results in Sts 14 differ from the other two series in that L3
is the largest vertebra, following which a decrease occurs in
the last three lumbar vertebrae. This prolonged region of

decrease seems to be a unigue feature of A. africanus (Sts
14). Unfortunately the inferior body area values of the last
two lumbar vertebrae of Stw 431 are unknown.

- B. The Lamipa Size

1. Modern Human Series

1.1 Zula Series

- 1.1.1 Lamina Index (tlam x twl)

The lamina index is an indication of the cross-sectional area

of the laminae. The disgtribution of these values in the Zulu
- series shows a biphasic curve in both sexes (Table 9.8, Fig.
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- 9.10). The lamina area decreases from T1 to T35 in Zulu male
columns, From T5 an increase occurs to T10 followed by the
second decrease -£0'L1. In t}: lumbar region the lamina area
increases mafkedly from Ll to L5. In the female spinal
columns the £first decline in lamina area ovcurs from Tl to
T6. ' From T6 an increase occurs to T9 followed by a decrease
to Til, a slight increase at T12, a decrease to L1 followed
by a marked increase to L5.

TABLE 9.8

the Hean Lamina Inder Yalues of Suln Thoracic and Lumbar Verfebrae (ow?)

Yertebra Jalu Najes fuln Pexales
ean | +50 | Observed | Meaw | 8D | Observed
~ Bange Range
pil 207 00,46 1 1,70~ 3,96 12,04 | 0,3 i,40-2,76
12 3,03 [ 0,36 1 1,49-2,9 1 1,80 [ 0,30 L2 -2
™ 1,52 10,34 ) 1,40« 2,60 | 1,66 ) 0,26 | 1,30 - 2,17
™ L,82 1 0,30 | 1,35~ 2,04 ) 1,54 | 6,30 | 1,08 - 2,4
5 LM 631,20 2,48 | 1,53 0,25 | 0,91 - 2,08
1] L7035 |4,20-2,79271,526,23¢1,20-1,98
by 1,80 | 0,3 [ 1,30~ 2,64 ) 1,5 )0,25]|1,08~217
] L 63T LS -3, 1, 6311, -2,14
by 2,81 10,38 1 1,49-2,9 | 1,04 10,28 | L,4-2,R2
pali] 203 00,36 ) 1,60 -2,85 1 1,90 1 0,34} L,10-2,64
i 1,86 ) 0,35 1,02-2,70 {5,691 0,32 11,562,488
M2 1;61 a|11 1;26 - 2.13 1[11 3,32 l.25 - 2|52
| B 1,63 16,2 {1 15-2,081,65/(0,28)0,99-22
] 1,76 10,26 11,27 - 2,38 1 1,82 3 0,30 | 1,15 - 2,56
L3 1,94 [ 040 3 1,25-2,85 1) 2,02 | 6,48 ]1,32~3,2
7] L 0,45 ) 1,33-9,66 | 2,46 O, L -3
£ 3,74 | 0,66 | 2,40 - 50,61 3,32 0,60 [ 2,38 - 5,81

Sex differences: BStudent's t-~Teet shows that between T2 and
T7, the Zulu male laminae are highly siénificantly greater
(P<0,0005) than those of the corresponding female vertebrae.
From T8 +to Tll the males show probably significant (P<0,05;
T9 and T1l) and almost certainly significant (P<G,01; T8 and

d

T10) greater laminae than the females.  Between T12 and L4

the difference in lamina area between the sexes is not sig-
nificant, while the difference between the sexes iz probably
~significant (P<0,05) at Tl and almost certainly significant
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(P<0,01) at L5. The mean lamina areas are thus greater in
males than in females between TL and Til, From T12 to L4,
‘the area i more or less  equal in the sexes but the males
present greater laminae at L5.

1.1.2 Lamina.Index/Inferior'Body Area Ratio

The lamiha'area.expreSsea as a percentage of the inferior

body area (Table 9.9, Fig 9.11) shows a decline to the level
of T7 in both male and female columng. Between T7 and T9

this ratio is almost equal, followed by a gradual decrease to -

Li. The ratic- of the first three lumbar vertebrae are egual
in the males and virtuaily equal in the females. This is

followed by a sudden increase in lamina area in relation to .

inferior body area at L4 and L5 in both sexes.

- This means that, as the inferior body area increases from Tl
to L4, the lamina size valnes decrease from T1 to T7, are
almost egual in the next three vertebrae and decrease again
to the level of Ll. In the first three lumbar vertebrae, the
increase in inferior body area and the increase in lamina
gize are virtually equal. The increase in lamiha size is

larger than the increase in body area at L4, while the

decrease in inferior body area at L5 is ~ucompanied by a
sharp increase in lamina size.

-,
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WARLE 5.9

The Lanina Tndes/Inferior Body Ares
Ratio Values of fulu thoracic

ind inmbar Vertebrae

‘| Vertebra | Males | Pemales

+ M 4 0,54 0,55
37! 0.8 8,4
120 0,42 | D40
b 9,3 0,3%
7% 0,32 {33
(IO T 7% 6,3
w | 6% | 0

BE g 7 9,8
bat] 0,24 0,26
1 0,19 02
pi? i,16 0,2
A 0,1 0,41 | .
2 ool 0,18
L3 AL 4,18
14 0,47 0,20
1§ 0,29 5,29

1.2 Comparative Series

The lamina index values show that the mean values of lamina
area of Zulu male vertebrae are larger than those of Indian
male vertebrae (Pal am® Routal, 1987). The Zulu-Indian
difference in lamina size is highly significant (P<0,0005) at
all levels compared, except for L3 and L4. At the L3 level
this difference is probably significant (P(O,DS),' while no
difference in the lamina afea_ of L4 occurs between the
. groups. Listed in Table 9.10 and presented graphically in
Fig. 9.12, the values make it evident that the same blph&ﬂlc
pattern occurs in both groupa.
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TABLE 3,10

Yhe Lawina Inder Values of fulu and Indian Hale
Thoracic ad Lushar Verisbras {ew?)

-Vertebra foly Indian
. Present. Stwdy | Pal & Romtal {15s2)
redl S LY I

n 5,27 £.0,46

by 2,03 ¢ 0,36

T 1,92 ¢ 0,

T 1,82 10,31

4] 1L, 0,3 1,25 ¢ 0,36

6 1,100 _

Ly} 1,88 £ 0,3 :

" 1,928 0,17 1,83 0,4

™ Li:0,3 1,60 £ 0,07

1] 2,13 4 6,36

1l 1,80 £ 0,35 1,28 ¢ 0,36

11l HUIR A Wi 1,5 ¢0,2

Lt 1,60+ 4,23 1,4216,18

12 1,% ¢ 0,26

. | LMok 1,79 ¢ 0,3

4 2,46 ¢ 0,49 3,6 ¢ 8,53
| 15 3,14 1 0,66 3,81 ¢ 8,89

The decrease of the lamina area in relation to the inferior
body areca, followed by a sudden increase at L4 and LS. in
zolu male vertebrae corresponds with the results of Pal and
' Routal (1987) on Indian male vertebrae. = These ratios are
compared in Table 9,11 and ?ig..9.13. The increase in the

lamina index/inferior body area ratio at L4 and L5 indicates

that the incréase in  lamina size at L4 is proportionately
larger than the increase in inferior body area. The decrease
in inferior body area at LS is accompanied by a sharp in-
' crease in lamina gize. |
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TABER 9.11

‘the Lamina inder/Body Area Ratic Values of Zulu
and Indian Male Thoracic and fusbar Vertebrae

Yertebra " HMales

faiu Tndian
Pregent Study | Pal & Boutal (1987}
e b=
| w 05

7 6,47

73 0,42 '

i/} 0, |- : : .

T _ g,3¢

n 0,21

™8 9,2 8,20

T 0,24

112 0,1 0,12

! b1 0,12

12 0,14

Id 0,17 8,15

15 29 | 4,1

2. African and Azian Great Ape Series
2.1 Present Study
2.1,1 Lamina Index {(tlam x twl).

The cross-sectional area of the laminae, as indicated by the
lamina index, decreases from Tl to T6 or T7 in the Gorilla
male columns {Table 9.12, Fig. 9.14). This decrease is
followed by an increase to T9 or Til0., In Za 1312 the lamina
area decreases from T9 to Tll and increases again to T12, the.
last thoracic vertebra. In Za 95 the lamina area decreases
£rom T1G to T13 and increasmes to L1. The area decraasés_from
'Ll to L4 in Za 95. On the other hand, Za 1312 presents an
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increase in lamina area .ffom'Ll to b2, a decrease to L3 and
an increase to Lé4. The lamina area ‘values of the thoracic
and lumbar.vértebrae'are'variable and inconsgistent in the two
Gorilla vertebral columns.

TABIR 9.12

Lanina Inder Values in Individual Sets of African aed
Asian Great Ape Thoracic and Lumbar Yertebrae {cw®}

P2 Pongo

Vertehra Gorilla '
. B2 1312 [ 22 95 {22 1071 |Za %4 {22 93
Kale Kale | Hale Hale | Pemala
S 5,40 4,33 | 1,88 L1 | L2
" 4,58 L1 | Le0 | L8] 09 |
M 3,80 3,82 | 1,63 L2 4%
% 3,62 | 340 | 1,67 L0y
5 3,85 WM 0 L1 | Ly 0,68
% L5 | 4,3 | LY 1,30 | 0,65
" 1,82 ,2% | 2,08 1,581 0,9
7% 4,05 2,49 | 2,19 1,67 [ 1,00
™ 4,9 2,8 | 2,17 1,63 [ .16
ol 3 3,50 | 2,0 146 ) 1,2
Tl 3,53 1 310 | 2,02 L 1,5
2 3,99 L85 [ L% L] L
T3 2,55 2,08 LN
1Al AY 3,60 | 1,66 1,3 | 0,9
oo un 38 1 1,20 0,82 { 0,88
W [ 3,08 LU | L2 0,53 | 0,75

The two Pan male vertebral columns also show a decline in
lamina area in the upper thoracie region followed by an
incline to T8 or T9. Prom this level the area declines again
to T12. In Za 1071 a sudden increase in area occurs at Ti3
while the lamina area of T12 and T13 are egual in Za 94
followed by':an inéréése at Ll. In the lumbar region the
lamina azrea decreases from Ll to L4 in Za 95 and to L3 in Za
1071, A slight increase in lamina area occurt at L4 in the
latter (Table 9.12, Fig. 9q15>-

et e s e
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The single available Péngo female spinal column shows the

same pattern of decline in lamina area from Tl to T6 followed
by an incline to T11. From this level the area declines to
L4 (Table 9.12, Fig. 9.16).

2.1.2 Lamina Index/Inferior Body Area

' In relation to the ihfarior' body area, the lanmina area
decreases from Tl to T7 in the two Gorilla male columns
(Table 9.13, Fig. 9.17). This decrease is followed by a
glight increase to T9 in Za 1312 and to T10 in Za %5, In Za

1312 the lamina area decreases from T9 to L3 followed by a

slight increase at L4. In Za 95 the area decreases from T10
to T13, increases to L1l and decreases to L2. Unfortunatgly
the inferior surface areas of L3 and L4 are damaged which
prevents the calculation of the index.

TABER .13

fhe Lomina Inder/Inferior Body Area Ratio Valves ia Individoal Sets
of African and Asian Great Ape Thoracic and Lumbar Vertebrae

Vertebra sorilla Pan Pongo
132 (2 95 |l jr H |29
Hale Male | Male | dale | Pemale
" ¢’ 0,8 | 0,62 0,2 0,40
7 0,60 0,86 | 0,48 0,58 0,26
13 0,48 0,73 ) 045 |05 021
(] ;046 JO [ 0,45 oM 0,21
bt | 0.4 [ 050 ) G40 { QM t,16
% Py R O O O T R Y Y 0,04
M 1 03% 0,36 | 043 | 0,51 0,20
by g3 |63 | 045 |0,52 $19 |
¥ 042 0,30 | B,48 0,46 0,21
me 3 0.3 g4l oM oM ] 02
i 62 |03 | 0,32 (02 8,24
b 0% SRR I I S O 5 GO O L B 1 b,16
3 _ 0,21 | 0,26 | 0,23
I 6,46 | 0,30 | 4,18 {022 1,1
I2 1 (0d2 ) 043 |g,18 0,10
I3 ik | v &M 0,13 0,10
I - h,16 L Y O K 8,10

t Tnferior aves dalaged.
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In the Pan male columns the lamina area decreases in relation
to the inferior body area from T1 to T5 followed by a slight
increase to 8. From T8 the ratio decreases to L4'in'Za'95
and to L3 1n %Za 1071. In Za 1071 L4 shows a sllghtly greater
" ratio than L3 {Table %. 13, Fzg. 9 18).

In the Pongo female column the initial decrease in lamlna

‘gize in relation to the inferior body area occurs to T6

fbllowed'by a gradual increase to Tll. From TLll this ratio _

- decreases to L2, L3 and L4 in which it is equal (Table 9.13,
Fig. 9,19). '

3. Australopithecine Series

3.1 Present Study

3.1.1 ZLamina Ihdex (tlam x twl)

The cross-sectional area of the laﬁinae, as indicated by the
‘lamina index, increases from tne eighth last to the fourth
last thoracic vertebra in Sts 14 (Table 9.14, Fig. 9.20).
From the second last, the area decreases to the last thoracic
vertebra, L1 and L2 which are equal. The lamina area in-
creases from L2 to L3; decreases slightly at L4 and 1ncreases
to L5. The lamina area of L6 is unknown.

In the Stw 431 partial column, the areas of preserved laminae
show a sharp decrease from the second last thoracic vertebra

to Ll,' followed by an increase +to L2. The cross-secticnal

‘area of SK 398la, an A. robustus last thoracic vertebra, is
86,9 mn?.
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TABLE .14

The Ganina_Inder Values in Individual Sets
- of 4, africanos Thoratic and
Lunber Vertebrae {ew?}

| vertebra | sts 14 | stu 431 -

Ee;ale Hile
Thoracie! |
9th last |
Bth last | 0,
Tth last | 0,9

| 6th last | 0,92
Sth last § 1,00
dth last | 1,09

| 3rd last - :
Ind last | 0,43 1,85
Lagt - 0,69 1,48
Lumbar: : |
I 0,69 1, 29
2 {,09 1,54
I3 0,%
I 0,49
6 -

3.1.2 Lamina Index/Inferior Body Area Ratio

Though the ratio for the third and second last thoracic

vértébrae of Sts 14 are ﬁnknown,' it mseema as if the lamina
| slze decreages from the geventh last thoracic vertebra to L4
in relatlon to the inferior body area. Thie decrease is
- followed by an increase at L5 (Table 9. 15, Flg. 9.21). The
ratio in the female (Sts 14) and male (Stw 431) partial
vertebral columns are egual at the L1 level. The lamina
index/inferior body area ratios of the last thoracic and
upper five lumbar vertebrae of Sts 14 present a pattern very
near to that of the modern human vertebral columns.

Nt b = e e
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TABLE 9,15

the Lamina Indes/Inferior Body Area Hatio
Yalues in Individual Setw 4, africanus
- Thoracic and fumbar Vertehrae

Vertebrae | 8%6 14 [ Stw
Female | Male

Thoracic

Sth -

Bh -

ith i,38

{ 6th 048 |

Sth 6,37

4th 0.8

ird -

2nd - -

last 0,20 0,22

Lumbar: -

bl 6,18 | 6,18

12 0,18 |41

A 0,20

2] 0,19

15 0,3

113 u

4 Intergroup Comparisons
4.1 Lamina Index (tlam x twl)

The general pattern of the lamina index in the African and
Asian great ape series is a decrease in size in the upper
thoracic vertebrae to * T4 to T6 followed by an increase to
the lower part of this region (¢ T8 to T11). From this level
the lamina area decreases gradually to the laBt lumbar verte-
bra (Figs. 9.14, 9.15 and 9.16). It must be emphasized that
this pattern is based upeon a most inadequate sample ~f five
spinal columnz from three genera and species. o
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Fig, 9,26 The Kean Pedicle Index Values of Zuly Thoracie and Lushar Vertebrae
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